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Frequency Spectrum of Cosmic Radio ' .

Emission in the Frequency Range of

10-207 MHz at High Galactic Latitudes

G. G. Getmangfev, V. 3. Karavanov, -

Yu. A. Sazonov, A. F. Tarasov |

lzvestiya Vysshikh Uchebnykh Zavedenly,

Vol. 11, No. 2, Radiofizika, 1968
Herein are described antennas, aSﬁaratus, and technigqgues
for mea;uring the frequency specfrum used by the authors in
the frequéncy range of 40-207 MHz. In accordance with ﬂﬁi
measurements made the average spectral index of radio emis;ion
@ = 0.57£0.04 in the frequency range of 40-207 MHz. ' A compar=
ison of the measurement results with the results of other 4 \
authors indicatértﬁat as the frequency increases from 10 to \\.
207 MHz the spectral index of distributed cosmic radio emis-
sion at high galactic latitudes changes relativelv little.

The frequeicy spectrum of distributed cosmic radio emission is, as is well
known, one of its basic‘features. A suﬁstahtial amount of work has been
published concerning measurements of this spectrum, but the results of the
" various measurements lacked good agreement up to recent times, thus hampering
their appliéation for theoretical studies. Below are listed some of the basic
factors limiting the accuracy of absolute measurements of the intensity of cosm;c
radio emission and determining, consequently, the accuracy of measurements ofﬁthe
spectral index of radio emission.

*1. It is difficult when using in the measurements relatively complicated

antennas with—a rather narrow diagram directivity to determine the losses in the

antennas with the required accuracy.
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2. When using antennas having a notable level of emission to the side lobes,
'there arises a need to consider the influence of the rad.o emissiorn of the earth,
"which enters into the sic = lobes, on the measurement results.

3. As a rule, dicde noise oscillators used for calibrating the receiver
must, in turn, be calibrated with respeét to the emission of a standard load

("black body"} in harmony with the receiver. Such a direct calibration, however,

is possible only in the range of relatiﬁely low noise temperatures (Tn < 700°K).

Measurements of the spectrum of cosmic radio emission, the results of which
are listed below, were conducted in 1965-1966 at the NIRFI (Scientific Research
Institute of Radiophysics, Gor'kiy State University im. N. I. Lobachevskiy)}.
The measurement techniques were such that it was possible to éeduce errors related
to the factors enumerated above, which have an effect on the.accuracy of the
measurements, to an absolute minimum, Halfﬁave'dipoles, elevated to a heiéht of
0.25 A above metallic screens, were used as receiving antennas. The side lobes
‘were thus eliminated and the efficiency factor of the antennaslwas_closé’fﬁ”ﬁﬁity.
It is felt in this case that the vaiue of the spectral index, which was-averaged-
for a significant part of the'heavens, was determined, but, as is well known, the
anguiar variations of the spectral index are insignificant in the region of high
galactic latitudes. |

The diode noise oscillators which were used for calibrating the receivers
were themselves calibrated for thé-emission of film resistances of special con-
struction, heated to a temperature of.about 400°C. Power dividers of the measured
cosmic radio emission ware used during the measurements of the effective tempér-

*

atures of the heavens on relatively low frequencies.
Several articles were very recently published which also deal with the
measurement of the frequency spectrum of distributed cosmic radio emission [1-4].°
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The measurement techniques in these experiments were very similar to those used
by the authors of this article. The comparison of the measurement results
obtained at the NIRFI with the results of [1-4j enables us to draw rather
complete conclusions concerning the quctrum of distributed cosmic radio emission
in the range of 10-207 MHz at high galactic latitudes.

s

1. Antennas and Receiver
Simple halfwave hogizontal dipole antennas, elevated to a.height of about

~ 0.25 X above square metallic screens measuring 2 A X 2 A were used in the mea-
s@rement of the spectrum of cosmic radio emission én frequencies of 40, 95, 151,
ahd 207 MHz. The rebeiVing dipoles were,somewhét shorter than A/2 and wgue
gbout 0.45 A inllength, the dipoles having diameters of about 0.0037 A. The
metallic screens were made of conductors parallel to the dipoles, the distance
bétween the dipoles equal to 0.013 A, Ail récéiving'dipo;es were oriented in the
. north-south direction. Since the inputs of the receivers were asymmetric,
quarterwave coaxial pots were used for converting the symmetrical dipoles to an
asymmetric feedef. The dipoles themsel%es and the quarterwave pots were Eiiver—
plated for the purpose of reducing losses.

The receiving ant@hnés were of the rélétively wide band type. The standing
wave ratio of the antennas did not exceed 1.05 within the limits of the high |
frequency transmission bands of the receiver (Af/f was about 10'2 for all
feceivers). The parameters used for adjusting the antennas for the purpose .of
achieving the Smallest possible standing wave ratios were the hgigﬁt of the
dipoles above the screens (varying within the limits of 0.005 N during tuning)
and ti.: length of the dipole (varying by about 0.003 A). Modulated meters of the
signals of the dense spectrum, manufactured in accordance with the block diagram
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illustrated in Figure 1, were used to measure the intensities of radio ‘emission
L

on all four fixed frequencies from 40 to 207 Mlz. \
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Figure 1

KEY: a, UHF; b, mixer; ¢, intermediate frequency
amplifier; d, square-law detector; e, heterodyne
filter; f, recorder; g, high-frequency switch;

h, cold load; i, noise diode; j, generator, 22 Hz.

For the purposeS of reducing the effect of interference instabili£y on the
- measurement results the inputs of all receivers (high frequenéy amplifiers) were
provided with a resistance of 75 ohms, which was equal to the halfwave resistance
of the connecting leads and to the impedance of the antennas and noise oscilla-
tors. The noise coéfficient of the receivers was thus close to 5 on all fre-
quencies. The transmission band widths of the receivers, as ﬁoted above, were
significantly less than the transmission band widths of the antenna-feeder
channel, thus making it unnecessary to consider the features of the shape of the
frqugncy characteristics of the antenna-feeder channel during the measurements.
All coaxial leads (the énteﬁna leads and the leads to the noise oscillator
and 75-ohm load) were of identical length (about 20 meters) and were subjected to
identical temperafure conditions. A 2D25f€1ectron tube diode, mounted on a -
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specially manufactured coaxial radio-frequency head, head, was used as the noise
oscillator for calibraiing the receivers. The diode noise oscillator was used as
a secondary source'of noise voltage for calibrating the apparatus during the
measurcments. The noise oscillator, in turn, was periodically calibrated with

respect to the noises of the film 75-ohm resistance, which was applied on a glass

g

base and installed in a special radio—frqupﬁcy coaxial head and placed-in a
thermostat, the temperature of which could be raised to 450°C. This assembly was
uséd, consequently, as the primary noise standard. It also incorporated every
possible means for reducing heat liberation from the therméstat to gn absalute
minimum, thereby reducing the errors caused by unever heating of the resistance.
The time constant of the equipment during the measuremenés was about three
seconds. An additional averaging of the recordings, which resulted in a percept-
ible increase in the resultant time constané, was performed during the processing

of the recordings.

2., Procedures and Measurement Errors

The measurements of the spectrum of cosmic radio emission were made in
October and November of 1965. For testing'pprposes measurements were again
conducted in October and November of 1966. The‘measurement procedures incorpor-
gted the continﬁous recording of the level of cosmic radio emisséon on fhe aforq-
mentioned fixed frequencies and periodic calibration of the redéiﬁs: with respect
to the signals of the diode noise oscillator. R | N

Measurements were made each day from 5:30 a.m. to 12:30 p.m., as%?onomical
time, on the frequencies of 207_and 151 MHz and from 8:30 a.m. to 1:30 5&?.;'

astronomical- time, on the frequencies of 95 and 40 MHz. Minimum radio emission

was observed on all frequencies at about the same astronomical time, 11:35\a.m.
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This astronomical time corresponds to the galactic coordinates ZII = 136° and

bII = +59°,

During the measurement of the level of radio emission the receiver was cal-

ibrated every 30 minutes with respect to the signals of the diode noise oscillator.

>

During this time the noise oscillator was plugged into the inpuf of the gwitchi of

the receiver in place of the antenna and a 75-ohm matching load at room temper-

-——y

ature was placed on the other arm of the switch. On the frequencies of 40 and
95;Mﬂz the measured effggtive temperatures of the sky, even in the region of
minimum radio emissién, Qere greaiér than the noise (room) temperature-of the
"cold" noise oscillato;, with the result that the noise level of the oscillator
could be turned all the way up to the level of cosmic radio eﬁission during
calibration.

The measured effective temperatures were always less than room temperature
on the frequency of 207 MHz and in the regioﬂ ok least radio emission on the
-ffe@uency of 151 MHz. Consequently, during the determination of the level of
. measured radio emission using the noise oscillator, the phase of the difference
signal of the oscillator and the phase of the "cold" 75-ohm load piugged into the
radio-frequency switch differed by 180° from the phase of the difference signal
‘of the 75-ohm load and.of the measufed radio emission. In this situation we had
to be éertain that the switch and fhe heterodyne filter of the apparatus were
completely symmetric with respect to the phase of the low frequency modulation of
the measured difference signals. The necéssary symmetrization was checked and
adjusted frequently‘during the measurements.

.As was noted'iﬁ the preceding Section; the diode noise oscillator was peri-
odically caliﬁ}ated with respect to the noises of the priméry noise standard, the

design of which was described above. 1In this case the standard resistance was
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heated to 300°C and its noises were compared with the readings of the diode noise
oscillator. A comparison was made on all frequencies on which measurements were
made. It was estéblighed during calibration that the noise signal of the diode
oscillator was alﬁays greater than the theoretical Vélue and the separation
betwecen the noises of the-qscillator and the standard resistance is.determined by
the following coefficients: 40 MHz, 1.00; QE‘MHZ, 1.01; 151 MHz, 1.03; 207 MHz,
1.07. | |

| It was naturally necessary during the absolute measurements, made in accord-
ance with the procedures described above, to devote a great dcal of attention td
bringing about the equality of the impedances of the anteuna, of the noise
oscillator and of the equivalent load plugged into the input of the meter. In
preparing for the experiment all of the elements listed above were carefully
chec! d by measuring the standing wave ratio;§n the sysfems loaded by these
elements (the standing wave ratios did not exceed 1.05 for all of the elements
enumerated aboﬁe). Moreover, a direct experimental check was made prior to the
. measurements for the absence of the various parasitic.effects.which could be
attributed to fhé‘inequality of the impedances of the loads, oscillators, and
antennas. R | |

Much attention was devoted during the measursments to the measurement of the

temperatures of the equivalent load and of-fhé load of the diode noise oscillatof.
Furthermore, the equivalent load and the load of the oscillator were located in
the very same holder so that their temperatures would always be about the saile

during the measurements. Turning our attention now to the evaluations of the

measurement accuracy of the spectral index, let us examine first of all the

systematic measurement errors.



1) Corrections for the amplitude and frequency cﬂaracteristics of the diode
noisc oscillator were made with an error of AT/T not exceeding #2% with respect
to the noises of the heat standard and for the use of the power divider of the
"received signal on the frequency of 40 MHz. This error also includes those errors
related to the recordiﬁg inaccuracy of the signal'ievels from the readings of the
output instruments (recorders) of the receigér systems, attributabie, in particu-
lar, to the asymmetry of the switch and.balance mixer, and also the systematic
reading error of the anode current of the diode noise oscillator.

2) In determining the values of the effective temperatures of the heavens on
the various fixed frequencies, we made corrections related to the absorption of
ti:e measured cosmic radio emission in the dipole antenna and to £h$ balancing
quarterwave pot (~ 1%) [S5], as well as to the '"'percolation" of radfﬁ\emission
through the wire antenna reflector (v~ 0.3%);. Iﬁ was assunmed here théﬁ\the
fihiteness of the dimensions of the screen did not involve appreciableéffofs,
"which is in conformity with thé conclusions of [2, 3]!. 1In spite of théfact
that the systematic errors in the determination of the level of radio emi;%ion
which are related to the consideration of absorption of‘radio emission in the
antenna and in the reflector are, generally speaking, small, as we will see, it
is, nevertheless, extremely difficult to make exact allowances for them. These
errors can actually be considered.to an inaccuracy of the order of magnitude of

the error itself, We may thus consider that in the determination of AT/T, the

Tesultant imaccuracy related to the nonidealness of the antenna being used, and

"1 In carrying out the experiments described herein, a direct test was made

when the dimensions of the screen were quite great. The dimensions of the screen
have almost no effect on the level of recorded radio emission or on the value of
the input resistance of the vibrator (standing wave ratio at the input of the
vibrator depended greatly on the height of the vibrator above the screen).
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for which allowances have not been made, is about 1%,

3) Consideration of the absorption of cosmic radio emission in the iono-
sphere may have, according to evaluations already performed, aﬁ appreciable
effect only on the frequency of 40 MHz, since the measurements made on this
frequency in 1965 and 1966 were obtained during the night and morning hours, when

ionospheric absorption is minimal. The greatest absorption during these hours

)
Yot

should not exceed 2% on the frequency of 40 MHz for the dipole antenna being used
in the measurcments, having a wide diagram directivity, and on an average it should
-beaﬁoutjl.siz% less [6]. Consequently, .the measured levels of cosmic radio emis-
sion were increased by 1%, while the inaccuracy not taken into account in the
determination of AT/T on the frequency of 40‘MHz barely exaeeéed 0.5%.
4} The analysis of the systematic inaccuracies, conducted by the authors and

attributable to other factors (variation in the feeders leading to the antenna
and to the noise oscillator, the presence of.a‘reactive component in the input
‘resistance of the antenna on the fringes of the transmission band of the
receivers, etc.) indicates that they are negligible and may be disregarded when
evaluating the accuracy of the determinatien of the spectral index.

Random measurement'efrors were caused by reading errors of the anode-current
of the diode‘noise oscillator, by inaccurate considératioﬂ of the temperature
differences of the "cold" load of the diode oscillator and of the 75-ohm equi-
valent load, by reading errors of.the signal level on the recorder scale, by the
¢ “fect of weather conditions on the measurement reSults, which were particularly
notable on the highest frequency of.207 MHz, and so on. An accurate theore£ica1
dete;mination of all of these random errors involves a great deal of diffigulty,
and for thiswfééson it is hardly necessary under the conditions of repeated

measurements. _ ) ' T
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The construction of the histograms of the reproduction frequency of the
various spectral indexes found by averaging the measured values of the radio
emission intensities on two neighboring frequencies showed that they are described
by a smooth bell-shaped curve approximating the normal distribution law of raﬁdom
values. The standard deviation from tﬁe mean {most probable) value of «
according to measurements on, for example, the frequencies of 151 and 95 MHz was
0.015. The very same value was also obtained for the standard during the mea-
surements on the freguencies of 40-95 MHz. A somewhat higher value, 0.04, was
obtained for the standard by the determination of « according'to measurement data
on the frequencies of 151 and 207 MHz. Since « was measured repeatedly on the
various frequencies and the standard random deviation from its mean value was
tather insignificant, it may be considered when finding @ according to the
measurements on the frequencies of 151-95 aﬁd 95-40 MHz that the random errors
may, for.all pfactical purposes, be disregarded when finding the mean value of «.
‘For instance, when @ was determined for the frequencies of 151-207 MHz the mean
value of a due to random errors was determined to an error of £0.005.

In summarizing the above statements relative to the measurement accuracy of
the effective temperatures of the heavens during the specified measurements, it
should be considered that the overall systematic errer in the determination of
the effective temperaiufes should be ahout 3 to 3.5%. As regards randqm measure-
ment errors of the effective températuxes, they, as we have just shown, do not,
because of aviraging, involve notable error because of the lafge number of mea-

surements, and they may therefore be disregarded.
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3. Measurement Results
The mean values of minimal effective temperatures of the heaqus on the
: . : ] . hom
appropriate frequencies, corresponding to astronomical time 11°30" and to the

. galactic coordinates Z.. = 136° and bII = +59° are listed in the table\below. .

II
Table | ’ ‘ . , . \\
Frequency e ] e ] st | e \
(bu{z) R DAY S e et : )
Effective . . ) iﬂ |
Temperature ("K) | gse04300 | 042430 | 98449 195 4:4

The measurements on the frequencizs of 151 and 207 MHz, as mentioned earlier,
were made daily for a period of seven hours, whereupon the effective temperature
varied by about 20% during the time of dbsefmation due to the rotation of the
heavens. The most graphic representation of the variations in the effective
.temperature during the period of observations is illustrated by the graph shown
in Figure 2, where the values of the effective température on'the frequency of
207 Mz are arranged along the abscissa and the values of the temperatures corre-
“sponding to the same period of time on a frequency of 151 MHz are arranged along
the ordinate. The experimental function, as shown by the graph, is rather well
approximated by a straight line, which is eQidence of the lack of significanf
angular variations of the spectral index when using a receiver of diagram direct-
ivity with respect to the heavens during the time of observation. Analogous
functions can be constructed for any other pair of frequencies on which measure-
ments were made. These functions are entirely analogous to the graph illustrated

in Figure 2. The range of variations in effective temperatures r¢presented by

-



the graph in Figure 2 is, unfortunately, too narrow to enable them to be used for
the separation of galactic and metagalactic radio’emission components in accord-
. ance with the method outlined in [7]. We will notice fﬁrthermore that if we
continue the straight line in Figure 2 in the direction of low effective temper-.
atures, it will pass approximately throﬁgh the origin of the ccordinates. Thus

the furiction represented in Figure 2 is indiéputable evidence of the lack of ¢

e

significantly large isotropic component of radic emission.

Figure 3 illustrates the frequency spectrum of cosmic radio emission in

-t —

logerithmic scale as constructed according to data of effectivg_temperafﬁ?és
listed in the table and converted to the values of the intensity of distributed

cosmic radio emission. The limits characterizing the accuracy of the measure-

ments are represented in the figure by the vertical marks.

Xt
30 ‘
. KOt !
2 . MU o -
N N T
Figure 2

The slope of the frequency spectrum, as shown by Figure 3, and consequently,

" the spgetral index characterizing this slope are almost identical thfpugh the

entire range of frequencies from 40 to 207 MHz. . By generally dis:egagégng the
, . y -
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variation of « in this frequency range, it is not difficult. to determine from the
graph or table that « = 0.57 and that the error of this value Sa = 20,04,
Furthermore, there iélprobably some tendency of the spectral index to increase

in passing from the low frequencies go the high frequencies. Tﬁus, for example,
if the value of the spectral iﬁdex on frequencies in the area of 40 MHz is found
using the graph in Figgre 3, it is found tg.be equal to 0.54, while on the
freQuencies near 200 MHz the spectral iﬁdex is 0.62. Such.?ariations in the
'Sﬁectral index are alwéf% within the limits of the measurement error, but they
fefléct, in all probab%gity, the natural tendency of the'épe¢?ral index to
decrease in passing from the relatively high frequencies of.tﬁgﬁUHé frequency

range to the relatively low frequencies.
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L. Comparison with Results of Other Authors. Conclusions
The_compariSon of.the results obtained in this work with the results recently

~obtained by o*her authors is of notable interest. 1In 1964 Yu. S. Korobkov of
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NIRFI measured the frequcncy spectrum of cosmic radio emission in the frequency
range of 40-6.3 MHz in the region of the Milky Way, with central coordinates of
= ©
ZII = 98.5°7, bII

temperatures found in [1] with those obtained in this work is not possible, since

= «5.3° [1]. A direct accurate comparison of the effective
; p

the measurements were made witﬁ antennés of differing design and are related to
different sectors of the heavens. As regaﬁgs the spectral indexes of radio
eﬁiSsion intensity, however, according to Yu.S. Kofgbkov, a = 0,550.2 on the
frequency of 40 MHz, which conforms with the results of this article. As the
freqﬁency is reduced, according to {1}, the spectral index drops smoothly to

o =0.4onf =18 Miz and @ = 0.2 on f = 13 Miz!,

In the recently published work of Andrew [3], the spectrum was measured in
the frequency range of 10-38 MHz. These measurements relate to the region of
h;gh galactic latitudes of the northern galéct%é hemisphere and were made with
~ simple dipole antennas similar in design to the antennas used in this work.

" Andrew, on the basis of his measursments, gives the spectral index « = 0.43£0.03

for the 38-10 MHz range. By combining data on radio emission intensities which

L' The authors of this work undertook, in 1966, preliminary measurements of
the intensities of cosmic radio emission on 18 and 25 MHz on a horizontal dipole
antenna in the region of high galactic latitudes and obtained a spectral index
a = 0.6£0.2. We should stress once again that these measurements were of a pre-
liminary nature and thzair accuracy is rather low. :

_ Ye. A, Genediktov had the genercsity to furnish the authors with unpublished
experimental curves for the relative value of the level of distributed cosmic
radio emission on varjous fixed frequencies of the decameter band, attributed to
the motion of the heavens relative to the vertical directivity diagram of the
receiver antennas used by Yu. S. Korobkov for measuring the spectrum. Using
these curves the authors transformed the measurement results of Yu. S. Korobkov
in the region of high galactic latitudes @ = +59 and found the spectral index

« = 0.6£0.2 for the 9-40 MHz frequency band. In every case, in spite of the
relatively low accuracy of the measurements of a in the decameter band, these
measurements show that @ 2 0.4 for decameter waves.
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he obtaincd for the frequencies of 38-10 MHz with Purton's data [4], Andrew
affirmslthat a = 0.43t0.03 in the broad frequency range of 10-178 MHz in the
region of high galactic latitudes of the northern galactic hemisphere, where «
increases slightly with increasing frequency and is reduced somewhat on the

relatively low frequencies.

According to the data in [2] the spectrél index of radio emission intensity

rns

on the high galactic latitudes in the southern hemisphere in the frequency range
of 14.1 to 85 Miz varies from 0.51 (+0.15 - 0.05) on the high frequencies to
0.3:0.2 on the low frequencies. The measurements in [2] were made with simple
dipole antennas similar to those used in our work.

In [4] Purton revises the measurement results of Turtle énd his éoauthors,
according to whom the spectral index in ihe northern galactic hemisphere changes

sharply in the frequency range of 40 to 178 MHz; increasing with frequency from

n

0 to 0.9. By making the corrections for the frequency characteristic of the diode

X . : . A\
‘noise oscillator used in [7] for calibrating the apparatus, Purten concludes that
\

~ the spectral index is more or less constant in the frequency range of l{-lOO MHz
and is equal to 0.38t0.05, increasing to @ = 0.9 on a frequency of about\ﬁOO Mz,

The data of [8], according to whom a = (0-0.28) in the 10-30 MHz range, wﬁile in

\

the 30-50 MHz range @« = (0.6-0.77), are in sharp disagreement with Purton'ﬁ\\

results and with the results of our work.

\

On the basis of published data and data obtained in our work, it is possible,
as we see it, in spite of the significant diversity of the values for the

spectral indexes as measured by the various authors, to draw a rather concrete

conclusion concerning the nature of the frequency spectrum of distributed cosmic

radio emission in the i1egion of relatively high galactic latitudes.
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In the wide frequency range of approximately 10-207 Miz, the spectral index
a changes little, and @ = 0.57£0.04 in the 40-207 MHz range. On the lower
frequencies (f = 10 Mlz) « is probably somewhat less, but is known to be
« > 0.41. This general conclusion is in particularly good agrecment with
results of qarlier spectral measurements of cosmic,radio emission completed by
Adgie and Smith [9], and also by Baldwin [10].

From the standpointiof future measure%;nts of the frequency spectrum of
distributed cosmic radio emission on relatively high galactic latitudes, the

authors feel that the measurements of relatively small angular variations of the

spectral index and measurements of the spectral index in the decameter wave band

will be very important.

he%

1 it should be noted, however, that [2-4] discuss @ for galactic radio

emission. But in this work the spectral index was measured for the complete

radio emission. ' o : - L.
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