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AMERICA'S FIRST LONG-RANGE-MISSILE AND SPACE
EXPLORATION PROGRAM: THE ORDCIT PROJECT OF
THE JET PROPULSION LABORATORY, 1943-1946: A MBMOIR®

Frank J. Malina (usa)™

I. INTRODUCTION

The years covered by this memoir, contrasted to those discussed in my first two
memoirs ,1’2 were extremely hectic. It 1s very difficult for me even now to draw anything
like a clear and coherent picture of them. Nevertheless, by drawing attention to unpub-
lished material avallable in the archives of the Jet Propulsion Laboratory, I hope what I
have to say will be of use to historians of astronautics.

Between 1943 and 1947 I became increasingly involved as an administrator of
research. The Alr Corps Jet Propulsion Research Project, G.L\LCIT,2 which numbered around
85 persons in 1943, grew to around 400 by 1946, and the amount of money to worry about
increased from hundreds of thousands to millions of dollars anmually. Although directly
acquainted with all that was taking place on the Project up to 1944, both as regards ideas
and their execution, by 1946 I was aware of more and more research activities but in less
and less detall, ard little of my time was free for carrying out research of my own—a
situation unpleasing to one of my temperament.

Theodore von KArmén's cormection with the California Institute of Technology
(Caltech) became increasingly tenuous in 1942, and in 1944 he became absorbed with acti-
vities in Washington, D.C.,3 where he took up residence. Consequently, in 1944 I took
over contract negotiation fram both technical and management points of view, tasks that
required frequent trips to Wright Field at Dayton, Ohio, to Washington, D.C., and to other
places. Life became a "between trips" kind of existence.

+Presented at the Fifth History of Astronautics Symposium of the Intermational
Academy of Astronautics, Brussels, Belgium, September 1971.

+ Co-Founder and Director (1944-1946) of the Jet Propulsion Laboratory, California
Institute of Technology. Trustee-Past President, International Academy of Astronautics.
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By 1944 it was fairly evident that World War II would end in the defeat of the
farces of fascism in Germany, Italy and Japan. But what then? In 1945 the harnessing of
atomic energy for destructive purposes was demonstrated at Alamogordo, New Mexico, and
then at Hiroshima and Nagasaki, Japan. As I was drawn into the councils of those with
military responsibilities, I participated more and more in discussions of what should be
done in the next war with long-range rocket missiles. Obviously, if atam bambs could be
made light enough, they could be used as missile warheads. Such deliberations became more
ard more distasteful to me as the months went by. I had long been convinced that war
between or by states with advanced technology was a form of national insanity, even before
a way to release nuclear energy had been found. It seemed to me that ideas and effort
were really needed now to find ways for "sovereign" states to function in peace together,
rather than to develop better means of destroying themselves.

By 1946 I was mentally and physically exhausted. General Eisenhower is said to
have remarked when the war ended that all he wanted to do was to go fishing; I felt the
same way, except that I do not care very much for fishing. I had completed 10 years of
rocket research, and dealt with problems on the fringes of basic amd engineering scilence
knowledge, devices requiring the use of explosives and toxic chemicals, the safety of our
staff and of aircraft test pillots, frustrations resulting fram dealing with administrators
who had no grasp of the nature of research, travel by train and by alr to meetings that
frequently were not really necessary, etc. Thus, at the age of 34, I determined to make a
serious appraisal of myself and of my hopes for the future.

When we had begun rocket research at Caltech in 1936, most of our original group
of six was dedicated to the peaceful uses of rocket propulsion.1 The design of a sounding
rocket had been our first goal. Though I never lost sight of our first goal, world devel-
opments by 1938 dictated our participation in the military application of rocket propul-
sion. When the WAC Corporal became the first successful sounding rocket to exceed heights
attainable by any other means in 1945, I felt a sense of personal fulfillment. I under-
stood that this was but the first probe into extraterrestrial space, and that voyages to
the Moon and planets would follow, but I also knew that there were now many others who
would carry on the work necessary to reach these more distant goals. In 1936, the number
of engineers in the world seriously interested in astronautics was probably less than 50;
by 1946 there were several hundreds.

What troubled me most about leaving JPL was the separation fram the members of
the staff, many of whom were my closest frierds and with whom I had shared many good and
many trying times. I have never again worked with a group that was as cooperative and
enthusiastic. But the new goal that I had set for myself was intermational cooperation.
Although I left Caltech with a two-year leave of absence, which was renewed in 1949, I
then allowed 1t to lapse and, in one way or another, devoted myself to international coop-
eration during the past 25 years. The night before I departed from Texas for Unesco in
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Paris, one last effort was made to dissuade me fram leaving the Jet Propulsion Laboratory
(JPL). A general officer of the Ordnance Department telephoned me from Washington, D.C.,
and urged me to reconsider my decision. When I asked von Karman for his advice he had
told me that if he were younger, he would follow a path similar to the one I had chosen;
it was unlikely that anyone else would get me to change my mind.

I made a tour of the East Coast to discuss Unesco with many persons before going
to Parls. Albert Einstein thought that major points of the Unesco program were definitely
worthwhile. He sald we must have courage to fight for real issues and not allow Unesco to
becane impotent, like the Cammission for International Intellectual Cooperation of the
League of Nations. Vammevar Bush sald that scientists must work together to stop wars for
good. He did not lnow very much about Unesco but supported it. Lyndon B. Johnson, then
the Congressman fram the district of my home in Texas, sald he was not acquainted with
Unesco intentions and that the United Nations was just a "baby."

Upon my arrival in Paris, Joseph Needham, Head of the Natural Science Section of
Unesco, assigned me the task of studying ways to break down the barriers to the free move-
ment of sclentists and engineers between nations. It certainly was not true that I became
a member of the Unesco secretariat as a rocket expert, as was stated in an article hostile
to the arganization in the Saturday Evening Post entitled "Julian Huxley's Zoo." Unesco
did not came within a smell of rockets before the International Geophysical Year (IGY) in
1957.

While at Unesco, outside my official duties, I wrote a popular article entitled
"Urmanned Rockets towards Space" in 1950, upon the invitation of Kenneth W. Gatland, who
served as the edltor of a collection of articles for a book called Rockets into Space.
But that venture was given up by the publisher in 1954. 1In 1950, I also wrote "A Short
History of Rocket Propulsion up to 1945" for the Princeton University series of volumes
on Jet Propulsion and High Speed Aerodynamics of which, at that time, my long-time
colleague, Martin Sumerfield was editor. That article was finally published in the
volume Jet Propulsion Engines in 3.959.1l

I did not resume work in astronautics until after the launching of the Sputnik
by the Soviet Unilon in 1957, an event that made more evident than ever the need for inter-
national cooperation in this field. Andrew G. Haley, one of the founders with us of the
Aerojet~General Corporation2 and then President of the International Astronautical Federa-
tion, and von Kdrmdn, who had became active in Federation affairs, told me that it was all
very well to wark quietly as an artist in a Paris studio (which I had been doing since
1953 after leaving Unesco) but that my experience in astronautics was wasted. They urged
me to participate in the work of the Federation.3 After much discussion with my wife, I
declded to accept appointment as a representative of the Federation to Unesco. By 1959,
I was again devoting most of my time to astronautics in the Federation, especially in con-
nection with the establishment and direction of the International Academy of Astronautics.
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But to return to the subject of this memoir . . . .
II. THE STTUATION IN 1943

The Air Corps Project at the beginning of 1943 was consolidating the success-
full development of solid-and storable-liquid-propellant engines for ailrcraft super-
performance applications with research directed to improving the propellants, raising
engine performance, amd increasing their thrust and duration. Cooperation on matters of
development and production was maintained with the Aerojet Englneering Corporation for
those programs sponsored by the Alr Corps and the Navy.2 The Project had placed solid-and
starable-liquid-propellant rocket engine design on a sourd scientific foundation. Prac-
tical information had been provided engineers, permitting the design of uncooled motors to
meet specifications for thrusts of up to around two tons for durations of up to about 75
seconds. By the erd of Warld War II, information on the design of cooled liquid-propel-
lant engines and of pumps was well advanced.

Albert A. Christman, in his history of the Naval Weapons Center entitled
Sailors, Scientists and Rockets, observed: "A suggestion by a Navy captain that it would
be desirable to have a cooperative effort between Goddard and Malina brought ocut Goddard's
view that the work in Pasadena was about the stage in 1940 that his work had been in 1925.
He referred to the Caltech program as the 'Student WOrk.'"5 Goddard evidently did not
subscribe to von Kirmin's maxim: "It is always wise to remember that someone else might be
Just as clever as oneself." Goddard's opinion of our efforts does not surprise me,l but
he must have been surprised when, within two years after his remarks we had successfully
developed ard put into production for the Air Farces and the Navy service-type solid-and
starable-liquid-propellant engines. These became, respectively, the progenitors of the
engines in, for example, the Sergeant, Polaris, and Minuteman missiles, and the Tital mis-
sile and the Apollo Cammand Module and Apollo Lunar Excursion Module.

This raises an interesting question concerning developments in Britain, USA and
USSR after the end of the war, a question that should be probed by historians of rocketry
and astronautics. I belleve a good case can be made to show that military obsession in
these countries far continuing certain developments of German rocket technology caused a
vast waste of funds. The obsession gave priority to rocket engines using liquid oxygen
(LOX), as in the case of the V-2. In the U.S.A., though the development of engines using
a composite solid-propellant and a storable-liquid-propellant cambination was not dropped,
it certainly was assigned a lower priority. But today, not a single American military
operational missile uses a LOX engine, instead they are propelled by descendants of solid-
and liquid-propellant engines developed at JPL before the end of World War II.

The investment in LOX engines turned out to be an overall technological gain,
for they were indeed needed for extraterrestrial space activities, but they were not then
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and are not now of primary interest to the military services. What is more, solid and
storable 1liquld propellants also have an important role to play in the propulsion of
spacecraft at this phase of the "space age." Nonetheless, popular opinion, even the
opinlon of some who should know better, has held that rocket developments in the U.S.A.
lagged far behind that of Nazi Germany. That belief is patently false, but myths die
hard.

III. ORIGINS OF THE ORDCIT PROJECT

At the Alr Corps Project in 1943 we continued to follow the directives of 1939
that limited us to rocket engines for use with a.h:‘c:r'af‘t.2 In the Summer of 1943 this
situation changed radically. In early July, von Karmin received a request from the Cam-
manding General of the AAF Materiel Center, Wright Field. He was asked to study and cam-
ment on three British Intelligence reports on reaction propulsion devices for projectiles
and aircraft supposedly being developed in Gerx.‘.any.6’7’8 Von Karmén's camments, based on
an investigation that he, Hsueh-Shen Tsien (Chien Hsueh-Sen) and I made, were sent to
Wright Field on August 2. Although much of the data from German prisoners in the reports
was incorrect, lnexact, and exaggerated, it was possible to draw some interesting conclu-
sions. The fact that our conclusions bore little resemblance to actual German missile and
alrcraft developments, as we learned later, is irrelevant to their impact on the 1943
military scene in the U.S.A. Fascinating backgrourd material on these intelligence
repo:r'tsé to be read with circumspection, can be found in the book The Mare's Nest by David
Irving.

The AAF Liaison Officer at Caltech at this time was Col. W. H. Joiner, a most
congenial and helpful officer. He immediately appreciated the significance of our con-
clusions and suggested to me that a study should be made of the possibility of propelling
ballistic missiles with the rocket engines we had developed or that were available at
Aerojet. I turned to Tsien for help, and the two of us completed our study in November.
The results showed that although ranges in excess of 100 miles could not be reached with
available engines, rocket missiles could be constructed that had a greater range and a
much larger explosive load than rocket projectiles then being used by the Armed Forces.
After discussing the analysis with us, von Karmsn decided to attach a memorandum to our
repart proposing that a development program be initiated along the lines we had indi-
cated.11 These documents for the first time carried the name "Jet Propulsion Laboratory."
Joiner sent the memorandum and analysis to the Cammanding General at the AAF Material
Center. Captain R. B. Staver, an Army Ordnance Liaison Officer at Caltech, occupied an
office next door to Joiner. Staver also forwarded these same documents to Colonel G. W.
Trichel, Chief of Rocket Development Branch of the Army Ordnance Department.2

10
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Von Kénnén, Tsien and I at this point concentrated our thoughts on the technical
problems of long-range missiles amd on what appeared to us to be the most reasonable steps
to be taken to develop them on the basis of current experience in the U.S.A. with solid
and liquid propellant rocket engines. Staver and Joirer, on the other hand, pursued quite
a different thought process. Staver later told me that they were concerned with assuring
continued support of the development of rocket and other types of jet englnes and of their
application by the military services after World War II. They feared the historic ten-
dency of the govermment to drop potentially important research for military purposes when
a war erded. Furthermore, they bellieved that our Project should not only be continued,
but expanded to become a center of jet propulsion and missile research and development.13
I have pointed out before that there was a conflict of opinion as to the kind of work that
could or should be undertaken by an academic institution of higher education and
research.’ Von KArmAn and I were of the view that Caltech was an appropriate organization
to take responsibility for basic englneering research, but not for the development of
prototypes of engines and of vehicles that involved problems of meeting production and
end-result specifications. The fact that the ORDCIT Project did include these latter
activities can be understood only in terms of the special situation prevalling in the
U.S.A. in 1944.

The response of the military services to the two documents on the development of
long-range missiles planted a seed for the bitter inter-service military rivalry that took
place in the 1950s. I recall discussions with officers in the Alr Forces and the Ordnance
Department on the appropriate "botanical" classification of a rocket missile. Those con-
cerned with army ordnance said that, since long-range guided missiles followed a ballistic
trajectory like a gun projectile, such missiles were clearly a responsibility of the
Ordnarnce Department. Those responsible for long-range alrcraft bombers sald that, since a
long-range guided missile needed aerodynamic control during the first phase of flight in
the atmosphere, the Air Farces clearly should be responsible for their development, and
they called the missiles "pilotless aircraft."

But the Air Forces did not respord to our proposal, much to our amazement.
Instead, von Kérmin received a letter on January 15, 1944, from Trichel of Army Ordnance.
It expressed not only interest in the proposed program, but a desire that Caltech under-
take a more intensive program than originally outlined.12 Trichel urged that a revised
and more inclusive program be undertaken at the earliest possible date. He further stipu-
lated that the Ordnance Department was prepared to furnish the necessary funds to cover
such a project providing Caltech, in turn, was willing to give the necessary emphasis to
the undertaking in the assigyment of personnel and facilities. He also recommended that
a proposal be submitted that would include a chronological schedule of the studies to be
made, models built, etec.; further, if such a project was decided upon, it would be

341



advisable to make a contract with Caltech on a cost-plus-a-fixed-fee basis. The plan of
operations should initially cover not more than one year and the expenditures should not
exceed $3,000,000 for the one-year program.

Trichel's letter threw us into a proper dither! We prepared a new proposal
incorporating his suggestions, and von Ka'nnén, with the support of Robert A. Millikan,
Chairman of Caltech's Executive Council, obtained the approval of the Caltech Trustees to
put forward the proposal to the Ordnance Department. On January 20, Brig. General B. W.
Chidlaw, Chief, Material Division Office, Assistant Chief of Air Staff, directed a letter
to the Commanding General of Materiel Command, Wright Field, requesting the following
1nformat:10n:12

a) Will the Army Air Forces authorize the use of the facilities at GALCIT by the
* Ordnance Department?
b)  Will such a long-range development contemplated by the Ordnance Department con-
flict with work being conducted by the Army Air Forces?

Von Kdrmdn also responded on February 1 to Major General Frank 0. Carroll, Chief
Engineering Division, AAF Materiel Cammand, Wright Field, inquiring about AAF interest in
research directed towards the development of aircraft or pilotless-aircraft traveling at
transonic speed, and apparently helped the Materiel Command formulate answers to the above
questions. 21 Accordingly, on February 17 the AAF Material Command at Wright Field
cleared the Ordnance project to proceed at GAICIT, so far as the AAF was concerned. Also,
Carroll sent a letter to von Kdrmdn approving, under his supervision, a project for
"athodyd" (ramjet) engine development with the Ordnance Department that could be used on
aircraft, provided AAF research would not be retarded in any way.l2

Events now moved rapidly. On February 28, 1944, von Kirmin submitted on behalf
of Caltech a new proposal, based upon Trichel's suggestions, to Major General G. M. Barmes,
Chief of the Technical Division, Ordnance Department, in Washington, D.C. This proposal
was accepted practically intac’c12 (It appears in the appendix). A Letter of Intent for
the Army Ordnance'prog;ram was placed with Caltech on June 22 "for services consisting of
research, investigation and engineering in comnection with the development of long-range
rocket missile and launching equipment and for complete reports, drawings and specifica-
tions describing all work done in comnection therewith." An expenditure not exceeding
$1,600,000 was authorized. A definitive contract followed, and entered into force on
January 16, 1945, with the following objectives:i@

a) The missile would have a minimum weight of high-explosure payload of 1000 pounds.

b) Maximm weight of the missile would not exceed a weight consistent with good
design and maximum payload.

¢) The missile would have a range of up to 150 miles.
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d) Target dispersion at maximum range would not exceed 2 percent for a missile
suitable for direction by remote control.
e) The velocity would be sufficient to afford protection from fighter aircraft.
The termination date of this contract was set at December 22, 1954; however, it was later
extended through June 30, 1946; the total funds provided amounted to $3,600,000.
This expanded program led to a reorganization of the Air Corps Jet Propulsion
Research Project, GAICIT, into the Jet Propulsion Laboratory, GALCIT. The new program was
glven the designation ORDCIT Project (ORDCIT 1s an acronym for Ordnance-California Insti-
tute of Technology).

IV. REORGANIZATICN OF THE AIR CORPS PROJECT INTO THE
JET PROPULSION LABORATORY

The ORDCIT Project required rapid expansion of the staff and facilities of the
Jet Propulsion Laboratary (GALCIT), or, JPL. During the period urder consideration, JPL
was attached to the Guggenheim Aeronautical Laboratory (GALCIT) directed by von K&rmén.
He remained titular director of GALCIT until 1949, when he became Professor Emeritus and
Clark B. Millikan succeeded him. By this time, JPL had been separated from GALCIT and
came directly under the overall administration of Caltech.

While we were in the midst of preparing plans for carrying out the program of
the ORDCIT Project, von KArmn underwent serious abdominal surgery at the end of May 1944,
in New York City, which prevented him fram returning to Pasadena untll September. While
he was recuperating in New York, General H. H. Arnold, Commanding General of the AAF,
asked him to undertake the creation of the Scientific Advisory Board to the Chief of Staff
of the AAF "to investigate all possibilities and desirabilities for postwar and future
war's development as respects the AAF." Von Kirmin left for Washington, D.C., in
December 1944, thereafter returning to Caltech only for short period of time.

The scope of the ORDCIT Project posed Caltech administrators with novel problems.
How would they manage the range of activities, the size of the JPL staff, and the amount of
. money involved? They decided to establish a JPL Executive Board, responsible to the
Caltech administration, whose task would be to oversee the general policles of JPL
administration and the implications of any new technical developments that took place.
Then, when von KArmAn took leave of Caltech, the question of who would direct JPL had to
be resolved. C. B. Millikan was asked to become Chairman of the JPL Executive Board, and
I took over as Acting Director at JPL. But the implications of this division of respon-
sibilities soon required clarification.

Fram my long experience of working with von Kérmén, I knew that a certain cool~
ness existed between him and C. B. Millikan; to be sure, I had inherited this feeling.
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I also could not easily forget that, if von Kirmin had not overruled him, Millikan would
have stopped the GALCIT Rocket Research Group in the spring of 1936. When Millikan stated
in the autumn of 1944 that he expected as Chalrman of the JPL Executive Board to chair
regular weekly JPL project conferences, I exploded. I told him that I could not continue
making technical and administrative decisions if the conferences were run by sameone who
was not intimately aware of what was going on in the laboratory fram day to day. Von
Katmdn supported me.

Nelther my relations with the JPL Executive Board, nor those of Louis G. Dunn,
who succeeded me as JPL Directar in 1947, were ever very satisfactory. On one occasion in
1945 I became so irritated with Millikan when he presented a summary of work underway to
the Board, that I slammed down my papers, announced my resignation, and stalked out of the
meeting. The next day, after taking into account the reasons for my displeasure, Millikan
and other Board members convinced me to change my mind. But the problem of divided res-
ponsibility was never resoclved. Dunn, when he became JPL Director after I left, simply
refused to attend meetings of the JPL Executive Board, and Caltech finally dissolved the
Board in 1948.

In 1944, Col. L. A. Skinner was designated Liaison Officer for the Army Ordnance
Department. Those of us concerned with solid propellant rocket engines were acquainted
with his studies in the 1930s of nitroglycerine-nitrocellulose as a propellant. I also
had met him when he worked with the "Indian Head Group" at Indian Head, Maryland, in the
early 19110s.5 Joiner was succeeded by Col. E. H. Eddy as Liaison Officer for the AAF, ard
Lt. Col. J. W. Newman was designated Liaison Officer by the Army Ground Forces.

Beginning in 1944, research at JPL was carried out on four major projects: JPL-1
(Project MX 121 of the Aircraft Laboratory of the AAF Materiel Command, was a continuation
of the program previously carried out for the Alrcraft Laboratoryz); JPL~2 (Project MX 363
of the Armament Laboratary of the AAF Materiel Command, begun in 191J3,2 was on hydrobomb
research); JPL~3 (Project MX 527 of the Power Plant Laboratory of the AAF Materiel Command,
begun in 1944, was primarily on ramjet engine r'esearch2) ; and JPL-U (the ORDCIT Project).

The ORDCIT Project involved not only fundamental engineering research on thermal
Jet propulsion engines, propellants, and the design of guided missiles, but also the con-
struction of missiles and launching devices for firing tests. The firing tests were to be
made in cooperation with the Ordnance Department. Thus, we had to become accustomed to
thinking in terms of design and construction of much larger devices and equipment than
before. We were greatly helped in meeting this situation by Romeo R. Martel, Caltech
Professor of Civil Engineering and a member of the JPL Executive Board, and by Aladar
Hollarder of the Byron Jackson Co., of Los Angeles, a manufacturer of pumps. The design
of large constructions required to develop and launch missiles was guided by William A.
Sandberg of the Consolidated Steel Co. of Los Angeles. Mark Serrurier of Caltech super-
vised the design of installations for ramjet engine studies. Eugene M. Pierce, Sr., an
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