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Abstract. In this work, the generalized (%,)7expansi0n method is
applied to solve the coupled Boiti-Leon-Pempinelli system (BLP sys-
tem). Generalized (%)-expansion method was used to construct soli-
tary wave solutions of the nonlinear evolution equations. This method
is developed for searching the exact travelling wave solutions of nonlin-
ear partial differential equations. It is shown that the (%)—expansion
method, with the help of symbolic computation, provides a straight-
forward and powerful mathematical tool for solving nonlinear partial
differential equations.
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1. Introduction

In this article, we consider the generalized (%)—expansion method to in-
vestigate the coupling Boiti-Leon-Pempinelli system ([3,11,12,14,15,17,19,24,25])
as follows

uty = (112 _ ux)xy + 2VXXX7 (1)
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Vi = Vxx + 2UVvy,

and obtained some new exact travelling solutions. Recently, the investi-
gation of exact travelling wave solutions to nonlinear partial differential
equations plays an important role in the study of nonlinear in mod-
elling physical phenomena. A variety of powerful methods has been
presented including the inverse scattering transform ([1]), homotopy
perturbation method ([4,5]), variational iteration method ([5]), homo-
topy analysis method ([6,7]), Exp-function method ([8,9,13,18]), tanh-
function method ([10]), Hirota’s bilinear method ([14]), Bdcklund trans-
formation ([17]), sine-cosine method ([21]) and so on. Here, we use an
effective method for constructing a range of exact solutions for the fol-
lowing nonlinear partial differential equations which was first proposed
by Wang ([20]). A new method called the (%)—expansion method is pre-
sented to look for travelling wave solutions of nonlinear evolution equa-
tions. Bekir [2] is applied the (%)—expansion method for the nonlinear
evolution equations. Zhang et al. ([22]) have examined the generalized
(%)—expansion method. In ([23]) Zhang, Tong and Wang have solved
the mKdV equation with variable coefficients using the (%)—expansion
method. By using the aforementioned method, we will obtain the ex-
act solutions of the coupling Boiti-Leon-Pempinelli system. The aim of
this paper is to obtain the analytical solutions of the coupling Boiti-
Leon-Pempinelli system and to determine the accuracy of this method
in solving this equation. The remainder of the paper is organized as
follows: In Section 2, first we briefly give the steps of this method and
apply the method to solve the nonlinear partial differential equations.
In Section 3, the application of the (%)—expansion method to the cou-
pled Boiti-Leon-Pempinelli system will be introduced briefly. Also a
conclusion is given in Section 4.

2. Basic Idea of (%)-Expansion Method

We consider the detailed description of this method which first presented
by Wang (]20]).
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Step 1. We consider the nonlinear partial differential equation (NLPDE)
with independent variables X = (x,y,t) and dependent variable u as fol-
lows:

P(u7 Ut, Ux, uy') Uxx, llyya qua Utt, Utx, utyv ) = 07 (2)

in which P can be converted to an ordinary differential equation (ODE)
M(u, —cu’, 0, 0’0" ..) =0, (3)

which transformation
§=x+y—ct, (4)

is wave variable. Also, ¢ is constant to be determined later.

Step 2. We seek its solutions in the more general polynomial form as

follows
I (GE)\E
ué) =ap+ Y a : (5)
> k(G(&))

where G(§) satisfies the second order linear ordinary differential equation
(LODE) in the form

G"(&) + AG'(§) + uG(g) =0, (6)

where a9, ax(k =1,2,...,m), A and u are constants to be determined
later, a, = 0, but the degree of which is generally equal to or less than
m — 1, the positive integer m can be determined by considering the ho-
mogeneous balance between the highest order derivatives and nonlinear
terms appearing in Eq. (3).

Step 3. Substituting (5) and Eq. (6) into Eq. (3) with the value of m

e\ K
obtained in Step 1. Collecting the coefficients of (%) (k=0,1,2,...),

then setting each coefficient to zero, we can get a set of over-determined
partial differential equations for ag,ai(i = 1,2,...,n), A\, c and pu with the
aid of symbolic computation Maple 12.
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Step 4. Solving the algebraic equations in Step 3, then substituting
aj, ..., am, ¢ and general solutions of Eq. (6) into (5) we can obtain a
series of fundamental solutions of Eq. (2) depending of the solution
G(¢) of Eq. (6).

3. The Couple Boiti-Leon-Pempinelli System

We employ the generalized (%)—expansion method to the Boiti-Leon-
Pempinelli system as follows

Uy = (u2 — uX)xy + 2VXXX, (7)

Vi = Vyx + 2Uvy.

Introducing a complex variation £ defined as (4) and then system (7)
becomes an ODE, in the form of

—cu” = (v — u’)” + 2v"”, (8)
—cv' =v" + 2uv/,
where by integrating twice the first equation we obtain

1 1 1
— §u' — 5= 5112. (9)

Integrating Eq. (9) with respect to & and considering the zero constants
for integration, we obtain

1 1
v=gu-g /(cu +u?)de. (10)
Substituting Eq. (9) into the second equation of Eq. (8), we get
v’ —2u® — 3cu® — cPu = 0. (11)

In order to determine value of m, we balance the linear term of the
highest order u” with the highest order nonlinear term u® in Eq. (11)
and using Eq. (5) we have

uw?(€) = ad, (G/(§)>3m+..., (12)

G(&)
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G\
o) e
Balancing u” with u® in Eq. (11), we conclude that m + 2 = 3m = m = 1.
We can suppose that the solutions of Eq. (7) is in the form

u@@zmm+n%(

MO—amHh<g§D, a1 £ 0, (13)
therefore
! 3 ! 2 /
- (5 s (55 1060 (38) .
and
’ 3 ’ 2 ’
uge (§) = 2ay (2((3) + 3a1\ (CC;}(%)) + (Nay + 2a1 1) (?;(?) + Aaq .
(15)

Substituting (13)—(15), and using the well-known Maple 12 software,
we will have

A+ /AN —4
ao:W, s =1, c=F/N—dp A=A (16)
or
A+ /N1
= 2EVESM ) e /W @ A=A (D)

where A and p are arbitrary constants. Substituting (16) and (17) into
expression (13), can be written as

CAEN—dp [(GE)
e = 22 (56

),s=x+yi N g, (18)

or

u(s)

ARV -4 (G'(ﬁ)
B 2 G(&)

Substituting the general solutions of Eq. (6) into (18) and (19) we have
three types of the exact solutions of Eq. (7) as follows:

>, E=x+y VA2 —4ut, (19)
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Case 1:

When A2 — 41 > 0, we obtain hyperbolic function solution

A2 -4 /A2 -
T

2

ui(§) =

(' sinh <”/\22_4ME> + C'5 cosh (“\22_4“5>
(' cosh <”)‘22_4M£> + ()5 sinh <“\22_4“§>

if C; > 0, C2 > (3, then v (&) can be written as

8\/A27 {:FQC\/)\Q wln [tanh2 (VXEQM + §o> — 1]

+2eA/ A2 — 4pé + 2¢(\? — 4p)¢ F 4(\? — 4p) tanh < v 5 )

vi(§) =

+ (—5)\2 + 16p — 4)\\/m> In [tanh <@ + fg) - 1]
+A%1In [tanh (@ + §0> +1

where & = tanh™* (%) and € = x+y 4 /A2 —4ut. When A2 — 4y < 0,

we have trigonometric function solution

—(C' sin (7‘ 4”2_/\25) + C cos ( v 4“_A2£>

F2AV/A2 —dp —2(\% — 4@} ,

2

/\:i:\/)\274p+\/4,u7/\2

uz(§) = :
2 2 C1 cos <7V4”27A2§) + Cy sin ( v 4“7A2§)

(21)

vo () = PR S {ﬂ(zm 22 tan( \ 4“ )‘25 >

4/ 4p — A2
VA — 2 (j:)\+\/>\2 )1—c5 )+ In (‘”“;%Jr&))

1 + tan?
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/A — A2 (j:c A +/A2 - 4u) (4302 4+ 20/ — 40 F 8p)
./ )2
X arctan [tan (4;;)\5 + §0> } ,

where & = tan™! (%) and € = x+y £ /A2 —4ut. When A2 — 4 =0,

we get rational solution

A Cy
=—+ —— = + 2_4 22
v3(€) = 8(Cy 1 ) [—2ACy — 8C3 + (A*Cy — 2AC3 + 2eACq)E+

(A2C3 + 2eAC2)&% + 4(A + ¢)(Cy + C2€) In(Cy + C26)] .
If C; #0,Cy =0,A > 0, =0, then (20) give

1
(&) = A (1 + Qtanh;§> , E=x+y+ A, (23)
Y 5 Al (fanhde -1 A ae A
A A
us(§) = §taﬂh§fa §=x+y— A, (24)
vs(&) = ‘In [tanh2)\§ - 1] + 2 lnw + itzmhE
Ty 2 8| (tanh&+1)| 2 2"
If C2 #0,C1 =0,A > 0, =0, then (20) become
1 A
ug(§) = A (1 + 2coth2§> , E=x+y+ At (25)
o Y A (cothde =17 A xe A
Vg(f)—Tln |:C0th 56—1:| -‘rg Hm +§C0th7+§(1+A£),
A A
uz(§) = §coth§§, E=x+y—At, (26)
v(€) = Sln [coth2)\f— 1] + 2 mw + X coth 28
STy 2 8| (cothpe+1)| 2 2"
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In particular, if C; # 0,Cs = 0,A = 0, 4 > 0, then (21) give

Ws(€) = vV - Vi tanylE, €= x4y L2/, (27)
Vs(€) = 5V — W — /i tam i€ + /i aretan (tan €)

W(€) = —v/ T — Vi tanyiE, €= x4y -2/, (28)
Vo(€) = — /i — i€ — /i tan /R + v/ arctam (tam i)
If Cy # 0,01 = 0,A =0, > 0, then (21) become

wo(§) = V= — i coty/ug,  E=x+y+2¢/—ut, (29)

Vi0(€) = v/ — € — i arctan (cot c)
u11(§) = —v/—p — o coty/ug, & =x+y—2y/—put, (30)

vi1(€) = —f\/i pé — /i arctan (cot \/uf) .
Case 2:

When A2 — 41 > 0, we obtain hyperbolic function solution

i) - SAEVI IR [ <%> Gz cosh <%)
12 = - s
2 2 Cq cosh<7v>‘2;4“§> + Co sinh<7v>‘2274”§>
(31)
if C; >0, C2 > (3, then vi(£) can be written as
/\2 —
Vl?(é-) )\2{2(3\/ )\274 In |:tanh2 ()\2%-4’60) — 1| +

2N F VA2 —4p) /N2 —4p(l —c€) F A In [tanh (VA22_4“5 + 50) - 1}

(5)\ 16— A/ N — 4 )m {wm(mg >+1 }

where & = tanh™! (%) and £ =x+y+ /A2 —

When A2 — 41 < 0, we have trigonometric function solution
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AL VN —dp Ap— N2

ui3(§) = 5 5

2

—C sin( Y 4“2_)‘25) +C2cos< V4“2_>‘25>
Clcos( v 4“_A2£) +Cgsin< v 4“2_>‘2§)

(32)

v13(§) = L{\/ZLM—V <:F03F>\+\/>\2—4M>

Ny

In
2

1+ tan2 (\M +§0>

S — /A4y — \2
+(F3A2 + 2A0/ A2 — 44 + 8p) x arctan |:tan <\/M2>\§ + §0>

+/4p — A2 (/\ — VA2 - 4u> 1- c&)} ;

where & = tan™! (g—f) and € =x+y+ /A2 —4ut. When \? —4pu =0,
we get rational solution
= Co

ug(§) = — +

S R— =x+y+ /A2 —4dut, 33
> TG ) E=x+y i (33)

-1
v1a(€) = g 20C1 — 8Ca + (A*Cy + 2A\C2 — 2cACy )E+

(C1 + C28) [
(A2C2 — 2eAC2)€% + 4(c — A)(C1 + C26) In(C1 + C2€)] .

If C; #0,C2 =0,\ >0, =0, then (31) give

A A
u15(f):§tanh§§, E=x+y+ A, (34)
(@) = M [rann e 1] ¢ 2 | Gmh2€= D] A A
STy 2 8| (tanhdc+1)| 2 2’

us(§) = —A (1 - ;tanhgf) , E=x+y— At (35)
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A

Ag
vis(§) = ¢ In [tanh2;\§ — 1} +Z lnw

(tanh3 ¢ +1)9

+ étanhﬁ - i(1 —cf).

4 8 2 2 2

But, if C #0,C; = 0,A > 0,4 = 0, then (31) become

A A
w7 (§) = §COth§fv §=x+y+At, (36)
A A Al (coth3é—1)] A A
t) = 2ln |coth?26 — 1| + 2 [In 25 " Aot 28
vir(xt) = 7 n[co 5% ]+8 [n(cothg‘f—i—l) tgeth g
1 A
uig(€) = —A (1 - 2coth2§> , E=x+y—At, (37)
(5)_51 thQéﬁ—l _|_é 1 M _‘_é thﬁ—é(l— €)
VIS = oM 8| (cothde+ 10| 2992 T 2h T

In particular, if C; # 0,Co = 0,\ =0, u < 0, then (31) give

w9(§) = v—p(l +tanhy/=pf),  €=x+y+2V/—put, (38)
vio(€) = 2\/1_7 (= — 2uy/—p€ + pn [tanh®\/=p€ — 1] — 2p1n [tanhy/—pé — 1])
uz0(§) = —v=p(l —tanhy/—pg),  E=x+y—2V—ut, (39)
vao(€) = —% (= + 2pv/—p + pn [tanh®/=p€ — 1] — 2p1n [tanhy/—pé +1]) .

If Co #£0,C; =0,A=0,u <0, then (31) become

u21 () = v—p(1 +cothy/—pg),  &=x+y+2v/—put, (40)
v21(§) = 2\/1_7 (=1 — /=g + pln [coth?y=p¢ — 1] — 2pIn [cothy/=p¢ — 1]),

uz2(§) = —v—p(l —cothy/—pg),  £=x+y—2V/—put, (41)
va2(€) = ﬁ (—p+ 2pv/=p + pln [coth®y/=pg — 1] — 2un [cothy/—pg +1])

which are the exact solutions of the discussed equation.
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4. Conclusion

In this paper, we investigated the coupled Boiti-Leon-Pempinelli system.
The generalized (%)—expansion method is a useful method for finding
travelling wave solutions of nonlinear evolution equations. This method
has been successfully applied to obtain some new generalized solitonary
solutions to the coupled BLP system. These exact solutions include hy-
perbolic function solution, trigonometric function solution, and rational
solution. The generalized (%)—expansion method is more powerful in
searching for the exact solutions of nonlinear partial differential equa-
tions (NLPDESs). Also, new results are formally developed in this paper.
It can be concluded that this method is a very powerful and efficient
technique in finding exact solutions for wide classes of problems. In our
work, we made use of the well-known symbolic software Maple 12 Pack-
age to calculate the algebraic equations obtained from the analytical
scheme that were employed.
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