1. Amplitudes of Rayleigh-waves with Discontinuities
in their Dispersion Curves.

By Katsutada SEzAwA,

Earthquake Research Institute.

(Received Dec. 20, 1937.—Read Deec. 91, 1937.)

1. Introduction.

It was found in the previous paper” that the amplitude of Rayleigh-
waves transmitted through a stratified layer is maximum for a certain
ratio of wave length to thickness of the surface layer. It was fur-

thermore ascertained that, although there are
two peaks in the resonance curve of the T
waves, one of these peaks represents the /
prevalent oscillation in Rayleigh-waves, while

427 A
£ A

0 \ r
the other concerns a mere resonance-like \\ \\\\

condition of bodily waves transmitted along

the surface layer.

The dispersion curves corre-
sponding to the Rayleigh-waves now
under consideration are of the type
shown in Fig. 2, the two peaks of
the resonance curve just mentioned
belonging, as a matter of fact, to
part AO of the first dispersion curve
AOB and part OD of the second
dispersion curve COD, respectively,
the reason why the two peaks in ques-
tion differing from each other in
their qualities being therefore obvi-
ous. In the absence of numerical
results for the amplitudes of waves
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Fig. 2. Dispersion curves with dis-
continuity. Full and broken lines

correspond to waves of the first and
second sorts respectiyely.

corresponding to part OB of curve AOB or part CO of curve COD,
it is not yet inadmissible to conceive of waves (surface waves as well

1) K. SEzawA and K. KANAI, ‘“Relation between the Thickness of a Surface
Layer and the Amplitudes of Dispersive Rayleigh-waves,” Bull. Earthq. Res. Inst.,

15 (1937), 845~859.
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as bodily waves) for a wide range of vibrational frequencies.”

It has already been found that the variation in the ratio of hori-
zontal to vertical displacements of Rayleigh-waves® is also discontinuous
at the wave length that corresponds to discontinuity O in dispersion
curve AOB. The present investigation shows that the values of the
horizontal and vertical displacements themselves in the resonance curves
are also discontinuous at the same wave-length.

2. Method of calculation.

We shall investigate the same problem as in the previous paper,®
all the conditions of the problem and the mathematical symbols being
the same as those in that paper.

The final solutions are such that
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2) The nature of discontinuity in dispersion curves is analogous to that of asymp-
totic lines as a limiting condition of hyperbolas.

3) K. SEzawA and K. KANAI, ‘“Discontinuity in Dispersion Curves of Rayleigh
Waves,” Bull. Earthq. Res. Inst., 13 (1935), 245~250.

4) K. SEzaAwA and K. KANAI, loc. cit. 1). It should be borne in mind that the
condition of the source is such that the displacement at the same source is constant
for any wave length.
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Using these equations we obtained the values of u, w for part CO
and part OB, the results of which, together with those in the preced-
ing paper®, are given in Tables I, II, and plotted in Fig. 3, K in the
tables and the figure denoting the value in every first pair of brackets
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in (1),(2).
Table I.
Ly ‘ 1V op¥ne 12 u/K —-w/K —ujw
1-00 0-9307 4-543 677 0-671
165 1-000 9-19 14-4 0638
2667 1-260- 4707 8-54 0-5513
312 1-414 1-826 3-505 0-521
3-96 1732 1-964 4265 0-4604
4622 2000 2:793 ~1-613 —_—
4949 2:05 92-751 —0-346 —7.95
6095 i 2236 2817 ~0:282 | 999
7-995 ‘ 245 9-551 —-0-2113 | —12-07
Table II.

Li7 E Vepluf wK —w/K é —ujw
1-8615 1-644 15575 —-0889 | —1752
9 595 1732 2:03 — 06153 -33
3885 ; 1-898 2:598 —0+434 —5:988
5333 2:298 8-208 29-57 0-3637
615 ‘ 2-6458 1497 43-06 0-3315
65 i 2:795 29:73 70-4 0-323
6-98 | 3-000 621 207-3 0-2996
8 344 4:589 18-07 0-2536
9 3-8730 1267 0-2411
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3. Interpretation of the result for waves corresponding to the first

dispersion curve.

The condition of the present problem is such that the ratio of the
elastic constant of the subjacent material to that of the surface layer
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is infinitely large. Comparing the dispersion curves of the present case
with those for which the ratio in question is 5 or 20, it is possible to
assume that the branch AOB in Fig. 2 represents the curve for the
limiting condition of the first
dispersion curve in general ¥ ;
Rayleigh-waves. . W09 /¢ ;
The values of horizontal | I i
and vertical displacements in-
dicated by full lines in Fig. 3 ;
or tabulated in Table I, corre- | ’;’ ;
spond exactly to the first dis- .
persion curve (Fig. 2). It will L Pl
be seen that the variations in P
u as well as in w are both 75 w ; ‘,"
discontinuous at L/p=4-622.
While the vertical displacement 7
is larger than the horizontal
for L/7<4-622, the reverse is '
the case for L/7>4'622. At LT
all events, the amplitude of 1Ty 4 s
Rayleigh-waves is maximum at _,L

L[y=2 as long as the first dis- Fig. 3. Resonance curves of Rayleigh-waves
persion curve is concerned. with discontinuity in their dispersion curves.
Full and broken lines correspond to waves
of the first and second sorts respectively.

30

It is an important fact
that, although % and —w are in
opposite sense for L/7<4'622, both displacement components are of the
same sign for L/y>4-622, which indicates that, although the orbital
motion of the surface for L/7p<<4-622, is of the same sense as that in
the usual Rayleigh-waves, the same motion for L/7>4'622 is opposite
to that of such waves (the usual Rayleigh-waves). But since the ver-
tical displacement for L/7>>4'622 is practically zero, the actual dis-
placement of Rayleigh-waves of such wave length would be mainly
horizontal.

Although the ratio of horizontal to vertical components of displace-
ments tends to infinity for L/7— oo, the respective components themselves
also become zero at the same time.

4. Interpretation of the result for waves corresponding to the second
dispersion curve.

With the same idea as in the preceding section, the branch COD
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in Fig. 2 represents the curve for the limiting condition of the second
dispersion curve in general Rayleigh-waves. The values of the hori-
zontal and vertical displacements, indicated by broken lines in Fig. 8,
correspond exactly to the second dispersion curve (Fig. 2).

In this case, too, the variations in « as well as in 2 are both discon-
tinuous at L/7=4'622. While the vertical displacement is less than the
horizontal for L/7<<4-622, the reverse is true for L,/7>>4622, in which
case the amplitude of the waves is infinitely large at L/7=7. Since, never-
theless, it can hardly be assumed that the branch, COD, represents the reso-
nance curve of the usual Rayleigh-waves, the infinitely large displacement
just mentioned is rather of such a nature as to be a resonance-like con-
dition of the bodily waves.

In this case, while the ratio of horizontal to vertical components of
displacement tends to zero for L/7, the respective components themselves,
on the other hand, become zero. -

5. Some remarks on seismic waves.

Since the present problem concerns the case of a relatively large
ratio of stiffness of the subjacent medium to that of the surface layer,
the results apply to waves transmitted along a relatively shallow sur-
face stratum, say, a few hundred
meters thick, or even only a few
meters thick. Since in such a case
the ratio of wave length to thick-
ness of the layer is so large that
the relation L/y>4'622 holds, the
surface displacement would then be
mainly horizontal if the usual Ray-
leigh-waves were considered. If
we were to take an earlier phase
of the waves, then a transmission
of bodily waves of large vertical
displacement should be expected.

s s Fig. 4. Ratio of horizontal and vertical
m
At all events, our inferest displacements. Full and broken lines

the present problem is not in the correspond to the first and second
transmission of waves in a layer sorts respectively.
of very small thickness, but rather
in a possible existence of discontinuity in the dispersion curves of Ray-
leigh-waves.

Finally, with a view to confirming the nature of the present pro-
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blem from a different point of view, we shall add curves showing the
ratio of horizontal to vertical surface displacements for any wave
length. The full and broken lines in Fig. 4 represent the respective
cases corresponding to the first and second dispersion curves in Fig. 2.

In conclusion I wish to express my sincerest thank to Dr. K. KANAI,
through whose assistance the investigation was successfully made.
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