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tion energy of about 800 volts for the 2s state is about 8 times that
for the is state. Owing to the assumptions and numerical approxi-
mations made in the calculations we can only rely on the order of
magnitude of this result, which is consistent with the earlier
theoretical conclusion that the activation energy is proportional
to the square of the minimum possible energy for the process.

+ The research reported in this letter has been sponsored by the Geo-
physics Research Division of the Air Force Cambridge Research Center,
Air Research and Development Command.

l H. S. W. Massey and R. A. Smith, Proc. Roy. Soc. (I ondon} A142, 142
(1933).See also N. F. Mott and H. S. W. Massey, Theory of Atomic Colli-
sions (Clarendon Press. Oxford, 1949); second edition, p. 153,

~ A number of misprints were found in reference 1. Further, we do not
agree with their evaluation of the integral Je. It is unlikely that the order
of magnitude of their results will be seriously in error.

3 J. P. Keene, Phil. Mag. 40, 369 (1949).
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Fro. 1. Cosmic-ray intensity at different azimuths. Solid line: experi
mental curve at X29 N, s =40'. Vertical stroke indicates probable error.
Dotted line: minimum energy of arrival in Stormer units at X20 N, s =40'

of three trays each having a sensitive area of 100 sq cm. All the
counters used are of the external cathode type, owing to Maze. '
Lead 6lters of 10 cm thickness are used in every telescope to
eliminate the soft component. The four telescopes are mounted
on four sides of a rectangular wooden platform vrhich in turn is
axed on a rotating shaft. The telescopes are kept at 40' zenith
angle, the azimuthal angle of the cone of the telescope being 10'.
This particular zenith angle was chosen because the east-west
asymmetry was found to be a maximum at 40' zenith angle by
Showmikm and Bajwa.

The results obtained from observations recorded during the
period December, 1951-April, 1952 are reported here. The mean
curve of the four telescopes is given in Fig. 1, which shows a com-
paratively sharp minimum in the east and a broad maximum in
the west. The azimuthal effect neglecting penumbra has been dis-
cussed by Lemaitre and Vallarta. ' The dotted line h'as been com-
puted from their work and shows the minimum energy required
to break through the earth's magnetic 6eld in a particular direc-
tion. The general nature of the variation is strikingly similar to
the experimental curve. The east-west difference, instead of being
maximum along the rnagnetie east west as predicated by the simple
Stormer theory, is maximum along the 75'-255' line in accordance
with predictions of Lcmaitre and Vallarta.

AZ1IDUthR1 VR11RtlOIl Of COS111ic RR61RtiOIl fOI
Zenith Angle 4O' at 2 = 1'9 N
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iHE study of the azimuthal variation of cosmic-ray intensity
provides an excellent method of determining the charge

and energy spectra of primary cosmic rays. The azimuthal effect
has been measured at Delhi with four identical triple coincidence
telescopes of angular resolution 10'&20'. Each telescope consists
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Flo. 2. Cosmic-ray intensity in the northwest quadrant. Solid line:
experimental curve at )19 N, s=40 . Dotted line: theoretical curve at
X20 N, s =60 for energy spectrum K/B~ s.

The azimuthal variation is remarkably smooth in the eastern
sky, while in the western azimuth there are quite a few humps
which are due to the penumbral e6eet. According to Hutner, ' the
penumbral effect is confined to the western azimuth, particularly
to the north-west quadrant for positively charged primaries in the
northern hemisphere, while for negatively charged particles the
pattern is mirror-imaged along the magnetic meridian. The ab-
sence of humps in the eastern azimuth, neglecting the one oscilla-
tion at 30', will necessarily mean that all the primary cosmic rays
are positively charged. At least the negatively charged particles
are quite few in.number or their secondaries do not reach sea level.

The primary energy spectrum has been assumed to be F(E)dE
= (E/E')dE and the exponent has been computed from the present
work as shown in Table I. If E(n, s) is the minimum energy of
arrival in Stormers in a given direction 0, s, and I(a, s) is the ob-
served intensity, then

I(...)=J.. .(EjE~)dE= —E/[(c —1)E- (n, s)].

The constant E' has been evaluated from three pairs of points
and the mean value of E thus found has been used in calculating
(c—1) in Table I. The exponent c=1.45 is in excellent agreement
with Vallarta's' value.

In Fig. 2 the theoretical predicted intensity at X=20 N and
8=60' for the energy spectrum X/Em in conventional units is corn-
pared with the experimental curve at ) = 19 N and a=40'. The
general agreement is encouraging. The penumbral method of
working out the energy spectrum is much more sensitive com-
pared to the method used in Table I. But the penumbral method
cannot be fully exploited with the present accuracy of the observa-
tions. Further work is in progress.

The authors are greatly indebted to Professor P. Auger for
some valuable discussions regarding the technique of construction
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