22. Amplitudes of P- and S-waves at
Different Focal Distances.

By Katsutada SEZAWA and Kiyoshi KANAI,
Earthquake Research Institute.

(Read July 7, 1931 and Feb. 16, 1932.—Received March 19, 1932.)

It is well-ascertained fact that the amplitudes of P-waves are smaller
than those of S-waves at an intermediate focal distance in general and
this character becomes more and more distinet as the distance from the
origin is increased.

Such a fact is by no means the consequence of the essential property
of P- and S-waves, but due to the reason that the effective periods of
original fluctuation of the amplitudes of P-waves are always shorter than
those of S-waves. The shorter the periods of oscillations, the quicker
is the diminution of the amplitudes. This comes out directly from the
theory of propagation of waves in visco-elastic bodies.” The same theory
also cnables us to elucidate the nature that the amplitudes of S-waves
rather approach those of P-waves at large focal distances where the oscil-
lations of P-waves of small periods have almost died away and the
periods of P-waves and those of S-waves become comparable. No theory
without the consideration of visco-elastic waves can explain the small
amplitudes of P-waves at an intermediate focal distance as well as the
relatively large amplitudes of P-waves at a long distance. Reflection and
refraction cannot, of course, give rise to such a result.

In the present paper we have dealt with the case where P- and S-
waves of equal periods are generated from a point in a visco-elastic body
and transmitted in all directions towards infinity. To get the solutions
of waves of all probable cases we have considered the generation of waves
of a certain distribution in different azimuth as well as different latitude.
The case of some distribution has already been studied by one® of us a

1) K. Sezawa, “On the Decay of Waves in Visco-Elastic Solid Bodies”, Bull. Earthg.
Res. Inst., 3 (1927), 43-53; “ Notes on Waves in Visco-Elastic Solid Bodies ™, Bull. Larthq,
Res. Inst., 10 (1932), 19-22.

2) K. Sezawa, “ Dilatational and Distortional Waves generated from a Cylindrical
or a Spherical Origin”, Bull. Earthq. Res. Inst., 2 (1927), .3-20.
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few years ago. The explanation of the smallness of the periods of the
actually generated P-waves is very difficult, and we have left its study
to future occasion.

TFor the sake of simplicity we have taken spherical coordinates. Let
u, v, w be radial, colatitudinal and azimuthal components of displacement.
The equations of motion of the body are expressed by
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In these equations 7,8, ¢ are the radial distance, colatitude, and azimuth,
the origin being taken at seismic focus; p the density: A, p Lamé’s elastic
constants; A’, " dilatational and shearing solid viscosities; while 4, =, e,
=, have the meanings as expressed in the following forms:
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give the approximate wave lengths of P- and S-waves

respectively, from which we find
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for (5,) and
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for (5,), (5,), (54); and we also obtain the equations of the types:
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The solutions of (6) are expressed by
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Solving (7) and using the result in (8), we obtain
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Displacement (uh'v;,'wl,) answering to 4 in (9) and satisfying =, =ws
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Displacement (w2, v., w:) answering to =, together with second terms
in the expressions of = and =g, under the condition that 4=0, is express-
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Displacement (us, vs, w;) derived from the values of the first terms
of ws and =y and fulfilling the conditions, 4=1,=0, is written by
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The expressions® of displacements in (10), (11), (12) give the case of

waves decaying with time even at the origin, and they are not suitable
to the propagation of waves generated from the origin at a constant rate

of energy transmission, so that we have introduced conventionally kinema-

' +24) 1, }

tical relations, such that hr=pt in cap. { for (ws, v, wi)

and kr=pt in exp.{ kt} for (ue, vs, w2) and (us, vs,ws). In spite of

its incorrectness in strlct mathematics we have employed such a manner,
as it gives a dynamically equivalent form of expressions of waves trans-
mitted in visco-elastic medium. The expressions thus obtained are as
follows:
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3) Similar expressions as (10), (11), (12) that are suitable to the propagation of waves
on 2 spherical surface were obtained by one of us a few years ago. See Bull. Larthq.
Res. Inst. 6 (1929), 14. Solutions (10), (11), (12) in the case A'=p'=0 were published by
one of us on July 7, 1931 and their special case where m=0 was published in Bull. Larthq.
Res. Inst., 2 (1927), 13-20.
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For the purpose of getting numerical values of these displacements,
we have used the relations:
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To make the problem simple we have taken m=2, n=2, and assumed
the density of the solid, the velocities of propagation of P- and S-waves
and damping constants for these respective waves as follows.

p=27, I A2 g km/sec, l/ﬁl:o'T km/sec,
P p
2»_’= ¥ _ 1 em? /500_4) <assuming tha’? A, p :ch>
20 2p 54x10° of equal qualification

The wave lengths for P-waves are assumed to be 6:0 km, 60 km, and
0-6 km, while those of the corresponding S.vaves arce taken to be 8.7 km,
37 km, and 0-37 km respectively. The amplitudes of all componeiits of
displacements in the directions i) P.(cosf)=1, cos2¢=1; ii) P.(cosf)=1,
cos2p=0; iii) P3(cosf)=0, cos2p=1; iv) Pi(cos@)=0, cos24=0; v)

P (cosf)):—;;, cos2¢p=1; i) _Pg(cosﬁ)z—%, éos?qbzo; and at the

radial distances, »=380%km, 60 km, 120 km, 240 km, 450 km, 960 km, 1920
km, 2400 km, are shown in the appended tables and Iigs. 2—10.

The expressions of the displacements show that there are two kinds
of S-waves, namely (uz, vz, ws) and (us, vs, ws), while P-waves are only of
one kind. We may call the waves of the type (us, v, w,) to be S-waves
of the first kind and those of the type (i, vs w,) to be Sawaves of the

4) These values were temporarily taken to be approximately equal to what Professor
Suychiro derived from the results of experiments due to Professor Tanakadate, Professor
Omori and Dr. Taniguchi on brick columns. Bull. Earthq. Res. Inst., 6 (1928), 1-8.
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sccond kind. We find many features to distinguish the two kinds of
S-waves.

When the effect of damping is neglected, the radial component ot
the displacement of P-waves varies inversely as the radial distance from
the origin, while the components transverse to the radial one vary as
the inverse square of the radial distance.

The radial component of the displacement of S-waves of the first
kind under the similar condition varies inversely as the square of the firsf
radial disfance, while the components transverse to the radial one vary
as the direct inverse of the radial distance.

The radial component of the displacement of S-waves of the second
kind under the similar condition is zero for all radial distances, while
the components transverse to the radial one vary again the direct inverse
of the radial distance. .

It may be concluded that in every kind of waves transmitted in a
solid body without solid friction damping the main portion of the dis-
placement varies as the inverse of the radial distance from the origin.
Thus, with a mere comparison of the main amplitudes of waves we
cannot discriminate P- and S-waves, and much less both kinds of
S-waves.

When, however, we observe more closely the components of all kinds
of waves, it is possible to get the identification of the waves. The
transverse components of P-waves diminish very quickly as the radial
distance is increased, and the component of S-waves of the first kind
diminishes again in the same manner as in the above case, while that
of S-waves of the second kind is zero for all radii.

The variation of the displacements in regard to the direction of
propagation has a pecuriority corresponding to each kind of waves. In
the direction of propagation where the transeverse component of P-waves
is polarised in a certain sense, the same component of S-waves of the first
kind is also polarised in the same sense, while the sense of polarisation
of S-wavas of the second kind is independent of that of P-waves as well
as S-waves of the first kind. This may be attributed to the mechanism
that P-waves should be acompanied by S-waves of the first kind owing
to the conditions of displacements or stresses at the origin of seismic waves,
but S-waves of the second kind is possible to occur independently.

In the case of coexistence of P-waves and S-waves of the first kind
the distributions of the main amplitudes of both waves are different.
In the region, where the amplitudes of P-waves are large, those of S-
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waves in question are small, and vice versa. The amplitudes of S-waves
of the second kind, however, are independent of P-waves. These are also
dus to the mechanism of the seismic focus.

The above consideration is connected merely with the case where
the offect of the solid friction of lthe material is neglected, although
the results in the tables and diagrams contain this effect. When such
an effect is taken into account and the periods of vibrations of all
kinds of waves arc the same, the amplitude of S-waves at a certain
station is more damped than that of P-waves at the same station and
this is due to the fact that the time of transmission of S-waves from
the origin to this station is longer than that of P-waves. The shorter
the period of both wavss, the relative quickness of the rate of decrease
of S-waves is morc distinct. In order to demonstrate this nature, we
have taken up wi, vs, v of three cases 1) Li=60km, L,=37km; ii) L;=
6km; L,=387km; iii) Li=06k%km, L,=037 km ; and kept constant the
amplitudes of all waves at the focal distance 2400km and illustrated the
result in Figs. 11, 12 and 13. From the amplitudes of waves at other
focal distances, we may understand how the damping of S-waves is
quick in comparison with that of P-waves.

The foregoing conclusion cannot be much altered even in the cases
where there are some boundaries which cause the reflection and refraction
of waves .and also where the medium of transmission is varying in a
certain manner. This may be seen from the results of a number of
our theoretical investigations already carried out to get concrete idea on
sevaral cases of boundaries ete.. At any rate, the abnormal smallness
of the amplitudes of P-waves cannot bs ascertained directly from the
nature of the propagation of waves, but they may be cleared when the
mechanism, that the period of P-waves is small compared with those of
S-waves, will be completely determined.
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