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ABSTRACT.

The azimuthal variation of cosmic rays is studied with triple coincidences using narrow cones
of 9-8° and 5-3° in the vertical and 26-4° and 14-2° in the lateral planes with the fixed zenith
angle of 60° at the geomagnetic latitude of 22°. It is found that as the cone is becoming narrower,
the curve seems to approach Hutner’s theoretical curve for extremely narrow cone at the same
zenith angle and at the geomagnetic latitude of 20°. The maximum of the experimental curve
occurs at the same azimuth of 305° as that of Hutner’s curve.

Directional experiments carried out by Johnson (1933, 1935) in Mexico (geo-
magnetic latitude 29°N.) and Clay (1935) in Java (geomagnetic latitude 18-3°) had
shown that the intensity of cosmic rays in the geomagnetic meridian was, for equal
zenith angle, greater from the South than from the North. Lemaitra and Vallarta
(1936) explained the above-mentioned directional effects on the basis of their theory
of the motion of charged particles in the earth’s magnetic field. According to their
theory, because of the earth’s magnetic field, cosmic rays of a given energy do not
reach all points on the surface of the earth. In general, at a given magnetic latitude,
charged particles of a given energy reach the earth only along certain allowed
directions, which constitute a cone. The allowed cone is made up of all directions
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F1a. 1. Arrangement of the counters. Both the shaded blocks represent 10-2 cm. of lead filter.

from which charged particles of a given energy may arrive at a given point of the
earth’s surface. This theory makes the detéPmination of the primary energy
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spectrum possible.
inversely as the 2-8th power of their energy (N(E) =KE_2'8).
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Hutner (1939) assumed that the number of primaries vary
Taking into

account the contribution of the penumbra (the reader is referred to Shremp’s (1938)
paper for details on the penumbra), she determined the energy spectrum of primary

cosmic rays for a constant zenith angle of 60° at 20° geomagnetic latitude.

Special

cases of the azimuthal effect were studied by Johnson (loc. cit.), Alvarez and Compton
(1933) and others [Johnson and Stevenson (1933); Stearns and Bennet (1933);
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Fia. 2. Azimuthal effect in the North to West directions for different cones at a constant

zenith angle of 60°,

Stearns and Froman (1934); Neher (1935, 1938); Weisz (1939); Gill (1940)]. Gill
(1943, 1945) has made a detailed study of the azimuthal effect of cosmic rays in
India at a geomagnetic latitude of 22° for a constant zenith angle of 60° with cosmic
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ray telescopes covering wider cones (14-5°, 8-07° and 7-15° in the vertical and 65°,
38-87° and 37-93° in the lateral plane respectively). The experiment was continued
to study the same effect for narrow cones. This paper deals with the data collected
from the narrow cones of 9-8° and 5-3° in the vertical and 26-4° and 14-2° in the
lateral planes respectively.

Apparatus—The arrangement of the apparatus used is shown in Fig. 1. The
inner telescope formed by the Geiger-Miller tubes 2, 3 and 4 has a solid angle of
9-8° in the vertical and 26-4° in the lateral plane. The distance between the two
tubes 2 and 4 being 22 inches. Similarly the distance between the two outermost
tubes 1 and 5 comprising the outer telescope is 44 inches, which gives a solid angle
of 5:3° in the vertical plane and 14-2° in the lateral plane. The G.-M. tubes used
were 2 inches in diameter and 5-5 inches in length. The thickness of the lead filter
used in the telescope as shown in the diagram was 10-2 cm.

Interpretation of data.—Curves A, B, C, D and E of Fig. 2 represent the data
for five different cones. The number of particles per hour are plotted against the
azimuths for a constant zenith angle of 60°. Curves A, B and C are those already
published by one of us (Gill, 1943 and 1945) while D and E are the new curves for
narrow cones. The data collected are shown in Table 1.

TaBLE 1.

Azimuthal Curve D. Curve E.
angle.
270° 2984+ -20 1-17+ 13
280° 3:00¢-20 1-13+-12
290° 3-02+-20 1-21+-13
300° 3-33+ 21 1-35+-14
305° 1-45+ -09
310° 3:00+ 20 1-29+-13
320° 2:924 20 1-14+-12
330° 247+ 18 ‘844 -11
340° 2-81+ 20 <994 -12
350° 2:67+-19 1:00+-12
360° 2:68+-19 94+ -11

A comparison of the number of counts/hr. for various curves are as expected
and provides a rough check on the systematic working of the telescope.

All the curves A to E (wider to narrower cones) show the azimuthal effect in
the North-West quadrant. The minimum in all the azimuthal curves occurs at the
same angle of 330°, while the maximum shows an irregular shift. At first for a
very wide cone (curve A) no sharp maximum is defined. Each of the two curves
B and C representing the data from two intermediate and almost equal cones gives two
maxima at 310° and 280°, the maxima occurring at 310° becoming more prominent
for the narrower of these two cones. For still narrower cones (curves D and E)
the hump nearer to the West direction is completely wiped out while the one at 310°
shifts to 300° and becomes much more prominent for the narrowest cone (curve E).

As the cone of the telescope is decreased, the percentage difference between the
maxima and minima increases and is 6-6%,, 20-99, 27-8%,, 30%, and 47%, respec-
tively. This would mean that for 0° cone, the percentage difference hetween the
maximum and the minimum of the azimuthal curve in the North-West quadrant
would be greater still.

Another point.to be noticed is the relative difference between the two azimuths
North and West in each curve. This relative difference likewise increased with the
narrowing cone giving percentage differences of 1-49%,, 4-9%;, 10-29,, 119} and 219.

Comparison with the Theoretical Curve—The data for our narrower curve E
can now be compared with Hutner’s Theoretical curve. In Fig. 3, curve E marked
experimental is reproduced alongside Hutner’s curve marked theoretical. Theore-
tical curve is calculated for extremely narrow cone using a constant zenith angle



264 P. 8. GILL & S. P. MALHOTRA: NARROW CONE STUDY OF

of 60° as is the case for our experimental curve and at a geomagnetic latitude of 20°N.
Our curve is at 22°N. magnetic latitude.
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F1e. 3. Comparison between the theoretical and the experimental curves, The dotted
curve is the reproduction of Hutner’s curve where the numbers of counts are given in arbitrary
units. The solid curve is the experimental one for our narrowest cone where the vertical scale
gives the number of counts per hour.

If a smooth curve is drawn for the experimental points, it shows a striking
similarity to the theoretical curve. Slight dissimilarity in the two curves is pro-
bably due to the differences in latitude and their cone difference. The percentage
difference between the maximum and minimum points of the theoretical curve is
nearly 80%, while that for the experimental curve this difference is 47%. It is
extremely difficult to further reduce the cone of our telescope because the number
of coincidences will be considerably decreased and the time required to collect suffi-
cient data to warrant statistical accuracy will become very long. However, our data
for the various cones indicate that the percentage difference between the maximum
and the minimum points of the experimental curve rapidly increases for narrow
cones and tends to approach the value given by theory for 0 cone. Same is true
for the relative difference hetween the coincidences from the West and North
directions. For our widest and narrowest cones the percentage difference between
the West and North azimuths is 1:49, and 21-9%,. This difference is 759, for the
theoretical curve. It is to be noticed that the maximum for the theoretical curve
occurs not at 300° (as given by curves B and C of Fig. 3) but at 305°. Since the data
was collected at azimuths varying by steps of 10°, our telescopes at first were not
directed at 305°. To see whether the maximum of the experimental curve coin-
cides with the theoretical one, we further directed the telescope at 305°. This
point is plotted in Fig. 3 and is definitely higher than the one at 300°. This shows
that the maximum point of the experimental curve occurs at the same azimuth as
the theoretical curve.

We wish to express our thanks to the University of the Panjab for the financial
help towards this work. '
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