


Jflltt•u uu•11 first u·ulh on tlu• ,lfcwn�..- Mtr/tu·t•, tlu�y rcill b<" <tblc• tu ronllnttuif'tllt• 
by v.h.f. mtlio tc·ith c•t�clt other owl u·itlt thl' <·o""""''d module orbitirtg m·rrlu•orl. 
Tlwy tcill also be dirt>ctly in tmu·h with f.'t�rth by mic·m•cacl' r<1tlio oil(/ will be 
flbft) to :wllrl bark. fil't' 1(•/t•l'ision /lh'l llrt'.'it lWf'l' tlie l'W>t transfttllfll' dildWl('t•. 

W
J I EN Chl'istophcr Columbus s:,iJcd l1is wuy iulo 
hlstmy n)most five centuries ago. he Sl'\'l'l'l'd t'On� 
lact with dvilization for the dumtiou of hi.; vuv· 

a�c. Ex<..·(•pt lu the 00 s:.lilors who m :_ mlll'tl tlu· l'XI)rditio�•. 
Coln111hu,· trials ami trilnnphs. in('ludin� his disl·ovc•ry uf a 
new wutld, n·rn:1inNI uun•v(•alcd \llltil his •·rturu. 

On Jnl)• 16. il' :-.iASA pbns pro<:t:-ed on st'hedule. n new 
breed o( ('.Xplor('rS will e�nbark Oil a voya,l!e tlMt \\ iiJ rauk 
them alon�tSidc Cohunbu.� in the annals of mankind'� j;!rcal 
ad\·entur<'S. Yf"l. althou�h their trip will tmver\-C ;a dls· 
tmtce- 45 tim� that o( C.Aiumbus· rout<'. thc.·v will not, {'\:· 

C't'l>t Cor .. horl inten•als. fat-e isokttion from ihc.• l'h ili/_..--ation 
tl,..·v lc,o,a\'(• behind 

A 'tr<"am of <'l("('tronk· �i�nals will fluw tn)m rlu· I\\H 
Apollo II 'l>·l<-"(·�hip�. C,tthcrcd in hy a wutltl-witlr tr.wJ... 
inJ.! nctwurk. thc.·y will he rel:aycd insl:nHiy h) tiK• NASA 
ManuC'd Spiil'('l'raft Ct'Hit•· in Honston, Tcx;\�. w)l{'l'(' :a 
cadl'f• of nd�'iou <'11ntrollcn: will be supportin$.! astron;tuts 
Nf'i1 A1'111�11·ong, Edwiu Aldrin, and �Hkc Collins :'� tlwy 
fulfill IHUII•S {'('lllufif'.S·Oid desii'C tO CS<::lpC th(• l'OIIfhu•S of 
his native plnu('l nnd nli!-!ht upon ;.mother l>ody in tlw \lni· 
verse. 1\ )hal'p t'(mtrasl to the plight uf Columhus, who !.ad 
to do his own piloting anU mlssion pkumin� virtually alum·. 

Almost simnlt�Hll'•ouo.;lv t•S thev arc Hash .. ·c.l hdcH'C' the 
NASA offic.-i:d,, thr si��-.als hea;i,.ag in minute dct.\il the 
progrr-�s ur A(>OIIo l l will he broadcast internatiouallr. al· 
Jo\\iUg thr ("ntire WOJ'Id tO share in the dr�mM o( the 
manned lunar bndi1l�. 

ApoUo 11 \\ill be�in from C3pc }(('mH.·d} wltt•u �I S.1tum 

5 ro<.·ket. thuudcrin� aloft with 7.5 million l)uund� uf thnhl. 
drives tl>e Apollo romm:md/sen·i<-e (CS\1) oud hmar 
(L�I) module�. a� ,,·cJ1 ;,L� its owu third .. t.tl!l'. into C\trth 
orbit. After ac�s th.m two rC\'Olutiom. or lhc �luht·, dudu� 
whicl• tht· thi1·d 'lii$-!C ,md spac..'Ccrafl syst<"tn� "ill IK' dwt J..ccl 
out, the l'()<..'kCt will re·if!tlitc to propel the :'�lronaul\ un 
thci•· w:w to a lunnr touc·hdown. 

AlmoSt inunrdialrl)' nfter the tr:.ms1unar coast IH'�in�. 
the ash'OI):luls will scpar:\tc their CS�t from the third 8lH1-!C', 
turn it urotmd, 1\nd doc.:k with tl•c L:'\'1. They will tlwn t"X· 
trnct LM from H.s adapter still alhtl'hcd lo the •·ot·h•L 

Ou the fourth u�w of the lllission, :1� IJI(' CSM.LM (�Jll· 
hin;ltiou .�m·iu�s :m)t�ud the . \'1()(111, tlu: CS�f iol'T\'i<·C propul· 
�iou .o.;ysll'fn cuginc \Viii fire to lmtkc� thf' dockC'd spacccrafts' 
spr·r·d and allow them to be c.•uplut<•d in hmar orbit. A 
S(•c·ond <'ll�iuc lmru lalcr will dn·u larizc thl' or hit to :lp
proximately (j() nauUc.·al mi14:S. 

Then on the fifth c.h•y. astronaut� Anu .. tmng and Aldri•l 

T h e 7·1b TV c omc ro thot w ill t.eftd live TV p idure t. from Moon. 



wiJIIJ•::tnsfer lo L�f Jwm the C:S�1 throu�h tlw c.lcx·king tMn· 
ud and power 1111 the lander·s S}'SIC'tlls IO ch<.-"<'k lht"m out. 
Following tiO<· chccl.out. Annstrong and Aldrin will scp.:t
rtltc L;\1 fmn'l tl1c C:S\1 ami fitc their dC.).C'l'nl ('ugiuc lo 
IU\H'r the LM orhit II<'MCI' the �loon. As tfwy apptoach 
t·losrr to the lunar smf:I('C', they \Viii bcgiu tcnniual descent 
durin� whic-h they will Iii'(' the cn�in<.' :dmosl t'On�lantly, 
llu·ottHn� Hs powC'r lu add{'V<.: a l:uHiln� in helkopt.-r 
fashion. 

On th(' Uoon's Surface 

The fii'St order of bu�iucss for Annstrong and Aldl"in after 
lh<' landing will be to check out til(• I. \1 '�-Y'tems to make 
certaln cvcrythin� l� r�dy for t}l(' lifl-()rr thott wiiJ rC"tun• 
tlu·m lo the CS�1. pilotccl hy \...ollins. in orbit around tht" 
�loon. That accompiM1cd, they will don thrir portable Hfe-
�upp01'1. system backp:tch, depressurize the L:O.l, :�ud open 
ils door . .Mom(·riiS lnlrr. Armstrong will S('nlo down the J.M 
Jndder :u1d !\l(1) onto I)W Juu:.1r Stuf:l(l{'. 

Arrn�-trong bter will be joined by Aldrin outside 1hc 
'IM<."<-''Iihip as they bcs:tin :a modest c..xploration. sh•);nJ! witt .. 
m r)() to 100 feet of lhl· LM. Durin� thi, titm-about 2 
hours. 40 minute:; f)r the total 22-hour lunar �Ia\· ,,iJ) b e  
:.prnt c-.utsidc thi· "P:It'C'<.·drt-tht• aMronauts wili stay in 
louc·h will. ouc :.uotll<'r. and wil h mission t•uulrollcrs on 
1-:tll'(ll, using ll <.'OJn p;U.'l l'XIr:Hl<'hi<-ul;,,· CmHnlUIIi4.':11iOnS S)1S
Ii'oU (£\'CS) built l>y llCA. 

·r11<' EVCS {'Ctmoi't"' of a v.h.f. trau�x·iv<•r sN in each 
.&.stronaut's b�cl.:-p:td .. All hough e.ach rn<.·a.\un·..; onJy 14" x 6u 
x t••au and \vt'il!h� onlr 6.5 pouO(L-... it cont�tins two A \1 
rt.'(.'\'iH .. rs . two AM lr.an�miiiCTS. either an l-'\1 lnm�mitler 
or :111 FM rCC(•h:N, ph" tdcrnctry instrument.Hiuu to traa\."· 
mit a�ll·onaut bionwdkal data and status of the- spacesuit 
.S)'�I('IllS. 

Usc of �HI F!\r rc(x-ivcr in on(· EVCS 1111il :lnd the F)..l 
tnmsmill <�r in tlw otht·1· will ;lJiow th<.• I"Ct'(.•ivc..·r-(•quipp<'d 
cslrti·\'Chicubr astl'On:llll (I� VA) to servt• us u r .. u.Jio·r<'lay 
1>uiut for \"Oke �md tlula b.el\\'C('-0 his partnet .tnd the L�l. 
Thi� arranj!em,•nl ha, 01� E\"A tr.tm:mit ria F�l (219 

�lllz) to the st·c.·oucl. whkh L'OIWtor ·ts tlw tl-.m,mission 10 
A� I (2.39.7 or 200.8 �lllz) for relay to the L�l rommunica
tion.s .systems. Roth :1\tronauts can also transmit din.-ctJ,. to 
L \1 ria A�l. 

. 

Tin: Ll\1, in tum. ,.,..ill <:ouvcrt tile v.h.f. vHicc and datl 
tr:m:�missions to u.ld. S-haud mici'Owavo .si�nals and trans
mit th<·n� to Earth on it (.'arricr l'r('(JUCI)(•y or 22H2.5 MHz. 

The• leamiog of v.h.f. :uld u.hJ. S-hand is <.:h:.u:1ckristic 
of the eutirc i\p()Jio communications .sdi(•Jn('. wl 1i<.·h must 
Hn'k two sp:.cecraft to l!:nrth �md to t�:leh othC 'I', and also 
rn;�k(" )JrQ\ i.sion for astronaut� {'�..:p1orirtJ.t the �·()()lt. s.balld 
t·.uri�rs are used for <fXIC<.'t'r.lft-to-E.�rth link.< for botb L�l 
.md CS�I. and v.h.f. will be employed for eotmnunica.tions 
fx.tw<'<'n the two :.p:l<'<",hi[)S and for cxtna•\'t.'hi<:tll.lr �H."Ii\'i
ty on the Moon. 

lu a11 c·as<"·s, lh(' S-bn11d and v.l..f. t':HI h<• t·om•NtC'd 10 
unt anollu·r. providin� a 1\lunhcr uf (·umnumic:alions paths 
to :llt.\Ur<" that everyont·-tl•c.; CSi\f, L�l, and Enrth-rcm:tins 
in <'Ontact. 

An Umbrella Aul<·nrua 
The u.ll.f. lrart.�ni.uions to and from lh<- Moou 011<-e L�( 

l.u'KI� <.·;'ln be condu<.1('d oi11 a remarkable ;mtcuna. CaiJt-d the 
"S ... b:tncl erectable �HilCIHia,·· it is stored ;ts :l {'}'liuc.l4.·r fJilly JO 
indH's in diam(·l(•r aud :1$J in<:hes long. Afte1· th.:.• l.1udiu}!:, <)II<: 
nf tht· ustrnnaul� can I'<'Uluvc the c.-vlindt• r fmu' lhc- L�l. S<'t 
up il� ll'ipod, extC'nd tlw tclcsc.·opi11�

£ 
f('cd. :Htnt.·h :1 <'�1ble from 

I..� I. al)tl "pop'' tlw aul<.'una rnuc.·h Hke 1111 umbrcJia so that it 
blo"on1s into a di,h )() fe<•l in diamete-r·. Total wt'ight of the 
cntil e J.nterm� is 1·1 pounds. 

Fur Apollo II tlw <-t<'Ct::ablc antenna will sen c a� a con
tiu�c.·nt·y itcsn. although It i s  s1�ttcd for prime RW in fuhU'e 
hu1ar l.ludings. 

Tlw CI'Cctab)c antt'nn;' has 32-dB g:lin, ahoul 12 dB more 
I han the 26-inch slt'{'l';lhlt! di�h OJ\ the� L�l whi<.•h will h�m
dk· S-b�mc..l lr:msmi;;sion and reception wheu tlw spal'C('rafl 
i� iu fli�llt :ll)d afrf•l' it l ands. The erct·t�blc ault,•una rot•US('� 
its t'lu·r�y so rh011 it� Lr:u1smission� will {'C'l\('r thr cntir<' por· 
lion of th<> Earth f.1dus.: lhr �lu6n at :lilY �i\'<'11 UnK'. 

A'tronout, on lh� 
Mool'l will u\.f' v.fd. 
r-ocfio to c:ommvnic:at• 

witl'l •och olh•' ond S.. 
bond Mi(fOW(IV.$ f� 

EcHth communi(otlons. 



Stretched hch,·eC'n the ;uHcnn:\·s ribs. which arc joiJltcd 
with watch-spring meb\l so they <·�m be folded, is �m ultra· 
hnc ge)Jd-plaLc<l wire woven into material resembling ladies' 
mesh stockings. The tol<'l rC?sult J� :t very flexible assembly 
th:tt sp•;ugs intu a rigid �lruNure- when its opening mecha· 
nisrn is �\Clivalc<l. 

Live TV {row 1.hc Jlivoo 
The most spe<·t;.ln.l:.cr tr;.�u:;mis:;ions cm:)uttting from. lhc 

lunar surfa<·c will he live· TV hf•:\rncd to an intcrnation:\1 audi
cYc<..'<' h)• :·\ 7 -pcmnd t_•;Hnc:ra buiJt by ll' est iuglwusc. The S1nalJ 
eilmcra wil1 provide speetat·ular views of the astronauts as 

the�' move about on the ltm;\r·S<·�lpe to gather rock �1nd soH 
s;unpks and to se•t up �('ic-r\1 ifk in�trnmcnt.:;. 

The� piC'hii'CS wiJI he rt"CC'iVf'd OJ\ Earth • .scan-converted, 
::uHI rclc:lscd to the commercia) networks for broadcast to 
home TV .sets. Scan conversion of tbe sign;.th; is needed be
<.·ause the TV eamcra. to c.·on,s(•rvc power :.md <·ommunictt
tions b:mUwidth. operates on slan<la.·ds markedly different 
frc.lm <'Onnn<..'r<·i�\1 TV. 

lnsl(•;)d or th<.: .=)25-lillC TV piclUJ'C.<; broadcast at 30 
frauws-pcr-sc<·ond of convenlion;Jl TV. the C'�nnera tr:msmits 
:320-line T\' pk-tures :tt 10 fr�mH'S·J)Cr-sccorHl. This f'nahlcs 
it to operate on a 500-kH� b:-lndwidth :l.<; contrasted to 
4.5 �1Hz for c._·omnH"'rd:ll TV. The� <:afnera also opemtf'�<; in a 
SM'In)d modt', sending high-rcso1ution "'still .. pktun:.·s of 1280 
lines <H one frame e:tch 1.6 s<'cocHJs. 

ln either c;.tse, the £arth-b�1s<.:d $('nil corwcrLcrs_. built b}1 
H.Ct\_. lhmngh a virtu:-Jiy inst:uH:lllC'Ous rccording-pbyback 
proc.•f·ss, tr:·cusfornl the Apollo carncl'a pictures to commer
<�ial standards so they can be <Hsphtyed on convcntion:tl 
sets. E:wh ('otl\'erter employ.-; ;1 TV rnonilor, ;) vidi<'on (::\Tn
E'fa, �' video re<·order similar to the "instant rcplai' device� 
used in sports tclc<·:·tsts, :1nd pulse ::mel timing units. 

The· lwlal'-�nl'l':\cf' <·<tmera is one of hvo th�1t will be used 
f•.w :\polio 11 .  A brge·r \.\f(•.•:tinglu>u-'U' <:ole)t camf!t'<\ iclcnlirol 
to the OHC (•arrit..-d I)U At)ollo 10 will fly i n  Lhc cs:vr to broad
c:.l:;t ·rv during the lfips to and from the �·loon ;md perhaps 
whik· the� CS:\l rn;.lintains its \igi) in lunar orbit :.tfte::r the l:.md
ing and during the c.·xplor:·ction. 

Both <'<Hnews �tlre:.uJy h:h·'C.: mado thC'ir space debuts. The 
;mt�t:-·..in� detail they provided of tlw ;\_<;trona,•ls at work, the 
Jo:a•·lh ;u)d l\le}()n, <\nd thC' !'p:\ce�hips iu orbit spellbound TV 
,·ie�\vc�rs c,·eq'whcre. 

A.-; spcc:ta<:ular as it ,viJI be, howc\'cr. the TV will be only 
a -;m_.)l parl of the tot<tl infonn:.ttiou th:.tl \viU he showf'rC'd 
on Ktrlh hy the� L?\f <.:()nunculic:ttions systC'ms during the 

The erectable S-bond antenna that will $ (1nd mi(ro wov e $ ignol ; 
from thr. M oon to E a rth i s going through $ i muloted lunar setup . 

lu1lar visit. Vital a�lrouaut plcy�iolop:i<•:cl fuue:liom Sl..l<-'h <lS 

lteart rate and tempel'ature, telemetry ou thC' spae:e<�raft sys
tems, voice <·onv(•rsations. :.md sl;tlus of EVA sparesuil con
ditions (Sl•<·h as tt-mp<·r:.clures and oxygen supply), as We'll 
::tS th<.: TV. will :llJ ride to E:crlh .-;irnult:.mcouslv on the 
S-band <:an•it>t, p)•odudng thons:lnd� of hits of ei:.t:t (•:wh 
second. 

H:-m:;:i.og Dat<.l & 1\a,·igation 
\Vhcu the :-\stronauls return to tlte Ll\1 and fire its :tst-ent 

engine to climh hack into lunar m·hit :md rejoin th(· CS�t 
there. the L�1 t'<>m•mmic<\tions system will 1:\kC' lul an :tddi
tion:.tl d1ore: re<-eiving and retransmitting r:\1lging sign:1ls 
from £:.ntl1. The ran�e interrog:.ltions. like corn•n•l•HI and 
voice signals. will be n't•dvc._·d on 21<)1.8 �Jllz. They \Viii 
then l_x .. turned Mound and ll·ac.smillt'd on 22H2 .. � .\1Hz. tl•c 
<·�tnier for o.\U L?o.I S-hand transmi.o;siocl�. 

As LM o.�s<·cnds. its v.h.f. set wiJI he in action linkin� it 
with the CSt\l it is scc.·kin�. l n  �tdditiou to handling v(;iC'e 
and low-hit·r·:Hc daL:�, the v.hJ. radio will :.1llow th<' CS�l to 
compute distance hNwc�cn it :wd the: LM. l t  dO(•s this by 
tr:msrnilting a Sf•riC'S uf tonc•s, whi<'lc arc; r<.:<·<.:ived :.tnd re

transmitted by the L�l. By rneasul'illg thC' lime bC'h\'Cf·n 
tr:.msrnjssion of the tones �tnd re<:eipt of the tCIUI"IlS, Lhe 
CS�I-.to-L:\f range ran he <·:ll(·td:Hc._'(}. 'fhc ,·oke aud the 
r:\u�ing f�t�ll.·timcs c.·an he� pc.·rfonne<l simultancot\sly. This 
is the first v.h.f. systc.:m ever ('re�tted with this capability. 

Th�: thr�:e steps r equired to S-�t up th� @rectoble S - band antenna . At !(1ft, the fe�d is b�ino 
extended; at center the tripod h os bMn set up ond cover remo ved: at right, fully d�ployed ont�nn o. 



The primary so-t•rcc of range data between the Ll\f and 
CSM when they arc separated in space. however, will corne 
from ;,t silent <:-ommunic.ntor-the L�l reude:GVous r adar built 
by RCA The X·band instrument, the Rest girnb;..Jliug r:H;br 
ever flO\vn in space. will lnu.:k �L tr;)Hspoudcr in the CSM to. 
produce information on velocity �Hld dir<."<:tion of the CS!\1 
relative to the L.M, as well ::ts distance bchvecn the two. 

The r:ldar and v.h.f. communications thus give Apollo 11 
d"al SO\Irccs of informatio n  that will enable the LM to Ay 
its way hack to the CSM. The critkal nature of the rc•'
dezvous and dock i ng is undersc..'Orcd by the fact that L�l 
is solely a spaceship th�lt cannot re-enter Earth's atmo
sphere without being destroyed by the stresses of gravity 
and atmospheric friction. L.M mu..st rejoin the CSM. :;.ftcr 
the lunar landing so that Annstxong :.md Aldrin <.::ln rctum 
safcl)' to Earth with Collins. 

The creation of the Apc:>llo l..M comnmnications system 
h:.\s dipped d(..-eply into the rcsetvoit of America's ele<.·tronic 
technology aud cxpcriCI)(.'C. Although the systems design 
man��gemeut task w·as petformed by ltCi\.'s Defense Com
n:nmi<.:alions Systems Division in Camdcr•> N.j., L!\·( com
•tnu)icaLions equipment builders rc:.d like an eJectronks 
"Who's Who , '' Collins Radio for the S.band signal processor, 
Motorola for the S-hand transceivers, Raytheon for the 
S-b:md power amplifier, and Dalmo-ViclOI' for the S-hand 
stt:crab1c antenna. RCA at C�undcn built the v.h.L sets: as 
well :lS the extra.vehicular rndios, nnd its sister unit in 
r-.,,toorcstown. N.J. deve1op <. .. d the unique erectable antenn;1. 

Except for the antennas, which serve as back up t o  one 
anc)lher. ead1 item of L�\'l COnHnunications: equipment is re
dundant, providiug �lll altemate means of a<:(.'Omplishil'S its 
task if tJte prime unit fails. Solid·state design :wd construe· 
tion, e,'i_ccpt (01' an amplitron tube in lite S-lx\nd power am
plifier. :'lr(• crnpJO)'ed throughout the S)'SlCnl. 

An opened e x tro ve hiculo r comm un ications s y $-tem radio sim • 

i lor to the ones us�d by our ost ron ouh is being te�ted here. 

The CS�'i'..s COt.n,lerpa•·t commt.mic:�'t
tions system) although the design of 
some eqt.•ipmclll' ilcms arc different. is a 
r,.nctional duplicate of the L�·l S-h:1nd 
:1nd v.h.f. radio. \,Vith tl•e LM S)1Siem, it  
fonns oue-h;.1lf of the Apollo communi
c:Jtions complex. 

The second half is the Earlh·b<>scd 
�'ianned Sr><•cc Flight Network 
(�'ISFN) managed by NASA's God
thud Sp;.tce Flight CcniCr. Strung 
;.nound tlu� globe �\rC S-h�lnd receiving 
sit('..S whose 30-foot and 85-foot �mlen
nas will peer spaceward  throughout the 
Apollo II mission to receive the CSM 
and L�·1 transmissions from the air, {md 
to send voice and data to the sp:tc..-e
ships. The slations arc refened to as 
unified S-band sites sil,<.-e one :.nlen.,:l 
and one system handles all 1he com
munications functions; TV, voice, te
lemetry, and tracking. 

Be-sides tbe sites based on land a<.'ros:s 
the United St;.ltes �md in sever;.1l for
eign eountrics, Apollo rc<:civing stations 
also ply the seas ar1d the air in speciall�' 
designed ships and converted jet air
craft. 

Tieing ;,1JI t hese st:ttion.s together is 
the NASC0?\1 network, a system of r:l
dio. satcl1itc, a•'d land-line cornmuni
catio•'s lhat has the complex task of 
keeping the ''etwork linked together so 
that the Apollo voice, data, and TV 
wi11 flow unintern•pted to 1hc NASA 
�·l:mned Sp�tcecrMt Center in Ho�tston. 

It is paradoxic<>! th<>t despite the ea· 
pability of the Apollo spacecraft com
munications systems, and the huge 
oomplex on the ground, critical phases 
of the flight can occur when communi
cations between the sp;,lcecr:.lft :.md 
Earth are i.mpossjbJe. for example, the 
engine firing th<>t will drive the CSM 
out of lun;,tr orbit so the as I r(Hh\ltts 
<·ao return home '"'ill 1 akc place ,.,..hen 
rhe spacccr::�ft is on the backside of 
Lhe Moon and communications signals 
a•·e blocked from Earth. Thus, as w�1S 
the case in the Apollo 8 and 10 lunar 
missions, the world will have to w��it 
until the sp�lccship swing s around the
lunar hori'...0'' to learn the success of 
the maneuver. 

However, the Grsl step o•Ho the 
fo.·(oon by an Americ-an will be in dear 
sight of the Earth, electronil'ally. When 
lhc moment comes. it will b e  remem
bered as long as civili7.ation survives; 
the achievement aiOHC is enough Lo as
sure that. Yet, the impact a1)d accom· 
pli<ihment of the roauned lunar landing 
surel)' \viii be felt more sharp ly on 
E:.1rth bec.·�tusc of the electronic be�1ms 
th�tt will span the void of spa<'e to 
bond Apollo 1 1  and astron�wts Arm
strong, Aldrin, and Collins to their na
tive planet. A 


