


irel the performance of men and machines depends on what they are made of. United States Steel 
makes the materials for the machines, whether it's a very tough armor plate, or heat-resistant alloy, or Stainless Steels. 

You might be interested in some of the USS steels developed specifically for aircraft and missiles: 
USS Strux, an alloy steel with close to  300,000 psi tensile strength primarily for aircraft landing gears; 
USS Airsteel X-200, an air-hardenable alloy steel with 230,000 psi yiplcl strength for aircraft sheet and missile 
applications; USS 12MoV and USS 17-5 MnV Stainless Steels for hiqh-speed aircraft and missiles; 
Stainless "W", a precipitation-hardenable Stainless Steel. 
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New special metals, new methods for making them, present an , 
exciting challenge. Men willing to accept this challenge-civil, i 
industrial, mechanical, metallurgical, ceramic, electrical or chemi- 1 
cal engineers-have a future with United States Steel. For details, I 

just send the coupon. 
I 
I 
I 
I 
I 
I 
I 

USS is a registered trademark 
I 
I 

United States Steel Corporation 
Personnel Division 
525 William Penn Place 
Pittsburgh 30, Pennsylvania 

Please send me the booklet. "Paths of Opportunity." 

Name 

Address -. . - 
City d o n e -  -State -- 



to form new and better metals 
In their search for stronger, tougher, or more heat-resistant metallic materials, 
General Motors Research chemists use the new anion exchange resin technique 
to obtain exact analyses of complex experimental alloys. 

Looking for a job with an exceptional future? Are you interested in electronics . . . 
metals . . . jet propulsion . . . automobiles . . . inertial guidance systems? These are just a few 
of many exciting fields of science and engineering at General Motors. 
Opportunities are virtually endless at GM. Progress can be rapid for men who have 
ability, enthusiasm and potential. You grow as you learn, moving up through your department 
and division, or over to other divisions. 
GM provides financial aid if you go on for your Master's or Doctor's. Also, undergrads 
can work at GM during the summer and gain worthwhile experience. 
For all the details on a rewarding career, see your Placement Officer or write to General Motors, 
Personnel Staff, Detroit 2, Michigan. 

GENERAL MOTORS 
GM positions now available i n  these fields for men holding Bachelor's, Master's and Doctor's degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical, 
Aeronautical and.Ceramic Engineering. Mathematics. Industrial Design. Physics. Chemistry. Engineering Mechanics. Business Administration and Related Fields 
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Engineer C. A. Booker and Technician L. G. Szarmach run an  optimiang control test 
to achieve the highest profit rate for a simulated chemical distillation process. 

The New Products Laboratories help 
the Westinghouse engineer verify his theories 

The engineer a t  Westinghouse can rely on the New 
Products Laboratories to help verify his theories. These 
laboratories a t  Cheswick, Pennsylvania, contain a group 
of advanced engineering development personnel who 
can converse in both the language of the fundamental 
scientist and of the designer. 

These laboratories, through their diverse scientific 
activities, aid the work of engineers in all departments 
of the corporation and provide a means to convert theory 
into proven equipment. Among the many projects which 
have come into being through the New Products Labora- 
tories are thermoelectric power generation, thermoelec- 
tric refrigation, ultrasonic cleaning, and OPCON, a new 
concept in process control systems. OPCON (optimizing 
control) has proven successful in the chemical processes 
industry. Other possible applications include the petro- 
leum, steel and paper industries. 

The young engineer a t  Westinghouse isn't expected 
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to know all the answers . . . our work is often too 
advanced for that. Instead, his abilities and knowledge 
are backed up by specialists like those in the New 
Products Laboratories. 

If you have ambition and ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportuni- 
ties for talented engineers. 

Want more information? Write today to Mr. L. H. 
Noggle, Westinghouse Educational Department, Ard- 
more and Brinton Roads, Pittsburgh 21, Pennsylvania. 

Westinghouse 
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an off-guard photogiaph of Call An- 
dei son, pi ofesim ot physics, t'iken 
in his laboratoiy, while he was ex- 
amining a cloud-chamber photograph 
through it viewer. The picture of Di. 
Anderson was taken by Joe Munroe 
as part of an assiginner~t to  photo- 
graph Caltech people and places for 
Foi-ttinc Mugazine. For a further 
sampling of some of Mr. Mmiroe's 
candid views of Caltech faculty nnem- 
hers, see "Off Guard" on pages 11-15. 

who gives a progress repoil on smog 
control on page 17. is emeritus pro- 
fessor of mechanical and hydraulic 
engineering a t  Caltech. Professoi 
Daugherty served as chairman of the 
advisory committee of the Los An- 
geles An Pollution Control District 
from 1948 to 1953. Since 1954 he has 
been a member of the Air Pollution 
Control Hearing Board 

Research in Progress 

in Caltech's bustling immunochemis- 
try center is described in the article 
on page 21. This research is part of 
a nationwide program to find relief 
for 17,000,000 allergy suffei ers. 
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SPECIAL PREPUBLICATION OFFER 
available 

for a 
limited time 

at a 
Special 

Prepublication 
price 

a reference work . . .  monumental in scope 
prepared by more than 
2000 eminent authorities 

THE McGRAW-HILL 

ENCYCLOPEDIA of 
SCIENCE and TECHNOLOGY 
15 VOLUMES . .  .9300 PAGES 
7224 ARTICLES . .  .8700 ILLUSTRATIONS 

An unprecedented publishing achievement providing the foundation refer- 
ence work for the library of the engineer or scientist * . . 
Here, for the first time, is a universal reference to meet these 7224 articles. The encyclopedia includes the writ- 
your needs in this age of exploding scientific and tech- ings of such men as: Glenn T. Seaborg on the transur- 
nological developments. More than 7000 separate articles anium elements, Paul A. Siple on Antartica; Selman 
give you the basic concepts, terminology, and modern Waksman on antibiotics; P. W. Bridgman on classical 
developments in every major area of science-covering mechanics; H. E. Edgerton on deep-sea photography; 
the physical, life, earth, and engineering sciences. recent Nobel Prize-winner Emilio Seer6 on the antiproton 

and antimatter; Krafft A. Ehricke on space engineering; 
Some 2000 contributors-men whose names and work are and hundreds of experts known for original and signifi- 
familiar both inside and outside their fields-have written cant work in their respective fields. 

A 
distinguished 

seven-man 
editorial 

advisory board 
more than 

60 consulting 
editors 

SPECIAL 
PREPUBLICATION 
PRICE 

15-VOLUME SET 
OFF PRESS: October 1960 
For short time before publication 

you can obtain this set at the 
reduced price of $1 59.00 

Full list price will be $1 75.00 

The contributors and editors of this encyclopedia comprise a truly interna- 
tional "who's who" in both the pure and applied engineering sciences. A dis- 
tinguished Advisory Board set the general pattern and scope of the work, and 
advised on the selection of the Consulting Editors. The Consulting Editors- 
more than 60 in number-were responsible for a major area of science or 
engineering, pinpointed the outstanding men in the field to write the indi- 
vidual articles, and worked constantly to make sure each topic received the 
proper emphasis. 

EDITORIAL ADVISORY BOARD: 

DR. ROGER ADAMS DR. GEORGE R. HARRISON 
Research Professor of Chemistry Dean, School of Science 
University of Illinois Massachusetts Institute of Technology 

DR. JOSEPH BARKER DR. SIDNEY D. KIRKPATRICK 
Chairman of the Board Editorial Director, Chemical Publications 
Research Corporation McGrow-Hill Publishing Company, Inc. 

DR. DETLEV BRONK DR. WILLIAM RUBEY 
President, Rockefeller Institute U. S. Geological Survey 
for Medical Reseorch 

DR. EDMUND SINNOTT 
Emeritus Choirman, Department of Botany 
Formerly Dean Graduate School 
Yale University 

MAIL THIS COUPON TODAY 
Please send me further informatio,n on 
The McGraw-Hill ENCYCLOPEDIA of SCIENCE and TECHNOLOGY 

Name ........................................................................................................................................ 
................................................................................................................... College/Institution 

Address ..................................................................................................................................... 
........ .................................... City ....... ...................................................................... Zone State 

DEPARTMENT 0 1  -03 

McGRAW-HILL BOOK COMPANY, INC. 
330 West 42nd Street, New York 36, N .  Y., CEM 4160  
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where 

engineers 
FUTURE SPACE TRAVELER. Scheduled to do much 
of NASA's ~eseaicli in space is Scout. Vought Astro- 
nautics lias a coiitr.ict for the development of this can rocket ahead! d-stage r e s p a ~ c ~ ,  rockct 2,ild its 7-stor> ~ : iunc~x~r .  

Of particular interest to young engineers are the 
opportunities for advancement made possible by 
Vought Astronautics, a division of Chance Vought 
Aircraft, Incorporated. 

This new division is pledged to two ideals. One 
is simply new ideas - the imaginative ideas to carry 
out unprecedented assignments. The other is reliability 
- the assurance that these new concepts - and the 
"hardwaie" that they gi\e birth to - will function 
exactly as intended. 

Vought's four-point program for space gives young 
engineers wide opportunities to make fullest use of 
their talents. First, there is the area of space research 
vehicle;) - systems to carry the actual pa! load instru- 
mentation. The second is the payload itself - the 
reconnaissance and communication satellites which 
the rockets place in orbit. A third major line of interest 
is the manned space vehicle, and few private U. S. 
concerns are as thoroughly experienced or well- 
equipped as Vought for designing crew quarters. 

The fourth area of prime interest consists of long- 
range studies - anticipating future needs. Scientists 
and engineers are looking beyond the tomorrow that 
is just over the horizon -planning for the day when 
space travel is a reality. 

Programs and projects being advanced in other 
Vought Divisions: 

Vought Aeronautics is developing the  nuclear- 
powered SLAM (supersonic low-altitude missile), is 
carrying out ASW work for the Navy, and is repre- 
sented in other fields ranging from battlefield weapons 
to pilot escape. Vought Electronics is developing 
antenna systems. support equipment and power con- 
trols, including the actuator for the Minuteman ICBM. 
The Range Systems Division is tracking NASA satel- 
lites in addition to other Pacific Missile Range duties. 
The Research Division, recently organized, is looking 
forward to a new, integrated center for basic research. 

In all of this work, Vought's greatest asset is its 
strong backlog of technical and operational experience 
acquired through 43 years of leadership in high- 
performance vehicles. 

For further information about Vought's new Astro- 
nautics Division and its opportunities for your space- 
age advancement, or about any of the other four 
divisions, student engineers are incited to write: 

Professional Placement Office 
Dept. CM-26 

D A L L A S ,  T Â £ X A  
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Proud of your Scht 

WORKING TOOLS ... 
A.W.FABER 
CASTELL 

helps the hand that 
shapes the future 

#9000 CASTELL Pencil 
with world's finest 
natural graphite that 
tests out a t  more than 
99% pure carbon. 
Exclusive microlette 
mills process this 
graphite into a drawing 
lead that lays down 
graphite-saturated, 
non-feathering lines of 
intense opacity. Extra 
strong to take needle- 
point sharpness without 
breaking or feathering. 
Smooth, 100% grit- 
free, consistently 
uniform, 8B to 10H. 
#9800 SG LOCKTITE 
TEL-A-GRADE Holder, 
perfectly balanced, 
lightweight, with new 
no-slip functional grip. 
Relieves finger fatigue. 
Unique degree 
indicating device. 
#9030 imported Refill 
Leads, matching 
exactly #9000 pencil 
in quality and grading, 
7B to 10H, packed in 
reusable plastic tube 
with gold cap. 
A man advancing in 
his career just 
naturally gravitates to 
CASTELL, world's finest 
drawing pencil. You'll 
be wise to begin now. 

1 A.W.FABER - MXmL 
Pencil Co., Inc., Newark 3, N. I. 

ooks 
Introduction to Chemical 
Engineering, Problems 
by William H .  Corcoran and 
William N .  Lacey 

Reciewed by Paul D. V .  Manning, 
professo~ of chemical engineering 

Many Caltech alumni who, as 
undergraduates, pursued the applied 
chemistry option will remember the 
course from which this book takes its 
title. They weie the 'guinea pigs" 
used by the authors. Both authors 
have participated in presenting this 
course, and their patient understand- 
ing of student psychology has done 
much to develop enthusiasm for the 
subject and is no doubt responsible 
for the underlying method of handling 
it. 

Since chemical engineering funda- 
mentals make use of physical chem- 
istry in the consideration of chemical 
changes which result in processes, 
this book might be called "An Intro- 
duction to Applied Physical Chemis- 
try." The authors have begun with the 
premise that the student has been ex- 
posed only to general inorganic chem- 
istry. 

The book is just what it purports 
to be - an introduction to the sub- 
ject, and therefore its coverage is 
limited t-o several important essen- 
tials. For this reason, one who is more 
sophisticated may be tempted to put 
it aside as somewhat elementary. This 
criticism might be apt if applied to 
the first three chapters, but the au- 
thors had no intention of developing 
a reference book. Nevertheless, the 
chemical engineer who finished school 
ten years ago may find it a very 
worthwhile means of reviewing his 
grasp of this subject. 

Anyone who has had the privilege 
of studying with the authors will re- 
member their penchant for perfection, 
exactitude, and attention to detail. 
The book exhibits this, together with 
some boldness in method of attack. 
The resu1.t is an accurate, logical pre- 
sentation. The student is led by means 
of the concept of internal energy 
through the solving of exemplary 
problems relating to chemical pro- 
cesses. The examples selected are 

such as to stimulate student interest 
not only because the chemicals in- 
volved are familiar, but also because 
the processes are of the relatively 
few concerning which very complete 
data is available in the literature. This 
makes it unnecessary to fill in with 
guesses - always a distracting thing 
to students, 

The approach used is patently log- 
ical and develops the feeling that the 
fundamental methods involved can be 
successfully applied in studying other 
m d  more complex examples which 
the student may later meet. As stated 
in the preface, the effort is pointed 
towards learning by "active applicii- 
tion of principles." 

With characteristic care, the iiu- 
thors first set up two pages of syn~bols 
used. These are followed by chapters 
on units and an 18-page summary 011 

methods of using mathematical pro- 
cedures in solving engineering prob- 
lems. Next comes a chapter on en- 
gineering measurements which is pos- 
sibly more elementary than the rest 
of the treatise. 

It is logical that the behavior of 
gases is then taken up. This is fol- 
lowed by an excellent discussion of 
material balances as applied to dif- 
ferent methods of process operation. 
There follows the study of energy and 
the development of the energy bal- 
ance. These lay the groundwork for 
a somewhat brief but well executed 
consideration of equilibria and kine- 
tics of chemical reactions. 

Four final chapters provide excep- 
tionally good treatment by applica- 
tion of the preceding principles to 
processes. Those used include the 
synthesis of ammonia, production of 
nitric acid by ammonia oxidation, the 
manufacture of sulfuric acid, and fi- 
nally of caustic soda. 

Fifty-one problems bring this small 
volun~e to a close. The solution of a t  
least some of these will tax the 
knowledge and resourceful thinking 
of many of our older chemical engi- 
neers. 

Errors appear in almost every book 
and this one is no exception. How- 
ever, these do not detract from its 
usefulness and the treatise will be  
found worthwhile by the chemical 
engineering ~rofession, even at the 
somewhat astonishing price of nearly 
four cents a page. 

Engineering and Science 



New styles for the man-about-space 

Every time a space traveler leaves home (earth), he has to wrap himself in 
the complete environment necessary to his physiological and psychological 
well-being. Styling sealed space capsules to suit man's every requirement 
has been a major project at Douglas for more than ten years. Forty basic 
human factors areas were explored in these studies. Now Douglas engineers 
have evolved plans for practical space ships, space stations and moon 
stations in which men can live and work with security thousands of miles 
from their home planet. We are seeking qualified engineers and scientists 
who can aid us in furthering these and other out-of-this-world but very down- 
to-earth projects. Write C. C. LaVene, Box 600-E, Douglas Aircraft Company, 
Santa Monica, California. 

Dr. Eugene Konecci, Head, Life Sciences Section, reviews a new concept 
in space cabin design with Arthur E. Raymond, 

Senior Engineering Vice President of DOUGLAS 
MISSILE AND SPACE SYSTEMS Â MILITARY AIRCRAFT Â DC-8 JETLINERS Â CARGO TRANSPORTS Â AIRCOMB@Â GROUND SUPPORT EQUIPMENT 



There 
e 

What STL does: 
STL is making significant contribu- 
tions in theoretical analysis, research, 
experimental development and tech- 
nical management of advanced ballis- 
tic missile and space systems. 

STL is responsible for the over-all 
systems engineering and technical 
direction of Atlas, Thor, Titan, Minute- 
man and Communications Satellite 
portions of the Air Force Ballistic Mis- 
sile Program. STL conducts advanced 
space experiments for the Air Force 
and for such agencies as ARPA and 
NASA. 

What STL offers: 
For scientists and engineers with out- 
standing capabilities, STL offers an 
opportunity for the application of your 
skills and talents in advanced areas 
of space technology. 

...........................................~..*...*.. 
Please 

send your @ 
resume to: 

SPACE TECHNOLOGY 
LABORATORIES, INC. 

P.O. Box 95004 
1.0s Angeles 45, California 

111 HIS iirtick on the C i l t t ~ l i  VMC'A 
( EbS-Februtir>. 1960) L . ~ ~ I u ;  Tay - 
lui attempts .i cutical aiialysis of the 
iigariiiiatioii which 1s "the orgiii.itm 
iiid g~~tididi i  ilm~sit (ill o igdmi~d 
cultun- on the c<impus.'' His conclud- 
iug L iitidiiin piiipuints the 
H I  the iact that " 2s A l ib~iai ieligu~ii~ 
oi g.uiization, it iniporti libei ally re- 
ligious sp~ike i  *!; .is -.1 hierarrhtt1 or- 
giinizCitioit, it iiiauies that most of it 's 

di5ruision l~.ideis are of one iiiind; 
'is an educational oiganization, it con- 
cenk.iles on quick oiice-ove~ -lightly 
doses of culture." 

In m\ esti~ii~tiiou, Lance T ~ l l u i  ftilL 
into the all-too-common error of iden- 
tif>ing the YMCA ,is THE Caltech 
oiganization. His criticisms, though 
general!) sound, are misdirected 

'1'0 illustrate this point, let u5 EX- 

mime the context in which tjie Y 
peic.ites. Caltech is an edwational 
cind iesearch iristitutiori. The catalog 
state5 thitt (dtural studies are includ- 
ed in the cuiiiculurn "to enlaige the 
student's menial horizon beyond the 
limits of his immediate professional 
interest and thus bette~ qualify him 
to realize his opportunities and ful- 
Fill his responsibilities as a citizen 
and a member of his con~muriity." 

These are noble aims, but unfor- 
tunately they often fail to achieve 
fruition in the case of the individual 
student. The one-third attrition rate 
is not the sole evidence of this, but 
merely represents one solution to the 
great dilemma that inevitably faces 
Joe D. Tekman, typical undergradu- 
ate, at some point in his Caltech 
career: "To be or not to be? And 
if so, why?" 

These questions are perhaps com- 
mon to all college students, but the 
problem is accentuated at Tech be- 
cause of the overwhelming pressure 
to "conform and meet the norm" in 
science and engineering. The curric- 
ulum (which as yet imposes severe re- 
strictions on the individuals freedom 
of choice) is a major source of this 
pressure, since it carries the impli- 
cation for many people that to excel 
in the technical disciplines is com- 
inendable and desirable, but that to 

atudeiit .is a human being and ~1 citi- 
zen of tin world. And there are ii 

nuiiiiber of such evidences Though 
the YMCA is perhaps the mil) ofgun- ' 

iwttun demoted to titi$ d r ~ i ,  tlieie is 
a Public Affairs Room, capably ad- 
iniriistfrred b\ Mrs. Duns Logrin; JII 

InterNations Association; and vdrious 
non-Y student groups such cis the 
Drama Club, Debate, Model U.lSi., 
dnd others. To be sure. the consipicu- 
ou5 lack of formal pcuticipation in 
die area of "cultural education" on 
the part of the Institute is an im- 
portant point to coiisider, but is a 
subject beyond the scope of this 
letter. 

The point I am tiyiug to stres5 is 
that, in the final analysis, the ulti- 
mate responsibility for gaining a 
broad perspective and concern lies 
with the individual himself. Others 
can assist in this process, but although 
it is undoubtedly difficult to develop 
in a vacuum, the vacuum often ex- 
ists in the mind and not in the en- 
vironment. Mr. Taylor, in criticizing 
the occasionally slanted program of 
the Y, is in reality criticizing himself 
and other members of the student 
body for failing to perceive this fault. 

The YMCA, after all, is a student 
organization, and - as such - reflects 
student opinion and desires. I would 
be one of the first to agree with Nor- 
man Cousins that, in this day and 
age, it is imperative for every indivi- 
dual to be aware of world realities 
and to act on conviction. There is no 
better instrument than the Y for 
achieving this aim on tlie campus, but 
the incentive and drive must come 
from the student community. 

- Tom Jovin '60 

Engineering and Science 



United Air Lines pilots review flight plan calculated by Bendix G-15 Computer a t  HAL'S Operating Base, Denver, Colorado. 

BENDIX CO PUTERS . . . AND HOW TO FIGURE 
YOUR FUTURE AS A PROFESSIONAL ENGINEER 

Jet air line speeds bring new com- 
plications to the problems the air- 
line captain must solve. Helping 
him to prepare and follow his Flight 
Plan are two important BendiB 
contributions : (1)  The Bendix G-15 
Computer, which makes pre-flight 
calculations of wind, weather, fuel, 
and load in seconds; and ( 2 )  air- 
borne Bendix Doppler Radar, which 
gives the pilot instant, constant 
navigation data that previously re- 
quired continual manual calculation. 

Similar Bendix scientific and engi- 
neering advances are geared to the 
entire modern industrial complex. 
Opportunities for the engineering 
graduate are nearly limitless. 

BENDtX HAS 24 DIVISIONS, 4 SUBSIDI- 
ARIES-Coast to coast, Bendix activ- 
ities are decentralized-and, a t  the 
same time, generally adjacent to the 
industries they serve. There is great 
latitude in choice of work area for 
the young engineer. 

SIZE AND STABILITY - In terms of 

corporate size, Bendix ranks in the 
top 60 industrial firms (dollar sales) 
in the United States. In fiscal 1959, 
Bendix sales totalled more than 
$680,000,000. An investment in  
future sales was the $120,000,000 
in engineering expenditures. 

DIVERSE PRODUCTION AND RESEARCH 
-The graduate engineer has a 
chance to specialize with Bendix. 
He can probe electronics, nuclear 
physics, heat transfer, ultrasonics, 
aerodynamics, power metallurgy - 
and a long list of other challenging 
fields. Or, he can aim for broader 
areas of mathematics, research, ad- 
ministration, and management. 

CHANCE TO LEAD - Bendix is a di- 
versified engineering-research- 
m a n u f a c t u r i n g  f i r m .  Bendix  

products include: Talos and Eagle 
guided missiles ; Doppler radar  
systems for aircraft navigation; 
numerical control systems for  
machine tools; power steering and 
power brakes for  automotive 
vehicles; nuclear devices ; f l ight  
control systems for aircraft; satel- 
lite controls. More important to you, 
as an engineering graduate, are the 
vast numbers of new projects now 
being planned - projects to which 
you can contribute your knowledge 
and ingenuity. 

BENDIX IS SYNONYMOUS WITH ENGI- 
NEERING-At Bendix, you can join 
an engineering staff of more than 
12,000 people-5,000 of them grad- 
uate engineers. 

Bendix offers  you a chance to 
exercise your engineering degree 
in a real engineering capacity. See 
your placement director or write to 
Director of University and Scientific 
Relations, Bendix Aviation Corpo- 
r a t i o n ,  1108 F i s h e r  Bui ld ing ,  
Detroit 2, Michigan. 

A thousand diversified products 



Antoine Lavoisier . . . on algebra as a language 

"Languages are not only intended, as is commonly sup- 

posed, to express ideas and images by signs, but also are 
real analytical systems by which we advance from the 

known to the unknown, and to a certain extent in  the 
manner of mathematicians: let us try to expound this idea. 

"Algebrais the analytical method excellence: it has 
been contrived to facilitate the operations of the under- 

standing, to make reasoning more concise, and to contract 
into a few lines what would have needed many pages of 

discussion; in short, to lead by a more convenient, rapid, 

and unerring method, to the solution ot the most compli- 
cated questions. But a moment's reflection readily shows 

us that algebra is a real language: like all languages it 

has its representative signs, its methods, its grammar, if 
I may use this expression. Thus an analytical method 

is a language and a language is an analytical method; and 

these two expressions are, in some sense, synonymous." - M6thode de nomenclature chimique, 1787. 

T H E  R A N D  C O R P O R A T I O N ,  S A N T A  M O N I C A ,  C A L I F O R N I A  
A nonprofit organization engaged in a program of research in the physical sciences, economics, mathematics, and the social sciences. 

Mathematicians at  RAND develop new tools with which they, and scientists in every quarter, attach the urgent problems of the 
world of today and tomorrow; these applications, in turn, challenge them to the invention of even sharper tools. 

Engineering and Science 
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OFF GUARD 

Some Unposed Faculty Portraits 

Readers of Engineering and Science are familiar 
with the continuing series of faculty 

portraits we have been running 
in these pages since 1956. 

These impressive camera studies by Tom and 
Muriel Harvey are forming a permanent pictorial 

record of some of the prominent members 
of the Caltech faculty in these years. 

On the following pages are some informal 
footnotes to this formal record - 

a lively series of unposed faculty portraits 
by Photographer Joe Munroe. 

When Fortune Magazine was preparing its feature 
article on the Institute last year ("Magnetic 
Caltech" - September 1.959), Joe Munroe 

spent several weeks roaming the campus, recording 
the daily life of the Institute. 

From his extensive collection of Caltech 
photographs ( and through the courtesy of 
Fortune) we have chosen some of the most 

candid of his faculty portraits. 



Ernest H .  Suift, chairman of the division 
of chemistry and chemical engineering 



Robert F. Backer, 
chairman of the. di- 

Murray Gell-Mann,  professor 
f of tfteoieticul phi/sii.̂ ; mui 

mathen~at ics and 
Richard P. Fegnmau, Richard 

astrono~?~ y . Chase Tolman professor 
of theoretical physics 

e i n  mathematics 



Clark B .  
director 
Guggenl 
nautical 

John L l .  Roberts, 
profe~sor of organic 
cf l~ i i i i f i t ry  

Hallett Smith, chairman o f  the  dicision 
of humanities 

Frederick C. Lindvall, c/tczirn2(1n of the 
division of civil. electrical. and mech- 
anical engineering and ae'ronantics 

Millikuit, 
o f t h e  
ieim Aero- 
Laboratory 



John G. B o l t w  profes-  
sor of radio astronomy 



Meteorological conditions make the air pollution problem particularly acute in the 1.0s An&5 area. 

A progress report 
on smog control in Los Angeles County 

by Robert L. Daugherty 

Air pollution is becoming a worldwide problem, 
but it is particularly acute in the Los Angeles area 
because of the meteorological conditions that cause a 
temperature inversion more than 50 percent of the 
time. A layer of air aloft may have a temperature 20 
degrees or more higher than the air at ground level 
and so it acts as a "ceiling" to prevent convection 
currents from dissipating contaminants into space. 
When this ceiling is several thousand feet above the 
ground there is no particular trouble, but when it 
drops down to 1,000 feet, or 500 feet, or even lower. 
the contaminants arising from the activities of some- 
thing over 6,000,000 people are confined in too sinall 
a space. 

Other places have legislation to cope with air pol- 
lution, but no place has a code for control that is as 
comprehensive and as strict as that of Los Angeles 
County. The word "smog" is coined from "smoke" 
and "fog.' and is applicable to conditions in areas 
where coal is burned, but it is not an appropriate term 
here. Air pollution is the result of chemical reactions 
between many contaminants, and the products may 
be very different from the original constituents. Sun- 
light is an important factor in producing photochem- 
ical reactions. As an illustration, nitrogen dioxide 
( N O 2 )  is discomposed into NO and 0 and the free 
atom of oxygen then combines with in the air to 
produce ozone (0 ) .  
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Air contaminants consist of: ( 1 ) invisible gases, 
( 2 )  minute liquid droplets suspended in the air which 
produce haze and decrease visibility ( 3 )  particulate 
matter such as dusts and carbon particles which also 
decrease visibility. These air contaminants come from 
many different sources, but practically all of them 
may be put into one of 3  groups. In order of import- 
ance these are: 

( 1) Motor vehicle exhaust gases. 
( 2 )  Emissions from industry of all types, including 

steam power plants; heating plants for schools, hos- 
pitals; hotels, office buildings and others where resi- 
duum oil fuel is burned; oil refineries; storage and 
marketing of petroleum products; steel mills; iron 
foundries; chemical plants; and many others. 

( 3 )  And, formerly, emissions from open fires and 
single-chamber incinerators ranging from the silo- 
type in lumber yards, through the chute-fed type in 
apartment houses in which garbage and all other com- 
bustible refuse was burned, to the small backyard 
type in which theoretically only clean drv paper was 
burned - but in reality garbage, fresh grass cuttings, 
old rubber hose, greasy papers, oily rags, and other 
objectionable matter was consumed. 

A reason for this grouping into three sources is 
the difference in the contiol problem for each. 

( 1 )  For the motor vehicle exhaust gases there is, up 
to the present time, no feasible commercial device for 
control for general use, but there may be in the near 
future. Until there is a practicable method of con- 
trol there can be no enforcement of any law. The nuis- 
ance of smoking Diesel trucks and smoky emissions 
from worn "jalopies" is not included here because 
there is a law covering such emissions, which can be 
and is enforced by enforcement officers in patrol cars 
of the Air Pollution Control District. The main con- 
cern here is with the much greater quantity of in- 
visible gases emitted from cars with engines in good 
condition. 

( 2 )  For industry there is a variety of control equip- 
ment - electrostatic precipitators, bag houses, water 
scrubbers, cyclone or centrifugal separators, gas-fired 
after-burners, catalytic chambers, s u 1 f u r recovery 
plants, and vapor recovery systems at gasoline lead- 
ing-racks. And there are laws which are applied to 
industry which necessitate the employment of some 
means of control. 

( 3 )  The control for open fires and single-chamber 
incinerators was to prohibit their use. Open fires were 
forbidden in 1956. The use of 17,000 commercial in- 
cinerators was prohibited after July I, 1957, and the 
1,600,000 "backyard incinerators for family use were 
banned after October 1, 1957. Multiple-chamber in- 
cinerators, which can be so designed as to comply 
with the rules and regulations, are permitted, but 
these are too large and too costly for family use. 

Before there was any prohibition of such burning, 
it was estimated that about 2,000 tons of rubbish per 
day were burned in open fires and about 9,000 tons 
per day in single-chamber incinerators. To burn any 
substance completely it is necessary that four funda- 
mental conditions be fulfilled: 

1. There must be a proper amount of air supplied, 
usually from 10 to 50 percent more than the 
theoretical amount. 

2. There must be a thorough mixing of air and com- 
bustible gases in the proper zone so that each 
particle of combustible matter may be in contact 
with the necessary oxygen at the proper time 
and place. 

3. There must be a sufficiently high temperature 
for the reaction to take place. This temperature 
is about 2000Â° to 3000Â°F 

4. There must be sufficient time for the chemical 
reaction to be completed before the temperature 
drops to too low a value for combustion to con- 
tinue. This may be of the order of something 
below 1800Â° 

THE AIR POLLUTION CONTROL DISTRICT 
Los Angeles County's code for the control of air 

pollution is one of the most comprehensive -and one 
of the strictest - in existence. Violations of the air pol- 
lution control laws are criminal offenses. They are tried 
in regular courts, which may (and do) impose fines 
and even jail sentences. 

The Air Pollution Control District of Los Angeles 
County is made up of three branches: 

1. The Board of County Supervisors is the Legis- 
lative Branch. 

2. The Air Pollution Control Officer - will1 a staff 
of engineers, inspectors, and enforcement officers 
- is the Executive Branch. 

3. The Hearing Board is the Judicial Branch. 

By State law the Hearing Board must consist of two 

attorneys and one chemical or mechanical engineer. 
It has a court room in the Hall of Records. It has three 
functions. It is a court of appeal for anyone denied a 
permit by the Control Officer. It can revoke permits 
when requested to do so by the Control Officer. But 
the greatest part of its duties consists in deciding cases 
of variances. A variance permits a plant to operate in 
violation and may be granted for a short time only if 
the petitioner can convince the Board that it is pro- 
ceeding to remedy the situation and is diligent in so 
doing. 

Robert L. Daugherty, Caltech professor of mechan- 
ical engineering emeritus, has been a member of the 
Air Pollution Control Hearing Board for the past six 
years, md  was recently reappointed for a third three- 
year tenn. 



With6,000,000 people here now, 

and more arriving every day - what chance have 

we got of returning to a pure atmosphere? 

These four conditions can be fulfilled in the furnace 
of a steam boiler. They cannot be fulfilled in a single- 
chamber incinerator or in the cylinder of an automo- 
bile engine. In the incinerator the combustion condi- 
tions are very bad, especially when wet rubbish or 
other unsuitable material is burned. Even with the 
best of care in operation the single-chamber inciner- 
ator will periodically emit smoke with an opacity in 
excess of that permitted by the Health and Safety 
Code of the State of California, and it will also emit 
ash in excess of that permitted. Some of the ash 
emitted may be easily seen, but much of it may be 
so fine as to be practically invisible to the naked eye, 
and it would add to the dust in the air and decrease 
visibility. 

Emissions from single-chamber incinerators vary 
greatly in amount and in character, depending upon 
the material burned and the conditions of operation. 
The Air Pollution Control District estimated that prior 
to their banning these incinerators emitted 130 tons 
per day of organic gases and 222 tons per day of in- 
organic gases - or a total of 352 tons of contaminant 
gases, and from 45,000 to 225,000 pounds of particu- 
late matter per day. The organic gases are hydro- 
carbons ( CH compounds ), phenols such as carbolic 
acid (CgHsOH), aldehydes such as formaldehyde 
(HCHO), and ketones such as acetone ( C H y C O  
-CH3). The inorganic gases are carbon monoxide 
( CO ) , sulfur dioxide ( SOa ) , sulfur trioxide ( SOs ) , 
oxides of nitrogen as (NOa and NO), and ammonia 
(NHs) All of these are contaminants. Non-contam- 
inants, which form the bulk of the emissions. are 
carbon dioxide (COa),  nitrogen ( N 2 ) ,  and water 
vapor (HaO).  

The contribution of incinerators 

No informed person ever contended that inciner- 
ators were the principal source of "smog," or that 
their abolishment would eliminate it. But their con- 
tribution, though minor in amount, consisted of very 
objectionable material, and they were responsible for 

odors, for which there is no numerical scale. It is mv 
opinion that they were the chief source of just plain 
smoke. 

This is borne out by a movie film taken one clear 
Sunday morning by a camera set up overlooking all 
of Pasadena, in which one frame was exposed every 
few minutes, so that in a few minutes one can see on 
the screen what took place over several hours. Shortly 
after daybreak it is possible to see all of Pasadena and 
even the Montebello Hills in the distance. Then one 
incinerator is lit and a plume of white smoke rises 
from it. Then smoke can be seen from a second in- 
cinerator, and a third, and many others. Soon all these 
plumes of smoke merge and blanket the entire city 
from view. The film is entitled The City Thai Disap- 
peared. 

The cost of control equipment 

Industry has spent in excess of $79,000,000 for con- 
trol equipment, practically none of which pays any 
dividends to stockholders. It is not at all uncommon 
for the control equipment to cost from 10 to 20 per- 
cent of the cost of the entire plant. For instance, a 
plant costing $40,000 required $10,000 more for con- 
trol equipment, and another plant costing $1,300,000 
needed $320,000 for control equipment. Industry has 
been very cooperative. In a number of instances, 
when the Air Pollution Control Hearing Board of 
Los Angeles, which controls smog violations, has been 
told of plans to spend several hundred thousand dol- 
lars for control, and the question is asked, "Is your 
company willing to spend this amount?", the answer 
has been, "Absolutely yes! Our board of directors has 
told us we must solve this problem regardless of how 
much it costs." 

This amount is only the capital cost. The cost of 
operation is unknown, but covers such items as the 
electric power, water, gas, replacement of parts, re- 
pairs, and maintenance. 

Some problems in industry are readily solved, but 
others involve much time and expense with many 
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trials. An electrostatic precipitator, for example, may 
be entirely satisfactory in one plant and not in another 
similar plant. 

Of the many types of industry only two, oil re- 
fineries and steam power plants, will be discussed 
here. The oil refineries have spent $42,000,000 for 
control equipment and, as a result, their emission of 
hydrocarbons has been reduced from 800 tons per day 
to 103 tons per day, and sulfur dioxide has been re- 
duced from 900 tons per day to 115 tons per day. 

Sulfur dioxide in the atmosphere 

Steam power plants and other installations must 
use residuum oil fuel at times because there is not 
enough natural gas to meet all of our needs all of the 
time. All fuel oil in this area contains sulfur in an 
amount ranging from a minimum of about 1.2 percent 
up to 3 or 4 percent, the average being around 1.6 
percent. Thus, for every 100 pounds of oil burned 
there will be emitted an average of 3.2 pounds of 
sulfur dioxide. The total amount of sulfur dioxide 
emitted to our atmosphere is now as much as 400 
tons per day at times, and will tend to increase in the 
future. Hence a recent rule prohibits the use of fuel 
oil which contains more than 0.5 percent sulfur dur- 
ing the "smoggy" season from May 1 to September 30. 

There is no known method of removing sulfur from 
fuel oil except at a prohibitive price and the product 
will then be a refined oil of some type. And there is 
no feasible way of removing the sulfur from flue 
gas, so far as is now known. For example, at a certain 
power plant the volume of flue gas at stack temper- 
ature of 74SÂ° is 775,000 cubic feet per minute, and 
the percent of sulfur dioxide in it is only about 0.07 
percent. To treat such a large volume of gas for such 
a small amount of sulfur dioxide is impractical. 

The Air Pollution Control District reports these 
emissions from industry (in tons per day) as of 
July 1, 1959. 

Contaminant Total Possible Actual 
Emission Einisaion 

Hydrocarbons and other 
organic gases .................. 1,705 580 

............ Oxides of sulfur ......... : 1,325 330 
Aerosols (smoke, dust, 

fumes, mists) .................... 455 65 
Carbon monoxide ..................... 1.680 890 
Oxides of nitrogen ................... 350 280 

- - 
5,515 2,145 

In 1940 there were 6,000 industrial plants in Los 
Angeles County. In 1957 there were 18,000. In 1940 
the population was 2,800,000. In 1959 it was 5,830,000. 
In the face of these increases the APCD has done well 
to keep the air pollution from becoming worse. 

The gains that have been made by the elimination 
of single-chamber incinerators and by the control in 
industry have been nearly offset by the increase in 
automobiles and gasoline consumption. In Los An- 
geles County as of July 1, 1959, we have the following: 

...................................................... Population 5,830,000 
Automobiles ................................................... 2,634,000 

............................ Gasoline buses & trucks 286,000 

............................ Diesel powered vehicles 9,000 

........................... Gasoline, gallons per day 5,82,0,000 

Diesel fuel, gallons per day ........................ 100,000 

The population has been increasing at an average 
rate of about 200,000 a year and the gasoline con- 
sumption has been increasing at the rate of about 
200,000 gallons a day per year. It was recently re- 
ported that as of January 1, 1960, the population of 
the county was slightly in excess of 6,000,000. There 
is approximately 1 automobile for every 2 persons, 
and the average consumption of gasoline is 2 gallons 
per car per day or 1 gallon per day per person. Hence 
the gallons of gasoline per day is equal to the popula- 
tion. The volume of exhaust gas each day would 
cover one square mile to a depth of 250 feet. 

The air theoretically required to burn 1 lb. of gaso- 
line is about 15 lb. It is necessary to have a high ve- 
locity of flame propagation in order that the flame may 
travel from the spark plug to the most remote part 
of the combustion chamber while the piston is on or 
near dead center. The flame velocity will be a maxi- 
mum when there is a deficiency of air of from 10 to 
40 percent. Another consideration is that maximum 
power will be attained when all of the oxygen in the 
cylinder is used up, and this requires an air/fuel ratio 
of around 12:l. Thus. both these factors lead to the 
same conclusion, which is that for good power a t  or 
near full throttle, the mixture must be on the rich side. 

In,complete combustion products 

For other reasons, the mixture at or near idling 
must be even richer. For cruising at steady speed on 
part throttle the carburetor may provide a mixture 
with a ratio near to 15:l or even up to 16:l in some 
cases. But even this is not lean enough to ensure 
complete combustion. To have complete combustion, 
the mixture would be so lean that the engine would 
lack power, it would overheat, and combustion would 
be so slow that exhaust valves would be burned, and 
there might even be flame coming out of the tail pipe. 
Hence it is inevitable that there will be incomplete 
combustion products in the exhaust. This is not the 
fault of the fuel, the carburetor, or the engine. It is 
inherent in the combustion process. 

The percentage of unburned or partially burned 
fuel is very high during deceleration, but the amount 
of fuel used during that operation is relatively small. 
The rate of fuel use is greatest at full throttle and so 
any incomplete combustion, even though small in per- 
centage, will provide a substantial amount of incom- 
plete combustion products in the exhaust. So, to esti- 
mate the amount of unburned fuel in the exhaust 
during a normal car operation it is necessary to know, 
not only what percentages of incomplete products 
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are found in each cycle of operation, but also the 
total gasoline use in such cycles. In other words one 
must know the driving cycle of the car. And to esti- 
mate the total amount of air contaminants during the 
day from all cars, it is necessary to determine an 
average driving pattern for all cars as to the duration 
of time in idling, decelerating, accelerating, cruising, 
and full throttle steady speed. 

As a result of such studies of driving patterns, 
the Air Pollution Control District has given the follow- 
ing estimates of automobile exhaust gases as of July 
1, 1959, from gasoline powered vehicles only. 

Tons/day % of % of 
Fuel Exhau5t Gos 

Hydiocaibons, alde- 
hydes, ketones and 
other oiganic gases 947 5.26 0.368 

Oxides of nitrogen 430 2.39 0.167 
Oxides of sulfur 48 0.268 0.019 
Carbon monoxide (CO)  4,200 23.33 1.63 

- - -  
5,625 31.248 2.184 

In addition to the above, some very recent measure- 
ments have revealed that the "blowby" (or leakage) 
past the piston rings and emerging from the cranlz- 
case ventilator may be from 10 to 50 percent or more 
of the hydrocarbons in the exhaust. These emissions 
are mostly unburned gasoline with only a trace of 
exhaust gas. Thus the total hydrocarbons from motor 
vehicle operation may be from 1,000 to 1,500 tons per 
day. (Compare this with the 103 tons per day from 
the refineries ) . 

Carbon monoxide-no hazard 

Carbon monoxide is deadly in closed spaces, but it 
is not considered a hazard outdoors because its con- 
centration there is too low. It is colorless, odorless, 
and tasteless, and is not a contribution to "smog" as 
we know it. 

Oxides of nitrogen are formed by a union of the 
oxygen and nitrogen in the air when it is at high tem- 
perature in a furnace, in an engine cylinder, or in an 
electric arc. This is a contaminant which has not re- 
ceived much attention up to now. 

It has recently been proposed that the crankcase 
emissions from blowby be returned to the intake mani- 
fold to prevent their emission into the air. It has also 
been found that recycling a small fraction of the ex- 
haust gas into the cylinder will decrease the amount 
of oxides of nitrogen in the exhaust gases, but more 
study of this seems to be needed to determine its 
practicability. 

A complete solution of the motor vehicle problem 
will require an afterburner of some type to complete 
the combustion of the gases after they have left the 
cylinder. The afterburner problem is a difficult one. 
The exhaust gases are hot, but the temperature is not 
high enough for spontaneous combustion and the 
addition of the necessary air will further reduce the 

temperature. Thus it is necessary to initiate combus- 
tion by a direct flame or by a catalyst. The problem 
is also difficult because the percent of combustible 
gases in the mixture is low. It is necessary to main- 
tain a high temperature to ensure combustion, and this 
is hard on the material of the afterburner. The cata- 
lytic device has many merits, chief of which is that 
oxidation takes place at a lower temperature than with 
the direct flame type. But the catalyst has a short life, 
as it is "poisoned by the tetraethyl lead used in all 
grades of gasoline. 

A number of afterburners have been used on test 
cars and have given promising results. But a commer- 
cially successful one must not be too expensive; it 
must have a long life without any maintenance; re- 
placement of parts should be easy and inexpensive; 
and an official inspection should not be required too 
frequently. 

So far as the fuel is concerned, it is well known that 
a petroleum product is "cracked- that is, its mole- 
cular composition is altered by being subjected to 
high pressure and high temperature simultaneously. 
But that is the condition in the cylinder of the internal 
combustion engine. In other words the engine is a good 
cracking device. It has been determined that hydro- 
carbons in the exhaust may be very different from 
those in the gasoline. Thus the U.S. Bureau of Mines 
found that when pure butane, a paraffin (C4Hio), was 
used as fuel, the olefins ( C-H-ai) in the exhaust were 
42.1 percent. 

It has been determined by Dr. A. J. Haagen-Smit, 
professor of bio-organic chemistry at Caltech, that the 
olefins are more reactive than the paraffins, and there 
would be some advantage in reducing the percentage 
of the olefins in the exhaust. With the gasolines used 
in this area, there seems to be a relation between the 
proportion of olefins in gasoline and those in the 
exhaust, and hence there is to be a restriction in the 
percent of olefins permitted in the gasoline sold in 
the county. 

A look ahead 

The abolition of single-chamber incinerators and 
the use of various control means by industry has 
resulted in a material reduction of air contaminants 
from those sources. However, this has been nearly 
offset by the continual increase in the number of 
automobiles, with a resulting steady increase in gaso- 
line consumption, until now the motor vehicle is 
responsible for about 70 percent of the air pollution. 
There is hope, though, that in the near future satis- 
factory control devices for automobiles will be avail- 
able and, in that event, there should be a material 
reduction in the "smog" nuisance. But with over 
6,000,000 people here now, and more coming every 
day, we cannot expect to return to the atmosphere of 
50 years ago. We can, however, look forward to 
better conditions than we now have. 
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Researdt in Progress 

Dan Campbell, head of 
Caltech's immunoclieimstry 

center, studies protein 
concentration in a current 

aller&y experiment. 

It joins in a program designed to f i n d  relief  for allergy sujferers 

Scientists in Caltech's bustling imni~inochemistry 
laboratory are pieungttogether information from a 
variety of sources about medical problems that range 
all the way from honse dust aller$es to radiation 
damage. 

The research is part of a nationwide piogram by 
allergists, immunochemists, and the U.S. Public Health 
Seivice to find some kind of relief for the 17.000,OOG 
allergy sufferers in America. The Caltech laboratory 
is one of the principal immunochemical centers in the 
nutioii. The laboratory is not only engaged in re- 
seaich; it is also an advanced training center for 
graduate students, postgraduate and postmedical stu- 
dents in the compL*ratively new field ot immunochem- 
istry. 

Immunocheinistry is the study of antigen-antibody 
reactions. These reactions occur when the body pro- 
duces specific proteins (antibodies) which may conl- 
bat the harmful effects of foreign substances (anti- 
gens) that invade the body. The antigen-antibody 
reactions can also produce diseases. PracticalH any 
protein can act as an antigen, and antigen-antibody 
reactiolis can produce aide effects ranging from asth- 
matic sneeze;! up through fatal both-wide shock. 

Dan Campbell, head of the Caltech research p u p .  
has been at  the Institute since 1942; and hi5 was prob- 
ably the first professorship ever given in in~rnuno- 
chemistry. His current research interests: studies of 
the mechanisms of antibody form~tion and antigen- 
antibody reactions; isolation of allergy-causing anti- 

gens (allergens) in house dust and pollens; and 
studying the effects of high altitude on immune re- 
sponses and allergies. 

Hypersensitive guinea pigs are used in Dr. Camp- 
bell's research into altitude effects on various allergies. 
With E. M. Heimlich of the Pediatrics Department 
at UCLA (who was at Caltech last year as a research 
fellow), Dr. Campbell took asthmatic guinea pigs up 
to a 14,000-foot altitude at White Mountain, Califor- 
nia. At this high altitude, their antibody production 
jumped drastically for two or three weeks. At the 
same time, the guinea pigs' asthma improved. Re- 
search into the "how" and "why" of the increased 
antibody production is still going on. 

Sources of many of the antibodies produced in men 
and beasts may be the liver, spleen, and lymph nodes. 
One of the Caltech immunochemists investigating 
these organs is Dieter H. Sussdorf, a research fellow 
recently arrived from Argonne National Laboratory 
near Chicago. While at Argonne, Dr. Sussdorf found 
that rabbits produced far fewer antibodies after hav- 
ing been exposed to radiation. H e  encased the appen- 
dixes (which are extra large in rabbits) of a few 
animals in lead, and exposed these rabbits to radiation. 
Unlike the non-shielded animals, these rabbits pro- 
duced normal amounts of antibodies. The antibodies 
came from the radiation-damaged spleen. Dr. Suss- 
dorf's conclusion was that the lymph cells from 
the undamaged appendix had migrated to the spleen 
and there produced antibodies - something they never 
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did in the ~ppendix Dr. Sussdort is now follow~ng up 
his previous research b\ atteinptmg to fractionate the 
spleen (and its lymph cells) into antibody-producing 
and non-antibodj -producing parts. 

Researcher? all over the nation are trying to iso- 
late and standardize the substances cii11ed allergens 
which cause symptoms like sneezing, asthma, and 
rashes. Dr. Campbell is chairman of a committee set 
up by the National Institutes of Health to standardize 
these allergens. 

One of the chief difficulties faced by the committee, 
when testing and treating persons tor allergies, is 
that the substances used for these purposes are pre- 
pared in different laboratories under different condi- 
tions, and are not shnilai enough to produce precise 
clinical results. For example, a person is tested tor 
sensitivity to ragweed (more than 5,000,000 Americans 
have this sensitivity) by being injected with ragweed 
pollen in a saline solution. If he is sensitive to rag- 
weed, a welt will appear. He is then given a series of 
these same injections until he develops an immunity 
to ragweed. 

The particular pollen used on this patient probably 
contains several allergens. He may be allergic to one 
or more of these. Researchers mast isolate the exact 
fraction of every type of ragweed that seems to be 
causing the trouble until, eventually. standards for 
each allergen will be established. 

Dr. Campbell and research fellow Wilton E. Van- 
nier, who received his PhD at Caltech in 1958, are 

Dieter H.  Sussdorf, 
Calf ech research 
fellon , defe'rnti~~es the 
amount of antibodies in 
iiihbit serum (left)  
1 1  add\% antigen to 
various dilutions of 
serum. The antigen 
will precipitate the 
arllibdy in the tubes. 
Bduu:, the precipitated 
antibodies are then 
separated from the 
solution by cenirifiiga- 
tion and the 
practpittitts is analyzed 
for its antibody content. 
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wording on the isolation of iictiie hoii-if ihist allergen 
fractious. TliGw m~tcrjalii haio been found to consist 
of a nii-l.ttire 01 <u idic p ~ l ~ s i i e d i a ~ d e s  ( complex 
sugar compound ) combined with pol? peptides. The 
importance of house dust in d11eig-y studies has groviii 
since a demonstiation in 1922 revealed that this con:- 
biniitilm of substances contained materials that mould 
produce intense skin re~eiioris in apecifi~*~tlI> sensi t i i~ 
iniliiidi-ials. \.bout 01~s-third of dll ;iJJrrgic iwiii i ( J t~~~ j*>  
gilt: '1 positiie skin react~on to ho iw dust extracts 

Senior research felloe Justine G'irvci has been 
u*>.uig iddi~ticto c ti .iccis to fiml out 1'. I i> i<  Jiappe~s to 
tntigen'i v lu n tlic; entci the bod!. i n s t ~ ~ i d  ot k i n g  
eli~niii~iteil co.ini.ilete]?, l l n h Y  i;ften go to ceit;iin Ioca- 
tiuns in tin- hod) -csipetiaJI) the liter. T h ~ e  .tie 

o#tcsll i>d t1iotisd11iind 1 1 1 0 1 ~  1 1 1 ~ s  oj <i i)iii ticukti' inti- 
Den to one Iher cell tlioiisdnds of these antigei! 
molecules hcu e rem.tined 111 tlie live] for ds  long as 
500 dajs  or more. 4fter t\ib time, iintigem in the I h e ~  
are not found in conjunction with an! antibodies in 
the blood. 

The im~~iunologists think the reason for this is that 
when antigens enter bod) cells they get entangled 
with ribonucleic acid (RNA),  which has a great deal 
to do v ith the formation of proteins. The antigen- 
RNA combination leads to antibodj synthesis and the 
antibodies react in the cells with the antigens and 
with RNA. As this. occurs. antibody production drops. 
For some reason, the antigens in the liver are not 
destroyed during this process. Dr Garvey is trying to 
find out why - with the help of an amazing arrange- 
ment of glass tubing dubbed a "Mars~naii." This in- 
strument was developed by research fellow Herman 

Senior research jcllow justinc C a r v q  and the "Mars- 
man," a complicated collection of glass tubing used to 
grow tissue and produce antibodies in vitro. Dr. Gar- 
~ e y  hoUs the core of ilk(; " h I ~ ~ r s r ~ i ~ / n "  inhere nutrients 
are fed to the tissue. 

Wi l ton  E. Vaiinier, staff member of the Laboratorg of 
Immunology at the National Institute of Allergy and 
Infectious Diseases in Betlicsda, Md.. studies ultra- 
centrifuge photographs of antibodies which exist iri 

rabbit serumj to th~tcriunie their molecular weights. 

Ainis, who is currently using it to culture and produce 
antibodies in vitro. 

Research fellow Arthur A. Hirata, who is also 
studying antibody formation, has found that antibody 
concentration in the blood of neonatal chicks is much 
lower than in chickens six weeks old. Apparently anti- 
gens injected into iieonatal cl~icks go directly to 
various tissues and there suppress antibody produc- 
tion. The same effect occurs in adult animals if they 
are given massive doses of antigens. 

The problems being explored by Drs. Garvey, 
Ainis, and Hirata may have great application to medi- 
cine, since human babies as well as chicks apparently 
dre unable to make antibodies. This ofte11 leads to 
severe staphylococcus infections among infants, since 
an antibody for staph bacteria is not included among 
the ones a baby receives from its 111oil1er before birth. 
Similarly, adult humans seemingly lose the ability to 
synthesize antibodies to certain substances after lung 
exposure to them. 

Caltech's imrnunochemists are a h  studying the 
efforts of the well-known pliisma constituent, gaminti 
globulin, on antibody formation. And they are in- 
vehtigating the possibilities of immunizing animals 
against their own tumors. By means of this slow, 
painstaking research and the discoveries these re- 
searchers are making about the behavior of immuno- 
chemical reactions, we may reach an increased under- 
standing of immune reactions that occur in many 
diseases. 

- Lance Taylor '62 
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James Elam (M.S. ,  Purdue '59) is ~tt ldying various techniques of speech analysis at IBM. 
The objective of this work is voice-machine communication. 



He's breaking through 
sound barriers to 
find new applications 
of human speech 
It is believed that once clear, distinct signals can be obtained from 
human speech sounds, the human voice can be used for direct com- 
munication with machines. James Elam is working in this direction. 

Voice-Machine Communication Problems 
The problems involved are formidable. Machine "understanding" 
of human speech will be limited by botli the sensitivity and the 
number of electronic "recognizers" of speech-sound patterns that 
can be built into the machine. To further complicate matters, the 
human voice is capable of making an almost infinite variety and 
subtlety of sound patterns. Only in theory could a machine be built 
that could recognize all of them. 

A Solution in "Phonemes"? 
To further this work on voice-machine communication, James 
Elam is studying various techniques of speech analysis. In one 
scheme, recordings are made of voices reading words. These are 
then examined in their frequency spectrum, and a power within 
discrete bands is plotted. The plots, or spectrograms, are used 
to break down words into basic sounds called "phonemes." Each 
phoneme has a separate and distinct pattern and is capable of giv- 
ing a clear signal. It is hoped that these signals can be used to 
communicate directly, through an audio input, with machines. 

Because of its (.--..citing future possihilitics. James Elam finds his 
work fascinating. 

If yo11 ~i ould like to ernploy 1 our talents in areas where exciting 
future possibilities are all part of a clays v orl then s o u  might 
consider the opportunities offered In IDYL When our  representa- 
tive comes to your campus, he will be glad to give you information 
about opportunities in research, development, manufacturing and 
other areas at IBM. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 

Your Placement Officer can tell mi vilier1 an I B M  representative m i l l  
next visit !our campus. Or you may write, outliniiig briefly your back- 
gro111~1 and i n t ~ r t  s t s  lo: Vanngpr of 'I'ed1~1ic~i1 Ernp lo~~nen t  TB\f 
Corporation, Dept. 846,590 Madison Avenue, New York 22, Nen \orL 



Psychologist 
Carl R. Rogms, visiting 
Caltecfi on the Lenders 
of America program, 
talks with student 
leaders. 

The Month at Caltech 
Leaders of America 

Dr. Carl H. Rogers, professor of psychology and 
psychiatry at the University of Wisconsin, was on the 
campus from April 18-20 as the second visitor in tin's 
year's Leaders of America Program, sponsored by the 
Caltech YMCA. 

Dr. Rogers is the originator of a unique type o! 
psychiatric treatment called client-centered therapy, 

a treatment built on two central ideas: 1) Every in- 
dividual has the capacity to understand what factors 
in his life are causing him unhappiness. and the ca- 
pacity to reorganize himself so as to overcome these 
disturbing elements. 2) Tlie person under treatment 
ciin recognize his ability to use these powers i f  the 
therapist can establish a warm relationship, one that 
is acceptins and understanding. 

continued on page 28 

TRAFFIC-STOPPER Caltcch botigl~f a 110-foof sioizige tank this month to hold nitrogen for the10-million-volt 
tandem acceleialor in tlia ruw Sloan Laboratory of Mathematics am1 Physics. Tht arrival 
of the 3.5-ton tank. and the romplicdted or~ert~fion of hoisting it over tho 15-foot Ctilifor- 
nia St. wall, was the high point o f  the month for Calti-( h's sidewalk superintendents~ 
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What happens to your career.. . 
after you join Western Electric? 

Youll quickly find the answer is growth. The signs of 
progress - and opportunity - are clear, whether your 
chosen field is engineering or other professional work. 
There is the day-to-day challenge that keeps you on 
your toes. There are new products, new areas for activ- 
ity, continuing growth, and progressive programs of 
research and development. 

For here telephone science is applied to two major 
fields - manufacture and supply for the Bell Telephone 
System, and the vitally important areas of defense 
communications and missile projects. 

You'll find that Western Electric is career-minded . . . 
and you-minded! Progress is as rapid as your own indi- 
vidual skills permit. We estimate that 8,000 supervisory 
jobs will open in the next ten years - the majority to be 
filled by engineers. There will be corresponding oppor- 
tunities for career building within research and engi- 

neenng. Western Electric maintains its own full-time 
all-expenses-paid engineering training program. And 
our tuition refund plan also helps you move ahead in 
your chosen field. 

Opportunities exist for electrical, mechanical, indus- 
trial, civil and chemical engineers, as well as in the 
physical sciences. For more information get your copy 
of Consider a Career at Western Electric from your 
Placement Officer. Or write College Relations, Room 
200D, Western Electric Company, 195 Broadway, New 
York 7, N. Y. Be sure to arrange for a Western Electric 
interview when the Bell System team visits your campus. 

Principal manufacturing locations at Chicago, Ill ; Kearny, N. J., Baltimore, Md , Indianapolis, Ind ; Allentown and Laureldale, Pa Burlington Greens~oro and Winston-Salem, N. C.; 
Buffalo, N. Y.; North Andover Mass, Lincoln and Omaha, Neb., Kansas City Mo , Columbus, Ohio, Oklahoma City, Okla , Engineering Research Center, Princeton, N. J.; Teletype 
Corp , Chicago 14, Ill. and Little Rock, Ark. Also W E. distribution centers i n  32 cities and installation headquarters i n  16 cities. General headquarters. 195 Broadway, New York 7, N.Y 
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Client-centered therap) does not t q  to diagnose the 
client's difficulties or to evaluate hits personality, 1101 

does it attempt to suggest a particular type of treat- 
ment. Instead, the client, under the protection of 
therapy, begins to reorganize his own life structure 
in relation to reality, and thus free himself. 

Dr. Rogers started at the University of VVkconsin 
as an agriculture major but ended up by getting a BA 
in history in 1924. He received his PhD in psycholog) 
in 1931 from Columbia University's Teachers College. 
For the next 12 ~edrs, he wt i i k fd  vtith jujeiiile de- 
Iiit~luents, and his tiiath.irtne method of ticttti~ie~it 
ewhed from this work. Dr. Hogen, lieis been &it tlifc 

isconsin since 1957. 

Retirement Meeting 

Caltech's Industiial Relations Center held a day- 
long conference on March 22 (MI "lridustry's Interest 
ill the Older Worker and tlie Retired Employee." 
More than 200 personnel officiak of southern Cab- 
fornia industries, and authorities in the personnel 
field attended the conference. James T. O'Connell, 
Under Secretary of Labor, in his speech on "The Con- 
cern of Government and Business with Problems of 
Older Persons," stressed the fact that freedom of 

choice both tor the v,wker and loi tin' einplo>er, 
should prevail in all yiiestions Ã§ hiring and retinue 
older w orken. 

Louis Kuplan, e\ecuti\e secretaij of the State (.'it- 
izeiis' Advisory Committee on Aging, recunimcnded 
in mother talk that eounse1in";oi retirement should 
being at least 15 \ears before tlie worker retires. 

Michael T. Wermel, direc'tor 01 research of Cal- 
tech s Benehts and Insurance I-lesearch Center, acted 
us c lu i i i~i~i i~  of the meeting dssisted b y  Proiessor 
lhhtit 11 Cia! (hrettor of Cdlttht.li's J~~di i~t i ia l  fie- 
ations Section. 

4 two-dtt\ iiieetinwi Ldltech on Mitrdi 28 and 29 
brought astronomers, pin sicists and inih'tary inen t o  
the campus for a syniposium on ijiiantitative speetros- 
cup) ~ i i d  selected militan, applications. Most of the 
discussions were concerned with b ~ i c  problems in 
detecting the Idiiiiching and flight of missiles. The 
symposium was sponsored by the Office of Naval 
Research, the Air Force Office of Scientific Research, 
the Institute for Defense Analysis, the Air Force Cani- 
bridge Research Center, and the California Institute 
of Technology. 

CIVIL.. . MECHANICAL.. .ELECTRICAL9 
Edison offers you both challenge and opportunity in the 
all-electric future. 

If you want a career with challenge, we at Edison 
would like to talk to you. 

We'd like to explain our role in the expanding economy 
of Southern California. Today, Edison serves over four 
and one half million people. In ten years it is estimated 
that one half again as many will be served. 

And we'd like to explain how you can fit into this all- 
electric future. Unlimited opportunities exist for creative 
engineers as the demands for electricity continue to grow. 
To meet these growing demands new and more efficient 

engineering, construction and operating methods must 
be developed. 

You'll find opportunity at Edison. Because at Edison, 
you link your future with the all-electric future. 

For full details, write or call: 

Mr. C. T. Malloy 
Southern CaIifornia Edison Company 
P. 0. Box 351 MAdison 4-7111 
Los Angeles 53, California 

SOUTHERN CALIFORNIA 
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in your office, in 

@ Today, science not only is working on labor-saving 
de\ ice;>-but on t/;oi~g/;t-saving de\ ices as well. 

Tliese "thought savers" are electronic computers 
-wonder-workers that free us from tedious mental 
work and are capable of astoundingly rapid compu- 
tations. Naturally, the more compact these computers 
can be made, the more applications they can have. 
Not 0111) in industry, defense and research-but in 
the office and ultimately in the home. 

"Squeezing" exacting components 

A big advance has recently been made by RCA 
research towards making these "thought savers" 
smaller than e\er before, for broader than ever use. 

Take, for example, the new "logic" circuit which 
actually fits in the eye of a needle. I t  is a new 
computer component developed by RCA. 

Today, the electronic functions of this micro- 
miniature device require a whole fistful of wires, 
resistors, transistors and condensers. 

These tiny units will calculate, sort, "remember," 
and will control the flow of information in to- 
morrow's computers. Yet they are so small that 
100,000,000 of them will fit into one cubic foot! 

Cutting computers down to home size 

This extreme reduction in size may mean that some- 
day cigar-box-size electronic brains may help you in 
your home-programming your automatic appli- 
ances, and keeping track of household accounts. 

Remarkable progress in micro-miniaturization is 
another step forward by RCAÃ‘leade in radio, tele- 
vision, in communications and in & electronics-for 
home, office, and nation. 

Needle's eye holds electronic "brain" cells- Photograph shows how 
new RCA "logic" clement can be contained in the eye of a sewing needle. 
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Student Life 

From the ~ e r y  first day that he passes through the 
golden portals, the Caltech undergraduate is faced 
with a strange contradiction. Although lie is con- 
st.mtij toeing reminded that lie is ii superior indhidu.il, 
lie is usualk not a t  the top of his dass; and even ii 
he is at the top of the class, he is t-onsideriibly Iric'king 
in other dcsirctble virtues. The situation becomes 

anyoue who doesn't go or lii-is~l't gone to his alm'i 
rnater. He no longer needs to he convinced All around 
him he finds blatant evidence of the stupidity of the 
rest of mankind. 

What is this rationalization for the rest of the Tech- 
man's failures based on? Obviously (to quote a 
phrase), on his unquestionably high 10. Or, to use a 
less theoreticdl index, on his College Board scores. 
And anyway, everybody at Caltech knows how suc- 
cessful Techmen are after they graduate, or after they 
switch schools. The most lowly freshman can feel him- 
self a king. . . 

C a l t d  in action 

I bring the question of superiority to the fore merely 
as an introduction to a story of Caltech in action 
against other colleges. At the beginning of this month, 
as it has done for the last six years, ASCIT sent a 
delegation to the West Coast Model United Nations. 
Caltech represented Israel - and, almost by coinci- 
dence, Caltech's rival on the athletic field, Oxy, be- 
came Israel's rival, the United Arab Republic, at 
MUN. Out of this rivalry, plaved to the hilt by both 
parties, came most of the excitement at the meetings. 
And although Caltech walked away with many hon- 
ors and many friends, perhaps the most important 
realization of the delegation was that there were an 
awful lot of bright people who didn't qo to Caltech. 

The group of Techmen who went to Berkeley for 
the meeting actually were not the ordinary under- 
graduates, and in many ways this left an unfair picture 
in the minds of hundreds of inferior students. These 
Techmen were willing to pay to meet other people 
of obviously lower intellect than themselves. They 
were willing to cut four days of precious classes and 
homework hours. They were willing to throw them- 
selves into a new environment and a new group of 
students. Most of the delegation even became inter- 
ested in parliamentary procedure and the problems 

of Israel. All were willing to give up sleep to talk 
to a girl - an inferior individual . . . 

It soon becdine evident thdt success at the MUN 
depeuded on how fast you could persuade people that̂  
your position on issue, iohicidcd with theirs. It be- 
came an immemc Student House rotation. Natuiailj, 
it was sheer folly to deal with the Arab nations or the 
Soviet bloc; Israel fount1 itself on the fence between 
the Weatein blix; and the E'ist Asian bloc, w i t h  tho 
South American nations a standby ally. 

Gzlng-ho - with credit 

When the delegation arrived on Wednesday after- 
noon and began to talk to arbitrary people, we real- 
ized that, wherever we went, the Oxy delegation had 
been before. They were gung-ho. ( I t  wasn't until later 
that we discovered they were getting college credit 
fur the work they put in against us.) 

The very first thing that U.A.R. tried to do was to 
kick Israel out of the Afro-Asian bloc caucus on Wed- 
nesday night. The caucus was so disorganized and so 
long drawn out, that somehow Israel retained the 
right to remain on a questionable second ballot. The 
next day, when there were individual committee 
caucuses, the confusion became more intensified; on 
some Afro-Asian caucuses, Israel was asked to leave; 
on others, the Arab bloc stalked out indignantly when 
Israel was voted to stay. Nobody was quite sure what 
bloc Israel was in, and thereby hung success. The rules 
that the delegation had to remember were very few 
in number: 1) never vote against France or the U.S.; 
2 )  never vote with the U.A.R.; 3) Israel is a less- 
developed country. 

The effectiveness of this relatively non-committal 
strategy showed itself in the results of the commit- 
tees. The Social and Humanitarian Committee passed 
a British-sponsored, pro-Israel resolution in regard to 
Arab refugees. The Economic and Financial Corninit- 
tee defeated several Arab-sponsored proposals directed 
at Israel, and passed an Israeli resolution establishing 
a long term development loan fund. Israel helped 
lead the Trusteeship Committee to the passage of a 
Western power resolution on Southwest Africa. 
France's friendship was amply rewarded on the ques- 
tions of nuclear testing in the Sahara and the Al- 
gerian problem. Israel was known by almost everyone 
at MUN, and that in itself can be regarded as proof 

continued on page 34 
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* Flight data systems are essential equipment for merits. P~oneer in this and other flight and electronic 
all modern, high speed aircraft. In the AiResearch systems, AiResearch is also working with highly sen- 
centralized system, environmental facts are fed to a sitive temperature controls for jet aircraft, autopilot 
central analog computer (above), which in turn indi- systems, submarine instrumentation, transistorized 
cates to the pilot where the aircraft is, how it is amplifiers and servo controls for missile application, 
performing, and makes automatic control adjust- and ion and radiation measuring devices. 

EXCITING FIELDS OF INTEREST 

FOR GRADUATE ENGINEERS 

Diversity and strength in a company offer the engi- 
neer a key opportunity, for with broad knowledge 
and background your chances for responsibility and 
advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 

Other major fields of interest include: 

* Missile Systems -has delivered more accessory 
power units for missiles than any other company. 

AiResearch is also working with hydraulic and hot 
gas control systems for missiles. 

Environmental Control Systems-pioneer, leading devel- 
oper and supplier of aircraft and spacecraft air con- 
ditioning and pressurization systems. 

Gas Turbine Engines-world's largest producer of small 
gas turbine engines, with more than 8,500 delivered 
ranging from 30 to 850 horsepower. 

Should you be interested in a career with The 
Garrett Corporation, see the magazine "The Garrett 
Corporation and Career Opportunities7' at your Col- 
lege placement office. For further information write 
to Mr. Gerald D. Bradley.. . 

THE CORPORATaON 

fli Research Manufacturing Divisions 
Los Angeles 45, California Phoenix, Arizona 

Systems,PackagesandComponents for: A I R C R A F T ,  M I S S I L E ,  N U C L E A R  A N D  I N D U S T R I A L  A P P L I C A T I O N S  
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CONVAIR- POMONA.. . in Southern California 

offers NEW PROGRAMS with excellent opportunities today for  Engineers. 
Convair-Pomona, created the Army's newest weapon, REDEYE, Shoulder Fired 
MISSILE and developed the Navy's ADVANCED TERRIER and TARTAR MISSILES 
and many other, still highly classified programs. 

Positions are open for experienced and inexperienced Bachelors, Masters and 
Doctorates in the fields of Electronics, Aeronautics, Mechanics and Physics. 

ADVANCEMENT opportunities are provided for the competent engineer as rapidly 
as his capabilities will permit in currently expanding programs. 

PROFESSIONAL ENVIRONMENT- CONVAIR-POMONA'S facility is of modern de- 
sign and completely air-conditioned. You will work with men who have pioneered 
the missile industry and are now engaged in some of the most advanced programs 
in  existence. 

ADVANCED EDUCATION-Tuition refund is provided for graduate work in  the field 
of your specialty. Company sponsored in-plant training courses offer the Engineer 
the finest of educational opportunities. 

CALIFORNIA LIVING-Suburban Pomona offers lower living costs and moderate 
priced property, unexcelled recreational facilities, freedom from rush hour traffic 
and the ultimate in  comfort and gracious living. 

Contact your placement office immediately 
t o  assure yourself of a campus interview 
with Convair-Pomona. 

If personal interview is not possible send 
resume and grade transcript to  6. L. Dixon, 
Engineering Personnel Administrator, Dept. 

CM-513, Pomona, California. 

CONVABR/POMONA 
Convair Division of 

GENERAL DYNAMICS 
CORPORATION 
Pomona,  California 
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. . .THE EXPLORATION OF SPACE 

Since its inception nearly 23 years ago, 
the Jet Propulsion Laboratory has given 
the free world its first tactical guided mis- 
sile system, its first earth satellite, and 
its first lunar probe. 

In the future, underthe direction of the 
National Aeronautics and Space Admin- 
istration, pioneering on the space fron- 

tier will advance at an accelerated rate. 
The preliminary instrument explora- 

tions that have already been made only 
seem to  define how much there is yet 
t o  be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 

will be made of the moon and the plan- 
ets and of the vast distances of inter- 
planetary space; hard and soft landings 
will be made in preparation for the time 
when man at last sets foot on new worlds. 

In  this program, the task of JPL is to  
gather new information for a better un- 
derstanding of the World and Universe. 

"We  do  these things because of the unquenchable curiosity of Who, a t  this present time, can pred id  what potential benefits 
Man. The scientist is continually asking himself questions and t o  man exist in  this enterprise? N o  one con say with any accu- 
then setting out to  f ind  the answers. I n  the course of getting racy what w e  wi l l  f i nd  as w e  f ly farther away from the earth, 
these answers, he has provided practical benefits t o  man that first with instruments, then with man. I t  seems t o  me that w e  
have sometimes surprised even the scientist. are obligated t o  d o  these things, as human beings:' 

"Who  can fel l  what we wi l l  f ind  when w e  get to  the planets? DR. W. H. PICKERING, Director, JPL 

C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y  

J E T  P R O P U L S I O N  L A B O R A T O R Y  
A Research Facility operated for the  National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 
Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 

INFRA-RED OPTICS MICROWAVE SERVOMECHANISMS COMPUTERS LIQUID AND SOLID PROPULSION * ENGINEERING MECHANICS 
STRUCTURES CHEMISTRY INSTRUMENTATION * MATHEMATICS AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or a t  the Laboratory. 
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Student Life . . . continued 

of success. Unfortunatelj, this is not the sÃ§un as s;t} - 
ing tliiit the CdlterIinicii w t:rc liked bl c-i, erj bod; - for 
the) were not. 

Why opinion w .;is di\ic.led on the Caltech delegtition 
is question which may lie'*, er be answered. \\ e rare11 
stressed our superiority (we felt it was quite evident 
- it's difficult to forget years of brainviasliing at the 
hriiids of such e v e r h  as the Deans) and Collcgv 
Baud wows were unlj .mentioned under the m(j\t 
profoundly interne questioning. Perhaps those who 
did not like us were sirr~pij jealous of our incredible 
iiitelects 

Whether the> liked or rJLlikctJ C.iitccli. el ex! one 
seemed more tltaii v/illing to dispose of Israeli retresh- 
ult'nts at the uigl~tlj ~ar t ics  t h m n  111 room -120. Tlie 
parties, usudlb stdrtcd ~t ..ibout 12 midnight, .liter tht: 
List caucus r t d a  (ner, and lasied until some poor 
Israeli fell exhausted to his bed. \ i i  effective wa?, it 
was found, to rnAe people leave the puvnises, %is to 
first cut short the supph of beverage, and then to 
lure the girls out of the room. There just wasn't any- 
thing lett for the lungerb-on to do. 

Japan threw a wonderful affair on Friday night 
and as a result got the MUN for 1962. The Arabs also 
had nightly parties, but except for occasional Tecli- 
men (who seemed to be everywhere), they only ad- 
mitted Arabs. Israel had no such policy - everyone 

Design for your future! 
Learn how to build the new 

DEEP-STRENGTH 
Asphalt pavements 

If you're going into Civil Engineering, i t  will pay 
you to keep a close eye on Asphalt design devel- 
opments. 

Here, for example, is the latest from Oklahoma 
. . . one of the new, DEEP-STRENGTH Asphalt 
pavements the state is using on Interstate 40. 
This one is outstanding because its base is 8 inches 
of hot-mixed-hot-laid sand-Asphalt . . . no coarse 
aggregate. 

Why 8 inches? Why not 6 or lo? What did engi- 
neers do to insure good drainage? What factors 
set the design? 

The Asphalt Institute answers questions like 
these . . . keeps you abreast of all the latest in the 
design of Asphalt Highways, the most durable 
and economical pavements known. Would you 
like our new booklet, "Advanced Design Criteria 
for Asphalt Pavements", or our "Thickness De- 
sign Manual"? Write us. 

was welcome. provided they were willing to doiute 
something to the p i i c ~ ~  besides their iiparkli'ng person- 
alities. 

There was realism and thew was farce .it the MUN. 
Some nation,, - such as U.A.R., Lebanon, the Union oi 
South Africa, and Fiance - did a great job of piaymg 
the role of their nation. On the other hand, the man! 
Ai"ibs who were representing other caot~ntries pst 
couldn't sewn tn understand that they weren't 4i-dbs 
anymore. In the Economic and Fina~ici~il duninittee 

oiw + somehow c~onsistentl? voted with the Arab 
bloc. h i t b p r  ;>tr<l~i'.;t* < i i l L < i i ~ e  v i  ds Pel Ll's djip~il~d~ICc? 
at the Afro-AsUn cauc 11s (cne1 half t in-  delewtes '~ert;  
from Moslem c omtries ) . This type of incident was 
one of the great iniperiection-, in t\u- M 11 
it, no to alleviate it. 

F l i d t ~  night was lntt~iiation~il Bull night. The 
couples danced \el-> well, but for the most part the 
couples dancing did not habe American faces, dancing 
is fast bci~oit~ing a lost drt among college students. 
Nevertheless, the Israeli delegation appeared in fc)rce. 
The comment was overheard: "Gee, I never knew Cal- 
tech bcns were like this. 1 alwi.iys thought the) looked 
real studious -you know, emaciated and with thick 
glasses. Gee, gosh, they're not like that at all . . ." 

H only she knew. 
- Mart in Camay '60 

Ribbons of velvet smoothness., . 
ASPHALT-paved Interstate Highways 

THE ASPHALT INSTITUTE 
Asphalt Institute Building, College Park, Maryland 
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New Engineering Books 
from McGraw-Hill 

INTRODUCTION TO RANDOM SIGNALS AND NOISE 
By Wilbur B. Davenport, ]r. and William L. Root, Massachusetts Institute of Technology. 

................................................................................ Lincoln Laboratory Publications. 393 pages, $1 1.00 
An introduction to the statistical theory underlying a study of signals and noises in communications sys- 
tems. Emphasis is placed on techniques as well as results. Parts of probability theory and the modern theory 
of random processes are developed in a way suitable for an engineering reader. This material is applied 
to give a coherent treatment of many basic communications engineering noise problems. The chief de- 
parture in treatment is the replacing of various ad hoc methods of treating randon1 signals and noise by 
a consistent set of methods from the theory of random processes. 

AN INTRODUCTION TO STATISTICAL COMMUNICATION THEORY 
By David Middleton 
McGraw-Hill International Series in Pure and Applied Physics ................................ 1140 pages, $25.00 

Covers important mathematical aspects of large-scale, complex automatic control systems. Discusses feed- 
back theory; matrix methods; numerical analysis; linear integral equations; basic statistical theory; sys- 
tems analyses in phase space; analysis of sampled-data systems; and much more. 

INFORMATION TRANSMISSION, MODULATION, AND NOISE 
A Unified Approach to Communication Systems 

By Mischa Schwartz, Polytechnic Institute of Brooklyn. 
McGraw-Hill Electrical and Electronic Engineering Series. Brooklyn Polytechnic Institute Series 

454 pages, $11.00 
A senior or first-year graduate level text which stresses the basic unity inherent in modern information 
transmission of information-non-zero time response or finite band width and noise. The significance of 
these two limitations is explored in a representative group of modulation systems. There are approximately 
250 problems ranging from simple numerical exercises to detailed step-by-step problems which extend the 
material in the text. 

MISSILE AERODYNAMICS 
By Jack N .  Nielsen, VIDYA,  Inc. 
McGraw-Hill Series in Missile and Space Technology .............................................. 450 pages, $12.50 

This volume presents a rational and connected account of principles of missile aerodynamics. It treats the 
subjects of bodies, wings, and tails and the interactions between them which are particularly important 
for missiles. Various methods are presented for determining the airflow about missiles, including the 
vortices which are frequently very prominent in the flow. 

GAS PURIFICATION 
By Arthur L. Kohl and Fred C. Riesenfeld, both of the Fluor Corporation, Ltd. 
McGraw-Hill Series in Chemical Engineering ............................................................ 556 pages. $15.00 

This book provides a practical engineering description of techniques and processes which are widespread 
in use. Subject matter is limited to the removal from gas streams of gas-phase impurities which are 
present in relatively minor proportions. Space has been allocated on the basis of apparent importance to 
industry with greatest stress on those processes which are common to more than one field. 

I 
I TO: MCGRAW-HILL BOOK Co., INC. 
I Dept. 01-03 
I 330 West 42nd Street 
I 

MAIL 1 1 
New York 36, N.Y. 

Oli approval, please send me the books checked below for examination. 
THIS COUPON 

I .................... My remittance of $ is enclosed. 
TODAY! I 

I (No delivery charge when remittance accompanies order). 
I Q Please send me an invoice for the books plus postage. 
I I reserve the right to return books for full credit. 
I , (Return address: McGraw-Hill Book Co., Inc., Hightstown, New Jersey). 
I 
I [Ã‘ Davenport and Root - INTRODUCTION T o  RANDOM SIGNALS AND NOISE 
I 393 pages, $11.00 
I 

-- I [Ã‘ Middleton - AN INTRODUCTION TO STATISTICAL COMMUNICATION THEORY 
I 
I 1140 pages, $25.00 , r") Schwartz - INFORMVKON TRANSMISSION, MODULATION, AND NOISE 
I , 454 pages, $11.00 
I 

1 r") Nielsen - MISSILE AERODYNAMICS 450 Pages, $12.50 
, Kohl and Riesenfeld - GAS PURIFICATION 
I 

556 pages, $15.00 
I CT 01-03 
I 



for 35 years, Hersey Meters have beefi equipped with JENK/NS VALVES 

Century-old Hersey-Sparling Meter Company 
does everything possible to make good its slo- 
gan - You can't buy a better Water Meter 
than Hersey. One example is seen in a rule 
that any part of the meter not made by Hersey 
must be obtained from sources which have 
Hersey's own policy of making the Best. For 
valves, Hersey's standard for quality has been 
JENKINS for 35 years. 

Hersey-Sparling's customers, like the buyers 
of any equipment that incorporates valves, see 
the famous Jenkins DIAMOND trade-mark on 

the valves as a sure sign that nothing has been 
spared in assuring reliability and low mainte- 
nance costs. Architects, engineers, contractors 
and operating men are bound to respect equip- 
ment that carries the valves they so often specify 
to assure trouble-free piping systems. 

Of course, valves of less quality can be 
had for a little less money. But it is worth 
remembering that Jenkins Valves, so widely 
known for reliability, cost no more than any 
good valves. Jenkins Bros., 100 Park Ave., 
New York 17. 

JENKINS VALVE S MOST TRUSTED TRADE-MARK IN THE VALVE WORLD 

F* 
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1Xii year. tqitieeriizg and vim al i~mni  mil find more 
challenging ami reu artiing tiirt7cr^ than ever (it Boeiiig. 
Muan( t ~d  iri~iiiiie and + ~ ~ i t c w ~ p r ~ u n t a  arc cxpuiidii~g. and 

the proportion of engineers and x ien t i~ ts  to Boring7.5 total 
ernploy ment i Â¥ groit ing siteadily . Hoeing program5 include the 
Dynu-Soar booft-glide vehicle, Minuteman solid-propellant 
ICBM. BOMARC d~]~~ l lb f :  rriis,iili' s p t r m .  B-52C missile bomber, 
K C - 1 3  jet tanker-transport, the Boeing 707 jetliner, and 
lunar, orbital and interplanetary systems and advanced 
research projcct.i. A few of the many immediate openings are 
lifted helm: 

ADVANCED CONFIGURATION DESIGN WICHITA AREA 

M.S. or P1i.U. in A.E. to create configuration of new vehicles pro- 
posed by potential military or civilian customers. Creative design 
of vehicles based on general parameters of missions (payload, 
performance, etc.). In addition to configuration, special features 
such as handling payload (i.e., cargo, passengers) and comparison 
with competitors' proposals are investigated. 

INFRARED SEATTLE AREA 

Electrical engineer or physicist with advanced degree to set-up 
and direct an Infrared System Group involved in: (1) Studies 
and analyh~s of infrared systems, techniques and phenomena, 
(2) Definition of models and parametric relationships, and (3) 
Synthesis of advanced infrared sub-systems (search, track, termi- 
nal guidance, mapping, surveillance, and scientific instrumenta- 
tion) for integration into larger systems. 

ELECTRONICS-RELIABILITY SEATTLE AREA 

Eluctrical engineer with B.S. degree minimum (graduate work or 
equivalent experience desired) to organize and manage reli- 
ability programs; to establish requirements. evaluate reliability 
data and initiate correctke action for missile components and 
tactical test equipment. 

ELECTRONICS-DIGITAL COMPUTER SEATTLE AREA 

Engineers with advanceii E.E. degree or particularlj applicable 
experience to design and integrate digital computers in advanced 
military and space programs, involving internal logic design of 
the computers and the external organization of the associated 
equipment used in the guidance and control system. 

ENGINEERING ANALYSIS & PROGRAMMING SEATTLE 

Mathematicians or engineers with B.S. to Ph.D. degrees to work 
in engineering computing and analysis areas. Analysis podions 
involve correlation and conversion matrix studies, trajectory 
simulation programs, error analysis and simulation studies and 
many others. Computing positions involve programming a wide 
variety of complex engineering problenis to be solved with high- 
speed electronic data processing machines-digital and analog. 

SEATTLE AREA 

Expermiental physicist with 1'11.D. in physics for the .--tali of the 
Plasma Phyricb Laboratory, Boeing Scientific Rebearch Labora- 
tories, to conduct studies in the field of Basic Experimental Micro 
Wave Plasma Physics, Basic Trans ort Properties of Plasmas 
and in Theoretical and ~ s ~ e r i r n e r i t a ~ ~ u a n t u r n  Plasma Pliysics. 

OPERATIONS & WEAPONS SYSTEMS ANALYSIS WICHITA 

B.S.J'..k.. w ith good know ledge of telemeti) Ãˆ itriii~. trdiisd ucer~ ,  
arid s j   teni is pn-nuhng inputs irito teiernrtry !-ji-tern~ to work on 
telemeirj qstems integration. This requires abilitj to represent 
the company in meetings with the custorricri- and associate 
contractors. 

ELECTRO-MAGNETICS SEATTLE AREA 

Ph.D. in electrical engineering or physic;- to direct and partici- 
pate in the work of a research group engaged in the tlicoretical 
and experimental irivefctigaiion of the propagation and reflection 
of electro-magnetic wales in the presence of a plabina. 

WELDING ENGINEERING SEATTLE AREA 

Engineer- with degree iii Me~k' . .  Mcv11.E.. I<..!. or nlui\aleiit. to 
maintain weld equipment, design took, develop techniques and 
direct proper use of this equipment, and establish processes for 
all types of Â¥weld used in the unit, including weld bettings for 
qualification programs. 

PERFORMANCE & STABILITY & CONTROL ANALYSIS SEATTLE AREA 

Aeronautical engineers at B.S. and M.S. level to conduct perform- 
ance analysis and stability and control analysis. Each field is 
intimately associated with flight testing and wind tunnel testing. 
Performance assignments include preparation of sales presenta- 
tions, operating instructions and preliminary design work in 
connection with new aircraft; stability and control assignments 
cover wing and tail design as; well as studies concerning detailed 
control -y stems. 

GEOASTROPHYSICS SEATTLE AREA 

Theoretical physicists or astronomers with Ph.D. in physics or 
astronomy on the staff of the Geoastrophysics Laboratory, Boeing 
Scientific Research Laboratories, to carry out theoretical research 
studies in the field of Geoastrophysics. particularly in connection 
with the phenomenology and physics of the planetary system. 
Excellent support ib available for research in Solar Physics, Solar 
Terrestrial relationships and Upper Atmosphere Physics. 

Advantages you'll enjoy at Boeing include up-to-the-minute 
facilities, unexcelled research equipment, insurance and 
retirement programs, and a company-paid graduate study 
program (M.A. and Ph.D.) designed to help you get ahead 
faster. 

Forfurther information write: Mr. Stanley M. Little, Boeing 
Airplane Co., P. 0. Box 3822 - UCZ, Seattle 21, Wash. 

April, 1960 



E. 1. DISBROW 
Tri-Stale College, Angola, Ind '51 

^ d o  DiSBitOW exemplifieh the opportunity to grow with a young. 
glowing company. Now District Manager of the Dunham-Bush Minne- 
apolis office, he supervises widespread engineering activities of a group 
of sales engineers representing a multi-product technical line. 

Engineering degree in hand, Ed went to work for Heat-X (a  Dunham- 
Bush subsidiary) as an Application Engineer. Successive steps in the 
Dunham-Bush main office and as SaJes Engineer in the New York 
territory brought him to his present managerial capacity. 

A member of Belle Aire Yacht Club, Ed leads a pleasant life afloat 
and ashore with his wife and two boys. 

Equally satisfying is Ed's job. In directing calls on consulting engi- 
neers, architects, plant engineers, wholesalers, contractors and building 
owners, he knows he's backed by the extensive facilities of Dunham- 
Bush laboratories. You can see him pictured above on a typical call, 
inspecting a Minnesota shopping center Donham-Bush air conditioning 
installation. 

Ed's success pattern is enhanced by the wide range of products he 
represents. For Dunham-Bush refrigeration products run from com- 
prebsors to complete systems; the range of air conditioning products 
extends from motel room conditioners to a hospital's entire air condi- 
tioning plant. The heating line is equally complete: from a radiator 
valve to zone heating control for an entire apartment housing project. 
The Dunham-Bush product family even includes highly specialized heat 
transfer products applicable to missile use. 

AIR C O N D I T I O N I N G .  R E F R I G E R A T I O N ,  

H E A T I N G  PRODUCTS AND ACCESSORIES 

Dunham-Bush, Inc. 
WEST HARTFORD 10. CONNECTICUT, U. S. A. 

SALES OfFtCES LOCATED IN PRINCIPAL CITIES 

1929 
Andrew V. Haeff, MS, PhD '32, has 

retired as wce president oi the Huglies 
Aircraft Cornpan) 'tiid director of thrir 
research laboratories, and is now doing 
independent research and consiiltmg 
work in electronics and physics. 

1931 
Edward H .  Uecke is now chief en- 

gineer of the newly-created develop- 
mental engineering department of Cap- 
itol Records, Inc., in Hollywood. He will 
be rehpoiisible for advancing the tecli- 
nological position of Capitol in sound 
recording, reproduction, and other nianu- 
factured products. 

1932 
Brian 0. Sparks, MS '33. h4S '40, lias 

been appointed deputy director of Cal- 
tecli's Jet Propulsion Laboratory. H e  was 
formerly general manager and acting di- 
rector of tlu ;ipdce and i n i d e s  division 
ot the Int<rotate Electronic Corporation 
in hialieim. 

1939 
James C. Ritchey, department manager 

of the Firestone Tire & .Rubber Company 
of California's guided missile division in 
Los Angeles, recently received a 25- 
year senice pin and a check for $100 
from the company. The Ritcheys and 
their three childien live in Dowiey. 

continued on page 40 

Engineering and Science 



We have the facilities; the know-how is free 
Consider these three, of many, rea- 
sons why it is to your advantage to 
let us fabricate your laminated 
plastics parts. 

First, we have the facilities for the 
job. Saws, millers, drills, lathes, 
punch presses, planers, sanders. Hun- 
dreds of them. Many are standard 
machine tools modified to machine 
laminated plastics quickly and easily. 

You furnish the print- 

Others are special, designed primarily 
for the high-speed production possi- 
ble with laminated plastics. 

Second, behind the machines are 
people who know practically every 
trick in the book for turning out a 
first-class job fast. They also know 
what to avoid doing. 

Finally, it will hardly pay you to 
handle your own fabrication-in 

-we'll furnish the part 

terms of money, in headaches, in 
possible errors, waste or delays. Call 
a Synthane representative near you 
for a quotation-you'll find him in 
any principal city or write Synthane 
Corp., 13 River Road, Oaks, Pa. 

CORPORATION l^tj OAKS, PENNA. 
Sheets Rods Tubes Fabricated Parts 

Molded-laminated Molded-macerated 

April, 1960 



T h e  A i r  Force THOR,  b u i l t  b y  
Douglas and three associate prime 
contractors, shows how well a down- 
to-earth approach to outer space can 
work. Since its first shoot in  1957. 
it has had more than fifty successful 
launchings , . . at a variety of jobs 
from re-entry vehicle testing at ICBM 
ranges to placing satellites in orbit, 

Initial planning for THOR included 
volume production tooling, ground 
handling equipment and operational 
systems. T h i s  t y p i c a l  Doug las  
approach madethe giant IRBM avail- 
able in quantity in record time, and 
THOR has performed with such reli- 
abitjty that it has truly become the 
workhorse of the space age. 

Douglas is now seeking qualified 
engineers, physicists, chemists and 
mathematicians for programs like 
ZEUS, DELTA, A L B M ,  GENIE, 
ANIP  and others far into the future. 
For full information write to  Mr. C .  
C. LaVene, Douglas Aircraft Com- 
pany, Inc., Santa Monica, California, 
Section B. 

MISSILE AND SPACE SYs FEMS Â MILITARY AIRCRAFT 

DC 8 JETLINERS Â CARGO TRANSPORTS 

AIRCOMB@ 8 GROUND SUPPORT EQUIPMENT 

Personals . , . continued 

Of I l l )  ~ I U K  111 ~ d l l f ~ l i ~ l l ~  with lllitf \I]- 
JOlSI11S 111 >Ol l l<  of tiit iJtllt.1 W t i i t l l i  

Â¥it s Follow JIG i'r- 11iont11'i ill  Okl4 
lionid in 1957, 1 vds asiiiflltd JS iliivl 

I I I  il'i I i ~ i ~ ~ t i i : i ' t ~  ih 01>r I tt1011-i 
\\e ~ i i c  i2ilju>i~~g torcigii hting, p'ii- 

ticulaiij here m tiiidtei~nl~i. Uiia is a 
Lcmc couiiti) but  I I ~ K  ol i n~i t i  t - t  i. I t  

JÂ¥ hot d ~ i d  fl'(~p1~tt1 .lk~ll,t; fh<" ~ ~ d - i h  illid 
I t11<' 1101tll  id 1 l i ~  11 of it I-> K)\ C'rt d 
w it11 deiise, .'iptirscl> populatt d jiiriglc 
,ii ~uiilptired to tin higlihi~di studded 
\wth m~gintn-eiit \ olc<~iiit pt-A-i dud 
lakes and the vtt~iiallv springlike i.h- 
mate. 

"Furtuii~t+ , Ciiiiteiiwld City 1-1 -iltu- 
ated in tin- Idtier pro' nice, iiltliongh 
trips to the jungle ;.reds are required 
fre(4uently. To this setting. add the dii- 
cient Mayan culture, the tuppy dewend- 
ants thereof, r p & t  villages and modern 
cities, 11 i~bibd  inuiic and a multitude 

ot -idtt-. and you have the ingreditiits 
th,.it n u k e  in) Gudtei~iala. 

I'm ni.irrird to filithelf'~1 List, Stail- 
toid 41 \\c have no i-IiiJilrtii biit i$~* 

in tlie pn  I i inH~i i~  di \11411 dt-pcutiiit ril ot 
tli 4iKt ,( nc11 M i t ~ i u h i ~ . t i ~ r i n ~ ( i ' o u i p  u p  
I l l  PllO~ii l. hi /Ol i  1. UK KUIJJIIJI  e t l  C 

1 ) u i l d u i ~  iitw dewrt home in Par'tihse 
\ .illyy neai Phoenix aliere tliey a i d  
tlitir t w o  iliiliht-n, Keith, 10 and Karen, 
8 ,  will tr) to keep ~ o o l  with 't i~\iiuiinmg 
pool diiimg their hist summer in the 
ile-iert 

1943 
Artlit11 B Virdi~e,  MS, l'hD 47, pro- 

fessor of virology and biochemistry ai 
UC in Berkeley, ieeently recfcived the 
Paul-Lev,is Laboratones Award in Eli- 
Z ) I I ~ ~  Clit-niistry, spon5ored by P<ml- 

continued un page 42 

DIGITAL 
PROCESSORS 

s 
Our Tactical Systems Laboratory applies advanced techniques 
to the design and development of airborne and ground-based 
digital data processing systems. If you have at least 2 years of 
design, system integration, testing or production experience in 
digital systems, your talents may find application in the solution 
of our technical problems. Write to Mr. S. L, Hirsch, 

m LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 
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This "-nindmill" or turbine, spun by  hot gas, powers the tuihorar. For ÃˆU it hot 
spot, designers depend on Nickel to help them solve heat-resistance problems. 

How Inco Nickel is helping develop 
the new gas turbine car of tomorrow 

It  will be  power-packed: the gas turbine 
engine in  your dream car of the future 
and tomorrow's trucks and buses. 

Only one  spark  plug- 
runs  on  kerosene 

This new engine is much lighter, smaller. 
I t  has far fewer parts. No pistons. No water 
system. Only one spark plug. Runs on  
lower-grade fuel$. 

Not yet i n  production! 
Before the car i 5  a showroom reality, engi- 
neers face a number of problems. 
One problem-the one Inco is helping with 
-is metals. Strong and economical metals 
to resist heat and corrosion. 

Gas turbines operate at up to 1600Â°F These 
temperatures step up  corrosion of metals, 
promote troublesome distortions. So the 
job is to develop practical alloys able to 
carry the load-alloys that can, at the same 
time, offset the corrosives, resist the distort- 
ing forces found at jet-high temperatures. 

How f a r  has  Inco  research gone 
in its search fo r  practical alloys? 

Difficult as they are, the problems of metal 
performance at high temperature are a 

April, 1960 

familiar story at Inro. Inco researcli has Inco's l i l e ~  contain a wealth of metal infor- 
dealt with them tor yeara. And come up mation . . . over 300,000 indexed and cross- 
with soliition~ in the gay turbine and in referenced case l i i~toriea,  ior  cxdniple. 
many other fields. In con\entio~ul,  atomic, Keep t11i.i in mind against the day you 
and thermionic power. In petrochemistry. may need information. ~ I Y ~ I I ,  inn* 

In  heat treating. In jet aviation. In  mi>- 
silr-. Even in Hollywood'e 800Q0F carbon. T h e  International Nickel Company, Inc. 
arc aims.' '  New York 5, N. Y. 

A International Nickel 
The Internatimidl nickel L o m ~ ~ n y ,  IIIL, 1, the U. S. affiliate of The International Nickel Company 
of Canada, Limiteii. Proilurer of Inco nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium, Sulfur 
and Platinum, Palladium and Other Precious Metals. 
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IS . . . continued 

Lcw 1.s I,,ibortii.or1es, Jric., in Milw aukct 
13, Arthur 1% credited with outi>tanding 

research *>a the complex factors con- 
trolling tonversion of fuod to pn>ilue.t\ 
that support cell growth. He w4.s co- 
Jisi ovtwr of ' " e n ~ > n ~ t ~  repression" and 
'fccilbtiA re pi la ti on,^' t w o  prin(i1)lc.s in- 
wheel in the siipjiression of enxymtb 
syr~thcsis m the body. He has hi-en at 
UC -.nice 1949 

IQ47 
Robert B .  Harm,, Mb, associiitc pro- 

feii'ior of chemical engineering at the 
Uiiher4ty of Michigan in AMU Arbor, 

Sam Ni~tditi.tt, PhD, i;i now president 
1Jf lumhtd ix.lvricc As.ioci,itca, Inc., a 
l~~isic  x t  s ~ ~ i r t l i  arid dc\ elopmt nt coin 
pail) in Fi'tsadeiia. 

K. j .  S. Bratin, itÂ¥icdrr plqakist 'it 

the Califorriia Rcwtirrh Corporation 
(Stiiiiddid Oil of California), writes that 
tic still Iixes in Fullerton with his> tluld 
rt n, EJcaiior 6, and Sid, 5. Hc'-i workini. 
on nuclear niagnetis~n oil vu# logging. 

1951 
Harold I ' .  Martin, project engineer 

w i t h  the IBM Corporation 111 San Jose, 
is now ttxiuiiedl iiitsistant to R. C. Mork, 

Fafnir Ball Bearings help turbojets 
set new performance records 

A recent article i n  a leading newspaper quoted 
airline executives to the effect that Pratt and 
Whitney Aircraft jet engines are proving to be 
the most reliable ever put into commercial 
planes 

In designing these jet engines, Pratt & 
Whitney Aircraft looked to The Fafnir Bearing 
Company as a major source for main rotor 
thrust bearings, generally regarded as among 
the critical engine components, and one of the 
most exacting to produce Each ball bearing i s  
custom-built and rigorously tested. Tolerances 
are held to the millionths-of-an-inch. 

P&WA turned to Fafnir because of Fafnir's 
long experience in  the design and development 
of aircraft bearings. Fafnir established an air- 

craft division thirty years ago, the first i n  the 
industry, and through it, is  keeping pace with 
the revolutionary changes i n  aircraft design. 

To help solve this and other ball bearing 
problems, Fafnir maintains the most up-to-date 
facilities for metallurgical research, and bear- 
ing development and testing. Fafnir may be 
able to help you some day. Worth bearing i n  
mind. The Fa fn i r  Bear ing Company, New 
Britain, Connecticut. 

@ F A F N I R  
B A L L  B E A R I N G S  
Most Complete Line in  America 

iirci tor of dcv4oprnf 111 engmcenng for 
arid Trade Corporatioii i ~ ,  

Pans Harold was married last September 
t o  Miss Srirali Ann Sciidrfftr uf Wc9i 
Hartfoi (1, Conn. 

195.2 
Robert E .  Stanawug is now plant man- 

iger of the Weit Coast Component5 dl- 
is1011 of tlic FdiII liilrl Control'i Corpor- 
.ition in Pa~~ideiia. 

Boyd P. lsitu'hi. n ,  MS '53 is now domg 
ri.search .aid d c ~ l o p ~ i c u t  on lo\\-iioise 
tr.n< ling vi JVC tub( i at tin W itkm'i- 
otiil-i in Coii ipt~1~ in Kilo 4ho He w'ii 

tonmrh .i rc;ic<ii(-h itsvstd~it -it htan- 
find Ekt tronic;! Ldbor,itori<-i. Before 
getting his PliD iit bt,iiiford, Boyd was 
ti -i>mor rewarch c n g u i i . ~ ~  at C ~ l t t d t ' s  
jet Propulsion Ldbuidhiry where lie 
w oilÃˆ d on components tor i i i i ~ ~ l e  g i i i d -  

ancc systems. 

1953 
Pn'd S t o r r e - ,  Mb, has been working 

i s  rtxartor physicist at tht. Socit*t6 Bel- 
gonudcaire" in Brussels, Belgium, since 
4pril 1956. Last October lie was  iiriiii 
to Detroit by contract to work with the 
Atomic Power Development Associates 
on tile design of the Enrico Fermi Fast 
Bretdtr Power Plant in Monroe, Mich. 

D a d  1. MucDonaUi, jr., M h  '54, re- 
celled his PhU in chemistry at UCLA in 
Jailuar) and is now doing postgraduate 
work there under Clijford S. Garner, '35, 
PhD '38. 

1955 
Richard N .  Wugensellcr, MS '56, de- 

sign engineer at Dynamic Research Inc., 
in Los Angeles, was married on April 9 
to Joan Hawkin*. at Oneonta Congrcga- 
tional Church in South Pasadena. 

1956 
John Howell writes that "I am in m y  

first year of medical school at Stanford. 
There seems to be a Caltech-at-Stanford 
up here - Techmen all over the place." 

A h  M. Poisner will receive his MD 
degree from the University of Kansas 
School of Medicine in June, ->nd in July 
he will start a year's internship at the 
University of Illinois Research and Edu- 
cational Hospitals in Chicago. 

1959 
Andre 1. P .  Fossard, MS, writes that 

"after leaving Caltech ten months ago, 
I took a long and wonderful trip through 
the States and Canada with three other 
French fellows. Back in Paris, I worked 
for two months with the Generale Aero- 
nautique Marcel Dassault, the biggest 
French aircraft company, in the servo- 
mechanisms department. I left France 
last November to serve in the air force 
in Morocco and I am training to be  a 
pilot just now." 

Engineering and Science 



E N G I N E E R S * S C I E N T I s T s  

THE 

MITRE 

l n ~ i t e s  CandiJates for Baccalaureate 

the Career Opportunities 2l~ai l i6le  
in Large-Scale Sys tem Engineering 

Accelerating programs in the growing techno- 

logical field of large-scale system engineering 

at  MITRE afford young engineers and scien- 

tists unique career opportunity because: 

MITREl a systems engineering and development 
organizationl formed under the sponsorship of the 
Massachusetts Institute of Technologyl has the 
unusual assignment of providing engineering solu- 
tions to the varied and complex problems inherent 
in large-scale air defense systems. 

The complexities involved in the design and 
developmer~t of the world's largest real-time 
control systems provide an opportunity to apply 
professional skills across a broad scientific spec- 
trum. Included within this long-range work pro- 
gram is the design! development, evaluation and 
integration of the diverse componentsl equipment5 
and  subsystems from which total systems are  

evolved. This is a continuing assignment because 
the MITRE system approach takes cognizance of 
the immediate and long-term threat! the total 
defense technology - both present and projected- 
and  the complex logistics of air defense that  
insures the best possible defense system! at mini- 
mum costl for any given time period. 

Working directly with the men who designed 
and developed the SAGE System, professional 
growth is stimulated in a multi-disciplined environ- 
ment where there is freedom of choice to apply 
individual sl~ills in areas which best fit professional 
talents. Assignments range from system design 
through prototype development to advanced oper- 
ations research. - Openings are available at MITRE'S modern 
locations in suburban Bostonl Massachusetts - 
Fort Walton Beach, Florida - and Montgomery, 
Alabama, 

W e  invite you t o  discuss with us how your academic training 

can be effectively utilized in the following areas: 

COIMMUNICATIONS SYSTEMS SYSTEM RESEARCH AND DESIGN 
RADAR SYSTEM DEVELOPMENT COMPONENT DEVELOPMENT 
REAL-TIME COMPUTER CONTROL SYSTEMS ELECTRONIC RECONNAISSANCE AND 
ENVIRONMENTAL TESTING COUNTERMEASURE SYSTEMS 
AND EVALUATION BASIC ELECTRONIC RESEARCH 

Please contact your Placement Director to arrange interview on campus 

T H E  M I T R E  C O R P O R A T I O N  
244 WOOD STREET - LEXINGTON 73, MASSACHUSETTS 

A brochure more fully describing N73RE and its activities is available on request" 
j 
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, CRESCENT 
Insulafed Wires and Cables 

Pictured here are iust a 

ew of the many wires 

and cables made by 

CRESCENTe They have an 

enviable reputation for 

qua!ity and endurance. 

CRESCENT INSULATED WIRE & CABLE Corn 
TRENTON, N.J. 

pi4 R) rugged, radiant, 

new MARK v INDUSTRO-LUX 

1960 design backed by 40 years of industrial lighting fixture experiefice. 
*Best looking industrial fluorescent fixture available today! 
*Five die-formed ribs provide inaximum rigidity, straight rcws! 
* New reflector aligner clips prevent light leaks between fixtures 

in continuous runs! 
* Proper light distribution. Computer designed! 

Why settle for less when the best costs no more? 

Write for Complete Specifications and Performance Data. 

INGLEWOOD, CALIFORNIA 

Important Dates for Alumni -- 

ANNUAL MEETING 

June 8, 1960 

Reunion of the Classes of 1900, 1915, 1920, 
1925, 1930, 1935, 1940, 1950, 1955 

Rodger Young Auditorium 

ANNUAL 1'1CNIC 

June 25, 1960 

A real family affair 

Tournament Park 
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Here7 then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here7 perhaps, is the kind of challenge you can meet. 

ORSW For information about careers with us, please ad- 
dress Mr. Richard L. Auten, Personnel Department. 

AIRCRAFT 
One of the Divisions of United Aircraft Corporation 

STRATFORD, CONNECTICUT 

April, 1960 



Twenty-third Annual Alumni Seminar 

Exceptional Evening Program 
DINNER - HUNTINGTON-SHERATON HOTEL 

"EDUCATION IS NOT EASY" - LEE A. DUBRIDGE 
Dr. DuBridge will discuss some of the problems facing higher education in America in the 
light of rising enrolllnents and increasing selectivitv. These problems lead to serious con- 
sideration of the seTection process and to the establishment of an educational program in each 
institution to meet the needs and capabilities of the students it selects. 

Special Exhibits 
SYNCHROTRON LAB - COMPUTER CENTER 

HEMOGLOBIN EXHIBIT - Â§EIAECTE DOCUlMENTARY FILMS 

Outstanding Lecture Program 
A choice of four vitally interesting lectures at each of three morning periods will be re- 
peated (with one exception) during three afternoon periods to insure broadest selection and 
continuity of interest for alumni and for gusts. 

Alumni outside of southern California ~ 1 1 0  wish to attend the Seminar should write the Altw~ni Office for reseroations. 

SEMINAR LECTURES 
EXPERIMENTS ON BRAIN FUNCTIONS 
9:30 A.M. Only 
.Mitchell Clickstein, Research Fellow, Biology 

The problem of how learning and memory func- 
tions are carried out in the brain has remained a 
mystery for centuries. Even the simples question 
of where in the brain learning takes place has re- 
sisted a clear.cut solutian. The split-brain technique 
pioneered at Caltech is providing some clues as to 
localization of the learning process. Eventually it 
may assist us towards an understanding of how the 
brain works. 

HUNTING BIG EAKTHQLTAKES IN INDIA 
9:30 *4.M. and 2:lS P.M. 
D. E. Hudson, Professor of Mecltanical Engineering 

The biggest earthquakes in history have occurred 
along the hi ma lay as^ The Earthquake Engineering 
Research J2aboratory of the Caltech Division of 
Engineering is cooperating with the University of 
Hoorkee in India in the study of earthquakes in 
this region from the standpoint of earthquake- 
resistant structural design. The Caltech staff has 
encountered many interesting problems, technicdl 
and otherwise, in the course of living and working 
in India. Some of the problems related to the es- 
tablishment of field stations, design and construc- 
tion of instruments, and the training of research 
personnel in India will be discussed. 

SOUTH POL,E DEEP FREEZE 
9:30 A.M. and 2:lS P.M. 
Trevor Hathedon, Research Fellow, Geophysics 

One of the two major breakthroughs of the Inter- 
national Geophysical Year was the permanent oc- 
cupation of Antarctica. Scientists of twelve nations 
pasticipated in the cooperative effort. The work 
accomplished by these men, their living conditions 
and special problems, and the future of the Ant- 
arctic continent will be discussed by Dr. Hatherton, 
who was in charge of the New Zealand group. 

EXPLOSIVE AFRICA 
9:30 A.M. and 2:15 P.M. 
Horace N. Gilbert, Professor of Bz~si?ws~~ Economics 

Africa's exploding political nationalism must have 
an economic foundation in order to have any 
chance of success. Professor Gilbert spent ten weeks 
last summer studying the economics of some of 
the countries comprising Central and Southern 
Africa. Will there be race riots and intertribal wars, 
or real economic progress? 

NATURE'S MOLDY F-4CTORY 
10:45 A.M. and 3:15 P.M. 
fohn H. Bichards, Assistant Projgssor of Chemistry 

The variety of substances produced in nature by 
simple organisms is astonisl~ing. Many of these 
substances, wliich are of great benefit to man, are 
exceedingly complex organic molecules. A challeng- 
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ing area of chemical research today is to discover 
the mechanism by which these colnplex units are 
formed from sim@le btlilding blocks. Dr. Richards 
will discuss some of the techniques used in solving 
these mysteries. 

DESALTING SEA WATER 
lo:& A.M. and 3:13 P.M. 
lack E. McKee, Professor of Sanitary Engineering 

Considerable publicity has been given recently to 
the economic potentialities of desalting sea water. 
Sources of water pose a serious problem for regions 
with an arid climate. Desalting seawater may be 
our solutionz but is it the best solution? There may 
be other ways in which potable water can be re- 
claimed. Professor McKee will review the current 
status of this problem. 

OUR CHANGING CITIES 
10:4S A.M. and 3:lS P.M. 
Robert W. Oliver, Assistant Professor of Economics 

How fast and in what ways are our cities changing 
and growing? What has been the impact of recent 
population growth, of the automobiIe, of changing 
shopping habits? What happens to the older parts 
of cities when they are not remodeled to keep pace 
with changing tastes and technologies. What can 
be done and is being done about blighted areas? 
Dr. Oliver will discuss these questions relating to 
urban redevelopment. 

FERROML4GNETIC THIN FILMS 
10:45 A.M. and 3:lS P.M. 
Charles H. Wilts. Professor of Electrical Engineering 

An exciting recent development in solid state 
physics is the use of thin films of materials as a 
means of probing further into the properties of 
matter. It is found that these thin films often ex- 
hibit properties not ordinarily found in b d k  ma- 
terials. A partic~~larly interesting example of this 
is the thin film of a ferromagnetic metal. It pro- 
vides a device which sho~vs promise as a high 
speed switching element, logic component and 
memory cell and at the same time permits a very 
high density of functional elements, since each 
film may occupy a volume not greater than 
cubic inch. 

DNA - A CARRIER OF HEREDITY 
11 :4S A.M. and 4:lS P.M. 
&fatthew S. A4esekon, Assistant Professor of Chemistry 

The ordered advance fro111 embryo to adult is the 
result of the coordinated interplay of many thous- 
ands of protein molecules. The master code, which 
tells an organism how many and what kinds of 
proteins to build, is contained in the substance of 
its genes, deoxyribonucleic acid-DNA. Passed down 
from generation to generation, specific giant mole- 
cules of DNA may maintain continuity of living 
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matter. Biologists today are seeki~g to understand 
this chemical code of life. 

NUCLEAR FVRNACES IN THE SKY 
11:4S A.M. a ~ d  4: 15 P.M. 
William A. Fowler, Professor of Physics 

Astronomical observations have indicated that mat- 
ter is given off by stars, and that new stars are 
continually forming from interstellar material. The 
observed energy outputs of stars and supernovae 
imply that nuclear transformations are taking place. 
Experimentation in nuclear physics has led to the 
discovery of processes by which the lighter el+ 
ments are converted into heavier elements in the 
stars. These findings are correlated with what we 
know of stellar evolution to provide a better under- 
standing of the structure, history and age 04 our 
galaxy~ 

ADVENTURES IN MADNESS 
11:45 A.M. and 4:lS P.M. 
J. Kent Clark, Associate Professor of Englislz 

The autobiography of Goodwin Wharton (163-  
1704) is one of the most bizarre docu~nents in the 
English language. Wharton was an alchemist, 
spiritualist, diver, soldier, M.P., lord of admiralty, 
inventor, and part-time lover; he was also the most 
gullible man in England. He was taken in h.and by 
a Iady spiritualist, Mary Parish, the most accomp- 
lished liar and determined confidence woman in 
recorded history. Dr. Clark will discuss some of 
the high points in Wharton's life and some of the 
problems faced in editing the manuscript for its 
forthcoming publication by the Huntington Library. 

A NEW LOOK AT THE MOQX 
11:45 A.M. and 4:lS P.M. 
A. R. Hibbs, Acting Division Chief, Space Science, 3PL 

Now that we plan to send instruments to the moon 
for an on-site inspection, many of our old ideas 
about our small sister planet are being reviewed - 
and found wanting. Is the surface rugged or desert- 
smooth? Are the Maria Iava-flows 9s planes of 
dust a kilometer deep? Is the surface unchanged 
since its formation five billion years ago, or has 
some process of erosion been steadily altering its 
appearance? 

HOW OUR NERVES WORK 
2:lS P.M. Only 
A. Van  Harreveld, Professor of Physiology 

A great deal has become known in the last decade 
concerning the physical cheinical mechanism of 
nerve excitation and its transmission from a nerve 
fiber to an end-organ S L I C ~  as a muscle fiber. These 
s t~~dies  also extend to much more complicated 
phenomena in the central nervous system. Dr. Van 
Harreveld will review recent progress in this field. 



H 
ATHLETIC SCHEDULE 

GOLF BASEBAI L 

April 22 April 16 
So. Calif. Tournament whittier at  itti^ ti^, 

LECTURES 
at Palm Springs April 20 Lecture Hall 

April 29 La Verne at Caltech 201 Bridge, 7:30 p.m. 
Occidental at Caltech April 23 

Ma> 2 Pornona at Cdltei-h 
UC Ruer-iide at April 27 April 22 
Victoria CC Pasadena College at u w  I c rnp  iature 

Brookidde Park Chemistry M<L> 6 -G. Wilse RoLinsoii 
Pomonti at  Pomona SWIMMIKK 

April 29 
TENNIS April 18 4itifit ial Rarthqu At  s for 

'Ipnl 16 Uun i f A n ~ o ~ u  cit (.wlog: and Oil n d r ~  2 
P o r ~ i o r i ~ i  at Pomona C iltech -C. II. Dix 

4pr1l 22 
\pnl 21 Pomona a t  Pomoiia May b 

May 7 '.iii.n t l  h i i i i i i  t i  Pa\adt.iiti College at ~ ~ ~ i l  29 Conditions and Life of P i i d t  1 1 ~ 1  College 0 i.idu,t ll it otc id ,  ,jtdl the h < t n s  of the Pait 
\mil 23 -Heinz A.  Lowenstam 

(am h \i1111111 \1< rstina \\ liittipi (Ãˆ Caltech 1 HACK M r ,  13 
April 30 April 22, 23 Earthq~i~ile'i and 

l ine  25 Annnai Pirnir Clare] nunt-Mudd Mt. SAC Relays at Mountains 
dt CJ,ireniunt Mt S4C; - CLiruii-'e R. Alltn 

Books, etc. 

Pasadena's oldest and most 
complete publication house. . . 

OF P A S A D E N A  

4 5 5  E L  D O R A D O  S T R E E T  

ALUMNI ASSOCIATION OFFICERS 
PRESIDENT SECRETARY 
Frank C Bumb, '51 Donald S Clark, '29 
VICE-PRESIDENT TREASURER 
Ralph W Jones ' 5 8  George B Holmes 38 

BOARD OF DIRECTORS 
Frank E. Alderman 30 Halls y B Diclsinson, '36 
Robert J. Barry '38 Fiederick W Drur Jr '50 
Franklin G cr&wford, '30 William V/ ~ a e f l i g e i l  '50 

Francis E Odell, '44 

ALUMNI CHAPTER OFFICERS 
NEW YORK CHAPTER 
President Harry J. Moore, '48 
I B M Corporation, 590 Madison Avenue 
Vice-president James C Townsend '54 
404 East 65th St 
Treasurer H Nelson Upthegrove ,54 
56 Center Street, Bernardsville New Jersey 
Secretary Frank B Jewett, Ir., '38 
Vitro Corporation of America, 261 Madison Avenue 

WASHINGTON, D.C. CHAPTER 
President Frank H Shelton, '49 
Armed Forces Special Weapons Pioject 
Secretary-Treasurer Richard G. King, '49 
Applied Physics Laboratory, Johns Hopkins University 
Sliver Springs, Maryland 

SAN FRANCISCO CHAPTER 
President Norman Bulman, '52 
Shell Oil Co , Martinez 
Vice-president James A Ibers, '51 
Shell Development Co , Emeryville 
Secretary-Treasurer Lee A Henderson, '54 
Weld Rite Company Oakland 
Meetings ~ r a t e r n i t y ~ l u b  345 Bush St Son Francisco 

Informal luncheons every ~ h h r s d a y  

CHICAGO CHAPTER 
President Laurence H. Nobles, '49 
Department of Geology, Northwestern University Evanston 
Vice-president philip E Smith, '39 
Easiman Kodak Company, 1712 Prairie Avenue 
Secretary-Treasurer Thorne I. Butler, '51 
Medical Center, Northwestern University 

SACRAM 
Presidenl 
Aerojet-General Core 

ENTO CHAPTER 
t Alfred Schaff. 11.. '41 

Vice-president George Langsner, '31 
State Division of Highways, 1120 "N" Street 
Secretary-Treasurer Paul J Jurach, '46 
State Division of Highways, I 
Meetinas University C 

120 "N" Street 
'lub, 1319 "K" Street 

Luncheon first Friday of each month 
Visiting alumni cordially invited-no reservation necessary 

SAN DIEGO CHAPTER 
Chairman Maurice 3. ROSS, '24 
3040 Udal S u e d  
Secretary Frank J. Dore, '45 
Convair 
Program Chairman Herman S Englander, '39 
U S Navy Electronics Laboratory 
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With the IBM Sage computer, Air Force personnel view computer- 
generated displays projected in the Command Post.. 

-you'll find Photogra hy at  Work with you 
THE engineer working in elec- which you can  set your sights 
tronics finds photography one of where photography does not play 
his most valuable tools. For ex- a part in simplifying work and  
ample, he uses camera and film routine. I t  saves time and  costs 
to capture and study the fleeting in research, on the production 
transient on the oscilloscope face. line, in the engineering and sales 

department, in the office. 
X-rays and film provide him 

with a check on the internal in- So in  whatever you plan to 
tegrity of sealed components. do, take full advantage of all the 
Even intricate circuits can  be ways photography can help. 
printed and  miniaturized by 
photographic methods. CAREERS WITH KODAK: 

With photography and photo- 
There's hardly a field on  graphic processes becoming in- 

E A S T M A N  KODAK C O M P A N Y  
Rochester 4, N. Y.  

creasingly important in the business 
and industry of tomorrow, there 
are new and challenging oppor- 
tunities at Kodak in research, en- 
gineering, electronics, design, sales, 
and production. 

If you are looking for such an 
interesting opportunity, write for in- 
formation about careers with Kodak. 

Address: Business and Technical 
Personnel Department, 
Eastman Kodak Comp 
Rochester 4, N.Y. 



A. Tomorrow's many positions of major 
responsibility will necessarily be filled by 
young men who have developed their 
potentials early in their careers. General 
Electric training programs simply help 
speed up this development process. 

In addition, training programs provide 
graduates with the blocks of broad ex- 
perience on which later success in a 
specialization can be built. 

Furthermore, career opportunities and 
interests are brought into sharp focus 
after intensive working exposures to 
several fields. General Electric then gains 
the valuable contributions of men who 
have made early, well-considered deci- 
sions on career goals and who are con- 
fidently working toward those objectives. 

Q. What kinds of technical training pro- 

grams does your company conduct? 

A. General Electric conducts a number 
of training programs. The G-E programs 
which attract the great majority of 
engineering graduates are Engineering 
and Science, Manufacturing, and Tech- 
nical Marketing. 

Q. How long does the Engineering and 
Science Program last? 

A. That depends on which of several 
avenues you decide to take. Many gradu- 
ates complete the training program dur- 
ing their first year with General Electric. 
Each Program member has three or four 
responsible work assignments a t  one or 
more of 61 different plant locations. 

Some graduates elect to take the Ad- 
vanced Engineering Program, supple- 
menting their work assignments with 
challenging Company-conducted study 
courses which cover the application of 
engineering, science, and mathematics to 
industrial problems. If the Program mem- 
ber has an analytical bent coupled with a 
deep interest in mathematics and physics, 
he may continue through a second and 

third year of the Advanced Engineering 
Pi ograin. 

Then tlif-re is the two-year Creative 
Engineering Program for those graduates 
who have completed their first-year 
assignments and who are interested in 
learning creative techniques for solving 
engineering problems. 

Another avenue of training for the 
qualified graduate is the Honors Program, 
which enables a man to earn his Master's 
degree within three or four semesters a t  
selected colleges and universities. The 
Company pays for his tuition and books, 
and his woik schedule allows him to earn 
75 percent of full salary while he is going 
to school. This program is similar to a 
research assistantship a t  a college or 
university. 

Q. Just how will the Manufacturing 
Training Program help prepare me for 
a career in manufacturing? 

A. The three-year Manufacturing 
Program consists of three orientation 
assignments and three development 
assignments in the areas of manufacturing 
engineering, quality control, materials 
management, plant engineering, and 
manufacturing operations. These assign- 
ments provide you with broad, funda- 
mental manufacturing knowledge and 
with specialized knowledge in your 
particular field of interest. 

The practical, on-the-job experience 
offered by this rotational program is sup- 
plemented by participation in a manu-s 
facturing studies curriculum covering 
all phases of manufacturing. 

Q. What kind of training would I get 
on your Technical Marketing Program? 

A. The one-year Technical Marketing 
Program is conducted for those graduates 
who want to use their engineering knowl- 

edge in dealing with customers. After 
completing orientation assignmentsi in 
engineciing, manufacturing, and market- 
ing, the Program member may specialize 
in one of the four marketing areas: appli- 
cation engineering, headquarters market- 
ing, sales engineering, or installation and 
service engineering. 

In  addition to on-the-job assignments, 
related courses of study help the Program 
member prepare for early assumption of 
major responsibility. 

Q. How can I decide which training 
program 1 would like besi, Mr. Abbott? 

A. Well, selecting a training program is  
a decision which you alone can make. You 
made a similar decision when you selected 
your college major, and now you are 
focusing your interests only a little more 
sharply. The beauty of training programs 
is that they enable you to keep your 
career selection relatively broad until you 
have examined a t  first hand a number of 
specializations. 

Furthermore, transfers from one Gen- 
eral Electric training program to  another 
are possible for the Program member 
whose interests clearly develop in one 
of the other fields. 

Personalized Career Planning 
is General Electric's term for the 
selection, placement, and pro- 
fessional development of engi- 
neers and scientists. If you would 
like a Personalized Career Plan- 
ning folder which describes in 
more detail the Company's train- 
ing programs for technical gradu- 
ates, write t o  Mr. Abbott a t  Sec- 
tion 959-13, General Electric 
Company, Schenectady 5,  N. Y. 


