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Self-propelled Westinghouse undersea craft for world-wide charter service

It can explore, test, salvage and sample the ocean floor-4,000 feet down
Westinghouse has built a remarkable
undersea exploration craft called Deepstar 4000.
It can dive to a depth of 4,000 feet
without cables. l t can rise, turn, back
u p at will. It is self-propelled and inde-

pendent of surface craft while submerged.
Manned by a crew of three, the craft
will explore the vast undersea worldsampling the ocean bottom, photographing specimens, setting and moni-

toring scientific instruments, salvaging
lost cargo.
Deepstar 4000 is the first of a fleet
of Westinghousesubmersibles now being developed for depths up to 20,000
feet.

You can be sure if it's Westinghouse

For information on a career at Westinohou-ie, an equal opportunity employer,
w r ~ t tL. H Nogoli,We'stingt~ou'ieEdu(i ^ t i o n ~Department,
l
Pittsburgh, Pa 15??1.

PROTECTORS
These dedicated "pros" are members of a vital team. They are responsible for
the personal safety of workers in every General Motors plant-much as police
and fire departments protect the citizens of a city. They are serious-minded,
hard-working men, thoroughly skilled at their jobs.
Shown here are the safety director, the fire chief, and police chief of a typical
G M plant. Backed by a large plant-protection force and a volunteer fire brigade,
plus an able medical staff, they perform a number of highly important duties.
Fire prevention, traffic control and plant security are just a few of these. But perhaps their key function is the effective maintenance of GM's traditional "Seven
Basic Principles of Safety." G M employes, as a result, are actually safer at their
jobs than in their homes.
General Motors has led the way in the establishment of modern industrial safety
procedures. Its record in this regard i s exceptional in American industry. Thus,
these security and safety experts are among GM's most valuable people. They
produce no products but they are essential to the well-being of those who do.

Seven Basic Principles of Safety
1

Provide Active Top Management Support

2

Maintain Adequate Safety Personnel

3
4

Develop Safety Instructions For Every Job

5

Operate Through Supervision

Instruct Each New Employe

6 Make Every Employe Safety Minded

7

Extend Efforts Beyond The Plant
GENERAL MOTORS CORPORATION
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The reason for that is quality. To do the best work
You have to start with the best t-f~aterials.For over 30
years Clearprint Technical Papers have served students, educators, and professionals with distinction.
Â Clearprint's unchanging character includes 100%
rag uniformity, permanent transparency, outstanding
erasing and handling qualities. You get all this in
addition to Clearprint's ideal ink and pencil surface.

N DENOMI

Â Everyone who uses technical papers should try this
comparative test: Draw, erase, and hold the sheet t o
the light. Not a chance of a ghost! Â Repeat and repeat ^ test. ^ ^^^ ^^ you.
agree - Clearprint is America's fiIWst technical pa*
per. Introduce your students to it today.
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Felix S t r i i ~ n w a ~ sctssocictte
e~,
professen of biology, makes some delicate
adjustments of equipment in an electrophysiological station as he prepares to
record the electrical activity of a nerve
cell. For the past several years, he has
been studying part of the nervous systern of the sea hare, a large slug-like
'inimal, in pursuit of basic infoimation
about the mechanisms that a nerve cell
uses for information storage and retrieval. Among his findings are that certain single nerve cells from the sea hare
can act as biological clocks and that
their schedules can be modified by exteiiial means even after removal from
the animal The story is on page 12.

Alfred H. Sturtevant
has made many important contributions to genetics during his long career.
In addition, he has known and worked
with many of the distinguished biologists of the twentieth century. His recently published book, A Hiiitory of
Genetics (Harper & Row, $ 5 . 5 0 ) , is a
concise record that is enlivened by his
considerable personal experience. One
of the chapters, "The Genetics of Man,"
is particularly relevant today for both
the scientist and non-scientist. It appears on page 14.

Why become an engineer at
Garrett-AiResearch?You'll have to
work harder and use more of
your knowledge than engineer
at most other companies.

If you're our kind of engineer,

you have some very definite ideas
about your career.
For example:
You've worked hard to get a
good education. Now you want to
p u t i t t o work in the best way
possible.
You will never be satisfied with
run-of-the-mill assignments.
You
demand exciting,
challenging projects.
You not only accept
individual responsibility - you insist upon it.
Does that sound like
you? Then AiResearch
is your cup of tea.
Our business is
mainly in sophisticated aerospace
systems and subsystems.
Here, research, design, and develooment lead to production of

actual hardware.
That means you
have the opportunity to start with
a customer's problem
and see it through to a
system that will get the job done.
The product lines a t AiResearch,
Los Angeles Division, are environmental systems, flight information
and controls systems, heat transfer
systems, secondary
power generator
systems for missiles
and space, electrical systems, and
specialized industrial systems.
In the Phoenix Division there are
gas turbines for propulsion and
secondary power, valves and control systems, air turbine starters
and motors, solar and nuclear
power systems.
In each category AiResearch
employs three kinds of engineers.
Preliminary design engineers do
t h e analytical and theoretical
work, then write proposals.
Design engineers do t h e layouts; turn an idea into a product.
Developmental engineers are
responsible for making hardware
out of concepts.
Whichever field fits you best, we
can guarantee you this: you can
go as far and fast as your talents

can carry you. You can make as
much money as any engineer in a
comparable spot - anywhere. And
of course, a t AiResearch, you'll
get all the plus benefits a top company off ers.
Our engineering staff is smaller
than comparable companies. This
spells opportunity. It gives a man
who wants to make a mark plenty
of elbow room to expand. And
while he's doing it he's working
with, and learning from, some of
the real pros in the field.
If the AiResearch story sounds
like opportunity speaking to youdon't fail to contact AiResearch,
Los Angeles, or Phoenix, or see our
representative when he comes to
your campus.
An equal opportunity employer

AiResearch
is challenge

Los Angeles * Phoenix
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You wouldn't even consider a ball bearing
unless you needed reliability. So be sure you
get performance -buy a ball bearing that is
designed and built of quality components
with features that will meet the demands
of the application. Sealmaster ball bearings
offer an unmatched combination of Quality,
Performance and Economy. This means that

you can rely on Sealmaster and you can
afford its cost. You can pay more than you
would for Sealmaster and get no more
or -you can pay less and get a whole lot
less. Contact Sealmaster today and inquire
about the ball bearing that has the right
balance of performance
and economy.
-

-

Write for complete line Catalog 164.
SEALMASTER BEARINGS
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STEPHENS-ADAMSON MFG. CO.
49 Ridgeway Aye.
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FLANGE UNIT
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Want to add more depth to your career?
Depth comes naturally at Douglas. It comes from
working in our extensive and exceptional Southern
California facilities, where there are many
independent research and development programs
underway. It comes from nearby colleges
and universities, where you can study for
advanced degrees. And it comes from the
challenge of engineering design problems
that will fascinate the most creative minds.
Interested? Please send your resume
to Mr. L. F? Kilgore, Corporate Offices,
x 699-C, Douglas Aircraft Company, Inc.,
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AS OF NEW KN WLEDGE
Some important, even astonishing, developments in
our universities - and some thoughts o n how to support them
b y Lee A. DuBridge

Any discussion of higher education is so complex
that no speaker or author can cover the whole field.
I can select only a few topics and draw conclusions
based on my own interests and experience. From a
different set of relations another speaker may draw
radically different conclusions. The poor layman
who wants one simple yes-or-no, good-or-bad answer is disillusioned and disappointed.
I t may be possible, however, to say a few things
that will help 11s establish some principles on which
we can begin to find answers in a multiplicity of
special cases. The Pythagorean theorem in geometry, after all, enables us to solve an infinite number
of geometric problems. Are there a few Pythagorean theorems we can discover in this field?
Before developing theorems, however, one mnst
always set forth one's axioms or assumptions and
attempt; where necessary, to justify these assuinptions. The assumptions I am making are these:
1. Science and engineering are of great importance to eucA other and to our f-ociety.
2. American &mities
play a vital role in advancing our knowledge in the fields of science and
engineering.
3. Government and industrial agencies, as well
"Areas of New Knowledge" has been adapted from an
address given b y President DuBridge at a conference sponsored by the Council for Financial Aid to Education, held
in New York City on October 1,1965.
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as universities, play a prime role in putting our
knowledge of science and engineering to practical
use.
4. The progress of science and engineering is so
important and so expensive that it is appropriate
that both the public and private sectors of our
economy participate in their support.
I t is no longer necessary-in the year 1965, in
America-to attempt to support the thesis that the
progress of education and research in science and
engineering are vital factors in the growth of our
economy and in the improvement of our society.
Nevertheless, because other things are important
to our society also, there are many people who
deprecate the value of extending scientific knowledge, claiming that we should instead devote our
energies and dollars to improving the moral, social,
political, and economic aspects of our civilization.
1 would not for a moment deny the importance
of these areas of effort. I would only point out two
things:
First, the solution to some of our social, economic, and political problems will surely depend
upon further technological advances.
Second, it is not a question of eitherlor, since the
energies and dollars devoted to science and technology need not be subtracted from the energies
and dollars devoted to other problems.
As we contemplate some of the -problems that
modern civilization faces-including overpopula-
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tion, overcrowded cities, unemployment, juvenile
delinquency-we are tempted to ask whether mode m civilization is any better, after all, than the
civilization of the Middle Ages. It is too bad that
we cannot turn back the hands of time so that we
could all experience briefly what life in the Middle
Ages was really like. My guess is that we would
return to modern living with great joy and relief.
If, then, we ask the question of what has made the
difference between the year, say, 1663 and the year
1965,I think the answer would be that the primary
difference lies in the extension of man's knowledge
and understanding of the physical world.
We need only recall that the pioneering work of
men like Galileo and Newton first led to the idea
that man's world and his universe were governed
by natural laws, and that these natural laws could
be understood and put to effective use. The age of
machinery and the Industrial Revolution soon
followed. Later, the work of Faraday and Maxwell
led to the age of electricity and to the modern age
of electrical communications. The work of Bohr
and Rutherford and Einstein led to the nuclear age.
And the work of Schrodinger, Heisenberg, and
others led to the quantum age in which quantum
effects are put to use in such things as the transistor,
the maser, the laser, and other devices just now
coming into use.
Paralleling this development in the physical sciences has been an equally revolutionary development in biology and medicine as men have come
to understand more and more thoroughly the evolution of life, the nature of disease, and, in recent
years, the molecular basis of life processes, iricluding the molecular basis of heredity.

Elementary particles
At the beginning of the present centnr: physicists were beginning to understand the structure of
the atom. A third of a century later they were beginning to understand the structure of the atom's
nucleus. Today they are reaching a step beyond and
are trying to understand the nature of the so-called
"elementary particles" which are involved in nuclear phenomena. The role, behavior, and interrelationships of these elementary particles are still
matters of mystery. At one time the accumulation of new facts outran our theories. Now the
theories have nearly caught up with the facts and
find themselves stymied until new facts can be
learned. That is the reason for the present interest
in very-high-energy accelerators-200 billion electron volts and above-since only at such energies
can some of the basic facts about elementary particles be examined. No one can foresee what the

practical results of understanding elementary partides will be.
There is also great excitement today in the fields
of astronomy and of the space sciences. Radio and
optical telescopes have discovered new kinds of
objects in the sky which look like stars but which
emit energy at a rate 100 billion times or more
greater than previously known stars. There is a
real mystery as to the source of this colossal-energy.
Are we witnessing the results of tremendous thermonuclear or hydrogen-bomb reactions on a grand
scale? Or are we getting astronomical evidence for
a new kind of energy-release process, possibly involving these same elementary particles themselves? We do not yet know.

The moon and the planets
As we send spacecraft into outer space, we are
learning about the moon and the planets, and we
are developing spacecraft from which astronomical observations can be made of the most distant
objects in the universe. We have taken close-up
television pictures of the moon. We have had our
first somewhat crude but extraordinarily interesting pictures of Mars. We have measured important
properties of Venus. Visits to these objects by both
manned and unmanned space capsules will add
enormously to our knowledge during the next
decade and beyond.
As our eyes are turned to the moon and the
planets, and as we try to understand their composition, structure, and history, our interest has also
been enhanced in the planet which we call the
earth. We are probing the depths of the oceans;
we shall in a few years be drilling through the
earth's crust to find what lies beneath; we are observing natural and artificial seismic waves bouncing back and forth through the interior of the earth,
reading their messages as to its structure, cornposition, and condition. We shall be learning more
about earthquakes and volcanoes. We shall be learning more about the motions of our atmosphere and
the storms and weather changes which it carries.
Someday we might even be able to do something
about the weather.
Biologists and biochemists are untangling the
structure, behavior, and propeities of the most
complex of all chemical molecules, DNA, and the
role it plays in heredity and in guiding the development of living things. Those long, coiled, doublehelical molecules which appear in fantastically
twisted forms can now be unraveled and literally
taken apart piece by piece while the structure and
function of each piece is examined. We can identify
the pieces that govern the manufacture of partieuEngineering and Science

lar proteins and enzymes in living things and can
trace the way in which the elaborate instructions,
which come' coded in the original DNA molecule,
are transmitted cell by cell to guide the development of a living creature, whether it be a bacterium
or a human being. We are getting closer to an understanding of the very basic chemical-physical
processes in living things, and men are already
visualizing the day when life forms can be synthesized in the laboratory.
Just how or when scientific discoveries will come
into practical use will depend on the applied scientist (including the medical scientist) and the
engineer. I n every university and industrial laboratory the applied scientists are watching the new
developments in basic science with great care, alert
to the possibility of carrying these developments
over into practical application. More than ever before scientists and engineers are maintaining close
contact with each other. They are maintaining
closer contact within our universities, and there is
a closer contact between universities and industry
and government laboratories.
I recite all this in support of my thesis that science and technology are of vast importance to the
progress of our society.
What I have said also supports my second point
-that the universities are the seat of these new
developments. The universities of America and of
other parts of the western world are the most exciting places imaginable at the present time. But
they are more thari centers for the advancement of
knowledge; they are centers for the training of
new scientists and technologists who will carry
these developments into the future. They are also
the centers for the training of our businessmen, our
government officials, our professional men and
women, our artists and writers. Let us hope that in
their university studies these non-scientists are also
getting a glimpse of the exciting advances in science
and technology, so that their understanding of these
can be carried into the professions. into business,
into journalism, and into the government.

Supporting science and technology
I think what 1 have said also supports my final
thesis: that modern science and technology are expensive and must be supported by all sectors of
our society. Modern instrumentation in physics, in
chemistry, in astronomy, in biology, in geophysics,
as well a5 in engineering, has passed far beyond
the days of string and sealing wax. Electronic
data processing machines, elaborate spectroscopic
equipment, space \ ehicles, nuclear accelerators, expensive radio and optical telescopes, and a host of
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other essential instruments of modern scientific and
engineering research make the million-dollar project the commonplace one rather than the extraordinary one. It will cost $300 million to build a 200-billion-electron-volt nuclear accelerator. I t costs tens
or hundreds of millions of dollars to send a spacecraft to the moon, to Venus, to Mars-or simply to
circle the earth. A modem electronic computer may
cost several million dollars, and a host of essential
research tools may cost $20,000 to $100,000 each.
It is not that scientists have simply become extravagant in their demands and are using complex
equipment where simple equipment would do the
same task. Old-fashioned equipment will not do
the task at all or, in some cases, would do it only at
a thousand or a million times slower rate of production of results. I t is said, for example, that Kepler spent nearly a lifetime in computing the orbits
of the planets around the sun and proving that
these orbits were elliptical. Recently a graduate
student decided to perform these same computations on a modem computer and found that, after
he had spent a modest amount of time in programing, the entire computational procedure took him
but five minutes. Very few men can afford to spend
a lifetime making measurements and interpreting
them. But when the measurements and calcul at'ions
can be made in a few minutes or a few days, impossible projects come into the realm of possibility.
Some important developments

The facts I have been outlining have come to bc
widely realized in this country and have led to
some important, and even astonishing, developments in our universities during the past 15 years.
1. There has been a great increase in student
enrollment in the colleges and universities. This
increase is partly due to the 'population explosion.'
and partly due to the fact that a larger fraction of
American high school graduates are seeking to attain some higher education. Rightly or wrongly,
nearly eberyone wants to go to college. In this exciting and complex world a college education is
more and more necessary.
2. There has been a great expansion in the total
university research program in the country. The
growing interest in scientific and engineering rc search and the growing support of such research
have lifted America into a -position of world leadership in the progress of pure and applied science.
Both of these developments-enrollment pressures and expansion of research-have put great
burdens on the financial resources of colleges and
universities. Although the current financial needs
have not been met fully, there has been substantial

9

expansion in the support provided to institutions of
higher education for both teaching and research.
The sources of these funds are as follows:
1. Federal funds, largely devoted to the support
of research in science, medicine, and engineering,
for building laboratories, for teaching and research
in these fields, and for the support of graduate
fellowships. Only recently has the government entered the field of undergraduate scholarships and
support for the arts and the humanities.
2. State tax funds, provided often in very large
amounts to the state colleges and universities for
expansion of physical plants, expansion of faculty,
and the general support of teaching and research
and other operating costs.
3. Private funds, for endowment, for buildings,
and for operating expenses-largely, but not wholly,
provided to the private independent colleges and
universities. The sources of these funds have been
individuals, private foundations, and corporations.
Even if we assume that the sum total of the funds
available at the present time is adequate to our
needs (which in truth it is not), one can easily
grow alarmed as one looks to the future. The expansion in size of our colleges and universities continues. The expansion in the extent and intrinsic
cost of research programs is on the increase. Faculty salaries and other operating expenses are rapidly
rising. I t would be an extremely conservative estimate to predict that the budget requirements for
higher education in this country will double during
the next ten years. Many experts would predict a
higher rate of increase, but the conservative estimate is staggering enough to give us cause for
concern and for action. Clearly, all sources of support-private, state, and federal-must participate
in meeting this crucial problem.

The role of private support
Let us assume for the moment that state and
federal sources will do their share in meeting this
problem. While this is by no means a foregone
conclusion, it is a useful working hypothesis. What,
then, is the role of private support? What critical
functions does it play? And what must be its relation to the various public sources of support?
Let me focus my remarks now primarily on the
private institution-particularly the private university-with particular attention to that handful
of institutions, be it 20, or 30, or 50, which have
historically played the role of leadership in the
progress of advanced education and research in all
fields of knowledge and, more particularly, in the
fields of science and engineering.
A typical private university in America today is

largely or wholly independent of state tax funds,
and receives its funds from either private or federal sources. The federal sources are confined largely to support of research and graduate education in
the sciences and engineering.
In a typical private university, the total federal
funds for these purposes may amount to between
30 and 50 percent of the institution's total operating budget, depending, of course, upon the relative size of its scientific research program. While
20 years ago the federal portion of the budget was
far smaller than this, it seems to be true that in
recent years the federal portion of a typical private
university budget has not substantially changed.

Private and federal funds
There are many reasons why this ratio is leveling off. There are also many reasons why it should
level off,and why future budgetary increases should
be provided in approximately the present ratio by
private and federal funds. There are three basic
reasons for my belief:
1. I t is unlikely that federal funds will be available to these universities along the rising trend
which characterized the years before 1962.
2. In order to command and use federal funds, a
university must have its own funds in at least equal
amount in order to build the staff and facilities to
support a research program that will attract federal
funds.
3. Private funds are needed to maintain and support those activities which federal funds do not,
probably will not, or cannot support.
As to the first point, it may seem surprising that
one would predict that the major private universities in the country will not continue to receive rapidly increasing federal support in scientific and
engineering areas or in other areas which the federal government will soon or may soon enter. The
reason is very simple: There is a growing feeling
in high circles in Washington that federal funds
should be more "widely spread," that it is wrong for
a relatively small number of institutions to receive
such a larse fraction of the total federal funds allocated for support of research and graduate education. Recent directives instruct federal agencies
to spread their research support to lesser or "emerging" institutions and to give more attention to wide
geographic support. Thus, even though total federal

funds should continue to increase, it is clear that
the leadership institutions mill receive a declining
share of this support.
Now, I am wholly in favor of placing research
support widely throughout the country and in institutions which are sincerely striving for excellence
Engineering and Science

in research and graduate study. However, several

facts stand out:
First, the 'number of brilliant and creative research scholars in the country is limited.
Second, these scholars tend to congregate at institutions with strong research traditions, with excellent research facilities, including laboratories and
libraries, where the individual will have many colleagues who can help and stimulate him not only
in his own special field of interest but in related
fields.
Third, the number of institutions which have
built this atmosphere, acquired the staff, and, largely through their own funds, provided the research
facilities, is relatively small. There are only a hundred or so institutions that even pretend to call
themselves "universities" in the sense of having substantial graduate and research programs. About
half of these could b e classed as leadership institvitions. Half of these, in turn, are private and half are
public. Assuming that the public institutions will
and should continue to receive state support, the
problem remains: What shall be done with the top
25 private institutions in the leadership category
and (let us say also) the next 25 institutions with
the potentialities of emerging as leaders? Present
federal policies will mitigate against a rapid rate of
increase of the support of activities in these institutions. Thus, even though they wish to increase
their federal support, they will probably have a
difficult time attaining such an increase.

Federal support is not enough
On the other hand, there are urgent reasons why
the private sources of support in these institutions
must continue at least to equal the federal sources.
First, for example, federal sources support only restricted areas of scholarship, and the university must
support other areas in the humanities, social sciences, arts, business, law, and other fields not eligible for federal support.
Second, even in those areas where federal funds
are available, they do not pay the full costs of
maintaining the university's activities in those
areas. Teaching costs are almost wholly neglected
by the federal government; faculty salaries must
be paid very largely by the university from nonfederal sources; and the cost of new buildings must
come primarily from private sources. Even for science buildings the federal government, if it assists
at all, provides only one-third to one-half the funds
on a matching basis.
Third, even in the areas of science and engineering, federal support is not uniformly available in
various fields. Because much of this support comes
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from mission-oriented agencies-such as the Defense Department, the Atomic Energy Commission, the National Aeronautics and Space Administration, and the National Institutes of Healththere are broad areas of science and engineering
left with inadequate federal funding. Some of these
areas which are omitted are most critical to the
future progress and prosperity of this country. If
funds, personnel, and facilities are largely channeled into those areas of science and engineering
which are related to health, atomic energy, space,
and defense, the areas of consumer products, housing, building, transportation, air pollution, water
supply, public safety, good urban living, and a host
of other practical and urgent problems will be
neglected.

A Pythagorean theorem
The Pythagorean theorem that I come to as a
result of all these assunlptions and arguments is
simply this: The present ratio of private to federal
support in our leadership universities must be
maintained. That means that private support of
operating costs in these universities must at least
double during the next five to ten years. Only if
this happens can the universities maintain their
vital activities in non-science fields, maintain their
faculty salary and teaching budgets, support those
areas of science and engineering not eligible for
federal funds, and generally maintain the health,
integrity, vigor, and leadership that the future of
higher education and the future of the country so
insistently demand. Nothing less is at stake than
the continuation of private enterprise in the university world. The growing federal trend toward
egalitarianism in higher education is wholly contrary to the meaning and value of higher education. Education and research depend upon a few
brilliant people. Only they can carry on these
critical tasks, and they must b e supported wherever they may be found.
Innovation has always been a characteristic of
private rather than of government enterprise. I t is
true in higher education, as it is true in business
and industry.
Private fortunes, private benefactions, private
foundations, and private industry have built private higher education in America. They can be
proud of the structure they have created. If they
abandon the structure to the whims, the controls,
the inequalities, the imbalances of federal support
-valuable as it may be in itself in its appropriate
and proper field-American higher education will
be destined to stagnation and decay. I believe no
one would wish to see this happen.

BIOLOGICAL CLOCKS
AND NERVE CELLS
Eventual understanding of the mechanism of
man's memory may owe a great deal to current
experiments using a large ocean mollusk called a
sea hare, in which certain single nerve cells have
been found to act as biological clocks, producing
patterns of electrical pulses that reflect natural cycles in the sea hare's environment. Felix Strumwasser, associate professor of biology, by instrumenting
and studying the electrical activity of the animal's
extremely large nerve cells ( u p to one-half millimeter diameter), has found that certain individual
cells produce pulse bursts at the time of transition
from night to day and day to night. In addition,
cyclic variations in the time at which the pulse
bursts occur correspond to similar variations in the
bi-monthly ocean tides.
The sea hares can be entrained to artificial light/
dark cycles in the laboratory in about three days.
Once studies of the nerve cells begin, these artificial
cycles govern electrical activity, even though the
light cycling is discontinued.
These electrical pulses, which are a little less
than a tenth of a volt, are recorded through an electrode made of a finely drawn glass tube filled with
a saline solution, which is inserted through the cell
wall. Electrical activity continues for about 48
hours after the ganglion containing the nerve cells
is removed from the sea hare; however, longer cycles can be investigated, since it has become possible to culture the ganglion for periods of at least
one month after removal. Moreover, because the
same cells are identifiable in other sea hares, nerve
cells from a colony of animals taken from the same
location can be studied "in tandem" for longer periods of time.
The particular cells used are in an abdominal
ganglion, which is concerned with feeding, respiration, excretion, reproduction, and protection some of which must rely on time of day and tides.
Pulse rates vary from a few per minute during
quiet periods to about 40 per minute at "dawn,"
and remain that high for about three hours. There
is less activity corresponding to "dusk," indicating
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that it is probably less important to the sea hare.
The mechanisms by which information can be
stored chemically within the cell, then converted to
an electrical discharge at the cell membrane at
some later time, then transferred between cells
chemically are not yet known. They are key questions in biology. There are, however, indications
that messenger RNA is involved in one aspect of
the read-out process, and Dr. Strumwasser is investigating this involvement.
He believes that the electrical impulses are induced by build-up of an excitatory chemical substance in the nerve cells that is triggered by a timed
production of messenger RNA. Nerve cells in the
sea hare, as well as those in other animals, are unusually rich in RNA. In many of the sea hare's nerve
cells, the DNA-rich nuclei occupy about half the
cell body's space. Yet these nerve cells do not divide in the sea hare (nor in the human brain). Nor
do they export many different chemical agents,
since each nerve cell is known to produce only
one chemical transmitter substance. Therefore, the
large amount of nucleic acid must be used for other
purposes.
Evidence that there is a timed release of a stored
excitatory substance has been found with several
different experiments. In one, the temperature of
the nerve cell's salt water bath was increased from
58' to 76' for an hour. When the heat was applied
during the cell's projected night cycle, it caused
release of the excitatory substance, resulting in a
premature expression of the pulse burst that, in the
absence of heat treatment, would have occurred at
the lightldark transition. Heat applied in the light
cycle produced little or no effect, possibly because
there is no excitatory substance built up in the cell
at that time.
Another experiment showed a direct link with
RNA activity in the cell. Actinomycin D is a substance that, by binding to DNA, can inhibit the
synthesis of RNA. It is also possible that when it
binds to the DNA it displaces messenger RNA,
which then moves out into the cytoplasm. When
Engineering and Science

this substance was injected into a nerve cell during
the dark period, it caused a large pulse burst almost
immediately, and, as in the case when heat was applied in the dark period, eliminated the expected
response at the time of light/dark transition. When
injected during the light period, it caused only a
small burst, after which all electrical activity
stopped, as if the cell had died. However, 24 hours
later there was another large burst, timed not with
the lightldark transition, but with the injection of
actinomycin D. The nerve cell had been reset 111
the drug.
Dr. Str~~mwasser
began this work at tlie Walter
Reed Army Institute of Research in Washington,
D.C., and has been continuing it at Caltech under
sponsorship of the Air Force Office of Scientific
Research and the National Aeronautics and Space
Administration. He is now beginning experiments
to determine if the amount of messenger RNA

in tlie cell's cytoplasm increases just before and
during the heightened electrical activity.
One of the interesting techniques he is now trying makes use of autoradiography, in which uridine (one of the bases in R N A ) treated with tritium is injected into the cell, where it is incorporated into RNA being manufactured. Ganglia are
then frozen at various stages of the electrical cycle
and cut into thin sections. The sections are coated
with photographic emulsion, in which silver ions
are reduced by the emission of electrons from the
radioactive RNA. The result is a visual record, in
tlie form of black dots, oi RNA concentrations.
C;omparison of sections made at different times
shows the RNA movement within the cell. If the
quantity of messenger RNA does increase at the
time of electrical activity, it will indicate RNA involvement in recall, one of the important components of memory.

Sonic of the individual nerve cells {circular fcaft~rc'.'s)in this g(111gIionfrom a sea hare act as biological clocks, using
el~ctiicalp i i l - i i ~ to comniunic(itc mth other n'lffi. A micro-electrode (entering a cell from the lower right of this
picture) detects tltu clatiiial activity, which is then recorded and correlated with the time of environmental cues
preiwiisly given to the sclu luire The width of the ganglion shown here is about three millimeters.
December 1965
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GENETIC OF MAN
by A. H . Sturtevant

Man is, irl many ways, very unsuitable as an object for the study of genetics. Families are too small
for dependable determination of ratios, desired test
matings cannot be made, and study of more than
a very few generations for 'my particular purpose is
not often possible, The social implications of human
genetics are so great, however, that the subject must
be investigated; and there are some real advantages
in the material. For no other organism do we have
such detailed and extensive information on anatomy, develop~nent,biochemistry, physiology, pathology, evolution, and population statistics.
A large list of more or less clear-cut Mendelian
differences in marl has gradually been built up,
largely concerned with relatively rare defects or
with less obvious biochemical variations such as
blood groups, hemoglobin types, or variations in
urine composition.
These cases have been important in the under"The Genetics of Man" is adapted from A. H . Sturteoant's book,
A History of Genetics, p u b l ~ ~last
d month by Harper &- Row.
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standing of the genetic components of some diseases and have also been occasionally helpful in
diagnosis. Mainly for these reasons, many medical
schools now have departments of medical genetics,
and several standard books on the subject have bee11
published. The clear-cut cases have also been of importance in physical anthropology.
The more obvious arid familiar human differences, such as s t a t ~ ~ rhair
e , form and color, eye color,
skin color, right- vs. left-handedness, or fingerprint
patterns, although obvio~~sly
inherited, are difficult
to analyze. In other mamrnals, hair color and eye
color are among the best understood of the inherited
characteristics, but in man there are so rnany intermediates that analysis is difficult. Red hair and blue
eyes are often listed as due to recessive genes, which
they may be, but in both cases classification is often
uncertain, and if one depends on the usual popular
descriptions, there will be contradictory observations.
Even more difficult to analyze are mental propEngineering arid Science

erties, a11d ol~viouslythese are the human characteristics that are of the greatest interest and importance to society. At the sensory level, there are wellestablished Mendelian differences that must have
indirect effects on behavior-such things as taste
sensitivity, night blindness, or color blindness. Since
I am partially color blind, 1 am acutely aware of
some of the effects of my relative insensitivity to
redness. Sunsets or desert colors are clearly lesser
sources of esthetic satisfaction to me than they are
to most people, and I am so unaware of the redness
caused by inflammation that I could never have
been a successful practicing physician.
At the other extreme, there are more or less clearly established Mendelian cases that involve serious
mental conditions-such things as Huntington's
chorea and phenylketonuria.
It is the range between these extremes that is both
the most interesting and the most diEcult to analyze. One of the first attempts was made by Galton.
"
He was responsible for the expression nature vs.
nurture" in the determination of human characteristics, although it is probable that he assumed his
readers would recognize Shakespeare as the source
of the expression (in The Tempest, concerning
what led to Caliban's character). Galton (1869)
collected a series of pedigrees showing the concentration of particular kinds of exceptional achievements in particular families, such as milsicians in the
Bach family. He minimized the effect of family tradition and concluded that the results were primarily
due to biological inheritance, despite one case that
he pointed out but did not emphasize. In the Roman
family of the Scjpios there was an extraordinary
concentration of generals and orators, but one of
them ( Scipio Aemilianus 1 "was not of Scipio blood"
but was an adopted son, suggesting (though not to
Galton) the importance of family tradition rather
than genetic composition.
This same approach was later followed by Davenport (Heredity in Relation to Eugenics, 1911). Here
there is a description of the Tuttle-Edwards family
of New Ijaven, from whom descended two presidents and one \/ice president of the United States,
six college presidents, and other notables: and of the
Lees of ?7irginia, who ran to generals and political
figures. There follow acco~intsof the Jukes and
Kallikak families, with their dreary procession of
prostit~ites,thieves, drunkards, and paupers, Here
again was little or no recognition of the overwhelming importance of family environment and of the
resulting opportur~itiesor lack of opportunities in
these exan~ples-Surely Davenport must have ~11derstood that a potential college president, or member of the Virginia legislature, born into a Jukes
December 1965

family would have had no chance of realizing those
potentialities-but the book does not bring out this
point.
Similar views have been expressed since 1900 by
other biologists-including some who were more
sophisticated than Davenport. Two examples follow:
Bateson (1912, "Biological Fact and the Structure of Society," Herbert Spencer lecture, Oxford) :

Alfred H. Sturtevant
is a distinguished elder statesman of biology who
is recognized as a pioneer in the study of genetics.
His career l~egannearly 60 years ago at Columbia
University where he was a student of Thomas Hunt
Morgan. Together with Morgan and several other
brilliant colleagues (including Hermann Muller and
Calvin Bridges), he studied the genetics of the fruit
fly Drosophild in a small, crowded laboratory that
came to be called the "Fly Room." There, modem
genetics, which had its basis in Mendel's unheralded
work 50 years before, fi~iallyc a n e of age. Results of
the early work done at Columbia were published in
1915 in a monumental book by Morgan, Muller,
Bridges, and Sturtevant, The Mechanism of Mendelian Heredity.
Aiter receiving his PIID from Columbia in 1914,
Dr. Sturtevant remained in the FIy Room as a Carnegie Institute research fellow. His work through the
20s included discovery that a gene's action depends
on what genes are next to it in the chromosome-the
phenomenon of position effect. He studied sex determination, and sexuality and sexual selection. He
worked out the non-random segregation of the tiny,
fourth chromosome in Drosophila. He drew new conclusions about evolution from studies of inversions of
chromosomes. He investigated the comparative genetics of Drosophila and found the same gene showing up in different species. He recognized that a gene
can exist in multiple alternative forms. He worked on
the bizarre aspects of evolution in the social insects,
where selection operates riot so much on what the
individual is, as on the groups into which his progeny
fall. He made important contributions to understanding the sterility of liybrids. And he has delved into
the genetics of organisms having more than two sets
of chromosomes in his studies of ins.
In the course of this work he came, with Morgan,
to Cdtech in 1928 to take his place in the newly orgdn~zeddivision of biology and for five years after
Morgan's retirement in 1941 was a member of the
team of four administering the division. In 1951 he
was named the first Thomas Hunt Morgan Professor
of Biology at Caltech. In 1962 he retired, but still
continues his research activities on the campus.
In addition to extensive participation in professional organizations, Dr. Sturtevant has received many
honors, including the Kimber Genetics Award from
the National Academy of Sciences in 1957 "for his
distinguished career as discoverer and interpreter of
fundamental genetic phenomena"; and the Carty
Medal of the National Academy of Sciences in 1965
"for noteworthy and distinguished achievement."

Much of the discussion about nature versus rturtzlr~/ Z ~ I S beer1 O H , t?te err~otional
level, because ~ ~ n ~ ~ m b i g uobjective
uus
evidence i s so difficult to get.

"How hard it is to realize the polymorphism of
man! Think of the varieties which the word denotes,
merely in its application to one small society such
as ours, and of the natural genetic distinctions
which differentiate us into types and strains - acrobats, actors, artists, clergy, farmers, Iaho~irers,lawyers, mechanics, musicians, poets, sailors, men of
science, servants, soldiers, and tradesmen. Think of
the diversity of their experience of life. How Iew of
these could have changed parts with each other.
Many of these types are, even in present conditions,
almost differentiated into distinct strains . . . 1 never
cease to marvel that the more divergent castes of
civilized humanity are capable of interbreeding and
of producing fertile offspring from their crosses.
Nothing but this paradoxical fact prevents us from
regarding many classes even of Englishmen as clistinct species in the full sense of the term.''
Darlington ( 1953, The Facts of Life ) : "In England, for example, it is not lack of research which
limits food production but the genetic unfitness of
a large part of the tenant farmers, the legally secured occupiers who are organized to keep better
men off the land."
Such extreme views have not gone unchallenged.
Especially among anthropologists (largely under
the infl~ienceof Boas) and among psychologists
there has been a strong tendency to minimize the
effects of genetic composition on human behavior.
The most extreme statement of this positior~that 1
know is by Watson (1925, Beltaciorisvr~):"In the
case of man, all healthy individuals . . . start out
equal. Quite similar words appear in our far-famed
Declaration of Independence. The signers of that
document were nearer right than one might expect,
considering their dense ignorance of psy~hology.
They would have been strictly accurate had the
clause 'at birth' been inserted after the word equal."
Much of the discussion of this question has been
on the emotional level, because unambiguc)us objective evidence is so difficult to get. By and large,
the extreme proponents of genetic determination
have tended to be political conservatives with their
views ultimately rooted in the caste system of feudalism, while the extreme advocates of environmental control have tended to represent a political
philosophy derived more from the egalitarianism
of the French Revolution.
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As it happens, the ~ m seffective
t
approach to this
~
( 1883, lrtquiries
question was initiated 1 ) Galton
into Hurriarz Fczrz~lty) . In 2 series of stuclies on pairs
of twins, he recogr~izedthat they were of two kinds,
"similar" and "dissimilar,'*ancl c o n c l ~ ~ d ethat
d these
arose, respectively? from a single fertilized egg and
from two ir1cIe~endent1yfertilized eggs. Thiq conclusiori has since been confir~nedby ekhrj ologiial
evidence and by extensive genetic- stt~dies;the two
types are now ~ ~ s u a l referred
ly
to as rnc~riozygotic
(or identical ) and dizygotic (or fraternal ) . Galton
saw that they offered an opportunity to test the relative importance of nature and nurt~we,since the
rnonozygotics should be alike in genetic makeup,
whereas the dizygotics should be no rnore alike than
ordinary brothers and sisters. He carried out a few
tests on mental properties and c o r ~ c l ~ ~ dthat
e d the
moric~zygc)ticswere in fact more alike in behavioral
attributes.
The next step was taken by Muller (1925). He
found a pair of monozygotic twins who had been
separated in early life and brought up in different
families. He gave them a series of psychological
tests, and foilnd them to be quite similar, This
method was greatly extended by Newrnan, Freeman, and Holzinger ( 1937). They found a considerable series (20) of such separated monozygotics
and, as controls, carried out the same tests 011
a series of monozygotics, and also of dizygotics,
reared together. The book makes fascinating reading - especially the detailed case histories - but the
authors admitted to disappointnient at the inconclusiveness of the results. Later series of such studies have also heen rather disappointing, although
there can be no question of their importance.
Among the difficulties encountered may be mentioned the ~~ncertainty
as to just what the psychological tests are measuring, the varying ages at
which the separations took place in the different
pairs, the inacci~racyof the underlying tacit assumption that twins reared together are exposed to
identical environmental effects, and the circumstances that the separated twins were usualIy reared
in rather similar families (never was one brought
up as a Lee and his twin as a Jukes). Nevertheless,
these studies have convinced most unbiased students that there is an appreciable inherited comcontintied on page 20
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The Genetics of Man . . . continued
ponent in the determination of human mental
differences.
The difficulties of objective study of mental differences reach their maximum in the case of racial
differences. If it be admitted that there are inherited individual difference~, then on general
grounds one must conclude that there are statistical
differences between races. If one is inclined to look
upon individual mental differences as largely genetic in origin, he then is likely to consider the observed (or imagined) cultural differences between
the races as being genetically determined and to
conclude that some races (inevitably including the
one to which he belongs ) are inherently superior.
The extreme examples of this attitude have not
usually been scientifically trained; the terrible example is Hitler, of course, but he was preceded by
many pseudo-scientific writers ( such as Gobineau,
Houston Chamberlain, and Madison Grant), most
of whom would have been horrified by Hitler's
methods. There have, however, been biologists with
some background in genetics who have leaned in
this direction. Since racism is a dirty word, it is perhaps kinder (and certainly more agreeable to the
writer) not to name them.

Can genetics be controlled?
Galton was one of the first to suggest the possibility of the genetic improvement of human populations; he introduced the word eugenics to designate
this field of study and planning. There are two approaches here, which have been described as "negative" and "positive." The first proposes to decrease
or eliminate the more extreme inherited defects physical and mental - and the second proposes to
increase the number of better individuals, and
thereby to make possible the production of still
better ones. Both approaches, especially the positive
one, are based on the obvious success of animal and
plant breeders in improving the populations with
which they work.
I t is estimated that something like 4 percent of
human infants have tangible defects that can be
detected in infancy - some of them very serious
and others much less so, and some of them remediable and others not. It is also estimated that perhaps
about half of these are largely genetic in origin. If
it were possible to eliminate these by preventing
their birth, this would obviously be a great advantage to society, in economic and, especially, in humanitarian terms.

In the early days of Mendelism, there were many
people who felt that this objective could be rather
simply achieved, but with increased knowledge this
hope has been somewhat dimmed. The easiest class
of defects to eliminate should be the dominant, but
it has turned out that the wore serious of these are
apt not to appear until the normal reproductive age
has largely passed (the typical example here is
Huntington's chorea). Presumably those that appear earlier in life have, for the most part, been
eliminated by natural selection. Any appreciable
decrease in the incidence of recessive defects would
depend on the identification of heterozygous carriers - which is not usually possible. There has also
come to be a growing realization that, in some cases,
heterozygosis for a particular gene may ( a t least
under certain conditions ) confer an advantage even
when homozygosis is very disadvantageous. The
best-known example here is sickle-cell anemia in
man. Homozygosis tor this gene causes the serious
defect from which the name is derived; but it was
shown by Allison ( 1954) that heterozygosis for it
confers considerable resistance to malaria and so is
of selective advantage where malaria is prevalent.
It remains uncertain how frequent this type ofrelation is, but the possibility suggests that caution be
exercised in any attempt to eliminate undesirable
recessives. A further point has been emphasized by
Haldane. namely, that a recessive which interferes
with the fertility of the individual must be retained
in the population largely by recurrent mutation and
therefore cannot be eliminated by artificial selection, although its frequency may be reduced.

W h o sets the goals?
Positive eugenics seems even more difficult, for
several reasons. I t is evident that animal breeders
have, by selection from mixed populations, produced many reasonably uniform breeds, possessing
desired characteristics and including many individuals more extreme in these respects than any found
in the original population. There is no reason to
doubt that similar results could be obtained with
human populations. But there is a whole series
of obvious difficulties - of which the greatest is:
Who sets the goals? Who functions as the animal
breeders have, in determining the basis of selection?
Obviously no sane person would want a Hitler to
have this power and responsibility, and most of us
would agree with ates son in mistrusting even a
committee of Shakespeares.
Engineering and Science
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The Month at Caltec
Grant for Star Study
The Institute has received a $357,200 grant from
the National Science Foundation to support continuing nuclear astrophysics research under the direction of William A. Fowler, Caltech professor of
physics. The funds are to finance further studies on
the structure and evolution of celestial objects and
on the synthesis of the chemical elements in them.
These include meteorites, the sun and other stars,
the material in space between galaxies, and quasars.
Dr. Fowler, who has been the principal investigator in this research, will work with some 15 other
scientists, including Gerald J. Wasserburg, professor of geology and geophysics; John N. Bahcall, assistant professor of theoretical physics; Donald S.
Bumett, assistant professor of nuclear geochemistry; and Fred Hoyle, visiting associate in physics.
The work of the Caltech group covers six broad
areas :
1. The synthesis of the elements in stars. Dr.
Fowler said he now believes that the heavier ele-

ments were created in such grand catastrophies as
explosions involving stars millions of times more
massive than the sun.
2. Properties of super-massive stars as possible
models for the mysterious quasars. The nature of
these most energetic objects in the universe intrigues astronomers. The quasars may be enormous
stars unlike any that have been observed in our
galaxy.
3. Use of the bright light from the distant quasars to reveal something about the composition and
excitation of the matter in space between them and
the earth.
4 Calculations of stellar structure and evolution
based on the rates of nuclear reactions that are determined in the laboratory. Many of these rates arc
obtained with the electrostatic accelerators in Caltech's Kellogg Radiation Laboratory and in its
Sloan Laboratory of Mathematics and Physics.
5. Development of methods to test directly by
observations the theory that the sun and stars shine
because of nuclear processes in their cores. This will
be done in a "neutrino observatory" 4,500 feet deep
in the Sunshine Mine in Kellogg, Idaho.
6. Contributions of Drs. Wasserburg and Burnett to the understanding of meteorites in studies of
the chemical and isotopic composition of different
kinds of these visitors from space.

Honors and Awards
Fritz Zwicky, Caltech professor of astrophysics
and staff member of the Mt. Wilson and Palomar
Observatories, has been elected vice president of
the International Academy of Astronautics. The
180-member academy also named Dr. Zwicky finance chairman and a member of two committees
- one concerned with an international lunar laboratory and one with space relativity.

William A. Fowler
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Jack E. McKee, Caltech professor of environmental health engineering, has been appointed a member of the Atomic Energy Commission's advisory
committee on reactor safeguards. The 15-member
continued on page 26
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Traveling Wave Masers
RCA's recent maser research and development
has yielded systems with outstanding low-noise
microwave amplifier performance along with
adaptability for field use. These amplifiers exhibit ultra-low noise temperature (8-1O0K)and
high gain (30-40 db) with extreme gain stability. Wide tunability (up t o 50%) and large
instantaneous bandwidth (up to 150 MHz)
have been achieved.
Several technique areas involved with this
work are of particular interest. Iron- and
chromium-doped rutile (titanium dioxide) are
employed as active paramagnetic materials. in
a "meander-line" slow wave structure, providing wide bandwidth and high gain. Ferrite reverse isolators function to provide a high
degree of gain unidirectionality. The requisite
magnetic field is provided by a superconducting magnet within a cryogenic enclosure, and
the entire system is operated by a closed-cycle
refrigerator requiring no helium replenishment,
so that held use in radar systems, satellite communIcations and radiometry is practical Sectiondhzed magnet structures with independent
controls permit "stagger-tuning" the maser,
so that its very high gain can be traded for
even greater bandwidth.

The illustration shows the active elements
of a maser amplifier typical of such a highperformance system. The meander line, seen
as a zig-zag conducting path on a flexible insulating sheet, goes down one side of the pump
cavity, folds over, and returns on the other
side. The cavity is the terminal portion of a
waveguide assembly, with microwave pump
energy being introduced at the other end. One
of two rutile paramagnetic crystals is shown
in close proximity to the meander line, the
ferrite isolator being on the opposite side of
the meander line and not visible. In operation,
the entire structure shown in the photograph
lies between pole faces of the superconducting
magnet, which provides a precisely controlled
and distributed transverse field, typically, of a
few thousand gauss. The assembly including
the magnet is enclosed in a chamber maintamed at 4 2OK
Amplifiers with performance as described
above are by no means the end, however. New
advances are in the offing through research in
areas including optical inversion (pumping),
operation at temperatures above 4.2Â¡Khigher
frequency -operation, dnd the use of active
materials in powder rdthisr than single-crystal
form.

Integrated Launch Control
and Checkout Systems
for Saturn Lunar Vehicles
Highly sophisticated Saturn automatic ground
checkout and launch sequencing equipment
has been under development by RCA since
late 1960 for the National Aeronautics and
Space Administration, Marshall Space Flight
Center. The original Saturn Ground Computer
System (SGCS) was used on the highly successful Saturn I program; an advanced version
of the SGCS IS currently being readied for the
Saturn 1B and Saturn V programs. The RCA
110 computer was the heart of the Saturn I
SGCS. the RCA 110A is the heart of the
Saturn IB and Saturn V SGCS.

ing to expand in factory and static testing, as
well as launch operations, as automation techniques are applied to other Saturn subsystems.
-

-

Reference-J. E. Sloan and 3. F. Underwood, "Systems
Checkout for Apol1o"-Astronautics and Aerospace
Engineering, March 1963.

A Light Detector That Makes
Laser Communications Practical
RCA has developed a photoconductive device
that operates on an alternating current that
can sense up to 100 million changes in light
intensity per second This is sufficient to distinguish as many as 25 separate television
programs, all carried on a single laser beam.
This major breakthrough in light detection is
extremely fast, enormously sensitive and is
responsive to the whole range of optical frequencies, ranging from infra-red through the
visible spectrum to ultra-violet.
By contrast, previous means of detecting
laser light employed pholoconductors operated
by direct current, photoelectric cells, seiniconductor photodiodes and electron photomultiplier tubes. The major drawbacks were that
these methods were either too slow, too insensitive, or too limited to the portions of the
electromagnetic spectrum where most lasers
operate poorly, if indeed. at all.

The block diagram shows the tandem, two
computer configuration for Saturn V at Complex 39, the lunar program "space port" at
NASA's Kennedy Space Center Complex 39
is based on a mobile launch concept to gain
high efficiency in launch operations. Vehicles
are assembled in the Vehicle Assembly Building (VAB) on a Mobile Launcher structure.
After the Saturn V with its Apollo Spacecraft
is completely checked out, the vehicle in its
Launcher is transported t o one of three launch
pads for a remotely controlled launch. The
computer in the Launch Control Center (LCC)
controls the activities of the "slave" computer
in the Mobile Launcher via a 250 kilobit/sec
digital data link. The configuration thus remains the same for both VAB and pad operations; only the length of the data link changes.
The complex umbilical interface between the
vehicle and ground support equipment remains
undisturbed until launch. The LCC computer
controls the sequence of checkout and launch
countdown programs performed by the Mobile
Launcher computer via commands transmitted
over the data link. The "slave" computer in
turn performs the detailed testing and sequencing, performs evaluation and data compression
of test results, dnd transmits the data back to
the LCC computer which relays it to the correct operator for display. LCC operators can
override, via their console request keyboards,
the predetermined. sequence of programs stored
in the Mobile Launcher computer or handle
unusual test situations.

References:
( a ) L. C. Morris, " A New C l a s ~oj Traveling Wave
Masers,'" International Conference on Microwave
Circuit Theory and Information Theory, Tokyo,
Sept. 11, 1964.

In addition to conventional serial computer
functions, special parallel inputloutput capabilities are included for control of 1008 discrete
(relay driver) outputs, monitoring of 1512 discrete (contact closure) inputs, a wide range of
D C and AC analog outputs (72 in quantity),
a wide range of DC and AC analog inputs
(300 in quantity), telemetry interface, 3 internal
interval timer'>, several external clock inputs,
and an interface with the spaceborne computer.

(b) L. C. Morris and D. J . Miller, "Traveling Wave
Masers Employing Iron-Doped Rurile," Proc.
JEEE, Vol. 51, # 4 , p. 410, 1964.

In line with the developmental nature of the
total Saturn program, the role of RCA's
Saturn Ground Computer System is continu-

The laser is, to state it simply, a high frequency transmitter with the capacity to carry
a fantastic amount of information. The real
problem has been to develop a receiver both
fast enough and sensitive enough to detect and
process incoming information This new device
has the sensitivity, speed and frequency range
that can make possible a practical system for
laser communications.
This radical new detector is a tiny specksized piece of photoconductive material
mounted in a small cavity continuously bathed
in microwaves oscillating at 10 billion cycles
per second.
When a laser beam bearing information in
the form of intensity variations enters the
cavity, it strikes the photoconductor and frees
electrons. They, in turn, begin t o oscillate
rapidly up and down within the material, in
direct response to the alternating electric field
inherent in the surrounding microwaves. These
electron oscillators control the amount of
microwave power that leaves the cavity. The
variations in the incoming light are then converted to intensity variations in the outgoing
microwaves. Conventional microwave techniques make it possible to process these vanations. These techniques are similar to those
used in modern radar and commercial television systems.
Reference-H. S. Sommers, Jr. and E K. Gatclwll,
presented at Annual Meeting, Optical Society of
America,Philadelphia,October 5-8,1965,Paper WE-1.

These are only a few of the recent achievements which are
indicative of the great range of activities in engineering and
science at RCA. To learn more about the many scientific
challenges awaiting bachelor and advanced degree candidates i n EE, ME, ChE, Physics o r Mathematics, write:
College Relations, Radio Corporation of America, Cherry
Hill, New Jersey.
An Equal Opportunity Employer

eer decision needn't be a headache.
Not if you apply facts as criteria in making your choice.
And the facts that count are the "dimensions" of a company. Where it's been
where it is today
and where
it's going.

...

...

Let's apply these measurements to Sikorsky Aircraft. First
of all, we are an "engineer's" company. We earned that
title during our early years of pioneering in a dynamic,
young industry. Today, our trail-blazing assumes the form
of the most advanced VTOL aircraft systems. Ultrasophisticated vehicles
combining the challenging
technologies of the VTOL airframe and complex electronic
systems to create the world's most versatile means of transportation. As for tomorrow? Steady, solid advancement is
a habit with us. And our programs for the exciting future
ahead assure a most rewarding environment for young engineers who can keep pace with our growth.

...

WHERE WOULD YOU FIT IN? In any number of demanding areas. If you are an original thinker -an

innovator -you'll be asked to take on tough, responsible
assignments. And you would be working in small, interdependent groups with some of the most respected engineers
in the aerospace industry
. helping to solve problems in
such fields as aerodynamics 0 human factors engineering

..

automatic controls 0 structures engineering a weight prediction 0 systems analysis operations research 0 reliability/
maintainability engineering e autonavigation systems 0
computer technology
among others.

. ..

Are you our kind of engineer? Then the opportunity for
individual recognition and growth is here
now.

...

And professional goals can be further advanced through
our corporation-financed Graduate Education Program
available in many outstanding schools within the area.

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

-

Where will you stand 10 years
today, when half of what you now
know becomes obsolete?

Right now you're steeped in the latest
technologies. But 10 years from now
half of this knowledge will be obsolete.
And half of what you will need to know
isn't even available today.
To keep up, you'll have to spend
a n increasing amount of your time in
professional study.
That's another good reason for joining
IBM We offer you a broad choice of

educational programs- from on-job
training to graduate study programs
supported by the company.
We want to help you grow because

we've found it's the best way for
IBM to grow.
Today IBM is a leader in science
and technology. A dynamic company
whose people and systems are at
work on almost everything new in the
world today. The discovery of new
knowledge. The design of new
products. The development of new
solutions to a host of problems. IBM
is an exciting company that enables
you to stay technologically "hot"
throughout your career-and provides
you with real opportunity for
advancement.

Your first opportunity with IBM starts
with your placement officer. And with
the IBM interviewers when they come
to your campus. See them-and learn
why you won't stand still at IBM.
For more information, or if
you missed our interviewers, write to:
Manager of College Relations
IBM Corporate Headquarters
Armonk, New York 10504
IBM is a n Equal Opportunity Employer.

IBM.

The Month at Calteh

. . . continued

committee reviews applications for new nuclear
power reactors and advises on the safety of the proposed reactors. Dr. McKee, who has been a member of the Caltech faculty since 1949, received his
MS and PhD degrees in sanitary engineering from
Harvard University.
Eugene M. Shoemaker, Caltech research associate in astrogeology, has received the John Price
Wetherill Medal from The Franklin Institute of
Philadelphia. Dr. Shoemaker, who is also chief of
the astrogeology branch of the United States Geological Survey in Flagstaff, Arizona, and Edward
Ching-Te Chao of Arlington, Virginia, both received medals for their discovery of natural coesite
in craters in various parts of the world - proof that
these craters were made by meteorite impact rather
than by volcanic activity.

First AUFS Visit
The first of the representatives of the American
Universities Field Staff will arrive on campus January 4 for 10 days of lectures and informal talks
with Caltech students and faculty. Richard W.
Patch, specialist in Latin American affairs, will report on Boliva and Peru in a series of discussion and
luncheon groups, classes, and seminars until January 13. Lawrence Olson will be at Caltecli from
Tanuary 18 to 27 to discuss conditions in Japan.

dents' Day, as the old ~ h r o o pHall clock becomes an
oversized Mickey Mouse watch. T h e contrivance was a
contribution of a group of student steeplejacks called
the Fleming House Mickey Mouse Club.

Students' Dan
A record number of students (1020) from a record number of southern California high schools
(211) visited the Caltech campus for the 16th annual Students' Day on December 4. Caltech student guides toured the guests through more than
50 research exhibits, including a model of the Mariner IV spacecraft in front of Throop Hall (left),
and a demonstration of free surface flow phenomena (below) in the Keck Engineering Laboratories.
Afternoon lectures in Beckman Auditorium were
given by Arnold 0. Beckman, chairman of Caltech's board of trustees, and three members of the
Caltech faculty.

creates

dances?
The same Union Carbide
that makes carbon floors
for blast furnaces.

With every change of light, the
star in the Linde created S t a r
Sapphire moves, shimmers, and
dances-matching the brilliance
and beauty of the fabulous s t a r
rubies and sapphires of the F a r
East.
A t Union Carbide we g r o w
these and other crystals every day
-not only for use in jewelry, but
also for use in electronic equipment. And for the past several
years we've been growing crystals
for the heart of the laser beam,
the miracle light that canvaporize
diamonds, perform eye surgery,
and slice through metal.
We're growing in lots of directions. Our carbon floors for blast
furnaces have reached the point

of wide acceptance by the steel industry. Our activated carbon is
being increasingly used to purify
and deodorize a i r in hospitals,
homes and factories. And Glad
Wrap,our new polyethylene wrapping for home use, is rapidly gaining popularity as a superior way
to keep foods fresh longer.
To keep bringing you these and
many other new and improved
products, we'll be investing half a
billion dollars on new plant construction during t h e next t w o
years.

Union Carbide Corporation, 270 P a r k ~ v e n u eNewYork,
,
N.Y. 10017. InCanada Union Carbide Canada Limited,Toronto Â Divisions: Carbon Products,
Chemicals, Consumer Products, Fibers & Fabrics, Food Products, International, Lmde, Mining & Metals, Nuclear, Olefins. Plastics, Siticones, Stellite

Student Life - Some Problems a
The Caltech YMCA, at the start of each school
year, holds a conference to plan projects and activities for the year. Since this is the 50th anniversary
of the Y, the 1965 conference was seen as a valuable
opportunity for discussions probing deeper and
ranging wider than merely the program for the
coming year. This conference, then, was designed
"to identify deep-felt student needs, to see how
these needs are being met or how they are not being
met on the campus today, and to discover the Y's
role in meeting these needs."
On the weekend of October 22-24 approximately 25 interested faculty members and 30 student leaders met together at the home of Kenneth
Rhodes, chairman of the Y Board of Directors, with
the hope of producing provocative discussion.
The aim of the first discussion Friday evening
was to identify the difficulties that face Caltech
students and to evaluate in a general way how these
are being met. The four independent discussion
groups which were formed moved, surprisingly
enough, in the same general directions, with a
consensus that there are some important problems
which are not being adequately dealt with. Four
major problem areas were identified. First, and
quite obvious, is the fact that Caltech is all male.
An overwhelming majority of students felt that,
despite intensive house social programs, this remains a serious problem. There simply is no opportunity to meet girls on a casual everyday basis, and
this stifles students' development of social skills and
emotional maturity.
Second, students feel isolated and cut off from
other students, faculty, graduate students, and the
Pasadena community as a whole. Students view
Caltech as a "walled city," and there is a noticeable
lack of beer joints, coffee houses, or bookstores nearby where students can go.
Third is the apparent conflict between grades
and learning which the student faces. Many have
learned to expect a level of academic achievement
from themselves which is simply impossible at Caltech. Ideally this should lead to a re-evaluation of
motives and a more mature view. Instead, there
seems to be a collapse of the whole motivational
structure, which ties in with the fourth problem.
The fourth problem is a loss of perspective and
commitment. Students feel they are racing on, but
somewhere along the way they've forgotten why

they entered the race in the first place. A large number of courses seem pedantic and concerned only
with trivia, primarily because the instructors fail to
relate the material to work which is important and
going on now, or to show students a glint of the
enthusiasm which they obviously must feel for their
profession. When students lose sight of the over-all
goal, not many courses are fascinating enough in
themselves to provide adequate motivation. Caltech requires a great deal of its students, and when
sight of the goal is lost, students begin to feel as
though they're being pressed into a mold which
does not fit them or their desires. Outside of courses
there is a lack of involvement in contemporary social, political, and cultural problems and issues. Too
often commitments to science, politics, or a religion
are subjects for derision.
With problems better defined and out in the
open, the discussion on Saturday turned t o concrete
proposals for alleviating some of them. Out of the
ebb and flow of discussion during the day evolved
seven specific ideas :

1. Establishment of an associated women's college.
2. Creation of a coffee house for students, faculty, and outsiders with a relaxed and intimate atmosphere.
3. Evaluation of the Institute's campus development plan with the goal in mind of providing areas
for students conducive to relaxation and reflection.
4. More weekend conferences and retreats like
the annual Caltech-Scripps conference.
5. Arrangements to involve faculty and grad students more closely with the student houses. Programs in faculty homes.
6. A course for credit involving work projects on
cultural, social, and political problems in the Los
Angeles area, perhaps in cooperation with a girls'
school.
7. Means of transportation which would b e open
to students, such as a car pool.
Many of these proposals are not new, and some
of them are perhaps unrealistic, but they do provide
a nucleus for constructive efforts to help Caltech
students solve their problems. Already, fresh discussion is raging, and, working groups have been
formed.
- Fred Lamb '68
Engineering and Science
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Ten years ago we were making only a handful of relatively simple
semiconductor devices for a limited number of applications.
Today, with highly advanced and exotic processes, we are producing hundreds of different and sophisticated semiconductors
-for thousands of applications. Our technicians can now control
material composition down to the molecules with precise regulation of impurity levels-and on a daily production line basis.
This we call PERFORMANCE.
Five years ago we produced semiconductor packages the size of
a pencil eraser that replaced the big glass vacuum tubes in your
radio. Today we're making sophisticated semiconductors that perform giant-sized tasks-yet fit on a soupspoon like grains of rice.
We call this MINIATURIZATION.
Drop the old time vacuum tube and it would smash. Its parts
wore out pretty regularly too. Shake it or shock it beyond relatively modest limits and you were in trouble. Now you can launch
a space vehicle with thousands of semiconductor components to
go all the way to the moon and back . . . and make it go back
around all over again. And a couple of times more after that.
That's RELIABILITY.

Shake 'em, shock 'em, squeeze 'em or freeze 'em-today's electronic devices have got to be able to take it . and perform.
Motorola makes them as though they're a matter of life or death.

. .

Sometimes they are.

TRUST THIS EMSIGNIA

W H E R E V E R Y O U FIND IT

MOTOROLA

IAAA

FOR ENGINEERING EXCELLENCE, CALL IN STONE & WEBSTER

tone & Webster has built a
worldwide reputation for process plant performance
The chemical, petrochemical and petroleum
plants engineered by Stone & Webster are known
around the world for their efficiency and reliability.
Today, over 150 chemicals and petrochemicals,
as well as a full range of petroleum products, are
produced from individual installations engineered
by Stone & Webster. The chemicals and petro-

chemicals range from heavy inorganics to specialty
organics requiring extremely high product purities.
Naturally, products must be produced at competitive prices.
If you are looking for flexibility in design, swift
construction and economical production, we would
welcome your inquiry.

A STONE & WEBSTER

New York

Boston Chicago

Houston

San Francisco

engineering corporati

. Los

Angeles

. Seattle

Washington, D. C.

Stone & Webster Engineering Limited- London Stone &Webster Engineering S.A. Paris- Stone & Webster Engineering N.V.-Amsterdam
Stone& Webster Canada Limited-Toronto. Associated Engineers & Consultants, Inc.-Garden City, N.Y.

EE, M E , ChE, Physics and C h e m i s t r y G r a d u a t e s

How soon after graduation will somebody
give you a chance to invent something?
It could happen on your first job.
Some very young engineers and scientists at
Xerox helped our "old timers" invent the electromechanical-optical-chemical machine pictured above
-the Xerox 2400. On its patent documents you'll find
names like John Wirley (BSEE Univ. of Detroit ' 6 0 ) ,
Henry P. Jankowski (BSEE Rensselaer Poly '62), and
Larry H. Warren (BSEE Clarkson '63). They all joined
Xerox right after graduating.
The 2400 is no fluke. It's just a recent example
of a tradition that began in 1959, when Xerox revolutionized the office copying field by introducing the
now world-famous 9 1 4 Copier. From the 9 1 4 onward,
every new piece of equipment or system we've developed has had no real counterpart already on the scene
from any competitor.
What about the future? It gets even more interesting. Because as advanced as today's systems may

appear, they don't yet fully reveal the true technology
Xerox is pursuing-graphic communications.
Born out of the global information explosion
and its incredible potential for helping t o solve man's
oldest problems (as well as his newest scientific riddles), graphic communications at Xerox encompasses
the entire spectrum of communications in a graphic
sense: the formulation, reception, transmission, recording, storing, retrieving, processing, copying and
presentation of any meaningful images.
And if you don't think all this has a habit of
creating continuing opportunities to "invent something," ask John, Henry, Larry. . . or some of your
own alumni who started their careers here ...or your
Placement Director. If you prefer, write directly to
Mr. Stephen G. Crawford, Xerox Corporation, P.O.
Box 1540, Rochester, New York 14603.

XEROX

An Equal Opportunity Employer
E

X

, 2400 A N D 914 A R E T R A D E M A R K S OF X E R O X C O R P O R A T I O N

Performance Note: The Xerox 2400 (illustrated) can produce copies on ordinary paper directly from an original document a t the rate of 2,400 per hour.
No "master" need be prepared first. An operator simply places the original on the machine, dials the number of copies wanted, and presses a button.

Address Unknown
The Institute has no record of the vresent addresses o f
these alumni. I f you know the current address o f any
these men, please contact the Alumni Office, Caltech.
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neer's engineer, can you see the sometimes mythical "technical ladder"? I f you are management
oriented, is there room for you?
If you are a professional person with a minimum
of a BS degree in Electronics, Mechanics, Chemical
Engineering, Chemistry and research, development
or manufacturing engineering background, write to
us. See i f we can meet your expectations.
By the way; we are interested in what you have
done, but we are more interested in what you want
to do! IMPROVE? Sure! You will have to, to stay up
with NCR. Write to:
T. F. WADE
EXECUTIVE AND PROFESSIONAL PLACEMENT
THE NATIONAL CASH REGISTER COMPANY
MAIN 81K STREETS, DAYTON, OHIO 45409
An Equal Opportunity Employer

IMPROVEMENT:
1954: Gross Sales = $259,133,000
1964: Gross Sales = $665,773,000
1974: Gross Sales = ?
We don't know the answer, but it will involve more
IMPROVEMENT.
NCR always has been guided by the improvement
concept: methods, quality, materials, people. That's
why we hold professional seminars, provide advanced education, evaluate a man at regular intervals. We know that people must be ready for the
next step up.
We know also that an employee's expectations
from his work must be known and met.
What about you? Do you see a climate for selfimprovement i n your present job? I f you are an engi-
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THE NATIONAL CASH REGISTER COMPANY
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DAYTON, OHIO 45409

Personals
1922
WILLIAM D. POTTER retired on November 27 from the Bureau of Public
Roads of the U.S. Department of Commerce, in Washington, D.C., after 30
years of service with the federal government. H e was head of the work group on
hydraulics and hydrologic research.

1925
ROBERT W. FULWIDER, senior partner in the law firm of Fulwider, Pattern,
Rieber, Lee & Utecht in Los Angeles, was
chosen chairman-elect of the patent,
trademark, and copyright law section of
the American Bar Association at their
annual meeting in Miami recently.

1928
FRANK NOEL and his wife, Jean, have
been touring Europe in their camper since
May and have visited England, France,
Germany, Switzerland, Austria, Czechoslovakia, Denmark, Sweden, Norway, and
Holland. Noel writes that they expect to
tour the Mediterranean next and be in
Australasia for Christmas.

1932
ROBERT W. ST. CLAIR, who organized
the Asco Sintering Corporation of Los
Angeles and operated it for 18 years, recently sold the business to retire. Instead
lie started the Westclift Travel Service in
Newport Beach, Calif., last year and is
now about to embark on a two-month,
globe-circling. familiarization tour for
will take him to 14
travel agent-which
countries.

1935
WILLIAM B McLEAN, MS '37, PhD
'39, tecl~nic~il
director of the Naval Ordnance Test Station a t China Lake, Calif.,
has bet ri given the 1965 Rockefeller Public Service Award in science for his peacetime achievements in oceanographic research. McLean, one of the nation's leading researchers on the communications
system used by porpoises, is also well
known for his role in the development of
the Sidewinder air-to-air guided missile.

1938
HARRY K. EVANS, who, since 1.956, has
been head of the San Francisco office of
Wilbur Smith and Associates, Inc., California, consulting engineers, has been
named vice president of the firm.
COL. SIDNEY OFSTHUN, USAF, re-

tired, MS, died on November 10, 1965.
H e was a resident of La JoIIa.
HARRY D. EVANS, MS, has been appointed head of the department of licensing and design engineering a t S h e 11
Development Company's Emeryville research center. Evans has heen with Shell
since 1938.
ELBURT F. OSBORN, PhD, vice president for research at Pennsylvania State
University, received an honorary degree
of doctor of science from Alfred University
in Alfred, N.Y., last June. Since 1946,
when Osborn became a rneniber ot the
faculty at Perin State, lie has served as professor of geochemistry, head of the departrnent of earth sciences, and dean of the
college of mineral industries.

1941
FRED W. BILLhfEYER JR., professor
of chemistry at Rensselaer Polytechnic Institute in Troy, N.Y., and noted authority
in the fields of polymer chemistry and
color measurement, has been elected to the
board of trustees of the Munsell Color
Foundation, Inc., of Baltimore, Maryland.

1942
CARL H. SAVIT, MS '43, has been named
vice president of systems research and developrnent for the Western Geophysical
Company, a division of Litton Industries,
in Los Angeles. Savit, who has been with
Litton for 17 years, was formerly director of Westerns systems research.

1945

the

Donald S. Clark
Alumni Award
is doing fine

As of December 1, 217 alumni have contributed $9,835

Our goal is $25,000

Give Now
Make checks payable to California Institute of Technology

MELVIN hr. WILSON JR., MS '46, one
of the survivors of the November 11 jetliner crash in Salt Lake City, is in good
condition and has returned part time to
his JPL office. Wilson, one of the first
passengers out of the wrecked plane, returned to help other survivors until eye
burns made him totally blind. H e rernained unable to see for 10 days, then
slowly began to regain his sight. H e also
suffered a broken arm,severe third degree
burns, and lung damage. At JPL Wilson
works on project management assignments
in the technical facilities office.
WILLIAM H. COOK has been appointed
exclusive U.S. sales agent tor the surveying, geodetic, and photogrammetric instmments produced by Carl Zeiss Jena,
and for the entire line of the Jenaer GIaswerk Schott & Gen., Jena, in Germany.
His office is in Woodland Hills, Calif.

1947
RICHARD C. GERKE, MS, has been appointed district engineer for waterfront
construction in South Vietnam by RMKBRJ,'a joint venture of Raymond International, Incorporated, Morrison-Knudsen
Company, Brown & Root, Inc. and the
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J. A. Jones Construction Co. He expects
to be in Saigon for at least 18 months.

DAVID 0. CALDWELL has accepted a
position as professor of physics a t the University of California a t Santa Barbara. In
1964-65 he was at the Berkeley campus
and the preceding year was a t Princeton.
Before that time, Caldwell was associate
professor of physics at MIT.

also has been active in (lie American Geological Institute's Council on Education of
the Geological Sciences.

1951
WILLIAM A. KELLEY JR. has been appointed central district sales manager of
the FMC Corporation's organic chemicals
division. His headquarters are in Cincinnati, Ohio.

1949
LIEUT. COL. DALE D. RYDER, USAF,
MS '50, writes that his present assignment
is assistant for limited war at the electronics systems division of the Air Force Systems Command. His responsibility is the
coordination and management of all limited war activity at the electronic systems
diviiion.
ROLF M. SINCLAIR, on a year's leave of
absence from Princeton University, is doing experimental studies of plasma physics
at the United Kingdom Atomic Energy
Authority's Culham Laboratory in England.
WILLIAM R. MUEHLBERGER, MS
'49, PhD '54, writes that he has been at
the University of Texas in Austin since
1954, and is now professor of geology. H e
has been director of a project studying
buried basement of North America and

1952
PETER H. VERDIER recently joined the
staff of the National Bureau of Standards
Institute for Materials Research in the
molecular properties section of the polymers division. H e was formerly with the
Union Carbide Research Institute, doing
work on molecular structure and dynamics.

1953
GEORGE W. SUTTON, MS, PhD '55,
has joined the AVCO-Everett Research
Laboratory in Wilmington, Mass., as a
principal research engineer, specializing
in re-entry physics research activities. Until recently Sutton was a scientific advisor
with the Department of the Air Force.

1954

ner in the firm of Dames & Moore, civil
engineers, in their San Francisco office,
received the Thomas A. Middlebrooks
Award of the American Society of Civil
Engineers in October for his paper on
"Controlled Water Tests to Preload Tank
Foundations."
JERRY C. MITCHELL, who is in the
chemical physics department of the Shell
Development Company in Emeryville,
Calif., writes: "We are enjoying the serene setting of our 50-year-old home in
the Oakland hills. W e have the perfect
family, a boy and a girl, whom we managed to leave with relatives for an exciting
month's vacation in Europe this year."

1955
HARVEY S. PREY, MD, who is at the
UCLA Medical School under a special
training fellowship in radiation therapy,
and is studying medical physics there, has
been awarded the Louis B. Silverman Memorial Fund Award in health physics.
WILLIAM F. LAPSON is a research associate a t Stanford University in the mechanical engineering department, developing instruments for the physical and biological characterization of Mars. The Lapsons have a daughter born August 1.

continued on page 36

ROBERT D. DARRAGH JR., MS, a part-
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Prepare now for your future in highway
engineering.. .get the facts on The Asphalt
nstitute's new computer-derived method
for determining structural design of Asphalt
pavements for roads and streets
Today, as more and more states turn t o modern DeepStrength* Asphalt pavement for their heavy-duty highways,
county and local roads, there is a growing demand for engineers with a solid background in the fundamentals of Asphalt
technology and construction.
Help to prepare yourself now for this challenging future by
getting the latest information on the new Thickness Design
Method developed by The Asphalt Institute. Based on extensive statistical evaluations performed on the IBM 1620 and
the mammoth IBM 7090 computers, accurate procedures for
determining road and street structural requirements have
been developed.
All the facts on this new method are contained in The Asphalt Institute's Thickness Design manual (MS-1). This helpful manual and much other valuable information are included
in the free student library on Asphalt construction and technology now offered by The Asphalt Institute. Write us today.
*Asphalt Surface on Asphalt Base
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College Pdrk, Maryla
December 1965

Thickness Design Charts like this (from the MS-1 manual)
are used in this new computer-derived method. This chart
enables the design engineer quickly to determine the
over-all Asphalt pavement thickness required, based on
projected traffic weight and known soil conditions.
I

1

THE ASPHALT INSTITUTE
College Park, Maryland

I

1 Please send me your free student library on Asphalt construction and technology, including full details on your
1 new Thickness Design Method.
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Personals . . . continued
1957
THEODORE G. JOHNSON has been
appointed sales manager of the Digital
Equipment Corporation in Maynard,
Mass. He and his wife, Ruth, and their
1%-year-old daughter live in Sudbury.

sistant and associate.

clear physics at Duke."

KENDALL E. CASEY, JR., received a
PhD degree in electrical engineering from
USC, where he has been an instructor.

THOMAS J. LITLE IV and his wife announce the birth of Thomas J. Litle V on
September 11. The Litles live in Acton,
Mass.

1962
JOHN R. GOLDEN, who is with the research services laboratory of the RCA laboratories in Princeton, N.J., after having
received his master's degree from Kansas
University in Lawrence, sends this news
about his '62 classn~ates:"While in Boston recently WARREN TEITELMAN
gave me a tour of project MAC at MIT,
He will finish his PhD thesis in artificial
intelligence by the end of the year. I also
spoke with JOEL TENENBAUM and
DAVE PRITCHARD, both in physics at
Harvard and hard at work on their dissertations. DAVID SELLIN has completed all but his thesis for a PhD in nu-

1961
C. HERBERT RICE is serving with the
Peace Corps in Nepal, at Sallyan, "located
on a ridge about 5,000 feet, where the
high mountains are visible, but about a
10-day walk away."
NICK S. MOREZ is now assistant professor of mathematics in the University of
Cincinnati's McMicken College of Arts
and Sciences. He received his PhD in
June from the University of Colorado in
Boulder, where he was also teaching as-

1963
ROBERT P. FOSS, PhD, has joined the
research staff of the Du Font Company's
central research department at the experimental station near Wilmington, Delaware. For the past two years he has been
doing postdoctoral work at the University
of California at Berkeley.

1965
JIM EDER is in the Philippine Islands
with the Peace Corps. He is working as
a co-teacher with a Filipino instructor, as
part of a program to improve teaching
methods on the islands.
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PLACEMENT ASSISTANCE
T O CALTECH ALUMNI
There are two ways in which the Placement
Service may be of assistance to you:
(1) To help you seek new employment or a
change of employment.
( 2 ) To inform you when outstanding opportunities arise.
This service is provided to Alumni by the Institute. A fee or charge is not involved.
If you wish to avail yourself of this service, fill
in and mail the following form:
To: Caltech Alumni Placement Service
California Institute of Technology
Pasadena, California 91109
Please send me:
An Application for Placement Assistance
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that I may be notified of any outstanding
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BOSTON CHAPTER
President
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Secretary-Treasurer

Francis Morse, '40
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Vice-president
Philip E Smith,
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SAN FRANCISCO CHAPTER
President
Edwin P Schlinger '52
G E Vallecitos Atomic Lab , Pleasanton, Calif
Vice-president
Dallas L Peck '51
U S Geological Survey, Menlo Park, ~ a l i ~
Secretary-Treasurer
Thomas G Taussi '55
Lawrence Radiation Lab , Univ of Calif Rei-kelev Calif
Meetings 15th Floor, Engineers' Club, 206 Sansome St ,
San Francisco
Informal luncheons every Thursday a t 11-45 A M
Contact Mr. Farrar, EX 9-5277, on Thursday momma
for reservations.
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SACRAMENTO CHAPTER
President
H a m s K Mauzy, '30
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We were
a famous camera and film manufacturer
After World War 1 we diversified. It went very well. Now we
are part and parcel of hundreds of other industries from the
aerospace industry to the spaghetti industry, from the drapery
business to the computer business. In cameras and film we continue to do better than ever-much, much better.
Nevertheless we worry. Could we be more effectively applying our technologies in the 1970's and the 1980's and the
1990's to problems that mankind is not at present solving
satisfactorily? We are about to hire the smart technical and administrative people who will answer that question and still be
personally involved in the 1990's. They will start by learning
our present technologies as a base for new ones. They will be
well paid to learn because they will be useful to us while learning. Those who learn more will get paid more, which is a good
reason never to stop learning.
Here is your chance. Drop us a line to get acquainted.

We tend to let the people themselves decide how rigidly to sepdrdte
mechanical engineering, chemical engineering, chemistry, physics, electronic engineering, and the many other useful disciplines they bring
with them.

EASTMAN KODAK COMPANY
Business and Technical Personnel Department/ Rochester, N.Y. 14650
Air equal-opportunity employer offering a choice o f three communities: Rochester, N . Y.,
Kingsport, Tenn., and Longview, Tex.

OUTPUT VOLTAGES from nickel-cadmium cells
are examined by engineer John Bliven, BSEE,
Union College '63 on assignment at G.E.'s
Battery Business Section.

PRODUCT RELIABILITY of electric slicing knife
components is the responsibility of Mike Reynolds, BSME, New Mexico State, a recent
Manufacturing Training Program graduate.

PRICE AN0 DELIVERY information on nickelcadmium batteries is supplied by Bob Cook,
BSME, Univ. of Florida '65 on a Technical
Marketing Program assignment in Gainesville.

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC:

Creating New Growth Businesses
At our Brockport, N. Y., plant, the new business of manufacturing cordless slicing knives is rush. So is that of the
rechargeable-battery supplier, our two-year-old plant at
Gainesville, Fla., which has just doubled its working area.
Its sealed, nickel-cadmium batteries, i n hundreds of shapes,
sizes and ratings, are meeting growing customer demands
i n the consumer, defense, and aerospace industries-with
applications from power tools to satellites. At General Elect r i c new ventures are a a
of i f I n t
their formative
and growth stages, these ventures call on the skills and

enthusiasms of experts i n more than 120 product departments-in engineering, manufacturing and technical marketing. To define your career interest at General Electric, talk
with your placement officer, or write us now. Section 699-15,
Schenectady, N. Y. An Equal Opportunity Employer.
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