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A Study of the Effect of a Travelling
Atmospheric Disturbance upon
the Sea-Surface

By Toshichiro Takegami

(Received May 35, 1938)

Abstract

In this paper the writer reports a theoretical study of the fluctuation of seca-sur-
face generated by a pressure disturbance of travelling cyclone with consideration of
the effect of a coast. In our investigation, by taking into account not only the forced
wave but also the free wave, we have obtained results which may explain tolerably
well observed phenomena on the occasion of Kaze-Tunami (the abnormal high water
caused by a severe cyclone), and also our solutions thus obtained may be physically
reasonable, because they do not give the infinite clevation even when the travelling
velocity of the disturbance coincides with the free long wave velocity, resulting in the
so-called resonance. And thus we know that our solutions support Nomitsu's opiniond

Moreover, by an example, we have pointed out the possibility that the general
solutions can be obtained even if the pressure disturbance varies with the time.

Introduction

Formerly, {rom simple mathematical calculations, the writer has
investigated the clevation or depression of sea-surface generated by a
travelling local gale of a large scale (such as a cyclone), and has pub-
lished his conclusions in this memoir™. In this paper we shall investi-
gate the effect of travelling pressure disturbance on the sca-surface
and shall complement the results hitherto obtained by further investi-
gations of the same problem.

Many writers have reported interesting results of their investiga-
tions of the effect of travelling pressure disturbance on the sea-surface.
Especially Dr. Proudman® is a pionecer in the study of this problem
and he has given from mathematical calculations the theorctical ele-
vation of sea-surfacc in the following cases: 1) when a pressure dis-
turbance which is independent of time suddenly generates on a sca-
surface of unbounded ocean and travels with a constant velocity in
one direction ; and 2) when, on the ocean bounded on one side by a
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56 Toshichiro Takegami

coast, it travels towards-the coast. But as has hecen pointed out by
Prof. Nomitsu®, his solutions of the second case take into considera-
tion only the condition at the coast and disregard the initial condition.
It scems probable that he has only taken into account the forced wave
and has neglected the generated frec wave under the assumption that
the free wave, owing to the eddy viscosity, dies away before it
rcaches the coast. DBut we can not approve these interpretations,
and in Prof. Nomitsu’s opinion, between land and the open ocean is
a continental shelf, whose depth and width are both small as compared
with those of the ocean; therefore the free wave generated on the
ocean by the pressure disturbance may die away owing to the eddy
viscosity before it reaches the continental shelf, but after the distur-
bance has reached the continental shelf a different free wave will be
again generated on account of the sudden variation of depth. And
this free wave, even if it is somewhat dampened by friction, will pro-
pagate towards the coast with a tolerable height, because, owing to its
large propagating velocity and the narrow width of the continental
shelf, the time interval in which the free wave propagates from the
forc-end of the continental shelf to the coast is short. To explain the
surface elevation at the coast and over the continental shelf, therefore,
it seems that not only the forced wave but also the free wave must
be considered.

Moreover, Proudman’s solutions become physically unrecasonable
when the travelling velocity of disturbance coincides with the long
wave velocity and results in the resonance phenomenon, hecause in
such a case his solutions give the infinite elevation of sca-surface.
But it has been pointed out first by Prof. Nomitsu® and afterwards also
by Mr. H. Yamada® that this physical inconsistency can be removed
by consideration of the eddy viscosity.

In this paper the writer, starting from the initial state of rest and
assuming the water to be non-viscous, treats the same problem with
consideration of not only the forced wave but also the free wave and
explains that low water sometimes occurs before the abnormal high
water on the occasion of Kaze-Tunami. And from the same stand-
point we give the solutions which give the heights of high and low
water caused by a pressure disturbance, and also show that our solu-

1. 1. c. ante. p. §5.
2. Mem. Coll. Sci. Kyoto Imp. Univ,, A, Vol. 18 (1935), p. 213.
T 22 45 1O B 1T gk (1939).
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Travelling Atmospheric Disturbance upon the Sea-Surface 57

tions do not contain the physical inconsistency noted above even if the
so-called resonance phenomenon occurs. lastly by using Nomitsu's
extension® of the Duhamel theorem we show, by an example, the pos-
sibility that these solutions are in gencral applicable even if the pres-
sure disturbance varies with the time.

»

I. Unbounded Sea.

The present problem is treated in two dimensions without con-
sideration of the cffect of the carth’s rotation and assuming that the
.sea~water is incompressible and non-viscous—Prof. Nomitsu has treated
this problem on an unbounded sca with consideration of the eddy
viscosity, but the effect of a coast makes the problem very complicated
so that we disregard the eddy viscosity in this paper—and the density
of water is taken as unity.

Then using the usual notations, the cg. of motion for the long
wave, the eq. of continuity and the initial condition are given as fol-

lows :

doe O Y 0P )

dl(; ddx 0% e e (1)
/s =%

dx o¢

>

G gy oo vhen =al ()

uw=o0 or {=o when ¢f=o.

Since it is clear that # and ¢ arc *additive ” as defined by Prof.
Nomitsu, from Ifourier integral and Nomitsu's extension of the Duhamel

theorem, the solutions which satisfy (1) and ( 2) arc casily obtained.

—/{'—u:: -1t Sl a,’rgwa,’agw oL cosuc(t —7)cosu(A—x)dh,......... (3)
& 7 Jo 0 - 04
¢ (¢, (", (° 0P . . .
= dr\ du sinac(t—7)sina(d—2)dA..c.coovrininnin. (1)
T 0 0 —co

7
where c=g/t and P=P(x, f).

Now, assume that initially (/=o0) the pressure disturbance whose
geometrical centre is x=0, suddenly originates on an unbounded sca
and travels towards x<o with a constant velocity z. In such a case
the pressure disturbance may be given by the form P(x+#¢, £), then
(3) and (1) become

1. Proc. Imp. Acad. Tokyo, 11, 359 (1933).



58 Toshichiro Takegami

o A
o= Plx—ct+c+or, t)dr
- 1]

(4 2

¢
———g Plx+ct—c—v7, T)AT, wiviiniinnn. (s5)

S P’(JL-M%—&%— vt, T)dT
g P x4 cl—c—vt, Tt ciieei i (6)

where /’s  are respcctwcly the differentiations with respect to
x—ct+c+or and x4+ cf—c—wvr. Especially when the travelling velocity |
2 of the disturbance coincides with the long wave velocity ¢ and therefore
the resonance phenomenot occurs, ( 5) and (6 ) hecome as follows :
h r {*
u=——\ Plx+ct, t)dr
2 4]

& 2

3
S Plx—ct+20t, )T, ceeeiiniinnnannn, (5")
0

2

. 4
C= —(—-S Plx+ct, ©)dr
2 Jo

2

¢ Sl Plx—ct+ 207, T)AT. i, (6")
0

Now, assume P= /P (x+of), namely, that the shape of the pres-
sure disturbance is unchanged with ¢, then
Y/

“‘14—“—..1*.,‘])(554' 7”’)_;““‘/)(37 +et)
¢ e 2(c—w)
o Pl Cl)y e 5"
7(1/ + d) ‘ ) ( 0
{=- —ﬁ[)(ﬂf ol) + —-————-P(x-{- ct)
-2 2(c—2)
bt p K Cl)e v 6'
2(c+ V) ( ( )
and if c=2
—'Lzz—- 4 L P+ )= P+ cf)
c 2 "
T LL)y e e (5"

C:_fl;p/(x+L~/)__I_p(x.;_€;)+Lp(x_az)_ L(67)
2 4 4

Fas. (5”7 ) and (6”) are the same as Proudman’s solutions.  And
Dr. Proudman gives solutions resembling (5), (6), (5/) and (6"), but
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his solutions contain only the effect of time variation of disturbance
and not its travelling effect, while our solutions contain both factors,
and therefore may be more general than Proudman’s solutions. More-
over from these (5), (6), (5) and (6’) we may obtain solutions
taking into consideration the time variation of disturbance, the effect
of a coast and the travelling effect, but these will be stated in detail
in the last section.

II. Sea Bounded by a Straight Coast.

In this case a boundary condition
%€ 9P at X =0viieieienenenn v 27)
dx Ox
must be added to (2).
Now, let the ocean be in x>>0, and the land be in a<<o. If we
take as the time origin an instant when the fore-end of disturbance
arrives at the coast and consider only the forced wave without the -

free wave, then we have

c =" o/ ¢ ’
= -_Tf_T{p(f+_f_>+L (f__ %)}
T : K c c .

These arc the original forms first given by Dr. Proudman and later
by Mr. H. Yamada. The first term is the incident forced wave and
the sccond term is the reflected wave, but as pointed out by Prof.
Nomitsu these solutions do not satisfy the initial condition of rest.
Now assume

PE)=P(x+ovt—a) for —/<EL 4/,

P(&)=o for £§< —/7 and > +/
where @ is the co-ordinate of the geometrical centre of disturbance at
=0 and 2/ is the width of disturbance. Then the solutions corres-
ponding to (7 ) are as follows, but the argument of 7 is suitably re-
placed because the free wave is considered.

—écn :;{P(x + ot —a)— P(?f/ —a— Lx)}
[ c ,

B

[2k?

?W=0 or

)
m

B

C:———-*—F {/’(x-{—wi—a)-}—_‘l]){fz/zf——(z—— i x)}
¢ .

c—zr ¢
........................... (7))
From the suitable combination of (77), (5”7 ) and (6”) we shall obtain
the solutions which satisfy both the initial and the boundary conditions.
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Now, divide the time interval into five or three stages until the
disturbance has passed into the land, then the solution for the respective
stages will be as follows. Here ¢>v is assumed.

1) o=t= a—1 . Before the pressure disturbance and the
- e generated free wave arrive af the coast.
i;‘?/ :__:_.7_'_0_]9(;“ + ol —a)— --—I——P(x +ct—a)
e o=t 2(c—7)
1
A e P — ¢ — 1),
2(c+7) ( )
t=——C—Plxt+ot—a)+———P(x+ct—a)
=" 2(c—w)
C -
R na— ) GRS ) )
2o(c+7) )

It is obvious that thesc solutions satisfy (1) and (2); and since in
this stage the wave has not arrived at the coast, the boundary con-
dition ( 2/) is also satisfied.
2) a—1[ = a-+! : After the free wave /1{zs arrived but
¢ ¢ before the pressure disturbance ar-
rives and the free wave s complelely
reflected.
—/{'77/ ="  Platol—a)— -———I——{ Px+ct—a)
e g 2{c—2)
—Plet—a— x)} +— L Plx—ct—a),
2(c+)
— L Plrtot—a)+—5 {P(x+c/-a)
o

= 2(c—w)
+ P(ct—a— x)} bt Plx—ct—a).
2c+7)
In this stage it is not neccessary that the initial condition is satis-
fied. The first and the third term of z# have no contribution at
the coast from the character of /2 and the second term of # obviously
vanishes at the coast (x=o0), thereforc the boundary condition ( 2/) is
satisfied.  Substituting these 2 and ¢ in (1), it is easily verified that they
satisfy eq. (1). Morcover 7 and ¢ change continuously from stage 1)

-/

(=—

a
to stage 2), because, when 7= , the term /(¢c/—a—x) becomes

P(—[—=x) which vanishes on the sea everywhere. Similarly we see
that the solutions of following stages (3), (4), (5), (3'), (4) and
(5") satisfy eq. (1), the boundary condition at the coast (2’) and
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the continuity of the transition from one stage to another.

3) a+/ = a—1 : After the free wave has been re-
o Hected completely but before the pres-
sure disturbance arrioes.
7

Loy=—"  Plx+ovl—a)t—— Pt —a—x)
e o=t . ( —v)
e P~ —a), ‘
_(c +2r) ( )
C:————J’(,x—{- o — @) %—(~——~—)P(ci—(z-x)
- -
+—C  P(x—ct—a).
ety O
) a—{ =2 +/ : A f:/(?’ the pressure 'n’zlvz‘urbmzcv has
7 o arrived but before il has completely
passed away land.
L?/:—:‘—Tt—ﬁ—{])(ﬁ?%‘?’f‘“ﬂ)"']:'((, f — A )}
c” =7
Pt —a—x)+ —P(x—ct—a),
2{c—2) 2(c+w)
= ———;—~——-—{/’(x+ P(ﬂ/ a————x)}
& ¢

+m/’(u‘ a— x)+(c—;)—13(x—cx~a>.

5) at+l _ /- After the pressure disturbasice has com-
N

o pletely passed away inland.
”/‘?7/::— - z - P(mf—-—a—ix)-l“ et —a—x)
& &—t ¢ 2(c—7)
v L Pla—ct—a
s Pe=at=a)
C:—‘—Ta P(”f (Z—-—x)-i- ———P(ct—a—x)
P -(C— )
+—C P(x—ct—a).
2(c+7) ( )

61

Morcover, due to the relation of the relative magnitude of ¢ and

7, another case may be considered as follows :
) a—1 < a—l _,atl  After the pressure distur-
X ¢ v ¢ dance has arrived but before
the free wave has beenr re-
Hected completely.
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‘Z‘é”’:—.l"r{[)(x"l—?’i“ﬁ)—])(ﬂ v )}

[ C* - c

— A P(x+ et —a)— Plct—a—=x)}
7([‘———"/)

+— L Pla—ct—a
F ol ) |
= ~——--—-—_ - {]’(x-{wff (z)+—-—]’(w‘ P p— x)}
ot ¢
+~(—-—-—{]’(x+c/ a)+ Pct—a—x)}
2 5__.-,
—C Plx—ct-a )
o) ( ).
4) a—1 _ a+l - a+l  After the free wave has
7 c 7 o " been reflected but before the

pressuve disturbance has cone-
pletely passed away lond.

5) atl _ /- Afier the pressure disturbance has com-

' v pletely passed away nland.

The solutions of these stages 4/) and 5’ ) are the same as those of
4) and 35).

The solutions for the case of ¢<w have only the difference that
the pressure disturbance arrives carlier than the free wave, and con-
tain no other essential difference from the above forms. Therefore
we will not state them in detail. But when ¢=9 and the resonance
occurs, starting from ( 5”) and (6”") the solutions corresponding to
the above forms may be obtained as follows :

1) o=t= a—/1 : Before the pressure disturbance arreves
c at the coast.

= — j—P’(x-&— ot — @) — ——P(x+cl—a)
e 2 4¢

+ L P(x— et —a),
4¢

C:i/”(x+c/——a)——I—P(x+af—-a,)+ L P(x—ct—a).
2 4 4

) a—1 _ / a+l  After the pressure disturbance has
c T e " arrived but before it has completely

passed away land.

; (z’ — %)P’(cl—— a—x)

2

/e

»

[



Travelling Atmospheric Disturbance upon the Sea-Surface. 63

— L P(x+et—a)+—Plct—a—x)
4ac 4c

+ L P(x—ct—a),
4¢

L_’:—C—[L]”(zﬂ- d—a)+ i—(z‘———x->]3’(a‘——a—x)
2 2 ¢

— L Platct—a)+ Pt —a—x)

4 |
+ 2 P(x—ct—a).
4

;) 2 t . After the pressure disturbance has conr-
° c T pletely passed away inland.

A=t (f——fﬁ>/9'(cz~a—— %)+ P(ct—a—x)

¢t 2 ¢ 4¢
+ L P(x—ct—a),
4
g=-° (1——}—)]”([/—-0——&’»)—# L P(et—a— x)
2 c : 4

+- L P(x—ct—a).
4

In these formulae it may be noticed that the height of the forced
wave is proportional to the time interval after the disturbance occurred,
and thercfore it does not increase to become infinitely Jarge so long
as the time interval is finite. Of course these facts emerged from
consideration of the initial condition, but it has alrecady been shown
by Prof. Nomitsu that the physical inconsistency in the resonance case——
the height of wave increases infinitely if c=o—may be removed by
taking friction into account even if the time interval is infinite.

When we wish to apply our formulae to a practical case, we must
have the actual meteorological record of atmospheric pressure /7
the presumed travelling velocity of cyclone @, the mean depth of
continental shelf 7, the width of disturbance 2/ and the initial position
of the centre of disturbance ¢ (# may be assumed as the sum of the
width of the continental shelf and half the width of disturbance, /).
If these date are known, the dynamic elevation of the sea-surface may
be easily calculated. DBut it must be noticed that, since our solutions
are obtained on the assumption of the uniformity of depth, the direct
application of our formulae to the boundary between the continental
shelf and the ocean may not be rigorously exact. In order to obtain
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a more reasonable solution which may be applied at the boundary, we
must divide the sea-surfacc into two parts, namely, an ocean and a
continental shelf, and suitably combine the solutions which hold in the
respective parts and their boundary. But this treatment will make the
problem more complicated ; therefore we do not touch on it in this
paper but shall leave it for another occasion.

Now, for an example, assume that the real pressure record is
given in the following form:

P= —A{I + cos—'—;~(x+z'[~(r,}} for a—I<x+oi<a+l

P=o for a+oi<ea—{ aund
x+ot >a+4.

= (oot
(x4 vi—a)

+ _*,_7_>~_/I { 1+ cosi;-»(x +ct — a)}

2(c—w

7= ~~—_~———»/I{I +cos

1 s
- /I{ +cos
1+ co 5

rn (x——rf—-n)}’

= ¢ { os——(x +ol— a)}

{1+(‘0§

)(z -+ 7' {

2) a— /<Z,<(7+/<
¢
y/

U=

. - /1{ 1+ cos—'}(x + 7'2’—~(z)}

¢t &=

1 , T b
+ —~————-~/l{[ +ecos—(x+c/f—a
20c—w l / (e HU

- [1 + cosg—(ci —a— x)}}

? (x—et— (z)})

,m-H/—(z)}

—ct— n)}

1+cos
’)((/ b "r) {

€= — < - /1{1 + (ros—';-(x + 7!/—«7)}

ot —g
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=) __’_’) {[1 + cosT(m + ot — ,7)]
+ [1 + COS——Z——(C/-—[,_X)]}

*—-€—————.A{I + cosZ—(x— ¢t — a)}
) / :

2(ctw
3) (H—fofa—l:
¢ 7
/2 d T
== A1+ cos—x+ v/ — a)
¢ =t l
I ar
— " afi+ cos T (et — o }
) t+cos— (ct— a—x)
1
. ) N— el — }
) {1 cos—— [ T (x—cl—a)
g=—X _;—-A{I + cos———(x+ M—a)}
=t /
- ( ‘ )A{I +cos—— (fz‘ a— x)}
26—
_—(*ij_—)_/l{l + cos—"— (x—z/ n)}
2Hc4 7
4) ”—fofa_}'l :
Y/ @ T
——py=— -«-—MA{ [ 1 +cos——(x+ f — 0)]
o =t /

—[1 + cos——'L( 7'/-/1——2—:5)]}
l ¢
— O(L_ﬂ) /I{I +(‘0%—'Z—~(n‘ n—-x)}

— by ot — }
g 1 (‘osl(t ct—a)

C:—_ /l”[ +cos ;
)}

——{-T/I{I—H*os —(ct—a— x)}

(o—r

(x40t — (1)}

([+ ) {1%—ons~/—u~u‘ n)}
20c+7

6;



66

5)

Toshichiro Takegami

”+Z<i
-

_/’_7,___#2—,4{

[ 7

e

TN

7!
ot —a— X
A

(ﬁ—a—x%'
T
(o0
TF—T)’A{I + cos T (et~ {z——x)}

- 4 {1-%—@054}-( ——ct-—a)}

w
/
— __I__‘/J{ 1+ cos——

2(6—7

A

"}" /{
(C ) I -
e

C:WA{I -+ cos

7

P
(l——Z<n Z_<_f_<_“+l;
¢ 7 ¢
—ji_—u:——q-?i-f—fl{[l + cos—2 (x%—w/-—(r)]
c? -t /

7; (m‘——n— j’ xﬂ}

-

-—[1 + cos—-}-r—-(('f——(z—x)]}
— ———I—-—/I{I +cosZ(x— e/ — r/)}
2(c+w) / ,
C:——T—K‘—-ﬂ-—/l{[l-}-cos T (er_,(.,/__”)\}
= ) .
v T (ot —a—-L ]}
+ C [ / ( a . ’()
4 T
——«—-—~/1{[ +cos x~+~c!——n}
2(c—2) l l ( )
+ [1 + cosi(ci—a—x)]}
—_t 4 {1 +cos~7—(x~—n‘ (1)}

e+ )
”_Z<”+Zfl__(l+[.
@ ¢ z
atl .,

Vi
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The solutions of stages 4’ ) and 5’) arc respectively the same as those

of 4) and 3).
If v=¢, we have

1) of!fﬂ';l:
¢
—-/[%,?t = Asin—L(x + ¢t —a)
¢ 2/ !

+ —-Lu‘"l{l + cos%(x +ct— n.)}

iy
__l_A{ I +COSL(X~5,_(,,)}
J¢ Z 3
¢= 'T;; zlsin—il—ru(x +cf —a)
4+t A{x + cos—A{x+ ct—-n,)}
4 /
! ,;l{ 1 +cos—‘}~(x—c/—-(,,)}
4 )
2) a=! == at! :
¢ c
—/l'.—'ﬂ: aid Asi nj—(x +ct—a)
¢ 2/ /
47 (;-_.?E_) T (el a—
> . sin 7 (¢t—a—x)
+ A{[l +COS*—7‘—-‘(_§\$+(,‘Z*—{Z)]
I /
— [x -+ cos-i;—(('t—— a— x)]}
— ——L/l{ 1+ cos—(x—ct— n.)}
_}L: Z s
el

ge= 7 zlsinJZT——(x +-ct—a)

+ 7 <t- i )Asin—i(af— a—x)
2/ ¢ /

+ A{[I +cos—77——(x+[t——[z)]
4 /

—{1 + cos%(a‘——a—x)]} '

S A{I +cos—A(x—cl -—(z,)}
4 Z .
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) ————{Z—FZ =

L. (/—
¢’ 2/

fl{l +<,o>~——— c—a— m)}

(o3}

) 151n—2—~(c/ —a—x)

’

11{1 + (,OS~-——(:\C—- L/—{I)}

e="2 ( X )Asm—(zl-—a x)
c

A{ 1 +cos-Z(ct—a— x)}
4 /

——-—I—A{I —I—cos—r‘—(x—ct——(z)}
4 Z :

Again for an example, let us assume that the width of continental
shelf is 20 km, its mean depth, 7, is 50m (.. ¢=8oc km/hour) and the
width of the pressure disturbance 2/ is 30 km; then the distance « is
15 km. And if we consider three cases in which the travelling velocity @
takes 60 km/hour, 20 km/hour and 8o km/hour respectively, then the
time curves of surface clevation of the above three cases at the coast will
be as shown in Fig. 1, 2 and 3, in which £ (unit is hour) is abcissa
¢ (24 is the statical eleva- Fig. 1
2.4 ’ Fluctuation of Sea-surface at the coast.
tion caused by the pressure distur-
bance) is ordinate.

From the above figures it must 4
be noticed that in all the cases low 3
water due to the free wave first ar-
rives at the coast and later high
water caused by the forced wave
arrives. (If ¥ >¢ the circumstances
are contrary to the above, but >¢
scarcely ever happens.) Owing to -
the eddy viscosity the low water 3
may not be so remarkable as the fig- 4

and

2.

forced wave

1
T

ures show, but by taking the free
wave into account it may be casily explained that the low water some-
times appears at the coast earlier than the high water as a precurser
of Kaze-Tunami.
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Fig. 2

v“"i Fluctuation of Sea-surface at the coast.

forced wave

[
—

5 free Even if o=¢, the height ¢ can not
wave

become infinite but reaches only about
Fig. 3 four-times the statical elevation, namely
Fig. 3

Fluctuation of Sea-surface at the const.  these circumstances support Nomitsu’s?
4
A

opinion which he expressed in reporting

.
! his investigation of Kaze-Tunami.
4 Now, if we assume 2.4=(760—
3k 682) X 13.6 mm=106 cm (682 mm is
2L the minimum reading” of barometer at
L Muroto, Sept. 21, 1934), and calculate
N Y A R the minimum and the maximum value
L I of ¢ for the above three cases, then we
have respectively 1) 1.37 m and 3.6 m,
? 2) 1.42zm and r.42m and 3) 2.zzm
B and 3.9m. Formerly the writer has
ar given a formula which gives the height

of high water gencrated by the travel-
ling gale of alarge scale. If we take 30m/scc as the wind velocity,
and apply that formula to the present case, then the high waters of
the three cases are respectively 42cm, 32cm and 42cm.  Thus it
scems that the wind effect may not be so great as the pressure effect.

The heights of high water originating from wind and pressure
bccome respectively about 4m, 1.7 m and 4.3 nm.

Since =60 km/hour is considered the most appropriate value for
the travelling velocity of the Muroto Typhoon of Sept. 21, 1934, 4 m
may be taken as the total calculated height of the high water that
attacked the southern coast of Shikoku in Japan. And this value will
be sufficient to explain the actual height of water reported in the case
of the Kaze-Tunami of Sept. 21, 1934.

1. I, c. ante. pp. 55, 56.
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IIl. When the Pressure Disturbance is a Function of Time,
for Example, P=tP(x+ vt —a)

Even when the travelling atmospheric disturbance is a function
of time, the solutions for the unbounded sea, (5),(6), (5') and (&)
can be used. If the effect of coast is counsidered, the solutions may
he also obtained by. the suitable combination of the reflected wave with
the incident wave corresponding to {5), (6). DBut since to obtain the
solutions for the gencral form of /2 is difficult in respect to the inte-
gration, we shall show its possibility only with an example in which
£ is a lincar function of Z.

1) Unbounded Sea.

In this case the disturbance is given by tP(x+ot). Substituting

itin (5), (6), (5) and (6') we have the following solutions :
—/Z;——u: —1 S; T/)’(x—c't—kmr)dr——LS; P (x4 ct—c—ot)dt
2

¢ 2

=" P+l +4-fi—¢(x bl )
&7’ (¢*— 2%’ —(c— )’

)

= —-—E—S PN x

. i
¢ S P x+ et —c—ot)de
2 Jo

= —--—z[ (x+o8)— ;"‘—_gb(x+ o)+ —— (2 et)

;-7 \c _'7) ’)(4"")

°(c+ e — Pl — £).

If v=¢

l
—/Lu:——_g r/)’(x—kcl){z’r—wg TP x—cl+ 2¢ct)dr
2 Jo

pE;
=L P x+ el)——t P(x + cf)
1

‘Fg—IT{‘ﬁ(x*{—af)——(ﬁ(x—c/)},
-
- [t .o
C:—L'Y T[)/(x+£'/)df*~i—5 tP(x—ct+ 2c7)dr
2 Jeo . 2 Jo
=L PPt ct) =t P+ cl)
4 4
+b%{</5(x+c/)-¢(x——ct)}.
¢

where ¢'=
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2) Bounded Sea.
In this casc the disturbance is given by #P(x+of—a). By the
suitable combination of the incident wave and the reflected wave, we

get the required solutions as follows :

1) o=i=0=%.
¢
—é,-u—-————-—//)(x%—"w‘—n) 4ot P+t —a)
c” cT—o° (¢ -—"r)
I
T —— L4 1l t_ _ - j—_
9(4—”!) d(x +ot—a) 7(L+"') x—ct—a),
C—_———— (% ot — [[)—-—_"_f.i__..(f)(x—}.‘/[ )
o=t (c*— )
+"*““”C’““T¢(x+€l~'a\———~ - Hx—ct—a
2(c—2¥ ) 2(c+o) )
2) a=l __,_atl
2 PRI EREE
'@T‘”:“:—“_ P(x’f"’f—(l)‘Fw- ¢\:L+"fl‘ @)
¢ 7 (c*— )
—_—(—I—'_)T{qb(x‘f“(!t“‘ﬂ)'—¢(L'l"—{l——‘.:\5)}
2(c—o)*
1
—_—e Pl —cf— D
2((;+71)"’ $lw—ct—a),
C: e l(])(l ‘{""ll_‘(l) ——?‘*———'(ﬁ(,ﬁ,*{- "r[—-—(})
(;'-—'Zl ((/._
= ){Sb(JH-zlf a)+ ¢(ct—a—x)}
c—7
¢
_— —clt—a).
7(c+*7)‘-' (]S(x ct—a)
a+l ., a—1
2 j< :
3) ¢ o
—Zé—zt: et P x+ 0t —a) +——3-i—‘—'-¢\x +vi—a)
& e o7
' Blet—a—x)— -
Z(C—d) et —a—x) 7(c+'l) — (s — cf — ),
¢= ————mz‘P(x +of — n)—wli‘ww¢(x+ vt —a)
[ <<‘°LJ)
+ ¢l — — —t—
2(5—71) (el —a— %) _(c—%-") —f Hlx—ct—a).
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a—1 —f= atl .

!

v 2
/[ ZL:—TZ“T;“{f[)(X+ zrl—ﬂ)—(t—i>l)(7/i—a— z “c)}
& ;- : ¢ ¢
et L o, w ]
Fe AP+ vt a)— Pl v —a— ——x
(c“—-?/‘)‘ ¢
e (el — @~ X)) — (X — cf — ),

,_.,“.'._{Wr
o

-

s
c

_(L—d)

7(¢ — o)

— (et —

{”'¢(x+uf 2)+-EF7 ¢(wi
c

2(c+ ,,>

o)
)

—x)— P e P(x— ¢t — ).

a+? -

—

—/Z,-;zzz ——7'—( —-—x—>P(vt——a——7’—'—x>

¢ =t \ ¢ ¢
4ot ( ) 2)
—— B\ VL~ — [ —a—x
(c’—-v")‘ ¢~ _(c—d) PTG
x—ct—

e )

2

g

3")

Ia
Il

____9"__‘,_.(1‘__’_>[)(zrt—a,—-—lx>— c(c +FI) ("'lf~(1— “
ZAN ¢ 2 (¢ =2y ¢

— e plet —

(A

—x)—— _P(x—ct—a).

,(L*Z') 2(5—!'7,')‘
fz—-l< rz-—Z—<JS a+{ :
¢ 2 ¢
Lzzwm{t[)(ﬂv + ot —a)— ( )P(m‘—-(z—— v
c” cT— 7y ¢ ¢
+—L,,—t-d-—{</>(x+ul )— ¢( )}
(6"‘« )
—e—— APt ct —a)— Pt —a—x)}
7
1
e —,| GV RS
2(c+o) ( )
”‘—.,L..—{z‘])(x-{-w‘ “ (t—i)/’(vl—(z- v x)}»
c—g ¢ ¢ c
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& L. -
_ —.,——‘,“.,-{22:4)(}; +ot—a)+ —-———~——¢<z¢ - a———«x)}
({;‘— z/‘)‘ ¢ P
+ ——L—_—{(l)(x tel—a)t+ Plet—a - x)}— ——~~~£~»;‘._,<}S(x —ct—a).
ey o
yy fmloarl oo atl
o c o
5) A<

7!

The solutions of the stages 4/) and 5') arc the same as those of 4)

and 35).
It o9=c¢,
1) o=t==L.
¢
Y/] . L. . i § .
L= ——L PN A ol — )~ — P x ot —a)
¢ 4 ac

+gx—<¢(x Yot —a)—Pplx—ct—a)},

P

= _ﬁ_lij)/(x-f— ci——(l')——Lf[)(x +el—a)
+ 4

+ “81—{4’(% +oel—a)~Pplx—ct—a)

’—Ziffn.%-l :
A c

- ——I-{f"[”(x +ct—a)— (/ — ——“E—)P’(cz‘ —a - 1)}
1 . ¢

2) @

= i{/.‘/)(x-l— ot —a)— (i ———“E——)P(ct —a— x)}
P+ ol —a) = $let—a—x) = dlx—et=a)},
C:%{t""/)’(x tel—a)+ <z‘ ———f—a)i]"’(cz‘ o x)}
- _.pr(x + ol —a)— (z— —-’f-) Pl ~a —x)}

L (ot ~a)— Plet—a—x)—P(x—ct ~ a)}.

8¢

3) a —_}_Z =
—/Z:rﬂ:—l—(l‘—'—x—)‘l)’(c[——a——x)—%—L(f——“’f—)P(d—a—x)
¢ 4 ¢ €N ¢
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81” {¢lct= a—x)+Px—ct—a)},

c=-{¢ -.ﬁ)dl)’(c‘t —a—x)-+ ——I—<L‘ — —ﬂc—)/)(ﬂf —a—x)
¢ 4 0 ¢

— (et —a—x)+ Px—ct—a)b.
8¢ .

By the direct substitutions of the ahove formulac in (1), (2) anc
{27) we can verify the required solutions.

If the form of /2 is more general, we may obtain the solutions by
similar combinations of the incident wave and the reflected wave.
Here we point out only the solutions of an example and the possibility
that the solutions may be given for the gencral form of /2 but give
no numerical calculation.

Summary

1) In the unbounded sca the generated free wave may die away in
a long time owing to the eddy viscosity. ~ But in a sca bounded by a
straight coast, after the disturbance has arrived at the fore-end of the
continental shelf, there can be no qucgtion that the free wave will be
newly generated on account of the sudden variation of depth. Therc-
fore if we wish to treat the problem of the clevation of sca-surface in
the continental shelf, we must start, as Prof. Nomitsu has pointed out,
from the initial state of rest and conscquently take into account the free
wave. Thus we have obtained the appropriate solutions in the general
form and cxplained the real phenomena on the occasion of Kaze-
Tunami. '

2) By considering the initial state, we have the solution which is
physically reasonable even if v=c¢.

3) And we have shown, by an example, the possibility that the more
general solutions will be obtained cven if the travelling disturbance
varies with the time and when the effect of a straight coast and the
initial condition are considered. And thus we may say that we have
advanced a step beyond the studies of these problems which many
investigators have made hitherto.

In conclusion the writer wishes to express his sincere thanks to
Prof. T. Nomitsu and Dr. T. Namekawa for their kind advice and en-
couragement during the study.





