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This l':l'"'r r&ttempts to trace the events thAt thru.~t tht: sg;a" op ftrJt 
'.10011 the l~nittd StatH :1nd then uPOn SlGlh"T. t bell"e that m~· closencu to 
~hr euh· SJ)ac.-e elJan led to my Pressinsr. for SJCI!\'T in space. Durin; the Lm· 

::ationAI veus three thr~ds became interwoven to produce " nD.tiortllh· 
!ntepoar~ 5lJAce ore~C:-am. The !ust - ·u roc:kct e~ploration ol the uoper 
~tJnO$I'here~ thi! 1e:oncl. the Intemattonol Cenph,·stcal '\"e11:-: And th~ third. the 
~ther bitter inttna:"·ic:e ri,·aln· that then ~re,·alled in dus Be=ld. 

~h· involvement with roo:ket~ b~n in 19.&8. 1 wa1 c!lie£ of the 
:~nofl.'hetie Ph\•.sf:s ~ho:-:~ton·. in the Ceoph\•Jlet ~esenr:h Dlreee:ontf ot the 
:\it F.or~ ~mbrid;~ Rest::~r:n Crnter tAFCRCl. We v.·~r~ en;a;:ed In "'" 
!ncen:~i"~ s~d\· oi the c:»='tr :ltm~sDhe:e :1nd i:s tffe:!l 1.1:)0n :-:1dio "·;vt 

: ='~o;,a~~lon. 

Se:-lout t•s :zon:::~ with :-o:ket:\· :1fter \\"o:-id \\'4r It h~d bt-en J::~!'i:~d 
b\· :he •wa.ilabillty oi ~~tured Germ~n V;! ro~k::s. I~ eUt!n::e. aft~ :nr~ 
~.c: .... ~a o( nede.~t. the t:S b~;:ln ro restud~· • the "·o~i:s of Kot'".sta:mn F . 
.... · ''· • 1 , .... oa • •• o· rth c · ~ d D h .. :.J c .. ,.;~ d ; noi.:0\'11: • ~ ;~.-.:. :a~~~nn oe · .e:o:nan~·,. :m "'n. e.~ • •• ""'""~' 

·l.:s~. Funhe:. d"nn; the !t--'!·1 ~.;s .,:riod. :h~ l 'S h"d ~h.: ;l:':l~~ic:al 
L-:~owled~e of Wtrftne:- von Sr;~un. To ~taift h:a.nCJ•on e~:t)tt':'i•::!:e, the \':!5 
'A•t!re- to be 6red from the t.'S.~ r<1eke~ r:n\te :at Whtte $Ancb, :\ew ~tr.dco, 
.\bo. :uther :hAn S:e the ro~k~ts wjth b:tl1:1st. the warht2ds were to ::on::1in 
lnJtr\&menU which couid m'QS~re ;»ro~~rtles o( the U':)pt!:' :lotf!\O!nhere. 

In 1948 the princioal Oep:lftment of Oei~:ut ;rnu;ts enc::~~ed \n ro::bl· 
borne exJ)Ioratlon ol the Ul'Ptr atmos-ghere were the B141listic Mtssile ubora .. 
toa .. the I'C'Jc:lcet Sonde Rutarc:h Seetion of th~ Sa,•.ul R~eurch Laboracarv 
iSRL). :and .-\FCRC. beh lum•lc:e Dre~:~nrttd ~nd delenci~ itl own prop-~~om 
and bud;tt. .\lthnu~h th~\· :ac:t~d ind~pendendv. tht: ~rn\lps lnterchun~t-d 
lnfnnn:a.tton thrawh a V~ r:\<et:ket R~nrch Commintrc. lnlthAII\'. the lounc:h 
v•hlclftl wttr• lhe \'!5. Later. r<•c:hts manuf ucturtfd ln t l•• l•s were inrraduc:crcl 
(Wrac: CoJ'J)Onll, Honest John. VU:tn~ .o\erftlmet . . 

Jt wu unfortun~atc. but trvt!, tlual o c:nnsidt!t:able :amteunt u{ teension t>:tisted 
~twer~ Nnl.. Artd :'FCttC. An unhc::&lth\• rl\•o.tlrv JApl"*d tht- tnt:..l 1.!5 ~ffort. 

Tlae Eint lttw y~rs \l'ltnt:S.wd h<tth JUC:C.'t!SSd And f:ailtm:s. Muny n( tha· 
14lU~r could h. &&ttribulcd la prultlt!m~ in llw f)fttpulsimt ~·sll•m (l,:~~din; to 
Uflftrt!dlct~able rcecl;ffl bt:laovinr), unrdial,lc: \dc.•n•~n. "' c:~1Jt-rlnwnt:,l clc:fi· 
chmc.:ico.s. Sumtr nf tlutse prnbltmu; t~rsl:.h•d hsw th<f •. Htli£J!.. 

Tie"" Juu~nualluuoaS ~~ulw:;h.:al Y&·:~r UC:Y) w:.~ uti t·U.~hlf't•t•·numct. flt.'1'iusl 
Uulv HJ:f1 - Oc-\'trmlmr Ht!i~l durlttJ.', wSii,·h nu$1 n;,atirtrr.. icrou•d ''"~•·tlw.,. fur 11 

&IERI' - -11 

~OR OFACSAL lfSE ONLY 



t· . 
&&eRI!r SIGrNT 

dctllil'-d ln"estiaatlun or tlac: nl:...m~ t us :a ~·hu1t:. The.'\' rt'C:(II:ru:t:d tho:~• naational 
l'C'Iuncl:aria hDd no inOut:nc~ upe~n wc=llther, it't'lmpht.-ri~ ~('rmlncss. ~rth· 
quke formotion. and ud~l ch~nC!t.'l, W"td th:at to hctter underst~nd ~nd pwditt 
~~ ... ·Phe!lorntml, a more t}toraut:h \ltad~rst:&ndin' of pl:mtlt:.u·v Ph1'Sics wu 
neceuary.• 

The lntc=tional Council or Seientl£ic t.~nlOIW Can arm of the l.1nlted 
Natlons) endorsed Berkner's su&:~estion And in,ited Oll\ nattons to partieipate. 
ID rauome to this call. the l.'S National .\codemv o( Salmees est•blished tht 
'US National Committee {USNC) For the lCY in 1953. I lftr\•ed as s~u:retAn• of 
the OSNC: L~ttve Commntee a.nd a1 chairmcan of }N$&T cam~itt.a. 

The US:NC first sou~ht to devtdop an tnternal\?5 So'fO;ram ift 'eol)h\'Jles, 
aad thel\ to caorclinace the I'TO'-"-~~m il\temotionaU~· to lns\lrtt that !a) ~Cibal 
clupllcatiom wert eliminated. and ,'b) ppsi1'l eo,oera;e " notioJ18l houftdaria 
dld not occur •• -\11 major naUons iaLned the endavor. The final p~:am ~'U 
trt,JIY flobal ln nature. lt lncor~rated s:ucll~ on the eont!:1:nt$ and on the 
JeM. m .\rctica and .-\n:arctl::a. and included ~ket- ::a.nd sateUitt-bome 
~robinp of the u~:Mtf :ltmosphert. 

The t:S~C T~hnic:o.l Panel on 1\ockerr,.• ~n:a:ned :::.an'\· indi\'lch.:aiJ on 
tht oid V2 coordlnatlnc c:om:nttt~e. now ::a.~ed ~he e~~r At:nos:~here 
Ro:k.r 1'\eurc:h P~mel (t: ."-RRPt h ~lso i:'l~iu=ied :rersuT:he:s not on t.' ARRP. 
and thus WI.$ more bro.dly hued. Durlnc .earh· m~o:in~ the ~anel confined 
ltself :nimarilv to ex;M!!:-Imtnts ,..hlch , eue~~alh· eontinued or im~raved 
airead.,· on;om; e!oru. S. Fred Shu~:: anci James A. \":r.n .-\lien ~nded thetr 
rockaon lD•Uoan latmehtd rooketsl t~ro=-a:n for stuc~inc; ~~s::\ic :ac!iao:ia:s to 

other veu em the t~h. Sin~~r in 19!~ ;:Juolisht=d his MOt:SE CMintmu= 
Orbitin1 t=nmanned Satellite - ~rth) propcml. H• brou;ht this Pro~sal to 
the attention ar the P.ocketn· Panel but It W:lS not enda:ssd. 

CommitJneal to Sate 1U tes 

The fint c:anvocaclon of the Spe-c,al Commlttu for the lCY, be~v.-n ~ 
CSAGI from the initiali of its French na~ne. met in Rome In Hi54. It orennm! -- ·• 
aft OPJ)artumtv to tMI11n tnteiU~tinc: the \•AriDUI nlltlonal ~rams. Se.rkner 
forced • decbton on tJS plans for SAielllte exploratiom. He us~~ o number v( 
ua (Including Joseoh ~plan. Hu~h Odishuu•. Harrv W~r.ler, Wall;.ce Joyce, 
Allim Shaple.y, Hamer Newell. s. Fred Si,,er, Jubn Adl:lna. MbtrbtAn 
SpUhaus) to vilit htm one evenfruJ. He br(':ach*Ci his con(.'tlrn; rumon were 
ctrculAtma that the Soviet Union wos uboullo JmJPOMr that CSACicndorse tbe 
lasmahtn1 of arth mtelllles us tan lnt=r-.-1 portion of the ICY 'PtCI~m. 
SDttUile-bome tnmument:aticn would aUow dirwct investh:utlcms ar the .uos-r 
atmamhtte. hrl:nur wanttrd uc ttl Drnnose A US ~ltic•n. 

• The ICY wua outUtfv .. d lw Utt..,d v. rMtrluwr. rwr .. u.lcont ur Assr•c:a:~to'll lfru,r:r::ttt~ lhc., 
Rr~~etkliiiVIIm. N•• ''CJrk. Tl ... ICY v.·~ il ("IIIIIIIIUIIIIIRI nf • M:fil.'!. ur rnbr rc•lln.. Tlw r-....- r •• ~, 
V~r~~r uf 11•"7!! W.l c:rttec:ut~ ,,,. J:oarl Wt·~·tlft•r:bt. 1a llc•utt·nlltd rea tlw ,'\o=re .. fhttel:&ertwll N""'" II 
~ r.41c-.. d llhy """" lahtt '"'" •lw $;tu"tlllll l'ul»l 'lc-.u "' 1!1:!!!.. Tltc- ul'll'l'lt"i.'lo ul IMIIh wt"" 
••IC!ttAivP nanu ... tu*" cd ~tlor.r. I!Litnru:., Al'"tnllr.TM"\r..Jn. ~ud ,.,,. 11Uotirtetow. lit 11 ... 1\n'l"' a•KI 
.\llltAfCtaC. 1\trrln..-'t. Pf'llfMI!ot..J l(;'' loilllf'lt•tM'tJ 11M• IIC'floacl l.r'fw .... u r•ufat rt:~tn• ho =ro ''I':ID :llnl 

... IMI'II•·d tl"1r "'"''" In lfH:Iuu .. nue!.llt• IU>41 ,., .. I;~Uhllla"'l 
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The dl~nutnn l:a~h-d wc:ll lulu \lw t•vcnhu:. It wu~ <aukLh· af1f1:&rcte\ tl•at 
pnct\C!:allv ''''Cn•on• prt.~ut fch lh:d \h41 t$ ~hould c:itlu:r tnd("J1CJ1clcn\ly 
grnJ,'IOIO, or jr;1in ln prt'pOSin~ lhe launch <"f c:arlh saac:llit(f!' durinc: \ht lCY. Wt: 
llll undcrstCIC1d tl,:&t such a stnnd commitl~d tht: L'S \o implc:me11ti~ sc:h:nlitic: 
satc:l11te exDI!flmentl l-unare the end of 1958 or 'horth• lhrreufter. Hcna.••\'t'f. n 
••AJ the c:ormdered JudE:ment o£ m~t th:1t su~h " sc:hedule was nf't unre:&listic. 
Se\lera.l of \II had • ""•orkins: knowlt:d\le o£ th" diffic:ultia And problems 
affltl:tina launcha: thnut 11.\'Ailllbilttv, costs. and uperiment:ll pgmbUitics. 
Berkncr himself wu famUiar wtth the tOt:ll l'S t:ffort. including pr~e!!l in 
propulsion 1\'lleiiU. and from a much hi~er It-vel in ~ovemment than ;n\' of 
us. 

Sewell raised obJections: thera were no re:sdilv a\·GUoble boosters; so1nr 
cell outputs wer• toe low; enem· requirements eould not be met; elCP~rtmcnts 
could not be :JrRpuecl in time• pro\'en experltl'lents ""'ere not at hand; batterit:S 
mal' ~U. He stated that the t.:S could -not fabric:ate 1nd l~unch em ~ceQ:~ble 
e,.:Jerim•nt tn ttme. ~hat the cltffieulttes were too ~ut, and that th•r• were 
also doubrs about Sovi~! eA:s&biiities. The rest oi us feh comfort~:,t~ o.bnut a 
fX'Iiij\'e stand for the t:5. Flna1J~· B~rkn=r uki!d for a. ,·ote. 1t 'A':U ~n:antmnush· 
in fa,•or; the t:S v.-ou.id :Jropose lncor:>O:-:ltion or :l :atellite Droc;:o:~m within :he 
lGl' !rZLmewo:-k. With :his deeision in hand. B~=-i..;n:: on ~half oi tht t:S. ;r.pc;l 
Pushliov on behalf of the .l"SSit iointh• :Jl"O:Jos~d that an c••~h ~te!iit~ 
f'1'D;:':lm b~ includ~d In th! IGY. The :~lena:;· session of CSAC1 acio;ue::! ~is 
reeorn:ne:u!ation. 

~ 

.\her we had r=n:rned to the t"S. the - ~~;hin::-y oi ;o,·e:nment siowl·r 
be;:~n to ~lal'lk. ~i;,.~. ~·ho ~·t.S on a £i:'1t n,me b;uis with ~h~ rr~stc~:1t. 
briefed Eb=nhowar. un 29 Juh• 1955 the Prtsident announ~ed l:S. ~r:i:i::~a~ 
lion. Th• 1overnmtnt now had !onnall~· eommittt=d ltseM to su=':»art the 
dttetslon of our rum' meettn~ • 

Deiib~rations "-'it:Stn th~ Ex~euti\'e Committee of tht 1.:S~C took :in 
unnJutoted turn. l:aplan. the chatrman. stated that the t:S dfort wnuid be 
,..,.hoily cl\.'ihan ln c:onc:eot and fulfillment. Let the USSJ\ use lls milltan• 
=D&b11tttn to laUflCh a satellite for the ch•iU:tn-sc:JenUfie JCY: the US w(luid 
not.• 

Th• l.!SNC round a surplus V.:m;uard rO<:ket: It ~·.:u refurbl:heu;J to S~r'\·e 
DS • booster for thft ICY utel1ite .. '.bQut thi5 tilTs~ rurnors rt~:ac:ll•d sevcr:&l of us 
on tha USNC to the ~ffect thlll the ·"rmv J)lannt!d to luunc:h IL rock•t which 
would "acc:identally ·• 4U~in e:srth obit. l wus laser wid thut J.:uplan h:sd 
objected and that us A result, the Armv Wfd \ald to f.use efForts tn""·:ard this 
end . 

• ... .. "-"'ICI tiM: AlmMp)l~tt:." NI\SI\ UfiH(I) C'fllllfliM~ ·~tlfiU,\ ur ""' '""'' tl;lllnll~ t.,. 
fflft.'t&IC.'tlft& t1 .. SPIQto .:trrttt ~~ dtr US "' ttrrm:nfly "''"'" •md xivr•lllfc. ~·od ''~• n( ch,. l!~R :as 
PflmarU\' mUlto~. ll j' nnt JK.._q(Jt- It! c:har.aL1C!tl~ llH•:.a! :U:Ii\•llin 'It Ul!".llh•. nrolla f~llnrl) 
dasuuwd tw~~li:tlr ttttlftfllft'l~ "' accnmme~l:tlt• tlu:u u~::ct~•c·h"~~C' •~tttot•:.tl luiNettJ. m '""" rrM·:tn•lt 
:md da•rl,'tliU, , "''ht11'1'1111rr. IlK· lnur. tt·m· 1:11.111. •• 1 ,,,.,. WC ' II' ..... rlrr.lttM'I h· tltUe·n·"l r rllftl 11111\c• nl 
tlrt' ltlleat. Th~. tlww nlott~h...a o JWttlff m••ludt·d 11 n11~1 ttrt' ul n•tht:oF\• nJII'Itl!:&htlfll, uatmtml 

uru"ua.• tlt'ntl (ltm:rt ,..,1 t•hnuoturv ttrtol•~·l. "'"' ,,,..,,,, ''"'':lft·h l"•'h '""'"'"' :.uurttt·t:.tr·rl eh.,t 
,.,.....,c-~, n•urr.v<t•h vtt;,l ,.,.'""''"' ,,.,,u~um'f' lm tl11· httm•· 
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AI reFuruishm'-:ul ul the Vunt:u~rd f'lrn$rt."l.~n!. :a m&:dh~ w:as held :.l ll1c 
US Natimtal Acudem\' uf Sciences tt\ di~uss thr ~t~llite nrc11:J';sms JJbnriC'd. fur 
lhc IC\'. ~h' ln,•it.atian. in :a tt:lt!St1':&m d.aletd 00 ~ptem~r J937. r•ctted thal the 
·ptherin; c:onstitutl!d tl1e in\em~ti,•n~l workil'~ P~rtY on rc~e:kets ,:arad lllhtlUtus. 
A.Ue"dna compristsd dt:l~~tUles from the US :~nd CSSR. Thr Soviet dele=tion. 
led b~· Cenual An1:Uolv A. Bla~unr.avov. in,1ted us to a I'~M\' ;I their Embuav 
on .t Octaber 1951. The mt!etlns: lnclud•d preSHLn:d ptlpers 011 schnrtific: and 
t«Ghniczal topic:~, followesd b\· a ducwsicm ~nod. Both nBtions outllned ttwit 
..._tlve proJects. ln f\'tJiQI nation;al f:uhion. the t..'S provtdttd muc:h more 
lnformatian than it receiv~. 

A DOlnt of dlleord occurred durinl another ~rutetln; on the mornin1 of .a 
October 1D57. lt st~mmtid frcm US pressure for the So,·ieu to pro,1de m 
official launch date for th~ir ICY satelllta:. The SO\iets were pumfld racha
relendeu)y aad lntenth=-almo5l to the point of e111barrumumt. FinaDv 
PushkO\'. lfttwerln; forr:afulh·, s~ated th;r.t, at the ~resent stale of the art, to 

· l'!'aaicl th• launc:h of a rocket !I dJffi~ult. lt b~ma e'•en more difficult to 
predict thtlauru:h of a satellite. There wert too man~· unc=r::r.indes, too masn
thin~ that c:ould ~o \t'ron:. Wh~· state a d~tt in ad,·onc:: wher~ sueh doubt 
exist~~ He ~·ould ~n:ier to ~ro,·ide a c!At~ ~;et • tur::er.fui launch. 

1\icftatd Paner "'u the c::n~f t:S delr.3te :~t :he m~t1n~o .~t fune!stime 
tn~ pr=• ;ot to him. Ht expre!J~d hlrr..telf :ieeh· aftd At JOme len;:h. Th~ SO\·i· 
~!S. he clatmecl. "':e:-t way b~hind the t:S. There wu ~o o~her :>oa,ble 
e:o;~lanation fe~r tl\eir reticenc:: in ~ro,·iciin' ~ !auneh ~te for the!r AteUit!. 

Sputnik l 

The seulona re3umed th~t nhemoon. Ahhou~h t hlid :m in,•I!:~.Uon for the 
'""l at 'he So\·l•t E:nbam· tha.t eveninc. I !-:ad :»!:lnne:d to rntss it. Pr:u~uc:ally 
t\-et~· other dele::ate :~tte:nded. At the h~l;ilt of the festh•lttes \I ~·u lattr roldl 
Buknttr ..-cetv~d a teleohone caJI, the .. ~:> bnp'' ol the ~0 MHz si=al 
ncliat-.d by the a.rth 's first &atellit~. Sz,u:nik 1. hAd been founcl. Bvtkner 
returned to th• room. stood on a chair. elapped hJJ hands. and publicly 
commended the USSR 011 ltJ :aceomoUsnmetn. 

Tht USNC pursue.d its ·'open"IP*"~ effort. The \i:n~:a.rd V.'QS ~bUotzed 
and reaclittd. The expflrim.mt wU$ enc.:u.nsul~ted and e:mpl"C*d ln the ""bird. •· 
Comolt~te t•l•vfsion cav~rr~c:t 'oak plu~• during the do\' of l:.unc:h to ahow the .. 
world that the CS only utilt~d eiv&ll~m·sclentl&e talent irt itS Jpact pnt;r.&m. 
Van~llrd did raat cnn~te. 11 r~u (t~t .llnd bum~-,.·Jth <:omplete telcwtstcm 
covcr.a1a. The US lut.d ltssatncd a letUtJn, Th• ArmY was c::allerd ir' 11nd asked to 
lr&unc:h data next utttomot. VAn Allc:n PteQ,f!rt:d ntow imtrument:atinn fur 
CJb.rvitt' c:~:~~mic: r;.diulic'n (f#m1ttla..llv a p:artis:ltr counter to mw.Jure lha 
h•tttNit\• at PAttlcltt~ LnmLurdlml t heo nrth). n ... ~lt:l1Ue, nun•~ tht Elplart:r, 
discfiYtt~ lhe rodi:oatlnn twl~ thoal fiUW l•u&ar Vun .\llc.-n·, nr&nte. n.t' l.'S lmd 
flfJt l ... an Dn~l ira IIO:&,•c:, l•ut 1l .. !ic:l,•utilic t:ffuru. If• d:at~ lt;ad ltt'\"11 lHSt-wc- h:ad 
cJ~evure•d II hillu.:rt(l UUJ.Utt\\'tl nmiflf { U'-lllrl" uf lh\' "hma•t. 

TJw llll:l&'t" t.•frurt !luun ~·:.:. Ju ••t!CUJirc·. a nuliJrrt.,l fc"'·uto lhrtt••d• t~tui,U:;h· 
hi''''' car ''"' N"'"" .. '' /Wr(trt!JIIIit!!. utul S!•:a~,. AlhumJ:ilfolll&•h \N.-\.'iAl. 
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Tu Oltwin T\·l~n,l"tr,· 

ln J\)&u1 lc:h AFCJ\C Gftd Joint'd th.- N~'tinu;al ..._. ... ~~~ ... 
;ttenllon tnm"d tPw:ard uppfi~d tC*c:~rc:h in SJClN 
SlCl)l,. iU~ok wu c-ht:linincz tal•mt:trv 1h:~ls rodi.al~ 
m~..-ila chartns lh•lr lPunoh mae. Anathcr ~·:as theo rttecDtion ctf ulaf or ,.hf suJ· 

... l\oNJ1 0. Aldt. af the Rese:~.rch and Dt-,•do;»mc:nr CrouD lJ\.'.OE) ... ke~ 
~ me up v.•lth hu comment about me ,·;Jue to NSA of the tclumrtn•: One 

;oacl meet~ lJ wcmb S5M!' The problem ~·a Dot easy. lc Ctmet!'fted 
reception of th ... nomtruU Une-of-aJ~ht ffiQQencia at distanca fAr bt-vond 
~heir nonsW proDa~tion citstanc:. on thco euth. 

To a.tt:.c:k tlsll problem I firJt examined n:atuml causa that allowed 
;JJ"OPa;Ddon e-ver Hteftded ran;es: 5JXn'tdic E cJoudl at 110 km alJo~·ed 
extended ra.n,es to 1.500.1,000 km: C'a~quato.ul allowed ':' .000.11.000 km 
:cn;a north-south \-ia che ionospheric la~·el"! ht;h solar ad\'itY raised the 
u~per f:fQuen~· ll:nlt of the ign~hcreo to -40.50 MHz for distan~ to ol.OOO 
km. Other ~bllltiea were aurorAl ioni::l~on. ma;::nede chant'el!nc: ~for ,.hf), 
::leMl'oiasac:aJ clucrlnLt. antipodaL 6nd :neteo: scartt!'. The oc:u~~ct of each 
'nenomwn~ de~cir.! "='on lo=ation. rt~e of aa\', month of o:he yeOLJ', And of .. 
:m time .ln t.a,e •alu ~·c:le. !eeau.se oi their different :Jinrsica.J o:i;!n1. thelr 
:Jro~:-:1 ... s:actszt~. attd :!i=atoiOI:\' "'e!t ~!ere:n. Hov.·e,•e:. when ~restnt 
t.;~. ~uicl oa n:tlo!trd far ~lGI~T. \\'h!ie acb method ;Jr<)vid.ed some 
,Oten:!a! fOf !tit~!;:t, l~"· of tn:::: ,fO\'ia:~ COnti"\10\IJ Or rel:abie ~0\'e:&~e 
when n*ecied. lt "'U :and a:!J! is~ cuen:ill&o ;o~eo;:ni:e their li:nl:&tions. . ' 

riJ'l txa:n;,le, ::\~n o( the aOO\•t j:):Sene=e~a ~:e not ::'lfeSe:1t cons;Vt~l\·. 
ud t~e :ac!io !re::~~~=ies t."l~\· !l:;:;~o:-~ed ja:i.!S'd only a :>onion of !\5.~ 's 
nndl. 3e=ute of :h~ inha:ent o~ile!~nc:ie:, l ;hen ccmslr:ie:-ed ~ouihie c-.an· 
macie evenu tlsat couid be more r~Habie ;.."ld mic:.=tt be Jo~t~rd v.·n•:-e a:ao 
••hen n••=•a: a..-:!Sr:'.al e!~ cioucis. o:o;,ittn; di:»oles (nerecil•si. or:,i;tnc 
sa1elllte rdecto:s. A:tri orbt:ir:~ a~ti~ sat:UStes. n also connciered :he !n!lu· 
:ace of nvcleu cetona;ions on SlCL~T. and on•~d a ~iaft for ~5:\ 
~c:t~:ion OU:im: iuture detonations.} .o\.5 the \"&Ji0\11 lfa~:s of Ute StUd')• 
wve ~~;·~•d. thr~· were J)ubliJhed In the ~SA Techniw Jo~r:lal. 

The uwesttauons o'llmtna.ted (in 1&!9) m au in-ds=th a~raach fer 
lncrrualncz ituerct:~t efBc:tencies, ''Si:K Point Proc::llm for lmoroved lluercePt.
It aJ)Dear.C as a ~·=ial ritssort. and lAter me &nt tJOtdon wu oubllshtd iD the 
NSA Tw~hnical Joumal. (My JVbsecruont ln,•olvemeftt with moonbounct 
cllanr,t1ed publication of the second half.) Thll report ~-u wicleh• used in 
s:tlaftntn; anclla aaawertn1 e~uerifl frcnn che Petncacou . 

Earlier. in 1988. l ~d oudin~d the potentbl o£ srat•lllte i.nterc!J)t to John 
Crone, e~f tlte 1\esarch Mothematid and Ph,•siC$ Croup. I was convinct:d th4t 
a tEaOdlv number of uraent and RJecific interct"Pt ~oblams; f~cinLt NSA c:o'lld 
be sunnocan&BCI only, DY utllJ:tna tatelUt ... borne rewtven. NatuTDI ohenomena 
CC»Uid be- OXI)loited "'hen l)reJCnt. hut saceurute zndictiom were '"" :at hand 
ancl tl1' nh-nomcliA cnuld be lual:in~ wh~~:n n~~ Otth• n1cciv.n abacdod 
satcllhur. C.'C'uld JmWidt the in·d~h r~cemttnn rttqujrea bv NSA.. ~Also. :::r.lttltite 
launch•,. wc:ro l*t.·umlrtR more rnutine, <.'nlltl were dec:rec:oimt, aild sr,nfsL«fcll· 
tlnft ww. iTtt:t&:#tln~ t 

f 

Crcmt" C:f•uld luardh• w:.U fcsr "''' let {ifair.l•. He.· nic:kc•d u" the.· \c.·t,•r•ltftm• and 
&afhrsstt•cl II mtot•llrtJ: v.·Uh c:,mt:r&&l n • .J,,It C::mim·, the t:lin'('tur. DU\/NSA '14':11 

lmpt«l'llM•d ur.cJ ,,1,., ... ~ 'hi,. '''''i" (t:.h·llilt•• ltetrtu· tteuou•t•rtt) un the• :u~mcl:l fur his 
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t~al ~tuff nlt,>tin~ l'ufc.mmatch·. tl.co lllu~o~ wt•t•t '''''-=' Mw .a kucllr~llc•u••· ll,.,d 
nett u~t•1.-d~d lhl• ru:.ac:Uun. AhcT lhuekh,; :ahunt the.- rn;ath:t I fch th.:.t tht~ etnh• 
l,,~c:&l .Kt&:P fnr me w:&J \o \:due:alc: ~unior st:1ffcn. thrnuch du:ir sul•ordfn:tl~. 
"rhWi 1 c:e~n~cmtr:attod nn ~·rUins: tlet: ~rlOJ of ~rticld ~··d rr.purts mcutic•~d 
&&bov~ 

Th~ ~pttoc•k hold. On~ of tlae ven· Bnt ~rt11ls u1c:d :s ruckt:t-bumeo rtt
ceh•er tft the vhf nan~e. For re~ons bt-\•Oftd our control. the l:~u"c:h w.as 
del~l·4td eon~idm~bh·. :1nd firinc tteeurred it.Ut ;as the TV noadon (whic:h Hf'•ed 
as the tarpt tr~nsmuter) w~ poin; off the ~it. Onlv a (ew sceonch of .. The 
Star Spantlfd B:utner" w~re reee~ved before the st~tion clo•d. Even so. those 
f~· aeoonds of tntercept confirmed th• potentiAl of the tr.hniQue. 

It w:s durin; this period thsat someone dectded to atte:n~t tri=~rtna: 
raponaes from So,·iet satellites. Equipment was c:lis='atched to the fi•ld. Bciore 
tt w~ ac:thouted . . .a.id~ ::llltd in :Ocmt.ld H. Men~el. alretun of nll.~"ard 
Olnt:"'\'aton· ian NS."- consultant) and mYttlf for comments. \\·e \A.•ere both 

' 'bothered about the ~recedent. lt could 'rove selr·deie:nin; :lnd r~sult In 
eonr.ant tleetronic t:u~~erin~ with the oth::'s satellites. B~· the e:1d or SU'l':l.mer 

1 ~0. the ~Ui';lment tor this P\J~Ose lin :he ceid} WR$ cisaoi~d to :tr~nmt 
even an &::ide:\:&1 o-::~:-tenQe of :am~e:-::1~. 

Ther• we:-e t'~;ll::!me~ts with eleet:-::~n ;}aucis . . -\.Et~: I had outl!:~tc ~hiS 
POIIIolllt\· ce~ hi:n . . 4.icie tndu:ed mt' to se~k tt:ncin; :rom the .~~:- For::e. " 'hi::h 
su~~lied Sl~1 ant ~·e:1r a.nd s::-:alier ;uins ln other y~:o.s. Th: ~~:>e:i:ne:nlll 
~lan bwoh·ed :hre~ :it:s: :a) a T\' S::ltlon in Shre"•::tart. I.oui:;i:u~a. .'b1 a 
receh·tnc: site in ;he in.ha':':la.s and •'c:) the :o:liet la~n:h f:adi:\· :lt £~hn :\ir 
Fore!' B:ue. tlorcii:a.. '!he chemi:~ls, t~iu::\tnum o!dg~ and ctJium m:::~tc. 
would~ dttonattd and d.ispe:s~d near 100 l::n :md 1te:ar ~he r.dd :;Joint oi tlte 
P•th. Tht! e:::tcimenu "'ere suc~~nful.:a.nd ultimatah· allo"·td rt!=t!:Jtlon oi TV 
ti;ft&U far be~'Ond th! llne·of'•s\.mt. The TV 11:n11ls had b~n r:Gt!Cttd iro~n 
the el~euon cloud ;)rodueed by io"b:ation of the chemic~l mi~ture. Rt:ce:)[ion 
perstn•d for .lbout 60 minutes. And despite f,.t!tns;. all~·ed ~&c:::eotabl~ roatios 
~l!!e.Jl/I'Oise At \•hf, • 

Institute of . ll w:as based upun tht prlnci~le th:a\ CJrbltinJ dioold 
wuuld ac::atler a sh:nul tl( lhe DrOJ'Mlr fr~qu,-ney back to wrth. Sm:tll wtr~ cut tn 
'he: wavul11n0ths c•f inte:rt!St wnulcl lt4: U)~. Th~ se:.Urrt"Ci s!cm:.Ll wr•uld \te: 

• T11d11\• tilt' ~IWII'U le.a•·•· •nuol~tnlt'tiW" ~·ya•rul dtn.l'll " Mtut"'''"'t«r l"r"w"' .. ••luc:h '""'"' 
&tq.'Crflll~aWt It :tm11!tr tmrtt~N: TIM• n·lr.wtaYII \' "'"'""'"''"''' c.•tl'~ttrd olWI ,,. .. aid ullr•w ''"'"""'""' 
• hudr hr•I•N:hl'V fll\' thlt• u It•• leM WUIII'illl,..ra&· du~. A ~Juul.lt IK!IIfl'f llt:tlf !)or rm•tetaettt 
l~tt••lth• w.mld ~JIIuw ••n•c'llullul 1fw ""' 
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nanchd:aa.•d whlt o dul'ukr f n:QU\'U('l' c::ausc .. d I•\' nHI\luu uf tl"• wan'$. Whc:n dtc: 
c:x.m.-rim&:llt W:&l fin« PrC'pCtr.t.od (fur CDrTllf'IUnh::&tlCJN I"UI110.~~ :&lid wlthuut NS.-\ 
invnlvmumt ur flQfli~lp:ttiunl. lht' r:,diC~ :astrtmunn:n M·~rl: ularrrwd, Tilt'\' ,. . ..,e 
P"tr.1~ wh~n the ntoedltrs "''~'~ oactuully · pluc:rd in orbit. M"ft\' aclt'nUfic: 
bndtes condemned dae 11c:tion u tsn,·ironrnc:ntul ~llullon. Otlua technlcrue:s 
'hm ovCTPASktel both lht tleetron t:IC\ud und n~dl~ tec:hnlauus. 

OrbUinc ReSeotor• 

Late one .ummer nidlt tn l95i. Eu~ne Fe~USJOn of R.WE :and 1 
exllmined the ~blllt~· of receh•in; silnD.U retum~d to e:lrth from orbitins: 
re!lectors. \\!c then extended tbt calculations to include reOectlons from the 
moon. and u an afterthou~ht. from M:ars o.nd Venl:J. \\"e were both some-·hat 
NJ;niMd with the rnults: the conc.pt "'as fe:ulblt if a sufBcimth· htd1 ;:~in 
antenna were &\·allable. Later I realized that the loc:attcn of the tanlet on the 
e:trth also could be cistt:mined b~· notinc the tl~e ~·hen th(' r~ived si~al 
abru1;3dv .. died." 1f th~ t:ansmttter w:1s still emitti:~~ thts lou of si~al :nt4n~ 
·that the ~~nsmtttcr must li~ on a c:a;'!ain line of .,"Jition cltt~i:~ed l)nir b~· 
moon•ea:"tn ;eomt~n·. Obse~·.:t.tlotU made on the same trans:nl~t~r o,·er a 
~dod oi ~·cel-.1 ~hen wouid :mwide additton01l !!nes of :scsl~ion :ose:1cst oi 
eluno:n; nr:h.moon ;~~::ttm·~·). 

These s::~ant&neowh• ::~:ut:-ated results later t:r~ved use~uJ !;,~:~use ai !wo 
1.6nt:-:~:t:d de·:elo::~mtnu. D~:i:a; :h: =~r!v -! 950s ~he .-\C:·:~ncsd naQr:h 
ProjR".a .. \;en~\' :.,APA) be;an fundi:\&: r:on~:::t~n of :ht M~~ibo Iono. 
1t:1ht:le Obscn•ato:"l' ~ .\)0' in Pue:-ro Rica .. :O.RP .•. aiso was d'''tlopi~' a hi~;:t 
!reauent:)• ov•~~ht-har!:c:m ::lc!:t.r. And ;Jl:ed ~SA to allow mt to s•:\·e P :a 
eomuh;nl ~SA a;rttd and 1 wo:ked un beth ;1tohra~s for ARP.\. I wanted to 
use ·"tO for ~S.\ .,u:":)oses h~t::Bus~,it ;:ncwid~ th1 hi~h ;2tn :hat woui.! .. n,w.· 
int::o=e:tt 'ia ::noon~unce. 

~\'illlam Schterar of the Ann~· Sc::u:ln· A;em:r And I e~arrunsd :bt 
J)Otenthal in detail. and publiaht:ci ·:Moonhou,utt Pqtatial from Ssm@ 
Antenrw" ill thl'tlt volumes. It showed that hJ;h power earthbound tnl'IS1l\it· 
t•n co\lld be raeet~ICI at .\JO. (We considered onlv ,..hf and uhf.) Josiph 
Sot\•ell of Jt-\DE later set out to cesi' the conclusions In the re£:tort. Th~ two of 
us brttred the l>ireator of • .t..RP.~. ChDrl~s Hetr.:lttld. on the proPOStrd ~I· 
m1nt. H~r:felcl told us in nu unc:ertuin terms tlu•t A.JO had bt,en tundtd J&S ,. 

wholh• ldentiSe :and open facility, would not be ~llowed to undertAke 
cbwffS.rd atudin. and that II w.u prc:sumgtuous of us to ark. He l:lter relented 
"nd oluna for the tat grCK.~ded. The n~n dmm:.tlon of Dur wurk w.u 11 
studv of hmur tttmoer.atures. 

Mlt(urd Mud,wo&, DtPuty Dirtoclor for n~rch. l'ret'•id~ us with S30K 
to und~:rtuke '"• ttXPer!m~nt. (We r~;:t&srnctd funcb .. &r» him.) Nurvull E:am~
M&&rsh. :&t•d Jc,hn Pc:a:;)~ datiaT•~ tlae cnuir•m~tnl, Tl•• elecc:trunic ~nd 
merehJAnic::al cclftai'\J«;ticm "'"' bu:auUfull\' dttne d~f'iic: !>C'"c:r;~J s.-,~.,to c:hcallunc:es 
\lwt fut. .. ·d Ul. Tlti• diS:lCln~t' t.~tWt't'll l)u.- r.-c:d l,&tld us rc:Ot.•ctur "'""':. turrc:ck•n ut 
lruct,u•ut•v. Duth wettt lc"'::ah·d :..itt•ut r.un ft14'tc:n lrmt• ttul' c:t•r•ttCII~ ur•d J!(O 
fflt•lt:r~ ul.nvt- '''" l~ttllcln• ,.r 1 ht ;atth•nma. Orwt.· h• ralm-c- uuti:ult• \lac ··c:am:acw 
l .. 
mu:.u U HO nwh~r.; :.1"'"\' tlw •~ruuml} 1~tl Ia wc·n· arU~C."('C!SI•il.lc• l•ul l1acl tu wur~ 

v.•tliJ Uc• nautf um.'tluu. 
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A c-urlcua,; .uml &nl,·rc:$hll~ dt·\·t:luprm:nt CI\'C.'um·d durin~ dact Jduuuistll 
~:&~C.'S •. ~(h:r itS ll\tllll;:, ll\,ti:AI rl."!:i:ttattt't" .~1\rA Wl'nl Ct\f\ u( iU WOY tO aSSI~ Ul, 

Ouriui: tht' cl:arh· dit\t'\t"h•ns I h~d UC'U·d '" tlmm &hul dar lc.wUOft af A.lO v.-u 
nnt nrtUm:al fur u~r \uc. :md l}J;d u s't~ ln thl' Srychc:llt$ wc.ulcl be muc:h \et:ttcr. 
(;(tdt:U of. ".\Rr ,\ l~h:r aggrc~&ac:lwd nse und ufrt•rr.d lo constnact a M:C.I(\ptod 

.antfltna for NS.o\. in thr SLOY~hdletS or clarwhvr~. ,\ nuc:lorar detonation would 
be emoiCt)•ed. and .\1\F.\ ~:mmtt"ad :a minimum residual mcliaac:th·tty and 
the proper 1hnpe o£ tbt- enter in 'A'hic:h tht Dnlemua aubwQulnth• 'A•nuld he 
pl:act!d. We "~'·er 1\UrJued this oassibillt)·, The nuc:lcr morAtorium between 
the CS 01nd the t:SSR w~ ai;nt'd 'Qmewh:at 14ttr and this DOssiblllh' 
ciisapp~red. 

\\'tt were fortunnte . . t.ft~1' Juat :about one week of operation we lntar• 
cetnt-d SO\'Iet ~d:n o~:ati....,: on the Ar:tic eaast. (AI • lw•Droduet ar my 
in,•oh•ement. l couid nt,•er look :1t the moon v.~aln without thinkln; of out 
e~p~ri:ne:\t. ; • 

\': t :~.bout Jn ~:mr:-ce~: .a:tr on the moon~ It iJ eonc:i\':lbie. ln tim~ tht 
ioiisti: ~robi~::u wo~1: ~ :>v:!':om•. :m 1 lu~:ar bue ior that one othe:wis• 

. :.an~tt-l:w~i: ~·~n~l :ni;ht ~~:mne r"Alt~\·. One auudao ls whethe:r •~ 
:t.trncs::2he:-t :::-uid :," ~roe'.lt:~d on !h~ mt'on. :and If 10. what Its ;noo~nies 
\\'ouic he likt. 

7h~ ;reD.test ~.-abie:"!l il !he l~::tlt lunar ;:-a\·it\· ~·onw•sixzh thAt ol tht 
e:mn ~·hich woui:! :tot allo'" tet~ntion o( an eartb-lik~ atm01~here lor an\· 
l~n;~h oi t!mt. T:~t:-t ~rt a~h~:- ~rnblems: dtmll1n1 :he need~ ;Aitl from 
h.m:a:- r~l:s. tht ;h~~\'n:a::u:: pra~:-ihrs ol the at.""CSPhtmt. and the 
w:a:-~ih; oi the e:s.:-1: stdt of :h~ moon onae an atmoC~here ts a:ablishr.i. 

ln ~hinioinl tlhour th~ :Jrttoittm. 1 ~roposed 1an atmospbete of ~0 .,_~t 
ox., •~n "nd SO pe~:::nt A:;~n \,·fth a 1urfac:t grcssur~ "bout equal to that of 
Den\'t:t. •On the ~a:th the :om;>esitlon 11 ~1 Pttcesnt OK\''tr'• iS pttrct~nl 
nitrc1;t:n otnd l ~ert:enl Dr;on.l .~r;on rathw thaa altropn ""~~ chOJCn as a 
potentiul ··ancrr"· ~~ b=l::lWt- of its etrt!:ater molhulor weilbt. The thtmo
d·rnu.mic: properties of this "tmUJI:'here were atrem.lv lrattftltln; and 
enrnpleteh· dlff~r~nt thun l lu&d ~xt>ected. Tlur unaurmountabl• obstac:le 'A'IIS 

the- lc1U t,( ~:u: the luw s:Tii\'ih· u.llc•wt!d the UJ:\'Ilttft \o "ltCtil ol" at Aft Almost 
irrcmlac:eu.hl& nn~. 01-t\'imlsh·. tl1r artswl!r b to utilize dorn.d c:Jtla Tht- nt:\"ded 
PM~ t!etuld sUU l:»tt tr;traacu·d frt•m the rt1cl:s ·hv ~Ill ~ttalur •nlftSY • 

• • • 

This P"tn.:r Ju&.'- ~nurut'd I h.- ~vtmt~ thul lt-d NSA let ctnt f.'CIUJM ,,r uL•Unn. 
h allur.trul~ lh& JJtuczrcul''" uf tl•c•ur:ht em prc•hlt•ms nf tiw tlma. And tht c.~h:aJn 
c1f ••vc•nt~ lhut lt•d ifll~lCIIrlilJh· ''' uur PIL.,.c:nl t:mauuptJ. \\'h&&t we rat!ttd rau\\' r.are 
icJ,~:&!. fur tun&urr••w . 

Tin:. urtrdt• t:. dtu::;.d'wJ~C!iE¥ . 

• Tlu• •ld• .d :\I< I J,;c. 1,.""' tll,.l,.lt·al ,.,,,..,ttlt•r:al,h '·"''"' II•• ltetw •tl llr NSA t'!l; .. 'fllltl'ltlt.. 
I&· ·.uti •• , ... ,,., • . •~· ·.u!,..,,,.,,J ,.,.,., el• :••• uu·h·t l:tdm·.u• .. ,,, .. ,. '"''' , .... ,u., .. ,.,., 11 ..... , • .ah ... , ..... 
••I 1111 ,., .. ,, •·••I••• 11·1••·4'111•" •Ito· l "· ,., .... , ... ,,.,,,,.,.u.,l ..tettll•, ,.,._ u-:, ... ,,..tlofr itw ....... , .. tttuh,tltl\' 
11..- • l~t•,oe..-J th ••·l.ollhto '" tl,o · ,, • ..,._,,, lo l•ot••uu,oltft.ol 11 , ............. 
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