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“With fewer parts and connections,’’
Westinghouse scientists decided, “‘we'd
have a much more reliable amplifier."

So they developed a new kind, using
techniques called "molecular electronics."
The device is a functional electronic block,
one quarter-inch square. (That's the cap-

It can replace all these wires and electronic parts

sule. Actually, the electronics are on a bit
of specially-treated silicon the size of a
chip diamond.)

Other Westinghouse functional elec-
tronic blocks are just as small. They're
used in experimental products like a
pocket-size TV camera and a radio receiver

that's half an inch square and an inch long.
Today, Westinghouse makes these ultra-
reliable little devices mostly for military
applications.
One day, you'll find them in electronic
products everywhere,

You can be sure if it's Westinghouse

For information on a career at Westinghouse, an equal opportunity employer,
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh, Pa. 15221.



TOMORROW-LAND

High spot of the New York World’s, Fair reopening this Spring—
GM Futurama!

You can look over GM’s exciting “idea” cars— Firebird 1V with television,
stereo, game table, refrigerator; GM-X with jet aircraft cockpit and con-
trols—fascinating design and engineering innovations rlght out of
tomorrow.

You'll take a ride that is wrapped in wonders . . . through the metropolis
of the future, over Antarctic wastes, into tropical jungles, along the ocean
floor.

You can count on the people of General Motors again to provide the most
popular show at the Fair—the Futurama.

General Motors Is People

making better things for you



Why become an engineer at
Garrett-AiResearch? You’ll have to
work harder and use more of

your knowledge than engineers

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
put it to 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 responsibil-
ity — 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 suibsystems.

Here, research, design, and de-
velopment lead to prodiction of

actual hardware.
That means you
have the oppor-
tunity to start with
a clistomer’s problem
and see it through to a
system that will get the job done.
The product lines at AiResearch,
Los Angeles Division, are environ-
mental systems, flight information
and controls sys-
tems, hedt transfer
systems, secondary
power generator
systems for missiles
and space, electri-
cal systems, and
specialized indus-
trial systems.
In the Phoenix Division there are
gas turbines for propulsion and
secondary power, valves and con-
trol systems, air turbine starters
and motors, solar and nuclear
power systems.
In each category AiResearch
employs three kinds of engineers.
Preliminary design engineers do
the analytical and theoretical
work, then write proposals.
Design engineers do the lay-
outs; turn an idea into a prodiict.
Developmental engineers are
responsible for making hardware
out of concepts.
Whichever field fits you best, we
can guararitee you this: you can
go ag 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 cotirse, at AiResearch, you’ll
get all the plus benefits a top com-
pany offers.

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 you—
don’t fail to cortact AiResearch,
Los Angeles, or Phoenix, or see our
representative when he comes to
your -campus,

An equal opportunity employer
AiResearch
is challenge

Los Angeles s Phoenix
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Caltech’s President DuBridge hap-
pily points out the impact area of Rang-
er IX on a lunar map at the Jet Pro-
pulsion Laboratory. On March 24, Dr.
DuBridge was on hand to watch the
last minutes of Ranger’s successful
flight with JPL scientists and tech-
nicians, at the Laboratory’s Space
Flight Operations Facility.

Some notes on this final chapter of
the five-year Ranger program appear
on pages 11 and 12.

Dr. DuBridge is represented again
in this issue, with “The Teaching Pro-
fession — Forty Years of Change.” His
article, on pages 6-10, has been adapt-
ed from an address given at the Na-
tional Education Association confer-
ence in Washington, D.C., on April 8.

Computers and Humanity

were discussed at a YMCA-spon-
sored panel at Caltech on February 10,
by Louis T. Rader, vice president of
the General Electric Company and
manager of its industrial electronics
division; Simon Ramo, president of
The Bunker-Ramo Corp; and Hallett
D. Smith, chairman of the division of
humanities at Caltech. G. D. McCann,
director of the Booth Computing Cen-
ter, served as moderator. Transcribed
highlights of this stimulating discussion
appear on pages 15-24 of this issue.



The name to remember for career potential? SIKORSKY.

It could be the first step to a wise career decision.

For never was there a better opportunity for young engineers
like yourself to patticipate in the growth of a dynamic,
young industry . . . to entér the expanding world of advanced
VTOL systems.

Let's enlarge on this point. Throughout the history of
engineering, man’s ability to progress has been accomplished
by combining one technology with another. And at Sikorsky
Aircraft we're doing juist that.

The Sikotrsky vehicle of today is an advanced VTOL system
...blending the technologies of sophisticated electronic
systems and the helicopter airframe to provide a uniquely
new, most versatile means of transportation. Today, our
VTOL systems are working in the broadest areas—ranging
from space capsule recovery to commiercial and industrial

transport. And we are aiming far into the future with the
further advancement of this new technology.

And what about you? As a Sikorsky engineer, you wouild be
helping to move *“tomotrow™ closer by working in small
interdependent groups on demanding problems in such
areas as derodynamiics ¢ human factors englineering
e autornatic controls e structures engineering » weight
prediction e systems analysis » operations research
» reliability/maintainability engineering » autonaviga-
tion systems e computer technology . ..among others.
Opportunities for individual stature and personal progress
are here, .. now.

And professional competence is further advanced by our cor-
poration-financed Graduate Education Program.

Please consult your College Placement Office for campus
interview dates—or—for further information, write to
Mr. Leo J. Shalvoy, Engineering Personnel,
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For production-line testing...
Equlpment maintenance...Product quality checks...
Laboratory measurements...
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USE HIGH-QUALITY RCA TEST INSTRUMENTS

These rugged, high-guality test instruments offer you several important ad-
vantages in industrial testing:

= They give you excellent performance at moderate cost...enabling you to buy
more test instruments within budget. This in turn expedites production line test-
ing, product quality checks, and equipment maintenance work.

= They eliminate the need to tie up your high-cost instruments on routine tests
and measurements—and increase the overall efficiency of your electronic main-
tenance department.

RCA WT-100A MICROMHOMETER Measures tube characteristics under actua)
operating-voltage conditions.

Tests vacusm tubes, gas-filled tubes, semiconductor diodes.

Measures: True transconductance (both control-grid-to-plate and suppressor-grid-
_to-plate} to an accuracy of better than 3%; Transconductance up to 100,000
micromhos in six ranges; DC plate, screen grid. and grid-No. 1 test voitages;
Etectrode currents from 3ua to 300 ma; Heater-cathode ieakage currents; . . . and
other important electron tube parameters. $989.00*

WV-84C ULTRA-SENSITIVE DC MICROAMMETER Battery-operated vacuum-tube
microammeter measures down to 0.0002 microampere. Especially useful in meas-
uring “dark currents” in vidicons and phototubes as well as minute currents in
image orthicons. Can also be used as a high-impedance voltmeter and as an ohm-
meter to measure extremely high resistances in the order of billions of ohms.
$110.00*
W0-91A RCA 5-INCH OSCILLOSCOPE A high-performance, wide-band ’'scope—
serves as a display-type VIVM. Choice of wide band (4.5 Mc—0.053-volt rms/inch
sensitivity) or narrow high-sensitivity band (1.5 Mc—0.018-volt rms/inch sensi-
tivity). New 2-stage sync separator provides solid lock-in on composite TV
signals. $249.50*

*Optional Distributor Resole Prica

€) WA-44C RCA AUDID GENERATOR Generates sine-wave and square-wave signals

over range of 20 to 200,000 cps to test audio systems. Can be used to measure
intermodulation distortion, frequency response, input and output impedances,
speaker resonance, transient response, and phase shifts. Less than 0.25%
total harmonic distortion over range of 30 to 15,000 cps. $98.50*

@ RCA WV-76A HIGH-SENSITIVITY AC VTVM. A combination voltmeter and preampli-

fier for audio applications. For signal tracing, audio-level and power-level meas-
urements, gain measurements, amplifier balancing applications, and audio volt-
age measurements, Frequency response from 10 cps to 1.5 Mc with “direct”
probe, 10 cps to 500 kc with “low-cap” probe. Measures decibels from —40 to
+A0 db in 9 overlapping ranges (up to 56 db with probe switch in “low-cap”
position). As a pre-amplifier, provides up to 38 db maximum gain. $79.95*

O wWv-98C NEW RCA SENIOR VOLTOHMYST® For direct reading of peak-to-peak

voltages of complex waveforms, rms values of sine waves, DC voltages, and re-
sistance. Accuracy: 3% full scale on both AG and DC, with less than 1% track-
ing error. Color-coded scales differentiate peak-to-peak from rms readings. New
0.5 volt full scale DC range for use in low-voltage transistor circuits. 614" meter.

$79.50*
RCA WV-38A VOLT-OHM-MILLIAMMETER One of the most versatile electronic test
instruments. 0.25-volt and 1.0-volt DC ranges. Big easy-to-read 5)5” meter.
Non-breakable sealed plastic case. Jacks focated below switches to keep leads
out of the way. Spring clips on handie to hold leads. Attractive, scuff-resistant,
rugged carrying case, only $4.95* extra. $43.95*

RCA WV-120A POWER LINE MONITOR. Provides a constant check on incoming
line voltage. Responds to voltage fluctuations. Highly accurate (= 2% at 120
volts). Gives true rms reading. 5” wide meter. $14.95

SEE THEM ALL AT YOUR AUTHORIZED RCA TEST EQUIPMENT DISTRIBUTOR.
RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J.

The Most Trusted Name In Electronics
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The Teaching Profession

— Forty Years of Change

Today, America s more alert to the values and problems of educatwn
than ever before in our history. As a nation we have always

been devoted to education — but today the concern for more and better
education permeates every aspect of our national life

by Lee A. DuBridge

During the past 40 years, the problems facing the
American educational system have multiplied at a
dizzy rate and have grown vastly more complex.
Every time we think we have conquered one prob-
lem, we discover that a dozen new ones have ap-
peared in its place. We are not even in the relatively
happy position of the Red Queen in Alice in Won-
derland who, by running very fast, could stay in the
same place. In education, we seem to run twice as
fast and still be going backward.

In the year 1925 there were about 750 000 stu-
dents in colleges. Today there are 5,000,000. A good-
sized state university might then boast of having

6,000 or 7,000 students, while today the same insti-.

tutions would have 25,000. Neve{theless, I remem-

This article has been adapted from an address given by Presi-
dent DuBridge at a conference sponsored by the National
Education Association on “The Changing Face of the Teaching
Profession” held in Washington D.C., on April 8, 1965.
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ber very vividly that for a young instructor in such

an institution, which was small and cozy by modern
standards, there was no nonsense about any eight-
hour day or five-day week. I faced students in the
classroom or laboratory for 20 to 22 clock hours each
week, and graded papers and lab reports for maybe
150 to 200 different students. And my teaching load
was fairly light because, between classes, and in the
evenings and on Saturday afternoons, I was sup-
posed to be carrying on some research — which,
indeed, I did. ,

I am glad to say that at most major universities
those days of excessive teaching burdens have
passed. And yet, thereby hangs a tale which causes
confusion and trouble to this very day.

In 1925 it was already painfully evident that
the typical American university was no great shakes
as a center of basic scientific or scholarly research.

The tradltlon of teaching without research, and the

Engmeenng and Science



tradition that the little research a'university pro-
tessor had time to do ought to bé manageable on

a budget of a couple of hundred dollars a year, had -

effectively prevented American universities from
becoming the great fountainheads of new knowl-
edge which the British, German, and French univer-
sities had become.

World War I had dramatically revealed this
weakness, and by 1925 the winds of change were
beginning to blow. The great American foundations
(principally, then, Rockefeller and Carnegie) be-
gan making research grants and awarding research
fellowships. Teaching loads were being lightened
for those with interests and talents in basic research.
And the spirit of scholarship was beginning to per-
meate the American university. The university was
now becoming a university.

- This was most fortunate, for, by the time of World
War II, America had become a great scientific cen-
ter, and our scientific talents proved a decisive ele-
ment in winning that struggle. That very fact, in

turn, stimulated the further encouragement of re--

search and scholarship. Government funds became
available in increasing amounts, until today they
largely support our very expensive and extensive
scientific research activities. Private and state funds
for research have also increased greatly. Today the
great American universities lead the world in the
discovery of new knowledge in many fields and have
at the same time become far more lively centers of
learning.

A flight from teaching?

And here is where the confusion arises. The ex-
pansion of research and of graduate study has meant
that the typical university professor no longer car-
ries the formerly impossible burden of undergrad-
uate teaching. As a result, many prominent writers
and critics who long for the “good old days” have
charged that there has been a “flight from teach-
ing,” that the undergraduate student is being ne-
glected, that “publish or perish” is the universal
motto of American universities.

I grant that in these years of rapid change some
evils of this type have arisen, and in some cases the

move from teaching to research may have gone too -

far. In'some institutions the “weighing” of published
papers has been used as an easy substitute for care-
ful judgment of the quality of a young professor’s
total scholarly and teaching achievements. In some
places trivial or useless research and publication
will be found. '

But, granting such abuses, it is grossly false to as-
sert that the quality of undergraduate instruction in

April 1965

our great universities has declined in recent years.
And the repetition of this charge by eminent persons
who should know better has been sadly damaging
to American higher education.

~Actually, the reverse is true. The quality, liveli-
ness, and freshness of undergraduate education (in
the sciences, at least) in American universities has

.vastly improved in the past 40 years — and especial-

ly in the past 10 years. Heavy teaching loads led to
bad teaching. The professor who had no time to
participate in the advance of science, or even to
keep informed about it, was teaching his students
obsolete science. No matter how beautifully his lec-
tures were delivered, the out-of-date professor was
plainly a bad teacher. Furthermore, today some of
the finest, most exciting, and most stimulating ele-
mentary science courses in our great universities are
being taught by some of the nation’s top research
scientists. These men are willingly and gladly giving
devoted attention to the challenge of bringing the
best of modern science into the undergraduate class-
room and laboratory.

Great teaching ability at any level is a very rare
commodity. Far too few great teachers can be
found. But to say that they are only found among
those who do not, or cannot, carry on research or
scholarly activities, is a gross misrepresentation. A
healthly research program improves teaching — and
not the reverse.

I do not believe in the “publish-or-perish, teach-
ing-be-damned” theory. And I do not know of any
other administrator in any university worthy of the
name who believes this either. The total quality of
a faculty member’s contribution to the academic
community is what we are always seeking to eval-
uate. True, we make some mistakes. True, our judg-
ment of total quality may not agree with judgments
reached by others — by students, for example. But
when I see the devoted attention which faculty com-
mittees, deans, and presidents give to the under-
graduate problem, and when I see the devoted at-
tention which representative faculty members give
to the improvement of undergraduate teaching,
then I get pretty disgusted with those critics who
decry the alleged decline of teaching, and who ask
cynically, “Is there a teacher on your faculty?”

Graduate education

Let me add one more important factor. We often
speak as though it is only the undergraduate who
deserves to be taught. But please recall that in the
last 40 years graduate enrollments have increased
four times as fast as undergraduate enrollments.

. There are nearly as many graduate students today
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as there were undergraduates in 1920. Graduate

teaching has thus become a major responsibility of

amodern American university. And no one can pre-
tend that graduate teaching can be done without
a lively atmosphere of research. The number of
PhD’s now being produced in America is 23 times
that of 1925, and the quality of their training is so
far ahead of what it was when I took my PhD that
those who long for the “good old days™ would, if
they knew the facts, hang their heads in shame. And
itis a good thing for America and for the world that
this vast change in this aspect of the teaching pro-
fession has taken place, because these young PhD’s
are the college and university teachers of tomorrow;
the backbone of America’s future scientific 'and
scholarly leadership; a stimulus to our economy, our
progress, and our intellectual excellence.

Changes in high schools

Great changes have been taking place in Ameri-
can high schools, too. In 1900 only 6 percent of
American 17-year-olds were graduating from high
school, and yet 70 percent of them were going on to
college. In other words, the American high school of
the late 19th century was a highly selective institu-
tion and was largely a college preparatory school.
Curricula were substantially devoted to Latin, rhe-
toric, mathematics, and “natural philosophy” — or
science.

By 1930 the situation had greatly changed. At that
time 30 percent of our 17-year-olds were graduating
from high school, but only 36 percent of these were
entering college. A high school education had be-
come a “must” for a larger fraction of our young
people — but two-thirds of them had no intention
of going to college. It was inevitable that the high
schools should recognize this fact. Great curriculum
changes took place — sometimes too slowly; often
too rapidly. Since the academic subjects were of
interest to a smaller fraction of the students, more
attention was given to-the “preparation for life”
which the others required.

The American high school became a very dif-
ferent sort of institution than it had been a decade
or so earlier. And the task of the teacher changed,
too. The high school declared its independence of
the college, which was in many ways a good thing.
But where college preparatory curricula were ne-
glected entirely, the results were bad.

For along came the 1950’s and 1960’s, again bring-
ing vast changes — partly due to World War I, and
partly due to the population explosion, but mostly
due to a vast new interest in education. Today we
find that nearly all of our young people are in high
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school and some 50 or even 75 percent of the grad-
uates are going on to college. Forty-four percent
of all our college-age young people are now in
college.

Surely, the high school and the teachers now

face the greatest challenge of all. College prepara-

tory work has had to be brought back and improved.
The gifted children and the average children are
nearly all headed for college. Yet the below-average

* child and the disadvantaged child, who must still

earn aliving in a modern technological society, must
also be taken care of in the same school or school
system.-

How can we possibly cope with this whole spec-
trum of problems, at a time when the population
explosion is straining our school facilities, our tax
funds, and our supply of qualified teachers to the
very limit? Add to all this our long-delayed awaken-
ing to the civil rights problem in the schools, and the
picture is complete. We are in deep trouble. It spills
out all over: Teachers’ strikes; student civil diso-
bedience on the campus of a great university; utter
confusion about the conflicting aims of life prepara-
tion and college preparation; a field day for the
more intemperate critics of American education.
We are expecting too much of our sehools, too fast;
and we blame the schools for problems for which
they are not responsible.

Student unrest

Take the problem of student unrest on our uni-
versity campuses. Why does unrest exist?
Partly it may be because universities are often

* too big, too impersonal, too inflexible. Also students

are more sensitive about their independence and
their “rights.” However, most student revolt is a
social phenomenon — a reflection of the troubles of
society: the civil rights struggle; the relaxing of
family ties and family discipline; a changing atti-
tude toward certain moral codes on the part of
adults as well as children; the uncertainty and fear,
and the spirit of revolt which is found all over the
world. And if revolt against authority is acceptable
in the world of adults, why not also in the world of
the student? If adults cheat, and apparently get by

with it, why shouldn’t the students?

But let us not get the idea that the picture is all
black. A few students in open revolt can make more
headlines than a million students who are quietly
and earnestly going on with their studies.

Yes, some students cheat — and not only at Colo-
rado Springs. The pressure to survive at any cost is

~ very great. Yet, most students do not cheat, for they

know that in so doing they are only cheating them-

~Engineering and Science



selves. Is an honor system no longer possible? The
answer is: Yes, it is! We have one at Caltech that has
been working for 55 years and is now stronger and
finer than ever — built by students, upheld by stu-
dents, enforced by students, and heartily and thank-
fully supported by the faculty. What makes an
honor system work? It works only when students
themselves recognize its importance and pledge
themselves not to violate it or to tolerate viola-
tions by others. It works best in small institutions
where there can be a wholehearted commitment to
integrity as a way of life. Maybe it works best in
science, where integrity is a prime essential.

Yes, in the midst of confusion and turmoil there
are many bright spots, where students and teachers
are working together to improve our educational
system.

Improving the curriculum

I have already noted that in recent years univer-
sity scholars have taken a renewed interest in under-
graduate teaching. A far more important thing has
taken place. University scholars have been co-
operating with school teachers to improve the qual-
ity of the curriculum and of teaching in elementary
and secondary schools, too.

Everyone knows that there cannot be much re-
search and scholarly work in a high school or in
many small colleges. Possibly it was not surprising
that high school and college courses in science were,
by 1950, out of step with modern scientific ad-
vance. The student entering a university was whol-
ly unprepared for what his teachers were talking
about. .

By 1950 it had become painfully evident that
most high school and many college courses in math-
ematics, science, and other fields had stagnated

during the previous 25 years. Textbooks in physics

were being written and rewritten, but the only thing
that was changed was the size of the type, the num-
ber of pictures, and maybe a new final chapter on
atoms and electrons. There was no suggestion that
atoms and electrons were at the very heart of sci-
ence, not an appendix to it.

Someone was bound to do something about this,
and they did. Many people participated, but the
Physical Science Study at MIT brought the new
movement into focus, and prepared a wholly new
type of high school physics course, complete with
textbooks, outside reading, new laboratory experi-
ments, and teaching aids, such as films and demon-
stration equipment..And, through the National Sci-
ence Foundation, thousands of high school teachers
have been trained in this new approach and in the
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use of the new materials. This movement then
spread to mathematics, to chemistry, to biology —
and now to nonscience fields as well. About half of
the high school students of physics in the country
are getting real modern science — not just the pul-
leys and levers of the 1920’s. This development,
along with the concurrent expansion of advanced

. placement courses for college-bound students, has

vastly improved the preparation of the freshmen
we have been admitting in recent years.

This movement is not complete. It has only be-
gun. To carry it on is, in fact, a never-ending task,
for science changes every day, and ideas for better
ways of presenting it to young people change also.
The new courses and the advanced placement cour-
ses will be substantially changed and improved.

But the essential part of the new movement is
this: For the first time in the past 50 years or more,

the high school teacher, the college téacher, and the

university scholar are working together on the prob-
lems of teaching and curriculiim improvement — to
the vast benefit of all teachers, and to the spectacu-
lar benefit of the American student.

A second important development has resulted
from the improvement of high school courses. The
better prepared high school graduates have pro-
duced a great stir in the colleges. The college fresh-
men of today demand more of their college teachers
and their college courses. Hence, all over the coun-
try one finds a new spirit in undergraduate courses
in science. They are vastly different and vastly bet-
ter, and vastly more in tune with the times than they
were even five or ten years ago. Again, the univer-
sity research scholar, who is not supposed to be in-
terested in teaching, is teaching and working with
other teachers to improve what is offered to stu-
dents.

The revolution in course content which is going
on in high schools, colleges, and universities is

spreading inevitably to the elementary schools. The

best evidence of this is that all over the country par-
ents are loudly complaining that they can no longer
help their children with their homework! It is, I
know, a pretty distressing experience for a parent
to find he has become suddenly obsolete. But he
should rejoice that the schools of today are moving
ahead and not teaching the same material in the
same way they taught it when he was young.

Learning aids

There has also, in recent years, been a rapid de-
velopment of new teaching aids, or new learning
aids, as I prefer to call them. Films, records, tape
recorders, and educational television have provided
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a whole new array of tools to help the teacher do a
better job. We are only beginning to learn how to
use these tools effectively. They are too often re-
garded as devices to replace the teacher — a wholly
false concept. A hammer and saw do not replace the
carpenter; a typewriter does not replace a secre-
tary. A new tool is a new opportunity for doing a
better job, provided that we learn how to use it.

I have a special interest in educational television.
I believe it can be the most powerful aid to learning
since the invention of printing. We are barely learn-
ing to use it. We do not even know yet how to fi-
nance it adequately. But we shall learn, and the
teacher, the student, and all Americans will benefit.

All of this, of course, means change. And rapid
change means a certain amount of confusion and
turmiol. And the turmoil, as I have said, is pain-
fully evident. The task of the teacher, however, is

not to resist change, but to promote it and guide it

into the most effective channels. This makes the
teacher’s life exciting. Never again, I believe, will
the task of the earnest and conscientious teacher be
wholly dull and routine — though routine duties
are, of course, always with us. The challenge and
excitement of teaching today are greater than they
have ever been before.

The concern for better education

Today, America is more alert to the values and
problems of education than ever before in our his-
tory. As a nation we have always been devoted to
education, far more so than most countries. But to-
day, more than ever before, the concern for more
and better education permeates every aspect of our
national life. This is-partly because we have more
children; partly because our educational system is
now very expensive (and Americans are always
concerned about their pocketbooks ) ; partly because
education today is not only “nice” — it is essential.
We now admit that the education of the gifted and
the talented is necessary to our national welfare.
But the education of everyone to the limits and in
the direction of his abilities is also now an essential
national goal. Masses of uneducated citizens are a
drag on our society which we can no longer tolerate.
We must have educated workers and educated
voters.

The child in school is not only an important per-‘

son in his own right; he is also a national asset. As
President Johnson has recently reminded us, edu-
cation is our most potent weapon against poverty,
hopelessness, and racial discrimination. Education
is, therefore, an overriding national concern: The
total budget for all education in America will soon
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exceed our budget for national defense. In a few

~ years we will have one-third of all Americans en-

rolled in our schools and colleges, and many of the
others continuing their education at home.

There are many paradoxes in this enhanced na-
tional interest in education. We insist that every
child be in school, but we do not build enough class-
rooms or employ enough teachers to take care of

them all. We insist on high standards; but we don’t

want any dropouts. We insist on basic education;
but we must, of course, have “practical” courses, vo-
cational courses, driver training, and many other
things. We know that children come to school with
a wide range of abilities and talents and cultural
backgrounds, but we often insist on treating them
all alike — moving them all from grade to grade at
the same speed and in the same array of subjects.
We want local control of schools, yet we are a mo-
bile people and, as parents, we complain loudly if
the seventh grade in Poughkeepsie (where we have
just moved) is not at the same level as the seventh
grade in Fresno. We recognize the importance of
teachers, but often pay them so poorly that they
have to do “moonlighting” to maintain proper liv-
ing standards for their families. We are in favor of
equal educational opportunity for all, but we are
only now beginning to recognize that all really
means everybody — black or white, in slum or sub-
urb. On this point Congress has now taken some
action.

But every paradox is also a challenge. And the en-
couraging thing about these paradoxes is that they
result not from indifference to education, but from
a vast public commitment to it. We criticize our

schools. Why? Because we are desperately anxious

to make them better. We criticize the teachers, too.
Why? Because we know they are such desperately
important people. Because we know that the future
of America lies in their hands and it is terribly im-
portant to us that they be competent and well-
trained hands.

A supremely importdnt profession

That was not true 40 years ago. Then, the teacher
was commonly regarded as a person who could do
nothing else. We forgot that there was nothing else
he wanted to do. But, today, we congratulate, rather
than feel sorry for, the able young person who
chooses teaching as a career. And well we might —
and well we must. Teaching has become a recog-
nized, supremely important profession. And for

‘anyone who has a spark of interest in being of ser-

vice to his fellowman, teaching can be the most chal-
lenging of all careers.
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atching the TV monitors in the Space Flight Operations Facility at PL while Ranger IX transmits “lz’v” pic-

tures from the moon — Harold C. Urey. of the University of California at La Jolla; Ewen A. Whitaker, of the
Lunar and Planetary Laboratory. University of Arizona; Eugene Shoemaker, U.S. Geological Survey at Flagstaff.

RANGER IX — HAPPY ENDING

The successful flight of Ranger IX ended at 6:08
a.m. (Pacific Standard Time) on March 24 when
the spacecraft, traveling at 5977 miles an hour,
crashed in the Alphonsus crater near the center of
photographs of the lunar surface.

From its launching at Cape Kennedy, Florida,
Ranger IX covered a distance of 259,143 miles in 64
pact on the moon was only four miles from the orig-
inal selected aiming point.

The 6,000 photographs obtained by Ranger IX |

were taken in the last 18 minutes of flight. In the
final minutes Ranger’s two TV cameras televised the
approach to the moon to home television sets
throughout North America. About 100 television
pictures were flashed on home screens at five-second
intervals, until a few seconds before impact, when
the spacecraft was about 4,000 feet above the moon.

Caltech’s Jet Propulsion Laboratory hopes to be
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able to repeat this spectacular feat by providing
home viewers with surface pictures of Mars, trans-
mitted by the Mariner spacecraft as it approaches
the planet in July. k

The five-year Ranger program, conducted by JPL
for the National Aeronautics and Space Admini-
stration, comes to an end with the successful flight
of Ranger IX.

“The purpose of the Ranger program,” says Dr.
William H. Pickering, director of JPL, “was to get
details of the moon and learn of possible landing
sites. We have successfully achieved this.”

This third and final success in taking close-up pic-
tures of the moon sets the stage for the flight of the
Surveyor, which will approach the moon at more
than 6,000 miles an hour, then slow down to about
1 mile an hour to make a “soft” landing. Controlled
by radio from the earth, Surveyor will then swing its

~ television cameras around to photograph the nearhy

lunar landscape.
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The

Television picture taken by one of Ranger I[X's full-
scan cameras (camera A) just 2 minutes and 50 seconds
before impact. The spacecraft is 258 miles above the
moon, heading for the crater Alphonsus, which fills
the rzght half of the picture.

Picture taken 8.09 seconds before impact. Ranger 1X
is 12.2 miles above the moon. The area shown is 5.8
miles by 5.3 miles. The large crater seen at the left of
the photograph is 1.6 miles across and is situated on
the shallow rille running upward.
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moon — as seen

from Ranger IX

Picture taken 38.8 seconds before impact, when Rang-
er IX was 58 miiles above the moon. The area shown
here is 28 miles by 26 miles and is in the region of the
central peak of Alphonsus, which has a rille or groove
running through its shadow toward the upper right.

Last pwture taken by ‘partial-scan camera P-3, just
about 1 second before impact. The capital “O” marks
the impact point. The area shown in this final picture
is about 240 feet on a side and lunar features can be
seen wzth a resolution of up to 1.6 feet.
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The ring around M-81 is just barely visible at the uper eft of the

galaxy in this Spe}ially ’)repared photograph.

RING AROUND A GALAXY

A huge, faint, luminous ring, about 100,000 light
years (or 600,000,000,000,000,000 miles) in di-
ameter has been discovered around one end of the
spiral galaxy M-81. It is theorized that the great
ring, which apparently consists of a plasma of
charged particles, was ejected from the galaxy M-82
by a titanic explosion and, as it moves out into
space, is beginning to “light up” in the magnetic
field of the neighboring galaxy M-81.

This is probably the first evidence of material
from one galactic island universe being ejected
through space to another galaxy. Even more impor-

tant, this is the first evidence of an over-all magnetic

field of a spiral galaxy.

The ring was discovered by Halton C. Arp, staff
member of the Mt. Wilson and Palomar Observa-
tories, while he was searching for unusually faint

objects in the sky, such as bridges of gas, stars, and

dust between galaxies, with the 48-inch Schmidt
telescope at Palomar. To obtain a picture of the ring,
Dr. Arp used a photographic technique that inten-
sifies the image of a faint object and filters out un-
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wanted light. He also took advantage of the fact that
the night sky is the “darkest” it has been for 11 years,
and made several long exposures of 50 minutes each.

Three of these long-exposure negatives were
made into a composite negative by William Miller,
staff photographer of the observatories. A print from
the superimposed negatives, like that shown above,
finally revealed the ring.

The faint but distinctly visible ring around M-81
is 100,000 light years from its “parent” spiral galaxy
M-82. M-82, apparently in the act of exploding, was
photographed last year by Allan R. Sandage of the
Mt. Wilson and Palomar Observatories (E&S —
March 1964 ). M-82 and M-81, are only 60 billion
billion miles (10 million light years) from the earth,
which is not far in astronomical terms.

“If indeed the ring is from M-82 and is impinging
on the magnetic field of M-81, as it appears to be,”
says Dr. Arp, “then nature has set up for us an enor-
mous experiment that can tell us a great deal about
the magnetic field of M-81 and about the explosion

- of M-82.”
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Research Notes

Earthquake Records

More of the earth’s surface was permanently dis-
torted by the great Alaskan earthquake of March
27, 1964, than has been documented for any known
earthquake, and the vertical extent of the faulting
that triggered it was at least ten times greater than
reported for any other quake:

This is revealed by Frank Press, director of the
Caltech Seismological Laboratory, and David Jack-
son, Caltech senior, in an analysis of the land dis-
placements reported by the U.S. Geological Survey
and the U.S. Coast and Geodetic Survey. Some areas
were uplifted as high as 50 feet, while others sub-
sided as much as 7 feet. '

The primary fault activity, which extended hori-

zontally for some 500 miles, extended down 60 to
120 miles into the earth and came to within 10 miles
of the surface.

For the 69-day period after the main shock, there
were 12,000 aftershocks of magnitude 3.5 or more.
The main shock and these aftershocks released the
energy equivalent of a total of 100 underground
nuclear explosions of 100 megatons each. The total
is equal to 500,000 times the energy of the Hiro-
shima atom bomb.

As an indication of how far away the earthquake
left its mark, it permanently compressed rock a
measurable, although microscopic, amount some
4,000 miles away in the Hawaiian Islands. The com-
pression was measured by strain gauges installed by
Caltech in the islands.

Screaming Flames

A “screaming” flame produces up to 50 times more
smog-creating oxides of nitrogen than a quiet,
steady flame, according to Bruce Sage, professor of
chemical engineering,.

The phenomenon of the screaming, or roaring,
flame has caused problems in industrial boilers for
years. It also has been the cause of rocket-engine
failures and is a problem in air pollution. The phe-
nomenon produces oxides of nitrogen that trigger
the formation of undesirable atmospheric com-
pounds, including eye irritants. Also, the vibrations
can result in serious damage to the metal and brick
walls of combustion chambers such as boilers.

The noisy flame is caused by oscillatory combus-
tion. In this kind of burning, the combustion is un-
even and occurs in surges of high frequencies —
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commonly between 500 and 4,000 cycles per second.
It becomes audible as the combustion frequencies

‘reach those of sound waves.

Dr. Sage has been investigating oscillatory com-
bustion for nearly ten years. The phenomenon was
discovered in rockets in 1940 and occurs over.a wide
range of combustion conditions, including those
found in automobile engines. Dr. Sage, aided by
G. N. Richter and R. C. Seagrave, assistant profes-
sors of chemical engineering, and with the support
of the U.S. Public Health Service, has been study-
ing the factors in combustion that lead to the for-
mation of oxides of nitrogen.

The fact that roaring flames produce more oxides
of nitrogen was discovered by Dr. Sage and his col-
leagues in the course of recent studies of flames in
an experimental combustion chamber in Caltech’s
chemical engineering laboratories. Oxides of nitro-
gen were found to form during periods of rapidly
changing temperature. These changes are intro-
duced by local perturbations in pressure.

The Hunting of the Quark

Murray Gell-Mann, professor of theoretical phys-
ics, explained last month how he happened to give
the name “quarks” to the subatomic particles whose
existence he first proposed in 1961.

In James Joyce’s Finnegan’s Wake, it seems there
is a napping bartender who keeps being awakened
by a striking clock, at which point he calls out,
“Three quarks for Mr. Mark.”

Dr. Gell-Mann’s interpretation is that “quarks”
is a combination of “quarts” (a word all too familiar
to the bartender ) and “hark” (which the man might
naturally say when he was awakened by a striking
clock).

Since it is Dr. Gell-Mann’s theory that all the
known particles today are manifestations of just
three particles which will never be found, since
they are actually nothing more than mathematical
concepts — why, what better name for these par-
ticles than “quarks.”

This esoteric information, revealed before the
Joint Congressional Committee on Atomic Energy
(which was hearing testimony to justify the AEC’s
proposed $6 billion program for high energy physics
research ), brought a surprising tribute from the Los
Angeles Times national science correspondent. He
called Dr. Gell-Mann somethlng of a nuclear Mort

- Sahl”
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A panel of Caltech experts discusses the future of

Computers
and Humanity

Some highlights from a panel discussion sponsored
by the Caltech YMCA in Beckman Auditorium on
February 10, 1965. Members of the panel were
Louis T. Rader, a Caltech alumnus, who is vice
president of the General Electric Company and
manager of its industrial electronics division; Simon
Ramo, president of The Bunker-Ramo Corp., and a
member of the Caltech board of trustees; and Hal-
lett D. Smith, chairman of the division of human-
ities at Caltech. G. D. McCann, director of the
Booth Computing Center, served as moderator.

RADER: One of the questions most often raised is:
Will computers cause unemployment?

First of all, the computer industry is one of fan-
tastic growth. It is no more than 15 years old, but
there are some 18,000 machines now in use in the
United States — 10 percent of which are in the fed-
eral government. If you look at all the electrical
goods that are sold to consumers — from electric

light bulbs to radios, televisions, and refrigerators

— then the computer industry is one-third as big as
all of that. So it is a big industry already.

Some very good statistics have been accumulated
in this country for the last 30 years or so by the
Bureau of the Census, and I would like to cover
some of them. As we look at the 20 categories into
which our manufacturing is divided in this country,
we can divide up these industries on the basis of
those that turn out, say, a thousand dollars of goods
at selling prices in terms of the man-hours required
to go into them. And the four good industries are
the ones that require the least labor — the chemical
industry, petroleum and coal, tobacco, and instru-
ments. These four industries will average 77 man-
hours of labor per thousand dollars of output.
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On the other side of the scale, the four poor in-
dustries, or the industries that require the greatest
amount of labor, are textile, leather, lumber, and
apparel. These industries require 270 man-hours
of labor per thousand dollars of output.

You may ask: In which industries has employ-

ment grown? The first four I mentioned have the

highest investment per worker also — from $30,000
per worker up to $100,000. These are the industries
where we have put our money to improve the whole
efficiency — with automation and computers as a
part of it. And the statistics show that in the last 15
years, in the industries in which we have put the
maximum amount of money for automation, em-
ployment has increased 51 percent.

The same statistics show that in the four poor
industries (and I use my own definition of poor)
employment has dropped 7 percent in the last 15
years. Why? Because the poor industries cannot
compete with goods coming from Japan, Europe,
and elsewhere. So the first thing the statistics tell us
is that the industries into which we put the maxi-
mum amount of money are the industries that make

continued on page 18
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the most profit, and have the gréatest increase in
employment.

Looking at the same figures, you say: Which in-
dustries compete best in the worldwide markets?
Again, the ones that we have mechanized and auto-
mated export more than they import. The ones that
are not automated import more than they export.

How do workers’ salaries or wages or take-home
pay compare in the industries where we put a lot
of money into investment and the others? The an-
swer is that the industries that have the greatest
investment per worker pay the highest salaries.

Another way of saying this is: Is our productivity
in the United States greater than Europe or Japan
because we work harder? And the answer is no. Be-
cause we are smarter? No. Our productivity is great-
er because we give our people the tools with which
to work. So, in the question of export vs. import, the
question of employment, and the question of take-
home pay, we can show pretty clearly that the in-
dustries in which we invest more money are the in-
dustries that do the best.

RAMO: I have been given, I believe, the favorable
side of this subject. I have been asked to say a few
words about the future impact of computers on so-
ciety. When Dr. Rader talks about the situation
today, you might challenge him, and he is in the
position of having to prove that he is right. In talk-
ing about the future, you may find that everything
I say seems unsound, but it is difficult for you to
prove it, especially if I go far enough out in the
future. And I shall — not only to make it difficult for
you to ask a question that is impossible to handle,
but also because I think it is essential to look out far
enough, so that we can begin to appreciate some
factors that are well beyond that which exists today,
and which may give us the real clues as to how com-
puters will affect society.

Since I am trying to do this in just a few minutes,
I am going to do it by one example only, but I think
it is a very broad one. I think it is meaningful, and
typical, and substantive. But I will exaggerate a lit-
tle and simplify in order to make a point quickly.

I am going to ask you to imagine that we have
enough years in the past, and the use of a technol-
ogy so mature and so advanced that in every aspect
of our lives in which we use information, or we use
our intelligence in order to achieve some useful
purpose (or even just to think about useless things
— just to enjoy ourselves, to produce art, to ponder
and philosophize ) we shall find ourselves able to do
this better because we will have our brains ex-
tended by electronic devices and systems. And
when I say extended, I mean we will have available
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the equipment of a much greater memory than is
available to us today.

Picture,' as this one example, what amounts to
several national networks of information storage
that will be continually updating the facts that ap-
ply to the professions, to education, to the running
of businesses and industry, to transportation, to
banking, to government. We will have the means
for retrieving this information and displaying it and
moving it about the country. Applied to education,
this means it will be possible to introduce teaching
aids that depend upon these national networks for
the presentation of information. It will be possible
to have statistics useful to those who are planning
educational programs. In medicine, it will be pos-
sible for the individual’s physician to introduce the
information about his patient into the network and
obtain almost instantaneously a certain kind of re-
turn information which will represent at least a
fraction of what he could have gotten — in prin-
ciple, at least — by consulting with thousands of
other physicians who have had similar problems.
This kind of thing could be used in research in di-
sease, so as to create a relationship between cause
and cure, between potentials of drugs and treat-
ments, that could have an impact on medicine com-
parable with the impact of surgery.

In law, it will make possible the orderly process-
ing of the kind of information which keeps every-
one doing things according to the rules, whether it
be buying and selling or forming interrelationships
between corporations. In the running of companies,
management will have information and, what is
perhaps even more important, they will be able to
create plans that are optimum, and efficient, and
they will be able to create relationships between
separate entities so as to assure the greatest smooth-
ness of operation.

You might even imagine carrying this idea of

7
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national informational intelligence one step further.
The public, as a democratic public that participates
in deciding issues, can be locked into the system by
being asked to express their opinions — through de-
vices that are in their homes, continually presenting
issues and asking for reactions — so that the whole
country can know the reaction on many issues with
considerably greater competence.

All of this, of course, brings up the possibilities of

informing the public, and, therefore, of having a -

better educated, more alert, more interested public
(as well as having the possibilities of being misused,
to mislead the public!).

Now this is a quick-once-over-lightly on the idea
of extending the human intellect and being in some
respects, then, a smarter people who can do our
jobs better. Because what makes the world go round
is the information that controls it. And what really
determines the way in which government reacts,
the public reacts, and industry is run, is information
— information acquired, presented, stored, pro-
cessed, and used for decision-making.

SMITH: Every new machine is a threat and a chal-
lenge. It is also, in many ways, a reward. In the
seventeenth century; the telescope and the micro-
scope were felt to be, by some people, very inhuman
and antihuman. You can imagine, perhaps, the rea-
son for this. One could say: “If God had intended
us to see that far he would have made our eyes as
powerful as telescopes.” This is a little like the old
lady who said that, “If the Lord intended us to fly
in jet planes he would have had the Wright broth-
ers invent them.”

The challenge of a machine to the human sense
of values is most important when the response to
it is one which makes us examine our own use of our
minds and abilities. And I think that the computer
is a machine of this sort.

I suppose people who read that a humanist was
going to appear with two scientists on this program
assumed that I would oppose the computer and its
possible dreadful - consequences. Quite the con-
trary. I think that its possibilities, from the point of
view of the humanities, are very great indeed. I am
particularly fascinated with what has been done at
the Tempo Laboratory of the General Electric
Company in enabling a computer to receive and re-
turn information in a natural language — namely
English. This seems to me to be an extraordinary
achievement and to open up many possibilities for
the further understanding, not only of the nature
of language, but of the way in which we think —
words.

Now, Dr. Ramo suggested that the computer
April 1965
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might be able to contribute something in the way of
art. I am very skeptical about this. I think that, of
course, you can teach a computer to reproduce any
style of art. You can no doubt teach a computer to
compose works in the style of Mozart. What you
cannot do is to get it to create a style of its own,
independent of the programming that has been put
into it.

So I think there is a good deal of nonsense taught
about the threat of the computer in this general
area. One episode that has attracted a lot of atten-
tion in the press is the one in which a Scottish min-
ister attempted to determine the long-debated prob-
lem of the authorship of the Epistles of the New
Testament attributed to St. Paul. And, according
to the papers, he put this problem on a computer
and came up with the answer that five of those
Epistles are by Paul, and that all the rest of them
are by five other people, names undisclosed.

The sequel to this was that an American minister,

~who didn’t like the conclusion, took the essays in

which the Scottish minister had demonstrated his
case, submitted them to the same test, and proved
that his opponent had not written all of his own
essays.

Now, what happens here, of course, is that people
are using the tag of the computer for something
which is really quite trivial after all. It is merely a
matter of the statistics of literary style. There is a
good book on that subject by an Englishman named
G. Udney Yule. If you are interested in investigat-
ing, I would recommend that book to you.

But the answers that a computer gives to a ques-
tion like this are no better than the material that is
fed in. In this case, the statistics of literary vocabu-

lary were inadequate to the problem.
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Computers and Humanity . . . continued

Now, of course, people have been interested in
finding out whether a computer can write poetry.
And indeed it can. You feed in the words, and you
program it so that they come up in any one of a
number of ways, and you will get poetry. It can
write beatnik poetry. When a computer writes beat-
nik poetry, it is called auto-beatnik, and perhaps
you might be interested in a sample.

Few fingers go like narrow laughs.

An ear won't cheat jew fishes.

Who is that rose in the blind house?

And all slim, gracious, blind planes are coming.
They cry badly along a rose. !
To leap is stuffy,

To crawl was tender.

I think, then, a warning is appropriate — that we
should try to understand what the computer is cap-
able of doing. And I think Dr. Ramo is quite right
in saying that it will be capable of much more than
we can visualize now. But we should not discount
the computer because sometimes people give it triv-
ial things to do, and because sometimes people get
results from it that are nonsense.

McCANN: Before we open this for discussion, I
want to add one comment, and that is that the actual
principle of a digital computer, the mathematics
which has so far been developed for it, really makes
possible the simulation of anything that a human
mind might conceive. Potentially, it will be possible
to simulate any concept, any intellectual capacity,
any creative capacity-the human mind can under-
stand.

That means a computer doesn’t do just what you
tell it to do; it can learn, it can teach itself — if we
just knew these principles. Our big problem today,
therefore, is the question not so much: What can a
computer do — in breadth of intellectual activity?
but: What can we learn about the principle of these

activities so that we can use computers to their limit
— good or bad?

QUESTION: I would like to ask what Dr. Ramo
would reply to the consequences of too much leisure
in society from the benefits of computers.

RAMO: T often read and hear about this concern
over the relationship between the impact of com-
puters on our society and the additional leisure time
many people are going to have. I can only say, for
myself, that T find it very difficult to put that any-
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where near the top of my set of worries.

I find it much easier to believe that what the new
electronics makes possible will so stimulate the hu-
man mind as to cause us to think up so many more
things to do that it does not follow at all to me that
the computer brings more leisure. It may, in effect,
bring in that kind of fascinating thought and activ-
ity — impractical today and not conceived of today
— that will use up more than enough time.

Take just this one thing for example: If, by proper
use of electronics to aid in the educational process
(and I don’t mean just in schools; I mean education
of the public on issues ), we may find our public suf-
ficiently interested in what is going on that the
pondering of all the social issues will hold us busy
for a good deal of the future.

RADER: Another aspect to that is that we tend to
think only in terms of the standard of living in the
United States, because we live here. There is a fan-
tastic amount of work that has to be done, that can
be done to improve the standard of living through-
out the world. If we just extend our own ability, for
example, in agriculture, to grow food and see to it
that we find some way of developing an equivalent
standard in China, Russia, India, and so on, then I
think a lot of the tensions that exist in the world
today will disappear. So, just because we have two
cars per family, and are beginning to have two
homes and so on, doesn’t mean the end of work, We
ought to have some responsibility, and I think prop-
erly can have some responsibility toward helping
the rest of the world achieve even only a fraction of
our own standard of living.

SMITH: I am not really worried about leisure. 1
think that there is good use of leisure and there is,
of course, misuse of leisure. I suppose the sociolo-
gists would be most concerned about the rate at
which this leisure became available. It is perfectly
true that the industrial revolution caused by the
computers is taking place at an extraordinarily fast
rate, and I agree that it is a subject of some concern.
I, myself, think that the notion that work is virtuous
and leisure is dangerous is an inheritance from the
Puritan ethic that you might just as well get over.
Myself, I am in favor of leisure.

QUESTION: This question is directed to Dr. Rader.
After the last industrial revolution we saw our num-
ber of work hours decrease from 80 hours to 40 hours
per week as a result of increased productivity. So,
no matter how one might advocate that more auto-
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He’s finding i at Western Elctric

Ohio University conferred a B.S.E.E. degree on C. T.
Huck in 1956. Tom knew of Western Electric’s history
of manufacturing development. He realized, too, that
our personnel development program was expanding
to meet tomorrow’s demands.

After graduation, Tom immediately began to work
on the development of electronic switching systems.
Then, in 1958, Tom went to Bell Telephone Labo-
ratories on a temporary assignment to help in the
advancement of our national military capabilities. At
their Whippany, New Jersey, labs, Tom worked with
the Western Electric development team on computer
circuitry for the Nike Zeus guidance system. Tom then
moved on to a new assignment at Western Electric’s
Columbus, Ohio, Works. There, Tom is working on the
development of testing circuitry for the memory phase

of electronic switching systems.
This constant challienge of the totally new, com-

"bined with advanced training and education oppor-

tunities, make a Western Electric career enjoyable,
stimulating and fruitful. Thousands of young men will
realize this in the next few years. How about you?

If responsibility and the challenge of the future
appeal to you, and you have the qualifications we are
looking for, talk with us. Gpportunities for fast-moving
careers exist now for electrical, mechanical and in-
dustrial engineers, and also for physical science,
liberal arts and business majors. For more detailed
information, get your copy of the Western Electric
Career Opportunities booklet from your Placement
Officer. And be sure to arrange for an interview when
the Bell System recruiting team visits your campus.

Wegfeft[ Elect’["ic MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM i

AN EQUAL OPPORTUNITY EMPLOYER

Principal manufacturing locations in 13 cities [0 Operating centers in many of these same cities plus 36 others throughout the U. S.
Engineering Research Center, Princeton, N. J. O Teletype Corp., Skokie, HIf., Little Rock, Ark. [1 General Headquarters, New York City



Computers and Humanity . . . continued

mation brings about more work, its main objective
is the contrary — namely, to solve the problems of
maintenance of the human society (such as clothes,
food, transportation) in the minimum amount of
time, to produce the leisure to free the mind for
more elevated purposes.

This undoubtedly will come about as a result of
automation, but it will also produce severe social
dislocations in the transition period. What adapta-
tions will our social institutions have to make so
that no people go completely unemployed?

RADER: Well, there are several aspects to that
question. First of all, it’s an unwarranted assumption
to say that increased automation creates unemploy-

ment, or that we can produce all the goods we want -

in, say ten hours a week instead of forty. There are
no statistics at all to back up that particular state-
ment. For example, in the last 17 years in the United
States we've had an increase in employment of
13,000,000 people, and in the last 17 years we've
put the maximum amount of money into our pro-
ductive equipment. And the same figures are show-
ing up in other countries of the world — Germany,
France, Italy, Scandinavia, and even Japan. In fact,
in some of those countries they have over-employ-
ment: Switzerland has to import several hundred
thousand of workers to produce the goods that they
want. So I don’t forsee any serious economic dis-
location, any massive unemployment, because all
the statistics for the last 200 years say that there’s
more and more work as we extend our capability to
do things.
RAMO: T've had occasion in the last several weeks
to attempt to put down the cost, and to translate it
into man-hours of employment, of updating the
United States, so that it makes full use of technol-
ogy in every aspect of our physical operations —
transportation, banking, every form of manufactur-
ing, even education and the professions. If you take
what now appears to be both technologically and
economically feasible, and if you could bring your-
self to make the investment, then the payout in
terms of the return on the investment would be such
that the investment would be a good economic as
well as engineering decision. '
If you went ahead over a period of time to update
the American plan and forget the rest of the world
for the moment, it gets into so many trillions of dol-
lars that it dwarfs the gross national product for any
one year. The number of man-hours required are
so far beyond our present total employment that it
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will take us many decades to get this updating ac-
complished — and by that time I'm sure it will be
out of date. ‘

I grant there are many problems of a political and
social nature. But I just want to make it clear that,
aside from these, the technological and economic
aspects, put together into a calculation of what you
could do that would pay off for the world, would
keep everybody terribly busy creating things that
we all want, could use, would enjoy having —/and
it would greatly raise the standard of living in the
process. ' ‘

QUESTION: 1 want to pose a kind of science-fic-
tion question. All the things that I've read about
computers that tend to make me quiver are the ideas
of where computers are advanced enough so that
they can actually think from original raw materials.
That is, a human being is not necessary to put ma-
terials in; the computer can do everything a human
being can, and is sort of self-reproductive. Now, at
the present time, it seems as though the human be-
ing is the sensing element which is necessary to ob-
serve facts and put them into a thing which com-
puters can use. Is it possible that at a future date a
computer will be able to have all the sensing capa-
bilities that we have — parallels to sight, hearing,
and so forth — and will be able to take initial raw
data and transpose it into usable information and
thus actually think as we do, and be able to do things
all by itself?

RAMO: Well, first of all, if you want to theorize
about what we as human beings can conceivably
and eventually cause computers to do and to be like,
then you have to say that what you suggest is at
least possible.

But what do we mean by the word “think”? Sure-
ly we will grant that a good bit of what we do with
our minds is pretty clear and rather mundane. In
data processing we have some stored facts in our
minds. We put that together in certain patterns that
we've learned, against information that comes in,
and we arrive at certain conclusions. Now, when
you understand what it is that you do with your

‘mind and can lay it out clearly, quantitatively, or

in a logical sequence, then of course you can arrange
for a machine to do it. It may be, in today’s tech-
nology, a complicated and impractical machine, and
one that would be expensive to build and use for
that purpose — since the human being is created

- with relatively cheap labor and costs only $20,000

or so a year to maintain. It would be foolish to set
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The reason for that is quality. To do the best work
you have to start with the best materials. For over 30
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Computers and Humanity . . . continued

out to duplicate it for those functions.

Then you have a more complex thing that we
don’t understand. We speak of it as intuition, or the
thinking that our wives do, but what’s really at the
core of this is that we don’t understand it well
enough to set out to simulate it.

You have learning; you can certainly give a ma-
chine a few rules about the game of chess and let
that machine play against a good chess player, and
we know that in principle the computer can have a
memory beyond that of a human being, even of the
best chess player, so it could remember many more
moves and keep track of possibilities in great detail,
and eventually it could beat the best chess player.

And now would the chess player argue that the ma-
chine can’t think and hasn’t learned how to play
chess? He might so argue, but he’d be in the position
of one of those who might be among the first to have
his brains replaced by the computer. He’s really
lost his case by the actual action. So, a lot depends
on your definition.

Even in the writing of music, what do we mean
by the creative thought process? We don’t under-
stand it — what a composer or a true artist goes
through. (I'm speaking now of the use of the com-
puter as a tool to help the artist; not a replacement
for the artist.) We don’t really understand invention

and creative thought. We don’t quite know what it -

is that takes place.

RADER: All I'd like to say is that it’s very hard for
the engineers to keep up with the science writers,
but we do try. There are some techniques which
have derived from the transistor, from the solid state
physics, which of course have changed our capa-
bility in doing things fantastically, and these tech-
niques are constantly being extended so that we
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now see ways of making very large memories at low
cost. We're getting closer, for example, to simulat-

~ ing the amount of information that can be stored

in the human brain, although we’re many, many
degrees away from it. And we also see rather unique
ways of putting together electrical circuits, so that
the engineer’s ability to simulate or to make a ma-
chine which can do things is progressing quite rap-
idly. As Si says, nothing is really impossible. So, it
is possible in the far future that we can have this
automatic machine that thinks — subject, of course,
to the right definitions of the word think.

SMITH: With respect to the heart of the original
question and its science-fiction aspects, I am not
very much alarmed about the possibility of the ma-
chine sensing through various senses, and relating
that to any amount of stored memory. I'm not
alarmed about its ability to form concepts and to
use them. I would be alarmed if I thought the com-
puter could fall in love; if I thought a computer
could suffer; if I thought a computer could die and
understand the meaning of death, I would be very
much alarmed. I don’t think there’s any chance of
that whatever.

My favorite science-fiction fear about the com-
puter is: You know, it’s perfectly possible to get
computers into this decision-making, information-
gathering business so much that the computer could
wage war, could press the button, collect all the in-
formation, make the decision to press the button
at the right time, and so on. And presumably there

- would be computers on both sides. The only dif-

ficulty is that the computers would keep on fighting
each other long after everybody on both sides was
dead. '
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make water
come clean
‘again?

The same Union Carbide that
helped develop a new stainless
steel used in subway cars.

Union Carbide Corporation, 270 Park Avente, New York, N.Y, 10017, in Canada: Unian Carbide Canada Limited, Toranto e Divisions: Carbon Products,
Chemicals, Cansumer Praducts, Fibers & Fabrics, Food Products, International, Linde, Mining & Metals, Nuclear, Olefins, Fiastics, Silicones, Stellite

Who’s helplng

Streams and rivers in many parts
of the country were being plagued
with foam, partly due to deter-
genfs. In some areas foam even
came through the faucets... be-
cause old detergents kept on
foaming after they went down
the drain.

Now things are changing —the
result of ten years’ work by de-
tergent manufacturers. We've
helped by being the first to come
up with new kinds of detergent
chemicals that let the suds do
their work in the wash and yet
allow foam to be broken down
quickly after use,

We've beeri busy improving
many things, Our research work

on stainless steel helped develop
a new grade of steel that has re-
cently been used to reduce the
weight and cost of subway cars.
We came up with new kinds of
corrosion-resistant alloys for use
in the chemical industry. And
recently we introduced a plastic
drinking straw that won’t turn
s0ggy.

To keep bringing you these and
many other new and improved
products, we’ll be investing half a
billion dollars on new plant con-
gtruction during the next two
years.

UNION
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The Month at Caltech

National Academy of Engineering

George W. Housner, professor of civil engineer-
ing and applied mechanics at Caltech, has been
elected to membership in the newly-formed Nation-
al Academy of Engineering. One of 17 distin-
guished engineers to be so honored, he will attend
the Academy’s first annual meeting April 27 to 29
in Washington D.C.

Three other Caltech men are among the original
25 founding members of the Academy: Clark Milli-
kan, professor of aeronautics and director of the
Graduate Aeronautical Laboratories; William H.
Pickering, director of JPL; and Simon Ramo, who is

a member of the board of trustees, and a research-

associate in electrical engineering at Caltech.

The National Academy of Engineering was estab-
lished in December 1964, under the charter of the
100-year-old National Academy of Sciences. It oper-
ates autonomously, but in cooperation with the
NAS. Members are selected on the basis of their
contributions to engineering theory and for their
achievements in engineering. They share with the
NAS the responsibility of advising the federal
government, upon request, in all areas of science
and engineering.

Humanities Option

Beginning next fall, and for the first time in its
74 years, Caltech will offer undergraduates a Bach-
elor’s degree in the humanities. Students will be
able to major in English, history, or economics.

“Our aim,” says President DuBridge, “is no less
than that of developing a new kind of graduate —
one devoted to the humanities but excellently
grounded in science and engineering. Such a man
should bring to any career he pursues — teaching,
literary, or business — a breadth of view that is sore-
lv needed in these times.”

While the great majority of Caltech students will
continue to specialize in science and engineering,

there is a small group whose interests will lead them

to take advantage of the new program. It consists of
students who, after one or two years at the Institute,
decide to change their majors from science or en-
gineering to the humanities. Formerly, this entailed
transferring to another college or university. The
group, it is hoped, will also include a number: of
students who intend from the outset to major in the
humanities, but who also want considerable ex-
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posure to science and engineering.

“It is worth noting,” says Hallett D. Smith, chair-
man of Caltech’s humanities division, “that in past
years a fair number of our students have followed a
program much like the one we are now formalizing
— without, of course, receiving the degree we now
offer. We have had no trouble placing them in the
best graduate schools and anticipate no trouble in
placing our new humanities majors. On the con-
trary, we expect that there will be a lively deman
for them.” , . .

Dr. DuBridge points out that the new policy is a
logical outgrowth of Caltech’s traditional respect
for the liberal arts, as reflected in its curriculum:

“From the beginning, we have required all of our
undergraduates to spend at least one-quarter of
their time in the humanities. Most of them are in-
tensely interested in these subjects and do very well
in them. It is not surprising that some of them
choose to seek careers in related fields. Now they
will be able to do this and still get their degrees at
Caltech — a desirable thing from our standpoint as
well as from theirs.”

Honors and Awards

Richard P. Feynman, Richard Chace Tolman Pro-
fessor of Theoretical Physics at Caltech, has been
elected a fellow of the Royal Society of London,
Britain’s top scientific body, for his contribution to
quantum field theory and the theory of liquid
helium.

Dr. Feynman becomes a foreign member of the
Royal Society. Only four such members are chosen
annually. Also honored this year is Theodosius Dob-
zhansky, professor of population genetics at the
Rockefeller Institute in New York, and onetime
assistant professor of genetics at Caltech.

Arie ]. Haagen-Smit, professor of bio-organic
chemistry at Caltech, received the 1964 Richard
Chace Tolman Medal from the Southern California
Section of the American Chemical Society at an
awards banquet in Los Angeles on April 7. Dr.

‘Haagen-Smit was honored for his work in plant

physiology and air pollutants; for his long interest
in teaching; for loyal service to the United States
government; and “for exemplifying the academic -
man by the integration of his talents for teaching,
research, and administration.”

Robert J. Parks, 44, has been appointed manager

Engineering and Science



of the Jet Propulsion Laboratory’s Surveyor Project
of soft moon landings, the Laboratory’s highest pri-
ority flight project. Parks has been assistant director
for Lunar and Planetary Projects. The first of Sur-
~ veyor’s seven planned launches is scheduled for
- next fall.

H. M. Schurmeier, Ranger Project Manager for
Caltech’s Jet Propulsion Laboratory, received the
National Aeronautics and Space Administration’s
Exceptional Scientific Achievement Medal from
President Johnson, in a White House ceremony on
March 26. Before pinning the medal on Schurmeier,
the President described the close-up lunar photos
taken by the Rangers as the most dramatic advance
in our knowledge of the moon. At the ceremony,
Schurmeier shared honors with astronauts Virgil
Grissom and John Young. :

Frank Press Appointment

Frank Press, director of Caltech’s Seismological
Laboratory, and professor of geophysics, has been
appointed head of the department of geology and
geophysics at the Massachusetts Institute of Tech-
nology, effective September 1.

Designed to enable the student to approach
future problems logically, this text emphasizes
the value of fundamentals over an inventory of
solutions to problems.

The instructor is expected to develop the basic
concepts discussed in the text and to supply
motivations by relating concepts to applications.
The homework problems not only help the
student to apply concepts but lead him to de-
veiop others that are purposely omitted by the
teacher and the text. '

Mathematics is developed separately from net-
work considerations, thus providing the student
with- the foundations for handling problems in
many fields where linear analysis is appropriate
without detracting from the basic development
by the simultaneous introduction of the vocab-
ulary and details peculiar to the numerous spe-
cific disciplines. Although the scope of the book

A New Text for Courses in Electrical Engineering

INTRODUCTORY NETWORK THEORY

Amar G. Bose and Kenneth N. Stevens
Massachussets Institute of Technology

Harper & Row, Publishers ® 49 E. 33d St., New York 10016

Dr. Press came to Caltech as professor of geo-
physics in 1955 from Columbia University, where he

- was associate professor of geophysics. He has been

prominent in the study of the structure and internal
motion of the earth through the detection, measure-
ment, and analysis of shock waves, and is chairman
of a special panel, set up by President Johnson, to
study the possibility of predicting earthquakes.

Visiting Lecturer

C. H. G. Oldham, British geophysicist and a fel-
low of the Institute of Current World Affairs,
spent two weeks on the Caltech campus this month
as a visiting lecturer, under the auspices of the hu-
manities division. Dr. Oldham, who has lived in
Hong Kong for the past four years, and spent a
month in Red China at the end of last year, spoke
to student and faculty groups about scierice and the
scientist in Asia, particularly in China.

In 1960 Dr. Oldham accepted a fellowship with
the Institute to study Chinese science. He spent a
year at the University of London studying the Chi-
nese language before moving to Hong Kong, where
he became interested in the broader field of science
and technology for underdeveloped countries.

is limited to network theory, its development of
topics will lay the foundations for a course in
signals and linear systems that should follow
(e.g., the representation of signals as sums of
exponentials, which paves the way for trans-
forms). Initial attention is on Kirchhoff's Laws
and the voltage-current relations of the ele-
ments. Network topology is introduced after
the student has sufficient familiarity with simple
network solutions and is motivated to consider
the more general case. Tellegen’s theorem is
developed and used as a basic result for pro-
viding network theorems and for deriving ener-
gy and power relations, - thus eliminating the
need for elaborate arrays of equations and the
use of determinants in proving such relations
as reciprocity. Coming in June.

A Teacher's Guide, by Ralph Alter and Alan
Oppenheim, contains problem solutions, discus-
sions of the problems where necessary, and
prefaces to the text chapters.

April 1965
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THE NEW, NEW BIOLOGY
9:30 A.M. and 2:15 P.M.
James Bonner, Professor of Biology

Twenty-Eighth Annual Alumni Seminar

Saturday, May 8, 1965

Dinner and Evening Programs
Huntington-Sheraton Hotel, Pasadena |

THE MOON AND THE ACROPOLIS
Eberhardt Rechtin

In philosophizing on the position in history of our nation’s space effort, Dr. Rechtin will establish a par- ‘
allel with the major national program of Greece at the time of its greatness. The economies of project
support, inevitable social changes, and political implications will be discussed, and a few predictions

will be added. '

Dr. Rechtin received both his BS (1946) and his PhD (1950) degrees in electrical engineering from
Caltech. He started working with Caltech’s Jet Propulsion Laboratory in 1949 as a research engineer and
is now Assistant Laboratory Director, Tracking and Data Acquisition.

Special Exhibits

Space Instruments from JPL — Throop Hall, west steps
Model of projected campus — Throop Hall, lobby, west entrance

Special Lecture
Beckman Auditorium, 11:45 A.M.

BREAKING THE POVERTY BARRIER - John H. Rubel, Vice President and Director of Technical
Planning, Litton Industries, Inc.

America has taken a sharp interest in poverty. President Johnson has announced an all-out war against

poverty. This suggests a number of important questions. How is poverty defined? Is it even theoretically

possible to eliminate it? What are the mechanisms that might work? What steps is the government taking

now and how do these relate to the normal economic activities of the private sector?

Seminar Lectures

THE WHITE DWARFS
9:30 AM. and 2:15 P.M,
Jesse L. Greenstein, Professor of Astrophysics

The old, new biology has revealed to us the basic
logic and strategy of cell life. It has shown us that all
cells of all creatures use the same replication process.
Biology may now turn to the determination of what
enables different cells to exist in the same creature
and how such differences arise. Dr. Bonner will de-
scribe the new, new biology which is concerned with
the molecular basis of development and differentia-
tion.
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- evolution.

When stars no longer have nuclear energy sources,
gravity compresses them to densities reaching a
thousand tons per cubic inch. Dr. Greenstein will
discuss observations of 200 such stars, the “White
Dwarfs”. He will describe studies of their chemical

_composition, temperature, brightness and age. These

studies have led to an understanding of how the
“White Dwarfs” represent the final stage of stellar

continued on page 30
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Ford Motor

Company is:

stimulation

What does it take to “spark” a man to his very
best . . . to bring out the fullest expression of his
ability and training? At Ford Motor Company
we are convinced that an invigorating business
and professional climate is one essential. A prime
ingredient of this climate is the stimulation that
comes from working with the top people in a
field . . . such as Dr. James Mercereau.
Jim Mercereau joined our Scientific Laboratory.
a4 in 1962. Recently, he headed a team of physicists
James E. Mercereau who verified aspects of the Quantum Theory by
B.A., Physics, Pomona College . . i .
M.A., Physics, Univ. of IIl. creating a giant, observable quantum effect in
PhL.D., Calz[ I nstitule of Tech. . . .
superconductors. This outstanding achievement
was the major reason the U. 8. Junior Chamber of Commerce selected
Dr. Mercereau as one of “America’s Ten Qutstanding Young Men of 1964.”
Your area of interest may be far different from Dr. Mercereau’s; however,
you will come in contact with outstanding men in all fields at Ford
Motor Company.
We believe the coupling of top experience and talent with youth and
enthusiasm is stimulating to all concerned. College graduates who join
Ford Motor Company find themselves very much a part of this kind of
team. If you are interested in a career that provides the stimulation of
working with the best, see our representative when he visits your campus.
We think you’ll be impressed by the things he can tell you about working
at Ford Motor Company.

THERE'S A FUTURE FOR YOU WITH... @ MOTOR COMPANY

The American Road, Dearborn, Michigan

An equal opportunity employer



Twenty-Eighth Annual Alumni Seminar Program . . . continued

BETTER SAFE THAN SOLID LIGHT ON THE DARK CONTINENT

9:30 A.M. and 3:15 P.M. 10:45 A.M. and 4:15 P.M.
H. E. Ellersieck, Associate Professor of History Thayer Scudder, Assistant Professor of Anthropology

The abandonment of Stalinist and Marxist-Leninist
rigidities in the Soviet Union and the simultaneous
splintering of the so-called “Socialist Camp” inter-
nationally are matters of the greatest import, and may
be advantageous to us. Soviet interests, however, are
also served and the emerging fluid “mess” may well be
their dish more than ours. Soviet security and possible
future supremacy lie in thejr leading lightly now.

SENSORS IN SPACE

9:30 A M. and 3:15 P.M. :

Robert V. Meghreblian, Manager, Space Sciences
Division, Jet Propulsion Laboratory

The exploration and definition of space depends upon
man’s ability to create, fabricate, and calibrate spe-
cialized instrumentation that can operate for an ex-
tended duration under extreme environmental con-
ditions quite different from any experienced by man
to date. Dr. Meghreblian will describe a few of the
JPL Space Science Division’s experiences in develop-
ing the sophisticated instrumentation used in deep
space flight programs.

MAN AND HIS MACHINES
10:45 AM. and 3:15 P.M.
Dino A. Morelli, Professor of Engineering Design

The average man still wages a continuous war against
the laws of nature. Dr. Morelli will review some of
the more common encounters. Since the machine
most familiar to people is the automobile, most of the
examples will be from that field. Other fields which
produce a large number of basically similar and some-
times humorous accidents will be covered briefly.

SOME MATTERS OF CONSIDERABLE GRAVITY
10:45 A.M. and 3:15 P.M.
Thane H. McCulloh, Research Associate in Geology

Removal of the effects of altitude and latitude from
precise measurements of gravity permits observation
of small differences related to topographic irregulari-
ties, rock inhomogeneities, and solar and lunar tidal
forces. Measuring and interpreting these small dif-
ferences in the force due to gravity in all the earth’s
media provides unique insights in petroleum and
mineral exploration, in broad areas of geology, geo-
desy, and inertial navigation.
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Presented with a bewildering series of African news
releases concerning agricultural, educational, and in-
dustrial progress on the one hand and economic, so-
cial, and political upheaval on the other, the average
American may throw up his hands in helpless con-
fusion. Dr. Scudder will share some recent African
experiences with us and demonstrate why it is so
vital for us to try to understand these most important
developments.

SOLAR FLARES and
INTERPLANETARY STORMS

10:45 A.M. and 4:15 P.M.

Harold Zirin, Professor of Astrophysics

Solar flares, a part of sunspot activity, cause most im-
portant effects on the earth and interplanetary space.
Direct observation of these eruptions and satellite
studies of the storms they produce in interplanetary
space have given a new picture of the “pond” through
which our planet swims. Dr. Zirin will present motion
pictures of solar flares and related phenomena and
will discuss his recent observations and research.

NATURE’S VERSATILE MOLECULAR

ARCHITECTURE

2:15 P.M. and 4:15 P.M.

John H. Richards, Associate Professor of Organic
Chemistry

In the creation of antibiotics, or deadly poison, or sub-
stances that make carrots orange, orange trees smell,
or steroids such as cholesterol which in excess ap-
parently can accelerate man’s mortality, or hormones
which cause sexual differentiation, nature continually
performs synthetic activities of incredible versatility.
We are learning that behind this architectural diver-
sity there exists a unifying biosynthetic theme of great
simplicity.

FRESH FIELDS IN AVIATION
2:15 P.M. and 4:15 P.M. »
Peter B. S. Lissaman, Assistant Professor of Aeronautics

New concepts based on advanced modes of lift gener-
ation and augmentation aimed -at freeing the aerial
vehicle from its dependence on speed for support,
signal a virtual rebirth of aviation technology. Pro-
fessor Lissaman will present slides and a short movie
to illustrate his discussion of some of the more prom-
ising developments, such as boundary-layer control,
jet flap, ducted fan, and the ground effect machine.

~Engineering and Science
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Personals -

1921

E. FELTON TAYLOR, insurance -agent -

and broker, and owner of the E. Felton
Taylor Company of Pasadena, died on
January 4. He is survived by his wife,
Margaret Rae, and daughter, Sally Taylor
King. .

1924

E. DALE BARCUS retired last June after
40 years with the Pacific Telephone and
Telegraph Co., and has moved to Or-
chard Bay on Lake Arrowhead. He writes
that he plans to do consulting engineering
in the technical field of communications
in the future.

1926 _
THEODOQORE C. COLEMAN, chairman
and board president of the Coleman En-
gineering Company of Los Angeles, has
been elected a member of the board of
trustees of the Pasadena Playhouse As-
sociation.

1930

DEANE E. CARBERRY, MS ’31, has ac-
cepted the position of resident engineer
for Parsons, Brinckerhoff, Quade & Doug-
las in Peru. His work includes port ex-
pansion for Callao, the port for Lima.
Carberry is a former captain of the U.S.
Navy.

1933
J. STANLEY JOHNSON, MS ’34, re-
search engineer for the Taylor Forge and
Pipe Works in Los Angeles, has been ap-
pointed to the board of trustees of the
Pasadena Playhouse Association.

1935
FRED C. KING, ]R., has been named
project manager in the Socony Mobil Qil
Company’s engineering department, and is
assigned to a refinery project in Tokyo.
King joined Mobil in 1941 and was man-
ager of the company’s industrial engineer-
ing section prior to his new assignment.

DONALD N. CHAMBERLAIN is the new
vice president and manager of the South-
ern Pipe and Casing Company in Azusa.
He was formerly vice president and man-
ager of sales.

KENNETH S. PITZER, president of Rice
University, has been appointed to Presi-
dent Johnson’s Science Advisory Com-
mittee.

1944
GEORGE G. SHOR, JR., MS ’48, PhD
’54, a research geophysicist at the Scripps
Institution of Oceanography in La Jolla,
writes that he spent some time last sum-
mer off the coast of Alaska, mapping the
subsurface structure of the sea floor by

seismic methods. Shor says he averages

a couple of months a year at sea — in
1963, near Central America; in 1962, near

India and Hawaii. The Shors have three

children — Sandy, 13, Lyn 10, and Don, 8.

1945

RICHARD C. TEITSWORTH has been
appointed planning manager for the Mo-
bil Oil Company’s manufacturing depart-
ment in New York City. He has been with
Mobil since 1943, and his most recent as-
signment was as a regional programs man-
ager in the supply, distribution and traf-
fic department.

1947
DARWIN L. FREEBAIRN, JR., will re-
ceive his MD degree from the Washington
University School of Medicine in St. Louis,
in June. He has been awarded an intern-
ship appointment at the San Diego County
General Hospital.

1948

CHARLES SUSSKIND, professor of elec-
trical engineering at the University of Cali-
fornia in Berkeley, has been named as-
sistant dean of a_new office of research
services in the-college of engineering, in
charge of the administration of about $4.5
million of engineering research grants and
contracts with outside agencies, and the
supervision of the university’s Richmond
Field Station. Susskind has been a mem-
ber of the Berkeley faculty since 1955.

1949

ALLEN E. PUCKETT, PhD, has been ap-
pointed executive vice president of the
Hughes Aircraft Company. He has been
vice president and executive head of the
company’s aerospace group. Under his
direction the company developed the Syn-
com communications satellites for NASA
and the Early Bird, commercial communi-
cations satellite launched early this month.
Before going with Hughes in 1949, he was
research consultant in aerodynamics at
Caltech and section chief of JPL’s wind
tunnel.

FRED D. ORDWAY, JR., PhD, has joined
the physical electronics laboratory of Mel-
par, Inc., Falls Church, Virginia, as senior
scientist. He had been with the National
Bureau of Standards. At Melpar he will
develop a research program on structure
and crystallization processes in amorphous
materials and thin-films.

JACOB F. DEWALD, PhD, member of
the technical staff of Bell Telephone Lab-
oratories in Murray Hill, New Jersey, died
in January, 1964, according to an an-
nouncement just received by the Caltech
Alumni Office. He is survived by his wife,
Dorothy; a son, Steven; and a daughter,
Rebecca.

1950
JAMES R. ALLDER has been named as-
sociate head of the guidance systems de-
partment at the Aerospace Corporation
in El Segundo. Allder, who joined Aero-
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space in 1960, alsb continues as acting
manager of the department’s advanced
systems section.

RICHARD S. FAIRALL has been elected
director of honors and awards for the
American Society of Mechanical Engi-
neers for 1965, He also sends news of a
new son, Timothy John, who will be one
year old in May.

1953
JOHN C. BEHNKE, JR., MD, has re-
turned to Pasadena after a twelve years’
absence, to practice orthopedic surgery
with Dr. Ellis W. Jones and Dr. Russell
F. Compton. The Behnkes have four
children,

1955
JOHN S. NIEROSKI, MS, has been named

manager of the program and evaluation
techniques section at the Aerospace Cor-
poration, El Segundo. Nieroski, who joined

the company in 1962, will be working.on

cost estimations of potential military space
systems. '

1956

VINCENT O. MOWERY, MS, has been
named head of the operations research
department of the Bell Telephone Labora-
tories at Holmdel, New Jersey, and will be
responsible for. the study and detailed
analysis of telephone system operations.
He has been with Bell Labs since 1956.

1960
DONALD H. VOET, who is working on
his PhD in chemistry at Harvard, was mar-
ried January 30 to Judy Greenwald. Mrs.
Voet is a graduate student in bjochemistry
at Brandeis University in Waltham, Mas-
sachusetts.

1961 ~
MARTIN H. SCHULTZ, who is at Har
vard working on a PhD in mathematics,

‘was married to Beverly Thalberg on Feb-

ruary 21.

1962
JOHN HUISMAN,; MS, PhD ’64, has been
appointed chief process engineer ‘at the
Jacobs Engineering Company in Pasadena.

1964

WILLIAM R. BUSH, PhD, specialist in
hypersonic aerodynamics, recently joined
the faculty of the University of Southern
California as assistant professor in thé de-
partment of areospace engineering. He will
work with JOHN LAUFER, MS ’43, AE
’44, PhD ’48, chairman of the department,
who went to USC from Caltech’s JPL a
year ago to develop the curricula and re-
cruit faculty for the new department.
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This is

one of our
mechanical
engineers
making a
mistake

They are to wed in June, and the
guy had better shut up before she
gets miffed. A gal has every right
to resent the implication that the
betrothed outpoints her in under-
standing of sewing and fabrics and
what’s good or bad about them.
Even if it’s true. Which it is. We
have made him a pro at it.

It is our crafty intent to stop
at nothing in our efforts to make
garments or fabric furnishings
‘that carry our identification tag
(as for KODEL Fiber) so pleas-
ing to the ultimate buyer in
every way that she will attribute
the satisfaction all to the fiber
and look for that tag evermore.

This means we put mechanical
engineers, chemical engineers,
chemists and-yes—physicists to
work freshening up the tech-
nology of dyeing, knitting, weav-
ing, sewing, and the other elderly
arts practiced not by us but by
our customers’ customers.

As in all the other industries
in which we participate and for
which we seek scientific and
engineering recruits — photog-
raphy, information retrieval, aero-
space, plastics, graphic arts, x-ray,
chemicals—there is much to chal-
lenge the intellectually ambitious
in satisfying the common yearn-
ings of mankind for adornment

EASTMAN KODAK COMPANY,

Business and Technical Personnel Department, Rochester, N.Y. 14650

_An equal- opportunlty employer offering a choice of three communities:

Rochester, N.Y., Kingsport, Tenn., and Longview, Tex.

of the person and the home. Past
technical accomplishments in
fibers and fabrics, weak by com-
parison with what can be antici-
pated when fresh, better informed
minds pitch in, have sufficed
nonetheless to create the present
afluence where there is plenty
of money on hand to do what
smart people will tell us to do.
All we need are more smart people.

Drop us a line. From polymer
theory to workable yarn and from
workable yarn to clothes on the
back, rugs on the floor, and cur-
tains on the windows extends a
long row of assorted disciplines
and aptitudes.

Kodak




Should You Work for a Big Company?

An interview with General Electric’'s S. W. Corbin, Vice President and General Manager, Industrial Sales Division.

§. W. CORBIN

M Wells Corbin heads what is probably
the world’s largest industrial sales organi-
zation, employing more than 8000 persons
and selling hundreds of thousands of di-
verse products. He joined General Electric
in 1930 as a student engineer after gradu-
ation from Union College with a BSEE. After
moving through several assignments in in-
dustrial engineering and sales management,
he assumed his present position in 1960.
He was elected a General Electric vice
president in 1963.

Q. Mr. Corbin, why should ! weork for
a big company? Are there some
special advantages?

A. Just for a minute, consider what
the scope of product mix often found
in a big company means to you. A
broad range of products and services
gives you a variety of starting places
now. It widens tremendously your op-
portunity for growth. Engineers and
scientists at General Eiectric re-
search, design, manufacture and sell
thousands of products from micro-
miniature electronic components and
computer-controlied steel-mill sys-
tems for industry; to the world’s
largest turbine-generators for utili-
ties; to radios, TV sets and appli-

ances for consumers; to satellites
and other complex systems for aero-
space and defense.

Q. How about attaining positions of
responsibility?

A. How much responsibility do you
want? If you'd like to contribute to
the design of tomorrow’s atomic re-
actors—or work on the installation
of complex industrial systems—or
take part in supervising the manu-
facture of exotic machine-tool con-
trols—or design new hardware or
software for G-E computers—or direct
a million dollars in annual sales
through distributors—you can do it,
in a big company like General Elec-
tric, if you show you have the ability.
There’s no limit to responsibility . . .
except your own talent and desire.

Q. Can big companies offer advan-
tages in training and career develop-
ment programs?

A. Yes. We employ large numbers of
people each year so we can often set
up specialized training programs
that are hard to duplicate elsewhere.
Qur Technical Marketing Program,
for example, has specialized assign-
ments both for initial training and
career development that vary de-
pending on whether you want a
future in sales, application engineer-
ing or installation and service engi-
neering. In the Manufacturing Pro-
gram, assignments are given in manu-
facturing engineering, factory super-
vision, quaiity control, materials man-

agement or plant engineering. Other
specialized programs exist, like the
Product Engineering Program for you
prospective creative design engineers,
and the highly selective Research
Training Program.

Q. Doesn’t that mean there will be
more competition for the top johs?

A. You'll always find competition
for a good job, no matter where
you go! But in a company like G.E.
where there are 150 product opera-
tions, with broad research and sales
organizations to back them up, you'll
have less chance for your ambition to
be stalemated. Why? Simply because
there are mare top jobs to compete
for.

Q. How can a big company help me
fight technological obsolescence?

A. Wherever you are in General Elec-
tric, you'll be helping create a rapid
pace of product development to
serve highly competitive markets. As
a member of the G-E team, you'll
be on the leading edge of the wave
of advancement—by adapting new re-
search findings to product designs,
by keeping your customers informed
of new product developments that
can Improve or even revolutionize
their operations, and by developing
new ' machines, processes and
methods to manufacture these new
products. And there will be class-
work too. There's too much to be
done to let you get out of date!

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write
Personalized Career Planning, General Electric, Section 699-12, Schenectady, N. Y. 12305

GENERAL @D ELECTRIC

An Equal Opportunity Employer




