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Runge-Kutta , [4] , Runge-Kutta
Landaw Ginzburg-Higgs

1 Landaw Ginzburg-Higgs

[13]

?

MO,z+ Kd.z= VS(z), z €R (1)
M, K € R ,S:R'T R ., Hamilion
, Landaw Ginzburg Higgs :
Ouu— Owu—- miu+ Ku’= 0, (x,1) € uw C R (2)
s m k

:v= Oiu,w = Oyu ,landaw Ginzbure Higgs (2)

2 23
Oiv— Oxw= mu- k'u -

- Oiu=- v, (3a,b,c)
Ovuu= w.
2= [w v, 0] €ER (3) (1,
01 0 0 0 -1
M: - 1 0 O 5 K: 0 O 0 5
00 10
Hamilton
1 1 1
S(z) = Emzuz Ik2u4+ 5(102- vy
g (1)
0/(dz N Mdz) + 0.(dz N Kdz) = 0. (4)
Landaw Ginzburg-Higgs (2),
O(dv A du) + Oy(du A dw) = 0. (5)
[7] (1)
OE+ O.F = 0, (6)
E= S(z)- 2 Ko, z/2,, F= 7 K0z/2
LandawGinzburg Higgs (2),
mudiu— kK uwdiu+ wdiw— vdiv— rwdsu+ Orudsw = 0. (7)
(1) 0.z (1 . Landaw Ginzburg-Higgs
[36]

(2,
0. [+ 0.G= 0, (8)
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I = ~(ubyv—- v0 u),
G = %mzuz— %k2u4+ %(wz— vz)— %(ua[v— v0, u).

Runge-Kutta
Hamilion

do
dt —JVJJH('J)),
T . 0 -1 o 2 .
b= (p,q),J Jacobi J= ! LH( V) € C®(R?) Hamilion

, ¢
, Hamilton (9) , Hamilton R Hamil-
ton H(b)= H(p,q)= Ulp)+ V(q)-
, Hamilton
U
O%HZ J[ f)]: [f(q)]’ w0
q vy g(p)
N Runge-Kutta
N
b1 = bpt b Dbid VH (ki)
i=1
N i: 1727 "':N7 (11)
ki= o+ h Dai;J VH(ki),
j=1
, h , bi, a;,; 8,
e, (11)
bia,:,j+ bjaj,,:— bibj= 0, Vi,j.
Runge-Kutta (11) (3, 2 : T
=0w Q= O,w. , (3) 2
d _ d - _
ul= T, FTE
(12a,b)
iw = Q iu: w
dx 7 dx ’
(12a) ¢, (12b) x T,Q
T- Q= mu- ku. (13)
(13) (12) . (11)
(12) . ; n n+ 1
, At , Ax x . N=r, (11) (12a)
(14a)
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U= ul+ M Zak,QVié; k=12 ..r
=1
S ol A Zb;Tié,
=1
S u A sz_,Viz".
=1
(14)
du™' A do™ = dul A dof S
= Dhe(dUF A dTS).
At =1
N = s, (11) (12b)
lVik= wfcl‘l' Ax EIFZAL',QQZF; i: 1927 cey S,
=1
Mk = u]ri"" M Zi,éwéky i: 1> 27 sty S,
=1
wﬁ+l= wl;_,’_ Ax z I!jQQZF’
=1
wh 1= un+ Ax ZbéWék.
=1
(16)
dupcy A dwpe 1= dup A dwy < : :
- - = Dhe(dUF A dQl) .
=1
- Qf= m*ul - K(ul)’.
(15) (17) (18) (5)
2 Runge-Kutta r=s=1, Landaw Ginzburg-Higgs
roo . (3)
Bl ok k k
Vi = Ui Wikl = Wi muk 12 kz(ui,;+1/2)3
Al Ac = i+1/2 i+ 12
k+ 1 k
_ uwi — W _ vk‘+1/2
Y B
e+ 12 k+ 12
Ui+ 1 — U _ wl.;+1/2
Ax = i+ /2,
J Vv i(u1§+l+ i),
2
w3 = %(uﬁ Vot ukn) = %(ul?;ﬁ uF e do+ ),

( 14b)

(14c)

(14d)

(15)

(16)

(17)

(18)

2

(19)
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6t(ub+1/z+ u,l_]/z)_ _52( /1c+1/2+ u1§_1/2) _

{ k172 V2 ket 1/2 -V
m (uL+1/2+ Ui U3+ Wi+ ul—l/z)—

k[(u’ii%) +(dER) (W) + (u’;%)]} (20)
§ , SO = (uboi- 2wt Wb/ et

m= k—J_2

u(x,0) = tanh(2x), u(%,0) 1= 1- tanh’(2x),

LandauwGinzburg Higgs (91,
u(x,t) = tanh[J_Z(x+ J72t)] (21)
(20) x € [- 30,10/ At = 0.01, Av = 0.04
, 1 ¢t € [0, 100] (1)
, 2 , 3 t €0, 100/
, 1 Runge- Kutta( RK) t=20,t= 40,t=
60, ¢t = 80,¢t = 100
1 2
(20) (21)
) . 3
t €70, 10] '
[- 8x10 °,8x10 "] ,
(20)
, 3
) , 3
1 2 )
| |
Lol o / G /
L T S o
X X
| |
1=50 =70
00 u 0
T T T T
¥ X
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Runge-Kutta ,
0,
) 0, [4]
B 2E-8 T T T T
I | i
% i d
_ZE_S 1 L 1 1
0 20 40 ; 60 80 100
oK T T T T
S SE-gp .
\.:z_ _SE_8 i 1 L £ 1 ]
E 0 20 w0 60 80 100
i 2E-8 T T T T
=
ey I "
N
I % 0
5 L 1
= -2E-8 : : ‘ J
Iz 0 20 40 p 60 80 100
3 ¢ €7/0,100
1 RK
X\ 20 0 @ 80 100
-25 5.528 835E- 08 8381 184E- 08 3.317966E- 9  3.046 173E- 09 1. 132 239E- 08
- 15 1.864 529E— 09  9.1% 395E— 08 5.028 128E—- 08 1.89% 537E- 09 3. (027 644E- 06
-5 2.036 B2E- 07 6812 7T7IE- 10 7.0% 713E- 06 1.934311E- 10 5.416 738E- ®
5 3.217 746E- 09  3.7% 810E- 09 4.288923E- 08 6.82232E- 07 1.508 79E- (©
-25 0.000 0OOE— 00  0.000 COOE- 00  0.000 000E- 00  3.419 706E- 17 8. 384 960E- 18
- 15 0.000 0OOE- 00 8 600 116E- 19  4.965 524E- 18  7.271 132E- 18 0. 000 000OE- 00
-5 6.978 984kE—- 18  5.935 629E- 19  1.381 265E- 18 0. 000 000E- 00 0. 000 000E- 00
5 3.78 730E- 18  0.000 COOE- 00  0.000 000E- 00  0.000 000E- 00  0.000 000E- 00
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Multi Symplectic Runge- Kutta Methods for
Landaw Ginzburg-Higgs Equation

HU Wei-peng”’, DENG Zichen"’, HAN Song-mei', FAN Wei
(1. Schodl of Mechanics, Civil Engineering and Architecture, Northw estern
Polytechnin cal University, Xi” an 710072, P.R. China;

2. School of Power and Energy, Northw estern Polytechnincal University,
Xi” an 710072,P.R.China;
3.State Key Laboratory of Structural Analysis of Industrial Equipment,
Dalian University of Technology , Dalian , Liaoning 116023, P .R. China)

Abstract: The nonlinear wave equation, describing many important physical phenomena, has been in-
vestigated widely in last several decades. Landaw Ginzburg- Higgs equation, a typical nonlinear wave e-
quation, was sdudied based on the multi- symplectic theory in Hamilton space. The multi symplectic
Runge- Kutta method was reviewed and a semi-implicit scheme with certain disaete conservaion laws
was constructed to solve the first-order partial differential equations that were derived from the Lan-
daw Ginzburg Higgs equation. The results of numerical experiment for soliton solution of the Landaw
Ginzburg Higgs equation were reported finally, which show that the multi symplectic Runge Kutta
method is an effident algorithm with excellent long-time numerical behaviors.

Key words: multi- symplectic; Landaw Ginzburg Higgs equation; Runge Kutta method; conservation
law; soliton solution



