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Atomic rocket power will permit round trips to Mars, Venus and beyond 
Withatomicpower,itispossibleforroctets new United States capability for voyages of the AEC-NASA Space Nuclear Propul- 
to carry bigger loadsfartherthan with con- into deep spwe and to the planets. i o n  Office Westinghouse is the world 
venttonal fueis. The first full power test Weshnghouse designed and built the leader in developing atomic reactors for 
of the reactor for NERVA (Nuclear Engine NERVA reactor. NERVA I S  part of the many applications, including atomic elec- 
for Rocketvehicle Application) promisesa Rover Program under the management tric generating stations. 

I. You can be sure - if it's Westinghouse 



If you called this General Motors development engineer "moon-struck," he'd 
probably agree with you. For he's a member of the team whose objective is 
to put a man on the moon by 1970. 
Together with several hundred other engineers, scientists and technicians, he 
is contributing to the development, fabrication, assembly, integration and 
testing of the guidance and navigation system for the Apollo spacecraft. His 
mind is literally on the moon-and how to get three men there and back safely. 
Educationally, he is highly qualified, but fast-changing technology requires 
his constant study. If he does not have two degrees already, chances are 
that he is working on a second right now under GM's tuition refund plan. 
Throughout General Motors there are hundreds of professionals like him 
working on projects relating to our nation's space and defense programs. Like 
their counterparts who are developing commercial products, they are dedicated 
General Motors people. 

GENERAL MOTORS IS PEOPLE . . . 



The name to remember for career potential? SIKORSKY. 
It could be the first step to a wise career decision. 

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

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

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

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

And what about you? As a Sikorsky engineer, you would be 
helping to move "tomorrow" closer by working in small 
interdependent groups on demanding problems in such 
areas as aerodynamics human factors engineering 

automatic controls structures engineering weight 
prediction systems analysis operations research 
reliabiiity/maintainability engineering * autonaviga- 

tion systems computer technology.. . among others. 

Opportunities for individual stature and personal progress 
are here . . . now. 

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

Please consult your College Placement Office for campus 
interview dates-or-for further information, write to 
Mr. Leo J. Shalvoy, Engineering Personnel. 
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John A .  Pet] uskit, senioi I esecu ch 
fellow in biology, and Alan 1. Hodge, 
professor of biology, members of a team 
of Caltech researchers engaged in woi k 
on one of the body's most important 
proteins, collagen. Their success in un- 
ravelling the structural design of a col- 
lagen molecule is described in the ai- 
t ide  on page 18. The research piovides 
new insight into how the molecules 
are assembled to form the stiong col- 
lagen fibers in the connective tksue of 
the body. 

The N e w  Mathematics 

Add now, to all his other niiscel- 
laneous distinctions, the fact that Rich- 
ard P. Feynman has read 500 Ibs. of 
elementary-grade arithmetic books - 
enough to fill 18 feet of shelf space. He 
did this last year, as a member of tlie 
California State Curriculum Coininis- 
sion, in order to select textbooks for 
use in the new, modified arithmetic 
course for California's elementar) 
schools. As a result of this unenviable 
experience, Dr. Feynman, who is Rich- 
ard Chace Tolman Professor of Theo- 
retical Physics at  Caltech, has some 
firm convictions about the teaching of 
the "new" mathematics in grade school 
- as he  explains 111 his article 0 1 1  page 9 
of this issue 
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Combustion Theory 

Intended tor advanced graduate 
students and people in the combustion 
field, tins book was prepared while 
Williiims was assistant professor at 
Harvard on a National Science Foun- 
dation grant for fundamental studies 
of sprays. He is now associate profes- 
sol in the department of aerospace en- 
gineering at the University of Califor- 
nia, San Diego. 

Principles of Dynamics 

by Donald T .  Greerttt-ood 
'44, MS '48, PhD'51 

Prentice-Hall, 111~  $1 4.00 

A text designed for giaduate stu- 
dents or senior undergiaduates. The 
author is now a professor in the depart- 
ment of aeionautical and astronautical 
engineering at  the University of Mich- 
igan. The book is part of a seiies on 

dyr1~t1111cs edited by Y. C. Fung, pro- 
fessor of aeronautics at Caltech. 

rhe Eightfold Way 

By M .  Cel l -Mann and Y. Ne"emmt 

W. A. Benjamin, Inc. . .  .$3.95 

A review of all work done on the 
eightfold way since 1961, including 
reprints of the most important profes- 
sional articles on the subject. The au- 
thors - Murray Gell-Mann, professo~ 
of theoretical physics at Caltech; and 
Yuval Ne'emaii, visiting professor of 
theoretical physics - proposed the 
eightfold-way theory independently, 
and simultaneously, in 1961. 

Listen to Leaders in Science 

Edited by Albert Love and 
James Saxon Childers 

David McKay Company, Inc. .. .$5.50 

Of the 18 scientists who describe 
their fields in this book, six are (or 
were) Caltech men. James Bonner, 
professor of biology, writes on botany; 
Frdiik Press, professor of geophysics 
and director of the Seismological Lab- 
oratory, covers geophysics. Caltech's 

President Lee A. DuBridge contributes 
"Preparation for a Lifetime in Science," 
and George Beadle, now president of 
the University of Chicago, writes "An 
Introduction to Science." Robert Op- 
penheirner, now director of the Insti- 
tute for Advanced Study, covers phys- 
ics; Warren Weaver, now vice presi- 
dent of the Alfred P. Sloan Foundation, 
describes "Careers in Science." 

Listen to Leaders in Engineering 

Edited by Albert Low and 
l a m a  Saxon Childers 

Dacid McKny Company, Inc. $5.95 

Engineering leaders in this popular- 
level collection include Simon Ramo, 
PhD '36, president of The Bunker- 
Ramo Corporation, who writes on "The 
Design of the Whole - Systems Eiigi- 
neering;" Bernard M. Oliver, MS '36, 
PhD '40, vice president of the Hewlett- 
Packard Company, who covers elec- 
tronics; John R. Pierce '33, MS '34, 
PhD '36, director of con~munications 
research at the Bell Telephone Labora- 
tories, who writes on communications; 
and Newman A. Hall, PhD '38, execu- 
tive director of the Commission on 
Engineering Education, who discusses 
"The Profession of Engineering." 

WILLYOU BE ABLE TO 
MEET THE CHALLENGE 
OF THE HIGHWAYS 
OF TOMORROW? 
Prepare now for your future in highway engineering 
by sending for The Asphalt Institute's free library 
of Asphalt construction and technology. 
Each year, more and more states are turning to modern Deep- 
Strength* Asphalt pavement for their new heavy-duty high- 
ways, county and local roads. Your contribution-and reward 
-in future roadbuilding programs will depend in large part on 
your knowledge of Asphalt construction and technology. 

The latest information in this field, including The Asphalt 
Institute's new computer-derived Thickness Design Method, is 
contained in an extensive portfolio now offered by The Asphalt 
Institute. To obtain this valuable free library, fill in and mail 
the coupon below today. 

*Asphalt surface on Asphalt base 

@ THE ASPHALT INSTITUTE 
Cellege Park, Maryland 

Free Offer to Civil Engineering Students and Professors! ......................................... 
THE ASPHALT INSTITUTE, College Park, Maryland 

: Gentlemen: Please send me your free library on Asphalt Con- : . struction and Technology. 

NAME CLASS OR RANK 

SCHOOL 
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P. M. COHN 
Universal Algebra 

The first book devoted exclusively to the study of features common to different algebraic systems, such as 
groups, rings, and lattices. It surveys set theory, presents the notion of an alegbraic structure and discusses 
isomorphism theorems and the basic notions of subalgebra and congruence. Also covers free algebras. 325 pp.; 
$9.75. April. 

CASPER GOFFMAN 
Calculus of Several Variables 

A clear and concise treatment of Euclidean space, mappings and their differentials, mappings into the reols, 
main theorems on mappings, manifolds and differential forms, and vector analysis. 185 pp.; $7.00. April. 

DONALD GREENSPAN 
Introductory Numerical Analysis of Elliptic Boundary Value Problems 

Stresses problems of interest to physicists, engineers, and other applied scientists; many illustrative examples 
are provided. Treats elliptic boundary value problems with mathematically rigorous numerical techniques on 
the high-speed computer; treats both mixed type and nonlinear problems in addition to the Dirichlet problem 
for general elliptic equations. 164 pp.; $7.00. Just Published. 

DONALD LEWIS 
Introduction to Algebra 

A basic but rigorous and unified treatment of modern algebra, built around the central theme of mappings; 
decomposition theorems are also emphasized. Proofs are given as they entail new ideas or techniques; in- 
volved proofs are reduced to a sequence of lemmas. June. 

Concepts of Calculus 
A self-contained and unified treatment of calculus using elementary set ideas and set notation. The two dom- 
inant themes are the notion of a function and of the limit of a sequence. Stresses composite functions and 
shows the geometrical motivation of the notions of the derivative and of the definite integral. 485 pp.; $8.75. 
Just Published. 

Recent 

PETER FREYD 
Abelian Categories: An Introduction to the Theory of Functors 

Presents clearly and concisely the basic ideas of categories and functors. The author lays a foundation for the 
theory of functors by choosing as the goal of his text the Mitchell-Freyd full embedding theorem - a pre- 
viously unpublished theorem which reduces much of the theory of abelian categories to the theory of modules. 
170 pp.; $7.00. 

Harper & Row, Publishers 0 49 East 33d Street, New York 10016 



challenge 
At many companies the opportunity to work on 
challenging projects comes after many years of 
apprenticeship and a few grey hairs. Not so a t  
Ford Motor Company where your twenties can 
be a stimulating period. There are opportunities 
to prove your worth early in your career. Dale 
Anderson's experience is a case in point. 
After receiving his B.A. in Physics in June, 1962, 
Dale joined our College Graduate Program and 
was assigned to our Research Laboratories. 
Recently he was given the responsibility for cor- 

Dale Anderis-on 
B.A., Wittenberg University recting cab vibration occurring on a particular 

type of truck. His studies showed that tire eccen- 
tricity was the cause of the trouble. Since little change could be effected 
in tire compliance, his solution lay in redesigning the suspension system. 
Tests of this experimental system show the problem to be reduced to an 
insignificant level. 
That's typical of the kind of meaningful assignments given to employes 
while still in the College Graduate Program-regardless of their career 
interest. No "make work" superficial jobs. And, besides offering the oppor- 
tunity to work on important problems demanding fresh solutions, we offer 
good salaries, a highly professional atmosphere and the proximity to 
leading universities. 
Discover the rewarding opportunity Ford Motor Company may have for 
you. How? Simply schedule an interview with our representative when he 
visits your campus. Let your twenties be a challenging and rewarding time. 

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

The American Road, Dearborn, Michigan 

An equal opportunity employer 



LEARPRINT IS THEIR OlVHWX+J DENOMINATOR 
The reason for that is quality. To do the best work Â Everyone who uses technical papers should try this 
you have to  start with the best materials. For over 30 comparative test: Draw, erase, and hold the sheet to 
years clearprint ~echnical Papers have served stu- the light. Not a chance of a ghost! B Repeat and re- dents, educators, and professionals with distinction. peat ^ test. ^ ̂  ̂ amaze you ^ 

Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding agree - clearprint is America's finest technical pa- 
erasing and handling qualities. You get all this in per. Introduce your students to it today. Â Write now 
addition to  Clearprint's ideal ink and pencil surface. for Clearprint samples, sizes, and prices. 



1 Here's 
I I a great 
I place 
to evolve 

The road to professional extinction is to stand still after 
graduation. A t  Douglas, your talents will grow as the knowl- 
edge of the technical community advances. For we not only 
stay with the state of the art, we are often ahead of it. Our 
many aircraft, defense and space programs are long range, 
designed to keep our nation on top today and tomorrow. 
You'll work with outstanding associates-use the finest 
facilities. And we encourage your studying for advanced 
degrees at nearby universities with special scholarship pro- 
grams. So if you're an evolving type, get in touch with us. 
We are an equal opportunity employer. 

Douglas 
Send yourresume to 1 
S. A.  Amestoy, Box696-C 
Corporate Offices 
Douglas Aircraft Co., Inc. 
Santa Monica, California 
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NEW TEXTBOOKS 

FOR THE "NEW" MATHEMATICS 

by Richard P. Feynman 

As a member of the California State Curriculum 
Commission last year, I spent considerable time on 
the selection of mathematical textbooks for use in a 
modified arithmetic course for Grades 1 to 8 in Cali- 
fornia's elementary schools. 

I have carefully read all of the books submitted by 
their publishers for possible adoption in California 
( 18 feet of shelf space, 500 pounds of books! ) . Here 
I should like to describe and criticize these books 
in a general way, particularly with regard to the 
mathematical content - what it is we are trying 
to teach. I shall omit important matters, such as 
whether the books are written so that it is easy for 
the teacher to teach well from them, or the student 
to read them. Many of the books finally selected by 
the State for adoption do still contain some of the 
faults described below. This is because one could 
only select from what was submitted by the publish- 
ers, and few really good books were submitted. 
Also, budget limitations prevented adoption of most 
of the supplementary books that the Commission 
recommended in order to try to compensate for the 
faults of those basic books that were selected. 

Why do we wish to modify the teaching of mathe- 
matics in the schools? I t  is only if we see this clearly 
that we can judge whether or not the new books 
satisfy the need. Most people - grocery clerks, for 
example - use a great deal of simple arithmetic in 
their daily life. In addition, there are those who use 
mathematics of a higher form - engineers and sci- 

entists, statisticians, all types of economists, and 
business organizations with complex inventory sys- 
tems and tax problems. Then there are those who 
go directly into applied mathematics. And finally 
there are the relatively few pure mathematicians. 

When we plan for early training, then, we must 
pay attention not only to the everyday needs of al- 
most everyone, but also to this large and rapidly 
expanding class of users of more advanced mathe- 
matics. It must be the kind of training that encour- 
ages the type of thinking that such people will later 
find most useful. 

Many of the books go into considerable detail on 
subjects that are only of interest to pure mathema- 
ticians. Furthermore, the attitude toward many sub- 
jects is that of a pure mathematician. But we must 
not plan only to prepare pure mathematicians. In 
the first place, there are very few pure mathema- 
ticians and, in the second place, pure mathemati- 
cians have a point of view about the subject which 
is quite different from that of the users of mathe- 
matics. A pure mathematician is very impractical; 
he is not interested - in fact, he is purposely dis- 
interested - in the meaning of the mathematical 
symbols and letters and ideas; he is only interested 
in logical interconnection of the axioms, while the 
user of mathematics has to understand the mnnec- 
tion of mathematics to the real world. Therefore we 
must pay more attention to the connection between 
mathematics and the things to which they apply 
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than a pure mathematician would be likely to do. 
I hear a term called "new mathematics" used a 

great deal in connection with this program. That it's 
a new program of mathematics books is, of course, 
true, but whether it is wise to use "new," in the 
sense of very modern, mathematics is questionable. 
Mathematics which is used in engineering and sci- 
ence - in the design, for example, of radar antenna 
systems, in determining the position and orbits of 
the satellites, in inventory control, in the design of 
electrical machinery, in chemical research, and in 
the most esoteric forms of theoretical physics - is 
all really old mathematics, developed to a large ex- 
tent before 1920. 

A good deal of the mathematics which is used in 
the most advanced work of theoretical physics, for 
example, was not developed by mathematicians 
alone, but to a large extent by theoretical physicists 
themselves. Likewise, other people who use mathe- 
matics develop new ways to use it, and new forms of 
it. The pure mathematicians have in recent years 
(say, after 1920) turned to a large extent away from 
such applications and are instead deeply concerned 
with the basic definitions of number and line, and 
the interconnection of one branch of mathematics 
and another in a logical fashion. Great advances in 
this field have been made since 1920, but have had 
relatively little effect on applied, or useful, mathe- 
matics. 

What we're after 

I would consider our efforts to find new books 
and modify the teaching of arithmetic as an attempt 
to try to make it more interesting and easier for 
students to learn those attitudes of mind and that 
spirit of analysis which is required for efficient un- 
derstanding and use of mathematics in engineering, 
science, and other fields. 

The main change that is required is to remove the 
rigidity of thought found in the older arithmetic 
books. We must leave freedom for the mind to wan- 
der about in trying to solve problems. I t  is of no 
real advantage to introduce new subjects to be 
taught in the old way. To use mathematics success-, 
fully one must have a certain attitude of mind - to 
know that there are many ways to look at any prob- 
lem and at any subject. 

You need an answer for a certain problem: the 
question is how to get it. The successful user of 
mathematics is practically an inventor of new ways 
of obtaining answers in given situations. Even if the 
ways are well known, it is usually much easier for 
him to invent his own way - a new way or an old 
way - than it is to try to find an answer by looking i t  

up. The question he asks himself is not, "What is the 
right way to do this problem?" It is only necessary 
that he get the right answer. 

This is much like a detective guessing and fitting 
his answer to the clues of a crime. In terms of the 
clues, he takes a guess as to the culprit and then sees 
whether that individual would be likely to fit with 
the crime. When he has finally suggested the right 
culprit, he sees that everything fits with his sug- 
ges tion. 

Any way that works 

What is the best method to obtain the solution to 
a problem? The answer is, any way that works. So, 
what we want in arithmetic textbooks is not to teach 
a particular way of doing every problem but, rather, 
to teach what the original problem is, and to leave a 
much greater freedom in obtaining the answer - 
but, of course, no freedom as to what the right an- 
swer should be. That is to say, there may be several 
ways of adding 17 and 15 (or, rather, of obtaining 
the solution to the sum of 17 and 15) but there is 
only one correct answer. 

What we have been doing in the past is teaching 
just one fixed way to do arithmetic problems, instead 
of teaching flexibility of mind - the various possible 
ways of writing down a problem, the possible ways 
of thinking about it, and the possible ways of getting 
at the problem. 

This attitude of mind of a user of mathematics is, 
it turns out, also really the attitude of mind of a truly 
creative pure mathematician. I t  does not appear in 
his final proofs, which are simply demonstrations or 
complete logical arguments which prove that a cer- 
tain conclusion is correct. These are the things that 
he publishes, but they in no way reflect the way that 
he works in order to obtain a guess as to what it is he 
is going to prove before he proves it. To do this he 
requires the same type of flexible mind that a user of 
mathematics needs. 

In order to find an example of this, since I am not 
a pure mathematician, I reached up on the shelf and 
pulled down a book written by a pure mathema- 
tician. It happened to be The Real Number System 
in An Algebraic Setting by J. B.  Roberts, and right 
away I found a quotation I could use: 

"The scheme in mathematical thinking is to di- 
vine and demonstrate. There are no set patterns of 
procedure. We try this and that. We guess. We try to 
generalize the result in order to make the proof 
easier. We try special cases to see if any insight can 
be gained in this way. Finally - who knows how? - 
a proof is obtained." 

So you see that mathematical thinking, both in 
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pure mathematics and in applied mathematics, is a This method could be used to add any pair of 
free, intuitive business, and we wish to maintain whole numbers but, of course, it's a rather slow and 
that spirit in the introduction of children to arith- cumbersome method for large numbers, or if a very 
metic from the very earliest time. It  is believed that large number of problems come up. Similar methods 
this will not only better train the oeoole who are exist. such as havine a set of counters or fingers and . . L, , , 
i n ;  to iisr iiiatlieinatics, h i t  it may make tin' (ounti i i~ the t l i i i i g s  off wit11 tin-in. Another \\!;I! is 
siihjt.-c't inori, intercstiiiq tor otlie-r people .iml iti:ike to count the iiinnltcr~ in tlic 11(,~itJ. l;or cx~iiiiple, .if- 

i t  cosier for tliern to 1e;irn. ter a while it is possible for il <;liild to iiltle to ;i(l<l 
111 order to t:ikc this cliscu-isioii of the cliiiriickr of 3 to 6 I ) \  tliiiikiiii' to hiinsclt. 7 ,'i, 0.  A more- uraetic.il " 

learn by rote some of the simp 
ch as 3 + 6, YO that if th 
necessary to do the coun 

large numbers - of penni 
e simplified by countin 
ntine all the uennies. Y " L 

ing. And now we wish to teach them addition. M nd count the piles of five; or 
we remark immediately that a child who can cou the uiles of five into ten and t . 
well, say to 50 or 100, can immediately solve a pro he piles of ten first, and the number 1 
lem such as 17 -I- 15 Ã‘ 32. For examole, if there ddins numbers could then be done mor 



after the other. Then, if you want to add 3 to 19, you 
start at 19 and count off three more spots along the 
line and come to 22. Incidentally, if these numbers 
are written as dots equally spaced along a line - 
called the number line - this becomes very useful 
later for an understanding of fractions and also of 
measurements; for inch-rulers and other things like 
thermometers are nothing but a number line written 
along the edge of the ruler. Therefore, putting the 
numbers on a line is useful, not only for learning 
addition in the first place, but also for understand- 
ing other types of numbers. 

(Another special trick to remember, at a very 
elementary level, is that it is possible to determine 
which is the greater of two numbers without actu- 
ally counting the numbers. If we have two rather 
large groups of things, it is easy to find out which 
group is larger by matching the things in pairs and 
seeing which group has objects left over. This is the 
way the number of molecules in different gases was 
first compared, by the way.) 

Addition - the old way 

In older books, addition is handled in a very defi- 
nite way, without any variety of tricks or tech- 
niques. First we learn the simpler sums by drawing 
pictures of ducks - 5 ducks and 3 ducks, swimming, 
makes 8 ducks, and so forth - which is a perfectly 
satisfactory method. Then these numbers are mem- 
orized, which is again satisfactory. Finally, if the 
numbers are bigger than 10, a completely different 
technique is used. It is first explained how to write 
the numbers that are larger than 10 and then rules 
are given for the addition of two-column numbers, 
without carrying at first. I t  is not until the third 
grade that carrying can be done for the first time. 

The dissatisfaction with the old text is not that 
any of the methods used to teach addition are unsat- 
isfactory; they are all good. The trouble is, there are 
so few methods allowed that only a rigid and formal 
knowledge of arithmetic can result. 

For example, a problem such as 29 + 3 is not a 
legitimate problem for two years, for it is not given 
in the first and second grades, and the child is pre- 
sumably unable to do that problem because, of 
course, for it you must carry. On the other hand, 
if you really understood what addition was, you 
could obtain the result of 29 + 3 not very long 
after you have learned to count. Very early - in 
other words, in the first grade - you could do it 
by simply thinking 30, 31, 32. 

It is true that this method is slow, but if no other 
method is available, then this is the method which 
ought to be used. I t  should be permitted to be used. 

I t  should be one of the possible things that a child 
might do when he has to add by hook or by crook 
in a difficult problem. As he gets older he may in- 
crease his efficiency at doing the problems by using 
other methods, but it should be possible at the very 
earliest age to do addition problems with any rea- 
sonable numbers. There is really nothing different 
about adding 3 to 6 and adding 3 to 29; it is just that 
the technical, and generally more efficient, way we 
finally use when we get older is somewhat different. 

A limited approach 

In understanding the meaning of addition of two 
numbers - the meaning of sum, and how to get at 
it - there is no difference in the two problems. So 
the objection to the standard text is that only one 
method is given for making additions - namely, 
when the numbers are small, memorize them; when 
the numbers are larger, formally add them in a ver- 
tical column, two numbers together, and not carry- 
ing until after the second year. This is entirely too 
limiting for two years of study. If a child will not 
learn, or is unable to learn the formal rules, it should 
still be possible for him to obtain the result of some 
simple problem by counting or making a number 
line or by other technical methods. 

In order to develop the kind of mental attitude 
which is required later, we should also try to give 
as wide a mathematical experience as possible. The 
sum should not appear always in the same form. 
There is no reason why every sum should be written 
17 with a 15 underneath and a line drawn to obtain 
32. A problem such as 17 + --= 32, to fill in the 
blank, is a somewhat different variety but exactly 
the same type of question with numbers. So let the 
first-grade child cook up a way to obtain the answer 
to this problem. This is exactly the type of problem 
he will have to solve later if he becomes an engineer. 
I don't mean he will have to learn how to subtract. 
What I mean is that he has to deal with a new form 
of an old type of situation. The problem is to fill in a 
blank by any method whatsoever. However, when 
the blank is finally filled in, it must be correct. 

We would not usually be interested, in engineer- 
ing or in physics, in how a man obtained the result 
that 15 will go into the blank as long as he finally 
shows that 15 does work by simply adding the 15 
and 17 and seeing if it comes out to 32. 

(The only time we would be interested to know 
how he obtained the 15 is if this is the first time that 
such a problem has ever been done, and no one has 
ever known a way to do it previously - or if it seems 
likely that this type of problem will appear again 
and again in the future because of a new technical 
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development, and that we would like to have a more 
efficient method. Then it would be worth while to 
discuss the methods of obtaining the 15. ) 

So this problem, 17 + a blank = 32 is an analogue 
of the general problem of applied mathematics, to 
find a way to fill in a blank number by any method 
whatsoever. It is a problem that could be given very 
early in the first year, leaving a freedom for the 
children to try to obtain the solution by any method 
they want, but of course not permitting wrong an- 
swers. The thing has to be checked out at the end. 

Developing freedom 

Here is another example of developing freedom, 
of a somewhat more complex form. Two times an 
unknown number + 3 is 9. What is the unknown 
number? This is, of course, algebra, and there are 
very definite rules for solving such a problem - sub- 
tracting 3 from both sides and dividing by 2. But 
the number of algebraic equations that can be 
solved by definite rules is very small. 

Another way is to try various numbers for the 
blank until one is found which fits. This way should 
be available to children at a very early age. In other 
words, problems should be put in many different 
forms. Children should be allowed to guess and to 
get at the answers in any way that they wish, in 
terms of those particular facts which they happen 
to memorize. Of course, it is necessary as time goes 
on for them to memorize the ordinary addition facts, 
the ordinary methods of making additions, multipli- 
cations, divisions, and so on, in addition to being 
allowed a freedom about the solution and the form 
of the various problems that are given to them. 

Later, in more advanced work in engineering, 
when we have more complex algebraic equations, 
the only available method is, in fact, to try numbers. 
This is fundamentally a method that is of great pow- 
er and will only have to be learned later by the 
student, or the engineer. The old teaching, that for 
every problem there is a definite fixed method, is 
only true for the simplest problems. For the more 
complex problems which actually arise there is no 
definite method, and one of the best ways to solve 
complex algebraic equations is by trial and error. 

Another exercise which involves a greater degree 
of freedom is guessing a rule. This type of problem 
appears in more complex forms later, but a simple 
example, and a typical engineering or scientific 
problem, is the following: In a series of numbers 1, 
4, 7, 10, 13, what is the pattern of rule by which 
they are being generated? The answer could be 
given in several ways. One is by adding 3 each time. 
Another is that the nth number is 3 x n + 1. 
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The key, then, is to give a wide variety of mathe- 
matical experience and not to have everything in a 
limited and stringent fixed form. This is not an ar- 
gument about teaching methods. The point is not 
that it will then be easier to teach the regular arith- 
metic (although, for all I know, that may be so). 
The point is, it will be teaching a new subject in a 
sense - an attitude of mind toward numbers and 
toward mathematical questions which is precisely 
that attitude of mind which is so successful later in 
technical applications of mathematics. 

It will not do simply to teach new subjects in the 
old way. For example, it has been recommended 
that numbers written in a different base than 10 be 
discussed in the early grades. This could serve to 
illustrate the freedom in mathematics to generalize, 
and help toward a deeper understanding of the rea- 
son behind the carrying rules in arithmetical opera- 
tions. For this, a mention and an explanation with a 
few examples might delight some students. But if 
the matter is not understood by some of the slower 
members of the class, it is senseless to drill it in with 
interminable exercises, changing from one base to 
another. For such students, for whom a short ex- 
posure doesn't "take," more practice in the usual 
rules of base-10 computation is surely more sensible 
than drilling to perfection, calculation in base 5 
and 12. 

Words and definitions 

When we come to consider the words and defini- 
tions which children ought to learn, we should be 
careful not to teach "just" words. It is possible to 
give an illusion of knowledge by teaching the tech- 
nical words which someone uses in a field (which 
sound unusual to ordinary ears ) without at the same 
time teaching any ideas or facts using these words. 
Many of the math books that are suggested now are 
full of such nonsense - of carefully and precisely de- 
fined special words that are used by pure mathema- 
ticians in their most subtle and difficult analyses, 
and are used by nobody else. 

Secondly, the words which are used should be as 
close as possible to those in our everyday language; 
or, as a minimum requirement, they should be the 
very same words used, at least, by the users of 
mathematics in the sciences, and in engineering. 

Consider the subject of geometry. It is necessary 
in geometry to learn many new words related to the 
mathematics. For example, one must learn what a 
triangle is, a square, a circle, a straight line, an angle, 
and a curved line. But one should not be satisfied 
solely to learn the words. At least somewhere, one 
should learn facts about the objects to which the 



words refer, such as the area of the various figures; 
the relations of one figure to another; how to mea- 
sure angles; possibly the fact that the sum of the 
angles of a triangle is' 180Â° possibly the theo- 
rem of Pythagoras; or maybe some of the rules 
that make triangles congruent; or other geomet- 
rical facts. Which facts may be decided by those 
having more experience with curriculum, for I am 
not intending here to make any specific suggestions 
of what should be included and what not. I only 
mean to say that the subject of geometry, if it is 
taught at all, should include a reasonable knowledge 
of the geometrical figures over and above what the 
conventional names are. 

Some of the books go a long way with the defini- 
tion of a closed curve, open curve, closed regions, 
and open regions, and so on - and yet they teach 
no more geometry than the fact that a straight line 
drawn in a plane divides the plane into two pieces. 
At the end of some of these geometry books, look 
over to find, at the end of a long discourse, or a long 
effort at learning, just what knowledge of geometry 
has been acquired. I think that often the total num- 
ber of facts that are learned is very small, while the 
total number of new words is very great. This is un- 
satisfactory. Furthermore, there is a tendency in 
some of the books to use most peculiar words - the 
words that are used in the most technical jargon of 
the pure mathematician. I see no reason for this. 

It will be very easy for students to learn the new 
words when, and if, they become pure mathema- 
ticians and discourse with other mathematicians on 
the fundamentals of geometry. It is very easy in- 
deed to learn how to use such words in a new way 
when one is older. A great deal of the objection that 
parents have to the so-called new mathematics may 
well be merely that it sounds rather silly to them 
when they hear their child trying to explain to them 
that a straight line is a "curve." Such arguments in 
the home are absolutely unnecessary. 

Precise language 

In regard to this question of words, there is also 
in the new mathematics books a great deal of talk 
about the value of precise language - such things as 
that one must be very careful to distinguish a num- 
ber from a numeral and, in general, a symbol from 
the object that it represents. The real problem in 
speech is not precise language. The problem is clear 
language. The desire is to have the idea clearly com- 
municated to the other person. It is only necessary 
to be precise when there is some doubt as to the 
meaning of a phrase, and then the precision should 
be put in the place where the doubt exists. I t  is 

really quite impossible to say anything with abso- 
lute precision, unless that thing is so abstracted from 
the real world as to not represent any real thing. 

Pure mathematics is just such an abstraction from 
the real world, and pure mathematics does have a 
special precise language for dealing with its own 
special and technical subjects. But this precise lan- 
guage is not precise in any sense if you deal with the 
real objects of the world, and it is overly pedantic 
and quite confusing to use it unless there are some 
special subtleties which have to be carefully dis- 
tinguished. 

A fine distinction 

For example, one of the books pedantically insists 
on pointing out that a picture of a ball and a ball are 
not the same thing. I doubt that any child would 
make an error in this particular direction. It is there- 
fore unnecessary to be precise in the language and 
to say in each case, "Color the picture of the ball 
red," whereas the ordinary book would say, "Color 
the ball red." 

As a matter of fact, it is impossible to be precise; 
the increase in precision to "color the picture of the 
ball" begins to produce doubts, whereas, before 
that, there was no difficulty. The picture of a ball 
includes a circle and includes a background. Should 
we color the entire square area in which the ball 
image appears or just the part inside the circle of 
the ball? Coloring the ball red is clear. Coloring the 
picture of the ball red has become somewhat more 
confused. 

Although this sounds like a trivial example, this 
disease of increased precision rises in many of the 
textbooks to such a pitch that there are almost in- 
comprehensibly complex sentences to say the very 
simplest thing. In a first-grade book ( a  primer, in 
fact) I find a sentence of the type: "Find out if the 
set of the lollypops is equal in number to the set of 

girls" - whereas what is meant is: "Find out if 
there are just enough lollypops for the girls." 

The parent will be frightened by this language. 
I t  says no more, and it says what it says in no more 
precise fashion than does the question: "Find out if 
there are just enough lollypops for the girls" - a 
perfectly understandable phrase to every child and 
every parent. There is no need for this nonsense of 
extra-special language, simply because that type of 
language is used by pure mathematicians. One does 
not learn a subject by using the words that people 
who know the subject use in discussing it. One 
must learn how to handle the ideas and then, when 
the subtleties arise which require special language, 
that special language can be used and developed 
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easily. In the meantime, clarity is the desire. 
I believe that all of the exercises in all of the 

books, from the first to the eighth year, ought to 
be understandable to any ordinary adult - that is, 
the question of what one is trying to find out should 
be clear to every person. I t  may be that every adult 
is not able to solve all of the problems; perhaps they 
have forgotten their arithmetic, and they cannot 
readily obtain 2/3 of 1/4 of 1-1/3, but they at least 
should understand that that product is what one is 
trying to obtain. 

By putting the special language into the books, 
one appears to be learning a different subject and 
the parent (including highly trained engineers) is 
unable to help the child or to understand what the 
thing is all about. Yet such a lack of understand- 
ing is completely unnecessary and no gain what- 
soever can be claimed for using unusual words when 
usual words are available, generally understood, 
and equally clear (usually, in fact, far clearer). 

New definitions - and no facts 

I believe that every subject which is presented 
in the textbook should be presented in such a way 
that the purpose of the presentation is made evi- 
dent. The reason why the subject is there should be 
clear; the utility of the subject and its relevance to 
the world must be made clear to the pupil. 

I would take, as an example, the subject of sets. 
In almost all of the textbooks which discuss sets, the 
material about sets is never used - nor is any ex- 
planation given as to why the concept is of any 
particular interest or utility. The only thing that is 
said is that "the concept of sets is very familiar." 
This is, in fact, true. The idea of sets is so familiar 
that I do not understand the need for the patient 
discussion of the subject over and over by several 
of the textbooks if they have no use for the sets at 
the end at all. 

It is an example of the use of words, new defini- 
tions of new words, but in this particular case a most 
extreme example, because no facts whatever are 
given at the end in almost all of the books. A zoo- 
keeper, instructing his assistant to take the sick 
lizards out of the cage, could say, "Take that set of 
animals which is the intersection of the set of lizards 
with the set of sick animals out of the cage." This 
language is correct, precise, set theoretical lan- 
guage, but it says no more than, "Take the sick liz- 
ards out of the cage." The concept of things which 
have common properties by being a member of two 
groups (such as the Chinese Communists, or of a 
larger number of groups such as East German refu- 
gee children) does involve intersections of sets, but 

"You see, Daddy, this set equals all the dollars you earned; your 
expenses are a sub-set within it. A sub-set of &Z is your deductions." 

Drawing by Alan Dunn; 0 The New Yorker Magazine, Inc. 

one does not use that language.,No lack of precision 
results from this. And, besides, people who use 
mathematics in science, engineering, and so on, 
never use the long sentences of our imaginary zoo- 
keeper. 

If we would like to, we can and do say, "The an- 
swer is a whole number less than 9 and bigger than 
6," but we do not have to say, "The answer is a mem- 
ber of the set which is the intersection of the set of 
those numbers which is larger than 6 and the set of 
numbers which are smaller than 9." 

It will perhaps surprise most people who have 
studied these textbooks to discover that the symbol 
U or n representing union and intersection of sets 
and the special use of the brackets { } and so forth, 
all the elaborate notation for sets that is given in 
these books, almost never appear in any writings 
in theoretical physics, in engineering, in business 
arithmetic, computer design, or other places where 
mathematics is being used. I see no need or reason 
for this all to be explained or to be taught in school. 
It is not a useful way to express one's self. It is not 
a cogent and simple way. It is claimed to be pre- 
cise, but precise for what purpose? 

Making the "new" mathematics worth while 

In the "new" mathematics, then, first there must 
be freedom of thought; second, we do not want to 
teach just words; and third, subjects should not be 
introduced without explaining the purpose or rea- 
son, or without giving any way in which the ma- 
terial could be really used to discover something 
interesting. I don't think it is worth while teaching 
such material. 

March 1965 



Astronomers find new evidence that stars of all types and sizes 
will wind u p  as the faint, hot, stellar clinkers called 

WHITE DWARFS 

by Graham Berry 

An eight-year study of the faint, hot, stellar clink- 
ers called white dwarfs indicates how stars of many 
types, ages, and sizes - including our sun - will 
shrivel into white dwarfs in their old age. 

The study of white dwarfs by Jesse L. Green- 
stein, professor of astrophysics at Caltech, and a 
staff member of the Mt. Wilson and Palomar Ob- 
servatories; and Olin Eggen, formerly of the observ- 
atories and now at the Royal Greenwich Observa- 
tory in England, contains new information about 
the brightness, temperatures, sizes and surface con- 
ditions of nearly 200 of these important little stars. 
The study also supports the widely accepted theory 
of how stars evolve. 

White dwarfs are significant because they are the 
dying stars. They are white hot, even though their 
nuclear fires are extinguished, and they are small - 
about the diameter of the earth. However, they 
weigh 200,000 times more than the earth. The mat- 
ter of which they are made - a peculiar form of de- 
generate gas, enormously condensed, has a density 
of 1,000 tons per cubic inch at the center of the star. 

All the white dwarfs in the survey are compara- 
tively near because they are too faint to be seen far 
away. The farthest is about 200 light years distant. 
The brightest known are intrinsically 100 times 
fainter than the sun, while the faintest one is 30,000 
times dimmer. None is visible without a telescope. 
They were studied through the 200-inch telescope 

, at Palomar. 
Spectroscopic analysis of the light of some of the 

white dwarfs shows that their gaseous surfaces are 
composed largely of helium, while others are com- 
posed mainly of carbon. Ordinary stars are made 
largely of hydrogen, and most white dwarfs still 
have hydrogen at their surface. 

Finding helium and carbon dwarfs is evidence 
confirming the theory of stellar evolution and the 
concept that different kinds of stars wind up as 
white dwarfs. These two special kinds of dwarfs rep- 
resent the end products of two different types of 

massive parent stars. The larger, according to theo- 
ry, evolves a further step in burning fuel than does 
the smaller one, before becoming a white dwarf. In 
all of them, hydrogen fuel must be completely ex- 
hausted except at the surface. 

The theoretical picture of stellar evolution is that 
in stars of moderate size, like the sun, the nuclear 
fire goes out after the hydrogen "fuel" has been con- 
verted into helium "ashes." The more massive the 
star, the hotter the nuclear fire, the quicker it con- 
sumes its fuel, and the shorter its life. In an evolu- 
tionary stage where massive stars swell up to 100 
times the sun's diameter, the central cores reach 
temperatures of 200,000,000 degrees Fahrenheit 
and convert helium into carbon. 

After the nuclear fire is extinguished, a star must 
somehow lose a great deal of material, leaving only 
its core of "ashes" - helium, carbon, or even heavier 
elements. These eventually contract under gravity 
to become stabilized as a white dwarf. Although 
they have no nuclear fires, they continue to shine 
for billions of years as they cool off. 

The new observational data provide several di- 
rect confirmations of what happened inside the 
original stars. For example, the average white dwarf 
weighs less than the sun, while the parent stars 
weighed at least twice as much. 

The two astronomers found about an equal num- 
ber of helium and carbon-rich dwarfs among the 
smaller and more massive specimens, suggesting 
that carbon production is quite common. The com- 
position of a few of the most massive white dwarfs 
is still a mystery. They show no spectral "finger- 
prints," no atomic lines or molecular bands to dis- 
close their chemical composition. These stars prob- 
ably have made even heavier elements, and have 
very high pressures, even in their outermost atmos- 
pheres. 

Additional evidence supports the theory that 
white dwarfs evolve from stars of many sizes and 
ages. Some white dwarfs were formed only a few 
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As an engineer your future could be important to us. 
You might be able to contribute to our continuing 
leadership in the communications field. Therefore, you 
should know something about us and how we operate. 

Bell System engineers deal with modern problems 
in modern ways, They have at their command the 
latest in technology and equipment. 

An example is how computer programs aid in 
providing telephone service for new communities. 

Engineers at Bell Telephone Laboratories have 
devised computer programs broad enough in scope 
so that Bell System operating telephone companies 
can use them to engineer the required wide variety 
of telephone plant networks. 

As part of a continuing effort, programs have been 
designed to analyze communications needs of an 
area for determining the best plant network layout 
and switching office location, 

In general, the necessary data are collected and the 

engineer selects a number of alternative plans to be 
analyzed in detail by a computer. His final decision is 
based primarily on an analysis of the computer output, 

The computer supplies more significarit data, and 
supplies i t  much faster, than laborious, manual cal- 
culation methods. The enqiiieer is thus relieved of 
dull, time-consuming romputation, and he plans facili- 
ties with increased confidence-knowing that he is 
providing efficient and economical communications, 
tailored for a given area. 

You may well find a rewarding career in the Bell 
System, where people f ind solutions to excit ing 
problems, The Bell System companies are equal 
opportunity employers. Arrange for an on-campus 
interview through your Placement Office, or talk to 
a local Bell System company. 

American Telephone and Telegraph Co. and Associated Companies 

In this hypothetical geographical area, communications could be supplied with one large tele- This ? phone switching office and a network of cables Oeft), or w t h  three smaller offices and a different Or this ? 
network (right). Many other combinations of offices and cable networks might be possible. 
This situation, although hypothetical, is typical of the complex telephone engineering prob- 
lems that are being solved with the aid of computer programs designed at Bell Laboratories. 



res and in earthquake engineeringre- had a profound influence upon the de- 
arch. He was largely responsible for velopment of structural engineering in 

he earthquake provisions in the first California. 
sue of the Uniform Building Code in He  was a member of numerous en- 
927, and he  was active on building gineering and scientific organizations 

code committees for the City of Pasa- and derived particular pleasure from 
ership in the Societe des Ing& 

Commerce, the Stat ivils de France and the Inter- 
Association of Bridge and 

structural engineeri 
. R. Martel served as consultant on 
design and construction of many 
ortant and novel structures. He  was 

campus was surrounded by oran 
groves, and retired as professor erne 

hec, R. R. Martel 
Brown University i 
civil etigineering at Rhnde Is1 
College and at the Mechani the Pasadena-San .Rafael Bridge and 
in Rochester, New York, before the Earthquake En ter consulted on the designs of 
west t o  work for the Atchison, 

He and his students were responsi 
Pasadena. Clendale, and Los An- 

and became a full professor of civil en- les. to private companies, and the 
I f tins work are embodied in present ate of California on the design and 

1 
I 

i utiice ne <~eiigiireci in sminy tin- np;, in i-iii-. ,-irgcifi am) uir niiw uf 
folding the recalcitrant brains of em- enclale, Burhank, and 'Riverside o 
bryo engineers. Fie was (xl-control structures. l ie  served a 
knowing what not to sa", a nmltant on the earthqnnke closig o 
to explain. He  wiis a mas 
and trenchant remark that might lie 

bahly the first bnilding in 
is students and manv of ins stncien niter1 Stat= to rewive ;x r;itinnal c 

I 

$neering in 1930. 
Professor Martel was an inspiring 

eacher who made a lasting impression 
ipon his students. In the classroom and 
~.L:..n~~x~ ~,.,:-,..~,.~ ~ ,~,,~ 

lis delight to coax, swincllc, or fms- 
rate a young mind into thinking for it- 
elf, and many of In's students are now 

clay huilrling cod 
his interests and i 
the knowledge hi 

mding members of 
igineering Research 

[t is indicative of 
ince that mnc-h of 
1p in engineprinq 

have played active roles in the clrsign 
of structures to resist earthquakes. He  
was instmmenta! in organizing the first 

. . 
construction of bridges, dams, reser. 
voirs, gas and oil refineries, and powel 
plants; and to the U.S. Anny Engineel 

sign against earthquakes. 
Profrssnr Martel se~vecl for many 

years tx Secretary of the Facirlty and 

are, in turn, trying to influence the onthem California. These clevel son, H. C. bIarte1, associate professor o 
students similarly. Many of his form rom a group nf 12 men into the S ring at the Institu 
students are playing important roles 1 Enginem Association of Son In addition to his son. he  is snrviv 
the practice of engineering in Califor California with 800 members, a by his wife, Mildred Pray Martel, 
nia, and others are responsible for i the Structural Engineers Ass C. Martel. and f v  
portant engineering works nil over th n of Northern California with 
world. embers, and the Structural Engineers -George W. 



What are chemists doing at NCR? 
Plenty. Fundamental and Applied Re- 
search - Process and Product Devel- 
opment. All of which are of continuing 
importance to the growth of NCR. 

Our Research results have practi- 
cal applications: the process of micro- 
encapsulation permits the "lock-up" 
of a substance in minute capsules for 
subsequent release; a "Photochromic 
Micro-Image" process permits a book 
to be recorded on a two inch square 
film; a solution-spraying technique 
for the deposition of inorganic thin 
films for solar cells and memory de- 
vices; self-erecting polyurethane 
foam structures for space programs. 

And in  Development? Improve- 
ments in NCR paper products and 
other supplies; determination of new 
materials or processes for printed 
circuit boards; improvement of tapes 
and mylar cards used as magnetic re- 
cording media; new processes and 
applications for plastic materials 
used in business equipment; in- 
creased utilization of analytical tools 
for research and production. 

These examples indicate that the 
talents of chemists at all levels in 
every major chemistry field-physical, 
organic, polymer, analytical, engi- 
neering, electrochemistry, and paper 

RESEARCH 
AND 

DEVELOPMENT 

chemistry-are utilized in NCR's re- 
search and development programs. 
Many of these are related to business 
systems which are normally asso- 
ciated with NCR; there are also other 
programs that have considerably 
broader applications. 

What would you do at NCR? Send 
us an outline of your interests and 
qualifications to determine if a career 
position currently exists. All corres- 
pondence will be given confidential 
consideration. T. F. Wade, Technical 
Placement, The Nat ional  Cash 
Register Company, Dayton 9, Ohio. 
AN EQUAL OPPORTUNITY EMPLOYER 

I I I 
BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR THE NATIONAL CASH REGISTER COMPANY 



The Month at Caltech 

Royal Society 

Gerald B. Whitham, professor of aeronautics and 
mathematics at Caltech, has been elected a fellow of 
the Royal Society, Britain's top scientific body. He is 
one of two United States scientists to receive the 
honor this year - the other being John Ward, physi- 
cist at  Johns Hopkins University. 

Whitham, who is chairman of Caltech's commit- 
tee for applied mathematics, is interested in the 
structure and propagation of waves. His current 
work involves the mathematical investigation of the 
structure of plasma shock waves. 

Leader of America 

Simon Ramo, president of The Bunker-Ramo Cor- 
poration, research associate in electrical engineer- 
ing and a member of the Caltech board of trustees, 
will be on campus April 7,8, and 9 as a YMCA-spon- 
sored Leader of America. Ramo will discuss the im- 
pact of technology on society in informal meetings 
with students and faculty and in an evening lec- 
ture in Beckman A~iditorium. To illustrate one as- 
pect of his advice to young scientists and engineers 
- "participate in cultural activities" - Rarno plans 
to bring his violin and an accompanist for some of 
his campus appearances. 

The next Leader in the series will be John Ciardi, 
poetry editor of the Saturday Review and director 
of The Bread Loaf Writers Conference, who will be 
at Caltech May 10 to 12. 

Sloan Foundation Grants 

Four Caltech men are among the 91 young sci- 
entists selected to share $1,400,000 in basic research 
grants from the Alfred P. Sloan Foundation: Fred 
C. Anson, associate professor of analytical chemis- 
try, who is studying the chemical changes produced 
by the flow of electrical currents through solutions; 
Sunney I. Chan, associate professor of chemical 
physics, investigating the interacting forces of mole- 
cules in gases and liquids; Alan T. Moffet, research 
fellow in radio astronomy, mapping the structures 
of celestial sources emitting radio energy; and Hugh 

P. Taylor, Jr., associate professor of geology, study- 
ing the processes of formation and temperatures in 
igneous and metamorphic rock. 

Choices in Vietnam 

"Choices in Vietnam," a one-day institute spon- 
sored by the Caltech YMCA, the American Friends 
Service Committee, and the Friends Committee on 
Legislation, will be held on the campus on April 3. 
Speakers and discussion leaders will include Jason 
Finkle, professor of public administration at USC; 
Stanley Sheinbaum, from the Center for the Study 
of Democratic Institutions; Herbert Alexander, pro- 
fessor of history at Los Angeles City College; Joel 
Edelman, of The RAND Corporation; J. Stuart In- 
nerst, chairman of the China committee of the 
AFSC; and George Noronha, professor of political 
science at San Francisco College for Women. 

An evening address, "Toward a Peaceful Solution 
in Vietnam," will be given in Beckman Auditorium 
by Gilbert F. White, professor of geography at the 
University of Chicago, consultant to the Lower 
Mekong Co-ordination Committee, and national 
chairman of the AFSC. 

M cGeorge Bundy 

McGeorge Bundy, special assistant to the Presi- 
dent for national security affairs, will be at Caltech 
April 20 and 21, under the auspices of the Institute 
Assemblies and Programs Committee. Bundy, who 
went to his present position from Harvard, where he 
was professor of government and Dean of the Facul- 
ty of Arts and Sciences, will give an evening address 
in Beckman Auditorium, and will speak at the hu- 
manities division seminar on national security. 

Community Affairs 

Robert W.Oliver, associate professor of econom- 
ics at Caltech, faces a runoff election ~ ~ r i l . 1  for the 
Pasadena Board of City Directors. Although he 
polled more votes than either of his two opponents 

continued on page 26 
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Are you ready lor a multi-million-dollar responsibility? 

If you are, there's a place for you on the Aerospace to show i t  in  the Air Force. Your work can put you and 
Team-the U. S. Air Force. your country ahead. 
No organization in  the world gives young people a You can earn your commission at Air Force Officer 
greater opportunity to do vital, responsible work. Training School, a three-month course open to both 
For example, just a short while ago a 23-year-old Air men and women. To apply, you must be within 210 
Force lieutenant made a startl ing breakthrough i n  days of your degree. 
metallurgy. And a recent All-America tackle is doing ad- For more information, contact the Professor of 
vanced research in nuclear weapons. Air Science. If your campus has no 
~f you have talent, you'll have a chance Urnsi AIP FOPCO AFROTC, see your ~ i r  Force recruiter. 



The Month at  Caltech . . . continued 

from the Fifth District in the March 11 election, 
Oliver must rerun against his nearest contender, 
incumbent Clarence Oakley, because he did not 
receive a simple majority of the total vote. 

Ernest B. Hugg, assistant director of Caltech's 
physical plant, is a candidate for member of the 
Pasadena Board of Education in the May 11 elec- 
tion. Hugg served on three Citizens Staff Advisory 
committees to study school needs. In 1959 he was 
given the Pasadena Education Association's Dis- 
tinguished Service Award. 

Television Director 

Mrs. Rose Blyth has returned to Caltech as di- 
rector of television, radio, and film activities to 
develop and distribute program material to TV sta- 
tions, schools, and other organizations. 

Mrs. Blyth worked at Caltech from 1955 to 1962, 
when she left to help organize the new Los Angeles 
educational television station, KCET. In 1964 she 
won the Robert Eastman Award as "Outstanding 
Woman in Broadcasting." 

Putnam Winners 

A Caltech team of three undergraduate students 
has won the 25th annual William Lowell Putnam 
Mathematical Competition, against 219 teams from 
United States and Canadian colleges. 

Sponsored by the Mathematical Association of 
America, the contest consisted of a six-hour written 
examination on general college math and was given 
December 5 at each of the competing schools si- 
multaneously. Winners were announced this month. 
The Massachusetts Institute of Technology placed 
second and Harvard third. 

Computer Debate 

The role of Caltech's 7040 and 7094 computers 
was expanded to include programming for the in- 
vitational debate tournament held on campus Feb- 
ruary 19 and 20. I t  was the first tournament of its 
kind in the country in which the machines were 
used entirely to schedule debates and to determine 
results. 

uled the three elimination rounds for the eight 
teams involved. The winner - Washburn Univer- 
sity, Topeka, Kansas. 

Honors and Awards 

William H. Pickering, director of Caltech's Jet 
Propulsion Laboratory, received three awards this 
month in connection with the Ranger program. In 
Paris on March 4, he was awarded the Galabert In- 
ternational Prize for astronautics; in London on 
March 8, he was presented with a silver replica of 
Ranger VII, by the British Interplanetary Society; 
and in Washington on March 19, he received the 
Robert H. Goddard Memorial Trophy for 1965 from 
the National Space Club. 

Harris M. Schurmeier, Ranger project manager, 
received the National Space Club's astronautics en- 
gineer award for contributing to the success of the 
Ranger VII lunar photography mission. 

Aron Kuppermann, professor of chemical physics 
at Caltech, has been appointed to the editorial ad- 
visory board of The Journal of Physical Chemistry, 
a monthly publication of the American Chemical 
Society. 

Henry Dreyfuss, associate in industrial design 
and a member of Caltech's board of trustees, was 
given an Ambassador Award for Achievement at 
the Royal College of Physicians in London this 
month for his "unrivaled contribution to industrial 
design in human terms." The award was presented 
by Princess Margaret. 

Roy W. Gould, professor of electrical engineer- 
ing and physics at Caltech, has been elected a fel- 
low in The Institute of Electrical and Electronics 
Engineers, Inc., for "contributions to the theory of 
microwave tubes." 

Theodosius Dopzhansky, professor at The Rock- 
efeller Institute i;~ew ~ork land  one-time assistant 
professor of genetics at Caltech, (1929-1936) re- 
ceived the National Medal of Science from Presi- 
dent Johnson last month, along with ten other dis- 
tinguished scientists, for "their outstanding con- 
tributions to knowledge in the physical, biological, 
mathematical or engineering sciences." 

Fed the necessary statistics by the tournament Kenneth V. Thimann, Higgins professor of biolo- 
committee, the machines scheduled the six pre- gy at Harvard, and formerly instructor of bio- 
liminary rounds involving complicated juggling of chemistry at Caltech ( 1930-35 ) , has been named 
the 104 students and the 26 judges taking part; corn- provost of College 111 and a professor of biology at 
puted the results of the ratings; and, finally, sched- the University of California at Santa Cruz. 
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Garrett-AiResearch? You'll have to 
work harder and use more of 

If you're our kind of engineer, 
you have some very definite ideas 
about your career. 

For example: 
You've worked hard to get a 

good education. Now you want to 
pu t  i t  to  work in the  best way 
possible. 

You will never be satisfied with 
run-of- the-mill assignments. You 
demand exciting, 
challenging projects. 

You not only accept 
individual responsibil- 
ity -you insist upon it. 

Does that sound like 
you? Then AiResearch 
is your cup of tea. 

Our business is 

Los Angeles Division, are environ- can carry you. You can make as 
mental systems, flight information much money as any engineer in a 

and controls sys- 
tems, heat transfer 
systems, secondary 

power generator 
systems for missiles 

and space, electri- 
cal systems, and 

specialized indus- 
trial systems. 

comparable spot - anywhere. And 
of course, a t  AiResearch, you'll 
get all the plus benefits a top com- 
pany offers. 

Our engineering staff is smaller 
than comparable companies. This 
spells opportunity. It gives a man 
who wants to make a mark plenty 
of elbow room to expand. And 

mainly in sophisticated aerospace In the Phoenix Division there are while he's doing it he's working 
systems and subsystems. gas turbines for propulsion and with, and learning from, some of 

Here, research, design, and de- secondary power, valves and con- the real pros in the field. 
velopment lead to production of trol systems, air turbine starters If the AiResearch story sounds 

and  motors, solar and  nuclear like opportunity speaking to you- 
power systems. don't fail to contact AiResearch, 

I n  each category AiResearch Los Angeles, or Phoenix, or see our 
employs three kinds of engineers. representative when he comes to 

Preliminary design engineers do your campus. 
the  analytical and  theoretical An equal opportunity employer 
work, then write proposals. 

Design engineers do the  lay- AiResearch 
outs; turn an idea into a product. 

Developmental engineers are is  challenge 
responsible for making hardware 
out of concepts. 

Whichever field fits you best, we 
can guarantee you this: you can 
go as far and fast as your talents Los Angeles Phoenix 



building 

Piping. It is industry s "circulatory system" . . . the con- 
veyor of steam. oil. acids the water you drink, everything 
that flows. 

Piping can be quite simple Or enorrriously complex. 
Corrosion, pressure, o r  terriper:iture, for e\.aniple, cÃ§ 
present engineering challenge*, of the first order. 

That's why industry so often turns to Grinriel1 when 
piping is involved. 

Gririnell Is piping . . . piping that ranges from systems 
engineered for pure food processing, to power plant piping, 
to sprinkler systems for fire protection in schools hospitals, 
factories buildings of all kinds. 

Criruiell offers inclustr\ ( 1) the e ngini ( r i n g  (horn 
basic metallurgy to piping slsterns design and prefabri- 
cation;, ( 2 )  the production facilificv (tight large plants- 
i the  IT S and  Canada), (3)  t h ~  product line (even- 
t h ing  in piping I ( 4 )  the ( ipr  ri( nct (over J OO 1 rai s of 
leadership in the field ) to ~ 1 1  e the toughest piping 
piohit rnq 

Worth tfrrivrnberirig - agiti'ist the d:n tjou m ~ \  I I ; ~ P  
piping problems to solve i n d  w o r t h  investigating im 

if you're looking for the unusual in an enginei-ring, fir 
sales engineering, career1 Write (rr imi~ll  rompam Int. ,  
260 West Evhange  Street Pro\ ir lrnc~ 13 I 02901 

WHENEVER PIPING IS INVOLVED 

Rrinnel l  Company, inc , Providence. R. I. Warehouses and distributors coast to coast. Representatives throughout the  Free World 
pipe and tube fittings * welding fittings . engineered pipe hangers and supports . Thermolier unit  h-=ai-er; . valves 
Grinnell Saunders diaphragm valves . prefabricated piping plumbing and heating specialties . indi"-,trial supplies 
water works supplies * Grinnell automatic sprinkler fire protection systems Amco air  conditioning systems 



The scope of Chrysler's responsibilities as prime contractor for 

I and the successor to this dependable vehicle, 

SATURN IB, in NASA's long-range APOLLO program offers 

positions in many disciplines where there is opportunity for you 

to help shape the future of space exploration by utilization 

of this versatile vehicle. 

Now is the time to come aboard . . . the most challenging 

problems lie ahead as each phase of the program develops. 

At Chrysler creativity is appreciated and encouraged-and 

accomplishment is recognized. Also, the men who work in  the 

SATURN-APOLLO program at Chrysler Space will enjoy the 

satisfaction of seeing the results of their work in action. 

You will become part of a company that has over twelve years of 

successful experience in  the missile-space field. Included in 

its achievements are vehicles that launched America's first two 

astronauts and its early deep space probes. 

Assignments are made at three convenient space centers: 

NEW ORLEANS, HUNTSVILLE and CAPE KENNEDY. 

For complete details about a career with Chrysler Corporation 

Space Division, send your resume in complete confidence to: 

Mr. Carl F. Lucksinger, Personnel Dept. C-164 

Chrysler Corporation Space Division 

P. 0. Box 29200, New Orleans, La. 70129 

SPACE DIVISION 4b CHRYSLER 
CORPORATION 

An equal opportunity employer. 



Alumni 
Board Nominations 

The Board of Directors of the Alumni Association 
met as a Nominating Committee on February 23,1965, 
in accordance with Section 5.01 of the By-Laws. Eight 
vacancies will occur on the Board at the end of the 
fiscal year, June 1965. Four of these vacancies will he 
filled by the Immediate Past President, President, Sec- 

ROBERT W. LY VAM received 
his BS in mechanical engi- 
neering in 1954. He spent 
the next three years with 
the V.S. Air Force - includ- 
ing one year of graduate 
m ork in meteor0100 at Ok- -, 
lahorna A&\t in Stillwater. 
Since 1957 he has been 
superintendent and project 
manager for various engi- 
neering contractors in the 
Los Angeles area. He is now 

retary, and Treasurer, ex officio, and four will be filled field superintendent for the Long Beach division of the 
by direct election. The present members of the Board, Sully-Miller Contracting Company. Last year he was 
with the years their terms expire are: a member of the program committee for the Alumni 

The following nominations have been made: 

Presdent - Richard P. Schuster, Jr. '46 ( 1 year) Vice-president - Sidney K. Gally '11 ( 1  year1 
Secretary - Donald S. d a r k  '29 f 1 w a r )  
Treasurer - John R. Fe" '51 
Director - Theodore C. Combs '27 
Director - Robert W. Lynam '54 
Director - Paul D. Saltman '49 
Director - Fred T. Selleck '49 

( 1 year J 
( 2 years) 
( 2 years) 
( 2 years ) 
( 2 years ) 

Seminar. 

Section 5:01 of the Bv-Laws provides that the mem- 
bership may make additional nominations for the four 
( 4  ) Directors by petition signed by at  least twenty-five 
(25)  members in good standing, provided the petition 
is received by the Secretary not later than April 15. In 
accordance with Section 5.02 of the By-Laws, if further 
nominations are not received by April 15, the Secretary 
casts a unanimous ballot for the members nominated by 
the Board. Otherwise a letter ballot is required. 

Statements about the nominees are presented below. 

PAUL D. SALTMAN received 
his BS in chemistry in 1949 
ancl spent a year of study 
and research at the College 
de France in Paris. In 1953 
he received his PhD in bio- 
chemistry' from Caltech and 
joined the faculty of the 
University of Southern Cal- 
ifornia. He is now professor 
of biochemistry there. In 
1960 he was appointed Ca- 
reer In\ estimator b\ the 

National Institutes of Health ancl was in Copenhagen 
for a year studying transport mechanism in cells. He 
served as a member of the program committee of the 

- Donald S. da rk ,  Secretary Alumni Seminar in 1956. 

THEODORE C .  COMBS re- 
CPU e(1 his BS in civil engi- 
neering in 1927, and has 
vi orked in city rrianage- 
ment, building materials re- 
search and tech~~ieal pro- 
notion, fabrication of struc- 
tural elements, constriic- 
tioil, and engineerir~g sales 
work. H e  is now engaged 
in property development 
and management. H e  served 
the Alumni Association as 

FREDERIC T. SEI,LECK re- 
c k  ed his BS in chernistrv 
in 1919, after interrupting 
his education to serve w i t h  
the V.S. Air Force three and 
one-half ? par';. Fol low ir iq :i 
fear  vi itfi S~mdard  Perlik 
Corporation in Pasadena, 
he became a research assist- 
ant in Galtech's chemical 
engineering l abo ra to ry ,  
Q orking in fluids research. 
In 1953 he joined the Fluor 

president in 1940 (with time out for military service in Corporation in Los Angeles, where he is n m  process 
Europe and the Pacific). and as editor of Engineering methods and data engineer in applied therrnod! nam: 
and Science. He has been program committee chairman ics and physical che in i s t~ .  He was a rnemb~r of the 
and arrarigernerits committee chairman of the Alumni Alumni Seminar committee in 1961 and assistant gen- 
Seminar and is general chairman this year. era! chairman in 1962 and 1963 
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THIS 
EARTH MOVER 
HUB. .  . 

Originally, this earthmover wheel hub was not a forging. Now it is 
forged in steel. Here's why . . . 

While reviewing costs of the original part, the earthmover manu- 
facturer discovered that: (1) Cost of the hub was too high; (2) 
rejection rates during machining were high because of voids and 
inclusions; and (3) hidden flaws required costly salvage operation. 

By converting to forged steel hubs, the manufacturer has saved 
16%, has completely eliminated rejects and repairs of parts in 
process, has achieved 100% reliability of the part. 

Forgings have greater inherent reliability and strength because 
they: 

1. Are solid, void-free metal 
2. Have higher resistance to fatigue 
3. Are strongest in withstanding impact and sudden load 
4. Have high modulus of elasticity 
5. Have low mechanical hysteresis 
6. Have unique stress-oriented fiber structure 

Memo to future engineers: 
"Make it lighter make i t  stronger" is 
the demand today. No other metalworking 
process meets these two requirements so 
well  as the forging process. Be sure you 
know all about forgings, their design and 
production. Write for Case History No. 104, 
wi th engineering data on the earthmover 
hub forging shown above. 

DROP FORGING 
ASSOCIATION 

55 Public Square Cleveland 13, Ohio 

When it's a vital part, design it to be 



Some like it 

Some like it 

We like it 

[Need you be told?) 

Personals 
1918 

MUNSON J. DOWD died of cancer Feb- 
ruary 22 in El Centro. He was 68. A long- 
time expert on water resources, he was 
chairman of the Colorado River Board of 
California and executive officer of the Im- 
perial Irrigation District. He leaves his 
wife, Neva; a son, Munson; and two 
daughters, Mrs. Helen Hearns and Mrs. 
Neva Jurkovich. 

1922 
HOWARD G. VESPER is now a director 
and vice president of Standard Oil Com- 
pany of California, with headquarters in 
San Francisco. He is principally concerned 
with the company's worldwide marketing 
interests. For the past seven years he has 
been president of Western Operations, 
Inc., chief operating subsidiary of Stand- 
ard Oil of California. 

RUSSEL H. KOHTZ died suddenly last 
July in Studio City, where he made his 
home. He had been an insurance agent 
and broker for the past 30 years, with 
offices in a building he owned and had 
constructed. He is survived by his wife, 
Cecille; a stepdaughter, June M. U'Ren; 
and a stepson, Robert B. Jones. 

HAROLD S. OGDEN retired on February 
1 from the General Electric Company's 
locomotive and car equipment department 
in Erie, Pennsylvania, after 42 years of 
service. He was presented with an original 
painting by John Gould of the PSIC Silver- 
liner, the first modem high-speed AC mul- 
tiple-unit car with static propulsion con- 
trol, which was pioneered through his ef- 
forts. Ogden's son, Hugh, is a doctoral 
candidate and teaching fellow at the Uni- 
versity of Michigan, and his daughter, 
Elizabeth, is married to a GE engineer. 

EDMUND T. GROAT died February 28 
of a heart attack in Tucson, Arizona, 
where he had been visiting his son, Rus- 
sell. Earlier in the month he had retired 
as coordinator of mining sales for the 
General Electric Company in Chicago, 
after some 40 years with the company. 
He and Mrs. Groat were en route to south- 
ern California to visit friends and relatives. 
He is survived by his wife, Margaret; two 
sons, Russell and Leonard; and two daugh- 
ters, Mrs. Vern Baldwin and Mary Frances 
Groat. Groat was one of Caltech's most 
outstanding athletes. As an undergrad- 
uate he won 10 letters in four sports - 
football, track, baseball and basketball. 

1925 
MARKHAM E. SALSBURY, chief engi- 
neer for the Flood Control District of Los 
Angeles County, will retire next month 
after nearly 40 years of service. He started 

in 1925 with the County Surveyor's staff, 
but transferred to the Flood Control Dis- 
trict in 1927 as an assistant engineer. He 
became chief engineer in 1959. 

ROLLAND R. PEARSON retired last 
month from his position as chairman of 
the science department and psychometrist 
at Lincoln High School in Los Angeles, 
after 36 years of teaching high school 
math and science. He was graduated from 
Lincoln in 1918, began teaching vocational 
electricity there in 1929, transferred to 
Manual Arts High School in 1947 to teach 
math and physics, and returned to Lin- 
coln in 1954 in his present capacity. - 

1926 
ERNST MAAG is recovering from recent 
major surgery and expects to be fully 
active within the month. Maag retired 
December 1, 1964, from the Office of 
Architecture and Construction of the State 
of California, where he was principal 
structural engineer in charge of the south- 
ern California office of the school section. 

1927 
JAMES BOYD was named 1964 "Copper 
Man-of-the-Year" by the Copper Club, a 
nationwide organization of experts in the 
field. The award was given for his contri- 
butions to the copper industry as corpo- 
ration president, educator, government of- 
ficial, and geologist. Boyd is president of 
the Copper Range Co. of New York City; 
a former vice president of Kennecott Cop- 
per Corp. in charge of their worldwide ex- 
ploration programs; a former director of 
the United States Bureau of Mines; and a 
former faculty member and dean of faculty 
at the Colorado School of Mines. 

1931 
JOHN F. McGARRY, MS '32, has retired 
from lecturing at the University of Cali- 
fornia at Berkeley, to devote more time to 
consulting work and managing his private 
interests. 

GEORGE E. LIEDHOLM retired last 
month after 31 years with Shell Develop- 
ment Company, where he was head of 
the petroleum processing department of 
the company's research center at Emery- 
ville, California. During the 1930's and 
40's Liedholm was part of a team that de- 
veloped Shell's first commercial fluid-bed 
catalytic cracking plant. The Liedholms 
will continue to live in Berkeley, but plan 
to travel for the first year or so of his 
retirement. 

1932 
JOSEPH SHEFFET, MS '33, is the new 
vice president of the Consulting Engineers 

Engineering and Science 



Uncertain about these career decisions? 

I 
I 
I 

Join a large company? ( ) or medium? ( ) or small company? ( ) I 
I 
I 

Prefer to  work in  systems analysis and techniques? ( ) or  on 1 
equipment design? ( ) or multi-unit large systems? ( ) 1 

I 
I 

Aim to  be a Technical Specialist? ( ) or Administrative 1 
Manager? ( ) or Program/Project Manager? ( ) 1 

I 
I 

Have an advanced degree in your sights? ( ) or feel BS is  sufficient 1 
for satisfying career growth? ( ) I 

I 
I 
I 
I 
I 
I 

Don't worry! 

For those graduates who are uncertain regarding their career 
plans, we welcome the opportunity to  discuss the wide variety 
of interesting and challenging assignments available with 
Sylvania Electronic Systems. SES is equipped to foster the 
professional growth of graduates with widely differing goals. 
This is possible primarily because SES is actually a highly 
diversified complex which encompasses 19 R&D laboratories, 
4 manufacturing plants and a world-wide field engineering 
operation. The Division's mission is to  manage government 
systems programs for General Telephone & Electronics, the 
parent corporation. 

The small group form of organization -a traditional small 
company advantage - is practiced at SES to  encourage indi- 
viduar progress and development. SES offers its personnel 
absorbing assignments to perform, yet also affords a bird's- 

eye view of the total picture in advanced electronics. 
A wide variety of current in-house projects enables you to 
move right into the heart of today's most advanced develop- 
ments in electronic systems. You may start here in a tech- 
nical or administrative capacity in any one of these broad 
areas: space/earth communications electronic reconnais- 
sance detection countermeasures information handling 

arms disarmament and control sophisticated electronic 
networks such as the ground electronics system supporting 
Minuteman command and control functions. 
Finally, opportunities are numerous for ambitious individuals 
to accelerate their advancement through participation in 
division-wide conferences, in-plant courses and seminars, 
and post graduate study plans conducted on an unusually 
generous scale. 

GENERALTELEPHONE 81 ELECTRONICS 
Total Communications from a single source through 

SYLVANIA ELECTRONIC SYSTEMS 
SES LABORATORIES ARE LOCATED SUBURBAN TO SAN FRANCISCO. BUFFALO AND BOSTON 

For further information about any of these locations, see your college placement officer or write to Mr. Robert T. Morton 

40 Sylvan Road -Waltham, Massachusetts 02154. An Equal Opportunity Employer 
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Association of California, an organization 
with a membership of 212 firms and 356 
individuals. Sheffet is a structural engi- 
neer with the firm of Joseph Sheffet. Inc., 
in Los Angeles. 

1935 
FRANCIS R. GAY writes from Oakland 
that he and his wife have a year-old son, 
born February 7, 1964. An older son is at 
Piedmont Junior High School and a daugh- 
ter is at Arizona State University. Gay is 
in the window-shade business. He was 
ranked No. 3 in Senior Veterans Tennis of 
northern California for 1964. 

1939 
CARROL M. BEESON, PhD, is the new- 
ly appointed chairman for the division of 
engineering of California State College at 
Los Angeles, where he will head the 
second largest college undergraduate en- 
gineering program in the West. The ap- 
pointment is effective September 1. Beeson 
goes to Cal State L.A. from the University 
of Southern California, where he has been 
chairman of the department of petroleum 
engineering, and a faculty member since 
1948. 

1940 
DAVID BONNER, PhD, who founded 
the department of biology at the Univer- 
sity of California at San Diego and served 
as professor of biology there from 1960 
until his death last May, is to have the 
new biology building at UC San Diego 
named in his memory. David was a brother 
of James Bonner, professor of biology at 
Caltech. 

1942 
ROBERT A. COOLEY, PhD, has joined 
Monsanto Research Corporation as a senior 
research group leader at its laboratory in 
Dayton, Ohio. He was formerly with Fuel 
Cell Corp. in St. Louis, Missouri. 

ARCHIE M. KAHAN, MS, is executive 
director of the University of Oklahoma's 
Research Institute and recently announced 
two new projects to be undertaken by the 
institute - one to deal with the properties 
of frozen soil, sponsored by the US. Army 
Cold Regions Research and Engineering 
Laboratory, and the other on thennody- 
namics and transport theory, sponsored 
by the U.S. Air Force Office of Scientific 
Research. 

1944 
ERIC WEISS died of a heart attack on 
January 29 in La Jolla. He was 44. He 
had been an independent consultant for 
computer systems there for the past three 
years. Prior to that time he was involved 
in the logical design of computers and 
computer systems for several firms. He is 

survived by his wife and a son, Ray '64, 
who is now a graduate student at the Uni- 
versity of California at San Diego. 

1947 
ROBERT C. WHITE, MS, has been ap- 
pointed manager of Geophoto Resources 
Consultants in Brisbane, Australia, where 
he has been assistant manager for two 
years. White joined Geophoto in 1951 and 
has served the company in the United 
States, Alaska, Guatemala, Libya and Co- 
lombia. In Australia he has been involved 
in the geological evaluation of the coun- 
try's sedimentary basins. 

CHAROEN VADHANAPANICH, MS 
'48, writes from Bangkok that he has 
changed his surname and should now be 
addressed: CHAROEN CHAROEN-RA- 
JAPARK. 

1950 
ADAM F. SCHUCH, PhD, was elected a 
fellow of the American Physical Society 
recently. He is a staff member and al- 
ternate group leader in the low tempera- 
ture physics group with the Los Alamos 
Scientific Laboratory, New Mexico. 

ED REINECKE, the newly elected 
United States Congressman from Califor- 
nia's 27th Congressional District, is now 
settled in Room 1239, Longworth House 
Office Building, Washington, D.C. 

1951 
EUGENE N. PARKER, PhD, professor of 
physics at the University of Chicago, has 
received the annual Space Science Award 
of the American Institute of Aeronautics 
and Astronautics "for distinguished indi- 
vidual research on the causes and prop- 
erties of solar wind." The award was made 
in New York in January at the Institute's 
Aerospace Sciences meeting. 

1952 
ROBERT S. DAVIS, MS '53, announces 
that he and an associate, Peter Spitz, have 
formed a new company, Chem Systems, 
Inc., in New York City. The firm provides 
a new concept in technical consulting for 
management in the field of petro-chem- 
icals. Davis formerly was director of de- 
velopment at Scientific Design Co. Inc. 
in New York. 

1953 
GEORGE W. SUTTON, MS, PhD '55, 
received the 1964 Arthur S. Flemming 
Award for "significant contribution in ad- 
vising the Director of Development Plans 
on the scientific quality and engineering 
merit of new research and development 
programs," and for his unique contribu- 
tions to the fields of heat protection of 
hypersonic re-entry vehicles and magneto- 

hydrodynamic power generation. The pre- 
sentation was made by the Honorable 
Arthur J. Goldberg, Associate Justice of 
the United States Supreme Court. Sutton 
is scientific advisor for the Directorate of 
Development Plans, DCS/Research & 
Development, Headquarters United States 
Air Force, Washington, D.C. 

WILLIAM GARDNER is the new presi- 
dent of the City EngineersAssociation of 
Riverside and San Bernardino Counties, 
having just finished a year's term as presi- 
dent of the American Society of Civil 
Engineers of the same counties. Gardner 
recently became a licensed land surveyor, 
in addition to being a civil engineer. He is 
an ardent horticulturist, and will be stag- 
ing chairman for the Riverside Flower 
Show in April. He writes that during the 
Christmas holidays he got together with 
JACK WALKER, DAVE KNAPP, DOUG 
INGLIS, BOB EASTON (all '53) and 
SAM VODOPIA '54. 

ROBERT L. BIXLER, PhD '57, will be 
responsible for the commercial develop- 
ment of a series of new chemicals in his 
new job as manager of special projects for 
the Dow Chemical Company's chemical 
sales department. He has been with Dow 
since 1957 in the nuclear and basic re- 
search department, and as manager of 
marketing research for the chemicals de- 
partment. 

GIL PEPPIN, senior scientist for North- 
rop Corporation's division in Ventura, is 
working on generation of hypervelocity 
particles, equation of state of materials and 
shock phenomena. The Peppins have three 
children, a girl 6, and boys 5 and 4 years 
old. 

1954 
JOHN G. GOETTEN has joined Toups 
Engineering Incorporated, consulting civil 
engineers in Santa Ana. He had been 
senior civil engineer in charge of the 
Orange County road department's plan- 
ning section. 

1958 
MICHEL EBERTIN, MS, is senior re- 
search engineer at the data systems divi- 
sion at Autonetics, in Anaheim, and is do- 
ing research in special purpose computers 
and requirements for real-time multiple 
computer systems. The Ebertins have a 
son, George Michel, seven months old. 

RICHARD TANAKA, PhD, was general 
chairman last fall of the Joint Computer 
Conference in San Francisco, which in- 
volved nearly 11,000 persons. Tanaka is 
senior member for computer research at 
Lockheed Missiles & Space Co.'s electronic 
sciences laboratory in Palo Alto. He and 
his wife have what Tanqka calls a "well- 
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programmed family: boy/girl/boy, 8, 6, 
2 respectively." 

1959' 
WILLIAM K. CLARKSON, MS, is the 
new manager of the systems integration 
section at the Aerospace Corporation in 
El Segundo. He has been with the com- 
pany since 1960. 

WILLIAM 0. McCLURE, who completed 
work on his PhD at the University of 
Washington, Seattle, last November, is 
now at The Rockefeller Institute in New 
York City, working on some aspects of 
immunochemistry. He reports that GAR- 
LAND MARSHALL '62, DAVE LANGE, 
'58 and STAN SAJDERA '63, also are in 
New York - all well and happy. 

1960 
MARTIN CARNOY and his wife an- 
nounce the birth of their first child, a son, 
David Alexis, on December 7 in Washing- 
ton, D.C. 

1962 
GEORGE ROBERT ROOT, MS '63, is 
one of the research engineers at the Hycon 
Manufacturing Corp. in Monrovia, who 
collaborated on the development of a 
device that will artifically stimulate the 
heart for as long as 30 years. The instru- 
ment is being used in heart patients at 
the City of Hope Medical Center in 
Duarte, California. It is implanted in the 
heart muscle and uses batteries recha%e- 
able from the outside. 

JOHN I?. McCARTHY JR, PhD. is di- 
rector of Apollo control systems at the 
space information system division of North 
American Aviation in Downey, Califor- 
nia. In a recent talk to students of the 
Massachusetts Institute of Technology's 
department of aeronautics and astronau- 
tics, McCarthy predicted that "home view- 
ers will be able to watch astronauts on the 
moon in 1969, and the pictures will be of 
equal quality to those of present-day com- 
mercial presentation." 

1964 
JOSEPH H. WEIS is studying at the Uni- 
versity of Bristol, England, on a Rotary 
Foundation Fellowship. 

JOHN F. CLAUSER, teaching assistant 
in physics at Columbia University, was 
married in December to Maralee Warren. 

March 1965 

engineers & 
scientists: 
Join IBM's 

new computer 
systems science 
training program 
Become a problem-solver and-advisor to 
users of IBM computer systems in areas 
such as: 

real-time control of industrial processes 
communications-based information 
systems 
time-shared computer systems 
graphic data processing 
computer-controlled manufacturing 
systems 
management operating systems 
engineering design automation 

All engineering and scientific disciplines are 
needed. IBM will give you comprehensive 
training, both in the classroom and on the 
job. Openings are available in all principal 
cities of the U.S. 

For more information see your placement 
director, or call the nearest IBM branch 
office. If you prefer, write to C. W. Stevens, 
IBM Corporation, 9045 Lincoln Boulevard, 
Los Angeles, California 90045. 
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MAY 8 
ALUMNI SEMINAR 

An all-day program of 

Ten Lectures 
(each presented twice) 

Social hour and dinner at the 

Huntington-Sheraton Hotel 

with 

Eberhardt Rechtin of JPL 

speaking on 

"THE MOON AND THE ACROPOLIS" 

Complete program and registration forms 

will be mailed in early April 

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: 
An Application for Placement Assistance 
A form to report my field and operation so 
that I may be notified of any outstanding 
opportunities. 

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

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

OF PASADENA 

'Quality Printing When Promised" 

455 El Dorado Sycamore 3-91> 1 

ALUMNI ASSOCIATION OFFICERS AND DIRECTORS 
PRESIDENT SECRETARY 
Patrick J. Fazio, '53 Donald S. Clark, '29 
VICE PRESIDENT TREASURER 
David L Honna, '52 John R Fee, '51 

Tames L. Adams. '55 
wm.  H. Corcoran, '41 
Sidney K. Gaily, '41 
John L. Mason, 47 

~ o h n  T. McGraw '38 
Richard P. Schuster, 1r.; '46 

H. M. Worcester, Ir., '40 
Peter. V. H. Serrell, '36 

ALUMNI CHAPTER OFFICERS 

NEW YORK CHAPTER 
President Victor Wouk, '40 

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

Vice-President Bruno H. Pilorz, '44 
75 Echo Lane, Larchmont, N.Y. 

Secretary-Treasurer Harry I. Moore, '48 
Old Orchard Road, Armonk, N.Y. 10504 

BOSTON CHAPTER 
President lohn B. Higley, '35 

25 Orchard Lane, Wayland, Mass. 
Vice-President Francis Morse, '40 

16 Reservoir Rd., Wayland, Mass. 
Secretary-Treasurer Thomas C. Stockebrand, '53 

56 Summer St., West Acton, 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 

Depi of Geology, Northwestern Univ , Evanston, I11 
Vice-president Philip E Smith, '39 

Eastman Kodak Co , 1712 Praine 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 Sansome St., 
San Francisco 
Informal luncheons every Thursday 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 le  '49 

3920 Dunster Wav. Sacramento. ca l i f  95825 
Meetings University Club, 1319 "K" St 

Luncheon first Friday of each month a t  noon 
Visiting alumni cordially invited-no reservation 
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10 years from now he may tire of 
working with computers 

10 years ago he didn't wait for a 
computer's verdict 

People matter more than computers 
To lure smart young engineers, we feature up-to-date com- 
puter facilities. That's one good reason to have computers. 
We have even more compelling reasons, not all to be found 
in our widely advertised product lines like family cameras, 
film, textile fibers, office equipment, plastics, etc. 

What prudence prevents us from publicly spilling is what 
occupies and fascinates a large corps of mechanical engi- 
neers like Edward T. Kern (right) and his younger colleague, 
William S. Walsh. To more colleagues from among the 
mechanical engineers of the Class of 1965, we hereby offer 
our persuasive combination of long-haul stability and 
internal mobility. 

We respect an engineer for requesting a chance to broaden 
himself by a change of assignment. Both men pictured 
here did so. 

When we hired Ed fresh out of college in 1947, we had 
him spend a year personally running a lathe and doing 
bench assembly on new production equipment for film 
manufacture. (We rarely start engineers that way any more.) 
Then, until 1955, he developed machinery for paper-sensi- 
tizing and film-emulsion coating. Next came a stint bossing 
a 75-man crew that erected, maintained, and repaired 

EASTMAN KODAK COMPANY, 

buildings and equipment for processing KODACOLOR Prints 
and other large-volume photographic products. Feeling his 
feet all too firmly on the ground after three years of this, 
he decided to grapple with a subtler form of reality than 
concerns the average pipefitter, electrician, or bricklayer. 

This decision he made just in time to join his present 
team, then forming. For a while he found himself pitching 
in with proposal preparation, customer contact, subcontract 
technical co-ordination, customer briefings, etc. Gradually 
the assignment evolved from communicating about techni- 
cal matters to generating rather fundamental technical con- 
tent of his own. This he does today, living the life of the 
systems engineer, surrounded by logic, concepts, and limit- 
ing parameters. 

Bill, a 1962 graduate, spent his first year in vibration 
analysis and learned how unimportant is the distinction 
between an E.E. (which his diploma calls him) and an M.E., 
under which heading he now ventures on the same frontier 
with Kern. Before we throw him his retirement party, for 
all we know, he may win honors as the greatest living ex- 
pert on knitting machinery. We have many interests. 

Drop us a line. 

Business and Technical Personnel Department, Rochester, N.Y. 14650 
An equal-opportunity employer offering a choice of three communities: 

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



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

5. W. CORBIN 

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

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

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

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

Q. How about attaining positions of 
responsibility? 

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

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

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

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

Q. Doesn't that mean there will be 
more competition for the top jobs? 

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

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

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

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

An Equal Opportunity Employer 


