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Time Variation of Cosmic Ray Intensity from North and

We present here some pre-
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South Directions at Low Latitudes
V. SARABHAI and B. GOTTLIEB
Physical Research Laboratory, Ahmedabad, India
Following the interesting results which emerged from a study by Rao and
Sarabhait!.2) of the time variations of cosmic ray muon intensity for East
and West directions at Ahmedabad (Long. 75°E, Geomag. lat. 14°N, sea
level), we have conducted an investigation, with the same apparatus, of
variations of South and North intensities.
liminary results of data obtained during 1959 and 1960 with telescopes
of semi-angle 20x45° inclined at 45° to the zenith.
§1. The average daily variation for South

and North.

In Fig. 1 we show the mean daily varia-
tion for South and for North for 93 days of
operation during 1959, for 169 days of opera-
tion during 1960 and for the combined period
of 252 days during 1959-1960. The average
daily variation has been corrected for the
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Fig. 1.

daily variation of atmospheric pressure and
of temperature in the atmosphere at dif-
ferent levels. For the latter, the procedure
described by Rao and Sarabhai? has been a-
dopted. The daily variation for (S-N), being
the difference of the average daily variations
for South and North directions, is also shown
in the figure. It would be observed that
during each year individually and for the
combined period, the average daily variation
for South is consistently greater than the
average daily variation for North. This is
more pronounced in 1959 than in 1960. The
times of maxima of the variations for South
and North are not very different, and in con-
sequence the average (S-N) daily variation is
approximately similar in form to the average
daily variation in either direction.

§2. The distribution of (S-N) bihourly in-
tensity at 8 and 16 hours on individual
days.

The average (S-N) variation has a mini-
mum at 8 hours and a maximum at 16 hours.
In order to test whether the (S-N) difference:
that is observed in the average daily varia-
tion is present on a statistically significant
basis for changes occurring at the particular
hours on individual days, we have considered
the per cent bihourly deviations for North
and South directions for 8 hours and 16 hours.
In Fig. 2 we show the histograms of (S-N)
bihourly intensities at 8 and 16 hours. The
histograms at the two hours have been com-
pared with each other for 1959 and 1960 and
for the combined period 1959-1960. Applying
the y* test to the histograms, we have veri-
fied that the histogram for (S-N) intensity
at 8 hours is different from the histogram at
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Modulation

16 hours for the combined period of 1959-
1960 at a 5% level of significance. During
1959, the level of significance is even higher,
but the histograms are not significantly dif-
ferent during 1960.

Since Rao and Sarabhai have shown that the
.daily variation can be attributed to an aniso-
tropy of primary radiation on days of low
.or moderate geomagnetic disturbance indicat-
.ed by a value of Cp<1, we have conducted
the analysis for days which are not geo-
magnetically disturbed. We find that during
1959 as well as 1960, the histograms at the
‘two hours are different at a 5% level of
significance. We thus conclude that the
features seen in the average daily variation,
indicative of the daily variation for South
being larger than the daily variation for the
North, are present on individual days, par-
ticularly those which are not geomagnetically
disturbed.

§3. The (S-N) daily variation on individual
days.

We have conducted harmonic analysis of
daily variation for South and for North on
each individual day and vectorically deter-
mined the characteristics of the harmonic
component of the (S-N) variation. We show
in Fig. 3 the histograms of the diurnal am-
plitude 7,(S-N) and its time of maximum
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©:(S-N), the latter for those days on which the
amplitude »,(5-N) is greater than the stand-
ard error of 0.6 %. The histograms show
that in 1959 and in 1960 there are large
numbers of days on which the daily varia-
tions for South and North are significantly
different. Moreover, the (S-N) variation has
a time of maximum for the diurnal com-
ponent which is not randomly scattered. The
©:(S-N) histograms for 1959, 1960 and for
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1959-1960 have been statistically tested for
lack of randomness and at a better than 5%
level significance the preponderance for the
occurrence of (S-N) maximum at 16 hours is
established in each case. Thus the study
made on the basis of individual days confirm
the existence of significant difference between
South and North daily variations which was
seen in the average daily variation.

§4. Discussion.

By consideration of the geomagnetic drift
for primary particles responsible for intensity
for South and North telescopes, we find that
at Ahmedabad, South looks almost along the
plane of the ecliptic while North looks at a
region of the celestial sphere with declination
greater than 30°. Thus, a comparison of
daily variation for South and North on indi-
vidual days when the daily variation can be
associated with an anisotropy of primary
rays helps us to study change of strength of
source of daily variation with declination.
The smaller amplitude for North compared
to South is in agreement with conclusions in
this regard from a comparison of the global
distribution of the amplitude of the daily
variation made by Dorman® and others.

Work is in progress to study the solar and
terrestrial relationships of days when the
daily variation for South has a large ampli-
tude and the daily variation for North is in
one case similar to South and in another case
dissimilar to it, i.e. »,(S-N) is large or small
simultaneously with 7;(S) being large. We
are also examining the data to look for evi-
dence for change in the orientation of the
trapped magnetic field in solar streams ac-
cording to the suggestion of Dorman®.

The authors are grateful to Dr. R.P. Kane
for helpful discussions and to Mr. B. G.
Thakore and Mr. D.D. Dave for computation-
al assistance. The support from the De-
partment of Atomic Energy is gratefully
acknowledged.
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Discussion

Parsons, N.R.:
proximately the same?

Are the asymptotic longitudes scanned by N and S telescopes ap-

Sarabhai, V.A.: This is nearly so at the latitude of Ahmedabad. For the diurnal
component the difference in time of maximum due to this would be insignificant.
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1I-4-4. An Attempt of Analyzing Cosmic Ray Storms

Arne Eld SANDSTROM
Institute of Physics, Uppsala, Sweden

It is being shown that a beam model can explain the sequences of Forbush
decreases and storm sudden commencements characteristic of cosmic ray

storms.

It also explains why there does not exist regular 27-day period

in the appearance of cosmic ray storms associated with the return of

active regions.

According to Steljes ef al.® the unusual
series of events in November 1960 are to be
ascribed to one and the same plasma beam
covering a considerable part of the Earth’s
orbit.

Apart from a plasma beam serving as a
carrier of a flow of cosmic ray particles emit-
ted from the sun it modulates the normal
cosmic radiation by decreasing the intensity,
i.e. creating a C.R.S. It has been shown that
only 45-50 per cent of all observed s.s.c:s
appear to be associated with an F.d. On
the other hand very few F.d:s have been
observed which were not accompanied by an
s.s.c. The same beam being responsible for
both phenomena it appears as if the plasma
has to have special characteristics to be able
to generate a C.R.S.

Maintaining the picture introduced by Stel-
jes et al. an F.d. might be due to a new burst
of plasma travelling along a beam already
enveloping the Earth. It is also possible that
the beam overtakes the Earth. If it is al-
ready filled with plasma having the charac-
teristics necessary for the production of an
F.d., a C.R.S. will develop. In both cases
an s.s.c. also takes place, associated with
the F.d. However, if in the latter case the
latter case the beam does not contain any

plasma, able to produce an F.d. there can
still be an s.s.c. An F.d. will not appear
until a new eruption on the sun propagates.
plasma of the right kind along the beam.
The events can be classified as follows:

A) A beam, lacking the properties to pro-
duce a C.R.S. is overtaking the Earth. An
s.s.c. will take place but no F.d.

B) The beam has also the properties ne-
cessary for the production of a C.R.S. An
F.d. will take place closely associated with
an s.s.c.

C) The beam has overtaken the Earth
producing an s.s.c. Later eruptions in the:
sun propagate plasma along the beam produc-
ing either s.s.c:s alone or s.s.c:s. associated
with F.d:s.

In the first two cases the time interval
between the events on the sun and the cor-
related s.s.c. or F.d. will vary within wide
limits. As concerns the third case observa-
tions show that there is a considerable
variation as to the time interval between the
full development of a C.R.S. and the s.s.c.?.

Usually an F.d. appearing during the later
stages of a C.R.S. is insignificant as compared
to the initial one®. As the initial F.d. re-
sults from the removal of C.R. particles the
later plasma stream cannot give rise to an



