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If you think oceanography at West
is a dry subject,
you may be all wet.

Practically everybody in our Under-
seas Division takes to the water now
and then. Like these engineers at
the test pool in our new Ocean Re-
search and Engineering Center on
Chesapeake Bay.

" Diving at Westinghouse is all in

a day's work—on projects like deep-
submergence systems, manned sub-
mersibles, sonar and underwater
weapons.

Qcean engineering is just one of
many areas at Westinghouse that
need your talents, your capabilities,

nghouse

your interests. So what can you do
about it? Talk to the Westinghouse
recruiter when he visits your campus.
QOr write to Luke Noggle, Westing-
house Education Center, Pittsburgh,
Pennsylvania 15221,

An equal opportunity employer.

You can be sure if it's Westinghouse



“It’s possible that Celanese
won’t appeal to you.’

“Unless You’re Ambitious, Flexible, Creative, Imaginative, etc.”

If you rebel at the idea of being dropped into a pro- If you have a professional degree in chemistry,
fessional slot, you're our kind of person. chemical, mechanical or industrial engineering,
We need competent, imaginative, flexible individ- physics or marketing, Celanese has a lot to offer you.
uals. Because we’re that kind of company. We Frankly, we also expect a lot. But

the rewards are based on perform-
ance. Not on how old you are or
how long you've been with us. By
the same token, we do not have
formal training programs. We
do have a very deep interest
in giving you as much respon-
sibility, and in pushing you
along just as fast and far
as you c¢an go.

If this sounds
goodtoyou, discuss
us with your faculty
and placement of-
ficer. And see our
* representative when
he is on your campus.

Or write to: John B.
Kuhn, Manager of University Recruit-
ment, Celanese Corporation, 522
Fifth Avenue, New York, N.Y. 10036.

encourage our people to take risks, to find novel—
even off-beat—approaches to
technical, managerial and
marketing problems. We
believe that only a bold,
creative staff can con-
tribute to the continued
growth of a corporation
that is already bold and
creative.

Maybe that's why Chemical Week
magazine, in awarding us the Kirk-
patrick Award for Management
Achievement, titled the arti-
cle “Portrait of a Win-
ner.”” And wrote
“Keysto Celanese
Corporation’s vic-
tory: an alert, ag-
gressive manage-
mentteam,explicit
planning and well-
defined roles.”

an equal opportunity employer

CELANESE



and anything else that you might think of.

The 163-year history of Du Pont is a history of its
people’s ideas — ideas evolved, focused, and engineered
into new processes, products and plants. The future
will be the same. It all depends upon you.

You're an individual from the first day. There is no
formal training period. You enter professional work
immediately. Your personal development is stimulated
by real problems and by opportunities to continue
your academic studies under a tuition refund program.

You'll be in a small group, where individual
contributions are swiftly recognized and rewarded.
We promote from within.

You will do significant work, in exciting
technical environment, with the best men in their fields,
and with every necessary facility.

Sign up today for an interview with the Du Pont
recruiter. Or mail the coupon for more information
about career opportunities. These opportunities lie both
in technical fields—Ch.E., M.E., E.E,,

LE., Chemistry, Physics and related
disciplines—as well as in Business
Administration, Accounting

and associated functions. RS e on

| et et

E. 1. du Pont de Nemours & Co. (Inc.)
Nemours Building 2500—1
Wilmington, Delaware 19898

Please send me the Du Pont Magazine along with
the other magazines I have checked below.

[ Chemical Engineers at Du Pont

[ Mechanical Engineers at Du Pont
[J Engineers at Du Pont

[] Du Pont and the College Graduate

Name

Class Major. Degree expected
College

My address. .

City. State. Zip Code.
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For
rofation...

MASTER

Ball Bearing Units

Sealmaster Ball Bearing Units are quality built
to take high and normal operating tempera-
tures. They’re designed with outstanding engi-
neering features and manufactured from
vacuum degassed steel and other selected high
grade materials to stand punishment day after
day. Available in a complete line of pillow
blocks, flange, take-up, and cartridge units.

For motion
ransier
or linkage...

SPHERCO

Bearings & Rod Ends

Spherco Bearings and Rod Ends are available
in a wide range of styles, sizes, and materials.
Built-in quality insures long bearing life.

GET INFORMATION

For information on the complete line of
Sealmaster and Spherco Bearings, write for
Catalog 164 on your letterhead.

SEALMASTER

SEALMASTER BEARINGS
A DIVISION OF
STEPHENS-ADAMSCN MFG. CO.
49 Ridgeway Ave. « Aurora, Ill. 60507



Depends on the giant. Actually, some giants are just regular
kinds of guys. Except bigger.

And that can be an advantage.

How? Well, take Ford Motor Company. We're a giant
in-an exciting and vital business. We tackle big problems.
Needing big solutions. Better ideas. And that’s where you
come in. Because it all adds up to a real opportunity for young
engineering graduates like yourself at Ford Motor Company.

Come to work for us and you'll be a member of a select
College Graduate Program. As a member of this program,
you won't be just another “trainee” playing around with
“make work ™ assignments.

You'll handle important projects that you'll frequently
follow from concept to production. Projects vital to Ford.
And you’ll bear a heavy degree of responsibility for their
success. ‘

You may handle as many as 3 different assignments in
your first two years. Tackle diverse problems. Like figuring
how high a lobe on a cam should be in order to yield a certain
compression ratio. How to stop cab vibration in semi-trailer
trucks. How to control exhaust emmission,

Soon you'll start thinking like a giant. You'll grow bigger
because you've got more going for you.

A network of computers to put confusing facts and
figures into perspective.

Complete testing facilities to prove out better ideas.

And at Ford Motor Company, your better ideas won't
get axed because of a lack of funds. (A giant doesn’t carry a
midget’s wallet, you know.) .

Special programs. Diverse meaningful assignments. Full
responsibility., The opportunity to follow through. The best
facilities. The funds to do a job right. No wonder 87% of the
engineers who start with Ford are here 10 years later.

If you're an engineer with better ideas, and you’'d like
to do your engineering with the top men in the field, see the
man from Ford when he visits your campus. Or send your
resume to Ford Motor Company, College Recruiting De--
partment. }

You and Ford can grow bigger together.

Tora

THE AMERICAN ROAD, DEARBORN, MICHIGAN
AN EQUAL OPPORTUNITY EMPLOYER.

Whats it like

to engineey

- foragiant?

Rather enlarging! .




BOOKS

The Next Ninety Years

Proceedings of a Conference Spon-
sored by the Office for Industrial As-
sociates at the California Institute of
Technology .

California Institute of Technology

Reviewed by Irving S. Bengelsdorf,
science editor, The Los Angeles Times*

From the oracle of Apollo at Delphi
in ancient Greece, through astrologers
and crystal-ball gazers, to modern-day
electronic computers, man always has
been interested in techniques to fore-
tell the future.

Ten years ago, in a nationwide series
of lectures presented before American
industrial leaders, three faculty mem-
bers of the California Institute of Tech-
nology, Pasadena, presented their eval-
uation of the future of man—“an effort
to forecast the future of our scientific-
technological-industrial civilization.”

The 1957 talks, delivered by Drs.
Harrison Brown, professor of geochem-
istry; James Bonner, professor of biol-
ogy; and John Weir, associate professor
of psychology, were collected and pub-
lished as a book entitled The Next Hun-
dred Years.

In March 1967, the three Caltech
professors met again to discuss the
future and to evaluate the predictions
they had made 10 years earlier.

At this second conference on man-
kind’s future, sponsored by Caltech’s
Office for Industrial Associates, Brown,
Bonner, and Weir were joined by two
additional Caltech faculty members—
Drs. Norman H. Brooks, professor of
civil engineering, and Thayer Scudder,
associate professor of anthropology.

With funds made available by the
Camille and Henry Dreyfus Founda-
tion, Inc., Caltech now has published
the stimulating and provocative pro-
ceedings of this “10 years after” con-
ference as a book entitled The Next
Ninety Years.

This second book, now available
from Caltech, not only presents the
five talks given by the Caltech profes-
sors but also contains the lively round-
table discussions that followed each
presentation.

Additional speeches were given by.

two non-Caltech guest speakers—Drs.
Athelstan Spilhaus, dean of the Insti-
tute of Technology, University of Min-
nesota, and J. George Harrar, president
of the Rockefeller Foundatlon—also are
included.

*Copyright, 1967, by The Los Angeles Times.
Reprinted by permission.
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Unfortunately, an excellent and wit-
ty talk dealing with the funding of
scientific and technological research
projects in America, presented at the
conference luncheon by Dr. Arnold O.
Beckman, chairman of Caltech’s board
of trustees, was omitted.

How is the world of today signifi-
cantly different from the one predicted
a decade ago?

Dr. Brown notes two major surprises.
One surprise is the fantastically rapid
growth of world population. He sum-
marizes the situation: “We now are ex-
periencing rates of population growth
which greatly exceed those which were
imagined even by the gloomiest pessi-
mists 10 years ago.”

Another important surprise has been
the onrushing acceptance of nuclear
energy to generate electricity. Brown
continues, “It is a major revolution in
the world energy picture, brought
about largely by rapldly decreasing
costs of nuclear power.”

And there have been two major dis-
appointments. One involves agriculture
and the worldwide food problem.
Brown adds, “Agricultural production
has increased far less rapidly than we
had hoped, with the result that hunger
is far more widespread in the world to-
day than it was 10 years ago.”

What is even more disturbing is the
ever increasing economic gap among
nations. Brown explains, “Although we
in the more technologically developed
West are getting richer even more rap-
idly than we thought possible 10 years
ago, the poorer nations of the world
are not sharing significantly in this
bounty.”

In an evening banquet speech, Dr.
Harrar again focused on the over-
whelming problem of overpopulation.
He warned, “While the debate (on
population) rages, wave after wave of
new citizens join our ranks at the cur-
rent rate of 65 million per year.

“Although millions upon millions of
these individuals are unwanted and un-
planned for and cannot be properly fed,
clothed, housed, or provided with ed-
ucational and other opportunities, we
have thus far been unable to stem the
tide. Unless we do succeed, however,
survival may well become our chief
concern, with attendant degradation of
the human condition.

“It would be a melancholy paradox
if all of the extraordinary social and
technological advances that have been
made by man were to bring us to the
point where society’s sole preoccupa-
tion becomes survival rather than ful-

fillment.”

The Next Ninety Years should be re-
quired reading for high school, college,
university, and adult education classes.
Only if we are aware of the problems
facing us in 1967, may we be able to
do something about the world of 1977.

Basic Principles of Chemistry
by Harry B. Gray and
Gilbert R. Haight, Jr.

W. A. Benjamin, Inc. ............... $9.75

Reviewed by Fred C. Anson, associate
professor of analytical chemistry

This new textbook is designed to pro-
vide an introduction to modern chem-
istry. It does so in quite a different way
than is familiar to the legions of Cal-
tech graduates who learned their fresh-
man chemistry from Linus Pauling’s
classical text. Gray and Haight consider
the old categories of physical, organic,
inorganic, and analytical chemistry to
have merged into oblivion and set out
to treat the subject by considering the
three main categories of current re-
search in chemistry as proposed in the
Westheimer Report: structural chem-
istry, chemical dynamics, and chemical
synthesis. The result is a book contain-
ing very little of the descriptive ma-
terial familiar to readers of freshman
texts. There are, for example, no chap-
ters titled “Group VI Elements,” “The
Halogens,” or “The Transition Metals.”
Instead one finds an array of eclectic
chapters which strive to present an in-
tegrated picture of chemical knowledge
and how it is obtained. Heavy stress is
placed on structural topics and chap-
ter titles include “Concepts and Mod-
els of Molecular Structure: A Classi-
cal View,” “Modern Theory of Atom-
ic Structure,” “Atomic Properties,”
“Chemical Bonds,” “Molecular Orbit-
als,” “Bonding in Condensed Phases,”
and “Coordination Chemistry: Struc-
ture, Reactivity and Equilibrium.”

This book is impressively packaged
and lively reading. It will certainly help
to convey to beginning students the
challenge and excitement in modern
chemical research.

The book is amply supplied w1th
sets of “Questions” and “Problems.” A
typical problem gives a good example
of the book’s verve: “Find .someone
who has not studied chemistry or
physics, but who has a little number
sense, and try to convince him that the
evidence for the emstence of atoms is
sound ? -

~
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Independence. It’s what brought me into
life insurance in the first place, and what
keeps me in it now, after eleven great
years!

Because let’s face it—there aren’t
too many fields left that let a man oper-
ate independently, yetstill enjoy the ben-
efits large companies can offer—pension
plans and group insurance, for example.
And not too many jobs let you see results
in direct proportion to your efforts.

With Mass Mutual I've found all
this—with great personal satisfaction to

‘Walter W. Schlaepfer, Cortiell °51; Tthaca, N,Y.
On the Cornell canipus, WALT SCHLAEPFER numbers among his many
clients Cornell seniors and graduate students for whom he has worked
out long-range insurance programs. Walt and his wife, both Cornell
alumni, continite dctive in university affdirs...even have six potential
aligmni in the family!

boot. Mass Mutual’s reputation in its you’re Iooking for, why not write to Mr.
field is outstarding—in fiscal manage- Charles H. Schaaff, President, Mass
ment, in service to policyholders, in the Mutual, Springfield, Massachusetts
caliber of its agents. Not to mention $3.4 01101, By the way, he started out as an
billion in assets and 116 years of ex- agent,too!}
perience. '

When you join Mass Mutual, you
benefit from that experience and integ-
rity. You get financial backing—while
you’re training—until you’re on your
feet. But always with the recognition
that you’re your own man.

If this kind of independence is what

MASSACHUSETTS MUTUAL

LIFE INSURANCE COMPANY

Springfield, Massachusetts® Organized 1851



You probably thought

top quality electronic

test instruments

were too expensive...did'’ you?

Well, they’re not when you

build them with money-saving RCA kits

You’ve known right along that you can save money on electronic
test instruments by building from kits.

But you may have shied away from kits because you thought
they involved complicated calibration or adjustment problems.
Forget it!

RCA Kkits are inexpensive, of course, but they’re also easy to
build. Build them right and they’ll give you the best performance
you can buy in their price range.

What’s better about RCA test instrument kits?

Ease of assembly is one thing. Parts are clearly identified. Each
assembly diagram appears on the same page as the step-by-step

_ instructions for that section of assembly. There’s no need to refer
back constantly to other pages, which consumes time and in-
creases the chance of error.

Ease of alignment is another thing, Each kit contains complete
instructions for accurate calibration or alignment of the instru-
ment. Where necessary, precision calibrating resistors are pro-
vided for this purpose.

What does it mean? It means that with RCA kits you can get a
professional V-O-M or VTVM for as little as $38.00%. Or you can

get a good oscilloscope (one of the most useful~but normally -

one of the most expensive—test instruments) for only $99.00*

LOOK WHAT’S
AVAILABLE TO

Specialized instruments such as an AC VTVM or an RF Signal
Generator, are also available as kits for far less than they would
cost otherwise. In every case, RCA kits, when completed, are
identical with RCA factory assembled instruments,

Each sub-assembly is described in a separate section with illustrations applying
to that sub-assembly available at a glance, No cross referencing necessary.

YOUu IN (
KIT FORM: - o :
RCA VOLTOHMYST®. The most  RCA SENIOR VOLTOHMYST. RCA VOLT-OHM-MILLIAMMETER. RCA 3-INCH OSCILLOSCOPE. Com-

opular VIVM on the market,
V-77E(K). Kit price: $38.00*

? W 2

RCA RF SIGNAL GENERATOR, with  RCA TV BIAS SUPPLY. For RF, IF
sweep features, alignment in TV sets.
WR-50B(K). Kit price: $45.00* WG-307B(K). Kit price: $11.95*

professional VIVM,
WV-98C(K). Kit price: $57.95*

RCA TRANSISTOR-RADIO DYNAM- RCA V-0-M DYNAMIC DEMOﬁ-
1C DEMONSTRATOR, For schools.
WE-93A(K). Kit price: $39.95*

One of most useful instruments.

WV.3BA(K). Kit price: $38.00% pact, lightweight, portable.

WO-33A(K). Kit price: $99.00*

See them all—and get full technical
specifications for each—at your local
Authorized RCA Test Equipment Dis-
tributor. Or write for information to:
Commercial Engineering, Section
J-163W, RCA ELECTRONIC COMPO-
NENTS AND DEVICES, HARRISON
N. I

STRATOR.: A working_V-0-M.
‘WE-85A(K). Kit price: $37.95%

RCAELECTRONIC COMPONENTS AND DEVICES, HARRISON,N.J.

*User price (optional)

The Most Trusted Name in Electronics

®



Ready for engineering growth?

Check the fields of interest to you,
and AiResearch, Phoenix will do the rest.

Turboprop engines for business
and military aircraft

Nuclear turbo-electric power
systems for space

iy 29

Valves and control systems for
space vehicle boosters

Gas turbine propulsion systems
for high-speed rail cars

You can build arewarding career in these and other
exciting growth fields at AiResearch, Phoenix. Our
training program lets you immediately apply your
education in laboratory, preliminary design, and
development projects. Then, you are assigned to
an engineering team working on a project compat-
ible with your interest and aptitudes.

At AiResearch, Phoenix, you can tackle problems
in the design of high-temperature or cryogenic
valves; work on secondary power systems for tran-
sonic, supersonic, or hypersonic aircraft; advance
the state of the art in turbomachinery; or help
develop sophisticated systems for missiles,
boosters, or manned spacecraft.

Interested? Fill in the coupon. We'll send you

all the facts about AiResearch, and let you know
when our representative will visit your campus.

Onboard turbines and control
systems for jetliners

Gas turbine energy plants
for on-site power

—— ot i it S S i D S S Bt Yot Mot it S et St Sk R i VMRS B S S

Mr. Hariey Petterson

i AiResearch Manufacturing Company
(aulataddl Division of The Garrett Corporation
-~ 402 S. 36th Street, Phoenix, Arizona 85034

Name

Home Address
City

College or university

VState

Degree: []BS [JMS [JPhD Graduation date

| am interested in the field of:
Turbomachinery
Pneumatic, hydraulic, and
mechanical control systems

| am interested in this type of
work: .
[ Preliminary design -
{J Mechanical design
[ Development T
[0 Testing

-
I
|
]
]
]
l
|
|
]

Zip =
|
]
]
]
|
|
|
|
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The solar chromosphere photographed in hydrogen light (Ha). The bright areas near the sunspots are plages. The
dark filaments are prominences seen against the disk. Note the bright network structure. All bright features in Ha
correspond to regions of enhanced light.

THE In the spring of 1966, Harold Zirin, Caltech professor of astro-
physics and staff member of the Mount Wilson and Palomar Ob-
servatories, was invited to give a lecture for the Voice of America

SOLAR Forum series, “The Earth in Space.” His contribution, “The Solar
Atmosphere,” which appears on the following pages, was one of
ATMOSPHERE 30 made by leading U.S. scientists dealing with the body of scien-

tific knowledge about the earth and its cosmic environment. The
lectures have now been collected and edited by Hugh Odishaw of
the National Academy of Sciences. They will be published in No-
by Harold Zirin vember by Basic Books, Inc., under the title The Earth in Space.

October 1967 11



Harold Zirin, professor of astrophysics and staff mem-
ber of the Mount Wilson and Palomar Qbservatories.

The Solar Atmosphere

As the sun rotates about its axis every 27 days,
its surface is constantly changing within a larger,
more persistent structure. The surface sloshes back
and forth-every four minutes, and small granules
appear and fade out in eight minutes; sunspots ap-
pear, grow, and fade in a few weeks or months,
their lifetimes punctuated by the great outbursts
we call solar flares. All of this activity rises and
falls in the great 11-year sunspot cycle. These are
phenomena of the solar atmosphere, but their ef-
fects reach out to the earth and beyond it through
the solar system.

The sun is so hot that it is completely gaseous,
and, therefore, its surface is not hard and sharp like
the earth’s. In fact, we define the surface of the sun
as that level to which we may see in integrated
light—the total visible white light. It is the level in
the atmosphere at which the density has dropped
so low that the gas is transparent. All, or most of,
the radiant energy may now stream outward into
space. At this boundary, which we call the photo-
sphere, a number of remarkable changes in the he-
havior of the solar plasma occur.

Because the density drops off sharply and the ra-
diant energy suddenly escapes, convective currents
rising from below grow into energetic shock waves.
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At the same time the gas in the atinosphere sloshes
hack and forth and up and down just like water in
a bathtub. Strong magnetic fields are generated,
and these combine with the motions to produce
heating of the atmosphere, so that the temperature,
which has dropped all the way out from the center
of the sun, rises rapidly to 1,000,000° Kelvin.

The tenuous million-degree atmosphere, called
the corona, is seen as a halo of pearly light in total
eclipses, when the bright light of the surface is
hlocked out by the moon. The corona reaches out
past the earth,

The density at the surface of the sun falls off be-
cause the lower layers must bear the weight of the
upper layers; they can only do this if the pressure
is higher down below. This is called barometric
equilibrium. The same phenomenon occurs in the
earth’s atmosphere; the density decreases quite
sharply with height. We can calculate that at the
temperature of the sun’s surface—6,000°K—the
density decreases twenty times at a height of 500
kilometers. When we look at the sun’s limb from
the earth at a distance of 150 million km, it locks
quite sharp to the eye as well as to the telescope.
The finest telescopes, under the hest conditions, can
only resolve objects about 700 km apart on the sun.

If we look at the sun in white light, we at once
see several important features. ‘First, the sun is
darker near the edges, so the layers we see there
must be cooler. Since we cannot see so deeply into
the atmosphere when we look slantwise, we con-
clude that the temperature is still decreasing at the
height defined by the edge of the sun. The tempera-
ture falls from 6,000°K at the levels which we see at
the center of the sun to about 4,500°K near the edge.

The second important feature we see is the gran-
ulation, a fine pattern like corn grains about 1,000
km across. These grains cover the entire sun; each
grain appears, lives about eight minutes, and breaks
up or fades away. The granules appear to repre-
sent convective currents carrying heat outward
from the interior. If we study carefully the velocities

of the gases in the photosphere we find that

there is a larger-scale pattern, the supergranulation,
which has cells about 30,000 km across, in which the
gases flow outward to the edges of the cell. More-
over, the gas at any point in the atmosphere rises
and falls rythmically with a period of 250 seconds
and a velocity of one-third km a second (1,200 km
an hour).

Because of the continual outward flow in the su-
pergranulation cells, magnetic fields accumulate at
their edges. At these edges, gas pressure still is
greater than the pressure of the magnetic field. But
1,000 km above the granule edges, the gas pressure

Engineering and Science



has decreased by 400 times, and there the magnetic
fields, which do not decrease so rapidly with height,
restrain and organize the motions of the ionized
gases. The result is that when we look at higher
levels we see a very strong cellular supergranula-
tion structure.

How do we look at higher levels in the atmos-
phere? These levels are easily accessible to our line
of sight, but the gases are quite transparent, so we
see right through them, just as we see through our
own atmosphere. In order to see the tenuous atmos-
pheric gases, we must use a technique which per-
mits us to look in frequencies absorbed by the
gases—for example, the spectrum lines of hydrogen
may be used. Another way, much older, is to take
advantage of a total eclipse when we can observe
the very last crescent of the sun just as the rest of the
surface is covered by the moon. At the instant be-
fore totality, a bright pink flash of light from the
outer edge of the sun is seen; that layer is there-
fore called the chromosphere.

When we examine the chromosphere in hydrogen
or calcium light, we may see the strong supergran-
ulation pattern. The edges of the cells form a net-
work of higher temperature and stronger magnetic
fields. If we look carefully we see rapid jets of gas,
called spicules, shooting up at the edges of the cells.

Solar prominence is a region of horizontal magnetic field where material cooling from the corona

Their velocity is about 30 km a second, and they
rise about 5,500 km above the surface. Although
there are not many of them on the disk, when we
look at the limb the foreshortening merges them
into a forest. It is from these jets that material lows
into the corona above, and through them flows the
energy that heats the corona.

The corona is a very remarkable region. It can
be studied only at eclipses, or at high altitudes with
coronagraphs that block out the light of the sun
itself. The corona is a million times fainter than the
disk of the sun, so it is completely lost in a bright
and hazy sky.

We know the corona is very hot because of the
spectrum lines emitted there. From the radiation
we find ionized iron with 13 or more electrons re-
moved, ionized calcium with 14 electrons missing,
and so on. Such high ionization can only be pro-
duced in very high temperatures. Although the co-
rona is transparent to ordinary light, it is opaque
to radio waves longer than five meters, and radio
observations confirm its high temperature. We can
also show that it produces scintillation in the light
of distant radio stars even when they are 90°
away in the sky, which proves that the coronal gas
extends all the way to the earth.

Because the corona is so hot, it radiates a good

accumulates and drains downward. Thin layer of chromosphere is seen at edge of occulted sun.

October 1967
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Sunspot photographed in Ha shows the umbra (dark center) as a cup-like depression with bright surging regions

v Gl

around the edge. A small flare squirts out in the direction of the steepest magnetic field gradient.

deal in the ultraviolet. Accordingly, when we ob-
serve the ultraviolet spectrum from rockets or satel-
lites, the spectrum is dominated by the lines of the
highly ionized coronal atoms. By observing in this
region, we can get some information on the corona
as it appears on the disk of the sun, rather than just
looking at the edge.

Although the corona is very hot, we often see
much cooler clouds, called prominences, above the
surface of the sun. These clouds are almost trans-
parent except in hydrogen light, but at that wave-
length they are considerably brighter than the co-
rona. They are best seen against the sky with the
disk light blocked out. But they may also be seen
against the disk of the sun, where they appear dark.
This is because they are darker than the disk but
brighter than the sky.

When we study the positions of prominences on
the sun, we find they are located on the boundary
between large magnetic regions of north and south
polarity. Magnetic lines of force rise up on one side
and come down on the other, and in between the
field is horizontal. Since the ionized gas cannot
cross the field lines, it is supported above the sur-
face. So the prominences are accumulations of
cooled-off coronal material supported against grav-
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ity by horizontal magnetic fields. If we make movies
of prominences, we may see material slowly mov-
ing downward. If the prominence is near a spot
group, gas flows down to the spot along arching
field lines. Sometimes the magnetic field changes
abruptly, and the whole prominence blows out from
the sun in a great arch.

I have so far been concerned with the quiet sun
and the behavior of the atmosphere when undis-
turbed by transient activity. But the most exciting
occurrences on the face of the sun are the phenom-
ena connected with sunspots,

Sunspots are dark regions on the surface of the
sun. They occur in many sizes, from little pores
1,000 km across to giants 100,000 km in diameter
that may be seen with the naked eye. They occur
between latitudes 5° and 40° in both hemispheres,
although in the last ten years there have been very
few spots in the southern hemisphere. The number
of spots varies cyclically, with 11 years separating
successive minima. At the beginning of a cycle small
spots appear at high latitudes. As time goes on, the
spots grow larger and more numerous, and they also
occur closer to the equator. The last spots of a cycle
are quite close to the equator.

Sunspots have very strong magnetic fields; their

Engineering and Science



The eruption of this large solar flare, photographed in
1959, filled the interplanctary space with cosmic rays
and wiped out radio communication for days.

field is ten times stronger than an alnico magnet of
the best quality, and one can imagine the strength
of such a magnet 100,000 km across. The magnetic
field is thought to suppress the convection of heat
from below and thus make the sunspot cooler than
its surroundings, which explains its darkness. Larg-
er spots tend to occur in groups with one polarity
on the east side of the group and the other in the
west. The polarity of spot groups in the northern
and southern hemispheres is opposite. With a new
cycle, the polarity of the magnetic field changes, so
that it takes two cycles—or a single 22-year full
cycle—to come round to the same situation again.
No one can explain this remarkable cycle.
Typically, large spot groups last two or three
months. Because the sun rotates once in 27 days, we
can see large spots come around several times.
What happens to the sunspot fields when the
spots die? The magnetic fields are dragged out by
the motions in the surface and spread over the sun.
This is helped by the fact that the sun rotates more
slowly at higher latitudes, so that fields which drift
poleward lag behind and are stretched over the sur-
face. Soon large areas of the surface are covered
with weak magnetic fields of one dominant polarity.
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These fields are marked by long streamers in the
corona, and they are even detected in interplane-
tary fields near the earth.

Every once in a while—sometimes every few
hours in particularly active groups—a great out-
burst of energy occurs in the neighborhood of a sun-
spot group. This is a solar flare, a truly remarkable
phenomenon. Regions tens of thousands of kilo-
meters across will brighten simultaneously in a mat-
ter of seconds. Great clouds of matter are thrown
out with velocities of 500 to 1,000 km a second.
Flares are transparent in ordinary light, Yet if we
look in the extreme ultraviolet (the most energetic
part of the spectrum ), a flare covering 1/1000 of the
surface emits more light than all the rest of the sun.
Flares are most conveniently seen in the wave-
lengths of hydrogen light. By limiting ourselves to
those wavelengths we reject most of the light of the
surface but retain most of the flare emission, making
it easily visible.

At the moment of most rapid brightening, ener-
getic pulses of x-rays are emitted that change the
earth’s ionosphere so that radio signals fade out,
and swarms of energetic cosmic rays are emitted
that fill interplanetary space. To be sure, the biggest
flares that severely disrupt the ionosphere and pro-
duce really hazardous cosmic radiation are infre-
quent—a few a year and only in the biggest spot
groups. But even modest sunspot groups will have
numerous small flares, each of which produces its
own pulses of energy.

Careful observation of flares, particularly by
cinematography, shows that they frequently occur
in regions having a steep magnetic field gradient
and that they are most common in very complex
sunspot groups with intertwined regions of different
polarity. To explain how flares occur, we must ex-
plain how their energy is stored up and then re-
leased very rapidly. The underlying sunspot and
granulation structure is unchanged by the flare. Al-
though flares have a lot of energy, it is miniscule
compared to the enormous thermal energy under
the surface of the sun. What makes the flares im-
portant is that a great deal of their energy is organ-
ized and concentrated in the most energetic part of
the spectrum.

If we study the corona above an active sunspot
group, we find a relatively dense cloud of hot gas
at more than 3,000,000°. Each flare or eruption
throws more material upward at high velocities, and
these velocities are dissipated in a general heating
of the atmosphere. The sunspot magnetic fields ex-
tend high above the surface, and often we see grace-
ful loop prominences, which occur as the hot ma-
terial thrown up by the flare cools, condenses, and
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The dark centers in this large pair of sunspots are called
umbra—the filamentary periphery, penumbra. Granula-
tion appears on the outside and light bridges can be
seen in the umbra,

rains down along the curving magnetic lines of
force. The hot gas in these coronal condensations
emits a considerable quantity of soft x-rays; in ad-
dition, we often find hard x-rays coming from this
region. Such radiation is particularly noticeable
when a flare occurs just over the edge of the sun,
so we see the eruption in the atmosphere even
though we don’t see the flare itself. The fast-moving
electrons produced in the flare are trapped in the
atmospheric magnetic fields and radiate their en-
ergy in the form of x-rays.

Why do sunspots occur? This question has always
fascinated astronomers. Early theories simply con-
sidered them as storms on the sun. If we look at
atmospheric structure around sunspots in hydrogen
light, we see strongly curved configurations, like the
curved clouds around a hurricane. We now know
that these clouds are elongated because matter is
forced to flow along the magnetic lines of force.
And we know that the strong magnetic fields in
spots suppress motion, so that the spots are rather
quiet although the atmosphere above them is very
turbulent.

Many theories of the sunspot cycle connect it
with the sun’s differential rotation—the remarkable
fact that the sun rotates faster at the equator than
it does at the poles. Some astronomers have con-

16

jectured that this unequal rotation winds up the
magnetic lines of force, greatly intensifying them,
until sunspots break out.

Other astronomers feel that the differential ro-
tation is due to the spots themselves. They suppose
that the inside of the sun rotates somewhat more
rapidly than the surface, which is slowed by the in-
teraction of atmospheric magnetic fields with the
interplanetary medium. The sunspots sink roots
from the slowly rotating atmosphere into the inter-
ior and speed things up.

But we still don’t know how the spots are pro-
duced, and we cannot see why they should return
so regularly every 11 years.

We passed through a minimum of solar activity
in 1964, and a new cycle began, with maximum ex-
pected in 1968. Astronomers have developed a va-
riety of new instruments to observe the phenomena
of this cycle. We are especially interested in rapid
time-sequence observations so that we can observe
the evolution of fast-changing phenomena, and in
high-resolution observations so we can see exactly
what is going on. One important source of informa-
tion is data from rockets and satellites in regions
of the spectrum that do not penetrate our atmos-
phere, particularly the ultraviolet. In this region we
may directly observe the parts of the atmosphere,
such as the corona, that are transparent in the visual
spectrum. Also, the more energetic ultraviolet light,
particularly x-rays, most closely reflects the ener-
getic processes in flares. So we hope, with the fur-
ther development of satellite and rocket astronomy,
that we shall gain new knowledge from a different
point of view.

Another way in which we are gaining new knowl-
edge about the sun is by the study of similar activ-
ity in other stars. Although the stars are so distant
that we cannot see their surfaces (they appear as
points ), by studying the behavior of certain lines
in their spectrum we can determine if they have
chromospheres or solar activity. These lines are, of
course, the same strong spectrum lines in which
we study the solar chromosphere and flares. We can
see how often and how strongly these phenomena
occur in stars of different ages and sizes, and thus
place these phenomena in the proper perspective
in the lifetime of a star. On the other side, by study-
ing the phenomena in the sun from the stellar point
of view, we may explain to the stellar astronomers
the meaning of these barely detectable phenomena,
which we only can interpret by looking at the sur-
face of our sun, the only star that we really can see
in two-dimensional detail. Thus we use our own
star, the sun, to help understand all the other stars
of the universe.
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’ . The first Caltech students to use the new Robert A. Millikan Memorial
CALTECH’S Library passed through its automatically opened doors this fall to find the
facilities finished, furnished, staffed, and ready to use. The nine-story high-

HIGH 'RISE | rise memorial is now a night-and-day center of academic activity. Every night,
including Sundays and holidays, its lighted windows shine over Throop Hall
LIBRARY : mall until 2 a.m. Elevators carry passengers from the first floor information

desk to the upper levels where 181,037 volumes—most of the Institute’s col-
lection—are shelved under one roof for the first time.
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Harald Ostvold, Caltech’s director of libraries, surveys his new domain.
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THE IMPACT OF PROJECT 37

by John E. Sherborne

Project 37 was set up at Caltech in 1927 to investigate
the retention of oil by sand. In time the work was directed
toward the experimental study of the volumetric and
phase behavior and the transport properties of hydrocar-
bens and their mixtures at pressures up to 10,000 pounds
per square inch in the temperatire interval between 40
and 460°F. ,

The project was originally directed by Robert A. Milli-
kan and William N. Lacey and was supported by a grant
from John D. Rockefeller and Universal Oil Products. After
the first few years, support for the program was transferred
to the administration of the American Petroleum Irstitute.

Bruce H. Sage, professor of chemical engineering, has
been director of the project since 1959. He became as-
sociated with the work in 1930 when he was a Caltech
graduate student and was made co-director with Dr, Lacey
in 1942, Working with Dr. Sage since 1938 has been H.
Hollis Reamer, senior research fellow in chemical engi-
neering. Many research assistants have aided these two
men through the years.

In July 1969, after 42 years of experimental work, this
program will be brought to a close. “The Impact of Project
37” records some of the far-ranging effects it has had on
the petroleum industry. The article has been adapted
from a talk given by John E. Sherborne “34, associate re-
search director of the Union Oil Company of Califoriia,
on April 26 at a Conference on Hydrocarbon Research
sponsored by Caltech’s Office for Industrial Associates and
the American Petroleum Institute, Mr. Sherborne served
as an API research fellow on Project 37 from 1934 to 1936
and was chairman of the API advisory committee for the
project for 1952 and 1953,

0il is currently consumed in the United States at
the prodigious rate of 12 % million barrels per day--
which is 37 percent of the free world’s production.
An appreciable part of this production would not
be available today without knowledge of the be-
havior of hydrocarbons under oilfield conditions
that has been developed by Project 37 in the chem-
ical engineering laboratory at Caltech.

When Project 37 was initiated in 1927, little was
known about the nature of oil-bearing formations
and the fluids contained within them. In the early
1920s, Henry L. Doherty, an outstanding petroleum
industry executive and engineer, speculated that
oil and gas must behave differently in underground
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Bruce H. Suge, professor of chemical engineering and
director of the American Petroleum Institute’s Research
Project 37 conducted at Caltech since 1927.

Engineering and Science



A Caltech research project makes major contributions to the
petroleum industry over a period of 40 years.

reservoirs than they do at the surface. In response
to these speculations, two important studies were
made, and the results were reported in the technical
literature of 1926.
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Graphs showing the solubility of dry gas in crude oil at
specific temperatures, such as this one for the Santa
Fe Springs reservoir, illustrate early work of Project 37.
The cubic feet of gas shown on the ordinate is measured
at 60°F and 14.73 pounds per square inch (psi). The oil
volume is that which the oil will have free of gas under
those same conditions. There is roughly a linear relation-
ship between the gas solubility and pressure for this
particular crude oil and natural gas system. This is ap-
proximately true for most such systems.

The studies did show that oil and gas properties
are not the same under the conditions of tempera-
ture and pressure existing in underground reser-
voirs as they are at the surface. They also pointed
out the need for a great deal more knowledge about
conditions existing in the reservoir. Project 37 was
set up to obtain this knowledge.

Among the early contributions of Project 37 was
the investigation of oil and gas solubilities and the
rates of solution of gas and oil at pressures and
temperatures much higher than those previously
reported. The two graphs on this page show some
* of the results of this work.

Early work of this sort led to the belief that it
would be feasible to treat the petroleum in a pro-
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ducing reservoir as a binary system in which the
produced gas was one of the components and the
tank oil was the other component. This practice, al-
though far from being scientifically rigorous, has
worked very well for engineering purposes and is
in current use. . '

During the early years of Project 37 a number of
natural gas-oil systems were studied, and one of
the main contributions of the project was the de-
velopment of apparatus for making such studies.
This equipment was eagerly adopted by the in-
dustry. ‘

It soon became recognized that because of the
large number of compounds present in crude oils
and because of the great variation in the amounts
and types of compounds in crudes from different
fields it would be desirable to study simpler sys-

tems, As a consequence, Project 37 turned its at-

tention primarily to the study of pure substances
and binary or ternary mixtures of these pure sub-
stances, leaving the experimental study of natural
systems to industry.

The PVT (pressure, volume, temperature) dia-
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Graphs showing the solubility of natural gas in a variety
of crude oils, shown here for 100°F and 2,000 psi, show
some results of Project 37 research. Solubility of gas in
crude oil is largely dependent on gas composition. For
this particular gas there is a linear relationship between
the solubility and the American Petroleum Institute
(API) gravity of the oil at 60°F. However, gases of dif-
ferent composition have different solubilities, as can
be seen from the triangles. When the gas is similar to
Santa Fe Springs gas, the triangles fall near the line. In
general, the greater the number of components of high-
er molecular weight in a gas, the greater its solubility.
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gram ‘below, typical of those first turned out by
Project 37 and now in common use in the industry,
shows-the formation volume as a function of pres-
sure and gas-oil ratio, in this case for a temperature
of 190°F. '

.Formation volume is the ratio of the volume
which would be occupied by the oil and its asso-
ciated gas under reservoir conditions to the volume
which the oil itself would occupy at 60°F and at
atmospheric pressure.
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The PVT (pressure, volume, temperature) diagram, now
in common use in the industry, was developed to show
the formation volume of the gas-saturated liquid as a
function of pressure. In the diagram above, the forma-
tion volume, at pressures where both a liquid and a gas
phase coexist, is shown for three gas-oil ratios (gor).

Assuming that the material in a reservoir is at
2,500 pounds per square inch (psi) and there is a
gas-oil ratio of 525 cubic feet per barrel, then the
material is at the bubble-point liquid condition.
At this condition only a trace of gas exists. As ma-
terial is withdrawn, the pressure declines. The for-
mation volume of this system in the reservoir will
follow the line for a gas-oil ratio of 525 cubic feet
per barrel, showing an increase as the pressure goes
down. The liquid, on the other hand, will decrease
in formation volume, because gas is coming out of
solution in the reservoir. The volume of the gas
soon becomes far greater than that of the liquid, and
hence there will be a relative displacement of
gas to the well-bore. This will drive liquid with it;
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however, the producing gas-oil ratio will increase
as the volume of gas in the reservoir increases rela-
tive to the oil volume .

It was apparent that, with large quantities of gas
dissolved in oil in the reservoirs and the change in
the formation volume of the oil, significant differ-
ence in oil viscosity could be expected. Project 37
was one of the first to produce a range of informa-
tion on the change of viscosity of oil in reservoirs
with pressure, temperature, and gas saturation.
This, in turn, led to an appreciation of the very im-
portant role played by viscosity in the displacement
of oil from the minute pore channels within the
reservoir rocks.

At the inception of the project two methods were
in use to estimate the quantities of oil available in
a reservoir. The first of these, the volumetric meth-
od, attempted to define the total oil in place. The
second, known as the decline-curve method, was
used to help predict the amount of oil which could
be economically recovered. These quantities are
referred to as reserves, and engineers distinguish
between reserves-in-place and producible reserves.

Neither of these methods of estimating reserves
was satisfactory, although in 1927 the decline-curve
method was the more useful. One fact was clear.
There was a vast difference between the amounts
of oil estimated to be in place by the volumetric
method and that which would be produced as pre-
dicted by the decline-curve method. Results such
as those produced by the project made it possible
to reconcile these differences and to provide means
to increase the recovery.

As more information became available, a num-
ber of investigators attempted to relate the volu-
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“Energy” diagrams aid in planning the production of
oil. The “energy,” as expressed in horsepower-hours per
standard-tank barrel, of dissolved gas is shown as a
function of reservoir pressure. The change in “energy”
associated with one barrel of tank oil is plotted as a
function of reservoir pressure for a crude oil of mod-
erately high gravity.
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metric data to the “energy” associated with the
fluids which could be expected to be encountered in
the reservoir and in the well-bore.

The significant thing illustrated by the “energy”
diagram on page 22 is that, as the pressure de-
creases, less and less energy is available to drive the
oil, and more and more energy is required to move
it. By the time the pressure has dropped to 2,000
psi, the oil no longer contains enough energy to
drive itself to the well-bore, and the situation rap-
idly deteriorates. '

But “energy” is not the only factor which affects
production. Data from Project 37 was also neces-
sary for a quantitative evaluation of the microscopic
displacement within the reservoir. The drawings
below demonstrate the formula and conditions
which pertain to the permeability of a formation
for a single phase flow.

LINEAR FLOW RADIAL FLOW

Q=K ¢ A (R-P,)

Q=K ¢ H (P,-P,)

pl 1« LOG R,
RW
_ LEGEND
Q=RATE OF FLOW = VISCOSITY
K=PERMEABILITY P = PRESSURE

¢=POROSITY
A=CROSS SECTIONAL AREA

Rg =DRAINAGE RADIUS
R\ = WELL-BORE RADIUS

The effect of permeability is a factor in oil production.
On the left is a porous matrix with a single fluid flow-
ing in at A through the conduit and out the other end in
a linear manner. While linear flow is important, pri-
mary concern in oil production is with radial flow, in
which a well-bore.is draining an essentially cylindrical
drainage volume surrounding the bore, as shown in
the drawing at the right.

When two or more phases are present in the pore
spaces, it becomes necessary to introduce the con-
cept of relative permeability. This concept may be
described as the ratio of the permeability for a
given fluid in the presence of other fluids to the
permeability which would occur if only the one
fluid were present and flowing as a single phase.

It has been shown by a number of investigators
that relative permeability can be described as a
function of the saturation of the porous medium.
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Assuming that no water exists in the pore space,
then the space is filled with oil and gas, and the
relative permeability (expressed as a percentage)
is shown as a function of the oil saturation, as in the
diagram below. '
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The relationship of the permeability to the percent of
oil saturation is important in the production of oil.
Starting at 100 percent oil saturation, as gas is liberated
from solution, the permeability to gas is not very
great for the first 10 percent of the gas liberated, but
this 10 percent has a great effect on the permeability
to oil, dropping it to about 40 percent. As more gas is
liberated, the oil permeability is reduced to a negligible
amount by the time the gas saturation has reached 50
percent, and the gas permeability is increased to with-
in 70 percent of its single phase value.

The presence of a second fluid phase markedly
affects the permeability to the other phase. Thus,
the flowing gas-oil ratio increases rapidly with in-
creased gas saturation, and the gas quickly becomes
an ineflicient driving mechanism. In the reservoir,
in spite of the increasing gas velocity as pressure
declines, most of the oil remains in the formation.
In practice, oil recovery by dissolved-gas drive
alone seldom produces as much as 20 percent of the
oil originally in place. By means of relative perme-
ability data and the associated volumetric data, it
is possible to determine what the flow conditions
will be at any point in the reservoir as a function
of time or as a function of the pressure decline.

The work of Project 37 has thus provided infor-
mation of great value to the reservoir engineer. It
has made possible a quantitative evaluation of the
change of specific volume of oil and gas in the
reservoir with pressure; it has shown the effect on
viscosity of the oil with change in composition un-
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der reservoir conditions and on the effect of this oil-
gas relationship on the effective permeability.

‘With such information at his disposal, the reser-
voir engineer can now determine the maximum
efficient rate of operation for a given oil field. Such
calculations are routine today. Earlier these cal-
culations led to the recognition that pressure main-
tenance would be a valuable means to improve the
recovery of oil. The use of re-injected gas or water
to maintain the pressure at or near the original
'value has, in many cases, doubled the amount of
oil which was recoverable from a formation.

In many cases oil fields are found in which a
substantial amount of gas exists as a gas cap above
the oil phase. Sometimes the reservoir is so large
that a number of wells may be drilled before it is
established that the gas cap is in fact associated
with appreciable amounts of oil. In the early days,
the gas had little value, and great quantities of it
were blown into the air to recover the small amount
of oil produced from the gas cap.

One might expect that, for the gas cap produc-
tion, the gas-oil ratio would increase with decreases
in reservoir pressure, as it does in the production
of ordinary oil. And such expectations are correct.
However, it was not expected that the original gas-
oil ratio for this material would be as high as 20,000
cubic feet per barrel or more, or that the oil would
be an almost colorless liquid ranging in gravity
from 20° to 60° APIL. Even more surprising was the
observation that, as the gas-oil ratio increased, the
gravity of the produced liquid also increased. This
behavior was contrary to normal experience since
it was accompanied by a pressure decline.

This occurred in so many very large fields that
Project 37 was urged to examine the phenomenon.
It was in this research that the project made one
of its greatest contributions. It was discovered that
this behavior was the result of retrograde conden-
sation, the condensation of liquid from a gas as-
sociated with a pressure decline. One might expect
that much of the liquid deposited from the gas as
a result of retrograde condensation could be re-
vaporized if the reservoir pressure could be low-
ered sufficiently. In most cases, unfortunately, the
low pressures required are either physically or eco-
nomically unattainable. As the pressure reaches
very low values, some of the liquid revaporizes and
is produced with the gas. However, even if the
reservoir pressure were reduced to atmospheric
~ pressure, almost 4 percent of the pore space would
still be filled with liquid. In a large reservoir this
could amount to many millions of barrels. On the
other hand, by maintaining the reservoir pressure at
or near the original pressure, virtually no liquid
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would be lost to the formation.

The fact that the work on retrograde condensa-
tion explained what was happening in the reservoir
was of great importance. More important still was
the fact that such research provided a quantitative
means to determine the type and size of the proces-
sing plant necessary to perform the suggested cy-
cling operation, as well as to establish the future
field performance, and thereby to determine the
cost and possible profit of such a venture. Since a cy-
cling operation usually involves a capital expendi-
ture of many millions of dollars and deferred income
on trillions of cubic feet of gas (but, if done cor-
rectly, commensurate profits), the need for good
engineering information is paramount.

The research of Project 37 has not only made it
possible for engineers to increase the recovery of
petroleum; it has added to the understanding of
multiphase flow in the well-bore and pipelines. It
has made possible the design of better flow strings
and valves. The work has also thrown much light
on the conditions under which bitumen and wax
are deposited and hydrates are formed—and how to
control their occurrence in production equipment
as well as in the formation.

The volumetric data allow optimum design of
oil-gas separators at the surface and of tank vapor
recovery systems. The research has demonstrated
the dependence of gas-liquid equilibrium coeffi-
cients on composition and has made possible much
improved values of these coefficients. Valuable
data on the thermodynamic behavior of systems in-
volving hydrocarbons and such compounds as ni-
trogen, carbon dioxide, and hydrogen sulfide have
been obtained. Similar experimental information
on systems involving these substances and water
has been made available. All of these are of im-
portance in the production of petroleum.

The project’s work on non equilibrium behavior
and transport phenomena has been of value in bet-
ter understanding fluid flow behavior. Equilibrium
thermodynamic data which have been developed
are finding increasing value as the industry turns
to thermal methods of recovery.

Finally, the goal of all engineers is to have a
neat bundle of graphs, tables, and equations which
will aid them in predicting the consequences of a
proposed undertaking. The work of Project 37 has
materially advanced the development of équations
of state for hydrocarbon systems and has laid a firm
foundation for others working in this field.

There are many in the industry who feel that
Project 37 is by far the most important fundamental
research project sponsored by the American Petro-
leum Institute.
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UNIVERSITY-INDUSTRY RELATIONS:
A CONFRONTATION OF ANACHRONISMS

by George S. Hammond

“Industrial research is nonexistent.”

“University people know nothing about the real
world.”

“X may not be an outstanding student, but he will
burn up the league in some industrial lab.”

“The biggest problem of industry is technical obso-
lescence of people.”

“We really need much closer relations beiween in-
dustry and the universities.”

Of these statements, only the last, which is no
more than a pious sentiment, would have any
chance of achieving consensus in both the academic
and industrial worlds. For the most part there is
litle resembling a direct, working relationship be-
tween the two systems, despite the fact that neither
could survive without the other. Education con-
sumes an ever increasing fraction of our national
wealth, and our industries produce most of that
wealth. Conversely, it is widely accepted that pro-
gressive industrial competence is uniquely depend-
ent upon a sophisticated and dynamic system of
education at all levels. Since the two communities
are mostly symbiotic and only mildly competitive,
a visitor from some other society might wonder at
the lack of direct dialogue between them. As a mat-
ter of fact, so do members of this society. Recently
there have been a number of pleas, mostly from in-
dustry, for expansion of the scope of university-
industry interaction. )

What do industries and universities want from
each other? The recognized needs are simple: In-
dustry needs graduates, and universities and col-
leges need money. Unfortunately, most attempts to
establish communication are based directly on these
commodities and on little else. Regrettably, each
group generally regards the needs of the other with
contempt and condescension. University faculties
still tend to look on students bound for industry as
unfortunate fellows headed for a life of weary pros-
titution. Although individual industrialists may be
personally dedicated in their support of specific in-
stitutions, the corporate view usually is that a little
money doled out to support education may help
the recruiting program and comfort a few con-
sciences. Although these basic needs are not base,
they are one-sided enough to become tedious fare
for sustained conversation.

There should be much more substance to rela-
tions between industry and academia. Both are con-
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cerned with harmonious integration of the activities
of large numbers of people; they need to evaluate
and translate new ideas and new information; and
they are eternally plagued by obsolescence of meth-
ods and products. Problems in the two commu-
nities are far from identical, but they are sufficiently
related to generate a host of common interests. For
the most part, this potentially broad base for dis-
cussion is rarely exploited.

A principal impediment to discussion lies in the
reluctance of both academicians and industrialists
to discuss their problems in a forthright manner.
Within the privacy of their own organizations they
grumble and brood over problems in human rela-
tions, information storage and retrieval, the lack of

. effective internal communication lines, the unruly

and restive attitudes of employees (or students),
and the conservative character of management (or
the administration). However, in public both
groups pretend that their problems are really
superficial or nearly solved. Only rarely does one
hear public confession by an educator that many
university courses are badly outmoded—mot just
the methods of presentation but the actual con-
tent of the courses. Similarly, industrialists rarely
discuss in public the fact that middle-level manage-
ment is often in an untenable position, only vaguely
aware of the objectives of the company, and barely
able to discuss intelligently any nonroutine activi-
ties of its subordinates. The fact is that both in-
dustry and education are in need of major changes
in their internal practices. They are saddled with
stultifying traditions and are ashamed to discuss
their problems outside their own walls. Since there
are many interesting parallels in the problems, stim-
ulating and novel suggestions for change might
come from serious discussion.

An especially fertile field for interaction exists
between technologically based industries and uni-
versity research in science and engineering. Even
in such a natural area, exchange of ideas is often
desultory. I have the impression that interaction is
better in relatively new fields, such as modern elec-
trical engineering and space exploration, than in
older fields, such as chemistry and geology. As a
field becomes older, intercourse between universi-
ties and industry becomes more trivial. The two
groups become set in their ways and really disin-
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clined to make significant changes for any reason.
They are especially loath to change their images of
each other. Academicians tend to regard industrial
researchers as a grubby lot of fellows who build bet-
ter mousetraps to make a buck. They also have a
strong suspicion that most industrial scientists have
become intellectually soft and have little ambition
to expand their competence by acquiring new ideas.
The reciprocal sentiment of the industrialists is that
university research is a game in which the research-
er writes his own rules. A. cardinal principle of the
game is the premise that an observation becomes
more fundamental as it becomes more difficult to
relate to anything else. Industrial employers often
criticize recent graduates on the grounds that stu-
dents are riow taught nothing of practical signifi-
cance. The critics usually have in mind the good,
solid material that they themselves learned in
school 20 years ago. The same people are likely to
gripe because the men in their laboratories are un-
able to keep up with the trends of modern science.

One reason for the persistence of such uncompli-
mentary impressions is the fact that they all contain
a fair measure of truth. In a well-established field,
academic scientists have a tendency to fasten onto
old problems and solve them over and over again.
Each round of investigation is designed to strike
closer to the heart of some fundamental question,
with the “heart” being defined as whatever happens
to lie on the line of the thrust. In an entirely analo-
gous manner, most industrial research really is
aimed at improving some mousetrap by one percent.

Now there is nothing necessarily evil in research
that lacks striking originality. Refinement of theo-
retical concepts by redoing experiments with minor
modification is desirable and sometimes leads to im-
portant new concepts when people occasionally
quit trying to force persistent deviations to fit exist-
ing theory. Similarly, slow improvement of indus-
trial products and processes is not to be scorned.
After all, the Stanley Steamer evolved into today’s
automobile by small, slow steps. However, discus-
sion of the work may become dull rather rapidly.

A matter that is properly of continuing concern
- within a university or industrial laboratory may not
provide a basis for viable dialogue with an outsider.

The failure of scientific discussion at the uni-
versity-industry interface is only an example of a
general problem. Scientists in old fields do not talk
to each other. It is not uncommon to find that mem-
bers of two different research groups within a given
laboratory do not communicate at all. They speak
different languages and will sometimes maintain
they have fundamentally different kinds of brains.

Breaking the scientific communication barrier
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should be relatively simple. All that is required is to
relinquish the foolish notion that one can talk sci-
ence only by relating all the minutiae of his own
work and thoughts. Astronomers seem to do espe-
cially well in discussing their work with other scien-
tists and with the public. Although astronomers
make fantastically precise measurements and work
with complex mathematical models, I have never
heard an astronomer attempt to relate such details
of his work. I suppose that they do talk to one anoth-
er in a private language, but they also have the grace
to describe their most treasured observations and
their grandest theories in common language.

Other men of science and technology should be
able to do as well as astronomers. Why don’t they?
There are many reasons. Hardest to admit is the
possibility that some “scientists” have never made
a significant observation and have never under-
stood a grand theory. Such a man is likely to be
very comfortable hiding behind jargon and the no-
tion that his work is too complex to be understood
by ordinary mortals. Anyone who takes this view is
almost certain to accord the work of a man in anoth-
er part of his own field with the same sacrosanct
respect. If the two men are an industrialist and an
academician, they will begin any conversation with
the tacit agreement than any real attempt to under-
stand one another’s work would be an affront to
good taste.

At this point the industrialist may feel rather
smug; after all, what can be more direct than the
statement, “T am after a better mousetrap.” But this
is an illusion, and any industry that is engaged
merely in a random hunt for better products will
not survive long. The real job of the industrialist is
to describe the models used to guide his search. This
can be difficult and may lead to an embarrassing
denouement. Some so-called scientists work with
no model at all but are guided by a kind of experi-
mental ritual. Others are unjustifiably ashamed of
the simplicity of their models, even though they
may be very effective. In any event, the model is
usually made thoroughly incomprehensible by use
of sophisticated language laid on merely to effect
scientific respectability.

If scientists in universities and industries are to
communicate, they must (1) develop more intel-
lectual honesty, (2) strive to use language designed
for communication of ideas rather than details, and
(3) listen with the intention of understanding.
When they can do this they will breathe more life
into the relationship between the two communities.
Unless I am sorely mistaken, the passage of students
and money from one community to the other will
also be accomplished far more graciously.
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EARLY DAYS
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To ease freshmen into college life, after the rigors of
registration (below), Caltech packs its newcomers
off to Camp Radford for three days in the San Ber-
nardino mountains. There they have a chance to meet
faculty, upperclassmen, and each other, and to gain
some insight into what lies ahead.




Engaged in informal discussions with the freshmen at Camp
Radford are, counterclockwise from upper left: Peter Miller,
lecturer in English and associate director of admissions and
undergraduate scholarships; Robert Huttenback, professor of
history and master of student houses; Peter Fay, associate
professor of history; Norman Davidson, professor of chemistry
and executive officer for chemistry; Wes Hershey, executive
secretary for the YMCA; and William Corcoran, professor of
chemical engineering and executive officer for chemical en-
gineering,
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THE REVOLUTION

More than 400 people filed into Beckman Audi-
torium on the afternoon of April 19 for a general
membership meeting of the Associated Students of
the California Institute of Technology Corporation.
ASCIT had not called a general meeting for years,
and the number of undergraduates and faculty in
attendance indicated special interest in the agenda.

Members of the student body had assembled to
vote on four resolutions concerned with academic
reform. As Joe Rhodes, newly elected student body
president, explained, ASCIT had traditionally con-
centrated on athletic awards, finances, and decora-
tions for dances. Now it was attempting to become
more relevant to the individual student by repre-
senting him in more vital areas.

The ASCIT meeting and the events that led up
to it have become known as “the revolution.” Its
grass roots were in the student houses and the cof-
fee house, wherever groups of students got together
to discuss Caltech. The seeds, however, had been
planted almost entirely by one person—Joe Rhodes.

As a freshman, Joe’s job as ASCIT activities chair-
man had earned him the reputation of being an ex-
ceptional student organizer with unlimited enthu-
siasm. He ran the student talent show and super-
vised the completion of the coffee house. When,
as a sophomore, he decided to run for ASCIT
president—a move which required amending the
ASCIT constitution—the student body responded
by electing Rhodes by a large majority.

As student body president, Joe was in an opti-
mum position to find out how many students
thought, as he did, that the undergraduate environ-
ment needed significant improvement. He hoped
that he could stimulate students to critically ex-
amine Caltech’s basic educational policies.

Most students agree that Caltech provides the
most intensive technical education available any-
where. Some think, however, that the education is
so intensive that it stifles enthusiasm. It forces too
many students to “leave” Caltech, either by trans-
ferring to another school or by turning into a “Cal-
tech hippie”—turning on to school work, tuning in
to abstract technical concepts, and dropping out of
everything else.

Many outstanding graduates have been produced
at Caltech. But many graduates feel that they

‘learned in spite of Caltech, as well as because of it.
Can’t some way be found to maintain the intensity
of the education without destroying the student’s
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BALLOT

1. The Associated Students propose-that the Institute
a) reduce the number of required courses
b) eliminate the requirement for choosing an option

2. The Associated Students propose that an Academic Re-
forms Group of students and faculty be formed, con-
sisting of the following groups: Leaders. Group, Co-
ordinating Group, Instructions Systems Group, Edu-

- cational Exchange Group, Research Conference
Group, Undergraduate Research Group, Advisors
Systems Group, Teaching Techniques Group, and an
Options Group, which would investigate into the pos-
sibilities of having a general science option and a
combination of options. Each group will give a report
by June 1, 1967.

3. The Associated Students propose that the students have
a one-third representation on those committees con-
cerned with student and academic life, such as Aca-
demic Policies, Freshman Admissions, Institute As-
semblies and Programs, Relations with Secondary
Schools, Undergraduate Student Housing, Undergrad-
uate Student Relations, Upperclass Admissions, and
ad hoc Divisional Curriculum Committees, and all
other relevant ad hoc committees. The student mem-
bers on the two Admissions committees will be liaisons
(non-voting members), and the students on the other
committees will be voting members. These students
should be selected by the faculty from a list compiled
by the ASCIT Board of Directors from those who
have applied for positions.

4, The Associated Students request a faculty, a grad stu-
dent, and an undergraduate student liaison (non-vot-
ing member) on the Board of Trustees.

enthusiasm? Can’t Caltech do more to encourage
the wealth of creativity in her students, instead of
just teaching them to be competent?

Rhodes suggested a way to accomplish these
things: Treat the undergraduates with more con-
sistency. Students live in a very “laissez faire” extra-
curricular environment at Caltech. Few rules gov-
ern student behavior—so few that the Institute gives
the impression that it is only concerned with the
academic growth of the student, leaving him to
grow socially and emotionally as he pleases.

This philosophy of letting the student decide for
himself could easily be extended into the academic
area. One merit of a small school is its ability to
tailor the academic program to fit the individual
student. Clearly, Caltech fails to capitalize on this
ability. The uniform course structure could be de-
emphasized, leaving a curriculum flexible enough
to respond to the individual student. For example,
all freshmen are enrolled in a physics class'which
covers the Feynman’ Lectures at the rate of two

~
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chapters a week. Certainly not all students get a lot
out of freshman.physics when they have to cover
it at such.a hectic pace. Some students could be al-
lowed to spend a little less time each week on phys-
ics and a little more in something else. Conversely,
if a freshman was really thrilled by the big red phys-
ics book, it would do little harm to excuse him from
one of the two weekly chemistry labs, giving him
more time to pursue some of the side topics sug-
gested by Feynman.

Research opens up other possibilities. One of the
advantages of attending Caltech is the opportunity
for undergraduates to do research or lab work.
Currently this must be done above and beyond
course work, when in some instances it could pro-
vide a profitable substitute.

Of course, not all students are in favor of making
such changes in the academic program. They ex-
press varying degrees of hesitancy—and a few are
opposed to any change at all. Two significant reser-
vations séem to appear over and over again.

First, some students feel that undergraduates
are not mature enough to decide for themselves
how they will fulfill their academic responsibilities
and, therefore, they welcome the Institute explicitly
deciding for them. Second, some students raise the
objection that these reforms would make Caltech a
“trivial” school. They see a less-structured curricu-
lum as a means for letting students get away with
less work.

Despite these objections, student response to the
idea of a change was generally favorable, and when
ASCIT drafted specific resolutions and presented

them at the April meeting, everything passed ex-

cept the resolution to abolish the requirement for
choosing an option.

Faculty reaction to “the revolution” was varied.
A number were pleasantly surprised that Caltech
students had actually worked themselves up over
something. Some favored at least the spirit of the
thing, claiming that students should be concerned
about the educational process. But a great many
faculty couldn’t see why students wanted represen-
tation on faculty committees. Committees, they
said, demanded hard, time-consuming work, and
participation would be an added burden to stu-
dents. Jesse Greenstein, 1966-67 chairman of the
faculty, pointed out that the board of trustees had
given the faculty complete control of educational
policy and that putting students on committees
would upset this arrangement and, probably, the
trustees. He suggested “collateral non-votlng com-
mittees” as a compromise.

Students gave two reasons for requesting mem-

bership on faculty committees. First, it would in-
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volve them in Caltech on a planning level, en-
couraging a maturity and responsibility which, it
was hoped, would extend back into undergraduate
life itself. Second, it would establish formal lines
of communication between faculty members and .
students. Faculty insist that their office doors are
open and that they are dismayed because few stu-
dents drop in. So they resort to discussing academic
changes predominately among themselves.

Dr. Greenstein had further reservations about
“the revolution.” He labeled the proposed changes
“massive,” and thought it would take many student
generations to implement them. He pointed out
that, since a student spends only four years here,
his outlook must necessarily be short run. Dr.
Greenstein also thought that only Joe Rhodes and
a few others were generating all the excitement. He
still saw the usual detachment and lack of concern
among a large portion of the student body.

In the final analysis, however, Dr. Greenstein
sees the same problem with undergraduate life as
Joe Rhodes—it needs to be “humanized.” He just
doesn’t see academic reform as a means to this end.

The faculty has approved two reasonably sig-
nificant changes since the student vote last spring.
Students now have essentially free choice in select-
ing humanities courses. Only two requirements
remain: A student must take at least 120 hu-
manities units in four years, of which 27 must be in
English; and sophomores, juniors, and seniors can
now elect to take one pass-fail course per term out-
side their option.

Meanwhile “the revolution” will probably con-
tinue to push its way into other areas. Rhodes is
now thinking about a major research project, in-
volving many undergraduates, which would deal
with a social problem that requires a thorough
technical background. Two problems already sug-
gested are a research project on air pollution, and
technical training of minority-group individuals.
The student revolution will probably also tackle
student house problems. Great changes in the liv-
ing arrangements may be attempted in the hope
that the houses can be transformed into more de-
sirable places to live.

If it is to succeed, “the revolution” must be a
revolution of Caltech students against themselves
more than against Caltech as an institution. The
undergraduate environment can change only as
student attitudes and student modes of behavior
change. The Institute, however, can provide the in-
centive and begin to encourage a healthy new cli-
mate. The result could make Caltech a very dif-
ferent but an even better place to get an education.

—Barry Lieberman, 68
35



HARVEY EAGLESON
1899-1967

A tribute by ]. Kent CIark

When Arthur A. Noyes, Robert A. Millikan, and
Clinton Judy recruited from Princeton a bright
young PhD named Harvey Eagleson, they must
have thought they were hiring an English professor.
Certainly nothing in his official dossier could have
indicated otherwise. His record showed a BA in
English from Reed College, an MA in English from
Stanford, four years of service as English instructor
at the University of Texas, and finally a PhD in
English from Princeton, with a dissertation on the
medieval metrical romances. But the record was
deceptive, and his employers were mistaken. In-
stead of an English professor they were getting an
institution, an attitude, an anomaly, and 38 years
worth of legend—a legend which did not end with
his death in July.

Perhaps Harvey Eagleson’s career at Caltech
(1928-66) can best be described as a long series of
paradoxes. His presence at Caltech was a paradox
in itself. He never had the slightest use for science,
which he considered a complicated bore. Further-
more, he regarded a career in science as a commit-
ment to monotony—something like a life sentence
in a jute mill. Where most of his humanities col-
leagues admired science and followed its achieve-
ments with interest, Harvey ignored it and hoped
it would go away. On the other hand, he was de-
voted to his scientific colleagues, to the student
body, and to the Institute as a whole. As the long list
of his beyond-the-call-of-duty activities shows, no
faculty member ever spent more time and energy
in promoting the interests of the school.

Oddly enough, with his distaste for science,

Harvey turned out to be a genius at selecting stu-
dents for admission to Caltech. In interviewing ap-
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plicants, he developed an uncanny knack for pick-
ing out the ones who would successfully complete
a Caltech career. This knack, which was the envy

-and despair of his colleagues on the admissions com-

mittee, he explained very simply: “I can tell by their
shoes.” Just how he could judge success at Caltech
by looking at shoes he never adequately explained.

Harvey never considered himself a scholar in the
ordinary sense of the term. He used to boast to his
colleagues that he was the only college professor
who was unable to read his doctoral dissertation.
The dissertation, he explained, was written prin-
cipally in Middle English, which he could not re-
member, and on a subject he no longer cared about.
He once summarized his scholarly career with the
wry statement: “When I came to Caltech, I used to
explain Gertrude Stein and T. S. Eliot to Clinton
Judy. Now the new boys in the division explain
Ginsberg and lonesco to me.”

In spite of his disclaimers, however, Harvey did
a creditable amount of scholarly work. Besides co-
editing three textbooks, he contributed significant
articles in novel and poetry criticism, in graphic
arts and costume design, and in American cultural
studies. More important than his published work
was the range of his reading and the wealth of crit-
ical comment he passed on to his students and col-
leagues. An enthusiastic student of the novel, par-
ticularly the modern novel, he was probably as well
read in this area as any other man of his time. As a
critic, he was incisive, perceptive, and individualis-
tic. He was sometimes wrong, but he was never con-
fused. King Lear, which many critics regard as
Shakespeare’s greatest play, Harvey considered the
greatest dramatic monstrosity in the -language.
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Huckleberry Finn, often regarded as the great
American novel, Harvey characterized as a trivial,
silly bore. On the other hand, he had nothing but
praise for The Scarlet Letter, which his colleagues
regarded as a specific against insomnia.

Possibly his most remarkable literary feat oc-
curred during the 1930’s. Along with his friend
Roger Stanton, he was assigned by Dr. Millikan
the task of producing classical comedies for presen-
tation by the student drama club. This involved
translating the plays of Plautus and Terence, among
others, into actable and speakable dramatic scripts.
The task was immeasurably complicated because
the final results had to meet the high moral stand-
ards of Mrs. Millikan. Eagleson and Stanton not
only survived the moral-turpitude test but managed
to produce some lively entertainment. Alumni still
reminisce about the productions. A few years back
one of them sighed: “T haven’t been really happy
since T was dressed up in a toga and leaping over
the candles in Culbertson.”

Although Harvey was primarily a literary man
and although he accumulated books until they al-
most crowded him out of his office, his real passion
as a collector was for Japanese prints. This taste,
stimulated by a visit to Japan in 1932, resulted in an
elegant collection which eventually included 101
prints. The collection was noted, even in Japan, for
its rich holdings in the work of Hiroshigi. Harvey
extended it from its intended 100 to 101 when he
was able to acquire Hiroshigi’s self-portrait, Ulti-
mately he donated the entire collection to the Los
Angeles County Museum. »

The greatest paradox of Harvey’s career was his
devotion to and influence upon the students at Cal-
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tech. In approach, personality, and training, he was
practically the anti-type of the traditional “Techer.”
Artistic in temperament, conscious of clothes and
design, something of a gourmet, very much an Ivy
Leaguer in manner, he seemed the man least likely
to succeed in the student houses or in a Caltech
classroom. Moreover, his unavowed aim of turning
Caltech men into sophisticated, culturally oriented,
verbally adroit men of the world seemed barely at-
tainable. But cortrary to all antecedent probability,
the combination of Eagleson and the Tech men
clicked immediately. It soon became hard to tell
whether he had adopted the students or the stu-
dents had adopted him. He was rechristened “Doc”
and established as friend, counsellor, social arbiter,
and wit-in-residence to the Caltech student body.
He also became one of the most popular and stim-
ulating instructors ever to meet a Caltech class.
During his long alliance with the students, Har-
vey spent 12 years (1931-43) as resident associate
of Blacker House and two years as Master of Stu-
dent Houses. Blacker House, incidentally, still car-
ries on the yearly tradition of “Doc’s Party”—an en-
tertainment which Doc Eagleson invented. When
he left the houses and moved to his apartment in
South Pasadena, the social contact between him
and students hardly lessened; it merely changed
grounds. Besides receiving visitors from the houses,
he instituted a seminar that was held in his apart-
ment. This seminar, listed officially in the catalog
as English 8, was known to the humanities division
as “Eagleson 17 and to the students as “Beer and
Cheese.” It was looked upon as the grand prize for
the literate and the deserving. The success of the
undergraduate seminar led, at the urging of his
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Certain grades of Synthane are spe-
cifically designed to retain a high
percentage of their electrical and
mechanical properties under ex-
tremely humid conditions.

HIGH

STRENGTH-TO-WEIGHT RATIO—
Synthane weighs only half as much
as aluminum, yet is one of the plas-
tics highest in tensile, compressive,
flexural, and impact strengths,

DIELECTRIC STRENGTH—

An excellent electric insulator with
lowdissipation factor and low dielec-
tric constant, Synthane is easily
putiched or machined into parts for
radio and electrical equipment.

GRADES

Kraft Paper Phenolic Grades Asé)es‘tosGFagric Fhenolic

: esin Grades
Alpha Paper Phenf)hc Grades Asbestos Fabric Melamine
Rag Paper Phenolic Grades Resin Grades
Paper Base Plasticized Asbestos Fabric Phenolic (High

Resin Grades Temperature) Resin Grades

Paper Base Phenolic Flame Asbestos Fabric Phenolic
Retardant Grades

Graphitized Grades
Paper Base Epoxy Grades Asbestos Fabric Phenolic
Paper Base Epox Flame

- Molycote Grades G
lic Grades
Retardant Gra . Asbestos Mat Phenoli :
Coarse & Fine Weave Cotton Asbestos Mat Phenolic (High
Fabric Phenolic Grades

Termperature) Resin Grades
Nylon Fabric Phenolic

Coarse & Fine Weave Cotton b [

Fabric Melamine Grades

Resin Grades
Cozrse & Fine Weave Cotton

Glass Fabric Continuous
Y Filament Silicone Grade
Fabric Phenolic Graphitized
Grades

Glass Fabric Continuous
Fitament Phenolic

Coarse & Fine Weave Cotton

Fabric Phenolic

Resin Grades
Molycote Grades

Glass Fabric Continuous
Filament Melamine

Fine Weave Fabric Carbon

Inciusion Phenolic Grades

Resin Grades
Glass Mat Melamine
Cotton Mat Phenolic
Resin Grades

Resin Grades
Glass Fabrlc Epoxy Resm Grades
Ashkestos Paper Phenolic
Resin Grades

[SYNTH ANE]

Temperature) Resin Grades
CORPORATION OAKS PA. 19456

666-5011 Area Code 215, TWX 510-660-4750, Telex 084-5268
SYNTHANE-PACIFIC—518 W. Garfield Ave., Glendale, California 91204
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Hal‘vey Eagleson e o o Continued

alumni friends, to an alumni seminar. This also be-
came famous and was expanded to include wives.
It combined his noteworthy skill as a host with his
enthusiasm as an instructor.

It should be mentioned that, although Reed Col-
lege had cured Harvey of the pass-fail grading
system and made him a passionate believer in letter -
grades, he was a notoriously easy grader. A “C”
from Doc Eagleson was something like an official
reprimand, and a “D” a nudge toward Camarillo.
When chided by his colleagues for this soft spot in
Caltech’s reign of terror, he said: “What can I do?
They’re so good.I have to give them A’s and B’s.”

Part of the secret of Harvey’s influence at Caltech
lay in his transparent honesty and complete individ-
uality, along with his fine flair for the dramatic. In
an age of organization men, he was an original and
confirmed nonconformist; in a culture full of fakes,
he was a genuine article. Stories about him abound,
and he is well remembered even by people who
didn’t know him personally. Some alumni recall, for
instance, one of his lectures at student camp. Re-
clining on a camp cot, he delivered a disquisition
on the evils of Physical Education. Others remem-
ber him as a master of ceremonies, or as a story
teller, or as the center of a party. Recalling Harvey
Eagleson at a party, incidentally, is particularly
easy to do, since for years a party at Caltech—stu-
dent or faculty—was hardly complete without him.

In retrospect, it appears that Harvey had a special
talent for friendship. Although he considered him-
self the prince of all cynics, much more like Scrooge
than Mr. Chips, he was in fact remarkably kind and
considerate, with a deep interest in the people
around him. He enjoyed his friends at least as much
as they enjoyed him. They became, in effect, mem-
bers of his family. Characteristically, his greatest

complaint about the ill health that troubled his last
few years was that it weakened his rapport with the
students, spoiled social engagements, and put him
out of touch with his friends.

One is tempted to close a sketch of Harvey Eagle-
son with the statement that thev are not making
professors like him any more and that Caltech w111
never have another one. But no friend of Harvey’s
could make such a statement without blushing. Al-
though it is undoubtedly true, it would have made
Harvey himself groan in protest. A lifelong enemy
of Victorian sentimentality and Romantic nostalgia,
he would never have held still for such slush. In
fact, one can be reasonably sure that he would have
despised any memoir of Harvey }Lag]e@rm—mclud-
ing this one.
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ENGINEERS & SCIENTISTS

TECHNOLOGY FOR TOMORROW

Our work in advanced nuclear energy research re-
quires original thinking to develop technology for
the future.

Plowshare —

The use of nuclear explosives for peacetul purposes
is a typical example of one of our long range pro-
grams which requires the interaction of many engi-
neers and scientists. Practical applications include:
cratering experiments for use in harbor and canal
construction or modification; creating large under-
ground cavities for extraction and storage of fuel;
copper oré mining — fracturing of tons of low-grade Harbor Excavation. Harbor: 4-200 KT at 80G ft. DOB. Area ~ 180

copper ore and its subsequent leaching and precipi-  gcres. Channel > 5-50 XT at 500 ft. DOB minimum depth — 50
tation as native copper. ft. MLW.

Electronics Engineers —
Design and develop electronic systems necessary 160 XY MICLUAN PRIDUCHON WELS |
for assessing the effects of experiments.

Mechanical Engineers —

Design, develop and install the nuclear explosives
and the diagnostics equipment to provide seismic
and shock data.

Solid State Sclentists —

Investigate the stn}cturcxl changes brought about
by the excessive heat and pressure during a nu-
clear explosion so as to correlate the material prop-

erties with the history of the material and at the '/ &
same time obtain a better understanding of the ‘
structure of matter. st o [
! F, = FRACTURE RADIUS L)
Other Long Range Programs at LRL Include: b 0 o H g
radiation effects on the biosphere; development of 4= BEPTH oF UL s
controlled thermonuclear reactions; nuclear weap- . GAS RESERVOIR STIMULATION
ons for national defense; and reactors for power
in space. : :

We will be on campus to interview students in the Sciences

Additional Opportunities for Engineers: ) .
' & Engineering on November 8.

Electronics Engineers ‘Mechanical Engineers

Systems Design & ‘R&D Assignments in: Call your placement office for an appointment or write:

i::ﬁ;i“;f;:on gg;gﬁced Machine Personnel Department, Lawrence Radiation Laboratory

Comprter Technol Materials Enginees University of California, P. O. Box 808, 80-78 Livermore,
puter lechnology aterials Engineering « .

Nuclear Effects Applied Mechanics California 94550

(Field Engineering) Analytical & Experi- An Equal Opportunity Employer U. S. Citizenship Required

mental Stress Analysis

X vwvanwremnmnce
Ee adiatiomn
X saboratoxry

UNIVERSITY of CALIFORNIA




Engineers, Mathematicians:

you should
consider a career

withN S

...if you are stimulated by the prospect
of undertaking truly significant
assignments in your field, working in

its most advanced regions.

...if you are attracted by the
opportunity to contribute directly and
importantly to the security of our nation.
... if you want to share optimum
facilities and equipment, including one
of the world’s foremost computer/ EDP
installations, in your quest for a
stimulating and satisfying career,

The National Security Agency is
responsible for designing and
developing “‘secure” communications
systems and EDP devices to transmit,
receive and process vital information.
The mission encompasses many
aspects of communications, computer
(hardware and software) technology,
and information recording and storage
... and provides a wealth of career
opportunities to the graduate engineer
and mathematician.

ENGINEERS will find work which is
performed nowhere else . . . devices
and systems are constantly being
developed which are in advance of any
outside the Agency. As an Agency
engineer, you will carry out research,
design, development, testing and
evaluation of sophisticated, large-scale
cryptocommunications and EDP
systems. You may also participate in

related studies of electromagnetic
propagation, upper atmosphere
phenomena, and solid state devices
using the latest equipment for .
advanced research within NSA’s fully
instrumented laboratories.

MATHEMATICIANS define,
formulate and solve complex
communications-related problems.
Statistical mathematics, matrix algebra,

- and combinatorial analysis are but a

few of the tools applied by Agency
mathematicians. Opportunities for
contributions in computer sciences and
theoretical research are also offered.
Contiriuing your Education?

NSA’s graduate study program may
permit you to pursue two semesters of
full-time graduate study at full salary.
Nearly all academic costs are borne by
NSA, whose proximity to seven '
universities is an additional asset.

Salaries and Benefits

Starting salaries, depending on
education and experience, range from
$8,000 to $13,500, and increases
follow as you assume additional
responsibility. Policies relating to
vacations, insurance and retirement are
liberal, and you enjoy the advantages
of Federal employment without Civil
Service certification.

Another benefit is the NSA location,
between Washington and Baltimore,

which permits your choice of city,
suburban or country living and allows
easy access to the Chesapeake Bay,
ocean beaches, and other summer and
winter recreation areas.

Campus Interview Dates:
November 29

Check with the Placement Office now
to arrange an interview with NS4
representatives on campus. The
Placement Office has additional
information about NSA, or you may
write: Chief, College Relations Branch,
National Security Agency,

Ft. George G. Meade, Maryland
20755, ATTN: M321. An equal
opportunity employer, M&F.

o
national
security

agency




PHILOSOPHER
IN RESIDENCE

Ninth-century Chinese philos-
opher Tenjin and his sacred
water buffalo recently arrived
at Caltech for an indefinite
stay. The 800-pound life-size
bronze statue was presented
to the Institute by art patron
Edwin Schneider. The serene
pair will reside in Dabney Hall
gardens in the lily pond built
especially for them.

THE SUMMER AT CALTECH

ADMINISTRATIVE CHANGES

Robert P. Sharp, chairman of Caltech’s division
of geological sciences for 15 years, has been granted
a leave of absence from administrative duties to
enable him to spend more time in teaching and re-
search. Replacing him as interim director is Clar-
ence Allen, Caltech professor of geology and geo-
physics, who has been serving as interim director
of the Institute’s Seismological Laboratory for the
past two years. Don L. Anderson, associate profes-
sor of geophysics, will take Dr. Allen’s place and be-
comes the new permanent director of the Seismo-
logical Laboratory.

Caltech’s division of chemistry and chemical en-
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gineering has appointed two new executive officers:
Norman R. Davidson, professor of chemistry, and
William H. Corcoran, professor of chemical engi-
neering. They will assist division chairman John
Roberts in the development of new teaching pro-
grams and research projects, as well as in the imple-
mentation of existing plans.

HIONORS AND AWARDS

Dan H. Campbell, Caltech professor of immuno-
chemistry, has been awarded a certificate in recog-
nition of his services as chairman of the standard-
ization of allergens committee of the National In-
stitute of Allergy and Infectious Diseases. He was
also recently appointed representative of the Amer-
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ican Association of Immunologists to the Commis-
sion on Undergraduate Education in the Biological

Sciences, which promotes education in biology

among students under college age.

Frederick C. Lindvall, chairman of Caltech’s di-
vision of engineering and applied science, has been
named a Fellow of the American Society of Me-
chanical Engineers, an honor reserved for members
of the Society who have made significant achieve-
ments and who have had an active practice in the
profession for 25 years or more.

Caltech President Lee A. DuBridge and Fred-
erick C. Lindvall, chairman of Caltech’s division of
engineering and applied science, have been named
to the advisory committee for the newly formed
Institute for the Advancement of Engineering, Inc.
IAE is an educational corporation formed by a
group of Los Angeles engineers to encourage the
wider use of engineering in solving educational, in-
dustrial, and human welfare problems.

Ernest E. Sechler, executive officer of Caltech’s
graduate aeronautical laboratory, has been ap-
pointed to the Secretary of the Navy’s Advisory
Board on Educational Requirements. This board,
composed of distinguished scholars, scientists, in-
dustrialists, and naval officers, provides the Secre-
tary of the Navy with policy guidance regarding
Navy and Marine Corps educational programs.

George S. Hammond, Arthur Amos Noyes profes-
sor of chemistry at Caltech, is winner of the $1,000
James Flack Norris Award in physical organic
chemistry sponsored by the northeastern section of
the American Chemical Society. Dr. Hammond has
done extensive research on the chemistry of high-
energy compounds and is especially noted for his
recent work in photochemistry.

Roger G. Noll, Caltech assistant professor of eco-
nomics, is on a 1%-year leave-of-absence in Wash-
ington, D.C., as a member of the professional staff
of the President’s Council of Economic Advisors,
Dr. Noll graduated from Caltech in 1962, received
his PhD in economics from Harvard, and joined the
Caltech faculty in 1965.

HIBBS TV HOST

Albert Hibbs, senior staff scientist at Caltech’s
Jet Propulsion Laboratory, will host the KCET
(Channel 28, Los Angeles) television series “R &
D Review” during the 1967-68 season. The weekly
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program, now entering its second year, reports on
new developments in the aerospace industry and is
aired Thursdays at 9:30 p.m. and Sundays at 9:00
p.m. After it is shown locally the series will be dis-
tributed to 17 other major cities.

NEW PUBLIC AFFAIRS SERIES

A new public affairs seminar series, sponsored by
the Caltech faculty committee on programs, was
initiated this month to present current events topics
to the community, as well as to Caltech students
and faculty. First in the series of speakers was Lord
Bessborough, chairman of the board of governors
of the British Society of International Understand-
ing. The November speaker will be Philip E. Mose-
ly, director of the European Institute of Columbia
University, on “The Soviet Union at Fifty.” The
seminar series, held in Dabney Hall lounge, is in-
formal and encourages audience participation in the
discussions.

FALL LECTURE SERIES

The fall Caltech Lecture Series, presented Mon-
day evenings in Beckman Auditorium, opened on
October 16 with a discussion of the Huntington
Library art collection by Robert Wark, art curator
of the library and lecturer in art at the Institute.
The remaining six lectures will cover a wide range
of topics: Albert Tyler, Caltech professor of biology,
on early development in animals; Harry B. Gray,
Caltech professor of chemistry, iron-containing
molecules; Milton Plesset, Caltech professor of en-
gineering science, nuclear proliferation and inter-
national security; William Pickering, director of
JPL, planetary exploration; Rochus E. Vogt, Cal-
tech associate professor of physics, cosmic rays; and
Allan R. Sandage of the Mt. Wilson and Palomar
Observatories, on cosmic clocks and the creation of
the universe.

TRUSTEES

Six new members were elected to the Caltech
board of trustees this summer. They are: Robert O.
Anderson, chairman of the board of the Atlantic
Richfield Company; Roy L. Ash, president of Litton
Industries; Stephen D. Bechtel, Jr., president of
Bechtel Corporation; Fred L. Hartley, president
and chief executive officer of Union Oil Company
of California; William A. Hewitt, chairman and
chief executive officer of Deere & Company; and
Rudolph A. Peterson, pre51dent and chlef executive
officer of Bank of America. :

~ Engineering and Science



For Us, Pasadena Has Meaning

The quiet visit of four distinguished Russian
geneticists to Caltech on August 24-27 has a place
in history worth noting.

About three decades ago, a growing ideological
antagonism to Mendelian genetics in Russia culmi-
nated in the elevation of T. D. Lysenko, an agron-
omist whose work had extended the areas in which
wheat could be economically grown in the Soviet
Union, to a position of great power in Russian biol-
ogy. Lysenko was the chief opponent of genetics as
it had developed in the western world and in Russia;
he promoted a theory utilizing dialectical material-
ism and Marxist ideology based on a concept of
“liquidation of the conservatism of the germ plasm.”
His doctrine became the official dogma of the So-
viet Union; Lysenko was awarded two Stalin Prizes
and the Order of Lenin and was made a Hero of
the Soviet Union in May 1945. '

Over the decades, Russian students of heredity
became increasingly isolated from the exciting pro-
gress that was being made in molecular biology and
genetics in the western world. A few Russians
would appear at international congresses of ge-
netics outside Russia; they were all Lysenkoists, un-
comfortable, ill-matched, and defensive among
their western colleagues. Mendel and Caltech’s
~ Thomas Hunt Morgan became the targets of Rus-
sian invective, with frequent attacks on “Mendelian,
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N.P. Dubinin, director of
a laboratory of genetics
of the Soviet Academy of
Sciences, Moscow, con-
siders a point being made
by E. B. Lewis, Thomas
Hunt Morgan Professor
of Biology at Caltech.

Morganian, bourgeois, capitalist genetics.”

Some work comparable to what was going on in
the West could be conducted in Russia over this in-
terval, if it were talked about in Lysenkoist terms
and if it could avoid coming into the ideological

" limelight. But Russian biology dropped further and

further behind the progess in the West; men with
excellent minds did not choose to go into a field in
which the state dictated what they could believe
or think, and rigid limitations on what could be

From left: E. B. Lewis, Thomas Hunt Morgan Professor
of Biology at Caltech; D. K. Belyayev; N. P. Dubinin;
S. 1. Alikhanyan; R. S. Edgar, Caltech professor of biol-
ogy; B. L. Astaurov; and Harrison Brown, Caltech pro-
fessor of geochemistry, science and government.
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thought or done largely sterilized the science.

The dominance of Lysenkoism receded and ad-
vanced again, but by the summer of 1961, when at
long last there was an international biochemistry
congress in Moscow, it became evident to every-
one, including the Russians who made up much of
the audience for the presentation of papers from
the West, that Russian biological science was be-
nighted.

Something, somehow, was done about it. When
in 1965 the Mendel Centennial was held in Brno,
Czechoslovakia, commemorating one hundred
years since the presentation of Mendel’s great pa-
pers that established genetics, there were rather
numerous Russian geneticists in attendance. They
gave papers on Mendelian genetic subjects, using
Mendelian genetic terms and concepts freely; there
was no Lysenkoism at all. Lysenko and his disciples
had fallen from power. Now the revision of the pow-
er structure appears to be complete.

This summer, four of the most distinguished Rus-
sian Mendelian geneticists: B. L. Astaurov, presi-
dent of the Genetics and Selection Society of the

U.S.S.R,; S. I. Alikhanyan; N. P. Dubinin; and D. J.
Belyayev accepted invitations to attend -and par-
ticipate in the annual meeting of the Genetics So-
ciety of America at Stanford University in late Au-
gust and early September. Caltech was on their
itinerary.

Driving from the Los Angeles International Air-
port to the Huntington-Sheraton with Ray Owen,.
chairman of Caltech’s division of biology, and E.
B. Lewis, Thomas Hunt Morgan Professor of Biol-
ogy at Caltech, the visiting Russian geneticists saw
the freeway signs that said “Pasadena.” One of them
asked whether the name had a meaning. Dr. Lewis
said that some people thought it had, but it is most
likely that “Pasadena” was just a made-up name
for a city. v

“Made up?” said Astaurov.

“Yes,” Lewis said, “it probably has no meaning.”

“For us,” said Astaurov, “it has meaning.”

Oh,” said Lewis, “does Pasadena mean some-
thmg in Russian?” :
“For us it means Morgan and Caltech and
Genetics!”

Faculty Changes 1967-1968

PROMOTIONS

CLARENCE R. ALLEN — acting chairman, division of geolog-
ical sciences.

DON L. ANDERSON — director of the seismological laboratory.

WILLIAM H. CORCORAN — executive officer for chemical en-
gineering.

NORMAN R. DAVIDSON — executive officer for chemistry.

To Prefessor:

GIUSEPPE ATTARDI — Biology

CARVER A. MEAD — Electrical Engineering
JEROME PINE — Physics

RONALD F. SCOTT — Civil Engineering
NICHOLAS W. TSCHOEGL — Chemical Engineering
GEORGE zWEIG — Theoretical Physics

To Associate Professor:

JOHN N. BAHCALL — Theoretical Physics

DONALD S. COHEN — Applied Mathematics

GEORGE R. GAVALAS — Chemical Engineering
THOMAS L. GRETTENBERG — Electrical Engineering
CLEMENS A. HEUSCH — Physics

WILFRED D. IWAN — Applied Mechanics

FREDERIC RAICHLEN — Civil Engineering

JEROME L. SHAPIRO — Applied Science

KIP s. THORNE — Theoretical Physics

THOMAS A. TOMBRELLO, JR. — Physics

To Senior Research Fellow:

GEORGE A. SEIELSTAD — Radio Astronomy
LEWIS G. BisHor — Applied Science
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To Assistant Professor:

WILHELM BEHRENS — Aeronautics
DAVID L. GOODSTEIN — Physics
ROGER G. NOLL — Economics
EDWARD C. STONE — Physics

JOHN s. ZEIGEL — English

NEW FACULTY MEMBERS

Professors:

SEYMOUR BENZER — Biology — from Purdue University,
where he was Stuart Distinguished Professor of
Biology.

HERBERT B. KELLER — Applied Mathematics — from New
York University, where he was professor of applied
mathematics.

BURTON H. KLEIN — Economics — from RAND Corporation,
where he was head of the economics department.
MAJOR CHARLES J. LARKIN — Aerospace Studies — from Wies-
baden, West Germany, where he was stationed with

the U.S. Air Force.

HERBERT ]. RYSER — Mathematics — from Syrcause Uni-

versity, where he was professor of mathematics.

Associate Professors:

THOMAS J. AHRENS — Geophysics — from the Poulter Labs at
the Stanford Research Institute, where he was chalr-
man of the geophysics department.

JAMES W. MAYER — Electrical Engineering — fiom Hughes
Research Laboratories, where he was, ‘head of the solid
state studies section. t
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DUANE O. MUHLEMAN — Planetary Science — from Cornell
University, where he was visiting professor of astron-
omy.

Senior Research Fellows:

M. P. WNUK — Aeronautics — from South Dakota State Uni-
versity, where he was assistant professor.

Assistant Professors:

DAVID BOYD — Mathematics — from the University of Alberta,
where he was assistant professor.
KENNETI D. FREDERICK — Economics — from the ATD Mis-
sion in Brazil, where he worked as an economist.
MOSES GLASNER — Mathematics — from UCLA, where he
was acting assistant professor.

DAVID F. GosLEE — English — from Carleton College, where
he was an instructor.

ROBERT 8. HARP — Electrical Engineering — from Stanford,
where he was a research associate in plasma physics.

JouN 1L SEINFELD — Chemical Engineering — from Prince-
ton University, where he just completed his PhD.

Lecturers:

MICHAEL P, SCHON — Speech, director of forensics — from
Cal State, Fullerton, where he was co-director of
forensics.

Instructors:

ROBERT G. BERGMAN — Chemistry — from Columbia Uni-
versity, where he was working as a NATO postdoctoral
fellow.

JESSE L. BEAUCHAMP — Chemistry — from Stanford Univer-
sity, where he just completed the work for his PhD,

EBERHARD K. JoBST — German — from the University of
Frankfurt, where he just completed his PhD.

ON LEAVE OF ABSENCE

HENRY BORSOOK, professor of biochemistry, to do research
at the University of California, Berkeley.

PETER CRAWLEY, associate professor of mathematics, to Van-
derbilt University as visiting associate professor.
MURRAY GELL-MANN, Robert Andrews Millikan Professor
of Theoretical Physics, to do research at the Institute

for Advanced Study at Princeton University.

FRANCIS B, FULLER, professor of mathematics, to do research
at the University of Strasbourg in France.

ALAN J. HODGE, professor of biology, to the Orthopaedic Re-
search Laboratories in Boston.

RALPH W. KAVANAGH, associate professor of physics, to the
Laboratory of Nuclear Research at the University of
Strasbourg in France.

RODMAN W. PAUL, professor of history, to complete research
for a book.

RESIGNATIONS

EVERETT C. DADE, professor of mathematics, to the University
of Illinois at Urbana.

ALBERT T. ELLIS, associate professor of applied mechanics,
to the University of California at San Diego as professor
of applied mechanies.

DANIEL G. KEEHN, assistant professor of applied science.

ROBERT P. KRAFT, staff member, Mt. Wilson and Palomar
Observatories.

J. OWEN MaLOY, senior research fellow in physics, to the
Analog Technology Corporation in Pasadena.

JOE. H. MULLINS, senjor research fellow in physics, to the
Bell Telephone Laboratories in New Jersey.
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Henry Budd's will said in part,
“...if my son, Edward,

should ever wear a moustache,
the bequest in his
favor shall be void.”

You can put restrictions on be-
quests to Caltech, but we hope you
won’t make them as limiting as
Henry Budd’s. For further infor-
mation on providing for Caltech in
your will or through a life income
trust or annuity, contact:

WILLIAM C CASSELL
DIRECTOR OF INCOME TRUSTS AND BEQUESTS

CALIFORNIA INSTITUTE OF TECHNOLOGY

1201 E, CALIFORNIA BOULEVARD
PASADENA, CALIFORNIA 91109
OR PHONE: (213) 795-6841
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ALUMNI ASSOCIATION
CALIFORNIA INSTITUTE OF TECHNOLOGY

Pasadena, California

BALANCE SHEET

June 30, 1967
ASSETS

Cash in Bank $ 709.56
Investments: ‘

Share in C.IT. Consolidated Portfolio $122,901.81

Deposits in Savings Accounts 19,373.88 142,275.69
Investment Income Receivable 6,140.85
Postage Deposit, etc. 181.05
Furniture and Fixtures, at nominal value 1.00

Total Assets " $149,308.15

LIABILITIES, RESERVES AND SURPLUS ;
Accounts Payable $ 324.62
Deferred Income:

Membership Dues for 1967-68 paid in advance $ 13,415.95
Investment Income for 1967-68 from C.I.T.
Consolidated Portfolio (earned during 1966-67) = 6,140.85 19,556.80

Life Membership Reserve 73,100.00
Reserve for Directory: .

Balance, July 1, 1966 $ 538,60

1966-67 Appropriation 3,000.00

1966-67 Directory Expense (232.81) 3,305.79
Surplus;

Balance, July 1, 1966 $ 41,957.54

Share of Gain on Disposal of Investments of ;
C.L.'T. Consolidated Portfolio for 1966-67 12,686.81
Excess of Expenses over Income for 1966-67 (1,623.41)

Total Liabilities, Reserves and Surplus

53,020.94
$149,308.15

STATEMENT OF INCOME AND EXPENSES
For the Year Ended June 30, 1967

, INCOME
Dues of Annual Members $ 20,628.60
Investment Income:
Share from C.I.T. Consolidated Portfolio $ 5,709.36
Interest on Deposits in Savings Accounts 1,132.87 6,842.23
Annual Seminar 5,206.50
Program and Social Functions 1,690.70
Miscellaneous ) 36.35
Total Income $ 35,404.38
EXPENSES
Subscriptions to Engineering and Science Magazine:
Annual Members $14,425.25
Lite Members 3,377.50 % 17,802.75
Annual Seminar | 5,845.68
Administration (Directors” Expenses, Postage, Supplies, etc.) 3,433.95
Directory Appropriation . 3,000.00
Fund Solicitation 2,203.00
Program und Social Functions 1,866.66
Membership Committee 1,475.75
ASCIT Assistance _1,400.00
Total Experses $ 37,027.79
Excess of Expenses over Income $ 1,623.41

AUDITOR'S REPORT

Board of Directors, Alumni Association, California Institute of Technology
Pasadena, California )

I have examined the Balance Sheet of the Alumni Association, California Institute
of Technology as of June 30, 1967, and the related Statement of Income and Ex-
penses for the year then ended. My examination was made in accordance with generally
accepted auditing standards, and accordingly included such tests of the accounting
records and such other auditing procedures as I considered necessary in the circumstances.

In my opinion, the accompanying Balance Sheet and Statement of Income and
Expenses ?resent fairly the financial position of the Alumni Association, California
Inistitute of Technology at June 30, 1967, aud the tesults of its operations for the year
thenr ended, in conformity with generally accepted accounting principles applied on a
basis consistent with that of the preceding year.

CALVIN A. AMES
Certified Public Accointant
September 26, 1967
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THE NEXT
NINETY YEARS

“Will future gerierations point
to ours as the one which made

possible the realization of this

higher level of human culture?
Or will they point to ours as
the generation which failed
humanity at the most critical
period of its history? I fear

_there is no middle ground.”

" Harrison Brown

The Next Ninety Years, re-
viewed on page 6, may be
purchased from the Caltech
bookstore for $2. postpaid.

CALTECH HISTORY

An Infortmal History of the
California Institute of Tech-
nology, a special 75th An-
niversary publication, is
available through the Cal-
tech bookstore for $1.50 per
copy, plus 25¢ for postage
and handling,
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For: In the Benefits include: B
Masters, fields of: Educational stipend,
Engineer Electrical dependent allowance,
and Engineering, all academic expenses,
Doctoral Aerospace  professional salary,
Degrees Engineering, employee benefits and
Mechanical  travel allowance. Value of
Engineering, theseranges from
Physics and  approximately $7,500
Mathematics  t0$12,000 annually.  ~

Fellowships

Be one of the more than a hundred students - T T T T T T T T T T T —
to win this outstanding opportunity. You will ’
study at a prominent university through the
Hughes Fellowship Program. Work-study and
full-study academic year. plans are offered.
You will gain professional experience with full-
time summer assignments in Hughes research
and development laboratories. You may take
advantage of a variety of assignments through
planned rotation. '

Dr. Arnold M. Small, Hughes Aircraft Company
P.0O. Box 90515, Los Angeles, Calif. 90009

Please send me information about Hughes Fellowships.

Name (printed):

Address

City State Zip

1 am interested in obtaining: [] Masters [] Engineer [] Doctoral
degree in the field of

Requirements: B.S. degree for Masters Fellow-

ships; M.S. degree for Engineer and Doctoral I'have (or expect) a Bachelors degree.in

{Field)
Fellowships; U.S. citizenship; grade point aver- by
age of 3.0 or better out of a possible 4.0; (Mo., Yr.)
selection by Hughes Fellowship Committee. from ThSTEGEe)
For additional information, complete and air- GPA is out of possible
mail form to: ’ Also have (or expect) Masters degree in _
Dr. Arnold M. Small, Director, Scientific Edu- ' (Fiele)
cation, Hughes Air- __ —- 9 by Mo, Yr2)
craft Company, P.O. ! i 1
Box 90515, Los An- E HUGHES i o {Tnstitution)
geles, Calif. 90009. 5zics Rmewars cowrant GPA is out of possible

’___—__'__'_‘___""4'—_'_____—"'"'—__‘
O

U.S. CITIZENSHIP 1S REQUIRED

An equa’I'opportunity employer— M &F

H



How do you stop the ravages of cancer? Or control
the weather? Can natural resources be synthesized?
How do you unlock the secrets of the ocean?

These, and many more questions of vital importance
to society, need answers.

It is Varian’s business to find these answers, through
the design and production of scientific instruments
and components. This requires an atmosphere where
creativity is unhampered by rigid procedures, where
technical breakthroughs and accelerated professional
growth are commonplace. And this atmosphere

is what Varian provides.

For example, all Varian employees are invited to
frequent seminars conducted by renowned

scientists from leading universities and industry.

They are exposed to the latest scientific thinking and
receive stimulating cross-learning exposure in a variety
of fields, not necessarily related to company
technologies. They're also able to continue their
education, with tuition reimbursement, at the accredited
universities and colleges near every Varian location.
And your scope isn’t limited at Varian. For example,

Varian has a lot of questions for you to "'a,nswer; 1

we led in the commercial devéelopment
of the Klystron power tube, invented the
Vaclon pump and pioneered the commercial development
and application of linear accelerators, NMR spectrometers,
spectrophotometers, and gas chromatographs, to mention
just a few. Further, Varian research is finding new uses

for electronics principles in commercial applications,
increasing man’s understanding of life processes, using
microwaves in heating and processing, and much more.
You’re invited to come along. :

Positions offering hard work and intellectual stimulation
exist, at all degree levels, for physicists, chemists, and
electrical and mechanical engineers. You pick the
department — research, development, design,
manufacturing, or service engineering — and the area—
California, New York, New Jersey, or Massachusetts.

For additional information about the opportunities
at Varian, write to: David A. Hamlin, Manager,
Corporate Professional Staffing, Varian Associates,
611 Hansen Way, Palo Alto, California 94303.

An equal opportunity employer -




‘Atmosphere for Achievement

If you are contemplating a career in
aerospace, your next ten years are
critical ones. The exposure you get

to major projects, the caliber of your
associates, the quality and availability.
of educational institutions for advanced selected from more than one hundred

study, and the recognition you get for
personal achievements will all count
heavily toward buijlding your
reputation and your income.

equipment and systems which are
making headlines the world over. You
will have access to four highly rated’
colleges and universities for advanced
study. Your assignments will be

key study and development projects.

A variety of outstanding career
opportunities are yours at Convair
in the following areas of concentration:

At Convair you will find management aeronautical, electrical, electronic and

sensitive to the importance of your
personal development and you

will work in an atmosphere of
achievement side by side with some
of the most capable people in our
industry—the people who developed
Atlas-Centaur and other space age

mechanical engineering; engineering
mechanics and engineering physics.

_ Engineers will be assigned to
the following areas: advanced systems,
systems analysis, space sciences, life
sciences, information sciences,
scientific data processing, aero-

GENERAL DYNAMICS
Convair Division

San Diego, California
An Equal Opportunity Employer

ballistics, dynamics, thermodynamics,
guidance, structures, mechanical
design, electrical design, reliability,
test engineering and materials
research.

See your placement officer to arrange
a personal on-campus interview with
our representatives, or write to

Mr. Jd. Jd. Tannone, Supervisor,
Professional Placement and Personnel,
Convair Division of General Dynamics,
5625 Kearny Villa Road, San Diego,
California 92112.



Here's what we mean
when we say,
“Ryan is a better
place to work”

We mean that a pioneer aerospace
company still headed by the man
who founded it 45 years ago has got
to be a company that cares about its
people. T. Claude Ryan, founder and
chairman, is still at the office every
day. To him, Ryan employees are
friends. Old ones and new ones
alike. Ryan headquarters, combining
engineering and manufacturing fa-
cilities, are on the shores of San
?éggo bay, where it all started in

We mean that a company so
rooted in aviation history is bound
to be a leader in vitally important
defense/space programs. The out-
growth of the original Ryan Airlines,
Inc., that built the “Spirit of St. Louis”
in 60 days from a standing start will
always be ready to accept impos-
sible challenges. And ready to listen
to young men of vision who can
dream up answers to those chal-
lenges. Ideas are given a chance at
Ryan. So are the men who come up
with them.

ey
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We mean that a company which
led the world in the conception and
development of jet-powered target
drones is the kind of company where
daring and untried ideas come to
life. Over 3,000 Ryan Firebees, the
most versatile aerial targets ever
conceived, are in use with all three
branches of our armed forces, help-
ing to train our defenses against any
airborne threat. A super-sophisti-
cated, supersonic Firebee Il will
soon be flight tested and enter
service.

We mean that a company whose
heart has always been in the wild
blue yonder would just naturally be
there when man reached for the
stars; that the products of its scien-
tists, engineers and technicians
would naturally play a key role in
our race for space. Ryan landing
radar systems made possible the
first soft landing on the moon. And
an advanced Ryan system will as-
sure a soft landing for the first man-
ned lunar visit. The men at Ryan
already have their eyes on the space
beyond the moon.

We mean that a company made
up of men who taught themselves to
fly straight up, while others said it
couldn't be done, is the sort of place
that puts no strings on a man’s imag-
ination. Or barriers in the way of
way-out thinking. For over twenty
years Ryan has been amassing an
unmatched fund of technology in
vertical and short take off and land-
ing (V/STOL) aircraft. The list of ac-
complishments is long: Dragonfly,
1940. Vertijet, 1957. Vertiplane, 1959.
The present day XC-142A tilt-wing
and the XV-5A Vertifan. Ryan prod-
ucts can fly straight up. So can the
men who work there,

We mean that a company with a
strong and capable management—
whose business success has led to
majority ownership of large related
companies — is the kind of concern
that can match challenges with per-
manent opportunities. Ryan Aero-
nautical is majority owner of Conti-
nental Motors Corporation and its
subsidiaries, suppliers of primary
power for both piston and jet air-
craft and agricultural, military, ma-
rine and industrial equipment. There
is nothing provincial about Ryan. In-
cluding subsidiaries, it operates 16
manufacturing facilities in the USA
and Canada.

We mean, also, that San Diego is
a better place to work—because it's
a better place to live. It's the surfing,
sailing, deep-sea fishing and golfing
capital of the country. It's clean, un-
crowded and friendly and you can
lead the good life year 'round. lis
great universities make education
one of its largest industries. Ryan is
an important and respected member
of this dynamic community , .. a
community on the move.

RY AN
mEEEE 8

An equal opportunity employer.

This is what we mean
when we say, “Ryan is a
better place to work.”” The
4,500 men and women now
at Ryan know it is. And the
invite your inquiry. Chec
with your placement office
for our campus visit, or
write to Mr. Harlow Mc-
Geath, Ryan Aeronautical
Company, Lindbergh Field,
San Diego, Calif. 92112,




General Motors is people
making better products for people.

Jack Schweibold took off. And landed two world records.

When General Motors’ Allison
Division developed a gas tur-
bine for the Army that doubles
a chopper’s speed, range and
payload with half the engine
weight, it was test pilot Jack
Schweibold’s job to prove it.

Not only did he prove it, but
he set new world’s helicopter
records for closed-circuit dis-
tance and longest solo flight
to boot. GM people like Jack
Schweibold won’t settle for less
than the best from themselves.

Which is why you never have

" to settle for less than the best

from General Motors.

And another reason why, for
example, you get a better buy
in a Chevrolet, Pontiac, Olds-
mobile, Buick or Cadillac car.

Jack Schweibold, Test Pilot, Allison Division, Indianapolis, Indiana




will a job with
LTV Aerospace

make you more exciting,
sought after,
healthy, wealthy

and wise?

Why shouldn’t youenjoy the good
things of life when you're out to
conquer the universe? Sound
far fetched? It’s not. [0 Your
first job with LTV Aerospa
sets you on a path that
lead you almost anywh
you want to go. O LTV
Aerospace Corporati
makes products, of co
] The A T—F8-G

today’s spheres of action at LTV
Aerospace. They are the fron-
tiers of tomorrow. [J A repre-
sentative of LTV Aerospace
Corporation would like to
tell you about these fron-
tiers. Write to him for spe-
cifics about programs,
assignments, duties, sal-
aries. Then, ask about
futures . . . questions

Goat — MACV — Lang about where your first
Sea Lance — Sco : - _ job can take you. O
prime subcontract stru - ' He'll have answers
turals for the 747 and | - i for you, and they
the SST. That’s a . _ : won't be vague gen-
Design, develop : ' - _ i eralities. He'll show
and production requ 54 - _ . you where LTV

Aerospace Corpora-
tion is heading in the

total environmental ad-
venture, and how you fit
in. O You could find your-
- self getting pretty excited
- about it. And that’s a darned good
_ - ay to feel about your first job. O
ground vehicles — missile sy ‘Write College Relations Office, LTV Aero-
commercial aircraft, V/STOL 5 Corporation, P. O. Box 5907, Dallas, Texas 75222.
vehicular activity research and development. These are ~ An equal opportunity employer.

enormously divers
capabilities. 00 At L1
Aecrospace those capabi
are being examined in
of the total environment
ture—sea, land, air,space
space—in ocean sciences

-
i

|

LTV AEROSPACE CORPORATION

A SUBSIDIARY OF LING -TEMCO - VOUGHT. ING DALLAS
MISSILES AND SPACE DIVISION « VOUGHT AERONAUTICS DIVISION = KENTRON HAWAIL LTD + RANGE SYSTEMS DIVISION



These U.S. Air Force officers are

getting what they want out of life.
You can be one of them.

What are they doing? They are
performing a job of importance.
Hour after hour. Year after year.
Many of them will serve for 20 or
more years. The fruitful part of a
man’s life. :

Will yours be fruitful and creative?

Or just spent?

You're going to college to do some-
thing constructive, important. And
you can be sure of it, in the U. S. Air
Force.

Start now in the Air Force ROTC
program on your campus. Your Pro-
fessor of Aerospace Studies will
explain the variety of career opportu-
nities. Pilot. Navigator. Engineering.
Science. Administration.

If you get in on it, you get paid to
be part of the most exciting techno-
logical breakthroughs of all time.
You'll become a leader, an officer
in one of America's most vital organi-
zations...the U. S. Air Force.

You can be part of the Aerospace
Age when things are most exciting...
at the beginning. While you serve
your country, the whole universe will
open up to you.

There’s a 2-year Air Force ROTC
program, and the 4-year program
has new attractive financial assist-
ance provisions.

Lots of men waste their working
years. But you don’t have to be one
of them.

i — —
| UNITED STATES AIR FORCE

| Box A, Dept. OEC-710 ,

: Randolph Air Force Base, Texas 7814

|

| ,

| >

| name g
| : {please print)

} COLLEGE CLASS

{

| ADDRESS

|
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IN THIS ISSUE

ON THE COVER
This classic picture
of the solar corona
was photographed at
the total eclipse of
June 8, 1918, at
Green River, Wyo-
ming. Thin plumes
mark the position of
the poles. The corona
, and ether phenome-
na of the sun are described in “The Solar Atmos-
phere,” on pages 11-16, by Harold Zirin, professor
of astrophysics and staff member of the Mount Wil-
son and Palomar Observatories.

UNIVERSITY-
INDUSTRY
RELATIONS

In the scientific com-
munity, there is an
acute awareness of
the communication
problem that exists
between the univer-
sity and industrial re-
searchers. George S.
Hammond, Arthur Amos Noyes Professor of Chem-
istry at Caltech, outlines the problem and suggests
some steps toward a solution on pages 28 and 29.

THE REVOLUTION

Barry Lieberman 68 is a physics major and an of-
ficer in the Caltech YMCA. He has been heard to
say that he wishes he were an entering freshman at
Caltech, because he thinks there are going to be a lot
of positive changes in the life of a Caltech student—
changes that may very well be due to “The Revolu-
tion” about which he writes on pages 34 and 35. The
machinery for some of these changes is already in
motion. Early this month Caltech’s ad hoc committee
on the freshman year made a recommendation to the
faculty board that the Institute “proceed with all de-
liberate speed to the admission of women to under-
graduate work at Caltech.” The committee also rec-
ommended a change that the students rejected last
spring—setting up a General Studies option,

TRIBUTE BY
KENT CLARK
News of the death,
on June 30, of Har-
vey Eagleson, profes-
sor of English, emer-
itus, brought many
expressions of ap-
preciation for Har-
vey's personal and
academic contribu-
tions to Caltech. Kent Clark, professor of English and
Harvey’s friend and colleague for 20 years, put his
tribute on paper with the wit and warmth for which
he is known. It appears on pages 36 and 37.

ALUMNI ASSOCIATION OFFICERS AND DIRECTORS
PRESIDENT
Sidney K. Gally, '41

SECRETARY
Donald 8. Clark, ‘29

VICE PRESIDENT
Frederic T. Selleck, '49

TREASURER
John R. Fee, 'S1

Theodore C. Combs, '27
Donald D. Davidson, ‘38
Manfred Eirer, '47
Craig T. Elliott, '58

Robert W. Lynam, ‘54

Paul D. Sdltman, '49
Richard P. Schiuster, Tr., ‘46
Martin H. Webster, ‘37

ALUMNI CHAPTER OFFICERS

NEW YORK CHAPTER
President Willis A. Bussdrd, '44
- Appleby Drive, RFD 1, Box 78B, Bedford NY. 10‘306
Vice-President Frederick E. Wood, Ir.,
¢/o IBM 1000 Westchester Ave., White Plains, N. ¥. 10804
Secretdiy-Tredsiirer Harry J. Moore, ]'r 48
6 Lea Place, Rye, N. Y. 10580

BOSTON CHAPTER

President Francis Morse, ‘40

16 Reservoir Rd., Wayland, Mass

The odore G. Johnison, '57

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

55 Summnier St., West Acton, Mdss. 01780

Vice-President

Secretary-Treasurer

WASHINGTON, D.C. CHAPTER

President Willard H. Hanger, ‘43
4720 Sedgwick St., N.W., Washingion, D.C
Berriard B. Watson '35

Research Analysis Corporation, McLecm ,Va. 22101
Secretary-Treasurer Iosn Cookson ‘66

1225 Novyes Drive, Silver Springs, Md. 20910

Vice-President

CHICAGO CHAPTER

President Laurence H. Nobles, ‘49
Dept. of Geology, Northwestern Univ., Evdnston, I1l.
Vice-President hlhp E. Smith, ‘39

Eastman Kodak Co.; 1712 Prairie Ave., Chlccgo .

SAN FRANCISCO CHAPTER
President G. Neal Huiitley, ‘54
3136 Padre St., Lafayette, Cahf
Williom N. Harris, '49
5 Pembroke Pl., Menlo Park, Calif. 94025
Harrison W. Slqworth ‘44
10 Casa Vieja, Orinda, Calif.
Meetinigs: Enginieets’ Club, 16th flsor, Hong Kong Bank Bldg .
Sdn Francisco
Informal luncheons every Thursday at 11:45 A M.
Contact Mr. Farrar, EX 9-5277, on Thursday morning
for reservations.

Vice-President

Secretdry-Tredsurer

SACRAMENTO CHAPTER

Presidernit Kenrieth M. Fenwick, '28
2954 - 26th St., Sacramento, Calif. 95818
Wdyne MacRostie, ‘42
3840 San Ysidro Way, Sacramento, Calif. 95825
Secretary-Tredsurer Herbert H. Daardorff ‘30
49 Annadale Lane, Apt. 4, Sacramento, Calif. 95821
Meetings: University Club, 1319 "K'’ 5t.
Luncheon first Friday of each month 4t noon
Visiting alumni cordially invited—no reservation.

Vice-President
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JOIN THE
IDEA GORP

Right now, hundreds of engineers, chem-
ists, and physicists are exploring their own
ideas at NCR. We encourage them because
we consider idea-people as the backbone of
technological advancement in our field of
total business system development.

And it works. Business Management maga-
zine, in its list of '‘emerging ideas of
1966," credits NCRwith two out of seven:
pioneering in laser technology for record-
ing data, and development of our new PCM}
microform system.

Whether you're a seasoned pro, or an
ambitious self-starter, and whatever your
degree, if the excitement and satisfaction
of start-to-finish idea development appeal
to you, you'li go far with NCR. And so will
your ideas.

Here's a good idea to start with: write to

T. F. Wade, Executive and Professional
Placement, NCR, Dayton, Qhio 45409.

An Equal Opportunity Employer.

" THE NATIONAL CASH REGISTER CO. ®



General Electric
engineers and scientists
are helping to satisfy the
needs of society...

like beautiful cities

A technical career at General Electric can put
you in the position to help beautify our cities.

Inquisitive minds in research and advance
development at G.E. are evolving many concepts

to give our cities a clean, all-electric look.

Design engineers are translating concepts into
components and systems, while manufacturing
engineers are developing the methods and machines
that bring designs into being as useful products.

Technical marketing specialists are working with
electric utilities and city planners to give
mushrooming urban landscapes like Phoenix,
Atlanta and Chicago, a bright, all-electric face.

Urban living has already begun to change as a
result of the contributions made by General

Electric engineers and scientists, contributions

like air and water purification systems, underground
power equipment to preserve nature's beauty,
all-electric heating facilities, rapid-transit

systems, and a hundred more.

You can help develop new products and concepts,
new facilities, processes, and manufacturing
systems, or new applications and markets in
your technical career with General Electric.

For more information write: D. E. lrwin,

Section 699-20, Schenectady, New York 12305.

GENERAL @D ELECTRIC

An Equal Qpportunity Employar



