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1. The propagation of Rayleigh-type waves on the stratified surface
has been already investigated by J.I’A. Bromwich” and A.E. H. Love?®
under the assumption that the media are incompressible. However, the
general relation between the thickness of the layer and the wave velocity
has been completely investigated by K. Sezawa® without any assumption
as mentioned above.

It is well known that the ratio of the horizontal displacement to the
vertical on the surface is always constant and independent of the wave
length for the Rayleigh waves propagated along the surface of semi-infinite
elastic body. But, when the medium is covered with a superficial layer,
the matter may become somewhat different. After K. Sezawa’s method,
the writer intends to study how the ratio of the horizontal displacement to
the vertical on the surface is affected by the existence of a superficial layer.

Recently A. W. Lee® has investigated the effect of the layer upon
the amplitude of Rayleigh waves on the surface in order to discuss the
relation between geological structure and microseismic disturbances. But,
the case which he has dealt with is that where the thickness of the
layer is small compared with the wave length.

2. The writer will study the problem by using the solution given
by Sczawa and here the method will be shown in the following. The
origin of coordinates is taken on the lower boundary of the layer of
thickness H and let the axis of y vertically upwards and the axis of =
in the direction of propagation of the waves. Quantities in the upper
layer shall be distinguished with (’) from those in the lower. The equa-
tions of motion in the lower medium are expressed by
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u, v=horizontal and vertical components of displacement respectively,
p=density and A, p=Lamé’s elastic constants.
The solutions of (1) can be written in the forms:—
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—=wave length, and ===period of the motion.

Let w, v, the displacement answering to 4 in (2) and satisfying @ =0,
then
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Displacements (ue, v2) derived from 2w in (2) and satisfying 4=0 are
. given by
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By using the similar notations, the equations of motion in the layer
arc expressed by
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The solutions of (5), especially in case of f2>%"% are expressed by
= (C cosh 1"y + D sinh 7'y) ¢/~
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and 4, B, C, D, E, F arc arbitrary constants to be determined by the
boundary conditions.

From (6) the following expressions will be obtained :—
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The boundary conditions are expressed by
at y=0

i+ us=ur +u,

v+ v=0 + ’Uz’,
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at y=H
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On substitution of (3), (4), and (7), assuming that A=pg, \'=p" and
p=p’, the conditions of (8) and (9) become
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Substituting (12), the first equation of (11) reduces to
EA+inB=0, ........ SRR IRRETT R (138)
in which
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The horizontal and the vertical component of the displacement on
the surface is obtained by putting %=1 in (7), that is

s = ( I sinh s’ H 4+ F cosh § ) /@79,
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Accordingly the ratio of the horizontal displacement to the vertical
on the surface is given by
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When L”>f*>1", the solutions subjected to the boundary conditions
will be obtained if coss'y and sins’y are taken instead of coshs’y and
sinh s’y ; and when 2”2>f° similarly cos+’y and sin+’y shall be taken
instead of cosh+'y and sinhs’y. For these cases the ratio is expressed by
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‘When ~- becomes zero, (16) and (18) reduce to the same expression.

" .
Thus the value of — on the surface is not always constant but a
,v .

function of wave length.
3. Since the relation between the velocity of Rayleigh waves and

—Lﬁ, L being the wave length, has been already completely investigated

by K. Sezawa for the cases p=2p', p=3", p=4p’, and p=>5y’, the valuc
of X is easily obtained from the formulas expressed in (16) or (18) for

v
each case. The results of numerical caleculation are shown in Table I—
IV and plotted in Fig. 1. In thesc tables the value of L correspond-

. L . . . .
ing to ?JI is taken from the curves of dispersion given by K. Sezawa.

Table I. (p=2u") Table IT. (p=3u')
L 2 M L 2 w
Ir f v H f " v
0 09194 ]/ %' 06811 0 09194 ]/ t‘p-' 06811
10 0929 06657 10 0-930 0665
15 0953 06563 15 0956 0659
208 | 1000 0766 1854 | 1000 0731
25 1035 0678 25 1076 0678
30 | 1075 0688 30 11445 0707
40 1155 0737 10 1261 0793
60 1215 0763 60 1373 0945
10:0 1255 0808 100 1-470 0979
150 12714 08135 150 1'510 0942
200 1285 0784 200 1535 0868
oo 1-301 | oese oo 1593 0682
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able 1II. (p=4p’) ; Table IV. (p=>5y')

L 2 K L. L i

H S v H f v
0 ootos /% | ocsn 0 09104 |/ £ oen
10 0-930 0667 10 0930 0-6682
15 0°956 06772 15 0956 06822
1:840 1:000 07166 1:753 1:000 07152
25 1-120 06202 25 1-146 05822
30 1-216 06202 30 1:276 0-4851
40 1-365 0744 366 1414 0511
448 1414 0-8933 400 1465 06089
60 1-515 1071 600 1633 1-186
10°0 1:643 1-126 8152 1-732 1-299
15'0 1704 10301 10°0 1794 1°2533
180 1726 0-9826 150 1-891 16999
200 1-736 09588 200 1-920 09943
o 1-840 06830 o0 2057 0-6866
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In the case where the wave length is very small compared with the
thickness, ﬁ approaches that of simple Rayleigh waves, that is 06811,

as tanth tends to unity in the expression of (16). When the wave

length becomes very large compared with the thickness, again -~ tends
v

asymptotically to the value of simple Rayleigh waves. In the inter-
mediate case where the wave length is comparable with the thickness,
the velocity of propagation and the ratio of amplitude are much affected
by the existence of a superficial layer. '

According to the observations obtained hitherto, the ratio of the
horizontal movement to the vertical of Rayleigh waves described in the
seismographic records is in most cases larger than the theoretical value
for simple Rayleigh waves. It may be remarked that this discrepancy
may be to a certain degree cxplained under the plaumble hypothesis of
the stratified structure of the earth crust.

Next, it is still in question whether the microseismic movements with
a period of a few seconds which are often observed at various places,
consist mainly of progressive disturbances or of stationary vibrations
proper to each locality”. Ilence, at the present it may be safe to refrain
from discussing thé problems of microseisms as surface waves transmitted
through the outer layers of the earth crust.

Dispersion of a solitary Rayleigh wave propagated on a surface of
a stratified medium may be somewhat different from that of a kind of

. . u .
shocks, displacements of which have a constant —, what was discussed
L) .
by K. Sezawa® and G. Nishimura, because in this case the ratio % is
v

not constant but a function of the wave length.

In conclusion the writer wishes to express his heartfelt thanks to
Professor T. Matuzawa and Dr. H. Kawasumi for their kind advices
bestowed on him.
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zAwA, Journ. Fac. Sci., Imp. Univ., Tokyd, Sec. IT, 2 (1927), 5
6) K. Sezawa and G. Nisuivura, Bull. Earthq. Res. Inst., 8 (1930), 330-335.
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