




















h 6nc ~ we ob t c in by (4 . 7) 
(fJ ( x) k 

(, 0 
f .1. S X + co . (5 . 9) 

~ ow it i s cl eur tha t for x ! oo (5. 4 ) r epre s ents a 
h ~r monic os cill ~t ing functi on , which c a n b e ~xpc cted 
from ~h e physicu l s ituu tion . 

,1 ith (5 . 7) a n d ( 5 . 9) we calcula t e t h ~ c symp 
t o tic b c, hwioL:. r of the function &( x ) ( 5 . 4) . Vi e 
s t nrt wi th the: p ~ir of functions cp (x) and VJ ~(x), 
these fie ld by ( 5 . 4) a nd (5.6) a n £ve n fu nctfon 
J_ 1 (x) wi th tr. c following a symptotic :::.. l b c:haviour 

IC., ' 

J 1(x) + A 1 sin v x + B
1 

cos vx, x !00(5 . 10) 
G , 

·,-.J h '--' r s 

J\ 1 = ( 1/J,
0 

(!;) cos u'; df + l 
0 

( f) sin vf elf (5 . 11) 

o. nd 

B :::c - 1 VJ ( o ) + VJ (.c ) s in v;= d.f -1
1 

1 1J C c C, -::, • 

r; (;=) cos v; df . 6 ° (5.12) 

The ns¥m~ t o tic a l b ~ha viour of the odd function 
8 n(x) r ~l a t ~d by (5.~) t o cp ( x) and m

0
(x) , o , ~ e r 

b e c om .... s 

+ rr({)t, (f) 
o ·1 

a nd 

Kl sinvc ri;= + 0 :, '-'S 

1 

+ I VJ o ( f ) c o s v f df 
o· 

1 

(5 . 14) 

{i.µ
0
(f)sin 1.A~ df 

I 

B2:::c - / 1~ 1:; (f) - k
0

} cos vf df + (5. 15) 
J 

0 0 



Fr~m (5.4) we s e e t h~ t .both the functions a
8 1 (x) 

c::.. nQ 8- (x) Dr e b ounaeo for x -➔ ::!: 1 , b e c ~,u se cp (x) ~1 nd 
cp (x) 0 _p6 ssess only lo[u:irithmic singul r:ri t i c s . 1vS 
c~n fin6. from 9- ,. 

1 
(x) L1. nd {)

0 2
(x) b y d2 rivo. tion 

with r ~,[; p •..; c t t o~ x othe r so luti ons & (x) a nd 
J,. ,, ( x) whicr1 c} r s odd a n6 eve n r esp~ctive ly a nd 
wni~h possLss logar ithmic singulnriti ~s for 
X = ::!: ·1 , 

X 

J . (x )= - a s in vx - 1 cp (x) + j [cp (f) sin v(x-f) -o,j V O G 
0 

- ljJ ,, (f) COS V ( X - f) 1 df ( 5 . 1 6) 
c; 

und 
X 

{) ~ 4 (x ) = b cos vx - 1 cp _(x) + /!cp ,,(f)sin v(x- f ) -e , V c v 

0 

- 11' 0 ( f ) C O 8 V ( X - f ) l df • ( 5 • 1 7 ) 

6 . Construction of the solution for pr6scribed 
12_:r:og r 2ssi vc VWV CG . 

11t. h'i V L the gc n c: r ul so l u ti on 

4 
e(x , o,t) = L J (x ) )ex sin wt+ {3 cos wt}, (6 . 1) 

n= 1 n n n 

wh e r e WG hav ..._, 6.roprud the subscrip t s~ and O of 
O . ~ (x) .•• {) 4 (xJ un6.0r the sign of s ummn t ion . 
Thil i s G sup~t posi tion of stnnding wuves . By 
choos ing the constants ex a nd~ w~ can cons tru ct 

1 t . - h. h n · n t · f' ·t so u .ion~, w ic a r ;.; progr 0s sive \~raves 2 i n ini y . 
The conditions we impos e c. t infinity a r e th -:: 
fol lo, ' i ng : 

B( x , o , t) • COS ( 1J X + Wt ) + F: 
1 

COS ( V X - Wt ) + 

+ h
2 

Ei n (vx- wt ) , as x ➔ + oo , (6 . 2) 

wh c r ., .. is pr e sc ribed a na de t e r mi ne s the i nc omi ng 
wc..v...., , ·,.rhil C:; R, ::1nd R

2 
arc u nknown c:mci. c.e t (.; r minl3 the 

r cf l e c t ea ,-.:r:, v l ond 



8 ( X , 0 , t ) ➔ Ti COS ( V X +wt ) + T 2 S in ( V X +Wt ) , 

GS X ➔ + co . (6 . 3) 

•vh c r c ?1 and '1' 2 nr e the co e ffi~ient~ of the un~nown 
t r ~nsrnitteo wcv e , howe ve r , no i ncomi ng wav e ex ists . 

Frorr. th t2 usymp t ot ic b e hnviour of {). " 1 (x) :=i.nd 
J ( x) (5 . 10 ) Gnd ( 5 . 13) a nd the corre~pond ing 
c.~y;?p t o ti c b eh a viour of {) 

3
(x) a nd & . 11 (x), which 

we find by diff2 r cntc tion°*~th r e s pe ci'~o x, we 
ob t ::1 in f rom (6 .2) a nd (6 . 3) the following r e l &tiom, 
fo r the coe ffici ents an a nd µn 
B1 a 1 - A1P1 + B2a2 - A2µ2 - A1a3- b1µ3 - A2a4- B2p4=0 

(6 . 4) 

A1a1 + E1µ1+ A2a2 + B2µ2 + B1a3- A1p3+ B2a4- A2µ4=ft.s) 

- B1a,+A1p1 +B2a2 - A2µ2 - h1a3- B1µ3 +A2a4+B2p4=0 (6 . 6) 

(6 .7 ) 

The s e nr c four l i near e qua ti ons for the e ight 
unknown s a ; µ (n=1 ... 4 ). He nc e for de t e r mining the 

·t t· n · n 1 ' · f ' t· si u o. ion u nique y we neea mor t.- in orma ion . 
By n simp l e cxperim:.:;nt it is s·.::en u t oncq;,tha t , 

wh e n the Lmpli tuC:c A. of th0 inc omi ng wav3 is small 
e nough , no br~ak ing occurs a t the edge s of the dock . 
'I'his c 1:.m b e fo r mul :.:. t e d mci thc:rna tic :.:i. lly [4] by the 
nssumpti on th2 t thc r 8 a r e no singul ur it i c s a t the 
poi nts ( t 1 , 0 ) . He nc e we h a v e a = µ = a = O = O. 
But th (; n ( 6 .4 ) . . . (6 . 7) de t e r mi ri c.: uniquc l~ the4 

r ema ining co 1., ff'ipi ents o:
1

, a ,, , p~ , ;.:.,'/ . 
Howc v1.,r , whe n A incr0asts , ~reaRing occurs only 

a t the l cG□ ing edge x = 1 of the dock , For this i t is 
ne c e ss a ry a nd s u fficie nt 

d.- /:.J o.n ,.., 3 (6 .8) 

b c c aus ~ the n the s ingul a r i ti e s of J
3

, (x) a nd 
8 (x) c ~nc e l each o the r a t the tra ifing edge ( - 1 , O). 
I~sthis c us e howe ve r, f urthe r experiment&l . 
inv Gstiga t ion is needed about the r e l a tion b e t we e n 
str1., ngth ,md phase; of· the singul a rity a nd the 
arnp l i tuoe r,n d phus c of t h c; incomi ng W8. T t.: . 



11 h(:'; n t h <..: coe ffici e nts a c nd /3 Dr e 
d e t 0 r 1r,inc:c; , ,,._,:.: c ::.m c n lcul a t c nth :: r c Fl e cted a nd 
tr nnsn: itte a w:_~v c s in conne ction with (6 . 2) a nd 
( 6 . 3) by the fo r mul n s 

2R1 =! - A1 a1 +b1 P1 - A2a2+B2/32 - B1 a3- A1 /J3 - B2a4- A2/:J4 l ( 6. 9 ) 

2R
2
=!-B

1
a 1 - A

1
t,1 - B

2
a 2- A

2
t, 2+A1a

3
- B1 /33+A

2
a

4
- B2t,

4
} (6 . 10) 

2T
1 

=! - A
1

a 1 +B1JJ1 +A
2

a 2- B2t,
2

+B1a
3

+A1µ
3

- B2cx
4

- A
2

J3
4

} (6 . 11) 

2T 
2

=! .G1 a 1+A1131 - B2a 2- A 2t3 2+.B.1 a3- B1 ;:;3- A 2cx4 +B2J:34 }. ( 6 . 1 2) 

Acknov, le g~;reme n t. 

The author is indeGted t o Pr o f' . d r. R . Timman, who 
sugges t ed thi s _p r oblem , f or his e ncouragement and for 
valuable ci scu s s ions . 
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Err·ata . 

F'orm ( 3 . 7) read : as x ➔ - 1 
V J +1 Form (3.15) read : n cpo(f ) 

Form (3 . 16) ~1r read : n ({) e 1 (f) ... 
Porm (3. 17) 

~1r . 
read: n ({)e 2(f) ... 

- 1 ' 

Form (4 . 4 ) read: ({) 0 (f) 

Form (4. 5) r ead : ipe(x~ - ~ (x) - k e e 

Pourth line 
below form (4 , 5) read: ( 3. 17 ) 

First line 
below form (6 . 8) read : {}o , 3(x) 

For m (6.3) read: as x ➔ - oo 

Secon6. line 
below form (6 . 8) read {} 4(x) 

e' 
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