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Introduction.

: % ¥ . .
The work described in this paper ) arises from certaln
aspects of an investigation into the influence of storms upon the

North Sea, In this paper the stress ic 1lald upon the meth
than upon numerical results,

The problem 1s te find a solution of the equation of Helm-
holtz in the X,y plane with a semi-infinite barrier at the

tive X-axlis., At the barrier a derivative of given constant obligue -
ness 18 prescribed.,

This problem 1is somewhat related to Sommerield's well-known
diffraction problem., A similar problemn has been treated recently
by J. Crease 1) who reduced his problem to 2 singular integral

equation which could be solved by mecans of the familiar Wiener-

Hopf Ttechnique.,

However, we consider a problem which 18 cgssentially ol a
non-stationary kind. A more direct way of golving wlll be developed
which has proved to be successful alsc in more complicated pro-
blems. The method consists of the reduction to 2 Hilbert problem 7

for sectionally holomorphic functions. Throughout this paper =

frequent use 1s made of Iaplace transformatlion,
By way ol 1llustration the elevation ol the sea 2t the bar-
ricr due to a stepfunction windfield will be calculated, In

particular the influence of the rotation of the earth and of the

bottom friction will be studied.

Let the (x,y)-plane represent a sea of constant depth with
52 barrier at the positive x-axis. We shall assume that at T=0

everything is at rest and That for £ >0 the elevation of the Lea
upon the time T,
The equatilons of horizontal motion are
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where u,v are the componcents of velocity, U,V the components of

Cthe surface stress duc to the wind, A an effective friction coef-
ficient accounting for the bettom friction, and £ the Coriolis
parametcr ‘Vzﬁl s Where h 18 the constant depth, is taken as

The unit of velocity. To this we may add the cguation of continulty

oUu DAY, D h
ox Ty teE s Yo 1.2

At the barriecr we have

V=0, X >0 V=0, 1.3

If upon 1.1 and 1.2 Lavlace transformation is applied

P

)

T(X.ry:p) = f -pL f( X, ¥yoC)AT 1,4

@
ete .,

we obtaln for :r a2 Helmholtz equation

(‘&“qg)f“‘ O, 1.5

Wwhere ~ 2
< p.ﬂ -
a” = p(p+ A) I crn N 1.0

with the obligque boundary condition

y=0, X >0 ’ngtgg’%gm“ U, 1.7
whe re te - 1 8

G 2. tion of the em,

We shall provisilonally take g=1 , V - tgy U=1.
Then the sclution of 1.5 with 1.7 will be represented in the fol-
lowing form

?(X:yap) = @j;ﬁ | exp - {i}f;z +- 1‘y} 147 }{F(z)+l%‘ (}(@)} dz.

The continuity of BJQ tgg/%lf?t the full x-a2xi1s gives at once

(iz tg ) - \//H—z (F+G) = (iz tg y+ \/1+22)(F--G)
so that
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This is true if G(z) 1s holomorphic in the upper halfplane Im 2z >0,
free from singularities and vanishing 2t infinity. We shall write

The pboundnary condition a2t y=0, x>0 gilives

= ﬂ}'dz = 0 ffor x>0, 2,4
74 &

where

whe re ¢) (z) is holomnorphic ctec.

At the real axis we have

- HF(z) - O (z) =

AV
B
W

?A&L

which 1s The Hilbert problem mentioned in the introductlion.
This problem can be solved in 2 straightforward way.
In view of the factorisatlion

Z4+L COos Y L COS ¥

é - j. dom \/ /% + j., ?ﬁ
Y I~

2.0 may be brought into Cthe [[orm

where

-1 cosgy)

D 6 has the solution

me ¢t , Im z >0,
ol
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—~




Wlthout difficulty wz obtain

G(E) V 1—-1%

vy
i

(z+ &1)(z+1 cos }Y)

The solution 2.7 becomnes

In polar coordinates X=r cos ¥ , y=r 31n ¢ The eXpression 2.9
becomes after the substitution Z=snw

:r ( ., (,9 5 I ) = /1 f & -1r sh (w -1 60) | . — e b — N . AW s
e . Pehea 2she cha(w- Y 1- o)
I.J | 2 S —fé el 2

where 0 < ¢ <2m and where L 1s a horizontal path wilte

Min(O, @ - TC) <« Tm W < @, ~cwo < Re W< o

From 2.10 we may derilive

— | N
Flr,@,p) =3y (r, ?3' - @) - zy¥(r, QQW - ¢ )+ Y1-cos y Y(r,why- @),
2.1

W(P-" Qﬂ,\) _ o[ COS m@f’fﬂ(\y‘gt’ COS %»). A0

In particular we obtoln at the barricr

o — _ AR v o0 Y -.
Jﬁ<X;iQ;P) = +-@FfHV% gl & ’ ”0'3 {1 + erf

Atlons.
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We shall consider only the narticular windiield
f O C <O

then we nave at the upper side ol tne barrier

Npinitng

:f<xﬂ+05p) = ;%'




Formula 2.2 reduces to

where q = \/Da'*" A,

The inverse transform 1s elementary only for € «xX. We have

T AT
0

< IO(Z‘%-:)@T, 0 et «x ,

t"""? O ,

O« T <X,

3.9
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Since for p — O jfm - %%“{W+Q(p)}

we have

f—-—*——}“h—jﬂ, C —> co

\J
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In figures 1 and 2 the clevation at the
18 sketched in the caseg

upper side of the barrier

a x = 10 b x = 10 , A= 0.1 c X =10 , 1= 0.4

&

L )

Also the graphs ofﬁf ﬁm?zw1ﬁxMﬁrdte barricer (-esv < X < o) are given,

For O«<t «<xX they coincide with the graphs of j’fora semi-infinite
barrier,
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