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1. Introduction.

In the preceding paper” entitled “The Effects of Coastlines on the
Tsunami,” we obtained the solutions of the waves plunging into a
right-angled canal. These solutions are derived under the approxi-
mations that

sin ad>~a.d , (1)
cos ad~1,
where a, stands for the wave-number of the incoming waves and d the
width of the canal. ’

In the present purview, the solutions are obtained under the more
relaxed approximations that

sin aod:aoal—l(aboal)3 , «
a

cos a,d~1— l(aod)2 .
2 — d3 P

Then the applicability of the )
3

theory is considerably extended Y 5D
to include the range of the medium 3 d, .
wave-length. \ \,/
2. Theory. @o ‘ I \L d
[
Using the same notations and N Do : Dy I
definitions as in the preceding X !
paper? (Fig. 1), the velocity poten- 0 T X

tials are expressed as follows:
in the domain D,

1) T. Mowmot, Bull. Earthq. Res. Inst., 40 (1962), 719.
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O,=APe %" cosh al(H+2)+ i AP™ cos ’n%y - e+’ ™. cosh a(H+2z); (1)
m=0

1

in the domain D,,

¢3=§0A§" cos %:fv -e7*, ™. cosh ay(H+2) ; (2)

3

in the domain D,,
O,= fZ A(fo) cos £z -cos k¥y-cosh a(H+2) , (3)
0
where
Mm __ 2 _’nﬁ z .
kx —}/ao ( dl ) ’
m_foe (mEY .
ki(l3) _]/ao (E) ’
(kY4 (59 =a3
AP, Ar and Al(f,) are the arbitrary constants;
>, stands for integration over the range permitted by the relation
7
(k0 Y+ (kY = .

Connecting the equations (1)-(3) by the conditions between the
adjacent domains and applying the operators,

a —
Slcos &gpdy
0 d,

(m=0,1,2,-..),

d3 re
S cos ™= ».da
0 3

we have already obtained the following relations (see the preceding
paper?):

Apeias.d,+ AP d, = 5, A(f) cos KOds ko osinkiPd,, (4)
Jo y

Apmgring' s, L SVALSy) cos kEd __k>d,d, -sin k{"d,-cos mn, (5)
1 2 % o\Jo z U3 (kf,o’dl)z—(mfr)z y W1 T,

(—1ad,)e— 0B AD 4+ ja,d,et %t 40

= 5 AIRO(=D) sin kPdy -2 osin kP d, (6)
0 Y
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. i1
,Lk;l)m ~A{2)m~6+"°x Img, i

_ : (k, dy)-d
= IZD, A f)k®(—1) sin kd, m cosmn, (7)

(The relations described above are derived by use of the conditions
between the domains D, and D)):

Aletiand.d, — Z A fo) cos kd, - k“” -sin k“”ds , (8)

Areririma, ds 2 ZAO(fO) cos kd,- m -8in k0d,-cos mz , (9)

iaudse" A= 3 A FRO(—1) sin kd,- klw) o (10)
k@™, Am . e+ik;3)md].é
2
. kOd)d
o A FO(—1 k(O)d ( 3 s 11)
2 A fo)ley(—1) sin _—*(k““dgy—(m i+ cos m (11)

(The relations (8)—(11) are obtained by use of the conditions between
the domains D, and D).

In the preceding paper,” we used the approximation (I) described
in the introduction of this paper on elimination of the expressions in
the buffer domain D, from the above relations (4)-(11). In order to
expand the applicability of the theory, the approximation (II) mentioned
in the introduction is used in this paper.

Applying the approximation (II) and retaining the terms to the order
of (kd)*, (4), (6), (8) and (10) become as follows (see Appendix):

Apainn APtgrint= 3 A(f)— 3 AP 5 S AR 4, (8)
(—iad, )e—-zaod3A(l) +ia,d, g+ivads 4 (20 — Z A(fN—1)(ELYd d, (6)
Aterini= 5, A(f) = 5 AN DY — S A(SILD , (8)

Jo 2 o 6 So
iaudse* o A= 33 A F)(—~ 10 (10)
.o 0

Adding (4') to (8), we have
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A{l)e—iaod:;_*_A{Z)OeJriaods+Age+ia0d1

=2 % Ao(fo)_g 2 Ao(fo)(ké“ds)?—% 2 Al fo) (k) (12)

Subtracting (8') from (4'), we have

A{l)e—iaoda+A{2)Oe+iaod3_Age+iaodl

=—%zAo<fo)<k;°)d3)2+lzAo(fo)(k;‘"dl)?- (13)
To 3 7o

After some reductions, (6') and (10°) become
C(—iagd;)et AL +ia,d ettt 4 M0 = % A(f)(—1)(ELd,) (6")
10,d,e M A= % A(f)(—1) (kD) . (107)
Adding (6) to (10'), we have
(—ia,d,)e 0% AD +ia,d et B AP +ia,det 0 A = —ald,d,- 3 A(S) . (14)
Eliminating v
%‘.Ao(fo)(ki‘”ds)’ , %AO( fokyd) |

and

22 AASo)
So

from (12), (6”) and (10”), we have

(_1_ 2?: _*_% . ia0d3)e+i"°d3A{m +(_1_ 2?: +§_ . ?:aodx>e+ia0d1Ag

Qo3 dyd,
— —_ 21 __2_ .n —iayds A (1)
—(1 ad, + 3 zaods)e ods AP (15)
In like manner, substituting (18) for (6”) and (10”), (13) becomes .

(—1+% : iaod3)e+=‘aod3A9>o + (1—%- : iaod,)e““odlAg

=(1 +% : iaods)e“’“odsAi" . (16)

Solving the simultaneous equations (15) and (16), the expressions
for the zeroth modes of the waves become as follows:
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(1)
A(2) 0 Al e—taod3+taod1
4

[2+ add—_(g le) i-{ao(d3—d1)+2(a01dl—aold)}], a7

Ag:%-zi ( T +—1—a0d ) (18)

where

A= e+isotartay ,

[-av bosa 254 8)e o futaar( o 2] 0o

As ad; (7=1, 3) tendlng to zero,

AiZ)O d dS A(l)
1 +ds
and (20)
2d, ‘
A AP
it d,

From the consideration of flux introduced by Lamb,” the same
results as in (20) are easily obtained. From this fact, Lamb’s flux
consideration is understood to be valid for waves long enough to be
put as a,d;~0 (=1, 3).

In the same manner as in the preceding paper,” the hlgher modes.
of waves are obtained as follows:

1
AP = At it g=in ™, { __cos mz } ayd d3- k™

Uy S (@t dJem) 21y
(3)m
A@m— Avp+iagd, —ix D ma, {_ Cos mn } . agdid, -k, ,
1 3 € (’mn')z (dsk}f’m-l-dlké”m)

where the expression Aj is given by (18) and (19) instead of

0_ 2d, CAD gty

Py dy)—iagd d,

in the foregoing paper.”

3. Comparison.

In this section, the comparison is made between the results derived
from Lamb’s flux consideration® and from the approx1mat10ns (Iy and

2) H. LAMB, Hydrodynamics, (Cambridge, 1932).
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(IT) described in the introduction of this paper.

1. Lamb’s Method?
From the flux consideration, we can readily obtain the following
expressions for the zeroth mode of waves in the canal:

d,—d
A=D1 AW
d,+d,

(22)

Ar=_2h_ am

As described in the foregoing section, the relations (22) obtained
as limiting forms in our case are valid for waves of considerably long
wave-length.

The weak points of Lamb’s method are that: (1) the applicability
of the method is considerably restricted by the condion a,d;~0 (=1, 3):
{2) no knowledge about the higher modes of waves is obtained.

2. Momoi’s Method (the first order of approximation)

The approximation (I) in the introduction is called the first order
of approximation in Momoi’s method.

In this approximation, the terms including the factors (a,d;)™ (m=2)
are neglected. Hence the obtained theory is only applied under the
limitation (a,d;)"~0 (m=2).

Suppose that the above relation is interpreted to be (a.d;’<0.1,
the application of this theory is limited to the range a,d;<0.316---.

Theoretical formulae for the present approximation have already been
given in (46), (47), (50) and (51) in the preceding paper.”

3. Momoi’s Method (the second order of approximation)

The approximation (II) in the introduction is called the second order
of approximation in Momoi’s method.

In this approximation, only the terms including the factors (a.d;)™
(m<3) are retained. In the same manner as in the foregoing paragraph,
if the relation (a,d;"~0 (m=4) is considered to be (a,d;)*<0.1, the
theory obtained in this paper is applied to the range a,d;<0.562:--.

Theoretical formulae for this approximation are given in (17), (18)
and (21). :

Finally, it is worth while noting that the higher modes of waves
can be derived by our method but not by Lamb’s.
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Appendix.

Although the expanded terms of sin and cos are retained up to the
order of (kd)* as shown in the introduction, the reason for using the
expression “retaining the terms to the order of (kd)*” is as follows:

sin k®d, in the right-hand sides of (8) and (10) is divided by k.
Therefore, the expression sin k®d,/k® becomes of the second order of
kd, i.e., 1—(1/6)(kEQd,) .

35. L /KkERIZ313 2 [1]
wmEmER h H &5 *

R4 R0l 1) 2R ©, FERTCIREAKKICEA LB T2 ERaR 2K
DELIOFHE RO, Tibb,
cos qod==1, }

sin aod=~aod .

AIAE TR, THIRCOELEEDLY, Tinbb,

cos apd=1 ——;:(auol)2 )

sin aoalzaod—%(aod)3 .

OFFETOERARFH L, FROOEHRARIT. Rpho (17), (18) XUt 2l tEx bh 5,
(A7), (18) X T aod % 0 T VAL &, ZhHOEMRAUT (20) THEZ BB & & {, Lamb

O (fur) OFFEEAWTRDIHERE £ —5T 5, Lizsi»C, Lamb O¥WEIC X 5403

WOPEINKBEOMIZE LRI RENE DL BEHTEL L M5B,




