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At t'lzret slanca, radio coz"","ntcatlon across apaoe l ooka lite & major 

project. The ZIon 18 t wo hundred a nd th1rtr-alght tboUMnd ml1es &'Wa1. This 

appeers to be an unsurmountable barrier it' It l a COlZlp'l red to the earrtce area at 

a fitty-thousand watt hroadcaat station. Hovever, apace radio should not be cOlll

:pared to e.Jl3 terrestrial experience t or the obvious reason that planetaI7 

coIld! tIona do not obtain In apac e. 

For lna t .e n ce, the theoretic"] diet-nce Berou which radio signal. ce n be 

Bent seldom meetl!ithe actual eond 1tlona. This Ie due to the fact tblt our abwa-

phere 18 not an enttrell transparent m1'um t or t he pallBage ot electl ... "egnetic 

wav;es. Transmiss10n dis tAnc e8 are a.rrec ted by the tl equeocy or tbe redio 111gnale, 

the topograpbJ', the electr1cal concUt1on ot the 11011, the ti_ ot the 4aJ' a"" the 

season ot the ;yeer, clillate end me teorologica l cood1tlona e"", lallt but not leaat, 

the era or the 8UIH!lpot cycle . 

It the earth Vere an a irle811 pl anet, the 41et..nc::e 801"0811 whic h 11 t:ra.n.II -

mission could be md.e vould be the Seographical horhon t or a U heq"eool .. , 

because electz·(I!!egnetlc wavee tend to propagate in stralght Une. Iml.lla a c ted 

upon bt 8 0 II1II outaids t orce . 

:But the solar output causee l..ayera or 1onhat1on 1n the UlIper, rar1N.ed. 

POrtIon ot our a tmo8phere, and t hese several laJ"e1'8 caulle rerleot.1on or abllorption 

or radio vavee t be.t 1mpine;e upon thell.. 

The other condi t i ons ment 10ned are Tar iable, eo tha t the t Ollov1na state

menta are seneral1tlea tn.tead ot heine: r irm and 1nT1ola te : 

* Text ot speeoh d.el1vered a t the Second S,mpolll l.Ul on Spaoe Tranl at the Ba.J4en 
PlanetarIum., AmerIcan Museua ot Na turel H1I1t0I7, Ootober 1) , 1~2 • 
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lI"lequenclea below the top ot the broadcast band are 1ntluencod by the 

eactrlca1 condJtlon at the 8011 and the aottT1t,. ot the lover ionosphere; callod 

th$ iD Le.,yel'.1 Tnmsm18s1on beyoM the horizon ie tairl,y constant and reliable. 

P'lequenelea abo", the 'tol! ot the broadeaat bend are leu affected by groun\ 

conditions. These frequencies pasa throuSh the lOYer ionosphere but are caught by 

sometimes a bit tantaetlc. A transmitter in New York rre.,. be hoa rd with clarlt,' 

in Loe Angelss whils a reoe!Ter In pb11adelpbis cannot set a trnce at the Signel. 

Other cond1 tiona lZ;r produoe readable signals a180 In CMcsao and Denver &8 well 

a8 L08 Aneels8 while pointe between these oities are totally blank. 

As the planet rotates, br1n81ne new areas n~er the direct 1"818 ot the 

sun, the layers ahift In altitude am act1vlt;r. This caD produce a eituation 

whereby a radio contact my be held between tvo vldsl1 separated placBe like 

Chicago and. New Zealand. t or a two-hour poriod while the lJJ.yers are shift 1ng above 

the transmission :path bnlf' Wfl1 betweon the two placeBo The e1gnal will come in 

strone and clear for about tvo hours end then will fado out completelJ' until the 

serne time next morning. 

These skip-layers have been mapped and charted eo thB t 1.t we pick our 

frequenc,-, and the time of the day, and 866son of the ,-ear, 'ole can pI odio t loll th 

a fair degree of accUl'8C,- whether we can rmke contac t with a certain place • 
• 

But a8 we inspect the %"!Sdlo spectrum abOVe flft1 Meg8 c,-clee, vhich is 

somewhat lower than Televie10n Cbannol Two, We discover that t he atmo8llhere i8 

becom1ne: l!I01e and more transp&rent. Except Wld.er freak conditIone, f'l oquenciu 

• above fItty magacycles pass throueh the ionosphere nnd into SpaCe. This 1a wh,r 

the general Service area of a television tnlDsmHter t eMs to be that of the geo

graphicd horizon. StatiOns below fifty mesac1c loll are refleoted beck fl'o" the 
• 

ionosphere to sorne point beyond the horit-on. 

In a senee, th18 d.ifficult,- with terrestrial radio cO!!lmmiCftttona 18 eim1- ./ 

lar to the problema of space travel. All the problemo seem to 11e below the first 

five hundred mileS of altitude. 

Once in spacs, radio travels in straIght 11nee through an abeolutolJ' tr:I,na

parent medium. There are no natural ba.rriere in spaOeJ there 1a nothine t o C{\UBe 

reflections or retractlone any of whioh can caUSe the reoeived. 81gne.l to .. ..,. 
greatlJ' from the s1mpb fomu1u for radiated pover. 

Out In spaCe we can expree8 our conrm.m1oatione system In a mo.themtical 
• 

equation and expect it to bold fina. Fedio aigrel strength, like liSht, 4im1n1ehee 
• 
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pertloM111 to the 11\"tr,a IJIJI.II.\l'e ot thl tt 1.0 \;4.\nOI. W. 04n oom,pu to, thor.fol"8, 

JUU bov lII\.Ioh IJlsnd vw vll1 I:\e,'(t 141ft !\t the 01'14 ,.r • 8 t T8n dlettl,noo. Or oon~ 

".rul.1, w. Ot\n oOhWuto hOw muoh 1I1QJ\!\1 v. vlll tlr:\'f'O to .ttI,rt out vlth Jr vo 

reqlllro !\ 8hfn tUIIOunt t or 8004 rOOfPUon MroO{l t htt. t <1l11~nOI. 

Thl~ tormu~ v111 bt ,hown on ~ ,lido. 

, 
• (Nor'f.l. In lJub«loQuol'l ti ftlll*'l'tlllOoCi o r t.hln ell~tlon, pl040t 

8ubObHu"'0 elfJQ $al.n Ono l DoU\ Two] tor I]lna') 

Tho unknown, lIt, 01'1 "'ho ldtt, 18 t ho poVtH" or I. tlo I.I'(\Oftm1t;~r n o\.l\tod in 

""ttl. Th, ,I'tt'lt Or tllG tel'II\iJ on hot'!8 ht vj11 bu ItXpl01I'\Gd (to v& 80 1'1.101'\8. At 

Moh iltlP Vo vlU l'dl'llMO bill) 0l"1li wHh t.~ !.'IJ')Pl"O )U"lltto nUtn(l l'l Ot\l fJt;,}tolllGnt until 

ve OM tWl! t hll lUI 1>,1 pll\.ln nrHhmotla ttnd. Soli our unknovn I.rt\ntlralt.t.)r fIO\lor. 

POl'hn.p" \olio bOdt pl.;:\oe to ot4.\rli h (l.1i lihe ooeL Tho a O'f'or I'f "tIIl'W11 tor 

tho Q 1SM1~ to~N oho roUo. Thll wJll be about t.ho .tUI'l. t or t\n3 OOIllll\ln.l~Uono ./" 

liI,1fttolft wo Ofl,t'O 0 ttnIer'l, 10 lotl ' lJ ~'lct IM("U or ll. th'U. 

Nol .. 18 t he bW3!.\boo ot oomunJ.Ctll.lOr\4, I nt.clI'f.r(ll'loG tl. 1ft ot.ho r It.t\tJonO 

1111(\ ,1un plAin ro.ndOal noll. nro t.vo Or ho J=pol't.t\n rf\Qtor l t.hU ltmt t the unet\ll 

I ~ l . it o,t (i l\y l'tull0 (I~ \d.plllol) n!), No lae OOIM~ or two b"oJo 01\1,1.0. , M t.u.ral lionel /' 

II't\r'lRlMdo. 

hnn tho, t\(\ve nbou !) 1'(\410, muoh ~OOMr, ltaootd o(\! lTI!I. ohlner1, 41tlthet'1I\Y fQ.ulp~ 

ore. tina noloe . • 

Noh. ln IIprt,CO 18 t\U on. W'el. There 1e eld..q no tOlt, rtut 41000"01'00.. '0, 1 
Dr. Jnn.Q tn 1933, anet .t no. t.hon eX,pt\nttod Int.o t.h., IItUI,\,J or l'Ittlo ut.l'OnOIl\1. 

A-jlO.olll. t.o '06.. tl 10 t: ot dM'1( • td.l'O t.hI1 t mtt tl\ t.e nullo V(\ Voll of one t~IlUflt\01 or 

" not.hor~ Thl. not"e to not at ft hlSh 1 ..... 1 end tho /Jpctotrum t. npott.r end tt1e~ /' 

oont lnu.ou. 10 t.hnt (l oon"enlont hol.e can '00 uud tor I pn. oe n'ldlo , Tho 'ooOnt\ t.J']l0 2 . 
o r ~onllllo oohll I. th.l~l nOl8e , lIol.ru' n.~tt!!}l t hl"Oll8hout U\(I 19'11l.XJ' l'll"Odu.otl. 

!Mr tt\o\t rndln."'o. 1l1t)1'I6 (I, oont,lnuou/J npeot.l'ulII. Tille ll\diAblon 10 or 14~ 

~l1tudo 1l0l'OU w1(\0 btl.ndft tlnd HID tl~-t\lI\Plltude ourv. le non-reout'\'nntl. tn ,. _., .. 

• 

other VOrdl , it .I., JUlt :plALll) noll1o, dlttel',t"8 fl-om Sl'uq noloe 1n I.hnt the lAttor , 

d.o .. ha". deftr'\! t. 1'!lttlfltlon rrequenc18I, Tho hlt'd type or oOa ml o 1\0110 h -
(more ) I 
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anonnlol18 solar radiat10n vhich_c.omea....trom Sol.. end tends. to clso 0.0:1 tal),. .w1th - - . -
the sun-spot cycle . --. _.- . 

Now, the slgne.!-to-nolee retia must alvnye be greater then unit,.. In teet, 

a one-to-one eigool - to-no1ee mUo Ie a oompletely hopelesa signal to read. A 

ten-to-ona ratIo provides better intelligibllity, but even here the random nolae 

peaks eM f'requently co1nc!.ce "<11th earr.e difficult sound of the voice and cut IS. 

hole in the flov at 1ntelligonce. 

51gnel-to-nola9 ratio also dopendA upon tbe Indbldunl listening. the 

person ta1k1ne, and the 1Dr:>ortence at the message. A fine eytuphony can be ruined. 

by a noiSe factor that might be considered only a petty annoyance. to a !CBn whose 

life depended upon listening cnrefully. 

The voice of the speaker baa a l ot to do 'Ill th dec1d1ng upon an acceptable 

elgnal-to-nolee level. Same voices seem to cut through a nolee l evel when others 

a re blanketed. This haa to do wIth enunciat1on, voice pitch, and t he rapidity 

with vhich the words are articulated. 

The hearing abilIty of the listener Is o.nothsr important fector. Some 

people ere extremely sensitive to bursts ot noise vhi ch tend to cut into their 

concentration level end cause them to ndee some of e message. Other people can 
• 

listen to 8 conversation throuah a rathor heavy noise level end n ot miss 8 sylleble. 

Theee are tho reasons vbt the eignal-to-noiso tactor is oxpressed 88 a 

f'rocti on and not a generalJ..y accepted constant. 

HoveTer we know tbe.t our expeditionary party on the moon Is important. 

Let'a take a m1xture of one part nolse to one hundred porte signal nnd enter the 

figures in our equatIon. This equation nov becomes: 

(1) Pt : 

(2) 

BIB2 BL2 F S 
40 x f2? x (it) <T (ii) 

F 100 H<T= 
K 1 

The next term 10 the equation is the Greek w:nll lotter Sigma , end Tepze

senta a sort of safety f actor. It stnMs for tho probabU1 5 
The atmospheric conditione we experience here on earth cause alternate relnforce

I:I9nt or cancelJetion of radio waves, deponding upon varying conditione of the 

ionosphero. Shifting of tho ionized. layere aa the earth rotateB to brIne a nov 

area into the sunlight reston Is known to create conditions where a s ignal my tnk", 

two pat.h8 in Its course tl'ODl transm1 tter to receiver. One course J:!ll.L...rolnforce the . . -----
eigna~_w~ile another ~:r_ca~ canoe!;t.atlon _o~_the el8Dt!t. The result i8 fo.dlna, 

(",,..) 
• 

• 
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end a.IIlone vho baa eTor listened to the ahort-vaT8 heM" vill understand hoy this 

Itrengthen1ng and lo"03kening ot the 818Ml caD aftoot com"!!lnice.tlons . 

We do no'\; exp·~t tc". l~ ftllj- 8UCh 00001 tiona 1n epa!;", but there III'lJ' be 

COM J tiona of the J.:-t: S.1' d. ":::..·)':;:!:.(n e the. twill aff'oot the e1gD91 strength a8 we aIm. 

our radio at th~ mco~. 

T!le s1gonl-to-nd'lc mUo III£jntloned prodouelJ' 18 baaed upon tho minimum 

reQ.ulru.ont8j if fCT a ny Tea.::on t ho e18Ml 1e attenuo.ted along the way, thia 1089 

lIUlat be mde up at the t:ra:n~d tter. We do no t C8re hoy etrone t he aigna l 10 ao 

long 8.e it never ralio bolcw the r~cel~able level. 
, 

I believo that a tadins facto::- of ten should be adequate to COVer eJV , 

contingency. In thie I confess a lack of ezperlence ani data. until eomeon& 

succeeds in establishing a radio receiving statIon In apace, at which the signal 

strengths CAD be measured. vi th accuracy, no 000 caD do more than hazard. a guess . 

But a figure ot ten- to -one in signe l strength vnriation due to upper at:Dospherl0 

conditions 18 a rather pessimistio opinion. 

So we vill replace the letter Slgm with t he numerIcal ten , to stand tor 

a ten-to-one safety factor AgaInst tading. 

Our equatIon at present reads: 

(2) 
B

l
:8

2 
BL2 

Pt: 40 x t2r4 
F 100 

x(-) 0'( ) 
K 1 

F 
H 
K 

The torogotna terms are l1kely to rA!T'f\in about the sema no mttor wbat 

torm of radio comrrnm1catlon We use. This is v~ we disposed ot them first. But 

now is the time to discuss the spectrum whicb vi11 be used In space radio. 

I have mentioned. that tho atmosphere becomes ree.sombly transparent to the 

microwave banis . ~ microvave fl'equencies 11e between ap.Pl'O.I:1ma~e~ one t_¥Uaa.J!l 

And thirty thC)llMnd megaOycles . They are celled miCrowaVOB becauso their wave-

le~th is oxtremel1 ehort. So ahort, in fact, that it i8 far oosier to -'l!o!I.sure 

the wavelength then it 1e to measure the radio frequency. 

Those m.1crovavea are used in the several radar sY8teme . Therefore equip-

ment bas alree.d;:r been deeigned for their efficient use. We bave had quite a bit 

I 

I 

, , 

I 

I 

I 
i 
I 

of e.xperience wIth micrc'ol6Ve8 so that 'We oen predict their perfo:nre.nce vith a good. I 

degl e8 of acouraoy. Microwaves are also excellent carrier waves tor our space ...... - ! 
ra61 0 becaWle they are 8417 to confine in a tight be .. m using antenna arraye of a 

(more) 
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conyenient a1t.e. Such ret1.8ctore can be hand.led wIth ease either on tbe earth, on 

the moon, or in space. 

the nd 1 IS tlon and_ tho area of the antenna army. The wider the reflector I the _. __ .... __ .. _.-
Ml'I'OVer the bEFm vill be tor a given wavelength. Thie oon be givon aPP1'Oxl.mtel.1 

by a fairly 81.mpla tOl"+llB: 

The angle of dlepere10n In degrees Ie equal to au point 8eVen timee the / 

-wavelensth, divided by the width or the antenna. 

Tho aoloct1on of a m1orow:rn bend can be ,luot1tled b1 thie tOliiil)e. alone. 

A au-toot roflector, ua1ns threo centimeter microwaves will produce a beam about 

one degree 1n 8ptB04. Binee the moon subtend8 an arc of a half' dpgreo, our beam 
o ore than 

.111 t o'f'ep/tho t ace of the moon it ve use three cent1nloter mieroW3Tea and a 81x-
• 

toot parabol1c rof1ector. 

The queetion vi ll arise 8 S to vlU" Ye permit the beam to splaeh out 801"068 

vaeta epe.co. Why not use a fitty-toot reflector, e1.m1lnr to· the radio telescope 

dovn at the Naval ReeOG.rch Laborotol"1? Thie Job 111 rUt,. t'oot in diameter, m:nmted 

on gyltib&la, and Is used in the atm',. at' radio I!I.stronouu. Such a reflec tor vould 

be extromel1 officient, producing a boom at' throe cent1motor waves leoa than 0 .1, 

degrees 10 spread. Hovever, I have selected the eix-t'oot llBrabol1c dieh because 

.... e can produce them in mase nM we have. J'u.rtheliJK)l'O, the bencU1ca at' a six-foot 

metal dieh mkos lees at' a JlBjor projoct. A t'1fty-t'oot epinner in epace would bs 

quite a job, not f or the hand.l.ins uMer tree-t'all cond1tIons, but the job of tak1ne: 

it aboard the epacecre..tt in eoghmts and then putting tho eegmente back tosethEr 

Again once the ehip was in spaco. AIBO the bts dish wou ld bo.ve to be dios.,eemhled 

bet'ore tho land1ne: on the moon, end then might glvo SOlD9 trouble during the eta,. 

there . It eeen:e to me that the boys vould spend more t1mo taking the big dish 

apart and putting it tosother agAin than they woul.d In using It for 81)e.ce 

c oDtmml catlons • 

A lUsh at' that size, even I18de at' a perforated type at constructIon, add" 

quite a bIt at lIBee to the pay load of the ahip. On the other hanel, l!I. su-toot 

d.1sc at' aluminum can be carried vith BElae by one 1!'fID. 

Vi thout a doubt, the big l'fI.dhto18 vill be built atter splce tnvel be-
• 

COllIeS a r ogular thine. But tor the present and some timo to corae the BlIBl1er 

pe..rabolic d.ieh V1U be emple . 

I alao vleh to point out tlBt having a tight beam, one at 1088 then 0 .15 / 

degreee, pl'Ov1dee the operator with quite a bIt of trouble. In receh1ne:, ae the 

(moro) • 

• 



• 

• 

RADIO CQMoMfICATIOIf ACRCGS SPACE P_7 

tut)--toot d.1eh 18 u.sed exoluebalJ", the operator oeD turn hi. antenm to the dlreo-

tlon that aotna)],. sbes him the etrongeet 8lgnel. But 10. tra,nemJ ttil'lg, all the 

operator can de 111 point his anteOM em hope that the boom he 11 pour11l8 out 1. 

hitt1n6 the right epot. A re~.back 100l' tram the roo.,lver oould probablJ ba oon- ~ 

atruo'tc!l, but this Btrikea me aa oClLilpllcating a almpb prosro.m Ju.et for the beootlt 

ot using a 1:1)1'0 officient an~. I ('.tiD ea8113 imagine a :pair of' oporatore spend-

tor sett1ng a messaee aeroea. 

Aoooptine a dx-toot paraboile dish for our antenna IU'l'6J' bOC8.UBO of con

venienoe, avallabllit.y end oOlnpxu:1iao, and ua1ns this wIth three oont1moter micro-

waves proddos u.s wi tb G fair berua l3})rood and also the tolerance neoe8Dtlry to 

point the bs'm and bo certain tho.t tho sp:-ead is cover1na: the target. 

',Ie might oonsider Mnre tor II. mMeo.t. It seeM 1061001 to oak, ''\Ih;J eprs.;r 

the solar 81s tom with 6. oDe-tiesroe boom lIhen ~lara 18 only a tl~. epotr" I wtab to 

point out that ~ roe1 tight boom a,1med at Mare m!let not be aimed at Hare. Wit sse 

Mars vhere it vae a fev minutes prltvioualy. Our tight bG(UI. ",let bit ahell vhere 

Mars vl11 bit ..,hGn tho beam o.rrivos. It seeme better to tab th& apread and be 

certaIn of our results. 

Three oent1JDeter m1orovavoe haTe been ee:'eoted becauee ot the aV8ilob1l1~ 

of equipment. Waveguide ro~ three cont1moter m1cro'Wl!lves bee been built for the -- --- --- -- ---- -
~st sev~ral yoars. Tho duplox1ns e.esombl,y which porm1ta the use ot the 8Q.me an-

tonna for transm1.tt1ns and r oco1vins enn be bought f"rom s8voral sources. Micro-

vnve reoltiVora aa ve:..! a.a tranam1 ttore exist. We neod onlJ' bu;y a eurplu8 'X-Band' 

Radar equipmont "nd conver~ i t to c0l!l!!llm1cationa uao and our system 18 eet up aDd 

road,)' to go to vork. 

We might gain an advantage by so1.ns to a shorter vovelell6tb, but Ve find 

that ve &.1'It steppins oloeo to .the donser point. Wator vnpor hne a roaoMooe ah.ool'-

tiOD band. at 1.3 cent1JDetor8, and oxygen baa rosonanca band. at 0., eM O.~ cent.1- .".

meters. Thoae absorption banda a.re charaoterietic ot tho atomio speotrua, whioh In 

the resion of T1a1ble light px'Oduoe the I're.unhoter Linea. 

Let's re"'in with three oent1metere. It Is a oonvenient figure and I like 

it. • • 

-lfov, three cent1metere oOl'leapo,nds to a frequency of ten tbouoond mesr,oyolee -= 
The enell letter t in the to:mula represent. the tlOquo~, vbioh lIIlat be squared. 

This C,4I"8 out to ten to the oighth pover. 

(1b01O> 
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And the .",,11 letter r etanch tar the radius ot the pare.bol1c reflector 1n 
, 

teet. It is ra18ed to the tourth pover becauae ve b5Te tvo lIi!Ular reflectors I one 

at e1ther end. The sain in PO"S:" 1B rough1r propo::-tic·;lal to tlle square ot tile arMl 

ot the reflector dish vhethar the antenna 1e to be used. tor tranamieeion or recep-

t1on. It we vere to use d1Bhes ot ditterent a1:r.ee l tho :radius ot Moch l!D.lat apJ:e6r l 

aquarod, as: Rt2 t·!;ncIs ps21 but aince ve are U3!:lS the IOamtl aited dlah, we can 

lump theae tva !'a ~t.(\:'!i hto one 8nd call 1t R tc 'the f ourth power. The radius ot 

our retlectors 1e ~h~8 t "et. Three to the t ourtt puwer 18 eighty-one. 

WOe nov add. t!l~ abov~ t!gure to our &1Ua :;! on: 

Pt 
B " .-. = _ ....... z z 10 z 

1.0 

Pt • 

100 
( 1 ) 

Ravine decided I:.yon a frequency I 1 t 18 noy proper to diacuaa another ao\U"C'''! 

• 
of noise I and .... be.t loiS ":J\n do about it. This 1a the noi8e generated in the receiv!."lS' -:;....--

• 

equipment i taelt. 

The tloy at electt'\:lOs alor.g a ylrel through a l"'eaiatorl or their emission 

!"~'(lto a tube cathode ia nover 6lIJ)Qth and even. The energies in this electron floy 

t olioy Maxvell' a Law ot Ra:ldom Distribution ot denal tlea and eoorgiea and. mot.1ona. 

I h&ve heard a :rather quietI sincere prote8aor atate that the tloy at electrona i8 

aa smooth as dumping ft load ot 80tt coal into an empty cellar. 

Eleotrons vibrate all the time. They V'ibrate taeter when heat eDllrgJ' is 

introduced. The cathode mI.let be hot betore the electrone 101111 emit. CUllent 

paning throue:h a reaiator producea bee.t. Theretol"& there 1s alll!lJ'8 a loy level 

:racket golng on right in t.!le :receiver 1 tselt. 

Th1s 1a kro·.'n :\~ ~j; -"I!.l no1a~ and it you will I""~('IU t.,., hNtrttelt 

expreeaion~ 1 t 19 a e.a... •••. , . .l ll\:.!.to..':\Ce. 

Tb81'!:P.l no!"e ,.. c. ::'r oJ -r'.llu"·ed wi th accUl\l.Cy. ~"'c.e tiguroa include Bolt:- / 

!II!Uln'a conate.nt~ the t.J1;I,iel'\!ltllt'e at the dl!nice under c0l:.81de:rat1on, and. the bend

v:1:1th at the Uaten1ng f'J1I,,;ll1f''!er. The resultina figure 1s a t.ohe output stated 

1n Wltte. This theru:al noiBe level 115 the theoret1cal l1t1it ot the 8ena it1T1'tJ 

tor ~ amp11fying equi~nt. 

Radlo eQ.uipment tor a good !!POJ' yeare M8 been aene1t1ve almoat dom to the 

theoretical l1m:1t. In tbe broadcast b&nd we can design a receiver with ft nolee 

fIgure ot muit not more than t\lO or three. In the abort-llave be.nda our equ1pment 

10ae8 1 tIS ett1c1eno,. and the tlgure beg1ns to creep up. In the mlCro\8T8 l"e6ion~ 

• 
• 

• 
"----_. - " 
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the inherent nol •• In the o0n81tlyo element. or t he reoelyor rle •• to 8 ratber 4.10 -

tree.ins tlaure. Bome Iqulpmont, h8.1 b.,n d •• lgnod wIth nol •• f18ur81 al low •• 

40, but the senerft.l J"\U\ or tho IIl1U toDd, to b. hIgher tbM thh. 

b,lns 100. 

Thl. tJalU'e of m.,rit 80" In tM 111800 or bhG oftplt:Gl ,. 

( 4) 
D1II2 BL2 Pt • 1. & X 

40 81'''108 

Nov, one Wlt,1 

Tbh 11 "Iv "I 0014011 ootioe nol01 lon18 In our home reo, here • Out IIh oam.pu -

ta't1on we are JOO.k1.ng 18 to dorln the IIl1n1U1W1l roqulred }lovor st our trnntJlIl1tlt,r. 

Then 61l1th11l8 We OM produoe BhoYt tbh min1mum w111 be St'ftYJ. 

Anot.tt.r Vft:I \0 liok t.bo 11011, llroblom 10 to ue. (I 111011-0 o r t.nuu,lDleolon 11M 

reoopt1on that I, Inh,,"ntll 10l1li lubJoot to nOleo. 

Nola. 18 ot random Mturo 1104. InTarlAbl1 omplJt.u4e lIIOdu..l.8led. Thorofore 

tho old-taohloned broadoalt bend with a.mpl1t.udv taOdulllU on 11 about tuI t\CIlal 11. Ve 

can SIt, Ampl1tude Md\l.l.l\Uon halt tor a nollJo - lmvl'OYo-.,nt (so tar tho r18\U'9 unlt;,y. 

That ~ould roplAoe the faotor J: below tho 11ne undor our r(lOeher t1Qure ot morlt 

term r. 

For tr&Quonoy modulation, ~h1 o h ovor,bod1 know. 18 1."~ n~bJoot to nolae 

thBn am;11t~d& modulation, wo have a no1na Improvomont fnotor K tl~t onn be oom~ 

l'~tod trom the e,y8tem OOMtottntG • 

to three tllllM the "ClUllrO at th.e ratIo botwoon thd oorrlo r troQUltM1 dlt.-hUon "n4 

the IDld."· JIlOdulAtlon mQuen01. 9 1110e Intell1alb18 lpeeoh roQuh'e. IJ, III.1n1""uI or -~

tho thoueand 010leo per IOOOn4,!lnd Ii carrior doYlation or one hurldJ.'ed tUN 1o\e,. 

10 an eUlo1ent f'1sure 

En~re4 1n thfl 

(,) 

(6) 

t or ,. M. tnmoml .. lon, our t1S\lrO ~ beoO..,' l QOO. 

eQUfttlon, ~. nov haTe I 

Pt • D1H2 x BL2 

8J)C106 • 0 ',0 
D1D2 llL2 

Pt 0 40 x 61S 108 x 
0 

~ .oo:IL2 
Pt: 40 - x B x 

illxl0 

(",ro) 

• 

(100) 
T x 10 x (100) 

T 

100 (~) (1~00 ) x 10 x 

) • 10. (022) 
1 

I 

, 
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I have alec entered the bandvldth figure B aa riTe thouaand c:1cl.e. beoauae 

we will want to neelY., eTer)"tb1ns that Ie be1n6 transmitted, but 108e DOtb1Dg. 

Therefore the recaher bandvldtll Jl!ust be equal to the tre.n.emi tter bacdvldth. 

As we vell know, nothinc ,...,0 "'Yer be put tosether to work perf'ect~. There

tore are the tva factors Beta ~ end Beta Two. Theee represent the IOl!l8ee we will 
• 

experience In com:t.eet1ne our trenem1t~r to the antenpe t.hrou8h a wave gu14e, Beta 

One; and the return 108a8' caused b7 connecttne our r eceh1ng anteoDIII to the re

ceiver i nput t hrough., 81m1lar 'WSvegui4e, Beta Tvo. I've beeD forced to accept a 

lou of two to one In ae.ch caee. It 80"]008 deplorable to throw a~ fitt,' per cent 

ot our radio f'requeccl power before it eveD gete out ot tbe &ntenl"lA, but theee are 

the condlt1OIl8 that prevail. Conalderi.nS that a locomotln 18 lese tlwtn ten per 

cent efficient and that the gasoline engine 18 leea then twenty-five, ve can el) be 
• 

Sled that enel"8J' and poVer are cheap eM plentifUl. 

Our equation now becomes: 

'1'2 , 005L2 100 100 
Pt • % .:.::.=:" % % 10 % '7-'-

40 81%] 08 1200 1 

( 8) Pt • .OQ5L2 100 % l Ox 100 
% 81x1 0 8 % 1200 1 

There is one more term.. L1lte all the rest of t he tel_ that work aEP"1.nat 

UII, this one 11es aboTe the Une, and it is the distance betveen here am the moon, 

stated in statute miles. 

:rurtbeliiKlre thia figure 18 squared. 

I have boen ask&d repe8te~)l whether or not a beand aignsl a voide the --:;:::/ 

rasHation loas ot the inTerN aquare lav. I wish it did. It doea not. On the 

• tace ot it, it l ooks logical to aesume tha.t there will be lees 10ee vhen the e lgnel 

i8 cre"" !d. into e. tight CODe then there will be it the aignel is permitted to red1-

ate wide open. The unf'ortlloste part ot it ie thI!lt no signal esn ever b& confined 

into a perfectly co1l1uated ben. The tozltiilJa for beam dieperaion, if' reduced to 

the final abaurd.1t1, ahoV8 that tor a perf'&etl;r coll1m!!.ted beam, tha anteD" ",l.t 

be int1n1telJ' vide. 

So no DI!ltter how much we d.isl1lre to take this 1088 va ",,'at accept it. 

The diatsnca !'zoom the earth to the moon 18 two hundred arx1 th1rt1-e1ght 

thOUMnd miles. Squared and inserted in our formula thi8 pz'Oduce8 a figure of' 

56.1 t1mes ten to the ninth power. 

}fow va can put this lat ot f1gurel on the caloulating DIlchiDe enS the 

anawer can be derived.. 

("",..) 

, 
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RADIO cotf.tUNIO.lTIClt ACRCSS SPACK Paee II 

The m1nhlllm required. poyer output 

earth and the moon Ie: 

to lUO.lde c""' lim1 catlon between the 

( 8) Pt • 2l;2x~xl.Ol2 x10% 100 
40 81x1 0 1200 1 

(9) Pt 2%2 % '005 x ~% 109 x x 10 % 100 -- 40 8lxi 1 

(10) Pt • 0 . 291 'Watts 

Maybe we'd better move our e;cpe31tlon out to Mare eo that I can say eOlll!

thins sen e stlonalT 

Two hundred end ninety-one miWwatts 1.8 about the power used In a three-

cell flashlight. 

At this point I should like to laJ' a gkJst. 

Time and again someone has suggested the use of blinker lamps or helio

graph for interplAnetary OOli! ililTlicationa. I vould. like to see how far 8n;yone can 

set with a three-cell flashlight w1nk1ng the tJdns at the ear th frotA the Crater 

Plato. Or converaelJ, flaehlns the seme at Plato fl-om White Se.n:ls. 

Yet if the seme form1l'a i8 used tor th& frequencies for visible light it 

Should come out the s-me. The trouble is that the factors are different, and IDOst 

of tbem doleterious. The Slc1e8 provide 8 veTI hIgh noise level, 11' you can thick 

of l.od1acal light and the l 1lner brightness in tems of a noiee threshold. The 

bandwidth at the visible spectrum Is e..J:presse4 in a fantastic figure In mosecycles. 

Ha~e and overcast raiSe8 our satet;r - factor Dumber, and the hUJII!.n eye, when dark-

adapted, is troubled by interna l lights which are of the same order ae therua1 

noise • 

HOWever, three centImeter microwaves Min :pass through an overcast sQ. We 

bave 8. tormula tor appro%1zret1ns this, too. It hal!! to do with ten timee the rain-

tall in inches over the past tventy-four hours 41 vided by the square ot the wave

length. (This, admittedly, Ie crude.) 

In fact, sbout the o~ thing that my chaQ3:e communications a., ve know it 

will be t1me lag. The moon is two point .,ix MCoode away t or the round. trip . This 

means that two point .,1:1. seconds must elapse between question and answer. I have 

prepared a phonograph record the. t d.emonstre. tee the tollovins factors in earth-moon 

CO!!'7l!lmi ca tlons: 

1. The tll1118 las. Here the recordins 18 made to s1mn)ete the earth8ide 

etation. Our operator can reply 815 soon ae he bears the other end. 

2. The noise level ot our receinr ,,1\h no s1gnal 

(more) 

• 
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ail" and. baot ¢.OVll .... In. Suoh abatlt. oanaot be bandJ..s. b.r tel,t.7P1 or .OJ of the 

Ilover to:w ot tnn·ehlloa. I baH • t..J.ID1 that. t.be orbItal .t..Uon 1'1.4010 
• 

oentet" 1e co1n8 to be load .• tv.n~tour houri ''''17 dar WIth requ .. te tor Intoralil. 

tlcm about 0"' tic o0ll41t1on1 oT'lr sa.11, requa.tII to relll3 .uoh Mel. .uoh to 

Alu., ,nA 1nto~t1OQ Ind l"Ipl)- 'nd 10 on. VotOI racUo 11 the Wi'll tor thll. 

And, ot OO'lU"eI, ..... ott. IpI.Olon.t't rille. out to the 1tt\t11X1. leftl It will 
, 

SO on ehort-ruce n.4.10, 1"0101 mA",·ted, wMl. the 'hip 11 _t.oh1~ Telool~, 

oow •• , eM orbit with t.be .tatlon. The pioture 1n the en4.-PftPG" ot the 'book 

IA-croa. the 91*01 h'Or.l.w'er' abo..,. the arrht.l ot • rocket, the orb! tal at8. ticn, the 

Sino, 1\ 11 .1rtuall,r lqolllbl, to handle a tour-OIl!" l"'Owbont witbout a lot or 

abatter, the ehort-re.l'I61 :radio t. so1ns to bo • busy ohnnnelo 

The ablp-to",bip OOPl!lllntoationo In floot oJ~l't\ tlona w111 'be OOI\l.\\lo to4. 1n 

'10101. Radio equilwnt like the OW:l~Dt hIll3d.1-t41k1 U",t vaiShl t\bout olSht l).')\, ,\"'toI 

, 

"Ul "lfe a4a1l"tlbl,y. I ban u.e4 euoh oqulJIMnt oYer fL dlot6noo or .e~rt\l 1111. : , .... "', .... 

",I'd I ,..1 that in ti .. • paoe tho 'l'6.r\88 adght be ex~M.ed DO!M ... hlt. Th10 ehould 

'0."1 ndeqlate. A tlMt ot three epll.oeore.tt beftdins tor the 1IlOOn should 1\01"01' sat 

.10 the triok. 

This 11"'" equipmtnt will 6160 be inoluded {UI ott\ndL\N. ror 1\11 opn.OQ au.1ta . 

Two men ou.t in .paoe on the hull ot a ohip will be ue11\Q "\loh 1'11d10 QT'Gn thougb 

tNt uo .taM.:t:ns onl1 • tew feet IqItlrt. The use ot oo.ble. Md pluS coMeot!oM 

tor olole-quarter opero.Uona hal been euggtl.tad, but I ormnot II" wh1 " Ol\blo-roel 

we1ah1ns a halt 40len poundl, plUI the MSQ' tMslo ot "'1roll, , VO\\l.d ,tu.t1!'1 1taoU, , 

llpeolall¥ "hen the .uit lIIUlt hn.,.. re.tUo sear ~\fttJ'. 

Lens re.nse .hlp-to-.hip 11 another thins tM,t I Ol\nnot Ju.t1!'1. I tl\1l to '/ 

••• vbt it eboll1d be neoe'l617 tor a ahlp en route to Venue to Bot 1n touoh w1th / 

~ t 11 to rel.~ the meu"g' troa .hip to earth to .hlp'. It voIJ14 be f't\r MeiDl' be .. .. '~-- .. , ' - _. . . -.. 

I 
I 
I 

I 
• 

, 

, 
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, 
• 

• 

OIlUile the ee.rt.hlllde .tation will bo keeping ita tu\tonnn. trt\lnod on both .hip. all j..:.( ,;...i, ( 

the time, wbereae it m1&ht be diffioult tor one Ihlp in .pt\oo to ftl'll o.n t\.l\tel\M at 

MOtbar .hill in apaoe. J'urthelmot~, the eeoond ahi», not knovins that tho tll'1t ..,/ 
, 

t.nted to 0811, VO\Il.4. not bin., itl! reoelling antenna trained on. the tir,t. 

I baTe not mentioned tre.nllltore in th1e td);: beoause the ule ot tnmllltOI1l 

11 • tol 5SOF. oonoluaioa.. Tl"anli,toH ... ill be \lIed vbeMTtlr tho1 till the bill tor 
, 

two rsUonli. One of the r .. ,ONI 11 tho mtter or pover l"Gquiromente. 'rrnnd,tore 
• 

" , 
• • 

, 
, 
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t1J'1"~ I1P " l ot lou pow8r t Mn "OUWI Wbe.. 'l'IIIol .... 118httor OM " .... l)"r. 01no. / 

~""Mlo tar, n b. "",do ta do .lmoot onrth1"11 tllat • " OUWI tub. Mn dO, Mturoll1 

v. v111 uo. t hom. Uowo,.r, tho h08'1-duty po •• r tronol.tor 110 •• tl11 1n tho tuturo, 

. ... 

pow r. • 

110 ' 0 0,,,, ouea •• tlon to ""'''''' to t llll d.oHI18'lOto ot apaoo ,1:11 tlono .114 opao.

o",tt . TV vouJd. bo.," tJlt>t bO~ 1I 00110010 IlII" lnoluM~ ._ . ort ot oo)"r hoot 

god/l"t f Or .,.tom pow • .!' . t llll 1IItl'·Our.Y bollor "otto .. , IIII.tM bl n mirror trom tho 

gUll, MI boon limon 1n oo.otully 11\ ellll book 'AOtOU t llll (Jpoo. II'rontlor, ' but 

tronlclr I M'" d bottor OUIlllOO tl1.on , .TWIt torgot tllll mirror oM l'UJI your morouq 

tbrougb 8 Mot oxoMngor 100t\to~ 111 ellll rMl0 oqul)l11<!lIt on~ dO both Jobo .t ono., 

o thru oOll t;tJil§tor Ill!IBMtron In • %'IiMr oqulp.ont doll.or. both. vo11op ot pa vor 

.1Id onoveh bo~ b La V01'lll • tOlll'-roam bOWlO, X thlnJc: tMt tM bIg pl'ob)"m 1. tc go" 

,'ld ot ,til<! h!l'~ l MIAlM of o(JlJ,oo~~ "8 ..,,,. or 1t trOll! G01 , 

AM ~o 1n uOtlOlull1on, VO oan tulb_ tint 1'00110 ."",..",leo blon v111 not riM 

t ho llOtl'onoml061 d1otllrlO.8 M 1MurQMMbl.o bnrr1lfr, !1M vo Mod not on.l.1on 0 

mono l'O~8 llli1tollition pour1n8 1Il1lJ.1OtlO or ~lo ... tto 1nto t ho 01<3, W,, "on to lt<> -
~rM. l n o"t lng tllllb t ho 1fItorp)"notllrl notv",.k oou14 bo DOt up 1lOOlI7 1r Vo ,,,,4 

._OM !It thtl othllt' aM to roooh. til<! D1gmJ .. , • • 

X !lUO I",,,,, l.ltt)" dOubt that by tllll t\Jno v. got ._.M out t h"". ta r o-

001vo r.dM lM8MB". ' 1:1", o"b ot oOtll/ttUl\lo. tl0n0 vl11 Mv. to""', .not hor . top 

t orwdrd lind. tMM odr"tully ""0,, OUOOOlltlono will M •• b.OOlIltj Oboo)" to, 

- 30 -

• 

080rgo O. 0,111 t il 111\0 boon 1i0 tho ln 1'0410 0118""'0"ln8 ror 18 l OI\r., 111. OXporlOII(). 
oovor. till pllli ••• or tho do.le" tiM d,' oloJ'l!l>O"t or hOlM r!ldto tiM .uta,noh1l. "0-
oolvo"o M vo11 dO pOOMal'!lph !ltld to)"vlO1on oqull"'Ont . llu" ll1(j t ho v.r y""ro, . 
!Ar. Olllltb work6(\ on tlevorfil prO ject., i noluding tho p~ox1!1tl ty fllOO , ,'O(\tlt', .114 
tlUbllllir1M r1ttttlotlne gonr, lJo Wag tllip01ntod Ohlor OOlnpotlMtu J!:ngl"oor or 1,l1li 
EIMt'tlon l1nd.1o ,. PborlOll1'fiph Oot'ptll'tl.t:1on lJ1 Apr1l, 19,1 . 

Mr. Omitli '. dUOUilglOf1 ot tho l1tob1.6 ... ot 1ntttrplonotory cO_tlleablon oro t ho 
rtloul.t ot OOUlbJ,rlbll. pr6fIl •• l oMl exporl.no. aM jIor oOrldl 1nC.ro.t OM " tudy orth. 
00n41t10no VO oxpoot to 1'6.1100 1n tl»fico tray.l. 
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