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1. In.Jcroduction. 

S e v e r a 1 a ll .,c i_,• 1 o rs ha v c in v e ;J ·t i g a t e d .,c r) e f-, re e o s c i 11 a t ion s of 
. -

shallow rotating lakes sc::as J bayc and channels of differ-
, 

ent shapE;S. We mention Jcl·J,.:; r·ectangular, circular, elliptic 

and semi-circular lake Corkan and Doodson 1952j Van Dantzig 
1958, Jeffreys 1921!-, Lamb 1932J Proudman 1928J 1I1aylor 1922,, 

and the rectangular bay Van Dantzig 1958, Taylor 1922 . 

Tl--ie present investigation concerns t·l1e t311allovv semi-circular 

bay of constant deptt1. By means 01,.. LAUvJEI1.IER 1 r:; trJeorly of 

trigonometric series wi tl1 presc rj_bed pl1a se;s j valid in the 

half-period interval, a determinantal equation 1s obtained, 

which implicitly dete1•)mine~:3 tr1e f1')ee frequencies w of the 

semi-circular bay as a function of 

velocity at the site of the bay. An 

derived for a first approximation 

we l1ave incl11ded LAMB's treatmerJ·t 

lake o 

n 
01 

• 

;) _,cl1e apparent angular 

exolicit formula is .. 
r"\. 2 ~ .. 
~L w G For comparison 

tl1e rotating circular 
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General equa·tions. 

If fric tio11 n0:glected ond if no exterior forces come 

into play> the equations of motion and con·tinuity read 

Lamb 1932, p.3'18 
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Ifs instead n C t ., o 1 a 1,, e t3 i a n coorcli11ates ;i we introduce polar 
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1rhis set orily admits a r1olutio11 if, 'formally~ 
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d + m-~1 d • m+1~o m-1,o 

d 2,o 

from d =1, that o.,o 

m odd 

n1 even :1 m/0 

• 

-12-

5.7 

5.8 

=40 9~ 

the follow-

5.'10 

' 

Formula 5.11 is seen to be a recurrence relation be·tween f1 our 

coefficients d for which the sum of the subscripts is m, i'1 

either only e,ren or or)ly odd. SinCE; = l-Iofsomme1,., 1958 
ffi..9 -

it is possible to derive all d from the seouence d 
m,n 1 m3 0• 

Then it follows from 5.10 that 

d 
m,n 0 rn+n odd 

d 0 cl.. 2 m+r1 c~ve11., 1~11 n m,n 
r) ., 

1+0 ct. c... Ct m n. mJ n 

Now let for some n 1 say D=P 

' 



and substitute this in the determ:Lnant 

J -s d 
m,n n 1n,n • 

Again denoting tl1e elementsof· this determinant by 

have 
a 

m J n 
a m.9 n 
a 

ill:; 11 

a 
1') r p 
l~v .J 

0 (X 

0 C/....2 

0 '1 

0 

m+n odd 

m+11 even> m=t::.n 

-'13-

we 

It is seen that the row a and the column a are divisible p,n 0 m,p 
is di\1-isi~:=>le by cxc. . B1#)i11ging this 

de te rmina t.\ t and subsequer1 t ly putting 

ct=O in the arising elements, we find non-zero elements only 

i11 the 

columno More precisely we have 

.., , 
a 0 0( 111 +r1 n1 p ,9 OC1 Cl , ·-m~ r1 
a m., n 

...... 0 Cl.. 2 n1 +r-1 \ I ...l • G - - .- .-
11::Jl..t:; m n 

0 1 111 
I a ~ ' ""' Dr=P m, tl 

a /0< 
p, 11' 

0 1 D-f-D i:: odd 

a 0( 0 lTI -1-I) odc4 m .9 ·p 
a b{ 0 ~ p+n eve 11 ~ n p p:;n 

am "'J 
(\ m+p ever1:; m p V 

-- , L r_) 

a o<. c._ 0 '1 p > 1)' 

With these simplifications the equation 

ta1{es the forn1 
co 

D=1 

() 

1-s K d · · r1 n!,r·1-

c oe f'f ic ient s s 
D 

4 r··1 11 +1 
K2 

Putting n=p., 2 
K. = 

2 2 
l() ·- t. ~ J 

0 p 

• 

s p 

s 
Y) 

C.:! 
h.J n 

K 

tr .. 

K +1 

J 

-

n p 

m p J n p 

5.12 

rela.lcion exists 

1 • 

r'") 

- (..} CJ...L it 
p 

5.13 

.. 
lS seen that 



• 

In tl1.is way it ' 
J ( I - ,_--_, 

r-. K 1:::i 
[) 

for all values a,~· 

This 

tl1.e11 

cf 
p;, s 

mea17s that:; 

Cl U" 
>-.J r\.. n -1-1 o 

easily f OUtld 

,,..., . ' L ~ o 

("' 
} ..) 

I "I I 

0 r1a ·c 

" 

re·placed by 

~--0 

(j can bE~ evaluated i11 

vva y. 

It follovvs 

m+1 

D ''I t- ., l. 

f r om 5 .. ,,, 1 t t1 a t 

d 
m+1,0 - m-1 

Tl1is recurr~nce rf~lation ' lS solved by 

2 --
ft1 

taking into account 

rr he r1 t t1 e re C u 1~ re r·1 C e 

d m, n .:; 

1-:- Yll 
... ?); .. .. '?<;' 

{___ c:'. 
n. -1n 

Hence 2 
°' 

~1-
1 

==2 C( • 

-1 

-- 16m11 
. ·2 , . , 2 '~J-

rn -n 

, 

0 

lS 

,--.., D( 3 u 

S 'L1 b c . .i i~ it u t i r1 g t !1 :1_ ~) res u 1 t in 5 ,, 15 E111 d 

by D g i VE; s 5 Cl 9 I, By rnea i:rj s of' 5 0 C c.:1 l''Jd 
Y) 
t 

numerical values are obtained: 

o_,398 
') 

1_<)841 + .!l L- + 0 
' 2 l' 

5-9331 O 3 ~, '! n + ') _(l ~ 
-{- :J J I 

\,. 

r") ) I 

··) os11 + 0., ✓1 1+ 4 nc + 0 j;_ -r 
"' - :J " ·1· ., --

n2 
2.,t 

GO 'J ✓! 4:,201 + 0,301 + 0 nr 
:J J l+ 

0.,164 n2 0 
lO 4 1 5~317 + + n 

;, 

;) m eveno 

m odd 

solved by 

-

, 

3 

0 

s n D It 

following 

5 .17 

5 .18 
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