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LONG v~ R DI TI O OF E 1 L oar 1 

by 
rot Reber 

e ark of K. G. J ans ky 

During the sum r of 1931 K. G. J a ns ky of t he Bell Tel phon 

Laboratori es constructea equiom nt f or t he i nv esti gati on o f the 
1 . 

d i r ction of arriv 1 of static . T .is ap paratus op rated ~ t aI 

. e1ength of 14 . 6 met re . I t c onsisted of a dir c t i ve antenna 

t 0 avel ng t ns Ion by one quarter avele llgth hi g ith an 

aeee tanee pa t t e rn as s~own i n fi g . 1 . f e ding ner y into a r ceive 

i n ampli i er and t i to are rder . ne 00 b1e 11 gi e t t l 

plan f t ant e a . 

I.. 
hor zan tal vertic 

'It 
Fi re 1 . 

h norizontal pa t t rn is giv n in r ! rence 1 . Th verti c 

t . 3 , 4 pa t t e r n as c ompu t 0 by ea ns of 0110 in e q a ti on 

- cos ( 1(12 ( f c os s TI co 
2 s (1 ) f = 1 

re s is angle DOV ho r izon an nod l. f i d::>' 6 to i nclude grou d 

r fl ct 0 . The dotted l in s a r e d rawn alon p'= ff f max and 

r p r s nt f a i r l y a c cu ra t el y the e oui va lent acc eptan ce an g1 s , Q & ~ . 

is ' i re c t iona 1 antenna ' ot t d in a hor i zont al plane once 

e ry 2 minutes . .en no terrestrial static as p resent smal l 

r siduals a pp ar d 7 ,d . Th t a f nd ~ental 1 rms r e sho n 1n fig . 2 . 

/ 

1 re 2 . 



Fig . 2a O <.. C U I S en t anten a s e ps a l on tLe plan 0 t . 

ilky way , f ig . 2 oc curs Wien i t swee ps c ross th plan of the 

ga lacti c s yst In the latt r case the ma jo r rna i mu m occur wnen 

point ing to a r d the region of Sa git t rius R.. l 8hr s 10 min and 

~ c linat ion - 10 degrees . he min or maximum occurs hen poin ting 

toward the galacti c r i m. he t 0 minimums occur when r ce i v i ng 
• 

f rom the galactic poles . hese types of curves appear approximatel y 

6 hours a art - nd ra ually merge into one a not er betw en . he 

ordinates of fig . 2 a e in DB a uov 1 cro oltfmete r f~l Locycle 

Dana io t T is oiation appears as a t eady h i s Sl b Bound in 

th he adphorie s . I t.s na tur be Lrig much the sa.ue s t at of tr e 

la i1 ar th r. al a itation nois of ch'r es in a co ductor . e 

or was conouct d at Holmael , 

during 19 2 . 

Poss ible Origin 0 t e aoiation 

ince tIJ oata un u s t a ea bl y poi .. t s t o 1; emil y "ay a th 

s ourc of t nt s di t rbanc one i mm iately nders i f i t i s .not 

co nn ct d it the gr~at a gr gation of stars composino our alact i c 

sys tem . I f t t s re so , very in ense rad iati on ould be expec ted 

irom the sun hl Ch is an av -ra e s t a r and by far the cl ose s t. This 

must e ruled out because no suo e f ct is rC rown . Th poas i b' Ll t y 

that the r'o lation i n question is a sec ndary generat d in the 

arths atmosphere du to a prinary from t he sun mus t be rul ed out 

also . The a bove re oning s ems to elLni .a t e radiation from all 

hot bodl sand requi a substa.ce icn r ao i a t.e Let ' 1y at 

1 . 6 t rs fa r 0 e r gy t.r.a i (L t.
 

s c r i..m. .i n t n e e i eas i ni a Gr .:t in a
 

in s i c tC{ ~o~ ast ron nical possibilities .
 

-Ja ns xy tates the .naxi mum in t e ns i t y is 0 .39 microv tsfmeter/
 

ilocycle band ldth . 1 s m y e c ~nv rted to er~sfcma/ 8 c/"c . d .
 



by usin g x e l l s e quati on for e ne rgy d neity I n an el ctromagnetic 

fi Id 1 

u = 8~ ( kE2 I- uR2 ) e rgs /c 3 ( 2 ) 

h re is 1 ctric fi ela i n statvolts/cm. 
H is magn tic fi eld in equ i val nt sta.tvolts/cm 
k is dielec tric constant 
u is per .a bi l i t y 

I n s pace k = 1 , u -, 1 , and H wil l equa l E s 'nce i t is du t o 

mot i on of E 1 t n th e v l oci ty 01 light C. Mu l t i plyin e qn , ( .)by 

C t o obtain i ntensity t is r du c s to 

C 2 = 4 .0 x 10- 13 ergs/cm2/s c/kc band . ( 3 ) 
4 'TT' 

or t h a t a in qu s tion. 

Gr nstein cons ia rs t e L r s t hyp oth sis of t Le central 

ga l a c t i c mass c.ont a in ing 1. 3x lOll soLa r a s e a of a ve ralS e 

lumi nos 'ty equa l t o tn un .at a d t t ance of t n tho sa a pars ecs . 

H a lso assumes 0.0 magni t ud s obscuring 'f c t due to abs o r bi ng 

matt e r a t a p proxi ~ t l y lOoK. Fro th s comput s 4 . 4 x I -20 

erg / s ec/ c m2j6.c Da nc 8hou... o b a r r i v I r o 1 t /Sa lac t.i c ce t r and 

only o as much tro n the re st o f the ga l a xy i thin the acc eptance 

cone 0 1 t.e an tenna . ppearantly bl c bo y r a 1 t iQn t a i l e by 

nea rl y 107 t a cco.u.n t f r J a y8 r aul ts . 

s co bypo t h .... si s a s sum a g r at clO d of 8 naL l pa r t Lc L s 

ap , r o matel y 10-2 em i n di ' met r. his oul e! be v ry o a Que to 

s t ellar r adiation s h rLe r than 10-lem and pro uce an i nc r a i n the 

en r y d e sity of the c nt ral mass it I e eu l t a n t increa 'e i n 

tempe ra t.u r e . be lo ~ opac ty or radio wa v e WO" l a permit the 

select ve escap . of these lower fr que nc l e s . 

The wavel D5th 14 . meters is qual t o 2 . x 107 vi bra ti ons 

p r second . he smallest pa r t i c le that can mai. t alo a standing wave 

of t his freque ncy nas a diarn t r qua l t o t h lOCl t y o,) ! 8 0 no 

aiv id d by t f r e qu nc y . F r m t oric ma t r ial to i s eco 8 



---

2a = 1 .5 x 10-2cm . e 8 r pt~o n p r it mass is ~ a d re 

lid II is t d ns ty . .L da r k ma ss LS ak en as one -i f t h the t tal 

mass 0 th e galac t i c nucleus and is assumeo to b contai d i n a 

sphere 1500 par e CE r a i~s . Fro h ' s h c n~l t 0 6 .6 x 10-1 

r gs /s ec/c '-' / c. Dei . sh u Ld De a r r i.v Lng r r 111 t tl. da rk .na t rial of t h 

31a c t ie nuc l UB. r, re or yen unGer toe most optimum conditi ons 

b1 ck ody rao t a t i on ails Dy nea 1y 1 5 t o account lor Jans t<: s r e sul t s , 

Gr~enstein a l so calcul t s t eat 4 .3 x 10- ~0 ergs/ c /cm2/ c bd . 

shoulo 0 a rrivin Irom t e sun at 14 . 6 meters . l ' is a 6a n is ' r 

b 10 t he a va la bl e s e SltlVity of J ans ys apparatus . 

T e or 0 Feldman and Friis 

During 1935 a very large s ort ave ant enn a system wa s 

cons true ed at . l.nd e l , N. J . for use ith 1..[ , transoc an i c telephone 

syst em~l It cons i ted a 6 rho mbic ant enna s each 200 m t rs long 

and 68 met rs ide arrange d e nd on . Th electrical connect 'ons 

were s ch t at v rticaJ a cce p t a nce angl 6 co Id e vari d . Its 

10th 9 1 variea orne at dependi u .on S and th wa ve l ngt h . he 

horlzontal12 and ertic ac c ptance patt rn s a r e shown in fi . 3 . 

l ne ante rna as i n a no r i zontal p i a e a 0 t ~O l a uov t he round . 

-
l' 

t oriz . t a l v rtie 

Fi ~ure 3 . 

On aev s ra.l 1 stances I n no si nal.s or t err strial noise as 

pr s nt stellar static cou .d be hard . T is data i s gi ve n i n l abl I . 

Discussi on of Friis-F 1dman Da t a 

It will be nec sBBry t o r due h da t a to DB a bove a 1 mic r o-

vOlt/meter/kc bd 1 .vel. Si nce no absolute si nal st rengt hs but 
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abl I 

Curv A D 

efer ne paISe '"'97 413 413 413 41 

ate ( 93 ) 9-18 9-19 10-10 10-24 10-24 

T 1700 530 500 1500 1510 

Dat Correeti n -16 -12 ,£130 ,£206 ,£206 

Sid al 1m 1147 1021 1133 1209 1219 

Fre ney 
egaeycl 

t atic 

in 
Isee. 

18.62 

x Min 

18 .62 

ax in 

9.51 

ax in 

9. 1 

ax in 

9.51 

ax in 

D a ove z ro 12.0 a.o 8 .5 8 .0 11.4 5 .4 11 .0 6 . 0 

S in D g o. 

, in Deg . 

5 

6 

21 

3 

5 

6 

21 

3 

9 

7 

30 

3 

9 

7 

30 

3 

9 

7 

3 

3 

¢ ' in Deg . 11 11 16 16 16 

z ro DB 12 DB aoove t ermal noise 

station tim eorr etion f 3 in. 
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only r lative to t hernal noise ere gi v n the fol lO ing reasoning 

ad to be used . e Lh rmal nwis s developed p r KC band ldt n 

t e two r ce vers ere Bsumed tne same . T is is reasona l~ sinc 

both r ceivers er of the sa e ty e , na n ly simple d t ct r-o s c i l lator 

i npu t circults t ed ng an . F . amplifl_r . o R.F . s +age was used 

ith ither one. ~he act t fiat t Ie band idth of the Friis-Feld an 

s t up as l 2ko i nstead 0 t 26k c us d by J a ns ky is of no i mpo r tance 

beeau J a nakys da t a is already r ou ced to a one kc band Wid th and 

t e F i i s - Fe l dma n data is only relative t o thermal noise which may 

b tak n on a one c band for thi pu ose e T is assumptio i s 

val i d inc both th rmal noise od stella r s t a t i c ar a c o tinuQ S 

pectrum (over th fe kc i n Quest ion ) and t he total nois po~ r 

Iso corr c t ~ on at b a ae f or the d iff ~r nee i n si e of the 

can s of accept ance . vi nc the r adiat l on may be co nsidered to ar r ive 

u liformly over the acce p ce can s th Fri is-Felc~an data as 

inCT ased by 10 l ogl Q~ ~ ~ I DB f r om the pu blis d va l u s . he only 

assumption ad he re is t . t both ant nnas take an qual p rce t of 

t h 0 e r f rom the avelron t . 

his ntenna i s used f or r cept ion 0 signals from Lav ntry 



7 

a-n g'Land . I t Ii a t ne re f ore along he g r a circle path n i ch pointa 

49°47 ' E of N fro ~ Hol mdel, N. . 

T e great circle paths in th s y along hi ch the acc ptance 

con traveled are plo tted in f ig . 4 . Tn limits of moti on ar 

lin s . Holmd is findicated by c rOBS , t 1 , t' zen i t h 40 °22 ' Dc . ; 

i nd i ca t ed oy one end of Lh l i ne s . T e horizon a t 490 47 1 E of i s 

29 020 'f Dec . ; indic·te by the ot rend of t l. curv s . e plane 

of the mi 1 y ay is a1 own by a neavy line ac ros c rne r of ~ raph . 

a ble I giv 8 the aa a of a ol e I r duced to ergs / c/ cm2/ k bd . 

e column nt itl d T i the qui val t t II e r a t u r e of a b a CK body 

i n ap ce n ce e sa ry to e ni 1, toe eue r y i nd i ca t d . li s co p tation 

is as fo l I o s . PlancKs equation for bla ck body radiatio is 

2Hv =hC~ ( hV/ kt ) ergs /cm
e - 1 

where 
2 7 h is P an cks constant 6 .5 x 10- rgs s c .
 

v is fr qu ncy in cycl s p r Y8c .
 
C is ve locity of l i ght 3 x. 10 cm/ c .
 
k is Boltznanns cons an t 1 . 3 4 x lO­ ergs /deg. K
 
T t s absolute t e mpe r a tu re i n de rees K
 

for 6 naLl, val u s f / T eqn ( 4) r duce to 
2 k T 

Hv = v
cZ ergs /cm2 ( 5) 

To obtain powe r nultioly by dv and int grate f rom "i to va ' Le t 

b O.Olv or a 1 band id th . 
Iv 

C 
rgs / cm2/ c ( 6 )
 

dapting t is t a apherical sy ste for an, band idth B
 

U = . 01V~ k T 11' ( 1 .d 2 y 2 B
 

u • 

C 4 57 . v 
( 7 ) 

and solV1n 

u = 3 .57 x 10-43 v3T ¥ 2B r s / sec / cm2/ de g. K/ ci rcular deg r 
.he r e 

~ is ar a of e ce i ve r in sq . cm. 
¥ is angular dia. ete r f radiator 1n ae r es 
57 .3 e al g re B 1 a r adian
 
8 uals ba d widt i n pe rcent
 



; 

/ 

v 



Tabl I 

eurv A B	 D 

Static	 ax in ax in in x in ax in 

D isin s 79 '	 324 79 324 1 3 454 14 454 4 45
D sin 57 

17 34 17 34 10 23 10 23 10 23 Q 1x ~, 

DB correction - 6 . 7 -9 .8 - 6 . 7 -9 .8 -11 .6 - 13 . 0 - 11 . 6- 13 . 11. 6 -13 .0 

DB abov 17 . 10.2 13 .8 10. 7 8 .4 7 .0 11.8 4 .4 11 .4 5 . 
noise l ev e l 

atic	 volts / 
c oand . 401 . 169 . 264 . 181 . 1 34 .110 . 20 7 . 0 73 . 1 7 .08!mete	 ~ 

x lO-

U in e r s /cm2/ 
seC/kr band 4.26 . 77 1. 8 5 . 8 7 . 48 . 32 1 .14 . 14 1. 0 3 .17 
x 10- 3 

B bard . dtb 
in percent 5 .38 5 .38 10. 9 10 .9 10 .9 
x 10-3 

'1( 2 . . 1i	 n ca rcu a r 
84 42 84 42 143 61 14 3 61 143 61degr es 

T in d grees 
41 14 18 16 12 18 28 8 24 9K.	 Ivin x 107 

ngulardegre s 
6 22 20 36 13 34 7 28 5 26from ky ay 

D - 106 .5 sq meters 

D' = 8+ ,600 sq et rs 

- 370 

., ()	 ( 
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olving for T and 1 t Li n equal 1 . 
4'"' 

T - 2.8 x 10 Uy d g r s Kelvin (8) 
- VO; B 'l ~ 

n computl E tn zer 1 vel a s ta ~en from g rap 0 pa ~e 

1931 c . 19 2 I as 25 .2DB b 10 1 .ni c r ovol t / ne t r / c 0 nd . nis 

is equal to .050 microvo t/ e t r/kc band , t he 1 vel of t ue rmaL nois • 

'! e no i and a i gr.aL vol t a ge s ilL ad d a s t.t s qua re root cr L 

sum 0 1 t h s q ar s b caus h i l e ttl Y ar bot continuous sp ct ra 

to yare derived from differ nt source. 1 e r e f o r 

DB)2 1 t 1Static =Noise B l og­ 20 1j vo ts (9 ) 

The data o' table II appli B to th r egl of Cygnus . bout 

all ths can e sai is t ne radiati n is most int nse nea r the 

galactic plane. It d o s no obey t ' e la of blacK body radiation 

in r e lati on to frequ ney as t te 18. 02 me gacyc e r aoings ere 

co sist ntly hi h by aoo ut O~ in relati on to t h 9. 1 m acycle 

r ad i ngs . he xponent of v s me t o be n ar r 3. !:l 3 . O. The 

relati on to temperature 8 ems to ha no nea n i ng a all b cause 

such t mp ratur s a e enc untered only in t n c nt r of st ' If 

curv C s ex clude as bi g in rror (so e doubt s cas t u ~on i t 

i the text ) i ratio of en r gy intensities ne r ircu ~r d ree 

at approxima L ly SO a d 26 0 fr om t h r lane of t he ga l a xy 18 abou t 

3 to 1. ctua11y 1 t may 1all 0 f much fast r ian t. S cause of 

th num rous min or acce pta nce lobes not s on in fig 3 b. T ese 

b com much mor e pr no une d as b lnc a s es . 

Discussi on 0 1 Jans ky da t a 

e g r ap on pa6 I 31 D c. 2 RE l ve thermal n Ol e at 

25 .2DB belo 1 I icrovolt/meter/kc ba o. Thl igur is c hec ~ed 

fairly close . y ~ raph on pa 1 .24 a d a mounts t o 0 5 ffil c rov It / 
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meter/kc 0 nd . I ap ct io 01 data gi v n or eb . 24 , l r32 on 

forme r abov page , data fo r S pt . 16, 19 2 given on pa e IJB8 

Oct. 33 IRE and on pa e 11 9 Oct . 35 I RE sho B maximu. val s of 

. ajar peak 4 .8DB a d i or peak 1 . 2DS aoove tn rn 1 nOise . n s 

values carr spo d to • 7 a d .031 mic rovolt /meter/kc band 

respect ely . Th value of .078 microvolt /met r /kc band is only 20~ 

ofaximu~ value . 39mi c r ov It /met r /kc band s a~ed by J a ns ky on 

pag 1932 D c . 19 ~a I ~ . J u t hy this discre pency occurs is n~t 

c lear . In a le tt r J a ns y sug ~ ata that tn radiatio . may be of 

r a dom pola ization. il i t 1s true the ant nna is ~08t 

responsive to horiz ontal polarized waves it i s n ~t sharply 80 to 

the xtent a 1 to 4 . H also sugbests attenuation du to the 

io osphere and the posSibility tt t som of e en rgy i r e f l c ed 

a ay fro t earth . No qu~ t 3ti data is available on either of 
7\ 

t ne s e que s t i n s , ro oly t e l a s t of th se ill ve t l Large s t 

ffect since all measurn nt r made on rays arrivi g at low angle 

to the ho rizon here the r fl c t lon nd isp r on ould De the 

most p ronounced . 

fib n Janskys aata s r duced by the same method as the riis-

F 10 an data able I II is obtained . 

e data is in beneral a reement ith t at of Fri is & Feloma n. 

Howe ve r ther s ems to De a constant experim nta1 error of abou t 

10- 2 bet een th f'1\9me r and th 1at ter . It might e the cumu1a ti ve 

effect of a umptions made . This d ta t nds to sho¥; the en rgy drops 

off very rapidly f rom the alacti c plane to ard the pole tic i s 

probably quite reliabl sinc Janskys antenna ho ed no· pronJunced 

minor l ob s of acc pta c . 



I~ 

a bl II 

ir cti an ar a
 
vala c tic
 
C t
 

Fr qu c y in 
me acycles/ c . 20 . ::> 20.5 

DB abov noise 4 .8 1.2 

in .ni crovolta/ 
eter/kc an . 078 .031 

U 1n ergB/cm2/B C 
k c band X I · J3 . 16 . 0 3 

a . . 11 oi rcu ar 
de r e B 1110 1110 

i n I) rcen 5 . 0 5. 0 
10-;:> 

T in d grees 
Kelvin 

I J 
J I 

-I 

a a r B 
G lactic 
Pole 

20.5 

<. 1 

<. 0 12 

<. 0004 

1110 

5.0 



orka of Other Investi a t or s 

During a cony rsati )n ith Greenstein he s t at d hi ppIe was 

experimenting in t e ave l en, t h r ange 1- 10 meters uSing parabolic 

collectin devices and r eg nerat ive r eceivers . No positive r suIts 

had been obtained yet ho ver . 

I n the course of co rre s pon~ e n c e ith R.M . Lan r of Norman Bridge 

aborat o r y of California Institute of Technology it deve lops that 

Fotapen 0 and Fol l a nd have checked Janskys results. They are in 

a or e m .nt as to the dir c t i on of a rrival 0 t he radiation but f ind' t 

on ly ov r a s lllal band of l 5 !: 1 met rs , t may e ha t this 

rad ation comes in bands around 1 , 30, etc me ters since Jansky and 

Friis- ldman or~ed at 2 . 0 and 1 . 6 2 , . 51 me acye1es resp ctively 

hi ch corr s pond to 14 .6 and 16 .1, 31 .5 m t erse 

Lange r also sugg sts tnat t is raaiati on ay e aue 0 " q antum 

1 ctron j u mps in t n tJi~ l y ioniz d iter t Lla r dust part icl s . II 

He is earryin out co putations but has no positive r sults yet. 

T 1 d i f f e r from Gre nstei s i oea of oataini g tn lar est ~diating 

ar a pe r uni t rna s . Jus G why- m-e p iel sino c1 r 

to ~h~ r t r B " t ut ego lotr a n tic aBO Id b 

n ra te oy t i or in . 

Conclusions 

Al l vidence po i nts strongly toward th milky ay syst ~ as th 

soure or tnis r adiation . Nearly all eXist"ng data are r s i duale 

f rom otner oose rvatlons . No set of hy ~ ot esis ba ed upon otn r ~now­

l e d ~e has been able to xplain t is ph nom na . Before intelli~ent 

gue s scan bade it is 01 ut most i po r t a ce t at accurate measur ­

me ts be made of i t ens i t y versus dir c t i on and · nt nei ty versus 

spectra l distribution . 
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