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[&9]

s . s Boussinesq
1 Boussinesq
Boussinesq
Outt— 00w u — Ow(f(u))— BOwawnu = 0 (1)
Boussinesq ) ,a B
,u= u(x,t) . Bridges (-3 : O u
= v,0iu= Oxp,p = Oxw, z = [u,v,w,p]TER4, Boussinesq (1)
[56]:
0 01 0 -8B 00 aw+ f(u)
0 00O Oazz+ § 0 0 Oaxz: f . (2)
-1 00 0 0 0 01 0
0 00O 0 0 -1 -p
(2) :
Md,z+ Kd.z= -.S(z), =z ER, (3)
Hamilton S(z) = %(Ou2+ Bi- p?)+ .[/(u)du.
(3) o (3)
z(x, t) ( VA )
MO, Z+ KO.Z= S(z)Z. (4)
uvyv (4) , uvv
Q(UMV)+ 0:.(UKV) = 0. (5)
(5,
o(U, V)= UMV, k(U V)= UKV,
(5) (CLS):
0w+ 0.k = 0. (6)
ok
o= Tdzg A Mdz, k= Ldz A Kdz,
Boussinesq (1),
O(du N dw)+ 0. Bdv Adu+ dw Adp)= 0. (7)
(3) (ECL)
(MCL) . Bridges (L3
: 0.z , M ,
0.1z, M0,z) = 0,
©iz, KO.z) = 0.z, -:S(z)), (8)

01z, KO, z) = 0.50, <z, KO, z)+ 0.50,40,z, Kz), €0z, = .S(z)>= 0,5(z)

Oe+ 0:f = 0, (9)
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e= S(z)- 0.50,z, Kz, f= 0.5z, K0, z) .
Boussinesq (1, (9

a[[S(z)— %(Buaxv— Byo,u+ pOyw - waxp)]+

%ax( B0, u—- Bud,v+ wo,p - pow) = 0. (10)
, (3)
Oh+ 0,.g= 0, (11)

h = %(z,Masz 2= S(z)- %@z, M),

Boussinesq (1), (11)
%al(uaxw— w0 ) + ax[S(z)— %(ualw— watu)]: (12)
(1) Box
Box ) Box
Bouss inesq )
(2) Box
1 i+ + / +
(Wi = ) —(mm vhva) = (u+ f(u) )i V3
£ Jj+1 Bv j+ 172
Ax(um/z uly o) = B3,
13
1, w2 F12 1 j (13)
- (st w )+ (pL+1/2— pwi12) = 0,
1 / 7 +
- E(wjii Va— whin) = - plii/a.
Box (13)
1 + + i+ [+ 1 + [+
(AUl A dw B = dwd A dwl ) T (Bdelya A dultia-
Bdvle 1o A duly o+ dwliin A dphiia— dwliye A dplin) = 0. (14)
(13) v w p, Box (13)
ﬁ(s%m— 483 1+ 68k — A8+ Sl o) - 4+
66l — 45T+ &) - 2
168 (f(ddi 1)) + 366%(fm)) + 1665(fhﬂi )+ Si(f(d?z))]—
%(6?1/{'1— 260+ Sudi ') = 0, (15)

At Ay ,
B dhr— 2+ i, S = - e Gdim 4
, (15) [89]
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, (15) Boussinesq
Boussinesq
attu - axxu - 3axx(u2) - axxxxu = 0, 16
u(%,0) =0, u(x,0) 1= ¢ (16)
¢ >0 c Z1
¢ 1, (16) .
2
u(x,t) = € sechz[ Jei= 1(x- ct)i| (17)
c=12, At = 0.05 A = 0.02, (15) (x,t) €[- 10,10] x [0, 40/
(17), Boussinesq . 1,
2 t € /0, 40/
2.05
1.5 4

w 1.0+

0.5+

1 (17) (t € 70,407 )
) 2x10°°
j.p;\: 1x10 L
B0 W%V\{\’W V\WWWW
% 1x10 | /
JE*2><10 » s '
0 10 20 30 40
. 5x10 ° ‘ :
4
= o b
E
- 5x10 " ' ' '
0 10 20 30 40
2 (t € [0,40])

2 0<c <1, (16) L,
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Boussinesq

u(x,t) = 1_602[1— 3tanh2|:% J1- cz(x— ct)]]

c= 0.5,
x [0, 40]
3,

(17)

(18),

(18)

At= 0.05 Ax = 0.02 (15) (x,t) €[- 10,10/
(18), Boussinesq
t €0, 40/
2.0y
1.5 4
w 1.0 5
0.5 9
4x10°
& 2x10 .
o=
=2 1078
410 10 20 30 20
t
2%10°° ‘ ;
& 1x10 .
i I
- 1x10°F 1
E -
- 2%10 L i i
0 10 20 30 40
t
4 (t € [0,40])
, Boussinesq
) (15)
[-5%x10°% 5% 107 % , (15)
Hamilton Bridges Boussinesq

Box

2
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Boussinesq “good” Boussinesq ;
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Multi- Symplectic Method for Generalized
Boussinesq Equation

HU Wei peng', DENG Zi chen"?
(1. Schodl of Mechanics, Civil Engineering and Architecture, Northwestern
Pdlytechnincal University, Xi’ an 710072, P.R. China;
2. State Key Laboratory of Structural Analysis of Industrial Equipment ,
Dalian University of Technology, Dalian, Liaoning 116023, P .R. China)

Abstract: Generalized Boussinesq equation, representing a group of important nonlinear equations,
possesses many interesting properties. The multi symplectic formulations of which in Hamilton space
were introduced. Then an implicit multi-symplectic scheme equivalent to the multi symplectic Box
scheme was construded to solve the partial differential equations ( PDEs) that were derived from the
generalized Boussinesq equation. The numerical experiments on the soliton solutions of the general-
ized Boussinesq equation were also reported. Finally, the results of which show tha the multi- sym-
plectic method is an efficient agorithm with excellent 1ong-time numerical behaviors for nonlinear par-
tial differential equation.

Key words: generaized Boussinesq equation; multi symplectic method; soliton solution; conserva-

tion law



