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INTERPREThTiON OF RADIO RADIATION 
FRQM EXTRATERRESTRIAL SOURCES 

by Charles Hard Townes 
Bell Telephone Laboratories, 

Murray Hill tN. J. 

Radio frequency radiation originating outside the 

earth's at;~~£here was first discovered by Janskyl ataa fre­

quency of ~ megacycles per second. Since then Reber and 

others3,4 have measured the intensity of this radiation or 

"noise" at other frequencies and fixed its direction more ex­

actly. Jansky5 suggested that the radiation he detected may 
6have come from ionized gas in the Milky Way. Reber made a 

rough calculation for such a mechanism and Henyey and Keenan7 

first applied a more quantitative theory and showed that the 

magnitude ot radio radiation from the Milky Way agrees approx­

imately with the radiation one might expect from free electron 

collisions with protons in interstellar space. They assumed 

the accepted values of electron density approximately one per 
to 

c.c. and temperature equalll0,000oK. 

This paper purposes to examine briefly the theory 

of production of long-wave radiation by collisions between 

electrons and ions, to compare the radio data available with 

this theory, and to discuss two conclusions noted earlier.8 

~ ~- - - - - - - - - - - - - - - - - - - ~ 

1. Jansky, I.R.E. '20, 1920 (1932) 
~ Reber, Astrophys J. 100, 297 (1944) 
3. Friis and Feldman, I.R.E. 25, 841 (1937) 
4. Hey, Phillips and Parsons, Nature 157, 297 (1946)
5. Jansky. I.R.E. "23, 1158 (1935)
 
6.~ Reber, I.R.E. 28, 68 (1~40)
 
7 •. Henyey and Keenan. AstrophY$ J. 91, 625 (1940)
 
8. Townes, Phys. He.. 69, 695 (1946r 
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1. Radio data call', for a temperature for 1n'ep.. 

stellar electrons nearer 100,000~ than the usually assumed 

10,000°. 

2. The Jlun's corona may radiate enough radio-

frequency .aergy:1 to increase appreciably the sun's total 

radiation and apparent diameter as measured in this frequency 

range. 

Theor~ 

Kramers~ gave a classical derivation for continuous 

X-ray emission produced by bombarding nuclei with electrons. 

In doing so he obtained an expression which is also applicable 

to the radio frequency radiation produced by collisions between 

.	 electrons and hydrogen ions in interstellar space. His expres­

sion for the amount of radiation per cubic centimeter per fre­

quency interval per second is 

M	 32"=:-	 ( 1)dt 3 

where n = density of ions and hence of electrons. 

e,m,v ~ electronic charge, mass, and velocity 

respectively. 

o = velocity of light. 

v - the frequency considered. 

To	 obtain the absorption coefficient of the ionized
 
2
dE	 0 

gas,	 -- must be multiplied by 2 ' so that
 
dt &k~
 

--	... - ~ - - - - - - - - - - - - . ~ ~ 

9. Kramers, Phil, Mag. 46. 636 (1923). 
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( 2) 

Averaging over a Ma~vellian velocity distribution as an ap­

proximatlon to the actual unknown electron velocity distri ­

bution, the absorption coefficient becomes 

8eo 2 
Y' n [(2kT)3/2 ]- -------::~- - log ( 3) 

3/2 2 v 4 2~~ 2 1/23I2;t (kTm) c • ~ve m 

Gaunt,lO Maue,ll and Menzel and Pekeris12 have given 

a quantum-mechanical treatment~ Adapting equation (2.28) of 

Menzel and Pekeris to the long wavelength li~it 

6
 
-- &e . 2; 2 ­
Y r'-- n v g


316'; (kTm) ,3/2c III
 

where 

6 2
8e n 4 kT 

or y=-----~- - log --- ­ ( 4) 
2 v2 1.78 hv3./2;t (kTm) 3/ c 

This equation again assume. a Manvel1ian velocity dlstributl~n. 

- ~ - - - - - - - - - - - - - - ~ - - - - ~ - - - - - - ­~ 

10. Gaunt, Phil. Trans. A, 229, 103 (1930) 
11. Maue, Ann. der Phys. 13, 161 (1932) 
12. Menzel and Pekeris, Monthly Notices o~ R.A.S. ~o, 77 (1935) 
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Equations (3) and (4) agree very well numerically 

as one might expect because the electron behavior is essentially 

classical under the conditions of interest. There are two some­

what disturbing fe~tures of these formulae. however. One is 

that logarithms in the two expressions show different functional 

dependence on the constants of the problem. Thus the quantum­

mechanical expression (4) depends on h and would be diver~ent 

rather than approach the classical expression i~ h were allowed 

to approach zero~ In addition, both formulae(3) and (4) require 

a divergent expression for the energy emitted per c.c. per 

second per frequency interval as v approaches zero. This is 

shown by (1)" 

To resolve these difficulties, an attempt was made to 

obtain a classical approximction so~ewhat more suited to the 

pr-ob.Lem at hand than that given by Kramers. We first calculate 

the amount of radiation produced by collisions with impact 

parameters (distance between positive ion and asymptote of 

electron path) less than r o" r 0 is taken ~. "J1.:> that the 

phase of the radiation does not change appreciably during 

collision and the electron trajectory is assumed to be unaffected 

by radiation. The contribution to the average energy emitted 

per collision per frequency interval by collisions within this 

radius is 
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And ~he energy emitted per c.c. per frequency interval per 

second due to these collisions 

dEl
log (6)-.dt 

1From radius r~ to radius the approximation is made that 
201/3 

the electron path is a straight line and the radiation phase 
v 

,1allowed to change during the duration of the collision. 

is one-half the distance between ions, hence only the 

field of the closest ion is considered. The reSulting contri ­

bution due to these collisions is 

dE2 32n e6n2 (
( 

..~v ( #"1) (#V )
K-dt = 3 m2 0 3 v (

(vnm o ( vnl / 3 ) Kl (vnl/3 ) 

21cvro (2nvrO ) (&vrO) 
) 

--- K Kl 
) (? )

v o ( v ) ( v ) 
~ 

Here Kl and Ko are Bessel functions. 13 

An approximation appropriate to the radiation observed from 

intersteller gas (v z 108 sec-~, v ~ 108 em/sec, n z 1 cm-3 ) 

gives 

dE2 
-= 
dt 

~ ... . ... - - - ... ... ... - ... ... - .- ... - - - ~ - --- ... --­
13.	 Whittaker and watson, Modern Analysis p. 373 (Cambridge 

Press 1935). 
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so that 

dE dEl 
-=-+
dt dt 

dE2 
~-dt 

(8) 

since 

This is essentially the same as Kramera. expression (l). For 

svvery small v or large n, however, such that 
173 «1 vn 

and 

dE 32~ e6 n2- ,. .-- log (9)
dt 2 33 m 0 v 

Thus the apparent divergence of dE for small ~ in Kramer'­
dt 

expression is due to considering collisions with only one ion 

at a time and allowing an infinite radius of interaction between 

each electron and each ion. Expression (9) removes this dif­

ficulty•. The approximation given by KrameIBdoes not, however, 

introduce appreciable error for cases of interest to this paper. 

Although the work of Menzel and Pekeris is more recent 

and comprehensive than that of Gaunt, the latter's paper was 

examined in an attempt to explain the apparent discrepancy 

between the quantum-mechanical and classical expressions 
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because his exposition is more detailed. Gaunt gives an 

expression {5.38) for the absorption coefficient involving a 

summation 
\ 

<J) -k
k.hl: 
2 2k=l k +n 

where 
2

2ne 
n-­hv 

k = 

p •	 im~ parameter or the distance between 
positive ion and asymptote of the electron 
path. 

A =~, or the ratio of the initial electron 
v velocity to the fioal velocity after 
emtss i on of CJ.llsnt'2:t.... ­

This series Gaunt approximates by Z k which 
, k=l k2+n2 

he evaluates ~s log -1- ~ log mv£. This is the term responsi­
),-1 2hv 

ble	 for the logarithmic part of (4). In evaluating the sum. 

Gaunt has evidently assumed that n .... o , A more accurate value
 
1
 

W kfor Z -~­	 This2 2k=l	 k +n 

expression now has the form of the classical result, and is not 

divergent as h -0. Actua~ly Gaunt's approximation n z 0 is 

not	 a very bad one for the conditions of present interest. If 

v 1s very small, or n large so that nv «1, the sum should 
vnl / 3 
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1 
not be from k a 1 to k - --- , but its upper limit should be 

~-l _mydetermined by the distance between i ons, 9r k • Thehn1/ 3•
2mv

sum then becomes log 173 2 which agrees with the logarithm 
~ an • 

of the classical expression (Cd) for small.v and does not diverge 

as'Y _ o. It would appear that Maue,and Menzel and Pekeris may 

have made similar approximations In - ~:2 <1 and vn~73 »1) 

which give their expressions for the long wavelength limit the 

form (41. 

Having satisfied ourselves concerning the apparent 

inconsistencies of (3) and (4), we may use either formula for 

cases of interest to this paper. Actually (3) w1l1 be used 

"below as it appears to be more accurate, though differences 

between the two are less than 10% and quite insignificant. From 

(3) the apparent temperature of the Milky way judged by the
 

intensity of radiation of frequency v is
 

( n2 ) 
( _10-2 -v-2-3~/~2 (19.7 - log ¥ )8) 

Ta - T ~l-e-YS~ = T 
( 
(l-e '1'- (T) 372 )

) 
(lO) 

where 8 is the extent of ionized gas in the direction of obser­

vation, 

n is the density of positive ions, assumed uniform and 

composed largely of hydrogen~ 

T is the "temperature" of free electrons or T = m;2~ 
3k 

For reasonable values n = 1 and'T • 10,000°, and 8 - 60,000 ~.Y. 
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:Iin the long direction of the Milky Way, yS I for v • 10 

cycles/sec. The Milky Way should then give maximum temperatures 

approximately 10,OOOc for v «108• For frequencies so great 

that the ~<l, we .nave 

(.ll) 

so that the apparent temperature is a~proximately inversely 
2•proportional to v Thus for high frequencies the radiation 

per unit area per unit solid angle per unit time per frequency 

interval is approximately independent of frequency since the 

radiation power is 

2 2P a 2 k V Ta ~v per cm per steradian ( 12)
2c

Radio Data and Its Analysis 

Actual radio measurements agree with the expectation 

that the radiation power is independent of frequency at high 

frequencies. They also agree with the expected variation with 

S, or the path length through the Milky Way as shown well by 

the intensity contours of Reber and of Hey, Phillips, and 

Parsons. Maximum temperatures at low frequencies are, however, 

considerably higher than expectations. 
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Table 1 gives radio measurements from a number of 

sources expressed in terms of apparent temperature. These 

values have been reduced from the .~~ results which are 

usually expressed 
~ 

in other terms. A discussion of their re­

duction is given below. 

Table 1 also compares the measurements with two 

attempts to fit the results by formula (4). In each case a 

temperature T is assumed and n is determined to fit Reber's 

measunement at 160 megacycles. The value of n so determined 

1s consistent with other estimates14 and probably more accurate 

than they if the radio radiation is produced by the mechanism 

discussed here. 

Dicke measured the temperature of interstellar space 

at microwave frequencies with a microwave radiometer described 

recently.15 He has informed the writer that since no detectable 

radiation was found, he concludes the temperature must be less 

than 30oK. Southworth16 also looked for radiation from the 

Milky Way at microwave frequencies and found none. His sensi­

tivity wa$ somewhat less than that of Dicke. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~- - - - - - . - - - - - - - - ~ - - - ­
14. Dunham, Froc. Am. Phil. Soc. 81,277 (1939) f also see ref. 7. 
15. Dicke, Rev. Sc., Instr.• 17,268 (1946) 
16. Southworth, Jl. Franklin Inst. 23~,285 (1945) 
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TABLE 1 

Observer 
Freliuency 
Cycles/Se~ 

Max. Apparent 
Temperature 
Degrees Ie 

.. . 

Max. Theoretical Apparent 
Temp. Assuming n = 

~.607c.c. T = 10,000oK . 

Max. Theoretical Apparent 
Temp. Assuming n = 

~_.!Lc_.c~. ~~J.50 ~OOOoK 

Dicke ~ x 1010 

Reber 480 x 106 

160 x 106 

Hey, Phillips 
64 x 10

6
& Parsons 

18 x 106Jansky 

<:~O 

100-200 

1370 

10..600 

100,000 

<:5 

140 

1~70 

.6000 

10,000 

<5 .. 
140 

1370 

9000 

84,000 

I 

..... .... 
I 

Friis and 
Feldman 9.5 x 

6
10 120,000 10,OOa. 140,000 
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15•25 above P = k~v, the power 10- watts with a band width av ­

1586 cycles measured by Jansky corresponds to a temperature of 

26.000°. Howeve~, Harper19 gives a value 3.5 db for the power 

lost in the ground and antenna for an antenna of the same type 

used by Jansky. This raises the apparent temperature to 58,000e. 

In addition, the noise plotted against ti~e in Jansky's figure 

3 is for an antenna direction which does not give maximum noise. 

The measurements of figure 3, showing maxima at about 5 .AM in 

January, 1937, for an antenna pointed N 5008'E, correspond to 

this same direction at about 1 PM in the curves shown in his 

earlier paper20 for September, 1~32. These latter curves show­

ing radiation as a function of dir6ction throughout the day, 

show peaks from 3 rtf to 9 PM which are on the average 2 db 

higher than those at 1 FM corresponding to the January, 193'7, 

measurements. ThUs, assuming the radiation intensity stayed 

constant during the five intervening years, the apparent temper­

ature must be at least 92,000° at Jansky'S 18 mc frequency. 

Several other corrections may be applied, most of which would 

increase the apparent temperature. They are difficult to esti ­

mate, however, and are probably not large. We shall take the 

radiation temperature measured by Jansky as 100,000°·. This 

figure may well be too low, but can hardly be more than 2 db 

too high. 

19. Harper, Rhombic Antenna Design. Pg. 58 (van	 Nostrand, 1941). 
20.	 Jansky. I.R.E. 23, 1158 (1935) •. 

/ 
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The data of Friis and Feldman21 (Table VII of their 

paper) allow one to obtain the ratio of extraterrestrial 

radio noise at 9.5 M.C. using a narrow-beam antenna to "thermal" 

noise when the antenna is replaced by a terminating resistance. 

The result is a ratio of 15.4 db maximum and 9.4 db minimum. 

Feldman informs the author that the so-called "thermal" noise 

of this paper was actually between 3 and 5 db above the theo­

retical thermal noise level 2 kT where T is the temperaturer, r 
of the receiver or approximately 300oK. The antennae used were 

of the same type as that used by Jansky, so that 3.5 db may be 

ass~ed lost in receiving. Thus the maximum noise from extra­

terrestrial sources oorresponds to a temperature approximately 

102• 29 2T x = l20~000o. A single measurement is given at 
r 

18.6 me, the temperature computed from it being 60,000°. Al­

though this is not a maxim~~ value, it substantiates Jansky's 

100,000° result at app'roxi~ately this frequency. The data of 

Friis and Feldman ... taken incidentally to the study of an 

antenna system and consequently are sketchy. The direction 

from which noise was received is not well known since the an­

tenna had a number of lobes whose direction could be varied 

over a considerable angle. The results do show, however, that 

the apparent temperature at 9.5 me is of th~ same order as tbat 

at 18 me, both being extremely high. 

~~ - - - - - - - . - - ~ ~ ~ - - - - - . - - - - - ~ - ­
21. Friis and Feldman, I •.R..E.. 25, 841 (1937). \ 
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radiation to stars as suggested by Pawsey, Pa"'-scott, and 

McCready.'22 This sam3 difficulty appears to prevent any expla­

nation involving sources associated with the stars if our sun 

is to be regarded as a typical star. The high temperatures in­

dicated by radio data may be associated with the high tempcra~? 
ture of the sun's corona indicated by Edle~~u;~~';-~he • 

idea that the high energy region of stellar spectra may corre­

spond to much higher temperatures than would be judged from the 

optical region. 

Correlation of the variation of radiation intensity 

with direction and the dimensions and extent of our galaxy has 

not been attempted here. It appear.s to be fruitful and has 

received some attention from Reber and from Hey, Phillips, and 

Parsons. It should be pointed out that the radiation maxima for 
aer. 

all the measurements quoted were found in the direction/maXimum 

radiation is to be expected with the exception of the data at 

9.5 megacycles. In this case the direction from which radiation 

was detected is somewhat uncertain, and the measurement may not 

correspond to a true maximum. 

Radiation from the Sun 

Various authors have reported considerably more 

radiation from the sun than can be accounted for by black-body 

. -	 - - - - - - - - ~ - - - - - - - - - - - - - - - - .. - .. 
22. Pawsey, Payne-Scott, and McCready, Nature 157, 158 (1946). 
23.	 Huater, Report on Prog , in Phys., Phys , Soc. 9,101 (1942).
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radiation of the sun itself. The data available seem to indi­

cate	 two types of excess radiation. First there is a very 

large excess radiation associated with sun-spot activity as 
24 ~ 22 

shown by Hey and others which is qUite variable in time. 
8B:Jut 

In addition there is a smaller/at higher frequencies which is 
25quite constant in time. Southworth reports three times too 

muoh	 radiation at v ~ 3 x 10
9 

and v =10
10

• He finds only one-

third of the expected radiation at v ~ 2.4 x 1010, but suggests 

that this is because of a very narrow antenna beam and con­

siderab16 refraction of the radio waves in the =:Phere. 

Dicke26 reports 1.7 times the expected radiation at v - 2.4 x 

1010. A possible source of this excess radiation is the 10nized 

gas of the sun's corona. According to formula (3) the absorption 

coefficient for the sun!s corona assQ~ing ionized hydrogen gas 

at 10 6 degrees K would be 2.5 x 10-31 n2 at this frequency.23 

Dicke and B~ringer26 report that measurements at v = 
2.4 x 1010 during the partial eclipse of July 9, 1945, show that 

the apparent diameter of the sun is not more than a.few percent 

larger than its optical diameter. If this is so, only the 

portion of the sun's atmospnere within this distance can be 

dense enough to emit radiation of this frequency.lkJ1r results 

- - - - - - - - - - - . - - - - - - - - - - - - - /~ ~ ~ ~ ~ 

24.	 Hey, Nature 157, 47 (1946). 
25.	 Ret'erence 14. Also see erratum Jl. Franklin lnst. 241, 

167 (1946). 
26.	 Dicke and Beringer, Astrophys. J., 103, 375 (1946). 
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10,OOOOK. The rather meager radio data on the sun's radiation 

at high radio frequencies suggest a similar radiation process 

in the sun's corona. 
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