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1. In the preceding papers'® we studied the problem of the decay
of seiches in an epicontinental sea as well as in straits.  Although
the same problem in the case of a bay is of more practical importance,
it was not possible for us to solve that problem until now owing to
certain difficulties in mathematical calculation. As however the deter-
mination of the decay factor of seiches

still remains a difficulty, we shall now b
merely ascertain the nature of the waves s s
dissipated from a bay under the condition ﬂgr /. i //
of forced seiches. rld ’ a?

2. We shall suppose for simplicity \Q AR
that the bay is of rectangular shape and z v
uniform depth, its breadth, length, and r/

Cig. 1.

depth being 2R, 1, & respectively. The
outer sea is also assumed to be of uniform depth &, while we shall
take the axis of z directed outward with its origin at the mouth of
the bay.

The incident waves (u,, w,) and the reflected waves (u,, w,) in
the outer sea are '

ul =,L‘ei:ol+_{z) , ’w1= —fE@KUH'f_") , ]
Uy —iAEID,  w,= — fEAEKTID, |

(1

where u, w signify the horizontal diSpIacements and the surface eleva-
tions of waves, and 27/f is the wave length corresponding to the
period 2a/s.

1) K. Sezawa, ‘““Growth and Decay of Seiches in an Epicontinental Sea,” Bull.
Earthq. Res. Inst., 13 (1935), 476~483.

2) K. SEzawa and K. Kanar, “Damped Free Osillation and Amplitudes in
Resonance, with Special Reference to Decay of Seiches in Straits,” Bull. Earthq.
- Res. Inst., 14 (1936), 1~9.
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The boundary condition at x=0 corresponding to the coast line

is u;+u,=0, so that A-=1. Thus we get
Uy +Uy= —2¢'ginfx, |
W+ w, = — 2fée* cos fx. I

1"

This condition is approximate in the sense that the general reflection
of the disturbance at the coast ]me is not affected by the existence
of the bay. .

The forms of the forced seiches in the bay are written (u:+us,
w; +1s,), where

Uy =1Ce 1), wy=—fECeX ™,

U= —1iBeX~  quy= — fEReiot-ta) | @)
At the end of the bay, namely at x=—1I, we have u;+u;=0, so that

" C=Be*", (3)
the expressions for forced seiches then being

s+ uz== — 2Be"sinf (I + x) e, \

4
Wi+ wi= —2fEBeY cos f (I +z) . | )

The expressions for the dissipation waves in the outer sea,
which are radiated from the mouth of the bay, may be put in the
forms

«© H(’)(f ) N
0= - » 0 15/
U, HEOCL._,. Sy Cosnle
Wy=—FE,HP(f1) cosnle’, | (5)
=0
1 = 9 ‘ . .
Vo= =y Sa.nHP(fr) sinnbe”.

where U,, W,, V, are the radial, vertical, and transverse components
of displacement.
We now write

Uj= (uy+uy)cost,  U'=(uj+us)cost,
. Wi=w,+ w,, W' =wi+ws, _ (6)
= (u;+u,) sind, V! = (u;+u3) sinf.

Were the length of the bay relatively long compared with its breadth,
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the boundary conditions at the mouth of the bay would be put ap-
proximately

- [Wl + W2]r=1f. y=y= [W,]n=0,y=y,

0==/2 y=R
[S Usz(?] =[S U dy] .
0=-m/2 r=R y=—-R 2=0

In these conditions the conception that the vertical elevation of the

water at r=R is the same as that at #==0 corresponding to the same

value of ¥, and that the instantaneous mean flux of water through the

boundary r=R is the same as that at the mouth x=0, is implied.

It should be borne in mind that, while U, takes important part in

the flux of water, V, hardly contributes to the same flux.
Substituting from (5), (6) in (7), we obtain

(7)

2cosfu—B{e ¥4 g1ty i‘a,LHSf’(fr) cosnbf=0,

=0

(@=0, r=R) @)
e S gy f
B{sin2f’l+i(1—co$2f’l)}=[—“=Z_an—7;——a’é}—(;)r—)]. (r=R)  (9)
It is well known that
¢ =J (fr) + 24 (fr) cos O + -+ + 20T, (fr) cos nf+ -+, ]

et =J o (fr) — 20T, (fr) cosO+ - + (=1)"28"T,,(fr) cosn + ---. J o

Thus (8) is replaced by®
zeile{Jo(fR) cos fl+2§] J.(fR) cosnﬁcos(% + fl)}
—iﬂnH P(FR) COSﬂf’—Z{J o(fR) + 22(—1)"Jm(fR)c052n(}} =0. (8)

Equating the coefficient of each cosmé in (8') to zero, we obtain

3) We used a similar method of treatment in the problem of seismic waves.
K. SEzZAWA, “Scattering of Elastic Waves and Some Allied Problems, “Bull. Earthq.
Res. Inst., 3 (1927), 19~41; ditto, “The Reflection of Elastic Waves generated from
an Internal Point of a Sphere”, ibid., 4 (1928), 123~130; T. MATUZAWA also used
such a treatment in his recent paper, “Uber Schattenwellen und Kernwellen”, ibid.,
13 (1935), 18~38.



Part 3.1 Dissipation Waves Accompanying Forced Seiches in a Bay. 363

0. 210 (fR) (Betcos fl—1)
- HP(fR) ’
oy = f4(—1)”Bf¢flJ2{,f,(fR) sin fl ’ an
HS), (fR)
Qoo = (—1)"Jo,1o(fR) (4Be cos f1—1)
e HY,:(fR) :

Substituting (11) in (8’) it is possible to determine B. When the
values of B thus determined are again substituted in (11), we obtain
the values of @, ai, @y, +-, Goyi1y Gouss, --.  We have calculated two
cases, namely (i) fR=1, fl=38; (ii) fR=24, fl=T72"

3. In the case fR=1, fl=3; B, C, @y, -+, @, - assume values
such that

B =0"950—170-1421, C=0'8728 —i04019,

ty= —0-1135—70-1016, a,=0059— 02597, 7

a,= 006268 +40-1890, 4y = 0000515+ i0:001748, | 12
a4=0-0000812+10'0003466, .............................. s J

so that the equations for the dissipated waves are obtained by sub-
stituting these constants in (5), whereas the expression of the forced
seiches is as follows.

W' = —2f£6%(0°950 — i0-1421) cos 3(1 + —lx—)ew’. (13)

The distribution of W,/f¢ for fr=40 and the different values of
¢ is shown in Fig. 2. Since, from the nature of the problem,
resonance of the seiches is defined by fl==/2, 37/2, --- and corresonance
of the same seiches by fl==, 27, ..., it is possible to assume that the
present condition of the problem, namely cosfl=—099, is very close
to first corresonance.

The maximum vertical elevations of the seiches at =~ as well
as at =0 assume the values

W’ ,._,=1921f¢, W', _,=1-9001¢ (14)

respectively.
4. In the case of fR=24, fl="72; B, C, ay, -, Gs,y, --- asSsume
values such that

4) There are a number of bays in Japan that have the dimensional ratio of I/R
=3. Turuga, Oohunato, Hutami, and Hakodate are the bays, that may be mentioned
as examples of the present case.
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B=0079 +10-2913, C=02119+102151,

ay=—0'3675—i0-4934, a; = 02187 +70°1903,

;= 02895 + 700350, a;= — 01918 —0-2342,
a,=—1001916—10"00746, a;= 010413 + 102843,
as=—03010—170-3050, a,=003658 —i0°2365,
ts=0-1711 +70°9029, ay= —0'04892 + i0-04454,

a1, =05909 —70-9015, 0= —0"1818—140-02189,

o= — 0°4567 +70-0182, 0, =01201+ 702802,

gy = — 03226 — 106390, 5= 0-04784— 7004301,

(= — 0"T467 + 106170, .= 02179+ 0-1921, (15)
5= — 03277 — 103933, gy = 004777 —70°0429,

apy= —0-7356 + i0°3574, @y =010464 + 702838,

A2y =0'0759 —71:0402, oy == — 02177 —10:07372,
a,,=03353 +10°4378, ay;=008646 —70°02003,

= —0'1350—70-0797, tt;=—0'01618 +10-00806,

thes = 002111 4 70°00914, (teo= 0001726 —¢0-0009759, .
a,,= —0001772—10°000731, ;= —00001113 -+:0.0000639,

(,,=0"0000914 -+ 000003753, e .

While the equations for the dissipated waves are obtained by
substituting these constants in (5) the expression of the forced seiches
is written by

W' = —2/E6%(0-079 + 0-2913) cos 72(1 + %)e (16)

The distribution of W.,/fé for f+=960, that is for the same r as
in the preceding case, and the different values of # is also plotted in
Fig. 2. Since, in the present case, cosfr=—096726, the condition of
the problem is again very close to corresonance. It appcars then that,
from the results of the present as well as previous sections, the
difference in dissipation waves with the difference in the frequency of
disturbing waves is confirmable owing to the fact that the condition of
the problem for hoth cases is capable of being assumed as corresonance.

The maximum vertical elevations of the seiches at = —1 as well
as at 2=0 assume the values

W', _,=0604f¢,  W',.,=0584f¢. (17)
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5. Comparison of the re- o -
sults of the two cases, namely
(i) fR=1, fl=3, (ii) fR=24,
fl="72, shows that, the higher
the frequency of incident
waves, the more is the energy
of the dissipation waves in
the outer sea polarised in the
neighbourhood of the azimuth
parallel to the lengthwise di-
rection of the bay. The ratio
of the vetical elevation of the :
dissipation waves at the radial Fig. 2.
distance 7/2R=20 to that of incident waves is shown below.

015

0 0° 5° 15° 30° 45° 60° 80° 90°
fR=1 00312 —— 0-0284 0-0209 0-01151 0-00645 0-01101 0-01279
fR=24 0-1899 0-:0580 0:01547 0-01424 0-0346 00416 ——  0:0627

These values are also assumed by the similar ratio for the horizontal
displacements.

Another imporatant fact is that, while the total energy of the
dissipation waves for the case of longer incident waves is much less
than the one for the case of shorter incident waves as will be seen
from the above table, the general amplitudes of the seiches in the
bay for the former case is much greater than those for the latter
as shown by (14) and (17). This is because of the energy of seiches
more dissipated for higher frequency disturbance.

Although in the present paper the nature of the difference of the
dissipation waves resulting from different vibrational condition of
the bay, say, resonance or corresonance or intermediate condition, has
not been studied, it appears however that the difference under con-
sideration is very similar to the one in the case of the epicontinental
sea or of the straits. For examples, in the condition close to resonance
the vertical elevation at the mouth of the bay is very small, whereas in
the condition close to corresonance the horizontal displacement at the
same mouth is very small. The equation (4) in the present paper
also suggests this fact. '
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