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1. Introduction.

Some years ago® I gave formulae relating to the energy separation
of elastic waves into dilatational and distortional waves when they are
radiated from a spherical origin, the forces on the spherical surface
being distributed in the form of zonal harmonics. - As the object of
that paper was merely to show the mechanism of .energy separation
under consideration, we gave no numerical example or any varification
of the correctness of the symbolic expressions. Although another paper®
‘was later written with a view to showing accurately the corrected ex-
pressions of the solution, the nature of the original problem was not
studied. Inouye®, who recently made use of our formulae in his study
of initial motion of seismic waves, showed that the distribution of ini-
tial motion in a wave front is possible only in the case of short waves
—a condition familiar to us in the case of acoustic waves—although
no study to speak of has been made of it in the field of seismology.
The results of his studies therefore seem to have thrown some light on
the problem of initial motion that is being discussed frequently now in
Japan.

The distribution of the initial motion, that is, the distribution of
the displacements in a wave front at different radial distances is also
affected by the nature of the medium through which the waves are
transmitted. Unless both the density and the elasticity of the seismic
region are about the same for different earthquakes, the study of the
mechanism of a seismic origin from the data of the initial motion
would be impossible even if the frequency of the initial motion were
specified.

1) K. SEzawa, “Dilatational and Distortional Waves generated from a Cylindric-
al or Spherical Origin”, Bull. Earthg. Res. Inst., 2 (1927), 13~20.

9) K. SEzawa and K. KaNAI, “Amplitudes of P- and S-waves at Different Focal
Distances”, Bull. Earthq. Res. Inst., 10 (1932), 299~334; Sindigaku (1932), 656.

3) W. INOUYE, “On the Mechanism of a Seismic Origin”, Disin, 8 (1936), 357~
403, (in Japanese).



Part 4.] The Effect of Differences in the Media. 507

With the aid of Kanai® the formulae for calculating the foregoing
has recently been improved to such a degree of accuracy as to entirely
exclude errors, even in the algebraic signs of the resultant displace-
ment. The present paper is the outcome of Inouye’s suggestion to
publish in a form available for ready use the somewhat inconvenient
formulae that I had originally obtained.

Although the generation of dilatational and distortional waves from
a spherical origin may appear to be preferable from the practical point
of view, the treatment of such a problem is somewhat difficult. Since
in contrast to it, radiation of pure distortional waves from a spherical
origin is very simple, and it still gives a general idea of the problem,
whence, a full explanation of it will be. made in my treatment here of
radiation of pure distortional waves. The case in which both kinds of
waves are generated will be dealt with mainly from the theoretical
standpoint, argumented with a few numerical examples.

2. Pure distortional waves generated from a spherical origin.

The problem was shown in my previous paper®, the solution being

H2y (kr) dP, (cos 0) _
— ? n D
wn“'An /kT d*) [’t (1)

where k?=pp?/r and w, is the displacement directed azimuthally. If
the disturbance at the surface of the spherical origin be S.dP, (cos8) /df,
the condition at r=a is

ow, o dP, (cosf) o,
=S e @)
from which
=T /(d(kr) . @)

¢ being written for H; (kr)/v'kr. If we write 2=Fka, the algebraic
expression for ¢ for a few cases are as follows:

4) K. Sezawa and K. KaNa1, “The Polarization of Elastic Waves generated
from a Plane Source, ““‘Bull. Earthq Res. Inst., 14 (1936), 489~505
5) K. SEzawa, loc. cit. 1).
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The displacement at an infinite distance from the origin then becomes
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If S,dP. (cosﬂ) /d9 be a constant for different n, the ratio of |w,|/
|w,| assumes the values shown in Table I
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Table 1.

}/ 0 10 D) 1 .,
Py, 0-5 0-1
Jwsffiav | 10 0-734 0-184 0-152 0-0213
Jwslffw,) 1-035 0-322 0:0276 0-00830 0-03334
fw.lfiw,| 1:05 0-0578 0-00316 0-0%471 0-0%384

Let the period of the waves and the circumference of the spherical
origin be T'=1sec and 27ra=1km respectively. If |w,| for the case
v p/o=1km/s is assumed to be unity, then the values of |w,| for
different 1/p/p’s under the assumption that S,|dP,/d0| as well as p
always remain constants, are shown in Table II. Since ‘the respective
maximum values of |dP,/df|, |dPy/df|, |dP,/df]|,------are 1, 3/2, 8///15,--,
the order of each value in this table would not change even were S,
assumed to be constant in lieu of S,|dP,/df]|.

Table II.

Vitfo km/s 0-1 05 1 2 10
fowy] 17-3 310 1 0:108 0-0°866
fowaf 17-3 297 0-184 0-0164 0-0%185
Jowl 17-9 1:00 00276 0-0°896 |  0:0°29%
Jw,| 18-2 0-179 0-00316 0-0*509 0-07333

It will be seen from the foregoing table that the higher the rigidi-
ty of the ground through which the waves are transmitted, the more
neutralized is the distribution of the displacement in a wave front.
If, on the other hand, the ground were fairly soft, the distribution’
under consideration would be pronounced even at a great distance from the
origin. For example, if the amplitude w, is unity for any /p/p, the
maxima of the amplitudes w, for the cases of 1/y/p=01kms, 0-5kms,
1km s, 2km s, 10 km's assume the values 1, 0:734, 0-184, 0152, 0-0213

respectively, the relation S,|dP,/df|=S,|dP,/df| being assumed to exist
in every case.

3. Both dilatational and distortional waves radiated from a
spherical origin.

The solution for the present case will be found in the previous
papers®, the expressions being

6) K. SEzZAWA, loc. cit. 1), 4).
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H, ( r)
U= —n(n +1) k2 ey (hr) —B 4 C P, (cosf)e,
. B,1 d o, dP, (cosb) ‘.
e B | e

where h2=pp?/(A+2y), k2=pp?/pt, uy+us=u, v;+v,=v. Substituting
these solutions in the boundary conditions :

~ bl
=14+ 2u-m=p,P, (cos )™, 1

or
. (6)
~ v v 1 ou
M=oy~ 50 )= J

we obtain at r=a

Vv WAn[{( 2]¢( z) - 2d¢(‘”)] VT B.2n(n+1) - d PO _Pu

y
_d $(x) $) 1 d(x) ' )
1/%8“ do =z 2 oz dr
N’y b d
LK S = X ¥y per o

where x=hr, y=kr. Substituting (7) in (5) we get the general
solutions. In the particular cases n=0, 1, 2, 3, 4; the solution of %,
at r=co assumes the form

_ _ . 9'; p" ei’l(n—r)
ul( —ul‘n) - (?’) /Jh27 M,

P, (cosf)e™, (8)
where M, for a few cases are of the forms:
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where x=ha, y=Fka, c2=Fk?/h2

If p,P,(costl) be a constant for different n's, the ratio of [u,,|/]u,]
assumes the values shown in Table III. Mark (R) indicates that reso-
nances of a certain kind are likely to exist for vibrations of type u,,.

‘Table III.
[ . .
p/ P 2 . 1. 0'5 01
[eeg3l/fetso) 1-35 0-235 0-650 } (B) 40(R)
Juaselffazof 0-74 0-0848 } (R) 0-310 0-00061
[o1l/[2aof — 0-0490 0-053 _
Jusalffutgol o ©0:0009 060004 _

Let the period of the waves and the circumference of the spheric-
al origin be again T'=1sec and 2ra=1km respectively. = Assuming

that |u,,| for 1/p/p=1km/s is unity, the values of |u,,] for different
v/plp’s under the assumption that p,P,(cosf) as well as p are invariably
constant for any n, are shown in Table IV.

Table 1V.

v Plp kmjs 05 | 1 | 9 10 .
ool 291 1 0:134 0-00103
[y 3-93 0-235 0-0870 0-00412
2] 215 0:0848 0-0415 0-05629
oe1s] —_— 0-0490 0-0071 —_
[ot1) — 0-0009 0-0%55 —_

These tables show that in this case tco, the higher the rigidity of
the ground composing the seismic region, the more neutralized is the
distribution of the displacements in a wave front. In the case of soft
ground the distribution of the displacement under consideration is rather
pronounced.

It is not clear to us as why the resonance-like conditions should be
present, particularly in this case. As however we are investigating
now only the problem of a vibrating sphere radiating dissipation waves,
we shall probably be able to find an answer to the question when it
has been investigated for its own sake.

[
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In conclusion I wish to express my thanks to Dr. Inouve for his
suggestions and to Dr. Kanai for his assistance in obtaining the mathe-
matical formulae.
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