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There's been a cold war on in Minnesota lately 
. . . Awl our metallurgists ha le   on it. 

Hp in the iron ore range. where 40 below 7ero can 
he evpected frequently. shovel (yerator< usualh plan 
their operation's tn remote a icar-s supply" of ore 
during warm weather months \then the ore is work- 
able. Rut rec entl y. with steel requ irernent-! ci  cr in- 
creasing. shovel operators began wolking around- 
the-calenclar. 

And they ran into trouble. 
During one cold spell when the temperature 

dropped t o  40" below throughout the iron ore range, 
the ore froze solid. The extreme cold cauqecl steel i n  
the equipment to lose some of it" toughness. and 
power shovel 1 ~ 0 0 1 1 1 ~  and dipper sticks .broke all oier  
the ratige as the huge steel dipper5 were ~atrirnecl 
in to  the frozen ore with treirirtidou'- force. 

But there was one significant exception. Operators 
using shoveis with booms and clipper sticks made of 
one particular steel went ~ i p h t  on gouging up frozen 
ore without any equipment trouble. 

Those shovels stood up be(au-e the heavily 
stressed parts were made from I^-S.S TRI-TEY-a 
remarkably strong steel that has a high degree of 
toughness. ci  r n  at l o w  temperatures. 

Moreover. the users were able t o  cut the weight of 
their TRI-TE'V parts by 25"(. exert though wine work- 
higstress-es were increa'-(d 3O(<. "And." sins one 
shovel inatiufat turcr. "TRI-TEN steel has enabled our 
customers to operate this equipment successfully a t  
temperatures as low as -45 F..' 

TJ-S'S TRl-TEN is only one of hundred< of steel 
compositions developed hv Inited States Steel to 
meet special service  condition^. Trained I .  S. Steel 
metallurgists work with manufacturers all oicr  the 
country to h ~ l p  sohe prohleinq insulting the more 
efficient use of >tee]. ['niter1 Statw Steel Company, 
525 William P v n n  Place. Pittsburgh 30; Pa. 



This is the Boeing team's jet heavyweight 

Here is a flight shot of the giant 
Boeing B-52 Stratofortress. An eight- 
jet heavy bomber, the Stratofort is a 
fast, husky teammate to the  B-47 
Stratojet medium bomber. It's 153 feet 
long, measures 185 feet from wing-tip 
to wing-tip, and is pwered by eight 
Pratt & Whitney J-57 engines. Speed 
and other performance details are care- 
fully guarded secrets. 

This Boeing jel-bomber team is an- 
other example of the trail-blazing that, 
for 35 years, has kept Boeing engineers 
at the head of the design parade. 

If you measure up to Booing Plan now to build ?our career a- a 

ards, you can share this ~~~i~~ member of Boeing's distinguished En- 
gineering personnel after graduation. 

tige. You'll work with men renowned Boeing has and future openings 
in their fields on such c h a l l e n g i n g f o r  experienced and junior engineers 

as missiles, nuclear- in fields, for aircraft 
a - " 
powered aircraft, and the exploration DESIGN RESEARCH 

of supersonic flight. DEVELOPMENT PRODUCTION 
TOOLING 

You can work in Seattle in the also for servo-mechanism and e]ec- 
Pacific Northwest, or, if you prefer, at tronics designers and analysts, and for 

wichita in the  id^^^^. ~~~i~~ pro- ph:sicists and mathematicians with ad- 
vanced decrees. 

tides a generous moving and travel 
- 
For further information, 

allowance, offers you special training, consult your Placement Office, or write: 

a that grows with you -and a JOHN C. SANDERS, Staff Engineer- Personnel 
future of almost limitless range. Boeing Airplane Company, Seattle 14, Washington 



B O O K S  
GENERAL GENETICS 
by Adrian M. Srb & Ray D. Owen 

W. H. Freeman & Co., San Francisco 
$5.50 

T i n s  rs I vn(nSim.nrY one of the 
most up-to-date textbook'-; in genetics 
now available. Written bv Adrian 
Srh. Professor of Plant Breeding at 
Cornell Fniverqity (who was a Re- 
searc'h A-sociate at the California 
Institute in 1919). and Ray Owen. 
associate Professor of Biology at 
Caltech. the hook is intended for be- 
ginning student-; in genetics. The 
first 16 chapters provide elementary 
coverage of the field, while the re- 
maining 8 chapter" (leal with more 
advanced topic-. The author" hine 
carefully selected nev, eicainples 
from many organisms. such as chick- 
ens. Cow.  etc.. while retainins the 
standard exaniple~ from corn and 
Drosophila. 4tld they hine made an 
effort to include. wherever possible. 
resu Its from recent in1 eqtigations. 

The book is ropiouslv illustrated 
and contains a number of i-pectacii- 
far three-dimensional drawing-; of 
the chromosomes. which are the 
vork of Etan L. Gillespie. 

The text is nicely adapted for use 
1)y elementary students in  genetics. 
[t contains a good rnanv prohlem- 
for ~ t i i d e n t ~  to =ohe.  Each chapter 
ends ^ i t h  a Luminary of its contents. 
\nd the authors have made a preat 
effort to w rite with the utmost sirn- 
plicity. I n  -pite of the rather infor- 
mal style. the approach is riproiiq 
and thorouphgoinp. 

ELASTICITY IN ENGINEERING 
by Ernest E. Sechler 

John Wiley & Sons, Inc., New York, 
$8.50 

THIS 1s T H E  sixth published volume 
in the C4LCIT Aeronautical Series, 
arid the second in the series to deal 
w i t  h problems of structural analysis 

and ela-ticitv. The earliei hook. of 
which Dr. Sechler was the co-author 
{with Loin's G .  fJurin I .  dealt specifi- 
cally with problem-! of airplane rip- 

<ia;n. 4% a result of hi" work in this 
field. Dr. Sechler hecame corn inred 
that the treatment of prohlern-i in 
elasticitv which result from the aero- 
nautical approach rnight have inter- 
esl and value in other engineerin" 
fields. 

Elasticity in Engirt~erin,g bridges 
the heretofore unfilled gap between 
strength of materials and theoretical 
elasticity. 4s such. it should be use- 
f i l l  to engineers working in all field" 
of structural analysis. as well i n  
iitidergradiiate and graduate courses 
in  applied elasticity and advanced 
qtrength of materials. 

Ernest E. Sechler was graduated 
from Caltech in 1928, received hi< 
M.S. here in 1929. and his Ph.D. in 
1931. Now Profecsor of \eronautic'- 
at the lri~titute. he is in charge of all 
aernouatical ~tructiiral course work 
and research. 

For added value in the home, 
out ADEQUATE WIRING in the plans! 

Wrapped in those plans for a new home are an owner's 
dreams, an architect's and a builder's reputation and, 
probably, a lending agency's investment. And al! of these 
will be the better protected by the inclusion of 
Certified Adequate Wiring. 

Specifying "Certified Adequate Wiring" for homes 
is the easy way to assure electrical facilities adequate for 
today's electrical load and for tomorrow's, too. It makes 

practically a "must" in modern construction. 
full details on Certified Adequate Wiring are 

SOUTHERN CALIFORNIA EDISON COMPANY 

i1S" ^- ;I house more valuable and more salable, and at such 

\ I  -̂ a sm,ilI percentage of the total building cost that it is 

av,iilablc,without cost or obligation, through your local 
I l l '  
b+-s Edison office. 



1 . . . tha t  you can Clean Condenser Tube Sheets 

C. H. Wheeler Reverse Flow Condensers are "Self-Cleaning". Electrically, hydraulically or 

7 
without Downtime or Loss of Pressure 8 

manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 

2 .  . . that there are Vacuum Pumps with No Moving 

C. H. Wheeler Tubejets convert waste steam into useful vacuum for pumping, refrigera- 

? 
Parts . . . and often requiring No Extra Power a 

tion, etc. 

3 . , . that a Cooling Tower can be Built to Blend with a 

C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 

7 
Building-or to Stand Alone against Hurricane Winds a 

harmonize with an architectural plan. Sturdy construction it guaranteed for performance 
and durability. 

4 .  . . that Material will Grind Itself into Particles 100 

C. H. Wheeler Fluid Energy Reduction Mills reduce materials to sub-micron particle sizes. 

? 
Times Finer than the Human Eye Can See 8 

Material is conveyed by air, steam or any gat or vapor in a closed circuit at supersonic 
speeds causing particles to reduce themselves by repeated shattering contact with one 
another. 

Bulletins mailed on request. 

1952 PUMP ENGINEERING HANDBOOK 

The Research Has Been Done For You 
'PUMP ENGINEERING DATA" has been compiled for professional and student 

enaineers who want their information in  one 
volume. Designed for ease for use, with tables, 
diagrams, and charts. 

. was assembled by experts to 
provide the most pertinent and 
up-to-date material for pump 
engineering. Substant ia l ly  
bound in maroon and gold-con- 
tains over 400 pages. 

* covers pumping problems encountered in  build- 
ings, waterworks, sewage treatment plants, oil refineries, 
mines and quarries, irrigation, power plants, food and 
chemical plants, paper mills, and in many other applications, 

Send today for your copy of 

"PUMP ENGINEERING DATA" $3.00 



Note for a 
faculty membets 

briefcase! 
Recently we had the pleasure at General Motors of 
welcoming 19 faculty members from leading engirieer- 
ing schools to Dctroit. 

This was part of our continuing effort to (!isrover ways 
in which GM can i ~ e  c ~ f  help in Iurtheririg the growth of 
engineerirlg education in America. 

And their professors informed us that they would wel- 
come information on General Motors employment 
opportunities which they could pass along to their 
students. 

In the thought, therefore, that other faculty meml~ers 
may share their opinion, we are publishing this message. 

So we would like you to know these few simple facts 
ahout GM job opportunities. 

They are l~roadly assorted-fitting a wide range of 
talents-from the pure scientist to the young man 
who sees in his engineering training a fine hack- 
ground for production or management work. 

They cover a wealth of subjects-from chemistry and 
khemical engineering to mechanical arid electrical 
engineering, from metallurgical engineering to 
industrial engineering. 

They offer reasonable advancement for the (1 i1 igent 
arid ingenious mind. For [he indi~strial climate at 
GM is condi~ioncd by a traditional respect for the 
engineering point of view. Witness the n ~ m ~ l ~ e r  of key 
GM executives in both divisions and top management 
who 1)egan their careers as engineering graduates on 
GM drafting 1)oards. 

And we would like you to feel free at any time to write 
us, or ask our College Representative. who periodically 
visits your campus, any cIetaiIe(1 ql~estior~s on the subject 
of GM jobs for your talented students. 
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GM POSITIONS 

NOW AVAILABLE IN 

THESE FIELDS: 

Mechanical Engineering 
Electrical Engineering 

Metallurgical Engineering 
Industrial Engineering 
Chemical Engineering 

GENERAL MOTORS 

Personnel Staff 

Detroit 2, Michigan 



ENGINEERING I AND I SCIENCE 

I N  T H I S  I S S U E  

This monfh's cover show: l ' ( , t ( ~  ky- 
wponln+ fwding ( ~ I ~ r r r ~ i ~ ~ a I  ha> to 
i i~r~.Jia~ii~-aI  horse. I-IP i.-. in 11lai11 Ian- 
gaage. op(:ratiug 21 knock-te3t enginr i i ~  
(:aItccIi.~ S l e t ~ h a ~ i i ~ ~ ~ l  Engintwing l'al) 
- - l ~ o u r i n g  IOO-t~vtane ~ I K J  ~ I I I I I  the tari.  
a I ~ l e - ~ ~ o m p r t : ~ ~ i n n  Sue1 test t ~ i g i ~ i e .  

1)r. K y r n p o ~ ~ l o s ~  .A$soriatc l'rofe>snr 
nl' Vltvhanical Engincc~-ing a t  the 111di- 
t~ j te .  i* c.0-anthor ~ i t h  4:raig )larks, 
F{CS?~~(,II As i s ta r~ t  in hllechanical Engi- 
neering here. of the article on p a g ~  18: 
. .Re(wt l ) e \ e l o p n ~ e n t ~  arid Trends in 
411fn1nnfi\e J'ouerl~ld~its..' 

"Psychoanalysis as Science," lhr  tit](, 
of ~ I I C  article on page 1 1 ,  is also thr  
1 i t 1 ~  of a hook p~iblishcd this in~>~i t l~- -  
from \khich our article ha? been adapt- 
PIJ. Tht, book invludes h e  le~ , t~~r t : s$  
d e I i \ e r d  at (::IIICI.~I in 1950. ~~r i t i e r  tilt, 
:~~onsqr:hi[) of the l ~ i s o n  Fllnd? by 1)r. 
E:rne:t R .  lfilgard. then (:hairman of 
the 1Jf:i~artment of l ' s j~~f~olog j  a t  Star]- 
foi.~---nou l1cat1 of I ~ I :  Stanford Grad- 
114te S I ~ ~ I O I ) ~ :  1 h .  L ~ U ~ ~ T I I X :  S. KuI)~,: of 
h t s s \  ark, (:Iinival lJroft+wr nf I ) > > -  
1.111dtrj and Plental Hygien? at 111e 
J - i ~ l r  Unist>r>i~j  S ~ ~ l ~ o o l  of h11!1iivi IIC. 

'llllj d lll~!nll~er nf the fal~llltj  of tht, 
Reu J'ork l ' > j c h o a ~ ~ d j t i ~ .  11141urt,: 
dnd 1)c. El. I'urnpian-k4i11~ili11, then 

; l i~i i~,aJ  Ilirector. not, (.hit!f of tht* 
hlrntal Iiygicnt, (Jinio, of the Yeteran> 
41~1nini~t1-atinn in 1.0s .4ngeIt+, 

The >rtirlt, on page I I ha> I J W ~  K S .  

t r ~ r t ~ d  fr-oni the w w n d  of the t u n  lev- 
inrib: gi\fvk 1)) Ilr. IIiIgar~j. If > [ J ' I ~ Y  

.IJIIJN:. ill ~uI):rquent i>:t~t>:> E&.\ t$ill 
I I I I I  d ~ i i t i o n a l  n~aterial  fro111 thv 1)t~t~k. 
' . I ' ~ ~ ~ ~ ~ I I J ~ I I J ~ } ~ ~ :  a- ~ I ~ ~ P I I ( . ~ ~ . ~ .  

PICTURE CREDITS 
( .I)\  t,r I{o>. S I a ~ i t ~ t ~ n ~ B l ~ ~ ~ k  5 t ~ r  
] ~ I J > .  .ii. .'$j hjikf> ~ I I ~ ~ ~ I J I I  .55 
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What Yale preaches, it practices. The Yale & 
Towne Philadelphia plant, newest and largest 
materials handling plant in the world, is en- 
gineered for top production speed, economy 
and efficiency. 

Departments were planned and located to 
permit a constant flow of material through 
each operation. A11 operating equipment was 
seiected on  the basis of low maintenance, 
and eficient, long-life performance. Jenkins 
Valves. for example, are installed in all unit 
heaters at Yale, and at control points on the 
complex network of water and air lines. 

selects JENKINS VALVES 

With the nation's top-flight building spe- 
cialists, the only true economy is to install the 
best valves money can buy. This confidence in 
the extra measare of eficiency and endurance 
built into Jenkins Valves is shared by plant 
operating staffs in every type of industry. 

Yet despite this extra value, t h e y p y  RZO more 
for Jenkins Valves. For new installations, for 
all replacements, the Jenkins Diamond is their 
reliable guide to lasting valve economy. 

Jenkins Bros., 100 Park Ave., New York 17. 

SOLD THROUGH LEADING INDUSTRrAL DISTRIBUTCIRS EVERYWHERE 

r-- - . .. - .  -...., 

N u m b e r i n g  m o r e  

than 3000, and rang- 

ing in size from Y2 in. . ' 

to 8 in. Jenkins Valves , 
assure t roub le - f ree  

@ J E N K I N S  L O O R  F O P  Y M Z  n ~ ~ u o n n  * h e m  

fluid control a t  Yole & 
Towne's new plant. One 

o f  the l a r g e  g a t e  

valves, on a woter 

main, is shown above. ><A 724 

. 



"MANmMADE 
MINERALS" 

SR1@4?THEn ISIDlNC; gets 
an assgsr from C ~ R ~ ~ O R U ~ D U M  
research. Coil sprfngs for OUI 

car's front end are formed & c m ~  
steel bars heated In furnace5 
whose *OIL rests, of steel alloy, 
h t e d  s x  months,nee&d repair 
weekly. CARBOFRAX super re- 
fractory work-rests, at half the 
~nltial cost of alloy, last two 
)cars u ~ r h  n o  repair whatever. 

Produced by the 
Refractories Division 

These are but ~utrpfe~ that suggest the great variety of work 
performed by 111inerals Nature left for man to invent. In every 
instance, a job is being done with convenience, speed, economy 
or certaintj unatcainable with orl~er ~n~terials .  
Your processes n u y  me11 r i l l  for equipment that is strong, 
sharp, hard and conduct~ve bejond the ordinary, or exception- 
ally resistant to heat and chemical attack If so, you are faced 
with opportunities to profit n ~ t h  products made of s111con 
carbide or ~ i lum~num o x ~ d e  by CARBOKUNI)UM. 

New appl~cations of the unique properties of "man-made n ~ i n -  
erals" are being developed constantly. Whether you are a 
present or a potential custonlcr of CAKB<)RUNDL~M, or a poten- 
tial member of our great engineering staff, vte welce~ne your 
~nterest -and your inqulries. 

. 
Manufactured by the GLOBAR Division 

Keep goan* ege on 

-THE CARBORUNDUM COMPANY, NIAGARA FALLS, N. Y.- 

Products by CARBORUNDUM include Grinding and Cutting-Ofi Wheels, Discs 
andsttcks ... CaaledAbrasiveSheets and Belts ... Woterpraof Abrasive Paper.. 
Abrasive Grain and Powders and other abrasive products ... Electric Heating 
Elements and Ceramic Resistors. .Groin and Briquettes for deoxidizing steel 
and iron.. .Super Refractory Bricks, Special Shapes and Cements.. . Porous 
Ftlter Medra and Diffusers-and are marketed under the fallowing trademarks: 

CARBORUNaUM ALOXITE MX RED-!-CUT TEXALOX GLOBAR 
FERROCARBO CARBOFRAX ALFRAX . MONOFRAX MULLFRAX 



Takes a lot to lay a carpet in the jungle 
The  scene is "darkest Africa". and farm, brings the fruits of American mak~Wo~~m~on,ll2yeamold,a~rong 

B u t  Africa is lightening. Man's quest technical genius t o  the strange places of link in the chain of American business. 

for minerals, for new areas for agriculture the world- Worthington Corporation, formerly 

and trade, is slashing ultra-modern, glar- And illustrates, too, how the unique Worthington p u m p  a n d  M a c h i n e r y  

ing-white air strips in once impenetrable American talent of diversificafion helpg C o r ~ o r a t ~ o n ~  ~ ~ ~ r i s o n *  New Jersey- 

jungle. public, employees and stockholders. For 

Those pavers, portable air compressors, Worthington makes many things-not 

pumps and air tools-such as you might just construction equipment and pumps, 

see working a city street---are Worthing- but also engines, water works machinery, 

ton Blue Brutes going to ''lay a carpet'' powertransmission, petro~eumequipment, 

in that hole in the jungle. air conditioning and refrigeration, many 

Thus, Worthington, a major producer others. 

of equipment for public works, industry Such diversification builds sfabilitg. . . 

Good Water and Sanitation-en~ines Lower-CostManufacturin9-pumps Pr t ro leum Products-compressors More Abundant Food-compresso~ 
p"mps . water trdotment . cornminutors compressors . steam turbines motors en ines . pumps . chilling equipment ferkilizer mixers air conditioning 
OBI con~picssors - air t ~ o l s  power transmission . air cod it ion in^ teti-~erakion . decoking systems refrigeration - pumps 



L&N instruments "From Coal Pile to Bus Bar" in central station's control room Electro-Chemograph 

Speedomax control on annealing furnace Speedomax control of ceramic kiln temperature Research with hr Potentiometer & accessories 

Like to Play a Part 
in Scientific and Industrial Progress? 

a Because instruments are basic both to industrial 
and to scientific work, the instrument field ranks 
high in opportunity. As long as men make pig iron 
or pills, guns or butter, rockets or kilowatts or gaso- 
line, industry will use more and more instruments on 
the production line. As long as scientists "unscrew 
the inscrutable" they will need instruments for col- 
lege, Government and industrial research. 

As a result, L&N job opportunities are quite 
varied. Openings in sales engineering utilize technical 
training in the examination of processes, and in 
selection and application of correct instruments in 
industrial plants. Other openings are in research, 
product development, production, advertising, in- 
spection and other operations. 

We make automatic, balance-type electrical in- 
struments for controlling, measuring and indicating 
temperature, chemical concentration, combustion, 
frequency and load, flow and other conditions. We 
make heat-treating process equipments. We make 
laboratory-type instruments, in forms for scientists 
from freshman to Ph.D.-plus. 

Our chosen portion of the automatic control and 
instrument field is in high-precision, high-dependabil- 
ity equipment. Commercially, we are one of the 
leaders; we have grown in every decade of our history, 
and continue to grow. And we are innovators; we 
pioneered many basic developments . . . are pioneer- 
ing others, and will continue to do so. 

Personnel-wise, the Company's policies are modern 
and progressive. We have long had group insurance, 
hospitalization, pensions and financial assistance for 
post-college education. Compensation includes profit- 
sharing as well as salary. L&N will continue to offer 
present opportunity and a substantial future. 

Why not have a chat with our nearest District 
Office Manager? Or if you prefer, write our Per- 
sonnel Manager, 4915 Stenton Ave., Phila. 44, Pa. 

LEEDS MORTHRUP 
ins trurnws s automatu conarols . furnaces 

Atlanta Cincinnati Hartford New York Seattle 
Boston Cleveland Houston Pittsburgh St h u h  
Buffalo Detroit Los Angelea San Francisco Tulia 
Chicago Jrl Ad ENT-56011) 



Pin-pointed for its target ... 
Increasing air speeds and higher level flight pose 
ever tougher problems for bombing accuracy. 
But modern engineering takes such problems in 
stride. Today's bon~bardiers pin-point targets 
with bombing systems of extraordinary precision 
and nearly instantaneous action. 

Engineering and developing these and similar 
complex electronic or  electro-mechanical devices 
are the work of Arma Corporation. For 34 years 
Arma has collaborated with the Armed Forces- 
and more recently the Atomic Energy Commis- 

sion-on such complex instruments. Adaptations 
of these systems will be readily applied to our . - -  

industrial might in the future. Arma Corporation, 
Brooklyn, N. Y.: Mineola. N. Y.; Subsidiary of 
American Bosch Corporation. 

If you ore interested in an engineering career 
with challenging opportunities, we  suggest 
you write for this booklet "Engineering 
at Arma." Write today to Engineering 
Division, Armo Corporation, 254  36th 
St., Brooklyn 32, N. Y. 

^ l̂ 
A D V A N C E D  E L E C T R O N I C S  F O R  C O N T R O L  '""''-'"' 
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P S Y C H O A N A L Y S I S  A S  S C I E N  

Is there any science in it a t  all? Here is what some researchers found 

out in trying to test some of the basic principles of psycotherapy. 

By ERNEST R. HILGARD 

PSI CHCKA 4 1 . 1 ~ ~ ~  is primarily a way of treating changes in emotional adjustment by psychological 
people who are emotionally disturbed. I t  is a medical means. 1 am interested in what we have found out, and 
psychology. what we can find out. about how the changes in the pa- 

Vt hen we mention psychotherapy we are talking about tient take place. so that these changes- and the control of 
cure by psychological means. as contrasted with cure them. may become part of established psychological 
by surgery; or  by drugs, or by other forms of physical science. 
or medicinal treatment. Psychotherapy usuallj means a The general conduct of a psychoanalysis has become 
cure by way of conversations between the patient, and familiar to the public through the motion picture, 
therapist. I t  may be caricatured as a talking cure, if through cartoons in the ~ e e k l y  magazines, and even in 
Â¥yo  ill-so long as \\e knovi that this is a caricature. the comic strip of the daily newspaper. with the usual 

Psychoanalysts sometimes distinguish between psycho- distortion;- that these media produce. 
analysis' and psychotherapy--meaning, by the former. Let me describe what psychoanalysis is actually like. 
the full-scale long-time analysis; by the latter. shorter The analyst usually begins by getting something of the 
methods of therap). The shorter methods make use of personal biography of the patient. after the manner of 
l)sÂ¥ychodynarni principles. but do not emplo; complete a social worker's case history. The patient sits up and 
j)Bychoanalytic technique. Thus. if we follow this &- talks as- he would to arq phjsician. The analyst may 
tinction, moat child guidance clinics use psychotherap). hake better interviewing methods, but there is little that 
hut the children and parents x\ho go there for treatment is distinctive about the early sessions. 
do not get psychoanalyzed. There may be several sessions before the patient takes 

I do not intend to enter here into the professional to the couch. before the typical free association method 
problems of conducting a p~ychoanalysis. or  into con- is used. Then the patient is taught to follow- as well as 
trmer3j as to just where pycho the rqq  ends' and psjcho- lie is able. the basic rule: to say e ~ e r j  thing that enters 
analjsis begins. I am using the word psjchotherapy as his mind, without selection. This is much harder than 
a dassificatorj word for the process of achieiing it sounds. eien for patients who are eager to co-operate 

'Psfrhoanaljsi.t as Scieni e." published in  book farm this month by the Stanford University Press, consists of a series of lectures delivered 
at the California Institute o j  Ti'thnolog) in the .spring of 1950. under the iponwr~hip of the H i x o n  Fund. The lecturer',-and authors: 
Finest R. Hilgard, Laaren(t' 5. Kubie, und E. Puinpian-Mindlin. The aitute abow hun been citraru'd from Dr. Hilgard's talks,. 



with thc analyst. I n  fact. the whole lifetime tias been 
spent learning to be tactful. to achieic self-control. to 
avoid o u t b u r c t ~  of emotion. to d o  what is proper rather 
than *hat is i m p u l s i ~ e .  This  all  ha'- to  he  unlearned 
for '-ucre~sful free association. 

What free association aims at  is the hringina; to aware- 
UPS? of impulses and thoughts of which the person is 

not aware. Because t h e v  impulses a r e  active. hut out 
of awarene?". the< are  called uncon'-cioii~. It  is nece-- 
Gary to break through resictarice'- in order  to  t i r ingthem 
to awarerte'-s. The role of the jo~ychoartaI>st is. e p e n -  
tiall!. to help the patient break down these re'-iqtarice~. 
so that he nia? fare  hi'- diyui ' - rd moii\es and hiclderi 
thoughts frarikl). and then romp to grips in  reali-tic 
manner nith w h a t e ~ e r  prohl(>m'- o r  rotiflict-; are  then 
tirought into view. 

The  activity of the a n a l y t  is directed  killf fully at this 
task of helping the patient eliminate resistances. He 

does this in part by pointing out to the patient the con- 
sequences of his resistances: the times of silence when 
his mind seems to  po blank: f o r g e t t i n p h a t  he intend- 
ed to say: perhaps forgetting to show up  at  a n  appoint- 
merit; driftirigiinto superficial a~sociat ions:  o r  giving 
glib interpretations of hi" own. The  analyst not onlv 
rails attention to sipnq of resistance, but he  also inter- 
i r c t s  the patient's associations in such a way as  to faril- 
itate further associations. 

Interpretations-shallow and deep 

Otto Fenichell defines interpretation a s  "helping some- 
thing unconscious to become conscious hy naming it a t  
the moment it is s t r i v i n g t o  break through." If thia 
i ?  accepted, then the first interpretations a r e  necessarily 
fairly  hallow'" ones. the '"deeper'" interpretations wait- 
ing until the patient is ready f o r  then?. 

T h e  deeper interpretations a re  the ones we often think 
of in characterizing psvchoarialysi~, hut very much of 
the time in an actual psychoanalysis is spent in rather 
matter-of-fact discussion of attitudes toward other peo- 
ple and toward oneself as  the\ show t h e m ~ ~ l v e s  in daily 
life without recourse to universal symbol". references 
to libidinal stages. and so on. 

Not all psychoanalvst~ agree on just how interpreta- 
tion? should be made, or when they should be made. 
and it is my guess that those who think they do agrev 
may actually behave quite differently when conducting; 
analyses of their patients. This  is one reason why it is 
difficult to study psychoanalytic therapy-and a reason. 
also. why there are  so many s c h i ~ m ~  within psycho- 
analytic societies. 

Another aspect of the psychoanalytic therapy goes by 
the name of " t ransference.  Transference refers to the 
tendency for the patient to make of the analyst a n  ol~jec-t 
of hi?  motivational o r  emotional attachments. ft is too 
simple to cay that the patient fal ls  in love ~ i t h  thr 
a n a h s t .  Sometimes he makes of the a n a l y t  a loved 
parent. sometime': a hated parent: sometimes the a n a l ~ t  
s u h s t i ~ u ~ c s  for a brother o r  sister. o r  for the how at  
the nffice. The patient unronscioucly a ~ s i p n s  roles to 

ihe anah '- t  of the important people in the patient's ottri 
life. Part o f  the ta-k of the arialvct i~ to handle the 
t rans fe renr~ .  The word  h ha rid^" is easily cpoken. h i t  
thi- handling of the transferetice is said t o  he the most 
difficult part of the analyct's art.  

The p<ychoanaly tic inter1 iew is a sorial one. an inter- 
personal one. with t ~ o  people imolved. T h e  arialv-t i"- 
a person. too. and he  react- to the adoration and abitce 
of the patient he i- analy7ina;. He is a ")or1 analyst to  
the extent that lie unr1er~taricl'- himself well enough -o 

that he preser1e'- hi'- role in the analytic qituation. and 
does not himself hreome inirolved. as  his 11atient i'-. in 
what i'- called couritertrari~ferer~ce-that i<. usirigtthe 
patient a- an ontlet for hi- o w n  emotions. 

I h a ~ e  p t i v  thik m u c h  into detail here h e c a u ~ e  t l t ~  
initilic doe- not a l t t a v  ~trtrier=tatlrl why pvchoarialt '-l .  
in-ist that they rnuqt t t terr i~elve~ he a n a l j ~ e d .  The reason 
is that thev roulcl not otherwise handle the prohlernc 
of transference with the kind of detarhrrterit that is MPC- 

essary i f  the patient is to  lie helped. The reason is no/  
that thev must h a l e  a laying on  of hand< o r  '-liecia1 in- 
doctrination in order  to transmit the faith held liv theit 
therapist. If it works that way. as  it occasional11 
does. then the ~ r a i ~ i i n g  analvqi-- has  been iirl'-iicceqs- 
f i l l  in ach iev ing i t s  a im ( a s  i t  undoiihtedl!7 is in sonic 
instances).  

To make the blanket c h a r g ~  that psychoanalysis i s  
unscientific because the method requires that the analyst 
himself he analyzed is unwarranted. although this charge 
is commonly made. There is a danger that analysts he- 
come too doctrinaire. If you ask an analyst about his 
theoretical position. he may rep]) by tel1in";ou under 
\+horn he  had hi'- analysis. There a r e  parallels in other 
sciences as well. 4 biologist< o r  a physicist's work often 
reflect- the master under whom thb scientist studied. 
There is need for  caution in both instances. 

Because there is danger of indoctrination does not 
mean that there a r e  not ways of avoiding that danger. 
For example, p'-ychoanalysts profit greatly from doing 
control anal  yses under more than one training analvst. 
refiresenting somewhat divergent Me\+ points. Postdoc- 
toral fellows in the natural sciences often prefer to work 
in laboratories at  a different place from the one in which 
they received their training, in order  to break their pro- 
\ incialism. I t  ntay he that a personal analysis is as  essen- 
tial to conducting a psychoanalysis as  learning calciiluc 
I <  to becoming an engineer. The  prnhlern then becorne~ 
how to achieve the p i n s  and avoid the pitfalls. 

Disturbance in analysis 

Very often there is within the midst of p'-ychoanalysi~ 
a state in which the patient is more diq~nrhecl than he 
was before entering treatment. Thoue urifrieridlv to pkv- 
choana lvs i~  occa~iona l l?  use this as  an indication of its 

therapeutic ineffectiiene~s. 
Two comments can be made tier?. First. what appear'- 

to others to be disturhanre ma! not he '"neurotic" at all .  
Some  individual^ a r c  ovces~ively kind to other people. 
at preat cost to themselves. If they suddenly express 



t l ie i~ f e e l i n p  rnore openl j ,  the) ma] become less pleas- 
ant to l i \ e  \tith o r  to work with. because the) can no 

longel be exploited. The  troublesorrie child ina) he a 
healthier child than the child who is  too "good." If a 
pen-on change;', new social adjustments a re  required. 
and some that \ \ e ie  in equilibrium now get out of focus. 
This  is the first ohservaiiun regarding apparent disturb- 
ance in the midst of dndlyi-is. 

The i-econd comment is that the disturbance in  the 
inidst of analysis may he a genuine]) neurotic one. an 
aggravation ol the topical transference. That is. the 
?ubstitution oi the ana1)st f o r  other figures emotionall) 
important to the patient may produce an emotional 
rririi-. in  which the patierit actual l j  acts more irration- 
al l \  than before treatment. If this crisis is \+eH handled. 
the patient emerges the hetter l o r  it. Although some 
a n a l ~ s t s  believe that such crises a r e  inevitable in an 
a n a l ) A  oilier? attempt to  n a r d  them off by such devices 
a: leas frequent therapeutic ~ e ~ s i o ~ i s  \vheii trdlisference 
problems beco~ne too hard lo handle. hi an} case, the 
fact thdt an aggiavat td traiislerence neurosis niaj  oci u r  
does not in \  dlidate the the1 apeutic usefulness of ps j  - 
1 l ioanah tic technique. 

r 7 Ihree wold> often crol) 111) in disrusaioii of vvl~dt is 
taking place as tlie patient iniprme*. These are  "abie- 
actiun.' "inr-ight." and "working through." 

"A1)reaction" refers to a living again of an earlie1 
eniotiuii. hi a kind of emotional catharsis literally get- 
ting some of the dammed-u11 einution out of the alstem. 

'Inright" refers- to seeing clearly what motives are  
at  work. what the riature of the problem is. so that in- 
stillctudi conllict?. a s  prychodna~)sts  call them, a re  iec- 
ognizcd for  what tliej are. Insight is not limited to the 
iecover) of dramatic incidents in earl) childhood that 
were later repressed. Sometime:? -uch inrights d o  
occm and pon~etimes tliej are  as-oriated with relief of 

The process of working through 

But neither a single Hood of emotion i n  abreaction 
nor a single occasion of surprised insight relieves the 
patient of his s~~r ip tor i i s .  He requires, instead, the proc- 
es? of . ' ~ \ o r k i ~ i g  through." that is. facing again and 
again the same old conllicts and finding himself reacting 
in the 'ame old waj  r to them. until eventually the slow 
processer of re-education manife-t t h e m s h e s  and he  
~ e a c t ~  more near l j  in accordance \\it11 the 01)jecti\e de. 
nidiids of tlic situation aud lea: in accordance with dis- 
tortions that his 11ri\ate nee(is create. 

It is chiel+ because the proee;.~ of workiiig through 
taker so lorig that l i s ~ c h o a r i a l j ? i ~  takes f o  long. The  
p ~ ~ c t i o a i i a ~ t  o h  11as the b d r k  iiisight- into the pd- 

tient'-. probleins quite earl) in treatment. but the patient 
l-' 1111rtudj for  them and co111d not understand the anaIj?t  
if he \+ere to insizt upon  confrouting liirn with these 
interpretation*. 

I h a \ ?  :onletbe-  likened a11 ana l j s i s  tu the piocess 
of learning to p l a j  the piano. Jt is  not enough to knob 
\\ha1 a gooil performance i? aiid ti> wi-11 to g i \e  one. 

Tlie proces; hai- to  be leained. The learner m<ty know 
all about musicdl notation and nia) have manual skill 
and rnusical appreciation. liut there is n o  short cut. 
Even with a good teacher the  lesson^ must continue week 
after week before the placer can achieve the kind of 
spontaneous performance he  wishes to achieve. We do 
not begrudge this. time, because we believe that the end 
is \tort11 it. 

What the analyst is attempting to do is f a r  more corn- 
plex than what the piano teacher is  attempting to do. 
The skilled management of a life is  more difficult than 
the skilled management of a keyboard. 

It 1nus.t be clear hy this time that laboratory experi- 
mentation that p r r a e n e s  anything like the richness of a 
pychoaiia1)sis w i l l  l)e \er)  difficult indeed, if not. per- 
haps. impossible. 

Animal and human experiments 

'4 it11 this background. Ã §  niay well wonder whether 
there is a m  profit in attempting to stud) psychotherapy 
iisingaaninial rubjects. Sure11 they will not free-asso- 
ciate. develop resistance. and improve through the care- 
fill handling of the transference. N h a t  meaning can 
alireaction. insight. and working thiough h d \ e  fo r  then)? 

As a iriatter ol fact. tlie outlook is not s.o bleak as 
niight be ruppoaed. and a number of studies have been 
;oiiceriied with the induction of neuroses in aniinals 
and with the therapy of these artificially induced 
neuroses. 

ISut our  primar) interest in therap) ia in the treatment 
of human illne;-2. so  that experiments that study thera- 
peutic principles directl) with huriian subjects have a 
cogenc) that experiments with aninials can  never have. 

One kind of ~ e n t u r e  is  that which seeks to evaluate 
the re la the  success of different kinds of therap) with- 
out an) experimental control of the therapy itself. Such 
in\estigdtions a re  important.  but the scientific generali- 
zations. f rom them are  hound to be meager. They may 
tell what kind of patient ought to go  to what kind of 
physician. but then we would still have to ask why one 
is more i-ucces~ful than the other. R e  might find. for 
example. that Alcoholics Anonjmous did more than p s j -  
choanaljsts fo r  alcoholic?, Hut this would be  on]) a 
>tart in further inquir).  T o d a j  wc are  concerned with 
\\ha1 goes o n  within pa)chotherapj.  not with what kind 
of therapeutic arrangement.-! are  to be  recommended in 
the community. 

1 wish to p i le  one illustration of the kind of data that 
can he obtained from therapeutic sessions that deal Â¥wit 
the course of treatments of leal people who come to a 
~ ~ ~ ) c h o t l i e r a p i ~ t  foi help. Sometimes scientists use data 
that the) create fo r  experimental purpose*; sometimes 
they turn available d a ~ a  to scientific use. This first i l lur- 
tration ia the kind of situation in which available data 
a r e  turned to scientific account. I refer to  some 5tudie-i 
of short l):)(-liotlierap) made b) Carl .Rogers-' and hi' 
-tudents in the c'oiiiiseling center at the T.Jni\er?it> of 
Chicago. 

T o  those of ti.-. oriented hi the field of cunte~nj>oiar j  



clinical psychology. i t  ma\ seem '-ornewhat surpri=irig 
that I bririg Rogers into a di~cu-ioti of ps>( hoanalv-i'-. 
for he is. in Come qenqe. an enemy. o r  at lea*-t a ( o m -  
petitor. But a person in trouble. who i'- heing coiiri'-eled. 
is not concerned about the theory that is being used 
on him. He is burdened t y  his tronhles, and i f  he fitid*- 
relief and we discover ho\\. the principles a r e  important 
ones. n o  matter who his therapist is. 

i n  some %en-c. Rogeru' a n t a g o n i ~ m  to p=ychoariaI'v'-'is 
produce- inter1 iews that reveal better than p'-\choarial! -i-' 
itself Come of the principles about wtiirl'~ anab-'t1- speak. 

Nondirective therapy 

Rogers' method. k n o m  ,I- nondirectivc therapy. con- 
i-ist'i in a supportive therapy baked primarily upon the 
permissiveness of the therapi-t. 'in effort is made to 
avoid getting embroiled in tran'-ferer~ce. arid interpre- 
tations a re  at  a ininimum. The  therapist listen*- atten- 
tively and reflects the feeling in the assertions of the 
patient. avoiding evaluation= or judgment-' of hi-- own. 
What then happens during successive i-eqsiotii-? 

Rogers and his students have sy~tematical ly  recorded 
what is said i n  their i n t e r ~ i e w .  us i r i ,~  the modern elec- 
tromagrielic records. Secretaries a r e  taught to tratiscrilie 
the '"mm's" and "ah's" and to note the length of rest 
pauses. Hence it is possible to make detailed conteni 
analyses of the inten ieÃ§ to give quant i ta t i \c  answers to 
some questions about \$hat gee- on. 

It is said. For example. that in the early inter t ieus 
the patient conirnonh restates his returning 
over and over again to the same point of diffiniltv. but 
after he has been in the cituation awhile h e  gradually 
achieves insight. and  thew occasions of insight a r c  
signs of therapeutic progress. 

B\ carefully coding what i% happening in the inter- 
views we may ascertain whether or not thi- march of 
events does in fact go forward. O n  the chart helow are 
plotted the average result< of ten cases for whom there 

F I F T H S  OF COUNSELING 

ivere from three to nine iniertiew- each. When the rep- 
ordq a re  riiii(1ed into fifth"-. \+r see  hat the statemerii and 
re'-taternent of the problem decreases relative to the in- 
crease in "tatenient- reiral ing insight a n d  understanding. 

One can imagine a real experimental design superim- 
posed upon a proce- of thi' sort.  For example. at some 
qtage the therapist might cleliberatelj introduce inter- 
pretation- of the kind carefulIy avoided in the riori- 
directive method. If the height of the line *-howin0; 
statement- of in - igh~  and  understandirig increased. by 
this criterion. the interrm tatiori M oul(i l i e  shoivn to he 
helpful: if the line Mere to taper off. it vvoulcl shmv that 
the interpretations slowed u p  the p r o v s .  

One of the chief a h a t i t a g e s  of Rogeiq" method for 
purposes of rei-earch on pqchotherap> ic that it pro- 
chit's a highl! di-ciplined inteniew terhriique. with 
rni~iirnurn a c t h e  participation by the therapist. Hence 
other method- might well use it as a control method. 
noting how the other methods accelerate o r  Â¥-lo u p  prog- 
re"-?. Fortunately . the con-equence~ of Roger"- nonclirec- 
tive method a re  generall! lieriign. '-0 that no harm would 
he done in using it as  a reference method. 

4 start has been made  in the direction of comparing 
two method- in  a \er! ingenious experiment t ~ y  (:. D, 
Keet'. I wizh to deqcrihe his experiment in some detail 
hecau-e it serve* a-' a useful model of experimental de- 
i-ign in this difficult field. I f  its results arc  substantiated 
tc other*-. I believe that the experiment ^ i l l  p ro ie  to be 
-.ornethirig of a landmark. 

Comparing counseling techniques 

Ih i r ty  normal 'uhjecti paiticipated it] this experiment. 
(le-'igned to cornpare the cffectiteries,q of two counseling 
technique-! in oiercorning a conflict s>mptomatized by 
the inability t o  recall a w'ord just memorized. Through 
a cleterly devise(! niethod. the subject learned a list of 
Gix ivord-. including a critical nord  to which he had 
~hoivti etriotiorial responses in a viord aqsociation test. 

The word association test Ma'- \he one made familiar 
t ~ y  Jung .  4 list of one hundred uords i1- read off to the 
qnhject. one viord a t  a time. 'Ihe snhject is ir~striicted 
to replv a <  promptly as pcwible  i\i th the first word that 
he thinks of. T h e  experimenter notci- the word. and 
records the time of resporlce ~vi th a '-top watch. The liat 
i gone through a second time. Emotional conflict is 
Â¥-lioii in a rmrriher of ways. according to what have come 
to be k t i o ~ i  a-' "-complex i n d i c a t o r s .  These include far-  
fetched responce~. fai lure  to respond. repeating back the 
-Â¥ irriulu- word. repealing an earlier response. and i-o 011. 

111 this experiment two rotriplev-ir~dicators ^ere  
chosen. Firat. tho-? vsord'- o e r e  Â¥-electer for  wliirh re- 
'-porise- ^ere changec! f rom the first to the -second read- 
in?. Second. arnorig t h e v  \vordz. that one was chosen 
for the inirpo-e of the e\perirncnt that had the h g e s t  
reaction time. 

BI this strict[! objective method. a critical fan~il! of 
three nor0" uac '-elected. one stimulu- uord  aur! the t w o  
v\ords given as reqpotw- t o  i t  on the t\so triaj?. i n  the 
ciarnple to w hi( h we a re  ahout to  turn. the -ct of kev 



wold* \+as "nast)-nie-s)- niean." That is. to the woi d 
"naat)" the rubjert had replied "me;-;-)" after a de la j  un 

the first tridl. and thtw on the cecorid trial had replied 
"mean..' but also after a dela).  

The  critical ?timulus word \ \ as  then imbedded in a 
list including fiv e neutral w ord.-. Subjects expeiienced 
no (hflicultj in learning and remembering thir list 01 
rix avoids. liut now a new list of ;-ix word.-? was> mern- 
o i i ~ e d .  producing -erne interference ~v i th  recall of the 
fir-it list. 

B e  experimental psjchologists l i a ~ e  a laiic! exjjrea- 
-ion for  thia interit'rence. \\ tB  rail it ie t ioact i te  inhibi- 
tion. \^lien the effoit was niade to recall the fir:t list. 
tiieiity-fivc of the t h i ~ t j  ruhjert- forgot the critical word 
l)iit i e i ~ ~ e m b e r e d  the remaining five neutral words. B e  
here ?ee the activity of a moderate repre;-;-ion. The  eino- 
tionallj  loaded word is forgotten wlieii conditions lo r  
iecall a re  made slightly more diflicult. even tliougli tlie 
word M d s  Ireel) recalled in the process of men~orizing 
the list of ?iv uord?. Subject? felt \ e r j  annoyed that the) 
could not  recall this \lord that was ""right on the tip 
of the tonyne." 

This "microneurosir '  p r o ~ i d e d  an o p ~ ~ o r t u n i t j  fog 
short therapy. the stio'eas of the therap) to be judged. 
first of d l l .  b} the recober! of the forgotten word. Two 
tlierapeuti r technique? \\ere compared. One of these. 
called the "expres:ive technique.' ^ a s  perrni'bi\e. and 
allowed expression of fecliiip I t  was \ e r )  close to 
Hopers  iiondirective teclii~ir~iie. A- used in this experi- 
ment it we i s  uii:uccessli~l. I t  failed in all thirteen of 
the eases with tthorri it was used. That  is. none of the 
thirteen recovered the forgotten word during the thera- 
peiitic ~e^-ion.  

The second technique. cal l id  the "inteipretije tech- 
iiique." had all  the lealure.- of the first. but added the 
more a c t h e  interpretive comment- of the therapibl at 
appropriate time.. Thtl.-i to the insights of the rlient \\ertb 
added those of the therapial. at. of course. "hhallov" 
level f rom the poi111 of iiew uf  p&)chi~alld~)si;-.  But the 
method deviate: froin the Rogers- method in the direc- 
tion of the ps)choanal)tic method. The method \ \a? 
highl j  surces~fu l .  Eleven of twelte :ubject;- met the first 
criterion of therapeutic ?uccem: that is. the) recalled tlit* 
forpotten word ~ i t h i n  the tlierape~iiic >e?sioii. 

Interpretation a n d  recall 
t 7 Itie question we v i h  to ask i? thir:  Ju?t how did in- 

terpretalion help to bring iibout the iecaH of the for-  
gotten viord ;' The ~ u t h o r .  heel .  ?ugge?t- that through 
interpretation his subject? b e r e  freer  to use .normal asso- 
ddtiv e processes-. 'rfien t he atftbcli\ t' experience that de- 
termined the fai lure  to reccill came into awareness. Once 
the iiffectile experience w d ?  i n  awareness. the conflict 
o \ e r  recall could he resohed. Lecau>e the subject \ \as  
d1)Ie to recall the circt inis tai~~e-  under which tlie critical 
word Ma-< forgotten. 

I wish to present d verbatim account of one of keel 's 
interpretiv e therapeutic se>-.ion>. to illii?trate the nature 
of hi> interpretalionr diid provide eMi1ence thai \\ i l l  jJer- 

mit us to judge whether o r  not lfie consequences a re  
'1,. he describes them. 

Therapeutic interview 
r - I h e  aiibject. )oung nidrried woman. replied to the 

~ o r d  "nastj" firat with the word "mes-Ãˆy. tlieii with the 
~ t o r d  "medii." Because both of the replies were long . . 
deldjed. the word "nastj \ \ a s  chosen ds  the critical 
word in the memory experiment. She  first memorized 
the l o l l o w i n g l i ~ t  of six words: green. make. ask, nasty. 
paper. .-ad. T11i-i .-he did without diIiicully. Then she 
learned another list of six viords. The  memory method 
used Mas somewhat unusiial. hut 1 am not going to take 
the lime to g i t e  the details. After the memorization of 
the second list she was akked to recall the firpi. i i  ib at 
tliis point that the therapeutic inteniew took place. 

EM~ERHIE.MFI!: >u\i pleasr rtbpt3at ltit! fir21 3et of key 
Ã 0rA.  

St 1 t ~ ~ i . 1  { (.unfkii:n{l}i: d reen ,  inakc. ask. paper, sad. (,4 
puiisv /ulli~u:al. with the  e ~ p e r i m r n t r r  luuking iiiquirin.& at 
the sub'fe(t.) Wait J minute. there ncrv bix and  I h a > e  on1) 
h e .  That'.- -ill). Of i-ourre there were ,-.ix. I >hould l~t! able  
to miieiiibci the .-isth onr .  l.et nit aee. Green- make. ask. 
-ad. paper. No. lliat'p \\I-ony. P a p r r  rorne: before sad. Tliafs 
l ight ,  i.-11'1 i t ?  
E :  ) O H  \\-a111 mi! lo help  !on. [Tin.. i: a chararteristic 
Roger? iioiidii e r  ih e r e>ponx .  I 

5 :  If ~ I I  i\uiild only tell me thtit. then 1 would perhaps 
n ~ m ~ ~ r n b e r  111e 111i:s-iiii; i \ord. IPiiu.'ii'.) It'? annoj ing.  . . . 
It'? funti}. . . . . 1 know it HJ: iii the fourth plan" .wasn't it'." 
E: Ti} to no rk  it  out \i\ )ourself. 11:- . . . 
5 :  I nec t o n  want nw to i w ~ l l  the nonl b j  myself. 
El: '1-hat would Ins more d l ~ d ) i n g .  wouldn't i t ?  
3: Suit*. 1 mean it is a lna )?  nice to ;oLe a little proiilen~. 

11.5 quite tin cab) job iwnieml~erin,; :is ttordr- after you've 
.aid them .-c\er;il tini~>. (.>he iimi t7.-i i n  the  chair und gives 
s.tJnt 16) little .is'iund.s of ~iiifioyitii~ t2 . . . (I considerable pause.) 

E:  ' ion are  qui te  annoyeif vnth )ourself. 
S: 'I e-. I am,  ~ h }  diould 1 be  r-o stupid. . . . Green, make, 

ask, blank, papa, sad . . . >ad ,pape r .  blank ask. Oh,  tha t  
~ i J l  be no use. (.\he tries aguin. emit t ing un fingers a n d  
iipnarenti} saying the ~t'urcis .-illi's~il}'. Mukc., e x ~ ~ l a m a t i o m  of 
iinnoytiine.) I> i t  b read?  h o ,  it isn't. Tliat'r- i n  the second 
lot. . . . I s  i t  b read?  

EI: Wt: agreed tliat i t  nou ld  perhap- be better if j ou  tried 
lo remember it  yourst:H. 
5: 1 din too annojei j  to tliink r1t;arly. All -orti of words 

pop in to  my mind. 1- i t  all rig111 if 1 r'iy them'." 
E: ' iou a rc  f r e t  to go about it ail) nay  you pleane. 
S: \V-tll. the  l a d  ~ c t  \fa.% \-idler. ioni;. t r j .  bi'tbad . . . er 

, . . e . . . hini, H ~ S I ' ~  i t ?  
E :  ' IOU d o  want hclii. do11.t Y O U ?  
5 (luughii heartily): (Â¥- I'm till mixed up. If 1 rould get  

t a i n t )  on the last li-t it iniglit help m e  to  remember. 
V: 'I ou l ~ ~ l  ror~fused. 

E :  ' Iou <irtB qui te  f i t c  to do that. ) I J U  knoi*. 

l ~ p  to thia poitit the interview lids followed the general 
pattern of the expressiv e tt'chnique. The experimenter 
ha? been perrnimite. has  recognized the -ubject's feeling. 
but ha.-. not interpreted. The  pern i i~she i ie ; ,~  of the ex- 
perimenter's last re>poiire ( "] o u  a re  tjuite free . . .") 
releasea a good deal of e x p r e ? ~ f d  i-n~otion in  the next 
rc?j.ion~e. This  i- I tie kind of therapeutic consequence 
claimed for the n o n d i r e c t i ~ e  method. The first response 



cliissified a,- a n  interpretation lollovi- this release of 

The ~~ iccess  of !he cases in uhich there Bere these 
rather simple interpretative intru-'ion< a'- contra+d uith 
tho'-e i n  hhich interpretation< Ã§er avoided pi\es clarit? 
to the- manner i n  ivhirh such in~erpretation-i help pene- . . 
trate a t h i n  veil o f  resistance. the  element of surprise 
at what -he di-covers is. hy the Nay. characteristic of the 
insight-' that r'oine in lisv(hothera1*! 

iiul 1 arn not vet through talking about thiq experi- 
merit. ?o far we hale seen one therapetitir' re-1111: the 
recall of a word that had undergone reprec-ion w i t h i n  

The second cycle 
. . 
f he experimenter was not satisfied with this. for that 

would be mere cyniptcmi alle\iation. Therapy rniist go 
deeper than that. "YON. he azked. did the therapy here 
go an! riee1irr. or, to put i t  another nay. fan anv Fen- 
eralization or spread of its result-; he detected? 

The second cycle of the experiinet~t was almri-t a 
repeat of the first. hy iigairi introducing the learning 
nf a Iikt, the learniiig of a wand list, and tlieri the 
attempted reca I1 of the firct. Hut  thi-; time one of the re- 
yorice fiord= in the critical cet naa n=t>d. 'The vihj'ert 

.. . 
who said to "nasty" first " r r i e . -~ j  aiirl then '"mean is 
now asked to learn a list in which the first responFe 
word ("messy" 1 is ir~cluded. 

The conjecture is as f~l lo t t s .  I t  the therapy really 

relea=eel some of the ernolion or prodiiced some insight 
r'onnecte0 with the; disturbing set of key words. then 
the repressive terideticies should have 1*ee11 tteiikenerl. 
Hmc-e. those whose therapy wa- un'-ixcessfiil should 
reprcss the new word. while ihosc whose therapy wa.~ 
-ncr-essful should he able to recall the \vord without 
trouble. 

The ronjectiire was [~rmpletely siiti.tantiaterI. T h o v  

wlio forgot aiiil never rt:ccnered the ririginal stirnuliis 
word in the first part of the experiment ir/w forgot thi- 
re.-pori=e nord i n  the second part o f  the experiment: 
those who forgot. hut later rerotpre(l the stirnuliis no r~ l .  
had n o  troiit~lc in recalling the recp(ui-P \\or0 in the 
w o n d  cycle of the experiment. 

A useful pattern for future work 

If we take the experiment at its fare valur it i'- a 
~eant i fn l  epitome of much that is said to go on within 
lxychoanalysi~. I have no reason to douht the eqieri- 
mental findings. except that psycholoai'-t-; are hrough~ 
up to lie ikeptics. and f shall not reel lia1ipy until =nrw- 
one repeat- and rorifirrns the etperiinetit Whether or 
rint the result-! in a repetition turn out ;IÂ¥ derisive ;I- 

beet's results. f believe he has set a very useful pattern 
foi further work. 

There are ~evera l  \ p r y  good feature< l o  Keet'e ex- 
perimental design. 

( 1 )  I n  thp first piare. the subject', are ~ e l e e ~ d  from 
t h v  general population l o r  the purposes of the eippri- 
ment. The\ are not people who forne to a physician he- 
cailce the! lielieve therncel~es to be <i(k. 

( 2 )  I n  the Â¥-econ place. a ~~rnptorr r  is plod~icwl 
under laboratory ror~di t i~ns .  G O  that an plernent o f  con- 
trol is i r i t  rofhicerl. 

( 7 )  I n  the ihird place. I he rnetho0~ of therany i w 1 1  

are rleailt dclineaterl. and criteria ol therapeutic '-11r'- 

(pas operationally defined. 
( 1  I Fourth. all of thi= i~ ~ u p e r i r n ~ ~ o ~ e ~ l  up or^ a recog- 

nition that a laboratory rienrosk is neces~arily row 
nected w i t h  the Iiiographv of the individual. The Ã§or 
as-!ociation te-t in this experirnent provides a hrirlpe to 
the real person. '-0 that the experiment floes not take 
place in a ps\chological \acinirri. The i tnpor ta i~e  of 
this i k  readily recognized when ?ou ierall the highly 
personal arid iridivirlual material that cornc-i out ei en i n  
this very brief psschotherapeiitic session. . . 

Ihe main points that I have been empha-iizitip: in the-!? 
lectiires are that it is possible to evperiment i n  thi? field 
and that v i e  already have a cotisid[~ratile tiocly of experi- 
mental results. 

1. For one thing. il bas tieen possible to parallel 
many psychoanalytic phenomena i n  the laboratory. 
When this is done. the c~r res~onder i r e  hetÃ§ee predic- 
tions ar:rordingto psyehoanalytir theorv and Ã§ha i.? 
found ie o n  the whole very satisfaetorv. 



2. A ~ t ~ ~ o i n l  po i i i~  nei.& to l ~ e  iiidije. 11 exjieiiinent- 
supporting pi-) choanal j  tic interpretations a re  an) good. 
the) ought to advance our understanding. not merely 
Â¥onfir or dm) the theories that someone has stated. 

Mail) experiment? pike mere]) trivial i1li~rtrdtioii;- of 
v+ hat psychoarialj i-ts ha! e demonstrated to  their o w l  
satisfaction in clinical work. Such i~~iis t rdl ioi ia  may be 
iseful  dr- propagaiula. 01 i l l  giving 11s) c h o a i i a l j s i ~  d 

fair  hearing. but the) do not really d o  much for  science 
unless- there is some fertilit-y i n  them. 

Only a few of the experiments that 1 h a l e  reported 
5erve this constructive rote. l)ut these few set useful pal- 
terns fo r  the future. The ronteiit analysia of Kogers and 
h i  .-tudents- might he  red to produce new knowledge 
about the course of i n l p i w  ement under ps) chotheraliy . 
heet's experiment suggests that u e  may be  able  to 
produce and cure mild neuroses in  the laboratory. 
thus making possible precise comjiarisoiis of different 
methods. 

.5. 4 third point i? that experimental work thus- fa r  
bears most directly 0111) on the most superficial aspects 
of ps)choanal j t ic  theory. while many of its deeper prob- 
lems a re  scarcely touched. I d o  not worry much about 
I his, howexer. f o r  if we a re  able  to design experiments 
appropriate to the more superficial aspects. ~e can move 
on to deeper stages. 

b e  must be careful not to l i r  trapped b j  the word 
"deeper,"' when \4e think of psychoanalysis as  d "depth"' 
paycholog). Two meanings a re  possible. An iinpulsc 
o r  einotionaJlj loaded experience rnaj he  deeply re- 
pressed. possibly because it is- connected with something 
from very early childhood. This  is the usual meaning 
of deeper. But there is  another meaning. Something is 
deepl j  important f o r  the individual if it is  in  some 
sense central o r  nuclear. l ica\ i l j  freighted ~ i i 1 1 i  emotion. 

Depth: the metaphor and the reality 

Uassical theory say ;- that these two >eilsefc corre-i- 
pond--the nuclear conflicts are  thobe from earl)  child- 
hood. and deep]) repressed. But we may find that what 
i;- deeplj important fo r  therapeutic purposes is  that 
which arouses depth of feeling i n  the present. regard- 
less of it- relative importance at  some remote lime. 
Depth ir a metaphor, and vie need to know the realities 
t i  'tshich it refers. . , Ihere  is  no doubt but tliat p?jchoIopical science will 
lie achcinced fuither. a+  it ha? dread! lieen ad\an(-Â¥i,d 1)) 
taking cognizance of the teachings of jiqchoalajsi;.. This- 
would be true even though psjchoanaI)si5 were to dis- 
appear  in the proce*. 

liut how ahnut p?)choaiialysi- itseli? \ \ha\  are  it? 
pro.-pecta as  a science? 

I n  a trenchantl) critical. alheit f i iendl j .  rt'\iev+ 01 
the fl<~.-i-ibilitifs f o r  a >cieritific l i? jchoc~ial j? is .  4. Elli-4 
note? ci number of "danger~,"  that is, feature? tendiiig 
to dela) the de le lu l~ment  of a triil! scientific p~yi.110- 
anaI j  >is. Hi; main points- a re  that 1,s) clioanal! st* aeeni 
to prefer defending an accepted theor! to an impartial 
examination of evidctice. .ind the\ m o \ e  too quick!) to 

d complete and final explanation of etents. when. i n  the 
present state of pi-ychological knowledge. more modest 
claims- would be both more fitting and more becoming. 

Anyone who tries to give an honest appraisal of 1)s)- 
choanalysis as- a science must be ready to admit that 
a- it is stated i t  is most11 very had science. that the liulk 
of the articles in it< journals cannot be defended as  re- 
search publicatioiis at all .  Having said this. I am pre- 
pared to reassert that there is much to be learned from 
these writings. The  task of making a science of the 
observations and relationship;- ma). however. fall  to 
other* than the l~;-ychoanal)sts themselves. 

Following the rules 

If psychoanalysts a r e  themselves to make a science of 
their knowledge. they must be prepared to follow some 
of the standard rules of science. Ellis lists thirty-eight 
suggestions, although many of tliem overlap. Half of 
his statements warn against accej~ting spcculative theo- 
ries uncritically: making a god of some one psycho- 
analytic authority; letting one's own prejudices stand 
in the way of accepting contradictory evidence; falling 
into mysticism and obscurantism; seeking "complete" 
explanations. 

The other half restate the ordinary principles of sci- 
ence: hypotheses tentatively proposed and subject to 
empirical test;  control experiments; objectively record- 
ed da ta ;  experiments on subjects other than patients 
under treatment; a search f o r  contradictors as  well as- 
fo r  confirmatory evidence: repetition of observations hy 
independent in\estigators. and so on. It must not he 
implied that psychoanalysts themselves have not been 
concerned about these matters. Some suggested research 
problems and procedures will be  discussed in the lec- 
lures b? Dr. Kubie that follow. 

Vi'hateber the p s j c h o a n a l y s t ~  do ahout research, the 
ohligation is clearly upon experimental. ph)siological. 
and clinical ps\cliologists to  take serious!) the field of 
ps ' \chod\nami~s.  and to conduct investigations either in- 
dependent!) o r  in collaboration \sith psychoanalysts. It 
is. d tribute to Freud and hi:- psjchoana1)tic followers 
that the problems faced by psychologists in iheir labora- 
tories have been enormously enriched bj  the question5 
[he analysts have taught us to ask. 

h k ,  W. W, NorIon & (.ompan)-, Inr., liJ45. 

2 )  Roger?. 4 1. I{. " 4  (.oordinatrrJ Reaearrh in  1'5) i~hotht!raP) ." 
S. Con.'.ulting Psych.. 1949. 13, p. 119-220. 

3 )  Keet. (:. I)., "Two Verbal l'crhniqir~s in a Miniature Coun- 
-idling Situation," f'.iyrh. Monugr.. 1918, 62, No. 294. 

( 4 )  Ellis. \., "An Introduction to  the Principles of Scientific 
1 ' y l i o t i n d l ~ ~ i i s , '  Genet.  P.5yi.h. Monogr.,  1950, H, p. 147-212. 
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R E C E N T  D E V E L O P M E N T S  A N D  T R E N D S  
By PETER KYROPOULOS 

and CRAIG MARKS 

W H ~ T  is T H F  status of automotive t-t~$nes today? 
Hon do the varioii'- powerplant'- compare a"- to 
output. hnlk. efficiency? What is the trend for future 
development? 

This discussion will he limited to ~ ~ v o  basic claqses 
of applications of automotive pow erplant"--passenger 
cars. w i~h  a power range from 100 to 200 hp ;  and 
highway truck-' with a power range of 150 to 1100 hp. 

For these vehicles. four typrs of powerplants are 
worth current consideration--the gasoline engine. the 
diesel engine, the gas turbine and the eomponndecl 
powerplant (combinations of reciprocating engine? and 
gas turhines~.  

Passenger cars 
A passenger car is expected to accelerate rapidly. to 

have good hill-climbing ability. to reach maximum 
speed quickly and to have reasonable fuel economy. In 
order to reconcile these conflicting requirements with 
each other it is necessary to consider the combination of 
engine and transmission. i. e., the whole power package. 
rather than each component separately. 

It is the aim of the transmi-'sion designer to produce 
a transmission which will take full ahan tage  of the 
inherent economy of the engine while providing the 

necessary performanre i n  arreleratiori and hill-climh- 
ing ability'. 

4 design for given vehicle i-= hated ori 
power-required and power-availablr curve-. 'rvpiral 
curves o f  road load horsepower for a pas-'enger car' are 
shown in Chart A. The lower ciirve represents level 
road power required. the upper one *-how? power 
required for satisfactory acceleration and hill-dimin" 
ability. 

The power cleli~ered tq the engine at an\  engine 
speed is shown in Chart R. plotted against values of 
specific fuel consumption. Operating the engine at con- 
stant speed and varying throttle setting" resnlts in one 
of the dashed curves of this chart. These curves are 
the so-called fish-hook*- or consumption loops. For each 
speed there i~ onr power of minimum fuel consumption. 
Especially at the lower engine speeds. fuel rorisump- 
tioti increases rapidly if the power is changed ever qo 
slightly in either direction away from the point of mini- 
mum consumption. The solid curve en~e lops  all con- 
sumption loops. It represents then. for all possible 
~ O W C T S .  the absolute miniinurn fuel consumption of thiq 
engine. Operation of a vehicle poiverplant on this min- 
imum curve would only he possible with an  ideal trans- 
mission which would automalically adjust the engine 

. . 

CAR SPEED - MPH BRAKE HORSEPOWER 
4 .  Passenger car power requirements-for level roads 

( lower  curve)  and hill-climbing (upper curve) .  
6. Fuel consumption as a function of  power and enfant- 

speed. Typical passenger car f,ngine. 

Thh ( i r t i d r  hn's hem ndnptrd  f rom (i pnprr prewnted hf fur r  the ( .f t l i fcrnin \ n ~ n r n l  ( iasi i l inr 4 \ ' -o ( i f i thn .  O ( t o h r  10. 19.G'. 
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IN A U T O M O T I V E  P O W E R P L A N T S  
-peed to that required for an) desired power output. Ã̂  

The efforts of engine designers are directed toward? 
lowering this curve. T M O  steps are taken to aecomplis-h 
lhis: t 1 )  Increase i n  cornj)ressioti ratio; 12) Improve- 
~iient in breathing. 

The effect of incrruu'd corttpresiiio~t ratio. both on  
power and fuel co~isuinplioii. has been studied?. a? well 
a? a& wtised cxtensi~ c l j .  d a r t  (1 s h o ~  a the percent 
gain in power and decrease in fuel consumption for a 
t?l)ical modern V-8 engine. referred to 8:l compres- 
sion ratio as a base. The improvement is appreciable. 
J\o insurmountable design prolilen~s have arisen from 
increased compression ratios. 4lthough octane re- 
quirement? increase with compression ratio. this is an 
economic problem rather than one of engineering. If 
demand warrants production of such high octane motor 
fuel?. the) will be available. 

I rnpro~vd h r e a / / i i / ~ ~  can he lirouphi about 1): snper- 
charging as well as b) proper manifolding^. Thi? is 

illustrated in Chart D. Data represent production P I I -  

gines rather than experimental tj1Ã§' and hence reflect 
realislicallj what can be expected. 

General probleim arising in confledion 'with the ap- 
plication of t-uperchargera to reciprocating engines will 
be cliscussed later. 

Engine-transmission relationships 

Returning to Charts A and B. it becomes apparent 
that the lev el road p t t  er-required is considerablj 
s n d l e r  than the po^vcr-available. For example, at 25 
mph approximate!) 5 hp  are needed. In Chart 15 thi? 
corresponds to an engine speed of 400 rpm with a eon- 
sumption of 0.6 Ibs./bhp-hr; howeler. with present- 
da) traiismissio~is. the engine is rare]) e\er  at its mini- 
mum fuel consumption. The ideal transmission ~ o u l d  
keep the engine operating on the solid ~minirnurn) 
curve of Chart B at all times. 

%hat  this means in economy potential is s h o ~ n  in 
Chart El. in uhich the brake s-pecific fuel consuinption 
ha-, been translated into the more tangible miles per 
gallon at road load. The ideal transmission c u n e  rep- 
resents the best obtainable mileage from the given en- 
gine. Comparison with the curve representing a topical 
>tack car ;hot$> a poarible improvement l q  a factor of 
two at around .50 miles per hour. 

I t  r l i ~ ~ l d  be emphasized that thi? gain i;- po~sible 
~ncrel)  bj  h e l o p i n g  a tran*mia&i~ ~ h i c h  full) u ~ i l -  
i~efr  the potential of the engine. A D )  improvement in 
engine performdncc can be added to this gain. It is 

concluded that the proper matching of engine and 
transmi-?ion represent? tht* mo't fundamental 
in vehicle development toda). It is olniousl) not lin1- 
itcd to the pas-senger car field. 

o ENGINE RPM - HUNDREDS 

C. (.'hang17 in f u r l  consumption and pou f r r  u itti corn- 
pression ration. (CM rcstwrh engine.)  

0 10 20 30 40 5 0  
ENGINE RPM - HUNDREDS 

--- - 
SUPERCHARGING SPECIAL MANIFOLD 

D. Change in power and fuel consumplion for produc- 
tion engines with supercharger and special manifold. 

0 10 20 30 40 50 60 70 80 
CAR SPEED - MPH 

I<. Ewtwntj  o/ passenger cur with standard and ideal 
transmission. (CM research mgine.) 
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CADILLAC TEST CAR DATA 

(1 95 1 and 1 9XX cars are equipped with hydramatic transmissions). 

-- 
Bore (inches) 

Stroke (inches) 

Displacement leu. in.] 

Compression Ratio 

Brake specific fuel cons. Ib/bph-hr 

Miles per gallon at 5 0  mph 

Max. Brake Torque (ft  Ib l  

Max.  bmep (psi1 

Max. bhp 
- 

Hp/cu. in. 

Wheelbase (inches) 

Curb Weight (Ibsl 

Eng. rpm/mph 
-- -- 
Axle Ratio 

- - 

It is interesting to note. at this point, the effect of 
engine size (displacement) on economy, assuming the 
ideal transmission to be available. Chart F1 shows a 
comparison of economy for three engine sizes. The 
advantage of the smaller engine is derived from the 
reduced throttling necessary for low power output; 
however, this advantage is not as great as might be ex- 
pected, even at low speeds. At higher car speed it prac- 
tically disappears. There is, on the other hand, no in- 
centive to build engines with greater displacement vol- 
umes. The trend is towards smaller displacements with 
a possible optimum around 250 cu. in. 

In order to put those minds at ease which might be 
alarmed by this discussion of a non-existent, hypotheti- 
cal ideal transmission, Table l4 is shown above. It 
represents a comparison of Cadillac cars tested simul- 
taneously, and illustrates the economy trend realized 
through engine development only. Even without the 
ideal transmission, the 19XX car manages to show 

an appreciable gain in economy over the 1951 model. 
The table further indicates the trend in displacement 

volumes. The brake horsepowers listed for the 19XX 
car seem to contradict the 1952 practice, which has be- 
come known as the "horsepower race." St is admitted 
among engine designers that much of this race has more 
advertising value than engineering merit. 

For several reasons, there have been no attempts in 
the IJ. S. to utilize diesel engines in passenger cars. 
The small diesel has particularly poor part-load econ- 
omy when compared with gasoline automotive engines. 
This, combined with such problems as smoking. the 
high cost of maintenance of injection systems, and 
poor starting in cold weather, makes this engine unde- 
sirable for passenger car service. 

The gas turbine, likewise, is not particularly suited 
for passenger car service-a fact we will consider 
later on. 

It must be borne in mind that the present gasoline 
engine has been developed until it is an extremely 
reliable powerplant, and production as well as servic- 
ing facilities are well established. To overcome this 
head start, any potential substitute must exhibit a real 
and present advantage. as well as promising future im- 
provements to match those which are expected from the 
gasoline engine. 

Trucks 
a 2 0  
s 

10 

Truck powerplant" can he expected to undergo the 
most extensive development in the next ten years. Much 
of the incentive for this will come from the problems 
arising in highway trucking in the Rocky Mountains 
and on the West Coast. Let us formulate the require- 
rnents: a truck-trailer combination of 75.000 Ibs. gross 
weight should be able to travel on grades from 8 to 
7 percent at altitudes up to 8000 feet at speeds of not 

F .  Economy of passenger car with ideal transmission 
and engines of different displacement. 
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engine of reasonable size and price is now available 
for u ~ e  in commercial vehicles. 

Two primary requirements for this powerplant stand 
out: ( 1 )  High output per cubic foot of powerplant 
space; ( 2 )  Reasonable economy in cents per mile. 

For the reciprocating engine this means high output 
per cubic inch of displacement and a strong advantage 
for the large diesel engine-which has a low fuel con- 
sumption. as well as being able to use a fuel that is 
inexpensive compared to high octane gasoline. This 
is the reason for the present predominance of diesel 
engines in large trucks. 

It should be noted thai attempts to utilize Bunker 
C fuel oil in conventional diesel engines have not so 
far been successful. because of excessive variation in its 
properties. Certainly it is worth bearing in mind that a 
powerplant which can be designed to utilize these low 
grade fuels is in a strong competitive position cost-wise. 

High output per cubic inch displacement points to 
supercharging in both gasoline and diesel engine, 

S u p e r c h a r g i n g  

The four-stroke diesel is best suited for supercharg- 
ing. and considerable development is under way in this 
direction. Since superchargers have been used exten- 
sively and successfully on reciprocating aircraft en- 
gines. we are often tempted to assume that application 
lo vehicle engines should be a matter of course. This- 
is by no means the case. The aircraft engine is basic- 
ally a constant speed engine and transients are a minor 
part of its operation. The vehicle engine. on the other 
hand, seldom operates at  one speed for extended per- 
iods. I t  is constantly accelerated and decelerated. 
Around this fact are centered the problems of super- 
charging vehicle engines. 

Supercharging may be done either by means of a 
positive displacement pump ( a  Roots-type blower); or 
a centrifugal blower-driven mechanically. or by an 
exhaust gas turbine. 

The mechanically driven Roots blower is well suited 
for variable speed operation but has relatively low effi- 
ciencies. The centrifugal blower is capable of high effi- 
ciencies but only over a limited range of flows. It is 
therefore not very adaptable to variable speed engine 
operation. 

Axial flow compressors are not attractive for use on 
vehicle engines because of their excessive space re- 
quirements and cost. even though the) promise high 
efficiencies. 

The use of exhaust energy to drive the supercharger 
is thermodynamically highly desirable. since the power 
required to d r k e  the blower is obtained from residual 
energy in the exhaust, whereas the mechanically driven 
supercharger uses engine power output directly. The 
turbocharger is not satii-factor). however. for applica- 
tions which have stringent requirements for flexibility 
o \ m  a wide range of speeds and load* - such a* 

It might be well to indicate at this point the order 
of magnitude of supercharge pressures and blower 
speeds. Typical prebsures range from 37" Hg absolute 
at 1200 engine rum and 22,000 blower rpm to 49" Hg 
absolute at  2100 engine rpm and 38.000 blotter rpm. 
Roots blower speeds are lower and pressures higher a t  
low engine speeds. The high speeds of the centrifugal 
blower indicate that the blower drive design problem i s  
serious. especially if engine speeds vary rapidly. The 
high inertia of the rotating impeller imposes very high 
loads on the blower drive during changes in speed. 

Considerable development work is needed before 
satisfactory powerplants will be produced which match 
in reliability the unsupercharged engines. High per- 
formance centrifugal superchargers for variable speed 
service must be produced. 

Octane requirements of supercharged gasoline engines 
are high, and present the same problems which the high 
compression engine presents. Anti-detonant injection 
for truck powerplants has been developed and is satis- 
factory. These facts notwithstanding, the advantage is  
with the diesel engine. 

Weight and size of the reciprocating vehicle engine 
get rapidly out of hand as the power increases. The gas 
turbine then becomes at once an interesting possibility 
for vehicle I truck) applications in this high power range. 

T h e  gas t u r b i n e  

The rapid development of gas turbines during the last 
10 years has attracted considerable attention. Neverthe- 
less; the basic theory was worked out and understood 
45 years ago. Recent work has been directed towards 
making this powerplant reliable and competitive with 
other types. Applications have been made principally 
in the field of aircraft propulsion arid power generation, 
both stationary and for rail service. 

The Boeing truck gas 
turbine (below), with 
a schematic diagram 
of its componentis 
(right). 

I = COMPRESSOR 
2 = COMPRESSOR TURBINE 
3 = COMBUSTION CHAMBER 
4=  POWER TURBINE 



TURBINE WITH OTHER POWERPLANTS 

Gasoline 
Industrial 

Automotive 

396 

88 I 

Aviation 
Gasoline 

:s I 0  

High Speed 
Diesel 

- 

Height-inches i 
- -- - - - - - 

22 3(1 -I- I 
- - - 

Installation Envelope-cu. ft. - - -- - - - - - -- 
12.7 

- 
25.2 - -- --- --- .- - 

*Part numbers in Engine 
- - - 

*Number of Parts in Engine 
--- 

* )Standard part", such a% nut". holtc. etc'., not in( ludrd. 

- 
Model 502 - -- 

- - - -- 175 

220 
-- --- -- - - - --. - - - -- - 

"I'art Ni~rnlier~" (oiint, onit o n ~ r  tiny identical part'-, i.e. 6 pi-toni- = 1 part niirnlier Imt  d piirts. 

Number of Close-Tolerance 
Running Fits 16 

- -- - 

Max. Bhp 
-- I -- 180 

a t  rprn 
- - -- 

36000 

Engine Weight-Pounds -- --I- - - - - - - - -- - 
200 

Length-Inches 
-- - - - - - - -- - - 

:a 
Width-Inches -I 22 

I t  should he noted that the-;e applications call for e+ 
sentially conqtant speed service. for which turbo-machin- 
ery is most suited. Experimental vehicle powerplants 
have been designed and constructed and have dernon- 
qtratecl the potential of the gas turbine in this field. 

The Hoeing 502 truck gas turbine is 4 o w n  on p. 21. 
alongwith a -;thematic diagram of its components. The 

suitable reduction gear. drives the tehirle. This separii- 
tion of compressor and power turbine is essential for 
vehicle applications since it allows speeding up of the 
compressor and gas flow. while the power turbine is at 
rest. 

Table 2;. above. ie a comparison of the Roeing turbine 
with other powerplant-; of comparable output. The fav- 
oralile weight-power ratio of the turbine is at once ap- 
parent: i t  is 1.1 lIis./bhp for the turbine. 11 Ihs./bhp 
for the diesel engine and 8.3 Ibs./bhp for the gasoline 
engine. The differences in space requirements and nuin- 
her of parts are similarly striking. Since present experi- 
mental vehicle turbines have been developed from air- 
craft applications (auxiliary powerplants) they h a v ~  
been designed with emphasis on weight reduction. Most 
likely this results in high cost. For vehicles. these ex- 
treme efforts to sa te  weight may he a luxury so that a 
compromise may well be in order. 

In  Chart (7 the torque characteristics of these power- 
plant:? are compared. The high stall torque character- 
istic of the turhornachine is highly desirable for vehicle 
application. 

The fuel consumption curves. Chart Hi. reveal the 
most serious drawback of the turbine: high fuel con- 
sumption. or low thermal efficiency. especially at low 
>peed. This difficulty arises in all pas turbine applica- 
tions and is one of the most pressing assignments of re- 
search and development in this field. 

It i-; well at this point to recall some of the funda- 
mental facts concerning gas turbines in relation to the 
requirement's of a vehicle powerplant. 

unit consists of a centrifugal compressor driven by a 
gas turbine. The exhaust from the first turbine then 
enters the second or power turbine which. through a 

1 I The turbine i-; basically a high speed machine. 
This is responsible for the small size per iinii 
power. 

( 2 )  Maximum efficiency is obtained at one definite 
speed. The efficiency-'-peed relation is such that CORRECTED OUTPUT-SHAFT SPEED - RPM/100 

( Ã ˆ  Comparison of ga .~  turbine and other engine.'i. Torque 
( is  a funct ion of sprcd. 

22 
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Dakar, capital of French Vest Africa, is one of the latest cities to be connected to the United States through Bell System Over- 
seas Telephone Service. Initial period rate i~ only + I S .  You can talk to some 90 countries and territories from four telephone. 

Dakar No more than 25 years ago, American voices were land- 
locked. They could travel around the North American con- 

is on the line tinent, but, except for Cuba, they were stopped at the coastlines. 

Then in 1927 telephone people inaugurated two-way 
commercial radiotelephone service between New York and 
London. In that instant the world grew smaller. 

It has kept on shrinking over the years till now such over- 
seas calls are commonplace. In 1951, nearly 900,000 were 
made over Bell System facilities. Today you can speak to some 
90 countries and territories, 965 of the world's telephones. 
Dakar, French West Africa, is one of the latest additions to 
the list. 

On this 25th Anniversary of Bell System Overseas Tele- 
phone Service, we are busy working to make the record of 
the next 25 years even better. This never-ending effort to 
find better ways calls for the best engineering and scientific 

minds available. Such continued research provides constant 
opportunities for enterprising, talented college graduates. 

BELL TELEPHONE SYSTEM @ 



good efficienrv can lie had orily over a limited 
"peed range. Below and above thic range. very 
poor efficiencies are encountered. This is another 
way of 3aying that the turbine is ha-icall~ a con- 
stant speed machine. The efficiencies we are talk- 
ing about are thermal efficiencies. Their order of 
magnitude is 20 percent for the pa* turbine .'!O 
percent for the gasoline engine and 35 percent 
for the diesel engine. 

( 3  1 The flow rates of the working medium are hiph 
compared to those of reciprocating engines. This 
presents problems of silencing. ducting. filtration 
and exhaust disposal. Not insurmountable in 
themselves. these items must be kept in mind 
where stringent requirements of shape and space 
must he satisfied, a" well as human comfort. 

it) 4 definite lower limit of size exists below which 
a turbine with satisfactory efficiency cannot be 
built. To be sure. the small turbine will run. but 
it will have an excessive fuel consumption. On 
the other hand. the larger the turbine. the more 
rewarding will be attempts to improve efficiencies. 
Two hundred horsepower may well he considered 
the lower useful limit of gas turbines for vehicles. 
This is quite satisfactory. since in the class from 
50 lo 200 hp reciprocating engines are  quite ac- 
refitable. The gas turbine thus takes over where 
the reciprocatiiigeegine becomes unwieldy. 

In order to understand the problem of increasing ther- 
mal efficiencies and to visualize the approach to its soln- 
tion. a closer look at the thermodynamics of the pa? 

COORECTEB WTPUT- SHAFT SPEED - RPM/ 100 

H. Comparison of turbine and oth,er engines. Spf~cibc 
fuel consumption as a function of speed. 
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I. Simple gas turbine r y r l v .  Effect of turbine irilfi 
I'cmprrainrc on thermal t>fflriency. 

turbine is necessary. For the sake of simplicity we shall 
consider the simple gas turbine cvcle. Here one turbine 
furni-ihes both the power necessary to dri t (h the corn- 
prcssor arid the useful work. 

Several parameters vitally affect efficiency. These are 
pressure ratio (compressor inlet pressure over outlet 
pressure). turhine inlet temperature and component effi- 
ciencies (compressor and turbine efficiencies). 

The temperature efted is shown in (:hart I. At any 
one temperature, there is one pressure ratio for maxi- 
mum efficiency. The need for hiph turbine inlet tempera- 
tures is obvious. This diagram points out two important 
prerequisites to gas turbine development: after thermo- 
dynamic theory. early in this century. indicated the po- 
tential capabilities, successful design had to wait for de- 
velopment of temperature-resistant materials and corri- 
pressors with hiph efficiencies at high-pressure ratios. 
h c s e  two requirements. today. are still primary objec- 
tives of research and development. 

Since the overall efficiency of the powerplant i s  a 
function of the product of the component efficiencies. it 
can be seen readily how important high compressor and 
turbine eficiencips are. Even though W percent for 
each component looks very good and. by present-day 
standards. is good (topical values are 77 and 71 per 
cent for compressor and turbine respectively 1 .  the prod- 
uct, 61 percent, is less attractive. The quest for high 
compressor efficiencies is the incentive for the vigorous 
development of axial flow compressors. 

'Die exhaust from a pa-s turbine carries away cotisid- 
erable amounts of energy. Appreciable gains in efficiency 
can he had trum rqeneration. Regeneration takes placr 
in a heat exchanger (called a regenerator) in which ex- 
haust heat is used to preheat the air between compressor 
outlet and combustion chamber. Heat exchanger studies 
show that Loth apace arid weight requirements are such 
that the use of regenerators in  vehicles is feasible. . , 

[he effect of regeneration on thermal efficiencies 
(Chart J 1 .  shows a1 o w e  wh* regeneration must be con- 
sidered. Fifty percent regeneration means that one half 
of the available thermal energy in the exhaust i"- put 
Lack into the cycle. For actual cyrleq the useful range 

CONTINUED ON PAGE 26 



playing life of previous models. 

About  the size of the average book, 
this new Personal radio--developed 
through RCA research and engineer- 
pig-offers n e w  convenience a n d  
!cono~ny to those who want a light, 
leautifully streamlined, long-lasting 
instrument. 

Secret of its long life is a new dry cell 
"B" battery-used in combination with 
redesigned "A" batteries to create a 
more lasting power source. Additional 
life is given by a unique switch, for use 
in areas where radio reception is strong, 
which reduces the drain on the batteries, 

and adds up to 30% to their lives. RCA 
Victor's new receiver plays instantly, 
without needing to warm up, has an 
automatic control to keep the sound 
volume even, and can be had in six 
rich colors. 

Development of this compact radio is 
another example of RCA research and engi- 
neering at work for you. RCA research means 
better quality and performance from any 
product or service of RCA or RCA Victor. 

See the latest in  radio, television, and electronics at 
RC.4 Exhibition Hall, 36 Went 49th Street, N. Y. 
Admission is frci,. Radio Corporation of Anwrica, 
RCA Building, Radio City, New York 20, N. Y. 

Â¥RADI CORPORATION OF AA/ERJCA 
World leader in radio -first in television 

CONTINUE YOUR EDUCATION 
WITH PAY-AT RCA 

Graduate Electrical Engineers: RCA 
Victor-one of the world's foremost manu- 
facturers of radio and electronic products 
-offers ~ o u  opportunity to gain valuable, 
well-rounded training and experience at 
a good salary n i th  opportunities for ad- 
vancement. Here are only five of the many 
projects wbch  offer unusual promise: 

Development and design of radio re- 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono- 
graph combinations). 

Advanced development and design of 
Ah4 and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

Design of component parts such as 
coils, loudspeakers, capacitors. 

Development and design of new re- 
cording and producing methods. 

Design of rrteiving, power, cathode 
ray, gas and photo tubes. 
Write today to College Relations Dioi- 
sion, RCA Victor, Camdcn, New Jersey. 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 



of regeneration lies between 50 and 75 percent. It is 
~ i i s i h l e .  then. to rai'-e the efficiency from around 13 
percent to 22 percent hy this mean- alone. Gains of this 
magnitude determine whether or not a gas turbine rna? 
be con'-idered at all. 

The que.'-tion a* to the importance of regenerator pre- 
siire drop must be answered. 4s with all heat exchanp 
ers. H C  have t o  pay a price for hau'ng them around. 
Pressure drops rriuqt be held to a minimum if the gains 
from re";neration arc to be realized. For efficiency cal- 
rxilations the pres'-ure drops are additive. Thic means 
that a drop of 1 percent of the inlet pressure on  the air 
side and 2 percent o n  the ga- i-ide ha- the (omi>ositf 
~fff,ct o/ (I 3 p~rcrnt  pressure drop on th<- cycle efficiency. 
The detrimental effect of pressure drop i- the more pro- 
nounced. the lower the turbine efficiency. This again 
emphasizes the need for high component efficiency. 

The compounded powerplant 

In the preceding di-cussion it has been tacit I? a<~ i rned  
that the gas turbine is to be used b j  itself. This i -  \ ) \  

n o  means necessary. Since the power requirenierii~ of 
vehicles vary between great extremes-low speed cruis- 
ing ttith an empty c a r p  space as compared with high 
p e e d  climbing at full grosu Ã§ei$t--i is entirely reason- 
able to think of a pofterplant which uses a 200 hp gaw- 
line or diesel engirw for low power operation, and car- 
ries a turbine with about 800 h p  capacity for high 
power operation. Such powerplants have not yet been 
built h u t  are cornmon practice in other fields. The cruis- 
ing and high -peed turbine combination in naval vessel- 
s a typical example. The comparative5 small %eight 
and space requiremeni of a turbine make* it ideally 
suited for this type of standby service. The two powci- 
i l a r~ t?  may be entirely separate and operate indepen- 
dentlv. or they may be combined therrnodynamicallv to 
a so-called compound powerplant. Such powerplant 
combinations have been iniesligated. A variety of corn- 
dinationc is possible. 

The turbo supercharger is an example in which the 

" 2 3 4 5 6 7 8 9 1 0  
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exhaii'-t turbine is an auxiliary fxnver producer. if the 
47e of the turbine iq increa-ed. retif~rocating engine and 
turbine become of similar size. The order of q i ~ e  mat 
also he rever-ed. The ctigiite then become". so to speak. 
the corntiustion chamber of the turbitie. This arrange- 
merit has definite advantage-- oicr  the conventional tur- 
t)irie arrangement at part load. 

In another variation the reriprocatingeengine ma) he 
used to drive a ~~~~~~~~~~or. The engine exhaust is mixed 
uith the compressed air. fuel is injected. and the resnll- 
ing gas does work in the turbine. These are only a few 
of the pas-ibilitie~. Actuallj ahout 100 variation8 are 
said to have Ix'en proposed. 

For use in vehicle-'. one ~pecia l  corripoiincietl power- 
plant seem*-; to offer particular promise. This is the 
so-called free piston gas generator. 4 schematic drawing 
of this powerplant iq shown heloÃ§ Such powerplants 
haxe been tested and are being built in Europe. and se\ - 
era1 companies in this country are engaged in develop- 
merit work in this direction. 

4s far as suitability for vehicle applications i~ con- 
cerned. the compound powerplant is basically a ga* tur- 
bine plant, distinctly different from a dual powerplant 
using a gas turbine for high output operation only. There 
is. however, no rea-ion why the latter could not be n~odi-  
fied to operate as a compounded Â¥-v'-tern 
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C a n  you 

This is an aluminum 

window, one of four 

that will go int 

mill 

;o 

buildings in 1953. Twenty 

years ago, it was just an idea in the 

mind of an Alcoa development engineer. Ten 

years ago, only a few thousand were made 

annually. Now, production is increasing 

at the rate of over half a million a year. 

This is just one of a torrent of new uses for 

aluminum which means that Alcoa must 

continue to expand. Consider the opportunities 

for you if you choose to grow with us. 

The best things in aluminum *("-A 

o m  e s t  in @ yjy 

What c a n  t h i s  mean 
a s  a career for you? 

This is a production chart . . . shows the millions 
of pounds of aluminum produced by Alcoa each 
year between 1935 and 1951. Good men did good 
work to create this record. You can work with these 
same men, learn from them and qualify yourself 
for continually developing opportunities. And that 
production curve-is still rising, we're still expand- 
ing, and opportunities for young men joining us 
now are almost limitless. 

Ever-expanding Alcoa needs engineers, metallur- 
gists, and technically minded "laymen" for produc- 
tion, research and sales positions. If you graduate 
soon, if you want to be with a dynamic company 
that's "going places", get in touch with us. Benefits 
are many, stability is a matter of proud record, 
opportunities are unlimited. 

For more facts, consult your Placement Director. 

ALCOA A L U M I N  
By ALUMINUM COMPANY OF AMERICA Pittsburgh, Pennsylvania 
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To a Young Man who 
wants 

T h a t ' s  one of the attractions of the oil busi- 
ness as a career: big and substantial though i t  
is today, prospects are that  i t  has a long way 
yet to grow. 

T h e  discovery of new sources of petroleum 
and new uses for petroleum has gone ahead 
faster during the past five years than in any 
other comparable period. Phillips Petroleum 
Company gross income increased from $221 
million in 1946 t o  $61 1 million in 1951. And 
8,300 new job opportunities were created. 

The primary business of Phillips Petroleum 

8 PHILLIPS PETROLEUM 

'Room to Grow" 
Company is producing, refining and marketing 
fuels and lubricants. Yet Phillips is one of the 
most widely diversified oil companies, and we 
offer opportunities for the technical graduate 
in many other fields: development of chemical 
derivatives from petroleum, ammonia and sul- 
fur compounds, rubber synthesis, ~itomic re- 
seared, geophysics and analytical techniques. 

If you'relooking for a "career with a future" 
we invite you t o  write to  our Employee Rela- 
tions Department for further information 
about opportunities with our company. 

COMPANY, Bartlesville, Oklahoma 



How high taxes destroy jobs 

J OHN SMITH is a good mechanic who saves his 
money and starts a little alley shop making 

widgets. He works hard, hires two good fellow- 
workers, his wife keeps the books, and he prospers. 
He keeps costs low, sells widgets at $2 each, and 
has a good year-he makes $1000 profit. 

He's delighted. Now he'll buy modern machin- 
ery that will cut costs so he can sell widgets for 
$1.50. He knows he'll sell so many he can hire 3 
more men and raise everybody's wage. Progress! 

But no! The government steps in and takes 

a big part of his $1000 for taxes. So John Smith 
cannot buy the new machinery, 3 new jobs are 
not created, wages cannot be raised. 

In other words, the expansion which would 
have increased widget supply and cut their cost 
from $2 to $1.50 does not take place-exorbitant 
taxes have throttled progress, kept supply 
restricted, and have kept prices high; taxes have 
held down the standard of living. In other words, 
taxes have reduced jobs and wages, and injured 
progress. just as high taxes always do. 

YOU C A N  M A C H I N E  I T  BETTER, FASTER, F O R  LESS W I T H  W A R N E R  & SWASEY TURRET LATHES, A U T O M A T I C S  A N D  T A P P I N G  M A C H I N E S  
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T H E  M O N T H  A T  C A L T E C H  

Chemical Education Award 

HOWARD J. LI ( i ~ .  Professor of Organic t.hernistry at 
the Institute. was recently named winner of the 1953 
Award i n  Chemical Education given b j  the Scientific 
~Vpparatus Makers Â¥association 

The award of $1.000 and an inscribed certificate will 
be presented at the annual spring meeting of the Ameri- 
can Chemical Society in Lo< Angeles next March. The 
award was established in 1950 "to recognize outstand- 
inpcontributions to chemical education." 

For nearly forty years Professor Lucas has been in 
charge of the undergraduate course in organic chern- 
istry at Caltech. 4rnong his many students who have 
been outstandirigly 'u~ccessful are Drs. Saul Winstein. 
Professor of Organic Chemistry at the University of 
California at Los '\tipels. and William C. Young. Dean 
of Graduate Students at UCLA. 

For [he past quarter-century Professor Luras has been 
identified with what is known as modern organic chem- 
istry. He wa"- one of the first chemists to recognize the 
value of electronic interpretation" and was an early 
worker i n  the field of electronic structure of organic 
molecules. He has published more than 85 research 
papers. 

His pioneering tvork. however. has not been limited 
to research. In  19.'55 he published the first textbook in 
his field which clearly related organic chemistry to 
modern chemical theory. This book is credited with 
establishing the pattern of all of today's elementary 
texts in organic chemistry. His more recent book. Prin- 
c i p l e  and Practice in Organic Chemistry.  has been 
highly praised hv American chemists. 

4 native of Marietta. Ohio. he received the 4.B. and 
MA. degrees at Ohio State University. where he was 
an assistant in chemistry from 1907 to 1909. He later 
did research at the University of Chicago and was an 
assistant chemist with the [I. S. Department of Agricul- 
ture from 1910 to 191.'?. He came to Caltech in  191.2 
a"- an instrtictur in chemistry. 

Electronics Award 

DR. ROBERT 4. MILI.IIL~N. Professor of Physics. Emer- 
itus. and Vice President of the Institute's Hoard of 
Trustees. receiled a plaque for his c o n t r i h u t i o n ~ o  

qcicrice. at the 10th iuinitcr'-arv banquet of the WeÃ§ 
Coast Electronic Manufacturers A~sociation. hclcl in I,o< 
4ngeles on "Voiember 13.  

Dr. Lee DeForect. inventor of the %acininl tube. was 
also honored at the banquet. The awards were presented 
hy Dr. 4. 1VT. Zarem (M.S. '40. Ph.D 'M t .  Director of 
the Stanford Research Institute. who s e r ~ e d  as master 
of ceremonies. 

An added feature of the banquet was the presentation 
of four freshman *cholarship'- -one each to (,'altech, 
Stanford. ITJA and SC. 

Harry C. Van Buskirk, 1872-1 952 
H ~ R I I ' ~  (1. V V N  HI SMRK. Professor Emeritus of Mathe- 
matics. died on November 21 of a heart ailment. Fie 
was 80 years old. 

Dr. Van Buskirk was born in W iccoy. New York. in 
1872. He received his Ph.D. from (.ornell University 
in 1898. and came to Throop Polytechnic Institute. the 
predecessor of Callech. in 1901. In 1915 he was made 
Professor of Mathematics and Registrar of the Insti- 
tute. serving in this double capacity until 1935. He 
retired as a mathematics prefeqsor in 1912. 

Dr. Van Buskirk leaves his tA(1c1w. the former Grace 
Gillette. whom he married in June. 1951. He was pre- 
viously married to the former Nora South, who died 
in 1917. 

Campus Architects 

PRESIDENT D ~ C ~ S R I D R E  announced last month that the 
Institute had employed the Lo< Aripples architectural 
firm of Pcreira & f>uckman to serve as consultants "in 
developing a program for future development of the 
campus. 

according to Dr. DuBridge. no plans for extending: 
the campus beyond its present boundaries are foreseen. 
hut "it i* desirable for the [ristitute to have a modern 
campiis development program worked out. Then. when 
and as funds become aiailable for the construction of 
new athletic facilities. new dormitories. or neu labora- 
tories. the location and general design will have been 
planned in advance with a view to a coherent develop- 
merit of the entire r-ampus." 



-f an AIRCRAFT engineer ? f 
\ But I haven't majored in 
\ 

It's your aptitude, your knowledge of engineering principles, 

your degree in  engineering that count. 

Those-plus the opportunity Lockheed is offering you-are all you need for a 

career as an aircraft engineer. In Lockheed's special program for engineering 

graduates, you may go back to school, or you may convert to aircraft work by 

doing-on-the-job training. But whichever it is, you receive full pay while learning, 

But Lockheed offers you more than a career. It offers you a new life, in an area 

where living conditions are beyond compare. Outdoor living prevails the 

year-'round. Mountains, beaches are an hour from Lockheed. 

See your Placement Officer today for the details on Lockheed's Aircraft Training Program 

for engineers, as well as the better living conditions in  Southern California. 

If your Placement Officer i s  out of the illustrated brochures describing living and 

working conditions at Lockheed, write M. V. Mattson, Employment Manager 

z Â ¥ ' i r c r a f  Corporation 

Burbank, California 

This Plane made History 

The P-38 Lightning- first 400 mile 
per hour fighter-interceptor, the 
"fork-tailed Devil" that helped 
win World War 11. 

This Plane is  making History 

The Super Constellation- larger, faster, 
more powerful; the plane that bridges 
the gap between modern air  transport 
and commercial j e t  transport. 

This Plane will make History 

The jet of 
the future- the plane 
you will help create- 

belongs here. 

This plane- which exists only in 
the brain of an engineer like yourself 
- i s  one reason there's a better 
future for you a t  Lockheed. For 
Lackheed will always need engineers 
with ideas, engineers with 
imagination, engineers who build 
the planes that make history. 
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Another page for 

How to help a "miner" cut 
and load 2 tons a minute 

This mechanical "Miner" cuts a coal seam and loads the 
coal, too-at the rate of 2 tons a minute! To insure this 
kind of periormance. engineers used 86 Timken tapered 
roller bearings on cutter heads and vital shafts. Due to 
line contact between rollers and races, Timken bearings 
have extra load-carrying capacity. Their tapered construc- 
tion lets them carry radial and thrust loads in any com- 
bination. Shafts are held in positive alignment. Wear 
reduced. Trouble-free perlormance assured. 

lsi 
How to mount cutter heads 

on TIMKEN'" bearings 
Two-row Timken bearings, pre-adjusted at the time 
of manufacture, are used in all supporting positions 
of the cutting head assembl). The  bearings are fixed 
in the housing at one end (left), and permitted to float 
in the other (right). Because of extreme dirt condi- 
tions encountered in the mining operation, a special 
type of two-element seal is used. Lubricant is forced 
between the two seals to g i te  maximum protection 
to the bearings inside. 

TIMKEN 
r R A D E . N A R X  I I G  U S Ã ˆ A  O f f  

TAPERED ROLLER BEARINGS 

Want to learn more 
about bearings? 

Some of the engineering problems you'll face after 
graduation will invohe bearing application. If you'd 
like to learn more about this phase of engineering, 
we'll be  g lad  to  help. C l ip  th i s  page fo r  future 
reference and for a copy of the 270-page General 
Information Manual on Timken bearings, write 
todaj  to  T h e  Timken Roller Bearing Company, 
Canton 6, Ohio. Cable address: "TIMROSCO". 

NOT JUST A B A L l 0  NOT JUST A ROLLER CD THE TIHKEN TAPERED ROLLER 0=1 

BEARING TAKES RADIAL 4 AND THRUST 4- LOADS OR ANY COMBINATION # 
33 



CONTINUED 

MOTORS 
ANY RPM at your finger tips. Gives magic 
speed control to your machine. The U. S. Vari- 
drive Motor gives your machine any and all 
speeds instantly over a 10 to 1 ratio. It definitely 
increases output. I t  helps you produce better 
quality work. 2 to 10,000 rpm: ' 4  to 50 hp. Mail 
Coupon for 16-page Catalog. 

U.S. ELECT2$IC/IL MOTORS Inc. 
(Box 20581 Lot Angeles 54, Calif., or Milford, Conn. 
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overhead. and a n  artificial pond. t o  help portray art 
"4rabian "Sight." Inside. an A l a d d i n " ~  lamp. ti! mean-; 
of clevet lighting. fjroduct=d a genie upon ruthin?. 

Kicketts was turned into a ""ITaitrite(l House." vnth 
qpiders. skeletonq. and a creaking staircaqe. The! \+ere 
either clever here in ruilting u p  artificial rohwehc. o r  lax 
in r e m o v i n ~ h e  real ones. 

Throop Club featured an undergroi~ncl cavern theme 
ivith an underground spring. and puret- were obliged to 
crawl through a tunnel to enter art0 leave the (lance. 

Fleming camp through u i lh  the cooiest decorations of 
the evening. Modeled after the Flea-lire Dome of Kubla 
Khan in (:oleridges poem. all wall2 and exit-; were co t -  
e n d  with aluminum foil. and stalactites him? from the 
ceiling. Two e n t r a n c e  were lined with \\a\\s of solid 
ice (3.500 p o u n d q ~ .  4Ithouph i i  i-trident hon-'e rule 
forbid'- undue water in  the rooms. there waÃ consider- 
able  debate over whether o r  not  500 pounds of ice could 
legall) be placed (HI someone-; bed. 4 huge mirror 
coiered one whole wail--made up of come sixty incli- 
vidnal mirror'! from a-  many medicine (ahinet-.  

Political Note 

SHOR-~.~ BEFORE the election. the Caltech WTC4 =pan- 
qorecl a -'&raw vote a r n o r y  Tech iindei"Â¡;ra(l'- grad 
studenti. facnlt! and ernplovee~.  The re'-lilt-;: 

Undergmds Grad Studenk Faculty 

Eisenhowe~ 255 8fi 30 

Stevenson J 4 1  05 68 

:;0 :< Others 
- 

CONTINUED ON PAGE 36 



'Look what 
I'm reading! 

'Wo kidding, Ed . . . the EDITORIAL page! 
"You know me, Ed ... I'm strictly a sports page 
guy. But when I was home in bed last week 
with that blasted head cold, I didn't have 
much to d o  but read the paper. 

"SO, with time t o  burn, I looked at  everything 
but the recipes . . . which is Marge's depart- 
ment, anyways. And. Ed, what I read in those 
editorials made me mad enough to forget I 
felt punk. 

"One was about  'Creeping Socialism'. It  told 
what's going on right under our noses . . . 
a lot of undercover work to turn us into a 
bunch of spineless dummies, instead of 
free citizens. 

"It warned how we could lose some or all of 
our Freedoms . . . you know, free speech, 
press, vote and religion. And the right t o  
work or live where we please. This editorial 
showed how other people abroad have let 
socialism, then communism, take over and 
make .slaves out of them. And all the time 
these people thought all they had to do 
was let Government 'take care of them', And 
it  sure did! 

"Since then, Ed, I've been reading all the 
editorials and articles . . . in newspapers mid 
magazines. Been learning to think, too. And 
to talk things over with my neighbors and 
the fellows we work with down at Republic . . . things like government ownership and 
wasteful spending that can bankrupt a whole 
nation and all its citizens. Yep, I've been 
learning to appreciate the Freedoms that we 
have and other people don't. And best of all, 
yesterday I REGISTERED TO VOTE. . . and my 
wife did, too! That's the BIGGEST American 
Freedom of 'em all, and like a dope I've been 
too  careless t o  protect my own and  my 
family's interests with a ballot! 

"funny, isn't It? From a cold i n  the head, I got 
sense in the heid." 

REPUBLIC STEEL 
Republic Building 8 Cleveland 1, Ohio 

Republic BECAME strong in a strong and 
free America. Republic can REMAIN 
strong on& in an America that remains 
Strong and f r e e . .  . an America whose stores 
are laden with the many f ine products of a 
free Textile Industry. And, Ihrvugb Textile>, Republic 
serves America. Long-wearing. comfortable drew and 
suit materials . . . gay prints. . . smartdra&ry a i d  
upholsu~y fabrics . . . all are spun, dyed and woven 
on machinery nude of carbon alloy and stainless 
steel, . . . much of them from the mills of Republic. 
New, almost magical synthetic fibers are today devel- 
oped and produced with equipment largely made of 
stiiinle'ss steels, notably Republic's famed ENDURO. 
Thu, steel does its part EO help keep Americans corn. 
fortably and smartly clothed the year round. 

Par a fill color reprint of this advertisement, 
i n h e  Dept. H ,  Republic Stwl, Clevdaud 1, Ohm. 



The flexible construction of an S.S.White remote 
control flexible shaft allows controlled parts to be 
mounted where desired to satisfy limited space 
conditions and to meet specific equipment dimen- 
sions. These versatile "Metal Muscles"@ can be 
snaked around turns and curves to provide a one- 
piece, sensitive control coupling between any two 
points. As a result, the designer has more leeway 
in developing a design that meets existing operat- 
ing, assembly, and servicing requirements and can 
be produced at lower cost. 

Â Â 

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 THIS FREE 
FLEXIBLE SHAFT BOOKLET 
Bulletin 5008 contains basic flexible 
shaft facts and shows how to  select - 
and afifily flexible shafts. Write for 
a copy. 

#HE I N D U I T R I X L  DIVISION 
DENTAL MFG. CO. - Dept. C , 10 East 40th St. - 

NEW YORK 16, N. Y. 

Shepard Scholarship 

PERJIUY 0's '~  oi- the rnwt u r ~ i i c ~ ~ a l  <rholar'-'hips 
offered to student? anywhere is the 1)on Shepard Merri- 
orial Scholarship. Shepard. who graduated from Tceh 
in June of 1050. was killed in an airplane accident in 
Octofwt of  ihc same year. He not only took part i n  
school activities. he was a l w  interested in the rnany 
cultural opportunities i n  southern California. 

1s a rr~emorial to him. hi-- parent" and friends set u p  
a 8150 award to the ~ t u d e n t  \ + L o  could most profitabh 
benefit from attending the rnany operas. plays. and 
concert"-in this area. The award i q  given to men who 
have paid ttwir tuition. but n h o  could riot participate 
in  these other activities without aid. This gear's recip- 
ient i'- Veil Stpfanides. a senior n ho i~ alzo one of thc 
tnnqt effcc t i \  e l ine-hack(~rs in our  football coriferer~re. 

On Water Fighting 

THERE O N C E  f t i ?  a time when the nater  fight a 
noble tradition in the ~ t i iden t  lioiiws. Last year. !ION- 

ever. a rule  Mas pa=ecl s t a t i n g t h a t  anyone throttirig 
water around inside the student houses \ \a= eligible t o  

he fined at  lea-t $5. the rnorivj to go to the 1nterhou-c 
Committee. R e r e n t l ~ .  however. the '-tndents changed the 
nile so that the Tnone? now goeq into the treaqnr! of 
the house wherein the infraction occurs. Yobodj Ã§eem 
to he getting rich fast. so we rnust assume that watci 
fighting. like goldfish eating. ha'- gorie the wa\ of a l l  
great idea' in thi-: rharigit~g i\oriel. 

! I  f f f i h ~ r  *ii 



am of top enginee 

d, 

rs with ability and ambition. 
There are immediate openings 

in. Engineer, Los Angeles. 



Whenever fastening problems arise.. . 

-- 

Consider ELASTIC STOP N 
Whenever fastening presents a problem-ESNA is ready with a quick 

LOCKING COLLAR answer. More than 3000 types and size" of self-locking vibration-proof 
fasteners-plus the "know-how" of ESNA engineers-are available here 

I t  is  threadless and resilient. Every bolt impresses at ESNA. 
(but does not cut) its full thread contact in the 
Red Elastic Collar to fully grip the bolt threads. ESNA has long been known as "design headquarters" for self-lock- 
in this threading proner~y seats ins fasteners. Accepted by Army. Navy and tiir Force. virtually every 
the metal threads-and eliminates axial play aircraft built in the past clecadc has been Elastic Ston Nut-eaui~ned. On . . ,  
between bolt and nut threads. All Elastic Stop the railroads, in the oil fields. on automobiles and construction equip- 
Nuts-re9ari'ess of type Or size-'0ck in posi- ment. Elastic Stop Nuts manufÃ§cti~rec to exacting quality control stancl- 
tion anywhere on a bolt or stud, maintain 
accurate adjustments and seal against liquid 

ards. are cloing specialized jobs every day. 

seepage. Vibration, impact or stress reversal Be familiar with the design help ESNA offers. Write us for details 
does not disturb prestressed or positioned set- on Elastic Stop Nuts. Elastic Stop Nut Corporation of America. 2330 
tings. Vauxhall Road, Union. N. J. 

ELASTIC S T O P  N U T  C O R P O R A T I O N  OF A M E R I C A  
& maOR TEMPERATURE HIGH SPLINE ""Â w% &yTG& 8 NYt,ON CAP 

D E S I G N  H E A D Q U A R T E R S  F O R  S E L F - L O C K I N G  F A S T E N E R S  





MN'I N E W  Dr. ( lenient"- was graduated from Texas Western in 
1022 when it was known as the Texas School of Mines. 
He jointed the S.( . faculty in 1929. 

Sorensen Fellow 
January Dinner Meeting J EROWE K. DFLSOV. M.S. '50. w h o  was rhosen as the 
THE . J A W  ~ R Y  dinner meelir10: of the ( altech ilunini firqt recipient of the Hoval W .  Soreneeti Fellowship in - 
Association will be held at the Lakewood Country Club Electrical Engineering last year. has received the award 
near Long Reach (3101 F. Carson Blvd.. Lakewood) on for 1952-5;3 as well. Delaon i*' exported to finish hit! doc- 
Wednesday, January 11. Speaker of the eveniripwill be torate studies at the In-stitute this year. 
Dr. 4 M. Zarern fM.S. "40. Ph.D. '11 1 .  Director of the The Sorensen Fellowship. set u p  in 1950 \>\ a groiip 
Stanford Rwearrh fn'-titute. who wi l l  discuss the smog of Caltech alumni, iq a 8900 gradnate award. 
-Â¥ituatior and %how a colored motion picture on the 
subject. Dr. John R .  Weir. A-'-ociate in 1''-vchologv at Sari Francisco ChdDter 
the rnstitute. will also pie a preliminary report o n  the THE S\\ FRANCISCO CH ~ T L K  had a rnost en joyable 
(altech alumni surve?. 

evening at the H. P. ("High Preq-:ure'") Henderson home 

Honored Graduate 

Q R. THOMAS CLEMENTS, M.S. '29. Ph.D. '.!2. head of 
the (Geology Department at the l'riiversity of Southern 
California. has been selected as the year's most hon- 
ored graduate of  Texas Western College of the (Jni~er-  
s i t y  of Texas. 

Dr. and Mrs. Clernents arid their daughter, 4m1e. a 
"tudent at S.C.. went to El F'a'o for the colle+ home- 
coming activities o n  Voserriher 15. 

in San Mateo on Saturday evening. Nolernber 1. The 
party started with a pot luck supper to uhich everyone 
brought his favorite recipe. The attendance via" one 
of the largest we hale  had. totaling about eighty-five. 

'the highlight of the evening na*' the Howard Ves- 
per*' presentation of colored picture-: of their trip to 
Europe last summer. Howard regaled hiuaudience with 
a running commentary and Ruth gave 11s the ladies7 
+lant on the European situation. 

-Rohrr t Flcitz ','i6. S i ~ c r ~ f u r y - T r e ( ~ s ~ ~ r ~ ~ r  

Elimination of wasteful friction is a constant battle con- 
fronting Industry. Out on the job . . . irrespective of your 
engineering role . . . you'll be coming to grips with this 
problem. 

In the past, Industry has learned to rely upon SiCSff for 
practical solutions to anti-friction bearing problems. 

In the future - more than ever before - engineers can 
look to ffiKE3' for the finest in bearings, plus help in putting 
the right bearing in the right place. 7s34 

S U f INDUSTRIES, INC., Philadelphia 32, Pa. - 
manufacturers of 5EF and HESS-BRIGHT bearings. 

. . .as important as your most important tool 

Engineers.. . draftsmen . . , designers. . 
'111 Lnovi the slide rule is an all-imnortant 
"tool but certainly no more efScitnt than 
their ability to make full iiqe of it Don t 
invite eve-fatigue and impair job perform- 
ance with poor illumination 

Smoot-Hnlrnan lighting equipmrnt can 
w h e  this problem-ab it ha5 ioi thousands 
of norkerb in other western plant, Made 
to exacting aualitv standard^ it provides 
illumination al-way? ample alwii\ s correct 





CHEMICAL PROBLEM 0 

. . . to aid in producing a finish 
which would speed up the recon- 
ditioning of telephone coin. boxes, 
switchboards, and booths by 
Western Electric Company. 

SOLUTION o 

. . . fast-drying, durable lacquers 

. . . sprayed on hot. . . made with 
nitrocellulose which Hercules sup- 
plies to lacquer manufacturers. 
Much thicker coats are possible 
with hot lacquer, and one coat 
now does the job of two! 

COLLEGE MEN 0 

This is but one example of the 
far-reaching chemical develop- 
ments in which you could partici- 
pate a t  Hercules-in research, 
production, sales, or staff opera- 
tions. It suggests the ways Her- 
cules' products serve an  ever- 
broadening range of industries 
and end-uses. 

Hercules' business is solving problems by chemistry for industry. . 
. . . textiles, paper, rubber, insecticides, adhesives, soaps, detergents, plastics, paint, varnish, lacquer, 
to name a few, use Hercules@ synthetic resins, cellulose products, chemical cotton, terpene chem- 
icals, rosin and rosin derivatives, chlorinated products and other chemical processing materials. 
Hercules* explosives serve mining, quarrying, construction, seismograph projects everywhere. 

HERCULES POWDER COMPANY Wilmington 99, Delaware 
wee**"". n' 

Sales Offices in Principal Cities 
ccsa'e 



What's Happening at C1IUCIBlh 

One important part of the "automatic"factory is the re- 
c~uirement that measuring devices be accurate, rugged 
. . . and hecause of their u?e in such great volume the) 
hav e to be low cost. It is a credit to instrument nianufat - 
turers that these meter miracles are being accom- 
plished. Not only are the ineters more seris-ili\e. lower 
cost . . . hut specialized problems in  measurement are 
soh ed ever) da) v~ it11 nc~v and different instruments. 

here's IIOW Alari~n rut niafl11 
. . . and built a better meter! 

Marion Meter, 
Model S3RN. 

et costs J/3 

Marion Electrical Instrument Company, prominent meter 
manufacturer, embarked on a plan of redesigning tlicir 
meters to give itiipro~etl s-ervice. The Marion Meter, 
Model 53Rh shown here, is a good example of ~vliat is 
being aeeorupli~hcd. 

I n  rede'igning their  instruments,  Marion worked 
former design of clofrely wilh Crucihlc magnet specialists. The recom- 
magnet  a s b e m b l y  mendation -was niddc to change 1'roni Alnico I] to  Alnico 
using Alnico 11. V for the magnetic alloy ui-ed in ihe iiieter'b D'Arsonval 

movement. Then the magnet itself v\a> redesigned. The 
overall effect w s  to reduce tlie weight of the magnet b j  
3y/'(. cut the cost ŷ  . . . and increase the gap flux density 
which resulted in a 1.55 increase in the torque of the 
1110vemer1t. The illustration -1iowsi the old and new design. 

I'liir developiiient is topical of IIOM Crucible is work- 
ing to increase measiuring efficiency ^ ith permanent alnico 
iridgnrt!~. IIave IOU a magnet application we can cut costs 

after 

mQS'net data 
h~di acaiiable 
Since the  advent of the 
alnico marke t  i n  1936. 
Crucil~le has pioneered in 
the de-ign and dt"~e1op- 
incut of special magnet 
alloj 2. Send for )our cop) 
of CruciLJe'-i * + P ~ R M  ~ ~ . ~ s J L I \  1 

1-1 i r s t  name in  special purpose steels 

Midland Works, Midlind, Pa. Spaulding Works. Harrison, N. J. * Part'. Works, Pittsburgh, Pa, * Spring Works, Pittsburgh, Pa. 
National Drawn WurKa, bast Liverpool, Ohio Sanderson Halcornb Works, Syracuse, N Y. Trent Tube Company, East Troy, Wisconsin 
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P E R S O N A L S  
192 1 

f,eurge V. Hanley. Ex.. wa-i recently 
eleded to the %ice-pre-idency of the South- 
ern ( alifornia E d i ~ o n  Company. He i~ in 
charge of the Commer( ial Department. 

1922 
Howard G. Vwver. President of the Cal- 

ifornia ReÃ§ear h C orporation in San Fran 
cisro. i* chairman of the advisory commit- 
tee which directs the imerican Petroleum 
Institute'" research on the compo'-ition 
and properties of petroleum. This was one 
of the main topic; under discucsion at 
the A P I ' a  32nd annual meeting, held at 
the ( onrad Hilton Hotel in Chicago in 
November. 

1926 
fival E. Fowle. Ex., has been appointed 

for a year to the <entral coast region water 
pollution rontrol hoard, according to a 
recent announcement by Governor Warren. 
The contiol board review's and set" up 
minimum standards for *ewer and similar 
project'; affecting stream and ocean pollu- 
tion in the area from Santa ( ruz  to San 
Luis Ohispo rounties. 

1927 
Kenneth Belknap iq still in the insurance 

l~u~ine'"i, opera t ingas  Belknap and Belk- 

nap. although a few year* ago he did move 
to a new location. Len ha< been in inwr-  
ante now for almo-t 20 year*. Hi" two 
bojs-Bruce, 15, and Raymond, 1 1-are 
in La Canada High School. 

Allen C. If. Willhell. Ph.D., represented 
(altech at  the inauguration of Dr. R1i-s-ell 
I. Humbert as 15th president of DePauw 
University on  October 18. Allen and repre- 
5entatives of 215 other colleges (ranging 
from the Univercity of Rome, founded in 
1303. to the Universidad de lo* kndes, 
founded in 1949 in Bogota, Colombia) 
marched in the inaugural procession. Ulen 
is now in the Physics Department at  In- 
diana University in Bloomington. 

1929 
Jarne5 W .  D/inham ha? heen elected 

president of Local 777 of the National 
Federation of Federal Employees for the 
coming year. He'c living in Los 4ngeleq. 

Homer Reed. M.S. '30, former chief en- 
gineer of Union Oil Co.. will head Brea 
Chemicals. Inc., a new company formed as 
a subsidiary of Union Oil to develop, man- 
ufacture, and market rhemica l~  from 
petroleum. 

1930 
L. Sprague cle Camp is ( o-aiithor ~ i t h  

Designed to simplify 
close-tolerance measurements 

Versatile Brown & Sharpe Electronic Gage Head Cartridge 
Measuring Equipment is easily adapted and Amplifier. 
to your machine or Fixture design. It 

Wilh Ley of a new book. I,unih Ufvnnil. 
puhli-hed ti\ Rinehart & ( 0. 

1932 
Henry B. Pownull n a v l e c t e d  pro 1 'd ent 

of Plantation Foods, Inc. in May. 1952. 
Plantation Food5 has headquarters in 
Miami, Florida. and distribution center'; in 
16 cities in Florida. It's the ~ ta te ' s  largest 
manufacturer of ice cream products. Be- 
sides t h i ~ .  Henry iq "ill president of Free?. 
i n o q u i p m e n t  Sale", Inc. in  York, Pa. 
They \ell rotary boo-ter compreeqorq and 
manufacture a <ontinunu*- package freezer 
for the f r o ~ e n  food and ice (ream trade. 
The Pownails are now l iv ing in  Miami. 

D a d  I?. Ander'ion ha"-hree daughters, 
now lives in 'Mtadena, and is employed 1)) 
the Navy. 

Albert f f .  Atwood. Jr., M.S. '3,3. ha 
been an electrical engineer with Souther] 
( alifornia Edison-workingnn substation 
hydro and steam plant design-since th 
end of the war. He ic married, and ha 
ieen  an L. A. resident since graduation 

1933 -. 

Arthur V .  Prater. M.S., Ph.1). '35, waa 
elected chairman of the Division of \gri- 
culture and Food Lhemistry of the Ameri- 
ran  Chemical Sot iety. Art is also technical 

- 
SIT BACK A N D  IB ELAX 

ono fixture to measure a fixed Head Cartridge and ~mplifierio 
gage~used with Amplifier. measure internal angle accu- 

racy to A1 setonds. 

Let Calmec Manufacturing Company 
Worry About 
Your Metal Parts and Products 

We have the most modern facilities and most 

complete plant to give you the maximum of  

service, whether i t  is a small part, a large part, 

or  a product from your ideas to the shipped article 

direct to your customers, under your name, from 

our plant. 

CALMEC MANUFACTURING CO. 
Robert A. Mclntyre, M.S. '38 KImball 6204 
5825 District Blvd. Los Angeles 22, Calif. 



ijii tx'toi at the ( Icn in  Di\ is-ion of lht% 
( nii tol idat~d Gi-orer? 1.orporatioii. 

l iohvrl (;. Mm Donald ha<- been r~,h-a-ed 
from ar t i \ e  dut) r i t h  the Army, He is- 
.-till with the I)e~)aitriier~t of 1111, Arm). 
I i o ~ e i e r .  as rhi l ian engineer adiinor to the 
Quartermaster General in Was-hington, 
I). i:. 

1935 
Arthut E. Engvlilei. who ie ilirt'rtor ut 

the Kngpidt,~- Labs in lh)ugla3 and  ,'\lor- 
rnci, Arizona, h a s h e e n  tihiding hi? time 
I)etv^*t~n the practire of 1nedi1:ine and sui-  
gery and research work on a number of 
tititi niediral ini-trumc~nt*. Next \t!ar h e  
hopei- to l i a ~ ,  his organization ret U I I  .-o 
he ran ilr\otc all his time to the i~i t t r i i -  
inent hiisint'ss. 

Ensign Robert Tookc) ha.-- been on 
t i i t ,  ilut) in the Naial RI%~TM" for o'er a 
?ear, serving on a destroyer in the I'acitir 
area. 

1 9 3 6  
Merul 1̂  . Hinslmw. i ice-prefriilen! of the 

Fclkrr Manulai~turiiig Company, arrived 
rafrly in J n h a n n t ~ b u r g .  South Africa, latr 
in Ortobrr, following a rra-.li landing in 
Rome earlier. aboard one nf Riitain'? 
eight-mile-a-iiiiniitc Cornet jet airliner... 
'None of the passenger* or r r r ~  nienihers 
on hoard itas- hurt \\hen the plane raced 
into the air off Rome's ( ~ i a i n ~ ) i n v  Airport 
and then smashed bark to earth in a bell) 
landing. Meral was on his way to the 
Diamond Syndirat t~s 1,db in South Africa 
to do reparch  work for hi? rompanj .  The  
Felker Co. i raka-  diamond abrashc  tools. 

( ' . lurern~ 1.. llunn. Ph.D.. is l n ~ ~ l  ut the 
lihys-iral rhenii.-try department of Shell l)e- 
~ : l o p n ~ e n t  Company, P^mery\ille. Calif. 

Brill e Berkley. a patent attornry in San 
Francis-co. married Eleanor Gary laft 
Ortoher. 

1 9 3 7  
Dunirl (l. >(human n a ?  elected ron- 

troller of thr Stromberg-CarLoii (lonipam 
in Rorhes-ter. N. 1.. in August. He ha* 
1)t:en associated ~ i t h  Stron11)t;rg-Carlson 
i-iiire I949 when he rani? to Rorhester as- 
ti rcfmst,ntati\t, nf Price Waterhouse and 
Co.. to &it!lop improied method.- apd pro- 
~edurt?;- for th r  company. He later joined 
Stroml~erg-(larlson a: asi-ittant tredsnrer. 

Dan ria: a manaper in the +ystt-nip dr-  
p a r t n ~ r n t  id Price Waterhouse for $ix 
jrars. l)uring the war he served in the 
I .  '1. N;IM. Bureau of Ships. lea'ing a- a 
Lieutenant Commander in 1915. H e  atid 
his wife. Jarquelync. h a \ c  three children. 

1 9 3 8  
Herbert B. Ellis. M.S. '41. left JPL last 

Marrli 10 iiork for Lorkhceil t i t  M-iriettd, 
(Jt3orgi.i. S i ~ i c r  Sf~j~tt~mI)t:r 1. 114, ha> been 
iiidnapcr of t h ~  a.i.itwil)l! niethoda depart 
nitSnt. The Elli.-- famil),  inrludini; John. 
9. dinl Joan.  7. i? now I i ~ i i i g  in Atlanta. 

Henry h. Esmns i-i a tran:portation >lit,- 
iali't for the 1). S. Â ,hamlx'r of ( .oiniiicrct3 
in W a ~ h i ~ ~ t o n .  I).(.:. 

C.urioli fi'. Chat ham. a con-ufting i f ~ e m -  
i d  in San Frain:ia:o, ir one of thi; fevi 

4nirriiaii- nho adniit- IidMng eiitt.1~11 tin' 
dianiond-making rare. Ciirrull lids- alrcad) 
~ ~ i r c e r d e i l  in making emeraldr, v.11i1-h arc 
?trurturally and (;hemiraIl> like the kind 
nature yields. except that his- rail't be tie- 
stroyed by tire. HOÃ‡CMT lie doesn't think 
a practical method for making diarnoinjs 
wmnt!n'ially r i l l  be hit o n  tuernight. 

\vu:rnuii Hall. Ph.D.. ha- been appoint- 
> t i  director of the engineering rcienrez 
l i ~ i s i o n  of the Oflire of Ordnancc RK- 
i-carrh at  Duke L;nker.-its. l i e  wa.- tin' 
forrnrr head of the ai ia ly~is  sertion of the 
res-carch division of liniteij Airt-raft Cor- 
)oration. Ntwman is at OOR on Itbase of 
abst'nre from the liniber~ity of Minnesota. 
where he is Professor of JVlerhaiiira! En- 
gincering and head of the heat and power 
di\isiuii of the Department of Mechanical 
Engineering, While at Minnesotd. lie did 
ronsulting iiork in the field-of ~~oinbus t io i~  
and g a ~  dynamics for United Aircraft, the 
Nmal Ordnance Laborator). Bureau of 
Standard*. and the Aircraft ,Nuclear Pro- 
pulsior~ Di~ i s ion  of General Electrir. N t b v i -  

man and his wife. Eilccn. ha\ta two rliil- 
dren and are living in Durham. Nurtli 
t:tiroIina, 

(lurdrier P. I f i1 .w~~ ha5 joined the (;IJII- 

t-olidated Engineering Corporation of Pas-a- 
l e n d  as a senior ~ ie ie lopn~ent  enginerr. 
He isill lie in charge of the mass spectro- 
nirtt'r g r o u j ~  of the engineering depart- 

u n i t .  From 1945 to 1952, Gardner isa- 
head of the test &\is-iun of the N ; ~ \ ~ i l  
Oi 'di i~~iire  Te*t Station in Pasadena. lift 
and hi;- wife and two children now l i \ e  in 
Altadena. 

.stiu/ It insti.'in. Ph.D.. of the iJiiixerrit) 
of Gdlifornia. has lieen added to the con- 
*ultin":taff of the Hercules Powder (10. 

1939 
Major If illiurn M. Green mwvd laat 

Septcrnlier from Kirtland ,4ir For(.<, Bare 
i l l  Albuquerque. New Mexico, to Ann 
Arhor. Mirliigan. The Air F o r w  i!- .-it!nil- 
i n s  him to the Linixersity of Michigan for 
grtitluatt; Ã§ur in the field of guided mi!-- 
files- thi+ being part of the program of 
the LSAF In*titute of Terhnolop), Wright 
Patterson Air Force Base. Ohio. Bill find-. 
it a little rougli getling down to nietho(1i- 
cal stiidy, 1)ar t icul~rI j  in matlieniatir:. 
after all this time. The program lasts for 
two years. His wife. (;hililrenÃ‘Ril1~ 10, 
a n d  Barby, 6 - - a n d  household possesi- ion.^ 
art! now in Ann Arbor und in a house-an 
item noted for its sean'it) around those 
parts. 

lltiruld I.. Levinton. M. S., has  Iit*rn 
working in propert) management in the 
1 . u ~  Angelcs area since 1947. He was with 
the Metropolitan Water District of Soiith- 
ern (California in Lo.- Angeles from 1931 
to 1938, then, from 1938 to 1947, worked 
for  the Biinne\ille F'oner Atin~inistration in 

F O R  T H E  L O N G  P U I L . . .  

IT'S LEATHER 

PLUS TENSIO 

CONTROL 
On the ski tow it's the 
leather grip of your ski 
mittens plus tension 
controlled by your 
hands that helps you 
get the most out of 
power. 

In modern industry, 
the UNI-PULL short 
center drive uses leather 
belting and tension con- 
trol for long, trouble- 
free power transmission. 

That's part of the 
reason why today there 
are more leather belt 
drives in industry than 
ever before. 



P E R S O N A L S  . . . conubtum 

Portland. Oregon. Harold and hi< wift. 
Irene. h l ~  daughter S l ~ ~ i r o n .  and hi'- ~ t e p -  
danghter. ( lairr. live in Holliwnod. 

1940 
(rforge ( .  Rnrfvr left Dni~pla- Vircraft 

I %nta Moniri'i lakt Varf  h. where hr 
had worked ~ i r i rc  graduation. He'-, now 
ernploved !iy Hughe' 4iri raft a'- an afirn- 
na~it i ral  engineer working on heli<opter 
structure"- de-ign. He and hi- <tife b a n  
three young daughters. and l i t r  in Mar 
Y ii-ta. 

1941 
Eidred If . Ho11gh M S. Ph.D.. ' Ki. ha- 

joined th( faiuitv nt the petroleum cngi- 
neering department of the I'niier.it3 of 
Texa<'i. He ttac formerly with the Stann- 
lind Oil and  Oak ( ompanv. 

1942 
ff rn,!.fll Hurter. \I..<-;. '17 ha- heen ii 

ilvnami( - engineer at Northroii MTI raft 
in Hawthorne. for the pact -+ear and one- 
half. He ia now lead engineer in (ha rp(  
of rh  namir loacl~. Wendell's farm It ha' 
reiiched it-' full iomplement uf the follow- 
ing: Madrlyn ( w i f e ) .  l,nwell ( h )  (;or- 
don ( 4 ) .  and Ianet Lynn (12% month'- 1 .  

1943 
Bertram -1. V e l w n .  M.S.. is an agri- 

i ~ilt[irist in the Fort ( nllin-.. ( olorai-lo. rlic- 
tri( t of the Great Western Sugar Company. 

1945 
Hal'von Rail is h u q  studying for his 

( P 4  exam. while teaching nrroiintinp iinrl 
havine his own arcoiintirig prar t i re  in 
I n n g  Beach. The Ra1l-i hate  two kid<-- 
Trre-a ( $ ) .  and Kerinrth ( 1 ) .  

Hirf, Vrerkrii. whn ha-' heen with the 
Worthitigton C orporation bince hi-. grad- 
iation. mciifd Oc toher 1 from Phoenix. 
Yriwnn to Lo- \ngele- to hecnme \'-<=kt- 

:<nt Offi(e Engineer. 'Ihr Neerken-. have :! 

11aln girl horn in May. 1952. Th13<"1e 
i115t bought a nrft home in W e ~ t i  he'-tcr 
i i r ic l  hope to mow in hefore the first nf 
t h ~  vrar. 

1946 
7'hco(/(*ri S. (.ilmnn If.'?. i~ an \*-kt- 

ant F r n f e ~ n r  of ( hemiktry a t  the Unisei- 
bit1 of ( oloraclo. Hi- Â¥-o Gariiner MI  - 
( liing. wa- horn March 13. 1952. 

U iLiczrd t .  ROSY i-- a Lt. ( j g  I in the 
i \ i l  E n g i n e ~ r  ( nrfi- of the V. R. Na\?. 

He'-- an a w i ~ t a n t  ;~ilt)Iir work* offirer for 
tran-portatinn a t  the 'Vata1 Station in Ket 
Wr-t. Florida He and hi= wife. F.ieltn. 
hase two rhildren Rnger and Tirnotht. 3% 
arid 2 years old. r e~per t i \ e ly .  

1948 
Rill Jnrmit nac  ~narriecl last J u n e  to 

f n i r c  l)atseon of Oakland. He hoprs to 
reÃ§>iv hi- Ph.D. in phycirc =hortly from 
(I. C .  Berkeley, hut he's enjoying l i fe  
thoronehly in the meantime. 

C i i r t i ~  C. W hitt!'"irv. TD. went tn ttor!i 
for General  motor^ immerliattly upon re- 
( ei\ ing hi- Profe-innal dearer. He'- now 
I Detroit. a<  a innior e x e c u t i ~ e  in  G. M.'-- 
-tyling department. Hi"- picture has firer1 
appearins in new-papers and  magazine^ 
latf l t ,  in (onriertion with the Tie>+ Lc 
Sahre car. 

C,eorftr 1,. Humphrev. M.S., ha3 ~ e r e n t l v  
heen :ippointecI \scictant Professor of 
(herni-strv at  We-it Virginia I~riitercitv. 
'VInrgan tn~i .  W. Va. George did re=ean 11 
in rocket propellant= a t  Caltech and in 
therrnnf ht m i ~ t r y  for the IT. S. Bureau of 
Minec. 

George P. Rieshi. M.S. 'SO. with several 

Oil Properties Consultants, Inc. 
Complete Petroleum and Production 

Engineering Service 
Subsurface Geology 9 IVIicropaleontology 

Reservoir Mechanics 
Serondary Recovery and  Evaluation 

Registered Engineers 

Petroleum Engineering 
Associates, Inc. 

Complete Laboratory Service 
Core-Analysis PVT 9 Fractional Analysis 
Florent H. Bailly, '27 Rene Engel. Ph.D. '33 
709-711 South Fair  Oaks 4 v r n 1 1 ~  SYcamorr 3-1156 
Pasadena 2. California Ryan  1-8141 

ALLEN MACHINE & TOOL CO. 
Designers and Builders of Special Machinery a n d  Tool? 

Also General Machine Work 
13109 S. Alameda Street Comptnn, California 

Phones: N R ~ a d a  6-1219 -- NEwmark 1.8190 

othei grar l i~~ite  q t n d e n t ~  in grologv put in 
tirne thi'- --iimmer on the S + k a t c h i ~ a n  
(,lad'er in Banff Park. ( anada. This W,T. 

the tiepinning of a (oordinated proprum to 
make thi"- the mo'-t thoronghly under'-tood 
giiÃ i er  in thf We-tern 1Iemi'-phere- to 
-ersr a. a "fielrj latioratnrv" for futurf 
glat ioingiraf re-rarch. 

1949 
R m  ( .  K a m i \  tnarrifd Di:mp Statha'- 

nn Nniemher R in Highland Park. Illinoi'-. 
The loiiple w i l l  l i ie  in Exan'-ton. 

I/rrrr?t ( . Mnrtr l  ha- been ;iwnrOf d an 
R( \ Fellnwchiri for the ~ e r o r i d  ki i f r t=ci~e 
$car  to (ontinue uork toward a doctorate 
in elr(  triral engineering a t  ( altf ch. 

1950 
R o l i u t  1). ( lark.  M.S.. ,I d~velopment  

(nginrer  ttith the ['nion Oil Com{ian~ o f  
( alifornia, Ã § a  ruen t ly  tran-ferred tn the 
outfit's ~e-parch r e n t t r  a t  Urea. Then'. 
Roli ic engaged in thf tie'-ign of ( h e m i o l  
p r o r r ~ ~ i r i g  and p< truleum refining equip- 
mf nt n hi( h operate at  high temperature' 
and prf =tire&. 

Rnlpfi J .  Stfin* joined Unite (1 d-ophy<i- 
( a l  in Septernher of 1950 and =pent a year 
ui th  them in Kuwait. Percian friilf. Ffe's 
now in \laska where he"'- spent the last 
hi\ months working for United Geophwi- 
(a!  in Fairbanks and on the Naval Petro- 
If-urn Resene  south of Point Barrow. 

1951 
Roiiil S. Fonte. V.S.. reported on hi< 

traiel' around the world for the \EC in 
a recent i-lie of 7'11~ Furnitrole ( t h r  Ccnl- 

 division"^ h o i w  organ a t  Tech) .  After 
three werkc in 4 1 ~ t r a l i a  h e  wrote that  he'd 
' . . just %hipped the Australian uranium 
effort intn "-tiape. a< adiicory man from the  
State=-and now will makp Lisbon with 
sornr Ieisiirely %tops a t  Singapore. f a { -  
oi t ta .  Beirut. Rome. and Madrid. , . . T i e  

BERKLEY ENGINEERING 
. , . AND EQUIPMENT COMPANY 

Meters & Controls for  Every Type & Size Boiler 

[nd~istrial Instruments and Regulators 

Remote Reading and Control Systems 

Engineered Condensation Drainage & Automatic 

Boiler Feeding Systems 

Flow and Pressure Reeulating V a h e  Specialties 

2M9 Riverside Drive 
NOrmandy 5100 

ATKINSON LABORATORY 
LOS ANGELES CALIFORNIA 

Photographic Photographic 
Research Chemicals 

RALPH B. ATKINSON '30 
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of Kansas. 
t'ighlon. Ph.D., i~ 4ssii-tant 

Geology at Whittiel College. 
football coach to the "Poet- 

VICE-PRESIDENT hmold I,. Grosbberg '42 Chicago Chapter: 
Cdlifornia Reseaich Corp.. 576 Standard A\e., Richmond PRESIDENT Levan Griffis '37 

4rmour Reseaich Foundation, 35 W. 33rd St. 
SECRETARY-TREASURER Robert G. Heitz '36 
Dow Chemical Company, Pittsburg, California Eben Vey '41 

Illinois Institute of Technology, 3300 S. Federal St. 
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ALUMNI CALENDAR 

January 14 Dinner Meeting, Apri l  1 1 Annual Seminar 
lokewood Country Club 

February 7 Dinner Dance June 10 Annual Dinner Meeting 

March Dinner Meeting, 
Santa Monica area June Annual Family Picnic 

CALTECH ATHLETIC SCHEDULE 

VARSITY BASKETBALL 

Dec. 4, 5 ,  6 
Redlands Tournament 

Dec. 9, 4:30 p.m. 
LaVerne at Caltcch 

Dec. 13, 8:00 p.m. 
Caltech c t  Chapman 

FROSH BASKETBA8-L 

D;c. 9, 4:45 p.m. 
Lave. ne JV at M Kinley 

D-:c. 13, 6:45 p.m. 
Chapman JV at Chapman 

FRIDAY EVENING DEMONSTRATION 
LECTURES 

7:30 p.m.-201 Bridge 

Dec. 5 "Old and New Problems in 

the Theory of  Numbers," 

by Professor T. M. Apostol 

Dec. 1 2 "Inherited Effects of Atomic 

Bomb Radiations'' 

by Professor E. G. Anderson 

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 Franc-hco Portland Seattle New York 

OLNEY BROTHERS 
RUG AND FURNITURE CLEANING 

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

SY camore 3-0734 

SMITH-EMERY COMPANY 
since 1910 1 

Chemists-Engineers 
Chemical and Physical Testing Laboratories 

920 Santee Street Los Angeles 15, California 
Member American Council of Commercial Laboratories 

U N I T E D  
GEOPHYSICAL COMPANY 

SEISMIC & GRAVITY EXPLORATION SERVICE 

595 East Colorado Street Pasadena 1, Calif. 
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SUBSCRIBE TO PENDULUM 

( n/tp( /I\ ^tndrnt f i t-  Muga:inr 

WE <sf101 1,r) 1 . r ~ ~  to irnite 

v o u  to i-uh-rrihe to the I't'ndu- 

him f o r  1952-53. There w i l l  he 

three is"-ne--orie a t  the end of 

eac.11 ~ ~ r r n .  The  w h ~ c r i p t i o n  

rate for three issues i< 75r. 

To ~ n h ' - r r i l ) ~ :  Send yonr 

name and addre-s with 75c in 

% t a r n p ~ .  check. 01 money order 

(but not, please. in rakh ) to :  

Walt Lee 
Blacker House 
Caltech 
Pasadena, Calif. 

Your "-upport of P(~ndulum 

will insure its continued puhli- 

cation. 
The Editors 
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M Y  Q U E S T I O N  TO T H E  G-E STUDENT I N F O R M A T I O N  P A N E L S  

"Are my opportunities for advance- 
ment os good in a large company, 
like G.E.? as they are in a small firm?" 

. Alien E. Gabon, Cornell University, 1953 

Two answers to this question, presented at a student information 
meeting held In July, 1952, between G-E personnel and representa- 
tive college students, are printed below. If you have o question you 
would like answered, or seek further information about General 
Electric, moil your request to College Editor, Dept. 221-6, General 
Electric Co., Schenectody, N. Y. 

advancement are as goods-if 4 - .  
not better, in a large..com. 
pany. There i @ ,  one point 
which is often overlooked in 
making such a comparison. 
That is, that any large com- 
pany, and especially one as 
diversified a s ~ e n e r a l  Electric, is really made up of a 
number of small companies, hut with more opportUnities 
than you find in a small firm. We are an  organization of 
many businesses. 

With many diverse fields there is greater opportunity 
for college men and women to find the work most suited 
to their desires, talents, and abilities. With a wider choice 
of jobs there is more opportunity to get into work yon 
really enjoy. 

The college graduate, working for G.E., will discover 
new fields opening up to him. He will probably discover 
that there is some activity in which he is particularly 
interested. There are no fixed paths for college graduates 
at G.E.The collegeman or womanwho enters our Company 
does not commit himself irrevocably to one type of work. 
It's OUT tradition to encourage the newcomer to look 
around, try several different assignments, and find the work 
most satisfyingtohim and to which he canmake thegreatest 
contribution. In G.E the college graduate can investigate 
many types of work before choosing his field. And, he can 
change jobs without having to leave the Company, or 
loae the advantages connected with length of service-an 
impossibility in- many small firms. 

tion which, I believe, pro- 

Electric. That is our system of training programs, de- 
signed to provide a continuous succession of young 
people to assume responsibilities for the Company's 
operation and management in the future. The principle 
of this training has been to develop men and women hy 
providing them with productive employment, by giving 
them the opportunity to reveal their abilities, and by 
providing them with practical claesroom study dcsifpcd 
to broaden their understanding of the electrical industry 
and of business in general. 

The most importnnt contribution of the training pro. 
grams h a  been in developing leaders for out Company. 
M a y  of the offieets and executives in responsible key 
positions today are graduates of one or another of these 
prograiBS. 

Many small fains cannot afford to spend, either in 
time or money, the mount we do in preparing young 
people for better future positions. We believe, however, 
that these training programs are one of the best asaur- 
ances that we will have men and women with qualities 
of ability, character, and leadership in our Company, prc- 
pared to cope with the problems and responsibilities of 
our complex society. . . 

L / ~ e c e f t ~ l / W H ^ , l f ~ y  whence %%- 
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