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In this paper, we discuss briefly a change in the
rigidity spectrum during short-term variation of
cosmic rays. McCracken' investigated the varia-
tions in the cosmic-ray rigidity spectrum during
the short. -term variations by using b,2 and 5»
evaluated from the data at Hobart (X= 52'S) and
Lae (X=16'S). b» and bm, are the linear regres-
sion coefficients calculated for a scatter diagram
(as shown in Fig. 1) of neutron intensity against
meson intensity at Hobart, or of neutron intensi-
ty at Hobart against neutron intensity at Lae. In
the scatter diagram, these intensities were ex-
pressed as the percentage deviations from the
mean value of the cosmic-ray intensity during

each short-term variation.
From the author's investigation, ' it is expected

that the values of b» and 1 jbm, must correlate with
geomagnetic disturbance during the short-term
period. In order to investigate the correlations,
we compared the values of b» and 1/b» with the
mean value (QP)av) of the AP index during each
short-term period. AP is an index indicating the
amount of the geomagnetic disturbance observed
on the earth, but it is assumed that this index is
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FIG. 1. Scatter diagram of Hobart neutron intensity
against Hobart meson intensity for two short-term
variations. Percentage deviations from the group mean
are plotted. (After McCracken. )
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FIG. 2. Dependence of the relative changes of meson
and neutron intensities of cosmic rays at Hobart on geo-
magnetic disturbance. 5&2 indicates the regression co-
efficient between Hobart neutron intensity and Hobart
meson intensity.
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also dependent on the property of the magnetic
cloud emitted from the sun. One of the results
obtained is shown in Fig. 2. The other results
are similar to this. The correlation coefficient
between the corresponding two quantities in Fig.
2 is 0.97, which is sufficiently significant. In
this case, however, the three isolated points
designated by open circles, which were assumed
to be exceptional cases, were omitted in the cal-
culation. Then it is evident that the values of b»
and 1/b„, that is, the relative change of the cos-
mic-ray intensity, has a good correlation with

&"&&av.
From these, it is concluded that the cosmic-

ray rigidity spectra change exponentially with
geomagnetic disturbance in the short-term period,

and such changes are supposed to be caused main-
ly by magnetic clouds emitted from the sun.

A detailed description of the study is to be pub-
lished in the near future.
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Ray Laboratory of the Institute of Physical and
Chemical Research, for their valuable suggestions
and advice.

~K. G. McCracken, Phys. Rev. 113, 343 (1959).
2H. Takahashi, Proceedings of the International Con-

ference on Cosmic Rays and the Earth Storm tSuppl. J.
Phys. Soc. Japan 17, 400 (1962)], Part II; and (to be
published) .

IMPULSE APPROXIMATION AND DISTORTED %AVES*

Larry Zamick
Palmer Physical Laboratory, Princeton University, Princeton, New Jersey

(Received 3 December 1962)

In the theory of the inelastic scattering of a nucleon by a nucleus at high energies, the following
approximate expression for the scattering amplitude is often used:

A
T =f li

' '*(r. )u ~(1. ~ A) Q t(r - r.) g. '+'(r)u. (1 A)drdr ~ ~ dr
f& fU f l;-1 i iU i 1 A'

Here f(r) is the transition matrix describing the
scattering of two free nucleons,

t(r) =v(r) 1+ . t(r)E-Kr +'LE

where K(r) is the kinetic energy. The wave func-
tion y; 'U+(r) consists of the incident plane wave
being distorted by a one-particle complex poten-
tia.l U(r),

'+'(r) = 1+ (- U(r) expik, r. (3)

The assumptions contained in Eq. (1) are, first,
that the inelastic scattering is a direct process,
so that the two-particle interaction appears only
linearly in the expression for the scattering ampli-
tude; second, that the two-particle interaction can
be replaced by the free two-particle transition ma-
trix (which is essentially the two-nucleon scatter-
ing amplitude). This latter approximation is the
impulse approximation. In addition, the distorting
potential may be taken to be the optical potential
describing elastic scattering, in which case it is
given by the expression

U(r) = (A - 1)(iti) = (A —1)fu. (1 ~ ~ A)t(r —r )u, (1 ~ ~ A)dr ~ ~ dr
1 i 1 A (4)

Our main purpose is to obtain an expression for Ff; (k, k;) in which the leading term is given by Eq. (1).
We shall show how to eliminate troublesome terms which involve the mixing of the two-body interaction
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