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Fresh water and electricity ... from one Westinghouse super-factory 

Imagine a modern factory that can produce 500,000 kilowatts of electric power-and at 
the same time take water from the sea and make it drinkable at the rate of 50 million gallons a day. 
That's enough power and water for a population of half a million. 
No such super-factory exists anywhere in the world. Not yet. But a small-scale version of 
the Westinghouse system is being built by Burns and Roe, Inc. for an electric utility in the Canary Islands, 
Waste heat from the electric power turbines will convert sea water to fresh by a flash distillation 
process, providing abundant electricity and water for industry, agriculture and home uses. And at a 
lower cost than now exists in many parts of the world. 
Westinghouse can build large or  small sea water super-factories for electric utilities 
in any coastal area. And as research continues, scientists may find a practical way to harvest 
chemicals from sea water in the same process. 

You can be sure if it's Westinghouse 
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This young schoolgirl is one of more than a million General Motors 
shareholders. Her parents recently purchased a number of shares of 
GM stock as the beginning of a fund for her college education. As a 
shareholder, she could be called, in effect, a capitalist. 

Of course, there's nothing exclusive about GM ownership. Every age 
group and most occupations are represented. GM shareholders live in 
every state of the nation, every Canadian province and more than 80 
foreign countries. More than half of all individual shareholders are 
women. Three quarters of the people who own GM stock have a hundred 
shares or less; 85 per cent own less than two hundred. 

People is the key word at GM. More than 600,000 employes, thousands 
of suppliers and dealers-plus the more than a million shareholders- 
they are the backbone of General Motors progress. 

GENERAL MOTORS IS PEOPLE . . . 



Everything we learned from 
building 10,000 small gas turbine engines 
has been packed into this new 
600-horsepower turboprop engine 
-and it shows! 

Y ou'd probably expect the  
world's largest manufacturer 

of small gas turbine engines to  
turn out the world's finest small 
turboprop job. 

And we have. 
We call  our new engine t h e  

TPE-331. (The military version is 
designated T- 76.) It is a versatile 
turbine capable of powering many 
vehicles. Its 600-horsepower cate- 
gory makes i t  particularly suitable 
for the new generation of executive 
and military fixed-wing aircraft. 

More specifically, our new prime 
propulsion engine is designed to fill 

The fuel system of the TPE-331 
consists. of a fuel filter, single high- 
pressure pump, speed-governing 
fuel control, manual shutoff valve, 
flow divider and fuel nozzles. 

v $4 JP-5 is the normal fuel. but this - -  - 

engine will take all kinds of fuel, 
ranging from AV-gas t o  l ight 

If this new turboprop engine 
sounds like something very special 

ou, we've made our point. 
The TPE-331 is an excep- 

It's the kind of a power 
# development you'd expect to come - - 

the  gap between reciprocating / on performance than in a large from Garrett. For when it comes 
engines and larger turboprops. engine. Scaling down big engine t o  turbine engines under 1000 

And the reason we built it, is techniques is not the answer. horsepower. . . 
because both civil and military The TPE-331 has a specific fuel 
sources have asked for a simple, consumption of .62 pound per 
rugged, reliable, easy-to-maintain, shaft horsepower hour. Its Garrett 
economically -operated, l ight  weight to power ratio is is experience 
weight turboprop engine. .45 pound per horsepower. 

Response rate from flight idle 
to full power is approximately 

1/3 of a second. . - .- 
Single-casting turbine wheels Los Angeles Phoenix 

331 more than fills the bill. 
Obviously, building such an 3-stage axial 

engine is a specialized a r t  that  turbine. 
demands experience, especially in Propeller drive 
miniaturization of controls, oil is through a 
pumps, and starter motors. 

Manufacturing tolerances are gear box offset for 
precise and have a greater effect flexibility of aircraft design. 

For further information about many interesting project areas and career opportunities at The Garrett Corporation, 
write to Mr. G .  D. Bradley at 9851 S. Sepulueda Blud., Los Angeles. Garrett is an equal opportunity employer. 
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E N G I N E E R  

O n  Our Cover 
Alumni take a coffee break at the 
27th Annual Alumni Seminar held on 
the campus on May 2. Almost 1,500 
alumni, wives, and guests attended 
the 1964 seminar, which featured 11 
lectures, three exhibits, and an eve- 
ning banquet. For more pictures and 
news of the seminar - page 16. 

Alumni Survey 
Alumni are featured on pages 7-11 

of this issue as well, where the initial 
results of the 1963 alumni survey 
are discussed by John R. Weir, asso- 
ciate professor of psychology. 

This is the first survey of Caltech 
alumni in 11 years - Dr. Weir hav- 
ing made his last survey in 1952. 
"Caltech's 1963 Alumni Survey," on 
page 7, is the first of a series of 
articles on the new survey. Some of 
the highlights in this first article con- 
cern the geographic origins of Cal- 
tech alumni, their education, major 
field of study, religious affiliations, 
age, and parents' educational back- 
ground. 

In Engineering and Science for 
June, Dr. Weir will give results on 
the political and cultural interests of 
Caltech graduates. 

Further articles will deal with civic 
activities of alumni, achievements 
since college, occupational fields, in- 
come, and the present attitude of 
Caltech graduates toward Caltech 
and their education. 

Illustrations: 
Cover, 16 - Kent McCauUey '67 
12, 14, 19  - James McClanahan, 

Graphic Arts Facilities 
15 - Bob Jeffrey, Graphic Arts 
17  - Harvey 
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High Efficiency LASERS without 
cryogenic coolinq 

LASER Controls and Power Supplies 
LASER System Engineering 
Wri te  for information and specifications 
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Books 
THE THEATRE OF DON JUAN 
by Oscar Mandel 

University of Nebraska Press .......... $1 0 

Reviewed by Harvey Ea leson, 
professor of ~ngl ish 

Like the Oedipus, Electra-Orestes, 
and Faust legends, the Don Juan leg- 
end has been one of the great sourc- 
es of inspiration for artists in every 
genre from literature and painting to 
music and ballet. In his new book 
Oscar Mandel, associate professor of 
English at Caltech, has done a great 
service for both the scholar and the 
general reader in bringing together 
the major theatrical works based on 
the legend, some of them hitherto not 
easily available. The book contains 
nine plays, two of them puppet plays 
and one the libretto for Mozart's Don 
Giovunni. 

But the book is not just an an- 
thology, a collection of pieces illus- 
trating a certain theme. This is a 
book on the Don Juan legend and 
the pieces are integral parts of the 
general discussion. For that reason I 
found the book absorbing, as I would 
not have done if it had been merely 
a collection of plays about Don Juan 
- particularly, as Professor Mandel 
himself points out, since the plays 
on the whole are not very good ones, 
even the one by the great Molikre. 
Mandel writes, "The fact must be 
faced: Don Juan as a type of man 
remains in the end more interesting 
than any of the plays, poems, or 
novels which gave him life." 

But the legend itself is basically a 
good yam and the various purposes 
to which it has been adapted during 
its life make interesting reading. Un- 
like the Osdipus and the Electra- 
Orestes legends whose beginnings are 
lost in time, we know by whom and 
when the Don Juan legend was in- 
vented. "The man who created Don 
Juan was a monk and dramatist of 
the first half of the seventeenth cen- 
tury, Gabriel Tellez, better known as 
Tirso de Molina, and considered to- 
day one of the four best playwrights 
of Spain's Golden Age. In 1630 a 
play entitled El Burlador de Sevilla 
y convidado de piedra (The Jester of 
Seville and the Stone Guest) appeared 
under his name in a collection of 
works by Lope de Vega 'and other 
authors' . . . No play of the Renais- 
sance has so vast a progeny as this 
undated piece which its author, not 
even identified beyond all possibility 
of doubt, did not bother to include in 
his own collected works." 

The myth created and established, 
Professor Mandel traces its various 
manifestations, its accretions of symbol 
or new significant meaning, down to 
our own day, using a collection of 
plays, as I have said before, as illus- 
trative material interwoven in the 
test. "For the purpose of this collec- 
tion, a Don Juan play is one which 
uses, adapts or alludes to the original 
legend . . . In eighteenth-century 
puppet plays Don Juan is not amor- 
ous; in nineteenth-century musical 
comedy he is an oaf; in the twentieth- 
century conceptions of Shaw and 
Frisch he distrusts and even dislikes 
women. " 

As Don Juan changed - he can 
scarcely be said to have developed - 
he represented first the "triumph of 
sensuality ." Then, naturally, as he 
flouted some of the conventions of 
society, he easily became a symbol 
of revolt, politically, religiously. "Here 
Don Juan is an atheist; there a Chris- 
tian At one time he is a thinker; at 
another a fool . . . He can be a gen- 
tleman or a ruffian. And he may ap- 
pear as hero, villain, or - often - as 
both . . . They are the attributes 
which give him his individual hu- 
manity while he pursues his symbolic 
career of pure sensuality." 

Professor Mandel calls the present 
and third stage of Don Juan's evolu- 
tion his Molecular stage "for ours 
might well be known as the Molecu- 
lar age. The name points to the sci- 
ence which dominates our lives; to 
our habit of analyzing all things down 
to their indivisible minimum; to the 
dehumanization of life; to our sense 
of isolation and fragmentation; to the 
virtual abandonment of the idea of 
human progress; and to our small 
helplessness . . . The man in love is 
ripe for disappointment and failure. 
The scene darkens. Don Juan be- 
comes modem . . . And here is by 
all odds the most important event in 
the dramatic life of Don Juan. He 
ceases to enjoy himself . . . what 
happened to Don Juan also happened 
in the fiber of our whole culture. 
The irrepressible child of the Renais- 
sance, who seems to have enjoyed 
even the scene of his damnation . . . 
crumbles into a shabby and uneasy 
psychological case." 

I hesitate to call this work a schol- 
arly book, because the epithet is usu- 
ally a polite euphemism for saying a 
book is filled with recondite informa- 
tion and is dull. This book is a scholarly 
work, but it is not dull. Scholars will 
find it on their own. What I wish to 
do is recommend it to to people who 
just like to read interesting books and 
haven't the remotest intention of ever 
writing an article or giving a lecture 
on the Don Juan legend. 



MEMO 1 from the desk of 
ARTHUR EHRLICH - Sales Manager 

FROM LOS ANGELES AND BEACH AREAS: 
Golden State Freeway t o  Colorado. 
Colorado t o  Verdugo Rd. L e f t  on 
Verdugo Rd, to 3600 block (which is 
Broadview). Turn right on Broadview, 
and follow signs ta Montecito Park. 

ELECTRIC APPLIANCES 
BUILT-IN OVENS 
SURFACE UNITS 

DELUXE DISPOSERS 
BUILT-IN DISHWASHERS 

Why is it important,,that engineers have 
bought own-your-own apartment/homes 
in beautiful MONTECITO PARK? 
Because an engineer's specialized training gives him an uncommonly prac- 
tical but astute point of view when i t  comes to evaluating an investment in 
real estate. Such an investment must be safe. .  . represent a genuine savings 
. . . and have a sound potential for appreciation. 

Montecito Park offers the unquestioned security of a grant deed insured 
by the Title Insurance & Trust Co. This means owners may sell, lease or 
bequeath their Montecito Park apartmentlhome any time. 

The surprising savings of a 99-year ground lease make i t  possible to buy 
these delightful apartmentlhomes a t  the lowest possible prices. 

And the choice foothill location, with its magnificent view that can never 
be obstructed, the quiet charm of its dateless architecture, and the solid 
quality of its Myers Bros. construction, give Montecito Park a potential for 
appreciation virtually unmatched by any other Southland apartmentlhome 
development today! 

We believe you can take an engineers' word for it! Montecito Park is 
your safest, soundest and most practical buy in prestige foothill apart- 
mentlhomes today! 

One, two  and three bedrooms. Split-levels. F r o m  Sound conditioning. Master TV antenna Custom-Air 
$lSs96Oto K34J6O. M o n t h l y  ~ a ~ m e d s f r o m  861 forced heating Air conditioning . Cultured marble 
inc lude  ground-lease payments, taxes, i n s u r a n c e  
and minlemme, New exhibit apartmed-homes bu~lt- in dressing tables and lavatories Wool Carpeting 

furnish& by w & J shows of ~~~~l~  ill^, Custom draperies Heated, filtered outdoor pool 
now o p e n  d a i l y  a n d  Sunday ,  10 a.m. to dusk Puttinggreen Laundry rooms. Underground utilities 

MYERS BROS. CONSTRUCTION CO., INC.-LEE-KEITER ENTERPRISES 
A d  m i n e  Architects KILLINGSWORTH, BRAOY, SMITH &ASSOCIATES. AIA 

Exclusive Sales Agents: BEVERLY SALES & MANAGEMENT CO. 
2076 Valderas Drive-Glendale Phones: 249-1851-2454272 
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trying to catch the 

Sikorsky 

better forget it! 

The engineering opportunity 
that's really worthwhile 
can never offer you 
a "free ride". 

The basic rules still apply: 
A successful career . . . 
your personal growth and achievement. . . 
depends on 
your talents and abilities 
and on the way 
a good company 
utilizes these assets. 

Sikorsky VTOL aircraft 
are amply demonstrating 
our capacity 
for applying engineering talent 
to solid, long-range goals. 

Today, we are producing 
the most versatile airborne vehicles 
in the world. 
As for tomorrow- 
can you meet the challenge of our 
continuing technological advancements? 

Career potential with Sikorsky is further enhanced by our corporation-financed 
Graduate Education Program. Please consult your Placement Office for cam- 
pus interview dates-write to Mr. Leo J. Shalvoy, Engineering Personnel. 

STRATFORD, CONNECTICUT An Equal Opportunity Employer 11 
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CALTECH'S 1963 ALUMNI SURVEY 
Initial results of the 1963 survey show some 

striking changes since the last survey of Caltech alumni 
in 1952. The first in a series of articles. 

b y  John R. Weir 

Caltech last studied its alumni by means of a 
questionnaire in 1952. In the 11 years that have 
elapsed since that survey was made, the total num- 
bei of graduates has grown horn appioxirnately 
6,000 to 9,000; the student body from about 1,000 
to 1,300; the faculty from 343 to 515; Institute ex- 
penditures from $5,200,000 annually to $17,900,000: 
and Institute net assets from $50,000,000 to $124,- 
000,000. These figures give some indication of the 
important changes that have taken place in the In- 
stitute since World War 11. 

As a consequence of these and other develop- 
ments, our knowledge of Caltech alumni gained 
from the 1952 survey became obsolete. This led to 
the decision- to conduct a new one. We expected 
the usual reaction to our lengthy lists of questions 
- and we got it. "Mail questionnaires are a pain in 
the neck!" was a fairly general comment by those 
completing their forms. Nevertheless, the infor- 
mation gained in the earlier survey was of such 
value to the Institute that it was decided to bring 
our information up  to date even at the risk of impos- 
ing on the good nature of the alumni. We hope they 
will accept our thanks for the time and effort so 
many gave to help us learn more about our gradu- 
ates. Perhaps this and the subsequent articles that 
will be published in Engineering and Science re- 
porting the results of the survey will be of sufficient 
interest to repay them for their time and trouble. 

In the 1952 survey, 67 percent of the 5,647 alum- 
ni for whom we had addresses returned completed 
questionnaires. Now, 11 years later, we have sent 
cyaestionnahs to 8,051 alumni, and got a return of 
61 percent. This lower response is somewhat puz- 
zling in view of the fact that the 1952 questionnaire 
had to be returned with the alumnus's name at- 
tached to it (though it was later obliterated), while 
the 1963 form was completely anonymous. 

In the latest survey we went to considerable labor 
and expense to maintain anonymity so the respond- 
ent would be encouraged to answer all questions 
fully. Each blank questionnaire was mailed with an 
Institute-addressed postcard containing the alum- 
BUS'S name and address. lnstawtkns we're, to mail 
this postcard separately, after the questionnaire had 
been completed and mailed. This card thus repre- 
sented our only record of who had returned finished 
questionnaires and permitted us to send follow-up 
requests to those who had not responded. Since 
there was no identifying name on the questionnaire, 
the replies were as anonymous as possible on such 
a detailed questionnaire. 

In the past we have often wished for more data 
on the relationships, if any, among grade-point av- 
erage, extracurricular activities, and past-graduate 
achievement. We have attempted to gather these 
data in the present survey. Before the question- 
naires were mailed out, the four-year grade-point 
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average from the Registrar's records, and extracur- 
ricular activities from Alumni Office records were 
coded and entered on the back cover of his ques- 
tionnaire for each Caltech BS graduate. In addition, 
all alumni were asked to recall as accurately as they 
could their undergraduate grade-point averages. 
From these figures we hope to determine the rela- 
tionship between college grades and adult achieve- 
ment, honors, income, and occupation. 

The data in each of the 4,884 returned ques- 
tionnaires were classified into 200 items and key- 
punched into four IBM cards; coding and punch- 
ing requiring 1,493 man-hours. After a few dozen 
hours of computer programming, the punched card 
data were transcribed onto magnetic tape and fed 
into the IBM 7094 computer in the new Booth Com- 
puting Center, which produced 168,480 tabulations 
on 378 feet of paper - all in 16 minutes and 47 
seconds. This represents only the most simple tabu- 
lations; the more complex ones are yet to come. 

SURVEY RESULTS 

Adequacy of the Sample 

The first question to be answered in any study of 
this kind is whether the sample from which the con- 
clusions are drawn is reasonably representative of 
the total population to which the conclusions will 
be applied. There are two important ways in which 
our sample of respondents can be compared with 
the total graduate population. These comparisons 
are by age and by first degree. 

% All 
% Survey Graduates 

Sample (estimated) 

Under 30 
30-39 
40-49 
50-59 
60 and over 

The sampling bias of age is a very small one. The 
sample is a bit short in the older age ranges, un- 
doubtedly due to death and a waning association 
with the environment of early years, but here the 
percentages are relatively small and should not 
have important biasing effects on the survey tabu- 
lations. 

FIRST DEGREE 
Number % Survey Number %All 

Sample Graduates 

BS 3257 71 5259 59 
MS 938 20 2578 29 
Eng. 68 1 242 3 
PhD 347 8 858 10 

Such differences as appear in this comparison can 
undoubtedly be attributed to the tendency for high- 
er degree-holders to think of themselves as alumni 
of the colleges from which they got their bachelors' 
degrees. Consequently, they would not be inter- 
ested in participating in this survey. This would 
seem especially true for holders of the master's de- 
gree, who usually spent one, or at the most two 
years at the Institute. Again, we probably have a 
large response from the BS degree-holders because 
they spent four years at Caltech and are still inter- 
ested in it. 

These two biases pose no problems for the pur- 
poses of this survey. Since we want to draw con- 
clusions about Caltech alumni who are most repre- 
sentative of our graduates, it is to our advantage to 
have data from as many undergraduates as possible. 
It is also to our advantage to have a smaller per- 
centage of the very large number of MS-only hold- 
ers among the alumni, so that they will not distort 
the results. 

These two comparisons indicate that the sam- 
pling bias is small, and in a direction that permits 
us to draw valid and useful conclusions about the 
California Institute from an analysis of our survey 
sample. 

Early Background 

The new survey reveals some interesting and im- 
portant trends in the size and location of the towns 
from which our alumni come. For example, in 1952, 
39 percent of our graduates reported being raised 
in large cities; in 1963, this percentage has grown 
to 42. This is certainly not a large increase, and is 
probably a consequence of a general nationwide 
trend that has been going on for some time. 

Farm 
Small town 
Small city 
Medium city 
Big city 
Metropolis 

Secondly, there is a shift in the part of the country 
in which our alumni grew up. In 1952, 56 percent 
reported they were raised in California; in 1963, 
this has dropped to 51 percent. At the same time, 
the proportion in '52 who said they were from the 
Midwest and the East totaled 20 percent, whereas 
in '63 this has grown to 26 percent. 



GEOGRAPHIC REGION WHERE MOST 
OF PRECOLLEGE YEARS SPENT 

% in % in 
63 '52 

California 51 56 
West 11 11 
Midwest 16 14 
South 7 9 
East 10 6 
Foreign 5 4 

Finally, those who report graduating from high 
schools in southern California dropped from 53 per- 
cent in 1952 to 43 percent in 1963. At the same time, 
the total percent of those graduating from high 
schools in the rest of the West, the Midwest and 
the East went from 37 percent in the 1952 survey to 
47 percent in the 1963 survey. 

GEOGRAPHIC REGION OF HIGH SCHOOL 
% i n  %in 
'63 '52 

Southern California 43 53 
Rest of West 22 17 
Midwest 14 12 
South 6 6 
East 11 8 
Foreign 4 4 

A similar trend can be observed in the recent 
figures for the high school origins of Caltech fresh- 
men. In recent years about 40 percent of our fresh- 
men came from California high schools, 15 percent 
came from the rest of the West, and 45 percent 
came from east of the Rockies and foreign coun- 
tries. I t  also seems likely that the relatively recent 
increase in the number of graduate students at the 
Institute will reinforce this trend, inasmuch as they 
have gone to even more widely scattered high 
schools than have the undergraduates. 

This shift of our student body and alumni from 
local or regional sources toward being more repre- 
sentative of the nation as a whole suggests that in 
a relatively short time Caltech will no longer be 
a predominantly "California" or "Western" insti- 
tution. 

College Years 

The alumni are more highly educated than they 
were in 1952. The proportion with a BS as their 
highest degree has dropped from 45 to 36 percent, 
while those with MS as highest degree have risen 
from 32 to 34 percent, and those with doctorates 
and engineering degrees from 23 to 30 percent. In 
fact, alumni are now about evenly divided: % 
Bachelors, Ys Masters, and % Doctors. 

% in % in 
'63 '52 

BS from Caltech 36 45 
MS from Caltech 24 26 
MS, non-Caltech 10 6 
Doctorate or Professional, Caltech 20 17 
Doctorate or Prof., non-Caltech 10 6 

The increase in the frequency of higher degrees 
is also evident when we look at the decade in which 
the degrees were granted. As the table below indi- 
cates, there is a fairly even distribution of BS's for 
each decade since 1930. However, there is a defi- 
nite increase in more recent years in the percent of 
Master's degrees earned, and a most pronounced 
change in the proportion of those earning the 
doctorate. 

DECADES IN WHICH DEGREES WERE EARNED 
BS MS PhD 

% 1910-1919 1 
% 1920-1929 9 2 2 
% 1930-1939 20 14 13 
% 1940-1949 32 30 16 
% 1950-1959 30 37 46 
% 1960-1962 8 16 23 

They Are Young 

The table above also affirms the relative youth- 
fulness of our alumni. Almost all have received their 
degrees since 1930, while slightly more than half 
have received them since 1950. The greatest ex- 
treme is found in the column for the doctor's de- 
gree, where we see that over two-thirds of these 
degrees were earned after 1950. If the proportions 
for the 1960-1962 period hold through 1969, about 
half of all doctorates held by our alumni at that 
time will have been earned since 1960. 

If we look at the age of our alumni rather than at 
the decade in which they received their degrees, 
we find further, but less dramatic, evidence of this 
youthfulness. The table below shows that half of 
our alumni are less than 40 years of age, and three- 
quarters are less than 50. At the same time, it is also 
evident that the alumni group is not as youthful 
as it was in the 1952 survey, when almost three- 
fourths were less than 40 years of age. 

% in % in 
63 '52 

Under 30 20 32 
30 to 39 years 29 40 
40 to 49 years 29 20 
SO to 59 years 16 8 (50 and 

over) 
60 and over 6 

These percentages are not as extreme as they 
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were 11 years ago, and another decade will see our 
alumni the same age as other typical alumni groups, 
yet our alumni will remain relatively young when 
compared with age distributions for college gradu- 
ates in the general population. This fact should be 
kept in mind later on, when we analyze the post- 
graduate achievement of various degree-holders 
and attempt to evaluate their accomplishments. 

Undergraduate Major 

Aeronautics 
Astronomy & Astrophysics 
Biology 
Chemistry & Biochemistry 
Chemical Eng. & Appl. Chem. 
Civil Engineering 
Electrical Engineering 
Geology 
Geophysics 
Mathematics 
Mechanical Engineering 
Physics & Applied Physics 

Total in Engineering 
Total in Science 

*Less than % of one percent 

There are a few small differences in the per- 
centages in various majors between the '63 and '52 
surveys, i.e., a decrease in chemistry and chemical 
engineering and an increase in electrical engineer- 
ing. These changes are both small, and are not 
matched by any changes in recent years in the 
actual number of degrees awarded in these majors 
by the Institute. Therefore it seems reasonable to 
ascribe the differences in this table to sampling 
errors. 

However, since the 1952 survey there have been 
important revisions of undergraduate curricula and 
course requirements in almost all divisions of the 
Institute. Subject matter formerly taught in grad- 
uate courses now appears at the undergraduate 
level; concepts from sophomore and junior courses 
now frequently are part of freshman courses. In 
addition, there has been a noticeable increase in 
the number of undergraduates selecting mathe- 
matics or science as their major and a decrease in 
the number selecting engineering. These changes 
are too recent to affect the results of this survey, 
but some idea of the probable future effect may be 
gained from the fact that while the survey indi- 
cates roughly two-thirds engineeringand one-third 
science majors, the percentage of engineers within 
graduating senior classes in the last ten years has 
declined from 50 to 30 percent, and may go even 
lower. 

Graduate Majors 

Aeronautics 
Astronomy & Astrophysics 
Biology 
Chemistry & Biochemistry 
Chemical Eng. & Appl. Chem. 
Civil Engineering 
Electrical Engineering 
Geology 
Geophysics 
Mathematics 
Mechanical Engineering 
Physics & Applied Physics 
Business Administration 
Law 
Medicine 
Meteorology 
Other 

Total in Engineering 45 49 
Total in Science 41 35 
Total in Other 14 16 

"Less than ^2 of one percent 

Among the graduate majors there is only one 
change from 1952 to 1963 that may not be due to 
sampling error. I t  is the drop in the percentage of 
alumni who hold degrees in aeronautics - from 
18 to 10 percent. During World War I1 Caltech had 
a Navy V-12 training program that produced a great 
many graduates in aeronautics. Since 1947, when 
this program was discontinued, the production of 
aeronautics graduates has returned to prewar levels. 
Consequently, the total of aeronautics majors has 
not increased in volume to the same extent as other 
majors. Furthermore, at the time of the 1952 survey 
a large proportion of all aeronautics majors were 
V-12 graduates who, after the 11 years between 
surveys, probably no longer feel close to the Insti- 
tute or sufficiently interested to participate in the 
survey. 

The proportions of engineers a n d scientists 
among graduate degree-holders are more nearly 
equal than they are among undergraduates. The in- 
crease in the proportion of scientists and the de- 
crease in the proportion of engineers is partially 
accounted for by the changes in the aeronautics 
major. It  may also be due in part to a recent trend 
at the Institute toward the granting of more degrees 
in science and fewer in engineering. This change 
is paralleled at the undergraduate level. If the trend 
continues it may ultimately result in Caltech be- 
coming an institute of pure and applied science, 
with a small proportion of majors in engineering 
pursuing a course of study quite similar to that of 
the science majors. The recent change in the name 



of the Engifieeripg Division to Division of En- 
gineering- and Applied Science may be a portent 
of things to come. 

Religious Affiliation 

We found in the 1952 survey that our alumni 
were predominantly Protestant in their religious 
affiliation - much more so than U.S. college gradu- 
ates in general. While this is still the case, there have 
been some small but interesting changes. 

RELIGIOUS AFFILIATION 
% in% in 
'63 52 

Protestant 77 84 
Catholic 8 7 
Jewish 8 5 
Other 7 4 

The decrease in the percentage of Protestants 
and the increase in Catholics and Jews was evident 
in the 1952 survey when alumni under 30 were 
compared with those over 50. The percentages for 
the younger group were very similar to the '63 
figures, which suggest a broadening base of relig- 
ious affiliation among our alumni. 

The foregoing figures on religious affiliation are 
derived from answers to the question: 'Were you 
brought up as a . . . Protestant? . . . Catholic? . . . 
Jew? . . . Other?" They do not reveal the amount 
of active participation in religious affairs. When 
asked how frequently they go to church, a more 
definite attitude emerged. In 1952,29 percent were 
active churchgoers. In 1963, this number had grown 
to 36 percent. At the same time, 50 percent of the 
'52 sample attended church rarely or not at all, 
while only 46 percent of the 1963 sample report 
nonattendance. 

% '63 in 7%" 
Now go to church every week 19 13 

. . . pretty regularly 17 16 

. . . a few times a year 18 21 

. . . rarely 20 26 

. . . not at all 26 24 

While there is a slight increase in church attend- 
ance in the 1963 sample, Caltech alumni could 
hardly be called a churchgoing group, since almost 
half of them go rarely or not at all. 

Parents' Education 

Less than ten percent of all Americans who are 
old enough to have a college degree actually do 
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have one. And so, on the average, one might ex- 
pect this proportion to be true for the parents of 
college graduates. However, it is known that col- 
lege graduates tend to encourage their offspring 
to attend college. Consequently, the percentage of 
parents of college graduates who also attended col- 
lege is considerably more than ten percent. 

Among Caltech alumni, almost half of the fathers 
and more than one-third of the mothers attended 
college. Over 50 percent of our alumni report that - 
one or more parents attended college. 

ALUMNI WHOSE PARENTS ATTENDED COLLEGE 
% in % in 

63 52 
Father attended college 45 43 
Mother attended college 36 33 

These percentages are higher than the national 
average, and indicate that Caltech alumni come 
from highly educated families. However, some 
other colleges have student bodies with a higher 
proportion of parents who attended college. For 
example, a recent cooperative study compared the 
parents' education of Caltech students with those 
of science majors in an Ivy League college. The per- 
centage of fathers with only a high school educa- 
tion was 37 for Caltech, and 27 for the Ivy League 
college. Twenty-five percent of the Caltech fathers 
had attended graduate school, while 50 percent of 
the Ivy League college fathers had done so. 

About the same proportions held for the mothers' 
education. Forty-five percent of the mothers of Cal- 
tech students had a high-school-or-less education, 
versus 29 percent for the Ivy League mothers. And, 
at the other extreme, only 8 percent of Caltech 
mothers attended graduate school while 17 percent 
of the Ivy League mothers had done so. 

These differences in family educational back- 
ground are probably due to several causes. Perhaps 
different social class position, a longer tradition 
of college attendance, and more entrenched intel- 
lectual values are more characteristic of an Ivy 
League student body than of Caltech's. But future 
articles on our survey results will show clearly that 
Caltech alumni are hard to beat when it comes to 
academic honors and other notable achievements 
in later years. 

This is the first in a series of articles to appear 
in ENGINEERING AND SCIENCE reporting the results 
of the survey of Caltech alumni made last year. 
The next issue will take a look at some of the po- 
litical and cultural interests of our graduates. 
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Research in Progress 

The behavior of gases and solids is quite well 
known. Theories have been developed which make 
it possible to predict their behavior under different 
circumstances. 

There are lots of theories about liquids, too. But 
none are completely successful. Scientists simply do 
not know why liquids flow, splash, and otherwise 
behave as they do. 

At Caltech, Cornelius J. Pings, associate profes- 
sor of chemical engineering, has been studying the 
fundamental behavior of liquids for the past eight 
years. This work is now being expanded under a 
new contract with the Air Force Office of Scien- 
tific Research. Additional support comes from the 
Office of Naval Research and the National Science 
Foundation. 

Dr. Pings and his group are attempting to learn 
more about how atoms and molecules behave in the 
liquid state at various temperatures and pressures. 
This involves not only "looking at" atoms and mole- 
cules, but also studying the microscopic forces that 
lace them together in the informal, shifting way that 
is characteristic of liquids. 

"Although the molecules of solids are arranged 
in orderly rows and those in gases in perfect dis- 
order, the molecules in liquids comprise a moving 
interlocked mess - a sort of ordered chaos," Dr. 
Pings explains. "In liquids, each atom is affected by 
thousands of surrounding atoms whose positions in 
relation to each other are constantly changing." 

LIQUIDS - 
ORDERED CHAOS 

C. 7. Pings studies optical properties of a liquid. 

This is one good example of a many-body prob- 
lem, a name given to a number of current problems 
in physics involving the simultaneous interaction 
of a large number of particles, atoms, or molecules. 
The biggest digital computer in existence is not 
powerful enough to solve these problems by brute- 
force arithmetic. Although they are currently the 
focus of much activity by theoretical physicists and 
chemists, progress is slow, and a general solution 
to these many-body problems is not yet in sight. 

A lack of a good working theory for the be- 
havior of liquids has its frustrating and expensive 
consequences at the practical level. The modem- 
day engineer and scientist, for all of his knowledge 
of atoms and molecules, cannot make a straight- 
forward prediction of the elementary 
of even the simplest liquids. Such things as den- 
sities, viscosities, and boiling points - needed for 
the design and intelligent operation of chemical 
plants, oil refineries, and liquid-fueled rockets - 
cannot be reliably estimated from theory and must 
usually be measured in the laboratory and pilot 
plant. 

I t  is apparent also that continued lack of full un- 
derstanding of the behavior of liquids in general, 
and solutions in particular, will stand as a barrier 
to full insight to many basic problems in physiology 
and medicine. Chemical kinetics in the liquid phase 
is currently at a stalemate, in contrast to the signifi- 
cant gains in gas-phase kinetics in the last decade. 



Previous experimental studies have been made 
of the forces and configurations involved in liquids. 
However, much is still unknown and the theore- 
tician is frequently stymied by lack of knowledge 
of what is actually going on at the molecular level 
in liquids and dense gases. Pings and his co-workers 
are interested in determining the behavior of very 
simple liquids at a wide variety of temperatures 
and pressures. The group hopes to obtain enough 
data to provide a sound framework for a compre- 
hensive, over-all theory. The team is now enlarging 
its laboratory space to make observations of mole- 
cules and their forces in liquids with several tech- 
niques. 

The first is x-ray diffraction. It  enables investi- 
gators to measure the average number of neighbor- 
ing atoms and the distance they sit from each other. 
A beam of x-rays is directed at the liquid being 
studied and the atoms in the fluid diffract the x-rays. 
The diffracted radiation is detected by scintillation 
counters. Mathematical analysis of the diffraction 
data yields direct information about the average 
configurations in the system of moving liquid mole- 
cules. 

One set of completed experiments on liquid ni- 
trogen has revealed that each nitrogen molecule on 
the average is surrounded by a "shell" of 15 neigh- 
boring molecules at a distance about 5 percent 
greater than the shell of nearest neighbors in the 
crystal lattice. 

A current experiment on liquid argon will deter- 
mine how these configurations change with the tem- 
perature and density of the fluid. Mr. S. E. Rod- 
riguez has just completed a set of diffraction studies 
on liquid gallium for his PhD thesis. Gallium is a 
metallic element that looks like mercury, although 
it is less than half as dense. It  normally freezes 
at 29.8OC. However, Rodriguez was successful in 
supercooling one specimen to OÂ° for more than 30 
hours while he determined its structure. Tentative 
conclusion: Unstable supercooled gallium is a 
normal liquid as far as its molecular-level configur- 
ation is concerned. 

The second experimental technique is a study of 
the refractive index of the fluids. This is the meas- 
urement of how much a beam of light is bent as it 
stabs through a liquid. The amount of bending is 
indicative of the electrical environment in the im- 
mediate vicinity of a molecule in the liquid. 

These measurements have been made on me- 
thane, carbon tetrduoride, and argon. The argon 
measurements have been concentrated on the liquid 
up to 100 atmospheres, but have been included in 
some studies of both gaseous and solid argon. Of 
particular interest in this study is the Lorentz- 

Lorenz theory, which postulates a quite simple re- 
lationship between the dielectric constant (or re- 
fractive index) and the density of a substance. 

The experimental work so far has indicated that 
the theory seems to be quite good for non-polar 
gases, liquids, and solids. This may be of some sig- 
nificance, since very few properties can be pre- 
dicted for all three states of matter by a single 
theory or model. 

The third experimental technique is ultrasonic 
absorption. Ultrasound pulses disturb the liquid 
slightly, causing its structure to change. The rate 
at which the liquid's forces pull its molecules back 
to their original position could apply to information 
that may lead to a theory of predicting viscosity 
and other transport properties. 

Much of the investigation is concentrated at the 
critical region of a liquid, the borderline region be- 
tween liquid and gas. Theoreticians still have no 
satisfactory explanation for the very strange be- 
havior of a fluid at its critical state. It is known 
that very large clumps form in liquids in this region. 
The clumps often are so large that they cause light 
to scatter. In some instances an otherwise colorless 
liquid looks brown from the scattering. 

There is considerable theoretical and practical 
interest in this region. Practically, there is much 
interest in the fact that heat capacity and thermal 
conductivity increase as much as ten times. The 
thermal conductivity properties suggest that liquids 
in the critical state may provide a very effective 
heat transfer medium for boilers and chemical pro- 
cessing equipment, and the heat capacity proper- 
ties may be useful for heat control, as a sort of heat 
buffer. 

On the theoretical side, the critical region seems 
to be sort of a promised land for the theoretician in- 
terested in many-body problems. A key to the criti- 
cal region might very well also turn the lock of the 
whole liquid state problem. Two international meet- 
ings will be held in the next 12 months on experi- 
mental and theoretical problems of the critical state. 

Liquids currently under investigation by the 
Pings group are all relatively simple; they include 
mercury, carbon tetrduoride, gallium, nitrogen, 
and argon. Some substances, such as argon and 
nitrogen, require cooling down to temperatures of 
minus 310 degrees F. before they will liquefy. 

At present, water is too complex a liquid to in- 
vestigate. One of its complicating factors is the pres- 
ence of the unusual hydrogen bond forces between 
the molecules, resulting in very peculiar behavior. 

"I think we will wait a few years," says Dr. 
Pings, "before we tackle anything as complicated 
as water." 
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The 
Month 

Clark B. Millikan, NAS Member 

Clark B. Millikan, professor of aeronautics and 
director of Caltech's Graduate Aeronautical Labo- 
ratories, was elected a member of the National 
Academy of Sciences at its annual meeting held on 
April 28 in Washington, D.C. Election to the Acade- 
my, one of the highest scientific honors in the na- 
tion, is in recognition of outstanding achievement 
in scientific research, and membership is limited to 
500 American citizens and 50 foreign associates. 
With 32 members, Caltech has the highest per- 
centage of members of any university faculty. 

Dr. Millikan's major investigations have been in 
the fields of airplane aerodynamics, fluid mechan- 
ics, wind tunnel design and operation, and guided 
missiles. 

He was graduated from Yale University in 1924 
and received his PhD in physics and mathematics 
at Caltech in 1928. He joined the Caltech faculty 
the same year, became full professor of aeronautics 
in 1940, and in 1949 was appointed director of the 
Guggenheim Aeronautical Laboratory. His title 

Caltech 

was changed in 1961 to director of the Graduate 
Aeronautical Laboratories. He was a member of 
the Executive Committee of the Institute from 1945 
to 1947, and has been chairman of the Institute's 
Jet Propulsion Laboratory Committee since 1949, 

Dr. Millikan is an honorary fellow of the Amen- 
can Institute of Aeronautics, of which organization 
he was president in 1937, and is a fellow of the 
Royal Aeronautical Society of Great Britain, the 
American Academy of Arts and Sciences, and the 
American Physical Society. 

Dr. Millikan received the King's Medal for Serv- 
ice in the Cause of Freedom in 1948 from the British 
Government, and the United States Medal for Merit 
in 1949. He is a member of the Air Force Scientific 
Advisory Board, and also the Scientific Advisory 
Committee of the Army Ballistic Research Labora- 
tory. He serves as a director of the Aerojet-General 
Corporation and the National Engineering Science 
Company. 

Dr. Millikan is the son of the late Robert A. Milli- 
kan, who was chief administrative officer of Cal- 
tech from 1921 to 1945. 



Kimber Genetics Medal 

Max Delbruck, professor of biology, received the 
Kimber Genetics Medal for 1964 from the National 
Academy of Sciences at its annual meeting in Wash- 
ington, D.C., last month. The award was given "for 
his decisive role in the contributions of biology, 
chemistry, and physics to the understanding of the 
essential molecular characteristics common to all 
known living systems, from the smallest viruses to 
man himself ." 

A native of Berlin, Germany, Dr. Delbruck be- 
gan his studies on the genetic aspects of virus in- 
fection in 1938 while a fellow at Caltech, and his 
discoveries are credited with making possible im- 
portant research by laboratories throughout the 
world. He has been a member of the Caltech facul- 
ty since 1947. 

Arthur Noble Award 

Arnold 0. Beckman, chairman of the Institutes 
Board of Trustees, received the City of Pasadena's 
Arthur Noble Award on May 11 for "a real and 
lasting contribution to the well-being and beauty 
of our community" for the new Caltech Beckman 
Auditorium which he donated to the Institute. He 
was the 36th recipient of the award which was 
established in 1924 by Arthur Noble for promo- 
tion of civic beauty, pride, and culture. Master of 
ceremonies for the invitational gathering of Cal- 
tech Associates, city and civic leaders, members 

and friends of Caltech, was Dr. Simon Ramo, pres- 
ident of the Caltech Institute Associates. 

The ceremony was held in the new auditorium. 
President DuBridge gave a slide lecture on "Cal- 
tech - Yesterday, Today, and Tomorrow," and the 
Caltech Glee Club opened the ceremony. 

Humanities Grant 

Caltech's humanities division has received a 
grant of $500,000 for research from Old Dominion 
Foundation of New York. The grant will establish 
an endowment fund whose annual income will 
provide paid periods of leave for members of the 
humanities faculty, for study at other institutions 
or libraries, here and abroad. 

"The endowment meets a very special need at 
Caltech," says President DuBridge. "Our humani- 
ties division is devoted primarily to teaching; but 
the best teachers in the humanities, as in other 
fields, are as a rule deeply committed to scholarly 
research. To attract and hold such teachers we 
must encourage and reward research, and that is 
exactly what Old Dominion Foundation is helping 
US to do." 

Old Dominion Foundation was established in 
1941 by Paul Mellon of Upperville, Virginia. Areas 
in which it has been particularly interested include 
the humanities and liberal education, the arts, 
mental health, and conservation. Its grants to date 
total approximately $65 million. 

Arnold 0. Beckman, 
receives the City 

of Pasadena's 
Arthur Noble award 

from Mayor Floyd 
Gwinn (left) and 

Lathrop K .  
LeMhman, (right) 

chairman of the 
selection committee. 
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The Month at Caltech . . . continued 

Caltech was a pioneer in emphasizing the im- commencement 
portance of the humanities in technical education. 
As early as 1921 it established the requirement that Caltech's 70th annual commencement on June 
at least twenty-five percent of every undergradu- 12 will be held on the Beckman Auditorium Mall. 
ate's classroom time be spent in the study of Eng- Henry T. Heald, pesident of the Ford Founda- 
lish, history, philosophy, economics, and languages. tion, will deliver the commencement address. 

CALTECH'S 27th ANNUAL ALUMNI SEMINAR 

Almost 1,500 alumni, wives, and guests came to the Caltech campus on May 
2 for the 1964 Alumni Seminar, which featured a series of lectures and ex- 
hibits, and an evening banquet. President DuBridge gave a special talk on 
"Science in Space" in Beckman Auditorium. Exhibits included tranquil and 
torrential flows in the new 130-foot tilting flume, dynamic tests of structures, 
and the linear accelerator. At the evening banquet held at the Huntington- 
Sheraton Hotel, Mrs. Georgians Hardy, president of the Los Angeles City 
Board of Education, spoke on "The Little Red Schoolhouse Still Haunts Us." 



CARL NIEMANN 

Carl G. Niemann, one of the nation's leading or- 
ganic chemists, and a member of the Caltech fac- 
ulty for 27 years, died of a heart attack on April 
29 in Philadelphia. He was 55. 

Dr. Niemann and his wife, Mary, were en route 
to Europe for a vacation. He had been attending 
the annual meeting of the National Academy of 
Sciences in Washington, where he presided over 
a session of the Academy's chemistry section, of 
which he was chairman. 

Born in St. Louis, Carl Niemann was graduated 
from the University of Wisconsin and received his 
PhD in biochemistry there in 1934. He was a re- 
search associate at the University of Wisconsin in 
1934-35, a fellow of the General Education Board 
at the Rockefeller Institute for Medical Research 
in 1936-37, an assistant in chemistry at the Rock- 
efeller Institute in 1936-37, and a Rockefeller 
Foundation Fellow at the University College Hos- 
pital Medical School in London in 1937-38. He 
joined the Caltech faculty in 1937 and became a 
full professor in 1945. 

Dr. Niemann made outstanding advances in the 
understanding of enzymes, which control the bio- 
chemical activities in living cells. Most recently, 
he had been working on limitations in the speci- 
ficity of enzymes. He also did significant work on 
the chemistry of amino acids, peptides, carbohy- 
drates, and lipids. 

He had served as chairman of the Caltech faculty 
and was chairman of the graduate committee of the 
division of chemistry and chemical engineering. 

He was also a consultant of E. I. DuPont de 
Nemours Co. and of the Smith, Kline and French 
pharmaceutical company. 

He was elected to the National Academy of Sci- 
ences in 1952. He was a member of the Ameri- 
can Chemical Society, the American Society of 
Biological Chemists, Sigma Xi, and the British 
Chemical Society. He was a fellow of the Ameri- 
can Academy of Arts and Sciences and of the New 
York Academy of Science. 

A memorial service was held in Dabney Hall on 
May 12, with eulogies delivered by President Du- 
Bridge and by John D. Roberts, chairman of the 
division of chemistry and chemical engineering. 

"Carl Niemann was in many ways the ideal 
academic scientist," said Dr. Roberts. "He was 
quietly but tenaciously independent. He knew that 
to be successfully independent involved being re- 

sponsible and, in every commitment he took on, 
he was always completely responsible . . . 

"The essence of the Niemann approach to sci- 
ence and life was scholarship and effectiveness. 
Clearly, one has to be effective to fulfill so many 
responsibilities and yet produce over 260 carefully 
written research papers. He conducted himself at 
all times with a characteristic of calm dignity; he 
was a tireless and never frantic worker. The less 
efficient and less effective of us could only marvel 
at how he worked day after day with his office 
door wide open. He always had a cheerful wel- 
come to anyone wishing to consult with him, but 
as soon as the business at hand was over, one 
sensed he was completely politely beginning to 
think about the next phrase of the unfinished man- 
uscript before him . . . 

"Carl Niemann was a scholar and a scientist of 
the first rank. He was devoted to the principles of 
both academic freedom and academic responsi- 
bility. He pressed himself on no one, but he gave 
unstintingly to those who sought his help. His 
legacy is a corps of superbly trained and loyal 
students, a deeper understanding of the chemistry 
of life, and the many results of his efforts to make 
a better Division and a better Institute. 

"He was taken from us and his family at the 
very height of his career, just before the start of a 
European vacation. We and his many other friends 
will not soon forget the way in which he enriched 
our lives and our profession." 
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INTRODUCTION 

TO 
MODEST MORPHOLOGY 

by John D. Strong 

Modern technology is constantly faced with prob- 
lems for which it is of transcendent importance to 
get timely solutions. Many of these problems are so 
complex that they cannot be solved by conventional 
methods, but the Morphological Research Method 
developed by Fritz Zwicky, Caltech professor of 
astrophysics, provides formal procedures suitable to 
the solution of such problems. These procedures 
have much in common with those used informally 
and intuitively by our scientific giants - especially 
Faraday and Mendhlheff. In their application, how- 
ever, Zwicky's procedures have the new feature of 
explicit formality, so that they can be consciously 
practiced. 

Zwicky's morphology arranges the progress to- 
ward the solution of a ~roblem into four phases: 

1. Formulation of the problem 
2. Analysis of the problem 
3. Synthesis of valid solutions 
4. Judgment of these solutions 

The real inner purpose of separating and formally 
arranging these phases, and of formally arranging 
the application of talents to them, is to remove re- 
strictions which would otherwise preclude optimum 
solutions. A completely rigorous and full response 
to these four phases, as it applies to almost any tech- 
nical problem, requires the devoted application of 
several competent scientists for a matter of years. 
As in an imperfect practice of the Christian Ethic, 
which can be practiced rigorously and fully only by 
saints, there is merit in an imperfect, or less than 
rigorous and full application of the morphological 
method. 

A problem must be a strategic one to be worthy of 
the extensive effort of giants. In contrast, I describe 
the applications of "modest morphology" to prob- 
lems of experimental physics, particularly instru- 
ment design, and, specifically, problems whose so- 
lution is subject to severely modifying, prescribed 
restrictions. 

The prescribed restrictions relate to the fact that 

our problems come under established, defined pro- 
grams with fixed budgets and definite performance 
dates. We apply morphology to the many small, 
unanticipated, ancillary problems that come up in 
our research. Most of them could be solved by 
straightforward engineering; only occasionally one 
requires invention. These tactical problems, how- 
ever, must be solved for so-and-so-much money, 
and within such-and-such a time limit. Also, we 
work under many other restrictions. It is a mistake 
to complain, for all of these restrictions are a proper 
condition on our work. Fortunately, they do not 
preclude the restricted use of Zwicky's morpho- 
logical method. 

This restricted application is most effectively ap- 
plied by a properly indoctrinated group, working to- 
gether. And it is part of the indoctrination for mem- 
bers of the group to learn that the formality of the 
method may appear, at first, to be an unnecessary 
distraction. They will soon learn, however, that the 
distraction is worthwhile because, in the end, by 
practicing modest morphology they will require less 
time to meet their goals, and they will achieve their 
goals more effectively and enjoy more personal 
satisfaction. 

Here, then, are the four phases of modest mor- 
phology as we practice it. 

Phase I .  The Problem. I have often visited groups, 
busy at research, that have not formulated an ex- 
plicit definition of their problem. Such a definition 
is important. 

Phase I I .  The Analysis of the Problem. The pur- 
pose of the second phase, analysis, is to enumerate 
and organize all the parameters that are pertinent 
to valid solutions of the problem. 

In our modest practice we state our problem, list 
the main parameters and begin forthwith to syn- 
thesize solutions. We take the parameters as being 
either obvious to all concerned, or we develop the 
parameters more formally as we go, by feedback 
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from the various solutions that come up. Thus, in 
our less formal practices we are fluid, the parame- 
ters being changed as we progress. Even the defi- 
nition of the problem may be changed by the syn- 
thesis of solutions for it. 

Phase I I I .  Synthesis of Solutions. In an extensive 
morphology it is necessary to make every possible 
combination of the parameters, and thus to derive 
all of the valid solutions. In our restricted practice 
of morphology there is a tacit understanding that 
we must get at least two valid solutions. The second 
solution is often more satisfactory in elegance, in 
cost, or in time of realization than the first, even 
when the first was completely adequate. The first 
solutions, as in the example I give later, may be 
conventional ones, widely practiced. And in the rare 
case when no improvement is made over an ade- 
quate first solution, a confidence factor is obtained, 
from getting a second, that is worth the trouble it 
costs. 

Combinations of parameters frequently produce 
inventions. The law defines invention as an act of 
the creative imagination lying beyond that which 
is possible to the mind of those who are simply 
skilled in the art. A creative combination of para- 
meters is referred to in the law as the so-called 
"flash of genius." Inventions arrived at by the prac- 
tice of the morphological approach are sometimes, 
but usually not, of this sporadic flash type; they or- 
dinarily come from the deliberate application of the 
imagination to the parameters analyzed. The fact 
that "inventions" can be deliberately induced is a 
main value of the morphological approach. Zwicky's 
morphology teaches the "secret" of sparking this 
induction. 

Invention (the discovery of a hidden valid solu- 
tion) is not inhibited when one follows the rule that, 
during the synthesis phase, it is only proper to pass 
judgment as to whether or not combinations form 
valid solutions. It  is improper to judge these com- 
binations initially on any other basis. If this rule is 
obeyed, garnering valid solutions to a problem be- 
comes straightforward. 

One can best understand the compromises of 
modest morphology, as contrasted with the uncom- 
promising thoroughness and rigidity of Zwicky's 
teaching, by extending our analogy to the Christian 
Ethic. Like a man who acts like a Christian on Sun- 
days but is practical" during the week, we apply 
the commandment to get all the valid solutions, 
each without prejudice, only as far as we can afford 
to within the frame of our restrictions. It  is our prac- 
tice to sustain the morphological attack until we get 
two or more valid solutions to a problem, or until 

we have made a sincere try for a second solution. 
In modest morphology the valid rule that certain 

spontaneous, premature evaluations of valid solu- 
tions must be suppressed until all the valid solu- 
tions (or at least two, in our case) are garnered is all 
but impossible to adhere to. It is difficult to follow 
this rule because one must suppress much impulsive 
judgment; each successive solution, or invention, as 
it is garnered, will be spontaneously judged "good 
or "bad." For example, a particular solution may be 
impulsively and prematurely judged "bad  because 
it requires materials for reduction to practice that 
are not available, or it requires skills that are not 
attainable, or it involves expense that is unsupport- 
able. During the synthesis stage, only the judgment 
that a solution is a valid one, or not, is proper. 

And yet, after the climate of modest morphol- 
ogy has matured in a group, these spontaneous, pre- 
mature evaluations of "good" and "bad are grace- 
fully handled; and they serve a valuable function. 

In a properly indoctrinated group, if a solution 
is valid, but is spontaneously declared by anyone 
in the group to be "bad," then the inventor will be 

John D. Strong 
has been professor of 
experimental  physics 
and director of the La- 
boratory of Astrophys- 
ics and Physical Mete- 
orology at Johns Hop- 
kins University since 
1945. He is recognized 
today as one of the 
world's greatest optical 
scientists. 

A graduate of the University of Kansas, he got his 
PhD from the University of Michigan in 1930, and 
came to Caltech as a research fellow. He was in 
charge of the research and development work which 
resulted in the optical systems of the Palomar Observ- 
atory. In 1937 he became assistant professor of phys- 
ics and astrophysics here. 

While at Caltech, Dr. Strong evolved the first 
practical technique for evaporating aluminum direct- 
ly to mirrors, now a standard practice. At Johns Hop- 
kins, his interest in infrared spectroscopy has led 
to a unique and highly specialized design of ruling 
engines for diffraction gratings, and further, to the 
application of experimental physics to meteorology 
and astrophysics. 

The morphological method which Dr. Strong dis- 
cusses in the accompanying article is nothing more 
than an orderly way of looking at things. Its aim is 
to achieve a schematic perspective over all of the 
possible solutions of a given large-scale program. 
The method was developed by Fritz Zwicky - pro- 
fessor of astrophysics at Caltech, and staff member 
of the Mount Wilson and Palomar Observatories - 
with whom John Strong worked while he was on the 
Caltech faculty. 
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Introduction to Modest Morphology . . . continued 

especially proud of it. Or he may secretly have 
judged it "bad himself, and he will be proud of 
having suppressed his prejudice. He will admonish 
his critics for their ~rejudice - and then look for 
some "good," knowing that "bad  solutions are valu- 
able for the following reasons: 

1 ) Some "bad solutions actually produce results 
which "good ones do not, and thus may am- 
plify or alter the statement of the problem. 

2 )  A "bad solution may induce a "good one. 
3 )  Two "bad  solutions may combine to produce 

a "good one. 
4 )  A "bad solution may point out the need for 

more analysis. 

Phase IV. The Judgment. The choice of the par- 
ticular solution that is to be reduced to practice, and 
tested, from among all those that have evolved, can 
now properly be made with open consideration of 
values which have heretofore been suppressed, such 
as available materials, attainable skills, supportable 
cost, achievable deadlines. 

Since our practices fall far short of the ideal, 
how, then, is our modest morphology different from 
standard engineering practice in which alternate 
solutions or alternate designs are also evolved? The 
main difference lies in our attitude about, and treat- 
ment of, "bad solutions. Experience has taught us 
their value. We seek them out and treat them with 
respect. 

Many examples of the application of modest mor- 
phology are not as crisp and black-and-white as my 
exposition might imply. In many instances the fruit 
of this application, like all good solutions, seems, 
in retrospect, to be trivial and obvious. 

Our experience in the design of a dividing head 
for a new diffraction grating ruling engine will 
illustrate the value of modest morphology. 

Man's most powerful tool 

Albert Ingalls, in an article on ruling engines in 
Scientific American for June 1952, states that it is 
no exaggeration to say that the splitting of light 
into its colors by means of spectrographs is man's 
most powerful tool for investigating the universe. 
Astronomers use spectrographs to study the stars, 
physicists to probe the atom, chemists to identify 
molecules, biologists to explore living substances, 
food processors to test food, detectives to analyse 
blood stains. 

A prism may be used to sort out the colors of the 
light, but modem spectrographs require the use of 

the much more powerful diffraction grating. 
The ruling of diffraction gratings is an art that has 

been practiced for more than 80 years by American 
physicists - notably, in the beginning, H. A. Row- 
land, J. A. Anderson, and R. W. Wood at The 
Johns Hopkins University, and A. A. Michelson at 
the University of Chicago. 

Nowadays, a diffraction grating is made in a thin 
uniform aluminum film deposited on a polished 
plane or concave spherical glass surface. Several 
tens of thousands of grooves of a specified profile 
(or shape) must be embossed (or ruled) in it by 
the diamond tool of a ruling engine. The power of 
the grating depends not only on the precision of 
shape of the plane or spherical surface, but also on 
having the embossed grooves straight and parallel 
to one another, and equidistant - all within a small 
fraction of the wavelength of the light which we 
wish to analyse with the grating. 

Two basic approaches 

The generation of precise shapes can be achieved, 
in principle, by two basic approaches - either by a 
construction procedure that is inherently adapted 
to generate the desired surface automatically; or 
by a correction procedure that eliminates local im- 
perfections after they are revealed by a suitable test. 

I can illustrate and contrast these procedures by 
describing the construction of a concave polished 
grating blank. Two similar pieces of glass are rub- 
bed together with an abrasive between them. This 
rubbing produces mating spherical surfaces (one 
converse and the other concave) automatically. 
Subsequently, after polish, the concave surface may 
not be precise enough for a grating blank. But it 
can be made precise by "figuring - that is, by local 
polishing, guided optically by the Foucault knife- 
edge test. This is a correction procedure. 

As far as the ruling of optical gratings is con- 
cerned, the problems of procurement of spherical 
and flat blanks have been fairly well solved during 
the past 60 years. Actually, it seems that the an- 
cient Egyptians knew and used the sophisticated 
and inherently precise procedure of lapping three 
surfaces together to make them flat. But there are 
other instances where inherently automatic pro- 
cedures may be used in the construction of a rul- 
ing engine. 

By the application of modest morphology we de- 
veloped a new method whereby we made a straight 
rod for our ruling engine. It was made straight to 
a millionth of an inch by an automatic, inherently 



THE BELL TELEPHONE COMPANIES 
SALUTE: ERNIE SELZER 
Five assignments in less than two years would indicate 
Ernie Selzer (B.S., 1961) is a man on the move at Pacific 
Telephone. He is presently a senior engineer working on 
the design of a worldwide data system for a large customer 
in the Los Angeles district. 

Men with technical and scientific backgrounds are 
needed to understand the new concepts and growing com- 
plexities of communications. Ernie has been involved in 
engineering toll switching equipment, data transmission 

lines, and the design of private switching systems. 
Ernie has made rapid strides to earn a reputation as 

a competent, versatile engineer. He has proved his abilities 
on every assignment and has gained the personal satis- 
faction and recognition that go with a job well done. 

Ernie Selzer, like many young engineers, is impatient 
to make things happen for his company and himself. There 
are few places where such restlessness is more welcomed 
or rewarded than in the fast-growing telephone business. 

@ BELL TELEPHONE COMPANIES 
Ã̂ , 
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Introduction to Modest Morphology . . . continued 

precise, procedure. I mention this application here 
only as introduction to another equally effective au- 
tomatic procedure that we developed, and that I 
shall use to illustrate the application of modest 
morphology. 

The morphologist, when doing total research, is 
not only interested in how to produce straight lines, 
flats, spherical surfaces, and so on, by one or the 
other of the intrinsically accurate methods, or by 
one or the other of the methods of successive ap- 
proximations; he will actually want to know the 
totality of mechanical, optical, electrical, or chem- 
ical methods that there are, by which he could pro- 
duce the required geometrical figures. The impor- 
tance of such knowledge of all the possible meth- 
ods is evident when it is realized that the best 
method of producing straight grooves on a grating 
blank may not at all be the best method to achieve 
straightness in other cases where it is vital - as for 
the seven-mile-long rocket test sleigh track at the 
Holloman Air Force Base at Alamogordo, N. M., 
or the two-mile-long linear particle accelerator at 
Stanford University. Failure to choose the best 
method of producing a straight line may in some 
cases actually result in losses of millions of dollars. 

Two main difficult problems 

In the development of a ruling engine there have 
been two main difficult problems: one is the prob- 
lem of shaping of the grooves, for blazed gratings; 
and the other is the control of the diamond's mo- 
tion, to get straight and accurately spaced parallel 
grooves. 

The first problem requires a suitable metal film 
into which to form the grooves, and skill in adjust- 
ment of a precisely shaped diamond ruling edge. 
My own introduction of aluminum films, when I 
was at Caltech, provided the suitable film, and the 
skillful adaptations of the ancient art of cutting and 
polishing diamonds provided the tool. 

As to the latter problem, after we had developed 
new methods of generating, mounting, and using 
precision lead screws for our ruling engine, to pro- 
duce proper spacing of the grooves, we needed 
means to accurately control the positions of the 
screws. For instance, in order to accurately effect 
the shift of 69 millionths of an inch from one groove 
ruling stroke to the next, we needed to rotate our 
lead screw (of 40 threads per inch) accurately by 
increments of angle of one degree of arc. 

In the prior art, two methods were commonly 
practiced to get such incremental rotations. One 

method was to mount the wheel of a worm gear 
combination on the screw and turn its associated 
worm, repetitively. The other method was to use a 
dividing head - a wheel with, say, 360 triangular- 
shaped teeth around its rim. Then an associated 
pawl engaged a tooth of the head to locate the 
angular position of the head. The wheel might thus 
be rotated, repetitively, one tooth of angle at a time, 
and then held in each position by the pawl. 

Following our policy for such cases we set our- 
selves the task of adding at least one new method 
to the prior art, before we would select a plan for 
execution. But all of the new methods that we 
garnered, when later judged, proved to suffer an 
intolerable accumulation of errors. In contrast, the 
dividing head or worm wheel with an integral num- 
ber of teeth around its circumference is free of ac- 
cumulated error. 

New methods 

We therefore elected to use a dividing head and 
moved on to the problem of finding new methods 
of doing this. 

In connection with the application of modest 
morphology to this new problem, we began to look 
for methods to mount, and to use, the dividing head 
that would provide equal incremental rotations ir- 
respective of its faulty construction. This was our 
definition of the problem. 

Proceeding to find at least one new solution to 
add to the commonly practiced methods, first we 
considered angular positioning the dividing head 
with not one pawl but with a pair of pawls syrn- 
metrically disposed at opposite sides of the head's 
circumference. They were to be spring-mounted. 
It is well known by surveyors, and others, that by 
reading a precise transit circle twice, at points sep- 
arated by 180Â° and averaging these readings, one 
gets an angle value that is free of such errors as 
arise if it is mounted off-center. We considered 
achieving this effect automatically by means of the 
two spring-mounted pawls. This adaptation of an 
old trick provided a new valid solution to the first 
half of our problem; and it led us to realize that 
we could also average out, or ignore, the individ- 
ual tooth errors of an imperfectly made wheel if 
we used 180 pairs of such spring-mounted pawls. 
And this "obvious" elaboration provided a new valid 
solution for both halves of our problem. 

Going on from there, in consideration of various 
means by which we could use 360 spring-mounted 
pawls, such as opening up and closing them like 

ENGINEERING AND SCIENCE 



Right now, graduation seems way off in the wild blue you may be flying a supersonic jet.. . helping to keep 
yonder. But it's not too early to start planning. In the America's guard up. Or you may be in an Air Force 
future, you'll look back on decisions you make today laboratory, working to solve an intricate scientific or 
with satisfaction.. .or regret. technological problem. 
What can an Air Force career mean to you in tangible Doing jobs like these, you can hold your head high. In 
gain? The opportunity to take on executive responsi- addition to being essential to your country, they're the 
bilities you might otherwise wait years to attain. And a beginnings of a profession of dignity and purpose. 
head-start into one of a wide range of possible careers For more information, see the Professor of Air Science. 
in the exciting Aerospace Age. 
AS an Air Force officer, for example, Urnsrn Air Forge If there is no AFROTC unit on your cam- 

pus, contact your Air Force recruiter. 
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method that perfects a dividing head without any 
exercise of skill if we had not applied the principles 
of modest morphology, or at least we would not 
have marched straight to it, as we did. 

One of the most important tasks before us, for 
the future, is the construction of large transparent 
gratings which will cover the whole aperture of 
wide angle telescopes. 

Fritz Zwicky, (who, with the late Professor R. 
W. Wood, of Johns Hopkins University, many years 
ago assembled the first mosaic grating for the 18- 
inch Palomar Schmidt telescope) thinks that the 
48-inch Schmidt telescope, equipped with an effi- 
cient full-aperture transparent grating, would be 
more effective than all other telescopes, as far as 
the discovery of new celestial objects is concerned. 
It  also would make possible the wholesale spectral 
analysis of millions of stars and galaxies as faint as 
1/100,000, the brightness of the faintest naked-eye 
stars. The solution of the problems involved in the 
construction of such large transparent gratings, 
with funds that can be properly made available, 
again calls for the use of the morphological method. 
In this case, in fact, the morphological method may - 

even be indispensable. 

SUMMER JOBS 
for STUDENTS 

NEW S'64 directory lists 20,000 summer job open- 
ings in 50 states. MALE or FEMALE. Unprecedented 
research for students includes exact pay rates and 
job details. Names employers and their addresses 
for hiring in industry, summer camps, national 
parks, resorts, etc., etc. Hurry!! jobs filled early. 
Send two dollars. Satisfaction guaranteed. Send 
to: Summer Jobs Directory - P.O. Box 13593 - 
Phoenix, Arizona. 

JOBS ABROAD 
STUDENTS & TEACHERS 

Largest NEW directory. Lists hundreds of per- 
manent career opportunities in Europe, South 
America, Africa and the Pacific, for MALE or 
FEMALE. Totals 50 countries. Gives specific ad- 
dresses and names prospective U.S. employers 
with foreign subsidiaries. Exceptionally high pay, 
free travel, etc. In addition, enclosed vital guide 
and procedures necessary to foreign employment. 
Satisfaction guaranteed. Send two dollars to Jobs 
Abroad Directory - P.O. Box 13593 - Phoenix, 
Arizona. 

Printed circuits that 
STAY STUCK 

Printed circuits may pull away from the laminate 
during the soldering operation. To reduce this possi- 
bility-to practically eliminate it-Synthane produces 
a special glass epoxy base grade of copper clad-G-lOR 
-with high HOT PEEL STRENGTH (2 to 4 lbs. per 
inch of width after immersion for 15 sees. at 500Â°F as 
compared with the usual 0.1 to 0.2 lbs. per inch of 
width). G-10R also meets or exceeds NEMA and MIL 
specs for Room Temperature Peel Strength. Write for 
folder of all Synthane metal-clad grades. 
'Tests made o n  W and W' wires. 

You furnish the print ... we'll furnish the part 

CORPORATION 1̂ 1 OAKS, PENNA. 

I Synthane Corporation, 13 "River Rd., Oaks, Pa. 1 1 Gentlemen: 1 
Please send m e  your latest folder on  Synthane G-10R and 

1 other Synthane copper-clad laminates. 1 
I 1 Name I 

I 

Address 
I 
I 

I City Zone-State I 
I 
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Alumni News 
Board Elections Annual Alumni Meeting 

In accordance with Section 5.02 of the By-Laws, 
the Secretary, having received no further nomina- 
tions, casta unanimous ballot at the Board of Direc- 
tors meeting on April 28,1964, for the following: 

President - Patrick J. Fazio, BS53Ge ( 1  year) 
Vice Pres. - David L. Hanna, BS52ME ( 1  year) 
Secretary - Donald S. Clark 

BS29ME, MS30ME, PhD34ME ( 1  year) 
Treasurer -John R. Fee, BS51CE ( 1  year) 
Director -James L. Adams, BS55ME ( 2  years) 
Director - Sidney K. Gally, BS41EE ( 2  years) 
Director - John L. Mason, 

BS47ACh, MS48ChE, PhD5OChE ( 2  years) 
Director - John T. McGraw, BS38ME (2  years) 

These officers and directors will begin their terms 
of office following the Annual Meeting, June 10, 
1964. The continuing members of the Board are: 

Director - Wm. H. Corcoran, BS41ACh, 
MS42ChE, PhD48ChE ( 1  year) 

Director - Richard P. Schuster, Jr., 
BS46EE, BS49ACh ( 1  year) 

Director - Herbert M. Worcester, BS40ME ( 1 year) 
Immed. Past Pres. - Peter V. H. Serrell 

BS36ME, MS39ME ( 1  year) 

ALLEN E. PUCKETT, vice president of the Hughes 
Aircraft Company, will be the speaker at the Annual 
Alumni Meeting to be held at the Rodger Young 
Auditorium in Los Angeles on June 10. The sub- 
ject of his speech will be "A Look Ahead in De- 
fense and Space Industries." 

Dr. Puckett received his PhD from Caltech in 
1949, and then became head of the aerodynamics 
department of the Hughes Guided Missile Labora- 
tory. Now, besides being vice president, he serves as 
director of the Aerospace Engineering Division of 
Hughes. He is currently vice chairman of the De- 
fense Science Board, one of the members of the 
working group of the Defense Advisory Council, 
and a consultant to the President's Science Advis- 
ory Committee. 

The annual meeting will also feature a reunion of 
theclasses of 1914, 1919, 1924, 1929, 1934, 1939, 
1944,1949,1954, and 1959, and President DuBridge 
will give a report to the alumni. Cocktails will be - - 
served at 5:45 and dinner at 6:30 p.m. 

CALIFORNIA INSTITUTE OF TECHNOLOGY INTER-OFFICE MEMO. 

To D. Hanna &R. N a n c e p p o ~  D. S .  Clark DATE 5-6-64 

SUBJECT Alumni Fund - May Issue E & S 

What would you suggest for this month's issue? We have $79,000 
from 1500 alumni. Only $21,000 to go. 



Personals 
1935 

ROBERT 1. HALLANGER (contrary to 
a report which appeared in Personals, 
April 1964), is now vice president of 
Brown and Caldwell, consulting engi- 
neers, with offices located in San Fran- 
cisco, San Marino, and Seattle. He was 
formerly director of engineering at the 
Fibreboard Paper Products Corporation 
in San Francisco. 

1952 
JOHN C. THOMPSON, MS, is now vice 
president of the Peerless Manufacturing 
Company in Dallas, Texas. He has been 
with the company for 16 years, most re- 
cently serving as sales manager and as- 
sistant general manager. 

1953 
LESTER D. EARNEST has been ap- 
pointed associate head of the national 
system planning department at the Mitre 
Corporation in Washington, D.C. He was 
formerly assistant to the technical direc- 
tor of the defense communications agency 
at Mitre. The Earnests live in Fairfax, 
Va., with their three children. 

1957 
DONALD C. FORSTER, MS, PhD '60, 
manager of the electron device research 
department of the Hughes Research Lab- 
oratories in Malibu, Calif., was named 
the outstanding young electrical engineer 
for 1963 by Eta Kappa Nu, the national 
electrical engineering society. The award 
was given on March 23 at the annual 
convention of the Institute of Electrical 
and Electronic Engineers in New York 
City, for research activities and accom- 
plishments in "low noise and microwave 
tubes and millimeter wave power sources." 

JAMES D. ACORD, guidance and con- 
trol project engineer for the Mariner 1964 
Mars mission at JPL, shares a $1,000 
award with Howard C. Vivian, JPL en- 
gineering specialist, for "outstanding con- 
tributions to space science technology." 
The award was given by the National 
Aeronautics and Space Administration 
for the invention, by the two men, of a 
space vehicle attitude control system em- 
ployed on Ranger and Mariner flights. 

MATTHEW S. MESELSON, PhD, will 
become professor of biology at Harvard 
University on July 1. He has been at 
Harvard since 1960. 

1962 
ROBERT KOH was killed in an automo- 

bile collision on the outskirts of Boston 
on March 12. He was 22. 

Bob was born in China and came to 
the U.S. when he was two years old. In 
1958 he graduated from Tarentum High 
School in Pennsylvania as valedictorian of 
his class and president of the student 
council. He came to Caltech on a full 
scholarship and served as ASCIT presi- 
dent in 1961-62 and also as the first presi- 
dent of Page House. He won three honor 
keys for student activities and graduated 
as a mechanical engineer. 

At Harvard, Bob was in the top 5% of 
his class and was one of 28 members of 
his class chosen for The Century Club on 
the basis of intellectual and leadership 
ability. Bob was to have been married in 
June, after receiving his MS, to Miss 
Hsuan-i-Chiu, a student nurse at Sim- 
mons College in Boston. For their honey- 
moon, they had planned to go to Antigua, 
Guatemala, where he was one of five men 
chosen for a fellowship to set up a Har- 
vard program at the University of Guate- 
mala. 

A Memorial Fund has been set up in 
Bob's name which will be used for the 
purchase of books for the Baker Library 
at Harvard. Contributions may be sent to 
Asst. Dean Richard Chapin, Morgan Hall, 
Harvard Business School, Boston 63, 
Mass. 

CIVIL ENGINEERS: 
Prepare for your future in highway 

engineering -get the facts about new 
DEEP-STRENGTH (Asphalt-Base) pavement 

Modern pavement engineering has taken a "giant step 
forward" with DEEP-STRENGTH Asphalt construction for new 

technology and pavement construction as new Inter- 
state and other superhighways in all parts of the 

vast road-building program can depend on your 
knowledge of modern Asphalt technology. So 

roads and streets. There is a *owing need for engineers 
with a solid background in the fundamentals of Asphalt 

country are being built with advanced design 
DEEP-STRENGTH Asphalt pavement. 

Your contribution-and reward-in our nation's 

prepare for your future now. Write us today. 

THE ASPHALT INSTITUTE, College Park, Maryland 

I H E  ASPHALT INSTITUTE, College Park, Md. , 
1 Gentlemen: Please send me your free student I 
! library on Asphalt Construction and Technology. ! 
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memorandum: 

D O  Y O U  
R E C O G N I Z E  

T H I S  AD? 

To: Patient Readers 

From: Albert S. Jackson 

1. It has just come to my attention that we have 
been paying for rerunning the same unimaginative ad  
for several months. Frankly, we have been too busy 
solving other ~ e o ~ l e ' s  problems to keep you up to date 
on oui recent accomplishments. 

2. For example, we recently completed a digital simulation 
program of a general missile,/launcher model. The 
missile, launcher (tube, rail or barrel) and support 
are treated a s  elastic structures. The degree of 
sophistication and yet general nature of the program 
make it useful in a wide variety of applications. 

3. We would be  happy to discuss possible uses of 
this model for solution of your problems. (We also offer 
services and software in many other fields of analysis 
and simulation.) n 

Our next Hybrid 
Simulation course is 
in N.Y. in June- 
near the Fair. Albert S lackson 

CONTROL TECHNOLOGY INC. 
1 2 3 2  Belmonl Ave.. Long Beach 4 
Calilornla 90804 C2131433-3360 of mmpter technology 

PLACEMENT ASSISTANCE 
TO CALTECH ALUMNI 

There are two ways in which the Placement 
Service may be of assistance to you: 

(1)  To help you seek new employment or a 
change of employment. 

(2 )  To inform you when outstanding oppor- 
tunities arise. 

This service is provided to Alumni by the Insti- 
tute. A fee or charge is not involved. 
If you wish to avail yourself of this service, fill 
in and mail the following form: 

To: Caltech Alumni Placement Service 
California Institute of Technology 
Pasadena, California 91109 

Please send me: 
Q An Application for Placement Assistance 
Q A form to report my field and operation so 

that I may be notified of any outstanding 
opportunities. 

..... Name ............................................ Degree (s  ) 

........ Address ........................................... Year ( s  ) 

CALTECH CALENDAR 

ALUMNI EVENTS 

June 10 
Annual Alumni Meeting 

FRIDAY EVENING DEMONSTRATION LECTURES 

Lecture Hall, 201 Bridge, 7:30 p.m. 

May 22 
The Fertilization of Eggs 
-Albert Tyler 

May 29 
Radio Galaxies 
-Alan T. Moffet 

ALUMNI ASSOCIATION OFFICERS AND DIRECTORS 
PRESIDENT SECRETARY 
Peter V. H Serrell, '36 Donald S. Clark, '29 
VICE PRESIDENT TREASURER 
Patrick J. Fazio, '53 John R. Fee, '51 

Robert Boykin, '34 
Wm. H. Corcoran, '41 
David L. Hanna, '52 
Wm. L. Holladay, '24 

G. Russell Nance, '36 
Richard W. Powell, '40 

Richard P: Schuster. Jr., '46 
H. M. Worcester, Jr., '40 

ALUMNI CHAPTER OFFICERS 
NEW YORK CHAPTER 
President Victor Wouk, '40 

Electronic Energy Conversion Corp. 
342 Madison Ave.. Now York 17, N.Y. 

Vice-president Bruno H. Pilorz, '44 
75 Echo Lone, Lorchinon%, N.Y. 

Secretary-Treasurer Harry J. Moore, '48 
590 Madison Ave., New York, N.Y. 

BOSTON CHAPTER 
President Robert C. Kausen, '56 

21 Seven Oaks Rd., N. Billerica, Mass. 
Vice-president Thomas C. Stockebrand, '53 

10 Bulkely Rd., Littleton, Mass. 
Secretary-Treasurer Charles K. Daniels. '59 

8 Cutler Farm Rd., Lexington, Mass. 

WASHINGTON, D.C. CHAPTER 
Chairman Willard M. Hanger ,  '43 

4720 Sedgwick St., N.W., Washington, D.C. 

CHICAGO CHAPTER 
President Laurence H. Nobles, '49 

Dept. of Geology, Northwestern Univ., Evanston, 111. 
Vice-president Philip E. Smith, '39 

Eastman Kodak Co.. 1712 Prairie Ave., Chicago, 111. 

SAN FRANCISCO CHAPTER 
President Edwin P. Schlinger, '52 

G.E. Vallecitos Atomic Lab., Pleasanton, Calif. 
Vice-President Dallas L. Peck, '51 

U S. Geological Survey, Men10 Park, Calif. 
Secretary-Treasurer Thomas G. Taussig, '55 

Lawrence Radiation Lab., Univ. of Calif., Berkeley, Calif. 
Meetings: 15th Floor, Engineers' Club, 206 Sonsome St.. San 

Francisco 
Informal luncheons every Thursda a t  11:45 A.M. 
Contact Mr. Farrar, EX 9-5277, on Thursday morning 
for reservations. 

SACRAMENTO CHAPTER 
President Dudley E. Bennett, '47 

4535 Marble Way, Carmichael, Calif. 
Vice-president Harris K. Mauzy, '30 

2551 Carson Way, Sacramento 21, Calif. 
Secretary-Treasurer William D. P Ie '49 

3920 Dunster Way, Sacramento, ~ a l i l .  9'5825 
Meetings: University Club, 1319 "K" St. 

Luncheon first Friday of each month at noon. 
Visiting alumni cordially invited-no reservation. 



TURN OUT THE LIGHTS AND PRESS. THE BUTTON 
No preconceptions, please. Too often they point you 
away from the buried treasure. Because Kodak is 
properly known as a grand place for chemical engineers 
and chemists, fledgling electronic engineers may over- 
look us. All the better for those who don't. Particularly 
for those who would rather apply ideas than dream 
them, unfashionable as candor compels us to sound. 

It takes all kind of electronic engineers to make to- 
day's world, but we think we clearly see the ones likely 
to wind up nearer the helm here 25 years hence: 

When his projects are evaluated, he'd rather be right 
than ahead of his time. 

He works few if any miracles with sealing wax, old 
shoestring, and new developments in plasma harmonics, 
but when they turn off the lights in the big darkroom, 
his machine from the very first crack starts inspecting, 

processing, or otherwise handling light-sensitive prod- 
uct smoothly, bugless, and at  the miraculous rates he 
had promised in the preliminary design report. He ac- 
complishes this by keeping abreast of the state of his 
art instead of considering his diploma an exemption 
from learning anything new. 

He deals with people as smoothly as with things. 
He would rather put his roots down in the community 

where he lives than root himself in one narrow box of 
engineering specialization. He welcomes changes of pace 
more than of place. 

He finds it cozy to know that if times change, our 
diversification leaves dozens of directions to go without 
fighting the cold world outside. 

Care to talk to us? Above remarks apply to more than 
just electronic engineers. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N. Y. 

An equal-opportunity employer offering a choice of three communities: Rochester, N. Y., Kingsport, Tenn., and Longview, Tex. 



Advancement in a Big Company: 
How it Works 

An Interview with General Electric's C. K. Rieger, Vice President and Group Executive, Electric Utility Group 

C. K. Rieger 

Charles K. Rieger joined General Elec- 
tric's Technical Marketing Program after 
earning a BSEE at the University of Mis- 
souri in 1936. Following sales engineering 
assignments in motor, defense and home .- 
laundry operations, he became manager of 
the Heating Device and Fan Division in 
1947. Other Consumer-industry management 
positions followed. In 1953 he was elected 
a vice president, one of the youngest men 
ever named a Company officer. Mr. Rieger 
became Vice President, Marketing Services 
in 1959 and was appointed to his present 
position in 1961. He is responsible for all 
the operations of some six divisions com- 
posed of 23 product operations oriented 
primarily toward the Electric Utility market. 

Q. How can I be sure of getting the 
recognition I feel I'm capable of earn- 
ing in  a big company like G.E.? 

A. We learned long ago we couldn't 
afford to let capable people get lost. 
That was one of the reasons why G.E. 
was decentralized into more than a 
hundred autonomous operating de- 
partments. These operations develop, 
engineer, manufacture and market 
products much as if they were inde- 

pendent companies. Since each de- 
partment is responsible for its own 
success, each man's share of author- 
ity and responsibility is pinpointed. 
Believe me, outstanding performance 
is recognized, and rewarded. 

Q. Can you tell me what the "promo- 
tional ladder" is at General Electric? 

A. We regard each man individually. 
Whether you join us on a training 
program or are placed in a specific 
position opening, you'll first have to 
prove your ability to handle a job. 
Once you've done that, you'll be given 
more responsibility, more difficult 
projects~work that's important to  
the success of your organization and 
your personal development. Your abil- 
ity wil l create a "promotional ladder" 
of your own. 

Q. Will my development be confined 
to whatever department I start in? 

A. Not at all! Here's where "big com- 
pany" scope works to broaden your 
career outlook. Industry, and General 
Electric particularly, is constantly 
changing - adapting to market the 
fruits of research, reorganizing to 
maintain proper alignment with our 
customers, creating new operations 
to handle large projects. All this rep- 
resents opportunity beyond the limits 
of any single department. 

Q. Yes, but just how often do these 
opportunities arise? 

A. To give you some idea, 25 percent 
of G-E's gross sales last year came 
from products that were unknown 
only five or ten years ago. These new 
products range from electric tooth 
brushes and silicone rubber com- 
pounds to atomic reactors and inter- 
planetary space probes. This chang- 
ing Company needs men with ambi- 
tion and energy and talent who aren't 
afraid of a big job-who welcome the 
challenge of helping to start new 
businesses like these. Demonstrate 
your ability-whether to handle com- 
plex technical problems or to manage 
people, and you won't have long to 
wait for opportunities to f i t  your 
needs. 

Q. How does General Electric help 
me prepare myself for advancement 
opportunity? 

A. Programs in  Engineering, Manu- 
facturing or Technical Marketing give 
you valuable on-the-job training. We 
have Company-conducted courses to 
improve your professional ability no 
matter where you begin. Under Tui- 
tion Refund or Advanced Degree Pro- 
grams you can continue your formal 
education. Throughout your career 
with General Electric you'll receive 
frequent appraisals to help your self- 
development. Your advancement will 
be largely up to you. 

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write 
Personalized Career Planning, General Electric, Section 699-11, Schenectady, N. Y. 12305 

- 
An Equal Opportunity Employer 


