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t h e  stoiy really l)cgiins some ten )car \  before the con- 
struc~iori of the laboratoi j  itself. The January. 1917. 
Catalogue of the Thioop College of Technology (which 
later became the California Institute ol Tecliiiology~ 
contains the followi~ig: 

rnembei>- concerned \\ itli matters apiotiai~iic~il.  Mi. A .  
A .  Merriil ,  one of the \ P I  \ cal l \  Ainei ic'iri 1)iotii'eis. 
whose active par t ic ipa~ion 111 aviation dates back to th t~  
1890.s. appe'tis as  Kvi-edicti Assi'-tciiit: lie v\ as ;ii\cii 
the responsi1)ilitr foi des i~n ing .  s u i i e n i s i i i ~ t h e  con-  

struetiori of. aritl o p ( 1 i a t i n ~ l i e  v i n d  tiirinel. ( I f f  'ilso 
(1oul)led in bias. as  liistrm-tor in Accoiltiting.) 1)i. 
Htiiiy Bateiriai~. a brilliant C a r r ~ l i r i d ~ - t r a i r ~ e ( l  matlicriia- 
tician. is lifted as  Ptofes>-or of 4cioriautical Kcscaicli 
and Mathematical l'h-y-i('\. The catalogiies of [lie next 
few years li>-t a nuinLei of aeronautical comics pivcn hr 
thew two ^-taff memhets. 1To\\e\er. tlw m i n i h i  of s t u -  
dents must h a \ e  been \ e l \  small. a n d  t l i ~ t e  \+as n o  

echanics. 4 liii gc 11at t ot the reseau 11 in-kiv  itie" 
at the C A l 2 C i r ~  ticis a l \+d js  been occupied ~ v i t l i  work 
o11 the f ~ n d ~ i n i e i i t a l  aspects of fluid mechanics. In the 
eai l j  > ears t l i ~  problem'- of pal amonrit interest cenlered 

cuoimd b o u ~ i d d r j  1aje1 f l o ~  and t u r b i i l t ~ ~ ~ c e .  Wow work 
in these fields has been supplemented by work in the 
fields of i~~insoi i ic .  supersonic. and hypersonic How and 
theit host of ncv> problems. 
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Applied Aerodynamics. Another important part of the 
~ e s c a r c h  effort at the GALCIT has beer1 (and  still is) 

connected with applied aerodynamics-- airfoil and wing 
theory, the linearized theory of superbonic wings and 
bodies, r~ori-stationery wing theory, wind tunnel tech- 
niques, and those topics which couple dynamics and 
aerodynamics, ( such as performance, stability. and 
control.) 

Elasticity and Structures. From the bcginiiine; it  was 
decided that one of the major fields of study to be em- 
phasized was that of aircraft structural analysis and 
design. This work not only concentrates on fundamental 
research but maintains a practical interest in the cur- 
rent problems of the airframe companies. 

Jet Propulsion and Rockets. Interest in rocket prouul- 
lion at Laltech dates back to 1935 when members of the 
GALC1T faculty and grad stndents began experimental 
and theoretical studies in this field. The f i r t  substantial 
outside s u p i ~ r t  foi the piogr.im came from the &a- 
tional Academy of Sciences in M 9 .  and in 1941 the 
Army Ail Force took o\ei  sponsorship of the work. R} 
194 1 the scope of both theoietical and expel iniental 
~ t i ~ r k  had been g i e a t h  extended. In August 1941. the 
fust piactical solid propellant had been developed, and 
the first succesful  assisted-takeoff tests were made. 
These first ~ o e k ~ t  motors shoitened takeoff distances of 
small aircraft by a1- much as  50 pelcent. After the de- 
velopment \+ark was completed and the assisted-takeoff 
motors \+en1 into extensive scrvice use, largf-scale pro- 
duction was undertaken by the Aerojet EngineeririgCor- 
poration, which \\as subsequently acquired by  the Gen- 
eral Tire  and Rubber C o m p a q .  and has recently be- 
come the Aerojet-General Corporation. 

These major  developments by the GALCIT Project. 
i n  addition to the lah's extremely important basic re- 
search studies, contributed to a large extent in the for- 

mation of the basic technical framewoik of tlie present 
guided-misi-ile industry. 

In 1944 the first long-range rocket research and devel- 

oprnent program in the United States was started. 13) 
this time the size of the GALCIT Project had increased 
to a point where the organization of a separate laboia-  
tory seemed desirable. Accordingly, on November 1. 
1944, the Project separated from CALCIT and became 

known as  the Jet Propiilsion Laboratory. Through the 
formative years and down to the present time, members 
of the GALCIT staff have played an important par t  in 
the organization of JPL.  

Wind Tunnels. Wind tunnels have always been a 
dominant featuie  of the GALCIT. The largest experi- 
mental facility in the laboratory as  originally construct- 
ed was a 200-mile-per-hour wind tunnel with a test sec- 
tion 1 0  l e d  in diameter. \^hen it was placed in opera- 
tion in 1929 it Nab one of the highest performance wind 
tunnels in existence, and it has continued to lender  yeo- 
man service even to the present. 

A few statistics in connection ivith the industiial and 
governmental testing activities 01 the CALCIT 10-foot 
tunnel a i e  of interest. As of May. 1954, a total of 790 
sepaiate v>ind-tunnel t e ~ t  prugrciiri\ had been cair ied 
out. and ovei 700 fonnal  reports issued. These cover 
tests on ovei 550 distinct a i icrai t  types fo r  some 35 
United States and torcign airciaft companies, as well 
as  investigations for some 6 go\er~l inent  agencies. Al-  
though the tunnel's peifoimance is non picatly exceeded 
hy rnany more recentlv consti ucted facilities. its opera-  
tion on an oveitirne 1)asi'- is $till requiied. 

Although this first wind tunnel is the largest in  the 
GALCIT, it is f a r  f i o m  be ing the  on ly  one. Over half-a-  
dozen small, 101%-speed tunnels have been constructed 
for specific research investigations--especiallj in  con- 

nection with low-iipeed boundary-layer and turbulence 
researches- and seveial of these a re  still in  active use. 
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A small transonic tunnel has  been used b y  Professor 
Hans Liepmaiin's group to produce important and  funda- 
mental data on flow characteristics in the neighborhood 
of the speed of ^-ounil. 

The  first continuously operating. supersonic tunnel in 
this country to reach Mac11 numbers above four  was 
designed jointly h y  Professors IT. S. Tsien and M. Ser- 
rurier, and coiistructed some years ago under the spon- 
sorship of the Army Ordnance Corps. Allen Puckett 
(now chief of the Systems Analysis and Aerodynamics 
Department a t  Hughes Aircraft) carried out many in- 
vestigations u5ing the tunnel as  a pilot or model tunnel 
for  a much larger wind tunnel built  subsequently at  the 
Ballistic Research Laboratory at  Aberdeen Proving 
(around. t t  continues to be a valuable research tool. 

4 hypersonic test facility has also been constructed 
at the GALCIT, with Army Ordnance and Air Force 
support,  where Mach numbers of over 10 have been 
reached. This  is currently beingused in the exploration 
of the new and important field of very high Mach num- 
her flows. 

Finally, a 175-mile-per-hour wind tunnel with a 3-foot 
by  4-foot test section was installed in 1950 to be used 
primarily for  student instruction and thesis research. 
This was dedicated to A. A. Merrill i n  recognition of his 
pioneering work in  aeronautics at the Institute. and is 
k n o ~ r ~  as  the Merrill Tunnel.  

THE MOST IMPORTANT PRODUCT 

- GRADUATES 

I N  J i  N L ,  1929. the first two degrees were awarded ljy 

the Guggenheim Graduate School of Aeronautics: mas- 
ter's degrees to E. K. Seedier and A. E. Lombard. Both 
of these men subsequently received doctors" degrees and 
went on to aeronautical careers. Dr .  Sechler is now Pro-  
fessor of Aeronautics at Caltech. and Dr.  Loinbald is 
Scientific Advisoi in the Directorate of Research and 
Development. Headquarters LJ. S. A. F. Since that time. 
thiongh Jiine, 1953. a total of 961 graduate clegree~ 
have been awarded. Of these. 511 were fifth-  ear 01 

master's degrees. [V.W Qeie  sixth-year o r  professional"  
dtbgree-,. and 90 were doctorates. The total tiumber of 
students c o ~ ~ e s p o ~ d i t ~ g t t o  these degrees- is 744, since 
the same man often takes two degrees consecutively. 

III 1933 Captain Paul  Kernmer of the Army Air 
Corps. who was the first student sent by one of the 
military services, received the professional degree. 

Eveiy \ e a r  since 193 1 has- st'eii it gioup  of ofiict-is 
from the Naval Postgraduate School vtorking towards 
professional degrees at the GALCIT. and many Air 
Force officers have also been assigned to the graduate 
school for  study. A total of over 250 officers from the 
United States h a w  receiied degrees from the GALCIT 

(luring the past twenty years, and there have been a nurti- 
her 01 officers f rom foreign countrieh. 

The majority of the civilian students have gone 011 

to engineering positions in the aircraft industry, where 
many now occupy key technical and administrative posi- 
tions. Many others have entered academic life o r  re- 
search laboratories, and a considerable number a r e  now 
in gov~~mmer i t  service as  research administrators or 
scientific and technical advisors, 

These GALCIT alumni a r e  typical of the large number 
who have attained distinction in a wide variety of 
activities: Three a re  now heads of aeronautics depart-  
ments al rnajoi m~i \e rs i t i es ;  W. R. Sears a t  Cornell. 
F. Clauser at  Johns Hopkins, and M. Clauser a t  Purdue. 
H. S. T.sien is Coddard Professor at  Caltech's Jet Pro-  
pulsion Center. L. C. Dunii. formerly Director of Cal- 
tech's Jet Propulsion Laboratory. is now associate-direc- 
tor of the guided missile research program at  the Ramo- 
Wooldridge Corporation in Los Angeles. Roy Mar- 
quardt is president of the Marquardt Aircraft Company. 
W. Bollay heads the Aerophysics Development Corpor- 
ation. Rear Admiral C. M. Bolster recently retired as 
Chief of the Office of Naval Research and is  currently 
Manager of Research at  the General Tire and Rubber 
Company. Lieutenant General D. L. Putt is Deputy 
Chief of Staff for  Research and Development of the U. S. 
Air Force. 

RELATED ACTIVITIES 

THREE MAJOR DbVKl.OPMEVrS a t  the California Institute 

had their origins; a t  the GALCIT and then grew into 
independent organizations. Although all  a r e  adminis- 
tratively quite separate from the GALCIT, close contact 
and cooperation a re  maintained with all  three. 

1 Jet Propulsion Laboratory 
During % o r i d  V(ai 11, the California Institute of 

' r e c h t ~ o l ~ g y  was asked to contribute creative engineering 
talent to a number of defense research projects. among 
them the development of jet propulsion devices. The 
lesiilts of thi5 effort were of such value to the Depart- 
inent of Defense that, in the latter part of the war. the 
Jet I'iopulsiot~ Lahoiatoiv was established to continue 
the program. iiitdt~i i de  a(lininistiati\e ~i ipervis ion of 
Caltech. 

Since the end of  tic war. the Laboratory h a s  ~ I I O I M I  

from a s n ~ ~ ~ l l  group assigned to the task of developing 
J simple t ! i rust-prodi icinpd~\ice for  the ashibted-takeoff 
of aircraft to a completely equipped laboratory having 
a wide variety both of equipment and scientific talent. 
(E&'S, October 1^52.) The staff currently numbers  over 
1,000 persons. 

l ~ u n d a ~ ~ i t ~ r i t a l l y .  J P L  is a iesearch center whose efforts 
a re  directed toward the acquirement of basic information 
in the engineering sciences related to missile develop- 
ment and the various phases of jet propulsion. Especially 
in the field of aerodynamics. close liaison and coopera- 
tion are  maintained with the GALCIT. Research and 
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at  speeds u p  to 1.8 times the speed of sound. Con- . . CONTINUED 

development are  conducted under contracts with v v v r n -  
mental agencies. and close liaison is maintained between 
J P L  and the various military services. 

2. Southern California Cooperative Wind Tunnel 

By the late 19,Ws it was becoming ajiparcut that 
before many years ai lcraf t  ~ o u l d  he flying fast enough 
so that the effects of the air's compressibility would be- 
come important. \\ ind tunnel facilities capable of pro- 
duciiipvelocities uli to the neighborhood of the speed of 

sound (a[)proximatelj  1100 feet per second under 
standard sea-level conditioiis ) mvere obviously p i r i g  to 
be required foi the development of such aircraft. The 
GALCIT 10-foot bind tunnel had proved extremely valu- 
able for  development testing. but its 200-mile-per-hour 
top speed would clearly be inadequate. What would be 
needed was a tunnel m\itli test section dimensioiis com- 
parable to those of the 10-foot tunnel, but with a 750- 
mile-per-hour speed capability. I nfortunately. these two 
requirements implied extremely large power for the 
drive and a construction cost running into several million 
dollars. 

After much thought and discussion a group of aircraft 
companies decided to undertake a cooperative effoit to 
produce such a facility. The Curtiss-Wright Coipora- 
tion agreed to finance the construction of a wind tunnel 
a t  Buffalo. and four  southern California coinpanie-i, Con- 
solidated-Vultee, Douglas. Lockheed, and North Ameri- 
can, jointly undertook to sponsor one in Pasadena. 
Essentially the same design -was to he used lo r  both. 

The Pasadena tunnel. which is some three miles f rom 
the campus and adjacent to the Pasadena City I'owci 
Plant.  was dedicated as the Southern California Coopera- 
tive V( ind Tunnel in May. 1945. and shortly thereaftel 
l e g a n  routine opeiatioiis . These have continued eve1 
since on a two-shift hasis. Some years a"; the McDon- 
i e l i  Airci af t Co. p u i c l ~ a ~ e d  one-lidlf of Coitboi iOat(-d- 
Vultee's interest in the tunnel. ko  that the GWT. as i t  is 

usually called. no\+ has five ownei conipanies. As oi 
Vfay, 1954, some 100 test piogiams had lieen coni[i1eteil. 
not on!) foi the o\\nei conipanic*. fitit also for most of 
the other majoi a i icrat t  companies of the country, as  
\\ell as  to1 i i ~ ~ t n e r o u s  govenxrie'it agencies. The labora- 
tor}, mvith something over 150 employees. is operated In  
the California Institute imdei a nianaprnent  agieemerit. 
with an annual opeiating budget of ovei a million dol- 
lais.  d a r k  Millikan is Director on a part-tinie basis. 
and J. 1.:. Smith. a GALCJT alumnus. selves as  full-time 
Associate Director. 

Less than ten yeais after the CWT \+as desigiied ai l -  
c iaf t  peiforniance had advanced so spectacularly that i t  
\+as clear that supersonic speeds were soon to he matters 
of ioutine operation. The ovvriei companies according11 
~iuthorized an $8,0OU.OOO modification progrtin~ for  the 
CRT. Tliis v i i l l  itiiolvr an  inciea5e i r i  the drive power 
f'iom 12.000 h p  to 10.000 hp. and make possible testing 

struction on the modification piogram is curieiitl? i n  

d i v e  proccss and should lie i~oiripleted and the tunticl 
ready for  operation in mid-1955. 

3. Guggenheim Jet Propulsion Center 
The Jet Propulsion Centei. an independent unit in tin' 

Division of Engineering of the (California Institute oi 
Techriology. was established 111 the Daniel and Florence 
(;~~";enheim Foundation in 19 It!. The (.enter is a n  out- 
growth of tlie activities of the (.>iigg(~iiheiiri Lc i l io ra to~~ 
ii i  the fields of r o c k e ~ s  and turbornacliinpr~. and its l ~ n i -  
pose and guiding principle arc  quite diflcient f iom those 
of the Jet Propulsion Laboratory. 

r o  quote the Institute Catalogue: 

An imporlalit part of this piograrn is tlie Daniel and 
Florence Cup^eiilieim Fellow ships in Jet Propulsion. 
r 7 I hese Fellowships carry a stipend u p  to $2.000 a veal 
~ I I  addition to tuition. 

Research carried on in ttie Jet Propulsion Center tarn- 
p h a s i ~ e s  the fundamental p ~ o l ) l e m s  in locket and je l  

propulsion etigineeriiig. (Aurrt,nt acth ities proceed 
a l o n g f f o u r  main line<: ( I )  fluid mechanics of [uiOo- 
rr~achir ier~.  ( 2 )  basic combustion ~roh le rns .  ' 3 )  $ti, 
einis\ivities and application of  modem spectroscopy to 
detailed analysis of coinliiistioti. and ( 1 )  tlieoiv of the 
control and ;uidatice of complex systeiris. 

tlemii- institution car1 make to the defense (it the eountr\ 
lie5 in the t r a i i i i r i ~ v h i c h  i t  can give to officer arid 
civificiri goo~~rtiriient scudtits s o  thill [he! niciv /icttt%i d i 5 -  

chat ge th(5ii iesporisitiilitics. \\ it11 the enoi rnous in- 
ciease since tl1c beginniiig oi the last \ \at in the i olv ol  
science in the aimed forces. this is pciiticulailv t ine of 
ti ter'~inic.il institution like tlitl Ctililotnici l i t~t i t t i tc  of 

l \ ~ c l i n o l o ~ .  Sonic detciils have t i l ieai l~ lieen pivtlii of 
tliis aspect of the GALC1T iicLivities piogiams. 

I'tte laboratot v has  a l ~ o  ci)titriI)~ited 1.)) c a n  7 i t i p o n t  
techiiictil and scientific in\estigatioiis d t  the request of 

the aimed service*. The setting u p  of the rocket piogiam 
and later of the Jet Propulsion Laboiator j  a i e  example'- 
which hame been discussed. The ineinheis of the staff 
have also participc~ted intensively in governinent activi- 
ties. kLimt'ni \ \as  for  niany \ca rs  consultant to al l  tliictx 
seivices. dud aftei 1912 demoted most ot his time to set- 
t i n p n p  and l e a d i n g ~ l ~ e  Air Foice Scientific A d v i s o i ~  
Hoard. Millikan ha* served o n  adlisory cominittetbs to  

the thice services and \+as foi thiee years C t ~ a i i i n ~ i ~ i  
of the Guided Wis\ilc% Committee of (lie Department of 

Defenie Keseaich and Development Hoard. Scchler has 
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served on Ail Force Loinrnittee-.; lie. Millikcin. Lees, diid 
rung are  current]) active o n  such a n  assigiimeiit. StpÃ§cir 
lla5 with Arm) Oidnancc and is a triembei of 
the Air Force Scientific Athisol)  Board. Millikan. 
Sechler, and Liepinaim serve on sub-committees oi the 

National Advisoiy Comrnitee f o r  Aeionautics. 
These a i e  examples of services 11) the GALCIT stafl 

f o r  government agencies. On the other hand. the Armj.  
V i v j ,  Ai i  Force. and \ / \ L A  liCive ver) wisclv cidopted 
policies of siippoiting rcseaich project'- a t  universities. 
7 ,  1 he rehearche< mentioned eai lici h e  [01 main  jca i s  
lieen supported to a la ige extent by these agencies. and 
there a rc  curicntl? artive piejects +ponsored f l y  all four .  
Much of GALCIT"- hislor? of the past twenty-five years 
could not have been written had it not been for  its d o s e  
association H ith thtsse agencies of the government. 

RELATIONS INDUSTRY 
ris K L I  \ T I O \ S  \+ith indu'-ti\ a- nit11 tlie go\criimerit. 

l ) roha l l l~  the GALCITt. ~ i w t e s t  contiilmtion lias lieen 
the stucktits i t  has traiticd a i d  sent out. Of these. the 

lcirge5t percentage lias eiiterctl tlie engnieel ing d ~ p a r t -  
merits of aircraft companies. As has already been men- 
tioned, il ha5 been J. continuous policy that close contact 
J)e maintained with industry in the GALCIT'b day  to 
day life. The first a h p l a n e  design courbe wa= given h) 
L praiiciiigaeroonautical engineer; 'tiid. ever sirice, one 
course each year is given liy engirieers f rom local air- 
craft companies. 

The testing progi din in the 10-foot and Loopeiati  \ c 
wind tunnels ohvioush ~csult'-i in  intimate contacts be- 
tween 5taff inembeis and students and airciaf t  company 
eriginecrs, and similar contacts are  al-o frequent i n  other 
fields. Coinpain engineers a t e  i ~ n i t e d  to attend the  
GALCIT semiriais of which there a re  several each week, 
and the hivitaticms a re  frequently accepted. Merribeis 
of the staff axe c~icoi i r~igcd to underiake part-timp con- 
s ~ ~ l t i n ~ e s ~ o i i i - i i l ~ i l i t i e s  if they care to do so. and manv 
s a i l  themselves of the oppoitunity. Experience has 
shown that, w i t h  a s t r o n g a n d  active program of fimda- 
mental research on campus, such consulting activities 
ticiuallv contribute to the 9tafl"- creative ~ o r k .  rather 
than interfere with it. Ttn\ is (eriainly due in  par t  to 
the dynamic nature of the aircraft industiy and to the 
iinmher of problems \\hoqe solution require- the ino=t 
advanced scientific knowledge and techniques. 

It's America's lifeline, really-the power line 
that starts with steam and brings heat, light, 
and energy to the nation's factories, farms, 
homes and stores. Paralleling that line is the 
line of cost, which America's Utilities have 
striven mightily to reduce over the years. Even 
today, with vast increases in the cost of all 
the things America's privately owned electric 
companies must buy, the cost of electricity 
has not increased in proportion. 
Since 188 1, when Thomas A. Edison opened 
the nation's first electric generating station, 
B &W, who supplied his boilers, has pursued 
a fruitful, continuing search for better and 

Economical, dependable service is the watch- 
word of America's Electric Companies. The 

and fuel technology. 
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