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Recently Dr. T. Suzuki® found from records of seismic observation
the fact that the apparent angle of incidence of longitudinal waves of
short vibration periods is relatively small while that angle corresponding
to large periods is not small. He concluded that this fact may be due
to the refractive character of surface layer of

!
the earth. His result suggested us to solve T
the problem of reflection and refraction of 4 ////l///7 S "
obliquely incident seismic waves at the bound- W,ﬂ \\
ary surfaces of a stratified semi-infinitely body. \\\ \\'\de\ \\x\
Let ¢, ¥, ¢/, ¥ be wave functions of i

longitudinal and transverse waves in the Y

bottom medium and the stratified layer. If Fig. 1.

the primary incident waves arc longitudinal and expressed by
=AY

where o is cotangent of the angle of incidence and fn is circular
frequency of the vibratory motion of waves, the general expressions of
¢, ¥, ¢, ¥ are denoted by ’
¢:Aez(fu;-ay—m)+Aleij(x+ay-m)’
’\P—Bl 61’f(x+ﬁy—nt)
ha k]
¢1___(06‘YIJ+D6—77J) 6i;f(x—nt)’
‘l!/": (E65y+Fe—sy) 61’]’\1—170.
in which B is cotangent of the reflective angle of the reflected trans-
verse waves; and Ay, By, C, D, E, F are arbitrary constants to be
determined.
From the equations of the vibratory motion of elastic bodies :
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1) T. Svzuky, Bull. Earthq. Fes. Inst., 10 (1932), 517-530.
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The horizontal and vertical components of the displacements in the

bottom medium and in the layer are determined from
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ul:@-l-él-, V= 06 )
Z oy ox
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The boundary conditions are such that
'_1/20; UW1=U2, V1=7y,
x(@l_ijL%)Jrgﬂgﬂ:N(aue 8_%>+2,,/29a,
or 0y oy ox 0y oy .
(6)
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Substituting from (2), (5) in (6), (7), we get
il F=—4,
f

Al+ﬁBl—C—I)+i§E—

odi—Bi+il C— z—D+L+I’ ad,
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From these equations the values of 4, B\, C, D, Ii, I' are determined
as functions of A4, fH, «. TFor the sake of simplicity we put p=p/,

A=p, N=p/, p=2p', oc:cotl/;. Then we get

. 2 2
2i % c““’C—Qi% "D+ (-‘fﬁ 1) eI+ (;7 + 1) ¢F=0.  (8)

A, =[{1186-854 —341-320 cos (a + b) —2304-171 cos (a —b) }

+4{307-890sin (g +b) — 2491-920sin (a_b)}]éf—,
J1=2{976-565 + 333-954 cos (a + b) + 343-954 cos (¢ — 1)} _‘C‘Tl ,
(C=38[{161-618—28-625 cos(a +b) —620-688 cos (a —b) }

+{28-625sin (@ + ) — 620-688sin (¢ — )} ]é—,

D =3[{95-286 + 991-055 cos (@ +b) 4 17-932 cos (a—b) }
+1{—991-055sin (¢ +0)—17-982sin (¢ — b) }]é,

Il =38[{558-342 4-88-330 cos{a -+ b) +93-829 cos (a —b) }
+1{88-830sin (¢ +b) —93-829sin (a—b)}]i(;l;,

F=3[{16-126 —149-820cos (¢ + b)— 55-820 cos (¢ — &) }

+14§149-820sin (a+b)—55-320sin(a—b)}]ié—,

where .
G'=1{611-904+4104-738 cos (a + b) +441-S87 cos (a—b)}
+1§{—38978-788sin (¢ + b) +192-852sin (@ —b)},. ... (10)
and a=¢II, b=sIl.
The displacement of a point (2=0) on the surface 4=1II is obtained
by using (2) and (5). We are to take real parts of complex forms of
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expressions of u. and v. These real parts correspond with the primary
waves :
U= — Af sin f (x— oy —nt), }
vio=Afosin f (x— oy — nt).

As the length (L) of the primary waves is 27f/V14of we find
fH :*LQ We have calculated three cases of fH, namely fH=1,

Vi+eo' L
JH=100, fO :1340 , the result being shown in Figs. 2, 3, 4. In these
figures, the respective upper curves indicate the variation of u- and w-
components with respect to time, while the lower ones give the orbits
of a certain point on the surface of the body, Us being the amplitude
of the primary waves.

It will be scen that when the primary waves are long compared
with the thickness of the layer, the motion of a point on the surface
is approximately similar to that of these primary waves. The apparent
incidence angle on the surface is somewhat different from the incidence
angle of the primary waves. When the length of primary waves is
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small in comparison with the thickness of the surface layer, the apparent
angle of incidence becomes small as Dr. Suzuki pointed out. Tt is re-
markable fact that the ratio of length of the minor axis to that of the
major axis is relartively great for small wave length. For very large
wave length the length of the minor axis is approximately zero.

The movement of ground due to an arbitrary disturbance may be
found by applying Fourier’s integral expression, namely

F(a, y)=%l£wd])£wdq£wd51man(E,n)cosp(m—’g‘)cos q(y—mn)

=1 Tap [Caqf " dg [T anp g myeneo oo, L 12)

47
We find thus

b1=F(x,y,0)= L

47"

fcodf‘)iwd(foc)fmdffm an({:, ,7) c?‘f(z-—&)e-l(fa)(y—n)e—i.mt
(fu=9)

1 f°° e-ifnzdff‘”dg f”dgfw dnF(E,n) ¢t {re-s-ow-n},

47

— i wél —ifnt ” ® ” g i { f@-£) +ay+n)
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Put
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then we get
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Similarly we obtain

b=ut [ Aremap [Cag [Tag [T {f@-mm*w}én

—¢1+ 2}/7—f I‘v(f) *fz'*"'f(x—l-ay—nn df

—~o0

(‘r-—m/—wt)«t

=c 2
(r+ay—nt)2 _ (wray—nt)2 (r+al —n')2
+ alc_ c? - ( bl ez s 2+4h1 112 ,__i(.:l.l___._ TR AR 1E
Vo' + 4l * Y&+ 4k H*
............ (16)

where use is made of the approximate formula

é — F(f) =+ b1 G-hn(flm +dy c—l-n(fll)z_
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In the same manner of treatment we get

.‘l, 1 .BI ~ifnt fao fm fao i _(E_:,LW i {f(z_£)+g(5 v 77)}
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By means of the formula :
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the expressions of displacements become
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The movement of the ground surface may be obtained by putting
x=0, y=—H in the expressions of ws; v, The result is shown as

follows :
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It scems that the movement of the ground due to arbitrary waves
is quite similar to that due to the waves of harmonic type of infinite
extent.
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