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The theory of the motion of a charged particle in the earth’s magnetic
field has been developed by Stoérmer, Lemaitre, Vallarta and their associates.
According to this theory, particles whose energy is greater than a certain
minimum, corresponding to the particular geomagnetic latitude, may reach
a place of observation on the earth, forming various types of cones of a com-
plicated nature.

Those trajectories which come directly from infinity to the point of observa-
tion form the boundary of a cone called the ‘main cone’ or cone of full light
(Lemaitre-Vallarta, 1936).

There are some trajectories which come from infinity but arrive at the
point of observation only after having been tangential to the surface of the
earth. There may be a number of loops in them. The simplest of these
does not have any loop but is tangential to the earth only once before arriving
at the place of observation. They give rise to what is called a ‘shadow cone’,
outside of which all regions are forbidden. It may be pointed out that the
shadow cone is due to the presence of the earth which is impenetrable to cosmic
particles. All the trajectories which have a number of loops lie in the region
between the main cone and the shadow cone. They give rise to what is called
‘ penumbra’ which consists of alternate allowed and forbidden regions.

From a theoretical analysis of the banded structure of the penumbra
Schremp (1938) predicted that there should be some anomaly in the directional
intensity pattern of cosmic rays due to the presence of penumbra. The
first experimental evidence of the existence of the penumbra was reported
simultaneously by Cooper and Ribner in 1939. Cooper (1939) found three
humps (i.e. sudden increase of intensity of cosmic rays) at zenith angles
of 7°, 20° and 35° in the eastern azimuth at Missouri while Ribner (1939)
reported one pair of symmetrical prominences at zenith angle of 20° in both the
eastern and western azimuths, and also some indication of peaks in the neigh-
bourhood of Z = 10° and 40°.

Schremp and Banos (1940) have also found such structure in the four
principal azimuths, viz, N., 8., E., and W. in Mexico city (A =29°, h=2-24 Km.).
Recently they (1941) studied four additional azimuths, viz. N.E., S.E., S W.,
N.W. The results show beyond doubt the existence of some irregularities in
the zenith angle distribution of intensity of cosmic rays.
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Vallarta (1939) has emphasised the importance of this kind of work as
it provides a good method of analysis of the primary rays and their spectra.
Hutner (1939) has given a detailed calculation of the structure of the penumbra,
for Z = 60° and X = 20° and has shown that the position and magnitude
of the prominences may supply sufficient data for the analysis of the energy
spectrum of the primary particles, because the energy spectrum is very sensitive
to the type of distribution function of the primary rays.*

Schremp (1938a) has shown that the penumbra is absent at the equator
hut its effect begins to be felt in the neighbourhood of A = 10°. The geo-
magnetic latitude of Caleutta is 12° N.  So it was thought worth while to find
experimentally how far their predictions regarding penumbra are correct
and what are the nature and position of the prominences in the directional

intensity at this place.
ExPrRIMENT.

In order to study fine structure’ in the directional intensity, the angular
aperture of the counter telescope should be very small. The counters used were
each 60 cm. long and 3-9 em. in diameter. A triple coincidence circuit was used
and the counters were placed 50 cm. one above the other, so that the angular
aperture in the vertical plane was 4-5° while that in the lateral plane was 62°, so
that the solid angle was ~ ]—1(—) . Only the western azimuth was explored from
the vertical up to 45°, in steps of 5°. Readings were taken by the ‘ method of
cycles’ and the apparatus was allowed to remain 15 minutes at a zenith angle
at a time. ' -

In order to avoid ‘pick up’ the first valve was placed very close to the
corresponding counter in the same horizontal plane, and the counter together
with the first valve was properly shielded.

The following table gives the result.

TasrLe 1.

Intensity of the unabsorbed radiation at different zenith angles in the western
azimuth at Calcutta.

Zenith angle. Total No. of counts. Counts per min.
0° 2943 2-844-036
5° 2746 2-654-034
10° 2708 2-614-034
15° 2519 2-434--033

20 2323 2-244--031
257 2204 2-134--031
307 1836 1774028
35 | 1855 1-794--028
40° 1783 1-724-028
45° 1543 1-404--026

* Dr. Gill is trying to verify experimentally at Lahore (A = 22° N.) Hutner’s
predictions for A == 20° (vide Phys. Rev., 60, 153). ’
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In fig. 1 the number of counts per minute is plotted against the zenith
angles in the western azimuth. The vertical lines indicate the probable errors.
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Fig. 1.

Intensity of cosmic rays at different zenith angles in the western
azimuth at Calcutta (A = 12° N., A = 80 ft.).

Fig. 1 shows two prominences, one at zenith angle 10" and the other at
Z = 35°. These peaks are just above the probable errors. There is, how-
ever, an indication of a peak at Z = 25° which is within the statistical errors.
The experiment thus shows for the first time the existence of penumbra even
at the geomagnetic latitude of 12° N. It remains to be seen whether these
peaks are actually in the energy spectrum of the particles before their entrance
into the atmosphere or whether they are produced in the atmosphere during
the production of mesons or during their passage through the atmosphere.
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The author is indebted to Prof. M. N. Saha, F.R.S., for his kind interest
and helpful discussions throughout the progress of the work.

SuMMARY.

The intensity of cosmic radiation in the western azimuth at Calcutta
(A = 12° N, b = 80 ft.) has been measured with a triple coincidence counter
telescope of small aperture at various zenith angles from the vertical up to 45°
at the intervals of 5°. The results show two prominences at Z = 10° and
35° in the zenith angle distribution curve. There is a slight indication of
a peak at Z = 25°.
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