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EARTH SATELLITES, A FIRST LOOK BY THE
UNITED STATES NAVY'

R. Carglill Ha11 (usa)™

ORIGINS

Early in 1945 a special United States Naval Technical Mission in Europe
accompanied Allied forces advancing through the low countries into Germany. Concerned
with Axis technical and scientific matters, organized into Combined Advanced Field Teams
caomposed of both British and American scientists, the mission members included the mathe-
matician Anthony Blot, aerodynamicists Clark Millikan and Hsue-shen Tsien, and p.ysicists
Abraham Hyatt and George Ewald. These men conducted on-~the-spot assessments of designated
German scientific groups and installations of interest to Allied agencies.

On May 5, 1945, a few of the mission members interrogated the leaders of the
Dornberger-von Braun rocket group who had surrendered to Allled troops a few days earlier
at Reutte in the Tyrol. During the meeting in the small town of Kochel, Bavaria, Tsienl
requested that von Braun prepare a summary of German rocket developments and his predic-
tions for the future of rocketry and astronautics.2 The resulting report, Survey of
Development of Liquid Rockets in Germany ard Their Future Prospects, suggested potential
applications for earth satellites, manned space stations, and flights to nelghboring
celestial bodies including the moon, as suggested earlier by Tsiolkovsky, Goddard, Cieorth,
Noordurg, and others.3 In July, that report accampanied Abe Hyatt when he returned to
the Navy Bureau of Aerconautics (Bufer) in Washington, D.C. According to Hyatt, it stirred
a good deal of interest among individuals at Buler, especially among those in the Aviation
Deslgn Research Branch directed by Ivan H. Driggs.u But the individual first and cer-
tainly most moved by the subject of earth satellites at BuAer was a young Navy lieutenant,
Robert P, Haviland.

*Presented at the Foruth History Symposium of the International Academy of
Astronautics, Constance, German Federal Republic, October 1970.

*Jet Propulsion Laboratory, California Institute of Technology.
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Haviland, attached to the Electronics Materiel Branch of the Engineering
Division in the Navy Bureau of Aeronautics, examined Allied intelligence reports and
other documents relating to aircraft identification and electronic countermeasures. ...h
a decrease in work assigmments near war's end, Haviland turnmed his attention to a favorite
topic: the implications of space ro::.lcet;ry.5 In the late summer of 1945 he read a
British report concerning the capabilities of the German V-2 rocket, and a NACA technical
translation of some earlier work pursued by Eugen SHnger. Willy Ley's Rockets, the Future
of Travel Beyond the Stratosphere (New York: Viking Press, 1944), which treated the energy
requirements necessary for orbital flight and escape from the earth's gravitational
attraction, also stimulated the young man.

Aware of the discussions in the Aviation Design group and, apparently, the
von Braun paper, Haviland set about considering potential space missions, and he spent
several weeks exploring the technlical feasibility of earth satellites based upon exten-
sions of conventional V-2 rocket technology. On August 10, 1945, he camt ined the results
of this study in a nine-page memo to the Head of the BuAer S.ecial Weapons Section,
recommending that an earth satellite project, "Project Rex," be authorized by the U.S.
Navy. Although overlooking the problems of atmospheric reentry, Haviland calculated that
by clustering and staging large rockets, manned artificlal earth satellites were techai-
cally feasible, and he recommended a number of potential missions: as a platform for
scientific research, as communications relay stations, and for use in mapping and meteoio-
loglcal sur'\reillance.7

The President's announcement of the existence of the atomic bomb on August 6—
which suggested a pctential source of large a-dunts of energy--enhanced Navy interest in
Haviland's proposal. It quickly won the support of his immediate superior, Commander
J. A. Chambers,” and fram Captain Lloyd V. Berkner, himself destined to play a significant
role in American astronautics. Captain Berkner, Yead of the Electronics Materiel Branch,
was much taken with the idea of a communications satellite employed as "an artificial
1onosphere,"9 and he convinced his supertors of the desirabllity of investig:tine the
prospect of earth sat:ellit:es.10 With authorization to proceed, Berkner discussed the
matter with Commarder Harvey Hall,ll Special Sclentific Assistant tc the Head of the Radar
Section. Hall agreed to assist in a comittee examinatlion of the technical feasibility of
earth satellites. On October 3, 1945, BuAer organized a Cammittee for Evaluating the
Feasibility of Space Rocketry.

THEORETICAL VERIFICATION OF A SINGLE-STAGE SATELLITE ROCKET
Between mid-August 1945, when the Haviland memo was brought to the attention of

Berkner, and the creation of the satellite committee on October 3, Harvey Hall determined
that a truly nractical and useful earth satellite cou.’d not be realized with existing
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V-2 propellants and “~chnology; a major advance in rocket technology, he reasonec, appeared
necessary and desirable.l2 Assigned at this time “0 evaluate the appilcation of jet pro-
pulsion to aircraft (which are "single-stage" vehicles), he also considered the avenues
for advances in rocketry. Hall struck on the concept of a single-stage satellite rocket.
With the satellite committee established, he successfully pressed th.. approach among
associates. Accordingly, the committee was charged "to investigate presently available
materials and techniques and arrive at some estimate of the poss bility of attaining a
velocity of llbration from one stage of the operation."l3

On October 29, 19145,1u the satellite committee concluded that the possibility
of placing a single-stage space ship in orbit above the earth warranted establishing a
proje:t within Buler to conduct a detailed study. A high mass-ratio, single-stag.:
vehicle that would compensate for struc.uaral deveiopment problems by eliminating staging
and reigniticn of englnes at upper altitudes, and that burned high specific impulse
liquid propellants such as hydrogen and oxygen, the members suggested, would provide a
more powerful as well as reliable satellite rocket.

B the end of November 1945, considerable support had h<.n gencrated within
Buler for an Earth Satellite Vehicle15 program, and functional-type project desks appeared
in various sectlions as the satellite studies mtensified.l The satellite's proponents
were now more numerous, and influential: Captain D. S. Fahrney, Head of the Special
Design Branch which handled Bufer guided missile projects, Captain W. P. Cogswell17 of
the Bufer Radio and Electrical Group, and shortly thereai.sr, Rear Admirel Leslic Stevens,
Assistant chief for Research and Development, Buler. Stevens. though he accepted the
satellite's usefulness for camunications and as a relay station for guidance of surface-
to-surfane missiles, nonetheless remailned very dubious about obtaining the money necessery
to bulld one in -lew of the congressional cuts in the post-war Navy budget already taking
place.]'8 But most of the supporters were optimistic. Captain Falrney created a speclal
desk in the Pllotless Alrcraft Clivision "to handle 211 the englineering aspects of the
Farth Satellite Program," and .electec Lt. Commander R. P. Haviland, USNR' to maiage it.

Plans for this early Navy satellite project (not to be confused with the later
Vangard Program) called for three seguential phar2s leading to eventual flight tes.ing:
(1) the investigations aid preliminary research recommended by the sateliite coamittee,
(2) a general engineering study by one or more contractors based upon the satisfactory
completion of the preliminary research, and (3) award of a contract for construction and
operaticn of a prototype vehicle.20 Subsequent Navy work lncorporated the satellite
comiittee premise of a single-stage satellite rocket, and proceeded larg.ly cn the
strength of a hydrogen-oxygen rocket motor development program conducted by the Aerojet
Engtneering Corpor<*lon,>° supervised by Lt. Commander Robert Truax. Late in 10°
Aerojet personnel succeeded in burning gaseous hydrogen and oxygen in a small rucket
motor for the first time, and in the following yenr they placed the largest hydrogen
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liqueiier ir the wordd in cperation 2t Aerqjet; liquil hydrogen was successfully stored,
gumped, and burmed in At tecare routine test operations.’> Within a year the Buler
effort in large rocket propuision systems inw)wed serious "hardsare” dsvelopment con-
tracts.t Additione} cortructs were modified or hegm for the stuly of boro-hydride fuels
‘and elactronic components that could pe employed i‘nmckzts.a
But the Navy Buresu of Asranautics £inst Sought confirmetion of the sateilite
coapittee's initial findi~as in a contrart with the Jet Propulsion Laboratory (JPL) at
the Califormia Instituie of Technology. This contract, executed on December 12, 1945,
called for mare detalled theoretical research on the relationships between aerodynamic
drag during ascent and the deslired arbit (altitwdes), rocket motor and propellant per-
formance, structiuel characteristics {(mass retlo), payload, and sultable ascent trajec-
tartes.2? JPL undertock these analyses predicated upon the prior satellite committee
mmmm,mmm—stmmwm that:
a. The -xbiting missile to be considered 1s a singla-stage liquid propellant
rocicet nissile,
b. The rocet motor profeionts are liguid oxygen and liquid hydoogen.
o,  ‘Mhe perfoswmance of this rociest sotor is estimated from experimental data an

hydrogen-cxygen propellants cotainad oy D. A. Yourg of the Aercjet Engineering
26

Corp.

tne study program quic: y encountered problems. JPL psrsomel sought to con-

figure ascent trajectories to ach’eve a desired circular crbit at an altitude of 240 kilo-
meters (150 miles), a profile assumed to be above substantial ‘nterference from atmo-
spheric drag. Both vert.cal : 1 inclired ascent tiajectories, given a specified engine
burning period and the assumptions furnished &y the Navy, ylelded orbital altitudes only
up to 80 llometers (50 miles) where air resistance wouid not permit even mne complete
oarbit of toe earth witn lightweight structures. This difficulty, aiready comsidered in
Bufer, prompted an lmportx.t imovative contribution to astromautical theory. In the
words of JPL's Harer J. Stewart:

;. method for att>ining 2 higher crbiting altitude than it was feasible to
attain in a :_.pie powered launching trajectory was proposed by Commander
[Harvey] Hall. In this method the missile is projected, at the termination
of its primavy powered period, into an elliptic orbit of small eccentricity
iratead of a clreular orbit (zero eccentricity). This can be done either

by projecting the missile horizontally with a speed ir. oxcess of the circular
orbital velocity or by projecting the missile at a small angle of climb. In
cither case, the missile clizbs in an elliptic arbit to the aphelion [apogee]
point. If a proper velocity increment is added at the aphelion point, the
missile is then projectec into a circular orbit at this increased al “tude.
This requires an additional start-stop comtrv. tor the motor and an ai.itude
[sic, reac attivude] control for the misslic

*3ee G. H. Osbam, R. Gordon, and H. L. Coplen, with G. S. James, "Liquid
Hydrogen Rocket Engine Development at Aerojet, 1944-1950," in this volume - Ed.
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Bufer and JPL~Caltech adopted this ascent technique as a correlative axiom, and used it in
ail subsequent engineering studies for the high altitude test vehicle (HATV). It has
siice pecame standard procedure in all space programs for confiy wating ascent trajecto-
ries, for altering orbital altitudes and eccentricity, and, with later modifications for
st7~=d vehicles, for improving payload capacity for a given mass ratio. Unkmown to those
a. work on the Navy satellite studies, the same Innovation had been advanced many years
before by the Russian astronautical pioneer K. E. Tsiolkovsky.

JPL conducted these studies between December 1945 ard July 1946 under the direc-
tion of Hamer J. Stewart and Frank J. Malina. Using the stipulations and ascent technique
suggested by the Navy, JPL calculations2® confirmed the technical feasibility of a single-
stage liquid hydrogen-oxygen satellite rocket attaining a minimum circular earta orbit at
240 Jm (150 miles) altitude provided: the fuel and engine cambination would perform
according to theory, and that a projected propellant-gross structure welght {mass)
ratio of 0.865 to 0.895:1 could actuzlly be realized. At the same time, in a final
report, JPL participants felt obliged to remind the Navy that "the requireda propellant-
gross weight ratio could be greatly reduced if a step rocket [staging] were used. For
example, a two~step rocket would require, for each step, a propellant gross weight ratio
of about 0.7."%

Encouraged by the Caltech work, on July 1, 1946, the Navy awarded a secod con-
tract. to Aerojet Enginecering. Bufler wanted Aerojet to determine whether a test stand
value of the specific impulse of liquid hydrogen-oxygen was sufficiently near the theoret-
ical value to justify the JPL conclusions of satellite feasibility, perform a design
study of a liquid hydrogen-oxygen rocket engine producing 136,000 kg (300,000 pounds)
thrust, and fabricate a larger hydrogen-oxygen test engine rated at 454 kg (1000 pounds)
thmst.3o Thes= propulsion system contracts lea to the construction of the large hydrogen
liquefier menticned previously, and actual test stand operation of the liquid hydrogen-
oxygen rocket englnes that did confirm theoretical performance speciﬁcatia'ns.3l Another
contract was awarded to North American Phillips Company to design a lightweight solar
engine with a 50 watt electrical cutput to power satellite electronic equipment, and work
canmmenced 1n Buder on the guldance and attitude control >quipment required for the period
of unpowered coast along an elliptical trajectory prior to Insertion in a circular orbit,
and for orbit operatims.32 Verification of the structure mass ratio for the single-
stage vehicle, the second condition stipulated by JPL, also began in mid-1946 as the Navy
moved into the engineering design phase of the earth satellite project.

Meantime, before most of these early investigations had been campleted, support
for the satellite project was soiicited from meny individuals and at many levels in the
Navy outside of BulAer. It soon became apparent that full Navy support for an actual
flight test venlcle program—-as Admiral Stevens suspected--would be Aifficult to achieve.
In November 1945, costs for the engineering and preliminary design piase of the project
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had been estimated at $5 million to $8 million.33 The postwar demobilization and cutback
in Navy appropriations in early 1946 clearly indicated that whatever progress the service
might attainwouldhavetobemmgedmamatdeallessttmtﬁmnnm}u

SATELLTTE INTEREST IN THE ARMY AIR FORCES

Faced with this unpromising fiscal situation, members cf the Navy satellite
committee approached the Army Alir Forces in the hope of establishing a joint earth satel-
lite project. A jJoint project, they belleved, might be able to command financial support
sufficient for flight tests. The first meeting between representatives of the two ser-
vices took place in Washington, D.C. on March 7, 1946, in the office of the Alr Parce
Major General H. M. McClelland. Navy persomnel presented the objectives and status of
their rocket satellite project, together with a suggested plan for the proposrd Army Air
Forces-Navy experimental program to evaluate, justify, and, if warranted, construct and
launch a prototype vehicle. Reception of the Navy proposal by the Army Alr Forces repre-
sentatives seemed most favorable; furthermore:

Lt was agreed at the conference that the general advantages to be derived from
pursuing the satellite development appear to be sufficient to justify a major

program, in spite of the fact that the obvious millitary, or purely naval appli-
cations in themselves, may not appea™ al this time to warrant the expenditure.

On this basis, the Amy representatives agreed to investigate the extent of

Amy interest by discussions with General LeMay and others, after which a future

Joint conference is planned.35
For several days in March 1946 it appeared that a joant satellite projec* leading to
flight tests might possibly commence in the United State..

After carefully reviewing the Navy proposal, General Carl Spaatz, Ammy Air
Forces Chief of Staff, designated Major Genergl Curtis E. LeMay, recently appointed
Deputy Chief of Air Staff for Research and Development, to represeat the Army Air Forces
in negotiations with the Navy satellite proposal team. In mid-March the General informed
a dismayed Commander Hall that the Army Alr Forces had decided nct to support the pro-
posed joint satellite project, although he left open the possibility of further discus-
sions of earth satemtes.36 Army Alr Porces representatives confirmed the Spaatz-LeMay
decision at a second meeting In the Research and Development Committee of the Aeronautical
Board on April 9, 19%16. Alr Force Brigadler General Laurence Craigle declared two
separate programs preferable to one.37 If earth satellites were to be constructed,
Craigle implied, the Army Alr Forces intended to be the service to do it, especially
since the Army Air Forces had already staked a claim to future military missions in outer
space.38
Personnel at the Navy Bureau of Aeronautics returned to their single-stage

satellite rocket investigations with the groups at JPL and Aerojet. Though the encounter
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with the Amy Air Forces had been a disappointment, it had one positive ramification. It
prampted another extensive satellite study. The Army Air Forces Research and Development
organization tumed to the Project RAND research growp and, as a {irst task, instructed
this newly formed consultant organization to perform a separate earth satellite feasibility
stucty.39 Attempts by the Navy Bureau of Aeronautics to arrange another conference met
with repeated delays while the Air Force satellite study progressed.

On May 15 the respective service representatives met again in the Research and
Development Committee of the Aeronautical Board. This Board, formed during World wWar I
arﬂca:posedofrarﬂdrgmnbemﬁmﬂxeAmwmﬂNavyairams,“ommallymet at monthly
intervals to review new developments and to reconcile "the viewpoints of the two services
for the mutuil benefit of aviation."'! At this third meeting AAF General Craigie intro-
duced the Project RAND satellite study "on which the ink was hardly dry, as the basis
of a targaining position that the AAF was on an equal or similar development position
with the Navy," Harvey Hall reflected. "From this point on, no further progress was made
towards a Joint pr),ject:."u2 But the meeting, admittedly convened for the purpose of
coordinating "the initial phases of a [satellite] project . . . and to define service
respensibility, if desirable at this time," bespoke the serious contemporary interest in
an artificial earth satellite:

a. It 1s the most promising means that has been suggested for providing guidance
for guided missiles and pilotless aircraft at ranges in excess cf about

250 miles.

b. It would provide means for freeing world-wide communications of periodic
lack of reliability attributed to outer atmospheric effects.

¢. It might be of much value in extending the understanding of meteorology,
with consequent improvement in meteorological predictions.

d. It would provide an initial step toward the eventual construction of

inhabited satellites and interplanetary travel, with far-reachi.

implications. 3

Lacking agreement on which service should be responsible for actua. development
of prototype satellite vehicles, however, the members referred the question of jurisdic-
tion back to the full Aeronautical Board for a declision. The Navy members maintained
steadfastly "that the wnknowns involved in this project, and its implications for the
possibility of space travel, render premature any attempts to define Service responsibil-
ity at this time . . . [but actual development of a satellite should] be undertaken
Jointly by the Army, the Navy, and civlilian science. The Army members consider that
because intercontinental warfare is of paramount interes: to the Army Air Forces, future
plans involving actual construction of an earth satellite should be under the control of
that orgarization . . ."‘m In the face of these service positions, the Research and
Development Committee could only recommend that the Amy Air For ces and the Navy continue
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separate preliminary investigations. Meantime, the committee established a formal
subconmittee on earth satellites to further examine its potential applications, ensure
coordination, and prevent duplicatlon of efforts between the sex'wi.ces.“5

SATELLITE ENGINEERING LESIGNS

Without agreement on joint responsibility, a well-defined use for earth
satellites, ar project approval from the Aeronautical Board, the Navy satellite study
project by itself could not command broad intermal support and the necessary funding.
Navy participants now reallized that canstruction and launch of a prototype satellite—
calculated to cost between $50 and $150 million—was at least temporarily precluded.

But further "preliminary investigations” were assured on May 8, 1946, when the Chief of
Naval Operations formally approved the Buler satellite <tudy pmject,% and the second
phase of work began: vehicle engineering design. In June and July the Navy Bureau of
Aeranautics contracted for two major structural design studies, the first with North
Arerican Aviation, and the second with an old Navy stalwart, the Glerm L. Martin Company
of Baltimore, Maryland. Both firms teamed with Aerojet Engineering Corporation on the
engine and propellants. "7

On Septenber 26, 1946, North American Aviation submitted its report to Buler.
The design study, directed by William A. Bollay, had been carried out in the firfm's newly
established Aerophysics Laboratory. R. G. Wilson served as Project Engineer, with
individual technical sections prepared by L. A. Gore, responsible for propellants, surface
heating, and power plant; Bruno W. Augenstein, aerodynamics; R. G. Wilson, weight,
balance, structural and general design; and R. G. Knutson, guldance and control. Each of
the contributars based his work on the Navy stipulated single-stage satellite rocket
buming 1iquid hydrogen-oxygen, and the JPL specified mass ratio of 0.895:1 maximum.
North American recommended a pressure stabilized oglve structure 26 meters (86 feet) long
and with a maximm diameter of 4.9 meters (16 feet). "It is constructed of stainless
steel and has nine clustered individual thrust motors. The vehicle is capable of attain-
ina a maximum velocity of 6,820 meteis per second (25,400 feet per second) at an altitude
of about 225 kilometers (140 mi].es)"u8 (Figure 1).

Horth American designed the High Altitude Test Vehicle to weigh 41,130 kg
(101,400 1bs), broken down into m~jor components: Propellants, 40,000 kg (89,000 lbs);
payload, 450 kg (1,000 1lbs); motor aid accessories, 2,250 kg (5,000 1bs); and structure,
2,900 kg (6,400 1bs). The starting weight required an initlal thrust of 105,700 kg
(233,000 1bs) varying to about 139,700 kg (308,000 Ibs) thrust at altitude.'® The fim
recommended an eventual longitudinal scaling of the vehlcle to about 59,000 kg
(130,000 1bs) gro. weight with no increase in the vehicle's maximum diameter in a final
configuation, and an extension in the burning time of the engines from 126 to 165 seconds.
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Fig. 1

Since the structures portion of this prcjected single-stage vehicle could not weigh much
more than five percent of the total weight of the satellite rocket, the specifications
called for a propellant-to-structure (content-to-shell) ratio approaching that of an
egg. This task, at once an englneer's aspiration and nightmare, eventually would be
realized.so

The Glenn L. Martin Company and Aerojet studies continued for a complete fiscal
year, ending ir June 1947. In its first progress report, Martin proposed the use of a
standard honeycomb shell construction if the strength requirements could be maintained
within the tenmperat. e and pressure ranges encountered during flight into earth orbit.sl
Under subsequent testing, engineers found this material inadequate to m-et the necessary
regime, and they cdropped it in favor of the North American thin-skin, stainless steel,
pressure-stabilized "blimp" structural scheme. Martin's extensive '1al report, which
incorporated the Aerojet findings on a 136,000 kg (300,000 1b)-thrust liguid hydrogen-
oxygen engine, described a truly remarkable single-stage satellite rocket embodying
virtually all of the subsystem features presently found in separable booster rockets and
spacecraft. This report was prepared by Pedro C. Medina and William B. Bergen, with
support fram Charles H. Harry, who handled vehicle temperatures and trajectories, and
Albert J. Devaud, responsible for devising the novel ascent guidance and control and
orbital attitude control systems+ (Figure 2).

4'See R. E. Roberson, "Evolution of Spacecraft Attitude Control Concepts Before
1952," in this volume - Ed.
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e bazic Martin rocket was mosive body 2.5 meters (77 feet) lomg ardd
4.4 meters (154 feet) in rodimun digrmeter. The gross welght at launch was 46,550 kg
(104,648 1bs), with & pass ratio of 0.865:1, including a 653 kg (1,450 1b) payload.
These engineers prolected the welght of the structural shell and bulkheads at 15,138 ke
{4,620 1ba), about 3.5 pepcert of the groos wiggzm% Meding gsoumed aowest-Lieoust
launching ab equntorisl latitudes to take advartase of the sarth’s peripheral velocity
of rotation, topether with a suitable nupber of prowd statiorns locsted arcund the sarth
for tracking and dats scoquisition,

Unlike the Horth American protatype, the Yortin vehlcle enploved no aerodyranic
surfaces, and Albhou the midn sbage Rerolel onpliee vempdred Dlxed, dunamic stability
was toobe provided by four sod iy conbrel enpines which would domp ool Latiors in
pitah, yaw, o roll. The pureefed, traspdvation cooled, liguld hwidroien-onvien rocket
enping, deslovea by David A, Touny and Hobert Gordon ot derolet, hod oanoexdt dlmwter of
4.1 meters (33 and ore-ball feet) sl gn oversll lergth of 600 meters (80 and ore-half
foet) tapwrire fo 0.0 meters 12 feet) diawler at the chanber indection plate. The engine
would provide 90,000 ke (203,600 dba) thrust at sea level varying to 136,000 ke
LR00,000 dhe) & altitue, with g specille dmp st dgs secondn.  Ibs desiomers aliotied
1,674 ke (3,%: :

Though dware ut thils Lime o nosmall saredililve eould be omeie by multientapinge

ponvent tonal [Vel) rockstey st an tle Bunper WAL, B wrptiveers 0b Nortn Arerlon wed
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Martin responded to the havy's requirements to see if a larger, single-stage satellite
rocket could be devised. With the exception of the extensive work on the propulsion sub-
system and same electronic devices, these studies were not hardware contracts. Rather,
they involved preliminary feasibility =z vehicle design studies for the purpose of
evaluating the upper limit to which a single-stage liquid hydrogen-oxygen catellite rocket
design could be carried. The answers were positive and encouraging: with appropriate
extension of rocket engine burming times and with sma.l improvements in metallurgy and
electronics, a single-stage vehicle appeared definitely feasible.’"

TERMINAL EVENTS

With the engineering designs completed in mid-1947, the BuAer satellite studies
had progressed about as far as they could possibly go on paper. The prospect of a hiatus,
or worse—complete cessation--of the work, caused individuals associated with the Navy
proposal to seek again authorization of third phase hardware development and construction
of a prototype vehicle. But the renewed search for institutional support would be made
all the nmore difficult by the unresolved questions of satellite utility, the continued
interest of the Army Air Forces in a separate satellite project of its own, and by the
postwar reorganization of the armed services.

On January 24, 1947, Rear Admiral Leslie Stevens, Assistant Chief for Research
and Development, Buler, sent a letter to the Joint Research and Development Board (JRDB).
Coordination of interservice requirements for earth satellites, he declared, was "beyond
the scope of action" of the Aeronautical Board, particularly when one considered the
possibility of mutual cooperation between civilian scientific and military gr'oups.l55 The
satellite held great potential for extending baslic knowledge through cooperation with
university scientists, Admiral Stevens continued, and he proposed that "the Joint Research
and Development Board establish an agency for the coordination, evaluation, justification,
and allocation of all phases of the Earth Satellite Vehicle program . . ." by means of
a2 new ad hoc JRDB panel composed of civilian scientists as well as military
representatives. 56

The War Department's Joint Research and Development Board took Admiral Steven's
proposal under advisement. Shortly thereafter, upon request of the Army Air Forces and
in keeping with military camity extended in such situatlons, it was remanded to the
Aeronautical Board for review before final action. Meantime, however, the American
military services underwent the most profound reorganization In their collective history.
On July 26, 1947, President Truman signed the National Military Act. A National Military
Establishment, under a Secretary of Defense, replaced the historic Departments of War
and Navy, and the Army, Navy and Air Force recelved equal service status. The Act also
replaced the JRDB with a Research and Development Board (RDB).”!
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Speaking for the Aeronautical Board a few weeks before the Military reorganiza-
tion, Air Force Lieutenant General Hoyt S. Vandenberg and Navy Vice Admiral D. B. Duncan
informed the JRDB that, notwithstanding Admiral Steven's contentions concerning the
interests of civilian scientists, the Aeronautical Board remained campetent to decide
matters of earth satellites. The JRDB, they said, would be apprised of any decisions
made on the satellite pmgram.58

Thus, throughout the latter half of 1947 the subject of earth satellites remained
suspended in both governmental bureaus: 1in the satellite subcommittee of the Research
and Development Committee of the Aeronautical Board, and in the JRDB-RDB. In the first
group, progress on the Air Force ard Navy satellite programs was reported and discussed,
and other proposals on the disposition of responsibility for earth satellites consldered.
For example, late in the year the satellite subcommittee of the Aero Board "noted with
interest” a second Navy proposal that offered the Office of Naval Research as a potential
satellite coordinating agency in the view of the scientific aspects of the program. The
subcommittee referred the issue to the full R&D Committee of the Aero Board "for action."59

Since the implications for basic scientific research in outer space rather
obviously transcended military interests alone, the RDB likewise sought to decide where
to place goverrment responsibili’y for coordinating earth satellite activity.6o At its
initial meeting ot December 19, 1947, the reconstituted Research and Development Board
addressed this question and the Aeronautical Board's June response. Though the members
Judged a separate ad hoc coordinating cammittee originally urged by Admiral Stevens
ulrmecessary,61 they removed responsibility for satellite developments from the Aercnauti-
cal Board and vested it in the RDB Committee on Guided Missiles.62 The Guided Missile
Committee, in turn, assigned an evaluation of all the satellite work to e of its sub-
panels, the Technical Evaluation Group. The Committee instructed this civilian-staffed
Technical Evaluation Growp, chaired by Walter A. MacNair,®3 to provide an "opinion as to
the desirability of such a [satellite] program, whether a single jointly supported pro-
gram or separate campetitive developments should be sponsored, and an estimate of the
time scales and expenditures required for completion of the recommended program. . . ."
by the end of March 19148.6u With the log-jam over a coordinating agency broken at last,
the way appeared open for Research and Development Board approval of continued Navy
satellite work--or perhaps a joint program, if not with the Air Force, then possibly with
scientific groups.

On March 29, 1948, the Technical Evaluation Group reported on its evaluation of
the Navy and Alr Force satellite programs. In a three-point opinion, the civilian group
held the technical feasibility of building an earth satellite: vehicle to be clearly estab-
lished; however, neither the Navy nor the Air Force, the menbers declared, had as yet
offered a military or sclentific utility commensurate with the expected cost of such a
vehicle. Consequently, the group recommended that at present, a satellite not be
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canstructed. Because severe development problems could be anticipated in building a
single-stage satellite rocket, the group further recammended that studies of the utllity
of earth satellites be the only serious activity to continue at Project RAND. Though
the group encouraged the Navy to participate with the Air Force in the RAND studies and
pursue limited development of liquid hydrogen-oxygen engines and lightwelght tanks and
structures ,65 the findings clearly spelled a deferral of satellite work in general, and,
in particular, an end to the Navy's single-stage satellite rocket.

A month later in April, Harvey Hall and his associates in Bulder made a last
desperate attempt to continue the Navy satellite program in modified form. This die-hard
group of space scientists now urged construction of liquid hydrogen-oxygen "Interim Test
Vehicle, MO7," reconfigured to a super performance sounding rocket that would rise to an
altitude of 320-640 km (200-to~400 miles) (Figure 3). They submitted this proposa166 to
an ad ho¢ subcammittee of the National Advisory Committee for Aeronautics (NACA) that
had been recently established to explore and organize methods for extending the tables of
the standard atmosphere at altitudes above 6,100 meters (20,000 feet).®’ If approved
and bullt, the Navy satellite proponents hoped the sounding rocket might rally eventual
financial support for the construction and launch of an earth satellite vehicle.

POWER PLANT COMPARTMENT

LENGTH: 28 FEET
DIAMETER; 3 FEET

Fig. 3
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In addition to the NACA Subcommittee on the Upper Atmosphere, Navy proponents
also sought formal acceptance and endorsement of the new rocket from the RDB's Geophysical
Sciences Committee. By this time, however, the Bufer proposal confronted severe obsta-
cles--not only in the form of the Technical Evaluation Group findings of the previous
month, but in direct competition from a companion at arms: the Office of Naval Research
had already received Navy approval to construct and launch a sounding rocket for upper
atmosphere research.68 According to Hall, the response to this penultimate proposal ended
all Navy satellite studies at this time. The RDB Geophysical Sciences Committee took no
action whatever; the NACA Subcormittee on the Upper Atmosphere favorably endorsed the
project but had no funds to commit to the work. Whatever interest in earth satellites
that existed at higher comand levels in the Navy had now all but disappeared.69

In March 1948, in response to a Presidential ceiling on expenditures for fiscal
year 1949, the Navy Bureau of Aeronautics began transferring the remaining funds earmarked
for satellites to other projects of more immediate interest. The Navy satellite effort
terminated for all practical purposes on June 22, 1948, when the Pilotless Aircraft
Divicion notified Admiral Stevens that "the Earth Satellite Project has been discontinued
as such and work is now proceeding with emphasis on the development of a liquid-oxygen,
liquid-hydiogen rocket engire. When this power plant appears feasible, flight test
vehlcles will be designed and constmcted."70

At Aerojet, work on this last remainirg satellite component did continue for
one more year, but suffered from technical problems associated with englne heat exchc .,
and chamber cooling processes. That effort concluded in 1949 ,71 ringing down the ~.".a
on Navy satellite efforts in the 1940s. The total cost to the Navy of all satellite-
related work conducted between 1945 and 1949 has been estimated at approximately $1.5 mil-
L’Lon.Y2 Ironicaliy, when the satellite program expired in the Buler Pilotless Aircraft
Division, the Navy reprogrammed the remaining funds (around $170,000) to the Office of
Naval Research for development of the Viking sounding rocket, also under contract at the
Glenn L. Martin Company.73 In time, Viking became the first stage booster for America's
International Geophysical Year satellite in the mid-1950s.t

CONCLUSION

The earth satellite studies undertaken by the Navy Bureau of Aeronautics in the
late phases of World War II responded to (1) rapid wartime advances in rocket techrology
at home and abroad, (2) an encounter between members of an Allled technical intelligence
team and German rocket speclalists from the Peenemunde rocket base, and (3) accounts of
the V-2 balllstic missile and its potential applications published in open literature

*see M. W. Rosen, "The Viking Rocket: A Memoir," in this volume - E4.
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and in contemporary intelligence reports. These investigations took place tefore the
invention of the transistor, the development of solid-state circuitry,“ and the spread
ol digital cvmputers; they were complicated further by questions of satellite utility,
military jurisdiction, the technical difficulties involved in a single-stage, hydrogen-
oxygen satelilte rocket, and the projected costs and economies of the moment. It is
reasonable to assume that one or a combination of all these conditions wculd have deterred
the endeavor in the years that immediately followed. The participant's inability vo
secure Navy support outslde Suler, added to tlese factors, prefigured the dem».xement.75

Before March 1948, a Navy decision to proceed to third-phase construction of
a prototype hydrogen-oxygen single-stage satellite vehicle was, ultimately, Rear Admiral
Stevens' to make. The Admiral, a man of strong convictions, surmised that a third-phase
hardware program in 1947-1948 woula involve a technical undertaking of colossal propor-
tions, with little prospect for any early return on the investment. Without broad inter-
nal interest or joint service sponscrship for a satellite program, he elected not to
proceed.76 If keen enthusiasm remained evident throughout this period among individuals
in its research bureaus, influential members of the operating arm of the Navy remained
generally unaware of—or at least not much taken with--these studies or the satellite's
potential applicatims.77 The demise of Navy-Buler satellite studles in the late 1940s
appear to devolve from these two interrelated causes: reserved institutional suppoit
(which is normally reflected in priorities), ard contemporary exigencles associated with
technology, cost, and vehicle ut®lity.

On the other hand, the Alr Furce--a relatively new service primarily concerned
with flight in and beyond the atmosphere--moved actively into satellite research. Prompted
by the Navy work, the Alr Force soon issued orders for active institutional support of
an earth satellite program at the highest levels of cmmand.78 This interest was sus-
tained, waited on or advanced the required technology, and culmin~ted in the Thor-Agena
and Atlas-Agena satellite flights that began eleven years later, in 1959.

Though the aspirations of Haviland, Hall, and their Navy colleagues would not
be fulfilled as rapidly as they wished, an historic milestone had passed for astronautics
in the late 1940s. The technical feasibility of space flight--as opposed to the theoret-
ical feasibility of this activity developed by Goddard, Tsiolkovsky, Oberth and others
during the early years of this century-—had been firmly established and officially
aclmoaledsed.79 Questions asxed and answered w 'ild no longer remain focused on astro-
nautical theory ,80 but on practicalities of when and how, and on satellite utility.
Answers to these questions would come in the decade to follow.
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