Commun Nonlinear Sci Numer Simulat 16 (2011) 603-609

Contents lists available at ScienceDirect

Commun Nonlinear Sci Numer Simulat

journal homepage: www.elsevier.com/locate/cnsns

Short communication

New variable separation solutions and nonlinear phenomena
for the (2+1)-dimensional modified Korteweg-de Vries equation

Yueqian Liang, Guangmei Wei *, Xiaonan Li

LMIB and School of Mathematics and System Sciences, Beihang University, Beijing 100191, China

ARTICLE INFO ABSTRACT
Article history: Variable separation approach, which is a powerful approach in the linear science, has been
Received 6 March 2010 successfully generalized to the nonlinear science as nonlinear variable separation methods.

Received in revised form 23 April 2010
Accepted 26 April 2010
Available online 23 May 2010

The (2 + 1)-dimensional modified Korteweg-de Vries (mKdV) equation is hereby investi-
gated, and new variable separation solutions are obtained by the truncated Painlevé expan-
sion method and the extended tanh-function method. By choosing appropriate functions
for the solution involving three low-dimensional arbitrary functions, which is derived by
the truncated Painlevé expansion method, two kinds of nonlinear phenomena, namely,
dromion reconstruction and soliton fission phenomena, are discussed.
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1. Introduction

As an important aspect of nonlinear science, soliton has achieved noticeable progress during the past several decades.
Solitons, especially the (1 + 1)-dimensional ones, have been widely applied in many physics fields, such as fluid mechanics,
condense matter physics, plasmas physics, nonlinear optics, etc. [1-12].

In this paper, the (2 + 1)-dimensional mKdV equation [13]

3
u[+um—3?#+%+2Auxu+muxu:0, (1a)
Uy = vy, (1b)
with A being an arbitrary constant, will be investigated. In Ref. [13], Eq. (1) was proved to be Painlevé integrable, and two
cases of similarity reductions and an exact variable separation solution by the multi-linear variable separation approach [14-
17] were given out.

This paper is outlined as follows. We will search new variable separation solutions for the (2 + 1)-dimensional mKdV
equation (1) in the following section. In Section 3, by choosing appropriate variable separation functions, dromion recon-
struction and soliton fission phenomena will be discussed. And a brief summary is given in the last section.

2. New variable separation solutions

Eq. (1) can be rewritten as

AP U; + AUy — ULy + 312 + 8AU’ 1y + 8AU U, v = O, (2a)
Uy = Vy. (2b)
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According to the Painlevé analysis [18], we assume solutions of Eq. (2) have the form of the following generalized Laurent
expansion:

u=¢ "> g 3)
=0

v=¢"3 v, 4
=0

where o and f are both constants to be determined, and u;, »; and ¢ are all functions with respect to {x,y, t}. The leading-order
analysis gives us that o = g = —2. Then the truncated Painlevé expansion at the constant level term reads
U=ugdp 2+ +uy, (5)
V=100 + 019" + 03, (6)
with {ux(x,y,t), i(x,y,t)} = {0, v2(x, t)} being the seed solution of Eq. (2) and {u(x,y,t), /(x,y,t)} being another different solution.

Substituting Egs. (5) and (6) with u, = 0 into Eq. (2), and making the coefficients of like powers of ¢ vanish, one can find
that

3 2
3
=y =3 ®)
4 X t_3 ix+4 X P xxx
vy = Pud S(Z(bf( b5 7 9)

and ¢(x,y,t) satisfies
2¢£ [‘;byt + ¢xxxy} - ¢xy [2¢x¢t - 3¢£x + 2¢x¢xxx] - 3¢x¢xx¢xxy = Ov (10)

2¢)2( ¢xxxy {¢x¢y¢xxy + 2¢x¢)2<y - (by(ﬁxx(bxy} - (Px(bxxy |:3¢x¢y¢xx¢xxy + 6¢x¢xx¢>z<y - 6¢y¢§x¢xy + 2¢x¢y¢xy¢xxx]
+ qs)%y [4¢3¢yr - 4¢;2< ¢t¢xy + 6¢x¢§x¢xy - 3¢y¢;3(x - 4¢§¢xy¢xxx + 2¢x¢y¢xx¢xxx} = Ov (11)

- 447)3( ¢>2<y¢xxxxy + 64)? ¢xy¢xxy¢)xxxy - ¢x¢xxy {3¢§x¢)2(y + 3¢§ d))zmy - 4¢x¢t¢§y - 4¢x¢§y¢xxx]
+ 2¢)2<y [2¢>2<¢xt¢xy - zd’id)xyt - 2¢x¢t¢xx¢xy + 3¢ix¢xy - 5¢x¢xx¢xyd)xxx + 2¢)2¢¢xy¢’xxxx] =0. (12)

One can easily seen from above that {u, 7} expressed by Egs. (5) and (6) is a solution of Eq. (2) if and only if Egs. (10)-(12)
hold. What is more, it is straightforward to verify that Egs. (10)-(12) have a solution of the form

(%, 8) = ao + @ F(x,t) + a:6(y) + asF(x, OH(y), (13)

where F, G and H are all arbitrary functions of the indicated arguments, and ao, a;, a, and as are all arbitrary constants.
Thus, variable separation solution of the (2 + 1)-dimensional mKdV equation (2), which includes three arbitrary func-
tions, can be given by

U 3[—ay(a; + asH)G, + az(ao + a,G)H, |Fx

14

2A(ao + a;F + a,G + asFH)? 14

_ 3(a; + asH)’F; N 3(a; + asH)Fy 3Fy — 4FxFt — AFF (15)
2A(ap + a;F + a,G + asFH)>  2A(do + aiF + a;G + asFH) 8AF2

Following the extended tanh-function method [19], we can assume that Eq. (2) have a solution with the following ansdtz:

M . .
u(xy,t) = o + Y {ay[b(@) +ap()] 7}, (16)
j=1
N : .
v(x,y.0) = bo+ > {ba1[9(@) + byjlp(w)] '}, (17)
=1

where ag = ag(x,y,t), zj_1 = Azj_1(X,¥,t), azj = azj(X,y,t), bo = bo(x,y,t), baj_1 = baj_1(x,y,t), baj = baj(x,y,t) and w = w(x,y,t) are all
functions of {x,y,t} to be determined, and ¢(w(x,y,t)) is the solution of the following Riccati equation:

do 2
o=+ (18)
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