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SIGINT IN SPACE

N. C. Gerson

This paper attempts to trace the events that thrust the spuce age first
upon the United States and then upon SIGINT. | believe that my closeness to
she early space effort led 1o my pressing for SIGINT in space. During the ges-
sational years three threads became interwoven to produce a nationully
integrated space program. The &rst was rocket esploration of the upper
atmosphere: the second. the International Geaphysical Yenr: and the third. the
vather bitter intarservice rivalry that then prevailed in this Held,

My involvement with rocketry began in 1948, [ was chief of the
‘snespherie Physizs Laboratory. in the Geophysics Research Directorate of the
Air Force Cnmnnc-e Reszarsn Ceater (AFCRCL We wzre engaged in an

intensive ssudy of the uoser atmosphere and its effezw upon radio wave
. mrapagation.

Serlous US soncerm with rosietry aftar Worigd War 11 had been s*n'i.zd
by the availability of saptured German V2 roshes. In stsence. aiter thres
dscudes of neglest the US began 1o restudv the woris of Komstanun F.
Tiolkovski USSR Hermann Oberth -Gesmany) and Robert =, Goddard
'US. Further. during the 1548-183S pariod, the US hud the practical
knowlegge of Weraher von Braun., To ofjtain handi-on euperignce, the Vs
were to be fired from the USA roske: ringe at White Sands, New Mexico,
Also. rather than &re the roziiets with bullast. the warheads were to contain
Instruments which couid measure properties of the usper aimosohere.

In 1948 the princioal Departrnent of Defense groups engaged in rocket-
borne exploration of the upper atmosphere were the Bullistic Missile Labora-

R " toty, the Rocket Sonde Reszarch Section of the Nawvul Research Laboratory
ik -3 iNRL), and AFCRC. Each service prepored and defended its own program
A gﬁ' : : and budget. Although they acted independently, the sroups Interchunged

.. i

Infarmation through a V2 Racket Research Committee. Inltiully, the lounch

v vehicles ware the V2. Later. rockets manufuctured In the U'S were introduced

Wi (Wac Corporal, Honest John, Viling, Aerabeel.

2-':’ g It was unfortunate, but true, thul o ¢considerable amount of tension existed

S between NRL and AFCRC. An unhealthy rivalry apned the total US eflort,

A

8 B The brst few years witnessed hoth successes and failures, Many of the

iy latter could be uttributed 10 problems in the propulsion system (eading to
% unoredictable rocket belavior), unreliable telemetry, or experimentsl defe

ciencies, Some of these problems persisieed into tie 14005

The hinermotiona) Geophysical Year (TGY) was un cighteen-month period
July 18587 = Devembne 1958 during, which mogt nations. sobed st for o
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detailed investigation of the planet os a whole. They recogmzed that national
boundaries had no influence upon weather, ionospheric sorminess, earthe
quake formation. and tidal changes, and that to hetter undersiand and predict
thess* phenomena, a more thorough understanding of planctary physics was
necessary.®

The International Council of Scientific Unions (an arm of the United
Nations) endorsed Berkner's sucgestion and invited all nations to participots.
In response to this call, the US§ National Academy of Sciences established the
US National Committes (USNC) for the ICY in 1933. I served as secretary of
the USNC Executive Committee and as chairman of lesser committess,

The USNC frst sought to develop an internal US program in geophysies,
and then to coordinate the program internationally to insure that {a) global
duplications were eliminated. and (b) gaps in eaverace at national boundariss
did not oceur. All major nations joined the sndeaver. The Bnal program was
tryly global in pature. It Incordorated s:udies on the continents and on the
seas, in Arctica and Antarctlea. and included rocket- and satellite-borne
probings of the vpper atmosphers,

The USNC Tezhnical Panel on Roskerrs conta:ned many individuais on
the oid V2 eoordinating committee. now zamed the Upper Atmosphere
Rockst Research Panel (U ARRPY It 2lso inziuded researzhers not on UARRP.
and thus wes more broadly based. During early mestings the panel conined
itself orimarily to experiments which esmentally sontinued or improves
aiready ongoing eSort. S, Tred Singsr and James A. Van Alien expanded their
rockoon (ballcon launched rockets) prosram for studying zosmic radistion tw©
other aress on the sarth. Singer in 1982 published his MOUSE (Minimum
Orbiting Unmanned Satellite - Earth) propesal. Hs brought this propossi to
the attention of the Rocketry Panel but it was not endorsad.

Commitment to Satellites

The first convocation of the Special Committes for the IGY, known as
CSAGI from the initizls of its French name, met in Rome In 1954, It presentsd
&n oppurtunity to begin integrating the various nutional programs. Berkner
forced a decision on US plans for satellite explerations. He asked & number of
& (including Joseph Kaplan, Hugh Odishuw, Harry Werler, Walluee Joyes,
Allan Shapley, Homer Newell, 5. Fred Singer. Juhn Adkins, Athelstan
Spilhous) to visit him one evening. He brouched his concern; rumors were
cireulsting that the Soviet Union was about to proposs that CSAG! endorse the
launching of earth satellites us an intexrsl portion of the ICY program.
Satellite-borne instrumentation would allow direct investigations of the upper
stmosphere. Berkner wanted ue to propose o US position.

* The ICY wut comived Iw Linvd ¥, Rorknor, preadent of Assiguted Universitios The,,
Rrovklaven. New York, The 1GY wus a contanmtum of o series of Polae Year. The Fiest Polur
Yeur of 1872 wos comeeved Ly Harl Weytresht, o Heutvesan o the AatreJhasnriun Navy 1
wirh lilowed Blty veurs late by e Sevond Valsr Yeur of (020 The vharetives ol bal weire
exleivive craminations ol weather, aurttee, peomaeneiedn, and wy: vioelstiee, 10 e Arese sid
Amtarctit. Morkmer s proposed 1CY diomemed te perind lavweress Palae Yeues (e 25 vrzes stnd
extimnileed thew seope 1o mchude noaldle sl Tow Btdamle
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SIGINT —SHECPET™

The discussion lasted well nto the evenine. 1t was quickly apparent tha
practicslly everyone present folt that the US should ¢ither independently
proposs, oF join in proposing, the launch of carth sutellites during the IGY. We
ull understond that such a stand commitied the US 1o implementing scienibic
satellite experiments before the end of 1958 or shontly thereaflter. However, it
was the considered judement of most that such a schedule was not unrealistic.
Several of us hod a working knowledge of the difficulties and problems
affecting launches: thrust ovailability, costs. and experimental possibilities,
Berkner himself was famillar with the total US effort. including progress in

propulsion systems. and from a much higher level in covernment than any of
us.

Newall raised obiections: there weare no readily avalloble boosiers; solar
cell eutputs were 100 low; energy requirements couid not be met; experiments
could not be orepared in time; proven experiments were not at hand; barteries
may bpil, He stated that the LS could not fabricate and launch an aceepsadle
exparimant in time. that the difficulties were 100 great, and that there wers
also doubts about Soviet capabiiities. The rest of us felt comiortshie about s
positive stand for the US, Finally Berkner asked for a vote, It was unanimousiy
in favor: the US wouid propose incorporation of a satellite program within the
1GY framework. With this decision in hand, Berkner on behalf of the LS. and
Pushikov on behalf of the USSR. iointly propossd that an earsh satellite
prozram be included in the IGY. The olenary sassion of CSAC] adoptes this

recommencartion. ,

After we had rerurned to the US. the mashinery of government siowly
began to clank. Beskner, who wes on a first name basis with the Framicent.
briefed Eisznhower, On 29 July 1655 the President announced US participa-

tion. The government now had !'o'rmally comsmitted I'self to suoport the
decision of our rumd meeting

Deiiberations witain the Executive Committee of the LSNC took an
unsxpasted turn. Kaplan, the chatrman, stated that the US effort wouid be
wholly clvilian in concept and fulfillment. Let the USSR use its military
capabilities td launch o satellite for the civilian-sclentific IGY; the US wouid
not.* :

The USNC found a surplus Vanguard racket: It was refurbished to serve
ns a booster for the IGY satellite. About this time rumors reached several of us
on the USNC to the effect that the Army planned to lounch s rocket which
would “accidentally™ attain earth obit. | wus later wid thut Kuplan had

obi:cted and that us o result, the Army wus told (o ceuase eforts toward this
end. L

*in "Bovond the Atmosphere.” NASA (JUHO) contrusied sctions of the 1wa pations by
considente the spaoe effon of die US us primarily ogen uand sciemilig, wnd that of the USSR us
pmarily miliory. B s nd possilde 10 churattenze Himse aetivities w0 mestly. Toth natng
demianed relistic progrum: 10 gccommitkiste ther rmpective natwstal intered w lndh research
andd delens, Furthormivre, dn lone term eosly of o were e ditioctly dillerent Trom Hane ol
the orbwee, Thus, thew abpctives @ ymiems schaded 3 assture of aubitiry spehbeatoms, natamal
prestiay dems (unae and plosanry predees), nosd ppaee vesensely Buth o anpregiated that
renearch rentesenis vitol saimowd ssaranee for the latinee
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As refurbistmunt of the Vanguard progressed, 8 mucting was held at e
US Nutional Academy of Sciences 10 discuss the sutellite programs planned [or
the ICY. My invitation, in a telegram daled 50 September 1937, noted that the
gothering constituted the international working purty on rockets and sutellites,
Atiendess comprised delegates from the US and USSR. The Soviet delecation,
led by General Anatoly A. Blagonravov, invited us to a party at their Embassy
on 4 October 1957. The meeting included prepared pupers on scientific and
technieal topics, followed by a discussion period. Both nations outlined their
respactive projects. In typical national fashion, the US provided much more
information than it recejved,

A point of discord occurred during another mesting on the morning of 4
October 1857, It stemmed frem US pressure for the Soviets to provide un
official launch date for their 1GY satellite. The Soviets were pushed rather
relentdessly and intently—aimost to the point of embarrasment. Finally

_ Pushkov, answering forcefully, siated that, at the present state of the art, to

predict the launch of a rocket i difficult. It becomes even more difficult to
predict the launch of a satellite. There were too many unecerminties, too many
things that could go wrong, Why state a date in advance when such doubt
exisn® He would prafer to provide & date aer 4 syezessiul launch,

Richard Portar was the chief US delecate at the mesting. At lunchtime
the press got to nim. He expressed himseelf ieely and at some length. The Sovi-
ets, he claimed, were way bahind the US. There was no other postible
explanation for their reticence in providing s latnch date for their satellite.

Sputnik 1

The sessions resurned that afternoon. Although T had an invitation for the
party at the Soviat Embassy that evening, | 2ad nlanned to miss it. Practicully
every other delezate attended, At the helgnt of the festiviiles ] was later 10ld)
Berkner ruceived a telephone calli the "“been beep™ of the 40 MHz siznal
radiated by the earth's first satellite, Spurnik 1, had been found. Berkner

returned 1o the room. stoad on a chair, clapped his hands. and publicly
commended the USSR on it accomplishment.

The USNC pursued its “open™ space effort. The Vanguard was publicized
und resdied. The experiment wus encapsulsted and empluced in the "bird.”
Complete television coverage ook pluge during the day of luunch to show the
world that the US only utilized civillan-selentific talent in it spuce program.,
Vanguard did net cooperate. 1t fell over and burned=—with complete telovision
coveraga. Thg US liud leurned a lusson, The Army was culled in and asked to
launch the next attemot, Von Allen pressred new instrumentation for
vbserving cusmic radiudion (essentiully 3 particle counter to measure the
intenzity of narticles bomburding the surth). The satellite, numed the Explorer,
disenvered the radiation belts thal now begr Vun Allen’s nume. The US had

nt bwen fent in spuce, but s selentilic effors 10 dste fud boen lustemwe had
disctvered a bitherto wnknown maiar feature of ihe piiet.

The sisce effort soon wie o actinire a national focis heongh edatdishe
mieend of thee Nationwd Acvonsitien and Space Admmisteation {NASAL
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Toe Oltain Telemetry

in 1956 1 left AFCRC and joined the National Seeveity Agcney (NSA) My
attenitlon turnied toward applied rescarch in SIGINT
SICINT tosk was obtaining telemetry signals rodféd from rockets an
mireiles during their lounch stuge. Anather was the reception of uhf or vh{ sig-
Robert O. Alde, of the Researeh and Development CGroun m.ws).“kem
me up with his comment shout the vslue to NSA of the telemetry: “One
good intercept is worth $5M.” The problem was not easy. Jt concerned
reception of these nominal line-of-sight frequencies at distances far beyvond
their normal propagation distance on the earth,

To attack this problem I Hrst examined natural causes that allowed
oropagation over extended ronges: sporadic E clouds at 110 km allowed
extended ranges to 1.500-1,000 km: wansequatorial allowed 7.000-11,000 km
sanges north-south vis the jonospherle layer: high solar activity raised the
upper frequency limit of the ionosphere to $0-50 MHz for distances to 4.000
k. Other pemsihilities were suroral ionization, magnetic channeling ;for vaf),
meteoroiegical duetne. antipodal. and meteor szatter. The oczurrence of each
shenomenon dependad uoon Jo=ation, time of day, month of the year, and of-
wn time in the solar svcie. Besauss of thelr diferent physiosl origins. thelr
Propectims. s:atisties, and olimatoiogy were Ziferent. Howeve:. wiean present
they couid be expieited for SIGINT. While =ach method provided some
sotencial {or interces:, few of therm nroviesd continuous or reliabic coverage
when nyeded It was :and szil! is* ezential o recomnize their liml:stions.

Tor example, mast of the above pasnsmena were not Drasent conssantly,
and the radio frequensiss they supporied satizSes only a porsion of NSA's
needs. Secause of thess inherent defistencies, | shan considered possibie man-
made oveny that couid be more reliabie aad might be losated where and
when nesded: artifizial elesiron ciouds, orditing dipoles (nesdies) orditing
satellite refectors, and orbiting gcriVe sateilites, (1 slso considered the influ-
ence of nuclaar detonations on SICINT. and preparsd a pian for N3SA
sarticipation during future dstonations.) As the various stages of the swudy
ware compinted, they were published in the NSA Technical Journal.

The investications culminated (in 1%39) in an in-depth approach for
increasing intercest eficiencies, "'Six Point Program for Improved Intercept.”
it appeared as a spezial report, and later the frst portion was published in the
NSA Technical Journal. (My subsequent involvement with moenbounce
disrumted publication of the second holf.) This report was widely uted in
planning and in answering queriss from the Puntagon.

Earlier, in 1858, T had outlined the potential of satelllie intercept to John
Crone, of the Research Mathematics and Physics Group. 1 was eenvineed that
s goodly number of urgent and specific intercept problems facing NSA could
be surmounted enly, by utilizing satellite-borne recelvers. Natural phenomenas
could be exploited when present, bul securute predictions were not at hand
and the phenomena could be lucking when needed. Only receivers abourd
satellites could provide the in-depth recention required by NSA. Alse, matellite
launchis were becoming more routine, costs were decrensing, abd sophistica-
tion was incressing. !

k
Crone could Lurdly walt for me to Gnich. Be picked up the welephone and
arranged o mecting with Gencrul Ralph Caninge, the Dirvetor, DIR/NSA was
fmprenet und pluced this topic tatellite bore itereet) on the ageenda foe bis

S FOR OFFICIAL USE ONLY “




-

. . ¥ oy .
a9 258 o8 AN Bpipyuinm s P Py o b mert i@ e e n S SO

i
4
1
.
d

Wl

—3tERET- SIGINT

next stafl mectine. Unfortanately, the ides wont over ke a leod lulloon. | had
wot expected this reaction. After Unnking about the matter 1 el that the ondy
logical step for me was 1o cdueate senior staffers throuch their subordinates,

Thus 1 coneentrated on writing the sries of articles and reports mentioned
ubwe. '

The concept look hold. One of Use very frst trinls used a rocket-buene res
ceiver in the vhi rance. For reasons bevond our contrel. the lsunch was
delayed considerably, and Sring eccurred just as the TV sation (which served
as the targst trapsmitter) was going off the air. Only a few seconds of "The
Star Spangled Banner” were received before the station closed. Even so, those
few sevonds of intercept confirmed the potential of the tschnique.

It wgy during this period that someone decidad to attemat triggering
responses fram Soviet satellites. Equipment was diszatched to the fixld, Beiore
it was activated, Aide czalled in Donald H. Menzel, direstor of Harvard
Observatory ian NSA consultant) and myself for comments. We were both

" bothersd sbout the precedent. It could prove self-defeating and result in
conzant electronic tazapering with the other's satellites. By the end of summer

1980, the s3uipment for this pyrpose lin the feid) was dissdied to Drevent
even an ascidensl ozousrence of :ampering.

Thers were expzziments with slestron zlouds. Afrer | nad outlines this
possidility te him. Aide Induzed me to sesk funding from the Alr Forze, which
supplied SIM one year and smalier sums in other veass. The svperimental
plan invelved :hree sites: !a) a TV sitatlon in Shreveport, Lauisianz. D a
recetving site in the Zahamas and i) the roske: launch faziiity at Eglin Air
Force Base, Flordia. The chemisals, giuminum oxids and cssium nizate,
would be detonated and dispersed near 100 km and near the mid point o the
path. The exoeriments were suceessful and ultimateiy sllowed reseption of TV
signals far bevond the line-of-sight, The TV sizgnals had been re=fiected irom
the slectron cloud preduced by ijonization of the chemical mixture. Recention

persisted for about 50 minutes, and desplie fuding, allowed ucoeptable ratios
of siznal/polse at vhi.*

B

. The nepdles concept originoted with Lincoln Laboratary, Me

Institute of Technolocy. It was based upon the principle that orblting dinoles
wauld scatier o signul of Lthe propoer frequeney buck 16 earth. Smull wires cut to
the wavelengths of interest would be used. The seuttered signul would le

* Tuduv the Sty hasve impdemented sovera] dosen "anuspliene lusen™ winch eiedd
sovtmmnilih o similer tmrtune The relrativiry dicemtinuny: cregied abo enald sllivw nwesctron of

a bugh begoeney ray i o low s ssenbene duct. A seidar lesir s the tereptum
Lietnlaty wonooe] glloow oaection ol (e v
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wodulated with o doppler frequeney euused by motdon of e wires, When the
experiment was Brst proposed (for communications purposes and without NSA
involvement or panticinstion). the rudio astronomers were slarmed, They were
outryeéd when the needles were vctually placed in orbit. Many sclentibic
bodies condemned the sction as environmental pollution, Other techniques
then averpassed both the electron tloud and needle technigues,

Orbiting Reflectors

Late one summer night in 1957, Eugene Fergusson of RADE and |§
examined the possibility of receiving signals returned to earth from orbiting
reflectors. We then extended the calculations to include reflections trom the
moon. and as an afterthought. from Mars and Venus. \W'e were both somewhat
surprised with the results: the concept was feasibie if a sufficiently high gain
antenns were available. Later I realized that the location of the target on the
earth also could be dstarmined by noting the time when the res=ived signal
abruptlv “died.” 1f the tranemitter was still emitting, this logs of siznal meant
‘that the transmitter must lie on a ceztain line of Ppesition determined oniy by
moon-ea'tn geometry. Obsemvations made on the same transmitter over 2
period of weeks then wouid srovide udditional Lines of postion .bacause of
changing sarth-moon geomerry).

These s:anunecusls' senerated resules ‘ater Trov ed useful because af two
yneroested gevelopments. During the =arly 18305 the Acwanced Research
Projests Ageney (ARPA) bezan funding constrﬁ::i:m of the Arecibo lone-
sohesie Observatory :410" in Puerto Ricp. ARPA aiso was developing a hich
{reguency over-the-horizon sadar, and gsked NSA to allow me to semve gs a
eonsultant. NSA agreed and 1 worked on both orojsess for ARPA. | wanted to

use AJO for NSA PurDoses because,it provided the high gain tkat wouid silow
int=roedt via moondounce.

Willlam Schesrer of the Army Sezusity Azency ond ! sxamined the
potential in detail, and published “Mopnbounse Rotentislfram Sgogped
Antenngs” in three volumes. It showed that high power earthbound trassmit-
ters coyld be raceived at AlO. (We considered only vhi and uhf.) Joszph
Norvell of RADE later set out to test the conclusions In the report. The two of
us briefed the Director of ARPA, Charles Hursfuld. on the propesed experl
ment. Hersfeld told us in no uncertuin terms thut AJO had been funded as «
wholly scientifie and open facility, would not be allewed to undertake
classiied studies, and that it was presumptuous of us to ask. He later relented

und plans for the test proceeded. The open desiznution of our work was @
study of lunar temperstures.

Mitfurd Muthews, Deputy Director for Resesrch, pravided us with S30K
o undurtuke the sxperiment. (We returned funds-to him.) Norvall, Earnest
Mursh, and Jobn Peusler dusigned the eauipment, The electronic and
mechunical construction wus beautifully done despiie severa) severe challonges
Uit faerd us, The distanee between the feed atd its relectur was @ funiction of
froguoncy. Doth were kested sivnt SO0 meters from our contrels und )80
meiers alwve the Lottom of e aitenng, Onee in place mittde the “earrisge

bomazee™ (180 maeteers abiove e geound) both were smaceessible bat had to work
with tio malfunetion.
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A eurtous and interesting development oveurred during the planning
stupes, After its srong initial resittanee ARPA went oul of its woy 1o assist us,
During the casly diseusstons 1 had noted 1o them that the locution of AIQ wus
not aptimal for our use. and tha a site in the Seychelles would be much butter,
Codell of -ARP'A luter spproached mie ond offcred lo construct a scooped
antenna for NSA. in the Seycheiles ar clsewhere, A nuclenr detonation would
be employed. and ARFA gusrunteed a minimum residunl radicactivity and
the proper shape of the crater in which the anlenna subsequantly would be
pluced. We never pursued this possibility. The nuclear meratorium between
the US and the USSR was signed somewhut laler and this possibility
disappeared.

We were fortunate. After just about one wetk of oparation we inter.
cepied Soviet radar operating on the Arctic coast. (As a byeproduct of my
involvement. I couid never look at the moon again without thinking of our

> experiment.;”

_ AVhat about an intercen: site on the moon? It is conczivabie. In time the
lozissic orobiams wotis De ovErzome. and a lunar bose for that one otherwise
unattalnudiz ngnel mizht Sezome renllly. One question is whether an
atmoesshers 2auid S¢ produced on the moon. and if so. what its prooarcies
wouic b like.

The greates: arobiem is sae small lunar gravity ‘ons-sixth that of the
earth which wouid not allow seteniion of an earth-like atmosphere for any
izngth of time. There are ather problems: dimilliing the needed ases from
iunar rozls. the thermodynamic propesilas of the stmesphers, and the
warming of the dark side of the moon once an simosohere is established.

In thinking about the probiem. 1 proposed an atmosphere of 20 percent
oxyen 4nd 50 pervenl 2:3on with a guriscs pressure ubout equal to that of
Denver, 1On the sarth the composition is 21 parcunt oxygen, 75 percant
nitrogen and 1 percen! argon.) Argon rather than nitrogen was chosen as s
potentinl “gGller” gus bycause of its greuter moletular weight. The thermo-
dynumic properties of this stmusphere were extremely Interesting and
compietely different than | hud expscted. The unsurmountable obstacle wus
the loss of pus: the low gravity sllawed the oxvaen 1o “boil off ™ at an almesi
irrepluczuhle rote. Ohviously, the snswer Is to utllize domed eitiss. The nevded
goses eould still be extrucied from the rocks-by uzing solur energy.

This paper hus regounted the events thut led NSA 1o one course of uction.
It dlustrates the progression of thought on prolilems of the time, and the ohain

of rventa that led inexorably (o our peesenl concepts, What we need now see
iduas {or tomorrow.
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