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angle 60" at Hyderabad, India

S. BHAGAVANTAM and D, S, R. MURTY
Physical Laboratories, Osmania Unitersity, Hyderabad, India
(Received 10 January 1955)

1. Introduection

Azimuthal variation of cosmie ray intensity
(at constant zenith angle) is 2 geomagnetic
effect and its study provides a powerful
method of determining the charge and energy
spectra of the primary cosmic rays. An
experiment of this tvpe was first suggested
by Vallarta (1939). In such experiments, the
interpretation of the results depends on a
knowledge of the allowed cone (Lemaitre and
Vallarta 1936) and particularly of the penum-
bral bands (Hutner 1939). According to Hut-
ner, who studied the penumbra at A=2(°
for a zenith angle of 60°, the penumbral
effect is confined to western azimuth and
particularly to the northwest quadrant for
positively charged particles in the northern
hemisphere while for the negative primaries,
the pattern is mirror imaged along the mag-
netic meridian. The penumbra in the neigh-
hourhood of the equator was studied by
Yong-Li (1939). Vogelaere (1950) has slightly
modified it and concluded that a comparison
of Yong-Li’s work with that of Hutner's
shows that a part of the phenomenon calcu-
lated for latitudes very close to the equator
recurs at 20°, However, the shape of the
penumbral regions varies quickly.

Gill (1945a, 1945h, 1947, 1954) studied the
azimuthal effect of the penetrating compo-
nent of cosmic rays at Lahore (A=22°N)
and it has been shown that the experimental
results of narrow cone study show a striking
similarity to the theoretical curve of Hutner.
He concludes from his Lahore experiments
that primary cosmic rays are positively
charged and the energy spectrum of the pri-
mary radiation within the energv range 385
to 500 millistormers obeys the law KE—
withe —— 2-8B where K is a constant and E is
the energy. His experiments at Bombay

(A= 9-5°N) (Gill and Vaze 1948) indicate
that the primary spectrum for energy range
350 to 640 millistormers can be represented
by KE—¢ with ¢ = 2-45. Vallarta and others
(1947) studied the azimuthal effect at Mexico
city (A = 29°N, h = 2242 m) for zenith
angles 20°, 46° and 60° without using a lead
absorber, The analysis of their observations
vields an energy spectrum of the primary
cosmic ravg of the form KE 1'% in the
energy range between 250 and 600 milli-
stromers. There is no evidence of primary
negatives. Bhowmik and Bajwa (1452) inves-
tigated the azimuthal effect for vhe hard com-
ponent at Delhi ( A = 19°N) for a zenith
angle of 40° and found the energy spectrum
to be of the form KE—'*. Their ohserva-
tions do not give any evidence of negative
primaries. But later, tom a critical analysis
of the experimental data on the azinwuthal
intensity variation, Bhowmik (1953) points
out that the data ere consistent if the nega-
tives form 20 per cent of the total radiation.

The azimuthal distribution of cosmic rays
at very high altitudes was studied by a num-
ber of workers (Biehl ef al. 1949, Dwight et al,
1950, Winekler et al. 1950, Van Allen and
Gangnes 1950, Neher 1951, Kaplon et al.
1952). Most of the above experiments as well
as others lead to the conclusion that it is
quite likely that only one kind of incident
positively charged particle exists.

The azimuthal effect is very pronounced
in the equatorial regions as well as in inter-
mediate latitudes (Gill 1954). Work of this
type at low latitudes and altitudes is meagre.
Hence the present investigation of the azimu-
thal effect for a constant zenith angle of 60°
is undertaken at Hyderabad, India (A =
7-7°N, k= 1800 ft).
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TABLE 1

Azimuthal variation of cosmie rays for zenith angle 8 = 60

at Hyderabad, India (>. = 7°7° N:J = 1800 ft

Counts {'‘cunts
Azimuth per 50 minutes Azimuth per 50 minutes
% I( 2 9 2 I(a 0)
N 0° 5:355 £ 0+110 S 180 Nn-111
10° 5:218 & 0-114 100 0-113
20)° 5175 = 0-112 200° 0-114
30° 5-150 + 0-107 210 0:-116
40° 5-136 = 0110 2 0-116
50° 5140 = 0-109 230 0-116
60° 5144 4 0-108 240 0-115
70° 5001 4+ 0-109 250° 0-117
80° G040 = 0-108 260 0-115
E 90° 5-050 &+ 0-107 W 270° 5667 4+ 0-113
100° 5071 4 0-109 280° 3682 4 0-113
110° 5003 4 0109 200° 5550 <L 0-111
120° 4+ 0-111 300° H-G40 4 0115
130° - (-109 310° 5710 & 0-114
140° 74+ 0-112 32 5-503 + 0-113
150° 0-115 330° 5410 + 0-111
160° - 0-113 340° 5879 + 0-114
170° 0115 350° 431 0-113
TABLE 2
Azimuthal variation
A= T7-T°N 0 60°
— — e e e - r__.___..)\.- =
o E (e, 0) I(a0) c—1
\Vzimuth MillistGr- Counts per
mers H) minutes
§~_~: ~ 900 PR SE . S
3 /_'r P \' ‘ I N o 555 7+355 045
7 e f\,/ VAV A 30° G40 5150 (1-45
f ,;J- J . GO 700 G-144 044
iy /’ a E a0° 721 5050 044
g ,/," s100 0 120)¢ 687 5-110 0-44
4 J 1 g 150 614 5-330 0-44
:; - 23 < 180° H25 5420 0-45
z 210° 154 5615 045
R T AT AT ST T T Ty YT 240° 118 5-0645 0-46
" AZIMUTH W o276e 416 5667 0-46
= — CAPERIMLNTA . 200° 438 S5-640 {)-40
LEMITH ARGLE B0 o THLORT T i P 3:“|u ;'\“ -,__1_1” 045
045

Fig. 1. Cosmic rays at 3=T.7°N Average =
(Hyderabad, India)




2. Experimental arrangement

The apparatus consists of two identical
counter telescopes pointing in symmetrically
opposite directions. Each telescope consists
of three pairs of Gi. M. counters. The counters
in each pair are joined in parallel so that
they act as a single counter. Bach telescope
subtends a solid angle of about 5-5° x 24°,
An 11-em lead block is introduced in each
telescope which means that the penetrating
high energy secondaries measured by the
instruments at lower elevations have practi-
cally the same direction as the primaries
which produece them. The observations have
been taken for everv 10° of azimuth angle
and the time of exposure at each azimuth
angle is more than 150 hours. The counts
given in Tables 1 and 2 are on the basis of
H0-minute interval. The mean curve of the
two telescopes is given in Fig. 1. The G.M.
counters are daily checked individually to
ensure their proper working,

8. Results
(a) Fast-West and North-South Asymmetrics

Special cases of the azimuthal effect are
the east-west and north-south asymmetries.
The east-west asymmetry value got in this
experiment is 11-5 per cent and this agrees
well with the figure of 10-73 per cent obtain-
ed by us for the asymmetry of the hard com-
poneunt at Hyderabad at the zenith angle of
607 in separate experiments. The north-:outh
asymmetry, as observed in this paper, is
very small and the results obtained earlier
at the zenith angle of 60° for such asymmetry
confirm this,

(b) Energy Limits and Determination of the
Energy Spectrum

The intensity in a given direction (azimuth
angle o and zenith angle @ ) is given by

e 8]
I(a,8) = f F(E)E
E (a, 0)

where F(E) is the energy spectrum and E the
energy. The lower limit E(x, 6) is given
by the theory of the allowed cone and depends
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on the location and size of the penumbra
bands.

The dotted line in Fig. 1 is the theoretical
curve | obtained from energy cousiderations.
The minimum energies are con,pnuted from
the main cones of the Lemoitre-Vallarta
(1936) theory with the help of the graphical
representation given by Alpher (1950). The
energy in millistérmers of the main cones are
interpolated for each azimuth angle at a
constant zenith angle of 60° for a latitude
of 7-7°. While considering the energy limits,
the eccentricity of the earth’s magnetic
centre must be taken into account. Correc-
tions for the minimum energies are not ap-
plied in the present case as they are not
found to be necessary at the geographic
longitnde of this station, namely 78°27
(Vallarta 1948), )

The energy range explored in the present
study|is between 416 and 72! millistbrmers
or an|interval of 305 millistérmers.

The primary energy spectrum has been
assumed to be F(E)= KE-° and the expo-
nent ¢computed in the present work is shown
in Table 2. 1f 1 («, 8) is the observed inten-
gity in a direction «, 8 then we Lave

—K 1
¢ P |

<0
-
I (a, 0) = fIiE dE = P B 0

E (x, 0)

The constant K has been evaluated from
six pairs of points and the meap value of K
has been used in caleulating the value e—1,
The exponent ¢—-1 as obtained from the re-
sults Is in good agreement with that of
Bhowmik and Bajwa, Vallarta and co-
workers and others.

(¢) Ptimary cosmiz rays

The agreement between the theoretical
and experimental curves in Fig. 1 is very
satisfactory. The experimental curve in the
eastern azimuth is comparatively smooth
while there are significant oscillations in the
western azimuth. It may be noted that there
is a general similarity between the experi-
mental curve relating to the north-west
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quadrant as obtained in this paper and that
of Cill and Vaze (194%) at Bombayv { A
9-5°N). It has already been mentione

awp D. S. R. MURTY

607 at Hwiderabad, India ( A = 7-7°N,
h 1200 fr). The soft component is elimi-
nated by introdueing a lead absorber of 11 em

according to Hutner, the penumbral pheno
menon ig confined to the western s
particularly to the nortli-west
positively charged primary particles in the
northern hemisphere. [t can, therefore, be
inferred from the graph that all the
ries are !mxiTi\'t'l\' charged ar at

thickness in éach of the two ?_wli_“-‘l'u}wr- that
have been used 1n t

range explored is

he experiment. The energy
between 416 and 721 milli-
stiormers. The primary energy spectrum has
to be of the foom KE-¢ and
exponent ¢ as obtained from the results
15 foumd to be 1 -

nade + 1
ONAaral 101

heen assnmed
Prina- the
least the 15. This i= in good agreement
with thar obtained by the earhier workers. Tt
has been inferred from the experiment that
all the primary cesmic rays are positively
chareed or at least the negative primaries are
quite few m number.

negative primaries are quite few i nanber,

4. Summary
The azimuthal variation ol cosmic rav in-
tensity has been =tudied for a zenith angle of
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