51 5 2002 5
1000-3290/2002/51 05 /0955-06

Vol.51 No.5 May 2002

ACTA PHYSICA SINICA (©2002 Chin. Phys. Soc.

*
12 2
315211
2 210093
2001 13 2000 9 3
Whitham-Broer-Kaup WBK 2+1 Korteweg de Vries KdV 1+1
KdVv
PACC 0340K 0290
1. »2 Lax
i 23
Scott Russell
Korteweg de o
Vries KdV Schridinger NLS
Whitham-Broer-Kaup
WBK 2+1 KdV 1+1
KdV
45
n+1 N
Foxg =t x x P U L Uy o o,
! v 12w
=Fu =0 1
U= u, U, u, ' F= F, F, F, "
F. u u; x;
be. = Ki 1 =012 n 2
b= ¢ ¢ op ' Ki= K, K,
Kip ! K=K ¢ ¢ ¢
:‘7!} X; X; 2 S[}Xt =

" 100033

€0001



956 51
. K, 7 8 h=H ¢ 5 6 .
5
K K =KK - KK, Ko R
o Ky K, D
E?[Kl g[) + €Kj ; | N
Kn = ZAJ"M Klz = ZBn()b; 9
- K ¢+ ek, ] =0 3 j=0 n=0
=0 Ky, Ky Dy s
¢ Xo X X3 X 2 7 5
Ku = A/ ‘ AjS[/l Klz = A/ ZBnSZJ/z- 10
Kl, " S[} j=0 n=0
Ku = AISbl Klz = anbz 11
2 4 ! ¢ UzElnl+¢ +¢o+Chgy .+F 12
v H=BInl+¢ + ¢+ Ch¢y .
K U +GInl+¢ +¢,+Ch¢, ,+0Q. 13
7 8 11 ¢
¢ = exp A, x + wt + xg 14
¢, = exp B, x + w,t + xp 15
Xoi X 12 — 15 5
2. WBK 6 o o
12 — 15 WBK
WBK 1 a =b
u, + a;uu, + a,h, + ayu, =0 Ajexp A& + Biexp B, &,
= 1 +exp A&, +exp B, & + F
h, + by uh . + byu, + byh, =0 6 o 152
u=u x I h=h x t 16
as by b h :BI[A%exp A& + Blexp B &
5 6 a, a,
ay by b, by + A, - B, Cexp A& + B &, ]
a=a,=b;, =1 by= - a, )
WBK —9 /[ I +exp A&, +exp B &, ] ] 17
WBK
2 P:2 51:x+(1)1t+x01 $2=x+w2t+x02
<)b1x Kll 1 1
%= Tk, wy == 5b EA +2F @, == b EB, +2F
(/jl:(sbu):([{zl) 7 E_a3+b3i a; — by * +4ayb,
&2 Ky B b,
pr=¢ 21 fp=dy x 1 Xt B:(Zazbz—a3b3+b§
Kip=Kp ¢ Kp=Kp ¢ P=12 ¢
K, K,p =0 + by v/ a3—b32+4azb2)/(blaz)
Ky = w K,y Ky = 0,K, 8 A B, F

w, w, . K, K, U H 4

2 b, =0 5 6



957

ut+a1uux+a2hx+a3uxx =0 18
ht+b1 uhx+b3u,m:0. 19
b= s g za,=b=-1

as = 355 a; =0a, =0 =
6710 11 a, a, bl b3 a|—b1
1 b, =0
16 17 18 19 a, =
2b, a,=b, 18 19
w = E Ajexp A& + Biexp B§, ] F
T bl 1+exp A& +exp B &, *
20
h—C Aexp A& + Biexp B§, ]
- 1+exp A1€1 + exp Bng
b
+*; a202+b3FC 21
3
€1=x+w1t+x01 52:x+w2t+x02
b, G
o, =_(b3A,+2b]F+a2Tl)
3
b, G
o, =—(b331 +2b1F+“zb—;)
A B, F G
WBK
1 a, = b,
DZAiexp A€ O
u = E% izl n E+ F 22
L+ Zexp A€ U
i=1
ZAzieXp Aigi
ho- Bl = .
1+ Dlexp Ag
i=1
n 2
[ZA,»exp A, ]
_ i=l - 23
2
[1 + Zexp Ag ]
i=1
1
E = X+ wit + xy; =—§b1 EA; +2F
ay + by = a3—b32+4azb2

E = b,

B - 2a,b, — ayby + b3 £ by ay — by 7 +4ayb,
- b, a,
A F .
2 b, =0 a, =2b, a; = b,
;.0 DAexp A€ O
_ s 0
u = bID n |:|+ F 24
0+ Zexp Ag U
i=1
ZAiexp AL, b
h =G6——=— + 3 a, G+ b FG
1+ Dlexp Ag .
i=1
25
b, G
§& = x + wit + xp w; =—(b3Ai +2b, F + azbl
3
A F G
3. 2+1 KdV
2+1 KdVv
u, + ty, — av,u — bou, = 0 26
u, = v, 27
1+1 213
Ut + av,vy + bvtvxx — Uy — Uy = 0 28
2+1 28 a b
a=2b a
=b B 2+1
26 27 a=b
13 16
26 27
g = (Sblx) 3 (Ku) o = (slm 3 (Kzl)
' S[)Zx K|2 ! Sbe K22
4 = (S[’u) ) (Ksl) 2
&2, K
di=¢ x y i br=¢r x ¥y 1 Xyt
Kp=Ky, ¢ i=123P=12 ¢
K K,‘P =0
KZI = Rl Kll Kzz = R2K12
Ky = 0Ky Ky = 0K, 30
Rl R2 W, Wy




958 51
K]I K]Z'
K, = A¢, K, = B¢, 31 + Cexp AIEI+B£2) +Q 37
U=AInl+¢ + ¢+ Ch¢y .
+EInl+¢ +¢+Ch¢, ,+F 32 § = x+ Riy+wt+x
V=BInl+¢ + ¢+ Ch¢y . & =2+ Riy+ oyt + x5
+Gln1+(/11+¢}2+0¢11¢)2 x+Q 33 wIZ—A%+bQ+%F'(U2=—B%+bQ+%F'
29 30 31 ¢ ! !
2
g =exp A, x + Riy + ot + % 34 C = Al‘312
o, = exp B, x + R,y + wyt + %, 35 A+ B,
32 — 35 26 27 A A By Ry F Q
32 — 35 2+1 Kdv
2+1 Kdv
= 2Ry o+ F 38
+ b
- 12R,
“a+b "(A'e"p A&+ Biew Bi & v T 40 39

v =

+C A + B, exp A&, + B, &, )

/(1 +exp A& +exp B§

2

+ Cexp A&, + B,§, )

+ (Afexp A E + Biexp B, &,
+C A + B, “exp A €, + B, &, )

/(1+exp A& +exp B§,

+ Cexp A&, + B§, ) + F

- 12
a+ b

- [(Alexp A& + Biexp B, &,

+C A + B, exp A&, + B, &, )

/(1 +exp A& +exp B§,
2

+ Cexp A&, + B,§, )]
+ (A%exp AE + B?exp B, &,
+ C A + B, exp A& + B/§, )

/(1+exp A& +exp B§,

36

N
DiCiexp AS + Af

i<j

N
o =1+ Zexp Ac +
=1

K
+ D) C,CChexp A + AE + AE,
i<j<k

N

+ o+ |G || exp A 40
i<j i=1
2 alF
& =0+ Ry + ot + 3, o =_Ai+bQ+R7
1
A - A
C, = "I
/ A+ A
A, Ry F Q
4. KdV
KdVv
u, + ayu, + a,w, + azt,, =0 41
v, + byuv, + byvu, + asv,, =0 42
a; ay az by by
17
1 41 42 b, = a,



959

5
12a,
— In + F 43
a, + b, P 5.
b, 12a
v =+ - - n¢ .+ 0Q 44
a, a; + b,
@ 40
2 —
E = x4+ wl +xy w =—a3A; —aFF ayb,Q
c A - A
PTOA A
' 4
A FQ
5
2 a, a, a; b, b,
124, WBK 2+1 KdV 1+1
u = ﬁ ln¢ w T F 45
! : Kdv
by, + b, — a 12a
v o=+, | — 2 : > Ing , + F
a, b, + b,
46
@ 40
& = x + wit + %
w, =— a;A> — b, + b, F
P
PTOA A
A F
1 Cao C W 1990 Sci. Chin. A 33 528 10 YanZ Y and Zhang H Q 1999 Acta Phys. Sin. 48 1962 in Chi-
2 Cheng Y and Li Y S 1991 Phys. Lett. A 157 22 nese 1999 48 1962
Zeng Y B 1991 Phys. Lett. A 169 541 11 Zhang J F 1998 Acta Phys. Sin. 47 1416 in Chinese
3 Lou S'Y and Hu X B 1997 J. Math. Phys. 38 6401 1998 47 1416
4 Chen L L. 1999 Acta Phys. Sin. 48 2149 in Chinese 12 Espinosa A and Fujioka J 1994 J. Phys. Soc. Jpn. 63 1289
1999 48 2149 13 Clarkson P A and Mansfield E L 1995 Acta Appl . Math . 39 245
5 Lou SY and Chen L L 1999 J. Math . Phys . 40 6491 14 Ablowitz M ] Kaup DJ Newell A C and Segur H 1974 Stud . Ap-
6 Witham G B 1967 Proc. Roy. Soc. London. Ser. A 2996 pl. Math . 53 249
7 Broer L T F 1975 Appl. Sci. Res. 31 377 15  Hirota R and Satsma J 1976 J. Phys. Soc. Jpn. 40 611
8 Kaup D J 1975 Prog. Theo. Phys. 54 396 16  Boiti M Leon JJ P Manna M and Pempinelli E 1986 Inversc Prob-
9 Ruan H'Y and Lou S'Y 1992 Acta Phys. Sin. 41 1213 in Chinese lems 2 271
1992 41 1213 17 Zhang D G and Li B Z 1992 Phys. Leit. A 17143



960 51

X

Multiple solitary wave in shallow water

Chen Li-1i' 2 Chen Wei-Zhong*
Department of Physics . Ningbo University ~ Ningbo 315211  China
State Key Laboratory of Modern Acoustics ~ Nanjing University ~ Nanjing 210093 China

1
Received 13 August 2001  revised manuscript received 3 September 2001

Abstract
The formal variable separation approach is developed to find multiple solitary wave solutions for nonintegrable models. Espe-
cially using the formal variable separation approach to three nonlinear equation systems generalized Whitham-Broer-Kaup
equation 2+ 1 dimensional Korteweg de Vries KdV equation and the 1 + 1 dimensional coupled KdV equation which de-

scribe the shallow water waves we have found out some explicit analytical multiple solitary wave solutions for these systems.
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