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This paper is the second of a series of inder th

heading "The North Sea Problem'. In this paper we shall study the

equilibrium situation which arises when a rectangular

stationary wind

by I followed by the section number
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or formula number. At the

ané a concise bibliography given in

rectangle which coordinaves x,y is given by O¢x«< a8
and. 0 <y <b, Th =8 and y=0 represent coasts,; the side
o v nd at+ +h \ M ~2 da v—0 AE ST J o
i Qe &Il & le ocean ., 'nhe o] 1C J»«J COPrresponas

7an Holland. For simplicity the direction of the

the northern direction. However, the

f the North Sea makes the slight deviation of

’

The geographic North. In this we have restricted

to the determination of the elevation at the "Dutch"

particular to that of the middel ($a,0). The
numerical data of the model are chosen according to the physical

situation of the North Sea. They are given in the following section,
We shall consider in particular the influence of a "linear"
windfield of the type (5.1) to the elevation at the "Dutch" coast.
The reader is reminded of the fact that for this type of windfield
not the velocity of the wind
linear function of the placec. The divergence and the rotation of the
surface stress are constants. Some results are also valid for non-

linear windfields for which the rotation is a constant.

The elevation at th uteh coast due windfield
/ 7 ° " ), - \ r A
(5.1) is given by table (6.1) and formula (6 to ap-

v
preciate the influence of the rotation of the Earth £Hn. and the bottom




n

van Holland"

which would occur if

Preletlion & we have calculat
) © . The results

iven by the formulae owing conclusions
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be drawn
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does not depend of the earth ().

2, Por a unl tion at the "Duteh" coadt
is rather

g5 Hop the giw nfavourable direction of a
uniform win vation at the utch"” coast
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terms U,1 and V, to the elevation at the "Dutch' coast is

5. The influence of £ upon the contributions of the rotation
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terms

and VW to the elevation at the "Dutch'" coast is
very large,

These conclusions must be considered with some reservation since

I

they relate to the mathematical model rather than to the North Sea

proper. It is expected that, at least for some windfields, the

sloping bottom of the North Sea (ef. I 1) has a strong influence
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upon the elevation of the sea surface. In the following paper
model will be discussed for which the depth is an exponential
function of y only. The latter model which is a much better re-

presentation of the North Sea basin permits a mathematical treat-

ment which is very similar to that of the present model.

The problem of the equilibrium state has been considered by a
number of writers. Sohalkwigk (1) considers a rectangular bay with
a uniform depth bordering on an ocean with the same depth. His
results with respect to the "Dutch' coast are confirmed by Velt-

kamp (1) who gave an ex treatment by using functiontheoretical
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methods. The latter author also considers (2) the case of a rectangular
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bay with a uniform depth bordering on an ocean with a much greater
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depth. For a linear windfield he gives explic
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almost identical with ours. We also mention a study of

od

who considers Schalkwijk's model with a uniform northern windfield

which is absent in the eastern half of the bay. A summary of Velt-

kamp's work is also given in Van
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These equations can be obtained from(I 2.6) and I 2.7) by omitting
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the terms with the time derivative,

In this model of the North Sea we the following approximate

numerical data
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The relation bet the absolute value of the frictional force of
the wind (U,V) and the velocity of the wind at sealevel is according
to (I 2.3) given by
(2.4) = el 290 oL,
Some simplification is obtained if x and y are measured in units
) e S 1lMpllil1Catlol o Obvadldllel 11 X and Yy are measureq in Uunius
of a/x . This is equivalent to putt ng formally a==« . calculations
will be performed with A=48/5,
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3. Method of solution

The rotation of the wind
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If R=0 and if U(x,b)=0 it can
stationary state there
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o o), (2.2) and (2.3) is
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Otherwise, howeve:
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is a streamline,

From (2.1) we obtain by

To this partial di

a the coast condition

b the ocean condition
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The solution of this problem will be written in the form

(3.8) ¢ (x,y) = @%(x,
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where o 18 a particular solution of (3

(3.9) A,

and the boundary conditions

(3.10) b, =0 at
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difficulty. In this paper we
gonstant rotation. If R is a
is given by
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If, however, R is a given fun
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This can be solved in various
problem will be omitted here.

We shall next direct our
and y=b which eventually will
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application with the North Se
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lead to the determination of the
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0D are very small, In the numerical
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coast y=0 in view of h Sea problem. From
the first equation of (2.1) it follows for y=0
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and the imaginary
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and
(4.6) = e (-24)sin nx, °
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From these two ¢
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So=that

e B=1,2,3 ...
If now « is d into -4 W the im result
Y
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This means that the set sin(nx+uwm) Net 2.9y ...18 NOU complet
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orthogonal to the function (tgsx) '~ .
will be quoted from Lauwerier (2).

For O s 4 <3 the expansion (4.1) is always possible and unique.

totic behaviour of the coefficients is of the subharmonic
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order n [n general the convergence is not uniform in (0,1).
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The non-uniformly convergent series on the left-

can be converted into an

writing

3 (4.16) sin(nx+uw) = sinuw
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If this is compared with (4.8) it follows at once that

Hence the coefficients g_ can be calculated numerically with the
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single quadrature (4.17).
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expresgion for the absolute elevation .27 ) becomes
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here the coefficients d, are determined by the ocean condition
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From (5.3) and (5.5) we obtain for the absolute elevation at v=0

It may be of interest to give also the
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are given according to (6.4) for each component U.,V. (j=1,2,3).
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These results demonstrate the importance of the Coriolis effect.
T

Since the results (6.7) and (6.9) do not differ very much i

be expected that the elevation at y=0 is not very sensitive to

small variations of the value of the coefficient of Trietion.,
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Veltkamp (2) considers a slightly different model. He assumes that
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