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AEROJET ENGINEERING CORPORATION is today 
bringing the full weight of its wartime experience to 
bear upon the practical application of jet assistance 
t o  commercial aviation. Already proven as a vital 
factor making possible increased payloads and re- 
duced operating expenses, Aerojet Assistance is being 
closely studied by airline operators and others prepar- 
atory to sanctioned use on regularly scheduled flights. 

lully as important in the Aerojet program to far- 

ther the organization's continued leadership, is the 
practical researchconstantly being doneinall branches 
of jet propulsion. As in the past, solution of many 
problems calling for the application of highly spe- 
cialized knowledge and experience in this field, will 
be undertaken by the Aerojet Staff of acknowledged 
experts. 

Aerojet invites inquiries from anyone with a problem 
which the organization might help solve. 
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A-L SPECIAL SERVICE 
The light-colored central portion of the WAC Cor- 
poral, above, is a three-compartment vessel for the 
rocket's liquid propellents: oxygen in excess of 2000 
p.s.i, and nitric acid and alcohol each in excess of 
600 p.s.i. 

The builders, after engineering and eliminating all 
the ordinary materials, consulted Allegheny Ludlum 
for steels with unusual physical properties which 
could be obtained in the completely fabricated vessel. 
We made recommendations and backed them with 
laboratory test and weld data, on the basis of which 

engineers made their designs and placed their 
ers for material: one grade of Allegheny Special 
oy Steel in two thicknesses of flat stock for the 

igber and lower pressure vessels; another grade of 
llegheny Stainless bar stock for fittings; and the 
ecessary stainless wire for welding. 
The plates and sheets for the vessels were held to 

closely controlled analyses in order to favor the 
ultimate in physical properties, consistent with fabri- 
cating demands. Equally important, Allegheny Lud- 
lum research technicians worked closely with the 
builder in establishing the techn 
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fabrication, heat treatment and hydrostatic test. 
The essential points to he made are that the WAC 

Corporal functioned as planned-and that Allegheny 
Ludlum Research did, too. Whenever you want steels 
to do what ordinary materials can't do, in the handling 
of high pressures, heat, corrosive or erosive influences, 
etc., call on the Allegheny Ludlum Technical Staff 
to help you. 

ALLEGHEN 
LUDLUM 
STEEL CORPORATIO Pa. 
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COVER 11-LI STH %TIO\ 
Dr. Frank J. Mallna with the 

W A C  CORPORAI,, h igh  nit i tude 
smashing' rocket developed by the 
Jet Propulsion Laboratory, GALCIT, 
for the Ordnance Department, A.S.F. 
The rocket i s  capable of reaching 
an altitude of around 230,000 feet In 
~ e r t i c a l  flight. 

Hr. Malina was :I member of the 
original rocket research group. 
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Dr. Theodore von Karman, center, Director of GALCIT, confers with members of the 
rocket research group who are, left to  right-Dr. C. B. Millikan, Dr. Martin Summerfield, 

Dr. von Karman, Dr. F. J. Malina, and Captain H. A. Boushey, Jr. 

RESEARCH AND DEVELOPMENT 
AT THE JET PROPULSION LABORATORY, GALCIT* 

THE Galcit Rocket Research Project was initiated more o r  less informally in 1936 at the Cali 
fornia Institute of Technology with full encouragement of Dr. Theodore von Kannan, Director of 
GALCIT. The original research group was composed of Frank 1. Malina, Hsue-Shen Tsien, A. M. 0. 
Smith, John W. Parsons, Edward S. Fonnan, and Weld Arnold. Early phases of the research were 
financed by a gift from Mr. Arnold. It was Dr. von Karman who foresaw the importance of rocket 
propulsion and the great possibilities of Caltech research in this field. A theoretical and practical 
research program was conducted during the next two years. and in December of 1938, General H. H. 
Arnold, Commanding General of the Army Air Corps, requested a group of scientists comprising t 
Committee for Air Corps Research of the National Academy of Science to sponsor a program f 
several problems of vital interest to the Air Corps. One of these problems was the development o 
rocket units suitable for boosting airplanes. Dr. Theodore von Karman chose the rocket probl 
for Caltech and the committee appointed a sub-committee on Jet Propulsion with him as chairman. 
In July, 1940, the Army Air Corps effectively assumed sponsorship of the Project, and during the 
first two years of the war when the United States was working to make up lost time, the GALCIT 
Project was constantly expanding. 

The many sub-contractors who were called in to lend their special skills to the success of the 
Project invariably gave the utmost of their ingenuity, cooperation, and loyalty. 

The articles contained in this month's Engineering and Science were based on a release by the 
Committee on Publications of the California Institute of Technology for the California Institute of 
Technology, A.A.F. Materiel Command, and A.S.F. Ordnance Department, prepared by Professor 
Roger Stanton. 

GALCn" is a composite of the capital initial letters in the following- Gu enbeim Aeronautical laboratory of the Californh 
t i Â  of Technology. This abbreviation is widely used both in this country and abroad 
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FIG. 1. The Muroc Test Station control room a t  the Muroc Army Air base, California. 

Â¥H Jet Pronuhion Laboratory i-i located within a various narts of the United S 
1 fenced enclosure covering a p p ~ o ~ i m a t e l ~  forty acres companies throughout the Los Angeles area. ' near the western limits of the city of Pasadena, 

California. Within the enclosure are more than eighty JATO STUDY BEGUN 
structures of widely-varied types. Dominating the en- The research begun in 1939 on Jet-Assisted Take-Off 
trance is the Administration Building. Beyond it are for Aircraft under the ausnices of the National Academy 
numerous test pits cience, continued the modest work that had been 
systems fo r  solid an ated in 1936. I t  was understood, as it continues to 
ramjets and turbojet the Laboratory primarily should he concerned 
in high-temperature he solution of basic research problems, to enable 
ing of solid propellants; rmed Services to develop equipment of novel type. 
on underwater missiles; f the immediate objectives of Frank J. Malina. 
tveldmg shops. , Parsons and Edward S. Forman, appointed to 

Under construction t the research program for the first year, was to 
his-hlv-comnressed a two types of rocket motors; one, utilizing the 

u ,  

The staff a t  the Laboratory numbers more than 385. solid propellant, the other. a liquid propel- 
The facilities with equipment are valued approximately . Both types had to he capable of delivering a 
at $3,000,000. tant and sufficient thrust for a period long enough 

ssist a plane to take off and reach an altitude con- 
ed safe to continue its flight unassisted. The period 

was of the order of ten to thirty seconds. 
year was devoted mainly to a survey of early 

erience in the field and to study of the fundamental 
perties of propellants. Little information was availa- 

n rockets with duration longer than one 
d. Two ways suggested themselves to solve the 

delivering a prolonged thrust. The first was 
a plane a group of motors loaded with 

-burning solid charges, and to fire them one a t  a time 
succession so as to produce a prolonged thrust. 
nts conducted by a number of investigators 
uraging in that successive firing a t  split-second 
as not dependable; hence thrust was delivered 

tantly but by fits and starts, strenuous on pilot 
ne alike. The second way that suggested itself 
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was to develop a restricted-burning ~ r o ~ e l l a n t  that would 
hurn at one end only. like a cigarette, in order to 
produce a constant, prolonged thrust. Profiting by knowl- 
edge of the difficulties encountered in attempts to develop 
the first method. the Project directed its efforts toward 
development of the second. 

The first experiments were conducted with commercial 
stick powders, made to specification. The experimental 
motor was built of steel tubing two feet Iongand  one 
inch thick. The inside diameter was three inches. One 
end was plugged; the other end was fitted with a pipe 
flange eight inches in diameter. The motor nozzle also 
was fitted to a flange to match the one on the motor bo 
that the nozzle and motor were connected by bolting the 
two flanges together. The bolts. made of relatively soft 
steel, were of a diameter calculated to give way when 
preAwre inside the motor became dangerously high: thus 
the nozzle was permitted to fly off and save shattering the 
motor. Powder charges were ignited at the nozzle end 
of the motor h j  an electric squih; near the nozzle end, 
also, the motor was tapped to permit pressure measure- 
ments. 

One of the dangers anticipated in the operation of the 
experimental motor was that. under the pressure created, 
the gaseous flame at the end of the solid powder stick 
might strike down between the charge and the chamber 
wall. If it did, the whole charge would hurn so rapidly 
that the result might he an explosion. Or, possibly, the 
transfer of heat down the walls of the chamber might 
ignite the whole charge. Tw prevent such possibilities, 
experiments were conducted with various types of liners 
whose function it wab to seal off effectively the space 
between the powder and the chamber walls so as to 
restrict burning to the end of the stick. 

Over a two-year period, with personnel augmented 
only in the second year, the Project made many hundreds 
of tests. Different powder combinations were tried with 
various loading techniques, and with dissimilar nozzles. 
By the summer of 1941, a dependable, small-scale motor 
and a propellant had been developed and put into lim- 
ited production for experimental purposes. The motor 

FIG. 2. The Corporal E motor in 
operation at the Muroc test sta- 
tion, In designing the Corporal E 
a new method of fabrication and 
assembly had to be introduced. 

delivered a maximum thrust of 28 pounds for 12 seconds. 
Unloaded, the unit weighed 10.7 pounds; the powder 
charge weighed approximately 2 pounds., 

The propellant developed. named GALLIT 27, was an 
amide powder prepared from commercial ingredients. 
Each two-pound charge had to be pressed into the com- 
bustion chamber of the motor in a series of 22 separate 
increments, each under a pressure of 18 tons. Loading 
with large, hence fewer, increments, or  loading under 
lighter pressure, produced powder sticks that were likely 
to explode. 

THE ERCOUPE FLIGHT TESTS 

Calculations had revealed that the combined thrust of 
six of the new motors was sufficient to justify their appli- 
cation to a light airplane. I t  was feasible, moreover, to 
fire six of the units simultaneously. 

The Germans already had used jet propulsion to assist 
d ide r s  into the air. We Americans had not. Our knoul- 
edge was limited to calculations based upon theory. 
Obviously, data based on actual tests were much needed 
to check against theoretical predictions of the distance 
jet propulsion could shorten take-off, with and without 
overloading a plane. If experiment proved the theoreti- 
cal calculations to be sound, then the} could be relied 
upon to predict the performance of any airplane 
equipped with jets. It was desirable to know, too, what 
effect the jet thrust would have upon the +lability and 
control of an airplane, and what effect the hot jet blasts . 
would have upon the plane structure. 

For flight tests, therefore, the Air Materiel Command 
made available to the Project a low-wing monoplane, 
known as the Erconpe. Its weight, empty, was 753 
pounds. Captain H. A .  Boushey, Jr., the test pilot, flew 
the plane from Wright Field, Dayton, Ohio, to March 
Field, near Riverside, California. Two identical assem- 
blies, each incorporating three rocket units. were in- 
stalled on the plane, one assembly under each wing. As 
a safety precaution in ca^e of explosion, each unit was 
designed so that both the exhaust nozzle and the cnm- 
bustion chamber were free to f l ~  clear of the plane. 
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agreatly improved solid propellant and a suitable motor 
were ready for  testing. The improved propellant was 
designated as GALCIT 46. 

Meantime, the Project had been investigating the whole 
subject of solid propellants with the intent to develop 
one better than GALCIT 4,6. The latter had good storage 
life, but good only within too narrow a range of ambient 
temperatures for use in global warfare, which demands 
uropellants suitable for use anywhere from Alaska to 

To determine chances for success with any formula 
combining ingredients essential to all types of propel- 
lant like GALCIT 46, a n  investigation was made of the 
crystalline properties and the thermal expansion rates of 
such ingredients. The investigation suggested that both 
crystalline changes and expansion rates, over a wide 
range of temperatures, varied so that probably any 
compound would crack and disintegrate in burning. 

After exhausting other possibilities, the investigators 



y Department. It was approximately 
ng and five and one-half inches in 
Ie plate, which was screwed into the 
tion chamber, was equipped with a 

ozzle, an ignition squib, and a safety device. called a 
w-out plug, The plug >\as a copper disk designed to 
w out at a pressure approximately of 3,000 pounds 
square inch, thus permitting excess gases to escape. 
prevent danger from flying pieces and temporar} 

cessive thrust of the jet unit at the instant of failure. 
cap with four holes in its side ual ls  %as screwed over 

ie disk. The holes in the cap permitted the gas floxv to 
emerge in four lets nhich mutually canceled thruat in 
any one direction. 

In 1943 the Navy, having a greater use for jet-assisted 
ake-off than the Ann;, began placing large orders for 
motors delivering not only 200, but 500 and then 1.000- 
pound thrust. 

RED FUMING NITRIC ACID AS AN OXIDIZER 

As part of their work between 1936 and 1939. the 
GALCIT Research Group had made some preliminary 
study of liquid oxidizers, Â¥Â¥starti with a review of the 
data their predecessors had made available. After four 
months of work in 1939, they had reduced to four the 
compounds that recommended themselves for further 
itlidy. Within an additional bix week,, by still more 

rigorous process of elimination, they had reduced the 
four to one; namely. red fuming nitric arid, a solution 
of nitric acid and nitrogen dioxide. with the chemical 
formula HNO,NO,. 

The Project celebrated its first birthday, July 1, 1940, 
by initiating a program for the development of nitric 
acid as an oxidizer. For the time being at least. the many 
difficulties inherent in the development of liquid ox\gen 
could be forgotten. The way was open to develop. as  
directed by the Army Air Corps. a liquid-propellaiit 
rocket unit to deliver l.OoO-pound thrust for approxi. 
inately one minute. 

THE FIRST 1,000-POUND THRUST MOTOR 

Engineering practice s u ~ e s l e d  that the de%elopnieiit 
of the projected motor and ita ascmhl! should proceed. 
not in a single step from a small mode-1 to the full-size 
one. but through intermediate models graduated in size. 
in order to minimize the difficulties likely to arise as  
scale increases. h o t h e r  reason for makinfiaste sloul) 
was that manpower and facilities were strictly limited. 
As a starter. then. the Protect designed a unit to deliver 
thrust of 200 pounds. 

Time out to clear ground and construct buildings 
during the summer of 1940 delayed development of the 
projected unit. But late in Fehiiiary, 1941, it was assem- 
bled in the new test pit designed to lion-e it. One end of 

FIG. 4. Motors with 200 pound thrust, 8 second duration, ready for delivery t o  the U. 8. Navy. 
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ttible with red fum 

FIG. b. A 1,000 pound A.T.O. unit on an A-20A 
airplane with the nacelle cone removed. 

hrobbing still presen 

at aniline is spontanrnii-lv comhu: 
g nitric acid. Thn-. at once, ipitiq 
robbing problem' were solved. . . 

in. combustion, and 

e for military operations in that 
ilities for handlingit  and ope 
iline, on t h ~  oihcr hand. thou 
uid that afferts tlie blood, an 
ongh ihc pores of the skin. 

n d l i n c t  would have to be developmi, and crm 
m ~ l d  have to Iw taurht how to use it nroncrlv. Rul th 

propellant rorket units. 
The choice of an airp 

sting a pair of units, e 
lane  suitable for mountinq 

- - . - . . - - - . - 
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dited in January when the A.A.F. sent detailed drawings 
of the plane and an actual nacelle cone to work with. 
Fig. 6 shows a 1.000-pound JATO unit on an A-20A air- 
plane. nacelle cone removed. 

A simplified description of the assen~bly and its instal. 
a t ion  in the plane is as  follows: the nitrogen tank? to 
snpply pressure for the propellants were located in the 
fort+arJ bomb hav,  with a line leading to each nacelle 
o r e .  In each cone were located a motor. two propel- 
lant tanks, and a va lveac tua ted  hy hydraulic pressure 
-to control the, propellant supply. The end of each 
cone was cul off in order to give the exhaust nozzle 
necessary clearance. In the rear cockpit were six pres- 
sure gauges to measure the performance of  the installa- 
tion, am1 eleven controls- all accessible to the operator 
statiom'il thertL 

Among the numerous safety prrcaulions taken, t w o  
especially deserve notice. Each motor, mounted on 
sinks, was restrained by hydraulic thrust jacks in  order 
to permit recoil so that, if there was an explosion, the 
plane would not have to absorb the forward thrust of the 
combustion chamber. The purpose of the second pre- 
~'autioii was to avoid destructive thrust if the nozzle was 
blown OK. It was coupled to the motor body by a pair 
of sliock absorbers so that the two units could react upon 
one another instead of one of them react ingnn the 
l a n e :  moreover. both of them would he brought to a 
full slop within a few inches. 

The flight tests with the A-20A were conducted at the 
A.A.F. Bombing and Gunnery Range a t  Muroc. California. 

A full-scale model, constructed 
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FIG. 9. An early model of the W a c  Corporal missile 
with four fins. 

500 feet long. 16 feet deep. and 12 feet wide. Astride 
the channel rides a towing carriage. the wheels mounted 
on carefully-leveled steel tracks running the length of 

ode1 is attached to !be free end of the strut. When 
carriage is lowered. the model is submerged ready 

r testing. Electrical .-itrain-gauges installed within the 
ode1 connect throiiqli the strut with an oscillograph in 

the carriage. As the carriage tows the model the length 
of the channel, the strain-gauges measure the liydro- 

the model. and the forces 

urface of a model is studied visuallv and recorded bv 

ie Laboratory. Work on the new propellant pro 
TI rapidly after potassium nitrate was introdncei 
Â¥de to slow the burnine rate. .., 

liner mentioned in connection with JATO 
, wab subjected to tests simulating launching from 
rplane flying at different velocities up to 400 miles 
our. (See Fig. 7.) 
rocket unit launched at high velocity hits the water 
such terrific force that it was feared the impact 

the propellant or liner, or  else separate the 
ropellant from the liner, or perhaps separate the liner 
rom ihe steel walls of the motor. A n y  one of these 
ishap't would render undependable the firing of a unit. 

t was necessary, also, to determine the effect of tempera- 
upon the ability of the propellant and liner to with- 

d the impact fo l lowin~aunch ing .  
he test procedure was to launch a dummy torpedo 

ed with a loaded, solid-propellant motor, then later to 
re the unit in a test pit %here. if it exploded. it would 

o harm. Result? showed GALCIT 65 capable of 
t and insmpac t  resulting from launching velocities 

to 385 miles per hour. The launchingttests Bere made 
the Torpedo Launching Range ddevloped by the Cali- 
nia Institute of T e c l i n o i o ~  for the Na%y at Morris 

member, 1911 In January, 1944, Major General G.  M. 
Barnes requested, in a letter addressed to Dr. von Kar- 
man, that the Jet Propulsion Laboratory undertake a 
research and development program on long-range jet- 
propelled missiles. The project was the first of its kind 
in the United States and is based upon a contract between 
the A.S.F. Ordnance Department and the Laboratory. 
As a result, the A.A.F. and the Ordnance Department 
utilize cooperatively the staff and facilities of the 

long-range. Jet-propelled missiles. - . . .  
launching equipment 

as to providr experimental data on the e 

fins, each extending 12 " - - - "  :.,.,.- 

Approx ima~e l~  3 feet long, 
a sharp nose rlrnigned for sup 

uided at tlic a f t  end by four 

ntially thc same rocket as the Private A; 
ns ead of four symmetrical guiding fins at the aft en 
t had one fin aiid t w o  horizontal lifting surfaces with 



total span of nearly five feet. At the forward end of the tion to' meteofolo~cal instruments, were parachute and 
missile, to trim it in  flight- were two stubby wings, their automatic devices for releasing both the entire nose cone 
total span less than three feet. and the parachute; an arrangement that recommended 

The firing tests were at  the Hueco Range- Fort Bliss, itself if the instruments installed were to be recovered 
Texas, April 1-13, 1945. The Range was equipped with intact. 
radar for tracking the flight path of missiles, and with The booster, planned originally to accelerate the mis- 
cameras for  recording initial trajectories. Though the sile. proved to be inadequate. Substituted for it \\?as a 
tests provided valuable data of a higl~l~technical nature. modification of the Navy rocket known as Tiny Tim. 
they demonstrated that a missile with lifting surfaces Changes were made in the fins and nose and thrust was 
requires flight control equipment for regular flight. increased. Designed to deliver thrust of 30,liOO pouiuls 

for one second. the rorket was modified to deliver 50,000- 
pound thrust for little more than half a secoiicl. 

THE WAC CORPORAL Calculations indicatccl, however, that in little more 
By f a r  the most spectacular missile the ~ ~ b ~ ~ ~ t ~ ~ ~  lias than half a second the booster and missile would rise 

developed is a rocket with the code name wac corpo. ")me 216 feet, a prohibitive height for a launching 
ral. It was tested during the autumn of 1945. Some lower. It was decicie(1, therefore- to retain a lower 
information about the missile was released in ~ ~ ~ ~ h .  height of 100 feet. the height agreed upon earlier to meet 
19.1,6. yaw that the ORDCIT contract has heen reclassi. specifications as planned originally. Design had to allow. 
fied, tile ,4rmv ordnance ~ ~ ~ ~ ~ t ~ ~ ~ t  is at liberty to then, for part of the Loost to take place in free Iliglit, 
release more about the story of the Wac Corporal from tinguided by the launchiii!; tower. 
its inception to the flight test already reported. The launcher. fabricated of structural steel, as de- 

~ ~ ~ ~ ~ b ~ ~ .  1944, the ordnance ~ ~ ~ ~ r t m e ~ t  re. picted in Fig. 10, was a triangular tower 102 feet high, 
the ORDCIT project to iIlvestieate the feasibility with three launching rails set 120Â apart. providing an 

a high.altitude rocket to carry twentyfive pounds of rllective length slightly more than 80 feet, after allow. 
nleteorological equipment to  an  altitude of at least ante for the height of the tower base. Piping was 
100.000 feet3 or nineteen miles, in accordance attached to the launcher for servicina: the missile with 
with a requirement of the Signal Corps. propellants and compresed air. A Field Service Trailer 

The investigation evaluated alternatives for meeting simplified the handling of the propellants. 
certain of the requirements. It was decided, for example, A bomb-proof control house. erected approximately 
to initiate {light with a booster, ,and to a launching 500 feet from the launching ton-er. housed measuring 
lower for guidance of the missile until it achieved a instruments and fire control and communication equip- 
velocity safe for holding vertical flight. The alternative nlent. 
would have required equipment even more complicated 
than a launcher and hoostcr to control the flight of the THE 

missile on its upward course. Firing tests of tlic Wac Corporal were carried out 
A feature of the experimenial program was the fal~ri-  

cation and test of a one-fifth scale model of the Wac FIG. 10. ~~~~~h~~ of +he wac ~~~~~~~l a+ +he white 
Corporal. The purpose of the test was to determine Sands Proving Ground. 
whether three tail fins %could suflice instead of the usual 
four. and whether the missile-booster cornhination chosen 
provisionally would perform as anticipated. Tests of the 
Baby Wac, made at  Goldstone Range, California, Jut 
3 to July 5. 1945. confirmed the choice of three fins an 

- .  
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Test Stand 
Testing has been a n  important part of aircraft 

manufacture, dating back to the day Leonardo da  
Vinci's laboratory helper jumped off a stable roof 
with the artist's "flying machine" strapped to his 
back. 

Leonardo's man Friday broke his leg and spent 
six months abed. Maybe the data gained by this 
experiment was  worth it-to Leonardo. Certainly 
the helper learned something. 

Northrop Aircraft, Inc., a leader in research and 
development aimed at  better aircraft, also is a 
leader in testing procedures, but they're a bit more 
advanced than da  Vinci's. The Northrop power- 
plant test-stand, l a rges t  a n d  most completely 
equipped in the world, now houses two of the most 
powerful aircraft engines yet developed. 

Power-plant test-stands, costly to build and oper- 
ate, have proved the best means of finding in ad-  
vance the answers to important questions which 
designers must know. Northrop's test-stand is a 
maze of delicate controls and instruments. Tests 
can be made of more than 1.200 temperatures and 
pressures, with the instruments requiring mainten- 
ance of 12 miles of sensitive wiring and tubing. 

Two external blowers of 250 horsepower each, 
ram 130,000 cubic feet of air per minute through 
the cooling systems, to simulate flight conditions. 
Thus the engineers can know, not guess, about 
such things a s  engine cooling under ground and 
flight conditions, engine oil cooling, propeller and 
structural vibration, carburetor heat and air filter. 
wing de-icing system operation and endurance 
under simulated long-range operation. 

This test-stand also is valuable as a full scale 
mockup, permitting design and fabrication check- 
up. Engine servicing and replacement of engines 
can be brought down to a n  exact science, and a n  
aircraft customer can know to a minute how many 
hours will be required under normal conditions to 
service and replace the engine in the plane he is 
buying. 

Power-plant test-stands, in addition to saving 
many hours Of expensive flight time, aid in elim- 
inating operational failures which otherwise might 
be costly and hazardous to flight test personnel. 

NORTHROP AIRCRAFT, INC. 

Builders of the BLACK WIDOW P-61 and 
Creators of the FLYING WING 

Hawthorne, California 

at the White Sands Proving Grounds, Las Cruces, New 
Mexico, between September 26 and October 25, 1945. 
Tracked by radar the missile reached, a s  reported, an 
altitude of about 43.5 miles in vertical flight. The great 
increase in altitude over that planned in preliminary 
estimates was the result primarily of reduction in weight 
achieved by changes and improvements made as the 
design matured, and of the added impulse provided by 
the Tiny Tim rocket adopted as a booster. 

The Ordnance Department acted as coordinator for the 
various organizations involved in the development and 
firing of the missile. The ORDCIT Project was responsi- 
ble for the preparation of each round for firing, and for 
the technical phases of the firing program. The Signal 
Corps, besides providing weather data, provided the 
equipment for tracking and for receiving signals from 
radio sonde sets released from the missile. The Aberdeen 
Ballistic Research Laboratory installed and operated five 
special camera units and three radar stations located at 
strategic points around the launcher. 

REMOTE CONTROL AND THE TRANSMISSION 
OF FLIGHT DATA 

As part of the ORDCIT Project, the Laboratory is at 
work upon a system designed for the remote control of 
guided missiles; and upon two systems for transmitting 
to ground stations data from vehicles in flight. 

This control system has been designed, not to meet 
service requirements, but as a means to study control 
problems. The position of the missile in flight will be 
plotted by radar, recording the trajectory in both hori- 
zontal and vertical planes so that deviations will be 
apparent. A radio link will be provided for an operator 
on the ground to signal corrections to the missile, which 
automatically will apply them. All the control equip- 
ment is to be mounted in the nose cone of the missile. 

THE GRADUATE COURSE IN JET PROPULSION 

At the request of the A.A.F. Materiel Command, three 
years ago, a course in Jet Propulsion was instituted at 
the California Institute of Technology by the staffs of 
the Guggenheim Aeronautical Laboratory and the Jet 
Propulsion Laboratory. The course has been limited to 
officers of the Army and Navy assigned for graduate 
study at the California Institute of Technology. How- 
ever, provision has recently been made to open the 
course to a few especially-selected civilian students. 

The course covers the basic nrincinles of all known 
jet-propelled power systems, and the performance of jet- 
propelled devices. The Laboratory offers the students 
first-hand experience with working models of various 
types of power systems. 

Coast Centerless Grinding Company 
761 East Slauson Avenue 

10s Angeles 11, Calif. Phone ADams 4261 

PROUD O F  OUR PART IN 
'FINISHING" THE JOB 

Specialists in Precision Grinding, Honing, 
and Lapping 
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Southern California Telephone engineer in the exchange 
transmission group of the chief engineer's office. 

During his undergraduate days Karl was President of 
Ricketts House, a member of Tau Beta Pi and of A.I.E.E. 
He also worked on the Tech, sang in the Glee Club, and 
played on the baseball team. He acquired early training 
for his Association duties by serving as Treasurer of the 
Associated Student Body. Karl and his wife, Phyllis 
Hegardt, have three children. 

1. Stanley Johnson '33, our third departing Director, 
was also a Ricketts House officer in undergraduate days. 
He was President of Pi Kappa Delta and a member of 
Tau Beta Pi. He was also active in Debate and the Glee 
Club as well as Secretary of the Associated Student Body 
and Vice-president of the Y.M.C.A. After graduation 
Stan was with the Southern California Gas Company 
until 1935, working in the sales and personnel depart- 
ments. At that time he went to the Taylor Forge and 
Pipe Works in Chicago in connection with a new auto- 
matic welding process being installed. This work was an 
outgrowth of research done on welding at C.I.T. when 
Stan was winning his M.S. degree. He returned to Cali- 
fornia in 1938 and purchased the assets of the Foss 
Heating and Engineering Company of Pasadena, manu- 
facturers of residential furnaces. The company is now 
known as the Holly Manufacturing Company. 

Paul H.  Hamrnond '36, in leaving the Board also 
relinquishes the difficult tasks of Secretary. 

When Paul was at C.I.T. he was, according to the 
Big T7 a very busy man. He was President of Pi  Kappa 
Delta and of the Student Body. Again quoting the Big T, 
he was "debator supreme" with a first place in Western 

Propellent Tanks , 

Southwest Welding and Manufacturing 

Company was awarded the main contract 

for the construction of the WAC Corporal 

Propellent Tanks. Because of material spe- 

cified (4-6 chrome), approximately twenty 

different welding techniques were tested in 

order to select the one most successful in 

forming an airtight vessel capable of with- 

standing pressure as high as 3,000 pounds 

STEEL BRASS * COPPER 

PIPE TOOLS ABRASIVES 

INDUSTRIAL SUPPLIES 

Since 1849, Ducommun has been helping to 
build the West. Today, we serve over 7,000 
customers in nearly every type of industry- 
stock more than 35,000 items in our 1 I-acre 
plant representing the lines of more than 600 
American manufacturers. 

DUCOMMUN 
METALS & SUPPLY CO. 

4890 So. Alameda St., Los Angeles Phone Klmball 0181 

625 Broadway, San Diego No. 7 Front St., San Francisco 

per square inch. 

The maintenance of roundness and 

straightness during heat treatment at 1,725 

degrees F. required a continuous support 

cradle and a pressure of at least ten pounds 

in each compartment during heating, to 

prevent collapse. 

Continuous accomplishments like this re- 

flect why "built by Southwest" is synony- 

mous with sound engineering and skilled 

craftsmanship. 

SOUTHWEST WELDING & 
MANUFACTURING COMPANY 

ALHAMBRA, CALIFORNIA 
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D. D W I G H T  T A Y L O R  
Consulting Physicist 

Special Engineering Calculations 
Numerical Integration-Subdivision Calculations 

234 E. Colorado Street. Pasadena 1. Calif. 
Sycamore 6-5673 

TECHNICAL DESIGN COORDINATOR CO. 
Complete Mechanical Electrical Hydraulic Automotive and 

Aircraft Engineering Service 

Consulting-Research-Design and Development 

1621 8 Ventura Boulevard 
Slate 4-4905 Encino, Calif. ANqelus 0580 
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Th'os. A. Edison Laboratories now present 
THE MERCURY ELECTRONIC 

VOICEWRITER 
"finest in dictating machines" 

The Ediphone Co. 943 South Broadway 
TRinity 8343 10s Angeles 15 

BLEITZ CAMERA COMPANY 
"The West's Largest Photo Supply House" 

A COMPLETE STORE FOR THE PROFESSIONAL AND AMATEUR 
5338 Hollywood Blvd. Phone Hillside 8201 Hollywood 27, Calif. 

Don Bleitz 

ARMY AND NAVY ACADEMY 
"WHERE THE CAMPUS MEETS THE SURF" 

I f  you are interested in a school of distinction for your son. 
investigate this fully accredited military academy-one of the West's 
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INSTRUIMENTS 
W e  are pleased t o  have assisted with some o f  Caltech's 

toughest war problems. 

Today we offer the same quality o f  Cooperation t o  industry. 

PHOTOGRAMMETRIC INSTRUMENTS 
1060 East Green Street Pasadena, California 

States Extempore and an award of the Conger Peace 
Prize. He was a Key man, a member of Blacker and 
Tau Beta Pi. In 1936 Paul joined the Southern Cali- 
fornia Gas Company. He was with the gas company 
until 1940 when he resigned to enter the Holly Manu- 
facturing Company. He was made Secretary of Holly in 
1946 with responsibility for purchasing, personnel, gen- 
era! office management, and governmental regulations. 
He has a wife, Olena, and two daughters. 

MODERN PLATING CO. 
LEO ATIMION, Proprietor 

Hard Chromium Plating Hydraulic Specialists 
Licensed - United Chromium Inc. 

Cadmium Bright Nickle Decorative Finishes 
Pick-up and Delivery Service 
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308 E. Regent From Inglewood call 

Inglewood ORchard 7-5230 

GEORGE E. BARNHART 
Cold Drawn Tubular Products 

Cold Flow Metal Products 

- 

Mail address 1 425 E. Green Street Pasadena, California 

PRESIDENTIAL SILVER CO. 
"Research and Development Machine Shop" 

223-227 West Redondo Blvd. lnglewood. Calif. 
Call ORegon 8-2555 

I Magnesium Stainless Steel Aluminum 

HELIUM SHIELDED ARC 1 
Research Welding Company 

21451/; E. Florence Avenue, Huntington Park 
SPECIALISTS 

JOHN A. TOLAND Phone LUcas 8906 I 

COLLING PUBLISHING COMPANY 
"Consulting Publishers" 

Textbooks-Brochures-Pamphlets 
124 West 4th Street. 10s Angeles 13. Calif. 

Mutual 8051 
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PERSONALS 

I T WILL be helpful if readers will send 
personal items concerning themselves 

and others to the Alumni Office. Great 
interest has been shown in these col- 
umns, but more information is required. 
Do not hesitate to send in facts about 
yourself, such a s  change of position or 
location, present job. technical accom- 
plishments, etc. Please help. 

-Editor. 

1920 
GEORGE L. CORY, who has been chief 

engineer for the Otis Elevator Company 
since his graduation from C.I.T., has re- 
turned from Service where he served as a 
Major in Ordnance. He has now estab- 
lished his own business in Newark, N. J., 
his company being called the Luxcraft 
Corp. 

1926 
WALLAGE C. PENFIELD is a partner 

of the firm Penfield & Smith, registered 
civil engineers, Santa Barbara, Calif. 

ALLEN L. LAWS, who has been Ver- 

non district manager for the Southern Cali- 
fornia Edison Company since 1941, has 
been transferred to the company's general 
office in Los Angeles as assistant commer- 
cial manager. This change was effective 
June 1. 

1927 
FRED SCHELL, former assistant mana- 

ger, industrial sales, of the Southern Cali- 
fornia Edison Company, has been pro- 
moted to district manager of the Edison 
Company at Compton, California; the 
change being effective June 1. 

1930 
HOWARD GARY recently was made 

president of the Applied Physics Gorp. of 
Pasadena, Calif. 

1931 
WILLIAM M. COGEN, former Major 

in the Army Air Corps, returned from In- 
dia last December where he was assigned 
to a photo-intelligence detachment cover- 
ing operations in Burma for 28 months. 

1934 
ERNEST R. HOWARD became the fa- 

ther to James Douglas Howard, born on 
April 19. 

DAVID W. LUTES visited the campus 

May 6 from San Francisco where he was 
general superintendent for W. C. Tait, 
Contractor. 

GEORGE SIDNEY SMITH, JR., with 
two partners, has gone into business in 
Seattle, Washington, selling and engineer- 
ing industrial electronic controls. 

1935 
DR. J. (E. HOBSON, director of Armour 

Research Foundation, is serving on the Illi- 
nois Professional Engineers' Examining 
Commission in connection with the regis- 
tration of engineers by the State of Illi- 
nois. 

M. VAN REED, former Major in the 
U.S.A. Corps of Engineers, was released 
from Service in May. Major Van Reed 
was an  instructor at Ft. Belvoir Va., for 
the past three years. 

1937 
ROBERT S. CAMPBELL is working in 

the Frequency Change Dept. in charge of 
customer contact work for the Southern 
California Edison Co. Bob was recently 
assigned to industrial accounts in the cen- 
tral manufacturing district of the company. 

HOLLOWAY H. FROST has been trans- 
ferred from Socony-Vacuum Oil Co. of 

ALLEN MACHINE Si TOOL CO. 
Designers and Builders of Special Machinery and Tools 
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Venezuela to Socony-Vacuum Oil Co. in 
Egypt where he will be chief geophysicist. 

1938 
LEROY B. KELLY, fo 

in the Navy, was released to inactive duty 
in February after a period of active duty 
of over four years, three of which were 
spent overseas in the South Pacific areas. 
For the past four months, Mr. Kelly has 
been working at  the Naval Ordnance Test 
Station, Inyokern, Calif., as a mechanical 
engineer in research work. 

1939 
H. D. STRONG is now employed by the 

Corbett Industries, Montrose, Calif. 
1940 

CHARLES PALMER, JR., has accepted 
a position with the Rocket Division of the 
General Tire and Rubber Co. at Pasadena 
and started to work in June. 

JAMES WHITTLESSEY is working for 
the Gladden Products Corp., Glendale, 
Calif. 

1941 
CHARLES L. COBB (AETM 3/c) was 

released from Service May 16. Charles 
served in the Pacific area with CASU 66 
about eight months subsequent to training 
period. 

JOHN B. HIATT, former Lieutenant 
( jg) ,  was released from Service in May. 
John was stationed at Puget Sound Naval 
Ship Yard, Bremerton, Washington, as ship 
repair and maintenance officer. 

1942 
ROBERT L. MOORE, former Lieutenant 

in the Navy, is  now released from Service 
and plans to stay in California. Bob spent 
one year on the east coast, one year on 
Atlantic duty and two years at  Mare Is- 
land, in Naval Ordnance. 

MARTIN GAYER bas been released 
from Service, having served with the Sea- 
Lees on Attu this past year. Martin is the 
father of a son, Paul, born on Feb. 22. 

JOHN R. ALLAN, radio technician 3/c, 

was discharged from the Navy in April 
after returning from Pearl Harbor where 
he was stationed eight months. John was 
formerly employed by Todd Shipbuilding 
and has returned there as a design engi- 
neer. 

GEORGE W. LIND, JR., former Lieu- 
tenant ( jg),  was released from Service in 
April after return from the Pacific area 
where he served aboard the U.S.S. North 
Carolina for one year. George returned to 
Portland, Oregon, to work for his father 
in general contracting. 

R. A. COOLEY bas accepted a position 
at N.O.T.S., Inyokern, Calif. 

1944 
JOSEPH S. BULLER is employed by 

Harman Equipment Co., Los Angeles, 
Calif. 

WILLIAM HAMILTON has accepted 
employment with The Standard Oil Co. of 
California and is working in Northern 
California. 

1ST LIEUT. JAY R. BORDEN is Com- 
manding Officer of H.Q. & H.Q. Company, 
3141 Signal Service Group at  Laserta, 
Italy. 

1ST LIEUT. WILLARD A. DODGE is 
Teletype Officer at the 8th Army Head- 
quarters Signal Center in Yokohama, 
Japan. 

1ST LIEUT. WILLIAM TRIMBLE is 
Motor Officer of the 24th Signal Company 
at Okayama, Japan. 

1ST LIEUT. WHEELER J. NORTH is 
Supply Officer of the 25th Signal Company 
at Osaka, Japan. 

LIEUT. CLIFFORD I. CUMMINGS is 
Liaison Officer to the British Forces at 
Allied Force Headquarters, Naples, Italy. 

LIlEUT. ROBERT J. PARKS was with 
the Signal Corps in Belgium when last 
heard from. 

LIEUT. LEROY SANDERS is with the 
Signal Corps in the Army of German Oc- 
cupation. 

LIEUT. ( jg)  KENNETH DE REMER, 
who was radar officer on the U.S.S. Biloxi, 
was released from Service in June. 

ENS. RAYMOND J. PALMER, Seabees, 
recently returned from the Philippine Is- 
lands where he had been stationed 13 
months working with a wood-construction 
and earth-moving equipment crew. Ray is 
now on civilian status and may return to 
school for his M.A. 

1945 
ENS. CHARLES CUTLER escorted a 

draft of sailors to San Francisco from 
Great Lakes in late May and visited the 
Campus on his return trip. 

ENS. JOHN STERN, recently returned 
from Okinawa, is now released from active 
duty. 

ENS. ROBERT F. SCHMOKER was 
married to Miss Donna Mathews on March 
2 in a formal evening ceremony at Pasa- 
atma. Mr. and Mrs. Schmoker are now 
livinfin Coronado, Calif. 

ENS. BILL McDONNELL visited the 
campus in May while his ship, the APA- 
188 Olmsted, was in San Francisco. Bill 
hopes to be released from Service in mid- 
summer. 

BOB KIECKHEFER, JR., is at Great 
Lakes Ndvd Base as discharge yeoman 
for about 4,000 men. When discharged, 
Bob intends to go into a civilian job at 
the American Lace Paper Co. in Milwau- 
kee. 

WILLIAM J. ELLIOTT has completed 
his training at  the Westinghouse Electric 
Corp. and has been transferred to a per- 
manent position in the Foreign Engineer- 
ing Dept. at the East Pittsburgh Works. 
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