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1. Introduction

In the paper®” entitled “Notes on the Origins of Earthquakes”, the
writer made a theoretical study of the elastic waves generated from a
seismic origin in which the normal pressure on the surface of the
spherical cavity could be expressed by the sum of two zonal harmonics
Py(cosfl) and P,(cosfl). It was also shown that, assuming the radius
of the seismic origin to be constant, the azimuthal distributions of dis-
placement of the dilatational wave at a distant point vary with the
wave length. ’

Since then Prof. K. Sezawa®, after a thorough study of wave
generation from a spherical cavity, called attention to certain errors in
the writer’s calculations.

With the kind assistance of Dr. G. Nishimura, the writer revised
his calculations with results as here shown.

2.

The solution of the equation of motions in spherical coordinates
assumes the forms
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1) W. INOUYE, Bull. Earthq. Res. Inst., 14 (1936), 589.
2) K. Sezawas, Bull. Earthq. Res. Inst., 14 (1936) 506;
K. Sezawa and K. KANAL, Bull. Earthq. Res. Inst., 15 (1937), 13.
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u, v=radial and colatitudinal component of displacement respectively.
We shall take a special case in which it is assumed that the sur-
face r=0 is free from tangential traction and is under normal pressure
2.P.(cost) e,
Thus the equations
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where u=u, ,+u, ,, v=v,,+0, ,, must hold on that surface.
Satisfying the above conditions, we have
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Henceforth, we shall consider only the case A=y,

(1) The single source, in which the normal pressure at the origin
is expressed by P,(cosf)e.

The radial component of the displacement of the dilatational wave
is given by
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and x=ha.
And at a distant point from the origin as compared with the wave
length, we have :
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(2) The quadruple source in which the normal pressure at the
origin is expressed by P,(cosf)e™.

The radial component of the displacement of the dilatational wave
is given by
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and at a great focal distance, we have
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and z=ha, y=ka.

As is well known, at a point distant from the origin, both dilata-
tional and distortional waves have only the radial and the colatitudinal
component of displacement, respectively.

The colatitudinal component of the d1sp1acement of the distortional
wave is given by



Part 4.]  Revisions of my “Notes on the Origins of Earthq.” 959
1 [ 3 6
P =—_-3q_ a,+1 +z" ( — 4 (——1>}
i nr 2 ) (7 )l 2 * 122

% ei(;hl~l(r—u)} d_P:'(_‘COS”) ,
dy

and at a great focal distance as compared with the wave length, we
have
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The amplitudes of the radial components of the displacement of
the dilatational waves at a distant point generated from the P,(cost)

and P,(cos#) origins are plotted against ha.—_er% (where L is the wave

length) in Fig. 1. As will be seen from the figure, the curves have
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Fig. 1.

maximums at certain ha’s, exhibiting spectrum-like features. The amp-
litudes of the dilational waves in the two cases vanish when ha=0,
that is the waves are nil when the wave length are very long compar-
ed with the dimension of the origin, or in other words, waves do not
propagate to a distant point from the point origins.

The amplitude of the dilatational wave generated from the P, origin
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becomes approximately equal to that from the P, origin when ha>4,
which is due to the fact that the distortional waves appear less and
less intensely than the dilatational waves when the wave length dimin-
ishes as compared with the size of the seismic origin, so that the dilata-
tional wave is generated mainly from the P, origin. (see Fig. 2.)
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Tig. 2. The proportion of the displacement of the
" distortional to that of the dilatational wave.

(3) The case in which the normal pressure is expressed by two
zonal harmonics P,(cosf) and P,(cost).

In this case, the radial component of the displacement of the dila-
tational wave at a distant point is given by
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(a) We shall first take the case in which a pair of the doublets
act along an axis.

Here the normal pressure on the surface of the spherical cavity is
given by

{“VP 2 (cost) — %—?)'Po (cos (})} e,

The change in the azimuthal distributions of the amplitudes of the
dilatational wave as the value of ha varies is shown in Fig. 3. In
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Fig. 4. The case in which the normal pressure on the surface
of the spherical cavity is expressed by cos 26.
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the figure, the axis =0 is taken upwards and the amount of the dis-
placement is represented by the vector from the centre. The push and
the pull waves are represented by (+) and (—) respectively.

(b) We shall next consider the case in which the normal pressure
on the surface of the spherical cavity is expressed by cos2f.

In this case, the normal pressure can be expressed by

{fp'Pz (cost) + %p'Po(COS ) }ei”"

The azimuthal distributions of both the push and pull waves are
shown in Fig. 4. As will be seen from Figs. 3 and 4, so long as the
wave length is greater than the radius of the seismic origin, the com-
ponent due to the term P,(cost) is greater than that due to the term
P,(cost’). Should the wave length become comparable with the dimen-
sion of the seismic origin we shall see the azimuthal distribution of the
dilatational wave quite resembling that of the pressure distribution at
the origin. '

3. Summary

The main revised results are as follows:

(1) 'The amplitudes of the radial component of the displacement
of the dilatational waves at a distant point have maximum values at
certain ka’s in both single and quadruple sources.

(2) .-The -amplitudes of the dilatational waves at a distant point in
the two cases vanish when the wave lengths are very long compared
with the dimension of the origin. ,

(3) 'The amplitude of the dilatational wave generated from the
quadruple source becomes appoximately equal to that from the single
source when ha=4, as the result of the fact that the distortional waves
appear less and less intensely than the dilatational waves when the
wave length diminishes as compared with the size of the seismic origin.

(4) In the case where the normal pressure at the origin is express-
ed by two zonal harmonics P,(cos#) and P,(cosf), so long as the wave
length is greater than the radius of the seismic origin, the component
due to the term P,(cosf) is greater than that due to the term P,(cos#).
Should the wave length become comparable with the dimension of the
seismic origin, we find that the azimuthal distribution of the displace-
ment of the dilatational wave becomes quite similar to the azimuthal
distribution in the pressure at the seismic origin.

(5) Although we cannot, from the mere results of these calcula-
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tions, say anything conclusive regarding the wave length of such waves
as might be generated from a seismic origin, the writer considers it
preferable to think that waves might be generated having wave lengths
comparable with the size of the origin than to think that the wave
lengths of the waves are very much longer than the dimension of the
seismic origin. (see summary of my “Notes on the Origins of Earth-
quakes, second paper.”)
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