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chap te r  l :  i ' i The  l dea  o r  Rende ,vous ' (by  Ha .ken
n NASA Pldling ' (by Hacke.)

Rather lhan eaiting to subFit a cofplete malu€cript !o every revE*ari
the pro.edue follo*ed earlie! with the CoDnen! Edition of Tnis New

. r  P ro re ! r  Me  ^L ry i
t o  rake  ,  o  I tF r_n .  t o .

.hapt€i, or related group of chaPter6, wilr be 3ert a3 thet ale
firnshed b those who6 we j
iicular suljcc! Dalter. we vdcd!.. c.-beits in any ford--malginar

rext--facls, style, we vill Pa icularrt
appredare lrwing caued to
evidence, and events or individual3 v!o6e lole we !:ve ;lishied or
. r : ccF 'd red .  Na iu 'a l l .

especiany if Bu?ported by d

The GeDini history tLa. two a!!hors, Barlo! c. Hacker and Jabes M,

Glibwood, each ot *hom is draliins a 6elarate sectio
Hacker win cove! lhe !i6torical oricitu of Proje.t cemili ad $a
development phase or the progiam itse dfoush tne Ii'3! tnlee Gemini

Ge4iqi oPeratiou, besin-
ning with the Gebini w mi3sion and exrexlins throlgh lhe end or the

lhe No chapter3 a..ompa'yiDs thir hemorandum de:l with thc con-
text ol ideas and organizaiion qhich ewentually produced Frojed Gemiu.
clapter l, 'The laea oi Rerdezvou3,r'i' in the nalu.e ol an intro-
dtrction. ft .onsiders tie erolution ol astrolauticar theo.y, lo.used

lhe u€e ol orbitat sragiDs a
Delary tligbl The acoPe or this chaPte!

is hroad, spanrnng dir deca Major topica are

literary anticipatioN of tle lole of !endezvons, scientrfic specurauon.

Btr U.S. takF 86dt tuLti.rb I n. P.Jtull l.ri"t Pt.n



in tLe Sovi€t Union and Germdy on ih€ u.e ot slace .ra!ion., rh.
beginDings of rhe idea ol orliial op€rarions a6 rtisiincr Irom .pace
6ta!ion6 in Ergldit, ed the fir6t quatiiarive Erudiea of orbftat
mseuveriDg and rerdezvoua.

I
ln chap!6! 2, "ReEdervoug tr NASA Pladirg, " th; lcope ia ndrdpet,
iho ileatmenr full6!. This .hapr€t e*plored NASA'3 i$ritutiouari
{ramework, emphasizilg th6 influ.rce d NASA organizarioq dd/ .
oiieatation on the leceltion accoraea the le.d€zwous idea dulinl rh.
per iod  o I  i9 r3 - rab l .  Sa l i€n t  rop ic r  a re  NASA'a  adntbr .L r :6vs is ro ,v ,
tt. characte! of NASA tong-lange ?te:nDg, the rore oI ihe varl6u,
N3SA .elterr dd o{ NAs-A lIeadqElre!. in fulilolins rL. studi of
olbital rentlerwoos, ad lrt€ prac. o{ Ptojecr AroDo n the ongins of

Pleaee fo*ard c6ftDen&, prel.rauy wili dupporitng .vide!c6, ro
Hirtorical Offi.e, BE4, Mtued -p.cecrali t.!r.r, Hq.to!, T.*ar,
7?05S, or terePhoqe 433-?5?l

J
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CTTAPTEB I

TI'E IDEA OF RENDEZYOUS

Behird tie National Aero@utic. ald Spacs Admilidttatior's

(NA5A) iniiiatio! of Projed Gemrd r! l96l ray tnree r.ial.d but

di3tinci lines ol developmert, lhe most te.engy lega adt th.

most dilect wa6 t..hdcal, Th6 Genini 5lacecraft begaD it6

.ar€et a5 aa advanced version of tla M€lculy cap.de. Thi6

etloit !o ihllse atrd reline ihe MelcLly caPslre was chic{ly pur-

sued iy elemenls of NASA'. slace Ta6k Ctorp (STG), tlte 6rgablzatton

responsible for di!€citng Project Mefcuty.- Th. F.ir loc$ of

NASA'6 tuiule plaEing dDling thi. letiod, hwever, wa6 th. baMsd

lunar midsioa, fv.trtuB[y .nlrgtered l,loJ.ct A!o!o. liblle sTG

e!gi!..!s corcentlated on dewerodng. bole ve$atile 3!acec!aft,

NA,sA ?lamels concelr€d tlehselver *'tih outliting a ?fogtu to

land Amedcds on tne Moon. By t96l NASA hait coD. io recogaiz€

tha! some lom ot olbiial lenilezvou. eas tlE Ley to acht.YlDg thia

Coal with drspatcL dil ecoaohy. The glwiDg r.co8'iiion of tb€

crucial rol€ of orbital rendelvous ia lle hMd ex$olation oI aPace

teyond dle immeihat. vicibiry ol E.ttL Floatrcea a correspoldia8 
..

lecogrntton of the need to develop th. t ch'igue8 of otlital lendezwu€.

NasA,s ?dmaly Jurttlicatio! lor shat be.dc tlt-G.Eini ploglam

va6 th. dev€loprFnt of otbilal techliqEe.. Dldrg 1961 STG|€

efio s to thplde lhe Mer.ury calsul. e.!g.il vilh NASATS



a lerdezwous dewelopment ploatam, Project cemini, drarila oD the

te.hnoloa;cal calitat laid up by Ploj€ct Mercury but cli€fly justi-

fied as a preliminary phase ol Ploject ApoUo. Projecr ceniri oved

its existence to both iis plede.edsor antt its 3ucces5or, We shaU

5 oi lrojecr c€mrn i! strc...dr"s .h.1i"'".

rn rhis crralie!, hovever, ve slau rrace a third, da more

Aenelal, Iine ot develolm€dt leadilg to Project Gemini, N-ASA,9

glasp of ine eignilicance ol orbitar technique3 ra3 3u.plisilgly lare

ir cohi4. As a sci€rlific specd6tion, ihe idea vas ]rau a c€ntult

old vhen NASA accepred ii. It6 lilera"y a ecedenr

rit[e o1der. NASA, of course, was only cleated ir 1959, but its

early plaMing Ior a mamed ]uDr mission celterea on dnect as.ent!

a Fethod tat8ely diecr€dited molg krwledgea}le space travet

e husiasts a decade ealli€r.

avarenes6 of the imporle.e of orbital techliques.

!{ele ve ale concerned vith the oiigia, g!@rh, dd accept-

a ket iilea ir the theory or spac€ flight, lbe idea, simply

is this: without some form ot olbt|al rendezvous. rhe

n6an exptolatio! oI slace beyontt the iEb€diate vicinity ot

Earth is impossible, Reldezvou6 is an exercise i! ortir batchiog,

Whetr two object6 in orbit are a! test wii[ reslect to ea.b othe!--

ihat is, their r;lative v€locity ie zeto--dd iL€i! distarce lrom ore



dottler is negligible compared io rhei! hear distance lrom ii€ cen-

ter of attlaction, then the olbirs ot t)r€ t{o bodi€s have t€come

one atrd rendezvous na8 beetr cohplered. The ifpo*ance of

rendezvous is nov uDquesrio.eil. The uniiea sta*s inftiared its

second mDneil spac€ ftiSlr ploc!am, Prcjecr cemid, i, i961

.hi€fly to develo! lhe tecnniques ol olbital renilezwo$ da d€motr-,
2

strate its feasibility. Rerilezwo$ ako ptars a certral role in
3

the u. 5. ma6ed luDar raDding llogrdj Plojecr Apono. we

car only i.Ier t}le stai$ ol redezvous in $e Sorier

r roa  pv -d rs ,  * \ , c \  BUCCes t  t ha t  i r  i s  j Ls t  ab  Lhpor ,an . i nSov i " t

as in Afteiican plaming. A near approach io rendezwous ras achiewed

3. Fo! a brief accou of
ning, see Weltrhe! von

the prace oI renderwous in Apollo plu-
Braun ad lreaerick L Old*ay II],

:e::l:E::l {N"* Yorkj ?hmo6

see Kratft a. Eh.icle, I'orbftal opelations, r Adva,ces in
spdce  sc ieb (e  and  Techno lo rv ,  v  l l 96J ) ,  r  z ,q :  - f r ; ; ;
cons ide rs  rebd -2voue  rby  fa r  l be  ho6 r :mDor rabL  c tae3  o l
seDeral olbitar operaliorc,', becarse ol th; hary omer
op€ratiaDs it hakes possille (ibid,, !t 296). Rendezvoug
need rot culmitrate i! the cotuection ot rhe vehicles (docking).

Altnouah Proje.t Gemirn otliciaUy had ihlee majo! obje.itves,
ircIuding lorg-duration tUgl:i ard co roll€d tadrtiDg as velt

officials of NASA pe!6isren!1y ehptasized
rendezwous in justi&ing the prosrm. See, e. s., the
testimont of Jde6 E. 1t€bb (NASA AdmiDi3!!ato!), Rorelt
C. S€amaDs, Jr. (NASA Associat€ Adminisllaror), and D.
!rainerd Holmer (Direcror. oftice ot MaD€d space Flight)
to House Subcomminee o. Mau€d Space Frreht
o +" c.--r*"j-ellt*;;; 

-a;i;;;"i:';:; 
H.",;;;-

Lj. R. l 0 l 00 (s!l)cr!ed"d. by !:jrlla3?, i 9br NAlsa A,ilnb;i-
zarion,v8?tn cons., z.d s.;- F;b: zz, iil-iii-frliii-61
26, t962,8 4-5, 1O2-tO3, Z5O-57, 460-62.

Y.-Grow.Il-€ompany, ]9661 Er  215-20.
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earlt in tle Sowiei lloAraE, in AuSust 1962 ad Jue I963,
4

g ihe vo.tok 6eies of bam€d 6pace fliSlts, More rece ty,

tober 196? and Aplil 1963, the Soviet Cosbos sei.s of !n-

ed spacecraft tas demolsilaled autohatic redezvous and

ng, with lhe likely ihllication thai orbiial relueE.a is tle

t alsre! io aclieving btuea luDa! IaDdilg.

T]le culrent plominence ol lendezwou. coDcept6 in space

plaDing is a reratively recent ootgrowth of d o]<lei iilea. Until

tn€Iate 19406, rendezwoug was a! ilcidedtal, and olt€n ne8tected,

aspect ot speculationon tbe lore bf the space station iD irtelplanet-

ary travel. The space-station iitea va3 introdlceil to the literatu!€

of space fiicht by Kurd Lassvitz ait Kon6rabtin Eiluardovicb

Tsiorkovskiy at tlte €nd o1 tre l9ih cenruly, lassritz (re43-r9rol,

4. M. K. Tikhouavov, B. V. AausheDlakh, c. A, Sl<trridt4
tud O, L. Vaysberg, "Degyatr I€t isrledowaDiya l<osmosa
v SSSR,'r Kosmicie6kiye lgEled6vdnl.a, V (1967), €- 663,
ln contra6t, th€ tirsi successful U.S. maued ollital !€n-
d€zwoue did not occut uDtil Decebb€! 1965. Nevelih.less,
the authors o{ tbiE article 6ingl€ out rendezvous ald rlo.k-
iDg iD olbit as tmpoltant U.S. achiewemenis in space
teclDorosy. (Md., F. 645. ) TLis laper las beeo tra$-
lated as 'iTen Years oI Space Re8ealcL ir lhe USSR,rr !y
4ziec school oJ Ldsu.ae6, Incli(Irashiniton| NASA T"
'r-r1,5oo; F;tl r96si: see ako ihe .ontueni3 dflrii;
ch i - f  

^d?r igr ' ; io t  
rh€ 'vosroL ' .EpaeBhips, '_ in  lzwsuya,

J\ae zz, ttbl, Lvapulov, 5talioo Outside
r-he Ealtnl{wriEht-P.!terso. Al! F6rce Base, ohiorlrs,

, r rabe rabo i r  FTD-Jv lT -64 -511)  Je ,  2? ,  r966 ) .  p :6 :  " ' r he
problem-of leidezworiE and cDdectioq, a. ve say, d join-
tng rpac€ship8, las bee. placed on tlte agelda of 3?ace
nadgaiion, r! The general !!obte- oa t€dezvous (as rerated
b tne dpace station) i. discussed, ihrd., t- 29_32,



ol haihemaiic6 id Gotia, punliEhed hi6 two-volDe novel, On Tm
5

Praners, in 139?. Ahe sigDficd.e ol this n

quickly becaEe a rrpelmaneDi pa ol German literaiu.e, " codlib-

utirg Dotably to the predtsposilion ol certuan EcieDlists "to ra&irg
6

s?a.+travel iheory seriously.I' LasEwitz also described, for tne

I i rs t  i ine  ,n  I t "s t " rn  Europ.e  l iL . laLue,  tLe  porenLat  u r i l i l y  o r  .

station po6itioreil at some disiaDce lrom tte surlace of a llanet in

easins tle difticultte{ol inierplaetary iravel, The eUec! of

5. Kurd Lassritz, ad z*ei Planetep: Boman in zvei Bicner!
{LerpzieJ +F-€li3chsr r397). La5swi-, wa6 dlso Lne adlho!
o! other fiction, as wetl aa g€teral sclolallv vorks inthe
Ltory ald philosophy oI 6ci€!c€, host aotably a classic
history of atomism, Ceschichte der Atomistik wotu Mittel-
ate! bis Neeton (2 vols,; Hellra da Leipzig) t ir&s,
1390 , I

6, wiuy Ley, Rockets, Mis3iles, alil Space Trav€l (2d rev.
€d.iNe* Yolkl vlddeg-FM9 i96l),S 45-46, 114,

(..'

?, &:9,, 4 43, 366; Aran R. Klull, "A glsiory ol the Artifi.ial
sateuiG,,, !!19::pglE:99, xxvl (1956), F 369. Not€, bov-
ewe!, rhat Laodvitz' slace Bt.tion ras not iD orblt, ald ras
therelore not a gatellilei it was Erppolied ar a disrarce ol ole
Ealth radius abdve ihe No*h Pole bt a ig.avity. Tne

- conquest oI graviiy hade ort'iial motion 3trpe!fluo$, See
Carsnie C. Adam6, Space llighl: Sateltitee, Space8bipg,
Spac€ Slatiops, and Slace Trawel (N€v Yolkl l,€EFHiU
-B4k-c€mpanyFlnc', 1953), tt. 1l- IJ,
E \e re l - !  Ha le  s  "T le  B f l ck  Mo_oE, r ra  l . l .  t i ! s !  Be r ia l i z .d  i n
-Atlantic Motrthlv, xXrV (1369), t$ 451-60, 603-rr, 6?9-43, is
Dow genelally ackn@]€dgeil to have been tbe first liteta!,
anti.ipatioa ol tLe EaEed Earth oatelUte. Bu! Haler. Eatel-
tfte, presatulely launchei! dit fortuitously mamed, wa6 an
accident witlout sigDiiicuce {ree voD SrauD and Oiaway,
Histolv of Rocketft & Slac€ Travel, l!. r3-zrj Ley,
Bo.kets, Mi.6iler, and Seace Trave], t' 366).



Lasswitz' stimulus, nowever, was lot irmeitiaie, -4 Iull qralier-

centuly, a generation in fact, elaF€il before tle space-6tai1oa tdea,

ana space-trawel drory in g€neral, flNered in Geimany. I' ure

meantifte, a separate Russi.! tradition was found€d by Tsiolkovslit,

\-

The transitio! lrom lite!a!y dticlpation to 6cieniific specD-

lation ir ure hisiory ol 6pace tlawel daree from about r9OO, This

step is epitomized in the eo!l< ot Tsiolkovskiy

vi.cial scnoolma6te!w!ose vision traneceDded

Earth and Sly and ihe E fects ol dniversal G-awity, His plihary

conceln was io illustrat€ the us€ ol atr aiiificial Ealtl sat€Ilite in
I

providing .n example oI a gtaity-tle€ enviroffied, but te atso

swge6ie-d,$e possibte !o]e of srch 3ateuites as platforms f'om
,, r0

vhich to/launch interprab€taly wenicles. Eiglt years later

In 1395 Tstoltovsliy publisheil a science-fictio!tale,
- ' 9

3 , S€e A. A. Kosmodemrydskii, rrK. E, Tsiolkovskn (lhe
Cbalacter of His Di6coveries dd Hir Cleatiwe Mamer),11
in A. a. Braco avov et:!GdEr---------------, !9r9!3!:!:lrLjgs:
Contributions to its History, t!5tu, atd eil,
{Je rus aleh, r6*sr-t!og!d.aoFSdieniific T!aas lations,

K, E, Tsiolkovsliy, C!.!r o z.r1e i nebe I efieklv
vsemirnoso lvasot€Eya (MoskwarlzdatelrErvo A. N.

see v. N. sokol'5lii, i'The work of Russian scie ists on tle
FoundinC Df a Theory oI Inr.lplaletaly Flight, " in Blagonravov
d . . fe;s.1 sonet Rocl<et!y, p. 26r Kiliu sianyukovic'r. "'l rip
ro tdE l4odn: Futagv and Realiw, " N€vs: A sovr.t levi"{ of
worLd Ev"pLs, ru€ l, 1954, ,+,r"Al; r:-i:-6;;;J- ( )

t0 ,

Casebook oI Sovi"t AslrDEulicE tsura Molica, Cat.r, FsrD/



l.-, Tsioltovsl<iy pulushed d attict€, i'lhe

Reactiw. MachineE, ir *!lch estatlisled

lnvestiBation ol Space uith

tLe Ecierttlic lram€wolk

use of rockets a. a m€ans oI s?ace travel, Th€ space-

iaea diil lot aDDear in this alti.le as ftlst ltinred. h

r9l1-12, hovever, Tsiollovskiy publi6L.d another a i.le vith the

same iitle, which ra6 actually the secord h.rl ol his arg@ent,

Here he di.cuEsed the artilicial Bareuite ard 6aae the tey oiser-

vation ur.t relativ.ly 1itt1e aditiiional encrgy beyond that requi!€d

to establish tbe sarellite would u:en be aeeded io yentule ilio
r2

ilterpldetary space. Later 6tiU, i! 1926, Tsiolkovskiy pub-

lished these two arti.les pdvately eift certai! altetationa dd

additio$ a3 i Beparate boo!, agair under $e sde tiale. }le p!o-

posed a masier ptan fo. the colque8t ol sp&€ which !€ge vitlr

natued sar€t[i!e6, rra nuar seitleEeDi. , .in the ether, outside

K, E, T3iolkovsh:y, rI3sledovanie mirovlkh prostranstt
!eakttwnymt prllrorami,'r Nauclnoe Obo'repie (M.y r903),
pp. 45-?5, repli ed i! a. A. ala8oalavw, kdjl l!i1$.!:3
Work6 of K. E. TsiolkoEkiy, Vo1. llr R€aciive alvilA
MacdDes,ALrans, .Faradav Tr&3lation. {WashiartoE.NASA
TI  r -13?; '  l c65 t ,  g  ?2_ j  i . : -

Tstolkovstiy, rrlsdledovaDi€ mirowl.,h !&strestw leaktiwymi
prilorami, i' Vedinik Vozilllrhoelavsiya, Noe, 19-22, 19I1,
Nos. ., 3, 5-?, 9, 19r2, ia Bragonlavow,l,d!|, coII€ctea

&*a tl, E[ 150-51. 6thi. papet, Tsiofovskiy credits
ihe lania8tic '6w.b 6! Jul.s Vere witlr tu$il8 htu thoughrg
toealil lockot cmlurarto'. {!EE., E, lr3).



- 8 -

the  a tmosphe le , , ,  F lob  rhe  r ' ea le l l i t e  ! ase ,  , . . ve  v i l l  t i r d  i t  €a5 ie r

to moitily ou! velocity, escape from t]!€ Eaalh ard the sun dd, i!

Cene!al! deparr on voyages in any desired direction- Thr point is

urdt, once ve are a satellite ol the Ealth o! Sun, t]1e applicalion of

wery sftatl forces rill suliic. to incleasei retluce or otheruise

n  oa j y  ou r  ve lo . i  y ,  ano  dence  ou r  pos i r i ob  iD  seace . '  suc r  a  bas ; ,

TsiolkovEkiy pointed oot, wauld require co :nual suppo* troh Eart6.

R€gllar tralfic betveen base da plde! vould te Deedea to provide
l3

matelials aril eachuge persoM€l,

Tsiolkowskiyre 6pace-staiton idea loiiowed datularly floh

his lundamental achiewem€at: He lecognized that 5ome torh of

rccler vas rhe only leasible welicte fo! idterptuetary hawel uil

lrc;rously IormutalEd l|e r}leory oI rocler molion, A sihple c]1em-

ic?Uy luel€d iocket, boweve!, could, even ir ureoly, just lalery

attain olbita1 velocity, rnile escape velocity vas out of the question,

More efficiedt ao$.es ot enelgy tha c'lemical luels, such as the

atoaic Cenelalori might prowide e .ti€rlative, but thar was a

, \4
itislantplospect. Tsiolkovskiy, lwever! concentratedhis

13 ,  Ts io l kovek j i ,  I ss ledovan iem: rovvkh ! !oB t rans tv r - . I t i vpymi
o l i bo tami  (Ka tuCa \  rL .  a " rho r?1926) ,  rep . i n ted  i n  B lagon-
ravov ,  ed , ,  ca l tec te i l  work . ,  u ,  !9  333-19,

14, Tsiotkovolriy diit suggest this possitiltty iD}lis 19lr-rz paper.
see collected lYorks, U, 4, 162-63, w]r.ie he also mentioned
the po6sibility oI an electlon !oc!et.
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attentio! on a more placlical solutior to lhi6 problem, hlltistage

rockels using .onveDtioral fuel6, lle filst advalced the idea in a
I5

3torypublished in 1913. His calculariols oI tre roti6r o'

a tvo-stase rocker appeared in tre 1926 w€lEioD of !qi!:-qgg9:93

ot Space wiih Reactive Machiles, uil detailed aeEcliPtione oI tbe

srructule and voll<irg principle ol the eultistaee locket, along

vith matiem atic aI calculaiione
l6

acieristics, Iolldeil in t929.

of ire most impoltant fligh! char-

As ir hig o!h€! wor!, Tsiorkovsl<iy'3

conriiburior was in sophist!.ated ualysis lathe! than inwention: steP-

lockets nad neen knoe! io lirevorks makers for at I
t7

turies, and the ;dea may nawe been a c€ntury oter y€t.

r  o l<ovsk iv ,  Kosmicnes l ie  r -ke lnye  Doezda [Cosd ic  Roc leL
Tra:nt { Ka ruCat I'e-l,e P: rv!-IcdnekdTa-6el(6 Li L.Neclnykh

- Rabotntov. 1929).

l? , M, slbuiovicz, "Th€ Rocket ConceptionE ofK, siemi.nNicz,
1550, ! Journal oI tI€ Britisn I erplaretallsociety, xlv (r9t5),

FF. 245-4?, repo E finding the desigrs of 6everal mdtistaAe
lock€ts iD Siebie'ovicz' AltiE masna€ .rlileria€, Part Pr:ba..
(Amsteldart, r650).1 Rone* s. Goddald ?atelt€d a Fulttlase
rocket in 1914 and HermeD Obe l1 poinied ou! its advantaAes in
1923. see also v.n Blau dil o!d*ay, !l9l9s_9:!:B9g\*3r-.1!

Tsiolkowskry, "vne Zemri aBeyotil the

1lgl l ,  Nos.2-rr ,  ls  13.

Space  1  ra \e , .  !F .  42 -43 ,  On  t l e  na tL te  o f  Tb ioU<ovsk i y re  t l 1eo rc ( -
i La  con t r i bu t i onB ,  5ee  V ,  N ,  So lo l  s l . i v ,  rbe  works  o f  rhe  l uas ian
Sc i " r . i e t -P ioneers  o f  Eocke !  Techbo lo *  {H is to l i ca }  Our - ' r e ) , '  i n
r .  M. Mel  ku6ov, tedl ,  Pioneers oI  R; i ler  rechnoloFv:  se]ected
lgig,t td*. -5te; E!:EtiBtEqqmc-;;-]ly;ht"cto;li$-r r
F-9235 i  Nov .Th . !  1965) ,  rE .  134 -40 ,  Fo r  ad . . r . eo :n . ] yB i3  o I
tliolko$kiyrs work or mur$stage lockets, see V. F. Kolov,
''K. E. TsioLkov6kij--Founde! oI rh.-Ih€oly or MulristaS'
Ro .  \ e , s .  '  rD  a lason ravov  e t  aL , (eds l ,  sov - r '  R l l l j g r ,  p? .
s5- r26.
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Tle athacliweness ol the concept of otagils as a b€ms ol

over.oming the tocketis lihitations vas not limited to the rcc!.t

its€X. lt vas at lea.t equally atllactiw€ in the coaiert ol tbe

rocket's journey. lnt€rpraletary tiav€] could !e coDduct€d as a

staged opelatioo, jusi as $e space.raft colld b€ la!!.hed by a siageil

ae -  o '  ! u ,h  &aPproa lh .  5s  we  hawe  seen ,

vas poilted ou! by Tsiolkovskiy. Orhital velocity i5 stgnificanily

]ess thar escape welocitt, and cu he acniewed hy a less pove rl

roctet, Launching ar intelplaneiary woyage from orhit ilefrande a

r€1ative1y sEal! vetocity incremant, cobpared to launcling flom

Earrh's surface, although ihe tolal €rergy lequirehent G no

dtfierent, Tsiolkowskiy as.med thai sone kind of orbital base

vould be establisheil beJore interplaEetary travel was atteftpted

ad speculaleit exte$iwely on the chalactedrtics ol such an arti-

ol a Apa.e staiioD in

A  rounger  con r "Tpora ry  o -  Ts io l kovsk i y ,  Yu r :  va ! i l  yev :ch

did nof, hoeewe!, e*plole the staging lunction

Kondlatyul< (Ia9?-1942), coEidere.l tlis a6p€ct

hole fulty, and must atso ne credit€d witlt first

r "ndezvou '  p .ob lem.  Kondrar t rk  vas  a  mechadc,  la rge ly



t3
seU-educ.ted thougnrrcast ofi in some god-tolsaken hol€.ri

Alurough he pullished Doihing $til 1929, he had starled }tis roi< hole

t}ld a decade ealller, corpleling hls fi!.t {uttiteit) naNsctipt on
r9

interplaeiary fliaht in 1916 o! 1917. ODe of his majo! concelns

was conseFing llel itr itrle+lanea.ry jooheys, To thi. enil he

- l l -

6lgaested $ai when the interplaneialy 3p&ecralt a.!iv.a ar i!3

destilation, "the entile venicte D€ea not laDd, it6 a€locity leed

only be ledu.eil so tbat it mowe unilormly in a cilcte as lear .s

poseible !o tbe tody 6n vhich the ranana is to b€ made, Tlen th€

iractive pa separates from it, aairyiry the ahoult ot a.tive agelt

lg, Novosibirsk. The phta8e is V. P. Velchilkitr's, in his teviev
or xordraryuris maDNclip! ,'Reviev by Meclanical Edgineer
v. P. vetcnilkin of Yu. xonatlatFk,s article, 'on Inre!-
planetary Voyages, | ' April 12, 1926, in Mel,l<umov, ed,,
Pioreels ol Rocket Technology, 4 114, Kondratyuk tad
requestea a publicatiotr ardt froo rhe goveruelt, v!ic!
was deded despite Vetchinkin's fawrable !€view, Konilratyuk

, publidl:ed the manurcript, a6 editeal by Vetcninkiq witb a
local Novo8i6ilsk p'inte! at lis ovD ex!)else iD 19?9! uder
rh€ ri$e zawoyevdive mezh'talerpvkh tlosrlanstv (:!9-.1q9!-
9.s99!g_&!9]!1e!9jell_q!3Ed. s€e belos, page
KoDdraiyutts carea! da its lrustlatioDo, o€e also S. Yu.
Prolsyur<, "Pro razvyiok Utakoluduvamya ta rak€tobuduvamya
v UkrayiDi I'lh. Deveiopment of,AirckJt and Rocket DeaiCn
i! tte Ukraint, " Ilqq:qllavilrl}ykh lBhen6tiw, xVIl (1966),

-fi 3s. .

19. o! tbe ploblehs of dating Koadlatyun's v.itings,
I'Th. Wolk8 oI th€ RusEiatr ScieDii8t-Pioleers ol
no logy , r rE :145-46.



T]re fuel economy in ihi. sclem€ itepenas on tne tacr thai

no eneray is vasted in tlansporting fuel tor rhe !e!nh jourDey to and

Ilom tn€ Eurface ot tne destinatior, as Kondrattut< specifi.aUy poinred out in a

rev , \ . d  a ra  eaparded  "e !s ion  o .  ! h -s  mdusc l i p r  da r :ng  r ro f r  t o l s - ,9 ,  e , . : r l " o

iiTo Whomsoever Will Read in Order to Build." Hele he atso laised rhe

plob]em of r€ndezvous, at least implicitly, by considering mertr6ds tor en-
Z I

nancing the visibiliry at large dista(es of ihe orbiiing main vehicle,

Kondlatyuk st!e6sed the bavadtageg ol6&-0ade sa!€lute

bases and .alculatad the considerably smaU€! qlaDiitie3 ot Iuel

i lequired to launch fr6h aDd retu!! ro rl:e Eaieltfte base, rarber thu

- lz-

frtrelj necesdary for tandins rhe inacrive palt anit lo! subsequenily
za

rejoining ihe rehainde! oI tle wehic1e.,,

ZV. KoDdlattuk, mss (1st versio!), tr 13, quoted in Solot'skiy,
iiThe works of lhe Russis Scienrist-Pionee!s ot Ra.ker
Techno logy , r rF ,15 l ,  T l i s  i s ,  o f  co l r se .  rhe  ha6 t .  i dea  o t
th€ lunalFllit+endezvous plan in Ploject Apollo.

21. Yu. Xondratyuk, ,,Tem, lto bldet chitatt, chroby 6rtot', i'
in Mel'kumov! ed., Pioneers o! Rocket Technotogy,

. EallbrE 3u!face. l]e ploposed establisling eucL a base by

/ ladnching a furry 6upplied lut untuaaned Bareuit€ flom Earii; a mauea

wehi.le woulil folloe, picking up supplies at tlte base and coltiotring



l r

returrina vehicle woulil again Btop ai ure orbitilg lase befo!€ com-
zz

Koldratyuk's first puhlished rork diit nor appear unril t929,

I" II:_!9!9s:4j!E1rE::lgL&e!9, he plesenred hor€ por-

t e r  ed  \e rs io rs  o I  m tuy  o I  t ne  rdeab  he  hdd  deve roped  ea ru . r .  Con :

spicuousty abs€nt in the book ras a!, mention ol rerdezvous in

oibit at th€ destination of an interpldetary t!i!. His trearment of

the 5aleUite base, hoeewer, va6 quite aelai1ed, vith considerabte

a!!e'ti.n paid to the tasic rendezwous prollem--i. e., harching

tie orbia8 ol has. aDd cargo delive-y vehicte, usirg oprical rlacking
23

trom the base--and to coltrol and guiaance instiumeltation.

The inird major ligur€ ia ih€ developmeli of Sovier astto-

nauticr, F!idril<b Arturovicn Tsandea (188?-1933), larsely igDoteil

on its joulley wbile th€ hase condDueil to cncle Earth.

rhe  spa .  e -s ta ! -on  i d -a  , i  n i s  pub l i shFd  work ,  Ye t  some fo rm o I

&j1., pp. s-as, s3. xondtatyn!'s calculatio! of fuel sawinss
and proposal fo! an l]arth eateliie a.e the authorte later
{1920, 1923-24) enendaaios of rhe oltginal texr. seeatso
B. N. Volob'ew a.d v, N. TrostDikov, ,,Yu. V, Kond!a!yd<'6
Unpub l i shpd  Pap- r  rTo  T tem Tba t .1 \ , r x  Read  r l  O rde !  ro
Buird,' ' in B,acolravov et aj..Fde), sovier Fo.!:gI, re,
1?  1 -92 .

KondraLvJ l r ,  zavoy "vadve  he /hp ta .eLnv td  o ros r . . r ! ,
ed. P!of. v, P/ vetchitrIin (Novosibir.k! Th€Jla@ tcz9).
-n  M.  kwo ' , : ?ed i l  P roneers  o f  Roc ! . I  f echno toe , ,  d ,  l o? - r r .

23,



Ealtb-orbital flight wa6 clearly implled by lie ?1ans fo! intelplan€tary

t.awel He specitically distirguisl€d !!e rype of loclcr .uitable Io!

attaining orbital velocilies (3 kh/eec) ftom i$e type needed for

inlerpra.etary traver (11,I kh/eec). se sussested tlr€ .ocker proper

aB tn€ means ro obtai! orbital verocitt, thele ',io 6top the opelarion

or  the  rocke l  .nd  res t  as  oD a  ErLra l  s ta i ion ,  i  t  o r  l l i gbL  Lo  be

some wehi.le o$er $a! tne .lebical locker *onld 5e Dole

Tsander, ,,l.lignts to Ourer Planet6 (Papei Two),,, tn Tsea.r,
ProuemB of llisht by Jet Ploprl3ion: laterpluetary Frishts,
ed. L. K. Kolleev (Mo6cow, 196I), tlaft, 3iaff of rsra€ti
Proglab for Scieltific TiaEla$ons, €d, Y. M. Timna!
(Jerusalcn.t r?F+., 1964), -F? 22a-29. Tdarde! orisinalty
vlore rhis laper itr 1923, tn abridgeit version appealirc in
Tekhntla i zhizn', No. 13( 1924 .Er t5-]6, see 4. !,
Tsand-!, trlhe scien'ilic dd Etrgine-ering Legacy of F, A,
Ts-n .er .  '  i ,  Braconravov  e i  a t , leds1,  sov i . r  Rocker ry ,

.g r ,  136-13?,

seelrBibuosraphy of the Puhli.ned qrorks ot N, l. Kibal'.hich,
K. E. T.iolkovekiy, F. A. T6aDder, and Yu. V, Kondraiyuh
on the Problem8 of Reaciive Flying Machiner antl InteI!_raftury
Travel, rr compileil by B, N, Vo!6h,yev, in Md,kMov,Gd),
Pion€els of Rocke! Technorosy, lF t56-62.

Tdio&owstiy's earry vork attlact€d lillle atle ion iD Lis

homeland ard non€ at al] abroad rnrit dr€ mid-19206. Kolitrartul,s

first published woik did not appear until 1929, and ]ris resealcheg

r€re urknown €wen i! the Soviet Urion uDtil 1925, lAltholeh Tssaer

begar his rocket reseaiches earty i! th€ co!!uly, his lirst pullica-
25

tion (aside lrom the very bri€t pape! ciied above) wa6 ir r932,



T[ey lounded Soviet asrronautics, but had wirtuaUy no iepacr €ls€-
26

vh€re unlil veu into the 1920t. Tle proninence of lhe sPace'

staiion idea in Tsiolkovskiyr6 vritings assuleil it a h€ariag, but

t!€ inteUeclual route *hich ted lrom tbe speculalio* ot T3iolkovskiy

and Kondraiyuk to c$relt Soviet inreteet ir !endezwos lemain

orte existed ve car onry inJer llom lhe '

lact that we .ar rrac€ just such a coorse ir lhe We6r, f.om the pio.eer

German space-station proposals to Plojec! Cehid.

Rusrian (add Sovie!) iheoliring lay outside the mai'stream of

Europear and American dewelopmentg, whicn ploceeded in.tepetr-

dently. a seneration and rtole separat€d Kurd Lass'ttzr imaginative

introduction of the space-statior idea froo its tralslation into

scieditic speculation. In 1923 Herbam Obelth (1394- ) published

The Rocket into lrtelplanetaly space, a mathesatical itrvestigatioD 
,.

of the use ot rockets for space travel. Olelth concluded his study

v i  '  eome re -a r ! . s  on  rb "  l r ospe ruv .  us .s  o r  d r .  l oc l . e t s  hc  d . , c ! i b .d .

26. Tie earriest hentior oI T siotkowsl<iyrr vo* I have lourd in any
is W:Ite. Holmam, Die Erreicnbarkeit

a". Hi--ur'r.o,p..: u"t-"ucr'u"c." iib.l-lii-EiiETJlil
!-!klg (Munich a Bellin, g--okeD6oursr 1925), p. 16.
Hohmann cfted no parri.utat vo!k, bu! herdly reterr€d !o
TsiolkowBl<iy aB a! early pubtci8t lor lhe idea of using lhe
lockei vehicle for s!a.e rlavel. see lrelov, page
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Unmanr€il Oighte 3eehed to lack ail€quate pracrical justificatiotr, lut

s€veral valuable experimeatE high! be petfolmed from a hanned

vehicle. The larAe rockets required Io! mamed tli8h! {tuld be

very expensiv€, and oberth susge6ted a hamed Eat$ 6ate11ite as

lhe project whicn couid most reaaily te {unded, This oarlea Ure

introrluciion of the space-slation idea i!!o Weele!n scierlific liiera-

ture. Obertl sae such siations aB communicaiiom li!!s ard obselva-

. meaE oI gatheling solar e!€!gy. In tl€ final pa!a-

g'aphs, alftost as d arte horght, he pointed io thei! role as tueli'g

statioN lor int€tplanetdry flishts- Thousb hiB lemarkt were 6ief,

1e  hpnL :o led  Eos r  o f  rhe  adv4hces :  i n  pa i i cu la r ,  he  po :n ted  ouL

tha!, vitlout air resisraDce, the 3ha!€ of fte inrelltaletarr vehi.le

vas u!!estricted and it voutd need only a smaU incremeni in welocity

beyond urat it alteady haa as a r€sult ol leing i! olhit, a very

efiici€nt locket could be constructed {tth detachable fuet tatk3. These
s*
.r$f c o L l d  b e  l e f .  i n  o l b i r  a t  t L "  d ? s i i n a  i o b ,

Lh"  su r face .  I t  cou ld  r f en  re -au4cb  i l s "U  ro  the  fup l  Bphere  and  re tu rn ,
27

2?. Itehun Obelth, Die Raket€ zu dep Planeten!:umen (Munich ed
Berlin: R, OlderUoirig/ \923), p"a 92-91. Obe*b pubtshed a much-
enlarged 3d eilition oI tnis book in 1929, uder $€ ritle I:!-g:
Rasechifiahlt (Mu;ch dd Bertnt .R-oldeabour& r9z9). lris
treatment of the station in.pace vas huch fDIe! but again
foc lsed chre f l ,  on  iLs  !o l -  as  obEervarory  ahd energ /  co l lec 'o r .



Intelest in lockeily ald space tlav.l svcAt c€rmany du rg

the 19208, I.raely sfimulated by Obelth's fi.st plbti.ation, Th€

space-siation tdea aoon becde cohmoD currency, achilwina its

rost elaborate presertation at the en.l of tne decade tn a book ly

H€rssr NoorduDg, Tle Proble- of Space Navi8.tio!, rNoordugtr

wae actua.uy he oeeudonym of a mysrerious captln PoLoldc,

{ho3e some*hat idiosynclalic lofiono tendeit to obscLle the fad -

thar he haa given a aood deal of tltoughi io tt)e eqineering proitehs
za

oI a spa.e staiion. Noordtrngrs coDceln wa3 tle .pac€ station as

obeervarory. Sholtly telore Nooldug,s book appeared in prilr,

novever, a 6erie6 of aiti.Ies itr The Rock.t (ile jourlat of rhe recen y

f-
estabtish€d Socieiy lor Space !ligll') had initiar€d a sbitt in focut

a sragiry taa6 fo! inretptderary flight, coult cuido

von Pilquet, a Austrian engineei, ilemonshareit the iDpossililty oI anaid,g

space tr.wel vith chedic:lly lu€led rocke& trob r]|e Eultace 6t Ealrll

H€ pointed oui, $ Tsiolkovskiy hait .tore, rhar o6ft.r vero.ty vas

23" Herhstr NoolduDg (p8eu.l. ), Das Probter d€r Belatrluls
des w.llraume: De! Rak.Lpnmoror (Aerlilr/!--6r-€.5hldL
and Co; 1929). Part ot thiE work vas t.arslated ilio
Etrgli8l !y Flanci. M, Cullter as ,tThe Plot I€n6 of Sp.ce
F ly ine ,  "  Sc iebce  Wond" !  S to r i . e .  I l I 929 ) ,  p? . .  t ?0 -30 ,
264-71. 

-
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the lir8i, ald mo6r ilifficulr, step. Thereafrer ioi€rplansrary travel

.equi!€d oDly hodeot lurrlter poser. The 6pace sratioDlad come
29

to be no! merely converie but arso esdeltial,

\.-

The true nisbly oI the rendezvouE conc€pr begaD viti the publication, in

1925, oI Walt€r Hobftamls madrebatical exploratio! oflhe A$ainab iiv of

Heavenly B6dies. Hohmtu (1330- ), cfty a!.nift.! ol Essen-on-the-

Runr, d.monstrated, in effect, fl1a! inte+ldetaiy traver vas ihpo.sible

for chem:cally fueleil rockets launched tlom Earth,s gullace lecalse oI the

prohibitively ligd ma6s latioe t€quir€d. HohD&n aU 6ut ignoled

the potertial ah€lioratior oI $isJ)robl.6 inh.r.Dt iD staging iech-

niqu€s, atthough he did sugg€st tie advanhges oI ure Moo4 because

of its lov gravity, as a likely site fo! the tnitiation ol an intelplaNt-

a.y woyac€. Th. lasting signifi.d.e of Holmannr. vori, howewer,

29. Count Guiilo won Pilquet, rrFth*route4. Die Rakere: zet-
schirrr de' ve!ein fir Raumdchiffa}l'r. rl {rtril;F_ir?i I,
r34-40, 155-54. s€ e a&o K!uD, lrlJisiory oI ttr. AltiJi.ial
Sate4ite,'i *:3?Oi Ley, Ro.kets, Mis6i1es, alal Space Traw.l,

.Iry 37t-?2; dd John W, Mae6ey, Hi5torical Fesuhe oIMtued
sp.ce  s ta  on" {Redstone Arsena.L  AIa ,  rAhv  Ea l l i suc  Mrs-

.  . . r i l e  Agency  aepor r  No.  DSP-TM-c-60 , "Jue 15 ,  1960) ,  { i  6 ,

30. hohmann,41Es:]:!!34:r!91_d irsrjkanslakd
aB Thc Attailaliuiv of tleawedv Aodi:e^bl|u,-Sr-.1oirrP'ibli-
catroN Re.€afch selwict (\iraslingion: fNAsa TT i-44r NovEmber
l96o) ,

3r.  rb id. ,  .F 96.



,-__-/ lay ib his carcubtiod oI trajecto.ies to! iltelpraleiary havel and

hrs demoNllation rhat ar elliprica] trajocrory rdgeDt ro rh. orbils

of origir and destiDarion waE th€ most tavorahte (i!ar i3, required

the least expenditure of energr) trajectory Io! trauretins t.om

one orhit to the o$e!. Hohftand t.ansler orbits are ih€ starriq

point lor appried arbital mechanics anit $. stalring point tor

. 
orbiiar rende2vou., at lea6t so lona as tLe miiihum uEe o{ elersy

By the eld of ihe 1920E ihe theolericat foundariols of space

rlish! had been weu egrabrisred. -rlns wa3 ;; hDe in tre soviet

union as in Germany and ure west, tDvestigators in borh areas

duriry rhe next decade aid a hau shillea rhe:! anention Ilom rheory

ro experim.nt, Floh aloui 1930 on, noth in tne sdier union h.t

I



tn the 1{est, spac€llight enthusiast6 concentraied on devetoping prac-
32

tical rockels, Rocket e{periherts !€placed spac€ fllght theorizlng

as the atohinant concern of 6pac€ societies on hoth sides.of tbe Atlanlic.

Rocketry began very quicl<ly to mowe frod tie !€alm oI tleoly to the

lealm ol tech'ique, as nost spectacularly tebplili€it in tie GerftaD
l l

v-2 p!o8!am. Duling tbe 19305 ud eally 1940s, rocketly anil

(

33.

On Sovi€t €xperimental vo!k, see t. A, Merkulov, rrA Con-
t r i bu t i on  -o  l i e  H ,c ro ry  o f  t he  Deve loomenr  o f  sov i " t  J "L  .
Ens ioee ! i ne  Du l i nc  r I e  l 9 lo ' 6 , '  h  B laso l ra?ov  {  a l , kds } ,
Sov ie t  Rocke t r v ,  c  4 l -67 j  Dd  E .  k .  Mo6} l l ' r ,  "F .  . 4 ,
'r sdder'B Elsine6iiFs contriburionsjo Ro(li.ky. i 

]!.i9.,
* .  156 -?0 .  C .  a .  ro laLv , 'So ! ' l e i  Rocke t  Tec luo ro l v , r r
g@cen ieh ! .  v  t r96 i ' ,  r ep ; i n led i t r  Euse t r€  M.  Emme, (ed ) ,
The  H i6 ro r ]  o r  Roc teL  T " i l no losv :  Essays  op  Resear -h ,
Dewe opm€nr. atul Ui'Iiry (Delrotr?{ra}4.-€
in .oops:F^F$itldre-5ociFry-loi"th€ Hirrory onTechnoloCy,
l c l l ) ,  t s  l ? l -3 { ,  l ho rgh  i o , ' acc .ss ib le
Ametic;d locketry is bdefly sulveyed, viih selected.€fe!_
en.es to rhe voa! of Goadard aDd of dte Am€dcd
Rocket Society, in G. Ed*alil Penilray, ."Pione€r Roclet
Developme'! in the unit€il staies, " iliq.f Elp r9-rs: tor_
German locketry, 6€e Ley, Rockeis, Missile3, ddSpac€
rravd. von Brau' dd o"d*.y, Ii: j9:I_9l:!:l}99I_L
Spa.e Travel, cowe! Fre!.h, Italian, dd Biitish ro.ket
expeiihenis (as ven as soviet, Americar, ea cehan) in
Chapter 4, ' Th€ Lega.y of the PioDeetB,rr.tB. 60-35,

ilbid, ) 16, 36-119, stetche6 the ilt€rnational dewelop-€nt
!-ot]n italy rocketly duiilg World Wa! ll. On ure V-2 specifi-
cauy, 6ee also walt€r Dohbergei, v-2^t2&Iade€.Oreush
ata GeoflrerHaliiday (New Yorkl rh+rd.!'8-F .sst 

"lc5-4J:and the  6ame aubor 's  'Thc  cerm"a v -2 , '  in  Emnef ted \ ,
The Histoly of Rocle! Tecbloloay, E: 29-45, wlich incrlaes
a bibliosraphical footnote, t 29,
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space ilavel th$ temporalill pa ed comput, Rocket science wae

vell on its vay io becoming rocket engin€€ling vhile space travel

r . r4 r rcd  a  purF ly  th -or .L r -a l  " r . rc isp .

A! r i ve  rn te res t  in  bpace r ig l r ,  as  omoeea to  ro . r " r ry ,  r "v :vFd

alter world war II. Th€ early postwar develophent or sovie! eork

on space r . -gn t ,  as  o r  sov i . r  rocker ry ,  ! .marns  la ree ly  unrn4n.  ;

the late 1940s the focrs of activity in ihe \1re3i migraled lrom Germsy

to Bitain and rhe Un ed States, Ea.ty U.S. vork was secr€t, but

beiveen 1943 and 1951 the Britis! IrterFlanetary Society provided id

iis Journal a lorum for th€ introductio! ard disseDination .f u ib-

portant ne{ .oncept in irletplaneta.y travel. Tne idea ras rrorbital

_/ 
rechnique" oi loibitar operations, ii the teo terDs heing 6yloryFous,

ln octoler r94a tvo members of tne British rntelltanerary

5o. !e  \  independ€1.h  submi . red  p"oe !s  !o  t Ie  Soc ie ry  s  ed i ro r ia l
t

cobmittee vnich poi'teil out that ure advantageo oI orbftal slagirg

' 
neea not depe.d or t[e prior estabrislment or a spa.e statior,

f orbitat teclniqu€.

These two pap€!s are word: a clos€! lool<, since rhey estab-

lished ure con.eptual lramevork for the subsequeri dewelo?ment of

34.  See R.  Carg iu t {a t , ' rEa i l yU,S.  Sate l l i te  P loposa ls , i r  in  Ehhe,
'!td)i Tle llistoly of Rocket Techlolosy, €It 6?-93. 

, ,f,
rt, Kemerh w, catland, P:fg!9lrm.nr o,be crrded Narssire ru-oboodr

p'5["h'dr"' l]!lL b-y.,rfi.-,"d s.ns .,'.
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.erdezvow lecnniques whi.h 1ed dilecily to Project cehini, as w€u

as Projecr Apollo. Tle first of the tpo pale.s to te pu6liohed eas
36

Ha!!y E, Ros6, on ',Oibitat Bases.,, n eas inftially lead ro ihe

Blitish Interplanetaly Society in London on November 13, 1943.

Ros3' page! was an a.Inost perfect i}lu.rlarion of dre fundam€ltal 
,

relation betreen the space-station and rena€zvous idea6, In iacr,

it mat be said !o malk tb€ t!a!silion lrom the generalized considera-

r i o r  { cha ta . l e r i s t i c  o f  t he  work  done  be lo le  l 9  n  .

spac€ siation to mo-e narlovty focuseileork on

t--

I

probrd (vhich 3u!s!que 1y becime the surjecr ot a sp€cialized

riteratu.e of its own), The chiel subj€ct of tne paper vas a space

slation desianeil by Ro35 and R, A, sDftI. anour.r B,r.s. dembef,

bu! it i'cluded an e*redded digreosio! on rhe aavdtages ot dragi4 i,
37

a !!tp from Ealth ro rhe Mood. Ross poilted our rhar the prob-

rem of constrlcting a hanned 6pa.e starion iD orbi! and ot sragilg an
33

Eatth-Moon !!tp !,are substartia[y s:mitai,ii

, 
The Ross 3cheme called fo! rhree 6hi!s (A, E, and C) to be

taudcled sihutraneouslt from Eaith, Tlteyyoda renderwous in a

" r-."," rt*li ",o" "-'"" ",.,-p laaetary  soc 'eL t ,  V lL  ( -  anu. rv  l949r ,  *  l : l9 ,  r  Thwujna t
;ir h;;;"n;F-i,L@iJBB..-\,.,_. ;:l ^. , ,

&i9., g +-r. II- Po63/smitn spa.e sEtioD. iEcidenta.uy, wa.
ba!ed on toorduD8'r it€Big! dd va5 lirs! publr\hed in $e London
nailv Express in Noveftber r9a8 (pelsoral comhunicaiion, Roes
to la r ronc ,  Hacker ,  Ju Iy  9 ,  1963) ,  see  a lso  Micnae l  s to iko ,  p rorec t
Gemini: st.p ro he Moon (Nev York5ao!.Jtneh&r-a,rtt*oq
I963) ,4 :34-36 .

Ro8e,  r iOr l i ta l  BaBesr , i ,F  4 .
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500-mil€ circda! orbit, whele snips A aDd C would lefnel ehip A,

Ship C would then be completely iliscaided, vli]€ sbip B leftained

in or6it vith the surpl$ fuel not lequired by snip A. Slip A, com-

plelely lefueled, world depalt fo! the Moon, €nter lura! o*ril, anit

detach tue1 tank6 leeded ro! the retu!! journey. These tarks vould

e  eh ip  A  desceoded  ro  t l e  l u ! . .  su r l ac . .

upon taLiry ofi, sh;p A vould rerendezvous vith tf,e srill-o*iliDg

lue] iaDls, r€-anach th€D, dd !et$b io Eaih orbit. Once in

Ea.th orbit, shtp Aro crew would traleler to 6hip B lor the descent

to  Ea f th ' s  su  ace .

The hasic lequirements fo! such ar Ea*h-.Moon tound td!

r the e6tablislEenl ol a space Eration,

Fol either of !be6e proje.ts, Ros3 emphasized, ,rlt vi1l, ot co$se,

re appreciated thar ablltty to rcndezvous in space is u essenrial

concobitaDt, i' adding $at ,,althoqh tle dilticolties a!€ irdeed lorsid-

abte, rhey do not appea! iftu?elable,'! Whatmaae a scheme rine

this so altractive vas iis great leductio! in the gross veight .oopared

io  vha r  wou ld  be  .equ j red  Io !  a  d i rec t  l ! i !  f l om Ea l tH  Lo  Moon  dn i

!ack, whereaE 30 pounds of fuel ea laravare would be leeded !o

39,  r l id . ,  ,6  ? ,



put one pound in Ealth olbit,

in lunar olbit, one pouDd for

require aboui 1000 Poulds at

ail ?5 pounds to pul the same Ponnd

a losd lrip lwith luGr randins) wourd

launch. Ross eaiimated.that hi3

tauDch veight by a faclo! o12.6 (1326
4 l

Tne second paPet,

cular orbiis, i dealt more

K€metb  W,  Ca t labd  s  Rocke ts  rn  C i r_

dneclly wiur orbital technique, tbough

in a somewbat ditfereni conieYt Ca  and ' s  s ta r t i ns  po in t  w .s  the

proposed use ot atohic-poeeieil rockeis. Su.h rockets wolrd Pose

a seliaus ladioactive coatdination PlobleF, vni.h vould Proba}lv

be met by a cohbination oI clemical boosters and orbital assembrv

and servicins. A! lhe destiration, too, co amination colld bB

avoided hy rsirg cnemicat rardilg lo.kets 'hi1e the aiomic Pd*er

plant.etuaineit in olbit.

would alvays remain iD

Potential Ior succegsiwe

Thus the aromic rocker, once assembled,

space vh€le itvo!1d lelain a targe enelgy

fli8hts, But p!€ci3ely thi6 .natacieistic

(

suggested the use of such a lechniqle eve' vi$ont at

42-

io Reld€zwoui'r A6llonaurtcs,Donald ll, Heaton, 'rApptoacnes

vI l  (Apr  1962) ,  g  25.

RosE,  , 'o rb i ta l  Basee,  " - ! ,1  ? .

Kemeth w. catlald, rRockeis io
(March  1949) ,  g f ,  s2-s9 ,

C i rcu la r  Orbr ts , '  JB15.  V I l r



ID elfect, the intelplanetary tlighr vonrd h. lauiched from EalUr

orbi!, tather thanlrom tle ground, since the ilrelptdetaly vehicle

vould te using its ovn !esou.c€6 onty after t€awing Eartf, orbft_

Establishtng the circulaa orbit was !y ta! ihe Eosr.expens;ve iD

rerms ot plope anls, lut thi6 exp€n5e woutd be made up !y refueliDg

be lo r€  rhe  bpd (ee \ lD  d "pa r red .  wh i .b  consd tJ ted  !h .  S r .a t  advu ! .S ;

The publicat;.n ot rhes€ tro paperE mart.d rhe poinr at,hich

he rendezvols idea b.came, oNar Eoon to become, a area or

invesligation in its ovr riglt. Ce*ainly in these two paper3 ft trait lot

ye! achew€d thar sbr;s, sinc€ borh rleated rendezv

te*! ol a broade! ptubl€m. For anorLer ilecade,

to be jnslified chie{ly in relation ro esrauishiDg ud matnraiiing

thc  spa(e  g ta r ion .  Aur : rwas& Ionee!  nmr led  so j " j ybrnarcd_

text. as A. v, Cleaver poilled out jlsr a yeai atter rne pubucation

of Rosr, paper, rh€ .ssenii..t urit y of orbftal re.tnique aid Do! ar

all d€pentl on tte p or estabttshmen! o! a srace slation. Like rl€

3pa! e sratron r5eu orbiLal tecLriqle was !!op

A. V. Cleaver, 'iTb. Cal.ularto! of Tatre-oft Mass,,, JBIS,
Lx  {Jan la ry  I950J ,  .A t ,  tZ - l t ,  C leaver  .onc ludpd tna- t  D  orb i -a l

Sslxigge "it i3 rtre wdrer's !6rier {obared vi& ofi€! nG:-
beis of the B.l.S. TecnDict Cobbitrce) !h.! $e nosi
plohiEinB {uture tlne ot d.wetopmed ror .stro;uEcs has

{



' 26 '

t.he funilam€ntal limitatiorG of cheFically fu€led rockets, 8rt while

rend€zwous had heen an incidental.orsidelation in space-etaiioD

$ought, ii va3 a fuldamental cnaract€li3tic ol ortit.l t.chnique,

Thus rhe rapia da uDiversal accelta!.e of tf,e uli]try of olhital

technique 1ed dilectly to thi.king about th€ relrtezvoue lroblem

Just lov !a!id urat acc.pt&c. wa3 ma} be gauged flom the

foUM:nC lacls: ln Jdy 1949, the to@alol tne Bitis -

*t:!glI_!9!i9!! p"blished "Th€ Model Progldre, r' de3crilila

th€ aesign lor a circumluar mtued !;ckeiwng a hypo-

lheii.aI nuclear ptopulsion rnit. A gloug of tle Societyr6 Tech-

n -13 -  ao \ r6oJy  romm ree  compderng  cadaa ,  An thonv  M,  Kunes rh ,  l

AlanE, DixoD, andR. E, Web!, itr cotlaboration vith the Techrical

Directo!, L. R. Sheph€lrl, l:adrrcommenced a ile5ign daiysis of

,Earth Escape, lock€t6, utilirilg olbiial stage re.h.igue." Ro3s,

lendezwous ptan fo! achiewing $e tlip to $e Moorv.s .Durusiastically

endolsed ty Arthu! C, Clarke, then C]1ailman oMe Bdlish lnte!-

pran€raly socieiy, in ria I9s0 book otr!!:tplg:g!3:Lllj8!!. 6ra!k€

44. "Th. Model Progtaftme,rr JBIS, yIII (July l9a9), .pji 165,
A oore detailed d€sctiltio! Df ih. pro8ram vas preselteil if,

_- a paper leaa b the B.Ls, in Loldon on Jotrary 7, 1950,
and pubushed late!j aee Ga[and. Ala! E. Duon,
aadn*hoay M, Kunesch, i'Idttar Objecriv€s in Aerlo€utica, ''
JBIS,  D(  (Jury  r950) , ;bF r55-?3.



slres,-d, in parricular. Lhe beauly oI L!6 id6a oI
45

Septem6e! 1950, t]re reFreseltafiwgr of all .6urti.s agreeil

tnat ftelrEalth-Satellile-V€hi.Ie', ee ad apgtop.iate subje.t for the

Iollowina year's re.Libe. rhe proper tn€h€ !o conn€.t all &. pap.rs

of t})e techlical sesEiols, "The-3lalfidar S-atellire'! racj in la.l.

the liile oI Shepl.ldrd iDtloduction to th6 .yhpo.run 6D

s-te.Lte wehlcrer at !h. secoM IlLe$aLiotral c""gr."" 
"I 

e"*o-

nautics, wbich began iD Loldon on September 3, 1951. Shepnera,

th€ Techrical Dilecto! oI th€ Briiieh lnlelpldetary Society, polnted

out thai an artificial sateltit€ had a v.liety oI poterrial $es BUI-

the retuln iliD ib orbit wn e Ore shtD d€scelded

On Jahuary  6 ,  1951 ,  Ga tLabdamplif:ed his oligiral proposal hy

oI olelarioft add Bla.€craft olbilaldescriling in detail the typ€s

tecnnique vould require.

Ar th€ Internarional CotrC!€Bs of ArrloDautic8 iD pari6.

licien! to jurtity th€ immens€ co.t of d.v.lopD.!t. irBur the real

value ot the orbital vebicle lies iDits impoliance aE d essebiial

"phngboald 
in rhe eDpleme adveDture ot rd.!prderary fUghr,

45, -4 hurC. Clarke, htelplaneta* !.Usbt: Ar tltrcdu.tior !o
Astronautics (New Yolki Fi-r-&ald-Brot!€!5, l9s0), r8.
54 -55 .

Gatland, "otbital RocLBtu, t: Sm. P!€limilafy
con6ia.r.Ho!d, !' 

@r x (May r95I), ??. 9?-!0?.
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This eithout doubt nugt he legalded as the main leasd! to! our

inierest in tne device, all other purpoBes leing ol secondaly im!o!-

S!€ph€rd'3 remarks, hryever, 6ltoweit $at !e Fas tninking

in telhs of a space 6lation as a relueling depot. Bur thai statioD

need &t 6e a 6latior in the usually accepled se$e, tn its report

ol the Corgresd, the Blitis! Ihtelpleetary Society found tle our-

standinc point about the Lo4don congregs to be |the unanitufty of

opinion shovn by the teclnical represeDtatives lrom all countries

regarding the .igrilicance ot the l€arur-Sat€]Ute-Vehicl€. I

the contributors beliewed ihat intelpldetary flight hus!, or at least

Ehoutd, inwolw€ lefu€ling at .ome 30 oI olbital base, vhetler it

Duitrg t]re period encompassed rou3hly by tne publication

of Ross' "Olbital Bar€s" in January 1949 and the London congr€.s

in Seplembe! 195], a.tlolautics pas6€d &e dividing line from spec-

"[tion 
to scier.e, Tne c]:aracledsttc. ol lhe

be a r3pace stationr i! th€ urually

renilezvous positioD fo! a fleet ol

accelt€d seose, or simtly a

L. R. Shephera, rrThe Altificial Sareltte: An l.lloauction
to tn. SyEpo6iuh o! Satellite Vehicles at tf,e Sc.od lbter-
national CongreEs o! A6trodauiics, London, 1951,r! iBIS,
x (Novemle!  19sr) , ,5  246.

I'Second Intetuationat Astronalticat CongreBs, Lonao!, 1951, r!

Amual Report or lbe B, !. s,, i! JBIS, X (Novebber r95r), +
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During t]re early iolmativ€ years ot istronautica,

by Thomas S. !(u.h! id the Srrucrule of Scientitic

say flob 1903 to 1929i its seniial ideas regtlarly (thougl not

exclusively) app.aied beteee! hald c@e!6, Eacn wril" beaan

the Bubject anev, rehearsing the luraamelld principles oflock€t

I l : gh t  and  de r ' r i nC  r te  oas i c  ro .he r  eq ra t i on  be lo re  p roceed ing  to

wlen astlolautics emerged attet tne

Secold 1{orld War tioh its temporaty eclipse !y locketry, nowever,

its ar€nas wele primarily the scientifi.fieeting and the journal.

Textbooks ard popuraizatiors nbw becde th€ oajor hatd-.owe!

ploduclion3, whil€ advarc€d vorl 'as pdlished in proc€.dings

and plofessiolal joulna]s. associaredrirh tris chanSe vas a

spec ia l i za f i oD .  A r t i cLes ,  by  the r r  l a tu le ,  t €nd

top i c . ,  Ma jo r  coDcep t8  a re  b roheD dNn  jn io

Fore easily handl€d and r€stricted subdivisions treateit in deprh,

Thus th€ space-stafion idea ramified into specialized shaies o{

Tlomas S. Kuhn, The Stluciur€ of Scienrtfic Rewotutiolg
(chicago:/ u4iv.E r-.f.chicago Pressl 1962\' G, l9-22,



Danned orhiting lahoratoties, biomedical co$iderations' the !e!_

dezvous problem, and othe! aread, €ah ol wh'n dev'1oleil a!

€xtensive literature in its ovn tight. I!'viiablv lu h€r 6ut-

division tollosed. Tlte genelat rendezYoug Ploblem, tor €xampi''

again divided, producilg extensive tite!'rures dewoled to 6till more

restri.ted asPects of reDdezvous, sucl as lenrlezvouE guiadce,

lendervous simulation, dd so folth. These

specialized studies, in turn, provitl€d ure basis tor a'iua1 mission

plaung, as they snili€d froh desciPtiwe to quantitative treatmeni

Tnis process, as far as the led€Ev-ou6 :dea is coNerled

is werl illustrated by the progress of the idea oI orbita] technique

Fr !3 r  Io rmula- "d  In  tc .s  3nd pub l ished ear lv  in  i9 ia ,  bv  I95 I

"the importance of rorbital relueltilgr ha6 been uddmo$iv
5r

accepted.' Mole sPecifi.auy' tende'vous em€tged ae aiield ol

study in iis Nn righi iluring ihe Lordon coug!e33 On Se9t€b6€r 7'

Tne re3ults oI this Ptoces. are iodicated bv fie ratge ol paper8

!!eserleil at a stmposium o! had€d sPace statioDe in LoE.

; r p " l - s ,  Ap r : l  2O-22 .  l 9bO i  see  P loceed ingE  o I  Lhe  Manned

spa:r e struone svbFoeid- (Ne, York, rs.uu'etalle-Ae!o-

fiE:a $t-;.,rr60-t see also sieel ed r' ceratnevonl'

"DeveloDment of Manned Adificial Sateuites atd Space Sta_

rio"",,' idva'ces i' specl]q!,r!4!:igll1g:l::9!9gl' rv (1962)

clalke, ts!9:rlg:jesl.:ig!!(3d imPressio! 19t2)' ,'5r.



1951, R. A. Sdiih, co-author of tbe sPacc_.i.tion cotcept lePolt€tl

by Ross in'rorbital Bases, " !!ese.tsdths 6$t laper .le.ifically

aildre6sed to the probleh of I'Eslaw.ling CoEtact D.tv6€t Olbit$g

V€hicle3. " Smltn considet.d the ploblem of b teing two obje.ts

togethe! tn olbit as d€pendelt on ihe putPose to! vhich conta.t Fad

to be achieved, raneirs flom the de6rtuciioa oI a lo.!il. object,

through IleI t!ansl€!, to mechadcal li.tage dil.oasilu.tio! of

obje.ts in orttt. He also r:tis.d 6om€ ge'elat ProUehE, i!.ludiDg

l
[ -

I
I

1.t,
I

the role of a pitot in the

tion of cialAilg molio!

vhatewer tlte val& of a

Anal 
"eDdewouE 

hdeuv€i ert the ribila-

only by idlukive tlru8r. SFith insisleil that,

space rtadon mighi !e, oriital relueling

was tbe least letling arg@.!t. Coftttuctilc a sPace .tatlon in

orhit wae a Iar more complex !ask O,aD siEPIy tlu.sbiPFin; ruel

The sp&c 6ration, in oth€r vordst could wait, od Smit! Predicl€d

ihat it wourd ircome comparatlwely laae tr the developmeni ol Adtronauitcsi

alt€r th. Mood has beeD.olonised i! fzc!. "

T]1. pione€ling eugga6tions of Ros3, Gatlard, and Smittt.re

folloeeil, ttu ns the eatry aDd midill. t95o5, ny a reviv€d ini€le6t

in fun ld€ntal protlems of olhital mechuic6. TL. m.jor wolk in

R. A. Smith, 'iEctablishing Coliact B.tween Orbitlng
v.h ic l€r ,  JBIS,  x  (Novemler  l95 l ) ,  P.  295-9c

&9.,  ! .  299,



this area *as dole by Derek F. Lawden, who cotrllibuted, Pdmafily

Rendezvous, hwever, iepretelted a letalively adwaced

space flight t€chniqle. h much the .ame way that space fligb!

Among the mo6t freqtren y cited ol Der€k l.. Lavden's
pa?e!s: I'En|ly iDto cilcura! orlitd; I, " j!Ig, x (195r),

{dr, 5-r?; "I4te!-Orbi!.1 Trusler ol a Rocket, " JBIs, Xl
(t9t2), ,fl, 32r-33; ' The D€te!ftilztio! ol Minioal Olbits, "
*!!., *. 2r6-Z4t "Orbital TrMsIe! Via TaDge.iiir
Euipses, " i!id., pp. 2?a-a9; 'rMibiEal Rocket Traje.tories,
rodrna t  o I  r r "  AT" r i .an  Focke!  soc ie ry ,  xx l l l ( los3)  I *
=d-t;r'c;;;tG;A;6;i*;t-rbits, jE5, xif
ll9t4), gF, 2r5-23: 'rTiaftrer Beb,een cnc!1ar orbftE, "
Je t  Proputs ion ,  xxv l  (1956) ,8 , .  55r -s3 .

Other significart papels ilclude: Lyman Sritze!, Jr.,
'rlntelplu€tary Traw€l Setween Sateltrte Orbit6,rr JBIS, X
\1951), .nF. 249-57 ; B. Preslon-Tlomas,'!G.!€ralized
lnierplanetary oriits, " JBIs, xr {I952), 41, 76-35:
Pleston-ThoFas, "Intelorbital Tldepolt Te.huques,"
ibid., 161 173-93; H. s, T.i€n, "Tak€-oat trom salelii€
Orb-it. " Joulrar of $e Americar Rocket Soci€tv, XXll
( | e5 rr, d,-:ji:i;l:-I:-F;;;;Iti-rra-;e' B-N"""
velicles ir cilcula! o!!it", ' 

.J_:!39!.qefg, xxvIII (I9s3),

*it, l2I-23+. Ior a more complet€ bibhograPhy on this eub-
ject, .ee Cary P. Herring, rrolbiial Trusfet and Rendez-
vous: A Billiogtaphy, " Clry6le! Co-p., Spac€ Diw., Hunts-
v:lle Operatiols, Tech. Note ItsM-N4z-6?, May 30, ]967
Tlis work aU proce€ds from Hohnannr6 na6ic researches.

i 4
ma&ematical papers or hajeclories ald orbitt. LaPden vas

lot atore, The ce4tral theme of wolk lelated to rendezwoue iluring

this peliod colcerned the matlematical exPosition of otbital ft&-



theoly gav€ vay io a concenlration oD rocketry afler 1929, tle con-

cerr rirh int€rpla&tary travet !y medd of ornit3l tecbniqu€ gav.

be taken to achiewe .pace ltignt. This heanr a minihu sate[fte

vehicle. The notton of tegiDing space fligl:t wi$ an lllhaueit

wehicle orbiting Earth vas aaai! lot ev, bui it nad only becoEe . '

practi.al goal with th€ deveiopment of ielemetry teclrniques iD the

1930s alal 1940s. The pos6ibility of obtailing much useaul dara from

nigh-altitude flights by instrment 'as the €ssertial prer.qui6ire

for ha].ing umanred space llighf d attractive plospect, insieatt
56

of merely ar unpalatabte necessiiy.

inu. $e perrod vhr.h 6aq the aevetopmenl sd accegtarcs

of the id.a of orbital iechnique also Eav a growiDg e4phasis on

minimum (or unmaDed) Eaft!-olbital 6a!et[tes. loti ideae wele

firmly eldorsed at $e London Congless in 1951, but dlrng rhe

ne*t.ilecade i! wa3 the unmanned s.telUte whicb athacted th. ho6t

intelegt, chiefly 6e.ause it vas th€ otvious opeli'g mde in rhe

a3lault or space. li was only afte! this howe had le€r m.de urat

56. on the €arly development ol tel€metry, see Wiured J,
Mayo-Weu,s, rrThe OdSim of space T€teherry,,rin
Emme,Ledr ,  T } "  H i \ !o rv  o I  Roc [e t  TeLhnotoFy, -py  2s3-63.

('.-r



rend€rvoE, ae a logi.al nd!.toP, again !.cad€ a6ajo! co!ce!n' 
\,,/

TLe €xpalsion of iDt€ra.t i! rendetvouE vas iEm'diat' No s6ore!

bail a Eaiellite .GceBsfully t'eeD olbited tlaD terit€zvous 3ildieg

begd !o app6a!, a t:tcl.l€ in 1953 became a stleM in 1959 ed a

Oood in 1960 and 1961. Thi. litetahre wa€ dkriactlv dffereDt'

as Ilawe suggested, trom ure semiDal, h$ lalgslv intutive, {ortud-

1a!io!6 of iie iDhediate postwa! P.tod. nt_Iv baseil on th6 :

.apahiliti€s ol e*istira oPelationa1, 6r il6wel.?mental, lalsh v'ldcl'8,

it var highly guatitattwe and Da:tdrt locu.ed. 1| vas dto la'gerv

the product o! volk .!6!ao!ed hy- IalgE olgtrl,ations, 'ithe! i'ilu6_

t!:at co'polatiom o; th. U, s, coverMent. For u. 6ce!€ had

also sqrJLed. The major focu6 or acdvlty b.di lv ISSS. t"o-"
. . - 7 .

ttc United stalee, wn.r. th€ Foley and th€ .Lrls to turD tleolv

inlo praciice Fet€ availatle.


