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Exact periodic cross-kink wave solutions for the (2+1)-dimensional Boiti-Leon-
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Based on the extended homoclinic test technique and the Hirota’s bilinear method, the (2+1)-dimensional Boiti-Leon-
Manna-Pempinelli equation is investigated which describes the fluid propagating and can be considered as a model for an
incompressible fluid. With the aid of symbolic computation, we introduce two new Ansétz functions to discuss the multiple
periodic-soliton solutions of the (2+1)-dimensional Boiti-Leon-Manna-Pempinelli equation. Some entirely new periodic-
soliton solutions are presented. The figures corresponding to these solutions are illustrated to show abundant physics

structures.
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1 Introduction

Many significant phenomena in physics, chemistry,
biology and mechanics are described by nonlinear
partial differential equations (NPDEs)". Solving exact
solutions of NLEEs has been attractive in nonlinear
physical phenomena. With the aid of symbolic
computation”*®, many methods have been discussed,
such as Hirota’s bilinear method'!, homogeneous
balance method'**, F-expansion method®, the
similarity  transformation method™®,  three-wave
approach' and etc. In this paper, with the help of
the extended homoclinic test technique, the Hirota’s
bilinear method and symbolic computation, we will
research the following (2+1)-dimensional Boiti-Leon-
Manna-Pempinelli equation®®:
+ Uy — U, U, —3uU,, =0, . (1)

u yt XXXY

where u = u(x,y ,t). Equation (1) was proposed
by Gilson et al.® and recently discussed by Luo®.
This equation was employed to describe the (2+1)-
dimensional interaction of the Riemann wave
propagated along the y-axis with a long wave
propagated along the x-axis. By using the binary Bell
polynomials, the bilinear form for the (2+1)-
dimensional BLMP equation is presented in*. The
variable separable solutions and some novel localized
excitations for the (2+1)-dimensional BLMP were got in®.

*Corresponding author (E-mail: 395625298@qq.com)

Based on Wronskian formalism and the Hirota
method, new solutions for the (2+1)-dimensional
BLMP equation are obtained in earlier studies®®?’.
Some exact solutions including kinky periodic
solitary-wave solutions, periodic-soliton solutions and
kink solutions are obtained in earlier study™. In this
paper, by using two new Ansétz functions, we obtain
new multiple periodic-soliton solutions of the (2+1)-
dimensional BLMP equation that is not presented in

other references.

2 New Exact Periodic Cross-Kink Wave Solutions
for the (2+1)-Dimensional BLMP Equation

By using Painlevé analysis®® we suppose:

u(x,y,t) = -4In &x,y,t)], )

where &(X,y,t) is an unknown real function.

Substituting Eqg. (2) into Eg. (1), we can obtain the
bilinear form of the (2+1)-dimensional BLMP
equation:

e + Sy X — [F28 S0 +
E6ye + By )+ §, 6 + Eun)
+ (28,8, - 88y + 25,(-35,, 6 +
35Sy T &6 ) = 0.
.. (3)
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Supposing the real function £(X,y ,t) has the
following Ansatz:

X,y t) = ke +e™ +k, 056, + k;siné,, ... (4)

where Blzaix+ﬁiy +6it+ai,i:1,23 and

a; » By +9; and oj are constants to be determined

later. Substituting Eq. (4) into Eq. (3) and equating all
the coefficients of different powers of e® | e ™,
sin @,, cos 6,, sin 6,, cos 6, and constant term
to zero, we can obtain a set of algebraic equations for
aj . By .05 .07 =123). Solving the system with
the help of symbolic computation, we get:

Case (1): Ifk, = 0, the exact periodic cross-kink

wave solutions of Eqg. (1) have been presented by
Dai et al.”. We will not continue to discuss here.
Case (2):

3 3
ag =P = Py =63 = 0,6 = —a°,5y = a,”, ... (5)

where a,,a,,f;,K;,K,,K; # 0 and o;(1 =1273)
are free real constants. Substituting these results into
Eq. (4), we have:

g(x ’y ,t) — kle—aftﬂx]xwr] + eaft—a]x—a] + (6)

k,coste,” + ax + o)+ k, sin(By + o))

Thus, we derive the following new exact periodic
cross-kink wave solutions for Eqg. (1) as follows:

o™ —kag ™" +ka, costey’ +ax + ;)]
ke U 1ot Lk cosiy +ax +ay)+k SinBy +6)

- (7)
where all parameters are defined by Eqg. (5). The

evolution and mechanical feature of Eq. (7) is shown
inFigsland2in X —t andin X — Yy, respectively.

Case (3):

_ _ _ _ _ ]
ay=p =0, =a, =06 =5, =a>, .8

where o, 8,,8..k,,k,.k, =0 and o;(1 =123) are
free real constants. Substituting these results into
Eq. (4), we have:
X,y ,t) = kle—aftJra]fo] +ea13t—alx—(f] n (9)
k, cos(By + 0,)+ Kk, sin(By + o,)

Thus, we derive the another new exact periodic
cross-kink wave solutions for Eq. (1) as follows:

_ Za™ T ko™t ) ... (10)
ke “t e gt a Lk cosBy +a)+k singy + o)
where all parameters are defined by Eqg. (8). The

evolution and mechanical feature of Eq. (10) is shown
inFig. 3iny -t.
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Fig. 1 — Evolution of periodic-soliton solution (Eq. (7)), at
o =a, =k =k, =1,k = f, = 2,0,,0,,0, =0, (3a)
y=-50y=0ad()y =5
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soliton solution (Eq. (10)), at

Fig. 3 — Evolution of periodic
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Thus, we derive the th
kink wave solutions for Eg. (1) as follows:
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Case (4):

. (13)

3

et Ay o

3

eut A Lk, cos@y + o,) + k,Sin@By + o)
where all parameters are defined by Eq. (11). The
evolution and mechanical feature of Eq. (13) is shown

inFig. 4inx —vy.

where B,,8,,B:.a..k,,k, =0 and o;(1 =123) are

free real constants. Substituting these results into

EQ. (4), we have:
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Case (5):

a, =1,

s _ 3 TI: TIN:
9 = Igal,c‘il = - ,52 = —4I‘L'a2 ,53 = ica,

3 1

... (19)
where 8,,8,,8,,a,.k. .k, .k, 20 and o;(1 =1273)

are free real constants. Substituting these results into
Eqg. (4), we have:

(a)

(b) 10

Fig. 4 — Evolution of periodic-soliton solution (Eq. (13)), at
a =k, =-1, B =8 =2,k =, =-2,
o,=5@t=-5,(bt=0ad((c)t =5

0,0, =0,

9

3 3
4ot —a,X - -0 —4a, t+oX + +0
5 — glut-o By -0, + kle L trax +fy +o; +

k, COSh[—4rta13 + tax — i(By + o,)] ... (15)

+ ik, sinh[-4eta,” + tax — i(ByY + 0,)]

Thus, we derive the fourth new exact periodic
cross-kink wave solutions for Eqg. (1) as follows:

U4 — {—Z(Xle4a13t_alx_ﬁly_al + 2klale—4a13t+a1x+ﬁly +0, +
- 3 -
2k,za, sinh[-4rta, + rax — i(By + o,)]

+ 2ik,ea, cosh[-deta,” + rax — i(BY + o)1}/
{e4a13t—a1x—ﬁ1y -0, + kle—4a13t+a1x + By +o, +

k, cosh[-4rta,” + ta,x — i(BY + 0,)]
+ ik, sinh[-4eta,” + tax — By + o3)1}

... (16)

where all parameters are defined by Eq. (14). The
evolution and mechanical feature of Eqg. (16) is
shown in Fig. 5 in x —y. Figures 1 and 2 show the
shape and motion of the periodic-soliton solution
given by Eq. (7) when the values of y and t are
taken to be some different constants. Figure 3 presents
the amplitude of the periodic-soliton solution given
by Eg. (10) moving with periodic growth and
decay with the different value of x. Figure 4 describes
the propagation of the periodic-soliton solution
given by Eq. (13) with periodic oscillation along
the distance t. In Fig. 5, we can clearly see that
the periodic-soliton solution given by Eqg. (16)
transmits stably without the distortion of the soliton
shape and intensity. The variation of the value of
t affects only the width of the soliton, but the soliton
remains its shape.

3 Conclusions

The (2+1)-dimensional Boiti-Leon-Manna-Pempinelli
equation describes the fluid propagating and can be
considered as a model for an incompressible fluid.
In this paper, based on the extended homoclinic
test technique and the Hirota’s bilinear method, the
(2+1)-dimensional Boiti-Leon-Manna-Pempinelli
equation is investigated. New exact periodic cross-
kink wave solutions for the (2+1)-dimensional Boiti-
Leon-Manna-Pempinelli  equations are obtained.
Moreover, the phenomena of soliton interaction are
clearly presented in Figs 1-5. These solutions have
not been obtained by Dai e al.”. Of course, the
method can also be extended to other nonlinear wave
equations.
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