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Since 1903 Carl Stormer has been trying to solve the mathematical
problem of determining the orbits of the electrons in the magnetic field of the
earth. He was led to this line from his interest in the problem of Aurora,
which, according to the fundamental researches of Birkeland, were produced
by the injection of streams of electrons into the earth’s atmosphere.

Rossi (1930) first pointed out that if the primary cosmic rays were really
electrons having an isotropic and homogeneous distribution in space far away
from the earth’s field and that if Stormer’s theory were applicable to them
then there should be greater intensity from the western sky if the particles
were positively charged, and greater intensity from the ecastern sky if they
had a negative charge. 1If the energy distribution of the particles be the same
and if they are equal in number then there should be no asymmetry.

The first experimental evidence of the existence of an asymmetry was
produced in 1933 when Johnson and Street (1933) found that the western
intensity at Mt. Washington (A= 51° N., h = 6,288 ft.) was greater than the
eagtern at 30° to 40° zenith angles. This experiment aroused a great deal
of interest and various workers confirmed the result at various latitudes and
at different altitudes. Mention may be made of the following :—

Alvarez and Compton (1933).
Auger, Leprince-Ringuet (1934).
Ehmert (1934).

Ghosh (1936).

Gill (1940).

Korff (1934).

Messerschmidt (1934).

Rossi (1934).

Seidl (1941).

Stevenson (1933).

The most extensive survey has been undertaken by Johnson (1935a)
at various stations in Peru, Colorado, Panama and Mexico.

It is found that the asymmetry is maximum near the geomagnetic equator

and amounts to ~15%, and then it decreases towards the higher latitudes,
falling to 2-39, at A = 50 at sea-level.
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These experiments appear to indicate a preponderance of positive electrons
in the primary cosmic rays to the extent of 159, (the maximum value) at
the geomagnetic equator, falling to 2-3%, at the geomagnetic latitude of 51°
N. It may be added that the particles need not necessarily be positive
electrons but may as well be heavier particles such as protons or a-particles,
provided their cnergies lie in the field sensitive region, i.e. in the case of
protons up to about 59 B.e.v.

But subsequent experiments by Johnson (1935) showed that the electrons
themselves, which constitute the main soft component, seem to have a non-
asymmetric distribution. This was shown by studying the asymmetry of
shower-producing particles. He placed three counters horizontally at the
corners of an isosceles triangle 23 em, in altitude and 9 em. base with a 1-2 cm.
thick lead cover over the upper counter. The lead plate was slightly larger than
the cross-sectional area of a single counter. With this arrangement he could
not detect any asymmetry at zenith angles of 35° and 49° at Nevado de Toluca
in Mexico (A = 29°, b = 4-3 Km.). It is clear from this experiment that the
shower-producing component (i.e. the soft component) is not asymmetric.

This experiment ought to be repeated at other latitudes and if the asym-
metry is not found to exist, we can be sure of the conclusion that electrons
do not show asymmetry. This experiment requires some time to perform
but we can procure additional evidence by performing experimnents in which
soft rays are cut off by the use of thick absorbers.

At sea-level the soft component (electrons) forms about 25-309%, of the
total cosmic rays, so if we cut off the soft one with some absorber then the
asymmetry should increase. Such experiments have been done, but the
results are not conclusive and are rather contradictory.

Rossi (1934) finds at Asmara (A = 11°, & = 2 Km.) that the E.-W. asym-
metry increases with 4 or 8 cm. lead between the counters at a zenith angle
of 45°. But Korff (1934) finds at Mexico (A = 29° N., b = 7,250 ft.) and also
at two stations in Peru that the E.-W. asymmetry is reduced by lead absorbers
up to 30 cm. placed above the counter train. Johnson (1935¢) finds at Cerro
de Pesco ((Peru) A = 0, b = 4:3 Km.) an increase of asymmetry while at
El Pico Nevado de Toluca (A = 29°, 2 = 4-3 Km.) a decrease of asymmetry
with lead absorber.

For tropical latitudes, very little work on E.-W. asymmetry has been
reported se far. The following experiments on east-west asymmetry were
undertaken at Calcutta (A = 12° N, b = 80 ft. above sea-level) and Darjeeling
(A = 165 N., b = 7,200 ft. above sea-level) and the effects of lead absorbers
on asymmetry have been studied at both the stations at different zenith angles.

Experimental arrangement, etc.;—

The amplifying circuit is of the Barasch (1935) type and is shown in
fig. 1. The counters were used in Rossi parallel connection. The counters
were filled with a mixture of commercially pure argon gas and petroleum
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ether vapour to a total pressure of 6 cm. of Hg. Thestarting potential of
each of these counters was about 1,200 volts with a plateau of about 350 volts.
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C;=>50 upF. R =5M%. T=Te=T3=T,=Ts MSP,.

Cy=-002 pF. R,=R,=1MQ. Te=G.T.1.

Cy=-001 pF. Ry=R3=R,=-5MQ. F=TFilament.

Ca=-01 uF. Rg=-25MQ, K =TRecorder and Contact Breaker.
Rg=30,0004. Z=@.M. Counter.

T4, Ty, T3 are in parallel (Rossi).

The high tension for the counters was supplied from a H.T. stabilizer
of the Street-Johnson type with Evan’s modification of the screen grid battery.

The counter telescope (fig. 2) used in the E.-W. experiments consists of
a light wooden frame supporting three pairs of counters, the distance between
each pair being 50 cm. The counters in each pair are joined in parallel so
that they act as a single counter. The wooden frame holding the counters
is capable of rotation in the vertical plane, and the inclination of its axis (i.e.
the axis of the counter telescope) to the vertical can at once be read with the
help of a pointer moving over a protractor graduated in degrees. Each counter
is 3-5 cm. in diameter and 15 cm. in length so that the counter telescope subtends
an angle of 8° in the plane in which the system can rotate and an angle of 17°
along the length of the central wire of the counters. Though the angular
aperture along the diameter of the counters is 8°, it can be seen that more than
509, of the rays come through half the actual aperture. The instrument is
placed in such a position that the axle of the framework is pointing north
and south sg that the telescope can rotate in the local magnetic east-west
plane. Just above the lowermost counter there is a platform on which re-
quisite thicknesses (10 cm. in our case) of lead can be put to cut off the soft
component.

9
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The exploration of the E.-W. plane is carried out by what is called the
‘method of cycles’, according to which each zenith angle is exposed to cosmic

VERTICAL

Fia. 2.

Counter Telescope.

rays for a short interval of time and the corresponding number of counts
recorded and then the instrument is rotated to the next zenith angle and so
on. This method has several advantages, for it avoids—
(a) any instrumental selectivity,
(b) any short period change of cosmic ray intensity,
(¢) any change of cosmic ray intensity due to sudden barometric change,
magnetic disturbance or any such other cause.

In the experiment at both the stations at Darjeeling and Calcutta the

time of ‘exposure’ at a zenith angle at a time was 20 minutes only.
The effect of showers was determined by displacing the central counter
just outside the geometrical beam defined by the two outer ones (fig. 2, dotted -
9B
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pair). It is found that the effect of showers is practically constant at all
zenith angles and at both the azimuths.

At Darjeeling the experiment was performed in the Emerald Bank in
Jalapahar (altitude 7,200 ft. above sea-level). The apparatus was placed
in the drawing room having a roof of wood and corrugated tin sheet and the
walls were of wood and window glass. In the castern side of the house there
is a hill which obscured the telescope if the zenith angle in that side exceeded
about 70°.

In Caleutta (A = 12° N., A = 80 ft. above sea-level) the apparatus was
placed in the topmost room of the main building of the University College
of Science. This room has brick walls and ordinary tiled roof. All sides of
this room are open.

Formerly, the E.-W. asymmetry («,.,) was computed in terms of the
ratio of the west intensity (J,) to the east intensity (J,), ie. a= {fi
But it will be seen that the statistical fluctuations of this quantity are not
symmetric with respect to the value unity when J, = J,, and in the case
of low counting rates and short time intervals Johnson (1935a) finds that
there can be introduced in the calculation an appreciable false asymmetry
favouring the west. For this reason it has become customary to define
asymmetry as

when it will be seen that the fluctuations are symmetric with respect to the
value zero when J,. = J,. In this paper we have followed the latter defini-
tion of et .

The probable errors in this paper were calculated from the total number

<884/
of counts, viz. B = i—-—q\;/iv , where N is the total number of counts in

time 7',
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REesvuvurs.

TasLE 1.

E.-W. asymmetry of the unabsorbed radiation at Darjeeling (A = 16°§ N.,

h = 7.200 ft.).
. . Asymmetry
Zenith angle. Azimuth. N(_)' of counts/min. (Jw—dJe)
(corrected for showers). 2t
Jw+Je
West -56934-0118
15° -11124-0302
East -50934-0113
West 43434-0107
30° 18444 -0364
East -36104-0098
West -31514-0093
45° ‘16924 -0445
East -26604-0090
West -10354-0070
60° 110440988
East 40927 4--0068

TasrLe II.

E.-W. asymmetry of the penetrating component (Mesons) at Darjeeling.

‘ - Asymmetry
Zenith angle. Azimuth. | No. of counts mlvn. Jw—dJe
(corrected for showers). 2 -
JwtJe
West, 37654 0085
15° 1271 4--0329
East -33154-0080
West -30314--0078
30° -19954--0385
East -24814--0073
West -2405 4 -0067
45° 193340430
East -19814--0066
West -0965 4 -00565
60° -1651 4--0843
East ‘08154 -0051
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TasrLe III.
E.-W. asymmetry of the unabsorbed radiation at Calcutta (A = 12° N.,
h =80 ft.).
s Asymmetry
Zenith angle. Azimuth. No. of counts/min. o5 Jw—dJe
(corrected for showers). 2
JwAJe
West -3063 4--0066
15° 08694 -0311
East 280840063
West -22464--0058
30° 137140381
East -1958 4 -0055
West -18204--0053
45° -11324--0422
East 16254 -0050
West 09304 -0040
60° -1196 4--0628
East -08254--0038
TasLE IV.

B.-W. asymmetry of the penetrating component (Mesons) at Calcuita.

. Asymmetry
Zenith angle. | Azimuth. No. of counts/min. Jw—Je
(corrected for showers). 2 .
JwtJe
West 2458 +-0056
15° -11094--0336
East -22004--0055
West -18664--0050
30° -15904--0392
East -1591 4--0046
West -15284--0045
45° -12394--0432
East 13504 -0043
West 081640035
60° 0962 4--0598
Eest, ‘074240031
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DiscussioN.

Tables I-IV give the experimental results on the east-west asymmetry
at Darjeeling (A = 16°-5 N.,h = 7,200 ft.) and at Calcutta (A = 12° N,
h = 80 ft.). Tt can be seen that at both the stations the asymmetry increases
with the increase of zenith angle up to about 45° and then again decreases in
conformity with the results obtained by Johnson (1935a) and other workers
at various other stations.

With 10 em. lead between the counters (lead being placed just above
the lowermost counter) the asymmetry increases at both the stations showing
that the electrons contribute very little to the asymmetry. Our results
agree with those of Rossi and Gill as well as those of Johnson (1935a) (one
station only). At Calcutta, with zenith angle 60° there is a decrease of asym-
metry with lead absorber.

The probable errors in the present experiment are rather large. This is
hecause the angular aperture of the extreme counters is only 8° in the vertical
plane, so the number of counts per unit time is rather small. In the experiments
of the previous workers the angular aperture of the counter train was not so
well defined. In the experiments of Rossi and Johnson the angular aperture
was about 23°. In order to minimise the statistical fluctuations, readings
were taken for 40 to 50 hours at each zenith angle (by the method of cycles)
at Darjeeling, while at Calcutta about 60 hours at each zenith angle.

Johnson (1935a) has observed that asymmetry increases with altitude.
It can be seen here that the asymmetry at Darjeeling at all the zenith angles
is greater than that at Calcutta at the corresponding zenith angles. This
increase is evidently due to the increase in the number of mesons between
these two stations.

The conclusions from the experiments at Darjeeling and Calcutta, taken
along with those of earlier workers are as follows:

(1) That the electrons of either sign, which are identical with shower-
producing particles, contribute verylittle to the E.-W. asymimetry.

(2) That mesons which are produced in our atmosphere by the primary
cosmic rays show a maximum asymmetry of ~ 209, at Darjeeling
(A = 16°30'N., & = 7,200 ft.) for positive rays and about 169,
at Calcutta (A = 12° N, 80 ft.). The maximum is reached
between Z = 30° to 45° and falls on either side.

Recent experiments of Schein, Jessey and Wollan (1941) at Missouri
(A = 51°) seem to indicate that electrons of energy between 102 e.v. and 1012 e.v.
are absent in the upper atmosphere. The large number of electrons of energy
below 10° e.v. that are found in the stratosphere are of secondary origin, for
the minimum energy required by a primary electron to penetrate the earth’s
magnetic field at A = 51° N. is about 3x10? e.v. These secondary electrons

are supposed to be due to decay of mesons, knock-on shower and cascade
shower.
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As regards the primary particles Johnson (1938), Swann (1940),
Carlson and Schein (1941) are of opinion that they are protons. There is
no satisfactory theory of the production of mesons by protons. According
to Swann (1940) the primary protons, by an unknown mechanism, give rise
to a number of mesons in the first one or half metre of water-equivalent
depth of the atmosphere. The number of mesons that can be produced in
a single ‘explosion’ can be as large as 8-10. These mesons are practically
at rest so that their mean free path is ~ 300 metres and the disintegration
electrons from them come out in all directions. But the mesons which are
produced by the protons in a greater depth of -the atmosphere, having
sufficient energy to maintain the original direction of the protons, give rise
to all the geomagnetic effects such as E.-W. asymmetry, latitude effect, etc.

In conclusion, the author wishes to record his sincere thanks to Prof.
M. N. Saha, D.Sc., F.R.S,, for hiz kind interest and helpful discussions and
criticisms throughout the progress of the work. His thanks are also due to
Drs. 8. C. Sirkar, N. N. Dasgupta, G. P. Dube and K. M. Basu for helpful
discussions.

SuMMARY.

The east-west asymmetry of cosmic radiation at Darjeeling (A = 16° 30’ N.,
h = 17,200 ft.) and Calcutta (A = 12° N., & = 80 ft.) at zenith angles of 15°,
30°, 45° and 60° has heen measured with a triple coincidence counter telescope.
The results agree with those of the previous workers at other stations. The
asymmetry increases slightly with 10 cm. lead between the counters at both
the places.

REFERENCES,

Alvarez and Compton. 1933. A positively charged component of cosmic rays. Phys.
Rev., 43, 835.

Auger, P. and Leprince-Ringuet. 1934. Variation du Rayonnement cosmique suivant,.
la latitude. Nature, 133, 138.

Barasch, H. P. 1935. Improved counting circuit. Proc. Phys. Soc., 47, 824.

Carlson and Schein. 1941. On the production of Mesotron. Phys. Rev., 59, 840.

Ehmert. 1934. Der Ost-West Effekt der Ultrastrahlung auf der Zugspitze. Phys.

Zeits., 35, 20.

Ghosh, R. 1936-37. On the angular distribution of cosmic rays. Trans. Bose Inst.,
11, 159.

Gill, P. 8. 1940. East-west asymmetry of cosmic rays at 40° N, latitude, Phys. Rev.,
57, 68.

Johnson, T. H. 1934. Coincidence counter studies of the corpuscular component of the
cosmic radiation. Phys. Rev., 45, 569.

Johnson, T. H. 1935. Coincidence counter studies of the corpuscular component of the
cosmic radiation. Phys. Rev,, 45, 569.

Johnson, T. H. 1935a. Progress of the directional survey of cosmic ray intensities and
its application to the analysis of the primary cosmic radiation. Phys. Rew,,
48, 287.

Johnson, T. H. 1938. A note on the nature of the primary cosmic radiation. Phys.
Rev., 54, 385.



272 P. O, BHATTACHARYA: EAST-WEST ASYMMETRY OF COSMIC RAYS.

Johnson and Street. 1933. The variation of cosmic ray intensities with azimuth on Mt.
Washington. Phys. Rev., 43, 381.

Korff, 8. A. 1934. Penetrating power of asymmetric component of cosmic radiation.
Phys. Rev., 46, 74.

Messerschmidt. 1934. Uber Schwankungsmessungen der Ultrastrahlung. Part III.
Zeits. f. Physik, 87, 800.

Rossi, B. 1930. On the magnetic deflection of cosmic rays. Phys. Rev., 36, 606.

Rossi, B. 1934. Directional measurements on the cosmic rays near the geomagnetic
equator. Phys. Rev., 45, 212.

Schein, Jessey and Wollan. 1941. The nature of the primary cosmic radiation and the
origin of the mesotron. Phys. Rev., 59, 615.

Seidl, F. G. P. 1941. The E.-W. asymmetry of cosmic radiation at high latitudes.
Phys. Rev., 59, 7.

Stevenson, E. C. 1933. Azimuthal asymmetry of the cosmic radiation in Colorado.
Phys. Rev., 44, 855.

Swann, W. F. G. 1941. A single component for the primary cosmic radiation. Phys.
Rev., 59, 770.



