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é 7., Introduction.
This report is a sequel to TW 47 where Hofsommer considered
the free oscillations in a rotating scemi-circular bay and to
TW 42 and TW 55 in which Lauwerier considered the influence of
an exponential windfield upon a rectangular bay. Damsté performed

the greater part of the numerical calculations and drew the dia-
grams,

With the usual approximations the cguations of motion and
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contirulty are in Cartegian coordinates x and v
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where the symbols have the {following meaning

u,v Tthe components of tTthe tolt2l current
the clevation ol Lhe free surface above 1ts equilibrium
position which is at ¢ =0

a coelificient of Iriction assumed uniform

S
LL the geostrophic coefficient assumed uniform
A
n the undisturbed depth of the water assumed uniform
C velority ol the f{f{sznwES:zVQ5q wnere g 1s the constant
ol gravity
U,V the components of the tractive {orce of The wind.
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The bay covers the arca x +y < a~ yv< 0. The semicircle x"+y =a",

v <« O reprecsents a coast, the diameter y=0 reprecsente the border-

line betwzoen the bay and an ocean of Inidlnite depth.

The boundary conditions ol 1.1 arc

the ocean condition
T o= O at v=0, -a< x<a, 1.2

and the coast condition

radial component oif totvtal current = O 1.3

2, 2 2
at x“+y“=a“”, v «O.

L

We introduce dimensionless guantities accordlng To



X,y = ax',ay'’ £ = %. i
u,v = hcu', hcv! § = h ¢t 1.4
U,V = hc u', Pflif‘ etcC.

then with omission of the primes 1.1 becomes
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According to TW 55, formula 3.3 ,the relation bcetween the dimension-

less intensity of wind th2+V2 and the windvelocity at sealevel

v_ in m/sec is
S

2 .7 -5 2 _

U™+V™ = 3 x10 7 v_— 1.6

b
1T next polar coordinates r, ¢ are introduced by means of
X = =1 Cos @ , y = -r s5in¢ , O<r<l, U< @<X

the radlal and circular components of the total stream W and W
are given by

§

W, = =-u Ccos ¢ -V S1n ¢ g
W = u Silng -V C038 ¢ ’
¢
and similarly for the components erwq of" the surface gtress.

By means of this 1.5 re~ds in polar coordinates
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with the boundary conditions
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In the following section we shall detecrmine the Laplace Transform
of ¥ at an arbitrary point of the bay. According to TW 42 this

can be used to determine the influence of an arovitrary exponential
windflield upon the elevation. The method will be illustrated by
solving the following particular numeyrical case
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65 meter so that ¢ = 91 km/hour
QL =0.44 hour™", »=1/50. ., a = c/SL = 205 lan.

>

T'he value of a is chosen in such 2 way that the dimensionless

values of £l and A are respectively 1 and O,

in 1.8 accordingly is 2.35 hour.

I'nis riodel represents a bay ot » latitude corresuvondinge to that of

the North Sco and which has sbout th. same doepth and bottom {riction.
We shall consider the exponential windfield(dimensionless)

2. The unit of tima

U = 0O
~ ~
Vo= -t La.0Y 0t 1.10

The graph of this "northern' wind is given in Tigure 1. Its
duration is of the order of 1% davy.

g§2, Solution of the problem

Ifa Laplace transformation is applied to 1.8 according to
00

C(r,0,p0) = f @“pt*§(r3@3t)dtﬁ cte . 2.
-~ CO
we obtailn
= " 3% o
5 (p+x)wr ILVW>+-Q i.wf )
p O W oS _ i o0
(p+A)w ? - w?“+ = o U@; -
. —_ mmﬁ. T
( - r)wr X + pT{= 0 ,
with the boundary conditions
= 0 At ¢ = 0O and = T
..E 3 7 ’5 .3
w_ = O at r = 1. )
r
Flimination of ﬁ} and’ﬁ? yields
( e )S, = B 5 2,4
where A 1s the Laplace operator in polar coordilnates,
fe ﬁ

andad

In terms of | the boundary conditions become



(=0 at ¢= 0 and @=TC 2.7

.;”‘2.5 ......:C....?;.._ 85 W L2 o . _
3 -+ p"l‘)\ o WT *{"m\/‘x[(jg at r = 1 . 2;8

If U and v are uniform, their partial derivatives vanish so that

gyl

F=0., In this report we consider this case only. The fundamental

solutions of 2.4 with F=0, which satisfy the boundary conditions
2. are

g = In(qr)gin n(‘? J nm,]j?-ﬁBjaae-

We accordingly put

00 T (ar)

> a ——— sinne 2.9
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where the coefficients an have to be detvtermined 1n such a way
that the coast condition 2.8 is satisfied. Substitution of 2.9

in 2.8 gives in view of 1.7
QO

Zan(gin D¢ + ) COs ng) = -U(cos @~ ysin @ )-V(sing +ycos g ),
]
2.0
whe re L
J = D+N ° gn = , ' -
- q 1,.(a)
The guantities @n def'ined by
n I (q)
o = 2.1e
[ !
a I)(a)
satlsfy the differential equation
elv ~
B - B (q.e © 9 2.1
5 T 5 (18 )+ = . ?13
They can be written as a power serieg in q2 ag follows
»
6n — /l -+ /l qaﬁ mmm-*——j*émmqu +¢a& 0 24/14
2n(n+1) Sn(n+1)“(n+2) |
-2
Hence, for large values of n, S = 1 + O(n 7).

The coeff'icients a_. in 2.9 are to be determined f{from 2.10. We

I
write The latter equation in the form
OO
j;: a_ (sin ng+ ycos ng )=g(9), 2.15
0

g(‘f‘) = - 7 an(g/n"X)COS ng -U(cos @ - ysin ¢ )-V(sing + y cos ¢ )
g 2,16



It has been shown by Lauwerier in TW 43 that to the set of functions

SIn ny + Y cos ng a set of functions k
soclated which have the property

m((f)" m:/]ﬁgﬁattc iS A S -

T
cOS th . _ s
~mm%§1m ] k (¢)(sin ng + Y cos ncy)dq9wajm3n 2.17
where Mm_m;%arctancy :
An explicit representation of the km(q) is
) -
k (@) = ¢ ctn™ 3¢ > e . sin § @ 2.18
1 T

where the coefficients en can be deflned by means of a generating
function, viz.

A e 2 o0
(77_%) = Z entn , Xbi < 1 . 2.19
S

Application of 2.17 to 2.16 vields
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The evaluation of the integral in the right-hand side of 2.20 can

be facilitated by making use of quantities RS def'ined by
T ”
COS AT s . | o N o
g km(@)(uln n@ - y cos ng)dyg n.n - 2,27

The actual computation of the e, can be carried out by means of
3

the recurrence relations, derived by Hofsommer (TW 48).

Application of 2.17 and 2.271 to 2.20 gives

L , M | 5 L
an = 2 2 am(@m /1)(Qm’n Cﬁm,ﬂ)
'*‘"L(( + e +(‘~1)5 1T + e 7 2,20
= L a{ Y m, i gf‘ M m, 71 m, ’ T

This formula appears to be very suitable for an iterative procedure
ffor the calculation of the coefficlentTs a, . In the [ollowlng
section we shall consider the case V=-1, U=0, which corresponds

to a "Northern'! wind that suddenly starts at t=0.




§§3. Numerical calculations

We consider the case U=0, V

Ly

OL

R T

2.10 we have

%; a (sin ne + choariq)

_6-

-1 L1 =1, AN =0.2 for the two values
the Laplace variable p=0.2 and p=0.3. Lccording to 2.9 and

I lar)

a I'(q)

sin ng

i

A few values of qﬁg’ and J}ﬁzmx&

p = O
Q 0,762
y 2,500
Jq 2.195
7 o 2,388
53 2, 443
Y 2,465
Y5 2475

P

aq 1.

a2 - .

a Q.
3

ay -0

85 O .

The values of ??(rﬁagqu)

va lues

Y,

f"")

g
r=0 (0.2)1 and ¢ :o(--gvrjw

& L.

p = 03

0.866
2 .000
1.606
1,884
1.940
1,962

1.974

for the coefficients an

U

sin<9 +- choS<§



S(r,9.0,)

r= ,2 , 4 6
¢ = % . 065 .13 197
T 121 242 366
i 159 .349 483
;g' .72 348 528
%Tf . 160 L3214 R ep
i}_ 23 . 257 .385
%I‘C . 067 37 213
§(r,9.0,)
¢ =g .063 126 .19
T 1T L2385 .355
AL 54 .309 470
s . 168 .338 516
2% 56347 485
'i%: . 120 L2460 .381
%Tf ., 065 135 . 21¢
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553

690
409

By means of these values the influence of the exponential windfield

1.70 in the chosen points of the bay can be constructed.
effect occurs at r=1, ¢ = = where we have (see figure 1)
o,
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From the tables giving the elevation
semicircle a set of graphs has been constructed (figures 2,3,4,5
giving lines of equal disturbance at the various tTimes,

at the other points of fthe

The maximum

?’637,8}



4. The casge L =0

If €1 =0 considerable simplifications occur. Since ) =00

formula 3.2 reduces to

cO
> a sin ne = sing 4.
4
SO that
a4 = 8z
a_ = 0 for nZ?
N
Hence 3.1 gives |
m, I.{gr
S egn) = A9 g ).
q Ii(a)
In the numerical case with 2A=02 and £ =0 we have afﬂl980 for

p=0.2 and 34#1964 for p=0,3.
The maximum effect of the exponential windliield 1;10 18 again at

p:13<?:‘g5where we have (figure 1)

t = O ¥(1,5.t) = 0.79
3 1.3
6 2.09
9 3.06
12 3.75
15 2.3k

In figure 2 the lines of egual disturbance at t=12 only are given,

They are straight lines parallel to the ocean boundary.
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