


Richard S. Crowell, class of '48, 
speaks from experience when he says.. . 
"There's plenty of chance for advancement 

at U. S. Steel for today's engineer." 

an8 of this sort make it possible f 
e young graduate to familiarize hi 
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The chemical engineer in an induslrial laboratory has an an ever-changing technology is a difficult one to meet. 

unparalleled opportunity for expressing his individu The illustration shows the initial stages of a project on 

interests and ability. The challenge of keeping ahead thermal diffusion of liquids. 

a chemical engineer, electrical engineer, metallu 
neer or the like. There's plenty of opportunity 
an organization like ours that manufactures d 



"POWER OFF!" Test operalions are directed from this central control room, where 
special metisuring instruments greatly speed u p  the collection of pump performance 

ata. That's one way Worthington products are made more reliable by using . . . 

rn the world's most versatile hydraulic proving ground 
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Engineers: 
join this 
winning 
team! 

"NIKEtl- supersonic missile selected 
to protect our cities 

D558-2, uSKYROCKET"- first airplane 
to fly twice the speed of sound 

At DOUGLAS you'll be joining a company in which the three top Challenging opportunities now 
exist in the following fields; 

executive officers are engineers. . . you'll be associated with men Mechanical design 
Structural design 

who have designed the key airplanes and missiles on the American Power plant installation design 
Weapons delivery 

scene today ! Nothing increases an engineer's ability faster than Aerodynamics 
Thermodynamics 

working with other engineers of top calibreÃ Electronic computers 
Systems analysis 
Aircraft air conditioning 

Not only is Douglas the largest manufacturer of commercial aircraft Hydraulics 
Stress analysis 

in the world, but it also produces outstanding aircraft and missiles A C O U S ~ ~ C S  Servo mechanisms 

for every branch of the armed services ! This diversity, besides Electronics 
Mechanical test 

giving you job security, provides unequalled opportunity 

for the engineer with an eye to the future. 

Structural test 
Flight test 
Process engineerin3 
Missiles 

- Brochures and employment applications are auailab/e at your college placement office. 
For further information relative to employment opportunities 
at the Santa Monica, El Segundo and Long Beach, California divisions 

DO and the Tulsa, Oklahoma division, write today to: 

DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, Employment Manager. . . Engineering General Office 

Firs? in Aviff#;on 3000 Ocean Park Blvd.. . . Santa Monica, California 
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PROGRESS 
REPORT After Twenty- One Months a . 

PROJECTS 

O u r  eight cttrrent military contracts 
support a broad range o f  advanced 
d e v e l o p t ~ t e ~ a t  w o r k  i n  t h e  f ie lds  o f  
tnoiiern com~nz~taications, digital com- 
puting and &ta-processing, fire-con- 
trol, und guided tnissiles.This work is 
suppletnertted h y  non-military activi- 
lies i n  the  fieldsof operations researclz, 
aztto~zation, and data-processi~zg, 

FINANCES 

In 195-?,0ur first full year o f  operation, 
w e  sltowed a good profit. O f  greater 
i?nporta~tce, however)  are the  arrange- 
~ n e n t s  r e c e n t l y  c o m p l e t e d  w i t h  
T ~ z o ~ n p s o t z  Prodtkcts, Inc., out- corpo- 
rate associ~te ,  whereby w e  are assured 
additional fttnds u p  to $20,000,000 
to finance our expansion requirements 
o f  the  next  f e w  years, and insure the  
long-range stability o f  the  cotnpaTzy. 

The Future 
Our first year and a half of corporate history 
encourages us in the belief that our future will be one 

RESEARCH A N D  l3EVELOPMENT PERSONNEL 

Total population figures, such as those displayed in the curve? 
tell only a limited story. Personnel quality factors are most 
important, in our kind of business. We believe we are doing 
well in this respect. Of the 90 Ph.D:s, 65 M.Sk and 75 Bask  
or B.Ak who today make up  our professional stag, a gratify- 
ingly high percentage are men of broad experience and, 
occasionally, national reputation in their fields. 

PAC I LlTg E S  

By mid-1956 our Los Angeles facility will consist of seven build- 
ings totalling 300,000 square feet of modern research and devel- 
opment space. Tkvo of the three buildings now complete and 
occupied are shown at bottom of this page; a fourth and fifth are 
presently under construction, the others are in the design stage. 

MAN U FACTU R  I N 6  

W e  are somewhat ahead of the usual systems develop- 
ment schedule, with some of our projects having arrived at the 
field and flight-test stages. We are now planning a facility for 
quantity production of electronic systems. Construction on the 
initial unit of 160,000 square feet (shown above) is expected to 
start in late 1955, with manufacturing planned for late 1956. 

of expanding productivity. But whether we remain a small 
company or grow large, we plan not to lose sight of the fact that 1 
the continued success of The Ramo-Wooldridge Corporation depends 
on our maintaining an organizational pattern, a professional 1 The Ramo-W001dridge Corporation 
environment, and methods of operating the company that are 
unusually well suited to the very technical, very special needs 
of modern systems development and manufacturing. 
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B O O K S  
GEOLOGY OF 
SQUTHERN CALIFORNIA 
Edited by Richard H. Jahns 
California Division o f  Mines 
bullet it^ No. 170 $1 2.00 

map and 3rtiiie or1 the hitherto-url- 

a headadle. 
rrtvt3\ve clo\Iars is a l o t  t o  f)ay for 

Add the 
"looked for" 
feature : 

an all-electric 
kitchen! 

S Q U T H E R N  C A L I F O R N I A  E D I S O N  C O M P A N Y  
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ALCOA ON TV brings the world to your armchair with "SEE IT NOW" featuring Edward R. Murrow. Tuesday evenings on most CBS-TV stations. 
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C H E M I C A L  MATERIALS F O R  INDUSTRY 

10 

ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, OXYCHEMICAL 
EXPLOSIVES, AND OTHER CHEMICAL PROCESSING MATERIALS. 

ENGINEERING AN 



1 mechazca( test, applied 'physics problems: 

P lralnlng, experience, and talents . . . and, l t l  - 
pportunity for professio 

comoonents and syste~ 

struments to  measure weapons effects. As part o f  their work, they 
ngoged i n  liaison with the best production and  design ogencies in 

I s  i n  011 6elds o f  scienc 

~rporat ion under contra 
w r r z  rve fir om^ cner9y ~ o m r n m w n ,  8s aucored in Albuquerque - i 

e heart o f  the healthful Southwest A modern, mile-high city o f  150,000 

rking conditions 
I h qualifications. 



- .  
YO; don't need a rabbit's foot t'o find ou twhat  is 

appenine: at Martin . . . and what i t  might mean 
or your future. 
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A M A P  O F  T H E  U N I V E R S E  

After seven years of hard work, a milestone in astronomical 

history has been reached in this great photographic Sky Survey 

T HE FIRST PHOTOGRAPHS from their giant atlas 
of the universe bere rcleaaed this summer l)y the h a -  

tional Geographic Society and the Palomar Observatory. 
The 200 photographic prints went out to nearly 100 
scientific institutions and observatories around the 
world-subscribers to this unique atlas which will con- 
siat of 1,758 pictures providing a (:ornprehensi~e portrait 
of the heavens as they exist in the 1950's. 

Millions of galaxies, stars, and clusters of btars far 
out beyond the Milky Way are pictured in detail in the 
atlas. Many of the space regions hale  never been seen 
by astronomers before, and scientists hardly exaggerate 
when they say that, with the new atlas, astronomers have 
a century of study before them. 

Every photograph in this Sk) Surxey ha5 been taken 
with the 48-inch Schmidt telescope. Designed primarily 
as a scouting raniera for the larger telescopes. the 48- 
inch has proved ideal for the Survey. because though i t  
can reach only about one-third a3 far  as the 200-inch 
telescope, its w ide-angle v iewing power co\ ers 500 times 
more sky. By 1956, when i t  niakes its last picture for 
the Survey. the 48-hich v\ilI ha\e taken sexen years to 
cover every patch of the ekj that can be reached from 
Palomar Observatory. With the 200-i1ivh telescop~ this 
job v+ould take almo?t 5.000 years, 

For the Sky Survey, 1 1  x -1 1-inch plates are used in 
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the Big Sdmiidt. Covering the three-quarters of the 
skj  pictured in the atlab requires 879 of these large 
plates. Two photographs are taken of each field in quick 
succ:ession- one reck-ensitii e. vs itli an tbxposure time of 
from lo to 60 minuter; one blue-sensiti~e, exposed from 
10 to 15 .minutes. Thebe exposure timea were chosen to 
reach the faintes-t stars vthich can be recorded by the 
instrument. (comparison of 1 he t ~ v  o color plates allows 
astrunomers to measure star colura and to pinpoint faint 
objects for later observation with more powerful tele- 
scopes. Length of exposure plus the extreme speed 

u 2 . 5 )  a n d  p a t  light-gathering povser of the tele- 
arope makes it po.411Ie to record stars down t o  a bright- 
ness of 1/1.000.000 of the faintest star that can Le wen 
vsith the naked eye. 

A very thin, fragile glass. .0-M inches thick, is used 
for the photographic plates. Each plate is examined 
after exposure 1 9 -  the observer at Palomar for flal~ri in 
the emulsion. motiun of the image during exposure, 
error in the fociis of the telescope or even slight blur- 
rills of the star irnages ilne to disturbances of the air 
alxn c the telesropv. 

Plates are then sent to Calterh where Dr. Rudolph 
Minkowski. who has directed the Sky Survey sinre its 
Leginnii~g. eexami~lea them once more and has the final 
derbision on rejection or acceptance. 
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A N E W  S O U R C E  O F  U R A N I U M  

Caltech investigators 

find a way 

to extract the atomic energy fuels, 

uranium and thorium, from 

the ordinary granites of the earth's crust 



T H E  S U M M E R  A T  C A L T E C H  

tibe Adcanwnzenf of Srcence 
[frld 1t7 36th annual rnmttng 
h ~ r ?  from June 2(1.2.5-th? . , 





First L iez t t~nt~nf  FIenry 1,. L u n v ~ a r ~  !la.< kipen assipled 
here iri  place of (:aptair1 Herlry B. Gihhia. Jr..  w h r ~  is 
now based it1 Germany. 1 ~ .  IJanrr1an was t r ans f~r r~c l  frc~rn 
Ladd Air Fc~rcc  bas^ in 4laska. 

Master Sergtwnt Leon I?. Bent is. whose las I a s s i p -  
merit was at Truax Field. Wisconsit~. is replacir~g Master 
Sergeant Harold Id, Watigti. now assigned in 
Morocco, 

Top j S ~ r g ~ a n t  Robert IT.. Fr~enturt replaces hlr. Dorri- 
inic J ,  Zangari as Supply NCOIC. His last assignment 
was at Bealp Air Force Baqe i r ~  Mary~ville. California. 

Top S~rgeurzt Edzrurd Ohin@. replacing -Master Ser- 
geant LeRov G. Lep. rlow as~igned in Alaska. was trari5- 
ferred from Arr~arill(~ Air Force Base irl  Texas. 

New Trustee 

Edison Pettit Retires 

DR. Er~~sow PETTIT re t i rd  t h i ~  sLirnnwr after 35 years 
as a stafi member of the &To~~rit Wilson ancl Palomar 

Clinton Judy 

{:LWTOY 11. J{rrjy Profes~or  Errleri t~ of' English. 
ditd or1 J 4 ~ ~ g ~ ~ = t  29 at his \lome in Sar~ Wlarirlo. 

B'her~ (:a1 tech N as q t i l l  krlowri aq Throop Polytechriic 
l r ~ s t i i ~ ~ t e  i r l  t904. (:lint011 JLIC~? accepted an appointrnetit 
l-1et-P as l'rofessor of Er~glish Lariguage and Literature. 
For the next , I 0  years. as the Institute grew. he also 
iiarldled the adrriiriiFtratior~ of the Humanities Depart- 
rnen t. The s ~ ~ c c e s s f ~ ~ l  promotion of I iberal arts training 
as a feature of the curriculurr~ at Caltech was largely 
due to  hi^ efforts. 

Born ir l  Vancouvere Wasiiir~gton. in 1879. he was 
e(jt1catec1 i r ~  Califorriia sc~ioolq. graduated from the 
trriivcrsity of Califorr~ia in 1903 arid received his MS 
there i r ~  1907. Later he earrled Master's degrees from 
H:~rvard 3r1d Oxford as well. 

Professor J~ ldy  was appoirltecl chairrr~ar~ of the Divi- 
siori of H~~mani t ies  il l  1923 arlcl held this post until his 
retirement i r ~  1949. 

Jacob Chaitkin 
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L O O K I N G  A H E A D  F O R  W A T E R  

Can southern California keep growing indefinitely without 

fear of a water shortage? Here's what engineers and scientists 

are doing to meet the inevitable problem. 

by JACK E. McKEE 

ATER. OR RATHER THE SHORTAGE thereof. 
is a problem of continuing and growing import- w . 

ance in the western states and especially in southern 
California. Next to air. wattbr is the most criiical sub- 
stance for man's existence and development. And. next 
to smog, water shortages present the most serioiis chal- 
lenge to the ultimate growth of this region. 

Do we have enough water for the next decade or two? 
Can southern California continue to grow indefinitely 
without fear of a water shortage? Will there he enough 
water for industry, or must the t3conomv remain pre- 
dominantly agr icul t~~ral?  If more water is needed. where 
can it he obtained and at what cost? What needs to be 
done now? These are quettions that this paper attempts 
to answer. with the aid of a crystal hall and data from 
many sources. 

The history of water supply for wuthern California 
is a Iorigaand fascinating story. ably told by Remi 
Nadeau ( 1  ) arid by Vincent Ostrom ( 2  9 .  This article. 
however. is concerned not wilh the past nor even the 
present. but with the future and ultimate problem. 

I n  any discussion of water-supply problems in arid 
regions. it is important to recognize the distinction be- 
tween water "use" and water "consumption." Water is 
considered! to be "consumed" when it is irretrievably lost 
hv transpiration from plants. hy natural or man-made 
evaporation. by percolation into aquifers too deep fat' 
recovery. or even by mixing with ocean or other saline 
waters. Water is "used" hut not consumed when it drives 
a power turbine. when it floats logs down a flume or 
shiices minerals from a hill. when i t  passes through 
moling coils and returns to a stream. and even when 
it serves domestic purpose? and flows to a cesspool or 
an inland sewage treatment plant. I n  general. water i s  

"consumed" by agriculture h u t  merely "used" hy rnurii- 
cipalities and industry unless thev discharge to the ocean. 
This distinction is important when one is considering the 
transition of southern California from a rural to an 
urban economy. 

It is common in waterworks practice to assume that 
water requirements will be a function of population 
growth. with per capita demands remaining constant or 
increasing only slightly with time. For many eastern 
cities this assumption has been relatively valid: hut 
where industry or irrigation is a dominant influence. 
water requirements may far outstrip. or even run counter 
to. population growth. I n  Los Angeles. for example. the 
per capita use was 200 gpd (gallons per day) in 1905 
when the supply was ~~nrrietered. hut it dropped to 128 
ppd bv 1928 as a result of metering and to 110 gpd by 
1935 because of economic depression. It has been rising 
steadily" since 1935 to about 150 gpd now. An an example 
of high per capita requirc~nienis. ihe nearby industrial 
community of Vernon uses 14.000 gpd per resident. and 
the number of residents decreased by about 50% during 
the last census decade! I n  contrast. troops on desert 

rnaneuverq have subsisted o n  as little as otw gpd per 
man for a l l  purposes. It is rlifficiil~. therefore. to try to 
base thp future arid ultimate water re(~in  rements of 
southern California on population. 

A bptter yard~tick in regions of mixed demand*-; hy 
rille". industries. and irrigated agrirulture idbased on 
area to be served and the "dutv" of water--duty being 
defined as the water supplied in acre fU 4FI per acre pei 
year (or  ft. per year) -because the duty tend? to approach 
a predictable asymptote for each type of use. and the 
nuinher of habitable and irrigable acres is limited. More- 
over. duties for agricultural and domestic purposes are 
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per year--or less than half of the estimated ultimate 
requirement. 

To meet the shortage that is sure to occur ultimately. 
and probably before 1990. consideration is being given 
to several new sources of water supply; viz, desalting 
of sea water. augmentation of rainfall by cloud seeding, 
sewage reclamation, and further importation from dis- 
tant rivers. Each of these plans is described briefly be- 
low and compared with the others as to probable cost. 

Sea water 

The tremendous volume of water at the doorstep of 
coastal cities has always stirred the imagination of man. 
but to date the cost of converting sea water to fresh 
water has been prohibitive. Some attempts have been 
made to use saline water directly: indeed. industry in 
southern California is already using about 750.000 AF 
per year for cooling, sluicing, and other purposes. Dual 
distribution systems for cities. analogous to those of 
ocean vessels. have been proposed to provide fresh water 
for cooking. washing, or irrigation. ;ind salt water for 
flushing toilets. Two important factors militate against 
this proposal : first, it is not economically feasible in- 
asmuch as 60-70% of the total cost of any waterworks 
is attributable to the distribution system; and second. 
the drainage would cause saline pollution of ground- 
water basins. 

How much does it cost to convert sea water to fresh 
water? The minimum free energy required to separate 
one AF of fresh water from sea water has been com- 
puted to he about 850 kilowatt hours. This i5 based on an 
"ideal" process. infinitely slow. with a fraction of fresh 
water from a huge volume of sea water, and no ineffi- 
ciencies. When one AF of fresh water is taken from 2 AF 
of pea water, the figure rises to 11 50 kwh. and with 50% 
overall efficiency (which i q  optimistic) the energy cost 
would be 2300 kwh per AF. Since other changes (amor- 
tization. labor. etc.) run about twice the power cost for 
this type of operation. and with power at I/. cent per 
kwh. the minimum cost under optimum conditions would 
be about $35 per AF. This value is not prohibitive. but 
how clow can it be approached by known processes? 

There arc two general ways to convert sea water to 
fresh water: remove the water from the brine, or remove 

the salt from the brine. The first category comprises: ( a )  
simple distillation, ( b I multiple-effect distillation, (e l  
vapor-compression distillation, ( d  solar distillation, (e)  
temperature-difference evaporators ( C1au 
and ( f )  freezing. Included in the second group are: (a)  
straight chemical precipitation, ( b )  ion 
means of synthetic resins. ( c )  simple electrolysis. and 
( d l  electro-dialysis with ion-permeable membranes. 
These ten processes are described and discussed ably by 
Aultman ( 3  1 ,  DeHaven et al. of the BAND Corporation 
( 4  1 .  Ellis ( 5 ) . and Sherwood (6  ) . The table below is a 
summary of their cost estimates, including allowances for 
amortization, power. and labor. The most promisi 
methods appear to be vapor-compression distillation. 
Claude process, and electro-dialysis with ion-permeable 
membranes: but it is highly improbable that any of these 
methods will  ever produce fresh water from the ocean 
at less than $125 or $150 per AF at sea level. 

Cloud seeding 

Among meteorologists and hydrologists there does not 
appear to be much unanimity as to the effectiveness of 
cloud seeding for rainfall augmentation. If it works as 
well as its proponents claim, cloud seeding is certainly 
the cheapest source of additional water for any region. 
Its application to the South Coastal Basin, however, i s  

restricted by the rapid run-off from mountain areas and 
by the danger of floods in areas of high property value. 

The best application of cloud seeding appears to be 
for increasirig the snow packs of the High Sierras and 
the Rocky Mountain watershed of the Color 
If winter precipitation can be augmented b 
run-off will be increased by 30 to 60%. 
proving the reliability atld quality of the present im- 
ported 'supplies. Indeed. southern Califon 
a part of any excess flow i n  the Colorado 

Sewage reclamation 

With the progress of urbanization and industrializa- 
tion in southern California. there is a stea 
ultimate destination of water from evapotranspiration 
by vegetation to waste water in sewers. This waste water, 
or sewage. is still fresh water. containing less than 1000 

T. 
PROCESS 
Simple Distillation ...- .* -.....-- "". -.--..-=-.."".--. 

Multiple-Effect Distillation - . - - - * -  .--.--..-.-.-.--- 
Vapor-Compression Distillation -.----.---.----.. 
Temperature Diff. (Cloudel -=.-m.----.-v-.*-.-** 

Solar Evaporation .--.--....-..-----.----.-.om-.------w 

Freezing ----------.*.--.-.------..----- ---.--. - --- .-.----. --. 
Eon Exchange ----.---..-------.--------...---.--.-.-.-.--. 
Chemical Precipitation --.e..--.------.-.e-.---------- 

Ion-Permeable Membranes ..-----..-.- 

ALE SALT WATER 
(in dollars per acre foot! 

K. SHERWOOD 
iM.l.T.1 ELLIS AULTMAN 

1600-3200 . 820* 
1200 220 340* 

54 220 400 



pairs per million by weight of colidri, i n  contrast with 
sea water, which has about 35,000 ppm of solids. In- 
deed, sewage is over 99.90 percent pure, which is purer 
than a well-advertised brand of soap. When discharged 
to the ocean and diluted in sea water, however, sewage 
is lost forever as a source of fresh water. 

Sewage from most of the City and County of Los 
Angeles is now treated and discharged to the ocean at 
a total rate of about 550,000 AF per year. Including 
similar discharges from Ventura, Orange, and San Diego 
Counties. the total i& about 700,000 AF per year, or 
about 35% of the water supplied. Ultin~ately, this pro- 
portion may reach SO%, or  as much as 2.800,000 AF 
per year. Herein lies a potential source of fresh water 
to help meet the anticipated ultimate deficiency. 

There is nothing new about the reclamation of waste 
waters. It occ!urs locally when drainage from thousands 
of cesspools helps to replenish the groundwater basins, 
or as inland sewage plants discharge to dry river beds 
or to percolation basins. It occurs along eastern rivers 
where each city in turn takes its water from the river 
and returns its sewage to he used by downstream com- 
munities. It occurs at the federal installation at Grand 
Canyon National Park where treated and reclaimed sew- 
age is used for toilet flushing and at plush hotels in Las 
Vegas where treated sewage is used to irrigate the deco- 
rative vegetation. It occurs in Baltimore where the Beth- 
lehem Steel Co. purchases much of the effluent from the 
city's Back River sewage treatment plant. It will con- 
tinue to occur whenever reclaimed sewage is the cheapest 
source of additional fresh ~ a t e r .  

Reclamation costs 

The cost of water reclaimed from sewage is difficult 
to assess. Part of the cost is rightfully chargeable tu 
waste disposal, for the sewage must be treated to a cer- 
tain degree before it can be discharged inland or even 
to the ocean. The cost of additional treatment to render 
the sewage suitable for direct use hy industry or agri- 
culture, or to recharge ground-water basins, is cliarge- 
able to water supply. This additional cost will vary from 
about $10 per AF at large installations to $100 per AF 
at small installations, with median values of $20-35 
per AF. 

There arc several obstacles to the early reclamation of 
frcwage in soulhem California. At present, extensive re- 
r;lamation is neither twces~ary nor economically advisable 
inasmuch as the Colorado River Aqueduct is not being 
used to rapacity. Second, there are health hazards in- 
volved in the direct use uf improperly treated sewage 
for irrigation. 'Until ihese hazards are overcome by effec- 
tive procedures for  disinfection. the State Health Depart- 
ment will continue to enforce rigid rules uf precaution. 
Third, there is d natural reluctance on the part of the 
public knowingly to use reclaimed sewage, unless the 
merits of such use are carefully explained in a public- 
relations program. for this latter reason, it is probable 
that most reclamation will involve groundwater recharge 

rather than direct use, so that the sewage will Jose its 
identity. 

Even if sewage reclamation is carried to the utmost 
extent, it will still not provide sufficient additional water 
for the South Coastal Basin. Outfall sewers to the ocean 
will ahvays be needed to discharge some sewage and 
much of the industrial wastes which are not amenable 
to treatment and reuse. These outfall sewers will be 
needed also as "bleed" valves to prevent an excessive 
huild-up of salts from the recycling of groundwater. 
Consequently, additional water will be needed to aug- 
ment present sources even with the reclamation of 
sewage. 

Imported water 

Twice before in its phenomenal growth, southern Cali- 
fornia has reached out to distant sources for supple- 
mental water. It appears now that a third major aque- 
duct will be needed to bring more imported water to this 
region. Fortunately, California will not have to seek 
water from the Columbia River or other remote streams, 
for there are sufficient water resources within the state 
boundaries. Recent reports from the State Division of 
Water Resources indicate that the mean total run-off of  
California streams is about 70,000,000 AF per year. If 
only half of it is recovered and used, this annual volume 
will support 30 million people and three times the pres- 
ent irrigated agriculture. The problem. however, is to 
transfer water from northeri~ regions of excess to sout'h- 
er]] areas of deficiency. 

A plan for accomplishing this transfer has been de- 
veloped by the State Engineer as part of a comprehensive 
California Water Plan. Known as the Feather River Pro- 
ject. it comprises ( a )  a dam and power plant on the 
Feather River near Oroville for flood control, low flow 
regulation. and power supply, ( b )  diversion and pump- 
ingof Sacramento River water from the delta region near 
Tracy, i c )  a main canal along the west side of the San 
J oaquin Valley, through the San Bernardino Mountains, 
and past Hernet to the headwaters of the San Diego River, 
and < d )  diversions to Santa Clara Co., Ventura Co., and 
Santa Barbara Co. Alternate routes are still being con- 
sidered, but the most likely plan involves about 567 
miles of aqueduct and a total lift of about 3500 ft., with 
some power recovery on this side of the mountains. 

This plan will provide 1,773,000 AF per year of addi- 
tional water of high quality to the regions south of the 
Tehachapi Mountains. The initial and ultimate costs of 
this water per AF have not been determined definitely 
as yet. Depending on methods of financing and periods 
of amortization, it appears that the coht will be $40 to 
$ 0  per AF. 

There is nu danger of an acute overall water shortage 
in southern California during the next 20-30 years, owing 
to the far-sightedness of the engineers who conceived the 
Metropolitan Water District. Ultimately, however, the 
total water requirements for the South Coastal Basin will 
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J-57 POWERED AIRCRAFT 

MILITARY 

F- I00 F8 

F-101 A3D 

COMMERCIAL 

Boeing 707 

Douglas DC-8 

AERONAUTICAL ENGINEERS work on innumer- ELECTRICAL ENGINEERS directly contribute 
able internal and external airflow problems their specialized skills to the analysis and 
concerned with design, development and development of controls, systems and special 
testing of aircraft powerplants. Some who instrumentation. An example is the "Plotto- 
specialize in analytical engineering forecast mat" which automatically integrates and plo 
engine-airplane combinations a decade in pressures, temperatures and air angles in 
advance of design, performance testing. 



the aircraft 

An aircraft powerplant is such a complex machine 
that its design and development 
require the greatest variety of engineering skills. 
Pratt & Whitney Aircraft's engineering team 
has consistently produced 
the world's best aircraft engines. 

The best planes are always designed 
around the best engines. Eight of the most 
important new military planes are powered by 
Pratt & Whitney Aircraft J-57 turbojets. 
The first two jet transports in the United States 
will use J-57s. Further, no less than 
76 percent of the world's commercial air transports 
are powered by other Pratt & Whitney Aircraft powerplants. 

Such an enviable record can only be built 
on a policy which encourages, recognizes and 
rewards individual engineering achievement. 

engines 

PRATT & WHITNEY AIRCRAFT / World's 
foremost 

Division of United Aircraft Corporation 

EAST H A R T F O R D  8, C O N N E C T I C U T  

designer 
and builder 

of aircraft / 

CHEMICAL ENGINEERS, too, play an important 
role. They investigate the chemical aspects of 
heat-producing and heat-transferring mate- 
rials. This includes the determination of 
phase and equilibrium diagrams and exten- 
sive analytical studies. 

METALLURGISTS investigate and develop high WORLD'S MOST POWERFUL production air- 
temperature materials to provide greater craft engine. This J-57 turbojet is in the 
strength at elevated temperatures and higher 10,000-pound thrust class with considerably 
strength-weight ratios. Development of more power with afterburner. 
superior materials with greater corrosion 
resistance is of major importance, especially 
ia, nuclear reactors. 



Looking Ahead for Water . . .  CONTIHUED 

APPROXIMATE COSTS OF WATER 
SUPPLIES FOR SOUTH COASTAL BASIN 
fin dollars per acre foot, including amortization) 

Local Runoff and Ground Water ...-................ $ 3.00 - 10.00 
Owens Aqueduct .............................................. 19.00 
Colorado River Aqueduct ................................ 35.00 - -S 5.00 
Reclaimed Water (estimated l ................... 20.00 - ." 5.00 
Feather River Project festimated) .................... 40.00 - 6G.Ci1 
Salt Water Conversion (estimated) .................. 125.00 - 200.0' 4 

he more than twice the available supply from local re- 
source% and present aqueducts. Part of this deficiency 
can he rnet I )?  the reclamation and reutilization of waste 
waters. hut an additional source of new fresh water is 
needed. The cost data shown in the table above indicate 
that the Feather River Project is the logical answer to 
this problem. The desalting of sea water does not appear 
to he economically feasible for [his region. barring a 
miracle of thermodynamics or a cheap source of power. 

Although no critical water shortage looms for the 
next f e w  decades. engineers and scientists cannot neglect 
planning a n d  research to meet the inevitable problem. 
4hout 2(1 vears were rcqnired from the initiation of the 

MWD until the first Colorado River water reached south- 
ern California. A similar period or longer may be neces- 
sary to secure additional water from the Sacramento 
Basin. In the meantime. the active program of research 
and development to improve methods of salt water con- 
version should he encouraged. More important. perhaps. 
iinestipations must he accelerated to find cheaper. safer 
and more efficient ways to reclaim and reutilize sewage 
and other wastes. 
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ELECTRICITVm m rn 

INDISPENSABLE INGREDIENT 
OF PROGRESS 

Progress would be forced to take faltering steps without 
energy in the tremendous quantities demanded by our 
growing population and the industries which serve it. 
Low-cost electrical energy-on tap at all times and for 
all purposes-has made possible tremendous strides for- 
ward in virtually every area of human endeavor. 

Unquestionably, the steady, rapid growth of the electric 
industry is a basic source of strength which has contributed 
to America's phenomenal progress. Today, that strength is 
being increased at a greater rate than ever before. In the 
past ten years the electric industry has more than doubled 
its capacity to produce. You may expect a further increase 
in generating capacity to about 300 million kilowatts in 
just 15 more years-up some 200 per cent over 1 9 5 6  
with all the attendant industrial growth and progress that 
this expansion implies. Few other industries have the 
intense drive toward technological improvement that typi- 
fies the utilities-a drive that has made cheap and abun- 
dant electricity possible. In recognizing and shouldering 
their responsibility by investing a large share o f  income, 
year after year, in development and expansion, America's 
electric companies are helping to make more and better 
products for more and more people. This is progress. 

As a major supplier of steam generating equipment for 
almost a century, The Babcock & Wilcox Company has 
constantly worked with the individual electric companies 

to further develop low-cost steam-electric power. B&W, 
too, is spending large sums on intensive research and 
engineering development to assure continuing improve- 
ment in steam generating and fuel burning equipment. 
This unwillingness to stand pat, to be satisfied with past 
accomplishments, is America's greatest encouragement to 
still greater growth and progress. The Babcock & Wilcox 
Company, Boiler Division, 161 East 42nd Street, New 
York 17, N. Y. 
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-and this strauge reaction helps make parts for your car 

. . . your television set.  . . and even your tableware 

BY THEMSELVES, these two liquids flow as freely as 
water. Yet when poured together they quickly turn into 
a solid - harder than many metals. 

THESE A M A Z I N G  LIQUIDS which become a solid, 
without applying heat or pressure, are man-made chem- 
icals-one called a resin, the other a curing agent. The 
chemists have coined the name, epoxy, for the resulting 
plastic. 

FROM YOUR KITCHEN to the automobile plant, you 
will find epoxies now at work. In the latest tableware, 
they seal knife blades in their handles, keeping them 
everlastingly tight. 

Epoxies are being used to make huge dies to stamp 
out auton~obile parts, airplane wing sections, and other 
varied shapes. These dies can be made in little more 
than half the time it takes to make all-metal dies, and 
at substantial savings, too. 

DELICATE PARTS for television, radio, and other elec- 
tronic equipment are embedded in epoxies to protect 
them from moisture and vibration. 

M A N Y  INDUSTRIES now are looking to epoxies for 
help in making better things for you. Developing and 
producing epoxies-as well as long-familiar plastics- 
is one of the many important jobs of the people of 
Union Carbide. 

STUDENTS AND STUDENT ADVISERS: Learn more about career 
opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 
GASES and PLASTICS. Write for booklet F-2. 

AND C A R B O N  C O R P O R A T I O N  
3 0  k A S T  $ 2 N D  S T R E E T  p T d  N Y O  H K 1 7 .  N .  Y.  

In Canada : UNION CARBIDE CANADA LIMITED 

U C C s  Trade-marked Products include 
BAKELITE, VINYLITE, and KRENE Plastics PYROFAX Gas PREST-0-LITE Acetylene EVEREADY Flashlights and Batteries 
SYNTHETIC ORGANIC CHEMICALS LINDE Silicones PRESTONE Anti-Freeze LINDE Oxygen ACHESON Electrodes 
Dyncl Textile Fibers ELECTROMET Alloys and Metals HAYNES STELLITE Alloys UNION Carbide NATIONAL Carbons 
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W H A T ' S  N E W  A B  U T  T H E  N E  

by PETER KYROPOULOS 

FTER SPENDING ANOTHER SUMMER in Detroit A I have summarized the local gossip concerning the 
new models. Allowing for the fact that. even after cop- 
ious draughts of Scotch. people don't tell me everything 
they know. and allowing also for  the fact that I don't 
tell everything f find out. here is the story for  what i t  
is worth : 

New models will he out sooner this year. Lincoln was 
announced in September. The tentative dates for other 
cars are as follows: 

Ford: Septern her. Octotwr. Novern her 
C.M.:  Chevrolet. October ( ? ) : others. Novern 
Cft ryslpr- Not em her 
imericdn Jfo tor .~:  Nash and Hudson. Noverii 

Rambler. December 
iYtz~dphakcr-Packard: October 

her 

Nothing very dramatic seems to he in the offing. except 
the (lealers" hassel to sell about 1.5 million 1955 cars 
before the new models are out. 

Except for L,incoln and Rambler and the (-;ontinental. 
which have new bodies. only face-lifting is expected. 
(:olors are supposed to he toned down and ~wo-tones 
will now he the upper limit. 

One Ieadir~g stylist gave me this as the cafe rule for 
: t v l  ing in general : "If you can't make i t  look good. make 
i l  look l i k ?  Cailillac." The tailpipe-in-hurnper is perhaps 
tlidleast fortunate example of ihis praetire. Aside from 
thi-. however. I could name a few cars that would do 
well to put in a little more of (;adillac arid a little less 
of tlrsir own haphazard styling. 

There will he some new four-door h a r d t o p ~ a n d  there 
i i  talk of retractable hardtops. 

Exveriments are heing made with body trim other 
th:m chrome and stainless. Anodized aluminum die cast- 
in0:s are being uwd. Thore is an atrocious-looking 

Dr. Kyroponlos. Professor of Mechanical Engineerirtg. 
w1.5 in Pet roif t fzis .CI/ 171 rrwr as c o r ~ s z ~ ~ t a n t  for the Auto- 
motive Engines Depart~~rent. Research Lahnri~tories 
f)iiiffion. General Motors Corporation. 

Plymouth running aiounci Detroit with bright copper 
instead of chrome. 

(;enera1 emphasis on safety wi l l be reflected in i he 
widespread offering; of safety belts, (%e+rolei has already 
announced that they will make seat and -;boulder belt? 
available. 

The "56 engine'; will have more power, and in one 
instance a greater displacement. Compression ratios 
will p u p  also. 

Everybody is working on fuel injection. not because 
it offers any striking advantages. but because it is dif- 
ferent. So far  i t  is a struggle to make the injection system 
break even with a p o d  carburetor. The systems under 
development use manifold injection. Merredes SL 3W 
is still the only  cylinder injector engine. A V-6 is talked 

It also ha? essentially the merit about. but not for '56. 
of being a novelty. 

(;as turbine'! will no 
cars. 

Transniission selectoi 
are supposed to he rep 

t appear except in experimental 

levers on ( 3 r \  sler and Packard 
lared b v  huttr)ris. 

A new and smoother hydrarnatir is in the mill and 
w i l l  he available won.  

Interest in  a variety of novelty suspension systems is 
very lively hut specific plans are hard to pin down. There 
is much experimentation. Packard's torsion bar cuspen- 
sion will he put into more Packards, hut did not "tart 
2 ctarnpecle for Packards in '55 .  

Povter accessorie- arc grow ins; in popularity and a te  
making a n  excellent service record for themselves. 

Air coriditionirig is getting to he quite the thing. 
System size and efficie1.r~ has h ~ - ~ r i  materially improved 
in '55 lee?. Chevrolet 1 and will lead t o  further increases 
next year. 

The dressed-up s~i'ition ws9on. led hy the Chevrolet 
Nomad. has pro\f*n ver? popular. and 'sportier and more 
elaborate version-; nil1 lie offered in various lines. 

The \ear  '57.  rather than "56. should hrir~g quite a 
few major body rhanges as well as come other advances 
in engineering details. 
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'nmett Smith, E.E., '50. supervises operation of the training switchboard which he originally helped to  design. 

d switchboard positions required 

ow I'm supervising the oper - 
oards I helped engineer. Briefly 
a t  my district gets the kind of eqi 
nd that what we have is working . .  . > 

visors of the Long Dist~ 
because it means workir 

''R, 11 . 

ompany. There are similar opportunities fo 
ngineers with Bell Telephone Laboratorie 

estern Electric and Sandia Corporation 



M, ( nil,. 
woman 

as been financed by the Art 

Fellowship and Scholarship pr 

ps of $300 each, primarily to sustain the . ' 2 ,  . .. " . 



has a paying job good enough to support both of them. 
To the great majority of the graduate students in 

biology, therefore; the McCallurn bcholarships make p o ~  
sibie a full-time continuation of thehis research during 
the summer months. 

From the outset of the McCallum Fellowship and 
Scholarship program, there has been a pleasant personal 
relationship between the MrCalIums and the young men 
who have been recipients of their help. 

One of Mrs. McCallum'a favorite Christmas gifts, 
last ?ear, was a fat bundle of 30 letters bringing season's 
greetings from former McCallum Fellows or Scholars- 
letter's bearing Aubtrailian. French, English and South 
American as bell  as  U.S. poetmarks. 

hoiv hack in Australia, for  example, is Bruce Hollu- 
waj, \vho came 9000 miles from his native Adelaide i o  

study the genetics of fungi. A recent letter to Mrs. 
McCallun~ reports that he is now doing research on 
microbial geenetic'~ and teaching at Canberra \+it11 the 
(lommonwealt h Scientific and Industrial Research 
Organization. 

Another regular correipontieii~ is Ohio-born Dale 
Kaiser, now continuing his studies on the genetics oj' 

viruaes at the Pasteur Institute in Parii.. With him is his 
wife, the former Mary Durrell, ~ h o m  he met when she 
ivas a lab assistant at Kerckhoff. and their small daugli- 
ter Jennifer. 

M a n  writes that 1)alt:'s Freud1 is steadily i~riprovhig. 
hi11 that he has given up wearing a beret until he speak3 
the language better. It  has been too em1)arrassing for  
him to try to gike street directions to native Frenchmen 
--and, somehow, it's only when he's nearing the herel 
that he gets approached for  advicr. 

Roy Sachb, 1% hose graduate work in plant physiulog) 
concluded in June, ib DUV\ in Italy with his 'wife. flit> 
lormer Marilyn Murphy, whose experience in the comp- 
troller's ufiice at Caltvch is proving uFefu1 in handlina; 
Fulhright Fellowship grant funds. 

( (.laJtech not on1 y educates them; it finds wives f o r  

them. too.) 
Also in the McCallunl "family album" arck s~iapsliuts 

of Norman Good, who is bark in Canada after two jears 
of postdoctoral research training in England; plant 
1)hysiologist Howard Rurrough'i. wvi 1'11 Haua i i ;  ciinl 
Jose 13eissiy. native Argentinian. ivho is ~ u d j i n g v h e r r i -  
ical genetics in Scotland. 

Aniongthe  3;3 PhD tht^va j)! Mr(.:aJluni I;t~llo\vs UY 

scholarship s*eripient^, many ha\<-1 tides that 111i$i w w  

pretty esoteric to the uninitiated. 
For e ~ a ~ j ~ p l e ~  Colorado-born (;leim Fisrher ,  nu\\ in 

Puerto Rico. reported on h e t i c  and Hux'/~'.wical 
Studies of the  CYStt~ine-Methiortine Serivs of Mulu~its i n  
N(1;irosporu cr{is~^a---not so aradeinic a study as one 
might think, for  the metabolic processes Fisdier studied 

CRESCENT BUILDS FOR THE FUTURE 

TYPE SH-D - 5000 VOLT TRAILING CABLE 

For supplying power to electric shovels, dredges, etc. 

Shielded to  assure protection to  personnel and equipment. 

Without insulated wire and cable, our civiization as we  know it would be unable to 

function. CRESCENT Wires and  Cables are produced with modern equipment to the 

most exacting specifications. Every foot is subjected to  searching electrical tests during 

manufacture and in the finished form. 

CRESCENT INSULATED WIRE & CABLE CO. 
TRENTON, NEW JERSEY 
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YOUR FUTURE IN 

ROCKET POWER 
As the foremost company devoted ex- 
clusively to the design and production 

o f  rocket eng ines,  Aerojet -General 

Corporation, a subsidiary o f  The Gen- 

eral Tire & Rubber Company, i s  re- 

cruiting qualified engineers for varied 

long range programs in rockets and 

guided missiles. 

At Azusa and Sacramento, California, 

Aerojet i s  in the process o f  expanding 

its research, testing and manufacturing 

facilities to keep pace with the con- 

stant advance in the rocket engine 

and guided missile field. The diversi- 

fication o f  projects, b ~ t h  government 

and civilian, insures you of not just a 

job but o f  intriguing and varied ac- 

tivity in an organization that i s  a leader 

in a highly interesting field. Aerojet- 

General represents an outstanding op- 

portunity for a man who has his eye 

on the future - a challenging and 

productive future - a challenging and 

productive future in rocket power. 

AEROJET NEEDS: 

0 Mechanical Engineers 
Â Electronic Engineers 
@ Chemical Engineers 
0 Aeronautical Engineers or 
Â Aerodynamicists 
@ Physicists 
0 Chemists 
@ Design 81 Development Engineers 

Interesting assignments in 
power plant development in 
the followir~g fields: 

Pumps & Turbines 
Valves & Controls 
Rotating Machinery 
Combustion Chambers 
Electrohydraulic Systems 

WRITE OR SEND RESUMES TO 

A S b i d i u r y  0 Positions 
of the General available at Azusu 

Tire & Rubber Go. nr  Sacramento Facilities 

MORE POWER FOR AIR POWER 

Family Album . . . CONTINUED 

in bread mold are e ~ ~ e ~ ~ t i i i l l ~  the -arne in hinnaris. 
Harold McRae. a native of Vmu-oiiver. B.C.. now 

norking for the large drug ~naniifar.tiir<~r Rohm & Haas. 
was awarded his PhD d(1g1-ep on  the hasis of research 
which culminated in Studies on f h f  Kinetics ^f Auxin- 
Induced Crou'lh. The weed killers and other chemicals 
responsible for revolutionary advance? in agriculturf~ 
are related to plant auxin? (hormone'- 1 .  and studies like 
McRae's tell us how they work. 

From Africa to Arthopods 

Shernmi Riplev. another IVTcCallum Fellow. journeyed 
10.000 miles from his native South Africa to stud? the 
neuro-muscular physiology of arthopods at Caltech and 
is now back in the tTriior1 of South Africa --at the Uni- 
versity of Natal iu Durban. 

In addition to rememberinp hie records amplifying 
the sound of the wing heat? of a house fly. the Biology 
Division remembers Shernian as the expert mountain 
climber who paced Professor Beadle at breakneck speed 
u p  the east face of Mt. Whitney and back to Pasadena in 
two days. [ravel time included. 

New Yorker Henry G~rshowi  tz is another we1 I-rf-mem- 
herecl McCallum Fellow. Hie reeearch on the hereditv of  
blood groups culminated in Iminnnogenetir Sftidies of 
the Pigeon. C o h h  Ziria. 

Henry kept as rranv as 200 pigeons in a large air- 
conditioried room in the animal annex at Kerckhoff. earh 
bird handed to indicate hit pedigree. His daily exercise 
consisted of chasing a swirling mass of pigeons. butter- 
flv net held high, whenever he needed a Mood sample 
from a particular bird. 

On Henrv's departure for the University of Wash- 
ington. his pigeons vanished. too. Shortly thereafter. 
pigeon breasts. at five cents each. were discreetly offered 
to Kerckhoff workers. On? biologist's wife. on ob~a i r~ ing  
six for a family dinner. complained that in spite of all 
lier culinarv skill. they tasted (and cut )  like leather. This 
was due. no doubt. t o  Henry's viyorous daily pursuit of 
his thesis material. 

Future Fellows 

4 s  titnr goes on. the work of Mx'CalIurri Fellows awl 
Scholars wi l l  he extended to cover all the biological 
sciences. The program is now permanently and generous- 
ly endowed. and will provide for sr*holarships and fellow- 
"hips for undergraduate arid postdoctoral workers. as 

well as graduate students. 
And although Ar thur  McCalliim's name will he p ~ r -  

petnated in t h ~  Mx-Callurn C'onferencp Room at the new 
Norman W. Church Laboratory of Chemical Biology. h is  
greater memorial is in the financial assistance and en- 
couragernent given to so many promising young 
scientists, 
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H O W  D O  Y O U  L I K E  Y O U R  J O B ?  
A reminder that Caltech's Alumni Placement Service can help you do something about it 

by DONALD S. CLARK 
Director of Placements 

T WENTY YEARS AGO a placement service was es- 
tablished at Caltech. under the joint auspices of the 

Institute and the Alumni Aqsociation. aimed primarily 
at  assisting alumni when a new job was necessary or  
desirable. It has always been called the Alumni Place- 
ment Service. though it has for many years included 
both students and alumni in its activities. 

In time. the Placement Service became a fair-sized 
operation. requiring funds that were considerably above 
the resources of the Alumni Association. Today it is corn- 
pletely supported by the institute. and through a small 
amount contributed by alumni receiving employment 
through the service. The staff consists of a Director, who 
is a member of the faculty: an Assistant to the Director. 
who is employed full-time to administer the detail work 
of the office: and three office assistants. 

A placement 'service in  any college or  university has 
four areas of activities: (1) placement of students in 
part-time work while ittending school : ( 2  I placement 
of students in summer work between academic sesqions: 
( 3 )  placement of students receiving degrees in their first 
full-time positions: ( 4 )  placement of alumni in new 

positions. 
The firqt of these 'services h i s  been very helpful to 

Caltech students in financing their way through school. 
even though they ate limited to 10 or  12 hours a week 
because of the heavy academic load here. 

Greater effort is being devoted each year to helping 
students find summer work. which is valuable not only  
for the financial assistance but for the experience. 
Alumni could assist i n  this program by notifying ihe 
Placement Service of openings in their organizations 
during the summer months. 

The placement of students receiving degrees is a good- 
sized job. for it entails interviews by many large organi- 
zations on campus. In 195't-55. exactly 120 different 
organizations visited Cal tech and in terviewfsd 209 men 
who were receiving degrees and 21 1 men who were look- 
ing for summer jobs. These interviews took up  165 work- 
ing days and involved 2.437 appointments, 

The placement of alumni is really one of the most 
important functions of any placement service--hut the 
assistance we can offer alumni here at Caltech is not 
heinp utilized to its..fnlIe., st extent. 

The placement of alumni involves a matching pro- 

c e d u r e ~ m a t c h i n g  the qualifications uf the man with 
the job. An alumnus advises the Placement Service that 
he is considering a change of position. He is asked to 
fill in an application form which will supply inforrna- 
tion about his qualifications and interests. The man is 
then listed under each type of employment in which he 
indicates interest. and after this listing a search is made 
in each of these fields for job openings that have been 
given to the Placement Service h \  organizations. The 
man is then notified of the openin" for which he is 
qua1 ified. 

4 similar system is employed when a request is re- 
ceived from an  employer-but when ihe Placement 
Service has on file the applications of only about ten or  
fifteen men. the probability of finding a Tech graduate 
for  that opening is very small. The fact is that. in the 
year 1954-55. there were 1 162 requests for 2453 Calterh 
alumni-but only 109 ahirnrii registered with the Service 
during the year. The placement record-i.e.. the number 
of men placed on jobs--was not particularly good. of 
course. because the men did not match the  jobs. 

How can this condition be improved? 
Men who are thinking about changins; jobs spem to 

he reluctant to register wi th  the Placement Service. Some 
of these men realize that they have reached a block to 
further advancement in their present jobs. Others believe 
that a different position might give them a better salary 
and a greater chance for advancement. Most of these 
men do not take any active steps to survey the field. One 
of the easiest ways of making this stlrvey is 19 regictei 
with the Placement Service. 

A t  present, with the small riumtwr nf applicants. the 
Placement Service is reduced to contacting members of 
the Caltech faculty to get the names of' men who  rniyht 
be interested in a particular opening. Such p ro rpdnr~  
means complete dependence upon  memory. mid is neither 
orderly nor effective. 

Probably a most satisfactory method would lie to 
have an IBM card on even- alurnriu~. With the proper 
information on the cards. i t  would  be possible to pul! 
rards on those men who rneet the requirements of etch 
job opening. However. a system of thi? charar r r r  i n -  
volves an expensive operation that seems t o  be greater 
than the operating funds available. The r~pxt t w t  thing 
is to have more registrants. 
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Â¥out Job IJ . CONTINUED 

The Placement Service gels a F e a t  number of requests 
for men with a minimum of experience, hut some very 
choice po'-it ions become available for older, more ex- 

perienced men. In many instances the salary is not speci- 
fied. hut  is dependent upon the qualifications of the 
applicant. In some cases a minimum salary" is given. Tlie 
minimum. median, and maximum of minimum salary 
specified on 579 job ordprs where the RS degree was 
required are shown for the year 1954-55 on the accorn- 
panying graph as a function of age. 1 look at the graph 
will Â¥^ho ihat positions with quite suitable salaries have 
been available. 

It should be apparent b y  now that to make the alumni 
portion of the placement activities more effective at 
Cal~ech. more applicants are needed. There i s  no reason 
for alumni to consider the Placement Service as the 
plare of last resort when a job is needed. There is no 
reason for alumni to feel that i t  is heneath their dignity 

ALUMNI ASSOCIATION OFFICERS 
PRESIDENT SECRETARY 
C Vernon Newton '34 Donald S d a r k  '29 
VICE-PRESIDENT TREASURER 
William F Nash, Jr  , '30 George  B Holmes 38 

BOARD OF DIRECTORS 
Robert H Bungay 30 Willis R. Donabue, Jr '34 
H'-igq C Carter 49 Richard H Jahns  '35 
Philir Cravitz '29 Richard W Stenzel 21 

Cha-lss P Strickland 43 

ALUMNI CHAPTER OFFICERS 
N E W  YORK CHAPTER 
President Georqe W. Boutelle '48 
American Machine & Foundry Co., 261 Madison Ave., N.Y. 
Vice-president David Harker '36 
Polytechnic Institute of Brookl yn, Brookl yn, N.Y. 
Secretary-Treasurer Frank F. Scheck '48 
Attorney, 247 Park Avenue, New Yo-k 

WASHINGTON, D.C. CHAPTER: 
President Thomas S. Southwick '27 
U. S. Weather Bureau, Washington 25, D.C. 
Secretary-Treasurer Clarence A. Burmister '25 
U S C & G.S., Radiosonic Laboratory, Washington 25, D.C 

SAN FRANCISCO CHAPTER: 
President Louis H. Erb '22 
Pacilic Telephone & Telearaph Co.,  San  Francisco 5, Calif 
Vice-president Harrison W. Sigworth '44 
California Research Corp , Richmond, Calif. 
Secretary-Treasurer Donald E Loader '40 
Shell Oil Company, Martinez, Calif 
Meetinqs: Informal luncheons every Thursday. 

Fraternity Club, 345 Bush St , San Francisco. 

CHICAGO CHAPTER: 
President Donald H Loughridqe '23 
Northwestern Technological Institute, Evanston 
Vice-president Robert L Jane?  36 
Armour Research Foundation, Chicago 
Secretary-Treasurer Lawrence H Nobles '49 
Northwestern University, Evanstcn 

SACRAMENTO CHAPTER: 
President Luther T Eastman '98 
Calif Board of Equalization, 1020 M Street, Sacramento 
Vice-president Herbert H Deardorff '30 
State Division of Highways, 1120 N Street,  Sacramento 
Secretary-Treasurer Wayne MacRostie '42 
State Water Project Authority, Sacramento 
Meetings: Firsf Friday each month a t  noon 

University Club, 1319 K St , Sacpamento 

SAN DIEGO CHAPTER: 
Chairman Maurice B Ross ' 24  
3040 Udal Street,  San Pieqo 6, Calif. 
Secretary Frank John Dore, Jr. '45 
Consolidated Vultee Aircraft Corp  , S a n  Diego 
Pro ram Chairman Herman S Englander '39 
U. 5 Navy Electronics Laboratory 

to file with a placement m i c e .  It df~ec~i'l  cost anything 
to file an application, and there is every poqsibility that 
some good might come of i t .  (Though tilei-P is no fee 
connected with the placement operations. it has been 
customary for anyone obtainin";epip!uyrnent through 
the efforts of the Placement Service to contribute 10 
percent of hi? first month's salaty to the Institute fo r  
support of ihe servicr. Such a roritrihution is completely 
voluntary. 1 

What about participating in  the work of the Caltech 
Placement Sen i ce ' ?  if an alumnus iq iw ~rnployer. he 
chould send i n  hi^ request?: if he is th inkingal~out  a 
rhanpfe of job. or  wondering what opportnnitie* may be 
available. he should send for an application form. All 
information is confidential. and the present employer 
will not know that the market is heing surveyed. There 
have been several cases i v l  which the applicant decided. 
after surveying the market for several months. that the 
present employment had the greatest opportunity for ad- 
vancement and recognition. 

Comments and suggestions on the operation of the 
Caltech Placement Service a n b  solicited. 4ddress your 
comments and questions to the Director of Placements. 

WHO KNOWS 
of any motion picture film ( 16mm or 35mm ONLY 1 

showing Dr. Robert A. Millikan doing Cosmic Ray 

research work in laboratory or field. We wish to 

purchase the right to duplicate same. Send in- 

formation only, NOT FILM, to Film Editor, 

Frank Capra Prods., Inc. 
9100 Sunset Blvd. 

Los Angeles 46, Calif. 
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challenge 

Industry's demand for lower 
costs o f  manufacture offers a 
promising future to the pro- 
gressive-minded engineering 
graduate. 

The  machine designer w h o  
knows how to utilize materials 
to best advantage will find great 
demand for his services. That's 
because the cost  o f  material 
constitutes a good share of the 
ultimate cost of a product. 

An efficient machine design is 
one  that utilizes the fewest 
pounds of the least expensive 
metal that will give required 
service life. 

A basic comparison of 
materials shows: 

1 .  Steel is 2 to 3 times stronger 
than gray iron. Only one-third 
the amount of metal is needed 
for equal strength in tension. 

2. Steel is 2% times as rigid as 
iron. Only 40% of the amount 
of material is needed for equal 
rigidity. 

3. Pound for pound, steel costs 
a third as much as iron. 

As a result, when steel is used to 
its best advantage, the cost of ma- 
terial amounts to approximately 
15% of the cost of iron required 
for equal rigidity. (40% x V i )  

The large initial saving in ma- 
terial cost provides a wide mar- 
gin in which to fabricate the 
steel and still realize a substan- 
tial savings in overall cost. 

Engineering students wishing 
to keep abreast of  rapid develop- 
ments in design may obtain lit- 
erature on  application of welded 
steel by writing: 

THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 

The Wfo rld's Largest Manufacturer 
of  Arc Weldins Equipment 

P E R S O N A L S  

1924 
Edward E. Dorresten. who attended Cal- 

tech for several years with the class of 
'24 before transferring to Stanford, died 
last July. His entire professional career 
had been in the field of petroleum re- 
fining and chemical plant engineering. and 
at the time of his death Ed was a vire- 
president of the Berhtel Corporation, re- 
sponsible for the  company*^ petroleum and 
chemical activities. 

1926 
Robert B. Bowman spent the month of 

august vacationing in eastern Quebec. 
Nova Scotia. Newfoundland. and points in 
between. Boh is an associate director of 
the California Research Corporation in 
San Francisco, and is a frequent visitor 
to southern California in connection with 
the operation of the company's laboratory 
at La Habra. 

1927 
Ralph M .  Watson. MS '28. recently ac- 

cepted appointments as Associate Dean of 
the L. C. Smith College of Engineering 
and as (chairman of the Department of 
Mechanical Engineering at Syracuse Uni- 
versity. N.Y. Ralph had been serving as 
Director of Research for the Worthing- 
ton Corporation of Harrison, New Jersey 
-havine been associated with that corn- 
pany for the past 19 years. 

1928 
John W .  Thatcher. MS '30. has joined 

the ElectroData Corporation of Pasa- 
dena as Customer Service Manager, head- 
ing a department of computer engineer" 
and technicians. reqponsible for installa- 
tion and maintenance of "Datatron" high- 
speed electronic data processing machines. 
John was previously employed as an engi- 
neer with Western Electric. where he 
worked for 15 years. 

1929 
Leslie 0.  Scott. who was just retired 

as an Army Engineer Colonel. has step- 
ped into another active career, operating; 
his own engineering equipment distrihut- 
ing companies --Valesro. Tnc. and Air- 
Floor Sales & Engineering. Family-man 
Srott writes: "I have a heautifnl wife and 
three children-David, 14. (:hristopher. 9, 
and Heidi. 6." 

.{time's J f .  Dunhnm was sent to Pakistan 
last year by the Point Fottr Program to 
verve as an advisor on the engineering of 
a new government fishing harbor. From 
Kararhi. where the harbor i~ being con- 
striict~rl. Jim reports: "Arn now on the 
a c t  6 months of rny two-year hitch over 
here with the U, S. Foreign Operations 
kdrnini'stration. under a contract with the 
Ralph M. Parsons Co. 

'The  fish harbor that I came here to 
advise on as my primary assignment 
finally got under way last week after 18 

months of wrangling over the site 1oca- 
tion and o w r  which agency of the Pak- 
istan government would do the work. 
One either learns thr patience of the 
Orient in these parts or becomes a patient 
in a psychopathic ward." 

1931 
Glenn M .  Webb has been named direr- 

tor of the hydrocarbon research division of 
the Standard Oil Company of Indiana. 
He joined the organization in 1948. 

1932 
Patrick B. Lyons. who has been with 

the Western Electrir Company since 1049 
was recently made wperinterdent of thv 
company's Chatham Road Shops at Win- 
ston-Salem. North Carolina. 

1934 
Edward B. Doll. MS '35. PhD '38. ha" 

joined the staff of the Ramo-Wooldridae 
Corporation. LOP angeles, a'- Director of 
the Project Control Staff. Guided Missile 
Research Division. Ed has had long expe- 
rience in the electronics and instrumenta- 
tion fields. and was technical director for 
two major special weapon" programs for 
the Army 4ir  Force. Last February he 
was director of the military effects group 
at the atomic tests held in Nevada. 

1936 
Clarence L. Dunn. PhD. was sent to the 

Netherlands in July on a one-year assign- 
ment bv the Shell Development Company's 
Research Center at Emeryville. California. 
He is head of the physical chemistry de- 
partment at  Emeryville. 

Meraf V'. Ifinshaw is president of his 
own company, Diamond Tool Associaten. 
in Hawthorne. California. "Started a year 
ago. and going utrong!" Moral write". 

1937 
Wnltm A. Wifke t t .  married after long 

years of lively harhelorhood. writes: "Mar- 
ried on February 5. 1955. to Hiltgund 
Tekusch Vorsteher. a Viennese who. pass- 
ing through the United States er) route 
to India. waq side-tracked by English 
literature at  the University of California 
and the writer. (who interrupted her 
transit at  that institution's Faculty Club) .  
We are home owners in Aithprton . . . 
I teach physics and mathematics at the 
Menlo School and College. Menlo Park, 
California." 

1938 
7. Kneehmd N u n a n .  MS. has been 

named Mce-president and staff adviser to 
th? president of the (.onsolidated Engi- 
neering Corporation in Pasadena. HP will 
act as special adviser to President Phillip 
Fogg on corn pan y policy matters relating 
to management, marketing, and pnblic re- 
lations. Sucreeding Kneeland as president 
of Consolidated's subsidiary, the Con- 
solidated Vacuum Corporation of Roch- 
ester, N.Y.. is another Ca l t~ch  grad. Hugh 
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. . 
load thrrty feet a minute, three shifts a day, every 
the year. Make certain that the po 
concentrated on lifting and not 
friction. Be sure, too, to provide 
formance with a minimum of ma 
problem facing Manning, Maxwell & Moore's team of 
electric hoist designers. They solved a big part 
installing dependable, Fafnir Ball Bearings at every pos. 
c;L,e ,.-<" -6 z-:-.:,.- -- 4- ---- = . ~ ~ ~ ~ ~  . .. 
a~sembly, gear shafts, m d  other critical 

The ready availability of precision anti-friction bal 
bearings for all types of industrial machinery is but one 
of many reasons why more and more engineers specify 
Fafnir for  every bearing need. The Fafnir Bearing 

mpaoy, New Britain, Connecricat, 

n i c r e  lie was serving most recent 
s Professor of Mechanical Eneineerin 
s w p t e d  a position as Assi~tant Dr 

h c  of the Graduate Division of tl 
Cnllrer o r  Enciiien-ine of New York Un 
%it?. ?&-tvmzn, Iris wife, 2nd t%vo 
hild~en, w e  now mnkinx their home it, 

engineer at Kasic Vegrtable Products, Inc. 
a vegetable dehydrating company in Vac8 
ville, California. 

1940 
MS, PhD '-12, has beer 

arch associate in thi 

tady, N.Y. He was previously a reward 
w c i a t e  in the General Aniline and Film 
Corporation at Easton, Pennsylvania. 

Oil 

ed his MBA from the H 
e School of Business Adm 

elopment Department of Sperry's new 
microwave tube plant. Carol likes Florida 



Maybe it's hard to imagine a home laundry that washes, dries, irons, 
folds. But it's even harder to imagine this wonder-or any other-workin 
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Personals . . . CONTINUED 

1945 
Robert Srhmoker was discharged frorn 

the Navy last summer and iq now em- 
ployed a" a sales engineer with the 
American Blower ( orporation. working 
out of the San Francisco branch office. 
Boh and his wife have two daughtrrs, 
and are  living in Berkeley. 

Burton L. H r n f c c  M S .  Phi) '53. has 
received a promotion lo +"-istarit Profes- 
sor of Physics at Pomona t..'ollege. He has 
also been awarded a Giiggenheim Foun- 
dation Fellowship for the second semester 
of 1955-.%. at which time he will visit 
Spain and Sweden. 

William R. Burns joined thy staff of 
the National Life Insurari(-e Gompany last 
Iurie as a member of the personnel and 
~i i t rhasirsg department, primarily con- 
cerned with office operations planning. 
Before joining National he was with the 
Homesteaders Life Company o f  f)es 
Voines. Iowa. where he had been di- 
recting perqonnpl arid office administration 
for the past five years. Rill. his wife. and 
two children now rnake their horne in 
Moritpelier. Vennont. 

1947 
h c p h  Roveritv. manager of marinfar- 

turing control for G. M. Giannini & Corn- 
pany in Pasadena. reports that his second 
ch i ld  Dong. wa<- born lai t  January. The 
RrwriersA daughtei. Lynn. 'is riow 2%. 

1948 
Byron L. I' outz ha" started hi'- third 

year a t  the ~krnerican University of Beirut. 
Lebanon, as 4~s i s tan t  Professor of 
P h y i r s .  Byron e n j o y  the teaching v ery 
much. and takes every opportunity to do 
as much travelling a s  p o s ~ i b l f ~ .  "Last Spp- 
ternber Margaret K1izal)eth e ~ c o r t e d  IF 
into the happ? s tah of parenthood." Byron 
writes. "She has heeri moct cooperativr- 
in ac~ompanyit ig  11q or1 wrrie vei\ inter- 
estin":ourney into Egypt. Jerusalem. 
Darna'-ciis and Mlepo. We wertX b t a ~ e  
enough this pact sunirner to try a two 
month t i ip  in Europv. with the Interna- 
tional School on Nuciear Phv-ics. Lake 
Corno. as our principle objective. 9rp Â¥-hal 
probably set qome of the 'ref h gradnates 
when we return to the U. S. next cum- 
mer. 

George  R' .  Roe. Jr . .  at last report. wa-; 
i n  Japan--one of hie ct(ip< on :I leiqim Iy 
three-yfr-ar world tour. 

1949 
Dennis V .  Long, MS "55. has accepted a 

Your tools of tomorrow should 
be your tools of today. When you graduate and start 
upon your own career you will find that the top 
engineers, architects and designers use CASTELL- 
either the famous wood pencil or LOCKTITE Holder 
with 9030 lead. 

CASTELL is smoother, stronger, lays down greater 
depth of graphite on the drawing. It is uniformly 
excellent in all 20 degrees, 8B to 10H. 

You study in a fine school, taught by outstanding 
professors. Does it make sense to work with inferior 
tools? Order CASTELL, world's standard of quality, 
from your College Store, stationer or art supply store. i 

the drawing penc 
with the Master Degrees 

position as r h  il fbngin[v I- w i t h  Harrison 
and Woolley. voneulting eng ineer~  of 
Santa \fm. f alifornia. 

Dnvd Jiopi^ss i' now at Washington 
Jni\er-;ity in St. Louis, Missouri, ~ o r k i n p  
in the Department of Mirrobiology. Date  

made t h i ~  trancfer from the Netv York 
Ur~is f~q i ty  Medir a1 Sc~hool, v here hp was 
doing recearch work. 

h e  D. Six and wife Phyllic- annotinred 
the arrival of Briari DaM'<! on .ILIIV 19. 

1950 
Dnvid B. Mtz(Rer;:ic repoitc the follov- 

inp reunion. which took place on a street 
in Pa& last month. " J I r . ~  Hershey. in 
'a t is  to attend the 11\If 4 f 'eritennial. 
and Bob Cin hton. '50. on Gumn~er + a ( a -  
tion from his teaching job a t  the Friend" 
B o y  School. Rarnqallah. Jordan. were 
qipping; ape! itifs a t  a "idevtcilk cafe when 
alorsg (am<- Martin W nit. '50. <topping in 
Patic  on hie \ \ a \  to Geneva as a rlelegatt> 
to the (onferente  on the peaceful we"  
of atctrnif energy. $11 three ran into me 
v heeling my  daughter. Kathy. born April 
20. 

"WP :ire <till part of ("atf-x's petrol- 
eum exploration group in Paiiq. but expect 
to be transferred to greener ( M a r k e r ? )  
fields in the new year." 

1952 
Thomas JI  . Hamilton was married last 

4 n g n ~ t  to Barbara Joarinp Stunden. of 
Sierra Madre. ('alifornia, and they now 
rnake their home in Arradia, In  the vied- 
ding party were three of Tom's Tec~h 
vla*mates : Frank Ludwig. "53. M o i . w  
L r w .  "52. and Richard ,\(~ffe. '53. 

1953 
Robert D. I n f i s  and Georgia Wiignpr. 

of Pasadena. announced their engagement 
in 'Kiigust. Wedding plans are going to 
wait. hoivever. until Boh gets through 
se r~ i r ig  his Army hitrli. \ t  present he is 
-itationed at Ft. 'Vfonrnonth. New Jersey. 

Dorznfd ('. Ourran. Lt. ( omrnarid~r. 
USN. lias been b i n g  P2V Neptune Patrol 
Bnrnbers at R a r h p f ~  Point Naval \it 
%atinn. Oahu. Hawaii, exer 6 u - e  gradua- 
tion frorn 'ref !I. 

(,h(zrifi E. Benitmnf \\aÃ married i n  
r ime to Loitice L'wenthal of Highland 
Park. Illinoiq. ( buck and his bride a r r  
rmn Iising in Pittsburgh. where he is 
workina as a11 pneinepi in the d e v i r ~  dp- 
~,*Iopment group of W e ~ t ; n g h o n s e ' ~  r i p e l y  

formed Semi( onductor Department. 
Robert E. ( ; i l l i n g / ~ ~ r n ~  is another '53  

rnao who ga\e up his Lactwlor status in 
turn-. Rob report". "f ;irn <till a t  Northrop 
Aircraft in Hawthorne. Horothea P:llenor 
I)i\on of O n  i d ~ r i t a l  bo( atne r r ~ ?  bride 
furiv 12. We are living in the veteran's 
Iwii~irig on t h f  O x !  i4anipus. 1 i i~hered  at 
the ~ 4 - d d i n g  of ( i w d m  Zent?ier, '54. to 
Elizabeth Walker on t h e  26th of June. 
They are now Ihirig i n  Teva~."  

ENGINEERING AND SCIENCE 
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A L U M N I  F U N D  
Report of the 8th Year - 1954 - 1955 

0 UR PRESENT GOAL for the Alumni Fund is four 
full-tuition undergraduate scholarships. These 

scholarships will be completely endowed. There will be 
one for each of the four undergraduate classes. 

We have just completed our second year with schol- 
arships as a goal. Two scholarships have been endowed. 
One went into its second year last month. Another 
started a freshman on his way. 

To date you alumni have contributed $42.000 for 
scholarships. This puts us  past the mid-point of our 
goal of $75.000. We can possibly reach our  goal this 

CLASS 

Prior 191 5 
1915 
191 6 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 

TOTAL 

next year. To do this no  one need give more than he 
did this past year. Rut more must give. We need two 
contributor's out of eveiy five alumni-rather than our 
present one in five. 

[Tridel-graduate contributions are tabulated below. 
The names of all corltrih~~tors to the Alumni Fund for 
1Q51-55 are listed o n  the following' pages. 

--Robert I t .  Btvznetl 
I f  illitzm F. nu sf^. .IT. 

Directors in charge of the ilumni Fund 1954-55 

EIGHTH YEAR - 1954-55 
(As of July 1, 1955) 

Alumni Who Took Undergraduate Work at C.I.T. 

MEDIAN 
GIFT 

$1 0.00 
10.00 
12.50 
25.00 
10.00 
0 

10.00 
10.00 
22.50 

NUMBER 
ELIGIBLE 

7 4 
8 
7 
7 
30 
3 
76 
34 
59 
48 
7 3 
7 8 
9 9 
8 9 
59 
8 4 
102 
9 7 
9 3 
93 
103 
110 
115 
1 1 1  
125 
1 I? 
140 
i 28 
149 
124 
208 
190 
163 
144 
192 
21 1 
183 
159 
i 26 
135 
104 
- 

AVERAGE 
GIFT 

-- 
AMOUNT 

- .- 

PER CENT OF 
ELIGIBLE 
GIVING 
-- 

29.2 
36.5 
28.6 
14.3 
20.0 
0 

30.8 
36.6 
33.9 
18.7 
15.1 
26.9 
14.1 
i 5.7 
28.8 
11.6 
24.5 
18.6 
24.8 
12.9 
29.1 
27.2 
2 3.4 
14.4 
24.0 
17.0 
30.7 
21.1 
31.6 
33.9 
26.0 
17.4 
12.9 
22.2 
26.6 
26.6 
19.1 
30.2 
18.3 
20.8 
10.4 

NUMBER 
GIVING 

ENGINEERING AND SCIENCE 



C O N T R I B U T O R S  T O  T H E  ALUMNI FUND,  1954-1955 

1 8 9 6  
Hayner, Diantha M. 

1900 
Harris, Irking {'Ã 

1 9 0 6  
(;anterhury, H. H. 

1 9 1 1  
Hill, HaioJd (:. 
Ward, Royal V. 

1 9 1  3 
Koch, Louis J. Jr. 

1 9 1  4 
IAavagnin~~,  Emanuele 

1 9 1  5 
Holmes, William M. 
Holt, Herbert B. 
Wilcox, Charles H. 

1 9 1 6  
Allen, Robert N. 
Carson, Max H. 

1 9 1 7  
Kensey, Alexander 

1 9 1 8  
Andrews, (:lark F. 
Bercaw, Corliss A. 
C.'aara. Frank B. 

Knight. Alfred W. 
hohtz, Ruas?dl H. 
Marsh, Hallan IS. 
Ogden, Haruld S. 
Putter, William I). 
Vesper, Howard G. 

1 9 2 3  
Bdier, Willard E. 
Bangham, William L. 
Barnett, HdroJd '4. 
Blakdey, Loren E. 
Gilbert, Walt011 E. 
Lev\ it>, Howard B. 
Loughridge, I). H. 
N ies, 14 ttiiry T. 
Stroniaoe, Douglas A .  
Woods, Robert E. 

1 9 2 4  
Ainier~oii, Kenneth B. 
( lark, Rex S. 
Goodime, Howard W. 
In t in ,  Emmett M. 
KaHchc>\aky, Vladimir A. 
I,iddt~lI, O n a l  E. 
Lose\ , Theoodore C .  
hlaltbj, Clifford W. 
hliller, Roy 
l'aiker, Cecil N. 
Whiegarden, H. h'l. 

D o i d ,  Munson J. 1 9 2 5  
Hainsworth, Win. R., M.S. , ~ l l e r + l , n ,  T~~~~ L, 
Heywood, Gene B. Briinner. Michael ('.. Hoge, EfJi>on R. 

1920 
Barnes, Har t~ i ick  M .  
Black, Jarnes R.  
Ehrenfeld, Day, M.S. 
Houiisell, E. Victor 
Hounsell, Theron (:. 
Sawyer, Mark A. 
Smith, R. Carson 
St. Clair, Harry P. 
~ o o d b u r y ,  Roscoe E. 

1921 
Badger, R. M. 
Boggs, Chester A.  
(kse ,  Henry R. 
Champion, Edward L. 
Craig, R o b t ~ t  W. 
Forgy, Edward G .  
Honadker. Horton H. 
Mintie, Enlest H. 
Simpson, Lharles F. 
Slarnm, Alfred J .  
Stenzel, R. W. 

1922 
Ager, R. W. 
Alles, G.  A. 
Amps, Paul R .  
Bear, Ralaton E. 
Biddle. Charles 1. 
Darnell, Donald %. 
Erb. Louis H. 
Fleming, Thomas J. 
l ia l l .  Albert D. 
Hathawav. Edw arti A .  
Henny, George <:., M.S. 
Honsaker, John, lr. 
Hopper. Francis I,, 
Jasper, Walter 
Keith, t ' l jde R .  

Burmister, Glarerice A.  
Clajton, Frank C. A .  
Dalton, Robert H.  
Fvrkel, Albert J. 
Freeman, Henry R. 
Harl, Edward W. 
Heilbron, Carl H., J r .  
Hertenstein, W. 
Jones, HerLert 1. 
Tones, Walter B. 
Maxstadt, F. W., h1.S. 
Miller, Leu Af. 
Pauling, I,inns C;., Ph.D. 
Prentice, Leland B. 
Salsbury, Maikham E. 
Sdlers ,  W. D. 
Simpson, Thomas P. 
Smith, Neal I). 
Stanton. Robert J. 
Sten art,  Earl I). 

1 9 2 6  
Ball, Alpheus 
Bov,maii, Robert B. 
Dinsmore. Daniel G. 
Edwards, Manley W. 
Erics-son, t!arl G. 
Farl j .  George M. 
Friauf, James B., Ph.D. 
Graham, Glenn 
H ~ M  ell. John R. 
Kierh, ( 'larence F. 
Kirkeh!, Eugene 
Ko'siakoff, Alexander 
Moodie, R. W. 
S ~ h u t t ,  Herrnann F. 
V A I ~  den Akker, J. A. 
Voelkcr. Joarhim F. 
Ward, Edward C .  
Qise, W. H., Ph.D. 
Wulf, Olher  R., Ph.D. 

1927 
Baldwin, Marshall A .  
Baxter, Ellery R. 
Bower, Maxwell M. 
Capon, Alan E. 
Farrar, Harry K. 
Cardiier, llakid Z. Jr. 
Cottier, Thomas L. 
Heilbrun, Robert F. 
Hoo-ver, Vaino A .  
Jaeger, Vernon P. 
Mendenhall, H. E., Ph.D. 
Moore, George E. 
Peterbon, T. S. 
Randolph, E. F. 
Southwick, T h o n ~ a s  S. 
Starke, Howard R. 
Wari~er ,  A. H., P1l.D. 

1 9 2 8  
A i mstrong, Richard C .  
Berkman, A. O., Ph.D. 
Berman, Jack Y. 
Brighton, Thomas H. 
Coulter, Robert I. 
D'Arcy, N. A., Jr, 
Hodges, A.  C., Ph.D. 
Jacobs, W. Morton 
Jacobson, Ray K. 
Joujon-Roche, J earl E. 
Kaneko, George S. 
Kuhn, Jackson G ,  
Lash, (Charles C. 
Linchall, F. C., Ph.D. 
Lombard, A. E., Jr. 
McFaddin, Don E.  
McMilIar~, Edwin M. 
hlillikan, (..lark B., Ph.0.  
Serhler, Ernest E. 
Shaffer, Carrnun C'.. 
Tuttle, Edward E. 

1 9 2 9  
BC*rmaii, Ladore 
Birge, Kiio~slton R. 
Clark, Donald S. 
Cline, Frederick R. 
Dunham, lames  W. 
Exley, Sidney T. 
Findlay, W. A. 
Fredendall, Be-verly F. 
Haeff, Andrew V., M.S. 
Hincke, W ~ I .  B., Ph.D. 
Hugg, Ernest B. 
Keeling, Harry J. 
Lufkin, George S. 
Myers. Albert E. 
Noland, Thomas J. Jr. 
Roberts, Bolivar 
Rofelty, Richard C .  
Rummelsburg, Alfred 
Ruafcell, Kenneth F. 
Shield-., Morton K. 
Wheeler, Fred A. 
Winger, R .  E., Ph.D. 

1930 
Atkinson. R. B., Ph.D. 
Q e r s ,  Wilbur W. 
Bechtold, Ira  C 
Blohm, Clyde L. 
Bode, Francis D. 
Bungay, Robert H. 
Butler. Albert 
f:arlson, Chester F. 
d a r k ,  John D. 

Craw ford, Franklin G. 
Giebler, Clyde 
Hilln~aii,  Ernest C., Jr. 
Hodder, Roland F. 
Hopper, Rea E. 
Johnson, Josef J .  
Johnston, Norria, Ph.D. 
Kinney, E. E., M.S. 
Kuhn, Truman H. 
Le-vine, Ernest 
Murray, John S. 
Pritchett, Jack D, 
Rosa, George A. 
Sheffet, David 
Stirtoii, Robert I. 
Thayer, Eugene M. 
T o w l ~ r ,  J. W. 
Zip>er, Sidney 

1 9 3 1  
Arndt, Win. Frederick 
Biddle, Russell L., Ph.1). 
Boothe, Perry h'l. 
Cogen, Williarn M. 
Detweiler. John S. 
Green, E . F .  
Hill. Earl S.. M.S. 

Keeky,  James H. 
Kinnev. Edwards S. 
~ i r c h i r ,  Charles E. Jr. 
Langsner, George 
Liedholm, George E. 
McMillan, John R. 
Neher, H. Virtur, Ph.D. 
Peer, Edward S. 
Peterson, Raymond A. 
Piat t ,  Leland I). 
Tarhet, Thomas 
Fern ,  Paul  hf. 
Wenner, R. R., Ph.D. 
Wilmot, Charles A.  

1 9 3 2  
Arnerirh, Paul  F. 
Bleakney, Wm. M.. Ph.D. 
Bow den, Frederick W. 
Bowler, Gordon E. 
Bradburn, James R. 
t chambers, John V. 
Foss, Robert E. 
Freeman, Robert B. 
(;raff. Donald B. 
Harsh, Charles M. 
Hodge, Mills S. 
Jones, Charles W. 
Keachie, Edward C. 
Kent, William L. 
Leermakers, .I. A,, Ph.D. 
Oswald, W. Bailey, Ph.D. 
Pruden, Worrell F. 
Roach, Harold 
Schuhart, M e n i n  A. 
Sheffet, Joseph 
Shockley, William 
Shull. George 0. 
St. Gai r ,  "Robert W. 
Thomas, William J. 
Wilson, C .  E. 

1 9 3 3  
Berkley, G. Merrill 
Czamanske, Milton, M.S. 
Edwards, Everett, Ph.D. 
Kemmrr. Paul H., M.S. 
Lewis. Wyatt H. 

Mathew &on, Arthur J .  
Mendenhall, John I). 
Meskell, John E. 
Moore, William W. 
Prater, Arthur N., M.S. 
Root, L. Eugene, M.S. 
Russell, Richard L. 
Scholtz, Walter 
Skaredoff, Nikolas 
Sparling, Jack N. 
Taylor, D. Dwight, Ph.D. 
Wattendorf, F. I.,., Ph.D. 
Wheeler, William T. 
Widess, Moses B., M.S. 
Wolf, Alexander, Ph.D. 

1 9 3 4  
Babcock, Horace W. 
Bollay, William, M.S. 
Campbell, James  R. 
Charters, Alexander 
Childers, Milford C. 
Clauser, Milton U. 
Cox, H. Orville 
Craig, Carroll C .  
Donahue, Willis R . ,  Jr. 
Felt, Robert C. 
Gordon, Garford 
Gregory, James N. 
Gulick, Howard E. 
Haskins, Ray W. 
Howard, Ernest R. 
Jordan, W. H., Ph.D. 
Lien, E h i n  B. 
.VIcCann, C'll ,I iert 
McClain, F. J. 
McFadden, Wrn. C .  
McRae, James W.. M.S. 
Newton, Charles? V. 
O1Nei1, Hugh M. 
Pearne, John F. 
Srhaak, Frank A. Jr .  
Sharp, Robert P. 
Sherborne, John E. 
Ugrin, Nick T. 
Van Osdol, George W. 
Wheeler, Edgar J. 
Woodward, Glen E. 

1935 
Baker, Horace W. 
Baldwin, Lawrence W. 
Davenport, Horace W. 
Davies, James A. 
Dewees, Norman B. 
Dunbar, Oliver C .  
Estes, Harry 
Etz, Arthur N. 
Fussell, Robert G. 
Garner, Clifford S. 
Glurkman, Howard P. 
Higley, John B. 
Hoeppel, Raymond W. 
l a h n ~ ,  Richard H. 
Jennison. James H. 
Jones, Robert G.  
Ketrhum. Milo C. 
Keyes, Wm. F. Jr. 
Levy, Henri A. 
Lindsay, Cheater W. 
Vies, Nelson P. 
Pitzer, Kenneth S. 
Rader, Louis T. 
Ray, A. Allen 
Reynolds, Edward H. 
Scherh, Ivan V. 
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Fund Contributors . . . CONTINUED 

Sheff. Sander D. 
Stick. John (;. Jr. 
Stuppy. Laurence J. 
Taylc~r, Jay 
Van Reed, Mabry 
Willits, Victor W. 
Wood, Louvan E.. M.S. 

1936 
Bolster, (.alvin M.. M.S. 
Boothe. Raymond 14. F. 
Bucknell. Wilson H. 
Bush, Kenyon T. 
Davis, Frank W. 
Dickinson. Holley R. 
Dilworth. Robert P. 
Douglass, Malrolm E. 
Dunn, Clarence L., Ph.D. 
Graham. Ernest W.. M.S. 
Hamacher. Howard F. 
Hammond. Paul H. 
Harker, David, Ph.D. 
Heitz, Robert G. 
Henderson, Everett B. 
Iensen, Ray 
Johnson. F. L. 
Jordan, Charles B. 
Klocksiem. John P. 
La Royteaux. Ellworth 
Mclntyre. Robert 4. 
McVIahon. Michael M. 
Peugh. V e r n ~  I.. 
Ramo, Simon. P1i.R. 
Schafer. Sidney. M.S. 
Schneider. Paul J. 
Se r r~ l l ,  Peter V. H. 
Stitt. Fred B., Ph.D. 
Swanson. Walfred E. 
Thompson, Tyler 
Unholtz. Kail 
Whipp. Da\id U. 
Wnoldridge. D. E.. Ph.D. 

1937 
Bailey. ,la\ R. 
Bricp. Richard T.. Ph.D. 
Edwards. John S.. Jr. 
Fpuer. Stanley I. 
Frost, Holloway H. 
Levinton. Harold L. M.S. 
Mann. George E. 
Miller. Harry H. 
Millpr. Nash El.. M.S. 
Miller, Wendell R. 
Moore. Walter L, 
Nichols, Dean 
Nolte. Claude B. 
Paxson, Edwin W. 
Poggi, Martin J. 
Schaffner. Paul C. 
Summerfield. Martin. W. Snyder. ~ i l i a r d  M. 

Van Dusen. (:harlec A. Jr. 
Walley. Bernard 
Webster. Martin H. 
Wetmore. William 0. 
Wiley. Harold F., M.S. 
Wyckoff. Peter H.. M.S. 

1938 
Baker, John R. 
Beavon. Daiid K. 
Bertram, Sidney 
Cardwell. W. T.. Jr. 
Clarke. Charlen W. 
Pavidson. Donald 1). 
]la\ is. Leverett, M.S. 
Davis, Thomas V. 
Dixon. Blaine A. Jr. 
DuFresne. Arrnanrl F. 
Evans. Henry K. 
Farnt-man. John D. 
Friend, Carl F. 
Hopkin", Henry S. 
Ives. Philip T., Ph.D. 
Jack. Samuel S., M.S. 
Jones, Ralph W.. JI-. 

Jurs, Albert E.. Jr. 
Keller, Samuel H. 
Lilly, John (.. 
~lewellyn. Fred E. 
McGraw. John T. 
McLean, John G. 
Milhurn. William E. 
Nagamatsu. H. T. 
Nash, William F.. Jr. 
North, Harper Q. 
Nunan, James K.. M.S. 
Olds, Robert H. 
Oshorn, Elburt F.. Ph.D. 
Twiss. William E. 
Wilson. Gardner P. 
Wood, Homer J. 
Wnolson, John R, 

1939 
Brown, Perry H, 
Browne. John J. 
Cabeen. William R.. M.S. 
Crozier. George 0. 
Devirian. Philip S. 
Fischcr. Richard A. 
Flint. Delos E. 
Goodell, Jack H. 
Green, William M. 
Hance. Harold V. 
Morikawa, George K. 
Pullen, Keats A. 
Roudebush, Bert V. 
Ruggiero, Ralph -1. 
Smith, Paul L. 
Smith. Philie E. 

Stones, J .  Eugerw 
Sullivan. Edwin F. 
Wilson. John N., Ph.D. 
Winchell. Robert W. 

1940 
Ejaird. Raymonrl (.. 
Barber. George ( .  
Blackinton. Ros\\ell J. 
Brewer. Alexander F, 
Brewer. Alexander F. 
Brewer. Leo 
Brown, George R, 
Burton. Clifford (:. 
Cox. Robert 0. 
Daams. Gerrit 
Davies, Claude E. 
Desel ,  Frank W. Jr. 
Dickerson. Edward 0. 
Uoolittle. Russell, M.S. 
Epstein, Ludwig I. 
Faust, Paul H. 
Foster. Gerald P. 
Glassco, Robert B. 
Grigg, Robert W. 
Harper. John C. 
Heifer, Robert, Ph.D. 
Jongeneel, James W. 
Krieger, Stuart A, 
Lapin. Ellis 
Larson, Walter R. 
Loeffler, Donald E. 
Longwell, Paul A. 
Marquardt, Roy E. 
Meyer, Robert B. 
Moore, Robert S., M.S. 
Morse, Francis, M.S. 
Palmer. Charles S. 
Quarles. Miller W.. J r ,  
Ray. Roberts S., Jr. 
Reynolds. Howard W.. Jr. 
Richards, Raymond G.  
Russell. Charles D.. M.S. 
Samuel. Hubert D.. Jr. 
Sandiford. P. L.. Jr. 
Sargen t. Herbert 
Scarborough, W. Bertram 
Smith. Randlow 
Steinrnetz, T). H., 111 
Stone. Newton C. 
Stone, William W.. Jr. 
Stoner. Willis A. 
Stroud. Robert A. 
Sumrier. Herbert C.. M.S. 
Ticlrooy. Jack 
I'odd. G e o r g ~  3. 
Varnes, David J. 
Weir, Gordon B. 
Wells, Robert L., M.S. 
Wilts. Charles H. 

Wouk, Victor, M.S. 
'~oung.  Robert B. 

1941 
Acker, Roy M. 
Bowles, Robert R. 
Brandenburger, L:-o. M.S. 
Chapin. Wm. F .  
Clarke, Frederick W. 
Corcoran, William H. 
Davis, Walter Z. 
Dickey, Frank H. 
Dobbins, Willis R. 
Eliott, Quentin 
Eusey. Merritt V., J r .  
Gaily, Sidney K. 
Greenhalgh, Francis M. 
Hall. Edward A., M.S. 
Harr. George B. 
Hebenstreit. Wm. B. 
Jones. Gilbert A. 
Lockard. Frank P.. M.S. 
Palmer, John G. 
Rominger, Joseph F. 
Rupert. Claud S. 
Schubert* William 
Silberstein, Richard F. 
Sohler. Stanley E. 
Stewart, Wilton A. 
Trindle, Joseph W. 
Vey, Ebenezer. 
Wahrhaftig. A. L.. Ph.D. 
Wallace, Roger 
Weight, Robert H. M.S. 
Wood, David S. 

1942 
4Ihrecht. Albert F'. 
Allan, John R. 
Almassy, George W. 
hshbrook. Fred M. 
Atkinson. Thomas G. 
Baird, Hugh A. 
Bartlett. Edward R.. ,Jr. 
Brandt, Roger 
Brown, Charles M. 
Brown. Sheldon W., A.E. 
Clingan, Forest M. 
Cohn, George I. 
Cox. Richard H. 
Curtis, Thomas G. 
Densmore, R. E., Jr. 
Felberg, Fredrick H. 
Franzini. Joseph B. 
Gold, S. Kendall 
Goldin, Robert, M.S. 
Green. EIliott A. 
Greenwood. Robert 
Grossberg, Arnold L. 
Hall. Robert N. 
Hendrickson, Willard J. 
Holzrnan, George 
HoweII, 3. F.. Jr., M.S. 
Hunt, Carter 
Johnson. Arlo F. 

Kafitz. Peter H. 
Kirtley. Thomas I. .. M.S. 
Kumm, Emerson 1,. 
MrKihben, Paul S. 
MacRostie. Wayne 
Mader. Paul M. 
Makepeare. Gershorn R .  
Miles. John W. 
Nyhorg. Meredith M. 
Paul. Albert I). 
Piatt, Alvin R.  
Price, Harrison A. 
Rubel. Johri H. 
Sa\it, (,arl H. 
Smallberg, M ~ r i v  
Smith. Jack ('.. Ph.D. 
Tomlinson. E. P.. Ph.D. 
Urbach. Kenneth 
Veenhuyzen, Paul N. A .  
Veronda. Carol M. 
Webster. Paul W. 
Weller. LeRoy A .  

1943 
Bacon. John W. ,Ire 
Bishop. Amasa S. 
Brown, Edward I. 
Buchanan, John W, 
Buettell, T. D. 
Carter. Claude I,. 
Christianson, W. L. 
Dazey. Mitchel H. 
Duhhs. Clyde A.  
Elmer, David A. 
Farmer. Howard N. Jr. 
Fleisrher, Edward P. 
Frost. Robert C. 
Garner. Harold K. 
Graner, Jesse B. 
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Westbound Rio Grande freight in Ruby Canyon uf Colorado River. 

The freight rolls away an hour sooner 
because photography cuts yard bookkeeping 

The Denver and Rio Grande Western 
Railroad microfilms its waybills in 
minutes, cuts running schedules, 
saves costs in train idling time. 

terminal while waybills are copied by hand. In- 
stead, Recordak Microfilming copies them. Then - - 
they're put aboard and the train is off in just 
about one-fifth the time it used to take, thus sav- 
ing hours of valuable crew and train time. Then 
the wheel reports are made up  from the films and 
teletyped ahead. 

- 

Railroading is hut one of over a hundred types of 
businesses now saving money, time and space with 

microfilming. It is one of the fast growing and widely 
used ways photography works for industry. 

Small businesses and large are finding that photog- 
raphy helps in simplifying routine procedures, in 
product design, in personnel relations. It improves 
production, saves time and cuts costs. 

Graduates in the physical sciences and in engi- 
neering find photography an increasingly valuable 
tool in then- new occupations. Its expanding use has 
also created many challenging opportunities at 
Kodak, especially in the development of large-scale 
chemical processes and the design of complex pre- 
cision mechanical-electronic equipment. Whether 
you are a recent graduate or a qualified returning 
service man, if you are interested in these opportuni- 
ties, write to Business & Technical Personnel Dept., 
Eastinan Kodak Company, Rochester 4, N.Y. - - 

Eastman Kodak Company, Rochester 4, N.Y. 




