


Only STEEL can do so many jobs so well 

Steel and the Stars seem unrelated. But in almost every attempt man makes to learn 
more about his universe, to build bridges to the unknown, steel plays a vital part. Here, 
for example, in the Palomar Observatory housing the 200-inch Hale telescope-world's 
largest-the rotating dome with precision balanced shutters is made of steel, fabricated 
and erected by United States Steel. Only steel can do so many jobs so well. 

D S T A T  S  S T E E L  

 ZOO^ Chute. In the processing of anthracite 
coal, the best-dressed coal chutes, these days, 
are wearing linings of Stainless Steel. For 
where ordinary carbon steel chutes wear out 
and have to be replaced in 2 months, chute 
linings of stainless steel give 5 years of effi- 
cient service. In addition to hundreds of tons 
of coal, 17,500 gallons of water flow over 
these chutes each day. 

O P P O R T U N I T I E S  
WITH U.S. STEEL 

If you're thinking about what you're 
going to do after graduation . . . if 
you're interested in a challenging, 
rewarding position with a progres- 
sive company . . . then it will pay you 
to look into the opportunities with 
United States Steel. Your placement 
director can give you more details, 
or we'll be glad to send you the in- 
formative booklet, "Paths of Oppor- 
tunity." United Statessteel Corpora- 
tion, 525 William Perm Place, Pitts- 
burgh 30, Pennsylvania. 

This trade -mark is your guide to quality steel 
For further information on any product mentioned in this advertisement, write United States Steel, 525 William Penn Place, Pittsburgh, Pa. 

AMERICAN BRIDGE. . AMERICAN STEEL & WIRE and CYCLONE FENCE..  COLUMBIA-GENEVA STEEL . . CONSOLIDATED WESTERN STEEL . . GERRARD STEEL STRAPPING . . NATIONAL TUBE 
OIL  WELL SUPPLY . . TENNESSEE COAL 8 IRON . . UNITED STATES STEEL PRODUCTS . . UNITED STATES STEEL SUPPLY . . Divis;ons of UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEL HOMES, INC. * UNION SUPPLY COMPANY UNITED STATES STEEL EXPORT COMPANY UNIVERSAL ATLAS CEMENT COMPANY 4-415 



A true human equation? 
W e  at General Motors think it is. 

For, as a writer in our Engineering Journal phrases it: 

"Every engineer must know how to make and 
read engineering drawings, because it is the 
basic method upon which all designing and 
subsequent manufacture is based. It is cer- 
tainly not a language to be learned only by the 
comparatively few draftsmen who will be pro- 
fessional writers of it. But rather it must be 
thoroughly understood by all who are con- 
nected with technical industry." 

That's why we take a dim view of the present trend for 
recent graduates to short-cut the drafting and design- 
ing room. For-not to mention the harm to the profes- 
sion and to the industries it serves-there is even greater 
harm to a young engineer's chances to build a sound 
career for himself. 

So - in discussing the many opportunities that await 
the talented, hard-working engineering graduate who 
elects to join the General Motors family - we must be 
completely frank: 

Those opportunities often start on a drafting board. 

But on that drafting board you can blueprint a blue sky 
future for yourself-which can range from high posi- 
tions in engineering, manufacturing, projection, sales 
or service-even to the top management group. 

How about checking with your College Placement 
Office and arranging for an interview with our GM 
College Representative the next time he visits your 
campus. Let him help you prepare to draft a sound and 
satisfactory future a t  General Motors. 

GM Positions now available in these fields: 
MECHANICAL ENGINEERING 

METALLURGICAL ENGINEERING 
CHEMICAL ENGINEERING 

ELECTRICAL ENGINEERING 
INDUSTRIAL ENGINEERING 
BUSINESS ADMINISTRATION 

E N E R A L  MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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teeth for a 1000 11.p. bite . .  . 
Undoubtedly ) 011 w i l l  recognize more fully -- gain recognition and 

this application of a familiar tech- acha~iceirieiit. 

nique for  s-tuibing s-trersc?. in this; Many of our engineers who had 
case, i t  l i d s  ubed to ilc>elop gears inipordnit roles i n  developing the 
tha t  &re  lei's tlian 5 inches i n  most powerful jet engine known to 
diameter 1 et e d d y  tri~ifciiiit over he in ~~rodt~t>t ioi i  - rated in the 
1000 hors;el~ower. 10,000-pouiid thrust clabs - are 

Â¥til in their twenties. 
Inherentl), the design am1 de- 

velopinent of aircraft eiigines; offers To those J oung graduates who 
unusual opportunilie;, for app1)blg can see the career posbibililie~ in 

b a s i c  e n g i n e e r i n g  p r i n c i p l e s  the rapidlj evolving field of air- 

learned i n  school. In few oilier craft propulsion, we can offer a 

places can a teclinical graduate real opportunity for growth and 
utilise his eduration and abilities; profess-ioiiiil deielopment. 

P R A T T  & W H I T N E Y  A I R C R A F T  
Division of United Aircraft Corporation 

East Hartford 8, Connecticut 
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C O N T E N T S  

Books 4 

Chemical Biology at Caltech 9 
Collubort~t ion betwven biology und chemistry ut ihf  
Insti tute has  ulreudy resulted in some impressive 
discoveries. i\o~j u n e w  grunt prornises to put t h e  
program on u lon f - t c rm basis. 

The Challenge of Man's Future 16 
f 'opi~lui iun figures, and li t  1/15 s tundurd~  are ^till on 
the r is t~ .  H o u ,  lung can it last.? A considered analysis 
of u t i u t ~  aheud for all  1)) 11.5. 

b y  Hurrisioti Brown  

The Month at Caltech 

The Caltech Alumni 
I ( / .  Occupation and I n w r n r  
by john R. W e i r  

Alumni News 

Personals 
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B O O K S  
SARTRE: HIS PHILOSOPHY AND 

PSYCHOANALYSIS 
by Alfred Stern* 
Liberal Arts Press, N.Y. $4.50 

I .MI.SI  W M I Y  thai I 1 1 ~ ~ p 1 i  Dr .  
S t e r n ?  bonk nit11 (;oiisidt-rabti~ pro- 
i ih i : c .  Like iiioat Aim'ricaiis. I knew 
exi:teiitiaIi~i~i 0111 j at second haiid 

ph)i-ical significance. \\hat J had  
tell. liout-ier. \ \a> that the r ~ i o ~ t ~ n i e i i t  
was Ija-icallj a w d l - l j o ~  11 j ~ l n ~ n i ~ t ~ i -  
t>iiuii. and that like till :ixh phen- 
~ m e i i d  hdd 10 LO judged -tried) 
within thdt ndi I ow historical r-tltting. 

Tlii: volume I J ~  Di .  Stt>in"; hds 
not 0111) (:nn\inc*t~d me oi 111) e n o i .  
l ~ u t  ha? iriddc 1nc it-caiit t o  the de- 
glee tlidt I now regard r~isttmtiiilisin 
ds d i ~ t i l l b  ;-ipificdiit developrneiit 
in l-.uiopeaii tiiought. 

M hilt, Stein points DIJI  l~ow much 
01  Sditrt.'.- thought is J e m a t i ~ ( % .  
and i1uittB p r o p e i h  chides hiin foi 
not dcknow I e d g i n g t h e  'uurctl; lit' 
nst3= s o  ht-aiilj .  the fact rtxindiii; 
tkidt I ~ I ;  I rtnarkable 1-1 enchinan. 
while ?till in his thir tu~s.  M d ;  dblt 

bee11 iiu ~ a i .  01 d t  ledst if I'raiice 
had nut known (Jt~rniaii occupalioii 
lo1 se\r idl  >ear*?  Po:>siLlj not: dt 

lea?[ it sceiris unlikelj lie would 
lidit, found his diidience so quickly. 
\ re  the p o ~ n u g r a ~ ~ h )  dud the eni- 
p h a s i ~  upon p h j  ;iologieal function 
ail t+?ential pait ul Ifis philosophy ? 
Appimbtit lj the pol in)grdphj i:- nut 
i edl l j  taaae~~tial. l)ut certdinl) bodi l j  
l  uiictions dnd ;tate\ (c.g., naused) 
are  h i e  to hi? thinking. And cer- 
tain]) iiu c o ~ i t e n ~ p o r a ~ y  thinker ha? 
ie \ealfd si.1 viearb both the bdais 
and the inetdphybicdl-ethicdl intpli- 
cdtioii; ul uiixiel). 

I t  i~ oi course no\\ quiic f ~ s h i o l i -  
i ~ b k  tu ackiiim1edpc that this is  dn 
~ i g e  of diixiel). that dii\iiht) is the 
iiiort ~ ~ i . - r \  d>i\ e p'y chological prob-  
lein of our  da) .  and +o on. But 
Saltre. i t  yeem? to niv, ie\edls unique 
inriglit iii his treatnie~it oi anxiet) 
a> ci.2nt~ul in modern Ii\irig. pdilicu- 
l a r l l  dniong frt,e men. H e  i-hoxis 
that a i ~ x i ~ ~ t )  i? the int~vitable price 
which w e  p a >  l o r  freedom and in- 
lellectlidl crndncipdtion. and. unlike 
most w liter? (particularly p s ~ c h o l o -  
gi>t:} wlio discuse anxiety. he see? 
no f i n e  foi it. 

I i i  this sense ( a ?  in seveial others) 
hie philo:-oph) is pesbimistic. dnd 
ar- Dr. Stern points out. hie p ~ y -  
(hoanalyi-is is- anything but a ther- 
a p j .  4t  i-nost the existential p s y  
ehodiial) st would mere]) try to get 
his pdtients- to accept anxiety a? 
nornidl. and perhaps try to aid them 
i learning 10 live with this state. 

Hut  exactly what is  existentialism 
-nhat a re  it'- fu t idament~ l  ideas 
and frames of references? Well. that 
is D r .  Sternm!- story--dnd in my 
q ~ i n i u n  he tells i t  admirably. Wheth- 
er Sartre bill  h a \ e  any new con- 
vert:- as a result of this book is 
doubtful: certainly Dr.  Stern is? not 
on1 to make comerts.  c i ~ ~ d  he  points 
out the inadcqiiacies. e \en the fai l -  
ures. oi Sartre's thought very 
~ ~ l d i r l l ) .  

l h t  redding thir- volume will in -  
eicdse almost anyoiie'i understand- 
ing of dn important part of 
European thought. One can o n h  
bid1 i t  \ \ere requiui! leading f o r  
those pel ?oii: i i i  o u r  government 
who artL in charge of our  efforts to 
keep 1'1 d t i o '  within the European 
deifiise f 'oir~inuiiil~ cind to persuade 
the j oungci geiierdtiori of French- 
men that tlivii destiny lies outside 
the So\ iet orliit. Sartre 12 not a (:om- 
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To the young man bent on conquering the unknown 
Behind every successful career, there's a driving foice. 
An inspiration; an ambition-call i t  what 1ou will-that 
spurs a man on. 

I t  has been interesting to me to watch ( h e  progress of 
the young men 111 our research department;! , . . watch 
their ambitions take shape. Men. who onlj ~es te rda j ,  i t  
seems, came to us from the universities, and are now 
engaged in vital projects in our applied and fundamental 
research proerains. These young men are exploring the 
unknown-looking for something better than ever before. 
It's a challenging life-and a rewarding one. 

Westinghouse 

But w h a ~  does this mean to you as a graduate? It 
means your abilities, your education; and y o u r  ambitions 
ins\ carry you to undreanied uf heights. Here at 
Westinghouse, we recognize ambitions as well as abilities, 
and do everything in our power to encourage them. 
You art: assisted in reaching \our goals b\ means of 
carefully d a d o p e d  training prugraiiis. You are given 
the opportunii\ c o  pursue graduate work io\\ard Masters' 
and Ph.D. degrees. Here, you arc treated as an individual. 

You who are hem on conquering the unknown are 
welcome at Wcstinghouse. G-10274 

For information on career opportunities 
~ v j  t l )  Wt-'stinghousr,coi~jul~ thePlacement 
Officer of >our university, or send for 
o u r  44-page book, Finding Tour Place 
in  lrulwt<). 

Write: Mr. S. H. Harrison, Regional 
Educational Co-01-dinalor, \Vrstingliousi: 
1.lccnic Corpuranon, 4 10 Bush St1 t.ci 
San Francisco, California. 

FEBRUARY, 1954 



TORRINGTON NEEDLE BEARINGS 
help make products more 

These days, design engineers have 
to  consider sales charts as well as 
blueprints and specifications. 

Two portable electric drills, 
for example, may have the same 
capacity, the same speed, the 
same chucks and the same price, 
yet one may outsell the other. 
Factors like overall appearance, 
compactness, and light weight 
often contr ibute t o  product  
success. 

Unique Design 
Promotes 

Compact Designs 
The Torrington Needle Bearing 
has been used in many products 
because of the weight and space 

savings it  affords. Its unique de- 
sign-a thin hardened outer shell 
retaining a full complement of 
small diameter rollers-gives it 
maximum capacity in minimum 
space. In fact, for its size and 
weight, the Needle Bearing can 
carry higher radial loads than any 
other type of anti-friction bearing. 

Permits Reduction 
in Size and Weight 

of Related Parts 
In the electric drill shown here 
the small size of the Needle Bear- 
ing permits close shaft center 
distances to make for overall 
compactness. And, since Needle 

compact 
Bearings are press-mounted in 
plain round housing bores-with- 
out retaining rings or shoulders- 
housings can be made smaller and 
lighter. The fact that Needle 
Bearings require no inner race 
when running on hardened shafts 
results in further savings, without 
sacrificing capacity or durability. 

Needle Bearings are in use on 
many other products where com- 
pactness and light weight are im- 
portant design factors. Aircraft, 
small gasoline engines, hydraulic 
pumps and materials handling 
equipment are just a few of the 
products that utilize the Needle 
Bearing's high capacity and small 
size to  good advantage. 

THE TORRINGTON COMPANY 
Torrington, Conn. South Bend 21, Ind. 

District Offices and Distributors in Principal Cities of United States and Canada 

NEEDLE SPHERICAL ROLLER TAPERED ROLLER CYLINDRICAL ROLLER BALL NEEDLE ROLLERS 
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HOW 
HERCULE 

Hercules' business today helps almost 
everyone's business. I t  embraces t h e  
pruduc~ion  of synthetic resins, cellulose 
p r o d u c t s ,  c h e m i c a l  c o t t o n ,  t c r p e n e  
chemicals. rosin and rosin derivatives, 
chlorinated products, and many other  
chemical processing materials-as well 
a s  explosives. Through close cooperative 
research %it11 its customers. JIerculei- 
has helped improve tlie processing or  
performance of many products. 

A 
Paper tovieis dbsoib mole luoisture without falling apart when Uerculeh Kjuieiie@ 
resins axe added in manufacture. 'these resins, a few of many of Hercules' varied 
papermaLmg chemicals. help improle many other tjpes of wet-strength papers 
and papeiboaid. including map paper. \-hoard, and bag papers. 

I.dt cjuer iiidiie !%ith mtiucelluloae and 
oilier Hcrciilez inpedieiit;; gift's more 
ami mine ears, trucks, and buseh their 
111s-truiii-. longei-lai-ting beauty. No 
other finish dries so last. 

HERCULES POWDER, COMPANY Wilmington 99,  Delaware 
~a&sOJices in Principal Cities 

FEBRUARY, 1954 



, The complexity oj modern 
W" ",&" 

s c c o c  air di'fense-extreme aircraft 
AND EXHIBIT i L0.S ANGELES, FEBRUARY 11 AND 12 S P ~ ~ ~ S J  ilkjll~ com~lcx  weapo'zs~ 

I AMBASSADOR HOTEL I 
I 1 new combat strategies, the advanced 
L______Ã‘___________-_____ 

state o j  today's technology -poses 
serious problemsfor the 

PLANNING T H E  RIGHT ANSWERS scientist and q i w .  

One significant solution lies in the consistent with a superior performance. 

extensive use of airborne automatic 
equipment, including electronic digital 
computers, to augment or replace the 
human element in aircraft control. 

AT HTJGHES Research and Develop- 
ment Laboratories each problem is at- 
t~cked  basically, beginning with systems 
pljiming and analysis. This consists of an 
exhaustive examination of the require- 
ments of a problem, together with an 
evaluation of  the best means for satisfying 
these requirements. The objective is to de- 
sign the simplest possible mechanization 

These techniques, employing many 
special talents, are responsible at Hughes 
for the successful design, development 
and production of con~plexly interacting 
automatic systems for all phases of elec- 
tronic control of interceptor navigation, 
flight control, and fire control. Similar 
accon~plishments may be pointed to in 
the guided missile field. 

Methods of systems plmning and anal- 
ysis responsible for achievements in the 
military area are also being applied at 
Hughes to adapt electronic digital com- 
puter techniques for business data proc- 
essing and industrial controls. 

E N ~ I N E K R I N G  STA FIT ; Research I 
I 

Cuber  City, Los ~ n g e l e s  County, [ and Di'l'elopitient I I 

California Laboratories I 
I 

Dr. E. C .  Nelson (left), Head oj Computer 
Systems Department, and 1. H. Irving, 
Head o f  Systems Planning and Analysis 
Department, discuss a problem in the 
systems planning and analysis stage. 

Hughes activities in the computer field are 
creating some new positions in the Systems 
Plannity and Analysis Department. Expe- 
rience in the design and application oj 
electronic digital computers is desirable, but 
not essential. Analytically inclined physi- 
cists and engineers with a background in 
systems work are invited to apply. 
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C H E M I C A L  B I O L O G Y  

Collaboration between biology and chemistry at Caltech has already resulted in some im- 

pressive discoveries. Now a new grant promises to put the program on a long-term basis. 

THE ROCKEFELLER FOUNDATION last month made a con- 
ditional grant of $1.500,000 to the Institute for research 
in chemical biology-the condition being that the In- 
stitute match the Foundation's $1,500,000 in a period of 
three years. 

This means that if the Institute can raise approxi- 
mately $100,000 every two months for the next three 
years-from individuals. corporations or foundations- 
the Rockefeller Foundation will contribute an equal 
amount toward the support of chemical biology at 
Caltech. 

This new grant is actually a continuation and an ex- 
tension of support provided by the Rockefeller Founda- 
tion for several years. Present work in chemical biology 
here is being conducted in part on a $700,000. seven-year 
Rockefeller grant, available at the rate of $100,000 a 
year. 

Chemical biology is. of course, no new branch of 
science. I t  is merely the name given to that work in 
cherqistry which is of biological interest-and to that 
work in biology in which the chemical approach is used 
to solve biological problems. 

Though this collaboration between chemistry and 
biology is certainly not unique to Caltech, it is neverthe- 
less in full and vigorous operation here. and is proving 
to be an increasingly productive field of research. 

From the chemical side, Caltech's chemical biology 
program includes: 

1. Organic chemistry--the chemistry of the com- 
pounds of carbon, which occurs in practically all of the 

substances which constitute living matter. 
2. The principlet- of molecular structure. as these 

apply to compounds of biological importance-particu- 
larly the proteins and the nucleic acids. These are key 
substances in all living systems. They are enormously 
complex. They have never been synthesized. and their 
tetructure is not known. but they are essential to the 
progress of biology. 

Proteins form a vital part of the protoplasm of all 
plants and animals. Their presence in cells and tissues 
(and therefore in man's food materials) is essential to 
the continuance of life. 

hucleic acid is considered to play an important part 
in the synthesis of protein. with which it usually occurs 
combined. According to the most recent studies (page 
11 ) it may be the substance out of which gene5 are made. 
It may also be the key to reproduction. 

3. Immunochemistry-studies of the structure and 
action of antigens and antibodies. 

4. Enzyme chemistry-attempts to discover and iteo- 
late enzymes. the catalysts responsible for many of the 
chemical reactions of living organisms. 

5. Disease in relation to molecular abnormalities. This 
unique field of research has developed from the discovery 
four years ago in the Caltech chemistry laboratories. 
that some forms of anemia are based upon abnormali- 
tie* of the hemoglobin molecule. 

From the biological end the Caltech chemical biology 
program covers : 

1. The physiology of plant:- and animals. 
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2. Biocheinir t~> -the cliemiciil I c a c ~ i o n ^  $1 liicli take 
$are in I i \ ing organism!-. 

X (certain chemical aspects of embr)o log j  llailch ds  

the nierhdiii~in of fertilization). 
1. Chemical genetic!--rtudies of the geiies. the unit' 

of hercdit). c ~ n d  \ \hat  [he) do Li relation to the develo1)- 
menl of f o r m  and iunction in ail organism. 

5 .  liriiniinoger~rtici---lhe investigation of how acne3 
art- rt'lcitrd to I ~ C *  antipciis that art- of importance 111 

hlood groups. -kin grafting. aiid immunit) to disease. 
6. Rio-organic c h e m i s t r ~  the chemistrj  of naturall) 

occurring compounds. 
7. V i r o l o ~ - - s - ~ u d i e s  of viiiis,vs. the i-inalles-t kno\ui  

entities that edit reproduce themselves-. 
8. Some aqtect!- uf 11ldiil and animal e c o l o a ,  
In general this program involve? an attempt to iinrovt-i 

basic p r i n c i p l e  rather than to attack specific practical 
prOhlem5. The  researcher;- a re  t r \ i n g t o  determine the 
structure of genes dud the mechani'rn 01 their action 
rather than to de\elop commercially profitable mutants: 
to obtain a fundamental understanding of viruses and 
antibodies rather than to prepare an antiserum f o r  a 
particular disease; t o  learn the basis of the physiological 
activity of drugs in terms, of their molecular structure 
rather than to find a nen bacteriostatic subi-tance. 

?Se\ertheless, practical disccm'ries a re  often made in- 
cidentally in  the course of fundamental investigation!-. 
In  fact. the (:altech workers hope that in  the course of 
this fundamental reiearch new ideas- w i l l  be developed 
which will provide the 1)a'i-s fo r  clinical research on such 
medical problems as  those presented by neoplastic. 
cardiok ~ s c u l a r .  and kirus diseases-, 

Set r ral  i~npirs ' i \  e di:co\ exit,!- liav t *  taken y l a w  in 
cheinical biology in recent )ears,. 

The structure of proteins 

In 1951 Dr. Linu? I'aul~ng. chairman of the (..altecli 
I)ivisiuii of Uierni>tr) and Cheiniral F.ngineering. and 
Dr. Kobe1 t 15. L O I P ~ .  Professor of St]  nctural Chemistry. 
icported their di:-covelie!- 01 the t'ssential atomic struc- 
lure  ot severdl proteins - I I K  lud ing those  found i n  bone. 
iiiusi~le. dud i d  lilood cells. 

One of the ino't important problems in the field of 
biochemi:t~j is to find out how proteins. the principal 
I~ui ldinglblock-  of the l ~ o d ) .  arc  put together. 

r .  I he major  romponenis- of all living cell> a r e  pioteni;-. 
iats. carboht drdteb. salt and uater .  'I'hongh all  of t l ien~ 
i r r  essential. the proteins among these are reapoiisible 
fo r  mail) of [lie ~ r t i v i t i e r  \\hich we associate primarily 
with living tliitigs-- diid in thi? respect. they m a )  be con- 
sidered more important than any of the other compo- 
nerits of living cells. 

Sonic of the nuist impoitant proteins include liair. 
>ilk. wool. horns. fingernail- and feathers. The  major  
components- of skin and muscle a r e  proteins: b o  a r e  the 
major  coniponents of hemoplobii~ and the antibodies. 
found in the blood. In  addition. both the viruses and the 
genes either c'onlain proteins o r  a r e  closely associated 
\vith them. 

Altogether. there a re  thousands of different kinds of 
protein!- in the human liody. Lnlike the molecules of 
most other chemical*.. 14 hich cons-iet of a score o r  t h o  of 
individual atoms. protein molecule> a r e  made ill) of 
thous-and? -soineiiines million+ of individual atoms. 



each occupying a specific place in the architecture 01' tlie 
molecule. 

The first great advance toward an understandiiq of 
protein structure \\as made in 1900 when I<n~i l  Fischer. 
a German; found that a protein molecule is cornpuscd of 

:Impler substarices known as  amiiio acids (o f  vttiich 
there a re  2-1 in a l l ) ,  and that the amino acid:, in turn. 
a r e  linked together into larger group; know1 a? peptide;-. 
and the 1)eptides- a re  l i~ iked  t o p t h e r  into even larger 

groups known as  poljpcptides. 
l'he problem of detenniiiii~g the striictnre of proteins 

then became one of finding the sequence of various amino 
acids in the chain a n d  the way in which the chain is 
coiled. 

Infetead of trying to study tin: complicated proteins 
direc~ly.  Pauling and Core?. some fifteen years ago. 
I)egan to invcrtigate ilie rrystal structure 01 ihe al~liii0 
acid>. of simple peptides. and of other simple siibi-tances 
e l a t e d  to proteins. In  this v a y  they were ultimately able  
lo obtain enoiigll i tructural information to ~ e r m i t  the 
precise prediction of reasonable configurations of the 
rtrucl ure of sevc3ral protein'. 

Virus research 

I I I  I052 Dr. Kenati) Dull~ecco. tlieti ;I Senior liesearrh 
F:~!li:n H I  liiologv inow Associate Frofc r ror ) .  tiv\clul)ed 
it  new terliiiique tor  s t i id j i i~g  those \ iriirt's vliicli attack 
aninid! ti~.-m' I a,: conipared 11 ith tlio.-e Ã§liic attack only 
plant*. o r  l~ai:tcria).  These are the I irn?t>s uhicti cause 
M K : ~  ilipeast-r d z  rmdlll)u-ii. +liiiipler. i n f l n e n ~ a  and j)olio- 
mjelitis.  FurinerI>. animal \ . i r u ~ : ~ ~  coulil l;t: frtudied oiil! 

di-11 and then tu introduce a \veak suaiiension uf ~ i r u s  
particles. If a single virus attacks a tissue cell it will 
multiply and produce a bniall visible area of dead eells, 
, . Ihu: the number of virus particle: hi the original sus- 
pen?ion can be counted and the 1~rogt~ i i j  f rom any s.in$e 
virus can he "bred" for  further s-tudj. 

h i i f  technique is analogous to (lie "plaque count'' 
technique s-o widel) used for  sttidy of the viruses, that 
attack bacteria. 

The Ln1~0rtance of thi: development 11as already Ixwi 
demonstrated. Last \ ea r .  applying the plaque technique 
to polio virus. Caltecli researchers were able  i o  Isolate 
l o r  the  fir'^ time ae~ieti(:ally pure >trains- of the three 
know11 types ol' polio virus. 'I'lii? means that it is now 
l~os.-iil~le to start inteiisi\e 'tiiiJics of tlic deve1ol)nient 
and liereditar! properties of lhat \ i rnr .  

Nucleic acid 
111 1953. J .  1). Watson. thrn at the Cavcndi!-h Labora- 

tor) in (:ainbridp> ~ a m i  I I O Ã  Sriiinr Ki:rean:h Fcllovi in 
liioiog) ( ; a l t t~c l i ) .  ~ i i d  F. 11. (.. (;rick j~ro1)ost'd a 
n i ~ ~ l c c i ~ l a r  sirucliirt- fur dt~n)-\~ril~oiiin:lr-i(: acid I DLA j . 
r . l liir chemical L- found large11 in the (:liruino~omes, 
and receutl) h a s  come to I J ~  thouplit of ~ ~ r i n i t ,  in11iorta~ice 
I living i):te~iir. Varioiir t!pe.- of biological expt'ri- 
innitatioii indicate a close relat iundi ip if not identit! -- 
nitli the pwt; itrelf. the unit of heredity, 
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The % atson-(.rick rtructure consists of two (no t  one. 
a s  had prev iousl} been prokloied ) poky nucleotide chains 
helicall? coiled around common axis. A polynuclcotidr 
is  a loiig chaiii niulecule formed In the regular union 
of 1111cleotidea 11111its ~ w r ~ t a i r i i r ~ g  *ar. phosphate. and 
p lume o r  p j  rirriidine bases) .  

The D h A  structure has f o u r  bases; t w o  uf these-- ade- 
nine and guanine -are purines: and two- thymine and 
<-)to;-ine-are nyrirnidir~e>. T h e  two chains a r e  held to- 
p t h e r  transversely by hydrogen bonds between bases il) 
such a way that guanine is bonded to cytosiru* and ade- 
nine to thymine. The phosphate residue;' a re  on the 
oiilside of the helix 

The DNA ?tructure i: uf particular interei-t because it 
indicates how it might carry out the essential operation 
required of genetic material that of exact self-duplira- 
tion. The  feature that appears  to  have special biological 
significance is  the rornplementarj nature of the two coni- 
[~onents  of the double helix. The  structure presume5 
that i-pecificity is determined by base cornposition and 
order:  when the specificity of one chain is. fixed. that o f  
the other is determined in a complementary way. Pre-  
sumably during nucleir acid biosynthesis the two com- 
plcmentary components of the helix separate and each 
directs the synthesis. not of another chain exactly like 
itself. hut rather of a complementary counterpart. 

Chemistry a t  Caltech 

Hesearch in chemistry at Caltech began in 1913 - 

the year that Arthur  A. hoyes. then Acting President of 
the Massachubetts Institute of Technology and Director 
of its Research Laboratory of Physical Chemistry. be- 
came associated with this institution. The first unit of 
the Gates Chemical Laboratory was constructed in 1916. 
the second unit J I I  1927. and the Crellin Laboratory in 
1937. 

For  six years Dr.  hoyes  divided his time between Cal- 
tech and MIT. I D  1919 he began to spend full time here. 
and teaching and research in chemistry expanded vigor- 
ously. D r .  Noyes. a physical chemist. concentrated on 
the inorganic ar-pecti- of the science. and aspiring chem- 
ists came from all over the country to study under him. 

Among these was liinus Pauling. a graduate of Oregon 
State Agricultural College. After three years of ad-  
vanced study under \oyes. Paul ing was s-o interested in 
the physical aspect.; of chemistry that he considered be- 
coming an atomic phy.;icist. O n  a Nalional Research 
Fellowsh11.i he  spent a year in Munich. 5tudying theoreti- 
cal physics under Arnold Summerfcld. I n  the following 
year he  studied with Aiels Bohr in Copenhagen and 
Lrw in Schroedingcr in  Zurich. 

But chemistr) via-, still his  chief interest. 111 19.3. 
Ã § h e  lie !\as 30 !ear? old. he become a ful l  professor 
at Caltcch. and when Dr .  hoyes died in 19SA. Pauling 
Via? cho-ien to rucceed him chairman of the Division 
of (,herni.'-tr! d u d  ( .hemkal  Engineering. 

Under Pauling the di\ision begdn to expand its studies 
in orpiinic cl ieni i r t r~.  ̂ \ ith the support of several grants 
and ail endowment fund  of $1.000.000 from the Hocke- 

feller Foundation. the field of organic chvmi:try was 
I a% strong a? inorganic cheniist ry at Laltech. And. 
under Pauling's influence. i t  concentrated on the organic 
chzniistr) of sn bs.tar~ces of biological importance. such 
1;- antibodies and hemoglobin. 

Biology 

Changes were taking place in  the Division of B i o l o a ~  
at Caltech. too. M ork in biology got under way here in  
1928. when the first unit of the William C. Kerckhoff 
Laboratories of the Hiological Sciences was built ( the  
;'econd being added in 1938). 

Thomas Hunt  Morgan came from Columbia Dniver- 
sit) to o r p a n i ~ e  the Division of Biology at Caltech. The  
presence of the farnous geneticist here attracted students 
and faculty interested in this branch of biology. Among 
these was George E . Beadle. a graduate of the University 
of Nebraska. with a Ph.D. from Cornell University. who 
came to Caltech as  a National Research Fellow. Beadle 
\\orked i n  Dr. Morgan's laboratory from 1930 to 1936, 
we:it to Stanford I niveri-ity f o r  1 0  years, then returned 
to Caltech in 1945 a: chairman of the Division of 
Hiology . 

In the year5 when Paul ing was becoming interested in 
the biological aspects of chemistry. Beadle was con- 
cerned with the chemical aspects of biology. At Stan- 
ford. his research with the bread mold, Neurospora, did 
much t o  establish the chemical nature of gene action- 
and to encourage the development of the now thriving 
field of chemical genetics. 

I t  war inevitable that, with Beadle and Paul ing in 
charge. the Divisions of Chemistry and Biology at Cal- 
tech vvould work together closely. In 1946, in fact, 
shortly after Beadle became chairman of Biology, he 
and Pauling outlined their first joint program of re- 
search on the fundarnental problems of biology and 
medicine. 

This  program has been supported. to date, hy the 
Rockefeller Foundation's $700.000 seven-year grant. as  
well as  by a number of grants from foundations, private 
sponsors. government agencies. and other organizations. 

Gift5 and bequest- of the late Norman W. Church have 
now provided a fund of approximately $1,000.000 f o r  
the construction of a new chemical biology laboratory 
E & S -  February 1953) adjacent to the Crellin and 
Kerckhoff buildings. and with connections planned to 
both oi them. Construction of the Norman W. Church 
Laboratory of Chemical Biology should get under way 
this year. 

To  date. $1.500.000 has  been authorized for  the con- 
struction of the Church Laboratory-though the cost of 
building will probably be closer to $2.000.000. When 
funds can be found for  the purpose. it is  also planned 
I J  huild a 90 x 50 foot connectior~ between the Kerckhoff 
and Church Laboratories. The  estimated cost of this 
rting is $O00.00<). It would contain a general stockroom 
for  the Division of JBiologj and. in addition t o  labors- 
torit,? fo r  general use. specialized laboratories f o r  the 
virus research that i: now being carried on partly in  
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James D. Watson. Senior 
Research Fellow in Biol- 
ogy. With F. H .  C .  Crick, 
he has proposed a mol- 
ecular structure for des- 
oxyribonucleic acid (DNA)  
- a chemical which i i  
closely related to, if not 
identical with, the gene. 
A model of the D N A  
structure is in the lower 
right hand corner of this 
p ic ture;  Watson is ex-  
amining a possible struc- 
ture for another form of 
nucleic acid - ribosenucleic 
arid ( R N A ) .  

inadequate space in the Kerckhoff Laboratories. and 
partly in space borrowed from the Huntington Memorial 
Hospital Medical Research Institute. 

These proposed additions lo the physical plant. how- 
ever. must come from a source other than the new Rocke- 
feller grant-and other than the matching $1.500.000 
which the Institute hopes to raise. These funds are 
urgently needed for increasing costs of research and 
training programs, normal salary increases'. and a mod- 
est increase in activities. 

Most important of all. the new Rockefeller grant will 
be used for long-term projects. If the chemical biology 
program at Caltecli is to be effective. its support must be 
on a long-term basis. In order to attract high-calibre 
faculty men it is necessary to offel tenure. On the ave- 
rage, this means that support should be available for 
a period of 15 to 25 years. Short-term support. like that 
provided by the National Institutes of Health, the h a -  
tional Science Foundation. the Office of Naval Research. 

diid the Atomic Energj Commission. cannot be used 
safely to underwrite tenure appointments. Short-term 
support. besides. is usually designated for fairly specific 
activities'. 

Support from the Rockefeller Foundation, besides 
being long-term. ran be used catalytically for supporting 
ventures in their speculative beginning stages. and for 
supporting non-fashionable work in areas which are im- 
portant. but in which project funds are not available. At 
Caltech. as at similar institutions. experience has shown 
that a laboratory engaged in basic research-where the 
turn of a given investigation and its needs cannot be 
foreseen far in advance-must have flexibility in the 
use of funds for effective operation. 

klxperience over the past seven years, during which 
time the chemical biology program has existed in its 
prc-sent form. indicates that if a capital sum of $3,000.- 
000 is added to present funds. the future of the program 
should be assured for a period of 15 to 25 years. 
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SCIENCE IN ART 

T H E  I N V E N T I O N  O F  S P E C T A C L E S  

by E. C. WATSON 

liten s-xatiiiiivd e x i i a u ? t i v ~ ~ l ~  by Proft'ssor Thomas Hem.i 
Martiti. Di-an of llie I"acult\ of l.r~t<<i-r of the l,niv~!rsit! 
of Iiwiner. d u d  l i i 5  coiieliisioti i z  (ieiini~el) a negatiit: 
our. 

T l i ~ i e  is g o ~ t i  sea>un to lielit:vc that speciacles w w t ;  

invented in ltdlj near 111c ciid ui' the ~liirtee~illi (yntur). 
'J'heir i n \  t'iitor \t ~ u u ~  1n'ohal)l: SaK ino d'Armatu 
d e d i  Arniuti uf Flort:iice. n h o  died in L'317. Tlie e ~ i -  
(letn-tb to1 this- identification. ds s-iiinniarizcc) l)y F. Vi'ililtt. 
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Charlei. Singer. and l;eorge Sai ton i~ a -  f o l l o ~ r i :  

1 .  TJiu ndturti~i:-I. poet. and =cholai. I~idnces-co Kedi. 
published in 1678 dnd again in  1690 a ~r ia i iu~cr ip t  dated 
1289. in ~ t h i c h  was the i'olloi\ingi pdrsdge: " 1  find myaeH 
>i-> pressed by age that 1 cdn r~eitJier write nor read with- 
out those glasses they call spectacles. lately invented. 
to the great advantage of poor old men when their i-ighi 
grows weak." 

2. Bernard De Gordon. a physician at Montpellier. in  
hi? l.ilium medzcinae I 1303) .  in recommending an eye- 
salve. says. "It is of such great value that it will 
make an enfeebled old man read tin) letters without 
spectacles." 

3. Giordano Da Hhal to .  a Dominican friar of Pisa. 
in a sermon delivered on February 23. 1305. said that "it 
is not twenty years, since there was dii-cmered tin' d i i  

of making spectacles to sets bettei. one of the best and 
most necesbary of arts . . . I h a t r  myself seen and 
spoken to the man who first discovered and made them ..- 

4.. A Latin chronicle oi L<lS or  tlieredbouts. which 
was original!) in the library ol the monastery of St. 
Catharine at Pisa. ~ J L I ~  which is now lost. >tated that 
"Brother Alexander of S ~ ~ i r i a .  a modes! dud good nidn. 
knew ho\+ to make anything which he  liad seen o r  heard 
of. He made spectacle:-. which had been previoush 
made by someone who was u n ~ i l l i n g  to cornrnunicate 
his knowledge. while he himself w a s  o n l j  too glad and 
\\ilfing to d o  so ..- 5. An epitaph 111 the church of Santa Maria Maggiore 

in  Horenc'e reads as l'ollows: "Htsrt, lies Salvino 
d'Arinato clegli Armati of Florence. imentor  ol spec- 
tack;;. \lab Cod pardon his  sins. Anno D. MLCCXV1I.'. 

r . 1 lie fir51 spectacles may have consisted of two lensei- 
'suspended \>\ pieces of leather i rom a cap. The forin 
with which we are  no\\ familial probably dates from the 
carlk fifteenth century. 

Spectacles and artists 

After their invention. the use of spectacles spread 
*lowly o i e r  Kuroye. This fact can be demonstraled bv 
a study of  old painlings a s  well a; in other ways. 

T h e  Madonna of Canon t a n  der Paele, executed by 
J a n  van b ( ' k  in 1436. clearly shows a pair oi spectacles. 
This  fine painting now hangs in the Municipal Museum, 
Bruges. Belgium. Other early paintings of note in 
which spectacles or eye-glasses arc  clearly depicted in-  
clude an al tar  screen hy Michat,] Wohlgemuth (1434- 
1 5 1 9 )  in the church ol St. James in Rothenburg. Ger- 
many ( a b o v e ) .  and the Portrult of 11 Clergyman painted 
b j  Quinten Mab-\a about 1515. ~ h i c h  was i n  the Liech- 
teristcin Gallery at Vienna ( l e f t ) ,  

One of a series o f  articles devoted t o  reproductions of 
prints, druu i n p  and puiritirigs of interest in the history 
o f  .iciencr --drum! frortl tlu' juitiuu~ collection of E .  C .  
ff atson. I ' r o f a w r  n] Physics and Dean of the Faculty 
o/ /tic C'aii/orniu Institute. 
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T H E  C H A L L E N G E  

O F  M A N ' S  F U T U R E  

WHEJS W E  LOOK at the world situation solely from the 
point of iiew of technological and energetic feasibility. 
we must conclude that the resources available to man 
permit him. in principle. to provide adequately for d 
very large population for a iery  long period of time. 

There are. of course. physical limitations of some sort 
which will determine the maximum number of human 
beings who can live on the earth's surface. But at the 
present time we are far  from the ultimate limit of the 
number of persons who could be provided for. 

If we were milling to be crowded together closely 
enough. to eat foods which would bear little resem- 
blance to the foods we eat today. and to be deprived of 
simple but satisfying luxuries such as fireplaces. gardens. 
and lawns. a world population of 50 billion person5 
would not be out of the question. And if we really put 
our minds to the problem we could construct floating 
islands where people might live and where algae farms 
could function. and perhaps 100 billion persons could be 
provided for. If we set strict limits to physical activities 
so that caloric requirements could be kept at very low 
levels, perhaps we could provide for 200 billion persons. 

At this point the reader is probably baying to him- 
self that he would have little desire to live in such a 
world. and he can rest assured that the author is think- 
ing exactly the same thing. But a [substantial fraction oi' 
humanity today is behaving as if it would like to create 
such a world. It is behaving a5 if it were engaged in a 
contest to test nature's willingness to support humanity 
and. if it had its way. i t  would not rest content until 
the earth were covered con~pletelj and to a considerable 
depth with a writhing mass of human beings. much as a 
dead cow is covered with a pulsating mass of maggots. 

For population densities- to reach levels much higher 

than those which exist in present-day agrarian cultures. 
a great deal of technology is required. India, for exam- 
ple, could not possibly support her existing high popu- 
lation density without the benefit of the knowledge and 
materials she obtains from the industrialized society of 
the West. Without the existence of an industrialized 
society somewhere in the world. disease could not be 
effectively controlled and there would be no transpor- 
tation adequate to the bhipment of food from areas of 
surplus to areas of deficiency. 

As i s  indicated in an earlier chapter. within a period 
of time which is very short compared with the total span 
of human history. supplies of fossil fuels will almost 
certainly be exhausted. This loss will make man com- 
pletely dependent upon waterpower, atomic energy, and 
solar energy-including that made available by burning 
vegetation-for driving his machines. There are no 
fundamental physical laws which prevent such a transi- 
tion. and it is quite possible that society will be able 
to make the change smoothly. But it is a transition that 
will happen only once during the lifetime of the human 
species. We are quickly approaching the point where, if 
machine civilization should. because of some catastrophe. 
stop functioning. it will probably never again come into 
existence. 

It i5 not difficult to bee why this should be so if we 
compare the resources and procedures of the past with 
those of the present. 

Our ancestors had available large resources of high- 
;;rade ores and fuels that could be processed by the most 
primitive technology-crystals of copper and pieces of 
coal that lay on the surface of the earth. easily mined 
iron. and petroleum in generous pools reached by shal- 
low drilling. how we must dig huge caverns and follow 

This article / I O A  been adapted from the c o ~ t c l  [ding chapter o f  the book. The Challenge of 
k f u n ' ~  future, b y  Harri.'ion Brown, to be published March 19. 195-1. b y  The Viking Press 
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Population figures and living standards are still on the rise. How 

long can it last? A considered analysis of what's ahead for all of us. 

by HARRISON BROWN 

seams ever further underground. drill oil wells thous- 
ands of feet deep. many of them under the bed of the 
ocean, and find w a j ~  of extracting elements from the 
leanest of ores--procedures that are possible only be- 
cause of our highly complex modern techniques. and 
practical only to an intricately mechanized culture which 
could not have been developed without the high-grade 
resources that are so rapidly vanishing. 

As our dependence shifts to such resources as low- 
grade ores. rock. seawater. and the sun. the conversion 
of energy into ubeful work will require ever more in- 
tricate technical activity. which would be impossible in 
the absence of a variety of complex machines and their 
product?-all of which are the rebiilt of our intricate 
industrial civilization. and which would be impossible 
without it. Thus. if a machine civilization were to stop 
functioning as the result of some catastrophe. i t  is diffi- 
cult to see how man would again be able to start along 
the path of industrialization with the resources that would 
then be available to him. 

Should a great catastrophe strike mankind. the agra- 
rian cultures which exist at the time will clearly stand 
the greatest chance of survival and will probably inherit 
the earth. Indeed. the less a given society has been in- 
fluenced 11) machine civilization. the greater will be the 
probabilitj of its hurvival. Although agrarian societiei- 
offer little becurit) to the individual. they are neverthe- 
less far more stable than industrial ones from a long- 
range point of view. 

Is it possible to  lisualize a catastrophe of sufficient 
magnitude to obliterate industrial civilization? Here 
the answer must dearly be in the aflirinative. for. in 
195-1. it takes- no extraordinar) imagination to foresee 
such a situation. 

It must be emphasized. however- that industrial civ il- 
ization can come to an end even in the absence of a 

major catastrophe. Continuance of a tigoroiis machine 
culture beyond another century or so is clear]) depend- 

ent upon the development and utilization of atomic or 
solar power. If these sources of nev,l) applied energy 
are to be available in time. the basic research and de- 
velopment must be pursued activelj during the coining 
decades. And even if the knowledge is available soon 
enough. it is quite possible that the political and eco- 
nomic situation in the world at the time the new transi- 
tion becomes necessary will be of such a nature that the 
transition will be effectively hindered. 

At the present time a part of the world is agrarian 
and another part is- either already industrialized or in 
the process of indubtrialization. It appears most 1111- 

likely that these two greatly different ways of life can 
co-exist for long. A world containing two major pat- 
terns of existence is fundamentally unstable--either the 
agrarian regions of the world will industrialize or, in 
the long run. ihe industrial regions will revert to agra- 
rian existence. 

That the agrarian regions of the world will attempt 
to industrialize is unquestionable. IT e see about us today 
signs of revolution. of reorganization. and of reorienia- 
tion of goals leading toward the creation of local c'oun- 
terparts of Viestern machine culture. 

The search for greater personal security. longer life. 
and more material possessions will force the agrarian 
regions of the world to attempt to industrialize. But the 
probabilitj of their succeeding in the absence of a major 
world catastroj~he in the near future is small. There are 
clearly paths that could lead to a successful transition 
in the world a? a whole. But the nature of man makes 
remote the possibilitj that the steps necessary for com- 
plete transition will be taken. The picture would change 
considerahh if IT extern machine civili~ation were to 
collapse. thus giving the present agrarian cultures room 
into which the) could expand. 

Collapse of machine civilization would be accompanied 
11)  starvation. disease. and death on a scale difficult to 
comprehend. In  the absence of adequate sanitation facil- 
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i l k .  the ability to inoculate against d i s fdb~.  f&-ilitle.' 
f o r  food tran-iportation and ? t o r a p .  fartolies fo r  pro-  
during ilerns vtliich a r e  ei-sential to the niaintci~ance ot 

life. the death rate would ieduce the j~op~i la t ion  to a le\el 
fa r  below that which could lie .-upported a -tal)le 
agrarian sockt! which f i r a c ~ i c e ~  inten*ive agricultural 
techniques. There \\auld be such \ioleiit cornpetitiut) l o ]  
food that savager) would he  the heritage of the s u n  ilor?. 
Human l i fe  would lie conlined once agaiii to those dred& 
which can be most easi l j  ciiltkated. watered. and fer- 
tilized. and the priiiciples enunciated b j  Malthub would 
once again become the major  force operating upon 
human populations. Only verj  5lowlj would the number 
of persons cliriil~ to the level which could be 'upported 
by a w o r l d - i ~ d e  agrarian culture about 5 billion. 

The agrarian society of the future 
r 7 I he characteristics of the agrar ian :uciet) of the futnre 

would probably be ver) much like those of mo-t parti- 
of China toda j  o r  like those of societies which existed in 
Europe as  late a s  the early eighteenth centurl .  The 
ratio of available food to total population would be low. 
There would be  n o  large-scale iiidustiies. fo r  metals 
would be  practirally non-existent and the o n l j  sources 
of energy would be wood and waterpower. Lack ol dde- 
quate supplies of metals \t ouid present the widespread 
use of electricity. Although parts  of society woi~ld benefit 
f rom accumulated knowledge concerning public health 
and human biologj ,  death rates \vould be high. Anti- 
biotics and vaccines would be  non-existent. Birth rates 
would almost certain!) lie close to the biological 
maximum. 

Although machine civi l i~at ion a s  it exists at ilie pre*t-nt 
time it- unstable and rnay rejer t  to  an agrarian culture. 
it is important that Ã §  examine u a j r  and means whereby 
~ t a b i l i t )  in a world iridustrial rociet? might be achieved. 
Can \ \e  iinagine a sequence of event* tliat mipht lead 
eventuall) to i n d u r t r i a l i ~ a t i o ~ ~  of all peoples of the 
world? 411d can we fur ther  imagine political. econoinic. 
and social structurei- t h a ~  uould permit the rernltani 
?ocietj t o  maintain a long-range stability ? 

The most immediate danger 

Perhaps the mort immediate daiiger to ronlront  ina- 
chine chilization i* Mar. I t  i- clear thai ir~dnÂ¥-tria c i \ -  
ilization cannot afford the luxiir) of main  more war*. It  
i s  conceivable that the n e l t  v\ar roiild Â¥- .-hdtter it that 
it would hi- iinaLle to recover. On the other lidlid. it i- 
also conceii ahle  t h d ~  it could >nrvi\ c I \ <  o o r  three niorv 
But i t 1  an)  (*die. thv number \+lii( 11 cdii lie tolerated I -  

finite. dini each conflirt will deciedse f 111 thci the 1)roI) 
afiilit\ that in(~ustrid1 chilizdtiun bill continue to r-vist. 

X a r s  in the !)art h a l e  been foudi t  f o ~  icnieties oi 
caui-es. f o r  rei-ouice? -ucli a r  \taler. agricultural land. 
and ore depoi-its. foi outlets to  nuiket ;  to d i s+did  joke- 
of en:-Id\ttneiit and to m e r  colonial Lends. to fuitliei 
religions. economic. and political crt>t;dy. to obtain poltei 

A fighting chance 

h o  matter I I D W  \te look at tins picture, the ~l i reat  of 

Ã § a  is the greatest immediate danger c o ~ ~ f r o n t i i ~ ~ ~ n d u s -  
trial civilization. The possibilitj iii man': eliminating 
M ~ I  as  d11 ifl:truinent of national j~olicy indeed appeal'.? 
remote. an11 to the extent dial tliis is r o  it seems likel} 
that intlustriill cf i l izat ion i -  ilooined In extinctitin. \ever- 
t h e l t ~ s ~ .  tlic liirtni t; ii- not t~omplctc~ly black. t o r  we van 

gence ma! *a le  him iri the future as  it has ?a\ed him 
in the past. l<ernote t l i o ~ ~ g h  thi? posAi l i ty  rnaj  be. it 
is the ontb to which thosi; of 112 ean c l i ~ ~ g  ~ 1 1 o  a r e  un- 
pifpdred to admit that man's dettit)) i-. u pliori.  .w 
ignominious one. 

For  the purpose of o u r  d i ~ c u s ~ i o i r .  let 11s a??uine tliat 
war and the posiihilitj- of war between existing inch];-- 
trialized nations disappear from the earth, though this 
seems most unlikely. Would the problems of survi \al  of 
industrial ci\ilizatioii be solved? It is clear that they 
itould not. Elimination of Mar. aI thou$~ i t  is an ahso- 
lutely nec'essary condition for  rurvival. i* I ) )  n o  ineani- 
a sullicient condition. In  truth. the task of eliminating 
\var; difficult though it rna) appear. pairs iiito iiisigiii- 
tieance besidt: the further thai \ t i l l  confront HE. 

Controlling rates of population growth 

One of the niorl importatit. from Loth a short-range 
and a lorig-range point of view. ir that of controlling 
rater o l  population growth aii<l at tlie saine time per- 
mitting human being- to take l'iill a &  antage of tlie bene- 
fits of puhlit; health and modern medicine. Here there 
can !ie no escapingtthe fact that if ~ t a n a t i o ~ i  ii- to be 
eliiniiiatt!d. if the average child i: to i-tand a rt!a~onaI)le 
c11ani:e of li\iiig out [lie n u r ~ n a l  life :pan with vvhich lit: 
i: t!nduwed a1 liirth. farnil? sire; ims t  be limited. The 
limitation in birth rates mu>t arise from the utilization 
of (!uritracepti\e techniipie? o r  a b o r l i u ~ ~ ?  or a (coinhina- 
lii)n of die I \w u practices. 
1 e know that 11) proper application o i  teclinolo3 t11v 

t ~ ~ r ~ l i  could - Â ¥ u j ) l ~ o ~  a coii~idertilil! Ln-ger ~)opuldtioii  
than IIDW c \ i ~ ? .  But n o  matter ~hi.trt! M I '  place th r  limit 
Of the number  uf )Jt!r?lJFl> that ('all In' i 'OlllfO~tal~l) .:llj)- 

jiorted. at :nniv point I D  liittori j ~ O ~ ~ l l l ~ ~ i 0 1 1  g r o v ~ l i  i i~ust  
:top. A n d  if ~o~1111titio11 grrowtli is I U J  ;top witliout oil->' 
l ia \ ina t ! scer~ i \e l ) -  liigli death rate'. vte must recuticile 
ni~r-ehe:-  to the fact that artificial nieans iiiust be al)l)lie(i 
to limit hirtli rate:. 

CONTINUED ON PAGE 34  
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T H E  M O N T H  A T  C A L T E C H  

President-Elect Beadle 

DK. (;EOKC,~ pl. I ~ ~ I ) L E ,  professor of biologj and chair- 
man of the Caltech Division of Biology, became presi- 
dent-elect of the American Association for the Advance- 
ment of Science last month. He will serve as president- 
elect for a year, and will then succeed Dr. Warren 
Weaver of the Rockefeller Foundation as president of the 
organization. 

Dr. Beadle will be the fourth Caltech faculty member 
to serve as A.A.A.S. president. The others were Arthur 
Amos hoyes (1927).  Robert A.  Millikan (1929) .  and 
Thomas Hunt Morgan f 1930). 

A geneticist, Dr. Beadle is noted for his revolutionary 
development. in 194.0 with Dr. E. L. Tatum. of the use of 
the bread mold h u r o s p o r a  as a simple and effective 
research tool for the study not only of heredity but of 
problems in biochemibtry as well. This followed from 
their discovery, using Neurospora. that genes control the 
synthesis of vitamins and amino acids in the l i ~ i n g  cell. 
Previously, Dr. Beadle had made many contributions in 
the genetics of corn and of the fruit fly, Drosophila 
melanoguster. 

His work has been recognized with honorary DSc 
degrees from Yale. Nebraska. and Northwestern. and in 
d number of awards. These include the Lasker Award of 
the American Public Health Association in 1950. the 
Dyer Lectureship A ~ a r d  of the National Institutes of 
Health in 1951. and the Gold Medal of the Emil Chris- 
tiail Harisen Foundation of Copenhagen in 1953. He was 
elected to the National Academy of Science;? in  1944. 

He has been chairman of the Biologj Division at Cal- 
tech since 1946. ^hen he came to the Institute from Stan- 
ford Universit). where he had been professor of hiolog:~. 
Prior to joining the Stanford faculty in 1937. he had 
taught at Harvard tor  a \ear and >pent fit(& yearb I 1951- 
,561 in research and teaching at  Caltech. 

A nati5e of Vi ahoo. hehr.. he received his BS and MS 
(k'prees from the ljniterr-it? of hebrdrka and liis Phi); 
i i i  19,SI. from Cornell Univers-it). 

FEBRUARY, 1954 

Firebird 

THE FIKST GAS turbine automobile ever to be built and 
tested in the United States made its debut at the General 
Motors Motorama in New York last month. Known as 
the XP-21 Firebird. the experimental car was produced 
by General Motors with a strong assist from Caltech. 

Underlying the unique aerodynamic styling of the car 
is a series of special wind tunnel tests developed at Cal- 
tech. To make it completely streamlined the car had 
to have a tail fin or some flat vertical surface behind its 
center of gravity, to hold it on course when in motion. 
The final design of the Firebird was worked out after a 
scale model of the car had been given wind tunnel tests 
at Caltech. under the direction of Dr. Peter Kyropoulos, 
associate professor of mechanical engineering. 

The Firebird is not being touted as any "car of to- 
morrow": it's merely a laboratory on wheels, built to 
further study the commercial possibilities of the gas 
turbine. 

General l Io/ur< W-21 Firebird. un experimental g u s  
ttirt)ine cur. e t s  a road tes t .  



THE MONTH . CONTINUED 

The car  i s  i l l  be on MCM local!) \$lien tht, C M  Motor- 
arna come? to Lor- 4 n p I e ~  o n  March 5. I t -  mechanical 
ana to t r~ j .  the re! erre of the (:iJIl\ entional automobile, in- 
clude? a 35-gallon glasr- fiber-ula-tic fuel tank in the iiurc 
ahead of the  drive^. The (~iipiiiie. (~onsisting of two 
mechanicallj independent part*. is behind the driver. 
These two parts a r e  called tin; pr-ifier section dnd tlic 
potter si'clion. The  gd?ifits1 sect io~i  ~ J I  ovi dvs a source of 
co1npre;sed hot gas. and the energ) from this gas is 
deliu-red b) tlie power sectinn to the car'? rear vhet-I,. 
Thur-. the g a i n e r  section replace; the engine and torque 
convtbrter p u m p  in a comentional  automobile. while tlif* 
power section replaces the torque romer te r  turbine. 
trarir-niission. and rear axle gears. 

R. F. YIeLt-dn. Lallech '1,5. J nieinber of the ( 3 1  
? I )  ling i-tdfl. >f~rved ds coordinator of t h f  Firebird 
project. 

Visiting Professors 

\ / ISITI\ ( ,  IWOM,~SOKS at the Inbtitute this term include 
Dra. k. E. Bullen. ge01~h)sics: D. Dwight 1)avis. ler te-  
hrate paleontolog\ : H.  C. van de  Hulst. astrophysics: 
Luna B. Leopold. geology : Barbara McClintock. biology : 
W i l l iam Shocklej  and Victor F. Weisskopf. physic;- : 
and Jolin W . W illiams. c h c i ~ ~ i s t r ) .  

Dr. Bulien. on lea\e  f rom the I ~ i ivers i t j  of S)diie).  
Australia. where he is. profes.-or of applied niathemdticb. 

d e \ o t i n g h i s  time at Caltech to i'eismologival studies. 
Dr. DBMS iz cuiator  of the Ditision of Vertebrate 

Anatonl) of the Museum of Natural Histor! in Chicago. 
Dr. van de liule-t. who is  doinp research and teaching 

at  Caltech in radio a ~ t r o n o n l )  and galactic structure. is 
on lea ie  from the lJni\ei;ity of lJeyden. the hethcrldnds. 
tthert. lie is prot'essoi extraordinary. 

Dr. Leopold. a yeolopist with the Vt ater Resource:- 
1)ivision. I ' .  S.  Geological Surve). is doilig expelimentd! 
work in h)drodynamics at Caltech and teaching geo- 
morpholo"; . 

Dr. Mcflintock. dii imest igator  fo r  tlu' Department of 
Genetics of the Larnegie Institution of \Va>hingto~i. is- 
colitinning her genetir stiidies here. 

Dr. Shorkle).  Caltech ',-i2. come* from the lk-11 Tele- 
plione 1.ahoratories J I I  Murra j  Hill. he \ \  Je r sey  dud 
Dr. Vt cisskopf i r o m  the J V l a ~ ~ a c h ~ ~ s t ~ t t ~  liirtitute of 'I'ech- 
nolop!. where he ir- a profesror of ph) sics. 

1)r \\ illiains. l ~ i o f t , s s o ~  01 chemisirj  at \lie I ~ ~ ~ \ c r f r i t \  
of 1 i ~ r o i i r i t ~ .  i? viigdged in rtu(iit,r- of j)ioteiri c l i e ~ n i s t r ~ .  

Carl Braun 

CWI l"ii . \ i \~<i~;s I ~ A I  A .  d trustee of the (.dIiloriii>i In-  
stitute and founder and  president of the C. P. Biaiin 1~11- 

pineering firm in Alhambra. died on Fehrudry 4 of a 
heart attack. 

C . F. Braun & Co. 13 one of the country"e largest com- 
panies hiiilding oil refinerier- and clieniicdl plants. 

Mr.  Rraun. a native of Oakland. recei\ed a U S  in 
mechanical engineering from Stanford U n i ~ e r s i ~ .  and 
a n  L1.1) from Occidental College. He estdblished the 
liraun Lo. in Sdn Francisco in 1909. aiid moved it to 
A l h a n ~ b r a  in 1922. It ha;- designed and c o n s t r i ~ ~ t e d  
chen~ival  plants valued at $SOO.OOO.OUO. 

Mr. Braun was a director of the Friend? of the HIIJII- 
iiigton Librar) .  d trustee of Uaiemont  Men's (;oJlepe. 
and  a confcult~~ii; professor of the stdiiford Graduate 
School of Buainesa. H e  had also pieviousl) s e r ~ e d  as  
director of the California Institute Aarociatefc. 

Associate President 

fi H ~ \ \ o \  ( ; K \ M ) I I . I .  JR.. president of the California 
Hardware Company of 1.0s Anpele;. has  been elected 
president of the (;alitornia Jnslitute Associates. succeed- 
ing  Charier- S. Jones. prebideni of the Itichfield Oil 
(;ompan). 

Also elected w e  William Clayton. president of ihe 
Clayton Manufacturing (:orripany. El Monte. v\ ho will 
herve as  third vice-president; and two new members of 
the Board of Directors: Jerome K.  1)oolan. vice-president 
of the l3echti'l Corporation. l.o> Angelc;. and Robeti I>. 
iMinckler. president of the (icneral Petroleum Cor- 
poration. 

Re-elected were Archibald 13. V O U J I ~ .  firs-i v ice-pre*i- 
dent: S e e l q  ( J .  'Vtudd. second vice-president; Alexander 
King. secretary: Herbert L. Hahn. treasurer: and TI. H 
G. Nakh. assistant recretary and assistant treasurer. 

New Seisrno Station 

THL FOI K'I LLM'II in the netÃ§vr of auxiliary :-ei-MIO- 
logical qationr- operated 1)) the Laltech S e i a ~ n o l o ~ i c a l  
L a l ~ u r a t o i ~  ha; now pone into opeiation. Tlie new i-tation 
i?  1oc-ated dl  the lrahclla Dam. d project of the U .  S 
Ann)  (.orpr- of Fnpiiitxer.- un  the upper Kern Kiler .  

Likr tlic other i i i r ~ a l l a t i o n ~  in  the (;aItecli m%t\\ork. the" 
lsdbella D d n ~  stdtion i* equipped with one of tin- rhort 
period recordin+seismograph-, developed 1)) 111. H u p i  
i h i o t f  to record local earthquakes. Routine work c o n -  
nected with the operation of the ieisniograph will lie 
handled 11) resident eiiyineers at the Ldht'lld Dam 
project. 
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This germanium refining 
method keeps impurities 
down t o  less than 
5   arts in a billion 

A new method of metal refining. currently in use at the 
Western Electric- plant a t  Allentown, results in the pro- 
duction of germanium that is better than 99.9999995% 
pure -- the highest degree of purity ever attained in a 
manufactured product. 
The need for germanium of such exceptional purity 
came about when research by Bell Telephone Labora- 
tories in the field of semi-conductors led to the develop- 
ment of transistors, which are manufactured by Western 
Electric. 
The transistor is a tiny crystal device which can amplify 
and oscillate. I t  reduces space requirements and power 
consumption to a minimum. 

V a r i u u s  ~ U T ? I I . ~  in~/ii(Â¥I g f i  1 i i t i i 1 i l ~ 1 7 1  t u k e s  be for t?  b r i n g  used  in t i u n -  
s is tors  a r e  s h o w / i  i~ t h i s  p h o t o .  Bar at t o p  i s  ail i11got o j  g e r -  
i r t u ~ ~ i u ~ ) ~  a f t c i  s e d u < i i o ~  j rom ~ i ' n t c t ~ ~ i t < w t  <lioa'ide. i\e'.c< f s  t i l t u ~ c r  
the g e r m a n i u m  inyut a f t e r  t h e  z o n e  ~ , e f i , ~ ~ i n g  p i .ocess  11.11i1 in 
f i s t e i ' i l  K l e c t r i c .  Beli~'1o the i i i y u t s  c u e  s h o w n  .I gci'inuniuin 1 . 1  us- 
u s  g r o w n  ~JY maclmi i ' ,  ii slices c u t  b m  rhrsi: 6 1 - y s t u l s ,  und  s s i e i - u l  

Germanium crystals of the bize required in transistors 
do not occur in nature; they are artificially grown a t  
Western Electric. At this stage in transistor manufac- 
ture, other elements are introduced in microscopic quan- 
tities to aid in controlling the flow of electrons through 
the germanium. But before these elements ran be intro- 
duced, it is necessary to start with germanium of excep- 
tional purity. so that the impurities will not interfere 
with the elements that are deliberately added. 
So Bell Telephone Laboratories devised an entirely new 
method of purification, known as zone refining, which 
was developed to a high-production stage by Western 
Electric engineers. 
In zone refining a bar of germanium is passed through 
a heat zone so that a molten section traverses the length 
of the bar carrying the impurities with it  and leaving 
behind a solidified section of higher purity. By the use 
of multiple heating zones in tandem, a number of molten 
sections traverse the bar. Each reduces the impurity 
content thus producing a bar which contains impurities 
in the amount of less than five parts per billion. 
Because of the importance of the transistor in elec- 
tronics, the zone refining process -- like so many other 
Western Electric developments - has been made avail- 
able to companies licensed by Western Electric to man- 
ufacture transistors. 
This is one more example of creative engineering by 
Western Electric men. Engineers of all skills - mechan- 
ical. electrical, chemical, industrial, metallurgical, and 
civil -are  needed to help us show the way in funda- 
mental manufacturing techniques. 

A UNIT OF THE  SYSTEM SINCE 1882 

~anufactur ing plants in Chicago, Ill. Kearny. N. J. * Baltimore, Md.  Indianapolis, Ind. + Allentown & laureldole, Po. Burlington, Greensboro 
& Winston-Salem, N. C. . Buffalo, N .  Y. + Haverhill & Lawrence, Mass. * Lincoln, Neb. St. Paul & Duluth, Minn. Distributing Centers in 29 cities 
and Installation headquarters in 15 cities. Company headquarters, 195 Broadway, New York City. 
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T H E  C A L T E C H  A L U M N I  

IV. Occupation and Income 

by JOHN R. WEIR 

1 5  I w \  I O I  s \HTI(:I .LS we have discussed certain aspects 
of the ?nrve) relating to ihe occupation' of our  alurnni 
VVr have pointt,d out that itie ?!reat majority have fol- 
lovted the $pt>(:ific field in which the\ gut their training. 
h a \ <  been in it excr sitice the) left ychool. a n d  intend to 
continue in it f o r  the rest of their working career?. If 
tln'y were to leave it. it Â¥noul l)c only for  another spec- 
a l t )  w i~ l ~ i n  the l i d d s  of s c i e ~ c t ,  o r  t ~ n g i n t ~ r r i ~ i g .  Thry  are 
in positions of importance and inilueii(;c. and havr the 
responsihilit) of d i t - t - i : t i ~ ~ ~ t ~ d  control l ingo i l i e r  people 
as  piojcct leaders. ?upenisor;-,  adn~inistrator:-. a n d  ex- 
ccutiv cs. T h e j  consider thr insrh es rnui c sucrcsi'fu l tliaii 
the average. and if the) had it all to do ovei again. 
would yo back to 1111- same -chool and major in the 
same field. 

I tin? article vie will co~nple tc  the \ocational picture 
of our Caltech alumni Â¥ ill) a (5.-cussioti of tit-Id- of 

4bout thiee times as  many Baclirlors a: l'liD's artL in 
the field of Actministration. Other occupational fields i n  
hhk'h the nurnhei of alumni bere  50 .Â¥-mal da to he  not 
significant wei r :  rtudent. selling and advertising. field 
work. coni-uSting. laboratory. law. irisurarice. medicine-. 
sidtlsiic* 

From another ~landpoir i t .  almost all of our  alumni 
a re  in  positions requiring leadership and adrninihtra- 
live ?kill. A qiidrtvi of the alumni have from I to 5 
people rrq)on>ible to thern. a qudrter 6 through 19. 
a quarter 20 through 1199. dud 7 percent have over 200 
roponsib1e lo them. Approximately 80 percent thus 
habe one or more people responsible to them. This  
figute point? to liic need for  executive and adrninistra- 
live training a- a n  essential component in the education 
and training of the young scientist or engineer. 

Earned income 

Tlie median earned income for  ihe Caltech alumni a? 
reported in the fall of 1952 via- $7,000 per year. 
Havernaiui and We21 rel~ort  median earnings fo r  three 
<tifI't~reiit groups w!ii(;li perniit significant comparisons 
with this figurv. They give the median earnings for U .  S. 
college graduates as  $5,345. the median earnings f o r  
profesi'ional men tcoiistructioii, engineering. architee- 
lu re )  a s  $5!/172. and the median e a r n i i i g ~  f o r  ihe gradii- 
ales of x \ e n t e e n  technical --(:hools as $6.135.* 
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INTRIGUING OPPORTUNITIES FOR 
GRADUATING ENGINEERS 

You'le sure to find the exact type of 
challenge you want in Engineering De- 
velopment, Design. or Manufacturing at 
RCA. Men with Bachelor's, Master's or 
Doctor's degrees in EE. ME, IE or Phys- 
ics are needed. Yon'll find your optimum 
career work among the hundreds of prod- 
ucts RCA produces for the home, sci- 
cnce, industry and Government. 

If you have the necessary education 
and experience, you will be considered 
for a direct engineering asbignment. Oth- 
erwise, you'll participate in our Spccial- 
ized Training Program, in which you 
can explore RCA's many interesting en- 
gineering operations for a full year. 

Your rapid profesuonal advcincement 
is enhanced at RCA bv the iree flow of 
engineering information. 

Write today to: College Relations, 
RCA Victor, Camden, 'New Jersey. 
Or, see your Placement Director. 

PORATION OF AMERI 
J'fbrld leader in radio --firfit in television 
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ALUMNI S U R V E Y .  CONTINUED 

coii;-ideralilj a l )u\e  where it i r  now. ( T h e  down C I I ~ M -  

hegiiinitig at agc 50 ciiu prohahl) hest be understood a= 

A DEGREE PAYS OFF AT ANY AGE 
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AGE 
0 Median Earnings of Caltech Graduates 
0 " 

" ,, 
U. S Men " (Hovemonn 8 West) 

Ã Income " All  U S Men  

i e l l t ~ t i t i g t t w  changes initiated at tiit' (California I i is i i tu~e 
iii the  middle twenties under the influence of Dr.-,. Hale. 
byes. a i d  Millikan.) 

Income from consulting activities 

Our  Caltech graduates do nut get much income from 
-on-ulting fw*. O n l j  7 percent r a n i  more 11iari $1.000 
d \ e a r  l'roni this acl i~i t j - - -and this 7 percent i i i e l u d e ~  
t l i o ~ v  whose sole earned inroine is from coiisulting 
practice. What co~isultirig income there is. is mainly 
concciitrated in  the Phi) group. Tweiilj-three percent 
of thein Iei~ort  some im'or~ie here. contrasted with on l j  
Vi percent of the B S s  and  MS's. This lack of consulting 
activit) i? probably large]) determined b) the youth- 
f u l r i t ~ ~ ~  uS our  alumni. a s  consultii~g activities tend to 
increast, ~ i t h  age and experience in  ihe field, and  with 
the development of a professional reputation. 

Consulting I~ iewt i e  

h o n e  88.7yi, 
$100 to $501J 2.6 
$500 to $800 1.8 
$1.000 to $5.000 5.0 
$5,000 to $100.000 1.9 

It is equal]) true that Sew of our alumni have in-  
come from inherited wealth o r  large inveatinentb. Only 
12 percent receive more than $1.000 per  year f rom 
t-unrc'es other than occupational and consu l~ ing  activities. 

Total income 

If all  i-ources of income a re  combined, we get a total 
income median of $7.900 f o r  Caltech alumni. Havema1111 
and West gii\e the median total income f o r  L. S. gradu- 
ate* as  $6.140. indicating a $1.700 advantage f o r  the 
Caltec'h grad. The  Caltech distribution runs as follows: 

Total Incomf 
I rider $5,000 12.4% 
$5,000 to $8.000 37.2 
$8.000 to $ 1 1.000 29.1 
$1 1.000 to $40.000 20.4 
$40.000 and o\ er .9 

If grouped by years oui of BS, and according to 
lijghest degree earned, the following medians obtain: 

Median Total I n w m e  
By 1 ears Out of 8.5. by Highest Degrre Earned 

BS MS P h D  
1 through 10 )ears  5.700 6.000 6.900 

11 through 20 )ears  9.000 9.00U 8,400 
21 through 30 years 10.100 10.500 11.000 
Over 30 years 10.800 11.500 

insufficient sample 
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Do advanced degrees help? 

to l ia \e  a (:on.-idt:raI)l> larger iiicrii~t: than a Hadielor. 
Hn\n:ler. a coinpai~i:-oi~ of cartied income f o r  xarious- 
degree-. reveals that =u(:Ji is- I I O I  ilie c a s .  The d ia r t  11t:Iou 
r l i o \ \ ~  the median f a m e d  inconic; for  1'hDr. MS.: am1 
J:!Sa 1)) jcSai'r- since they obtained [heir .BS degree. 
t h e  line fo r  the I'hD'n is- iiiuslly 011 the l)ottotii. On!! 
during the h r d  fÃ§v year3 of einplo?inent do the! earn 
more than tlie Jl\aclieiot?. I'rom thcri un the) a re  con- 
ridcraLlj lov~er .  

I'lic median f a m e d  ii~t:onit: t o r  all liarlielors- and  
Master.- i- $7.000. F o r  P l i f ) " ~  it is $7.500. Do these 
iigur(,s cotiiradict the chart lielow. ;I? \+ell as  the coiii- 
nicnt;- made in the preceding paragraph?  Actually the! 
l o  nut. H i t ~ t ,  ie a dir1)roj)ortioiiatel) large iininf)er of 
13s'' and MS.? in the c a r l j  ) ea r  I lob  iriconit~ J ape g r o u p  
which depi ' i :~se~ tlii~ir nicdians. M e  could make more 
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yourself in 
his place.. . 
A year ago he was knee-deep in textbooks, 
plugging for his B.S. Tonight he's on his 
way to Vancouver, or Miami, or Portland, 
Maine. Tomorrow he'll help an Alcoa cus- 
tomer make a faster ship, a stronger shovel, 
a lighter highway trailer. 

In Alcoa laboratories, plants and sales 
offices from coast-to-coast, ambitious young 
Sales Development Engineers are helping 
to make aluminum more useful, in more 
ways, to more people. We need more men 
just like them to help us meet ever-growing 
demands for Alcoa Aluminum . . . Alcoa 
"know-how". 

Maybe you are already thinking about 
trading your textbooks for a position in 
production supervision, industrial research 
or sales engineering. Tell us about it, give 
us an idea of your background in Chemical, 
Electrical, Mechanical, Metallurgical or 
Industrial Engineering. 

Good men go places fast with Alcoa, in 
their daily associations with leaders in the 
aluminum industry. Right now it may be 
quicker than you think from a seat in the 
classroom to your career with Alcoa. Why 
not find out? 

Your Placement Director will be glad to 
make an appointment for you with our 
Personnel Representative. O r  just send us 
an application, yourself. 

ALUMINUM COMPANY OF AMERICA, 1825 
Alcoa Building, Pittsburgh 19, Penna. 

ALUMINUM COMPANY OF A M E R I C A  

ALCOA ON TV brings the world to your armchair with "SEE IT NOW" featuring Edward R. Murrow. Tuesday evenings on most CBS-TV stations. 
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ALUMNI S U R V E Y  . . , co iwwm 

In order to a ~ o i d  von~plicci~iotia. eoniparisun? {till he 
limited to the I'hD's. 

O ~ i e  thing is wrtain. 'She PIID'* certainly represent 
a high degree of fccholastic ability. Almost the entins 
group reports A and H grades -and within lhis group. 
niortb of thi. A s-tudt-nta tend to go into leaching. 

Teaching &on-teaching 

58 '/< 14 (/( 
:\b -1 5 

0 I I 

The mediai earned income foi the teaching P111)s 
7 percent of the Galtecli sample) is $6.500. For thr 
n o ~ i - t t ~ a c l ~ i i ~ ~ ' l i D ' ~  ( 12 perceiit of the sau-iple,) it is 
8.200- a ditlerence ot $1.700 <i jedr. If additional in- 
comt* from ('Onai~~tir~g. hooks. lecture*. eic. i t  included. 
tin' ledcheih it-port $7.600 totdl ill~l~lllt '  versus $9.000 
tor ttie IIU~I-teaolieit--a diHereiice of $1.100. 

While a person making $7.t)00 a year could lidrdly be 
called polerty -stricken, even in  these times of intiation. 
t l i t ~ e  rertainlj is a significant finanrial sacrifice entailed 
if one enkerb the aeadeinir field. I t  would indeed he 
interesting to identjfj the tiuc inoiivatioris leading to 
thtb derision to accept such a sacrifice. 

College finances 

Ha\eniann dud \Lett repoited thai, in gtaneral. the 
studeii~s who had their parents' financial support i ~ i  col- 
lege cashed in Idtei un thr aei!uii~) and prestige whirli 
this seemed to gilt, them. The median income for those 
uho  worked their uay tlirough ,-chool was about 10 
percent beloit the median hi those whose families had 
put thein through. Tlic opposite is? true for our dlumtii. 
Thost- who edriied thr majorit) of their expenses dl 

Galtccli repoit a mediaii totcil inwine $300 greater thdn 
do those who earned a quartvi or less of their college 
expeiises. 4ppare~itl\ our ahinii~i aitb more likelj to gel 
I heir joki and income l~y  deteraiinatioii and hard work 
than through fan i i l~  pos?ition and influence. 

Median Total Income u j  Self-Hell4 and 

Family-Supported M e n  

( :IT , . S .  
Karned none to !,k 

ul college expenses $7.700 $6.01 4 
Earned I,/, to J/o 
of collt,ge expeiifces Ã‡.OOI 5.694 
Earned I/,> to all 
of college cxpeiise:- 8.000 5.507 

Politics Extra-curricular activiites 

43 rnosi studies show, theie is a relationship hetwecn 
the ainoimt of money one has and llis political affiliation: 
The higher the income the greater the afliliation with the 
Republican party. The Caltcch alumni are no exception. 
They shou a ilelinite. thouph minor. correlation between 
itirorne and Ke~~i~li l ic~nisir i .  

An item of conbiderable irnportaiice and interest to 
the Caltech student is the matte1 of the relative imporl- 
ance of grades \ersus extra-curricular activities in their 
contribution to succeab in later life. Would it be better 
for him to forego all extra-curricular activities?. s-tudent 
body offices. clubs. etc., and concentrate on his hooks. 
becoming a 100 percent dyed-in-the-wool snake? Or 

FAMILY INCOME AND POLITICAL PARTY Zhould he study just enough to get bj .  and spend nioi-t 

FAMILY INCOME 

8 7,500 ft OVER 

$3,000 TO $7,500 

LESS THAN (3,000 

Religion 

tlavemdnn and \Vest foi~iid that the Jewish n~einl~er.-- 
of their rainplv ii'ported turning inert- nitniey than tlie 
Protestant: and Catholics. This is? not true for the Caltech 
alunini. The Caltech Protestant graduates tend to hale  
tlie liighei incomes. This difference might be explained 
1)) the fact that CaJtech has had t e r j  feu Jewish gradu- 
ates until reccntl~ ; thus. t h y  are relati! el; \ oung and 
as jet ha\e not realized their potentialities to a degree 
cornp~rahle with the res-t of the Caltech diumni. 

of his time on  t'xtra-curriculdi acti\itit>;-. leariiirig how 
to \\m friends and influence people? 

Tiiis is a constaiit problem. and 111) to the present 
time Me hale had n o  adequate empirical data on ~ l ik -11  
to base conclusions, Howeter. the r t~~ult , ;  of our sunc! 
novt pern~it  11,- to draw some tentcitile 00111 lui-ion-; on 
this matter. 

The median total income foi our pciduate;? who report 
getting inoatl) A s  i~ $8.WO a >ear ,  T h e  median total 
income for tho*e who repoil getting niostl) i.-- $7.500 
--or $600 lets? a jear. and haidly what oiie would call 
a profound difference. If we look at those of our alumni 
who report participation in four 01 more activities. VM." 

find that their median total income i f  $8,800 a year. But 
those who report no extra-curricular acthities while in 
rchool hale  a median of $7.200-- a difference of $1.600. 
and almost three times the difference between hiph and 
lo\\ grades! 
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How engineers designed .OOO2" 
accuracy into a gear shaver table 
To get the high accuracy necessary in  geiir shaving 
operations, engineers had to have extreme spindle 
rigidity. If the spindle could be held rigid, it would 
eliminate chatter and vibration. To get this rigidity, 
engineers mounted the table spindle of this gear shaver 
on TimkenB tapered roller bearings. The result-a 
measurement of this gear shaver's accuracy showed a 
maximum runout of .0002"', exceptional in view of the 
fact that these bearings have 17Ys" and 16%" bores. 

How TIMKEN bearings hold 
spindles in rigid alignment 

Deflection is minimized, end-play and chatter 
eliminated because the tapered construction of 
Timken bearings enables them to take any corn- 
bination of radial and thrust loads. Line contact 
between rollers and races gives spindles wide 
support for extra rigidity. 

TIMKEN 
l ~ A B l . M b ~ K  a t 0  e % PA- OW 

TAPERED ROLLER BEARINGS 

bearings or job opportunities? 
Many of the engineering problems you'll face after 
graduation will involve bearing applications. For - - 
help in learning more about bear- 
ings, write for the 270-page Gen- 
eral Information Manual on Timken 
bearings. And forinformation nbout 
the excellent job opportunities at 
the Timken Company, write for a 
copy of "This I s  Timken". T h e  
Timken Roller Bearing Company, 
Canton 6, Ohio. 

NOT JUST A BALL 0 NOT JUST A ROLLER Q=> THE TIMKEN TAPERED ROLLER 0 

BEARING TAKES RADIAL 4 AND THRUST 4)- LOADS OR ANY COMBINATION % 
FEBRUARY, 1954 29 



ALUMNI S U R V E Y  . . . CONTINUED 

Grades, activities and income 

The median edrniiip of  thtw ioui groups- arc ~ ~ M I I  

in the chdri below. The All-Around S t ~ d c ~ ~ t a  haxe tile 
h i ~ l i c ~ t  i m~oiiie. 'l'lmse W l ~ o  Jurt Sat There the IovM\--I. 
I f  we cimpaie ihe Hi;-' M ~ I I  oil (:di~ipiir with the Snake. 
it appears that i t  jo11 h i e  to take your choice between 
gr~defc and actiihies. jou'd betie] lake the dctiiitie?. But 
an tzven better solution is to cortibint~ p o d  "lade;- with 
at ledst a few activities'. 

This Is unite dift'ertwt frum the via) i t  is airlong tlir 
I .  S. collepe prdduates a? reported 1) )  Ha~ernann and 
\Vest. While extra-curricular dctivitiei- dppedr to be ~ e r y  
important in  relation to the Idler fuccess- oS the Caltech 
graduate. the) make little difference for the I . b. gradii- 
ate. O n  the other hand. uliile prades seen) to make rela- 
t i ~ r l )  little differt~iirr foi tde Cattech graduate. the) aic  
\e r \  important lor the [ I .  S. graduate. 

TOTAL 

THE CALTECH 

LADDER 

OF SUCCESS 

The All-Around Student 

gets to the top, 

but Those W h o  Just 

Sat There still sit 

there - on the bottom 

Grades probably make Jiiore difference among the 
0. 5. collt!gt; graduates htx:ause then; arc large differ- 
eiifcrts in scholastic ability within this- group. di-ades 
don't make much ditfei-t!rice at Caltech. because all of 
t i ~ r  >tuderit: an: A r tuden~> ~ihei i  c o r i i p a ~ d  %it11 the 
I .  5. college group. 

The factor that seeins to ilitfereiitiatt: significantly 
ainunfl  (.'altech graduate: ir their participation in extra- 
curricular acthitic's--that is, their capacity and willing- 
lie:: to assume group Jt;a<lt:rshiji. participate i n  group 
activities. and lind t u n  unil relaxation in social and 
cultural pur'uita in addition to their academic work. 
To obtain material regards in life. it is ;lot wih in]- 
portant to knovi s -o~r ie th i~~g l ~ u t  it i.- eteii more itr~l~oriaiit 
to he able to wnniiiiiiicaie this knonledge to otliers. and 
t o  couperate with tlieni in itr application and h e l o p -  
rnent. It :eenla r t : a a i ~ ~ d ~ l t ;  to assume that participation 
hi extra-curriciilar acti\ities might hi; a rough nit,d- kurt: 
of su(:h com~nunication ability and social facility. 

GPA and vocational success 

Tlieae fact: indicate thdi while 
and grade point fierages may be 

our s j  i-ten1 of grade5 
Â¥valuabl for our own 

administrative purpose:-, it has lit1 le value a> a measure 
for predicting .-uhst,i~nent voca~ional suece:-s-. Jf v,e want 
a method of 1naki11g such predictiokis Me might do Let- 
ttLr t o  hare our grading system on extra-curricuI.:ir 
a c t i ~ i t j .  It would eeeni to be only a mild exaggeration to 
ad) that an)one able to get a degree from Caltedi will 
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There's plenty of "head room" for you 

If you are a senior in am fidd of en- 
gineciiiig, i t  would be c i d ~ b a b l e  t o  
considci the achantages of A cdreir at  
Boeing aftoi j uu graduate. 

Boeing, foi instance, makc;> a policy 
of "promoting fiom within." Regulai 
merit revieii s gn e J ou steady opportu- 
nity and recognition. And 111 a com- 
pany w ith a growth record like Booing's, 
there'ii always plenty of "head room" to 
move into. 

Another advantage ~t Boeing la careei 
stability. Bocing \ut, grown practically 
continuousl) during its 37 ?ears of op- 
eration. Today Boiing actually employs 
more engmeciii than even at  the peal. 
of World War  II. 

Still another Bocing advantage is 
the variety of experience and contacts 
atailable to ~ ( J U  here. Boeing is con- 
staiitly alert to new material5 and tech- 
niques, ~ n d  appioaches them without 
limitations. Extensive subcontracting 
and major procurement programs. - all 
directed by engineers - give you con- 
tacts with a cross section of American 
industry. A c t i o n ,  in fact, is unique 
in its variety and breadth of application 
-from applied resciirch to production 
design, ~ l l  going on at once. 

At Boeing you'd work in Seattle, 
Washington. or Wichita, Kansas -two 
fresli, modern cit~cs \i ith a wide ariety 
of rcc~cat ion~~l  facilities, &ne chopping 
and residential districts, and universitici 

at Boeing 

which provide cxcellcnt graduate study 
courses. The company will arrange a 
reduced work week to permit time for 
this study dnd will rcimburse tuition 
upon successful completion of eacli 
quarter's \I orb 

There are openings in all branches 
of engineering (ineclicinical, civil, elec- 
trical, aeronautical, and related fields) 
for DESIGN, PRODUCTION AND 
RESEARCH. A150 for sen o-mcc1iii- 
nism and electronics designers and ana- 
lysts, and physicists and mathematician-) 
1~1th advanced degrees. 

For further information, 
consult your PLACEMENT OFFICE, or write 

HHW C. SANDERS, Staft Engineer -Personnel 
Boeing Airplane Company, Seattle 14, Wash. 
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find hi? eaniings directl) ielated to hi;' capacit) to ertal)- 
Iish adequate interperaorial relationships. lissi~iiir lead- 
ership iesponsihility and understand and enjoy a( titities 
outside of his held of specialization. 

Civic activities 

The median earned income for all Laltech alumni re- 
portiiig no participation in cilic activities is $5.000; for 
those participating in file or more. it is $8.200--a dif- 
ference of $.3.200! 

None 1 through 4 5 or more 

Less than $:3WL> 23): 9% 5% 
$:j.OOO to $5.000 19 12 5 
$5.000 t D $7.500 30 56 29 
$7.500 and over 28 5.1 61 

The di f ler r~~ce in median? inentionrd al)o\t"is twice 
the difference lietween no extra-curricnlar acti\ilie.- am1 
four or inore. five times tliat between G grades and A 
grade?. and m e n  timt-s tlie difference between BS's and 
I'hD''. 

Hob rcm we account f o r  thi' difference- the largest 
M C  ha\(- fumid? The most plausible explanation would 
he to a??nme a close rejdtionrhip between civic activities- 
and extra-curricular activitie'. That i.~. a person with 
the interest and ccipacity to participate in extra-curricular 
activitie' ti5 a studrnt would also tend to he active in 

civic affair? as an alumnus. The foIlowing figures. s-IIIJ-  

poi  t this liypr~tliesir. 

Wc Activities h r u - c u r r i c u l a r  activities 

None 1 through 3 4 or more 

hone 4 7( 2% 1% 
1 through 1 66 62 50 
5 or 1110 rr 30 36 49 

The earlier comments made concerning' the liows and 
whys for the coritribution of extra-curricular activities 
to high earnings ia even more relevant here. The Caltech 
alunmus \tho accept;- tht* social and cultural rvaporisi- 

liilitier. tht. obligation to assume leadership. diid \he 
obligatioii to cotitribnte to hi? winmunit) and 'late-- 
dl1 in proportion to Ins training and caparitj- is also 
an alurnniia viith a relatitel) high income. It is an oft- 
rtated ai-;-nrni~tion that tlie pcrr-on viho has the awareness 
and vvillingness? to a ~ ~ m n e  civic and social respoii?ihilit) 
\bill he a happier and more productive person. This ii- 
rertaiiil) the reds-oning behind the Humanities program 
at Caltech. Apparent]) it al?o leads to highcr income-- 
a ier )  persiiasi\e testimonial for breddth of interest am3 
a c t i ~ i t )  . 

f'ulling the income differences we hale heel1 diacitss~i11~ 
into a rank order tdblt' highlights home of the hiteresling 
resnlt; of thi? pa1 t of our surie) .  

Fivc 01  more ci\ic aftairs over no 
civic dflai~;' $3,200 

A grade' anif 3 extra-curricular acthitieh over 
(. gradrs and no t-xira-curricular activilivi- 2.500 

Non-teachinglJh1) ovei tedching Phi) 1.700 
(,aItecl~ graduate; over I . S. college graduates 1.655 
Four extra-curricular ddivitie:- over 

no activities I .600 
(.altech graduates (nci L.  S. profi-ssionals 

( (-.onstruction, engineering. architecture) 1.528 
B.S. i adjusted* ) o\er teaclrii~g Phi) 1.480 
(,altecli graduates o\er  graduates of 

17 technical i-rhools 865 
A grades o\er C grades 600 
B.S. (adjusted*; over 1'1~11~; 500 
Self-help over family su~1)orted 300 
"Son-teac'hjilg P1iD-h over 15s (adjusted* ) 220 
Caitech graduate- over scientists and 

engineer? according to Los Alarnob 
and .National Socit'ty of Professional 
Engineers ?iir\ tLys  54 

wt, footnote on p. 26 

Perhaps the most dramatic relationships revealed are 
the large differences for civic and cxtrd-curricular ac- 
tivities. and the small differences for grades and degree;;. 
At least for Caltech graduates. it isii't how much you 
know that c o u n i ; ~  it'? hob well p u  use what you know. 
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electrical and mechanical engineering design and development, 
stress analysis, airborne structural design, electrical and electronic 
circuitry, systems studies, instrumentation, telemetering, electro- 
mechanical test, applied physics problems. 

4 Sandia Corporation, a subsidiary of the Western Electric Company, offers 
outstanding opportunities to graduates with Bachelor's or advanced degrees, with 

or without applicable experience. 

4 Sandia Corporation engineers and scientists work as a team at the basic task of 
applying to military uses certain of the fundamental processes developed by 

nuclear physicists. This task requires original research as well as straightforward 
development and production engineering. 

4 A new engineer's place on the Sandia team i s  determined initially by his 
training, experience, and talents . . . and, in a field where ingenuity and 

resourcefulness are paramount, he i s  afforded every opportunity for professional 
growth and improvement. 

4 Sandia engineers design and develop complex components and systems 
that must function properly under environmental conditions that are much 

more severe than those specified for industrial purposes. They design and 
develop electronic equipment to collect and analyze test data; they build 

7 fits, group life insurance, and a contributory retirement plan. 
Working conditions are excellent, and salaries are commensurate 
with qualifications. 

&limited number of positions for Aeronautical Engineers, 
Mathematicians, and Physicists are also available. 

OflfitwatutM b: PROFESSIONAL EMPLOYMENT 

DIVISION A-1 

e the Sandia 

instruments to measure weapons effects. As part of their work, they are 
engaged in liaison with the best production and design agencies in the 
country, and consult with many of the best minds in all fields of science. ^ Sandia Laboratory, operated by Sandia Corporation under contract 

with the Atomic Energy Commission, i s  located in Albuquerque - in 
the heart of the healthful Southwest. A modern, mile-high city of 150,000, 
Albuquerque offers a unique combination of metropolitan facilities plus 
scenic, historic and recreational attractions - and a climate that is 
sunny, mild, and dry the year around. New residents have little diffl- 
culty in obtaining adequate housing. 

J& Liberal employee benefits include paid vacations, sickness bene- 
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MAN'S FUTURE . . . coNnNum 

, . 1 11is conclurion is  inescapable. Vi e can avoid talking 
about it. rnorajists ma.) t r j  to convince us- to the con- 
trary. laws niaj  be p a s x d  foibidding 11s to talk about it. 
fear  of pressure group5 inay present political leaders 
from disrussi~ig the subject. but the ~ ~ ) t i d u s i o ~ i  ctinnot 
be denied on any rational litisis. Kittie1 population-con- 
trol measures mu=t be hot11 widely and wisely used. 0 1  

we must ieconcile outselves to a world ^here  starvation 
is exe i j  where. wheie life expectant+j a t  hirtli is less than 
-10 years. \$here infanta stand a better chance of (lying 
than oi living during the hrst jedr  following birth. where 
women art- little more than mar-liines for breeding. pump- 
ing child a1 ter child into a n  i n h o s ~ i ~ a b l e  vorld.  rpendiiig 
the greater part ot theit adult Jive? in  a >tale of 
p r e p a i i c ) .  

T h e  extent to which human beings avoid discussing 
conception control is truly incredible. Volume after vol- 
unic lias been \\ritteti. and confeience after conference 
lias heen held on the subject of inc-reasiiipworld food 
production, aiid arguinent:- h a l e  raged oxcr whether o r  
riot food pi oduction can he  increased ~ufl~cient ly i ap id l )  
to keep pace with population increaw. Huge efforts h a l e  
been made to iniprove pu1)lir health i n  mdiiy of the 1111- 

derdeveloped died:-. \ et if anyone. in an ofliddl 01 semi- 
official capacity. is so  bold as  to ;ugge:-t that the approach 
is one-sided. j ~ a r a l j s i s  set3 in. The tninority pressure 
groups =tart to nark on the hapless i n d i ~ i d u a l .  and soon 
he claiini- that his leinark: were ntitiiiterpreted. 

Conception control - unnatural? 

Some of those who fight against conception control do 
so  on the ground that it i5 "unnatural." 'Yet what could 
be more uniiatural than appendectomies o r  injections of 
penicillin? h d .  for that matter. i:- not agriculture itself 
unnatural?  Certainly a potato field growing in Western 
Europe is one ~t the rnost unnatural things m the world. 
The ~ l a n t  is  not iiidigeiious: forest< i te ie  removed so 
that the plot could Le cultivated: plants which prefer 
to grow there a re  uprooted so that the potato can t h r h e  
without rumpetition: artificial fer t i l i~er- i  a re  applied to 
the ground: insecticides disturb the balance oi insect 
life. Clearly. once man invented agriculture h e  moved 
into a n  unnatural world. and. a s  his knowledge has 
increased. his dependence upon unriatnral :urroundings- 
has increased. Those who maintain that conception con. 
trol i-hould not he  used because it is unnatural would he 
Jar  more consistent if the) urged siniultaiieously abol- 
ishment of all  clotliing. '~ritisepiici-. antibiotics. xdccina- 
tioits. and hot-pitals. together tti th dl1 aitificial prac- 
tice> which enable inati to extract food froin the ?oil. 

A second sector of the \i,orld w hich vigoroiisij opposes 
co t i t i ace~~t ion  i> the g ioup  which maintain* that i-uch 
practice;? a l e  contraiy to the precepts of ~ e l i g i o n .  This  
concept indeed place* inan i n  a n  interesting light. repre- 
5enting him as one \\lie. though he \+a+ created \vit11 the 
nieaiis of a l l c~ ia t i i ig  sulYering h i  modifying the effects 

of natural  processes ( a s  h e  proves e ~ e r )  time he  puts 
on  an overcoat o r  takes a p i l l ) .  l e t  belie\es that lie is  
obeyiiig the will of his Creator when he  refuses to  estaL- 
lish and main ta i~ i  a balance between resouice5 ami popu- 
lation by the si111ples-t and most humane of all  possible 
ways. 

The  outlook is all  the more interesting i t i  view of tlie 
fact that it is the children who suffer the most in regions 
% h e r e  the ratios of food to l~opulatiott  a re  \ e r>  low. 
When 1 walk through such regions. where birth rates a r e  
at a biolopical maximum. and I see dirt-encrusted. mal- 
tiouris-hed. disease-riddeti children. I know that this- is  
not the sort ol world advocated iri, the One who said. 
"Suffe~ little children to come unto me. and foihid them 
not. f o r  of huch is the Kingdom of Heaven." 

The Church knows this too. but offers oiill the3e 
choices to underprivileged grruup3: ail almost iinpo;s-ible 
degree of roiitinence. the difticiil~ q a c i n g  of interconrse 
according to the principle of the highly unreliable 
"rhythni theory" frehictanth accepted but not encour- 
aged by some religionist,). or the  pawning of children 
who. 11 priori. cannot be supported and a re  doomed to 
l i e  i n  filth and mii-ery. 

The guilty ones 

Vi 110. then. a re  the guilty ones in this g r i sh  d r a m a ?  
Ale the) the parents. whose love 101 each other ii- per- 
ticips the one tolerable aspect of ail otherwise bleak and 
miseralile existence? Or  are  they those who pdhs laws 
and issue edict- prohihitingithe spread of rontraceptive 
knowledge and. in $0 doing. help to perpetuate the misery 
and unhappiness which exists? Or. per h a p .  are  they 
the persons. uhose name is legion. who are frightened 
i i y  the (reedists- and in their fripht refuse to take action. 

r 1 7 he' member? of the third group. which actively on- 

p o s e ~  contraception. do 'o not because of any deep ron- 
fiction that such practices are  eith?r sinful or "un- 
n a t u r a l .  but rdther for the straightfor\\drd and unfor- 
tunate reason that they ^ant  their particular Froup. 
whether i t  Le nation. rare. or adherents to a creed. to 
become more populo11.-. Titis motivation was partly re- 
-ponsible f o r  mdn) of the actions and attitudes in Italy 
during Mussolitii\ time and is responsible l o r  existing 
official attitudes to~vard hirth control 111 ihe Soviet Union. 
The leader* of the Catholic Church i ~ n d ~ u l ~ t e d l y  recog- 
n i ~ e  that if adherent; to the faith are  able  to maintain 
<i Â¥-iibstantia difference in birth rate between Catholics 
arid tion-Catholics. the proportion of Catholivi; in the 
liopiilatioi~ a +  a whole i >  like]) to increase. Similar 
~ t i o i i ~ h t r  l ~ ~ o b a b j y  deb-rniinc in part the atiitudr of 
numt-rou- proups of people. 

I n  recent jedr-  a i i e ~  attitude towdid birth c-otitrol 
has appealed in s e ~  era1 undei de\ eloped alea&--the fear 
that industrialized nations are  citten~ptitig to exterminate 
them hy propagandizing contraceptive techniques. This. 
of rouri-e. is  a Silind. uiirea~oniiig fear but no more 
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HIDDEN HENCHMAN * 0 

Early man used Nature's rocks and stones to shape 
and sharpen his crude tools and weapons. Today, 
industry has a t  its command abrasives that will do 
in seconds jobs that formerly required days of 
tedious toil. 

Yet relatively few people know or appreciate the 
vital labor-saving, back-stage role which abrasives 
play in the production of practically all mechani- 
cally finished articles. 

MAN-MADE MINERALS *. 
Through the centuries man's ceaseless search for 
better abrasives has paralleled progress in produc- 
tion. Wheel-shaped sandstones replaced rocks . . . 
only to give way to emery and corundum, which 
were sieved, sized, glued to paper and cloth or 
bonded in pottery mixtures to form artificial grind- 
ing wheels. 

But it was by the discovery of silicon carbide and 
crystalline fused alumina-man-made minerals from 
the electric furnace-that the grinding wheel be- 
came a high speed, precision production tool. 

AMERICA WORKS LIKE THAT. Ã§ 

Industry's insatiable desire to improve its products 
and make them available a t  lower cost has sparked 

the specialized skills and knowledge of a myriad of 
men . . . has led to the development of thousands of 
different styles and types of abrasive products for 
innumerable industrial applications. 

America can work like that because it has an all- 
seeing, all-hearing and reporting Inter-Communica- 
tions System. 

THE AMERICAN INTER-COM SYSTEM . . . 
Complete communication is the function, the unique 
contribution of the American business press . . . a 
great group of specially edited magazines devoted to 
the specialized work areas of men who want to 
manage better, design better, manufacture better, 
research better, sell better, buy better. 

COMMUNICATION IS OUR BUSINESS.. . 
Many of the textbooks in which you are now study- 
ing the fundamentals of your specialty bear the 
McGraw-Hill imprint. For McGraw-Hill is the 
world's largest publisher of scientific and technical 
works. 

After you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill's many business maga- 
zines will provide current information that will help 
you in your job. 

COMPANY, INC. =HILL PUBLISHING 
@ 330 WEST 42nd STREET, N E W  YORK 36, M. Y. 

( i E A O Q U Ã ˆ R T i U  8 0 8  T E C H N I C A L  A N D  B U S I N E S S  I N F O R M A T I O H  
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unreasoning than mobt other attiltides which prevail. This  
particular attitude b i l l  probably iricredse in  importance 
in  years to come. nurtured b? existing race struggles and 
1)) the conflict between the Soviet Union and  the % esl. 

In view of the diversity of the attitudes which result ~ I I  

active opposition to family-limittition techi~iques. there 
is  seriou? question that human ~ o p u l a t i o r i s  in  the world 
a s  a whole will ever be l-tabilized. Indeed. a convinring 
argument can be presented to the effect that the popula- 
tion of the world can never be stabilised over A Ion? 
period of time lq a willful decitbase of the birth rate. 
At the moment. however. important though the problem 
of u l ~ i n ~ a t e  stabilization is. the most pressing piohlem 
confronting u- is whether o r  not the growth potentials 
of the underdeveloped areas can be decreased to the point 
where such area's can undergo industriaJzation without 
undue population presriire? being; built up in the proceps. 

It is possible to imagine a process whereby areas such 
as  India might i n d u s t r i a l i ~ c  at  a la te  greater than the 
rate of population increase, but it is po:-sihle to imagine 
such a process only if the rate of population increase 
normally associated with ir~dubtrialization it- in sointb way 
greatly lessened. Let us- make the drastic assumption. 
for the purpose of discussion. that organized opposition 
to dissemination of birth rontrol information can he 
ignored. and let 11s attempt to visualise a program 
whereby birth rates inight. under  the circumstances. be  
lowered more rapidly than death rates within the frame- 
work of an industr ia l i~at ion process. 

New techniques of birth control 

AÃ is  pointed out in an earlier chapter. new techrnques 
of birth control which a r e  on the horizon offer consider- 
able promise of b e i n g h o t h  inexpensive and applical3le 
within the socicil structure of rnany of the underdeveloped 
areas. It is  quite possible that within the next few years 
injection:  ill be available which will produce sterility 
fo r  a period of several months. Further. it is- quite p 0 ~ -  

t-ible that drugs will be  availablv which will prevent. 
without serious i-idv effects. iniplaiitatioii of a fertilized 
egg upon the wall uf the uterus. Let us assume that such 
drugs a rc  available-as they till~lod ceitairily can be. 
given adequate research and  developinent. We  must then 
ask : 11 is possible to eytahli.-11 techniques that would 
secure bo111 widespread use and widespread acceptancr! 

The degret of personal op~oi i i t ion  to  contraceptive 
techniques w i l l  vary greatly from culture to culture and 
from area to area. In Jamaica. for example. one would 
have to combat the belief that "a woman must give birth 
to  all  of the babies slie ha- in h e r "  if she is tu ~ e i n a i n  
health). In Puerto Kico one would be confronted k i th  
the desire fo r  children as  symbol* of virility. In  Asia 
one rtould be confronted with the desire for male chi!- 
dren. fo r  dddi t i~ i id l  farm hands. and for  the i-ecurit? 
i h i c h  is believed to be brought by large families. Neker- 
thelesp. in spite of such individual opposition. there i~ 

evidence that in  most .-uch areas there is a large propor-  
tion of women who do not want to become pregnant- 
o r  dt least not 30 frequently. 

Although efiective contraceptive* can probahly be 
made quite inexpensitely I)y \'testern standards. it is  
doubtful that the cost will ever be brought d o ~ n  to the 
point wherv they can be easily ailorded l)y persons who 
are a s  poverty-stricken a s  those in tlie greater part of 
India  today. This  means that i f  birth control is t o  be 
really effective pr ior  to the completion of the industrial 
transition it must be made a part of government policy. 
and. in particular.  birth-control prograrrih should be in- 
corporated as  integral parts of the public-health pro- 
gram* that art- established. 

Government birth-control programs 

Major  birth-control programs can rationally be given 
p r i o ~  i t )  over many aspects of public-health programs, for 
lowered birth rates automatically result in improved 
1)ublir health. Le?s frequent expot-ure to childhearing re- 
~ l t s  in lowered f tmale  mortal l t j .  Smaller family sizeb 
result in better nutrition and lowered infant mortality. 
In addition. the lowered food requirement for an indi- 
\;dual farnily rei-ults in generally lowered adult mor-  
tality. Thus. a major birth-control program can in itself 
be looked upon a s  a major public-health program. 

In each area where romprehen'-iv.e farnily-limitation 
piograms a re  established. considerable social research 
will be necessary in ordei to accertain thr  moi-t sa~ is fac-  
toty approaches fo r  gai~iinji  general acceptance of the 
new ideas. Incentive? mu:t he devised and new educa- 
tional approaches mutt  be used. There must be social 
experimentation on a vast scale There will be failures. 
nf ro tme.  but. given i-iufficient irnapination and effort. 
i t  is l ikelj  that there w i l l  a150 be hurcesses. 

There a re  persont- who maintain that no amount of 
effort can succeed in lowering I ~ i r t h  rates- more rapicily 
than the rate of decrease that ha.- been associated with 
industrialization processes- in the pabt. Such vie\\$ might 
well prove to be correct. but it seems more likely at the 
present time that yuch v i e w  dre wrong In any event. 
- o i ~ n d  prediction3 oi succes-h or failure on the basis of 
exii-tijig knowledge a re  irripo~silile. We ;-hall never 
know whether 01 not succel-s i , ~  poa$iLIt, until a vigorous 
effort I* made and our  ingenuity and imaaination have 
been w h o l e h e a i t e d ~  applied to the problem. I f  we ruc- 
reed I here "will be hope. 11 we fail. the prospects f o r  suc- 
restful trdii>ition of the underdeveloped areas to stable 
nidustrial societiet- will he <-o remote as  to border on 
llu- irnl~o'-sible. 

Tho .wca:id. find concluding, purl 01 this, extract f r o m  
l i u r r i w n  H r m  H " A  jorthrontirtg hook. "The Challenge 
oj W u n ~  F u t u r e .  n ill appear ntbxf  month. 
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Simple enough now, this vertical ascent was history-makins in 1939. 

THE FIRST SUCCESSFUL HELICOPTER 

Just two years before Pearl Harbor, Igor Sikorsky Perhaps you belong a t  Sikorsky - in the research 
took the controls of a weird-looking machine - departments, the drafting rooms, the engineering 
culmination of a dream of thirty years. Moments laboratories. 
later it  rose from the ground. Though the flight You can remember the first successful helicopter 
lasted only a few seconds, the VS-300 became the - you may be the man to build tomorrow's! Learn 
first practical helicopter in the United States. more about employment opportunities a t  Sikorsky 

Less than six months after Pearl Harbor, the Air from C. R. Banks, Personnel Department. 
Force took delivery of the first military Sikorsky. 

Since then, rapid developments prove that the 
helicopter, most versatile of military aircraft, has 
tremendous commercial potentials. 

Helicopters of the future will be the product of 
tomorrow's engineers. Sikorsky is young and grow- 
ing. I t  offers lifetime opportunities to young men 
who choose work where their skills and abilities will 

IKORSKY 
be constantly challenged. 

One of the four divisions of United Aircraft Corporation 

FEBRUARY, 1954 
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IRC WINDING SKILL OFFERS 

REALISTIC SAVINGS TO INDUSTRY 

Wire e l f i n ie r i  i s  u n i f o i " ~ ! ~ ,  ana 
tiqhtiy V.O~JWI on a 3 i  insuiatei~ . . , another reason why engineers specify ZRC Resistors 

nations arc s?cure>i t o  e'eincnf 

t \ a . i l ~ ~ v ~ , i t  c m a c ~ , w ~ ,  In'si.- 
Savings in the initial cost and assembly of component 

a ted  v V.S "i) ma\ l > ~  rse(t or  parts are an increasingly important factor to electronic 
otnit'.ccl engineers. That's why they depend upon IRC for their 
SPECIFIC EXAMPLES resistor requirements. IRC's mastery of winding wire 

elements-dating back more than 25 years-today pro- 
. =^ .-/ 

'PC 1. r A A  A V* ., vides a wide variety of unique units that offer realistic 
possibilities for savings. 

INTERNATIONAL 
RESISTANCE C O .  
401 N. Broad St., Phila. 8, Pa. 

In  Canada: International Resistance Co., Toronto, licensee 
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diversification : 
another reason why 

Lockheed in 

California offers , .  . 

diversif ied production diversif ied development projects diversif ied iiving 

Huge luxury airliners, cargo transports, The most diversified development program You work better in Lockheed's atmospnere 

fighters, bombers, trainers and radar search in Lockheed's history is under way-and of vigorous, progressive thinking-and you 

planes are rollin2 off Lockheed assembly it is still growing. The many types of a'lrcraft live better i n  Sou:hern Caliiornia. YOU enjoy 

lines. Twelve models are in  product:on. now in development indicate Lockheeo's life to the f ~ l l  in a climate beyond compare, 

pr~duct ion  in the future will be as varied in an area abcunding in recreational 

as i t  is today-and has been in  the past. opportunities for you and your famiLy. 

This capacity to develop a r d  produce such a wide range of aircrait 

is important t o  career-conscious engineers. It means Lockheed offers you broader 

scope for your ability. I t  r,eans there is more opportunity for promotion with 

SO many development and procuction projects constantly in motion, It means your 

future is not chainea to any particular ty?e of aircraft-because 

Lockheed is known for leadership in virtually all types of aircraft. Lockneed's 

versatility in development and produc?ion is also one of the 

reasons it has an uneqsaled record of production stability year after year. 
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N E W S  

save parts en 
v- . . 

remote control 

Just compare the simpticity of the flexible shaft 
control, shown above, with the combination of 
rods, bevel gears, pulleys and belts that might 
otherwise be necessary. The savings in parts and 
costs are obvious. What's more the flexible shaft 
is less complicated, needs no alignment; is easier 
to install and gives more freedom in mounting the 
coupled parts where desired to assure better and 
more convenient operation. 

Many of the problems you'll face in industry will 
deal with the application of power drive and 
remote control with cost being an essential factor. 
That's why it will pay you to become familiar 
with S.S.White Flexible Shafts, because these 
"Metal Muscles"@ offer important savings in trans- 
mitting power or control. 

SEND FOR r n l s  ~ R E E  
FLEXIBLE SHAFT BOOKLET 

Bulleii?z 5008 contains busic 
jlexihle shujt jucts sad shows 
how to  select und afi#ly Bexi- 
bie sbujts. Wri ie  jor u coey. 

Dm*. c, loEast4Othst. - 
NEW YORK 16, N. Y, 

Alumni Dinner 

TH~. AI.IJM\I A S S O C I A I I O ~  will hold its next dinner 
meetirig on Tuebday. M a ~ c h  16. at the Hodger Young 
Auditorium. 9S6 West Wa>hington Boulevard, Los 
Angeleh. 

\'lair] s p ~ a k e r  is  10 he  Charlw A.  McKeand. Ilirector 
of Empluyee I < ~ ~ ~ a \ i o n ~  for the h5erchantk and Manu- 
facturer> Asbocia~ion of 1.0s Angeles. Hib talk, "Putting 
'Yechnical Ideas in Mo~ion.'. will concern the problems 
faced by the engineer arld scientist i11 trying to com- 
municate t e c h n ~ ~ > a l  ideas. 

I'rof. Hdilett Smith. chairman of the 1)ivibion of 
Humarlitit~s at (~aItvc11.  ill also >peak at the dinncr - 
o11 eurrenk lnstiiute plans f o ~  adding to the Hurnartities 
cur r icu lu~n .  

Uinner w i l l  11e herved ci\ 6:30. h u g h  the bar  opens 
at 5:M. l<e*er\ations s l~oul( l  be ill the Alutnni Ofice by 
March 10. 

Notes 

I,ate*t 1~~1Iletit1 on tlie Alumni S~ir111ning 1'001 and 
the I W N  gyrnna3i11tn going u p  ~ I I  Tournament P a r k :  
Plan> ha\e  1x:en r+on~pleted and t~a\ ts  gone out to con- 
tractor> for  hidt.  They a re  due back March 2. 
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project naturally gave a good deal 
of satisfaction Lo the customer as  
well as  Du Pont. 

A major in glibness and a minor in 
solid inl~ormatiori-those were the 
mythical requirements for a sales- 
man in the old days. But they really 
never sufficed for a man selling the 
products of chemical technology. 

Today, the diverse applications of 
Du Pont's 1200 products and prod- 
uct lines create a need for trained 
sales personnel representing many 
different technical backgrounds. 
These men must deal intelligently 
with problems in chemistry and en- 
gineering applied to such fields as 
plastics, ceramics, textiles, and rnany 
others. 

Du Pont technical men are as- 
signed to various types of technical 
sales activity. In some spots they are 
equipped to handle all phases of sell- 

Technical 
Sales 

ing. In others they deal mainly with 
customer problems. Also, certain de- 
partments maintain sales develop- 
ment sections, where technical prob- 
lems connected with the introduction 
of a new product, or a new applica- 
tion for an established product, are 
worked out. 

For example, a technical man in 
one of Du Pont's sales groups was 
recently called upon to help a cus- 
tomer make a better and less expen- 
sive hose for car radiators. Involved 
were problems in compounding, such 
as choice and amount of neoprene, 
inert fillers, softeners, accelerators, 
and antioxidants. Correct processing 
methods also had to be worked out, 
including optimum time and tem- 
perature of milling and extruding. 
The successful completion of this 

James A. Newrnon, 33,s. in (;II .K.~ Norill (Lro1in:t Stsift! ( l i f t ) ,  discusses study of opti~num 
sei tlngs ;1n6i t:on<li~i:>j~d for c:~r(ji~jg nylm) staple ssiih Prof .  , I .  14'. Bogdan of' Nort I )  Carolina 
S t a ~ e ' s  Hesei~rcll ision. 
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In another case a customer wanted 
to reduce carbon contamination of 
arc welding rod stock. A Du P O J I ~  
technical service man suggested 
changes in cleaning procedures that 
lowered contamination by 90 per 
cent. The new process also reduced 
metal loss during heat treatment-a 
benefit that more than offset the cost 
of the additional cleaning operations. 

Technical men interested in sales 
work usually sttart in a laboratory or 
manufacturing plant where they can 
acquire needed background. Depend- 
ing on their interest and abilities, 
they may then move into technical 
sales service, sales development, or 
direct sales. 

In any of these fields, the man 
with the right combination of sales 
aptitude and technical knowledge 
will find interesting work, and excep- 
tional opportunities for growth in the 
Du Pont Company. 

W. A. Howkins ( 1 6 3 f t ) .  B.S M E . &  Carnegie 
Tecll., demonst rates extrusion c~f "Teflon" 
~ ~ t i - a f l u o r ~ ~ ( ~ t  I I V I V J I ~  resm for a customer. 

ASK FOR "Chernicol Ensineers 01 
Du Pont."T'llis new i l l i~strat~d booklei 
describesinitialassignments, training, 
and paths of pron~otion. J u t  send a 
post card to E. I .  du Pont de Nemours 
& Co. (Inc.), 2521 Nemours Building, 
Wilmington, Delaware. Also avail- 
able: "Du Pont Company and the 
C:ollege Graduate" and "MecI~:~nica. 
Engineers at l h  Pont." 

BETTER THINGS F O R  BETTER LIV!NG 
. . . THROUGH CHEhUSTRY 

Watch "Cavalcade of America" on Tel~vision 



P E R S O N A L S  
191 8 

K(11ph 7.  I'II) lor i >  no)\\ a5&tani > I I  IJI,I.- 
\ i301 for tile .5 rGt t<*  1)itisi1111 i ~ i  11 ~ ~ h i t t ~ i ~ t i ~ r r  
in t.11argc. of > u p t ~ r t i ~ i u z ~  i ~ i  p1111fi1. ~ I I I J ~ J !  
t w n ~ t r i ~ ~ ~ t i o n  jar ihc 13 ~ ~ J I I I ~ I ~ ~ I I  6~111ntie> 
of tht* >t.itt*. For111<>r1> 111 ~ ,ha iq t ,  of fitsld 
> I I ~ ) c I \ ~ ~ ~ o I I ,  l{aIph 111o\e> into the :lot 
1 a~.atvti 1): Lr11t,.\/ II!IIIII~ '20 I act! IJ<!II)N J . 

1921 
t;ilu,~~rd F. h'urg) i: 4 I i  4 ~ > - i : t i i ~ ~ t  ?dl<,> 

nIanagtAr of tlie I > I I > ~ I J ~  anGi i.1~111rol ~Ii\i*ion 
at the Wv:ting11011Yi, ( . X J I - ~ I ~ I I - ~ ~ ~ ~ I ) ~  i t ]  1311f- 
falv> New 1 OIL. Hi5 ~ I J I I  Ell ha: J I M  I e. 
I I I I - I I C ~ ~  to Furt 01-d ~ I Y J ~ I I  horea.  Son lo1111 
\\as n ~ a ~ - r i t ~ d  lay1 3 1 ~  and i: IIIII \  in the 
'4rrny. 

1922 
Fri~ri~, i , ,  1,. fli~pptjr.  4fit.1 > ~ ~ c , n d i n ~  t111, 

holida}.. wit11 g r a t l d ~ ~ h i l ~ j r t ~ n  ill ban Fran. 
c i s i v ~ ~  \ k i t e d  thc I u ~ t i t i ~ t e  and >pent tvn 
113) 5 in ~ ~ j i ~ t l ~ c ~ i - I )  .'iiliJ'(~rnia re11t>\\ ing olij 
a~ .qua in tan~x>.  Hop i?  >till \$it11 iht, Bell 
l .al)orat~~rie: in N i~~~[i)n.?YaItw~.  lor111 
(;:1r~11ina, \\ 1)rki11g wit11 rn i l i t~ r>  ~ ~ I v ~ t r o n i f ~  
+)+re111> f t ) ~  gu i~kvj  tilis>ilr:. ~ n t i a i r ~ . r a f t  
fire twntrol. an11 ~ i n ~ k r ~ a t f v  S I ~ J I ~ .  

1925 
1;runii (,'lu> I I ) ~ ,  i.11it.i plant vngi11tv.r a [  

(:011\air in Fort VII~III. 'I'vka>. ha> IJWII 
t>Iwted to a thrvtx-year tern1 45 ~tat i :  d i i - t ~ .  
101. 0f thy 'r~'l2l? SIJI  it'^) 1 ) s  ~ ' ~ i J f r ~ ~ i 0 1 1 ~ ~  
Lngint>ers. 

ic*~sor  uf p h p i ~ . > .  dnd chairrnan of the tie. 
partnlent tit ( ) I I ~ ~ I I ~  (;niIege, N. k'., starts 
a t ea r  I J ~  >ak~l~atit.al lea\e  this rnontk~. 

Trlirt~ur~ f i .  Kuhn? prufe>wr of geology 

PRESIDENT 
Gerald P. F i ~ s t e ~  '#I  

VICE-PRESIDENT 
Kenneth F. Rt~*>ell -29 

42 ENGINEERING AND SCIENCE 



Replacing a rivet 

, , a m - - - - - - - - - - - - - - - - - - - - -  

. . . a hinge pin 

. . . a s t ~ p  pin 

. . . a set screw 

.---------------------- 

. . . a bolt and nut 

a madern fastener 
that saves time and maney 
on thousands of applications 

Rollpin is a hollow, split, cylindrically formed pi11 with chamfered 

ends. It is simply driven into holes drilled to normal production toler- 

ances. Because Rollpin is slightly larger than standard sized holes, 

it compresses as inserted. I t  is self-locking-and vibration-proof- 

because of the constant pressure it exerts against hole walls. Its shear 

strength exceeds that of a cold rolled pin of the same diameter. Rollpin 

is  readily removed with a drift or pin punch-and can be reused. 

Because of its versatility-and the production economies it makes 
possible-Rollpin is finding wide usage in almost every phase of manu- 

facturing activity. Write for design information on the Rollpin. It will 

enable you to cut costs for many applications where use of rivets, set 

screws, dowels, and straight, serrated or cotter type pins create instal- 

lation or performance problems. 

ELASTIC STOP NUT CORPORATION OF AMERICA 
2330 Vauxhall Road, Union, New Jersey 

Elastic Stop h'uts with the famous red collar 
are another ESNA product 
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P E R S O N A L S  . . . C ~ T I N U E D  

Wings 
were strictly 

A generation ago, about everjone thought that airplane wings 
should be rigid to btz safe. Not s-o today. Designers of today's high 
speed planes have found that safety hinged on wing deflection. 

T o  insure unrestricted control systems on wings that bend, 
Fafnir developed a standard series of Self-Aligning Torque 
Tube Type Ball Bearings which provide friction-free movement, 
reduce cost and weight. By keeping i n  fctep with aircraft progress 

KMS searing Fafnir continues to lead in the production of aircraft bearings. 
The Fafnir Bearing Company, New Britain, Conn. 

FAFNIR 
BALL BEARINGS 

MOST COMPLETE LINE IN AMERICA 
*-"4̂ ' 

four i~liiltirtvi [ three 1 1 0 ) ~  and one gir l )- . - -  
h e  oldtxi-I. 7 )ear:, ,iiitl tile )oiingest. 21) 
nonth!-. 

1940 
i i .  E. 1ie)uuod. M.S.. has  bcrn ai-sii-tant 

,hit:f eiigiiieei of tlie Toledo. Ohio, plant 
nf the National Siipply (;onipan) for the 
past five y a r r .  ' l 'hq are national manu- 
factiiret; of oil held rnarhinery. Late t11i.i 
yea1 he'll l)r rnoiing in Gaines\ille. Texas, 
to beroiiie mariagei of a new 11la11t Na- 
tional i>  liuilding there. 

A'uj l < i ~ . h u r i i ~  has been appointed head 
of the field ser\ii,c planning department, 
field 5eriit.e dhibion, at 1,ot:klieed Air- 
 aft (Air;mration. H e  joincil the rompany 
in 1940. 

1941 
k d e r i f k  II  . f l u r k r  report.- among Ins 

"honors and j)osse>i-ion!-" one wife. Mary 
G . ;  two bo)s, Freddir  ( d l  and deorgt! 
(2,' ; dild two companies-Rogeri. :in(:! 
Clarke, which makes lenbcs, and Optical 
Machinery. liic., which makes lens grind- 
ing eyuipnicnt. The darke-i  live in Rock- 
ford, Illinoir. 

1942 
Joe f'runziiii. Engr. '44. and hi.- hift: 

~i i inuun(~Ã§~ tin- a r m a l  of (:beryl \ n i l  on 
January 13. The Fran in ia  now Itate two 
tlaughter> J I I ~  two >on$. Joe is > t i l l  a mein- 

1943 
~ . i l ~ ' l l ' / l i  C /'ill? / l i ~ / i d  Push ~ i l l i ~ l ~ l l i ' ~ 5  that 

In: ha? funnaIl> 1.-haiigtd hi- last name to 
Rockrtootl. 4 t the ~ a m e  tinii~. he'? lea\ ina 
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Successful designs must have 
low manufacturing costs. 

HOW TO CUT COSTS 
WITH WELDED 

PRODUCT DESIGN 
OW manufacturing costs are a L "must" in today's product plan- 

ing. As a result, every engineer must 
know, above all, how to eliminate 
needless cost in machine designs. 

First consideration in designing 
machinery must be the material used. 
Steel is three times stronger, twice 
as rigid as cast iron, yet costs only a 
third of the price of gray iron. 

That's why machine pans built 
with welded sceel designs often cost 
50% less to produce. 

Fig. 1. Original construction oj gear case 
cover weighed 6Gpounds . . . required milling 
of bottom edge jor oil-tid>tseal withgear case. 

Fig. 2. Steel designed gear case cover 
now used weighs only 10 pounds. . . costs half 
as much to produce. Fabricated entirely in 
the manufacturer's own shop by arc welding. 

Keep in step with the rapid progress in manufac- 
turing with arc welding. latest design develop- 
ments are available in bulletins and handbooks 
that guide the engineering student. Write 

THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 

THE WORLD'S LARGEST MANUFACTURER OF 
ARC WELDING EQUIPMENT 

P E R S O M A L S  . . . CONTINUED 
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Jt  ~ i l l ~ i i ~ ~ l l \  J'?.-tine &'iMl't' ilk l.i,.- 411- 
wlci.. 

1953 
A r f h u i  E .  Bri l l  \s n o i ~  a member of the 

technical i-laff of the Jliighcs Reseai-1.11 
and Deielopn~rnt  Laboratories in 'Culver 
. i t ) .  

Bill Kludgett is working as a field en- 
gineer for the Sperry Gyroscope Co. on tin' 
S k y s ~ e e p e r ,  a ~adar-l:ontrol~?d A 4  gun. 
Right nuw he's at Aberdeen Proving 
Ground. Manland .  tliough he's due to 
nioif on to Fort Bliss. 'rela!-. 1)) about iit!xt 
month. "After that." !-a\: Bill. "who 
knows? Ma) even get back to Pasadena 

I'OI d It,\\ I I I D I ~ I ~ I Ã ‘ - ~  fill t~~tbi-va-.'. 
l tphi i i i .~r  i'r1er.j i -  n o ~ k i n g  a-  a rest rn -  

giiievi- fur tlic t;uod:t.ar 'Stoiniv ( ' .<~rj) .  in 
Poi tsrnouth. Ohio. 

lli)riul<i V.. f'olt:.~. Phi). tin\\ a rt\-,t-arc11 
icllow in d t~ro~ta i i l i c~  at 'J'ei*!~. is tin' win- 
nri- of thi? 'year's I ~ i ~ i t ~ n ~ ~ t !  S'lieiry Anaid 
from the Institute of .4eioi i~uti i :~J Scieiii:er. 
,, I h e  award is made fu i  a riut<i1de ruimi-  
tution 1)) a young iniiii to the a J \ a n ~ ~ n i t ~ n t  
i f  i ~ e i u n a n t i ~ ~ ~ .  Dun i: tlie third (:alierli 
griiduiite I D  iereixe [hi: award--Allt!n 
Puikelt.  Phi) '-$9, hal ing \ton i t  in 1918. 
dnii Iirilri Chapman '11. Pill) "18. ii on  i t  
las-t j r a i .  Don \ \ a>  ritt~ii thi., ) tBai  for hi; 
rxpeiiinental and theoretiral roiit~ib~ition!- 

Let CALMEC Worry About 

Your Metal Parts and Products 

W e  have the most modern facil it ies a n d  most 

complete p lan t  t o  give you the maximum of  

service. W e  stand ready to supply small parts, 

large parts - or  products developed from your 

ideas, a n d  shipped direct t o  your customers, under 

your name, f rom our plant,  

CALMEC MANUFACTURING CO. 
ROBERT A. MclNTYRE, MS. '38 K Imbol l  6204 
5825  DISTRICT BLVD. LOS ANGELES 22,  CALIF. 

Oil Properties Consultants, Inc. 
complete Petroleum and Production 

Engineering Service 
Subsurface Geology Micropaleontology 

Reservoir Mechanics 
Secondary Recovery and Evaluation 

Registered Engineers 

Petroleum Engineering 
Associates, Inc. 

Complete Laboratory Service 
CoreAnalysis * P V T  Fractional Analysis 
Florent H. Bailly, '27 Ren6 Engel, Ph.D. '33 
709-711 South Fair  Oak.-, Avenue Sycamore 3-1156 
Pasadena 2, California R y a n  1-8141 

- -  
<-Ã 

P M E N T  I N G L E W O  

I Cit jei ,  . Branch  O f f i c e  

A E C ENGINEERING 
AND CONSTRUCTION COMPANY 

ENGINEERS CONTRACTORS DESIGNERS 

STEAM POWER PLANTS PROCESS PIPING 

MECHANICAL EQUIPMENT INSTALLATIONS 

Phoenix LOS ANGELES Las Vegas 

NOrmandy 3-8291 

Merrill Berkley Robt. M. Heidenreich 

FEBRUARY, 1954 



ALUMNI ACTIVITIES 

March 17 Dinner Meeting 

C A L T E C H  C A L E N D A R  
February, 1954 

ATHLETIC SCHEDULE 
BASKETBALL BASEBALL 

February 18, 4:15 p.m. February 23, 4:15 p.m. 
1. A. State YS Coltech at Nozarenes at Coltech 

Armory March 1, 4:15 p.m. 

February 20, 7:30 p.m. Muir at Caltech 

Redlands ~ s .  Caltech at March 6, 2:15 
P.C.C. Cal Poly (SLO) at Caltech 

DEMONSTRATION 
LECTURES 

Friday Evenings 

7 : 3 0  p.m. - 201 Bridge 

Feb. 19-"liquid Air," by  Pro- 

fessor E. C. Watson 

Feb. 26-"The Expanding Uni- 

verse," by  Professor 

H. P. Robertson 

February 23, 8 : l 5  p.m. 
Occidental vs. Coltech 

P.C.C. 
Februory 26, 8:15 p.m. 

Caltech ot Pomono 

TRACK 

February 20, 2:00 p.m. 
Interhouse Meet 

T E N N I S  

Februory 20, I :30 p.m. 
Pomona at Caltech 

Febraury 27, 1 :30 p.m. 
Occidentol at Caltech 

March 6, 1 :30 p.m. 
Whittier at Coltech 

GOLF 

March 5-"longevity Under Ad-  

versity in Conifers" by 

Professor E. Schulman 

Y.M.C.A. FILM SERIES 
Apri l  3 Alumni Seminar Day February 27, 2:00 P.m. Februory 19, 1 :30 p.m. 7:30 p.m. - Culberfson Hal l  

Pasadena College, Chapman h i r  at ~ ~ ~ ~ k ~ i d ~  
and Westmont at  Caltech february 26, 1 :30 Feb. 21-"The Passion of Saint 

June 9 Annual Meeting March 6, 1 :30 p.m. P.C.C. at Brookside Joan" 
Conference Relays at March 5, 1 :30 p.m. 

June 26 Annual Picnic Pomana 1. A. State at Caltech March 7-"Saints and Sinners" 

ALLEN MACHINE & TOOL CO. 
Designers and Biiiliiers of Special Machinery and Tools 

Also General Machine Work 
13409 S. Alameda Street Compton, California 

Plionefc: NE\adCt 6-1219 - IMEwmark 5-8141 

DAMES & MOORE 
Trent R. Dames '33 William W. Moore '33 

Soil Mechanics Investigations 

General Offices: 816 West Fifth Street, Los Angeles 17 
Regional Offices in Los Angeles San Francisco 

Portland Seattle Salt Lake City New York London 

G^tndon 
L A B O R A T O R Y  

1 COLOR FILM PROCESSING COLOR PRINTS PHOTO CHEMICALS 

I H RALPH B ATKINSON 30-7273 SANTA M O N I C A  3LVD. HOLLYWOOD 46, CAlIF 

1 Life Insurance Annuities Estate Planning 

HAROLD 0. GRONDAHL 
NEW YORK LIFE INSURANCE COMPANY 

234 E. Colorado Street Pasadena 1, Calif. 
Sycamore 2-7141 lies.: SY. 3-5514 Ryan 1-8431 

OLNEY BROTHERS 
RUG AND FURNITURE CLEANING 

ORIENTAL RUG EXPERTS 
312 N. Foothill Blvd. Pasadena 8, Calif. 

Sycamore 3-0734 I 455 EL DORADO, PASADENA 5, CALIFORNIA I 
1 SMITH-EMERY COMPANY 

since 1910 1 
Chemists-Engineers 

Chemical and Physical Testing Laboratories 
781 E. Washington Bhd.  Lo;- Angeles 21, Caliiornid 

Member American Council of Commercial laboratories 

TRUESDAIL C.E.P. Jeffreys, 
Reseorch P~.D. 

Laboratories, Inc* Consultotion Technical Director 

Wtste for hothuge-4101 N figaema 5; Analyses 
lot Angeles 65, Cot# CApflol 4148 Testing Charter Member 

CHEMISTS - BACTERIOIOGISTS ENGINEERS ACCL 

U N I T E D  
GEOPHYSICAL COMPANY 

1 SEISMIC & GRAVITY EXPLORATION SERVICE 1 I 695 E. Colorado [ls SY. 3.1171 
Pasadena RY. 1-6669 

- - 
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PHOTOGRAPHY AT WORK. -No. 7 in a Kodak Series 

Photography 
reads the meters 

Dial a call-an accurate register counts it- 
then each month photography records the total, 

precisely right, ready for correct billing. 

T WENTY-FOUH hours a day, hundreds of thou- 
sands of dial phones click their demands in 

many central exchanges of the New York Telephone 
Company. 

Little meters keep careful tally of the calls. Then 
the night before each bill is dated, photography 
reads the up-to-the-minute totals in a fraction of 
the time it could be done in any other way. Here is 
an idea that offers businesses everywhere simpli- 
fication in copying readings on meters, dials or 
other recording instrumentation. 

Photography fits this task especially well for two 
reasons. It  is lightning fast. It  can't make a mistake. 

This is another example of the ways photography 
saves time, cuts costs, reduces error, improves out- 
put. In large businesses-small businesses-photog- 
raphy can do big jobs. In fact, today so many new 
applications of photography exist that graduates 
in the physical sciences and in engineering find 
them valuable tools in their new occupations. Other 
graduates - together with returning servicemen- 
have been led to find positions with the Eastman 
Kodak Company. 

If you are interested, write to Business and Tech- 
nical Personnel Dept., Eastman Kodak Company, 
Rochester 4, N. Y. 

Eastman Kodak Company 
Rochestsr 4, N. Y. 

At New York Telephone Company excliang- 
unique camera records the dial message reg' 
readings-up to 25 a t  a clip-saving counties 

racy arid at the same fcne pn~iding 
perinaiit~iit record. 



Engineering & Science 
Calif. Inst. of Technology 
Pasadena, Calif. 

RESEARCH--World famous for its achievements in  both pure and 
applied science, G-E research is led by  scientists whose names are 
known everywhere. The many Company laboratories cover a wide 
range of scientific investigations. Research activities include physics, 
chemistry, metallurgy, mechanical and electrical problems, ceramics, 
and many other fields. 

IS YOUR CAREER HERE? 

DEVELOPMENT ENGINEERING-Development 
engineers are continually obtaining and 
assessing new basic engineering and scien- 
tific knowledge to make possible new de- 
velopments. They serve as consultants to 
help in  the solutions of engineering prob- 
lems, which often require research, experi- 
mentation, and the development of a new 
product or component. 

DESIGN ENGINEERING- To maintain leader- 
ship in the electrical field, design engineers 
are constantly striving to develop new and 
better products. Their skill is largely respon- 
sible for the steam and gas turbines, motors, 
heal pump, control equipment, and many 
other products. I n  electronics, they design 
equipment for television broadcasting and 
reception, radar, and other electronic equip- 
ment. 

APPLICATION ENGINEERING - Since much 
equipment today is designed for a specific 
use, the application engineer must have a 
broad knowledge of the industry for which 
a particular product i s  being designed. Be- 
cause G-E products are widely used Ãˆhrough 
out industry, imagination, determination 
and a sound knowledge of engineering are 
important assets in this ever-growing field. 

G E N E R A L  E L E C T R I C  


