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The features of seismic waves are usually influenced to a large
extent by the discontinuity surfaces in the earth, and the mathematical
treatment of them is carried out on the assumption that boundary
conditions, as adjacent media, are undoubtedly fixed in relation to each
other,—that is, displacements as well as stresses at the boundary sur-
face of two media have perfect continuity. As a matter of fact, in
general, such treatment has been adopted in order to simplify the
problem, and pays slight consideration to the actual conditions of the
earth. Nevertheless the results of mathematical studies on seismie
waves by means of the treatment mentioned above agree with the
results of analytical studies of actual seismograms. It is, however,
uncertain whether or not the conditions at the discontinuity surfaces
in the earth are correctly determined fixed. In order to clear the un-
certainties just mentioned, the problem of waves, under the conditions
of surfaces of discontinuity in which the normal components of stress
and displacement are continuous, on the other hand, the transversal com-
ponents of stress and displacement are not, were solved.” Furthermore,
it is assumed that, at the same surface, there is a tangential resistance
that is proportional to the relative tangential velocity.® In the previous
paper, it has been ascertained that if a discontinuity surface in the
earth’s crust has a frictional resistance of a dissipative nature, the input
energy of the waves is partly absorbed by the discontinuity surface in
question, even were there no damping resistance in the media through
which the waves are transmitted.

1) G. NISHIMURA and K. KANAI, ¢ On the Effects of Discontinuity Surfaces upon the
Propagation of Elastic Waves,” Bull. Earthq. Res. Inst., 11 (1933), 123-186, 595-631: 12
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In this paper, the case will be discussed in which Love-type waves
are transmitted in a singly stratified visco-elastic layer residing on the
semi-infinite visco-elastic body under the same above-mentioned conditions
at the surface of discontinuity.

Let p, ¢, v, w and H be the density, elastic constant, coefficient of
solid viscosity, displacement and thickness of layer. Suffix 1 and 2
represent the layer and the subjacent
medium, respectively. Then the e-
quation of the SH-type wave motion
of each medium may be written as

follows :
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The resulting displacements of the layer and the subjacent medium
are expressed by

u,=(A cos s,2+ B sin s,2) exp [i(pt —f)] , } (2)

u,=C exp [—sz+i(pt—S®)] ,

where A, B and C are arbitrary constants determined by boundary
conditions and
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Let the tangential resistance at the discontinuity surface z=0 be

F % (relative displacement), (4)

then the boundary conditions at the discontinuity, 2=0, are
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and the boundary condition at the free surface, z=—H, is
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Substituting (2) in (5)~(7), we get

cot s, H— (F1+7EpoV1)31 + _7:(#1 +ipe)s, =0 . ( 8 )
(2 1D512)8, _poF

When »,=»,=0 and F=w, we get
cotslH——’ﬁ:O . (8)
HaS2

This is of the same form as the usual velocity equation for Love-waves.
Now, we write

Pe=p+1iq , (9)

in which 27z/p and ¢ are the period and damping coefficient of waves,
respectively. (8) is transformed finally into the two expressions

acosa—bcosf+ccosy=0,

10
asina—bsin f—ecsiny =0, (10)

where
a=(Ei+EYHFi+Fy,
b=0g(Gi+ G P(H:+HY"M(Fi+ Fp™
c=vp(Yi4+ Y2,

at=tan"‘( E2)+ tan~ (%)

p= tan“(%:) + % tan~ (%) ——% tan™ (g:_) ,
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r=tan Y,

cos X, sin X,

cos® X, sh* X, +sin* X, ch* X, ’
ch X, sh X,

 cos’ X, sh* X, +sin* X, ch* X,

X,=fH (F?+F%" cos {% tan—t <%_2_)} ,
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i [ 1 F
X,=fH(Fi+Fysin {3 tan- ()},
=fH(Fi+F3) sin 2tan (F)

1

1 B E—h—Es
14k, ’ 14&*

7 oV —=r)(1—&r)+286} ¢
' QA —Ex)+& ’
F— v {26(1 —£&,k) —&,(1—£%)}
’ A—&ry+8
G _m {(1 _EIK/)(]‘ _52”) +51"2}
' A—&x)+8 ’

G- mIEQ—ER) —&(1—&k)}
: (1 —&k)+& ’
1— mrv{(1—r?)(1—E&x)+ 25}

l:

’

’

le - - P )
(1—:s.8)+4;
Ho— mrv*{26(1 —&.x)—E.(1—£7)} ’ 11
‘ (=& 43 .
and
m:ﬁl y 7':;‘07 , v:ﬁl/ﬁl , /c—_—_q_ ,
78 P S om P a2
El_ﬁ , E,= v2P y ¢= Ij’_ .
H T Ve,

From (10) it is possible to get the velocity and damping coefficient of
Love-type waves for any ratios of s/m, p.for, vwolp, viblta, FIV mp,
and fH. v

In the present case, however, there are a number of quantities for
determining the velocity and damping coefficient, the problem then being
extremely complex. Whereupon, we tried various special methods of
numerical calculation. For example, in some cases, the values of & as
well as ¢ were obtained, which satisfied the assumed values of » and
fH, in other cases, higher orders of £ were neglected.

The results of calculating the various ratios of F/v/yp, and fH in
the case where p/p,=1, p/pn =5, as well as the conditions where v;p/g,
=y,p/#t;=0, are shown in Table 1 and in Figs. 2, 3.

Fig. 3 tells us that the relation between the attenuation factor and
the period of Love-type waves is not so simple, and neither the attenua-
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tion factor varies as the square of the frequency® nor the first power
of it? then the attenuation factor takes a maximum values in the ap-
propriate frequency of such waves.

Table 1.
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It is a noteworthy fact that the tendency of the relation between
the attenuation factor to the period obtained in the present investiga-
tion agrees qualitatively with the results® of the observational studies

3) K. SEzAwA, ‘ On the Decay of Waves in Visco-Elastic Solid Bodies,”” Bull. Earthg.
Res. Inst., 3 (1927), 43-53.

4) L. KNOPOFF, ‘ The Seismic Pulse in Materials Possessing Solid Friction,”” Bull.
Seism. Soc. Amer., 46 (1956), 175-183, 49 (1959), 403-413.

5) M. EwING and F. PRESS, “ An Investigation of Mantle Rayleigh Waves,” Bull.
Seism. Soc. Amer., 44 (1954), 127-147.
ditto, “Mantle Rayleigh Waves from the Kamchatka Earthquake of November 4,
1952,” ditto, 471-479.
Y. SATO, “ Attenuation, Dispersion and the Wave Guide of the G Wave,” Bull.
Seism. Soc. Amer., 48 (1958), 231-268.



364 K. KANAI

of long period surface waves.

On the other hand, it should however be borne in mind that the
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Fig. 2. Relation between the velocity and the period of Love-type

waves. (p2/p1=1, po/p1=5.)
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Fig. 3. Relation between the attenuation factor and the period of

Love-type_waves. (02/01=1, u2/p1=5.)
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dispersion curve in the present case, except in the case of extremely
small resistance at the discontinuity surface, coincides considerably with
that of usual Love-waves.

In the case of Rayleigh-type waves, the boundary conditions at the
discontinuity surface may be taken as follows:

;z\lp +2\zls =,z;2p +;;23 y (13)
w1p+w18=w2p +w23 H (14-)
eyt 2y = —th- {(thy+ 1) — Uy + )} (15)
Ezz,,+?o%%=—Fa—at~ (- 213) — (Ugp 1)} (16)

in which 22, w, 7z and u represent normal stress, vertical displace-
ment, tangential stress and horizontal displacement, respectively and
suffixes 1, 2, p, and s represent the layer, the subjacent medium, P-
waves and S-waves, respectively.
" It is natural to consider that the influence of resistant phenomena
at the discontinuity surface on Reyleigh-type waves is less than that
on Love-type waves, because, in the former case, two of the four
boundary conditions at the discontinuity surface have a bearing on the
problem, in the latter case, nevertheless it is so with all the boundary
conditions.

When the boundary conditions adopted here exist and also the above
contentions are true, the amplitude relation between Rayleigh-type
waves and Love-type waves is considered as follows:

L, _ L,
7 > T amn
in which L, M, ¢ and m represent Love-type waves, Rayleigh-type
waves, earthquakes occurred in the crust and earthquakes occurred in
the mantle.

In conclusion the author wishes to convey his thanks to Miss. S.
Yoshizawa without whose help this work could not have been done.
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