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Some years ago, one of us in dealing with the problem® of the

dispersion of Rayleigh waves transmitted along the surface
fied body, obtained the corresponding dis-

of a strati-

< X

persion curves of waves of a few cases, Y

such as in which the ratios of the rigidi- 7 7

ty of the stratum to that of the subjacent ///HV P"V'V
medium are 1/2, 1/3, 1/4, 1/5, the densities KKK N x
of both media being the same and the x \Q\f\'f\g
Poisson’s condition of elastic constants be-

ing satisfied. The equation necessary for Fig. 1.
obtaining the velocity of transmission was expressed by a determinant

of the form:
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where X, =cosh1’'H, X,=sinh1’H, Y,=coss'H, ¥,=sins'H.
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1) Preliminary report published in the Proc. Imp. Acad., 11 (1935), 13.

2) K. Srzawa, Bull. Farthq. Res. Inst., 3 (1937), 1.



238 K. SEzAWA and K. KANAIL [Vol. X111,

Our recent investigation shows that this reduces to
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r2=f2_h2 st=f2—J2, PR fr_Rr2 '2=f2—f2,

R2=pp?/ (A+24), B'2=p'p*[ (X +2¢), B2=pp?p, K'2=p'p*/,

in which H is the thickness of the stratum, 27/f the wave length, p,
A p, p's ¥, ¢ the densities and elastic constants of the stratum and
the subjacent medium respectively. By means of equation (2) we de-
termined the dispersion curves of Rayleigh waves in a body having
such small ratios of rigidities as 1/20 and 1/c0. We further reexamin-
ed the case in which the ratio is 1/5, the results of which are given
in Table I and plotted in Figs. 2, 3, 4.

Table 1. (‘0.——-'0’, )x:‘[l, l’:/l,.)

plw'=5 /1 =20 pp = oo

" Ppart CO'D Part AOB Part CO’D Part AOB Part COD

2 |p/p | 2 |P /o | 2m g‘/z 2n \p [ | 2m ]Z/Z
fH (Y| fH | fYw| 7 | fYw | fH |fYw | fH |f

2:36 1645 - 3-227 | - 1-4142 2:664 1-732 1-000 0-9325 2:525 1-732
3-32 1-732 4-170 1-732 3-88 1-871 1-333 0-958 3-880 1-898
4-060 1-816 4:60 1-871 4-72 2:000 2:000 1-078 4:000 1-914
4-432 1-871 5-14 2:000 5-544 2:236 2657 1-260 4-619 2:000

(to be continued.)
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Table 1. (continued.)
He =5 =20 w=oc
Part CO’D Part AOB Part CO’D Part AOB Part COD
2m o2 /e | 2 |p /o 2= |p/p | 2 |p/p | 2 |p /B
Mo Y| fH Y ' Y Y| TH | fY
5219 | 2:000 670 | 2236 | 6192 | 2449 | 3:200 | 1-446 | 5333 | 2300
6637 | 2:236 | 1173 | 3:000 | 7-40 | 2-828 | 4-000 | 1751 | 8000 | 3-45
15:97 | 3-464 | 800 | 3-000 | 4619 | 92000 | 28-25 | 12-25
Part AOB 20-85 | 3:715 | 12:30 | 3-873 | 6097 | 2236

from 29-224 | 3-873 | 1365
prev, paper. | 1160 4-062 | 16:70

4-062 7-289 2-449
4472 | 10-02 3-000
20-85 5-477
48-50 12-250
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It was our belief until recent-
ly that only one dispersion curve,
excepting those of waves having
many horizontal nodal planes in
the stratum, is possible in each
case of a given ratio of rigidities,
but our present calculation shows
that there are two dispersion curves
of different wave types, even when
the ratio.is 1/5. The curve AB in
Fig. 2 is what we obtained in the
previous study, whereas CD is an-
other dispersion curve newly found
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as the result of a closer examination of the subject. As the ratio
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decreases, the two curves AB and CD approach each other and tend
to bend at O and O’ respectively, while, if the ratio is 1/20, the two
curves assume the forms indicated in Fig. 3, fairly sharp discontinui-
ties of inclination appearing at O and O’ in the respective curves.
Finally, if the ratio becomes 1/co, part AO of curve AB joins part
O'D of curve CD, while on the other hand another part OB of curve
AB joins another part CO’ of curve CD, so that both the newly form-
ed curves, AOD and COB, are now continuous as shown in Fig. 4.

Next, with a view to knowing, whether or not any discontinuity
in wave types exists at points O and O’ of the dispersion curves, we
examined the expressions for displacement®; its horizontal and verti-
cal components within the stratum and in the subjacent medium being
written by
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3) K. SEzawa and K. KaNa1, Bull. Eartha. Res. Inst.. 12 (1934), 641.
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The ratio of horizontal and vertical displacements at the surface

obtained from these equations
is plotted in Figs.5, 6, 7. It
will be seen that waves cor-
responding to part AO of one
dispersion curve have general-
ly a large vertical component
of surface displacement,
whereas those of part OB of
the same dispersion curve
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have a large horizontal component. The orbital motion of waves
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_ responding to AOB is in the same sense as those of the usual Rayleigh
waves transmitted on the surface of a semi-infinite body. As re-
gards waves corresponding to

curve CO’D, particularly when ‘%

the ratio of the rigidities of both .

media is finite, say 5 or 20, al- $-~‘ ___________________
though hardly any discontinuous ! /\ CE WM{EM@ u
change in the ratio of horizontal RN T Thidkness o stratam
to vertical displacements could be bl

found at the point O’, the curve
_ indicates that the ratio becomes
stationary at the same point; in © -2}
other words, the ratio does not
change for a small variation of
wave length in the immediate vi-

cinity of that point. It is no- -3t
table, however, that the orbital Fig. 7 w_1 0
motion of waves corresponding to T op e g T

CO'D is in the sense opposite to
that of the usual Rayleigh waves.

We also studied the distribution of displacements at different
depths, the results of calculation of cases corresponding to points a, b,
¢, d, e, f, g h, i, j, (indicated in Figs.2, 3, 4) being shown in Figs.

8, 9, 10, 11, 12. These figures show that the distribution of displace- .

ments for waves corresponding to part AO is approximately  similar
to that for waves corresponding to part O’D, while on the other hand
there is another striking similarity between the waves corresponding
to part CO’ and the waves corresponding to part OB. Inasmuch as
the distribution of displacements for waves of lengths corresponding
to AO and O’D differs entirely from that for waves of lengths cor-
responding to CO’ and OB, it appears that a fairly discontinuous change
in type of waves should exist at O or O’ on curve AB or CD. We
thus arrive at the conclusion that the importance of points O and O’
consists not only in being discontinuities in dispersion curves, but also
in causing a discontinuous change in types of waves of such values of
wave lengths as correspond to those points.
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