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"Ah, but a man’'s reach should exceed his grasp,
or what's a heaven for?"

Robert Browning, Andrea del Sarto.
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INTRODUCT ION

This paper is one in a series of Rand Fapers written to
commemorate the 40th anniversary of Froject RAND, a project
bn Research ANd Development initiated by the U.S. Army
Air Force, wunder contract with the Douglas Aircraft Company,
in March 1946. Froject RAND's initial study, completed in a
"crash" effort that mobilized both staff and consultants for
three weeks in April 1946, resulted in publication on May 2,

1746 of Rand’'s first report, Freliminary Design of an Experi-

mental World-Circling Spaceship, Report No. SM-11827.

The initial Froject RAND report identified a range of
potential applications'of space technology. In 1946-47, and
following the incqrpcration of The Rand Corporation as a
nonprofit Drganization in 1948, members of the Rand étaff
investigated potential space technologies or impediments to
their development, aiding in accomplishment, in the 1960s and
Léier, o( space missions for reconnaissance and arms control
Qgr;{icaiinn¢,weather forecasting, mapping and geodosy,
cammunications, planetary and inter-planetary explqration,

and other purposes.

This paper attempts to capture the breadth of interests,
diligence of effort, and synergy of‘multi—disciplinary
applications that contributeqéto achievements for the United
States and Fur‘the scientific community worldwide in the

exploration of planetary and inter-planetary space.

The authors of this paper bring diverse experiences to
their review of Rand’'s early research on space technology and
applications. Merton E. Davies, trained as an engineer and
mathematician, came to Rand after eight years at the Dougl as
Aircratt Company in 1940~1947. Since 1947 he has worked at
Rand, and in the more recent years he has split his time

between Rand and the Jet Propulsion Laboratory, where he has
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pioneered techniques of space cartography and interplanetary
scientific research. He participated in Rand's Froject
FEEDBACK studies on- space reconnhaissance, in the early 1950s,
cand after Amrom H. Katz (a photoreconnaissance expert)
arrived at Rand in 1954, ‘worked with Dr. Katz aﬁd dthers to
facilitate the development of space-based reconnaissance
{gystéms than mény.d{smissed as impossible. Concurrently,

he played a recurring role in identifying potential uses of
space reconnalssance to minimize rigks of swurprise attadék,
drafting U.S. submissions on verification capabili%ies for
the Geneva Surprise Attack conference of 1958, and warking
on later initiatives to make arms contral initiatives

feasible.

‘ William R. Harris, an international lawyer at Rand since
1972, has worked recurringly on treaty verification. He ac-—-
quired his initial interest in space technology near the end
of the period treated in this paper. It was in 1962, at the
Woods Hole Summer Study on Verification and Response in
Disarmament Agreements, that he learned from Rand’'s Amrom H.
kKatz of the mounting potential for verification by rnational
technical means to supplement or supplant on-—site iﬁspec—
tions for the verification of arms control treaties.

Formerly a consultant to the Historian in the Uffice of the.
Secretary of Defense, Mr. Harris ha; reviewed the roles of

pioneeers of U.S. space technology, with special interest in

the activities of members of the Rand research staff.

What follows is not a substitute for a history of Rand's
research on space technology and policy, with access to the
remaining archival records and interviews as appropriate. It
is but a sketch, and an incomplete one at that. Already many
of Rand’'s pioneers in this field have passed +from the scene,
and so too have some of the most important documents on
"Rarid ‘s early work on reconnaissdrce applications. These were

considered sensitive in their day, and regrettably, many docu-
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ments retained in but a single copy are gone, except for the

control logs indicating their retention and destruction.
Other documents, and the topics they treat, may not even at

this late date be treated publiclvy.

Approved for Release: 2022/08/18 C05139159

e ey e vt



Approved for Release: 2022/08/18 C05139159

INNOVATIONS IN SFACE TECHNOL.OGY AND SFACE FOLICY:
WHY RANDT

After reviewing the breadth of activities at Rand
pertaining to space technology and applications, a question
that comes to mind is, "Why Rand?" Many of the ideas that
Rand research staffers —— "Randites" —--pursued had no
constituency in the Washington bureaucracy. AN many were
but a gleam in the evye, disparaged even within Rand. Yet the
ideas survived, and uwltimately found a home in research
projects, in development programs, and in Dperatio;al systems
or policy innovations. Why did this happen, and what kinds
of policies will encourage this kind of intellectual ferment

and innovation in the future?

This is a subject larger than the topic of this paper,
but it is germane to any explanation of why Rand was able to
take on the tasks that it did, and why it was so often suc-
cessful in bringing ideas together, in homing policy recom—

mendations, and in facilitating practical implementation.

The fact fs that Rand, from its infancy, operated in an
environment that facilitated and rewarded creativity, multi-
disciplinary research, the application of knowledge to
important issues of national security, and the artform of

what some have later called "implementation research. "

The Deputy Chief of Sta+f+f (Development) of the U.S.
Air Force, General Curtis E. Lemay, saw part of his job as
protecting Froject RAND staff and Rand as an institution from
short-term diversions from the long-term research mission i
that the U.S. Air Force assigned to the institution. General
Lemay committed himself to give Rand at least five years of
benign neglect, allowing Rand to structure its stat+ and
research agenda so that it could serve lang term needs aof the

Air Force and the nation. Within Rand this meant there was

L I |
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latitude to innovéte, to build research alliances among
staf+s with diverse training, unlike work habits at the
universities from which many Randites came. ~t the
universities, before the infusion of fedéral regsearch monies,
cross—department research was infrequently encouraged, and
often unhelpful to career development. The intelle&tuai
ferment at Rand resulted in many ﬁublications, but it also
resulted in Rand's development of & fTacilitator role, as an
honest broker of new ideas (or old ideas long forgotten)

ready for policy implementation.

°

Rand was not a publish-or-perish place. It facilitated
the application of innovations to solve important national,
and especially national security problems. Rand staffers
had no qualms about serving as honest brokers for innovations
devel oped el sewhere, if they would accomplish the missions

that Rand was asked to support.

An illustration of Rand's role &s a broker of innova-
*tibns,‘treatedrlater in this paper, involved the identifica-
tion of the qonceptlbf the panoramic camera as one especially
suited for space photography, and the transfer of suggested
means of adapting this concept to another nonprofit /
enterprise (within Boston University), which in turn modifieﬁ
the Rand'CDhcept<inAredEsignjof higﬁ altitude cameras.

Merton Davies'’ idea"was to take advantage of a spinning
spacecratt (spun for stabilizationi to perform a panoramic
scan with a narrow—-angle lens. This opened the possibility
of achieving higher resolution in the course of wide-angle
scanning with a narrow-angle lens. A variant of this success-—
ful formula —— wide—angle coverage with narrow-angle lens -—-—
"was ultimately adopted in the first space photoreconnaissance
system. Stimulated by work of Fred Willcox at Fairchild
Camera and Instrument Company, Davies’' concept was to utilize
a panoramic camera with focal length longer than the é&—inch

Baker lense frm World War I1. It was Amrom kKatz who passed
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‘Davies’ concept along to Walter Levison of the Boston
University Fhysical Research Laboratories. lLevison there-
after redesigned a camera —-— while lying in a hospital bed
with back pain —- that applied the concept of a panoramic
camera with long focal length, though his concept involved an

oscillating rather than a spinning camera lens.

Except for a carbon copy of a letter and a later memo-
randum, there would be no trace of this particul ar
illustration of Rand’'s role as a facilitator of innovation.
Many other ideas that facilitated technology appliéations
occurred without the traces that historians would prefer.
But Rand bridged the worlds of basic research, applied
research, and policy innovation, withaut worrying to excess

about its publications record.

Rand’'s first President, Frank R. Collbohm, plaved a
major role in structuring the atmosphere at Rand that
encouwraged creativity and self-initiated research. But the

United States Air Force deserves much of the credit, also.

General Hoyt 8. Vandenberg, Chief of Staff of the Air
Force, approved Air Force Letter BO-10 on "Air Force Folicy
tor the Conduct of Froject RAND," on July 21, 1948. . Several
of the enunciated policies contributed to Rand’'s

effectiveness: =

. The Air Force will support Froject RAND
ta the fullest possible extent.

b. Froject RAND will continue to have
maximum freedom for planning its work l
schedules and research program.

C. Adequate fiscal support will be provided
to insure the continuity of the Froject
50 as to permit maximum effectiveness in
programming and to provide for economy
of operation. The broad assignment of
work and the extremely high caliber of
personnel required to conduct this back-
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ground research, dictates that the
Froject be unusually stable to be effeoc—
tive.

g The use of Froject RAND to accomplish
specific "crash program"” staff work will
be minimized. RAND is not conceived nor
is it staffed as an arganization to
provide "quick answers"' for current staff
problems. .. :

he. "The RAND Corporation" will be free to
undertake supplementary work for y
agencies other than the Air Force, or
Jointly for the Air Force and other
agencies....

i. RAND will be supplied by all agencies of
the Air Staff all information including
such classified data which is necessary
for the prosecution of the Froject.

In a supportive and cooperative environment, Froject
RAND undertook explaoratory research on many aspects of
aerial warfare with implications for space technology and on

potential space technology applications.

RAND 'S FIRST REFORT

Rand emerged from the Santa Monica based research 1a5~_
oratories of the Douglas Aircraft Company almost immediately
after World War II. Located by what is now the Santa Monica
Municipal Airport (before new facilities were built closer to
the Pacific ocean in the mid-1950s), Froject RAND began with
an intensive three week study of the feasibility of launching
and utilizing a space satellite. Rand’'s first Fresident,
Frank R. Collbohm headed the project himself, together with
his dep.iv, Richard Goldsteiﬁ. Both the Army Air Force
leaderstip and the project managers envisioned Froject RAND

as an advanced planning organization for the Air Force, with
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plans for operatidns analyses as well as investigations of
future aircraft designs, as well as the role of missiles

within the Air Force.

Despite plans for long term studies, Froiect RAND
caommenced with a "crash" effort resulting from perceived
needs of the Army Air Force to demonstrate independent
competency in the analysis of the feasibility and potential
applications of space technology, before an interservice
review with representatives of the U.S. Navy in May 1946.
General Curtis E. LeMay, Director of Research and bevelop—
ment for the Army Air Force, considered space operations as
an extension of air operations, and viewed both as the
exclusive domain of the Air Force. Hence, he had rejected a
joint development program with the Navy even before turning
to Froject RAND for the Air Force’'s first study. (Perrvy,
1961, p. 11: Stares, 1985, pp. 24-29).

A May 1945 report by Wermer von Braun reviewed German
views on potentials of rocket-launched space satellites.
This stimulated both Navy interest and a December 1943
request for a satellite feasibility study, and Rir Force
interest, expressed in both a report of General H. H. Arnold in
November 1945 (design of a space ship "is all but practicable
today") and a December 1945 Air Force Scientific Advisory
Group study, the Von Karman Réport, that considered long
range rockets feasible and satellites a "definite
possibility.” (Perrvy, 1961, p. 93 Augenstein, 1982, p.

3.

The initial Project RAND report contained a multi-
authored scientific and engineering review of the feasibility
of launching and controlling a space satellite. Concepts
‘reviewed included propulsion, multi-stage launch vehicles,
the risks of meteors to mission parformance,{methbds ot

analyzing trajectories and problems of recovering space’
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payloads upon entry (now known, mysteriocusly, as "re-—entry")
into the atmosphere. Though the work was preliminary, the
reporting of it was both illustrative and detailed. with a

total of 321 pages.
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Frofessor Louis Ridenouwr of the Massachusetts Institute
of Technology served as a consultant on Project RAND's
initial study. Ridenouer was one of the nation’'s foremost
experts on radar technology. Later, in the 19850 's, he
ménaged research and development at the Lockheeﬂ Missiles and
Space Company. Congidering the specialized focus of his wark
in World War 11, the breadth of his vision in his brief wérh
for Rand in April 19446 is remarkable. Ridenour authored
Chapter 2 of Project RAND's first report, "Significancé of a
Satellite Vehicle." Among the missions identified by
Ridenour were: satellites to guide missiles; satellites as
the missiles themselves; satellites as an "observation
aircraft”; satellites for attack assessment; satellites for
weather reconnaissance; and satellites for communications.
But the participants in this study understood the necessary

limits of their vision:

"In making the decision as to whether or not
to undertake construction of such a [spacel craft
now, it is not inappropriate to view our present
situation as similar to that in airplanes prior to
the flight of the Wright borthers. We can see no
more clearly all the utility and implications of
spaceships than the Wright brothers could see
fleets of BZ9s bombing Japan and air transports
circling the globe."”

It was the combination o# the technical feasibility
assessments and the Ridenour overview of potential missions
that captured the interest of the Air Force and mainmtained
that interest until satellites were an operational reality.
Hence, the following testimony occurred before the Senate

Committee on Armed Services in January 1958:

Senator Stuwart Symington: “"The satellite situations
Is the Air Force interested in satellites?™"

Mai. Gen.BHernard A. Schriever: "Well, we have

been interested in satellites since 1946,
actually, when we started the RAND Corporation.”
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SUBSEQUENT RAND REFORTS OM SFACE FHOTORECONNATSSANCE >4
AND. SPACE SATELLITES FOR WEATHER FORECASTING

In 1946-1947 Froject RAND pursued the feasibility issues
identified in the May 1946 report. James E. Lipp,ihead of the
Missile Division, and his deputy Robert W. krueger, managed
the second Froject RAND study on space satellites. It was
more comprehensive than the first. It consisted of a series
of reports detailing the structure, guidance and control,
communications, propellants, propulsion, auxiliary power,
flight mechanics, etc. Following publication in Fébruary
1247, the Air Force’'s Air Material Command assessed the work.
It reported to the Air Staff in December 1947 AMC concurrence
in the feasibility of space satellites, but questioned the
practicality of utilization. AMC proposed, howesver,
establishment of a project to prepare Air Force réquirements'
and specifications for satellites, recognizing however that
the development of guided missiles had higher priority. In
January 1948 General Hoyt S. Vandenberg stated that USAF "has
logical responsibility for satellite..." (Augenstein, 1982,

pp. 4-35).

Merton Davies recalls this period when Froject RAND
functioned under Douglas Aircraft,‘but during the transition

to independence as a separate nonprofit corporation:

-

I arrived at Rand in 1947 Jjust after the publica-
tion of this study and worked on missile and
satellite structures under George Clement.

Rand was an exciting place. Three major break-
throughs had emerged from World War 11 which were
bound to change the course of history: radar,
nuclear bombs, and jet and rocket propulsion.
Rocket propulsion was the only area in which the
United States had no experience, and we were
trying to correct that. We studied the design
and experience of the German A-4 (V-2) missile,
as well as the A-9 glide version and the long—
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range A-10 design. Rand made a major study o+
the capabilities and costs of long-range glide
missiles. :

The Air Force had contracted with a number of the
aerospace firms to make studies of missile design
and cost. Typically these were the MX-770 with
Morth American Aviation (which emerged as the
Navaho missile), the MX~-773 with Republic
Aviation, the MX-774 with Convair (which led to
the Atlas missile), etc. Rand kept informed with
the thoughts, designs, and capabilities developed
in these contracts. Since Rand was part of
Douglas Aircraft, a direct competitor of most of
these firms, a special proprietary classification
was instituted within Rand to assure that these
particular company ideas did not drift to other
parts of Douglas. Because of this special care,
we have always had excellent communication with
the aerospace industry. After a while, it was
apparent that Rand should cut all ties with
Douwglas....

In November 1948 Douglas Aircraft Company transferred
Project RAND to an independent non-profit corporation, The
Rand Corporation, founded with an initial grant +from the Ford
Foundation. Thereafter, the institution took om a broader
mission. With regard to satellite feasibility studies, Rand
toock the lead in exploring satellite missions and teasibility,
but with a mission to support triservice needs, reflecting
the assignment of the satellite mission to the Air Force as a
tri—-service responsibility. Rand had authority to subcon-

tract research studies.

In 1949 Rand sponsored a conference on the utility of
space satellites, including-a satellite equipped with
“photographic and television equipMéﬁﬁ," The fact that a
satellite “"could not be brought down with present weapons or
devices" was one of its attractions, both for peacetime and
wartime obse?vatipn. (Hall, 1963, pp. 430-431: Stares,

1985, p. 29).
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Merton Davies recalls:

The Rand engineers were confident that an
operating satellite could be built and launched
into eorbit. This led to studies of the utility
of satellites: Why should they be built? It was
recognized that a satellite program would be
expensive and there was no national interest in
proving that it could be done. 0+ course, there
were scientific reasons but these could not hope
to justify a project of. this magnitude. If
photographic and television cameras were incor-
porated into the payload, the satellite would
have an observation and reconnaissance capabi}Lﬁy.
This mission should be of interest to the Air
Farce. In 1930 a formal recommendation went to
the Rir Force to proceed with advanced research
into specific capabilities of a satellite vehicle.
In November 1950 the Air Force authorized further
research to demonstrate the utility of satelilite
S reconnaissance. In 1951 two reports were pub-
"lished: one on the use of a satellite for
meteorology and weather prediction (by William.
Kellogg and Stanley Greenfield), and one on the
use *for reconnaissance (by James Lipp and Robert
Salter).

The two reports of 19351 are identified, together with
short unclaési#ied descrﬂptions, together with many other
Rand reports thatlére not as yet declassified; in a Rand
bibliography publiéﬁed iﬁ 1958 and revised in 1999. (Rand,
1959 .

.

James E. Lipp and Robert_.M. Salter, Jr. were the lead
authors of Report R-217, Utility of a Satellite Vehicle for

Reconnaissance, April 1951, 138 pp. Stanley M. Greenfield

and William W. kellogg were the authors of a companion repart,

R-218, Inguiry into the Feasibility of Weather Reconnaissance

from a Satellite Vehicle. Fublication of the latter report

in sanitized form in August 19460 (R-365) established a
visibility for this pioneering study of the feasibility of

vieather satellites.
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The American Meteorological Society presented Messrs.
Greenfield and kellogg a special award for this work, in
1960, and the Department of Commerce honored them in 1983,
during the 20th anniversary of global weather satellites,
commencing with TIROS-1 in 19460. A special award for their
experimental werk at Rand amd in resulting high altitude

experiments is well deserved recognition.

Those at Rand aﬁa eisewhere whose work stimulated the
qeveibpment of satellites for reconnaissance andwfor verifi-
cation of arms control treaties operated in a different
gulturé; Their satisfaction in accomplishment is mo less, but
they do not bask in the light of public recaognition for their

achievements.

Rand Report R-2Z217 is not as vet geglassified; but its
contents are previously highlighted. (Perry, 19461, pp. 31-

32). As previously described (Augenstein, 1982, p.5):

These reports discussed ‘pioneer reconnalssance’
with extensive earth coverage at sresolution
(utilizing TV) of between 40 and 200 feet, in .a
1,000 pound payload and at a vehicle weight of
74,000 pounds. A new U.S. awareness of Soviet
military potential-—-reflected in atomic weapons
and related vehicle developments, for
example——had posed new requ1rements for £8chnical
intelligence—-gatheéring, so0o the Rand reports were
published at an opportune time.

The U.S. Air Force, with [Research and Devcelop-
ment Boardl RDB approval, authorized Rand to
recommend development work in reconnaissance
satellite programs——now Pnown as Project FEED
BACK=—=—in 1951,

Merton Davies recalls:

During this period, certain characteristics aof

the satellite system emerged. Because the costs
of development would be high, the satellite must
have a long life to be cost-effective. At this
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time, the copper heat—-sink design re—entry
vehicle was considered the most reliable for
guided missile or recovery from space. Because
of the heavy weight of this design, the
‘observation. satellite should return imaging data
by telemetry. Cost was related to weight so.
every effort was made to minimize mass.

The Rand scientists were now beginning to become
impatient and frustrated. First they
demonstrated feasibility, then utilitys; still
there was not enough support within the AQir Force
or the Defense Department to start development.
Rand was to make one more study called Froiect
Feedback. This project w&dg to désign an ,
gbservation satellite with sufficient detail to
prepare a development plan. RCA was given a
subcontract to design the television system and a
video tape recorder (not too different from those
we now have in our homes). Robert Salter and
James Thompson spent a good deal of time in
Camden, N.J.; working with RCA on the design. I
also went with them on a few trips. James Lipp
was in charge of the overall project, and Eob
Salter was his deputy.  Richard Frick designed
the stabilization and control systems. My
primary contribution was in the interpretation of
simulated TV images working with a consultant,
Richard Churchill.

In 1931 (or perhaps 1932), Col. Hernard
Schriever was the director of the Development
Flanning Office of the Air Force at the Fentagon.
His office prepared Development FPlanning
Ubjectives (DF0O) on various subjects, such as
strategic warfare, tactical warffare, etc. He
asked retired Colonel Richard Leghorn (then
working at Eastman Kodak) to Fretuwrn to active
‘“duty to head a study of reconnaissance. Leghorn
had been a reconnaissance pilot during World War
Il and among other things had taken pictures in
preparation for the Normandy landing. I was sent
to Washington to discuss with Leghorn the capa-
bilities and use of satellites and perhaps to
write a section for his DPO. He was not familiar
with Rand’'s satellite work. We spent the morning
talking, then the afternocon. We went to dinnner
and then continued our discussions until after
11:00 p.m. For me, it was exciting and enjoyable
ta find someone so capable and interested in the
studies on which we had spent so many years.
Before long, General Bernard Schriever moved to
the West coast to set up the Western Development
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Division (WDD) of the Advanced Résearch and

Development Command (ARDD) te run the Air Force's

ballistic missile program.

The contribution of Colonel Richard 8. Leghorn to Rand’'s
work on aerial and space reconnaissance cannot bé over—
emphasized. And Colonel Leghorn, who in 1957 founded the
ITEK Corporation, returns the compliment. The fact is that
Rand needed a focal point in the Fentagon to make the
research in Santa Monica e++ectivg, and for three crucial
years —-— 1951 to 1954 --= Colonel Leghorn was that focal .
point. Colonel Leghorn had come to know Amrom Katé when both
of them worked under Colonel George Goddard for World War 11
reconnaissance. Katz had suggested to General Schriever
recalling Colonel Leghorn to active duty during the emergency
resulting from the Korean War. Back in uniform at the
Fentagon, Colonel Leghorn had 'th”g_re‘spon’éi’b‘i lity to draft
Feconnaissance planning requirements for the Air Force, and
he recurringly turned to Rand for help and informal advice.
Colonel Leghorn obtained from the Rand staff recurring
assistance in the development of a never-ending document

called Defense Planning Objectives (DFO): Reguirements {for

Strategic Reconnalssance (1952), in later versions DFO:

“Intelligence and Reconnaissance. Colonel Leghorn brought

to this mission a keen awareness of the need for what he
called "pre-hostilities reconnaissance," or "pre—-D-Day
reconnaissance.” QOver time, this concept evolved into what
is now generally regarded as !peacetime reconnaissance."
Understandably the primary emphasis was upon aerial
reconnaissance, long practiced and well wunderstood. Merton
Davies convinced Coldhei'Leghorn to include within the
framework for consideration of Air Force requirements the
siole of the reconnaissance satellite. This was a critical,

JUidt undocumented event.
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Colonel Leghorn's impact upon Rand research continued
lang after he returned to Eastman Kodak in 1954. Looking
back upon a distinguished career, Amrom H. katz concludes
that the most important work he did at Rand was not on the
means of accomplishing reconnaissance missions, but was on
the nature of andf?pe;ificaﬁiqn of reconnaissance require-
ments. For once the requirements have been well understood,
a strategy can be adapted to develop the necessary tech-

nology.

Within the Rand staff there was much other relevant
research that aided in concept developments for space tech-—
nology. None was more important than the work of Bruno W.
Augenstein, who on his own initiative in about September
1952 began to explore the prospects for development of
intercontinental ballistic missiles. It was this work,
briefed by Frank Collbohm to various audiences in the sunmer

and fall of 1953, and ultimately briefed by EBruno Augenstein

to the TEAFOT Committee chaired by | | in

December 1953 that strengthened that Committee’'s confidence

that it was time to recommend full-scale development of the

ICBM, in February 1934. Moreover , what the | \

Committee recommended was virtually identical to the recom-
mendations that Rand had presented Eo them. The expectation
that development of the ICBM was a practical option gave a
new impetus to studies on space missions and space vehicles.
(See the declassified version of HB. W. Augenstein, Rand

Special Memorandum No. 21, B Feb 1934).

On March 1, 1954 James E. Lipp and Robert M. Salter,

Jr., et al., published Rand Report R-262, Project FEEDBACK
Summary Report. (R. L. Perry, 1961, p. 3237 Augenstein,
1982, p. 7).

Following the publication and favorable reception of the

Froject FEEDBACK reports in 1954, Rand recruited Amrom H.
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Fatz, who brought nearly fifteen vears of photoreconnaissance B
and camera technology from his work in General Goddard's
Feconnaissance Laboratory in Dayton, Bhio. The combination of
Amrom Kats and Merton Davies gave Rand an }nstitutional memory
in the field of high altitude reconnaissance. And this came

tS be of impprtancéhas the,requirements_kor television—type

. data storage and retrieval from spacée systems appeared to be £

cunmeetable in the near term.

Merton Davies recalls:

]

Amrom had been working at the Air Force Recon-
naissance Laboratory at Wright Field, Dayton,
Ohio for many vyears. He was well versed in the
capabilities of reconnaissance by aircraft and
when Jim Lipp visited the Laboratory to talk
about satellites, hé was fascinated with the 0
notion of taking pictures from space. In order
to evaluate the use of such data, he had pictures
taken with a short focal length lens with a 35'mm
cgméfa fraom a high flying aircraft to simulate
the proper photographic scale. The picfares did
show considerable detail, and Amrom was excited
about the prospect of taking pictures from orbit.
I met Amrom when he came to Rand and spent the
mext five years working with him on a number of
projects. These were fun times: although some-—
times frustrating, they were always interesting.
Later during the sixties ouw interests overlapped
and we again spent considerable time together;
that too was a memorable experience.

RAND WORK TO DEVELOP THE U.S. AIR FORCE
'RECONAISSANCE SATELLITE, WS 117L

it was in 1954 that the U.S. Air Force authorized ?
development of the WS-117L reconnaissance satellite. (Stares, '

1985, p. 22). Eruno Augenstein has written: Lﬁ& d%den¥Z&/
STRRE prper
e..This early [ .iod closes with the decion to
pursue the WS i :i7L program, whose main progenitor
was the Rand Feed Rack study...The impetus given
to satellite work by Rand studies in this era
seems mostly forgotten now: but it is doubtful if
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the program could have obtainmed a running start

without it. (Augenstein, 1982, pp. 1,2).

The Air Force issued a formal System Requirement (Ma. 5)
for an Advanced Reconnaissance System on March 16, 19355,

(Ferry, 1961, p. 41; Richelson, 1984, p. 125

As the Froject FEEDBACK concepts were being drafted, in
19353, L. Eugene Root, Head of Rand's Aircraft Division, le+tt
to Jjoin the lLockheed Qircraft Corpcrafion as Director of
Development and Planning. Over the next couple yeafs he

recruited many of the Rand staff who worked on advanced

. reconnaissance issues, and from 1956 to 1999 he was both Vice

Fresident and Manager Manager of the Lockheed Missiles and
Space Division, and thereafter Fresident of this enterprise

as & separate Lockheed subsidiary.
Merton Davies recalls:

With the publication of the Froject FEEDEACK
repaorts and a recommendation to the Air Force to
initiate a satellite program, action was finally
" taken and a competition was held between
Lockheed, RCA, and Martin for the Advanced
Reconnaissance Svstem (ARS). About this time,
Gene Root, head of Rand’'s Aircraft Division,
Bob Salter, and about a dozen of Rand’'s missile
engineers, left to go to work $or Lockheed.
Shortly thereafter, Jim Lipp went to Lockheed to
work on aircraft, and Robert Krueger left Rand to
organize the Planning Research Corporation and
took a few engineers with him. George Clement
stayed with Rand to head the Missile Division and
rebuild the organization.

Mavy Captain Robert Truax was in charge of the
fdvanced Reconnaissance System Office in the WDD.
He had been involved with rocket erperlments and
studies since his days at Anapolis. Amrom and [
were invited to attend the final ARS competition
briefings by the contractors at Wright Field,
Davton. This was for information only: we were
not involved with the evaluation. After the
selection of Lockheed as prime contractor to
build the satellite, Eéétman*ﬁoQak'to build the
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camera, and CHS to build the Film scan devide,
the name of the project was changed to WS 1170
‘with the satellite named Samos, and the new
program leader was Air Force Colonel Frederick
Oder. The satellite was to be launched by the
Atlas ICBM and Lockheed Agena rochkets. Over the
next few years we stayed in close touch with
Celonel UOder and his staff at WDD.

In mid 1955 the President announced that the
United States would launch a small scientific
satellite in connection with the International
Gaeophysical Year. A number of proposals had been
prepared: however, the two most advanced were the
Army’'s Orbiter and the Navy’'s Vanguard. The -
Orbiter was based on the Redstone military
missile and the Vanguard was derived from the
Yiking research rocket. The Air Force proposals
were not considered because they would interfere
with the Atlas ICEM development. The Department
of Defense established the Committee of Special
Capabilities (Stewart Committee) with chairman
Homer Stewart of Caltech to recommend which path
the U.8. should pursue. George Clement of Rand
was a member of this committee, and with the
departure of C. C. Furnas from the group, Robert
Buchheim of Rand was named to the committee. The
activities of the Stewart committee continued
long after the decision to recommend the Vanguard
project for the IBY. The Army continued support
of the Orbiter project and eventually launched
the first successful U.S. satellite called
Explorer, which was an improved version of the
Orbiter proposal.

In the five vears from 1951 to 1956 the prospects
for space had changed dramatically from studies
in which all components were reguired to be
developed to the funded Air Force and IBY
Vanguard satellite programs. Moreover, the Army
had the Redstone and Jupiter missiles under
development, and the Air Force was proceeding as
fast as possible to put into production the Thor
IREM and the Atlas and Titan I(BMs. All of these
missiles could be used as the first stage of a
satellite launcher. Another important
development was the use of ablation cooling to
carry away heat during the entry »f a payload
into the atmosphere. This decreawzd the mass of
missile payloads and made practical the physical
recovery of satellite pavloads and data packages
from lunar or planetary missions.
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However, in 1956 all was not well. The +1light
programs were experiencing many failures and
setbacks. There seemed to be particular
difficulty in achieving reliability in the
propulsion systems and in control and stability.
At Rand, the philosophy was developing that some
programs should concentrate on simplicity of
design, establish reliability in operations, and
then introduce complexity and precision.. This
point of view characterized the choice of launch
vehicles and performance requirements used in the
Rand studies for many years to follow. For this
reason, spin stabilization was popular with the
Rand engineers.

PAYOFFS FROM RAND'S INTERDISCIFLINARY RESEARCH

Une of Rand’'s particular strengths was the easy flow of
working relations across departments. By organizing wotrk on
a project-by-project basis, Rand brought professionals with
diverse backgrounds together. This allowed Rand to bring
insights from one discipline to bear on seemingly extraneous

tasks.

The transition ¥rom Rand’'s recommendations in Project
FEEDBACE (1951-1954) to Rand’s recommendations for
recoverable satellite systems (19956-1960) illustrates the
benefits that flowed from interdisciplinary research. Many
an organization, proud of its early work in one direction,
would be incapable of reversing course when new insights

indicated a need for a diferent result.

The underlying cause of interest in television-like
.remote sensirig, data storage, and transmisison to ground
stations was economics: the high cost of developing rocket
systems, launch and control facilities, and payloads
indicated the I;keiy necessity of keeping satellites in orbit
for extended periods of time. Also, there was the concern
that the difficulties in dissipating the heat accumulated
during atmospheric entry (called "re-entry") might preclude

[
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the recovery of any payload, and heat-sensitive payloads such

as +ilm in particular.

Fecause Bruno Augenstein and others were at the fore-
front of the ICBM recommendations, they understood that
purchases in large quantity could bring down unit costs. And
the launch facilities fof infercantinental missiles could
also serve as the launch facilities for space payloads. In

Rand Document D-3S03, M. Margolis estimated ICEM Devel opment

Cost Estimates, FY1956-1959. Then Carl Gazely joined the

Rand staff after working at General Electric Company in
Fhiladelphia, and shared insights regarding use of ablative
surfaces to dissipate heat and protect payloads during
atmospheric entry. It was the rapid sharing of fresh ideas
that sparked a rethinking of television-in-space observation

systems, compared to film-from—space observation systems.

Richard €. Raymond proposed in early 1956 a reloaok at
recoverable space payloads to accomplish reconnaissance
_missioms; Raymond proposed using a Thor booster plus solid
Focket,,together wifh a.vertical strip cameﬁé. (See A. H.
Katz, Memo to L. J. Henderson ansd R. J. Lew, 3 Jan’ 1958, pp.

2-3, declassified March 24, 1972).
Merton Davies recalls:

The simplest and most reliable of the Air Farce
missiles under development was the Thor. When
combined with the second stage of the Vanguard,
designated Thor-Able, could toss a payload
intercontinental ranges and in 1958 a full-range
nose cone re-entry test was made. At the time, I
thought was given to deploying these vehicles as
first generation ICEMs. A solid propellant third
stage could be added to the Thor-Able to place
300 to 500 pounds in satellite orbit or 85 pounds
on a trajectory to the Moon. Launch vehicles o+
this class were available soocner and were less
expensive thanm the Atlas or Titan. Like the
Thor, the Army’'s Jupiter missile was used for
satellites and lunar launches: however, our
studies at Rand concentrated on the Thor.

BER e s gy
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Eased upon the Raymond concept, Brownlee W. Haydon

proposed a recoverable recomnaissance satellite system, in a

then—top secret meMbﬁandum,(Récbmmendatiuns to the Air

Staff1 Fhotographic Reconnaissance Satellites, a ZO-page

document submitted in March 1956 with a covering letter from
Frank Collbohm. But the specific recommendations were
premature,'and fFand soon withdrew the recommendation. Mean-
while, work proceeded to identify all the réquirements for

payload recovery.

John H. Huntzicker and Hans A. Lieske investigated the

srecovery of "such heat-sensitive items as phctograhhic

,{ilm“ in Rand Research Memorandum RM=-1811, Fhysical Recovery

of Satellite FPayloads: A Preliminary Investigation,

published on June 26, 1956 (Rand, 1959, p. 9.

Work proceeded on electronic feedback systems also, but
the economics of space systems after the Air Force procured
ICEM systems favored recoverable systems. Even so, Rand
helped to spawn an entirely new industry, while encouraging
the government to keep its options open. In particular, Fand
SUbCQﬁtEacted_witthhé_Ampék Corporation to investigate
magnetic tape as a medium for the storage af visual data.
Ampex found that improvements in the tape head were necessary
if order to store data for 60Q0-lines of television image.
Rand published RM-2110 on October 1, 1957, Wide—Hand
Magnetic Tape Recorder. By pushing the state of

technology, through selective subcontracting, Rand helped in
the development of what is today a multibillion dollar

videotape market for electronic products.

SCIENTIFIC SATELLITES AND LUNAR EXFLORATION

The same Thor-based rocket system that[ | proposed

for Fecoverable reconnaissance payloads form&d the basis of
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‘a feasibility study for launching unmanned scientific

satellites and for lunar.exploration.

Merton Davies recalls:

A major study on lunar exploration was started at
Rand in 1936 under the leadership of Robert
Buchheim and continued for many vyears. This
study was very comprehensive, covering
performance requirements, trajectories (impact,
orbital, return-to-Earth), guidance and control,
pavyloads, and instrumentation. One of the more
interesting ideas was a study of the impact loads
and feasibility of a servivable, instrumented:.
probe, what we now call a penetrator. These
studies took place under Air Force sponsorship,
mostly before NAGA was established.

Robert W. Buchheim published Research Memorandum RM=1720

on May 28, 1956, entitled General Report aon the Lunar

Instrument Camera, then classified Secret. (Rand, 1959, p.

7). FPublicly, also in May 1956, George H. Clement published

a paper, The Moon Rocket, Rand Paper F-833. In September

1957, Buchheim published a gsecond Research Memorandum,

RM-2003, Qutline of a Study of Manned Space Flight, which

helped in developing national space objectives before the

’

creation of the National Aeronautics and Space Administration

in 1958.

Merton Davies observes:

In 1958 and 1939 I had published papers describ-
ing the operation of a spinning panoramic camera
in taking pictures of the Moon. In the early
19608 after the Russian successes, the U.S.
responded with the Ranger and Survevor Lander
lunar programs at the Jet Fropulsion Laboratory.
The Surveyor program was delayed because it
required the Atlas/Centaur booster and the
Centaur development was behind schedule. A
Surveyor (Orbiter was intended to follow the
Lander with photographic coverage of the lunar
surface.

About this time, | |, Space
Technology Laboratories (STL, now split between
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TRW and the Aerospace Corporation), delivered a
proposal to NASA Headguarters describing how the
lunar surface could be photographed with a
spinning panoramic camera, with onboard
processing of the film, and electronic readout
The important ingredient was that this spacecraft
could be launched with the Atlas/Agena and need
not wait for the Centaur development. In late
1962 it became apparent that this mission should
proceed soon to support the search for Apollo
landing sites. This Lunar Orbiter mission was
assigned to Langley Research Center and a
competition was held. Two contractors proposed
using spinning panoramic cameras. They both
lost. The winring contractor was Boeing with*
Eastman Kodak building the camera and CES the
film s¢an device (the same companies responsible
for the Samos photographic system). Five Lunar
Urbiter spacecraft were flown: all were
successful. It was an excellent program.

BROKERING INNOVATION: FANORAMIC CAMERAS

One of Rand’'s functions, on beha1+ of the Air Force
which in turn served as a triservice sponsor of satellite
development programs, was the identification and intellectual
transfer of impertant innovations to elements of the nation’'s
space development program. Merton Davies tells us about an

important role involving himself and Amrom katz:

-

Throughout the 19508 the Boston University
Research Laboratory carried out a research
program on aerial photography sponsored by the
Air Force Reconnaissance Laborataory at Wright
Field. The laboratory head was |
and, of course, Amrom Katz knew well
the people at the laboratory and their research
program. Amrom and T attended a meeting at
Boston University, Fébruary 19, 1957 to discuss
thelr research programs and to tell them about
our interest in taking pictures fFrom satellites.
Among others present were\
|} and Walter Levison from the laboratory and
the independent optical designer, James G. Haker.
It was an exciting all-day meeting, exéharging
ideas with innévators in aerial reconnaissance.
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balter Levison talked about cameras designed to
take pictures from high altitude balloons. The
story of balloons started many vears ago, in the
1940s, when Rand meteorologists William W.
Kellogg and Stanmley Greenfield became interested
in the flights of paper balloons launched by the
Japanese during World War I1. Some of these
balloons did reach the U.S. mainland and start
forest +tires; however, in general they caused
little damage because the rangers were prepared
for fires caused by lightning. Kellogg and
Greenfield became interested in predictinmg the
paths of the high altitude jet streams and
participated in instrumenting polvyethylene
balloons so their flights could be tracked. The
balloons would drift for many days and at the
proper altitude rapidly cover many thousands of
miles. In 1956, a project called Moby Dichk was
implemented in which balloons containing cameras
were launched from three locations in Europe.
They drifted across BEurope and Asia, taking
pictures, and were recovered from the Facific
when all went well. Levison had designed the
duplex camera +flown on these balloons. The
cameras were produced by three manufacturers.
The camera had two six inch wide-angle lenses
mounted so that the two pictures overlapped at
nadir and extended to the horizon. (See the
description by Col. Faul Worthman, in Walt
Rostow’'s book, Open Shkies).

l.Levison described a new camera he was designing.
for use in balloons. The camera was to cover a
wide angle, about 120 degrees, with a +/3.5, 12
inch focal length lens. The lens design was to
be a modification of the Baker "spherical shell
lens of World War Il. This lens yvielded a high
resolution image. However, its focal plane was
spherical, leading to difficulty in alignment of
film. Levinson planned to use 70 mm. film,; sO
the image format was about 2.5 by 246 inches; the
platten which holds the film during exposure was
curved to the 12 inch radius. An optical field
flattenmer or other device would be necessary to
remove the curvature of the field along the width
of the film. The only moving part was the focal
plane shutter which was to move 2.5 inches across
the film during exposure.

Amrom and I went to the annual meeting of the
American Society of Fhotogrammetry about three
weeks after the Boston trip. During a social
gathering, we were talking to Fred Willcox, Vice
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Fresident of Fairchild Camera and Instrument
Corp., when he described a new camera, a rotary
panoramic design, which his company wanted to
bwild and install in fighter aircraftt wing pods.
The camera had a 45 degree mirror in front of the
twelve inch focal length lens, and the entire
camera, film and all, rotated about the optical
anis to perfaorm the panaoramic scan. A slit was
mounted in the focal plane and during exposure
the film was moved past the slit to conpensate
for the rotation. In this way, the slit acts as
a focal plane shutter. My first impression was,
"What a terrible design to be moving all that
mass within a drum."” However, after a while I
began to recall that most of the spacecraft
designs at Rand were spin stabilized, and then I
realized that the camera could be fixed to the
spacecraft structure and its motion would perform
the panoramic scan. Thus was born the idea of
theée spinning panoramic camera.

The Rand concept of the camera placed the optical
axis normal to the spin axis of the spacecraft

. and moved the film past the focal plane at the
proper rate to compensate for the spin. A slit
was,p}aced in the focal plane to act as a
shutter. The camera was light weight and
operationally simple, perhaps elegant.

As the design of this camera was coming together,
Amrom telephoned Walt Levinson and described the
beauty of a panoramic design. The panordamic
camera took a wide-angle picture with a narrow
angle léns. It had a flat field, and it was not
necessary to have a mirror or prism perform the
sCcan. After a brief illness ihbclving a stay in
the hospital, Walt desigmred the elegant HYAC
camera. Amrom gave the camera the name HYAC,
standing for high acuity. In this design Walt
had saved the fixed platen to hold the film from
his wide-angle designi the lens and slit struc-
ture were the only moving parts. They rocked
back and +forth, like a pendulum about an axis
located at the optical rear nodal point. HYAC
cameras with twelve inch focal length were built
and flown in high altitude balloons during 1937.
They performed beautifully and took very high
resolution pictures:; later they were flown in
high altitude aircra+tt.

The panoramic cameras that the Eoston University

Fhysical Research lLaboratories designed did not use the
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spinning camera that Rand proposed, but they did use the
concept of a panaramic camera with a long focal length.
Hence, Rand brakéred a concept that was applied to
operatienal spacecratt, thoudh modified im important wavs by

Walter Levison and others. (See kKatz, 1959, p. 2).

SFACE OBSERVATION FOR ARMS CONTROL

As reconnaissance satellites appeared to be a practical
option for the decade of the 1960Us, Rand’'s social scientists
began to contemplate their uses. Outside Rand, Colonel
Richard Fhilbrick had proposed aerial reconnaissance for arms
control, back in 1948. But this was a little recognized
concept, with the conventional wisdom being that on-site

inspection was the essential element for treaty verification.

J. M. Goldsen comleted a then—-top secret Rand Memarandum
on March 28, 1957, entitled "Reconnaissance Satrellite and
Latest U.S5. Disarmament Froposal." Regrettably, Rand’s
record copy of this document has been destroyed, 80 we can
only guess at its contents. From its title, it would appear
that Goldsen had.linked space observation wifﬁ.imprcved
prospects for arms control agreéments. The 4ollowing year,
Merton Davies participated in a Conference of Experts at
Geneva, an intermnational entEfprise‘to consider means of
reducing risks of surprise atéack. At this conference,
Davies drafted U.S. position papers that suggested an
important potential role for observation satellites to reduce
risks of surprise attack. _Hence, even before the first
space -ohservation system was launched, Rand staffers had
‘begun to explore the potential for arms control and dig-

armament agreeménts.
HMerton Davies recalls:

Froposals for the use of aerial photography to
monitor arms control agreements go back to the
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late 17403, and the most famous of these was the
"Open Skies" proposal of Fresident Eiserhower in
1955, These ideas were important because they
helped develop classes of arms control measures
which could be monitored by aerial inspection
techniques. Thus, when inspection by satellite

‘became possible, real arms limitation measures .
could be negotiated.

In late 1958 the Surprise Attack Conference was
held in Geneva. Experts from five Eastern Block
countries and five Western Block countries were
called together to try to negotiate measures
which -would decrease the likelihood of one )
country attacking his neighbor. Amrom kKatz .
participated in the preparations for the confer-
ence, and I was sent to Geneva as a delegate.
Albert Wohlstetter, Andrew Marshall, and Harry
Rowen of Rand were also delegates. The meeting
itself was a disappointment because the East and
West could not even agree on an agenda. However,
each time we met each side would table papers.
These papers then became the technical +forum for
exchanging ideas. -In the paper describing

- methods and capabilities foF inspection, I did
“include discussion of the gbgérvation satelite.
To my knowledge, this was the first mention. of
the role of the satellite at an arms control
negotiation.

In the technical working sessions at Geneva, Davies

worked on -the satellite observation study, GEN/SA/S, Fart I,

November 19, 1998, A survey of techniques which would be

effective in the observation and inspection of the instru-—

ments of surprise attack. Davies did much of the drafting,

. 6n space observation systems, working together with Colonel

Faul J. Heran, USAF, the group leader, and | o

|, USAF.  Amrom Katz participated in pre-conf-

erence planning as a technical adviser, along with Arthur (bx3)

C. Lundahl of CIA and others.

ACCELERATING THE ACRUISITION OF
_RECOVERABLE SATELLITE SYSTEMS
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Merton Davies writes:

- By the summer of 1957 Rand had completed a
satellite dééigﬁ study with the objective of
obtaining a phdotographic capability in a short

. time. The satellite was to be put in polar orbit
with the Thor-Able booster and a small, spin
stabilized, solid rocket. The satellite
contained a spinning panoramic camera with twelve
inch focal length lens and $ive inch widé £i{lm
which operated by command and by €loek. The
satellite also contained a solid rocket which was
fired on command from the ground, causing the
satellité to deorbit and fall into the Facific
Ocean to await recovery. An automatic radio

beacon would aid in the search. (See M. E.
Davies, Memorandum to A. H. Katz, 10 Sep 1987,
Subj: "Frogrese of Recoverable Satellite Study,”

1 p. Declassified March 24, 1972).

In November 1957, Davies and Katz completed an important
study, with the assistance of various Rand co-authors. Enown

simply as "RM-2012", this study has been republished in a

highly sanitized form, in 1984, with the title A Family of

Recoverable Spacecraft.

In a comprehensive and now-declassified memorandum
prepared in 1939 (Katz, 1939, p. 1) Amrom Katz recapitulated
what Rand had done to make recovery of vital payloads happen.
He noted, correctly, the importance "of the work undertaken in
1957, for it strengthened Air Force commitments to proceed
with a near—term system and it probably contributed to an
awareness in the Air Force that it was more important to
obtain an effective operating system than to impose
programmatic delays in the interests of an Air Force

monopoly. Katz wrote in 1959:

Certainly our major and formal recommendation in
the. field of rgcoﬁﬁéissaHCE'and'satej;ites:in the
last couple of years has been the recommendation
lof Davies and Katzl of November 1957 regarding a
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new family offﬁec0ver§ple reconnaissance satel-
lites...Recoverable satellites are important and
complementary to the talk back type system...The
major point we were making in_ late 37 and early
'Sauwaé.thatVSO feet of ground resolution in V59
is infinitely better than five feet in " &65.

There is a curious tendency among R4¥D people to
settle for something better later over something
reasonably good now. (Katz, 1939, p. 1).

Merton Davies remembers the briefings:

Amrom and I presented this study to the Air
Force, sometimes together, sometimes separateby.
We first went to WDD, then to various offices in
the Fentagon, to the Air Research and Development
Command, and also to the Air Reconnaissance
Laboratory, Wright Field. We felt that it was
very important -that the Air Force start a new
photographic program using the Thor bodster and
film recovery.

Col. Oder made the Air Force presentation to the
Stewart Committee meeting at Rand in November
1957. He announced that the Air Force was going
ahead with a new program incorpoarating the Thor
booster, spin stabilization, and film recovery.
We were excited. Early in 1988 contractors were
selected and design decisions made. Lockheed was
to develop a spin stabilized version of the
Agena; Fairchild was to develop the caméra, and
General Electric was responsible for recovery.
This project was redirected in the spring of 1958.

(Y
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Major General Bernard A. Schriever of the Air Force
Development Command (ARDC) sought funding to accelerate the
development of space satellite éystems, but funds were not
available even after the uproar over the launch of the first
Soviet sputnik in Uctober 1957. The economic recession of
1957-59, together with the fiscal conservatism of Treasury
Secretary George Humphrey, resulted in inadequate Air Force
funds for any significangtly accelerated satellite program.
General Schriever implied a lack of funding approvals, when
he testified before the Senate Committee on Armed Services in

January 1958 (U.S5. Senate, 1958, pp. 1&634-35):

Senator Stuart Symington: "Could you put up in
orbit fairly soon a satellite that vou believe
vou could call down?" ’

General Schriever: "Yes Sir.....lhere was & lot
of interest, at different sources in the
Government, for an advanced reconaissance
system. Eut we got no approval for proceeding
with this on a systems basis either on the Air
Force secretariat level or at the Department of
Defense secretariat level until just recently.

According to the biographer Leonard Mosley, in the book

Dulles: A Biagraphy of Eleanor, Allen, and John Foster

Dulles and Their Family Network (1978, pp. 431-432):

LY

[The Director of Central -intelligence,] Allen [W.
Dullesl suggested that [Deputy DRirector for Flans
Richard M.] Bissell [(Jr.] go over and talk to the
Air Force, who sent him on to Charles Wilseon, the
Secretary of Defense. The felling around was

that such things as space programs were “the kind ﬁ
of foolishness the Democrats indulge in, and we
Republicans cut down on." So once again, Allen

agreed to fund money for a space satellite out of
CIA secret funds, and went to see the President
about it. In February 1958, he called in Richard
Fissell to see him. Edwin Land was already there.
Allen said that the Fresident had approved the
development and operation of a reconnaissance
satellite, and that Hissell would be in charge
for the Agency and would have an Air Force offi-
cer as his co-director.
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In a tribute to Richard Bissell, the Washington colum-

Joseph Alsop reports that CIA led the -

"all—-out secret effort to build a workable

reconnaissance satellite....tt. Gen. Hernard

Schriever worked with Bissell. Brig. Gen.
Oswald Ritland was Bissell 's day—to—day partner.
‘Din’ Land again lent a hand. And others might
be mentioned. ("Matter of Fact...A Debt is
Owed," The Washington Fost, December 24, 19673).

A more recent unofficial account claims -
.

.

...in February 1958, Fresident Eisenhower ap-
proved Froject CORONA, with the expectation
that it would result in an operational photo-
graphic reconnaissance satellite employing a

- recoverable capsule system by the spring of 1959.

(Richelson, 1984, p. 233 Jobn Frados, The Soviet
Estimate, 1982, pp. 195-1964).

The Dulles family biographer, Leonard Mosley, reports

that CIA’'s then-Deputy Director for Flans, Richard M. Bissell

described to him a joint venture presided over by HBisgssell and

an unidentified representative of the U.S. Air Force:

1

He and 1 presided over semething that was known
ds the Corona program...Ry April 1960 there had
been eleven flights, none successful. The first
ane in which beth the satellite and the camera
functioned perfectly and from which film was
retrieved was No. 14 in August of 19&0. (Mosley,
1978, p. 432).

AN UNSOLVED PROBLEM: WARNING INTELL IGENCE

In the period 1946 to 1938, the Air Force sponsorship of

Rand projects facilitated the development o©f space reconais-—

sance systems.. When the Soviets were finally able to

shoot down a U-Z reconnaissance plane in May 1960, the nation

was not without alternative means of acquiring information

-
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* needed for survival in the nuclear age. But Rand staff did
not consider they had significantly ameliorated the problem
of warning of surprise attack. Aarom Katz observed, in a

Memorandum of January 3, 1958:

...The warning problem is of course the kind of
thing for which the RAND satellites can not
really contribute to in any meaningful way...
(Memo, A. H. Katz to L. J. Henderson and R. Lew,
3 Jan 1958, p. %5, declassified March 24, 1973).
Moreover , between 1958 and the Soviet shootdown of the
U-2 reconnaissance aircraft in May 19460, virtually all of the

ers of space reconaissance at Rand were excluded from

- pLor
the opportunity to participate in the actual developmental
phase of concepts that were theirs or adapted from their
work. This did not stop innovatien at Rand regarding space
technology, but it did for a time channel energies in direc—’
tions other than the primary thrust from 1946 ——

reconnalssance.

DIVERSIFICATION OF RAND RESEARCH ON SPACE TECHNOLOGY

Somewhat more than a year before initial operation of
the TIROS-1 weather satellite in 1960, Stanley M. Greenfield
and William W. Kellogg published a Rand paper, F-1402,

Satellite Weather Reconnaissance, dated June 12, 1958.

This paper brought the results of more than a decade of upper
atmos— pheric experimentation te the attention of the
scientific community. It was important to do so at that
time, just a month betore President Eisenhower signed the
National Space Act of 1958. The Air Force had supported
meteoroclogical satellite development when no other sponsor
was available, but as of October 1, 1938 NASA became an
operating agency, and in April 1959 NASA toock charge of the
TIROS meteorological satellite program. NASA launched the
TIROS-1 weather satellite on April 1, 1960.
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In 1959 John Huntzicker wrote a Rand document, an Air

Force Weather Satellite Utilizing TV, which accompanied

another Rand document, An Air Force Weather Satellite - Why

and How. (Katz, 1959, p. 7). During the transition to
civilian management of the TIR0OS satellite program, it was
important to plan for weather reconnaissance supporting

defense programs.

A related discipline involved reconaissance mapping.
In 195é;7ﬁang published RM=2179, Robert W. Buchheim's study
of a space reconnaissance mapping satellite for,Geﬁeral‘Féﬁ—
guson’'s office in the Air Force, which led to modification of
the USAF reconnaissance requirements document GGUR'BO-ﬁ) s0
as to include mapping recomnnaissance missions. (Katz, 1959,

p. 6).

As ambitions for space satellite missions expanded, Rand
studied concomitant needs for communications with space
vehicles. In February 1958 Cullen M. Crain and R. T. Gabler

published Communications in Space Operations, Faper F-1394,

indicating the feasibiiity of commujnicating to and from
space satellites. But this paper overlooked the potential of
space platforms as facilitieé for redirecting and
retransmitting communications. By 1960, Rand published
Research Memorandum RM-2709-NAGA, for the fledgling space

agency, Communications Satellites: an introductory survey of

technology and economic promise.

The significance of satellites for peacetime rFeconnais-
‘sance and communications, and for the conduct of military
operations, encouraged consideration of countermeasures.

In 1958, Rand published a couple étudies, both classified

secret, 5. T. Cohen ‘s Speech S$~84, Nuclear Defenses Against

Space Weapons, a quarter century before the Strategic Defense

Initiative, and Irwin S. Elumenthal published Speech 5-76,
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Froblems in Defending Against Satellites. (Rand, 1939, pp.
46, 47).

FUBLIC EDUCATION

Following the launching aof the first sputnik, the
growth of public interest in prospects for space technology
exploded. The commitment of the U.5. Air Force to sustained
support of Rand research on space technology, over vyears
when the public either did not care or could not kﬁow,
vielded at Rand a core of expertise that was a national
asset. It was not until after passage of the National Space
Act of 1958 that the California Institute of Technology
shifted its Jet Propulsion Laboratory from U.S. Army to MNASA
research sponsorship. In this formative period of national
space policy, Rand made available to the public cohesive and
comprehensive literature. Many of Rand’'s sta+t+f published
professional papers and articles. Several of Rand’'s

activities deserve special mention.

First, in February 1938 Rand issued (and supplemented in
1959) an unclassified bibliography of Rand publications on
space flight, containing even summaries of otherwise
classified Rand studies. Second, F. J. Krieger published a
documentary collection on the“Soviet space program, Behind

the Sputniks: A Survey of Soviet Space Science. Third,

at the request of the Speaker of the House of Representatives,
John McCormick, Rand compiled in a matters of weeks an
extraordinary collection of documents and tutorials on space
technology, submitted it to the Congress in December 19%8,
published a commercial edition through Random House in 1940,
and a revised edition in 1963, Robert W. Buchheim, together
with dozens of the Rand research staff, provided in a single
reference work a collection of information on space that

remains useful today. Rand’'s Space Handbook: Astronautics
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and Its Applications was another "crash” Rand product, and

one met with effusive thanks. It drew upon a two—-volume
campendium of then-secret lectures prepaered as a course for
senior Air Force officers, and published as Rand Fublication
§-72 in February 1958. Fourth; Amrom Katz wrote publicly and
humorously on re:onnaissande,gfinding-that if he used the
term “"space observation" he did not run afoul of security

guidelines, A series of six articles in Astronautics (1760)

republishes a 128-page Rand paper,'P-1707, Observation

Satellites: Froblems and Frospects, initially published in

May 1959. Four vyears later, Katz published a collection of
readings on principles of remote sensing, Faper F-27632,

Selected Readings in Aerial Reconnaissance, August 1963.

RETROSFECTIVE

Rand ‘s early work on space techﬁology and its applica-~
tions reflected both imagination and endurance. The one
without the other was not enough. And the endurance was
double—~edged. Un one edge were the Air Force officers who
defended budgets for studies of advanced reconnaissance
systems seen as longshots at best. Un the other adée were
the Rand staffers whose recommendations remained oﬁ the shelf
and who, had they had less enthusiasm and imagination might
have sought out easier work. .Rand, of couwse, was not alone
in pioneering concepts and applications for space technology.
But Rand worked virtually every conceivable mission, with a
due regard to security requirements and with a commitment to
accomplish Rand’'s open-ended mission. Rand served not only as
a reposifory of multidisciplinary knowledge but as a hkey
training facility. Groups of Rand project managers and
colleagues moved into leading positions in the aerospace
industry and continued their innovative activities there.

Froject RAND ‘s diversity of activity and accomplishments in
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space technology are a reminder of what a few people can

accomplish in the right environment.

Some of the principles associated with Rand’'s achieve-
ments in this era have a contemporary applicatioﬁ; In an era.
of micromanagement and computerized budgets, it is worth
reflecting upon the rewards flowing from the encouragement of
vision, initiative, and persistence in the research

environment.
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