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LONG WAVE RADIATION OF EXTRATERRESTRIAL ORIGIN
by
Grote Reber
The Work of K. G. Jansky

During the summer of 1831 K. G. Jansky of the Bell Telephone
Laboratories constructed equipment for the investigation of the
direction of arrival og‘static. This apparatusl'g operated at a
wavelength of 14.6 meters. It consisted of a directive antenna
two wavelengths long by one guarter wavelength high with an
acceptance pattern as shown in fig. l. feeding energy into a receiver

with amplifier and then into a recorder. The double linesgive the

plane of the antenna.
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Figure 1.

The horizontal pattern is given in reference 1. The verticke
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pattern was computeda’ by means of the following eguation

()= 1 - ccagglz(l,lcos s oon & (1)

where § is angle above horizon and modified”*® to include ground

reflection. The dotted lines are drawn along P: %‘-(D max and
represent fairly accurately the eguivalent acceptance angles, & & f.
This directicnal antenna wius rotated in a horizontal plane once
every 20 minutes. When no terrestrial static was present small

residuals appeared7'8. The two fundamental forms are shown in fig. 3.
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Fig. 2a occurs when the antenna sweeps along the plane of the
milky way, fig. Sb occurs when it sweeps across the plane of the
galactic system. In the latter case the major-maximum occurs when
pointing toward the region of Sagittarius R.A. 18hrs 10 min and
Declination -10 degrees. The minor maximum occurs when pointing
toward the galactic rim, The two minimums occur when receiving
from the galactic poles. These types of curves appear approximately
6 hours ayﬁért and gradually merge into one another between. The
ordinates of fig. 2 are in DB avove 1 microvolt/meter/kilocycle
band width. This radiation appears as a steady hissing sound in
the headphones. Ii8 nature being much the same as that of the
familiar thermal agitation noise of charges in a conductor. The
work was conducted at Holmdel, N.J. Lat. 40°922' N, Long. 74°10' W
during 18323.

Poseible Origin of the Radiation

Since tne data unmistakeably points to the milky way as the
source of this disturbance one immediately wonders if it is not
connected with the great aggregation of stares composing our galactic
system. If this were so, very intense radiation would be expected
from the sun which is an average star and by far the closest. This
must be ruled out because no such effect is known. The possibility
that the radiation in question is a secondary generated in the
earths atmosphere due to a primary from the sun must be ruled out
also. The above reasoning seems to eliminate radiation from all
hot bodies and requires a substance which raciate§ selectively at
14,6 meters far more energy than in the heat and light part ol the
spectrum,. With these ideas in mind Greenstein and ‘ﬂhippleE
investigated various astronomical possibilities.

Jansky states the maximum intensity ie 0.38 microvolte/meter/

kilocycle band width. This may be converted to ergs/cmz/sec/Kc.bd.



by using Maxwells equation for energy density in an electromagnetic

rie1ai®

U= §%F4kE2 4 uE?) ergs/cm3 (2)

where E is electric field in statvolts/cm.

H is magnetic field in equivalent statvolts/cm

k ie dieleectric constant

u is permeability '

In space k = 1, u =1, and E will equal E since it i8 due to
motion of E with the velocity of light C. Multiplying eqn.(2) by
C to obtain intensity this reduces to

13

I = —2-B° = 4.0 x 10°-° ergs/cm®/sec/kc band. (3)

aw
for the data in question.
Greenstein considers the first hypothesis of tne central
galactic mass containing 1.3 x 1011 solar masses of average
luminosity equal to the sun.at a distance of tenthousand parsecs.
He also assumes 0.5 magnitudes obecuring effect due to absorbing

matter at approximately 109K. From these he computes 4.4 x 10—30

ergs/aec/cma/kc pand should be arriving from the galactic center and
only 5% as much from the rest of the galaxy within the acceptance
cone of the antenna. Appearantly black body radiation fails by
nearly 107 to account for Janskys results. .

The second hypothesis assumes a great cloud of small particles
approximately 10'2 cm in diameter. This would be very opague to
stellar radiation shorter than 10‘1cm and produce an increaﬁe in the
energy denseity of the central mass with resultant increase in
temperature. The low opacity for radio waves would permit the
selective escape of these lower frequencies.

The wavelength 14.8 meters is equal to 3.05 x 107 vibrations
per second. The smallest particle that can maintain a standing wave

of this frequency has a diametcr equal to the velocity of sound

divided by the freguency. For meteoric material this becomes



2a = 1.5 x 10™%cm. The absorption per unit mass is § a d where

"d" is the density. The dark mass is taken as one fifth the total

mass of the galactic nucleus and is assumed to be contained in a

sphere 1500 parsecs radius. From these he computed 6.6 x 10718

ergs/sec/cm/ke.bd. should be arriving from the dark material of the

galactic nucleus. Therefore even uncer the most optimum conditions

black body radiation fails by nearly 10° to account for Jansszys results,
Greenstein also calculates that 4.3 x 10720 ergs/sec/cm?/kc bd. ¥

should be arriving from the sun at 14.6 meters. This again is far

below the available sensitivity of Janskys apparatus,

The Work of Feldman and Friis
During 1935 a very large short wave antenna system was
constructed at Holmdel, N.J. for use with the transoceanic telephone

system%l

2 '\?

It consisted of & rhombic antennas each 200 meters long
and 63 meters wide.arranged end on. The electrical connections
were such that verticall acceptance angle § could be varied.. Its
width ©' varied somewhat depending ﬁpon & and the wavelength. The
horizontal13 and verticll acceptance patterns are shown in fig.3.

Inhe antenna was in a horizontal plane acout 50' avove the ground.
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On several instances when no signals or terrestrial noise was

present stellar static could be heard. This data is given in Table I,

Discussion of Friis-Feldman Data

It will be necessary to reduce the data to DB above a 1 micro-

volt/meter/kc bd level. Since no absolute signal strengths but



Table I
cﬁrve A B C
Reference page 397 413 413
Date (1835) 9—18 8-19 10-15
GMT 1700 1530 1500
Date Correction -16 -12 #130
S8idereal Time 1147 1031 1133
Frequency in , 18.62 18.62 9.51
megacycles/sec.
Static Max Min Max Min Max Min
DB above zero 12.0 8.0 8.5 8.0
$ in Deg. 5 21 5 31 9
@' in Deg. & 3 6 37
$'in Deg. 11 11 16

zero DB 12 DB above thermal noise

station time correction # 3 min.

D E
413 413
10-24 10-24
1500 1510
4306 4308
1209 1219
g.51 9.51

Max Min Max Min

11,4 5.4 11.0 6.0

30 9 30

186 16



only relative to thermal noise were given the following reasoning

had to be used. The thermal noises developed per KC band width in

‘tne two receivers were assumed the same. This is reasonable since

both receivers were of the same type, namely simple detector-oscillator

input circuits feeding an I.F. amplifier. No R.F. stage was used

with either one. The fact that the band width of the Friis-Feldman

set up was 13ke instead of the 36kc used by Jansky is of no importance

because Janskys data is already reduced to a one kc band width and

the Friis-Feldman data is only relative to thermal noise which may

be taken on a one k¢ band for this purpose. This assumption is

valid since both thermal noise and stellar static are a continuous

spectrum (over the few kc in question) and the total noise power

present from a band B kc wide of either one will be B times that of

a band one kc wide., Hence s8imply let B equal 1. '
Tne second correction applies to the antenna systems. Jansky

used a collector of D square cm. croes section whlch was at an average

angle of 574° to tue oncoming wave front. The effective collecting

surface was then D sin574° . Friis & Feldman used a collector of

D' sqg.cm. which was inclined at an angle § to the wavefront. The

effective area of this being D' sin 9 . Therefore the F;iis-Feldman

signal data was reduced by 10 logyg %'B§;n5§§° DB from values

published above thermal noise.

Also correction must be made for the difference in size of the
cones of acceptance. ESince the radiation may be considered to arrive
uniformly over the acceptance cones the Friis-Feldman data was
increased by 10 1og'1Q 5$—§—8|DB from the published values. The only
assumption made here is th-t both antennas take an equal percent of

the power from the waveiront.

This antenna is used for reception of signals from Daventry



England. It lies therefore along the great circle path which points
49947' E of N from Holmdel, N.J.

The great circle paths in the sky along which the acceptance
cone traveled are plotted in fig. 4. Tﬁe limite of motion are
indicated by cross lines. At Holmdel, the zenith is £ 40°923' Dec.;
indicated by one end of the lines. The horizon at 49°947' E of N is
4 29°20" Dec;; indicated by the other end of the curves. The plane
of the milky way is shown by a heavy line across corner of graph.

Table II gives the data of Table I reduced to ergs/sec/cmd/ke bd.
The column entitled T is the equivalent temperature of a black body
in space necessary to emit the energy indicated. This computation

is as follows. Plancks equation for black body radiation is

H, = EE§3(;hv/k% B 1) ergs/cm® “(4)

where
is Plancks constant 6.55 x 10757 ergs sec.
is frequency in cycles per EBC'
is velocity of light 3 x 10 cm/igc.
is Boltzmanns constant 1.34 x 10 " ergs/deg. K
is absolute temperature in degrees K

HEOodp

for small values of v/T eqn (4) reduces to
- vk T 2
Hy = % ergs/cm (5)
To obtain powsr multiply by dv and integrate from v, to Vge Let
Vo - V; be 0.0lv or a 1% band width.

3
e .Olgsz ergs/cmaleec (6)
Adapting this to a spherical system for anq band width B
.01v3kT r 1 .8 3
v, = =Rkl o T (v B

and solving

U, = 3.57 x 10'43 VSTQY 2g ergs/aec/cmg/deg.K/circular degree
where ,
@ is area of Receiver in sg. cm.
¥ is angular diameter of radiator in degrees
57.3 equal degrees in a radian
B equals band widtn in percent






Table II

Curve | A B c D E
Static Max Min Max Min Max Min Max Min Max Min
D'sin & 79 ‘ 334 79 334 143 454 143 454 143 454
D sin 57%°

- 17 3 17 34 10 25 10 233 10 23
DB correction  =6.7 =9.8 -8.7 -9.8 ~11.6 =13.0 -11.6-13,0-11.6 ~13.0
DB above 17.3 10.2 13.8 10.7 8.4 7.0 11.8 4.4 11.4 5.0

noise level

Static volts E/
meter/kc band .401 .,169 .264 .181 .134 .110 .207 .073 .197 .081

X 0=

U in ergs/cm3/
sec/kisband 4.26 T 64 1.85 .87 .48 .32 1.14 .14 1.03 .17
x 107

B band width

in percent 5.38 5.38 10.9 10.9 10.9
x 10-9

Xa in circular
degrees 84 42 = 84 432 143 61 143 61 143 61

T in degrecs

Kelvin x 10 41 14 18 16 12 18 38 8 24 9

A lar d &
Fron M1y iy 6 32 20 36 13 34 7 28 5 36

D = 106.5 8q meters
D'= 81,600 sq meters
e = 37°

g = 30°

L 4

fik-iRQ§ ;lP ‘?ﬁ*j
pad“/ﬁ?:,;,,,/;,,_1,,,,,:;,»;, g0 1930 300 00 I3p 530 200 30 TR0 230

X/o-'®



Solving for T and letting Q eqgual 1.
_ 3.8 x10%u
v By*
When computing E the gero level was taken from graph on page

T degrees Kelvin (8)
1831 Dec. 1832 IRE as 25.2DB below 1 microvolt/meter/kc band. This
is equal to .055 microv?lt/meter/kc band, the level of thermal noise.
The noise and signal voltages will add as the square root of the
sum of the squares because while they are both continuous spectra
they are derived from different source. Therefore
Static = Nolae[klog‘l %%)2— i] volts (2)

The data of table II applies to the region of Cygnus. About
all that can ve said is the radiation ies most intense near the
galactiec plane. It does not obey the law of black body radiation
in relation to frequency as the 18.62 megacycle readings were
consistently high by about 50% in relation to the 9.51 megacycle
readings. The exponent of v seems to be nearer 3.5 than 3.0. The
relation to temperature seems to have no meaning at all because
such temperatures are encountered only in the center of stare., If
curve C is excluded as being in error (some doubt is cast upon it
in the text) the ratio of energy intensities per circular degree
at approximately 6° and 26° from the plane of the galaxy is about
3 to 1. Actually it may fall off much faster than this because of
the numerous minor acceptance lobes not shown in fig 3b. These

become much more pronounced as § increases.

Discussion of Jansky data
The graph on page 1331 Dec. &2 IRE gives thermal noise at
25.3D8 below 1 microvolt/meter/kec band., This figure is checxed

fairly cloee by graph on page 1224 and amounts to 0455 microvolt/

/0
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meter/kc band. Inspection of data given for Feb. 24, 1832 on
former above page, data for Sept. 16, 1932 given on page 1388

Oct. 33 IRE and on page 1159 Oct. 35 IRE shows maximum values of
major peak 4.8DB and minor peak 1.2DB above thermal noise. These
values correspond to .078 and .031 microvolt/meter/kc band
respectively. The value of.078 microvolt/meter/kc band is only 20%
of maximum value .39microvolt/meter/kc band stated by Jansky on
page 1933 Dec. 1832 IRE. Just why this discrepency occurs is not
clear. In a letter Jansky sugzests that the radiation may be of
random polarization. While it is true the antenna is most
respongive to horizontal polarized waves it is not sharply so to
the extent of 1 to 4. He also sugzests attenuation due to the
ionosphere and the possibility that some of the energy ies reflected
away from the earth., No quakitative data is available on either of
these questions. Probably ;Le last of these will have the largest
effect since all measurménts were made on rays arriving at low angles
to the horizon where the reflection and disperfion would be the
most pronounced.

When Janskys data is reduced by the same method as the Friis-
Feldman data Table III is obtained.

The data is in general agreement with that of Friie & Feldman,
However there seems to be a constant experimental error of about
10™° between the fAgmer and the latter. It might be the cumulative
effect of assumptions made. This data tends to show the energy drops
off very rapidly from the galactic plane toward the pole which is
probably quite reliable since Janskys antenna showed no pronounced

minor lobes of acceptance.



Direction

Fregquency in
megacycles/sec.

DB above noise

E in microvolts/
meter/kc band

U in ergs/cm®/sec
kc band X 0"/

Ya in circular
degrees

B in gercent
x 107

T in degrees
Kelvin

f

P : - ft, - / ‘L,,

e R 0
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T
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Table III

Towards
Galactic
Center

20.5

4.8

.078

.16

1110

5.0

4+3

Towarcs
Galactic
Rim

30.5

1.3

.031

.03

1110

5.0

2 x 10°

7

=3

Towards
Galactic
Pole

20.5

<1

<.013

<.0004

1110

5.0

<3 x 10°

< .04
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Works of Other Investigators

During a conversation with Greenstein he stated Whipple was
experimenting in the wavelength range 1-10 meters using parabolic
collecting devices and regenerative receivers. No positive results
had been obtéined yet however.

In the course of correspondence with R.M.Langer of Norman Bridge
Laboratory of California Institute of Technology it develops that
Fotapenko and Folland have checked Janskys results. They are in
agreement as to the direction of arrival of the radiation but find it
only over a smal® band of 15t 1 meters. It may oe that this
radiation comes in bands around 15, 30, etc meters since Jansky and
Friis-Feldman worked at 2U.5 and 18.63, 9.51 megacycles respectively
which correspond to 14.6 and 16.1, 31.5 meters,

Langer also suggests that this radiation may be due to "guantum
electron jumps in the highly ionized interstellar dust particles."

He is carrying out computations but has no positive results yet.

This differs from Greensteins idea of obtaining the largest radiating
area per unit mass. Just—why his—particles—must-vibrate iz not-clear
to-the-writer as—witheut-a ohawgg-na-oleotromagnettc‘wavew*wputd~?ef

_ r # R ri vt . P ‘/
generated oy the vibratioens. Ao e - =4 o e

u

Conclusions
All evidence points strongly toward the milky way system as the
source oi this radiation. Nearly all existing data are residuals
from other observations. No set of hyvotheeis based upon other know-
ledge has been able to explain this phenomena. Before intelligent
guesses can be made it is of utmost importance that accurate measure-
ments be made of intensity versus direction and intensity versus

spectral distribution.
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