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(a) Progressive deep-water waves (b) Wave profiles of pure capillary waves

(Crapper’s steady wave solution (6))

Fig. 1: Pure capillary waves progressing in permanent form on water of infinite depth. The fluid motion
is steady in the (z1, z2,y) frame in (a) which moves to the negative z; axis with constant wave speed c.

(b): wave profiles of Crapper’s steady wave solutions (6) for different values of the wave steepness H/\.

T TR ORI LN Z N2 7D, BEilz M2 GEEDRHZ 2 EZ 5. i
RITIERGNE - JEAE, WAOMEIIMA L L T2, ZoLE, MMAEOEE)ITEHERT
X ¢ = ¢(xy, w0, y,t) EKRINEN. y = g(z1,20,t) ZHOTET I ENTES (¢ I
) . EWETHOWEZ N\ MEOEEL o, RiNENZ T TRL, HELHUEZRELRS
No = N/ (2m) EAREIFH to = N\ 2(o/T)V? ZHTIRILLT B &, ¢ & §IcT 3
XEAEAIL T LI IcEZon3,

Garzy T Pugwy + Gyy =0 for —oo <y < g(z1,22,1) (1)

¢ — cx; asy— —o0 (2)

Ut + GunUur + Guslay = &y ab y = §(21, 22, 7) (3)

bt 300+ 62+ 02— R = B) aty =l oa1) ()

2T, B(t) (WA t iSO BT 2EREBRT, s EXRACED 526N 5,

(]- + gxlz)gxgxg + (1 _'_ gxf)g:clxl - 2@%‘1@%‘2@%‘15[32 (5)
(L i + 6:2)°72




1.2 Crapper DOEEETREZ AW -EIELHR

TETEATIR DT 21y PN E T 2RIuh 2 M TH 2. Crapper [2] 13 ZDE
W DB DS, ERBE 2 =0 +iy EEFBRER TV vl f=¢+ip ZHWT
RXDEHICHBZoNS xR,

4Ae™¢
€Q) = Z(0) = X(Gm+iY(Gn) = (+ir—— (6)

[y
I
e

¢ = &tin = f )

T, PRE L= H/N (H: ¥%E EOR»5INEFTOES), X HE) THETE AL
WDHETHIE c 1IZRDEH Gz 6N 3,

A = %{ 1+<%h>21} , ¢ = {1+<7h)2}1/4 (8)

Fig.1(b) 13527 2 MRt h = H/XN 12X % Crapper O ETISE (6) DIIZDEHEHI
2N, PR h = H/XA DBSRE 52 LW E S AR, h~0.73 THRKICET 5.

Crapper DEFEITISE (6) 12 ¢ PR S 2 PIINDEMGHRE AL T ENTE S,
ZIT, ZOFEMGREMAT-RD K 9 %5 xiz0y D6 & &n 2N D BEIELE A% %
Z5.

(

vy = n(§,m) = X(&,n)

T9 = & (9)
y = y&,n = Y(&,n)

t =t

\

ZDLE, EHETHDKIE y = go(r1) 1365 P L (n=0) IKEEND. 51T, &
WAL Z A 72 £ DKy = §(x1, 20, 1) 13 &6 ZZRITHRMZNT 2 DT,

n = (&1, &,1) (10)

DEIHFRIND, EHELBBNTHIUL, § BN TH L ERETE S, 7, &&n 2
MBI DHEERT V> XLk

~

¢(517€27777t) = ¢($1(51777)a$225279(51777)at) (11)



DEIICEKT L TE S,

2 WRIECTEMEN
2.1 EBEICBEAULTEHRELLVEAER

£16m ZERNC BT ZKINZEN. (10) EEERT > oL (11) 1, RD X 9 RERETH
fREBETEL 7 & ¢ ORIDIBICET I L TE 3,

~

{ 77](5175272(:) = O+ﬁ,(517€27t)
¢(§11§27777t) = 051+(Z’,(§1»f27777t)

TERHETIRD 3 KICNBIBLENEZ R B oIS, BUNRBREL 7 (&1, &.t) & ¢(&. & t)
BRD XY ICEBTHETE D LT 5.

(13)

~

¢ (€1, 6,m,t) = et (&, n)

ZIZT, o=o0,+i0; € C T, ¢> 0 IWHM (2 @h, H50IE AR DESLOWE
BaeRkd, Zns 2R (1), (2), (3), (4) KRAL, MNeEELICEI L TRYBLT
2k, &n D (CFRD ISBT BBUNREEL 4(&,n) & 0(&) IKNT BT D &I X
[ S = 2

{ (&1, &,t) = e e (&)

955161 + Cgm, — C]QJqu =0 for —co<n<0 (14)
» - 0 asn— —o0 (15)
. c . 1.
017+7071§1—70¢,, =0 atn=0 (16)
. c -
0+ 7 éa — Kl +q* 1 * =0 atn=0 (17)

B = G = XY (18)
Kln] = ai(§)n + az(61)ie + as(1)ige (19)

4



with

. 1 C Joo—1 0 ng . J0§1 . _
i) = oo {5 () + o (22} wte) = S8 aate) = 0
(20)

2.2 BE D Fourier B & Galerkin EDEA

& D (¢ ) 2B BN ETL o(&,n) & (&) kI (np = 0) TR
T, FNS6D & HADWRIZEFETHOWE 20 O M 5 (M =1,2,---) £T 5, £
TRDOEFL WS (¢g=0 D E &), M =1 2" superharmonic 7L, M > 2 23
subharmonic ZEELICHIET 2, ZDEE, (&) EKEED §(&,n=0) 1%, ZNFNn
RD & 9 I Fourier MBEHTE 3.

Z ane™ /M d(&1,m=0) Z b,emé /M (21)

n=—0oo n=—oo

IS % (14), (15), (16), (17) IZfRA L T Galerkin 151 L 7223V L, MERRA S %

N/2—1

Z > (22)
n=—00 n=—N/2
DEHERT 2 L, (21) D Fourier 1% aj, b; (j = —N/2,--- ,N/2 — 1) & o ZAKAH
LT LREZRD &9 BATHIATRT 2 L3 TE S,

Lv+¢’Bv = ov+0(¢) (23)

2T, v= (a”b)T, a= (a,N/Q, - ,aN/Q,l) , b= (b,N/Q, e ,bN/Q,l) 1% Fourier %X
(21) DIRBEEFE L T2 ~7 bL (T HKE) T, 2N x 2N 1741 L, B D& ERIIEHR
TR LD 52 o s, RELETIE, (23) 20T ¢ DIED/NI W E ZD 3 X0
WA E VT 247 ) .



3 ROETAHARD2RTHRFREEYE (=0, M =2 DIFT)
B HOBHLOIECES, Thbb g — 0 OBE, (23) XKD X 5 A FEAENEIC 7 2

Lv©® = 50 40 (24)

Z OEIZIEOMET D 2 KIGIFRIB L EMEIHIR L, T TICFEL WM T b T
% [6]. Fig2 i3 M =2 O%fr, 4bbEILOMETITAORRDEHETIDPEED 2
BOBADEAM 0© = 0l” +i0” OFERERE LT, WHR h = H/\ O8N & b7
W h = he ~ 0.272108 TODMEEMAMELET S 2 sk b, EEMOER o s
Y, EHETERPALENML T0B 2 b s, KT, ZoRLEIcEET
5E— FOREAMISERL, BEAMICERLZMA T & EDREEDELZ TS,

0.1

0.051

[©)

.
‘e
e
.y
.
cee
ces
......................

ey
cey
....................
.............
.....
oo .o
............
cee .
.....
..
.

051

......
cees
cees
von
........
.

.......................
.....
ces
.o

() T ot TTT PP PP
0 ( ‘ ....................

cese
............
.....
.......
05 L ettt e
.........
.......
. .
.........

....
so®
X2
.
.
o,

Fig. 2: Variation of the eigenvalue o(®) = ol 4 iai(o) of the Oth order problem (24) with the wave
steepness h = H/A. The wavelength of subharmonic disturbance is twice that of steady waves (M = 2).

The steady waves become unstable at h = he ~ 0.272108. (¢ =0, M =2 and N = 32)
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Fig. 3: Effects of transverse disturbances with the wavenumber g on the real part o, of the eigenvalue
0 =0 4 ec™ where o) is given by (33). (M =2, N = 32)
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Fig. 4: Variation of the eigenvalue o = o, + io; with the wave steepness h = H/A near the critical point
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