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Don’t be pigeonholed till you've had a chance to fly

Why settle for a limited choice of opportunity in your
field when you can choose from the whole world of
industry at Westinghouse? No matter what you like to
do, you're likely to do it better here.

And if at first you don’t find your niche in one of our
six operating groups,* there’s a good chance you’ll
find it in another.

Want to be far out? Help us build our NERVA nu-
clear reactor for space propulsion or design aircraft
electrical power systems for tomorrow’s super trans-
ports. Want to be way in? Help us unlock the ocean’s
secrets in our Deepstar 4000 undersea exploration
craft. If you're a skin diver, bring your equipment.

Or come help us revolutionize communications,
radio and TV with more sophisticated microminiature
electronic devices. Qr would you rather help us re-
build urban areas? ’

It you care about quenching the world's thirst, you
can help build water desalting plants throughout the

world. To date, we have installations for communities
and industry from Key West to Kuwait. One of our de-
salting plants solved the Navy’s fresh water problems
when Castro cut the water line at Guantanamo.

If you're interested in computers, we're a leader
in both their use and application. And not just com-
puters that do a payroll; we're applying computers
to steel mills, rapid transit systems, oceanographic
research ships and automated warehouses.

Isn’tthis the wide freedom of choice you want at the
start of your career? Talk to your Westinghouse re-
cruiter about it when he visits your campus during the
next few weeks or write: L, H. Noggle, Westinghouse
Educational Center, Pittsburgh, Pennsylvania 15221.

An equal opportunity employer

You can be sure if it's Westinghouse

*The Westinghouse Operating Groups: Consumer Products; Industrial; Construction;
Electronic Components & Specialty Praducts; Atomic, Defense & Space; Electric Utility.




STUDENTS...

PROFESSORS...

\ -

ENGINEERS...

CLEARPRINT IS THEIR COMMON DENOMINATOR

The reason for that is quality. To do the best work
you have to start with the best materials. For over 30
years Clearprint Technical Papers have served stu-
dents, educators, and professionals with distinction.
m Clearprint’s unchanging character includes 100%
rag uniformity, permanent transparency, outstanding
erasing and handling qualities. You get all this in
addition to Clearprint's ideal ink and pencil surface.

EEms RS-

CLEARPRMPAPERCO s
_ 148267th Street, Emeryville, California

= Semime Ciaarpnnt éamples, with prices, for the follaWing uses:

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




...yes, you've studied hard to are today, and now you want
to put your education to work i sible way. But are you ready
to accept individual responsibility? If you are, you can go as far and as fast

as your talents can carry you at arreﬁi AiResearch, Los Angeles

Why? Because at Garrett yeu have the opportunity to work on entire
systems as well as sgecza ize in ;usi one phase or discipline
Since our ez’}gmeermg statf is smaller than those of csm;}arabi@ com-

panies, your efforts receive much more re. ogﬁi% on-—thus, you increaseyour
knowledge and capabilities more rapidly.

You can take an active part in research, design, or development that
leads to production of actual hardware for 30;3%};% cated aerospace systems
and sabsystems*

QOur product lines include envi mnmeﬂtai systems, electronic ';ght infor-
mation and control systems, heat transfer systems, secondary power systems
for missiles and space, electrical systems, and specialized industrial systems.

And, at AiResearch, ﬂ}u can make as much money as any eng neerin a

f‘@m;}a{ab%e spot and gei all the plus benefits i)’f a top company. -
Are yw feady’?‘ A;Research is ready far yw

1, AiResearch Manufacturing
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When Surveyor II1 carried the sur-
face sampler experiment to the
moon in April, scientists got their
first look—via television pictures—
at excavated lunar soil. Behind this
successful scooping operation is the
work and direction of Caltech’s Ron-
ald F. Scott, professor of civil engin-
eering and principal investigator for the experiment. In
“Digging an the Moon,” on pages 10-14, Dr. Scott describes
the development of this initial lunar excavation.



Robert W. Leu, C.L.U.
Peoria

“I'm proud that my career allows me to be a full-time member of my family.”

“You see, I want my family to
respect my business life, but [ also
want my bread-winning to allow
me the necessary time to be a full-
time member of my family! ['ve
been a Mass Mutual policyhiolder
sitice the age of 10 —and [ knew
when [ was a college sophomiore
that I would make a career in life
insurance. There aren’t tmany men
who can say that! It was following
the advice of my father and the
dean of the College of Commierce
at Bradley University that I chose
Mass Mutual as the company ['d
represent. And I'd do it all over
again if I had the chance.

“It’s a matter of real pride for me
to be just as professional with my
clients as any physician or attorney.
After diagnosing their needs, my
‘prescriptions’ go to Mass Mutual.
There the Underwriting and Benefit

departmerits are wonderfully flexible
in producing the combinations of
features that enable me to solve each
client’s problems to his best interest.

“And I've been able to continue,
ever since college, the personal
pleasure of being Field House
Announcer for Bradley basket-
ball games. Also important to me
has been serving on the Peoria
Park District Board of Trustees.
[ couldn’t have participated with
good conscience in these or my
other activities if my business had
required travel ot keeping hours dic-
tated by someone else. I guess I've
been my own severest timekeeper.”

Bob Leu has been one of the top
100 Mass Mutual agents for 19
of the past 21 years. He is now
servicing some $20 million of life
insurance. He has been a member
of the Millioni Dollar Round Table

every yedr since 1954 and is in
Mass Mutual’s select Inner Circle
made up of those who have sold
$2 million ot more in a year. Bob
Leu is just one of the highly skilled
Mass Mutual professionals through-
out the country,

If you’re looking for the same kinds
of satisfaction — professionalism i
your career, substantial income to-
gether with the opportunity to
enjoy your family and participate
in your community — write 4 per-
sonal letter to Charles H. Schaaff,
President, Massachusetts Mutual
Life Ins. Co., Springfield, Mass.
He is always interested in hearing
from a good man.

MASSACHUSETTS MUTUAL
LIFE INSURANCE COMPANY

Springfield. Massachusetts [ organized 1851




Materials testing: today’s growth technology.

Since the end of World War {i, materials research and de-
velopment has become a priority technology. Its growth
has been marked by a new language: viscoelastic prop-
erties, complex modulus, tensile energy absorption,
rheology — the terminology of the space age. And its
growth has been marked by an ever increasing need for
imaginative materials researchers together with versatile,
precise test equipment matched to their advanced needs.

For more than two decades, Instron has been producing
such equipment — sophisticated stress-strain testing in-
struments for college, government and industrial labora-
tories. Scientists use Instron equipment for basic re-
search, to better understand the capabilities of existing

materials, and to develop new materials. Instron instry-
ments and accessories may be found wherever there is
a need for extremely accurate data on physical properties
— from research on single crystals and whiskers 1o the
development of new ablative materials for the nation’s
space program.

As a service, Instron distributes, without charge, reprints
of technical papers of particular interest to matersals
scientists and engineers. Each is written by
his field.

For a list of free reprints, send for Applica-
tion Series, Instron Corporation, 2500 Wash-
ington St.,, Canton, Massachusetts 02021,




BOOKS

Rage or Raillery
by George P. Mayhew
Huntington Library ................. $6.50

Reviewed by J. Kent Clark
professor of English

This book is the happy result of sev-
eral years’ study on some 60 Jonathan
Swift manuscripts held by the Hunting-
ton Library in San Marino. It is at once
a first-rate job of literary detective
work, a lively contribution to Swift bi-
ography, and a significant addition to
Swift criticism and bibliography. Al-
though written primarily for profes-
sional scholars and advanced students
of Swift, the book reaches the vast
army of Swift amateurs, which includes
practically all literate readers of Gul-
liver’s Travels and Tale of a Tub.

As a literary detective, George May-
hew, who is associate professor of Eng-
lish at Caltech, traces the provenance
of the manuscripts and places the un-
dated or controversial documents in
their biographical context. He suc-
ceeds, for instance, in establishing the
probable date at which Swift composed
an important portion of The Four Last
Years of the Queen and in showing
where Swift got the information which
the autograph manuscript contains. He
establishes the approximate date of an
early Swift will and demonstrates how
the terms of the will were altered as a
result of a fierce controversy. He shows
how scratch notes and cryptic jottings
reappear, years later, transformed into
literary satire and comedy. These dis-
coveries, along with many others, il-
luminate facets of Swift’s life and also
throw light upon his methods of com-
position. ;

The general effect of Dr. Mayhew's
biographical contributions is to correct
the romantic distortions of 19th-cen-
turv biographers and the pseudo-psy-
chology of 20th-century critics. By
showing Swift at close range and keep-
ing him firmly placed in his 18th-cen-
tury milieu, Dr. Mayhew lets us see a
day-to-day Swift, who is more believ-
able, miore complex, and more interest-
ing than the grand caricatures which
have often been palmed off on us. Par-
ticularly valuable is the account of
Swift's recurrent deafriess and giddi-
ness. Dr, Mayhew desctibes the illness
which harrassed Swift throughaout his
adult life and explains its effects iipon
his activities and attitudes. He analyzes
successive versions of Swift’s poem “On

His Deafness,” showing how an orig-

6

inal mood of despair and self-pity is
transmuted into stoic irony. Equally
fascinating as biographical information
is the discussion of Swift’s “Letter to a
Young Lady on Her Marriage.” It de-
scribes the Dublin social background,
identifies the actual cast of characters
involved, and elucidates some of Swift’s
idiosyncratic views on women and
marriage.

Among the many textual and critical
problems treated in. Rage or Raillery,
perhaps the most interesting is the an-
alysis of Swift's Anglo-Latin word
games. Swift, who was a good Latinist
and an inveterate punster, made his
first bilingual pun at the age of six and
continued throughout his life to make
wild combinations of Latin and Eng-
lish. By the time of Gulliver's Travels,
he had constructed three separate com-
ic languages with which to confound
and amuse his friends. These languages
have often confounded and seldom
amused his critics, who have largely
ignored them or dismissed them as the
bagatelles of a senescent Swift. Dr.
Mavhew has explained the systems, de-
coded some flagrant specimens, and
pointed out the relevance of Swift’s
word play to his more serious literary
compositions. In the word games one
often sees the germ of a powerful sa-
tiric idea, and one always finds the fas-
cination with words, the restless crea-
tivity, and the discriminating ear that
make Swift one of the gredt masters of
the language.

As befits a student of Swift, Dr. May-
hew writes with clarity and without
rhetorical ostentation. Rage or Raillery,
besides being handsomely produced,
carefully indexed, and well docu-
mented, is a pledsiire to read. Tt is siire
to consolidate Dr. Mayhew’s already
strong position among contemporary
Swift scholars,

The Character of Physical Law
by Richard Feynman

The M.1.T. Press (paperback) ....82.45
Reviewed by Kip S. Thorne
research fellow in physics

Richard P. Feynman, Caltech’s Rich-
ard Chace Tolman Professor of The-
oretical Phliysics, presented seven lec-
tures, in extempore style, at Cornell
University in November 1964, on “The
Character of Physical Law.” The lec-
tures were recorded for television by
the BBC, and a transcription was pre-
pared and printed “to serve as a guide

or memory aid for television viewers
who may see the lectures and wish to

‘have a permanent reminder to refer

0.” The transcription was an extreme-
ly lucid, self-contained account of
Feynman’s lectures, and, since you
can’t keep so good a manuscript hidden
in the obscurity of BBC publications,
The MIT Press has reprinted it in
paperback form. }

In the lectures Feynman concen-
trates on the general characteristics
common to most of the laws of physics:
on the role of mathematics in physics;

‘on the great conservation principles;

on the symmetries of physical law; on
the distinction between past and fu-
ture; on probability and uncertainty
in physical law; and on the techniques
by which physicists seek new laws.
Feynman makes his discourse vivid
and clear by frequent examples taken,
largely, from the theory of gravitation
and from quantum theory.

The lectures are directed primarily
at the layman, and for this reason con-
siderable attention is paid to a detailed
development of the gravitational and
quantum mechanical examples. How-
ever, the careful attention to simple
examples should not fool the scientifi-
cally educated reader into believing
there is nothing here for him. On the
contrary, by skipping lightly over the
examples and concentrating heavily on
the fundamental ideas, physical sci-
entists and engineers can gain new in-
sight into the character of physical
law. Of particular interest is Feynman’s
discussion of the relation of mathemat-
ics to physics (chap. 2) and his descrip-
tion of methods for seeking new scien-
tific laws when old ones fail (chap. 7).

A quotation which illustrates the
flavor of Feynman's lectures appears
in his discussion of the role of mathe-
matics in physics (page 54): “If you
have a striicture [of physical laws] that
is only partly accurate, and something
is going to fail, then if you write it with
just the right axioms maybe only one
aviom fails and the rest remain. you
need only change one little thing. But
if vou write it with another set of
axioms they-may-all-collapse; becatise
they all lean on that one thirig “that
fails. We cannot tell ahead of time,
without some intuition, which is the
best way to write it so that we can find
otit the new situation: We must-always
keep all the alternative ways of looking
at a thing in our heads; so physicists
do Babvlonian mathematics, and -pay
but little attention to the precise rea-
soning frofm fixetd axioms.”

continted on page 94
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et
ourself

at NCR’s expanding electronics division in los angeles

You can build a bigger future in an organization that's moving today. Facilities, horizons,
opportunities—all are expanding rapidly at NCR Electronics Division.

This is the largest commercial :computer manufacturing facility in Southern California and one
‘ of the most advanced in the world.

At NCR, your work will be part of a vigorous, long-range program extending to more than

120 countries. You will earn exceptionally good salary, and you will have the satisfaction

of seeing your own bright ideas contribute to widespread social, economic and cultural
advancement. You will exchange ideas with some of America's foremost computer specialists
in.a true, multi-disciplinary approach, and you will often explore uncharted technical territory
with your imagination as your only guidepost. The opportunity? As big as your own ideas

can make it. If you know yourself, you know your future at NCR.

The NCR Electronics
Division otters challenging
work in research and
advanced development for
people with graduate
degrees

Senior Research Engineers
O LASER SPECIALISTS

Tao perform applied research
an laser recorders, including
analytical and feasibility
studies as well as the design
and evaluation of research
models. Should have
extensive familiarity with
glectromechanics and optics.
PhD preferred.

" [0 ADVANCED MEMORY

ENGINEER

To coordinate and contribute
to advanced memory
research. Should he
knowledgeable in
nanosecond puise
techniques and high-speed
applications of magnetics,
such as cores or films for
digital computer memories.
Requires both analytical and
experimental ability and
covers the full spectrum of
activities: elements,
circuitry, systems. Work
includes batch-fabricated
film memories, advanced
plated magnetic film
memories and integrated
circuit memories,

Mechanisms Specialist
Experienced in applied
mechanics problems and in
the analysis and advanced
design of complex
mechanisms. Should be
equally skilled in
mathematical analysis and
|aboratory measurements.

For more information and
Division brochure, write

Tom E. Lyon, Technical
Placement, at the address below.

The National Cash
Register Company

ELECTRONICS DIVISION
2815 W. El Segundo Blvd.,
Hawthorne, California

Phone: Area Code 213 777-7296
(An equal-opportunity employer)




Gentlemen:

Name

I am interested in career opportunities at IBM for.

Address

Telephone

Present Company.

Position

Geographical Preference

School

Degree, Major, Year Graduated

(Cut along dotted line)

If you missed talking
to IBM on campus,
it’s not too late.

In fact, the time has never been better for you to
talk with IBM. Since April 1964, one-third of our
present population was hired . . . several thousand
new managers’ jobs created . . . 2 new plants built
. . . several others greatly expanded . .. and a new
division established. Within the next 5 years, we
expect to appoint 6,000 additional managers.

If you have a background in engineering, science,
mathematics, accounting, or business administra-
tion, we'll have plenty to discuss. We’ll tell you about
opportunities at IBM in Computer Applications,
Marketing, Research and Development, Manufac-
turing, Finance and Administration, and the excit-

ing, new field of Computer Programming. With
over 250 offices, 21 laboratories, and 18 plants from
coast to coast, IBM may have the career opportu-
nity you want in the place you want to live.

Fill out and send the coupon to the nearest IBM

Corporation regional office: Mr. H. J. Schick, 590

Madison Ave., New York, N. Y. 10022; Mr. C. I.

Rieger, 100 South Wacker Dr.; Chicago; Hlinois

60606; Mr. H. D. Ridge, Room 810, 1447 Peach-.
tree St., N.E., Atlanta, Georgia 30309; or Mr. E. C.

Purtell, Jr., 3424 Wilshire Blvd., Los Angeles, Cali-

fornia 90005. We’'ll get back to you without delay.

IBM is an Equal Opportunity Employer.

TIBINL.



fareer on VYour Mind?

Think Future. Think Celanese. If you're ambitious, flexible,
and imaginative —and if you're well trained in chemistry,
chemical or mechanical engineering, physics, marketing
or accounting—you’re our man.

Why Celanese? You'll be working for a company that’s grow-
ing fast—and “plans” to keep growing. 1965 sales rose
more than 25% to about $900 million. Our future “planned”
growth depends on our ability to attract top-notch people
who have the drive and desire to aim for that second billion.

What makes you tick? Responsibility. Authority. Profes-

sional Recognition. Financial Reward. We know of no other .

company better able, or more disposed, to satisfy these
needs. Working with Celanese, you'll have the chance to
grow and broaden quickly.

Sound good? If you feel you can perform in our demanding
environment, it should. Discuss us with your faculty and
Placement Office now, then plan to see our representative
when he is on your campus—regardless of
your military commitments. Or write to: John
B. Kuhn, Manager of University Recruitment,
Celanese Corporation, 522 Fifth Avenue,
New York, New York 10036. CELANESE

AN EQUAL OPPORTUNITY EMPLOYER




The depth of these trenches excavated in the lunar soil by the surface sampler is not
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apparent, as the picture was taken with the sun almost over the spacecraft.

DIGGING ON THE MOON

by Ronald F. Scott

Prior to the flight of Surveyor I in June 1966, plans
had been made to launch seven “engineering” Sur-
veyor spacecraft before flying any Surveyors with
scientific apparatus aboard. These seven were to
evaluate the feasibility of the soft landing tech-
nique. After the success of Surveyor I, however, the
plans were changed to include the carrying of scien-
tific experiments as early as possible.

Among the experiments which had bheen pro-
posed and brought to an advanced stage of de-
velopment was the surface sampler device. This in-
strument had originally been constructed to obtain
a sample of the lunar surface for analysis by other
equipment on board. The analysis apparatus, how-
ever, proved to be too heavy to be accommodated
and was left out of the scientific payload plans in
the early 1960s.

Subsequently, I proposed that the surface sam-
pler be employed as a tool for measuring the me-
chanical properties of the lunar surface material.
For this purpose it was suggested that the sampler

19

be instrumented with strain gauges and an acceler-
ometer to record the forces applied by the sampler
to the lunar surface. At the time the experiment was
conceived, the nature of the lunar surface, as it
would be viewed by a landed spacecraft, was com-
pletely unknown, Materials ranging from extremely
soft powders through vesicular rocks and lavas to
solid rocks had been postulated. It was important,
therefore, to have a device capable of yielding in-
formation on any of these materials. The surface
sampler had this versatility. '

Ronald F. Scott, Caltech associate professor of civil engineering,
specializes in the felds of soil mechanics and foundationy engi-
neering. Through his association with Caltech’s Jet Propulsion
Laboratory he becariie iriterested in the mechanics of soil behavior
on extraterrestrial bodies and, in 1963, proposed to NASA a soil
mechanics experiment to be cartied to the moor on a Sturveyor
spacecraft. When this experintent lew with Surveyor 11T in April,
D, Scott, as principal investigator for the experiment, was largely
responsible for directing its operations. “Digging on the Moon,”
has been adapted from a civil engineeting seminar lecture given
at Caltech by Dr. Scott on May 25,

Enpineering and Science



In the summer of 1966 a study was made which
indicated that a modified version of the surface
sampler could be carried on Surveyor 1II. The
sampler was to be substituted for an approach tele-
vision camera which had been planned for the
spacecraft but which, after the success of the Or-
biter lunar pictures series, was concluded to be un-
necessary. However, in order for the surface sam-
pler to take the place of the camera, in the time
remaining before launch it had to be modified to
fit all the existing electrical and mechanical ar-
rangements made for the camera. Consequently,
the strain gauges and the accelerometer had to
be abandoned.

In looking for a substitute measurement of the
force applied by the surface sampler to the soil in a
bearing or trenching test, engineers investigated
the behavior of the d.c. electric motors used for
operating the sampler. They found that the force
could be estimated by measuring the amount of
current taken by each motor during its operation.
This, then, would be the only information of a quan-
titative nature that could be obtained from the de-
vice after it was modified.

Surveyor 111 was launched in April 1967. Tts total
scientific payload included a television camera and
the nine-pound uninstrumented surface sampler.
In spite of some difficulties following an abnormal
landing, in which the vernier engines did not turn
off at the planned height of 13 feet above the sur-
face, the surface sampler and the television camera
were successfully operated throughout the ensuing
lunar day. However, the condition of the spacecrait
telemetry prevented making measurements of the
motor currents as had been intended.

The surface sampler consists essentially of a
bucket which has a small door and is mounted at

Floyd Roberson (right), JPL engi-
neer and cognizant scientist to the
surface sampler experiment, and
Ronald Scott examine the sampler
mounted on the full-scale model of
Surveyor at JPL. The two engineers
have worked together on the experi-
ment since 1963. Roberson trans-
lates the requirements of the ex-
periment, as described by Scott, into
forms for the apparatus design en-
gineers to work with.

the end of an extensible trellis. Four electric motors
control the operation of the sampler, moving it in
specific ways: left and right, up and down, ex-
tension and retraction, and opening and closing the
bucket door. Each motor can be operated on com-
mand to run for either 2.0 seconds or 0.1 seconds.

The distance moved by the scoop itself depends
on which motor is being used, on the extension dis-
tance of the scoop, the load on the motor, and the
temperature at the time the command is received.
Since, on the lunar surface, the temperature of each
motor can be approximately estimated, and since it
is possible, from looking at the television pictures, to
estimate the distance that the surface sampler has
moved, an approximate calculation can be made
of the force acting on the surface sampler scoop
during that motion increment.

In addition, information can be obtained on the
maximum forces applied to the lunar surface by a
knowledge of the conditions under which each mo-
tor stalls. In some of the tests carried out, motor
commands were sent until no further motion of the
surface sampler was ohserved, indicating that a
stall condition had been reached.

The area of the lunar surface which is accessible
to the surface sampler is a space of about 24 square
feet between spacecraft legs two and three. The
sampler can touch the surface at a minimum dis-
tance of about 30 inches from its axis and can be
extended to a maximum of about 60 inches.

The base of the sampler door is a small rectangu-
lar area measuring 1 by 2 inches. The sampler can be
pushed into the lunar surface with the scoop door
either open or closed and can be lifted and dropped
to the surface from any height up to 30 inches.

On the first lunar day of operation, the surface
sampler was directed in this way: First, narrow




angle surveys of the lunar surface in the area of the
sampler operations were taken with the television
camera. These were used to select suitable locations
for the surface sampler testing.

Under normal conditions, a standard sequence
of preprogrammed sampler operations would have
begun at this time, starting with motion calibration
tests. However, by the time the sampler tempera-
ture was high enough to begin operations, some dif-
ficulty had been experienced in rotating the mirror
of the television camera. Consequently, after the
calibration sequence had verified that the sampler
was, in fact, operating in a reasonably normal man-
ner, it was decided to make the first test on the
lunar surface at a point within the field of view of
the stuck television camera. ( The difficulty with the
camera was subsequently overcome.)

At a desk in the Surveyor Space Science Analysis
and Command (SSAC) section of the JPL Space
Flight Operations Facility (SFOF), Floyd Rober-
son, cognizant scientist for the surface sampler,
and I were watching a television monitor which
showed pictures of the sampler within a few sec-
onds after they were taken. In addition, a polaroid
picture was immediately taken of each television
image and was handed to me to be referenced and
cataloged. Next to us sat JPL’s Jack Linsley, SSAC
director, through whom all commands to the space-
craft passed.

Using the polaroid photograph and each picture
as it appeared on the television screen and compar-
ing them with our planned operations for that
period, Floyd (and, at critical times, both of us)

The pile of lunar soil dumped on footpad two by the
sturface sampler came from a clod which the sampler
tried to pick up, but crushed. The circular object in the
right foreground is the color calibration chart. Behind
it is one of the attitude control jets.
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decided how many 2.0-second  or 0.1-second com-
mands were required to move the surface sampler
to the point we had selected for a test. Floyd wrote
down the commands necessary to move the sampler
the required distance and handed them to Jack
Linsley for verification. He passed them on to the
controller for transmission to the spacecraft via
the Goldstone Tracking Facility—all within seconds.

The commands to the sampler were followed by
a command to the television camera to move, if
necessary, in order to bring the sampler into its field
of view and to take a picture. The picture which
then appeared on our television monitor assisted us
in deciding what move to make next. Thus the oper-
ation proceeded by a sequence of real-time pic-
tures and decisions. ‘

Several types of tests were carried out, since I
was interested in a variety of material properties:
(a) The mechanical strength of the lunar soil: this
information is particularly important for use in the
design of spacecraft for future manned and un-
manned landings. (b) The deusity of the first few
inches of lunar soil: it is of interest to compare this
information with predictions about the density
which have been made from earth-based radar and
thermal measurements of the lunar surface. (¢) The
homogeneity of the lunar surface material. (d) The
variation of the properties with depth. (e) An in-
vestigation of the nature of any accessible rocks.
(Although many rocks are visible in photographs
taken by Surveyor I11, in its immediate vicinity only
one or two small objects appeared as though they
might be rock fragments.)

In the bearing tests, the sampler was driven
downward until it was in contact with the lunar
surface, and this position was identified. It was then
driven further down by several successive 2.0-sec-
ond commands until no further motion was ob-
served. The motor was stalled. Narrow angle pic-
tures were taken of the sampler scoop, both in the
lunar soil and after the scoop was removed from the
test point. From these pictures, the depth of pene-
tration and the mechanism of deformation of the
soil could be interpreted.

In' the trenching operation, the scoop door was
first opened and the surface sampler was com-
manded down into the lunar surface and then re-
tracted back toward the spacecraft. The trench
could be deepened, widened, or extended by suc-
cessive passes through it.

During the formation of a trench. the lunar sur-
face broke up into lumps and clods of material.
These were believed to be ¢itheraggregates of finer-
grained material or rock fragments. In order to de-
termine just what their composition was, an attempt
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The round object in the cenier foregroun(i of the first picture is th(mgzht to b() Flfh(’1 a m(“f\ fragment or a soil clod
When the surface sampler is moved to bear down gently on the object, it disintegrates, indicating that it was a clod.

A bearing fest impression can be seen in the upper left corner of all three pictures.

was made to pick up one of the fragments which
had been displaced during the trenching opera-
tions. However, when the scoop door was closed
on it, the object was crushed. Apparently it was an
aggregate of finer particles. A portion of the frag-
ment which was still in the surface sampler bucket
was taken to footpad two and dumped. An evalua-
tion of its color characteristics was made by view-
ing the soil through the camera’s color filters.

Other objects also appeared on the lunar sur-
face which were brighter than the surface. One of
these was picked up in the side of the surface sam-
pler bucket and was brought closer to the television
camera for viewing. When the bucket door was
closed on the object (exerting a pressure of several
hundred pounds per square inch) and it did not
crush, it was assumed to be a rock fragment.

Later, when the surface sampler was moved in
order to place this object on footpad two, the frag-
ment was lost from the sampler. Apparently it was
squirted from the spring-loaded door. When the
loss was discovered, the sampler was lowered to the
lunar surface, and the door was opened to see if the
fragment had broken. No pieces were found inside
the sampler bucket. It appeared that the fragment
had been ejected intact. .

The resistance of the soil to p.enetration by the
sampler in an impact test arises from both the soil’s
static strength and its density. As the velocity of
the impact increases, the part played by density
‘becomes more important in comparison with the
static strength of the material. Consequently, im-
pact tests from different drop heights in which only
the maximum penetration is measured can be used
to evaluate this density approximately. The static
strength is given by the bearing tests.

It appears from the surface sampler tests that the
lunar soil is fine-grained material possessing a small
amount of cohesion (in the order of a few hun-
dredths of a pound per square inch) and an angle
of internal friction of about 35 degrees, similar to
that of a dry terrestrial sand. The impact and other
test results appear to show that the material pos-
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sesses an essentially normal terrestrial soil density
of about 1.5 grams per cubic centimeter. When the
sampler was pushed into the soil in the bearing
test, the soil was displaced out of the way of the
surface sampler, and it appeared that the material
was very nearly incompressible.

The physical parameters describing the lunar
soil which appear from these simple surface sam-
pler tests have a broader significance than only their
engineering value for the design of future space-
craft. They make possible scientific interpretations
of the physical state of the material. ‘

These results indicate that the very high poros-
ities and low densities which had sometimes been
postulated as being lunar soil conditions do not, in
fact, exist throughout the first few inches of lunar
soil at the Surveyor 11T landing site. Ideas about lu-
nar surface processes have had to be revised. It had
been thought that in the very high vacuum at the
lunar surface, meteorite bombardment would pro-
duce particles with extremely clean surfaces. The
fragments would, therefore, adhere strongly to one
another and possibly also to spacecraft components.
The measured small amount of cohesion seems to
indicate that the particles are not extremely “clean,”
that primary bonding forces are not acting between
lunar soil particles, and that van der Waals forces
are more probably present.

The lunar soil has shown a tendency to adhere
inside the surface sampler bucket with a cohesion
of the same order of magnitude as in the undis-
turbed soil. The area in which the surface sampler
operated appears to be fairly homogeneous in its
properties, but there are distinct indications in the
trenches that the material is firmer or denser with
depth within a few inches from the surface. The
deepest trench was approximately seven inches, and
the material at that depth was relatively firm com-
pared to the surface.

At this time only the most preliminary evaluation
of the tests and their results has been made. But the
surface has been scratched, and our knowledge has
been extended in a most direct way.
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A PHILOSOPHER LOOKS AT CALTECH

ABRAHAM KAPLAN, professor of philosophy at the University of
Michigan, visited Caltech this spring as a YMCA-sponsored
Leader of America. During his four-day stay he met and talked
with Caltech students (above) 14 hours a day. Before leaving
campus he was interviewed by John Weir, associate professor of
psychology at the Institute, regarding the impressions he gained
here. This article contains excerpts of his comments.

John Weir: How would you characterize the
general nature of the student body at Caltech?

Abraham Kaplan: They're the most intellectually
mature undergraduates I've ever known. They are
also by and large the brightest that I've known
anywhere; but that’s a different factor. What I mean
by intellectually mature is: whereas I'm usually able
to identify a student’s class and even his semester
fairly well, here I've constantly been off by several
years and always with a systematic error in the
same direction. Whenever I think someone is a
senior, he’s a freshman, and when I think he’s a
member of the faculty, he may be just a junior.

They are most decidedly not “hardnosed,” if by
that is meant what I call “scientistic’—wanting to
count, weigh, and measure. In fact, my impression
has been rather the contrary. [ have a vision of an
intense need for development of their human side.
What is the opposite of hardnosed? William James
speaks of hardheadedness and tenderheartedness.
[t is their tenderheartedness—a great desire to
feed their appetites for human warmth, aspiration
for literary and dramatic sensitivity, and that whole
spectrum of interest. For instance, whenever our
discussions have gone in the direction of the nature
of science, there has not been a particular response.
But the minute I bring in God, or morals, or art or
beauty, there are 20 people who want to say some-
thing all at once.

Weir: You referred to this earlier as a hunger?

Kaplan: Yes, and I want to speak to that as one
of the respects in which this campus is barren. I've
been very struck by it in contrast to many other
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colleges that are not just inferior to Caltech but
are so by several orders of magnitude. I have been
on many such campuses and been aware that there
is a showing of Laurence Olivier’s “Hamlet”; that
the local theater group is putting on a play of
Ionesco’s; there’s a string quartet playing that
evening; there’s a retrospective show of the paint-
ings of Lionel Feininger. Here I have not been
aware, in a massive fashion, of the visual arts, of
sculpture, of music, of theater, or poetry, or, for that
matter, of even dance and beer parties. So it has
been a sense of austerity.

There was also a hunger of another kind
which is not especially characteristic of Caltech,
but it surprised me because you have less reason for
it than any other place—namely for a direct en-
counter with faculty. I have been told—and even
those who didn’t tell me conveyed it quite ac-
curately—that they have never had a chance in all
their time at Caltech to sit down side by side with
a member of the faculty and just chat about some-
thing without a formal course context between
them. This is almost universal in American higher
education, but in a school as small as Caltech and
with your enviable faculty-student ratio, it ought
to provide for many such occasions.

Weir: But it is often said here that all the students
have to do is to knock on any professor’s door and
he’s quite willing—even eager—to see them.

Kaplan: But the fact is that they don’t. As an edu-
cator I cannot rest content with saying, “Okay, now
it's up to you. All you have to do is knock on the
door.” The fact is that if they don’t knock on the
door I want to find out why, and I want to maybe
remove the door so that they don't have to knock.

Weir: Would you mention a few things that could
be done to improve the situation? '

Kaplan: I would want to organize an important
part of the educational process to have its locus in

Engineering and Scietce



the houses. The houses are now apparently a place
where students eat and sleep and where they have
their own lives, but not where they have a part of
university life. I would like to see each member of
the faculty take it for granted that he’s going to
spend six to eight hiours a week in a house some way
or other. And that he is going to be doing it not
as something extracurricular and incidental but
in very nearly the same spirit as in the classroom or
in an office consultation—that is, continuing the
process of intellectual growth and education.

I would also see that graduate students and
undergraduates are thoronghly mixed in their
housing. Students can learn at least as much, per-
haps more, from ane another as from faculty.

Weir: Do you think that our admissions or selec-
tion procedures could be improved?

Kaplan: Not for you they couldn't. You have so
many students that are so fine, I don’t think you
can improve on what you have. But maybe it would
serve the national interest better if you didn’t have
so many and let a few of the other places have a
few. It would do them some good.

I find wholly admirable in every way that your
students represent such a rich diversity of national
and social background. T cannot overstate how
significant a contribution that seems to me to be
making to our life as a nation, as a society. The num-
ber of foreign students you have, the number of
Americans of griental descent, the Negroes, the
number of Jewish students, the number of students
that apparently come from lower economic strata—
all of this creates an atmosphere in which certain
basic values that are appropriate to a university are
tacitly being reinforced every hour of the day. What
is being said is that the one value that is being
shared by everyone here is a dedication to the life
of the mind, to the adventure of ideas, and that all
these differentiations, which, alas, are so important
elsewhere, have no place at Caltech.

Weir: What about our educational facilities?

Kaplan: T've had a little sense that hooks as a
specific educational adjunct played rather less of
a role here than they would even at quite inferior
universities. But I hesitated to draw any conclu-
sions, even if it is a fact, simply because the sciences
play such a role here, and a laboratory is under-
standably more important than a library. Never-
theless, I would have thought that there would be
two or three bookstores at which used hooks would
be bought and sold. It isn’t that I have any fault to
find with your hookstore, which is as extensive as
it should be, but I'm surprised that there isn’t a
great deal more. Around many universities there is
to be found a little avant-garde bookshop where
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there are books that have nothing to do with classes
—the kind of place where coffee is served, and once
a week there’s a poetry reading with guitar playing.
Now it’s easy far us to smile condescendingly, but
I think they make an enormously important con-
tribution. I'd also like to import a little hit of
Berkeley or a little bit of Antioch College, or Reed.

Weir: A little offbeat?

Kaplan: Yes. College is the age for intellectual
exploration and experimentation. That’s what off-
beat means. It’s entirely right and proper for a kid
to see what he would look like if he wore a beard or
a mustache. It doesn’t mean that this is what he is
going to do the rest of his life. But now is the time
for him to try it on, to try on various ideas and
tastes in the arts and the like—at any rate, to be
made aware of these larger horizons. There’s a kind
of a grimness here at Caltech. I would like to see
more of joy, especially because these kids are so
wonderful and capable of the joy of intellectual
life. I feel as though I've come upon people who
love to eat but who have never tried French cook-
ing or Armenian cooking or Japanese cooking—
only that wonderful rare roast beef.

Weir: Do you have any comments about the ab-
sence of girls on campus?

Kaplan: I think if girls were admitted at the
undergraduate level in considerable numbers it
would make an enormous difference to the quality
of the place. I'm not just talking about heeding
emotions. I'm also talking about a contribution to
intellectual creativity, to excitement with ideas. It
is not a recommendation where 1 say, “Why don’t
we have some good-looking girls around?” But I
certainly think that it makes a considerable differ-
ence in the unfolding of the whole person and in
making use of all the resources of the personality
in an integrated fashion.

Weir: We are about to enter a period of expan-
sion in the humanities and the social sciences. Could
you suggest some direction we might take?

Kaplan: There are in the social sciences and the
humanities two directions that can be distinguished,
although the line between them is blurred. Let’s
call them hard and soft. In the hard social sciences
there is much application of high-powered math-
ematical methods—decision theory, linear program-
ming, game theory and the like. The idea that I
would like to put forward is that that is decidedly
not a direction to go. What I would like to see done
at Caltech is to have the social sciences and hu-
manities of the soft variety. I think it will contribute
much more; it will be very much more of a ferment.
If you do the other, then all you are doing is keep-
ing everything here the same.
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FROZEN FREE RADICALS IN INTERSTELLAR SPACE

by G. Wilse Robinson

The space between the stars is not an empty void
but a region filled with dust and gas. To be sure,
the number of atoms per unit volume is small—the
average being only about 1,000 atoms per bucketfull
of interstellar space. However, the concentration of
atoms and dust tends to “bunch up” into clouds and
is very uneven over space. Even in the clouds, how-

‘ever, the concentration of matter is not very high
by ordinary standards. It is about 1/40th as dense
as the best vacuums one can obtain in the labora-
tory by modern vacuum techniques, as can be seen
by the comparisons below:

CONCENTRATION OF INTERSTELLAR ATOMS

atoms/liter
Average Value 100
Interstellar Clouds 100,000
Best Laboratory Vacuums 3,600,000

Even so, the space between the stars is so vast
that the interstellar gas and dust comprise perhaps
as much as 10 percent of the total amount of mater-
ial in the galaxy. ,

Knowledge about the interstellar gas has been
derived mostly from spectroscopic measurements.
One finds that the white light from a very distant
star, after passing through the immensity of space,
has partially been absorbed because of the presence
of the intervening gas. Each atom or molecule has

a characteristic absorption color or wavelength
which acts as a “fingerprint.” In this manner, atoms
and ions of the elements titanium, sodium, potas-
sium, iron, and calcium have been found, as have
the diatomic molecules CH, CH* (CH with one
electron missing ), and CN. Using radio frequency
and microwave techniques, researchers have also
detected hydrogen atoms and OH molecules. These
atoms and molecular fragments are what I refer to
as free radicals. (The use here of the term “free rad-
ical” to mean any atom or molecular fragment does

" not exactly coincide with the standard chemical

definition. )

Many other kinds of whole molecules and mo-
lecular fragments, such as carbon atoms, hydrogen
molecules, and water vapor, are believed to exist in
interstellar space, but their absorptions are so weak
at wavelengths of light presently possible for study
that they have not yet been detected there. Rocket-
and satellite-based spectroscopy has opened up new
wavelength regions of the spectrum by eliminating
atmospheric absorption, and, in the future, moon-
based observatories will shed much more light on
the problems of interstellar gas absorption.

Our main concern here, however, is not with the
individual atomns, molecules, and free radicals that
form the interstellar gas, but rather with agglomera-
tions of these—tiny, solid particles, many almost too

C. Wilse Robinson, professor of physical chemistrv at Caltech, has been in-
tetested in “the space between the stars” for as long as he can remember. Only
recently, however, has his work brought hitm very close to active participation
in this field. While an assistant professor at Johns Hopkins University, Dr. Rob-
inson discovered that wtoms and small molecular fragments embedded in certain
solids at very low temperatures ubsorb light in a manner resernbling that by
which light is absorbed by an isolated atom or moleciile. However, differences
in absorption between the isolated molecule and the “trapped” molecule cause
difficulty in identification of such absorptions. Dr. Robinson reasoned that atoms
and molecular fragments similarly frozen out in interstellar space could there-
fore be responsible for certain unidentified absorptions found there.

Tn 1959 Dr. Robinson catne to Caltech as associate professor of chemistry. In
recent years he has concentrated his work in the felds of vibrational and elec-
tronic spectroscopy. of molecules, low temperature chemistry, and energy’ trans-
fer phenomena in chemical and biolagical systems.

Duiring the past year he has been advisor for the honors work of two Caltech
undergradunte students, Jim Marable and Mike Ruth, who have heen condict-
ing experiments designed to identify the composition of “interstellar ditst,” which
Dr. Robinson disciisses in “Frozen Free Radicals and Interstellar Space.” This
article has been adapted From a lecture given by Dr. Robinson on May 15, the
last of Caltech’s 1967 Spring Tecture Series ini Beckmian Auditoriuim,
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small to be seen under a high-powered microscope.
These interstellar grains, as they are called, may be
ejected from the cooler regions of stellar atmos-
pheres by radiation pressure, or they may treeze out
from the interstellar gas in the very cold parts of
interstellar space, which are around 20 degrees
above the absolute zero. Or perhaps they arise from
a combination of dust ejection followed by conden-
sation of interstellar gas.

In any case, from a chemical point of view, the
grains are expected to be very complicated. It makes
a chemist’s head swim to think of all the possibilities
that can arise from a mixture of atomic carbon, oxy-
gen, nitrogen, magnesium, silicon, and sulfur, plus a
dash of atomic sodium, calcium, iron, and other less
abundant elements, freezing out at low tempera-
tures in the presence of constant bombardment by
electrons, hydrogen atoms, and ionizing radiation.

Because much of the hydrogen may boil off, the
grains, unlike the rest of interstellar space, need
not have a high hydrogen content. Most of the hy-
drogen that sticks is probably chemically bound to
the grain. Even if these particles were formed from
“dirty graphite cores” (i.e. cores made up primarily
but not entirely of carbon) ejected from stellar
atmospheres, as some scientists think, the accumu-
lation of complex chemical substances on their sur-
faces would seem to be inevitable. A typical-size
grain contains roughly a billion atoms. Such a grain
undergoes about a collision per minute with a hy-
drogen atom and about a collision per day with some
chemically reactive heavy atom other than hydro-
gen. At this rate it takes only about a million years
for such a grain to undergo collisions in space with
a billion other atoms, not including hydrogen. So,
the equilibrium composition of a grain may be
pretty much at the mercy of its gaseous interstellar
environment, rather than dependent on the mode
of its initial formation.

Information about the grains is derived, just as
for the interstellar gas, mostly from spectroscopic
measurements. Absorption of light by grains, scat-
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tering of light by grains, and pelarization of light
by grains are examples of problems that have been
studied. The diagram at the left shows, schemat-
ically, some of the more prominent, discrete ab-
sarption lines thought to be caused by the grains.
The complexity of the spectrum is consistent with
the expected complex chemical composition of the
grains. It is to be emphasized that no definite iden-
tification of these features has yet been made, al-
though many speculations have been advanced.
Thus a major mystery exists. This is a pity since we
are, therefore, ignorant of a measurable fraction
of the composition of the universe.

In addition to these relatively discrete absorp-
tions, there could be an underlying, general, con-
tinuous absorption caused by substances embedded
in the grains. This aspect of the problem has never
been considered by astrophysicists. The presence
of a continuous absorption could spoil the interpre-
tation of the light-scattering experiments on which
much of our present knowledge of the grains rests.

The mystery of the grains is as much of a chem-
ical problem as a physical one. Laboratory experi-
ments, trying to duplicate the interstellar absorp-
tions, should be performed by chemical spectros-
copists who are familiar with complicated mole-
cules adsorbed on or embedded in solids. Actually
some work along these lines has been carried out.
Atomic sodium and calcium can be frozen out un-
der certain conditions resembling those in inter-
stellar space. It is noteworthy that the absorption
spectra of these frozen atoms are very close. to the

RELATIVE STELLAR ABUNDANCES OF SOME ELEMENTS

Hydrogen 1,000,000 Magnesium

Carbon 500 Silicon } 25
Nitrogen 100 Sulfur

Oxygen 1,000 Helium 150,000
Sodium

Calcium } 2

Iron

spectra observed for the grains. The concentration
of sodium and calcium atoms in interstellar space is
not high, as seen in the above table, but their absorp-
tion is very intense. Besides, in the grains, the atoms
probably have a higher concentration than in the
interstellar gas.

Further frozen free radical experiments are now
being carried out at Caltech in a more directed ef-
fort to identify the grain material. Various mixtures
of atomic carbon, oxygen, nitrogen, and hydrogen,
together with the more prominent metal atoms, are
allowed to impinge on a surface cooled to liquid
helium temperature (4°K). The frozen material is
then examined spectroscopically for the possible
presence of the grain absorption lines.
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ERNEST H. SWIFT
professor of analytical chemistry

Dr. Swift will become professor emeritus this
month when he retires after nearly 50 years at
the Institute. He received his BS from the Uni-
versity of Virginia in 1918 and came to Caltech
(then Throop College of Technology) the follow-
ing year—the year Arthur Amos Noyes became di-
rector of chemical research. Dr. Swift received his
MS from Caltech in 1920 and joined the faculty
that same year as an instructor in chemistry. In
1924 he was awarded his PhD, in 1928 became as-
sistant professor, in 1939 associate professor, and
in 1943 professor of analytical chemistry. He
served as interim chairman of the division of chem-
istry and chemical engineering from 1958 to 1963,
and as chairman of the faculty from 1963 to 1965.
During World War 1I, Dr. Swift was an official
investigator for the office of scientific research and
development,” working on problems related to the
identification of chemical warfare agents and their
detection in the field. He was also a pioneer in the
development of coulometric methods of analysis,
in which an electric current is tised to measure
chemical elements. An avid tennis player, Dr. Swift
will now have more time to pursue his favorite
sport, although he plans to maintain an office on
campus in order to continue work on the revision
of his textbook on quantitative analysis.

RETIRING THIS YEAR

OLIVER R. WULF

research associate in physical chemistry

After 22 years at Caltech, Dr. Wulf retires this
month as research associate emeritus. He is the
first research associate of the Institute to be award-
ed this status, Dr, Wulf received his BS from Wor-
cester Polytechnic Institute in Massachusetts and
his MS from American University in Washington,
[D.C. After obtaining his PhD from Caltech in
1926, he spent 11 vears with the U.S. Department
of Agriciltiire, rising to the position of senior phys-
icist in the Bureau of Chemistry and Soils, In 1939
he moved to the Weather Bureaui as senjor meteor-
ologist, and, as o member of the Bureai, was a re-
search associate at the Institute of Meteorology at
the University of Chicago from 1941 to 1945. In
1945, still as a niembet of the Weather Biireau
(and later under the Environmental Science Serv-
ices Administration), he joined the Caltech staff
as research associate in physical chermistry, where
he has carried ot an enthusiastic research program
in solar-terrestrial relationships, geomagrietism, and
large-scale circulation of the atmosphere, This work
won him election to the National Academy of Sci-
ences in 1949, In April of this year, Dr. Wulf re-
tired from his government post after 41 vears of
seivice, He and his wife, Bea, who served as secre-
tary of the division of chemistry and chemical en-
gineering until last vear, have left on an extended
tour around the world by freighter. Whet they re-
turn, Dr. Wullwill resume his research at Caltech,
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LIBRARY
DEDICATION

JUNE 9, 1967

Caltech’s Robert A. Millikan Memorial Library
was dedicated in a short ceremony preceding the
commencement exercises on Friday, June 9. Seeley
G. Mudd, a member of the Caltech board of trust-
ees, who donated the funds for the nine-story build-
ing, presented the key to the library to Arnold O.
Beckman, chairman of the Institute board. The
presentation took place in the octagonal-shaped,
glass-walled room which adjoins the library on one
side and projects into a reflecting pool on the other.
The room will serve as conference quarters for the
trustees.

Caltech President Lee A. DuBridge and Director
of Libraries Harald Ostvold also took part in the
program, which was attended by Caltech trustees
and their wives, members of the faculty library
committee, and friends and members of the Mudd
and Millikan families.

The library is scheduled to open in the fall.

President DuBridge (left) and Seeley Mudd.

A chandelier of Bavarian crystal in the trustees con-
ference room is lighted for the first time during the
Millikan Library dedication ceremony.

i
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COMMENCEMENT 1967

At Caltech’s 73rd annual commencement on
June 9, a total of 363 students received degrees
—141 bachelors of science, 105 masters of sci-
ence, 7 engineers, and 110 doctors of philo-
sophy. Almost one-half of the seniors, who had
maintained a B-plus average throughout their
four vears at Caltech, were graduated with
honors.

President Lee A. DuBridge delivered the
commencement address, “The Educational
Process.”
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PERSONALS

1934

EDGAR L. KANOUSE, MS, has been ap-
pointed general manager and chief engi-
neer of the Los Angeles Department of
Water and Power. A veteran of 30 years
with ‘the department, Kanouse has been
assistant general manager and chief engi-
neer for the past year.

1937

DANIEL G. SCHUMAN, vice president-
finance for Bausch & Lomb Incorporated
in Rochester, N.Y., has been elected a di-
rector of the Financial Executives Insti-
tute, a national organization of financial
executives from all fields of business, in-
dustry, and banking,

1939

ROBERT T. CARTER, MS 40, has been
appointed assistant general manager of
the petrochemical department of Texaco
Inc., with headquarters in New York. He
joined Texaco in 1940 as a chiemical en-
gineer in the refining department in Mon-
tana. After working on assignments in
California, New York City, New Jersey,
Illinois, and Cuba, in 1961 he joined the
petrochemical department.

1943

TED L. CROSTHWAIT, MS, superin-
tendent of the Bardstown, Ky., city schools,
has received the first honorary degree con-
ferred by Nazareth College of Kentucky.
He was honored for his service to the
youth of Nelson County and his cooper-
ation in the student teaching prograim.

1946 ,

FRANK LANNI, PhD, died on July 30,
1968, in Atlanta, Ga. He was professor of
microbiology at Emory University.

DONALD J. O'MEARA, MS, AE 47, is
technical director of the U.S, Navyv Atlan-
tic Undersea Test and Evaluation Center
in Palin Beach, Fla.

1947

LOREN F. STRINGER, MS, manager of
product development for the industrial
systems division of Westinghouse Electric
Corporation in Buffalo, N.Y., has been pre-
sented the “Order of Merit,” the com-
pany’s highest honor, The award is in
recognition of his contributions to the de-
veloptent of industrial control svstems
and of static control and power convetsion
systemns for beavy industry. Stririget joined
Westinghouse in Pittshurgh 11947 and
was ttansferred to Buflalo a8 wmianager of
product deselopment in 1056,
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1950

CRAIG MARKS, MS ‘51, PhD °55, has
been appointed engineer-in-charge of the
power development department for the
engineering staff of the General Motors
Corporation in Detroit. Marks joined Gen-
eral Motors in 1956 as a staff engineer in
the automotive engines department.

GEORGE E. SOLOMON, MS, PhD °53,
vice president of TRW Systems Group at
TRW Inc., has been elected a member of
the National Academy of Engineering. He
was cited as one of the outstanding author-
ities in systems engineering due to his con-
tributions in the design and development
of space systems, weapons systems, and
reentry vehicles.

1951

EDWIN A. MATZNER writes that he
“lives in baronial splendor in the Paris of
the Midwest—St. Louis. Far from Hogan’s
uneven stuccoes, Ed and his wife, Mary,
a native Pasadenean, often think of the
smog they have left behind as they gaze
upon heptannuate offspring Cathy. Ed is
one of the stoutest pillars supporting
chemical research at Monsanto Co.”

GEORGE M. SAWYER and his wife,
Ella, announce the birth of their third
child, Michael David. Sawyer is employed
by the AiResearch Manufacturing Com-
pany in Los Angeles.

ALEXANDER WYLLY, PhD, has been
named vice president for eastern opera-
tions for the Planning Research Corpora-
tion, an international systems analysis and
computer software firm. Wylly, who was
formerly vice president for information
systems in Los Angeles, will be in Wash-
ington, D.C.

1952

ROBERT 8. DAVIS, M8 '53, is president
of Realtime Systems TIric. in New York
City, a company he helped form in Feb-
ruaty 1968, The firin supplies compiiter
hardware and software to indiistries.

sERALD D. FASMAN, PhD, has been
promoted to professor of biochemistry at
Brandeis University in Waltham, Mass,
He is taking his sabbatical leave in 1967-
68 at the Protein Institute, Osaka Univer-
sity, in Japan, and the Weizmann Institute
of Science in Rehovoth, Israel.

1953

DAVID B. WITTRY, PhD 57, associate
professor of electrical engineering and ma-
terials science at the University of South-
et California, has veceived a Guggén-
heim fellowship to spenid 4 vear ‘doing
research dn - electron optics “and thicro:

analysis at the Cavendish laboratory at
Cambridge University in England.

1954

ROBERT K. CAMPBELL is working for
the Northrop Corporation in Ventura,
Calif., as supervisor, technical contract
administration. He is responsible for see-
ing that both the technical and business
aspects of all contracts are fulfilled.

KENNETH ‘D. JOHNSON, PhD, an en-
vironmental pollution control specialist,
has joined the staff of the Manufacturing
Chemists Association in Washington, D.C.
Among Johnson’s responsibilities will be
service as a technical liaison with industry
and goverument groups concerned with
air pollution control. He was formerly
chairman of the corporate environmental
pollution control committee of the Atlantic
Research Corporation in Alexandria, Va.

1955

JOHN J. DOMINGO, PhD ’83, writes that
he is working for the European Organi-
zation for Nuclear Research in Geneva,
Switzerland.

1956

RALPH O. KEHLE, MS ’57, is assistant
division stratigrapher for the southeastern
division of the Humble Oil and Refining
Company in New Orleans. He was pre-
viously a research associate in charge of
the rock mechanics and fracturing section
of Esso Production Research in Houston.

1957

GEORGE HALL is construction super-
visor, teacher, member of the board of
trustees, and occasional bus driver at Pac-
ific High School in Pala Alte, Calif. He is
directing 50 students in the eonstruction
of this progressive school, which empha-
sizes the educative value of strong rela-
tionships between all membeérs of the
school coprmunity.

CAVOUR W. YEH, MS '58, PhD) "62, has
been promoted to associate professor of
electrical engineering at the University
of Soiithern Califormiza.

1959

DONALD M. KETTER, MS, is 4 coritract
engineer specializing in aeroelasticity with
Beech Aircraft in Wichita, Kan, He was
formerly an aeroelasticity engineer for
Boeing Aircraft in Seattle, Wash,

MICHAEL W, PETERS svrites that he.is
assistant professor of physics. at the Uni-
versity of Hawaii in Honolili, working
on elemientary particle research, He was
formerly 2 project associate in physics at
the University of Wisconsin in Madison.
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BEBNARD C. REARDON, MS, PhDD 64,
is Jeeturing in computer science at Uni-
versity-College in Dublin; Ireland. He was
farmerly s professor at University College
in Cork. :

CLAYTON S.. SMITH, MS, has been
named a research chemical engineer for
the Morton International Research Cen-
ter, a division of Morton International,
Inc., in Woodstock, TIL

1960

JOHN N. COOPER, assistant professor
of chemistry at Carleton College in North-
field, Minn., will become assistant profes-
sor of chemistry at Bucknell University in
Lewisburg, Pa., in September.

FLETCHER 1. GROSS, PhDd 84, has
been named associate professor of mathe-
matics at the University of Utah in Salt
Lake City. He will assume this position in
July, when he completes twa years of
teaching at the University of Alberta in
Canada.

WILLIAM MOHLENHOFF, AE, a com-
mander in the U.S. Navy, is assistant
project manager for F111B Aircraft at the
Naval Air Systems Command in Washing-
ton, D.C. He was previously engineering
director of the Navy plant office at Me-
Donnell Aircraft Corp. in St. Louis.

1963

TERRY B. GALLOWAY, MS, PhD 67,
has joined the Shell Development Com-
pany in Emeryville, Calif., as engineer in
the chemical engineering department.

HARRIS GOLD, PhD, bas been appoint-
ed manager of the aerophysics depart-
ment, aero-plasma-physics laboratory of

- the Avco Space Systems Division in Wil-

mington, Mass,

ALAN LIPPERT, MS, was recently pro-
moted to the position of systems analyst
with the International Business Machines
Corp. and transferred from Los Angeles to
White Plains, N.Y. He is working on the
application of graphic data processing to
agraspace and.manufacturing industries,

1964

WILILIAM BUSH, PhD, has been pro-
moted from assistant to associate professor
of aerospace engineering at the University
of Southern California.

NOEL D. JONES, PhDD, is a senior organ-
ic chemist with Eli Lilly and Company in
Indianapolis.

1966

LARRY COOPER, MS, is working on pro-
pulsion advanced technology at the Mec-
Donnell Aircraft Corp. in St. Louis.

LETTERS

Pasadena, California
EpitTor,

Y was very interested in Dr, Fried-
lander’s article in your May issue, “Plas-
tic Hearts, Memnbrane Lungs, and Ar-
tificial Kidneys—The Engineering of
Vital Organs.” Where can I find more
material about this research?

Joe HELLER '62

For those wishing further informa-
tion on this subject, Dr. Friedlander
suggests the following references:
Connally, N. Thomas, Jr. (ed.), “Pro-

ceedings of the Conference on He-

modialysis,” PAS Publication 1349,

U.S. Government Printing Office.
Calletti, Pierre M. and Brecher, Ger-

hard A., “Heart-Lung Bypass,”

Grune and Stratton, New York,

1962.

Spaeth, E. E., “Convective Diffusion

" of Oxygen, Carbon Dioxide and In-
ert Gas in Blood,” PhD disserta-

tion, Caltech, 1967.

Vurek, G. G. (ed.}, “Proceedings of
the Annual Conference on Engineer-
ing in Medicine and Biology,” Vol-
ume 8§, 1966.

PROJECT MANAGEMENT

ENGINEERS

NEW LONG-RANGE PROGRAMS

in the fields of:

® AIR NAVIGATION
® COMMUNICATIONS
ENGINEERING POSITIONS AVAILABLE AT
ALL LEVELS INCLUDING RECENT COLLEGE
GRADUATES IN THE FOLLOWING SPECIALTIES:

RADAR SYSTEMS ENGINEERING
MICROWAVE ANTENNAS & COMPONENT DESIGN

RECEIVER & RF CIRCUIT DESIGN
(LF, HF, VHF, UHF & MICROWAVE)

SOLID-STATE HIGH POWER TRANSMITTER DESIGN

SSB COMMUNICATIONS SYSTEMS ENGINEERING
ANALOG CIRCUIT DESIGN

DIGITAL CIRCUIT DESIGN

MICRO-CIRCUIT & THIN-FILM CIRCUIT DESIGN

MECHANICAL DESIGN INCLUDING PACKAGING
OF MICRO-CIRCUIT EQUIPMENT.

® RADAR

WQRK IN A CREATIVE ATMOSPHERE WITH A.RAPIDLY GROWING COMPANY HAYING ENGINEERING ORIENTED MANAGEMENT.

SAN GABRIEL- RIVER FREEWAY

AN EQUAL OPPORTUNITY M/F EMPLOYER. U.S. CITIZENSHIP REQUIRED.

CONTACT MR. D. C. DAVIS, DIRECTOR OF ENGINEERING, CALL COLLECT ({213) 442-0123, EXT. 1205 FOR INTERVIEW, OR SEND RE-
SUMES TO MR. G. A. JACOBS, EMPLOYMENT MANAGER, 4501 N. ARDEN DR., EL MONTE, CALIF. 91734,

HOFFMAN ELECTRONICS CORPORATION

Military Products Division
A LEADER IN ELECTRONICS FOR 25 YEARS

CONVENIENTLY LOCATED JUST NORTH OF THE SAN BERNARDINO FREEWAY, 2 MILES WEST OF THE
INTERCHANGE IN THE HEART OF THE SAN GABRIEL VALLEY.

June 1967



Books

« o continued

Gobble-Up Stories
by Oscar Mandel

Bruce Humphries Publishers ....$4.95

Reviewed by John Crawford,
lecturer in English

Oscar Mandel, Caltech associate pro-
fessor of English, again uses the form
of the satiric fable in this, his fifth
book. His dry, urbane, and gentle wit
plays on themes of tradition, themes
close to those of Aesop, and themes

that simply remind us of ourselves in
our own time.

It is this sense of relevancy that

Mandel exploits best: A cow from Car-
inthia decides that her enriched diet
indicates she is being fattened for the
kill, laments this fate (“We moo in the
void.”), and directs her path to India,
where cows are sacred. But in the town
she comes to, cows are resented, poor-
ly fed, and frequently beaten by the
hungry men and boys. Our philsophi-
cal cow is left at the end of the tale a
perplexed and bovine Sartre, unsure
whether to return to Carinthia, where
she would exist, “So fat, but oh so
brief.”

Death seems to be the ultimate foe

in Mandel’s satires. In “The Faithful
Gardener,” Death must wait while the
old servant finishes smoothing his mas-
ter’s privet hedge. While Death waits,
he muses over the stubborn desire of
the gardener to complete his life’s last
task and over the fact that only man
among created things is unresigned to
Death. “The fire that goes out, the fern
devoured, and the fawn tern by the
lion understand me. Only man does not
understand me.”

The brevity of these fables makes
them unpretentlous But within their
briefness a point is both made and
won; and physicists, executives, and
libertines do not escape Mandel’s quick

-rapier-thrusts.

CALTECH HISTORY

The vision of many men has shaped Caltech into
its present form. Those who laid the framework,

as well as today’s leaders, are pictured in the
special 75th Anniversary publication An Informal
History of the California Institute of Technology.
All donors to the 1966-67 Alumni Fund will receive
complimentary copies of this book. Copies may
also be purchased from the Caltech bookstore for

$1.50 each, plus 25¢ for postage and handling.
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General Motors is people
making better products for people.

Paul wool. For mechanics.

Paul Meyers doesn’t make
new GM cars. But he does know
how to keep them running like
new. He also knows that today’s
mechanic has to run faster than
ever just to keep up.

That's why, when his students
finish Paul's classes, they're

eyers runs a finishi

palished technicians, armed
with the special skills it takes to
take better care of your GM car.

Last year, thanks to Paui Mey-
ers and his fellow-instructors,
116,000 men completed almost
2.5 million man-hours of instruc-
tion at the 30 GM Training Cen-

ters from coast to coast . . . the
largest automotive training net-
work in the world.

It's another reason why you
get a better buy in a General
Motors car. When it comes to
service, General Motors is doing
something about it.

Paul Meyers, insiructor, GM Training Center, Warren, Michigan




General Electric
engineers and scientists
are satisfying the
needs of society . . .

Turning night into day with outdoor lighting is
one of the many challenges you may face
in your technical career at General Electric.

For example, inquisitive minds in research

and advanced design at General Electric are
evolving many concepts to make our recreation
areas available day and night. Design
engineers are developing concepts into
specifications, while manufacturing engineers
are developing the techniques and processes
that translate designs into outdoor lighting
systems.

In addition, technical marketing specialists are
working with electric utifities and city
planners, applying night-lighting to athletic
stadiums, city parks, or outdoor pavilions.

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. Irwin, Section 699-21, Schenectady,
New York 12305.

GENERAL @D ELECTRIC

An Equal Opportunity Employer




