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COUNTDOWN TO SPACE EXPLORATION:
A MEMOIR OF THE JET PROPULSION LABORATORY, 191811—1958+

William H. Pickering'® with James H. Wilson (USA)

I. INTRODUCTION

In the spring of 1944 I accepted the invitation of Theodore von Kirmin, Director
of Caltech's Guggenheim Aeronautical Laboratory (GALCIT), to join a new wartime research
and development project. It had been stimulated by the Allies' discovery of a large and
vigorous rocket-missile effort which the Germans soon launched upon the world under the
name of V-2. Although von Kirmin and his associates in the GALCIT Project No. 1had developed
a family of small rocket engines for aircraft use, another Caltech project had devised a
series of short-range rocket projectiles, .and other U.S. technical groups had done impor-
tant work in military rocketry, at the time no development or research in the field of
long-range rocket vehicles and missiles existed in this country to match the challenge of
the V-2. Von KArmén proposed that sucha program be started, and Army Ordnarce offered to
sponsor the research at what was soon named Caltech's Jet Propulsion La.boratory.l

Many of the skills to be brought to bear on the long-range rocket projectile
were already a part of the GALCIT Project, which had made major contributions to the
technology of rocket propulsion, notably in castable restricted-burning solid rockets and
storable liquid-propellant engines.2 But the new objective called for new technical
skills. The brilliant applied mathematician Hsue-Shen Tsien, who had contributed with von
Kérman and Frank Malina to the JPL-Ordnance proposal, organized a Research Analysis Sec-
tion; problems of alr-breathing engines, aerodynamic testing, and structural design, would
be considered in other new sections; field testing and the acquisition of a test range
were new problems. My own field, electronics and instrumentation, would also be heavily
engaged in the Remote Control Section that I was to found.

+Pz-esent:ed at the Sixth History Symposium of the International Academy of
Astronautics, Vienna, Austria, October 1972.

++Director, Jet Propulsion Laboratory, California Institute of Technology,
1954-1976.
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At the time I spoke with von Karmdn and agreed to join the new project, I was a
member of Caltech's Electrical Englneering faculty engaged in a varilety of teaching and
research activities, mostly war-related. I had training programs underway for military
electronics officers and civilian technicians; I had been associated in radar development,
both at Caltech amd at the MIT Radiation Laboratory; and I had warked actively in the
1930s ard early 1940s with Victor Neher and Robert Millikan in cosmic-ray surveys using
balloon-borne sensors. These interests fitted in rather well with the anticipated needs
of the Jet Propulsion Laboratory, and it was very pleasing to be able to bring them
together in this fashion. I am not certain whether I recognized the high-altitude rocket
and its progeny the spacecraft as practical successors to the cosmic-ray balloon, but I
feel certain that von Kirméin did see this far ahead.

Theodore von Kdrmdn was many great men: a scéientist and engineer, a teacher
whose students may still be found among the leaders of aeronautics in many nations, a
gracious gentleman and persuasive advocate, and a builder of institutions such as the
International Academy of Astronautics.3 But I think his greatest skill was as a mixer of
intellectual disciplines and social forces. His personality drew me into the field of
rocket technology, and created the Jet Propulsion Laboratory as a permanent link between
ardnance ard rocketry users and the scientists of Caltech.

This two-dimensional mixing process, between rocket technology and the applied
sciences on the one hand and between Caltech and the government on the other, offers both
a perspective for viewing the growth of the Laboratory from the challenge of the V-2 to
the launch of Explorer 1, and a key for urderstanding the results. It is my purpose in
this memoir to review the stages of this growth and to reflect on the mixing process as
part of the preparation for the exploraﬁion of space.

IT. A FOCUS FOR RESEARCH

The project to study the technical problems of a long-range rocket projectile,
named ORDCIT after its Ordnance sponsor and Caltech as the research institution, came to
life under contract in late June 1944. At that point it shared the research and test
facilities with three other projects sponsared by the Army Air Forces. These were the
continuing investigation of rocket propulsion (the original GALCIT Project No. 1), the
study of an underwater rocket projectile under Louls Dunn's leadership, and research into
the air-breathing ramjet engine. Cooperation among the sponsoring agencies did much to
promote the joint and mixed research activities.

In part because of the broad spectrum of technical questions it raised and the
new research it called far, and partly because of the strong appeal, both sclentific and
strategic, of ultimately being able to develop a high-altitude, long-range rocket vehicle,
ORDCIT enjoyed an advantage over the three propulsion projects. A high-altitude sounding
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rocket would carry on the work of Malina and his pre-war colleagues, while the long-range
missile answered the direct challenge of the V-2. Although all four of the projects con-
tinued to grow, this last one grew fastest and furthest. It grew geographically, expand-
ing to temporary flight-test ranges in the Mojave desert and the Texas reaches of Fort
Bliss, and to permanent launch facilities at White Sands, New Mexico; it grew technically,
over the range of engineering disciplines mentioned above; and operationally, from the
testing of research vehicles to the systematic integration of a new kind of weapon, and to
new dimensions of scientific observation.u

My own efforts were concentrated upon the ORDCIT Project fram the time I joined
the Jet Propulsion Laboratory late that summer. My first task was to travel East to
examine radar amd optical tracking tectmiques' at the MIT Radiation Laboratory and Aberdeen
Proving Ground, look into the state of remote control equipment at Sperry Gyroscope and
Gulf.Industries, and see Theodore von Kdrmdn, who was recuperating from surgery in New
York. I concluded that we would develop the necessary ground-test instrumentation and
flight-data information systems locally at JPL.

It 1s important to recall that the focus of the pre-war electronics industry
was upon commercial broadcast and communications technology; television and feedback-
controlled autamation were on the bench, not on the shelf. High-frequency applications—
such as radar was to be—were severely limited by the lack of an appropriate amplifying
device. It was impossible to buy, and difficult to develop, equipment that would function
reliably under the stresses of field operation or rocket flight. But wartime mobilization
changed this completely.

During this period the state of electronics technology advanced rapidly, almost
violently. Anglo-American collaboration made possible a large and growing family of radar
equipment and widened fields of application. Camponents rugged enough to ride an artil-
lery shell, exemplified by the proximity fuze, were in production. Aircraft autopilots,
low-noise commnications, and fire-control systems became widely available. Most of us
realized how far the techniques had moved only when, in postwar surveys, we observed the
extent to which Allied efforts had outstripped those of the Germans and Japanese. I
found, for example, that although the V-2 development rounds carried a radio telemetry
system, the Peeneminde engineers had to rely principally upon tracking and recovery of
the wreckage for performance and diagnostic information.

By the time I returned from my first trip in the fall of 1944 and began activat-
ing JPL's Remote Control Section (also responsible for test instrumentation, flight per-
formance "reporting" or telemetering, and tracking), two rocket-vehicle project efforts
were underway. The first, called Private, was intended to provide early integration and
launching experience and to yield whatever applied-research values were possible from so
simple a design. It consisted essentially of a solid-propellant Aerojet JATO unit with
aerodynamic nose and fin assembly added; it was launched from a rail by a cluster of four
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