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548 Electrical Phenomena of Interstellar Origin

portant results, and also for a determination of the parallax of the sun.

¢) We shall probably undertake the observation of stellar radial veloci-
ties of faint stars, in collaboration with other observatories, The latitude
of the McDonald Observatory, approximately 31°, will permit us to ob-
serve considerably farther to the south than is possible at the Yerkes Ob-
servatory or at any other observatory located in the United States.

d) The focal ratio of the mirror will be 1:4, and the instrument will
therefore be especially suitable for obtaining spectrograms of diffuse
nebulosities as well as of spiral nebulae. We shall use a quartz spectro-
graph at the principal focus for this purpose.

e) The McDonald telescope will also be used for other studies which
we now have in mind: the positions, brightnesses, and spectra of comets,
the extension of our photo-electric work, the determination of photo-
graphic and photo-visual magnitudes of faint stars, etc. The large Mc-
Donald reflector will be suitable for various proper motion problems,
such as the relative motions of bright stars with respect to faint stars
or to distant spirals, and the internal motions of clusters and nebulae.
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Electrical Phenomena that apparently
are of Interstellar Origin
By KARL G. JANSKY*

SuMMARY,

Electromagnetic waves of an unknown origin were detected during a
series of experiments on atmospherics of short wave-lengths. Directional
records have been taken of these waves for a period of nearly two years.
The data obtained from these records show that the azimuth of the di-
rection of arrival changes from hour to hour and from day to day in a
manner that is exactly similar to the way in which the azimuth of a star
changes. This fact leads to the conclusion that the direction of arrival
of these waves is fixed in space; that is to say, that the source of these
waves is located in some region that is stationary with respect to the stars.

‘Although the right ascension of this region can be determined from
the data with considerable accuracy, the error not being greater than
#+30 minutes of right ascension, the limitations of the apparatus and the
errors that might be caused by the ionized layers of the earth’s atmos-
phere and by attenuation of the waves in passing over the surface of the
earth are such that the declination of the region can be determined only
very approximately. Thus the value obtained from the data may be in
error by as much as =30 degrees.

The data give, for the coordinates of the region from which the
waves seem to come, a right ascension of 18 hours and a declination of
—20 degrees.

INTRODUCTION,

During the progress of a series of experiments that were being made
at Holmdel, New Jersey, on the direction of arrival of atmospherics at
high frequencies,® records were obtained that showed the presence of
very weak but continuous electromagnetic waves of an unknown origin.
The first indications of this phenomenon were obtained on records taken
during the summer and fall of 1931, and a comprehensive study of it
was made during the year 1932. The results of this study are the sub-

*BEI Telephone Laboratories, Inc.,, New York City.
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ject of this paper.

The first complete records obtained showed the surprising fact that
the azimuth of the direction of arrival of these waves changed nearly
360 degrees in 24 hours and subsequent records showed that each day
an azimuth of O degrees (south) was reached approximately 4 minutes
earlier than on the day before. These facts lead to the conclusion that
the direction of arrival of these waves remains fixed in space, that is to
say, its right ascension and declination are constant.

[1O33PA LI 41075483,

, APPARATUS,

The apparatus used will not be described in detail in this paper. The
reader who is interested in that phase of the subject is referred to a
former article by the author.* There will be given here a description
only detailed enough for a complete understanding of the data and the
conclusions drawn therefrom.
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Ficure 1.
SAaMPLE ReCORD OF WAVES OF INTERSTELLAR ORIGIN,

The apparatus consists of a sensitive short-wave radio receiving sys-
tem to which is connected an automatic signal intensity recorder. The
antenna system used is highly directive in the horizontal plane and is
rotated continuously about a vertical axis once every twenty minutes so
that data obtained with the system, like that obtained with a loop aerial
rotated about a vertical axis; give the azimuth of the direction of arrival
of signals, but tell nothing directly about its altitude. The recorder
motor and the antenna driving motor are both synchronous motors op-
erating from the same power supply so that the records obtained show
the azimuth of the direction of arrival of signals directly as well as their
intensity.

Figure 1 shows a sample record of the waves in question obtained
with this apparatus. Time is given along the horizontal axis as also is

Courtesy Maria Mitchell Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1933PA.....41..548J

550 Electrical Phenomena of Interstellar Origin

the azimuth, (the azimuth is given along the top of the record), and
relative intensity values in db..? along the vertical axis. The time at
which the antenna was pointed in the direction from which the waves
come is clearly indicated on the record by the humps in the curve the
central points of which are indicated by the short vertical line.

Except where otherwise noted the apparatus was tuned to a wave-
length of 14.6 meters.
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REsuLTs.

If now the azimuth of the direction of arrival for any particular day
is plotted against the time of day, a curve similar to one of those of

1-JAN 211932 5-MAY 8 1932
2-FEB 24 1932 6-JUN 11 1932
3-MAR 4 1932 7-JUL 151932
4-APR 9 1932 8-AUG 211932
9- SEP 17 1932
10-OCT. 8 1932
11-DEC 4 1932

N 180°

A
\

Y

1
~ L~

3
@
o
o
[

NN
NN

N

N

/
"

9

%’_ /

[

SN

\
N

o
S 1= : /
| >~ y
_——
N 180° —/= .
1200MN  4:00  8:00 12:00 M 400 _ 800 1200MN O 2 4
TIME OF DAY INTENSITY IN DB
ABOVE SET NIOSE
Ficure 2.

AzIMUTH OF THE DIRECTION OF ARRIVAL OF WAVES OF INTERSTELLAR ORIGIN
Prortep AcainNst TiME oF DAy,

Figure 2 is obtained. Thus data from the record just mentioned con-
stituted part of that from which curve 9 of this figure was obtained.
The figure shows curves for eleven different days spaced approximately
one month apart during the year 1932. There is no curve for the month
of November. These curves were obtained by averaging the data taken
over several consecutive days so as to eliminate the effects of the errors
made in measuring the records. The day assigned to a given curve is
the middle day of the group over which the data for that curve were
obtained.

The curve at the right in the figure shows the variation of intensity
of the waves plotted against the azimuth of the direction of arrival. It
is to be noted that the intensity of the waves is independent of the time
of day, but directly dependent upon the hour angle of the direction of
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arrival. Thus the waves are always at their maximum intensity when
this hour angle is zero.

Two important facts are disclosed by this figure. First, the azimuth
of the direction of arrival changes gradually and uniformly through
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Ficure 3.

TiME oF TRANSIT oF DIRECTION OF ARRIVAL ACROSS THE MERIDIAN
oF THE REceIviNG LocaTioN,

nearly 360 degrees during 24 hours. Second, there is a uniformly pro-
gressive shift of the curves to the left from month to month which at
the end of one sidereal year brings the curve back to its initial position.
To one familiar with the manner in which the heavenly bodies change
their positions hourly and daily these facts indicate that the direction
of arrival is fixed in space.
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That the right ascension of this direction of arrival remains constant
will be evidenced more clearly by plotting the times of transit- of the di-
rection of arrival across the meridian of the receiving location for sev-
eral days spaced uniformly throughout the year against the day of the .
year. If the right ascension of the direction of arrival remains constant,
the points so obtained should all fall on a straight line® having a slope
of 1/24 of a sidereal year per hour. Now it will be shown later that the
declination of the direction of arrival is less than the latitude of the
location of the receiver so that when the transit takes place the azimuth
of the direction of arrival is zero. The times at which the curves of
Figure 2 have an azimuth of O degrees, 7.e. the times at which they cross
the line the ordinate of which is O degrees are plotted against the day
of year in Figure 3. The correspondence of the points with the heavy
line the slope of which is 1/24 of a sidereal year per hour cannot be
accidental and indicates that the right ascension of the direction of ar-
rival remains constant.

The position of this heavy line on the graph is determined by the value
of the right ascension. Thus the position of the curves corresponding
to a right ascension of 0 hours, 6 hours, 12 hours, and 18 hours are
shown by the light diagonal lines on the figure. From the relative posi-
tions of the heavy line and the light lines it will be seen that the
measured direction of arrival occurs at a right ascension of approxi-
mately 18 hours, 30 minutes ; however, because the recorder mechanism
requires a measurable length of time to record the field strength values,
the directions measured on the records lag behind the true directions by
a value varying fom 4 to 9 degrees. If the measured values are cor-
rected for this error, the right ascension of the direction of arrival be-
comes approximately 18 hours.*

If the declination of the direction of arrival remains constant also,
the separate curves of Figure 2 should be similar in shape to one of
those of Figure 4. This figure shows theoretical curves of azimuth
plotted against time for several different declinations. In this figure
time'is given not in terms of hours of the day, but in terms of the time
interval before and after the time of transit of the direction of arrival.
The values of declination used for the different curves are given in the
figure. The curves are dotted for that portion of the time that the
altitude of .the direction of arrival would be negative.

For the purpose of making a comparison between these curves and
those of Figure 2, an average of the curves of Figure 2 is shown in
the figure by the broken line. It will be seen that for the greater part
of the time during which the direction of arrival is above the horizon
it lies between the curves for a declination of 0 degrees and —20 de-
grees, but the remaining portions of the curve are not at all similar in
shape to any of the theoretical curves. However, as the time interval
before or after the time of transit of the direction of arrival is increased,
the waves must travel through an increasing thickness of the earth’s
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atmosphere so that any distortion of the direction of propagation of the
waves by the ionized layers would increase also and when the altitude
of the direction of arrival is less than O this distortion might be exces-
sive and coupled with the attenuation of the waves suffered during their
passage through the atmosphere might be the cause of the difference
between the theoretical and actual curves noted.

It should be emphasized here that at the time of transit of the direc-
tion of arrival, this bending is confined to the plane determined by the
meridian of the receiving location and will therefore cause no error in
the measurement of the right ascension if it is made in the manner de-
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Ficure 4.

CoMPARISON BETWEEN ACTUAL AND THEORETICAL CURVES OF THE AZIMUTH OF
THE DIRECTION OF ARRIVAL FOR DIFFERENT DECLINATIONS.

scribed above. Also at this time, since the direction of arrival is more
nearly perpendicular to the earth’s surface than at any other time, the
bending, even in the plane of the meridian, will be less than at any other
time so that the value of the declination obtained from the curves for this
time will be more nearly accurate that that obtained at ary other time.
At this time the average curve coincides with the theoretical curve for a
declination of —20 degrees and that is the value taken for the declina-
tion of the direction of arrival of the waves in question.?

At all other times, whatever bending the waves suffer will cause
errors in both measurements. However, from a consideration of the
data and the method of interpretation, it is believed that in spite of the
possible errors mentioned, the declination of the source, or center of
activity if there is more than one source, as measured would be accurate
within an error not greater than +30 degrees.
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DiscuUssIoN.

The above data all seem to point to a single source fixed in space with
the electromagnetic waves traveling in more or less straight lines from
the source with some of them ultimately reaching the receiver. There
are, however, other phenomena perfectly conceivable and none the less
fascinating that would give similar results.

For example: it may be that the electromagnetic waves that reach the
receiver actually do originate in the earth’s atmosphere. In that case
the data would seem to demand that these waves are secondary radia-
tions sent out from the points of impact with the earth’s atmosphere of
some primary rays of unknown character and which come from a source
or sources fixed in space. If this is the case, then the disturbance meas-
ured by the receiver is probably the summation of very many waves of
various intensities coming from secondary sources in the earth’s atmos-
phere that are scattered over a considerable area, and the coordinates
obtained are those of the source of the primary rays or, if there is more
than one source, of the center of activity of these sources providing they
are uniformly distributed over a given area.

FIO33PA S - .. 417 5487 !

If the waves that reach the receiver are such secondary radiations
then the question of the character of the primary rays is immediately
raised. The possibility of such rays being composed of high speed
particles, charged or neutral, should be mentioned. In fact such a pos-
sibility has just recently been given added importance by a publication®
of Gunn showing the probability of just such high speed particles being
present in interstellar space. If the particles are charged, i.e. if they are
positive or negative ions, they must excite the secondary radiations be-
fore they are appreciably deflected from their original paths by the
earth’s magnetic field otherwise the waves would not reach their max-
imum intensity when the azimuth of the direction of arrival is O degree
as is shown by the curve to the right in Figure 2.

The possibility of a group of sources not being uniformly distributed
over a given area with respect to the earth presents the most fascinating
explanation of the data, for after a brief consideration of the curves
given in Figure 2 it will be evident that a disk-like distribution of the
sources around the earth like the distribution of the stars in the Milky
Way would give a very similar curve. This possible explanation proves
even more interesting when it is discovered that the codrdinates given
by the data are very nearly the same as those for the center of the
Milky Way, the codrdinates of which point are approximately right as-
cension 17 hours, 30 minutes, declination —30 degrees (in the Milky
Way in the direction of Sagittarius)” well within the limit of error of
the data; and also because the records show a small hump between the
main humps in certain sections of the record just as would be expected
if the Milky Way were the source of the waves.

Considerable data will have to be taken and thoroughly analyzed,
however, before such a theory or for that matter before any theory rela-
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tive to the source of these waves can be accepted.

Although all the data presented so far in this paper were taken on a
wave-length of 14.6 meters, a few runs were made on wave-lengths
ranging from 15 meters to 13 meters with no apparent change in the
intensity of the waves. Due to the fact that the antenna system loses
its directivity outside of the wave-length range, no data have been taken
on other wave-lengths.

At no time did the intensity of the waves reach a value in excess of
0.39 microvolts per meter for a receiver with a 1.0 kilocycle band
width.

rI933PA T DAL T5483 "

CONCLUSION.

In conclusion, data have been presented which show the existence of
electromagnetic waves in the earth’s atmosphere which apparently come
from a direction fixed in space. The data give for the codrdinates of
this direction a right ascension of 18 hours and a declination of —20
degrees.

The experiments which are the subject of this paper were performed
during the year 1932 at the Holmdel Radio Laboratories of Bell Tele-
phone Laboratories, Inc., which have a north latitude of 40 degrees 20
mintites and a west longitude of 74 degrees 10 minutes.
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