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igeonholed 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. Or would you rather help us re- 

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't this 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 
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COVER 
When Surveyor I11 carried the sur- 
face sampler experiment to thtl 
moon in April, scientists got then 
first look-via television pictures- 
at excavated lunar soil. Behind this 
successful scooping opeiation is the 
u ork and rhrection of Caltech's Ron- 
ald F Scott, professor of en11 engin- 

eenng and p u n c ~ p ~ l  investigator for the experiment. In 
"Digging on the Moon," on pages 10-14, Dr. Scott describes 
the development of this initial 1un.u excavation. 
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s me to be a full-ti f my family." 

"You see, I want my family to 
respect my business life, but I also 
want my bread-winning to allow 
me the necessary time to be a full- 
time member of my family! I've 
been a Mass Mutual policyholder 
since the age of 10 - and I knew 
when I was a college sophomore 
that I would make a career in life 
insurance. There aren't many men 
who can say that! It was following 
the advice of my father and the 
dean of the College of Commerce 
a t  Bradley University that I chose 
Mass Mutual as the company I'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 

departments 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- 

lso important to me 
has been serving on the Peoria 
Park District Board of Trustees. 
I couldn't have participated with 
good conscience in these or my 
other activities if my business had 
required travel or 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 Million Dollar Round Table 

every year since 1954 and is in 
Mass Mutual's select Inner Circle 
made up of those who have sold 
$2 million or more in a year. Bob 
Leu is just one of the highly skilled 

utual professionals through- 
out the country. 
If  you're looking for the same kinds 
of satisfaction - professionalism in 
your career, substantial income to- 
gether with the opportunity to 
enjoy your family and participate 
in your community - write a 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. 

H U SETTS MUTUAL. 

URANCE COMPANY 



Since the end of World War 11, materials research and de- 
velopment has become J pnor i t j  technolugj Its g r o ~ t h  
has been rnarl'ed 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. Soientisis use Instron tqu ip~ i ien t  for basic re- 
search, to better understand the capabilities of existing 

materials, and to develop new materials Instron instru- 
ments and accessories n i d y  be found .',heiever there is 
a need for extremely accurate data on phjsiral properties 
- f rom research on single crystals and whishera to 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 materials 
scientists and enaineers. Each is written by w Â¡<per in - 
his field. 

For a list of free reprints, send for Applica- 
tion Series, Instron Corporation, 2500 Wash- 
ington St., Canton, Massachusetts 02021. 
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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 Huntirig- 
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 11n- 
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 clis- 
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. MsGew s 
biographical contributions is to correct 
the romantic distortions of 19th-cen- 
tury biographers and the p"-mir!o-psj - 
chology of SOth-c*entur\ critics. Bv 
showing Sv, irt 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, w h o  is more believ- 
able, more 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 deafness and giddi- 
ness. Dr. Mayhew describes the illness 
which harrassed Swift throughout his 
adult life and explains its effects upon 
his activities and attitudes. He analyzes 
successive versions of Swift's poem "On 
His Deafness," shewing hovi an  orig- 

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. 
Mayhew 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- 
cinatioii with words, the restless crea- 
tivity, and the c1iscrirnin:iting ear that 
make Swift one of the great masters of 
the language. 

As befits a student of Swift, Dr. May- 
hew writes with clarity and without 
rhetorical ostentation. Rage or R(~illeri!, 
besides being handsomely produced, 
carefully indexed, and well docu- 
mented, is a pleasure to read. It i s  sure 
to consolidate Dr. Mayhew's alreach 
strong position :'irnong contemporary 
Swift sc holarq 

The Character of Physical Law 

by Richard Feyniri:?ri 

The M.I.T. Press (paperback) .... $2.15 

Reviewed by Kip S. Thornc 
research fellow in physics 

Richard P. Feynrnan, Caltech's Rich- 
ard Chace Tolrnan Professor of The- 
oretical Physics, presented seven lec- 
tures, in extempore style, at Cornell 
University in November 1964, on "The 
Character of Ph? sical Law ." The lec- 
hires Mere recorded for television by 
the BBp, and a trunsc'iiption -:is pre- 
pared and printed "to sene as a guide 

or memory aid for television viewers 
who may see the lectures and wish to 
have a permanent reminder to refer 
to." 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 q~~otatioii which illustrates the 
flavor of Fevrirnan's lectures appears 
in hi< ttisnission of the r o l ~  of mathe- 
mati('< in pI~y-iic s (page 54) ; "If you 
hate a structure [of pt~>'iical laws! that 
is onh partly accurate, and something 
i c  goinq to f:iil then i f  Lon vrife it' Â¥wit 
u s t  the light axioms mmbe onh one 
M o r n  h i l s  and the rpst ten-lain 1011 
need only change one little thing. But 
if  you write it with another set of 
axioms they may all collapse, because 
t h ~ t  all lean on thot one thing that 
fails. We cannot tell ahead of time. 
without some intuition, which is the 
best v.ay to write it so that we can find 
out the new situation. We must always 
keep all the alternative \\a> s of looking 
at a thing in our heads; so physicists 
do Bab\Ionian mathematics. and p;n 
but little attention to the precise rea- 
sluing from fixed axioms.*' 

continued on paw 24 
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T h e  NCR Electronics 
Division offers challenging 
work in  research and 
advanced development for  
people with graduate 
degrees 

Senior Research Engineers 
0 LASER SPECIALISTS 
To perform applied research 
)I\ I r;er recorders, including 
dnalitical and feasibility 
atuuies as well as the design 
and evaluation of research 
niodel-i. Should have 
extensive familiarity with 
l i t i o r ~ i e c h a n i c s  and optics. 
P h U  prsterted 

ADVANCED MEMORY 
ENGINEER 
To coordinate and contribute 
to advanced memory 
research Should be 
knowledgeable in 
nanosecond pulse 
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 
fi lm memories, advanced 
plated magnetic fi lm 
memories and integrated 
circuit memories. 

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

For more information and 
Division brochure, write 
Tom E. Lyon, Technical 
Placement, at the address below. 

M 
at NCR's expanding electronics division in 10s 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. 

A t  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 National Cash 
Register Company 

ELECTRONICS DIVISION 
2815 W. El Segundo Blvd., 
Hawthorne, California 
Phone: Area Code 213 777-7296 
(An equal-opportunity employer) 



I am interested in career opportunities at IBM for 

Name 

Address 
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Present Company 
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Geographical Preference 

School 

Degree, Major, Year Graduated 

(Cut along dotted line) 

If you d talking 

In fact, the time has never been better for you to ing, new field of Computer Programming. With 
talk with IBM. Since April 1964, one-third of our over 250 offices, 21 laboratories, and 18 plants from 
present population was hired . . . several thousand coast to coast, IBM may have the career opportu- 
new managers' jobs created . . . 2 new plants built nity you want in the place you want to live. . . . several others greatly expanded . . . and a new 
division established. Within the next 5 years, we Fill out and send the coupon to the nearest IBM 
expect to appoint 6,000 additional managers. Corporation regional office: Mr. H. J. Schick, 590 

Madison Ave., New York, N. Y. 10022; Mr. C. J. 
If you have a background in engineering, science, Rieger 100 south Wacker Dr., Chicago, Illinois mathematics, accounting, or business adrninistra- 60606: H. D.  id^^, R~~~ 810, 1447 peach- 
tion, we'll have plenty to discuss. We'll tell you about tree St., N. E., Atlanta, Georgia 30309; or Mr. E. C. 
opportunities at IBM in Computer Applications, purtell, Jr., 3424 Wilshire Blvd., Los Angeles, Cali- 
Marketing, Research and Development, Manufac- fornia 90005. We'll get back to you without delay. 
turing, Finance and Administration, and the excit- IBM is an Equal Opportunity Employer. 



Career on Vour 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, i t  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. 

a CELANESE 

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

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- 
ln'rjne. After the success of S u n  eyor I, however, the 
plans \\ere changed to include the carrying of scien- 
tific- ( *ipc-i imerits as early as possible. 

4inorig the experinierit~ which had been pro- 
posed and brought to an ad\arlced stage of de- 
1 elopnient w as the surface sampler device. This in- 
strnment hail original13 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 heat y to be accommodated 
and was left out of the scientific pavload plans in 

be instrumented with strain gauges and an acceler- 
ometer to record tlie 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 h\ a landed spacecraft:, was com- 
pleti-b unknown.  Materials ranging from extremely 
soft powders through esic11l;ir rocks and lavas to 
solid rocks had bpen postulated. It was important, 
therefore, to have a device capable of yielding in- 
formation on any of these materials. The surface 
sampler had this \ ersatilitj . 

Ronald F. Scott Caltech associate profi ssor of cibil engineering, 
specializes in the fields of soil mechanics and foundation engi- 
rieering Thionah hi'- association with Galtech's t Propiilkion 
Laboratory h e  became interested in the mechanics of soil behavior 
on  ~\traterrrstrial  bodies and in 1963 proposed to N4S 'Y a soil 
mechanics f\perirrieiit to t ( cairitacl to the moon on a St inelor  
a pi.ct cr ~ f t  When thi-; c vp~ri r r re 'n t  f l Ã  w with Surityor 111 in April. 
Dr  Scott . is priiic ipal im < stigator for the ewerirrietit, was larg~ly  
rpsponsiblr for directing i t s  operations "Digging on the Moon." 
has been adapted from chi1 engineering seminar lecture given 



In the summer of 1966 a htudy was made mhich 
indicated that a modified version of the suiface 
sampler could be carried on Surveyor JII. 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. 

ing foi 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 I11 was launched in April 1967. Its 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 snr- 
face, the surface sampler and the television camera 
were successfully operated throughout the ensuing 
lunar day. However, the condition of the spacecraft 
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), IPL 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 
haw 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. 

control the operation of the sampler, moving it in 
specific wajs: left and right, up and do 
teusion and ietraction, and opening and closing tlie 
bucket door. Each motor can be operated on eom- 
maud 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 distanct; that the surface sampler has 
moved, an approximate calculation can he 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 observed, 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 h w r  ml h p e d  on fontp(~d two bif f i e  
surface sampler came from a clod which the sampler 
tried to pick up. but crwiu'd. The circular ohjecf in the 
right forqqrotind is titÂ£ color calibintion chart. Behind 
i f  is one of the n t f i f ~ d c  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 density 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. ( c ) 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 111, 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 commtinds until no further motion was ob- 
sened. The motor was stalled. Narrow angle pic- 
t~ires w r e  taken of the sampler scoop, both in the 
lunar soil and after the scoop was removed from the 
test point. From these pictures, the d e p ~ h  of pew- 
traticm 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 corn- 
manded down into the lunar surface and then re- 
tracted back toward the spacecraft. The trench 
could be deepened, widened, or extended by snc- 
cessive passes throna;li it. 

During the formation of a trench thp lunar snr- 
face broke up iriLo l u m p  and clods of 1~1ateria1. 
These were belie\ ed to be either aggregates of h e r -  
grained material or rock fragments. In order to de- 
termine jt15t what their cotx~position was an atten~pt 



"r a rock fr t ip1~11t  or a soi l  clod. 
When the suifacc sampler is moved to hear down gently on t 1 ~  olqcct, it disintegrates, indicating that it was a dad. 
A l im~zng. tc&t inipregion can be seen in the upper left corner of nil thiec 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. A11 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. I t  appeared that the fragment 
had been ejected intact. 

The resistance of the soil to penetration 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. 

I t  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 I11 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 contrarj. I have a vision of an 
intense need for development of tlieir human side. 
What is the opposite of hardnosed? William James 
speaks of hardheacledness and tenderheartedness. 
It 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. 

eir: \ o u  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 
heen \cry struck by it in contrast to many other 

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 kin 
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 sorne- 
thing without a formal course context between 
them. This is almost miiversill in American higher 
education. but in a school as small as Caltech and 
with your enviable faculty-student ratio it ought 

o f  ide for many such occasions. 
eir: But it is often said here tliat all the students 
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 the\ don't knock on the 
door I want to find out why, and I want to maybe 
re the door so that they don't have to knock. 

: 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 
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the hoiises. The houses tire mm tipptuentl> ci plwe 
where students eat and sk-ep and where the) ha\ e 
their OM n likes, but not where the) ha\ e 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 hour;) a week in a house sume 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 iii, continuing the 
process of intellectual growth and education 

I would also see that graduate students and 
undergraduates are t l~oruiighl~ mixed in their 
housing. Students can le'im at least us iniich, per- 
haps more, from one another as from f i l ~ ~ l t v .  

eir: Do you think that our adiiiishioiih or selec- 
oC~diires could fie i n ~ p j w  ed? 
Ian: Not for you the) couldn't, > o u  have so 

many students that are so fine, I don't think you 
can impro\ e on what > on have. But maybe it would 
serve the national interest better if you didn't have 
so man) and let a few of the other places have a 
few. It  would do them some good. I 

I find wholly admirable in every way that your 
students represent such a rich diversity of national 
and social background. I 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 oriental 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 a3ue that is being 
shared by el eryone 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: I've had a little sense that books as a 

specific educational adjunct played rather less of 
a role here than they would even at quite inferior 
universities. But 1 hesitated to draw any conchi- 
sions, even if it is a fact, simply because the sciences 
play such a role here, and a laboratory is tinder- 
standably mole important than a library. Never- 
theless, I would have thought that there would be 
two or three bookstores at which used books would 
be bought and sold. It isn't that I have any fault to 
find with your bookstore, which is as extensive as 
it should be, but I'm surprised that there isn't a 
great deal more. Around many unh ersities there is 
to be found a little avant-garde bookshop where 

there m e  hooks hat h a  e nothing to do with classes 
-the kind of place' where coffee is sen ed, and once 
a week there's a poetry reading w it11 guitar pla) ing. 
Now it's ?as) for us to smile c~ndescendingi~, lint 
1 think they make an ~~normouslj important con- 
tribution. I'd a130 like tu impoit a little bit 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. I t  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 Cdltech. 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 I 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- 
inanities of the soft variety. I think it will contribute 
much more; it will be very much more of a ferment. 
If yon do the other, then all jou 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 bucketful1 
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. I t  is about 1140th 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 atoms, molecules, and free radicals that 
form the interstellar gas, but rather with agglomera- 
tions of these-tiny, solid particles, many almost too 

(-. Wilse Robir~iori. professor of phvsical cliemistn at Caltech tias been in- 
terested in ' the space between the stais for as long E ~ S  he can remember. Only 
K C  r f  nth,  how t i er, h.& his vi ork hroiight liirri ~ e r v  close to active participation 
n thi'i [iplcl. Wliile an .l=rt.int proft3s'ior at [ohns Ilopkiri'i tyriilersiti Ur Bob- 
risen i I i w n t ~ ~ l  th.it .itoni*. <ind small s~inlec'iil.ir fragrnciits etriht~ldid in [irtitiii 

t ~ l i ( I k  <'t M r >  Ii~u t~ rrirx i.itiirf iibirul.i l ight  in :I niariner resembling that h i  
which light is absorbed by an isolated atom or molecule. However, differences 
in alworption between the isolated molecule and the ' trapped * molecule cause 
difRciilh in idrntification of such nhsorptions Dr Robinson reasoned that sitorns 
and molf (111nr fnipirif rib "iiniLir11 fro/( 11 out in ir!ter^t~ll~ir <pat< could then - 
fore he responsible for certain unidentified absorptions found there. 

In 19% Dr. Robinson (iiirw to (1.1ltech 21'- iisiiociate professor of chemistq In 
r f  c-cnt 5e:irs tip has conceiitrated his work in the fields of librational and elec- 
tronic spectroscopv of mole c t i l e d r ~ ~  tempi rat~ire chetnistn , sind ( rirrg! trsins- 
fei phenomena in chemical and biologictil systems. 
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Broad i~~t(rstellar absorptions with lines of potussi~~m, 
sodium, calcium, and i i  on as reference. 

snidll to be seen under a liigli-pow ?red inieruscope 
These interstellar grains, as they are called, ins? be 
ejected from the ~ o l c r  regions of stelLu dtnios- 
pheres 1) )  r~ilidtioii prviisure, or the? nu\ h w ~ e  mit 

from the iiiterstefiar g i i a  in the \ ei j whi p d i ' t b  of 
interstellar space, which are around 20 degrees 
above the absolute zero. Or perhaps they arise from 
a combination of dust ejection followed In conden- 
sation of interstellar gas. 

In any case, from a chemical point of view, the 
grains are expected to lie 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- 

tering of light b> grains, and polarization of light 
hi.- grains are examples of problems that ha.\ e been 
studied. The diagram at the left shows, schemat- 
icallj, some of the more prominent, disciete '11)- 

sorption lines thought to be causer) by the grains. 
The complexit) of the iipceti [mi is consistent with 
the expected complex chemical composition of the 
gains. It is to lie emphasized that no definite iden- 
tification of these features has yet been made, al- 
though many speculations have been advanced. 
Tlms a major 119 stery 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 b y  substances ernbedded 
in the grains. This aspect of t i n ~ ~ r o b l e m  has ne\ er 
hew coifii<iered }i} ds ti ophj hicis ts. 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. I t  is noteworthy that the absorption 
spectra of these frozen atoms are very close to the 

RELATIVE STELLAR ABUhDANCES OF SOME ELEMENTS 

Hydrogen 1,000,000 Magnesium 
Carbon 500 Silicon 
Nitrogen 100 Sulfur 
Oxygen 1,000 Helium 

1 25 
150,000 

Sodium 
Calcium 
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 12. 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 chenl- 
istry and chemical engineering from 1958 to 1963, 
and as chairman of the faculty from 1963 to 1965. 
During World War 11, 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 coulon~etric methods of analysis, 
in which an electric current is used to measure 
chemical elements. An avid tennis player, Dr. Swift 
will now have more time to vursue 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. 

ING 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, Dl. Wulf received his BS from Wor- 
( c  ster Pol)techr~ic Institute in Massachusetts and 
his MS from American University in Washington, 
D C'. Vttei obtaining his PhD fiorri Ca-ltech in 
I026 hf qx rit 1 I \ e;irs u ith the ( 1  S. Department 
of \grir nltme riqing to the petition of senior pin s- 
i( i'-t in the BII~(-!Ã‡ of ('hemi+\ and Soils, Jn 1939 
ht  i i ~ n  (4 to  the W either Bureau as senior rneteor- 
ologi%t, :ir~(l ;>< ii rn~rnber of the Bure m was a re- 
w i~ 11 aswc ia te  :it the I i i ~ t i t u te  of M'eteorologl al- 
the Lrnivcisitv of ( hicago from 191 1 to 1945 In 
1945, still as a member of the Weather Bureau 
(and later under the Environmental Science Serv- 
ices Adniinisttation ) , he joined the Caltcch staff 
as research associate in physical cherriistr), wheic 
he hiis carried on an enthusiastic lesearch program 
in solar-terrestrial relationships, geornagnt tisrn, and  
argt--scale ciiculiiti'on of the atmosphere. This work 
won him election to the National Ar:~clprn\ of  Sc'i- 
prices in 1'149 In April of this year. Dr. Wiilf re- 
tired from Iiiq government post after 41 ^ears of 
sei i( e. f i e  and his vi ife, Rea, v~ho  served as secre- 
tail\ of f l ip  dkisiori of chemistn and chemical eri- 
ginwring until hist \e'~r. have left on an extended 
tour a~oi~ncl the world by freighter. When the) re- 
t u r n  Dr. Wulf will resume hi5 research at Caltech- 
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$Iass-wakl room which adjoins the library on one 
skip m l  projects into a reflecttine pool on the other. 
Tlie rooin will senre as confr~fnec quarters for the 
tnistees 

C'lltech President Lee A. DuBridge and Director .. - .. , 



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 >ears at altech. were graduated with 
honors. 

President Lee A. DuBridge delivered tlie 
cnmrnencemeiit address. "The Educational 
PI ocess: 
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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 chemical 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, ~ i p e r i n -  
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 Count] and his cooper- 
ation in the student teaching program. 

1946 
FR4NK LAWI ,  PhD di<d on fiib 30 
1966, in Atlanta, Ua. He was professor of 
microbiology :it Emory Urln ersit?. 

DONALD J O MFUU, U S  AE 17 i\ 
technical director of the I' S. Min i  ^.tian- 
tic Undersea Test and Evaluation Center 
in Palm Beach, F1.i 

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 anthor- 
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. E d  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 
h-\ the AiResearch Manufacturing Com- 
pan) in Los Angeles. 

ALEXANDER WYLLY, PhD, has been 
named vice president for eastern opera- 
tions for the Planning Research Corpora- 
tion, an international s>Â¥stem anal3 sis and 
computer software firm. Wylly. who was 
formerly Mce president for information 
systems in Los Angeles, will be in Wash- 
ington. D 0. 

1952 
ROBERT S DAY I S  MS 5'3 i s  rm-<idc nt 
of Realtime Systems Inc. in Yew lork 
(:if> a company h t ~  helped form in Feh- 
I :  1966 The firm '.tippliek computtr 
hardware and software to industries. 

GERALD D FASMAN. PhD. has beoi 
promoted to professor of biochernistq at 
Br,tride-is Unh ersit) in  Walth.irn Mas-. 
He is t.iknig hi7 s:%hftatkal !e<'ne in 1967- 
68 at th? Protein Institute Os:ik:t LTriiti r- 
si t)  in Jqwn and the W eizmarin In\tituti 
of S( ierice in Rchm oth, Israel. 

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 i s  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 government groups concerned with 
air pollution control. H e  was formerly 
chairman of the corporate environmental 
pollution control committee of the Atlantic 
Research Corporation in Alexandria, Va. 

1955 
JOHN J. DOMINGO. PhD '63, writes that 
he is working for the European Organi- 
zation for Nuclear Research in Geneva, 
Switzerland. 

RALPH 0. 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- 
~ i w r ,  teacher, member of the board of 
trustees, and occasional bus driver at Pac- 
ific High School in Palo Alto, Calif. Â £ 1  is 
directing 50 students in the constrnrtion 
of this progressive school which empha- 
size+ the educatixe \.zilut- of strong rela- 
tion'ihips between all members of the 
school conmunit3 

LAWUR I\. IEH, MS '58, PhD 62, has 
hw n promoted to associate professor of 
electrical engineering at the University 
of Southt rti California 

1959 
DOV41.D M. KETTER MS. is :I contract 
engineer spedalizinff in :tcroel.tsticitY with 
Beech aircraft in Wichita, Kan. He wis 
forrrierh an aeroclasticitv ciiginc-f.r for 
Rofairi(z "u'rcraft in  Seattle Wash 

MICHAEL W. P E T E R S  u ntes tW he k 
assistant professor of phi s i r s  at the Uni- 
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n imt'd a research rhemlc i1 engineer for 
thc Morton Intvrn~t~on~il  He,,eartli Ccn- 
ter, a division of Morton International, 
Inc., in Wood-itcxk, 111. 

1960 
JOHN N. COOPER, assistant professor 
of rhenii;>by at Carldton College in North- 
field, Minn., will become assistant profes- 
wr of cht.-iriiiitry at Buchcll Unnerdy  in 
1 ,ewisburg, Pa , in Septembi.-r. 

H ETC'HEH I t,HOÃ§)S PhD '64, has 
been ndmed associate proi i iisor of iridllie- 
~i1~itic-i .it tin- Uiii.i.i-,ity of Ut ill in bdll 
Lake City. He will ~ i i ~ u m c  t11i-i position in 
]ul>, when lie coinplctt i tlio u 4 r d  uf 
teaching at the University of Alberta in 
Canada. 

WILLIAM MOHLENHOFF, AE, a coin- 
mander in the U.S. Ni1b>, 11 tis^i->t.tiit 
project manager for F111B Aircraft at tlie 
Naval Air Systems Command 111 Washing- 
ton, D.C. He was previously engineering 
director of the Navy plant office <it Mc- 
Donnell Aircraft Corn in St. Louis. 

II4RRIS GOLD, PliD, lids been appoint- 
d lIi&id-t i of the cicti.)ph> Â¥>I % lichpi1i t- 
incut ,  dt ro-pld'iinti-pi11 sics Idbordtory of 
tile A\LO Space Systems Division in Wil- 
mliigton, M<L>'~. 

^.IA^.]\ LIPPERT, MS, was recently pro- 
moted to tile position of systt ins analyst 
with tlie International Businf~s Machines 
Cow and transferred from Los Angeles to 
White Plains, N.Y. He is workins on the 
application of graphic data processing to 
in. ,ip K G  tjid f i i a ~ l u i - ~  tiii~ii-, liidi~itlies 

1964 
WILLIAM BUSH, PliD, 1115 I ) ~ Y I I  PrIJ- 
moted from assistant to associate professor 
of deroy) u e engineering at the Uniwisity 
{if Southern California. 

NOEL D. JONES, PhD, is a senior urgan- 
i c  clienii,t with Eli 1,illy dnd Conipauy 111 

Indianapolis. 

1966 
LARRY COOPER, MS, is working on pro- 
pulsion advanced technology at the Mc- 
Donnell Aircraft Corp. in St. Louis. 

Pasadena, California 
Ei-ino~,  

I was vei) interested in  Dl. Flied- 
lander's article 111 Â¥> our May issue, ' Plas- 
tic Hearts, Membrane Lungs, and Ar- 
tificial Kidnels-The Engineering of 
Vital Organs." Where can I find more 
material about this research? 

For  those wishing further informa- 
tion on this siibject, Dr. Friedlander 
suggests the following references: 
C O I ~ I I ~ ~ I I ~ ,  N. Thomas, Jr. ( ed . ) ,  P r o -  

( ~ t ~ i h n g s  o f  the Conference on He- 
rnodial!~~is." PHS Publication 1349, 
U.S. Ho1 eminent P ~ i n t i n g  Office. 

Calletti, Pierre M. and Brecher, Ger- 
h-iirl 4 , Wcai t -Lung Bypass," 
d u n e  and St1-attun, New York, 
1962. 

Sp'ietli, E. E , "Conwi-tive Diffusion 
of Oxygen, Carbon D i o x i d e  and In- 
eit Chs in Blood," PliD disserta- 
tion, Caltech, 1967. 

Vurek, C.  G. (ed . ) ,  "Proceedings of 
the Annual Conference on Engineer- 
ing in Medicine and Biology," Vol- 
u m e  8, 1966. 

N G I N  
NEW LONG-RANGE PROGRAMS 

in the fields of: 
N A V I G A T I O N  

U N I C A T I O N S  
ENGINEERING POSITIONS AVAILABLE AT @ R A D A R  
ALL LEVELS INCLUDING RECENT COLLEGE 
GRADUATES I N  THE FOLLOWING SPECIALTIES: 

RADAR SYSTEMS ENGINEERING SSB COMMUNICATIONS SYSTEMS ENGINEERING 
MICROWAVE ANTENNAS & COMPONENT DESIGN ANALOG CIRCUIT DESIGN 
RECEIVER & RF CIRCUIT DESIGN DIGITAL CIRCUIT DESIGN 

(LF, HF, VHF, UHF & MICROWAVE) MICRO-CIRCUIT & THIN-FILM CIRCUIT DESIGN 
SOLID-STATE HIGH POWER TRANSMITTER DESIGN MECHANICAL DESIGN INCLUDING PACKAGING 

OF MICRO-CIRCUIT EQUIPMENT. 
PROJECT MANAGEMENT 

WORK I N  A CREATIVE ATMOSPHERE WITH A RAPIDLY GROWING COMPANY HAVING ENGINEERING ORIENTED MANAGEMENT. 

A N  EQUAL OPPORTUNITY M/F  EMPLOYER. U.S. CITIZENSHIP REQUIRED. 

CONTACT MR. D. C. DAVIS, DIRECTOR OF ENGINEERING, CALL COLLECT ( 2 1 3 )  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 C O R P O R A T I O N  
Military Products Division 

A LEADER IN ELECTRONICS FOR 25 YEARS 

CONVENIENTLY LOCATED JUST NORTH OF THE SAN BERNARDINO FREEWAY, 2 MILES WEST OF THE 
SAN GABRIEL RIVER FREEWAY INTERCHANGE I N  THE HEART OF THE SAN GABRIEL VALLEY. 
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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." 

in Maridel'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 torn by the 
lion understand me. Only man does not 
understand me." 

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

Death seems to be the ultimate foe 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(i for postage and handling. 
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- 
makina better oro 

Paul Meyers doesn't make polished technicians, armed ters from coast to coast. . . the 
new GM cars. But he does know with the special skills it takes to largest automotive training net- 
how to keep them running like take better care of your GM car work in the world. 
new. He also knows that today's Last year, thanks to Paul Mey- It's another reason why you 
mechanic has to run faster than ers and his fellow-instructors, get a better buy in a General 
ever just to keep up. 116,000 men completed almost Motors car. When it comes to 

That's why, when his students 2.5 million man-hours of instruc- service, General Motors is doing 
finish Paul's classes, they're tion at the 30 GM Training Cen- something about it. 

Paul Meyers, instructor GM Training Center, Warren Michigan 



General Electric 

are satisf 

Turning night into day with outdoor lighting is 
one of the many challenges you may face 
i n  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 utilities 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. 

A n  Equal Opportunity Employer 


