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Viewpoints on Space Technology:

Before long, someone will start on the construction of a satellite
vehicle, whether in the United States or elsewhere. History shows that
the human race does not allow physical development to lag very far
behind the mental realization that a step can be taken. This is partic-
ularly true of progress which has a direct bearirg on man's conquest of

his environment. . . .

Since the United States is far ahead of any other country in both
airplanes and sea power, and since others are abreast of the United
States in rocket applications, we can expect strong competition in the
latter ficld as being the quickest shortcut for challenging this country's
position. No promising avenues of progress in rockets can be neglected
by the United States without great danger of falling behind in the world

race for armaments.
J.E. Lipp
RAND Report RA-15032
"Reference Papers Relating
to a Satellite Study,”
1 February 1947

The type of pyramidal totalitarian regime that the Communiste have
centered in Moscow . . . is not adapted for effective performance in
pioneering fields, either-in basic science or in involved and novel
applications . . . Hence it is likely to produce great mistakes and

great abortions.

Mo other nation will have the atomic bomb tomorrow, . . .

It [ the ballistic missile] wovld never stand the test of cost analysis.
If we employed it in quantity, we wculd be economically exhausted long

before the enemy.

Vannevar Bush
Modern Arms and Free Men,

1949
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FOREWORD

The United Siates did not have a space program of any sort until 1954,
whern the Air Force finally secured permission to begin preliminary work on
a satellite reconpaissance system. About one year later, in the spring of
1955, the Matioral Security Council’s decision to permit development of a
relatively simple "scientific satellite” marked the start of another approach
to space activity. In both instances, it was 1956 before much in the way of

furds was available to support either activity.

The background of American space interest before the 1954-1955 period

remains comparatively obscure, even to specialists., During the epidemic

of space fever that swept the nationfollowing the Soviet successes of late 1957,

the general public became rather hazily aware of such earlier related -

activities as the experiments of Robert H. Goddard, the development of the

German V-2, and the security-shrouded intercontinental ballistic missaile .
program. But perhaps because the years between 1945 and 1957 had seen

slight American space enterprise, and perhaps because Americans little like

to be told of their failings, the details received no significant aitention.

The purpose of this brief study ie to gather some of the threads of space
enterprise in the 1946-1956 period. For obvious reasons, attention is
concentrated on the American scene and, still more narrowly, on the role of
the United States Air Force. Nevertheless, an attempt has been made to

provide some perspective on other activities related to that general theme.

Available sources are few., H. Lee Bowen's Threshold of Space,

1945-1959 devotes only portions of its first 18 pages to the pre-1957 years.

He had completed the draft of a more detailed treatment of Air Force space

programs by the middle of 1962, but its publication date remained uncertain.

No other Air Force history deals with the period in any depth. Of course,

a phalanxz of popular writers of variable talent and uncertain knowledge had

flooded the market with pseudo science treatises on space flight by 1960, but .
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2one of these writevo made much uoe of official documents and most were
more concerned with dramatics than with the relatively prosaic background

to the Sputnik years.

in the interesat of carly publication, rescarch for this higtory wase limited
largely to sources available within the Space Systems Division (Air Force
Systerr.8 Command) at the time of writing. Dr. Bowen, in Air Force
headquarters, provided both advice and specific infcrmation from his own
rescarch, while cheerfully acceding to the use of some material he had
laboricusly gathered for his own work. Bits and pieces of data came from
the office of the command historian and from a skimpy lot of documents
collected by the author during an earlier assignment to the Aeronautical
Systems Division. Advice, guidance, and invaluable information were also
provided by several individuals assigned to both the Space Systems Division
and its sibling, the Ballistic Systems Division. Major General R. E. Greer,
Coleonels P, E. Worthman and Ray Soper, and Licutenant Colonel V. M. Genez
were particularly helpful. Individual acknowledgements are provided in

. citations of the information as it appears in the narrative.

it is to be hoped that additional information bearing on the formative
years of the space prog:am will appear as a result of continuing research.
Much that is critical to an adequate understanding has been forgotten, or the
records have disappearasd. Comments on the accuracy and completeness of
this account are, therefore, .openly solicited, and any contributions individual
readers can make either to the fund of facts or to their interpretation will be
most welcome. A continuation of the history of Air Force space programs,
probably covering the period from 1955 through 1959, is presently in the
research stage with publication scheduled, hopefully, for late 1962 or early
1963. Revision of this manuscript to reflect the product of reader commentary

and additional research rxiay then be attempted.

RLP
August 1962
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SPACE FLIGHT CHRONOLOGY - 1890-1956

Hermann Ganswindt proposes a reaction-powered space ship

Firat publication of Konstatin Tsiolkovski articles on the
mechanics and theory of space flight

Robert H. Goddard begins experiments with powder rockets
Goddard patents liquid rocket eangine

Publication of Goddard's "A Method of Reaching Extreme
Altitudes"

Hermann Oberth publishes his doctoral thesis on space flight
Goddard successfully static tests the worlid's first liquid fuel

rocket engine

German Society for Space Flight is formed

Oberth's book, Wege zur Raumaschiffahrt, containing engineering
detaile of a esatellite rendezvous proposal, is published

Wehrmacht assurnes control of German rocket experimentation;
Captain Walter Dornberger is assigned to monitor program for
the eventual development of a bombardment rocket

Goddard fires a liquid-fuel test rocket to an altitude of 7,000
feet

Formal development of A-4 (V-2) missile beging at Peenemunde

V-2, on third attempt, successfully completes its initial field
trial

The first V-2 hits London

U S Navy Bureazu of Aeronautics proposes development of an
American satellite

General of the Armies H H Arnold urges that the air service
start the development of long range ballistic missiles and

gpace vehicles

Dr Vannevar Bush ridicules Arnold recommendations in
testimony before Senate committee

Al
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May 12

: May 14

H 1947 Jan
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Sep 18
Sep 25
(Fall)
Dec
Dec 8

| Dec 19

1948 Jan 15
Jan 16
Oct

1951

1953 May 22

Jun 16

Sep &

Dec 3
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U S Navy proposes interservice space program

Aeronautical Board of Research and Development Committee
first discusses proposal for American satellite program

U S Army Air Forces receive the RAND study proposing early
development of an American satellite and attesting to the
feasibility of the undertaking

Major General C E LeMay presents AAF-RAND study to the
Aeronautics Board of the Research and Development Committee;
board fails to take any action

U S Navy asks Research and Development Board for authority
over United States satellite development

Aeronautical Board requests authority to fund satellite studies
United States Air Force officially created and activated

USAF headquar.ers directed Air Materiel Command Engineering
Division to evaluate RAND satellite studies received the pre-
vious February

White Sands Proving Ground designs and proposes Army space
flight experiment

Navy claims satellite jurisdiction; USAF rocket programs
dropped

Engineering Division completes evaluation of RAND satellite
proposals

Joint Research and Development Board Committee on Guided
Missiles acquires Department of Defense responsibility for
coordination and control of Earth Satellite Vehicle programs

General H S Vandenberg issues policy statement on primacy of
USAF space interest

Navy withdraws claim for control of satellite development
"Grimminger Report” ig published, starting United States
interest in a scientific satellite

The Artificial Satellite, first published work on scientific
space experimentation, appears

USAF headquarters directe the Air Research and Development
Command to investigate the feasibility of starting development
of an auxiliary nuclear power source for satellites

Defense Secretary C E Wilgon directs review of all guided

- missile programs with the objective of eliminating duplicative

effort
RAND recommends that the USAF let a contract for development

of a satellite system with a reconnaissance mission
Weapon System 117L, Advanced Reconnaissance System, is
documented by ARDC as first step toward securing approval for

a system program

SSEH-2
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RAND formally recommends carly start on the development of a
reconnaissance satellite

Congress approves United States participation in the Inter-
national Geophiysical Year program

Army Ordnance proposes development of a minimum satellite
under the name "Project Orbiter"

USAF Asgsistant Secretary Trevor Gardner asks the Scientific
Advisory Group to study and report on the interaction of
current satellite proposals with the recently accelerated inter-
continental ballistic missile program

System Reqguirement Number 5 ig issued, covering a
reconnaissance satellite

Army represgentatives approach the other services with pre-
posals for cooperative development of Project Orbiter

General Operational Requirement Number 80 is issued,

covering development of a reconnaissance satellite

The National Security Council rules that military rockets may

not be used in the United States scientific satellite program

The Stewart Committee selects the Navy Vanguard proposal as

the United States scientific satellite program

USAF headquarters directe ARDC to establish a scientific

satellite auxiliary to the Weapon System 117L program

Responsibility for Weapon System 117L is transferred from

Wright Air Development Center to the Western Development
ivision of ARDC

USAF cancels the requirement for a scientific satellite version

of Weapon System 117L

USAF directs re-establishment of scientific satellite program

and submission of development plan

Preliminary development plan covering a scientific satellite
version of Weapon System 117L is published; Western
Development Division emphasizes urgency of support require-
ments if program is tc have any chance of success

ARDC headquarters approves preliminary development plan
Presentation of ARDC plan to Stewart Committee

Western Development Division publishes full development plan
for Weapon System 117L

USAF approves development plan for Weapon System 117L

"
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INTRODUCTION

If there is a theme to the following narrative, it is that the United States
did not exploit its initial postwar advantage over Soviet technology. There is
significant evidence to support the conclusion that American science could
have pushed the nation into the space age in advance of the Russians. The
key event was the successful launch of a satellite, and here the United States

clearly failed to toke the initiative.

The enormous advantages of such an undertaking have often been stated
in retrospect, hindsight being one of the most highly perfected human
characteristics. Enhanced national prestige, a significant lead in the space
raze, and substantial benefits to national security would certainly have
resulted from the launching of a successful American satellite at any time
between 1946 and 1956. It is little known that precisely such benefits were
foreseen on the occasion of the first serious engineering proposal that the
United States sponsor a satellite program. Ten years before Sputnik, in
February 1947, a RAND report prepared for the air forces predicﬁed:l

. Although trips around the moon and to neighboring planets may seem

a long way off, the United States is probably in a batter position at

presert to progress in this direction than any other nation. Since

mastery of the elements is a reliable index of material progress, the
nation which first makes significant achievements in space travel will
be acknowledged as the world leader in both military and scientific
techniques. To visualize the impact on the world one canimagine the
consternation and admiration that would be felt here if the United Stztes

were tc discover suddenly that some other nation had already put up a
successful satellite.

Rarely has a forecast been so accurate!

By 1946 it was apparent to many that the United States then had sufficient
technical competence to embark on a realistic space program with attainable
objectives. Contemporary studies and related correspondence clearly chow
that both technical specialists and Air Force managers had an abundance of
vision. In the early years, before 1952, the booster problem in particular

SSEH -2
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would have been troublesome, but the difficulties were probably no more

formidable than those overcome in doveloping and operating the X -1, the first
supersonic aircraft. And from the level of the Air Force chief of staff down
to project engincers, virtually everyone exposed to the potential of the space
proposals became an enthusiast. What happened, then, to delay for a decade

the nation's decision to enter the space age?

Lack of real progress between 1945 and 1955 was attributable chiefly to
a sequence of circumstances stemming from the extreme conservatism of
national goals. Like the "experts” who early denied that aircraft could ever
play a useful military role, critics of the embryonic space proposals
questioned both the feasibility and the utility of a space program--and some-
times slighted the good sense of its supporters. The dominant attitude
paralleled that of Secretary of Defense Charles E. Wilson, who in the late
months of 1954 told reporters he had never heard of an American satellite
program and when informed that the Soviets might orbit a vehicle earlier
than the Americans responded publicly that ke "wouldn't care if they did.*
Most Americans, secure in their transitory nuclear dominarce and thinking
of national strategy in terms of World War II concepts, probably would have

agreed with him.

There were other difficulties and problems in the early space effort.
Interservice rivalry certainly was one. Austere budgets, without "irills®
like missiles and satellites, constituted another. The space effort certainly
was not the sole victim; over the sarne decade relatively little progress was
made in the development of ballistic missiles, nuclear propulsion for both
aircraft and submarines remainec sludgebound, and experimental acrodynamics
was so thoroughly stifled that some operatisnal prototype aircraft of 1958

were superior in performance to contemporary research aircraft.

It should be remembered, nonetheless, that the decade before 1956 was
marked by the emergence of the first intercontinental bombers (produced
over the violent protests of many who decried the practicality of intercon-
tinental hombardment), the first turbojet aircraft, the first hydrogen bomb,
and a host of other major advancea. It should also be recalled that
notwithstanding national foiklore, American pragmatism has never looked
SSEH-2
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- with particular favor on revolwtionary military technology--as witness the
fate of General Mitchell--and that the results of World War Il had reinforced
a pational faith in rapid mobilization (the "minuteman syndrome") and an
unmatched production potential as panaceas for disabilities arising from lack
of preparedness. It i an historical cliche that the United States has entered
every war superbly prepared to win the previous war. In this context, the
struggles of space program advocates to obtain recognition, and their success
in advancing basic technology to the point where a 1955 start on a space
program could be realistically scheduled, probably deserve more praise than

they have been accorded.

‘Approved for Release: 2025/06/16 C05142113
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"RAND Rpt RA-15032, "Reference Papers Relating to a Satellite Study,"
1 Feb 1947, p 48; see also Douglas Airc Co Rpt SM-11827, "Preliminary
Design of an Experimental World-Circling Space Ship," 2 May 1946
(commonly cited as a RAND report under that title and date).
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CHAPTER 1
THE BEGINNINGS

In the couception of the United States Air Force, ."epace“ is part of an
operationally irndivisible mediumn called "aerospace,” a continuurmn from the
surface of the earth through the atmosphere to the limits of the solar system--
or the universe. In the years preceding that October 1957 day when the first
Sputnik radioed from orbit, and in the furor following that day, a great many
specialized definitions of "gpace” were foisted on a confused public. Such
terms as cis-iunar space, trane-lunar space, interplanetary space, near
gpace, deep space, and cosmic space were employed loogely, each defined by
its employer. Subsequently there emerged a better understanding of such
terminology, and "gpace” came to mean that near-airless regime above which
vehicles could not mancuver by aerodynamic proceasses. Aeg time passed,
that altitude was informally defined as 25 to 50 miles above the earth. A
different working formula derived from experience with early satellites, and
in that context "space” came to mean the height above which it was poasible
for an cbject to remain in orbit for significant periocds without catastrophic
degradation of performance because of aercdynamic drag. The minimum
height for such performance wae informally defined as being about 100 miles
above the earth's surface. Between, in the altitudes from 50 miles to
100 miles above the surface, there existed insufficient attnosphere to support
aerodynamic flight and too much to permit orbital flight.

None of these considerations was of any moment when the first technical

discussions of space flight began to appear at the start of the twentieth
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century.  Such diocussions preceded by many years the first concideration

of rockets a0 long-range bombardment devices.

The earliest sericus proposal for a space ship cmerged from the mind of
Hermann Ganswindt, a German dabbler in science and invention, wko in 1890
contributed the notion of a reaction-powered vehicle based on reascnably
soand theory but impossibly impractical enginecering detaile. Ganswindt
apparently preferred to argue the theory rather than improve the details, and
apart from stimulating some heated but skeptical discussion in minor techni-
cal journals had no lasting influence.

Konstantin Tsiolkoveki (also Ziolkovsky) was a Russian, a teacher largely
self-educated in physics and mathematics, who first mentioned the possibility
of space flight in an 1895 article which, somewhat to his surprise, was
accepted and published. By 1898 he had carefully refined his ideas on the
subject--which had fascinated him for perhaps 20 years--and had arrived at
a workable rocket theory involving liquid fuels based on kerosene, the only
then-apparent means of producing the exhaust velocities he knew to be
esoential. He devoted another 25 years to further studies, with little or no
experimentation, before receiving any general recognition. Even then, that
recognition came because the Soviet state was interested in demonstrating
that 2 native Russgian had been the first to propound mathematical formulae
for rocketry.

Tsiolkovski knew nothing of Ganswindt, and neither of the two pioneers who
followed Toiclkovski heard of him before their own work became rather well
advanced. The creation of useful interest in rocketry--and in space flight--
was the achievement of a German--Hermann Oberth--and an American--

Robert H. Goddard--whose work was for practical purposes entirely

* Consideration of non-technical (fictional) or pseudo-science {fanciful)
treatments of space flight has been excluded from this volume for two
reasons: apart from stimulating interest in adolescent minds such
science-fiction had no influence on later events, and the subject has been
exhausted to the point of ennui by any number of students and connois-
seurs of the literature of science fiction.
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independent of outside influences. Oberth was a theoretician and Goddard
an experimenter. Oberth had space flight in mind from the start; Goddard
wag interested in rocketry almoost as an end in itself. Oberth never suc-
ceeded in transforming his entirely sound concepts into a functioning rocket
engine; Goddard did virtually no public theorizing until he had proven the

validity of his concepts by demonstration. Goddard was a proponent and

practitioner of pure research; with Oberth, the object of space flight far
overbor:e considerations of science in the abstract. Goddard published only
twe significant items, and one of these was a 1919 paper which evoked encugh
puslic ridicule (because it gently suggested the theoretical feasibility of
hitting the moon with a paylocad of flash powder) to cause its author deliberately
to seek obscurity for 16 years. Oberth was more interested in obtaining
support for his ideas than in proving or trying them, and he was entirely
willing to employ such unprofessional media as pseudo-science motion
pictures in the process. Goddard was the first man to build and successfully
test a liquid-fuel rocket (November 1923), »nd by May 1935 had succeeded in
sending a gyroscope-stabilized rocket to an altitude of 7,000 feet. (The best
of the pre-Peenemunde rockets created by the German research group that
eventually developed the V-2 was much heavier but attained an altitude of
only 6,500 feet in about the same time period.) Oberth's efforts resulted in
the formation, in July 1927, of a German Society for Space Flight which
promptly set about recruiting enthusiasts, seeking publicity, and collecting
funds to support experimental work. Goddard carried his objections to
publicity so far as to refuse to answer letters from such groups. In 1929
Oberth reworked his 1923 book, which had started the enthusiasm in Germany,
and produced as a result the most authoritative of the early treatises on
experimental rocketry. Goddard made no effort to circulate the results of his
work until 1936, when it was largely complete (at least he carried it little
further).

Indirectly, Goddard's work led to the formation of the Aerojet Engineer-
ing Company through the Guggenheim Foundation (Jet Propulsion Laboratory
of the Guggenheim Aeronautical Laboratory at California Institute of Tech-

nology), the interest of Dr. Theodore von Karman, and Army Ordnance

SSEH-2
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Department desires to use high altitude rockets to prove-out missile designa.
Very much the gsame thing came from Oberth's efforts, which led with aimilar‘
indirection to German Army sponsorship of the experimental work being con-
ducted by the "Society for Space Flight.” The Wehrmacht, of course, was not
interested in space flight but was very much interested in long range artillery
that did not «::o?ne under the ban of the Treaty of Versailles. As it happened,
that treaty became inconsequential shortly after the German Society for Space
Flight did the same; Hitler's seizure of power in January 1933 coincided with
the start of Army-funded rocket research, and the indifferently concealed
rearmame:t of Germany thercafter obviated the need for any particular dis-
guise. By that time, however, the well financed experiments had been trans-
ferred to Peecnemunde, on the Baltic coact, and had produced resuits which
encouraged the Wehrmacht to continue research toward the objective of a long
range bombardment rocket. Wernher von Braun, a boyish latecomer to the
Society for Space Flight, became the principal civilian manager of the
Peenemunde work and converted to his way of thinking--that missiles were a
step toward apace flight, not an end in themselves--the unlikely figure of the
military chief, Captain {later Lieutenant General) Walter Dornberger. With
resources that at cne time accounted for at least one third of Germany's
entire aerodynamic and technological research establishment, they moved
with relative rapidity from the primitive rockets of 1933 to the operationally
ready V-2 bombardment missiles of 1943. Development of the V-2, or
properly the A-4, began during the winter of 1938-1939 as the climax of five
years of applied research. The iirst successful operational prototype, and
the third test vehicle in the ceries, completed a field trial on 2 October 1942;
more than 100 production versions were tested in Poland in the early months
of 1943. The first combat firing at L.ondon came on 8 September 1944, and

by March of the following year more than 1,300 V-2's had followed the first
to England.
Unfortunately, from the standpoint of the scientist and the space flight

enthusiast, concentration of attention on bombardment missiles neatly

eliminated serious work on space research. At least four people
(Tsiolkovski, Oberth, Goddard, and Dr. Walter Hohmann of Hamburg)} had
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worked out perfectly valid data on exhaust velocities, mass ratios, and

trajectorics before 1930; the decade of the 30's was opent in carrying rocket

_ technology to the point of practical application, and during the first half of

: the 40's rocket technology was applied to the art of war. There were scme
few exceptions--concentrated largely in Germany, where the only propulsion

systems with gufficiently high thruet io promise eventual space applicaticons

, were being perfected. Walter Dornberger recalled several years after the

I‘ fact that "our aim from the beginning was to reach infinite space, and for this
f‘ we needed speeds hitherto undrecamed of. Range and velocity were the great

.: landmarks that guided our thoughts and actions. n In another context he

' remarked, "With our biyy rocket motors and step rockets we could burild space
' ships which would circle the carth like moons . . . Space stations . .. could
» be put into orbit around the earth. An expedition to the moon was a popalar

topic too." He also conceded, however, that most German scientists were
not interested in anything beyond the atmosphere. 1

concept of a useful artificial satellite, although his theorizing, carried to the
point of detailed formulae, was concentrated about the notion of man-carrying
: satellites. and space ships. Lacking any appreciationfor the probable growth of

' guidance and control technology to match what he anticipated for rocketry, Oberth
E largely ignored the possibility of robot vehicles. He saw specific applications

|

|

6

i

} 3 In point of fact, Oberth was the first practicing scientist to have a clear
b
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® Dornberger wrote the quoted words in 1952, seven years after the col-

lapse of Nazi Germany but five years before the first Sputnik. When he
put themn on paper, he was principally engaged in work on a boost-glide
vehicle for military uses--a vehicle of semi-orbital character based on
the Sanger-Bredt thesis. It may reasonably be assumed, however, that
his memory was precise. It is certain that moat military organizations
developing large rocket engines contained a noticeable sprinkling of space
flight advocates, and in a group built around the core of Oberth disciples

the probability was impresgively high.




LUOLlasZl 13,

\

S S DS A0 T Y N PN X% 2 St -
w s ial s SR s S et al#f’-"l,:f?.‘;‘ie_‘!\‘idﬁ ;
gt LoAEhys

. Approved for Release: 2025/06/16 C05142113 ~ o T "*-%

W/

worked out perfectly valid data on oxhaust velocities, mass ratios, and
trajectoriesn before 1939; the decade of the 30's was spent in carrying rocket
technoleogy to the point of practical application, and during the first half of

the 40's rochet technolegy was applied to the art of war. There were some
{few exceptions--concentrated largely in Germany, where the only propulasion
systems with nufﬁcﬁcnzly high thrust i» promise eventual space applicaticns
were being perfected. Walter Dornberger recalled several years after the
fact that "our aim from the beginning was to reach infinite space, and for this
we needed speeds hitherto undreamed of. Range and velocity were the great
landmarks that guided our thoughts and actions. o In another context he
remarked, "With ocur big rocket motors and step rockets we could brild gpace
ships which would circle the earth like moons . . . Space stations . . . could
be put into orbit arcund the earth. An expedition to the moon was a popalar
topic too." He also conceded, however, that most German scientists were
not interested in anything beyond the atmosphere. l‘

In point of fact, Oberth was the first practicing scientist to have a clear
concept of a2 useful artificial satellite, although his theorizing, carried to the
point of detailed formulae, was concentrated about the notion of man-carrying
satellites. and space ships. Lackinganyappreciationfor the probable growth of
guidance and control technology to match what he anticipated for rocketry, Oberth
largelyignored the possibility of robot vehicles. He saw specific applications

_* Dornberger wrote the quoted words in 1952, seven years after the col-
lapse of Nazi Germany but five years before the first Sputnik. When he
put them on pzper, he was principaliy engaged in work on a beost-glide
vehicle for military uses--a vehicle of semi-orbital character based on
the Sanger-Bredt thesis. It may reasonably be assumed, however, that
his memory was precise. It is certain that most military organizations
developing large rocket engines contained a noticeable sprinkling of space
flight advocates, and in a group built around the core of Oberth disciples

the probability was impressively high.
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in observation, mapping, and communicationa--among other fields. Interest-
, ingly encugh, he clearly foreczaw, in 1924, the probable necd for rendezvous

! satellite stations to carry additional fuel for true extra-terrestrial expeditions.

i Inthe immediate postwar years, only two sericus mentions of natellite
programs received much public notice. Defense Secretary James V.Forrestal's
briefmenticn of the poseibility of military satellite applications inhisc 1948 report
on the state of the National Military Establishment drew siight- - and sometimes

condescending--attention. Thepublication of a short article {later called the
Grimminger Report) in the October 1948 issue of the Journal of Applied Physics
drew notice to the concept of a scientific satellite, but except among devotees of

: space flight it hadlittle lasting influence. Popularizationof the space flight thesis
bhadits startinthe early 1350's, with Wernher von Braun's impassioned advocacy
of the need for manned space stations for military purposes--an obvicas outgrowth
cf the Oberth thesis--and with a gradual growth of interestin instrumented
satellites- -an evolution of the Goddard theme- -among physical scientisgts in

A slim 1951 volume entitied The Artificial Satellite constituted the first

PO SR

general.
public circulation of an entire book devoted to discussion of the subject. Its

emphasis was ona "minimum space vehicle, " a favorite 1953-1955project of
several prominent Britich and American scientists. Atthatpoint, the "open®
aspects of satellite work began tomerge again with the military aspects. The

E "minimum" satellite became the core of aclassified Army-Navy project,
Project Orbiter, and the whole blended imperceptibly withInternational Geo-
physical Year ;Sropo sals then gaining adherents. Almostinevitably, the
feasibility of experimentation with satrellites and space vehiclesbecame agsocia-
ted with the only available launch vehicles: the military rockets then under
Private enterprise had neither the ineans nor the motivation to

. o

develupment.
support multi-million dollar space research.

* In a faschion that was reminiscent of Goddard's brief excursion into the

; feasibility of 2 moon recket, Oberth touched in passing on the notion of an
: orbiting mirror that could focus the sun's rays on an area of thc earth--

: . for heat and light. In the circus atmosphere of the immediate postwar
world, the pseudo-science publications szeized upon nis vagrant (and most
impractical) thougnt and emerged with conceptions of a deadly space
mirror focusing intense heat rays on enemy countryside.
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NOTES - CHAPTER 1

Walter Dornberger, V-2, New York Viking Press, 1958 (copyright 1952
in German edition); Dornbergev testimony before Select Comrnitiec on
Aptronautics and Space Exploration, 85th Cong, 2nd Session, 30 Apr 1958,
in Hearings Before the Select Committee... . , on HR 11881.

Except where specifically noted, the foregoing swmmary is based princi-
pally on Willy Ley, Rockets, Misgiles, and Space Travel (New York,
Viking Press, 1957 edition], and Arthur C. Clarke, The Making of a
Moon, (New York, Harper and Brothers, 1957). Ley was perconally
associated with the early German experiments and knew virtually all of
the participants. He remained on friendly terms with both von Braun
and Dornberger in later years. Clarke is, next to Ley, the most
popular and the most proficient of those who write on space flight topics
and has the additional qualification of being both a practicing and a
preaching space scientist. The literature on early space work is rela-
tively sparse, but there is a considerable fund of reliated material on
early misgile and rocket experiments. Robert H. Goddard, A Method of
Reaching Extreme Altitudes (Smithsonian Institute, 1919), and Liguid-
Propellant Rocket Development (Smithsonian, 1936), are the only original
products of America's rocket pioneer, although his wife presented major
excerpts from his notebooks in the posthumous Rocket Development

(New York, Prentice Hall 1948). E.G. Pendray, ©The oming Age of
Rocket Power (New York, Harpers, 1945), is the earliest reliable

summary of the work of the American Rocket (Interplanctary) Society,

but hao virtually no emphasis on space flight. Hermann Oberth, Wege

zur Raumschiffabrt (Munich, 1929) (Road to Space Travel), lacks adeguate
tranciation but is essentially (ke core of Man Into opace (New York, ‘

" Whittsley House, 1953), even ‘hough the English language version carries

heavy evidence of hindsight a- . popularization. K.W. Gatland, Project
Satellite {(New York, Britich Buok Centre, 1958) provides almost the only

other readily available source on early origins of space research. Auny-
thing resembling a definitive h. story of the subject remains to be written.
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CHAPTER 2
THY EVOLUTION OF A POLICY

The jetsam strewn over the face of Europe in the process of dismember-
ing the Third Reich include vast quantitics of technical data and a respect-
able assemblage of practicing rocket scientists. Within reasonable limits,
the western allies cooperated with one another in the collection and disposi-
tion of such esoteric war booty; the scavengers of the Soviet Union competed
hotly with the West for equipment, records, and versonnel of the defunct
German missile programs. In the scramble, the United States fared rather
well, emerging with missiles and rocket engines sufficient for several
dosen test shots and with personnel and records sufficient to keép intelli-

gence specialists and scientists busy for months--or years.®

All three services promptly set to work on missiles and rockets based -
on the German originale as well as a few of the more advanced products of
domestic wartime research and development. Something more than
academic interest was displayed in the question of whether ballistic missiles
constituted an extension of air warfare, a variant of long range artillery, or

a posgible extension of the technique of a naval strike force.

The concept of long range ballistic missiles was sufficiently foreign to
the United States experience to require a considerable revision of established

theories there. The exploitation of loosely defined space vehicle research

Because of the fact that the ground and aix arms of the Army were com-
peting with one another, and both with the Navy, in the "liberation"
process, it was impossible to specify with accuracy how much each
service accumulated. An indicator may be found, however, in the
experience of the Department of State, the only agency officially inter-
ested in collecting German diplomatic records. Material transported to
the United States for examination and utilization was too bulky to permit
page counts; the total of diplomatic correspondence and records came to
more than 450 tons.
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comducted by the Germans required 5till more vision than was common to the
postwar years. The first prominent American with courage to speak
forthrightly about the future of warfare in such a context was General of the
Armics H.H. Arpold. In his "War Report,” a cummary of achievements and
an anticipation of needs, he stated the problem baldly:l

. . .we should be ready with a weapon of the general type of the German
V-2 rocket, having greatly improved range and precision, and launched
from great distances.

< o *

If defenses which can cope even with such a 3, (00-mile-per-hour projec-
tile are developed, we must be ready to launch such projectiles nearer
the target, to give them a shorter time of flight and make them harder
to detect and destroy. We must be ready to launch them from unex- 3
pected directions. This can be done from true space ships, capable of 3
operating outside the earth's atmoephere. The design of such a ship is
21l but practicable today; research will unquestionably bring it into
being within the foreseeable future. ¥ j

The first identifiable interest in a specific American space program was
expressed by a group of Bureav of Aerconautics planners under Commander
Harvey Hall. By the fall of 1945 they had sifted through enuvugh of the
Peenemunde refuse to acquire enthusiasm for the vague satellite proposals
that had emerged from the final years of the German programs. in the
course of a 3 October 1945 meeting, Hall and his fellows in the Electronics
Division of the bureau suggested the need for a satellite test program to
‘determine the basic feasibility of the concept. With some support from a
Navy that was willing to investigate virtually any foreseeable future mission
{Bureau of Aeronautics created a Committee for Evaluation of the Feasibility

of Space Rocketry), the Hall group opened a scries of discussions with the

General Arnold's forecast was promptly ridiculed as “"more or less
fantastic” and as the sort of thing that ". . .is impossible today and
will be impossible for man years"” in official testimony by the wartime
head of American research programs, Vannevar Bush--which may help
o explain why only two official statements on space research reached
the pablic in the years between 1945 and 1951.
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Guggenbeim Aeronautical Labcratories at California Institute of Technology,
with Glean L. Martin Company, with North American Aviation, Incorporated,
and with the Douglas Aircraft Company. By early 1946, all four establicn-
mente had made preliminary analyses of reguirements for the design of !
spaceccalt and had concluded that a satellite could be placed in orbit in the

relatively near future if the attenmipt were adequately supported,

Initial estimates visualized the expenditure of 85 million to 88 million
for the development and construction of a 2,000-pound satellite to be boosted
into orbit by a rocket vehicle possessing between 100, 000 and 200, 600 pounds
of thrust. Upon consideration, the Navy decided it was unable to finance
such a program unassisted, so on 7 March 1946 Hall and his associates met
with Army Air Forces members of the Aeronautical Board (j.ointly staffed
by Bureau »f Aeronautics and Army Air Forces rep-resentatives) to consider
his suggestion that the two services undertake a cooperative space program.
(Captain W. P. Cogswell and Hall represented the Navy; Major General
H. J. Kinerr, Major General H. W. McClellan, and Brigadier Generzl
W. L. Richardson were the principal Army attendees.) The results of the
meeting were summarized in a memorandum which said, in part,

“. . .the general advantages to be derived from pursuing the satellite devel-
oprment appear to be sufficient to justify a major program, in spite of the
fact that the obvious military, or purely naval applications, in themselves
may not appear at this time tc warrant the expenditure. On this basis, the
Army representatives agree to investigate the extent of Army interest by
discussions with [ Major] General [c. E.] L.eMay [ director of research and

development] . . . ."

By 9 April, the satellite proposal had found a place on the agenda of the
Aeronautical Board's Research and Development Committee. A formal
discussion was scheduled for the 14 May meeting of the committee, at which

time an official response to the Navy proposal was to be presented. 2
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In the interval between the 9 April discussion and the 14 May meeting,
the matter came to the attention of the Office of the Commanding General,
Army Air Forces.® That office decided that the position of the air forces
in any interservice conference would be compromised unless its represent-
atives could produce a paper demonstrating equal competence with the
Navy - -and equal interest--in space research. Air staff authorities also
felt that the Army Air Forces should have primary reaponsibility for any
military satellite vehicles, cons:dering such activity be essentially an
extension of strategic air power. Thus was shaped perhaps the first expres-
sion of a viewpoint that became a significant issue in interservice rivalries

for the next 15 years.

Whether General Carl Spaatz, newly succeeded to the post, actually had
custody of the affair is uncertain. Some 15 years later he had no mem-
ory of the incident, suggesting that General LeMay, his deputy chief of
air staff {for research and development, probably handled the details.
LeMay, although diligent in his efforts to rebuild the air forces into a
postwar effective sti‘king arm, was rather less interested in far
advanced projects than in more immediate problems. The possibility
that Spaatz sect the resultant policy can not be eliminated, although it is
also pessible that LeMay seized the opportunity to assert air force
prerogatives in space as an extension of strategic air power. Both
L.eMay and Spaatz, in any event, were fully conversant with General
Arnold's views, and Arnold had taken pains to see that his opinions
were circulated. In words that were somewhat bitter and probably
aphoristic, cne of the "young Turks" wrote a brief memoir of thoase days.
He recalled that, "In 1945, General Arnold called a meeting of 250 of
the key officers of the Air Force. . .He told them he was about to
retire and he had some advice to give them. He said that if they didn't
quit operating and get to thinking, they would find themselves in the
Service Forces where they belonged. . .He said he was pretty well
convinced that an airplane was not a good device to wage war in, and
the boys ('you colonels and little buck-generals, ' he said) should quit
the throttle bending and learn something else while there was still time.
And he recommendad that the Air Force employ all the scientific brains
they could find, and make their own careers out of thinking up ways of
turning the weird and wondrous facts the scientists unearthed into useful
channels. " In such circumstances, it is probable that one of the
"colonels and little buck generals” secured approvals from both Spaatz
and LeMay for the actions that followed. 3
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General LeMay, charged with disposing of the problem, asked the
Douglas Aircraft Company to have its Project RAND group undertake a satel-
lite feasibility study for the air forces--on a three-week deadline "to meet a
pressing responsibility.” Douglas sidetracked other current work and ordered
50 of the company's best scientists and engineers to work on the LeMay assign-
ment. The study was ready, in approved draft, on 2 May; after minor
revision it was actually forwarded to the Pentagon on 12 May 1946, barely in

4
time for use during the 14 May meeting.
The RAND report was, in the simplest terms, a rapid but thorough

engineering analysis of satellite feasibility. Its conclusions were entirely
straightforward:". . .modern technology has advanced to a point where it
ncw appears feasible to undertake the design of a satellite vehicle." An
abstract of the original 321 page study appeared the following month with

an equally forthright statement of conclusions:

The Douglas Aircraft Company, Inc., . . .hasundertaken aconstruc-
tive, realistic, engineering appraisal of the possibilities of building a
spzce ship which will circle the earth as a satellite. Report SM-11827,
kere abstracted, shows it possible today to build such a vehicle which
will take off from tne surface of the earth and return theretc without
destroying itself--this on the basis of our present state of technological
advancement and without dependence on future developments such as
atcmic energy. The particular space ship studied is one designed to
obtain scientific data in the upper reaches of the atmosphere and beyond.
Once thie objective is reached, the feasibility of designing a missile
[satzllite?] for direct military use will have been demonstrated and
then design can te undextaken with confidence.

The arguinents, and indeed the basic caiculations, were remarkably
similar to those expcsed to the American public in the period immediateiy

followir".g the 4 Ociober 1957 circuit of Sputnik I. Although considering the

feasioility and need for a military vehicle, the initial reports dzaltmostly

with the prcolem of orbiting a 500-pound instrumented packet designed to
collect information on "cosmic rays, gravitation, geophysics, terrestial
magnetism, astronomy, metorology, and properties of the upper

atrnosphere.”

The vehicle was conceived of as a multi-stage rocket, using either

alcohol-oxygen (the propellants of the Cerman V-2) or hydrogen-oxygen.
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! : A four-stage alcohol-oxygen rocket and a two or threestage hydrogen-
oxygen recket received detailed consideration. The gross weight of the

alcohol-oxygen version was computed at 302, 055 pounds.

The operating mode proposed in RAND's study was remarkably like

! that actually adopted when the United States began launching satellites 12
years later--even to the suggestion that the vehicle be permitted to stab-
ilize in an extended elliptic arc immecdiately before firing of the final stage.
Calculations {(or estimates) of meteorite frequency and re-entry heating
were carefully done, prompting the blunt statement "that the maximum
acceleration and internal temperatures can be kept within limits safely
withstood by a hurman being. Since the vehicle is not likely to be damaged
by meteorites and can be safely brought back to earth, there is good reason

to hope that future satellite vehicles will be built to carry human beings. né

Although earlier considerations of a "satellite” had been either admit-
tedly theoretical (that is, generally feasible only in the minds of fanatic
space flight devotees) or entirely in plausible, the RAND study of mid-1946
was nearly as much concerned witl. engineering as with basic thecry and
was based orn technology then attainable. However, the importance of the
report lay not in the precision of its calculations {both Tsiolkovski and
Obterth had provided specifics), but in the methods. The figures used in
the report, moreover, represented "a reasonable comprorhise between the
extremes which are possible with the data now in hand. " Cne point seemed
vitally important to the authors:". . .a satellite vehicle can be made. . .

in the present state of the art. " In an editerial aside, as if anticipating the

emergence of an anti-missile, anti-satellite faction, they emphasized that
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"even our more conservative enginecrs agrec that it is definitely possible
to undertake design and construction now of a vehicle which would become
a satellite of the earth."®

One of the most important viewponints of the RAND study was contained
in a cogent preface on the significance of a satellite:

Attempting in carly 1946 to estimate the values to be derived from a
development program aimed at the establishment of a satellite circling
the earth above the atmosphere iz as difficult as it would have been,
some years before the Wright Brothers flew at Kitty Hawk, to visualize
the current uses of aviation in war and in peace. Some of the fields in
which important results are to be expected are obvious; others, which
may include some of the most important, will certainly be overlooked
because of the novelty of the undertaking.

The RAND study made one other point that was largely disregarded in
subsequent years: ". . .the development of a satellite will be directly

applicable to the development of an intercontinental rocket missgile. "%

* The viewpoint of Douglas Aircraft Company engineers (not theoretical

scientists) and of the Army Air Forces Scientific Advisory Group (which
in the December 1945 report prepared at General Arnold's urging noted
the feasibility cf developing a long-range ballintic missile based on
Peenemunde group work) may profitably be contrasted with the December
1945 testimony of Vannevar Bush, then chief of the Office of Scientific
Research and Development. Buﬂh, who had been and still was for
practical purposes the "czar" of military research and development,
told a special Senate Committee on Atomic Energy: ". . . We have
plenty to think about that is very definite and very reahstic--enough 80
that we don't need to step out into some of these borderlines which seem
to be, to me, more or less fantastic.” He added, ". . . there has been
a great deal said about a 3, 000-mile high-angle rocket. In my opinion,
such a thing is imposasible today ard will be impossible for many years. "
o Eight years later, conversatives in the Department of Defense would
detour the entire space program by insisting that a satellite program
must not be allowed to interfere in any fashion with any missile program.
During the post-Sputnik congressional hearings of late 1957 and early
1958, the most outspoken advocate of satellite work, Wernher von Braun
(then directing technical effort at the Army Ballistic Missile Agency)
noted that satellitc experiments certainly could be of as g-eat advantage
to the missile program as the missile program could be to satellite
rescarch. That viewpoint, first expressed by RAND 12 years earlier,
apparently was acceptable only to the von Braun group (Army Ballistic
Missile Agency) and to a few Air Force officers. Administration
officials rejected it in their 1958 testimony.
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More particularly and more immediately, RAND anticipated militayy
requirements for both a satellitc to aid in missile guidance and another with
a reconnaissance and weather surveillance assignment. Scientific informa-
tion of immense significance could certainly be obtained, with particular
benefits probable in the fields of gravitation research, astronomy, weather
forecasting, ionospheric studies, and bio-astronautice. Communications
satellites were specifically anticipated; the 25, 000-mile orbit "stationary
satellite” received detailed consideration. Finally, in what probably lent
the final touch of fantasy for conservative readers, the RAND studies brieﬂg

touched on the potential of the satellite as a forerunner of true space flight:

The most fascinating aspect of successfully launching a satellite
would be the pulse quickening stimulation it would give to considerations
of interplanetary travel. Whose imagination is not fired by the possibil-
ity of voyaging out beyond the limits of cur earth, traveling to the Mcon,
to Venus and Mars? But, a man-made satellite, circling our globe
beyond the limits of the atmosphere is a first step. The other necessary
steps would surely follow in rapid succession. Who would be so bold as
to say that this might not come within our time?

Descending to the more prosaic, the engineering study considered in
detail the several ingredients of a successful satellite program: dynamics
of orbital moticn, power plants and fuels, structural weights, design
proportions, size and trajectory factors, guidance, orbital problems,
descent and landing, general vehicle design, the requirements for a2 man-
carrying vehicle, an estimation of time and cost, and an evaluation of

research and development requirements. ¥

Although the entire concept was startling in its implications, in the
opinion of those experts who looked at it 15 years later one of its most
impbrtant contributions--largely unrecognized at the time--was its pene-
trating analysis of the advantages of and obstacles to the use of hydrogen as

a propellant. le Perhaps less significant but certainly of considerable

It seems neither necessary to discuss in detail these elements of the
RAND studies nor {in view of the bulk of the study) feasible to do so. Copies
survived, and with a bitof scrambling could still be located 16 years later.
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interest in that it repreoented the basic technical conservatism of the
approach, was the general cstimate of rescarch and development cost--8150
millions--and time requirements: “"approximately five years time." Except
that the eventual payload was appreciably leas, both the cost and the time
were remarkably close to the actuals of the Vanguard program--which
finally succeeded in March 1958, In May of 1946, therefore, the best
engineering talent the Army Air Forces could employ had concluded that:lz

Technology and experience have now reached the point where it is
possible to design and construct craft which can. . .become satellites
of the earth. This statement is documented in this report, which is a
design study for a satellite vehicle judiciously based on German experi-
ence with V-2, and which relies for its success only on sound engi-
neering development which can logically be expected as a coneeguence
of intensive application to this effort. The craft which would result
from such an undertaking would almost certainly do the job of becoming
a satellite, but it would clearly be bulky, expensive, and inefficient in
terms of the spaceship we shall be able to design after twenty years of
intensive work in this field. In making the decision as to whether or
not to undertake construction of such a craft now, it is not inappropriate
to view our precent cituation ac similar to that in airplancs prior to the
flight of the Wright Brothers. We can sve no more clearly all the utility
and implications of spaceships than the Wright brothers could see flests
of B-29'g bombing Japan and air transports circling the globe.

Usnhappily ior the prospect of immediate approval and a venturceome
approach to the space flight problem, the cbvious expensive nature of the
program, its tenuous justification and the lack of either obvious or immediate
benefits, and the complete absence of any motivation that seemed salable to
the general public combined to keep enthusiasm well within boumis.$

It must be remernbered that the immediate postwar years were charac-
terized by attitudes peculiar to such pericds. Congress, tne accepted
sounding board for public opinion, was set on reducing taxes, cutting
federal expenses, and satisfying pent-up consumer demand. There was
no apparent threat to the security of the United States; indeed, with
exclusive possession of the atomic bomb it seemed the wildest of fancies
to conjecture an attack of any sort, from any quarter. Moreover, to
many it seemed fanciful enough to work toward an all-jet Air Force,

(Continued)
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Although the oatellite proposals were diocussed during the 14 May 1946
Research ard Development Committee meeting, nothing approaching a deci-
asion resulted. The committee merely forwarded itz sumnmary to the
Acropnautical Board with & notation that there was no agreement between the
air and pavy factiqns. and the Aeronautical Board characteristically decided
to await receipt of a high level definition of responsibilitics for the military

.. 14
space mission. , \

much less a space force. Finally, the chauvinism characteristic of
wartime public opinion in every democracy had convinced all but a few
that the United States possessed the world's finest a2ircraft 2nd a support-
ing technoleogy second to none. With Germany crushed, Russia trodden

to bits by invasion and counterassault, France a shell filled with

political unrest, and Britain nearly bankrupt, there seemed no conceivable
competitor in the technical fields. The sense of realism, the urgency
irherent in the Navy satellite proposal, the Arnold philosophy, and the
RAND study was unique.

A much less expensive proposal for space experimentation, one having
"no obvious scientific value® but possessing a "propaganda value™ rated
as "considerable,” reached the desk of W. Stuart Symington, then
civilian chief of the air arm, the day before the 14 May 1946 Research
and Development Board meeting. Symington, who was scarcely timid
in his suppnrt of advienced developments, suggested to one of the air ctaff
chiefs (Licutenant General I. C. Eaker) that a proposal to shoot a2 cloud
of luminous particles at the moon might be "sticking our neck out as
regards careless use of taxpayers money. . . " One of Eaker's aides,
who was convinced that the 2ir forces should make some start on space
research, neverthsless cautioned his chief, "The newspapers would
have a field day if they learned that we were spending a big sum of
money to send a cloud of dust to the moon." The project in question,
which would - -if successful --have constituted a "scientific first™ of
enormous influence on public opinion, required little more than one of
the many surplus V-2 rockete plus a2 modified nose cone.l3
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impaticat of the delay, the Navy in January 1947 appsealed to the
Joint Research and Dovelopmont Board to create a special ad hoc commitice :
on astronautics todatermine which of the services should have cognisance M
over space Programos. 15 Each branch obviously recognined the vital char-
acter of such a decision {which was not {inally reached umtil March 1961).
Ne ruling at all was forthcoming immodiataly, with the result that the
Acronautical Board ard its Research and Development Committee undentook
to defend its own primacy. Inasmuch as the Acronautical Board waso equally

compoesed of Army Air Force and Navy Bureau of Aeronautics delegates, that

was npo more than a temporicing solution. The abseance of any firm: policy on
which t¢ bane the assignment of actual projects or programs continued to
dilute whatever useful resuits happened to emerge from studies.

In June 1947 the Aeronautical Board asked that ite innate authority to
cooedin‘ate special studies and rescarch projects be confirraed but before
agreement and a binding decision could be cobtained, new developinents had
overtaken the old. The Joint Research and Development Board on
19 December 1947 directed that its own Committee on Guided Missiles
"apssume responsibility for the coordination of the Earth Satellite Vehicle. ®

By that time the muddled organizational squabble had grown more acri-
moniocus through the separation of the air service from the Army and its
appearance ag an independent Air Force. In the process of creating the new
Department of Defense, the Joint Research and Development Board was
transformed from a coordinating body into a policy body with authority
derived from its status as part of the defense department. Moreover,
contimuing indecision and the implications of Aeronautical Board recommen-
dations had combined to make space policy a matter of defense department

concern rather than a joint service problem . .

There was one further obstacle, defined later by a keen student of the
period, which arose from the fact that the board and its various committees
were strongly influenced by civilian members who frequently exhibited "the
congervative judgement that has often characterized leading academic
scientists, and for a long time they dismissed space plans as 'military

dreams’'. n 17
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During the 1940- 1948 period the most highly reapected spokcsman of
American science, the individual who had ultimate wartime authority over
virtually all applied science and research used by the armed forces,
Vannevar Bush, exposed the American people to his opinions on the future
of the military arta. His influence could scarcely be questioned; his patron-

izing distrust of General Arncld (and military scientists in general) was all

too obvious,

We are . . .decidedly interested [he wrote] in the question of
whether there are scon to be high-trajectory guided missiles. . .
spanning thousands of miles and precisely hitting chosen targets. The
question is particularly pertinent because some eminent military men,
exhilarated perhkaps by a short immersion in matters scientific, have
publicly asserted that there are. We have been regaled by scary art-
icles, complete with maps and diagrams, implying that soon we are
thus all to be exterminated, or that we are to employ these devilish
devices to ezterminate someone else. We even have the exposition of
rmissiles fired oo fast that they leave the earth and proceed about it
indefinitely as satellites, like the moon, for some vaguely specified
military purposes. All sorts of progrostications of doom have been
pulled from the Pandora's box of science, often by those whose scientific
gualifications are a bit limited, and often in such vague and general
terms that they are hard to fasten upon. These have had influence on
the resolution and steadiness with which we face a hard future, and
they have dome much harrn, vague as they are. But this one ie explicit,
and we can treat it. )

And treat it he did. In essence, Bush ridiculed notions of ballistic

missiles on grounds of "astronomical” costs and impossible inaccuracies
g

complicated by the obvicusz impossibility of creating an effective warhead.

The man who thus cavalierly diemissed the ballistic missile as entirely
impractical and satellites as the vaporings of military incompetents was,

during the critical years 1946 through 1948, chairman of the Research and

Development Board. 18

As was probably irnevitable in the climate of the times, the Research and
Development Board ultimately rejected the satellite proposal as not supported
by a military requirement. That did not end the matter, however, the Navy in
particular was ertremcly interested in using a cluster of available rockets to
orbit "a small payload.” The project was quite feasible in terms of available

technology--or at least it seemed so to those whoe lecoked back on it several
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years later. 19 But the key decision wao that of the Rescarch and
Development Board, and its Guided Missile Commitice alluwed the proposal
to die of funds starvation. The rensow no evidence of military utility. A
great many promising missile programs aleso disappeared from the funding
schedules in 1947 and 1948, most because they were too theoretical o¢ too
far removed irom op .rational utility to satisfv oxisting requirements Quring
a period of financial retrenchment. Thevre was no ready means of appeal;
the position of the Research and Development Board, interposed between the
researchers and the upper levels of the defense department, gave that

organization something like a final word. 20

~ Irretrievably tied to the miseile pregram, and being controlled essent-
tally by the missile program managers, space and satellite proposals could
rot avoid being affected by far-reaching policy decisions aimed principally
at missiles. The progression was principally in financial austerity. In
December 1946, the guided missile budget for fiocal year 1947 (thsn half-
way to completion) was reduced from $29 million to about $13 million. In
consequunne 11 of the 28 surviving missile projects had to be sliminated.
The 17 remaining projects decreased to a total of 12 in May 1947--and
shortly thereafter to 8 programs. The residuale did not include the
Cornsolidated-Vultee long-range ballistic miseile project. Apart from the
ill-defined requirement for a2 rocket-boosted, ramjet-cruise missile {(eventu-
ally the Navahko), no "big rocket” programs remained in the "funded” cate-
gory. Nor wae this situation transitory: not until 1950 did funds appear to
support the resumption of "big rocket® work, and even then the program was

restricted to research and general design activity.

Thus proposals for an active development program leading toward a
specific satellite launching failed of approval. Indeed, it may safely be
said that such proposals did not even receive serious consideration. The
advicory committees which controlled the decision process were themselves
dominated by individuals who considered ballistic missiles and satellites to
be inconceivable for practical use in the decades immediately ahead. The
uncertain state of technology obviously was another factor, although engineers

and scienticts who studied the space program proposals had no doubt of the
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nation's ability to overcome whatever technologica: obstacles there were.
The urgent nced of the late 1940' s to medernize the military and naval
machine that had won the war did much to direct attention toward new but
relatively eonventional weapons rather than missiles and related devices that
secemed far in the future. foreover, in the financial climate of the late
1940’0, before the Soviets had demonosirated their ability to comnstruct a
nuclear bomb and before the onset of the Korean affair, an economy move
was inevitabie. The Department of Defense as a whole suffered cutbacks

in operational forces as well as research and development--although in
proportion the impact was undoubtedly greater for the latter. In 1947 the
Air Force lost its only ballistic missile program {(the Navy retained the
Viking project and the Army continued working toward the Redstone) and

Air Force rocket research barely limped along on a slender thread of
financial support derived from booster rocket requirements. Nevertheless,
the flavor of subtle irresponsibility that missile and space programs acquired
through the actions of the major advisory committees probably was at least

as important as any other single factor in halting moves to begin develecpment.

In the meantime, the Army Air Forces, with the approval of the
Aeronautical Board (and later of the Joint Research and Development Board)
continued to support study efforts in the regime of space operations. On
1 Febn\afy 1947, RAND forwarded a raulti-volume expansion of earlier
satellite work which contained detailed analyses of satellites in general and

specialized aspects of the space vehicle in particular.

For six months, the new submissions had no discernible effects. Then
on 18 Septernber, the Urnited States Air Force offically came into being.
Preciyely one week later, on 25 Septembezr, Air Force headquarters asked
the materiel command’'s Engineering Division to study and evaluate the RAND
satellite revorts of the previous February from the standpoints of technical

and oporational feasibility. 2z

Thz Enginecring Divicion response left Wright Field on 8 December 1947.
in the interval between the submission of the RAND studies (February 1947)
and the completion ol the Engincering Division analysia of those studies. a

mumber of critical events had affected the total situation. Probably most
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tmportant was the continuing decline in the level of missile program funding

and, for that matter, in the total of rescarch and development funds. The
fact that a considerable quantity of air staff timmne was consumed in the pro-
cess of obtaining approval for an independent Air Force ( summer 1947)
undoubtedly influenced the handling of sensitive topics like the satellite.
Additionally, the control of Congress had passed from the administration to
the opposition party, which set about eliminating residual wartime controls,
reducing taxes in general, and markedly limiting federal expenditures. The
general expectation of spokesmen on the new defense establishment was that
Punification” would promptly eliminate redundant projects and programs in
the three services with a consequent reduction in the cost of national defense.
The new defense department was in itself expected to institute immediate
reforms which would promptly lower departmental budget requirements. In
total, therefore, the prospects for approval of radically new and probably
expensive development programs of unproven military worth were no brighter
in Decernber than in February, even though the inhibitions of operation under
restrictive policies based on extreme scientific conservatism tended to dis-

appear with the establishment of an autonornous Air Force.

It was in this enviroment that the Engineering Division response to
General Spaatz was composed. As a beginning, the division certified the
technical feasibility of both development and operation of "a satisfactory
satellite vehicle.” However, the chief of the division wrote, "Insufficient
data is available at this time to determine whether the complexity and cost
will in time permit practical utilization of such a vehicle." Conceding that
"an appropriate development program" could solve apparent technical diffi-
culties, the Engineering Division nevertheless had serious misgivings about
the feasibility of funding the necessary program at an appropriate level. The
temporizing solution, then, was to recommend establishment of 2 satellite
project, but to limit its scope to the preparation of specifications and the
collection of information on requirements ("time, manpower and money"),
function ("what useful purposes could be served by the construction and
operation of a satellite vehicle"), and scheduling ("the optimmum time to

begin aztual construction of a complete satellite as opposed to component
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development®). The key phrases came late in the comment lotter: It ie

recognized that there is an urgent need of developing guided missiler and

allied equipments already called for by military characteristice and that

scarce funds and limited component scientific talent must first be used in
L nd3

this field.

The Air Force deputy chief of staff for materiel, Lieutenant General
H. A. Craig, decided that although the financial obstacles to full satellite
development program were formidable, the time had come to take a stand
on the general issue. His conclusion was that "the passage of time, with
accompanying technical progress, will gradually bring the cost of such a
vehicle within feasible bounds." He therefore advised the vice chief of staff,
General H. 5. Vandenberg, that the proper course was to incorporate the
~rux of the Engineering Division recormnmendations in a formal Air Force
policy statement. General Craig said, in so many words, that the satellite
could and probably should be built, but that at the moment the Air Force

was in no position to finance the undertaking.

If the February 1946 decision to have RAND analyze satellite feasibility
was the first turning point in the evolution of an Air Force space program, ,
General Vandenberg's January 1948 policy statement was the second. Signed
on 15 January and communicated to the £ngineering Division one day later,

‘ . _ .24
ment of space program interest by any service:

The USAF, as the service dealing primarily with air weapons«-
especially strategic--has logical responsibility for the satellite.

Research and Development will be pursued as rapidly as progress
in the guided missiles art justifies and requirements dictate. To this
end, the program will be continually studied with a view to keeping an
optimum design abreast of the art, to determine the military worth of
the vehicle--considering its utility and probable cost--to insure develop-
ment in critical components, if indicated, and to rzcomrnend initiation
of the development phases of the project at the proper time.

In forwarding that policy to the Engineering Division, the Air Force

director of research and development authorized the Wright Field agency to
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put it into effect "by action under the RAND contract. " General Crawford, *
at Wright Field, ther«upon instructed RAND to cstablish a satellite project
with the objective of {::rthering the development of vital components and
techniques needed “for the eventual construction and operation of & satellite
vehicle.” The remainder of his instructions paralleled the Engineering
Division recommendation of 8 December. RAND received specific cuthori-
nation to lst res¢arch and study sub-contracts, though "subject to the

approval of the Air Materiel Command and availability of funds. w25

One of the most discouraging elements of the correspondence wae
cemmon both teo the orviginal Engineering Division comments of December
and to the Crawford letter to RAND, in February. It was contzined in the
injunction that RAND shouid advise the Air Force "on request or at appro-
priate intervals” on the question of "what purpose could be served by the
construction and operation of a satellite vehicle." It was obvious, quite
apart from the matter of funding competition between long range programs
and the immediate needs of the Air Force, that higher echelons had no firm
conviction of the military worth of satellite proposals. Incredulity that the
space age--or even the missile age--was actually dawning typified reaction
to both ballisiic missile and satellite proposals. . The immediate effect of
the Vandenberg dictum, then, was little more than to encourage the contin-
uaticn of RAND-conducted studies of a future satellite and its prospective
uses. For the next three years, the critical problem of the air staff--and
of the materiel people at lower echelons--was to shelter a minimum research
and development effort from the consequences of fund limitations that threat-
ened not mercly the "fantastic” elements of the program, but actually such
"bread and butter"” projects as were involved in the first generation of turbo-

jet-propelled strategic bombers and interceptors.

Chief, Engincering Division, Air Materiel Command, recently promoted
to major general.

§§EH-2

— T At .
Approved for Release: 2025/06/16 C05142113




i -

- Approved for Release: 2025/06/16 C05142113

N

TR AT Adac S g B i o e s SO

C05142113%

NOTLES - CHAPTER 2

i. The War Reports of (}enera.‘q(}eor e C; Marshall, Genecral H. H. Arnold,
AEdmizal Ernesti.:ﬁin& (New ?orfx‘. LCipincott, 1947y, 452-456.7

2. Memo, Ch, BulAer 1o JRDB, subj: Earth Satellite Yehicles, 24 Jan 1947,
cited in H L Bowen's unpublished mss on the evolution of space research
policy, in Hq USAF Hist Liaison Ofc files; see also H L. Bowen,
Threshold of Space, USAF Hist Div monograph, Sep 1960; brief mention
18 found in the Dec 1954 chronolegy "Project 1115 Background, " appar-
ently based on WADC corresp files, cy in SSD Hist Div {files: ARS/WS
1171 thru 1955; confirming details, and the quotation from the memo
following the 7 Mar 1946 mntg, arc contained in D Pearson and J
J Anderson articles in Los Angeles Mirror, 28 Apr 1961, and in the
Pearson and Anderson book: U. S. A, Second Class Power? Although
Pearson's contributions to history {requently manage to warp the facts
rather thoroughly, it is apparent that in this instance he had unofficial
access to certain Navy Department documents. It goes without saying
that the Pearson version has both & hero (BuAer) and villains {(LeMay
and MajGen L C Craigie). For this narrative, the Pearson account has
been accepted to the extent of considering his direct quotations a2nd his
citations of names, dates, and specific items to be correct if supported
by other reliable sourcus. -

3. The precise source of the quotation is unknown. It was given to the
present author in 1954 by a Pentagon returnee who had first removed
the signature lines. The section quoted is relatively innocuous; other
paragraphs contain rather harsh comments on flight pay, the Navy's
carrier program, and Air Force "complacency” concerning missilea,
Information on the Spaatz recollections was drawn from ltr, H L Bowen,
Hq USAF Hist LiaisonOic, to W D Putnam, SSD Hist Div, subj: Review
of Manuscript, 18 Jun 1962, which notes that A L Goldberg of the Hist
Liaison Ofc had asked Spaatz about the incident. Bowen, who has studied
the era more intensively than any other researcher, believed that Spaatz
made the subsequent decisions, a judgement in which the present author
concurrs. In the absence of conclusive evidence, however, the matter
must be considered uncertain.

4. Memo, Ch, BuAer to JRDRB, 24 Jan 1947; Bowen mss; "Project 1115
Background, " Dec 1954; Douglas Airc Co Rpt SM-11827, see note below;
1tr, Bowen to Putnam, 18 June 1962.

5. At some point over the later years, most copies of the original report
received "Project RAND" covers, although the original was Douglas Airc
Co Rpt No SM-11827, "Preliminary Design of an Experimental World-
Circling Spaceship, " Contract '¥33-038 ac-14105, 2 May 1946 (in SSD
Hist Div Files); the subsequent summary report was Project RAND
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First Quarterly Rpt, App II, "World-Circling Space Ship, * RA-15001,
Jun 1946. They are hereafter cited by their report numbers. Both
reports became raritice of a gort, going out of print in relatively short
order. The May report, assembled so hurriedly at Gen LeMay's
insistence, wag reproduced and circulated in ozlid, so great was the
rush and so slight the time for final polishing. It is interesting that in
all of the testimony taken following the first two Sputnik successes and
the soveral United States space flight failures, there was not a single
public reference to the RAND studies of early 1946.

RA-15001, Jun 1946.
SM-11827, 2 May 1946, p 9.

Hearings Before the Preparedness Investigating Subcommittee of the
Committee on Armed Services, United States Senate, 85th Cong, lst and
2nd Sess {Parts I and II): "Inquiry into Satellite and Missile Programs"
{hereafter cited as Johnson Committee hearings); Hearings Before the
Select Committee on Astronautics and Space éxploration. 85th Cong,
2nd Sess, on H. R. 1188! (hereafter cited as Stennis hearings}); partic-
ularly testimony by Undersecy of Def D A Quarles, Johnson Committee

hearings, p 305.
SM-11827, 2 May 1946, pp. 10-16-

Bowen mss.

Jobnson Committee hearings, Dr John Hagan (Dir, Vanguard Proj)
testimony, 26 Nov 1957; Stennis hearings, MajGen B A Schriever
(Cmdr AFBMD) testimony, 24 Apr 1958; Staff Rpt of the Select
Committee on Astronautics and Space Exploration, 85th Cong, 2nd Sess,
" The International Geophysical Year and Space Research, " 22 Dec 1958.

SM 11827, 2 May 1946, p 1.

Memo, W S Symington, Asst Secy War for Air, to LtGen I C Eaker, Vice
ChAir Staff, 13 May 1946; memo, Col T A Sims, Air Staff, to

LtGen I C Eaker, 14 May 1946; both in History of the Development of
Cuided Misailes, 1946-195C, AMC Hist Ofc R Selfy, Dec E?gl. I,

128; the proposal itself, called "Shooting the Moon, " is described in
RAND Rpt RA 15000, June 1946, p 8. Designed by Dr Luis Alvarez. a
RAND consultant, it was considered "relatively simple and

inexpensive. L

Merac, R/Am3 Stevens, Chm R and D Comm, Aero Bd, to Aero Bd, subj:
Caece No 244 - High Altitude Earth Satellite, 15 May 1946, cited in Bowen
msg; Bowen interviews with Pentagon staff.
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Memeo, Ch BuAer (¢ JRDB, gubj: Earth Satellite Vehicle, 24 Jan 1947,
with Incl A: Ad Hoc Parel on Astronautics, and Incl B: Preliminary
Statement of Problern for Ad Hoc Panel, cited in Bowen mss.

Memo, ¥. H. Richardson, Admin Secy to JRDB, to Exec Dir, GM

Comm, subj: Earth Satellite.7 Feb 1947; memo, LtGen H S Vandenberg,
Sr Army Mbr of Aero Bd, to JRDB, subj: Satellite Agency, 13 Jun 1947;
Memo, R and D Comm, Aero Bd, to Aero Bd for transmission to JRDB,

- subj: High Altitude Earth Satellite Test Vehicle, 13 Jun 1947; Memo,

JRDB tc Aero Bd, subj: Earth Satellite Vehicle, 9 Jan 1948; all cited
in Bowen mss.

Bowen mss.

VYanevar Bush, Modern Arms and Free Men (New York, Simon and
Schuster), 1949, pp 84-86. DBush contributed other absurdities in a
volume that had enormous circulation through the nation's leading book
club and obviously influenced the research and development climate of
the Pentagon. In a single volume he demonstrated the perils of prophecy
by an ill-inform3d amateur whose viewpoint proved to be considerably
mecre limited than that of the " parochial military experts” upon whom he
heaped scorn. Perhaps the best illustration of his unbelievable lack of
foresight was his prediction that "years of effort" lay ahead of any
foreign power attempting to develop an atomic bomb. Between the time
he wrote that unfortunate paragraph and the time his book was circulated,
the Russians had exploded their first nuclear weapon!

RAdm J T Hayward, Asst Ch Naval Ops(R and D), testifying before
Select Committee on Astronautics and Space Exploration, 85th Cong, 2nd
Session, 18 Apr 1958, in Hearings Before the Select Committee. . ., on
H. R. 11881; draft article for Naval Institute Proceedings Magazine,
prep by Capt C W Steyer Jr. et al, citec in Bowen msa.

Remarks by Sen W S Symingfon, 16 Jan 1958, during Johnson Committee
hearings (p 1876).

Ltr, LtGen N R Twining, CG, AMC, to CG, AAF, 25 Mar 1947; Itr,
MajGen B W Chidlaw, DCG, AMC (Eng),to CG AAF, 6 May 1947, memo
BrigGen T S Power,Dep Asst Ch, Air Staff (-3), to CG AAF, 16 Jun 1947;
all reproduced as docs in Vol II, History of the Development of Guided
Missiles 1946-1950, AMC Hist OFTM'R Seify, Dec 195T: sec also Vol I
ol the Self Hist pp 38-46.

Ltr, BrigGen A R Crawford, Ch, Eng Div, AMC, to C/S USAF, subj:
Project RAND, Satellite Vehicle, 8 Dec 1947, in SSD Hist Div files:
Feedback Project.

Ibid.
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24. Lir, MajGen L C Craigie, Dir/R and D, DCS/Mat, USAF, to
BrigGen A R Crawford, Ch, Eng Div, AMC, subj: Satellite Vehicles,
16 Jan 1948, with policy stmt of 15 Jan 1948: "Statement of Policy for

a Satellite Vehicle, " signed by Gen H § Vandenberg, Vice C/S, USAF,
in S5D Hist Div files; Bowen mas.
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25. Ler, Craigie to Crawford, 16 Jan 1948; ltr, MajGen A R Crawford, Ch,

Eng Div, AMC, to Douglas Airc Co (RAND), subj: Satellite Project,
17 Feb 1948, in SSD Hist Div files.
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CHAPTER 3

THE EVOLUTION OF A PROGRAM

The character of the space cffort of the late 1940's, in all the services,
was best described by a section in the first annual report of the new defense
department, issued at the close of 1948:l

The Earth Satellite Vehicle Program, which was being carried out
independently by each military service, was assigned to the Committee
on Guided Missiles| of the Research and Development Board] for coordi-
nation. To provide an integrated program with resultant elimination of
duplication, the committee recommended that current efforts in this field
be limited to studies and component designs; well-defined areas of such
research have been allocated to each of the three military departments.

The limitation "to studies and component designs" was particularly galling
to the Air Force. In December 1947, in the letter which had ultimately led
to the Vandenberg policy statement, the Engineering Division had specifically
recommended--on the basis of the earlier RAND studies--that a satellite

project should be established and a start made on component development. In

the minds of Air Force engineers and scientists there was no doubt of the
feasibility of the RAND approach and of the satellite itself. 2 The problem was
essentially that other and more critical programs were suffering from
monetary anemia, and in such an environment there was slight chance of
obtaining funding support needed for an active space program. In an era of
relative abundance, the Air Force might have been able to overcome the
skepticism of the civilian scientists who advised the defense department or
the enthusiastic support of a group of recognized scientists might have served
to loosen departmental purse strings. But in the absence of one or the other,
nothing could be done. The key factor, it was early apparent, was the absence
of a clearly recognizable military requirement. In so many words, the
skeptics could ask "what can a satellite do that an airplane can not do? " The
answer of the time was that the satellite could do many things beyond the
capacity of an airplane, but none seemed to gerve any demonstrable military

purpose.
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In point of fact, it was precisely toward a pyvoof of miafitary uiility that the
Air Force had begun moving in 1947. Although disappointed in the fact that no
specific development program had been approved, the Air Force was making
reasonably steady progress through the studies to which it was essentially
limited. The basic feasibility of satellites, from the otandpoint of rocket
performance, had been examined and accepted. By virtue of the 1946 and 1947
studies (and the subsequent Engineering Division analysis of their findings),
engineers and scientiste had gained assurance that a useful rocket vehicle to
launch a satellite could be developed with but minor and entirely attainable
advances over existing technology. Second, they had decided that the payload
would have to be relatively slight--probably less than 2,000 pounds--unuil!
better rockets were available. Third, it was apparent that 2 recoverable

vehicle would be a complication of the basic problern.

With this indication that a payload would be restricted to instrumentation
and communications equipnient, the question became one of what equipment,
and with what utility. Between 1947 and 1951, RAND devoted considerable
effort to an aralysis of military usefulness, particularly to reconnaissance--
a field “in‘which a satellite may well show advantages over other types of

vehicles. ”

In those same years, the Air Force comtinued its tenuous progress
toward acquiring authority to conduct a development prograrn 2s opposed to a
study effort. The subdued controversy between Navy and Air Force interests
had flared into an open conflict in December 1947, when the Navy formally
submitted to the Research and Development Board a claim for exclusive
possession of rights to satellite development. Affer several weeks of acri-
mony, the Navy on 16 January 1948 (the day after the Vandenberg "position
paper"” on Air Force space interests) withdrew its claim, and the two services
again set about their separate zpproaches. For the Air Force, all that could
immediately mean was continuation of the RAND work. In February 1948
Air Force headquarters, through the Engineering Division, had asked RAND
to undertake further detailed studies, and shortly thereafter obtained the

concurrence of Research and Development Board in that approact.

*
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For practical purposes, the Navy discontinued satellite studics at that
point. Under contract to the Navy, the Glenn L. Martin Company had been
doing work similar to that of RAND since carly 1946. The Martin efforts had
resulted in a proposal for a 1,450-pound satellite that, said the researchers,
could be orbited in the near future. {(Much later, in the aftermath of the Sput-

nik affair, the then-president of the Martin Company told a group of reporters
that the Navy-Martin program could have put a satellite into orbit "before the
Korean War. ")5

Army ordnance was in roughly the same situation, 3 group at White Sands
Proving Ground having designed a aspace flight experiment in the fall of 1947. 6
By virtue of a general agreement with the Research and Development Board,
however, the Air Force became the only service authorized to expend defense
department funds on studies of satellite vehicles. The Air Force assigned the
work to RAND under its regular contract, and the Research and Development |
Board subsequently {mid-1948) confirmed that RAND was solely responsible

for such studies.

In November 1950, RAND submitted definitive recommendations to
Air Force headquarters covering extension of research into specific aspects
of the reconnaissance mission for satellites. Major General D. L. Putt,
Air Force director of research and development, endorsed the proposal and
saw that it received neceasary support. Its product was a pair of brief reports
submitted in April 1951 --reports which for the first time categorically and in
considerable detail stated the engineering feasibility of a military-purpose

satellite. &

In the most important of the April 1951 studies, RAND reported that
"pioneer reconnaissance {general location and determination of appropriate
targets) and weather reconnaissance are suitable with the resolving power ;
preazently available to a satellite television systemn.” In the interval between
1947 and 1751, of course, it was precisely that sort of intelligence which had ;
become vitally important to the Air Force; the obvious prospective foe was the i

Soviet Union, ito vast spaces and totalitarian political structurc giving it

relative security from conventional intelligence approaches. Moreover, in

that interval the Soviet Union had demonstrated a largely unsuspected
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ascientific compelence by detonating atomic weapons ycaro before omperts
anticipated thai cvent, the Soviet sphere of influence had cxmtendsd over the
whole of continental China, and for thefirsttime since 1939 the S8oviet world
had attemnpted armed aesault on a bordering ctate--the Republic of E(@}ém,

In the case of robot reconnaiscance, the rosearchers c«maidy@d the
basic problems invelved in developing, assembling, leunching, cperating and
profiting from the device. ® The analysis certainly was more comprehengive
than anything previcusly atiempted. And the conclusions were guite
encouraging, though not markedly different from thoese of 39%:9

The varicus components conotituting a catellite vehicle to be
utilized for reconnaicsance . . . [are] individually feasible to varicus
degrees. To combine these parts into a reliable operating whole will
require considerable basic scientific and engineering effort. No radically
new developments are indicated, however; rather, & reconstitution of
known theory and art in roecketry, electronics, emgines, and nuclear !
physica.

Specifically, the researchers concluded that a two-otage rochket (as
opposed to the three- or four-stage vehicle originally considered in 1946)
weighing about 74,000 pounds and carrying a 1,000-pound payload could catis-
factorily conduct general reconnrissance, recolving objects with a mamimum
dimenosion of 200 feet. Reliability--largely a matter of refining electronic
components--would generally determine the duration of usceful activity. With
improvements in television components 20 a stage then aitained wnder labora-
tory conditions, it ccemed entirely poosible to reduce the resolvable dimen-
pion requircment to 100 feet while still providing continucus coeverage from a
single satellite on a basis of every target surveyed every other day. A further
improvement (to a rescolvable dimmension of 40 feet) would theoretically permit
virtually all military reconnaissance to be performed by satellite. 10 Covi-
cusly, useful weather information could be obtained by even less demnanding

*®  Specifically, individual consideration was devoted to (1) orbits and ground
coverage, (2) the problems of television recomnaissance, (3) attitude con-
trol in the orbiting vehicle, (4) requirements of an auxiliary powerplant
and {5) an analysis of the anticipated reliability of the system. The basic
requirements of the launch vehicle received separate consideratioa.
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techniques; resolution on the order of 500-foot dimensions probably would
prove entirely adequate. On the basis of sketchy experience with interpreta-
ticn of weather tronds from photographe taken from probe rockets, weather

prediction 2lso seomed feasible. !

Ao wap sometimes done for particularly significant or potentially sensi-
tive subjects, RAND both preceded and followed the formal published studies
and reports by presenting data to specialized groups, particularly at Wright
Field and in the Pentagon. Among a great many experts who had been
desperately puzeling with the reconnaissance problem, there resulted con-
siderable enthusiasm for RAND's findings. 12 The Research and Development
Board, which had only recently rejected another Navy proposal for a small-
pachage scientific satellite, fully sanctioned further studies. In the wake of
the 1951 studies, the Air Force authorized RAND to make specific recom-
mendations for the start of development work in the reconnaissance satellite

program--then called Project Feed Back. 13

Submission and consideration of the April 1951 RAND studies coincided,
quite by accident, with the activation of an avtonomous Air Research and
Development Commmand and with increased stature for the recently created
headguarters Air Force staff agency, the Deputy Chief of Staff, Development.
Both organizations were guided by officers who were firmly convinced that
far too much emphasis had been placed on procurement and production aspects
of the materiel function in postwar years. They proposed to re-emphasize
the reszarch and development aspects of the Air Force mission, and th.--

promptly set about their task.

s
The lower-echelon organizations, principally the Air Materiel Command’o

Engineering Division, had for the moet part been entirely sympathetic to
“advanced idcas” but had achieved no notable success in securing their
acceptance at higher levels. Competition between proposals for radically
new techniques and reyuirements for improved weapons to employ in the
irnmediate futurce (the Korcan affair was then in full flower) tended to
decreace the cffectiveneoo of the Engineering Division, noncthelese.
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By November 1951, the Air Force had arvanged for the Atomic Encrgy
Commission to begin work on small reactore suitable for use as power sourceo
in satellite vehicles. RAND planned to subcontract major portions of the next
phase of basic research, utarting with the study of an orbital sensing and con-
trol subsystem (subcontracted to North American Aviation in March 1952).

By June of that year, preliminary results of the reactor analyecs were avail-
able; all were favorable to the feasibility of the proposal. A comntract between
RAND and the Radic Corporation of America followed, in mid-June; the
electronics firm was to study optical systems, television cameras, radiation,
recording devices, presentation techniques, and reliability aspects of a
reconnaissance subsystem for a satellite. Concurrently the Communication
and Navigation Laboratory at Wright Air Development Center contracted with
North American Aviation for a study of a pre-orbital guidance system for a
satellite {July 1953).

Most of this work was financed under a special supplement to the existing
congract with RAND, effective for fiscal year 1953 and specifically designed
to support the satellite research. The Atomic Energy Commission acceded to
an Air Force proposal that it fund the study aspects of the reactor work, at
least to the point of proving theoretical feasibility.

In the first two years following the establinkment of an autonomous
Air Research and Development Command, a minor difference of opinicn
involving RAND arvd the new crganization occurred. The command decided
early im ito existence that the Air Force rather than the corporation chould
have management responeibility for the several subcontract studies being
momitored by RAND. Nothing came of the proposal initially, and RAKD con-
tirued to control study efforts ("the rescarch phase®™) under the philosophy of

tuirning the work over to the Air Force "an soon as development work can be

etarted. ®

In May 1953, this process went one step farther. Air Force headguarters
firet directed the recearch and development command to investigate the
feasibility of starting development work on an awxiliary nuclear power plant
for the satellite, and ther added imotructions that the agency was to begin
Pactive direction® of the entire Feed Back program by 1 June. One of the

w‘:&”‘%?
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prime motives was the obvicus fact that the reconnaissance satellite programm
: had to be carefully integrated with the recently re-activated Atlas ballistic
micsile effort. Siaff planners clearly foresaw that Atlas was the logical boost
vehicle for the satellite. (At the time, the Air Force was also specifying
! reconnaissance versions of its major development systems, including Snark
and Matader migciles. The reconnaissance package seemed to offer potential

for = similar reconnaissance payload for the Atlas. )34

Air Research and Development Command representatives 'who began
! arranging a transfer of custody emerged from their initial contact with the
RAND group in a state of high enthusiasm. Lieutenant Colonel V. L. Genez
returned from his initial visit to the RAND satellite office with the firm
conviction that an immediate effort should be made to orbit a satellite,
regardless of the availability of the reconnaissance subsystem. FHe comnsidered

the psychological advantages of such a program to f{ar cutweigh any disability

arising from limited operational utility. One month later, in September 1953, ‘
RAND itself flatly recommended letting a systemn design contract within a year
and proceeding to a full systermn development program “"perhaps immediately

following the completion of experimental component tests. al3

Endorsement of the RAND recommendation by the research command
headquarters and preliminary steps toward the start of component develop-
ment marked the closing months of 1953. Although there were objections to
the proposed acceleration of work (notably from the command's atomic energy
program manager, who felt that at least another nine monthes of study should
be devoted to the auxiliary power source before development began), the

threads gradually began to draw together once more.

At that point, the Air Research and Development Command decided to
pull together the proliferating aspects of the satellite work into a single
project, thus making its unified management more feasible. Tentatively
identificJ as Project 409-40, "Satellite Component Study,® the program was
aloo given unofficial possession of a systemn number (Weapon Systemn 117 L)
to cover the ultimate system development effort. On 3 December 1953, the
program received new direction; headguarters of the Air Resecarch and
Development Command ordered Wright Air Development Center to redocument
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the effort under newly adopted managoment procedureos (80-4) and to divect
activity toward a demonstration of the feasibility of major eatellite COMPO-
nente. The telcvision-optical reconnnissance subsyotern, attitude and
guidance control equiprnent, and the auxiliary power plant wevre specific goale.
By the end of the year, the entire satellite "program" had made a semi-
official transition from a planning project to @ proposed system. Given a new
project number, it was transferred to the custody of the Bombardment
Minsiles Branch in Wright Air Development Conter's systeme management

crganisation. 17

In January 1954, while RAND was in the final stages of preparing a
summary report on Preject Feed Back, Project 1115 acquired the unclasosified
title "Advanced Reconnaissance System® and an M¥X (engineering project)
number: MX-2226. Apart from the fact that the new names and codes were
rather mora prosaic than the "Feed Back" nomenclature earlier used, their
adopticn served to distinguish the proposed Air Foree program from the
RAND studies, which were rather 'wull known througlout the services. How-
ever, the several items of code numbering, system number, and project
number had not yet received confirmation or approval from Air Force
headguarters. Although the work was progressing, it still lacked the
authorization required for a fully effective program. 18 Such authorization

wags to come in the trail of the long-awaited summary report frorm RAND cn

Project Feed Back.

Refinement of engineering data, intensive investigations of individual
aspects of the reconnaissance satellite proposal, and highly detailed analysis
of techmnical, fiscal and political {international) requirements and
repercussions were compiete by early 1954. Over a period of more than two
years, RAMD had subcontracted studics to a variety of highly qualified
cregearch and industry groups. Several hundred scientists and engineers had
a part in the contributory studics and in the final report. In comsequence,
that report (dated 1 March 1954} contained the validated {indings of some of
the most highly regarded individuals and organizations in the navion. On the
basis 3f such work, RAND specifically recommended that the Air Force
undertake “"the earlicot poosible completion and use of an efficient satellite

SSEH-2
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] reconnalasance vehicle” as a matier of “ vital strategic intereot to the

United States.” Additionally, RAND urged that the satellitc project be
“congsidercd and planned” at a high policy level and that it be conducted under
elaborate secrecy wraps to prevent dangerous international repercussions.
On such a basis, it seemed possible to RAND that the development and initial

cperation of the satellite could be completed in about seven years and at a
total coet "on the order of 8165 million"--although the researchers cautioned
that uncertainties inherent in the prediction of development trends rnight
double or treble that cost. (RAND also remarked, with considerzble fore-

sight, that it may be possible to attain the end goal of the program from one

to two years earlier at a considerable increase in cost.")

There was an element of finality to the concluding paragraph of the
sumMmary:

RAND has been working on the satellite vehicle for 8 years. During
this period the metamorphosis from a feasibility concept to a useful
reconnaissance purpose has occurred. Cognizance is now being turned
over to the Air Force with the recommendation that the program be

continued on a full-scale basis.
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12. The author attended a Project Feed Back briefing at Wright Field early
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gripped the audience during much of the presentation. The animated
discussion that followed was marked by a complete absence of "it can't
be done"” sentiment and by free expressions of hope for the success of the
RAND program during later presentations at the decision level in Air
Force headquarters.

13. Memo, Ccl J A Dunning, Asst Ch, War Plansg Div, Dir/Plans, to
Dir/Plans, DCS/Plans and Prog; USAF, subj: USAF Satellite Program,
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Memo “For the Record, " prep by LtCel V M Genez, Dir/Intel, Dep/Dev,
ARDC, subj: Conference with RAND Corporation re FEEDBACK Pro-
gram, 13 Aug i1953; Itr, J E Lipp, RAND, to CG ARDC, subj: Interim
Recommendations for Project FEEDBACK, B Sep 1953, cited in History
of ARDC Jul-Dec 1955, p 359g.

DF, BrigGen D J Kiern, Asst for ANP, to Asst for Weap Sys, ARDC,
subj: Phase II Investigations of Nuclear Auxiliary Power Plant in
Feedback Project, 3 Nov 53; Status Rpt, Proj Feedback, prep by LtCol
V M Genez, 14 Dec 1953; History of ARDC, Jul-Dec 1955, p 356.

Memo, Habley to Lipp, 28 May 1952; "Project 1115 Background, *
Dec 1954.

"Project 1115 Background, " D=c 1954; Bowen mss.

RAND Rpt R-262, Project Feed Back Summary Report, 1 Mar 1954,
pp vii, 3-4, 149-150, T63-155.

Ibid, vii; appreciation of the enormous amount of data contained in
¥arch 1954 study can only be gained by reading it. (It is well worth
the time: RLP)
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CHAPTER 4

THE TRANSITION FROM PROGRAM TO SYSTEM

A combination of circumstances had contributed to the new coursce of
space-program activity. One of the key elementn certainly was the emergence
of a group of scientific advisors who both appreciated the gravity of the
Soviet threat and seemed willing to consider "unconventional™ approaches
to the United Stateo reoponse. QOddly encugh, it waes a new "economy drive®”
in the defence department that provided the final impetus. Determined that
defense expenditures could and should be reduced, the department created a
Guided Miosiles Study Group (under ite Armed Forces Policy Council) te
recomrmend means for cutting the cost of the misosile program. (Secretary of
Defense Charlesc E. Wiloon in his 16 June 1953 directive creating the review
committee specified that "a continuous effort should be made to standardise
on one missile for preduction and use by all military departmente, wherever,
within the employment limitations of each type of missile, standardization
appears to be practicable. ") The original group encountered evidence of a
significant change in the status of the long-delayed intercontinental ballistic
missile program., created a special subcommittee (Strategic Missile Evalua-
tion Comimittee) to delve more deeply into the gsubject, and passed on to other
topice. Under the leadership of Professor John von Neumann, the Strategic
Missile Evaluation Committee reviewed the status of the recket missile
program and concluded that new warhead developments plus advances in
rochket technology made an intercontinental missile immediately feasible.
That conclusion, and a series of implementation recommendations, reached
Trevor Gardner, Air Force Assistant Secretary for Rescarch and Development,
in the first quarter of 1954. Enthused about the potential of the proposal,
Gardner ard von Neumann secured the active support of the Air Force chief
of staff, General N. F. Twining, and Secretary of the Air Force Harold E.
Talbott. Together, they succeeded in obtaining funds and directives needed

SSEH-2
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to otart work. By July, a field organization had been created, a supporting
contractor engaged, and the broad outlines of a massive ballistic missile
develcpment pregram sketched in.

The creation of a substantial ballistic miosile program in the Air Force
had pignificance far beyond immediate consequences--though these were
important encugh. It meant, first, that the cight-year otruggle to cbtain
acknowledgement of the feasibility of long range rockets had been won. The
Bush thesis had {inally succumbed to the von Neumann theoic. Seceond, it
implied the availability, in the foreseecable future, of rocket vehicles
sufficiently powerful to thrust a satellite into orbit. Finally, by confirming
that space-age weapons would shortly be operational, it testified to the need
for developing a useful military competence in space; to a great many Air
Force planners it secemed obvious that only a militarv opace capability could
provide an effective counterweight to an intercontinental ballistic missile
t’cwce.R

In May 1954, concurrent with key decisions in the ballistic missile area,
Air Force headquarters direcied the Air Research and Develspment Command
0 assume responaibility for a study of the applications of RAND's Feed Back
concent. The research command promptly "documented® Project 1115,
cbtaining final approval {rem the Office of the Secretary of Defense (Coordi-
nating Committee on Guided Misgsiles) in July. In August, Pentagoen authori-
zation to proceed with actual work reached the field command, and that
command set about insuing more comprehensive directives. The appearance
of System Requirement Number 5 on 27 November 19%4 signaled approval of
a clearly defined effort to develop a reconnaissance satellite system, even
though the general operational requirement (GOR No 80) did not emerge from
Pentagon channelo until 16 March of the following year.z

A number of precentations of the Feed Back proposal, largely an defined
by RAND, marhked the summer and early fall of 1954. Following the Air
Research and Development Command's assumplion of project recponsibility
in May, that command began a determined attempt to ¢btain approval for an
enpanded industry otudy effort. Among those who heard and ‘n ceme degree
endoroed the Feed Back approach were the acting chairman of the Sciemtific
Advicory Board, J. A. Doolittle, the Air Force Chief of Stadl, Gencral
M. ¥F. Twining, and the heade of S&mﬁe@ac Air Command and the Air Rocearch
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and Development Command - -Generale LeMay and Power. General LeMay

wap quite responcive to the presentation, urging preparation of a formal

T e T A v Lty

5y

Strategic Air Command requirements document covering the satellite, bui other
of the command's officials, notably in its operations analysis staff, urged the
greater need for improved refueling techniques and manned bombers. General

g

o o

Putt, who immediately preceded Power as research and development command

chief, strongly supported the satellite program--as did Power himself.>

While such presentationc were being made at various levels, work began

e e e i e

on a nuraber of additional elements, or proposed eclements,of the reconnaisgance

s

satellite: attitude guidance and contrcl, a solar-electrical energy converter,
intelligence processing methods, the auxiliary power plant, and the effects of
nuclear radiation on electronic components.

In October 1954, Trevor Gardner asked the "IC M Scientific Advisory
Group”{which included many of the earlier von Neumann committee) to
congider the possible interaction of satellite proposals and other missile

proposals of the moment with the intercontinental ballistic missile effort then

e

rapidly unfolding. The committee decided that the review should be under-~
taken directly by the Air Force; it was ultimately completed by the Western

Development Division and recommended, in effect, that because of the
necespity for coordinating the several large rocket-vehicle programs the
reconnaissance satellité should be assigned to the Western Development

P 5
Division for management.

In that a system requirement generally called for the submission of data
needed to prepare a formal development plan, while a general operational
requirement specified objectives and time goals, the 16 March 1955 require-

ments document issued by Air Force headquarters actually constituted the
first full and formal statement of the reconnaissance satellite program. In

many respects, as might have been anticipated, it paralleled the earlier
RAND studies. It defined as the Air Force objective 2 means of providing
continuous surveillance of "preselected areas of the earth" in order "to
determine the status of a potential enemy's warmaking capability.® Intended
for launch from fized bases, the reconnaissance satellite was to provide
daylight visual coverage in sufficient detail to permit identification of air-
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field runaways, and intercontinental missile launch stations. Additionally,
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an alternate ability to collect electronic intelligence and to provide weather
forcasting data was aleo specified. Although the "ultimate® required
definition {". . . capability to detect cbjects no more than 20' on a side. . . 7)
was somewhat optimistic in terms of RAND's earlier findinga, the required
operational availability date {1965) secemed basically tammd.6

Initial management of the pir ect was assigned to Wright Air Development
Center, the project officers being Licutenant Ceolenel Q. A. Riepe and (after
August 1955) Lieutenant Colonel W. G. King, Jr. By November 1955, 14
bagic "in house" technical tasks had been definred, approved, and assigred
to project officera for control purposes. The Air Force had also contracted
with Radio Corporation of America, Glenn L. Martin, and Lockheed Aircraft
for design studies intended to establich more specifically the time and
technology requirements of the undertaking. ]dustry investigations were
conducted under the nichname " Pied Piper. of

Ag early as January 1955, the von Neumann group had decided that it
would be possible--and preferable~-to work initially on the satellite vehicle

ard its contents rather than on a total reconnaissance system which would

ST oem iy
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inciude the booster clements. In this fashion, contended the committee,

there would arise no need for interference with the ballistic misosile program.

B eonsy

s Rt

The commander and vice commander of the Air Research and Development
Command, Lieutenant General T. S. Power and Major General J. R. Sessums,
agreed that this was their understanding of program objectives.

In general terms, it was the wish of the Western Development Division
and ite commander, General Schriever, to devote their principal attention
to the intercontinental ballistic missile. The introduction of non-germane
taskso such as tactical-range ballistic missiles and satellites promised to
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interfere with the main assignment unleos additional resources were con-
curremtly provided. Neverthelesse, it was early apparent than no sericus
military catellite pregram could be undertalen by the United States without
imposing additional requirements on the ballistic missile development agency.
01 the poooible launch vehicles that would be avzilable within the years of
catellite development and test, only the Atlas- Thor-Titan family promised
fully catiocfactory thrust characterictice. While not specifically rejecting

the nctien that the WS 117L program might be assigned to the Western
SSEH-2
43

S SEA
A,

e
e

S
2 s S

PR tes 28t
B

A A R R o B B e A SR s




C051421 ] 3w

Development Division, those concerned tended to express hoype that some
alternative could be devised. In one of the early discussions of the
reconnaissance satellite during a meeting of the "ICBM Scientific Advisory
Committee" in June 1955, the group chiefly considered the topic in a context
of "steps which could be taken to prevent the TBM [ Tactical Ballistic Misasile]
and Scientific Satellite programs from interfering with the JICBM
[ Intercontinental Ballistic Misaile] program. " After evaluating the question
in some detail, the group decided on a course i :\.cti(m:9

. The committee unanimously agreed that any Satellite program,

Scientific or Reconnaicsance, which is dependent on componerts

being developed under the ICBM program, would interfere with the

earliest attainment of an ICBM operational capability and requested

the Chairman to write a letter to the Secretary of the Air Force

advising the Secretary of the Committee's concern in this matter.

There was no question of lack of foresight in such a decision. The group
was overwhelmingly concerned with keeping the infant ballistic missile
pregram alive* and satisfying the critical need for an operational ballistic
missile. There seemed slight prospect that the materiel and persomnnel
resources then available to the Western Development Division could accommo-
date a major satellite program without diluting the effectiveness of its
missile effort; by the same token, in the climate of June 1955, the prospects
for obtaining additional resources commensurate with the expanded require-
ments were so slight as to be unworthy of notice.

The basic question of who should manage WS 117L was resolived in
Gordian-knot fashion on 100ctober 1955, when General Power ruled that the
entire program would be transferred from the custody of Wright Air Develop-
ment Center to the Weostern Development Division. The formal notification
did not come for ancther month, and final details of the transfer were not
settled until 1956 had begun. Nevertheless, the broad outlines of the

The committee members included, among 13 attending, Professor John
von Neurnan, Professor G. B. Kistiakowsky, Dr. C. B. Millikan,
Profescsor J. B. Wiesner, and Dr. H. F. York~-all concerned in the
decision which had resulted, a year earlier, in establishment of an
accelerated ballistic missile program.
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underiaking, the scope of the task, and the obvious difficulty of the program
were made clearly apparent in the revised system requirement which
formally assigned the reconnaissance satellite to General Schriever's

keeping. 10 |

The Scientific Satellite and WS 1171

Although much remained before the WS 117L program could complete
the transition from system proposal to system development, the {irst steps
had been taken. Unhappily for the simplicity of program management, how-

ever, the years between 1953 and 1956 were also marked by the commingling

of military space vehicle programs with "alternative” or "scientific”
satellite proposals. The basic requirement originated in United States ‘
agreement to participate in the International Geophysical Year activities, ‘
became attached to independent satellite proposals originiated in both Army }
and Navy rocket research establishments, and eventually affected the

WS 117L program as it was assigned to the Western Development Division.

Although the original Navy approach of 1945 and the RAND studies of
early 1946 both contemplated prototype satellites with more "scientific”
than military application, it was not until October 1948 that the general
scientific community was exposed to such notions. In that inonth, the

Journal of Applied Physics published the "Grimminger Report,” a brief

article based on unclassified elements of the earlier RAND studies. Its
principal effect was to stir up enthusiasm among the various national rocket

societies and those relatively cmall and isolated groups of specialists whose

_ interests were affected by the prospect of space exploration.

The second major impulse for the creation of a scientific satellite came
from the space flight enthusiasts and their allies in astronautics. Both

: formal and informal discussions of the feasibility of and the need for scien-
; tific satellites marked the proceedings of the Second Congress of the

5 ) International Astvonautical Federation, in London, and the First Symposgium

*r’ on Space flight, in New York, during the fall of 1951. Publication of the
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proceedings of the London meeting a3 The Aztificial Satollite gave the

British Intorplanstary Socioty the distinction of havimg prepared and circulated
the firot publiched work to be devoted exclusively (o space vehicles.

Wernher von Braun was by that time conducting his own compaiga for
spoeneorship of an exporimental satellite program but 2s yet bod not cecured
1 support from the Army Ballistic Misolle Agancy. The "MOUSE® (Miniurmusn
: Orbital Unmanned Satellite, Earth) proposal originated by Dr. Fred Sirger
was attracting some attention by 1953. (Simger, Arthur C. Clarke, and
A. V. Cleaver of the Britich Interplanetary Sccicty chose the name and
blochsd out & public relations program for “MOUSE® during an informal
moeting in London. ) After being rather entensively discucsed during the
May 1954 Sympocium on Space, in New York, the Singer scheme proceeded
to gain considerable support in conventional sciemtific circles.

Coancurrent with the "MOUSE" proposal, von Broun® formally recom-
: mended that the Army {abricote and launch “a minimum satellite vehicle
r based upon components available from missile developments of the Army
: Ordnonce Corpa." Specifically, he urged that the Army use a Redstone
misgile as the first-stage booster for a satellite. Deciding that the partici-
pation of all three services would be necessary to acceptance and funding of
such a program, the Army invited both the Air Force and the Navy to
cooperate. The plan then being considered involved orbiting a five -pound

inert "slug® about twe feet in diameter, using clusters of solid-fuel Loki
rockets as the upper three stages of the four -stage launch vehicle.

} The Navy expressed rather more than mild interest, but the Air Force
T declined participation because of its concern for long ramnge cfforts leading

to heavier satellites with military utility. The key Army report was iosued
or. 15 September 1954, while the formal approach to the Navy (following
preliminary informal inquiries) was embodied in 2 memoraadum of

14 December. Project costs, at that point, were estimated at $17 million.

Some £500, 000 actually were made available to support initial studies. 1

A

Then chief of the Guided Missile Develcpment Division, Ordnance
Missile Laboratory, at Redstone Arsenal, Huntsville, Alabama.
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Although the Air Force was not particularly atiracted by the von Braun
approach, continwed Air Force interest in the general topic was indicated by
the appearance of a February 1954 RAND study dealing with the uses of a
scientific satellite. In both the 1994 study and a supplemental report of
' June 1955, RAND emphasized the need for an instrumented test vehicle to

provide useful data for later space research; the concept of an "inert slug®
then being considered by the Army and the Navy was quite ignored. Ap had
been true since 1946, Air Force concern for space exploration was much

more closely concerned with useful scientific experimentation than with the

genceral prospect of orbiting “something." 12

Among sciemtists, the notion of satellite research gained additional
impetus from published reports of Soviet interest im "an artificial satellite
of the earth® (November 1953) and from the Soviet creation in September 1954
of a special Tsiolkovski gold medal for work in the field of space flight. The
Russians announced that such awards would be made starting in 1957. Con-
currently, in 1954, several leading Soviet scientists were named to a

permanent commisgion on astronautics,

By August 1954, Congress had sanctioned United States participation in
the activities of the International Geophysical Year. Shortly thereafter, a
special committee of the geophysical year agency had recommended

. that thought be given to the launching of small satellite vehicles” and
the House of Representatives had begun corsideration of a formal appropri-
ation of $10 million to support American participation in the scientific
activities of the international group. (At about the same time, Secretary of
Defense Charles E. Wilson told a press conference that he had no knowledge

of any American satellite ;:nrog:ram.)14

In the early months of 1955, the Army and the Navy worked out the
detaile of their proposed joint satellite effort--dubbed Project Orbiter. At
that point, the National Security Council had ito decide what, if any, relation-
ship should prevail between the existing military missile programs and the
requiretaent for a scientific satellite to support the International Geophysical

: Year. The decision was formally inscribed in a council directive of

26 May 1955--a document which officially expreseed the President's doctrine
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on the “peaceful uses of space” and which decrecd that the Americar
satellite for the Intornational Geophysical Year could not employ any miceile
intended for military purpooces.

The selection of a natellite program was emtrusted to Donnld A. Quarles,
then assistant secretory of defonse for resenrch and development. Cuorles

named an "Ad Hoe Advisory Group on Special Capabilities,® with
Dr. H. J. Stewart 2o chairman, to make specific recommeoendaticas oa the

scientific satellite. A

When the Stewast Commmittee began its investigaticas, the possible E
choices had been reduced to three --and two of these were clearly dependsnt
on the use of vehicles drawn from the missile programs of the services.

The Army and the Navy proposed Project Orbiter, using the Redstone miceile
plus upper stageo of Loki rockets. In Jume, the von Neumann group discussed
a rather gemeral proposal to employ an early test-vezsion Atlas (Serice A)

miscile to booot 2 scicatific satellite into orbit. The general reaction was =
that the required Atlas prototypes could be more usefully employed clse- k
where. Nevertheless, the Air Force propeced a combination called -7

"World Sories® bosed on an Atlas carrying as its upper stoge the well-
proven Aerobee-Hi space probe rocket. The third alternate was the Navy's i

Project Vanguard, & program hinging on use of modified Viking rocket and

available upper stages {four stages in all).

Although the Army concluded, on the basic of such developments, that g
both the Air Force and the Navy were sponsoring firm alternatives to the

Orbiter program, and that interservice rivalry was at the core of the
situation, such was not the case. Looking at requirements in the light of 3
the 26 May National Security Council directive, the Navy quite logically E
concluded that neither Orbiter nor "World Series” could receive Stewart

Committee approval. The “Viking proposal,” which became Vanguard, made

TR+ B ALY SN

ite appearance as a backup to the primary Navy submission {jointly with the
Army)--Project Orbiter. 16

Apart from the discussion of an Atlas-launched satellite in the
von Neumnann group, relatively little of importance emerged {rom Air Force . IE’
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quartcrs durimg the period when the Stewart Committee waso concidering a
recommendation. The commitiee visited the Western Dovelopment Division
and keard bricfings on the Ailas program, itc applicability to the general
area of scientif{ic satellites, and the prospect of interference betweon the
ocicntific satellite and the ballistic miasile program, but Air Force opokes-
men were quite reserved in their advocacy of the Atlas spproach. Although
taking o conciliatory approach, division representatives &8d not disguise
their conviction that the directed creation of a specisl relaticaship between
Atlas and the sciemtific satellite could easily cause imterierence with the
military effort. They cmphasized that & most careful management efiort
would be required to overcome the effects of such interference if the Atles

and the scientific satellite were tied together.

Shortly after the departure of the Stewart group, the Los Amngeles complen
considered Convair's presentation of an Atlas -boosted scientific oatellite
called ORTVY --Orbital Research and Test Vehicle--a 500-pound satellite to
be tied to an Atlas C miasile for launch. In many respects, it was remar-
obly similar to the RAND concept of early 1947, 17

Late in August, the Stewart Committee ruled that Vanguard was more
acceptable than Orbiter, principally because the latter would require the
use of military “hardware”--Redstone rockets. The chief of Army ordnance
research and development promptly protested, pointing out technical short-
comings in the Vanguard approach and emphasizing the danger to United
States prestige if the nation failed to be first into space--but the Vanguard
decision was reaffirmed. Those responsible both for confirming the original
Stewart Committee recommendation and for rejecting subsequent appeals
later told Congress that the Vanguard offered "greater promise® than its
alternatives. The cxplanation that under the existing ground rules only
Vanguard could be selected was not publicly offered. Indeed, at least one
of the services which offered alternatives to the Vanguard approach was

not even aware of the prohibition on the use of a military rocket as the boost

vehicle; the Air Force presentation team continued to support World Series

without the least intimation that it had been vetoed in advance.
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Subsaequent Air Force participation in the affair of the ocioatific satellite
was not gormance to the main course of events there. Oa 31 August 1§35,
aftor the Vangunrd decision had beon mado but apparostly before it Lisd become
gereral knowledge, Air Forco headguarters divected the Air Research and
Dovelopment commaond to cotablioh a seperate scientific catellite projuct to
be integrated with the WS 117L program. The directive implied that o
prototype reconnaissance satellite vehicle rhould be used to caticfy reguire-
ments of the International Geophyoical Year.

One month later, on 31 September, Major General Albert Boyd, the
command's deputy commander for weapon systems, advised the Pentagon
that subotamtial increases in fiscal 1956-1958 funding were ecssential before
any progress could be attempted. This recponse and the impact of the
Vanguard ruling prompted Air Force headquarters (o issue, on 14 October,
further instructions that the Air Research and Development Command should
take no additional action on a scientific satellite program until Air Force

respom?s‘ibé‘ilitiea in that area had been clarified.
v - '

On i November 1955 the "hold order” of mid-October was cancelled
and the research and development command received teletyped instructions
to submit a plan for the use of WS 117L prototypes in the scientific satellite
program. (Command headquarters, within two weeks, had assigned respon-
sibility for preparing such a plan to the Western Development Division. That
organization, in rather less than two months, produced a detailed develop-
ment plan covering a2 scientific satellite derived from the basic WS 117L

program. 19

In retrospect, the real translation point between studies, proposals,
reports, and component programs with limited objectives on the one hand,
and a system development phase on the other, was publication of the
14 January 1956 development plan for a prototype, scientific-satellite
variant of the WS 117L reconnaissance satellite. Although the preliminary
development plan obviously was a somewhat hastily composed proposal for
satisfying an Air Force headquarters desire to participate in the scientific

satellite program then beginning, it nevertheless represented the first

positive proposal for orbiting an Air Force space vehicle within a given
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time period. In forwarding the preliminary development plan,

Geaeral Schriever clearly indicated that hie division was principally
attempting to satisfy the Pentagon requirement for a demonstration of
"orbital capability” using major elements of the Advanced Reconnaissance
System--WS 117L. The crux of the January 1956 proposal was feasibility
demenstration "within the International Geophysical Year ... " Thus the
initial proposal, deliberateiy "tentative" in nature, encompassed only that
portion of the WS 117L program which could influence plans for the geo-

physical year activities. In General Schriever's words:20

It appears perfectly feasible to provide an orbiting vehicle of considerabtle
payload capacity within the IGY period, provided implementing action is
taken at an early date. This vehicle development can be carried out as
a coherent part of the overall Advanced Reconnaissance Syvtem Program
without significant compromise to the latter. Further, if current
schedules car be maintained, no hardware interference with the ICBM
program is foreseen. Some interference from a persornnel dilution
standpoint will necessarilv exist. This can be minimized by advanced
planning if a consistent program is pursued.
in polite terms, the general was stating that his organization could
indeed orbit a scientific satellite if certain conditions were satisfied: ade-
‘quate financial support, appropriate personnel reinforcements, and
recolution to proceed with the program once it had been approved--without

frequent halts and starts.

The January 1956 proposal conceived of an initial orbital flight, using
an Atlas Series C missile as the boost vehicle, by 19 August 1958. The
satellite itself, to weigh about 3, 500 pounds, was to contain " a propulsion
system, guidance and control equipments, beacons and other itemms being

developed for the ARS [Advanced Reconnaissance System ] and essential for

these tests.”

In many respects the proposed vehicle resembled the Thor -Agena
combinations actually used in the Discoverer program more than five yeors
later --with Atlas substituted for Thor. Specific scientific measurements
which the planming group felt could be taken by the proposed vehicle included

. atmosphereic density, frequency and mass of micrometeorites, thermal flux

effects in orbii, colar radiation in the ultraviolet and X-ray regions, and

effects of the ionosphere and trophosphere on communications. Additional
SSEH-2 .
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data that could be obtained from the proposed satellite, it appeared, could
include information on cosmic radiation, the carth's magnetic field, and

sclar high frequency radio noise.

Success in the effort, the Western Development Division carvefully
explained, would be dependent on four basic circumstances: maintenance of
the ballistic missile program schedules, a prompt decision to proceed with
the "preliminary® satellivz praposal, early selection of a suitable contractor,
and "the provision of adeqguate funds.” Planners anticipated that the results
of the satellite experiments would be beneficial to progress in ballistic
missile development, but specified that missile contractors should not be
called upon to participate in the satellite program if that participation would

"detract in anvy way” from their primary concern: missiles.

Estimated program cost totalled $95.5 million, of which $13 million had
to e made available by 1 April 1956 if the proposed schedule was to be

maintained.

On 16 January 1956, General Power accepted and forwarded the prelim-
inary plan. Two days later, the Air Force Research and Development Policy
Council completed a rapid review of the proposal and sent it to the Stewart
Committec. Early in February, a composite team from several Air Research
and Development Command centers and divisions supported the written
proposal through the medium of a special presentation. The Air Force
group did not in all respects stand firm behind the Western Development
Division plan, however. On instructions from General Putt, newly named
deputy chief of staff, development, in Air Force headquarters, the presen-
tation team refrained from emphasizing the need for total program approval
and indicated general willingness to "accept approval of a portion of the

progn‘am."ZZ

As far as the Air Force was concerned, nothing particularly significant
came from the January 1956 development plan or the later presentation to
the Stewart Committee. Notwithstanding the fact that the committee had been
far from unanimous in endorsing the Vanguard approach as the most prom-

ising of the several alternatives, the August 1955 decision in favor of
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Vanguard was allowed to stand. Putt's decision not to press the issue

probably made no difference. A more forceful course presumably would

have ended, in time, as did the action of the chief of Army research and
development, Lieutenant General J. M. Gavin, who in the spring of 1956,

again vigorously argued for approval of a modified Orbiter program as a

much more promising approach than Vanguard. On 15 May he received

orders "telling me in specific terms [he later testified] that the Army

would not prepare to launch a satellite using its Jupiter or Redstone

missiles.” Whatever the consequences, the May 1955 National Security

Council decision to separate the scientific satellite from rilitary programs
prevailed. In the instance of both the Army Orbiter and the Air Force

WS 117L, the key factor in the decision not to proceed with an alternative

or accessory scientific satellite approach was the strong possibility that the

close association of such a satellite with a specific military weapon might

delay the scheduled delivery of that weapon. General Schriever and his [
staff had consistently emphasized that the earliest possible operational
availability of an intercoatinental ballistic missile was the key objective

of the Air Force program and that an Atlas-launched sat. llite effo : had to
hinge on success in that effort. The Army frankly conceded that acceptance
of its plan to launch a Redstone Arcenal satellite by January 1957 would
delay the Jupiter missile program by about three months. The delicacy of
development, test, and delivery schedules for the Atlas was even more
pronounced than was true of Jupiter. Even while proposing a plan for using
the Atlas Series C missile to orbit a prototype satellite, the Air Force:
repeatedly emphasized ¢that no more than a slight siippage in Atlas develop-
ment would be needed to delay availability of Atlas boosters past the point
where they could be used to satisfy International Geophysical Year require-
ments. Thus the uncertainty of success in meeting geophysical year dead-
lines and the general prejudice against interfering in any way with the
progress of ballistic missile development essentially cauged the demise of

?
the 1956 proposal to orbit an Air Force scientific aatellite."3
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Something in the nature of an epilogue to the January-February 1956
episode occured one yeéxr later. On 1 February 195?* the development staff
in Air Force headquarters, at the request of the Department of Defensge,
asked General Schriever's group to submit a2 current estimate of the ability

of the Air Force to build a "back-up" scientific satellite that could be launched

during the International Geophysical Year. The West Coast agency replied

54
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on 8 February, in a message that was forwarded from command headquarters

T T S R R e B B P LA F TR e P N e

three days later, that no Air Force scientific satellite launchings could be
scheduled with any assurance of success before mid-1959, but that if the

. Atlas program continued to make excellent progress it might be pos sible to
schedule one or two maximum risk launchings during 1958 --that is, during
the final months of the Intermational Geophysical Year. In cither event, some
$91 million in additicun! funds would be needed to support such an effort,

exclusive of base operation and maintenance costs.

TETETEERT

The Department of Defense, which again was considering variants of
the Vanguard and Orbiter proposals as well as a scientific satellite based-

on the WS 117L, decided again that no justification existed for tying the

B e st

WS 117L program to International Geophysical Year Programs. The

Stewart Committee unanimously endorsed the validity of the current

Air Force approach and, by impiication, the need for a military satellite.
i Nevertheless air staff members in the Pentagon remained conscious of the
continued presence of anti-satellite sentimentin the defense department.

¢ Some officials in the defense establishment openly questioned the feasibility
of a reconnaissance satellite, much less the existence of a valid military

e
requirement for such a system. ~ Perhaps equally troublesome, concern for

4 avariety of other programs which, in the climate of the early 1950's,

Precisely ten years earlier, on 2 February 1947, RAND had submitted
the first technically detailed scientific satellite proposal to the (then)
Army Air Forces.

The attitude was scarcely unprecedented, one of the most notorious
examplcs being Fleet Admiral William D. Leahy's flat refusal te
believe in the feasibility of an atomic bomb until the very day of the
Almagordo test in July 1945.
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agpeared to be far more significant to the Air Force than military satellitos,
froquontly caused even those who were officially supporting the opace effort
to be somewhat tepid in their support. Thus Air Force planners convinced

of the urgency of a space program and working to secure ite approval too

o T IR

cften found their audiences at higher levels to be either indifferent or actively

hostile to their propoaals. 25

Nevertheless, work went doggedly ahead. Even though the “crash effori®
to prepare a development plan for o ecientiflic satellite to orbit by the {all of
i958 toch precedence, work on a military sysiem with 8 more realistic dead-
line continued. Indeed, considerable urgency attached to the Hreparation of
a full development plan. On 10 February 1956, before anything was known
about the Stewart Committes's decision on the proposed “prototype” scientific
gsatellite, the project officer for WS 117L (Colonel O. J. Glasser) outlined a
schedule calling for the completion of al! basic planning by ! April. The

project office met that deadline, {orwarding on 2 April o formal development
plan that established a May 1952 target date for {irst orbit. (However., as
late as March 1956 Glasser's group otill was giving thought to meeting the i

time requirements of the geophysical year program. and ao much as a yeoar

later it did not scem entirely impoosibie to launch come sort of a satellite by g

the end of the geophysical year. ’26

The full-sccope syotem development plan for WS 117] received General
Schriever's approval on 2 April 1956 and General Power's crndorosernent
three weeks later. Designed to satis{y the requirements of the March and
October 1955 operationnal requirement and oyostem reguirement documents,
it was almost exclusively concerned with the purely militory reconnaissance
aspects of the oatellite program. In the sense of providing that carly flights
would have the "additicnal objective” of collecting “geophysical data of
interest to the scientific community in general,” it conformed roughly to
some of the details of the preliminary plon of 14 January. That was the only
significant concecsion to the scientific satellite, however. The orbital

element was cecentially o refined reconnpisoance catellite ied to am Atlas
iaunch vehicle. The compleote ayatem, including vital ground installations
for analyzing and diceeminating the collected information, wao intonded to be
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fully operational by the third quarter of 1963. Exclusive of facilities, the

rescarch and development cost was expected to be about $114.7 million. 27

Air Force headquarters approved the 2 April plan, essentially as sub-
mitted, on 24 July 1956. A development directive covering the system
appeared on 3 August. It contained only one important qualification--but
that wao all important: development was authorized within a funding limita -
tion of 83 million for fiscal 1957, The Air Research and Development
Command system development directive (actually prepared in the Pentagon)
which appeared on 17 August expanded on that qualification by citing "severe
limitations on FY 1957 funds available to this command," and conceding that

this was "inadequate initial fnnding.“zs

Nevertheless, almost precisely 10 years after its first appearance in
the guise of a RAND study, the military satellite had achieved system status,
But wherean conservative estimates of program costs had indicated an initial
need of at least $39.1 million through fiscal 1957, the WS 117L program
approved in August 1956 was funded at rather less than 10 percent of the

requirements level. It was not a particularly auspicious start, but
considering the cbstacles of funding stringency, skepticism and "policy
considerations” that bad been overcome in progressing that far, the achieve-

ment was not unremarkable,

Yet the obstacles that had appeared as early as 1946 still were trouble-
some. Through the whole of the period when the supporters of WS 117L were
seeking program approval and adequate funding, the general attitude of the
Department of Defense remained hostile toward satellites. Although not
openly proclaimed, it was departmental opinion that satellite vehicles were
not feasible and further, that until Vanguard experiments confirmed feasibility
itself the W8 117L program should be funded at the "study level.®

Another ohstacle to careful and detailed planning effort was a severe
restriction on the circulation of information concerning the WS 117L proposals.
The obviously critical political implications of a reconnaissance satellite
designed to operate in peacetime served to inhibit free discussion of the

program itself. The extent to which such rigid security classification
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- hampered thorough planning and prevented 2 more effective presentation of
WS 1171 realities was difficult to assecs, but in the opinion of one key

participant, it certainly had "an adverse impact."zq

At the point of initial program approval and {unding, in 1956, the
Air Force space effort gave every indication of being on & scund technical
foundation. Unhappily, adeguate funding still was lacking, and perhaps more
important, high level understanding of the vital need for a realistic military

space effort was scant. There lay the real problem.
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NOTES - CHAPTER 4

1. The background of the ballistic missile decision of 1954 is perhaps the
best documented event in Air Force history. The "most official" version
is probably that summarized in Congressional Record {(Appendisx),

2 Sep 1960, extension of remarks oi Rep L C Arends, pp -6645.
Most of the key documents, too numerous to cite, are included in
"Basic Documents Collection" in SSD Hist Div files.

2. Memo, MajGen J B Carey, D/Plans, DCS/Pians and Progs, to D/Ops,
DCS/Ops, subj: Policy on Earth Satellite, 18 Nov 1957, with incls:
Position Paper and Chronology, cited in Bowen mss.

3. Interview, LtCol V M Genez, SAFSP, by R L Perry, SSD Hist Div,
23 Jul 1962. Col Genez later concluded that high SAC officers tended
to see more value in a reconnaissance satellite tham most ARDC general
officers, though Generals Putt, Power, ard F B Wood were notable
sponsors and supporters of Feed Back.

4. T"Project 1115 Background,” Dec 1954; DF, Maj Q A Riepe, Weap Sys
Officer, MX-2226, Dir/Weap Sys Ops, WADC, to Security Div, IG,
WADC subj: Project Nickname, 14 Dec 1954, and cmt 2, IG to
Dir/Weap Sys Ops, 17 Dec 1954.

5. Minutes of ICBM Scientific Advisory Committee Mtg, 15 Oct 1954,
prep by LtCol B L Boatman, secy, in SSD Hist Div Basic Docs; memo,
BrigGen B A Schriever, Cmdr, WDD, to Col C H Terhune, D/Cmadr
Weap Sys, subj: Satellite Development Plan 15 Apr 1955, in SSD Hist
Div files, Space-Gen.

6. GOR No 80, 16 Mar 1955: "General Operational Requirement for a
Strategic Reconnaissance Satellite Weapon System," in SSD Hist Div
file: ARS/WS 117L thru 1955.

7. ARDC S R No 5, 29 Nov 1954 and Amend No i, 8 Aug 1955, authorized
design studies by industry; Hist Rpt, WS 117L, Jan-Dec 1956 (WDD)},
in SSD Hist Div file; Genez interview, 23 Jul 1962; presn: ARS
Presentation, LtCol W G King, Ch, MX-2226 WSPO, to
BrigGen B A Schriever, Cmdr WDD, and staff, 7 Nov 1955, cy in SSD
WS 117L files, R and D Center.

8. Minutes of the ICBM Scientific Advisory Committee Mtg, 4 Jar 1955,
Basic Docs file. , .
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9. Minutes of the ICBM Scientific Advisory Committee, mtg of 16-17
Jun 1955, prep by LtCol B L Boatman, WDD, in SSD Hist Div files.

10. Ltr, MajGen A Boyd, D/Cmdr Weap Sys, ARDC, to
BrigGen B A Schriever, Cmdr WDD, no subj, 7 Nov 1957; Memo of
Understanding, MajGen b A Schriever, Cmdr WDD, and
BrigGen H M Estes Jr, Dir/Sys Mgt, ARDC (Det 1, W-PAFB), subj;
Transfer of Responsibility for ARS Program, 13 Jan 1956; ARDC SR
No 5, 17 Nov 1955, in SSD Hist Div ARS/WS 117L file.

11. Testimony of MajGen J B Medaris, Cmdr, ABMA, Johnson Committee
hearingo, 14 Dec 1957; testimony of LtGen J M Gavin, GCh R and D (DGS),
U S Army, Johnson Committee hearings, 13 Dec 1957; Spec Rpt, RP-1,
"Project Orbiter,” prep by R W Seese, ABMA Dev Ops Div, 14 Sep 1956,
cited in D S Akens, Historical Origins of the George C Marshall Space
Flight Center, NASA Hist, Dec WE(S; ltr, Ch Em'ﬁ%, Ord MsT Lab,
ﬁegstone Arsenal, to Ch. Aeromed Br, (Aeromed Lab.) ARDC (WADC.)
23 Dec 1954, in ABMA Hist Div files, cited in Akens: Origins . . . ;
J B Medaris, Countdown for Decision (New York, Putnam, 1960);
A C Clarke, Ih_e Making _E_f"é Mcon (New York, Harper, 1957).

12. RAND Rpt RM-1194, Scientific Uses {_o_r a Satellite Vehicle (R R Carhart),
12 Feb 1954; RAND Rpt RM-1500, Scientific Uses 2( an Artifical Satellite
{H K Kallmann), 8 Jun 1955.
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13. Johnson Committee hearings, I, 606, reprint of portion of special RAND

o
it
memo; ¥ J Krieger, Behind the Sputniks, A Survey of Soviet SEace hg,
Science (Washington, Public Alfairs Press, 1958), 3-4. {

14. Supplemental Appropriation Act, 1955, P L 663. 68 Stat 818; Aeronautics
and Astronautics, NASA chronoiogy (E E Emme) (Govt Print Ulc,” 1961},
pp 76, 77; New York Times, 17 Nov 1954, 22 Dec 1954.

5%

EoeS

R e ]

15. NSC Dir 5520, 26 May 1955, cited in Bowen mss. In his 18 Jun 1962
letter to Putnam (SSD), Bowen calls this "the decisive document” in the
subsequent progress of the American scientific satellite effort. Although
it is difficult to discover what alternatives were concidered before the
NSC made its ruling, it is abundantly clear that the effect of the ruling
was to eliminate from consideration both the ABMA (Redstone -Jupiter)
and the WDD (Atlas -Thor) vehicles, although these were the only high-
thrust rockets that could conceivably be made available during the course
of the geophysical year.

16. Minutes of ICBM Sci Adv Comm Mtg, 16-17 Jun 1955, p 6; Akens:

Origins . . . , citing Rpt of the Ad Hoc Adv Gp on Spec Capabilities, Ofc
ol fsst Secy/Def, Aug 1955, pp A-1, 1-17; ltr, Bowen to Putnam, B
. 18 Jun 1962.
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17.

18.

19.

20,

21.

22.

23.

24.

Memo, Col C H Terhune, D/Cmdr Tech Ops, to BrigGen B A Schriever,
Crdr, WDD, subj; Visit of DOD Satellite Committee, 28 June 1955;
memo by WDD Histn,subj: Convair Precentation, 29 Aug 1955, 30 Aug
1955, both in SSD Hist Div files, ARS/WS 117L thru 1955,

Johnson Committee hearings, testimony of D A Quarles, Secy AF,

27 Nov 1957, pp 284-286, LtGen J M Gavin, DCS/R and D, Army,

13 Dec 1957, pp 505-5190, and MajGen J B Medaris, Cmdr, ABMA,

14 Dec 1957, pp 540-547: Genez interview, 23 Jul 1962. Gemnez, who
made the AF presentations to the Stewart Committee and to Quarles,
was not aware of the NSC directive at the time and actually did not learn
of its details for another six years. As he recalled events, there was
no evidence that the Army had any lmowledge of the NSC directive, and
the fact that both Von Braun and Medaris continued to endorse the use
of a Redstone launch vehicle would tend to support such an observation.

Memeo, Col P E Worthman, Ch, Ballistic Div, Asst D/Cmdr Weap Sys
(Missiles and Mil Space Sys), to LtGen S E Anderson, Cmdr, ARDC,
subj: Chronology of Scientific Satellite Programs, Sept 1959, cy
retained by Col Worthman, Ch, SSD Plans and Progs Ofc, and extracted
for 5SD Hist Div, June 1962, in $5D Hist Div files; interview of

Col P E Worthman, Ch, SSD Plans and Progs Ofc, by R L Perry,

SSD Hist Div, 1| June 1962.

Rpt, WDD (ARDC) Development Plan, "Weapon Systern 117L Preliminary
Development Plan (Initial Test Phase), Advanced Reconnaissance System,®
14 Jan 1956 (probable date, not specifically marked on rpt), p ii, in

S8SD Hist Div files.

Rpt, WDD Dev Plan, WS 117L (Preliminary), 14 Jan 1956.

Meme, Col C H Terhune, D/Cmdr Tech Ops, to BrigiGen B A Schriever,
Cmdr, WDD, subj: ARS, 16 Jan 1956; memo, Col O H Glasger, Asst for
Sys Mgt, to Col C H Terhune, D/Cmdr Tech Ops, WDD, subj:
Presentation to the Stewart Committee on WS-177L, 7 Feb 1956, both

in SSD Hist Div files: ARS/WS 117L 1955-1956; TWX, AFORD-RE-
54733, Hq USAF to Cmdr, WDD, 22 Jan 1956; DF, LtCol F C E Oder,
Ofc of Asst to Cmdr, ARDC, to Exec WDD, subj: RDGE Diary ltems

for Week ending 27 January 1956, 31 Jan 1956, in SSD Hist Div files:
WAR: memo, Worthman to Anderson, Sept 1959; Worthman interview,

1 June 1962.

Worthman interview, 1 June 1962; Memo, to Worthman to Anderson,
Sep 1959; Johnson Committee hearings, II, 1474, testimony of
LtGen J M Gawvin, DCS/KR and B“'ﬂ" Array, 6 Jan 1958, and I, 509,

13 Dec 1957.

Memo, Worthman to Anderson, Sep 1959.
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25. Interview, Col Ray Sopazr, Ch, Pians iwd Progs Ofc, BSD, by R L Perry,
SSD Hiot Div, 29 May 1962; Johnoon Committee hearings, 1, 1116,
testimony of R E Grosa, Chmmea'm?%Corp.

15 Jan 1958; Worthman imterviews, 1 Jum, 25 Jun 1962; Itr (1ot ind),
R E Soper, Ch, Plans and Progs Ofc, BSD, to S8D Hist Div, subj;
Request for Comments cn Manuscript, 6 Aug 1962, in SSD Hist Div files.

26, Memo, Col O J Glasser, Aset for W8 117L, to Col € H Terhune,
D/Cmdr Tech Ops, WDD, subj: ARS Activities, 10 Feb 1956; ltr,
Col C H Terhune, D/Cmdr Tech Ops for BrigGen B A Schriever, Cmdr,
WDD, to Cmdr, ARDC, subj: WS 117L Contractor Selection Board,
17 Feb 1956; memo, Cmdr R C Truax, Asot Dep, W8 117L Weapon
System Ofc, to BrigGen B A Schriever, Cmdr, WDD, cubj: 117L
Activities at AFBMTC, 30 RMar 1956; all in 38D Hict Div files: Terhune
read files, Feb, Mar 1956; rpt, WDD Dev Plan, WS 117L Advanced
Reconnaicsance System, * 2 Apr 1956.

27. Rpt, WDD, Dev Plan, WS 117L, 2 Apr 1956

28. USAF Dev Dir No 85, Weapon System 1170 Advanced Reconnaisnance
Systemn, 3 Aug 19%6; ARUS. Syo Dev Dir No. 117L, 17 Aug 1956.

29. Ler (1st ind), Soper to SSD Hist Div., 6 Aug 1962.
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GLOSSARY OF ABBREVIATIONS

Army Air Forcso

Army Ballistic Miesile Agency
Administration

Advigory

Acrcanutical

Aeromediaal

Air Force

Aircraft

Air Materiel Command

Aircraft Nuclear Propulsion
Apsiotant

Air Research and Development Command
Advanced Reconnaissance System

Board

Branch

Brigadier General
Balliotic Systoms Divicion
Bureau of Aeronautics

Captain

Commanding General
Chief

Chairman
Commander

Company

Colonel
Coemmunication(s)
Congress

Copy

Deputy Commanding Geaeral
Deputy Chief of Staff

Deputy Chief of Staff, Development
Deputy Chief of Staff, Magericl
Defense

Deputy

Developinent

Disposition Form

Director; Directive

Division

Documents
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GMDD
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1G
Incl

Incl
Imtel

JRDB

L.8Col
LtGen
Ler

MajGen
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Mgt
Mol
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; NASA
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NSC
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Engineering

General

Guided Missile(a)

Guided Missile Development Division
Ceneral Operational Regquirement
Government

History; Historical
Headquarters

Intercontinental Ballistic Missile
Inspector General

Inclosure

Indorserent

Inclosure

intelligence

Joint Research and Development Board

L.aboratory
Lieutenant Colonel
Licutenant General
Letter

Ma jor

Major General
Member
Mernorandurm
Management
Missile
Monuscript
Meoting

Notional Aercasutics and Space Administration
Nurnbe?
Natienal Security Council

Cldice

Operationo
Crdnonce
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Prep Prepared
L Preon Precentation
f Progo Programo
Ey Proj Project
' R { Adian Reoar Admiral
Ropd D Resenrch and Development
Rep Roprecentative
Res Ressarch
Rpt Raoport
’ SAFSP Secrotary of the Air Force Special Project
| Sci Science; Sciemtific
Secy Secretary
! Sen Sonstor
Sese Soooion
Spec Spocial
SR System Roguirement
Sr Scemior
88D Space Syetemase Divieica
Siae Seotute
Busbv Subb ject
Sye Syotem
Tech Techaical: Technolegy
. Undereacy Undoroocrolary
i USAF Unitod Roeos Als Foree
‘, USK United Sates Navy
i
] WADC Wright Air Development Center
i wDD Western Development Division
Weop Weapon(s)
WsPO Weapon System Project Office
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INDEX

ADVANCED RECONNAISSANCE SYSTEM, 36, S1; see also Project Feed
Back and Weapon System 1171, - T

Acrobee-Hi (rocket), 48

Acrojet Engineering Company, 3

Acronautics Board, 10; see also Joint Research and Development Board

Air Force Research and Development Policy Council, 52

Air Materiel Command, 24

Air Research and Development Command, 33, 34, 36, 41, 50, 56

Armed Forces Policy Council, 40

Army Air Forces Scientific Advisory Group. 13m

Army Ballistic Missiles Agency, 14n

Army Ordnance Corps. 46

Arnold, General of the Armies H.H., 9, 11, 13n, 19

Artificial Satellite, The, 6, 46

Ktlas [missile), 35, 43, 48, 4v, 53

Atomic Energy Commission, 34

B-29 AIRCRAFT, 16

Bombardment Missiles Branch (Wright Air Development Center), 36
Bowen, Dr. H. Lee, iv, v

Boyd, Major Genera! Albert?, 50

British Interplanetary Society, 46

Burecau of Aeronautics (Navy), 9

Bush, Vaanevar, iii, 9n, 13n, 192, 41

CHINA, 32

Clarke, Arthur C., 4b

Cleaver, A. L., 46

Cogswell, Captain W.P. (Navy), 10

Committee on Guided Missiles {Joint Research and Development Board), 18
Communication and Navigation Laboratory (Wright Air Development Center), 34
Congress of the United States, 47, 49

Consolidated -Vultee Aircraft Company, 20

Craig, Lieutcnant General H. A., 23

Crawford, Major General A.R., 24

DEPARTMENT OF DEFENSE, 19, 54, 56
Department of State, 8
Deputy Chief of Staff, Development (Air Force), 33
Discoverer (satellite), 51
Doolittle, J. A,, 42
Dornberger, Walter, 4, 5

' Douglas Aircraft Corporation, 10, 12
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EAKER, LIEUTENANT GENERALILC., 17n

FEED BACK, sce Project Feed Back
First Symposium on Space Flight, 45
Forrestal, J.V., Secretary of Defense, 6

GANSWINDYT, HERMANN, 2

Gardner, Trevor, 40, 42

Gavin, Lieutenant General J.M., 53

General Operational Requirement (GOR) No. 80, 42
Genez, Licutenant Colonel V.M., v, 36

German Secciety for Space Flight, 3 ¢
Glasser, Colonel O.J., 55 2
Goddard, Professor Robert H., iv, 2-3 '.
Greer, Major General R.E., v

Grimminger Report, 6, 45

Guggenheim Aeronautical Laboratories, 10

Guided Missile Development Division (Army Ballistic Missiles Agency), 46
Guided Misgsiles Study Group (Department of Defense), 40

HALL, COMMANDER HARVEY (NAVY), ¢
Hohmann, Dr. Walter, 4

House of Representatives, 47

Hunteville, Alabama, 46

INTERCONTINENTALBALLISTIC MISSILE SCIENTIFIC ADVISORY GROUP, 42,44 R
international Geophysical Year, 6, 45-55

JET PROPULSION LABORATORY, 3
Joint Research and Development Board, 18
Journal of Applied Physics, 6, 45

KING, LIEUTENANT COLONEL W.G., JR., 43
Kistiakowsky, Professor G.B., 44

Knerr, Major General H.J., 10

Korea, Republic of, 32

LEAHY, FLEET ADMIRAL W.D., 55n
LeMay, General C.E., 10, 11, 12, 42
Lipp, J.E. iii

Lockheed Aircraft Corporation, 43
Loki {rocket), 48 .
London (England}, 4, 45

MARTIN {(GLENN L. MARTIN COMPANY}, 1C, 31, 43
Matador (missile),

McClellan, Major General HW., 10

Millikan, Dr. C.B., 44

Mitchell, Major General William, viii

"MOUSE" {satellite), 46

MX-2226 (project), 36; sce also Weapon System 117L
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NATIONAL SECURITY COUNCIL, iv, 47-48, 54
Nav.:ho (missile);, 20

New York, 46

Norith American Aviation, Incorporated, 10, 34

OBERTH, HERMANN, 2, 5, 13
Ordnance Missiles Laboratory (Army), 46
ORTYV (Orbital Research and Test Vchicle), 49

PEENEMUNDE (ROCXET TEST STATION, GERMANY), 4
Pentagon (building), 33, 50

Poland, 4

Power, Lieutenant General T.S., 42-44, 51, 52

Project Feed Back, 33, 35, 36

Project 1115, 41, 47-55

Project Orbiter, 6

Project Pied Piper, 43

Putt, Licutenant General D.L., 31, 42, 52

QUAR! s, .0 AL, 49

. RADIO CORPORATION OF AMERICA (1CA), 34, 43

KRAND Corporation, original program. iZ; first satellite study, 13-16; 1947
satellite proposals, 21; expansion of studies, 25; satellite utility
studies, 31; April 195 proposals, 31-33; contracts for subsystem
analyses, 34; urges systerm deveiopment program, 36-37

Redstone Arsenal, 46, 53

Redstone (missile), 21, 46, 48, 49

Rescarch and Development Board, 19, 30, 33

Research and Development Committee, 17

Richardson, Brigadier General W. L., 10

Riepe, Licutenant Colonel Q.A., 43

SANGER-BREDT THEORY, 5n

Schriever, Brigadier General D A, 43, 45, 51.%3, 55

Scientife Adeiwnme B0 e, 4142
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Sputnik, 1, 12

Stewart Committee, 48-49, 51-52, 54
Stewart, Dr. H.J., 48

Strategic Missiles Evaluation Committee, 40
Symington, W.5., 17n

TALBOTT, H.E. (SECRETARY OF THE AIR FORCE), 4C
Thor {missile)},

Thor-Agena (space vehicle), 51

Titan {missile),

Tsiolkovski, Konstatin, 2, 13

Tsiolkovski Medal, 47

Twining, General N.F., 40, 42

UNITED STATES AIR FORCE (CREATION), 21
United States Navy, 30, 46

V-2 (MISSILE), iv, 4, 12, 16, 17n
Vandenberg, General H.S., 23

Vanguard (satellite program), 16, 48-50, 52
Viking {rocket missile), 21, 48

von Braun, Wernher, 4, 14n, 46, 47

von Karman, Dr. Theodore, 3

von Neumann, Professor John, 40-44, 48

WEAPON SYSTEM 117L, 35 43, 50, 54
Wehrmacht, 4

Western Bevelopment Division, 42, 43-44, 50-52
White Sands Proving Ground (Army), 32
Wiesner, Professor J.B., 44

Wilson, C.E. (Secretary of Defense), vii, 40, 47
"World Series” (satellite proposal), 48-49
Worthman, Colonel P.E., v

Wright Air Development Center, 35, 43
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