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In this sectlon, it is proposed to discuss its seasonal
variations in 1957, 1958 and 1959. This is done by comparing
The mean values of the total attenuation for different months.
The monthly mean values of the total attenuation were calculated
by averaging the 24 mean hourly values for each month, In
Fig.3 are plotted the monthly mean values from March 1957 to

~ December 1959, It will be seen that the monthly mean values
of the total attenuation show maxima in the equinoctial months
and minima in summer and winter, This is true for all the
three years. The maximum occﬁrring in October in each year
was stronger than therne occurring in March. The_monthl&
mean total attenuation reached its highest maximum, 3.3 db,

in October 1958.

" MONTHLY MEAN (OF 24 HOURS) OF TOTAL ATTENUATION OF GOSMIC
RADIO NOISE ON 25MC/S AT AHMEDABAD FROM MAR 957 TO DEC1959

4

1957

" TOTAL ATTENUATION IN DB
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MONTH

Fig.3, Monthly mean values (mean of 24 hours).of the total
attenuation of cosmic radio noise at Ahmedabad for
the period from March 1957 -to December 1959,
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Reprinted from the 4
Journal of Scientific & Industrial Rescarch, 1958, Vol. 174, No. 12, Supplement, pp. 40-45

Studies of Cosmic Radio Nojse
on 25 Mc/s. at Ahmedabad

A TTENUATION of radio waves in the
A ionosphere is usually measured by
comparing-the amplitudes of repeated
reflections of pulses transmitted upwards
from the ground. This method is applicable
only for frequencies lower than the critical
frequency of the ¥, region at vertical inci-
dence, For frequencies higher than fF,,
one would require a transmitter situated
outside the earth’s Extra-
terrestrial radio noise sources in the galaxy
provide convenient transmitters for the study

atmosphere.

of variations in the absorption and scattering
of radio waves in the ionosphere.

v Jansky' was the first to recognize that
variations in the ionosphere affect the recep-
tion of cosmic radio noise. He attributed
the reduction in the intensity of cosmic noise
observed during the day to the ionosphere.
Systematic observations were taken by
Shain® using 18.3 Mc/s. in Australia. He
concluded that useful information concerning
the attenuation of cosmic noise passing
through the whole of the ionosphere could
be obtained by this means. He found that,
so far as absorption ‘was concerned, the
F region was more effective than the E region.
Mitra and Shain® undertook an analysis of
the data in greater detail and proved that the
total absorption could be divided into two
tomponents, one which occurs in the D region
and the other in the F, region. They cal-
culated the diurnal and seasonal variations
and observed that I, region absorption was
a function of its critical frequency and not
its height and suggested that increased night-

R.V. BHONSLE & K. R. RAMANATHAN
Physical Research Laboratory, Ahmedabad

time absorption might be caused by the ir-
regularities in the F region, Similar analysis
carried out by Blum, Denisse and Steinbergt
revealed a partial absorption attributable

-at 29.5 Mc/s. to the F region or beyond:

Little's® work on 65 and 30 Mc/s., which is in
progress at College, Alaska, is mainly con-
cerned with high latitude effects such as
sudden and .intense absorptions associated
with the occurrence of visible aurorae and
polar blackouts. Warwick and Zirin® have
analysed the diurnal variation of cosmic
noise at 18 Mc/s. in Colorade. Their abso‘%p-
tion data did not allow them to separate
D region absorption from the absorption pro-
duced by the other layers of the ionosphere.
They consider that the absorption produced
by the other layers is negligibly small. They
have derived the electron density as ajfanc-
tion of height in the D region and of local
time and have inferred that the recombina-
tion coefficient, within the D region, is either
constant or inceases with height.

The results of experimental work on the
ionospheric attenuation using extra-terres-
trial noise have so far been mainly reported
from stations located in middle and high
latitudes. Since 1956, continuous recording
of cosmic radio noise at 25 Mc/s. has been
going on in the Physical Research Labora-
tory, Ahmedabad (India) (23%2'N : 72°38'E).
This paper presents some of the results of the
analysis of the records taken over a period
of one year, from March 1957 to Febru-
ary 1958, with a brief description of the
equipment and the method of analysis.
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Eqmpment

The eqmpment consisted - of a duectloml

derial, a suitably modified commummtlons ‘

type receiver, a differential type d. c. ampli-
fier, a recording- milliammeter and a noise
generator. The aerial was a bloqdmde—
collinear array consisting of sixteen halfanP
dipoles spread in E-W direction and backed
by a parallel wire reflector at a distance of
- 0,2 wavelength., The principal lobe of the
aerial had an angular width of about 409 in
N-S and 30 in E-W directions, and was
directed towards the zenith. The constancy
of gain of the receiver and d.c. amplifier
necessitated stabilization of their high ten-
sion and filament voltage supplies. The out-
put of the receiver was taken from the second
detector stage and fed to a stable d.c. ampli-
fier whose output was given to a o-1. ma.
recording milliammeter. The audio-section
of the receiver was used to monitor occasional
disturbances, due to neighbouring channels,
solar’ bursts and sferics. The receiver output
was calibrated manually twice a day, against
the noise output of a pure tungsten filament
diode balanced noise generator. In addition,
there was an arrangement which could perio-
dically replace the aerial with a cold resistor
of the same value as the input resistance of
the receiver. It was thus possible to keep
an adequate check on the overall stability
of .the equipment.
Method :
~ "The principal lobe of the aerial scans a
portion of the sky about 40° wide in N-S and
-30° in E-W planes centred around the zenith
once ¢¥ery day owing to the diurnal rotation
of the earth about its axis. The cosmic
radio noise power received on the surface of
the earth from the zenith sky will vary with
its variation with sidereal time. It is, there-
fore, necessary.to know the intensity of the
cosmic noise at different sidereal times at a

&

RELA_TIVE POWER

o { SRS DR MY SO S SRS A
O 2 4 6 8 10 12 4 1§

e

8 20 22

SIDEREAL TIME IN HOURS,

Fig. 1—Cosmic Noise Power Outside the Atmo--
sphere (on 25 Mc/s.) with the Antenna used at
‘Ahmedabad.

S s Lo

position outside the earth’s’ atmosphere,
Fig. I represents an extr‘épolated curve’of v_‘"
intensity of cosmic noise at 25 Mc/s. against |
sidereal time. All the records taken during
the year were utilized to develop this curve:
It was necessary to.average the power re:
ceived from different portions of the sky at
times when the ionospheric influence on the
cosmic noise was at a minimum or negligible.
Such conditions usually occurred ‘between ;
03 and 06 hrs. local time and when the critical ff
On this

frequency was less than 8 Mc/s.

basis, records were! chosen and the maximum

intensity for each sidereal hour, which could f
be repeated with an accuracy of +5 per cent; |
was taken to be the ‘standard’ or ‘un- |
absorbed’ “intensity of the cosmic noise "LL +t
that sidereal hour.
any day’s record with this ‘standard curve’
then one can calculate the attenuation pro-
Our method of
analysis consists in noting the intensity of
cosmic noise at a local hLour, finding the ’
corresponding  sidereal time, getting the
extra—terrestrial intensity"from the curve and |
then calculating the absorption. The total
attenuation of the cosmic 'noise’ by the
ionosphere is then giveh by the ratio, ex-
pressed in decibels, of the observed " power

’

duced in the ionosphere..

Now if one compares f -
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- Table 1—Absorption During Different Seasons

Place - Frequency Year Lat. Long. Maximum Daytime Attenuation, db.
Mc/s ' _ - —
S - Summer Equinoxes Winter
Hornsby 18.3 1950-5T  34°S 151°E 1.3 0.8 0.9
Ahmedabad 25.0 1057-58 23%02'N  7238'E 3.4 5.1 4.2

ATTENUATION OF COSMIC RADIO NOISE 25 Md/S. AHMEDABAD.
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Fig. z.—Monthly Mean Hourly Values of (a) Total
‘Attenuation, (b) D Absorption and (¢) I, Attenua-

tion (Also Median Values of fO k)

Po, fo the power Ps, that would have been
observed, had there been no ionospheric
attenuation.
Total attenuation

Fig. 2(a) represents the monthly mean
hourly values of the total ionospheric atte-
nuation in decibels produced in the different
ionospheric regions and possibly also in the

reéion laying beyond the level of maximum
i‘o’nization of the T, region, which isnormally
inaccessible. Mitra and Shain® have shown
that most of the absorption occurs in D and
F, regions while E, E; and Fy contribute
very little to the absorption. It.is.evident
from the figure that the total attenuation
exhibits a significant diurnal and seasonal
variation. The general trend of variation
in the absorption for each month is that, a .
mih_imtm’ occurs sometime before sunrise
and then it goes on increasing till a maximum
is reached in theafternoon usually before
1400 hrs. local time. December 1957 was an
exceptional month in which the maximum
daytime absorption occurred in the foren001]_".
Afterwards, the attenuation hasa tendency
to decrease till sunset. The total attenua-
tion for different months after sunset shovg)é
two distinct types of trend, one in which thé
attenuation increases after sunset till a maxi-
mum is reached sometigie between 20 and
22 hrs., followed by a continuous decrease for
‘the rest of the night, and another whicﬁh
shows only a steady decrease throughout the
night. The months of January, February,
March, September, October, November and
‘December belonged to the former group
showing a pre-midnight maximum and Aprif,
May',“]m'le;“]uly and August fell in the latter
group which showed steady fall in absorption
throughout the night. The prounounced pre-
midnight peak in the total attenuation is

thus peculiar to winter and equinoctial

months, while it is suppressed during summer
months. It is worthwhile to compare maxi-
mum daytime attenuations observed at Horns- .
by, Australia and at Ahmedabad, India.

: 3
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Table 2—Lag in Response of D Region to Ionizing Radiation
1058 1957
Pt T T T e N T T e
Jan. Feb. March April May June July Aug, Sept. Oct. Nov. Dec.
Delay in min. 25 17 24 31 36 4T 31 30 28 29 32 13
: Mean delay=28 min.
Table 3—Noon Absof'ption o
Place 1958 © 1957

f—'ﬁA*_\ f—~_~_hh‘~—f‘_'&~_*"_—__'__‘_"b—“j

. : Jan. Feb, March April May June July Aug. Sept. Oct. Nov. Dec,
Hornsby —_ —_ — T T 06— o6 — {4, b
Ahmedabad .5 1.8 2.2 3.2 4.6 2:7 2.2 2.3 2.6 2.3 1:7 1.2
Ahmedabad, 2.1 2., 2.6 2.1 ? P21 Y 46 2.5 2.1 1.3 |
extrapolated for cos X =71 A
Table 4—Value of 5 For Different Months :
Place 1958 1957 3
——H— f“_*_*f_h‘hﬁ-_“k ____________ B '

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.

Ahmedabad 0.9 1.0 1.2 1.0 1.2 1.1 1.0 1.7 0.9 0.9 0.7 0.6

Hornsby - — — T 05 — o949 — _ I.1

Table 1 reveals that the absorptions ob-
s.‘erved during the corresponding seasons at
these stations are quite different in magni-
tude, This difference in attenuations can be
attributed t_b (1) the stations are situated at
d_iffer})t latitudes and the F, critical fre-
quencies are different, and (2) experiments
were conducted at different epochs of the
solar cycle,

Separation of contributions to
absorption due to D and F regions
. Our method of separating the attenuations
into two components, one mainly due to the
D region and the other mainly due to the
E region, is identical with that used by Mitra
and Shain3, Brieﬂy, the total attenuation
is plotted against f. I, for each solar hour,
The attenuation decreases with decrease in
I,F,, and the curve js extrapolated to low
values of f F, and zero F, absorption. The
residual absorption ‘is found to depend on
the solar hour and this is taken to be the con-
tribution duc to the D region. The extra-
polation to low I,Fy values ‘becomes less

i

accurate at hours when low values of f,F, are
rare, as in the afternoons,

D region absorption L '?‘
Fig. 2(b) represents the monthly mean -
hourly values of absorption which occurs
mainly in the D region for each month, It
is known that the D region absorption is
non-deviative in character an '; is under
strong solar control, The absorption is pro-
portional to the product Ny where N is the
electron' density and p the collisional fre-
quency of an electron, Though N is small
at the height of the D region, the large value
of v, which increases with the atmospheric
pressure, maintains sufficiently high valuc of
the product Ny resulting in heavy absorp-
tion. There are occasions when N also in-
creases enormously, for example, at the time
of solar flares, which then produce sudden
large increases in cosmic noise absorption
and- shortwave fadeouts, These short-term,
effects will be reported in a separate com-
munication. Otherwise, N depends on the
solar zenith angle; its value increases as the

-
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solar zenith angle decreases.. Therefore, a
‘roughly symmetrical curve for D region ab-
sorption around the Jocal noon is expected.
But it has been found that the absorptions
observed for the same solar zenith angle be-
fore and after the Jocal noon are not equal.
The maximumn absorption in the D region
occurs not at the local noon, but slightly
after the local noon, and this has been con-
sistently observed for each month. This
observation gi\;es supporting evidence to the
view that there is a certain amount of ‘lag
or delay’ in the response of the D region to
the solar ionizing radiations. This lag in the
response is a measure of the sluggishness of
the ionosphere. An attempt has been made
to measure the amount of delay for each
month and is ‘given in Table 2.

For some reason, there is no constancy in
the observed lag in the responseé from month
to month. The largest value for the lag was
observed to be 41 min. in the month of June
which is midsummer in Ahmedabad, and the
smallest observed is 15' min. in December
which is midwinter. The lag is thus @ maxi-
mum in summer and a.minimum in winter.
It is interesting to note that the average lag
taken over a year comes to about 28 min.
which is in good agreement with the value
of 27 min. obtained by Mitra and Shain?.

_ATTENUATION IN DECIBE LS

5 7 9 i i3 15 17 19 2
) . f: A N Mefs 7
Fig. 3—Mass Plot of Attenuation Against fj Ir,
(Night Observation)
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Fig. 4~—F2 Attenuation vs fo T Day and Night

Separately, During Different Months

Warwick and Zirin® have also reported an
asymmetry in the maximum D region ab-
sorption, but it is in the opposite sense, and
these authors feel that the delay found in
this way is insignificant. _

Table 3 gives the noon absorptiafhs in
decibels for different months. It is observed
that the noon absorption in the D region
undergoes considerable seasonal variation.

The maximum of nearly 2.7 db. was re-
corded in the month of June 1957 and a
minimum of r.2 db. in the month of Decem-
ber 1937. It is known that the diurnal
variation of D region absorption is of the
form cost X. The values of n were deter-
mined for each month and are given in
Table 4. The extrapolated values of ab-
sorption for cos Y=1 for each month are
given in the last row of Table 3. In some
months, owing to the scatter of the points,
no reliable extrapolation for cos X=1 could
be made.



gsolar zenith angle "decreases. Therefore, a
roughly symnétrical curve for D region ab-
sorption around the local noon is expected.
But it has been found that the absorptions
observed for the same solar zenith angle be-
fore and after the local noon are not equal.
The maximum absorption in the D region
occurs not at the local noon, but slightly
after the local noon, and this has been con-
sistently observed for each month. This
observation gives supporting evidence to the
view that there is a certain amount of ‘lag
or delay’ in the response of the D region to
the solar ionizing radiations. This lag in the
response is a measure of the sluggishness of
the ionosphere. An attempt has been made
to measure the amount of delay for each
month and is given in Table 2.

For some reason, there is no constancy in
the observed lag in the response from month
to month. The largest value for the lag was
observed to be 41 min. in the month of June
which is midsummer in Ahmedabad, and the
smallest observed is 15 min. in December
which is midwinter. The lag is thus a maxi-
mum in summer and a minimum in winter,
It is interesting to note that the average lag
taken over a year comes to about 28 min,
which is in good agreement with the value
of 27 min. obtained by Mitra and Shain?,
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Warwick and Zirin® have also reported ‘an_
asymmietry in the maximum D region ab-
sorption, but it is in the opposite sense, and
these authors feel that the delay found in
this way is insignificant. &

Table 3 gives the noon absorptions in
decibels for different months. It is observed
that the noon absorption in the D region
undergoes considerable seasonal variation.

The maximum of nearly 2.4 db. was re-
corded in the month of June 1957 and a
minimum of 1.2 db. in the month of Decem-
ber 1957. It is known that the diurnal
variation of D region absorption is of the
form cosr X. The values of # were deter-
mined for each month and are given in
Table 4. The extrapolated values of ab-
sorption for cos X=1 for each month are
given in the last row of Table 3. In some
months, owing to the scatter of the points,
no reliable extrapolation for cos X=1 could
be made. ' a
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Averaging over different months, it was
found that during summer and equinoctial
months # was 1.7 and 1.0 xespectlvely and
durmg winter it was 0.8, '

F region absorptmn

Fig. 2(c) shows the monthly mean hourly
vélugs of the attenuation for the different
n;lonths which mostly occurred in the F
region. If the total attenuation is corrected
for D absorption then the residual attenua-
tion may be attributed to the F, region.
The correction has to be applied only during
the daytime since D absorption ceases soon
after sunset. During the night, whatever
attenuation is produced is in or beyond the
F, region. It is known that the F, region
absorpti'o,n is mainly of the deviative type
and, therefore, depends on the proximity of
the exploring frequency (25 Mc/s.) to f,F,.

ATTENUATION INTOEC:BELS -

NIGH T-TovE

EXCESS

2 0 2 4 20 2 O 2 4

75° EMT IN HOURS
Fig, s»Monthlv Mean Hodrly Excess of Night-
tlme Attenuation Over Daytime Attenuation IFor
‘The Same f 1‘

‘COSMIC  RADIO NOISE :AT: AHMEDABAD

It is also-expected that the irregularities.in
‘the ionosphere, which cause scintillations of
the radio stars,' may have, at least, somg
effect on the intensity of cosmic noise. . .-

Tig. 3 shows a plot of f,F, and F, absorp-
" for the
that below a particular value ‘of

tion ‘nighttime obsevations. It
apﬁ)ears
B, F,
for f,I, less than 8 Mc/s., F, absorption is
small. As f,F, increases beyond 10 Mcs.,
the absorption rapidly increases. It has beer‘l
found by other workers that the major com-
ponent of the total absorption arises in the
D region, but that there is an apprecxable
contribution from -the F, region. The ab-
sorption varies linearly with f,Fy according
to Blum, while according to-Mitra and Shain?,
a curvilinear relation holds over the range
4-8 Mc/s. (for 18.3 Mc/s.). "Our observa-
tions show that F, absorption does not have
a linear relation with f,F, and F, absorption
is by no means less important than 19-absorp-
tion. While the D region absorption was
never greater than 3 db. even in.snmmer,
high F, absorptions, exceeding 6 or 7 db.,
have frequently been obsgrved. Another
fact worth noting about F, absorption is that:
during equinoctial and -winter months, the
maximum nighttime F, attenuation ex-
ceeded the maximum daytime F, attenua-
tion. In general, for a particular value of
f,F, it was observed that during all seaons,
nighttime attenuation was greater than day-
time attenuation (Fig. 4). Fig. 5 shows the
excess (night minus day) attenuation at
different hours of the night during different’
months.  Sach \X\'CCSS attenuation at night
was also observed in Australia by Mitra and
Shain® who have suggested that the iono-
spheric irregularities in the F region, which
produce scattering of radio waves, might be

responsible for. the occurrence of  excess

attenuation. These irregularities appear as

absorption is negligible. In general,

!
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‘spread’. or ‘diffuse’ echoes on the p'f
records taken by ionospheric pulse soundings.

The data of the ionospheric station at
Ahmedabad were analysed for the percentage
occurrence of F-scatter echoes and it was
found that, during summer and equinoxes

when F-scatter echoes were most frequent, :
large excess attenuations were accompanied '

by the large frequency of occurrence of F-
scatter echoes. The presence of ‘an early
night peak in the absorption curve during
the winter and equinoxes is, however, diffi-
cult to explain solely on the basis of deviative
absorption which depends on f,F, and of
scattering due to ionospheric irregularities.
This will be discussed in a later paper.

Summary

Using cosmic radio noise at 25 Mc/s., the
values of total ionospheric attenuation have
been found for over a year at Ahmedabad.
Since theD and F, regions of the jonosphere
are the principal attenuating regions, an
attempt has been made to separate their
respective contributions to the total attenua-
tion. The .diurnal and seasonal variations
in each case are discussed and it is observed

AT

; ing due to ionospheric irregularities.

that the F, attenuation for high values of

f,F, can exceed D absorption. The excess

attenuation in the early part of the night are

,too high to be explained solely on the basis

; of the deviative absorption of F, and scatter-

' This

will be discussed in a later paper.
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In a previous communication [Bhonsle and
| Romanathan, 1958], the authors have reported
| oo the measurements of cosmic radio noise on
1 % Me/s at Ahmedabad over a period of 1 year
{ from March 1957 to February 1958 and have
given estimates of the values of the attenuation
| of cosmic radio noise in the atmosphere. On
1 the assumption that the attenuation occurs
| mainly in the D region and F regions of the
| ionosphere, it was shown that the total attenua-
1 tion could be divided into two components, a
D-region and an F.region component. On ex-
| smination of the mean diurnal and seasonal
1 variations, the curves of total attenuation (Fig.
11) showed the following features: (1) minimum
| attenuation occurs before sunrise; (2) a day-
| time maximum in the attenuation occurs near
i or shortly after noon; and (3) a second maxi-
mum in attenuation occurs after sunset and
before midnight, usually between 20 and 22
{hours local time, in the winter equinoctial
| ind months. - -

Adopting a method previously used by Mitra
| d Shain [1953], D-region absorption and
| T attenuation were separately estimated. The
{ D-region absorption was found to be directly
{ lependent on solar zenith distance with maxi-
| um amplitude in summer and minimum in
| ¥inter. The deviative F-region attenuation was
‘ot & simple function of the solar zenith dis-
lance; above a certain minimum value of the
f-ritical frequency f.Is, it increased rapidly with
grease-in foF,. The F, attenuation in the first
half of the night often exceeded its maximum
| laytime value by about 2 db. It was evident
| that the increase in the value of f,Ff, in the
tarly part of the night and its nearer approach
10 25 Me/s were inadequate to account for the
Memidnight peak in F, attenuation during win-
: telf and equinoctial months. There was some
‘Yidence to show that the premidnight peak was
Wneeted with F scatter. But the occurrence
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of a rather sharp rise in attenuation shortly
after sunset and its reaching a maximum at 21
to 22 hours were puzzling features.

The view that the additional nightfime peak
is due to F scatter is ‘'strongly supported by
some new evidence brought out recently by
Bateman and others [1959] from their observa-
tions of I scatter during IGY in the Philippines-
Okinawa area. They observed anomalous en-
hancements, during the evening hours, of the
signals transmitted at VHI' between the Philip-
pines and Okinawa. The enhancements were
found to oceur with greatest frequency in Sep-
tember and October. They usually lasted several
hours, beginning at about 19 hours at the mid-
point of the transmission path. The signal
intensity usually increased rapidly, then leveled
off, and finally dropped back below the.normal
scatter level around midnight. The first meas-
urements of this anomaly were made over an -
experimental circuit operating at.364 Mec/s
between Poro Point, Philippine Islands, and

" Sobe, Okinawa. A second cintuit at 49.84 Me/s

over an almost identical path commenced oper-
ating in September 1957. During the year of
operation at 36.4 Me/s, the frequency of oc-
currence of evening enhancements reached a
peak during each equinoctial period. During
1058-1959 at 49.84 Mec/s, however, only the
peak in the autumn could be observed. At
vernal equinox, there appeared, if anything, to
be a minimum.

Bateman and his co-authors have examined
the ionospheric data from Baguio, Philippine
Islands, and Okinawa ionospheric stations dur-
ing September 1957, a period of anomalous
propagation. No association between the anom-
aly and E-region effects could be detected, but
the periods of anomalous propagation did cor-
respond to those of spread-I' at Baguio and
high I, critical frequencies at Okinawa. They
suggested that the enhanced signal was propa-
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F16. 1—Monthly mean hourly values of (a) total attenuation, (b) D absorption, and (c) F, attenuaﬁion
(median values of foI's are also shown by thin lines). (From J. Sci. Ind. Research, India 174, 1958)
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ated via the F' region and was enhanced when
[’ﬁere was low-latitude spread-I !
We are of the view that the anomalous
shancement of scattered VIHF signals observed
y these authors and the sharp post-sunset
crease in the attenuation of cosmic noise
hserved at Ahmedabad are due to the same

hysical cause. The agreement in the times of
gnmencement, of these two independent effects, |

1 the time taken for reaching their maximum
itensity, and in the time of their subsequent
eline is very striking. It is physically under-
andable that ion clouds of appropriate size in
e F region can inerease the scattered VHT
gnal strength from a ground transmitter and
i the same time attenuate the noise signals
eeived  from  extratervestrial mnoise sources.
easonal variation of spread-F echoes at Ah-
edabad shows a maximum in equinoxes in
igh-sunspot years and also shows a negative
nrelation with magnetic activity [Kotadia
il Ramanathan, 1959]. It may be mentioned
ere that the cosmic noise absorption on 25

1637

Me/s at Ahmedabad decreases markedly on
days of magnetic storms, a fact that can be
correlated with the known absence of F scatter
on magnetically disturbed days in low latitudes.

One of the authors, R. V. Bhonsle, is the

{recipient of a Senior Research Fellowship from
fthe Council of Scientific and Industrial Re-
search, Government of India.
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THE'GREAT SOLAR FLARE OF
FEBRUARY 23, 1956 AND ASSOCIATED
IONOSPHERIC EFFECTS AT AHMEDABAD

' u
By K. R. RaMANATHAN, F.A.Sc., R. V. BHONSIE, K. M. KoTtapia
7 AND R. G. RASTOGI
Received April 27, 1956

~ For some months now, the Physical Research Laboratory, Ahmedabad,

has been recording continuously cosmic radio noise from the vertical sky
on a frequency of 25 Mc/s, using a broadside collinear array of 16 dipole
aerials, covering an angle of 37° in N-S and 30° in E-W directions. A Hammer-
lund Communications receiver with its output amplified by a differential
D.C. amplifier, and calibrated by a diode noise generator, is used to record
the noise intensity on an Evershed recording milliammeter. On 23-2-1956,
an exceptionally large sudden absorption of cosmic noise (SCA) was observed.
It commenced at 0831 hours 75° E Meridian Time, (0331 hours G.M.T.),
reached its maximum at 0838 hours and died out by about 0930 hours. The
sudden increase in absorption took place in two stages, the second and larger
increase being at 0833 hours. A photograph of the record is reproduced in

© Fig. 1.

2. In Fig. 2, the noise record of 23-2-1956 is compared with those on

'three neighbouring days. By interpolating the ¢ undisturbed” curve of

variation on 23-2-1956, and expressing the differences in intensity at different
times from the undisturbed values, it appears that the intensity of cosmic
noise at the time of maximum absorption was; 6+5 decibels below normal.
This value may be compared with the highest absorption of 7 db. noted by
Dr. C. A. Shain and Dr. A. P. Mitra (1954) at 18-3 Mc/s during a solar flare
on April 20, 1951, in Australia. ‘
3. By the courtesy of the Chief Engineer, Overseas Communication
Service, India, we give below the observations on the fade-outs of long-distance
communication recorded by the Beam Wireless Station, Poona, on 23-2-1956.
TABLE 1
Radio-communication fade-outs recorded by Beam Wireless
Station, Poona, on 23-2-1956

Circuit Frequency (Kc./s.) "~ Time of Fade-out
Osaka, Japan .. .. 18,355 0835 to 1015 hours
China .. . 20,1200 - 75° EMT. Weak signals
Melbourne .. .. 18,700 Up to 1045 hours ,
Bangkok . .. 18,200
Andonesia .. - 18,135 0835 to 1915 hours

Kabul .. . . 7,788 0835 to 1915 hours
306
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‘The equivalent vertical incidence frequen';cies for one- or two-hop reflections
“for an assumed height of reflection of 300 km. are all below 7 Mc/s.

CURRENT MA

75° EMT

]:{IG. 2. Cosmic Radio Noise, 25 Mc/s, 1956 Feb. 22, 23, 25 and 26, Ahmedabad.

4. The hourly records of the vertical pulse soundings of the ionosphere
made in the laboratory showed that the reflections were normal at 0800 hours
75° EMT, but at 0900 hours, there was a black-out of all vertical reflections
up to 10'Me/s (Fig. 3). Tt will be seen that at the same hour, the reflections
of radio waves emitted by broadcasting stations were not visible even at
15 Mc/s. .
All this, and most significant of all, the definite significant increase in
cosmic-ray meson flux recorded at the low geomagnetic latitudes of Ahmedabad,
Kodaikanal and Trivandrum, mark out this solar flare as one of exceptional
magnitude and character (Ibid., Sarabhai et al.). ‘

5. Tt is known that these sudden shorf-wave absorptions (SCA’s) follow
solar flares and are associated with sudden” changes of ionospheric reflections
of long radio waves and magnetic “ crotchets”. The Cavendish workers
(Bracewell, 1952; Weekes, 1955) give reasons for thinking that the additional
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short-wave absorption occurs in a layer well below the normal E layer, at a
height of about 75 km. They have made the suggesuon that during strong
flares, the sun emits some radiation (probably in the short X-ray region)
which penetrates the F and E layers and ionises some constituent of the at-
mosphere which exists normally in small quantities at about 75 km. Nothing,
however, is definitely known either about the frequency of the radiation or
the atmosphenc constituent reponsibile for the increased low-level ionisation.

6 It may be of some interest to record here another strong cosmic
radlo ), absorption which occurred on 10-3-1956. It commenced at 0945 hours,
reached its peak at 1005 hours and died out at about 1110 hours 75° EMT
(Fig. 4). The maximum absorption in this instance was 3-6 db. The hourly
ionospheric vertical soundings at Ahmedabad ‘showed normal reflections at
0850 hours, complete absorption up to 9 Mc/s at 0955 hours and absorption

: ;‘ ,,;++~+-¢-r+':~+\1:‘::pg>

| . 1
09 40 T
75° EMT

FIG. 4‘ Cosmic Radio Noise, 25Mc/s, 1956 March 8 and 10, Ahmedabad.”
up to 5 Mc/s at 1055 hours. No cosmic ray effects were observed at Indian
latitudes. : L
As we are now on the up-grade of solar activity, more flares of varying
degrees of intensity may be expected in the next two or three years and careful
momtoung of all 1he phenomena assomated with ﬂlem, will be of great value.
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interval over which the flare "appears brighter than the background. The
principal effect of the flare-radiations on the ionosphere is to enhance the
electron concentration in th:e D-region. This causes short wave radio fade-
outs, sudden cosmic noise absorptions (SCNA) and sudden phase anomalies
in low frequency wave propagation (SPA). Shain and Mitra® have analysed
the. SCNA’s observed on 183 Mc./s. in Australia and compared the results
with the observations of SPA’s on 16 Kc./s. observed by Bracewell and .
Straker in England. They showed that an SCNA of maximum intensity
of 1 db was equivalent to an SPA of size 200°." Ramanathan et al ® reported

‘on the characteristics of two SCNA’S which occurred on 23rd February 1956

and 10th March 1956; the former was of exceptional intensity and caused
cosmic ray increases near the geomagnetic equator (V. Sarabhai er al®).
Since then, about 80 SCNA’s have been recorded at the Physical Research
Laboratory, Ahmedabad (23° 02’ N., 72° 38’ E.), India. The present paper
gives an analysis of the results. The list of SCNA’S is given in Table IV, - -

2. AN ExampLE OF AN SCNA AND ASSOCIATED TONOSPHERIC FADE-OUT

Figure 1(a) shows the record of an SCNA. which occurred on the 27th
January 1957 at 1245 hr. 75° EMIT. It was characterised by.a sudden reduc-
tion in the intensity of cosmic radio noise en 25 Mc./s: at the time of a solar
flare. The intensity of cosmic radio noise continuously decreased till a

‘minimum was recorded at 1250 hr. The maximum absorption was about

6-5db. Thereafter, a gradual recovery started and Jhe noise level was normal
by about 1330 hr. This is the usual pattern of SCNA’s, but the rates of
growth and decay vary widely from one SCNA to another. In general, the
growth of an SCNA is rapid and the recovery slow. Figure 1 (b) shows a
sequence of three records of ionospheric pulse reflections taken before,
during and after the solar flare associated with the SCNA described above.
The first record at 12 hr. shows that the reflections were normal. The second
at 13 hr. shows an absence of reflections up to 14 Mc./s. This represents a

* partial ionospheric fade-out caused by the solar flare. The third record at

14 hr. shows that normal ionospheric reflections had again been established.

Intense solar flares usually produce complete radio fade-outs which disrupt

wireless communication on short waves for sometime. Cosmic noise-fade-
out on 25 Mec./s. is usually of a partial nature and during most solar flares,
measurable intensity of cosmic noise can be observed. There have.- been a
few instances when there was almost complete fade-out on 25 Mc./s., but
such occasions are rare. Since cosmic noise records are continuous, it is
possible to study the progress of solar flares even when the sun is obsoured .
owing to cloud, " : '
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3. CLASSIFiCA’IliION orF SCNA’s

1
‘As seen from the cosmic noise records at Ahmedabad, it has been found
to be convenient to classify SCNA’s into four types: examples of them are
shown in Fig. 2, where the excess absorption due to flare expressed in.db is
plotted against time. An SCNA of type A is characterised by a sudden

DB 29-8-56
DB 18-12-56 of——mg - ————— —
o ———\-;_—f—,,- 2l
2l AR
oL 6 1 | ! 1 i
8 9 10 WHOURS7s°EMT 12 13 14 15 16 17
~ TYPE A TYPE C
BURST “
DB 3-5-56 ’
o i} s ‘
2t / .
DB 31-8-56
4 o =
6l 2 W )
8- a
10 1 1 6 [___I_l__l.. .
12 13 14 I5HOURS7s°EMTI7 1B 19 20 4

TYPE B : TYPE D
Fic: 2. Four types of SCNA’s. Type A, Type B, Type C and Type D.

increase in absorption, an SCNA of type B is accompanied by bursts of solar
radio noise, type C is associated with multiple or extended solar flares, and
An SCNA is said to be of type D when it is observable at a time when the
_ sun is low in the sky. The SCNA’s were classified on this broad qualitative
" basis, irrespective of the maximum intensity, or in other words, of the maxi-
mum absorption produced by the ionosphere. SCNA’s of type B are the
most common. For a quantitative study of SCNA’s, one has to examine
the records in detail by noting the times of start, and growth, their duration
~and “size”.  The maximum absorption during an SCNA expressed in db is

termed the “size” of an SCNA. Absorption at a given time during an SCNA
is the ratio, expressed in db, of the observed power to the power that would
have been Teceived at that time, had there been no SCNA. While the times
of start and growth of SCNA’s can be read with an accuracy of == 1 min.,
the duration cannot be estimated with equal precision. The slow rate of
recovery towards the end of an SCNA is mainly responsible for this. How-
ever the time taken by an SCNA to recover to half the size can be measured
with fair accuracy. :

2



'192 - ' R V. BHONSLE

4. INTENSITY OF SOLAR FLARE AND SI;IZE orF SCNA

i
Bragewell and Straker#, and S]:;’ain and Mitra® from their studies of SPA’s
of 16 Kec.[s. and-SCNA’s of 18-3 Mc./s., conclude that in general, solar flares

- of classes 3, 2 and 1 were associated with intense, moderate and small SPA’s

and SCNA’s. Tt has been observed from our studies of SCNA’s of 25 Mc./s.
that solar flares of class 3 or 3* are usually associated with SCNA’s of large
size but since the size of an SCNA depends not only on the intensity of the
flare as determined dptically but also on the sun’s zenith distance at the time
of the flarve, a solar flare of class 1 may cause an SCNA of size greater than

- that caused by a class 2 solar flare.

5. CHARACTERISTICS OF SCNA’s

(@) Size.—Figure 3 represents the frequency distribution of the sizes
of SCNA’s of 25 Mc./s. at Ahmedabad. It is clearly seen that the mode of

g
L S | 'lr—'|r.lr'-1|

13
QO 2 4 6 8 10 12 14 16 18 20 22
SIZE IN DB

Fic. 3. Frequencies of SCNA’s of different intensities.

the distribution lies between 1 and 2db and that the number of SCNA’s
falls off rapidly with increasing size. Actually what one might expect is that
the number of SCNA’s of the smallest size would be the largest. But in
practice, this has not been found to be so. It is possible that a few SCNA’s
of size smaller than 1db have been missed owing to natural or artificial
vinte.r_ference. Besides, it has been observed that all small flares are not

cipable of causing SCNA’s or it may be that, an SCNA once started, always .

grows to a certain minimum size. A similar type of distribution, in the case
of SPA’s, was observed by Bracewell and Straker. Shain and Mitra succeeded
in ‘showing that the cumulative frequency distribution of SCNA’s obeys the
following relation,

dir = ks™® ds ' 6))
where 72 is the number of SCNA’s in a small range ‘ds’ of s, where s is the
size and & is o constant. They found that a value of p near about 2 gives the
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best fit. Figure 4 shows the cumuldtive frequency distribution of the SCNA’s
of different sizes observed at Ahmedabad on 25 Me./[s,, that is, the percentage

~

5}
s

5 o ®
O O O

I L \e\‘T‘\‘r‘ t
O 2 4 6 8 10 12
SIZE IN DB,

NO. OF SCNAS(%)
N
o

s}

Fic. 4. Cumulative frequencies of SCNA’s.

of the total number of SCNA'’s having a size equal to or greater than a defined
amount. Even though the sizes of SCNA’s observed at Ahmedabad are
larger than those observed in Australia by a factor of about 3y.the above
relation (1) with p near about 2 still holds.

(b) Time of growth.—In Table I, the mode, median and quartile values

of the times of growth of SCNA’s and SPA’s are compared It is evident

&
" TaBLE I

Times of growth of SCNA’s and SPA’s in minutes

. Quartiles
Method Authors Mode Median
Ql Qs
SCNA  Shainand Mitra .. 5 4 . .9
183 Mc./s. ) »
SPA Bracewell and 6 7:5 5:5 10-5
" 16 Ke.[s. Straker
SCNA 25Mec./s. Bhonsle ' 5 7 ' 47 11:0 -

that the frequency distribution of the times of growth measured at Ahmedabad
agree well with those observed elsewhere. Helen W. Dodson ef al.” attempt
to distinguish between sudden short wave fade-outs and gmdual short wave
fade-outs. According to them, gradual and sudden SID’s represent two :
quite different phenomena. It is possible that the SCNA’s of short and long
times of growth are associated with sudden and gradual short wave fade-
puts respectively.



194 R. V. BHON

(¢) Duration.—Table II. gives durations of SCNA’s and SPA’s and
summarizes the observations of the other workers. The median and quartile

I’"ABLE I
Durations of SCNA’s and SPA’s in minutes

’

, A S Quartiles
- Method = . 'Authors Mode  Median Q - Q
SCNA Shain and Mitra . 21 15 34
18+3 M. s. o ‘ A
SPA 16 Kc./s.  Bracewell and - 30 33 26 48
Straker
SCNA 25 Me./s. Bhonsle 55 47 27 62

velues of duration differ widely at different places. The median_value of
duration obtained from the observations at Ahmedabad is much larger than
those obtained from SCNA’s at 18-3 Mc./s. and SPA’s at 16 Kc./s. It is
interesting that while the times of growth of SCNA’s and SPA’s are in good

agreement, their durations differ. By duration we mean the interval of time .

between the earliest indication of an SCNA and its end &% determined from
the appearance of the record. Figure 5 represents a scatter diagram of size

'

10

SIZE IN DB.

-:——r‘f;’f.

8

6

4 Y
R .
/ Oo Alo alo l,l:o

— : DURATION IN MINUTES

Fig. 5. Scatter-diagram of size and dwration of SCNA's.

against duration of SCNA’s at Ahmedabad. SCNA’s.of type C," i.e.,amultiplbe

or extended ones, are not included in this diagram. There is an obvious

tendency for the duration to increase with increasing size of SCNA. In
s .

general the SCNA’s observed at Ahmedabad take a much loflger time to

recover than those observed in Australia, and this is probably connected with

the difference in the phases of solar activity in which the observations were

made,
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(d) Ratio (Duration|Time of Gzow:tll )—Waldmeir® gave the ratio of the
duration of the flare to its time of growth as 5. In Table III a comparlson

» TABLE I
Ratio (Duration|Time of growth) of SCNA’s and SPA’s

Quartiles

X ‘

' ~ Method Authors ~~ Mode  Median Q, Q

SPA 16 Kc./s. Bracewell and 4 . 3-5 6-5
Straker

SCNA 25Mc./s.  Bhonsle 4-5 4.7 35 7-5

is made between our observations of SCNA’s with those of SPA’s. There is
good: agreement in the values of this ratio. This means that, on an average,
an SCNA lasts for a period which is about five times the period ‘which it
takes to grow to its full size.

6. CHANGES IN ATMOSPHERIC IONIZATION ASSOCIATED WITH SOLAR FLARES

N1colet1° suggested that the formation of the normal JD-region could
be explained by the photo-ionization by L,, and Mitra® extended this idea
by suggesting that the enhancement of L, radiation during solar flares was
responsible for the increased D-region ionization. He assumed that the
flare-time enhancement of ionization occurred uniformly throughout the
D-region. In the light of later work on low frequency reflections from the
lower ionosphere (Gardner'®) and rocket observation on solar spectra
(Friedman et al?), flares do not seem to have any perceptible influence on
the E and F layers, but the D-layer is very much affected. Observations of
"SPA’s show that the reflecting ceiling for long waves is lowered by about
15 km. during 3+ flares. The ionization of a substance like NO by L,

~ seems insufficient to produce such a large lowering of the base of the D-layer.
According to Friedman and Chubb, if the lowering of the D region were due
to L,, its intensity in large flares should increase by a factor 10° This is
highly improbable. The alternative view which is now generally accepted
is that, the solar flares emit X-rays and with increase in the size of the flare,
increasing amounts of X-rays of the shortest wavelengths (AA 8A-2A) are
emitted. These rays penetrate the atmosphere down to 70 km. causing ioni-
« zation of all components of atmospheric air. Gardner and Pawsey’s'* studies
pf the partial reflections of long waves from the lower jonosphere confirm the
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TABLE IV
Solar flare absorptions tabulated from the recordings of cosmic radio
noise on 25 Mc./[s. at tﬂe Physical Research Laboratory,
Ahmedabad, India
23rd Feb. 1956 to 14th Sep, 1958
Class - Type of : . Time .
: of flare;  SCNA Time of ; Dura- : for Maximum
Date accord- | observed Dbeginning tionin half- absorption
ing to in UT " min. recovery in db
CRPL  Ahmedabad in min, ‘
1956 .
February 4
23 3+ B 0331 90 22 6:2
March ;
- 10 2 B 0450 100 25 5:5
. May ‘ |
S30 2+ C,D 0240 180 20 - 21
N .
30 2+ B,C 0940 160 13 81
31 3. B, C 0749 50 8 92
T |
July é
24 B 0920 70 5 4-5
25 C 0530 20 4 2.0
25 C 0550 20 8 0-8
27 A 0540 25 7 1-5
27 C 0920 50 7 2-3
August '
- 27 1 C ‘ 0949 - 15 7 1-5
27 1 C 1002 60 10 1-2
.28 1+ A 0805 80 17 6;'0‘
29 2 _ A C 0955 150 y20 5:3
.
September
9 A 0745 45

65
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 TaBLE IV (Contd.)

Class  Type of / Time
of flare SCNA Time of /Dura- for Maximum
Date accord- observed beginning itionin half- absorption
- ing to in UT ' min. recovery in db
CRPL Ahmedabad ' in min,
November ' '
15 1 B,C - 0810 85 8 1-3
18 1 B 0838 55 15 1-8
2 1 A 0855 60 20 . 1:0
December
' .’\ 17 2 A 1010 30 15 0-8
18 1 A 0405 60 - 25 1-9
9 . A€ 0605 95 7 76
19 1 A,C 0845 50 17 27
20 2 A 0450 55 s 79
20 1 A 0635 65 5 3-8
26 2 A 0535 60 5 é 1.2
27 1 A 0625 30- 15 1-9
1957
January \
27 A - 0745 40 10 6-7
Februarf . ’
14 1 B 0422 45 35 1-1
19 .. B,D 0250 5 2 11
G
v
A 0548 15 5 2:2
A 0536 60 20 15
16 3 - A 1040 75 30 7-8

20 .. D 0200 15 -5 0-7
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TABLE IV (Contd.)
I :

!

Class Typeof 7 ‘ Time
of flare SCNA  Timeof  Dura- for Maximum
Date accord- . observed beginning tionin half- absorption
ing to in uT min. = Tecovery in db
CRPL Ahmedabad ' © in min.
June ' »
4 B 0857 70 25 34
10 1 B 1048 60 30 2:6
July ‘
1 I+ B 0345 40 8 0-7
4 B 0435 . - 60 30 09
8 2 B 0538 - 30 8 1-0
V) B, 0436 25 15" 3:9
. “
16 2 B 0737 . 45 15 S 3.5
21 2 D 0135 5 2 02
| C 0333 50 2 0-4
. : : 1
21 C 0416 5 2 0-3
21 'B - 0704 65 30 2:6
22 ;. B 0630 45 20 1-0
29 2 C 0456 50 7 11
August '
8 2+ B 1122 45 15 141
September
1 D 0204 20 10 0-7
3 B 1024 45 7 240
7 2 B 0815 35 7 150
15 7 1 C 0333 75 . 30 0-9
18 1 C 0630 60 15 , 08
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TABLE IV (Contd.)

Class = Type of ' : - Time

of flare SCNA Time of  Dura-  for Maximum
Date accord- observed beginning tionin half- absorption
ing to .- in UT min- recovery in db
CRPL  Ahmedabad in min.
19 2 B 0803 . 65 2 . 40
21 I+ c 0415 7520 12
October
1 1 B 0653 35 8 15
19 2 BC 0632 90 300 14
November : :
110 2 B 0658 45 15 3-0
. . \\‘_N
17 I+ B 0530 60 15 - 18
23 2 B 0735 60 17 3-6
December ;
10 A 0435 5 2 2:0
15 B 0537 7 3 3.8
17 B 0737 90 35 3.2
18 B 0625 60 27 16
T 2 B 0753 60 17 24
20 1 A 0545 ? 15 11
26 I+ B 0917 45 8 0-8
1958
March _ .
11 B 0614 15 10 1-0
11 .. "B 0717 30 15 1-8
23 3+ B 0955 . 150 10 20-0
April

2 2 B 0500 | 20 . 3 23
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TABLE I}V (Contd.)

—

e

Class Type of T © Time .
of flare SCNA . Timeof  Dura- for Maximum
Date accord- observed beginning tionin - half- absorption
ing to in uT min. . recovery in db
~ CRPL Ahmedabad ‘ in min. :
7 . ' B 0652 30 7 1-1
May ‘
.5 1+ B 0415 33 7 4.3
s June _
/ 2 0700 20 17 1-2
3 0240 25 7 1-2
6 2 B 0437 40 12 -, 1-8
JL‘I];y .
29 3 B 0300 45 17 “10-0
August '
28 2+ B 1022 75 . 30 6:0
September ' &
14 2k B 0853 60 25 2:6
Type A .. Sudden increase in absorption.
W B .. Sudden burst of intenmsity followed by absorption.
. C .. Absorption -due to multiple or extended flares.
,’ D .. Flare at the time of low sun.

Local Mean Time = UT 4- 4% 501

existence of two reflecting regions, one near 70 km. and another near 90 km.
Gardner'® showed that even during SID’s, this grouping of echo-heights is
maintained. He concluded that during an SID, most absorption of E-echo
takes place between 85 km. and E-reflection level. The course of an SPA
and SCNA during a solar flare need not be the same. " SPA’s depend mainly
on the ionization of the lower D-region but SCNA’s are affected by the total
absorption-which is proportional to [ N v dh, through the ionosphere where
N is the number of electrons per unit volume and » is its collision frequency.
Hence, it is to be expected that SCNA’s will take more time to disappear than
SPA'S, S . o



R. V. Bhonsle

SUDDEN COSMIC NOISE ABSORPTION

25 Mcfs, AHMEDABAD.

30
20
i1¢)
0
12 3 (aHR
75° EmT

FIG. 1 (a)

-

RELATIVE POWER

{ONOQSPHERIC FADE-OUT
AT AHMEDABAD. (27-1-1957)

_—
ﬁ Fhdaies o

13 HR
KM
400 -~

200~
o-

11 [
6 7 9 11 13 15 17 Mgy
FREQUE NCY

F1G. 1 (4)



~Solar Flares using Cosmic R(t(]rflo Noise on 25 Mc.[s. at Ahmedabad 201
7. CONCLUSIONS

(@) SCNA’s on 25 Mc./s. obséi‘ved at Ahmedabad have been classified
into four types; Type A, Type B, Type C and Type D. SCNA’s of type B
. are the most common.

(b) SCNA’s of size between 1 and 2db are most flequent, and their
-number falls rapidly with increase in size.

(¢) The time of growth of SCNA’s is generally of the order of 5 min.,
which is in-good agreement with that found by other workers.

(d) Durations of SCNA’s observed at Ahmedabad is much longer as
compared to SPA’s. There is an obvious tendency for the duration to increase
with increasing size of an SCNA.
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In a recent paper, Kotadia and Ramana-
than®' have discussed the effects of geomag-
netic disturbances on the behaviour of the
-{onosphere over Ahmedabad. In low latitudes,
the F2-layer of the ionosphere gets much more
disturbed than the lower ionospheric layers.
he critical frequency of the F2-layer, the
leight of maximum electron density (%,F2) and
F-scatter all undergo significant changes. In
quroral latitudes, intense absorption of radio
vaves below the E-region of the atmosphere is
isually associated with magnetic storms.

An analysis of the data of cosmic radio noise
.on 25 Mc/s at Ahmedabad over a period of one
ear from March 1957 to February 1958
howed that the total ionospheric attenuation
suffered by cosmic radio noise could be divided
into two components, a D-region component
ind an F2-region component. The D-region
romponent normally depends on the sun’s
renith distance and shows maximum in summer
nd minimum in winter. The F2-region com-
onent, when f,F2 exceeds a certain minimum
alue, increases rapidly with increasing f,F2.
lamanathan and Bhonsle® have shown that
t least in the early part of the night, F-scatter
s also an important factor which affects
ight-time attenuation. Since f,F2 and F-scatter
hange appreciably on magnetically disturbed
fays, it was felt that an analysis of the data of

Planet. Spqce Sci. Pergamon Press 1960. Vol. 2, ‘pp. 99-103. Printed in Great Britain.
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MAGNETIC STORMS AND COSMIC RADIO NOISE
ON 25 Mc/s AT AHMEDABAD (23°02'N; 72°38’E)

R. V. BHONSLE and K. R. RAMANATHAN
Physical Research Laboratory, Ahmedabad 9, India

(Received 5 September 1959)

Abstract—Analysing the intensities of cosmic radio noise on 25 Mc/s at Ahmedabad, it was
found that during days of magnetic storms there was, in addition to the usual variation of
intensity due to the diurnal changes in D-region jonisation and F-region absorption, a further
variation. This showed itself as a decrease in the attenuvation on the first two days of the
storm and an increase in the attenuation on the third day. The decreased attenuation is most
clearly seen in the first half of the night on the first and second days after the commencement
of‘a storm and is associated with a decrease in F-scatter.

cosmic radio noise absorption under disturbed
ionospheric conditions would give useful
information regarding the ionosphere.

The present paper deals with the efféct of a

few selected magnetic storms on the total

‘attenuation of cosmic radio noise on 25 Mc/s
at Ahmedabad. The list of magnetic storms
used for this study are given J}n Table 1.

Table 1

List of Eleven Magnetic Storms all with Sudden
Commencement (1957-58)*

. Time
Date of of Date Time Intensit
beginning | begin- | of end | of end ¥
ning
1957
3 Aug. 20.58 4 14 m
6 Aug. 10.08 6 20 m
30 Aug. 00.20 | 31 01 m
2 Sept. 08.15 4 00 s
4 Sept. 18.00 6 04 s
13 Sept. 05.49 13 21 s
21 Sept. 15.06 22 16 s
22 Sept. 18.45 24 02 5
29 Sept. 05.15 30 16 s
26 Nov. 06.52 27 - 23 ms
1958
11 Feb. 06.24 12 18 8

*Time in 75° EMT
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When making a day to day study of cosmic
radio noise, it was found that on some days,
the total attenuation had abnormally low
values throughout the day and till aboutwmid-
night. This often happened for two days in

general, a decrease.in the attenuation of cosmic
Tadio noise occurred on the first two days of
the storm and excess attenuation on the third
day. )

Fig. 2 shows hourly attenuations of cosmic

COSMIC RADIO NOISE,25 Mk AHMEDABAD

TOTAL ATTENUATION IN DECIBELS

o 6 12 18 © 6 12 18 8 O 6
SC—COMMENCEMENT 75° EMT IN HOURS et NORMAL — DISTURBED
E—END ’

Fig. 1. Hourly attenuation of C.R. noise on 25 Mc/s at Ahmedabad in

six magnetically disturbed periods
quiet day attenuation for each pe
and end of each magnetic storm a

succession. On the third day, the attenuation
showed a tendency to rise above the normal,
after which it returned to normal. It was also
found that this feature was associated with
magnetic storms. Fig. 1 shows the hourly
attenuations of cosmic radio noise on 25 Mc/s
at  Abmedabad during six magnetically~
disturbed -periods in 1957-58 superposed on
the month’s quiet day attenuations for each
period. The magnetic storm which occurred
on 13 Septembér 1957 was of comparatively
short duration and an apparent exception. In

in 1957-58 together with the month’s
riod. The times of commencement of
re marked in the figure.

radio noise in three periods in 1957 when the
magnetic disturbance was more complex and
more than one commencement could be identi-
fied. Under such conditions, the variation, of
total attenuation of cosmic radio noise on 25
Mc/s does not follow a fixed pattern.

~—-The deviations of the total-attenuation of

-cosmic radio noise from the corresponding

.monthly mean gives the effect of a magnetic

disturbance on the ionosphere. The usual
decrease or increase in the total attenuation of
cosmic radio noise associgted with changes 1n

V
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COSMIC RADIO NOISE, 25 Mes , AHMEDABAD
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{,F2 when it exceeded a certain value was
hlways noticed. But on magnetically disturbed
l‘days there was an additional decrease in
httenuation which depended on local time. To
lletermine the average diurnal variation of the
thange in attenuation due to magnetic storms,
lhe 11 magnetic storms given in Table 1 were
analysed. Fig. 3 gives the average ‘hourly
halues of the departure from normal of cosmic
ladio moise on the first two .days after the
tommencement of a magnetic storm. It is
Mear that the effect of a magnetic storm is in

75° EMT IN HOURS

12 16

20
l

(o] Aj\ 8 24

1.0 -

~1.5 1 )

Fig. 3. Average diurnal variation of the departure
from normal of C.R. noise on the first two days ofa
magnetic storm.

| Fig. 2. Hourly attenuation of C.R. noise in three periods in 1957-58 when the magnetic disturbance
| was complex and more than one commencement could be identified. o

general to reduce the attenuation throughout
the day except for the period midnight to sun-
rise. During the later part of the night, fow
values of f,F2 are usually observed and the
change in f,F2 has no effect. After sunrise, the
departure of the total attenuation from normal
goes on increasing till 16 hr local time. After
a temporary decrease which lasts till 18 hr, it
again increases till 20 hr when it reaches a
maximum. It returns to normal by about 2 hr.
From 2 to 5 hr the effect of the storm is
negligible. The disturbance diurnal variation
of the total attenuation of cosmic radio noise
described above can be correlated with the
results obtained earlier by Kotadia and
Ramanathan. They showed that the largest
changes in the jonosphere occur on the same
day, or the day following the commencement.
of the magnetic storm. The change at Ahmed-
abad is a daytime decrease in f,F’2 in contrast
to the changes at equatorial stations. The
occurrence of spread-F at Ahmedabad is
mainly a night-time feature. It was found that
during magnetic disturbances, spread-F was
generally absent or small, and the usual
increase in height and in f,F2 at 20-21 hr did
not occur. It begins usually after 19 hr. In
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view of the above facts, during daytime, only
the changes in f,F2 are likely to be important
in influencing the attenuation of cosmic radio
noise. After sunset, however, both the cli"ange
in f,F2 and the absence of F-scattef on
magnetically disturbed nights would be jointly
responsible for the observed rapid decrease in
total attenuation. '
From the study of the disturbance diurnal
variation of the individual storms, it was seen
that, in many cases, afterithe magnetic storm
ended, there occurred on the following day an
increase in the total attenuation above the
normal. Fig. 4 shows the average hourly
attenuations of cosmic radio noise associated
with magnetic disturbances (mean of five
periods). Zero hour has been taken as 0 hr
LMT of the day on which the cosmic radio
noise attenuation increased above normal at
the end of a magnetic storm. For two days
before the zero hour, an overall decrease in the
total attenuation is observed following the
general pattern shown in Fig. 3. On the first
day after the zero hour an overall increase in
the total attenuation is observed: It is interest-
ing that on this day, the maximum increase in
the total attenuation occurs at 20-21 hr. On

K. R. RAMANATHAN

the two previous nights, at these same times,
minimum total attenuation is recorded. This
observed overall increase in the total attenua-
tion after the end of a magnetic storm may be
partly due to a rise in f,F2 above normal and
partly to a tendency for increased night-time
F-scatter. Nothing particular happens on the
next two days.

CONCLUSION

The geomagnetic effects on the ionosphere
over Ahmedabad are discussed with the aid of
cosmic radio noise data on 25 Mc/s. Since
F2-attenuation depends on the nearness of
foF2 to the exploring frequency ie. 25 Mc/s,
this method provides a sensitive method of
studying the effects of magnetic storms on the
F2-layer as a whole. The disturbance diurnal
variation of the total attenuation of cosmic
radio noise shows a dependence on local time,
The maximum decrease in total attenuation
occurs at about 20 hi local time. An explana-
tion of the observed variation is given in terms
of the known variations*of f,F2 and F-scatter
on magnetically disturbed days. After the end
of the storm, an overall increase in attenuation
is observed, which lasts for a day.

£

2 |- =2DAY -1 DAY +! DAY +2 pAY +3 DAY ]

i I bl I

\MﬂmV Al

o Tanba g /Jv /‘
o
z'r ]
<
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-3 1 1 l : | 1 e
24 12 24 12 Q 12 24 12 24 12 24 o
' 75° EMT IN HOURS
Fig. 4. Departure from normal of hourly attenuations of C,R. noise i
associated @vith magnetic disturbances (mean of five periods). Zero
hour has beep taken as 0 hr LMT of ‘the day on which the C.R. atten-
7~ uation increased above normal at the end of the magnetic storm,

This generally happened two days after the ‘commencement of a simple

storm.
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