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When wen first walke on the Moon’s surface, thev icill be able to vommunicne
by v f. redio with each other and with the cormmund moduale orbiting orerbead.
They will also be directly in touch with Earth by wicrowave radio and will be
uble to send back live television !'!,N wres over the vast ransfunae  distance.

HIEN Christopher Columbus sailed  Lis wity dntn
Whlxlury almost five centuries ugo. he severed cons

tact with civilizution for the duration of his vov-
age. Fxvept o the 90 swilors who avomced the expedition,
Colnmbny triuls wndd tinmphs, including bis discovery af a
new world, recuinerd vareveuled watil his retur,

On July 16, it NASA plans proceed on schedule, a4 vew
breed of explocers will embark oo o vovage Wt will rank
them alongside Colnmbns m the annals of mankind's great
adventures. Yel. althsugh their uip will tmverse o dis-
tance 45 times that of Columbus™ route. they will i, ex-
cept for short intervals, face isolation from the civilization
they keave behind

A stream of clectronic signals will flow lrom the Wwo
Apollo 11 spaceships. Gathered in by w0 worldawide k-
inE netwark, they will he relaved instiitly to the NASA
Manued  Spracecrdt Center e Houston, Texas, whera g
cudre ol miissean contrallers will be supporting astromats
Neil Anwstrong, Bdwin Aldiin, und Mike Collins ag they
fulfill win's centuries-old desive to escape the confiaes of
his native pluatet and alight upon wnother hody i the Uni-
verse. A sharp cantrast to the plight of Colambus. who had
to do his own piloting und mission planoing virtaally wlune,

Almost simnltaneously ay they are fushed before the
NASA officicls, the signuls bearing in minute detail the
progress of Apulle 11 will be breadcast interszatiowxlly. ul-
lowing the ecutire world to share in the drama of the
manned Junay landing,

Apwllo 11 will begin from Cupe Kennedy when a Satum
S cocket. thundering aloft with 7.5 million pounds of Qirust,
drives the Apollo commavdiservice {CSM) aud hmar
(LM) medules, as well as ity own third stage. into earth
orbit. After less than two revolutious of the globe, doring
whicl the third stiage and spacecrall systeins will be checked
out, the rocket will re-iguite to propel the astronuuls tn
their way o o hmare touchdown.

Almost hnmediately alter the trunslunac coust begins,
the ustronag will sepurate their CSM from the thitd stute,
tn it arnmd, and dock with the TM. They will then ex-
tract LM from its udapter still attuched 1o the rockel,

Ou the fourth dav of the snission, as (e CSMILM com-
hinittion swings aronud the Moun, the CSNT seevice propul-
siow system cagine will fire to hrake the docked spucecrufts’
spred and dllow them to be caplured in b orbit. A
second engine burn Luter will ¢irculurize the orhit to ap-
proxbonately 80 nanticul miles,

Then on the ffth day, astronauts Anosteong ind Aldri

The 7-lb TV camera that will send live TV pictures from Moon.




will vansfer to LA (rom the CSNT through the docking tan-
wel and pewer up the lander’s systens o clwek than out.
Following 1l chevkout, Annstong and Aldiin will sepa-
rate LM frwen the CSM and fire their descentl wngine Lo
lawer the LM orhit ieatee the Moon, As they appreach
¢luxer 1o the lwar swrtuce, they will begin tenninal descent
duringg which they will fire the cngine idmost omstantly,
theottling its power 1o aclicve o laoding in helicopter
fashion,

On the Meon®s Surlace

The Grst order of Dusiness [or Armstwong and Aldrin after
the landing will be to cheek out the LAl sysiems tn make
certain evervibing is ready for the Lft-off that will relum
thens Lo the CSM, piloted by Collins, in orbit ;vound the
Maoon That accomplished, they will don their portable life-
supporl system backpucks, depressurize the LM, and open
its door. Momearts kuer, Armnstrong will scale down the 1.1
kwdder aod step ante Ay lunur surface.

Amstrong later will be joincd by Aldrin outside e
spaceship as they beginv a modest cxploration. sknang wills-
in 30 o 108 feet of the EX(. Puring this lilme—abeul 2
hours. 40 ininutes of the total 22-lwur lumar stay: wil) be
spent outside the spriceerift—the astronauts will stay in
tonch witll one another, and with mission confrollers on
Farth, wsing a compast exha-vehicolar conmnmicidions svs-
ke (EVCS) built by RCAL

‘The EVCS consists of a v.hi. transcciver set in each
astronaut’s backpack. Although each mcasnars only 147 x 67
£ 137 and weighs ouly 6.5 pownxli, it (ontains two AN
receivers, two AM transmillers, either an M transmiller
or :am FM receiver, plus lelemetry instwnentalion (o trins-
mit astronaut hiomedical data and status of the spacesuit
sysloms.

Use of an FM reveiver in one EVCS il and the 1M
tromamiler in the other will aiow the peecivec-ctuipped
extu-vehicular astronal) (EVA) to serve us u riwdio-relav
poind for veice and data between his partner and the L)
This arrangemcnt bas one EVA Iransmit vie FN (279

M)z} 1o the secowcd. which couverts the transmission o
AM (239.7 or 296.8 Mlix) for relay fo the LM communica-
tfoas systems. Bolh astromauts can also transmit diaxtly to
LN via AN

The LAL in tum. will couvert the v hf, voive and data
tunsmissions to wlet. S-band microwavo signals and trans-
mil thean to Earth on o carrier {fecduency ol 22825 M Haz.

The teamivg ol v hd. aud uwhf S-band ix ¢havactevistic
al the cutire Apollo communications scheme, which sl
link two spaeccraft to Barh and 10 cach other, and alse
nutke prndsien for astronmauls cxploriag the Moon. S-band
carricrs are used for spacee3aii-o -Earth links [or both LA
and CSM. and v.h.f. will be emploved Soe comnunications
between the two spaceships and for cxtra-vehicular activi-
ty on the Moon.

In ol cises, the S-bund wand v.bf, can e converted Lo
one anotlur, providing w niumber of comnmnications paths
o asuaee that evervone—the CSML LA, and Earth—remiuins
in (onlact.

An Umbrella Antenua

The vl f ttmsmizions to and fiom the Moon once LM
kuulx ¢an be conducted vin & remarkable antenna, Called the
“S.bund erectable antetine” itis stored as a eylimlee onlv 10
inches in dinneter wd 39 inches long. Afer the Landing, oac
of e astroants can remove the evlinder T the LA, sol
tp iy ripod, extend the wlescoping feed, attach a cable from
LAL and “pop” the autenn:onuch like an nmbrella so that it
blossoms into a dish 10 feet in diameter. “Tolal wi-ight of the
entire antenna is 14 peunds.

Far Apollo 11 the ercctable antenna will seinve as a een-
tingeney iteo, althongh it is slated for prime wse in fubuce
Tewiar laucdings.

The erectable antenna hax 32<IB 2ain, aboul 2 dB more
than the 26-inch steetahle dish on the LN which wifl lian-
Al S-Duod snowanission and reception when the spaceeeaft
is i flight wad dter it bands, The ercetable antenna Jocuses
its vucrgy so that its tiurmigsions will cover the entire por-
tion of the Bazth facing the Maoan al any given lhoe.

Lssrgnguls on Lhe
Moon  will wse v hf
radic % cammunicote
with eoch other ond S-
bond miccowaves for
Eorth communicotions.



Stretched hetween the amtenna’s ribs, which e joisted
with wateh-spring metal so they can be folded. is av ultra-
fine goid-plated wire woven into material resembling ladies’
mesh stockings. The total result is o very flexible assembly
that sprugs inty a rigid stracture when its opening mecha-
niNm s activaled.

Live TV {vom the Mooo

The most spectacular trawsmissions anunating from e
hanar sucface will be live TV heamed to an international audi-
cuce by o 7-pomd camera built by Westinghouse, The sonil
camera will provide spectacular views of the astronauts as
they move about on ihe hmar-scape to gather rock and soil
samplas and to set np scientific ingsimments.

The pictires will he recaived on Earth, scan-converted,
and celeased to the commereial networks for broadeast o
home TV sets. Scan conversion of the siguuls is needed be-
canse the TV camera. to conscrve power and  communici-
tions bundwidth, operades on standards markedly different
from conmnercial T3V 4

histead of he 525.0ine TV piclures broadeast at 30
Mmnes-per-second of conventional TV, the camera tramsmits
320-)ine TV pictures at 10 [mes-per-second. This enables
it {0 operate on a 300Ktz bhandwidth as contrasted te
A3 Mz for conmercial TV, The camera alse operates in a
secmd mode, sending high-resolution “still” pictures of 1280
lines at one frame each 1.6 sccands.

In either wuse, the larih-bused scan omwerters, Inlt by
RCA, thowgh a virtoally instantancous recording-playback
process, trsfernt the Apollo camera pictures to coumer-
cial standards so they can be displayed on conventional
sets. Bach converter emplovs TV monitor, a vidicon cam-
ern. o video recorder similar to the “instant veplay” devices
used i sports telecasts, and pulse and timing anits.

The hmar-sirlace camera is one of two that will be used
for Apollo 11, A kerger Westinghouse coloe camera identeal
to the one carried o Apollo 10 will dy inthe CSM to broad-
cost "IV doaring the teips to and Mrom the Moon and perhaps
while the CSM ] maintains its vigil in Jonar orbit ufter the Jand-
ing and during e explortion.

Both cameras wheady Lave mado their space debuts. The
mazing detail they provididd of s astronaats at work, the
Farth and AMoon, and the spaceships in orbit spellbound TV
viewers ¢vervwhere,

Ay spectacular as it will be, however, the TV will be only
asmall part of the total information tha will he showercd
on Farth by the LA conunnpications systems  during; the

The erectoble S-bond antenno that will sond micrawave signals
from the Moon to Earth is gaing through simulagted lunar setup,

luvar visit. Vital asironant physiological Nuations sueh as
heart rate and temperatwne, telemetsy on the spacecralt sys-
tems. voice conversadions. and statns of EVA spacesait con-
ditions {such as tempertures and oxygen supphv). as well
as the TV, will all vide to Eaoth simnltanconslv on the
S-band carrier, producing thonsands of bits of duta each
second.
Ranging Data & Navigation

Wheu the astronants et to the LM and fire its ascent
engine to climb bhack inte lhwwar ocbit and rejoin the CSA
there. the LM conmmmications system will Lake v an addi-
tionitl chore: receiving and rettansmitung ranging signals
from Earth, Ihe range interrogations. like command and
voice signals, will he reecived on 2101.8 MElz, They wil)
then e turmed around and teansmilted on 22825 N2, th:
carider for all LM Shand transmissions.

As LM useonds, its v f, set will he in action linking it
with the CSAL it is sccking, 1o addition to handling voice
and Jow-hiterule data, the vLf radio will wlow the CSM to
compute distanee hetween it end the LM, 1t does this by
transmitting a secies of tones, which are received and pe
tmsmitted Ly the LML By measuring the thwe helween
transmission of the tones and receipt of the relurns, the
CSMato-LM range can be ealawdates]. The votee aud the
caging Dmctions can be performed  simudtancously. This
is the flist v h.f system cver created with this capability,

The three steps required to set wp the erectable S5-band antenno. At left, the Feed iz being
extended; at center the tripod has been set up and cover removed; ot right, fully deployed antenna.
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The primary soucce of 1ange data between the LM and
CSM when they are scparatled in space, however, will come
from ut silent communicator—the L] vendezvous radar built
by RCA. The X.band instrument. the frest gimbulling cadar

ever fleawn in space, will truck it transponder i the CSM 10,

produce information en vclecity and dircction of the CSN
relative 0 the LM, as wcll s distance hetween the two.

The radar and v.h.f. communications thus @ive Apollo 11
dual seurces of information that will enable the J.AM te fly
its way back Lo the CSM. The critical nature of the ren-
dezvous and docking is underscored by the fact that LM
is solely a spaceship thut cannot re-enter Earth’s utioo-
spherc without being desteoyed by the stresses of pravity
and atmospheric [riction. LM must rejoin the CSAB after
the Junar fanding so that Annstrony und Aldrin can retnrm
salely to Earth with Collins.

The creation of the Apollo J.M comununications system
has dipped deeply inlo the reservoir of America’s electronic
technology and cxperience. Although the systems design
managemcut task was perfoimed by RCA’s Defense Com-
munications Systems Division in Camden, N.f, LM -
municabions equipment builders rcad like an electronks
“Who’s Who:” Coflins Radio for the S-band signal processor,
Motorole for the S-hand transceivers, Raythcor for the
S-band power amplifier, and Dafuo-Victor for the S-hand
stecrable antenna. BCA at Camden buill the v.h[. sets as
well as the extra-veliicular radius, and its sister unit in
Moorestown, N.J. developed the wunique crectable antenna.

Except lor the antennas, which seive as back up to onc
another, each item of [.At conununications equipment is ro-
dundant, providing wu altermate means of accomplishing its
task if the prme wil [ails. Solid-state design and construe-
tion, excep! for wn amplitton tube in the S-band power am-
plificr. are cmploved throughout the sysicor.

An opened extra wvehicular communicaliens system rodic sime
ilgr to the gnes used by our astronauts is being rested here.

A T
Pl s & P

[T L R TR R

AEHIUE T AT

AL Wi
ANET.  MAMITRI-MIL

L e L Sl R
up i W

EErlaL M

nis
e FETTSTE ST

T s
2111 A T

The CSM's counterpart communica-
tions system, although the design of
some equipinent ilems are diiferent, is a
functional duplicate of the .M S-hand
and v.h{. radio. With the LM svsiem, it
forins one-hull of the Apollo communi-
cuations complex,

The second half is the Lacth-based
Munned Spuce Flight Netweck
{MSFN) mavared by NASAs Cod-
dard  Spoce  IFlight  Center. Steung
around the ylebe urc S-bund receiving
sites whose 30-foot and 85-feot unlen-
nas will peer spaceward throughout the
Apollo 11 mission to receive the CSAl
and LM transmissions from the air, and
to send voice and data to the space-
ships. The stations are cferred te as
wnificd S-band sites since onc antenna
and onc system handles all the enm-
munications {unctions; TV, voice, te-
lemetry, and tracking.

Besides the sites based on land acress
the United States and in seversl for-
eign countrics, Apollo receiving stations
also ply the seas aad the air in speciallyv
designed ships and converted jet air-
craft.

Tieng all these stations together is
the NASCOM nctwork, a system of sa-
dio, satcllite, and land-line communi-
cations hat has the complex task of
keeping the network linked toyether so
that the Apollo voice, data. and TV
will flow unintestupted te the NASA
Manned Spicecratt Center in Houston.

1t is paradoxicul that despite the ca-
pability of the Apolle spacecraft com-
munications systems, and the huye
complex on the ground, ctitical phases
of the ilight can occur when cemmuni-
cations Dbetween the spacecraft and
Earth are impossible. For example, the
engine fring that will drive the GSM
out of lunsr orbit so the asteosants
can retumn heme will 1ake place when
the spacecrafl is on the backside of
the Moon and communications signals
are blocked from Earth. Thus, as wus
the case in the Apollo 8 and 10 lunar
missions, the world will have to wut
until the spaceship swings ground the
lunar horizen te lcarn (he success of
the manenver.

However, ihe first step onto the
Moon by an American will be in cleac
sight ol the Earth, elecironically. Wheu
the moment comes, it will be remem-
bered as long as civilization survives;
the achievement wlene is enough Lo as-
sure that. Yct, the impact and accom-
plishment of the manned lunar landing
surely will be fell moce shaiply on
LEarth beceuse of Lhe electronic beums
that will span the void of space to
hond Apollo 11 and astonauts Ano-
stieng, Aldrin, and Collins te their na-
tive planet,. A



