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Complex Solutions of the Coupled BLLP System
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Abstract: The aims of this work searching for construct the exact complex solutions for nonlinear coupled BLP
system by using of direct algebraic method. The results emphasize the power of the methods used.
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INTRODUCTION

Searching for exact solutions of non-linear
PDEs have been investigated by many authors. Since the
world around us 1s mherently nonlinear, evolution
equations are widely wused to describe complex
phenomena in various fields of sciences, especially in
physics such as, plasma physics, fluid mechanics, optical
fibers, solid state physics and nonlinear optics and so on.
One of the most exciting advances of nonlinear science
and theoretical physics has been a development of
methods to look for exact solutions for nonlinear
evolution equations. A search of directly seeking for exact
solutions of nonlinear equations has been more interest
n recent years because of the availability of symbolic
computation Mathematica or Maple. Recently, many
powerful methods to construct exact solutions of
nonlinear PDEs have been established and developed,

among these methods we mainly cite, such as the famous

Hirota’s method [1], the Backlund and Darboux
transformation  [2-4], Painleve expansions [5],
homogeneous balance method [6], Tacobi elliptic

function [7, 8], extended tanh-function methods [9-11],
extended, F-expansion methods [12-16], vanational
iteration methods [17-20].

Description of Direct Algebraic Method: For a given
partial differential equation

G0, o Uy U Ty ) ()

Our method mainly consists of four steps:

Step 1: We seek complex solutions of Eqg. (1) as the
following form:

w=u(z), =ikt y—ch) @
Where k and ¢ are real constants. Under the
transformation (2), Eq. (1) becomes an ordinary differential
equation

Mu, k', — ikcu’ iku’, — Fu”,...), (3

Where ,_2 .
dz

Step 2: We assume that the solution of Eq. (3) is of the
form

u(z)= ZaiFi (z),

=0

(h

Where a(i = 1,2,..,n) are real constants to be determined
later. F(z) expresses the solution of the auxiliary ordinary
differential equation

Fiz)=b+ F(z), (5)
Eq. (5) admuits the followmng solutions:
i) ~Jbtanh("bz), b0
z)=
—J-bcoth(=bz),  b=0
i) Jbtanh(vbz), b0 (6)
Jhcoth(vbz), b0

F (z):—l, 5=0
z
Integer » in (4) can be determined by considering

homogeneous balance [3] between the nonlinear terms
and the highest derivatives of u(z) m Eq. (3).
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Step 3: Substituting (4) into (3) with (5), then the left hand
side of Eq. (3) is converted into a polynomial in F(z),
equating each coefficient of the polynomial to zero yields
a set of algebraic equations for a, &, ¢.

Step 4: Solving the algebraic equations obtained
m Step 3 and substituting the results into (4),
then we obtain the exact travelling wave solutions for

Eq. (1).

Application for Coupled BLP System: In this section

we consider the coupling Boiti-Leon-Pempinelli

system as

(7)

2
{uty ={u"—u, )xy +2v

vy = v, + 2uv,
We make the transformation (2) and change Eq. (23)
mto an ODE
cu” = —(u® — i) — 2k
—iev' = —kv+ 2iuv'

By itegrating twice of the first equation above and
substituting into the second equation above we obtain

Bu"+ 20+ 3+ u=0 (8)
And

1 i o
Vv =—f+— #-+ oz
173 ij( )

1 i,
vV=—u+— #- +eoukz
2 2k—[( M

Balancing #’ and #” in equation (8), it gives n = 1.
Therefore we may choose

w(z)=al +a, )]

Where F{z) expresses the solution of Eq. (5), a,, ¢, are real
constants to be determined later. Note that the complex
comjugate of I in (6) is equal to F=-F. Hence,
substituting (9) into (8) and setting coefficients of (7 =
0,1,2,3) to zero, we obtain:

F3 2ak®+2a° =0
F*: 6a12a0 + 3(:(112 =0

1. 2 2 2
PO 2k ab + Oayay” + beajay + ey
F 2a03 +3ca02+c2a0 =0

By solving equations above we obtain

at=-k:,  ay=T2kab, < =4k%b

Substituting (10) wto (9) with (6), respectively, we
obtain new exact complex solutions for Eq. (7) as follows:

wy = +ik—b tanh(~—bik(x + y T 2klb1)  2k/b

z=ik(x+ y—ct)= dz = ik{dx+ dy — cdt)

v= i%ikﬁ tanhiv=bik(x+ yF 2kbr) F 2kb +

ij((iikﬁ tanh(N—bik(x+ y F 2kb1) T 25 ) )ik( dx + dy — cdt)) +

ekl B tanh bk e+ 2B+ B Yik(e + dy — ) =

i%z‘kﬁ tanhiv"bik(x+ v F 2hbIN) F 2kIb —

2L 2

1{11n(tanh(ﬁﬂ<(x+y—2«/lzbt))—1)-;1n(tanh(ﬁik(x+y—2\/Ebt))+l)+2Jbe -

%1n(tarﬁ1(ﬁik(x+y-2~,/l€bt))-1)—%ln(tanh(ﬁik(x-s-y—za/lzbt)ﬁ1)+2\/Eby—

¢ In(tanh(vbik(xty-2vkbt)-1) e Inftanh(vbik(x+y-24/kbt)+1) sodEbte

4 Jib 4

Jicb

2ikbtanh(x-bik(x+ y - kb)) 46 Intanh(N—bik(x + y - kb)) -1)

Nars

N-bi
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kb In(tanh(N—bik(x + y— 2/kb1)) - 1) .

Nary
4 1“(’“””1(‘/‘_‘513(1* y= 2R+ 1) b In(tanhN_bik(x 1+ y - 2kb1}) + 1)
my

AfibntanhiN—bik(x+ y— 2Jkbt)) - 1)+

b In{tanhiN—bik(x+ y— kb 1) +1) .° iktanh(N=bik(x+ y - Wkb2))
Ny 2 b
chln(ranh(=biktx+ y- 2Wkbt)-1) | eln(ranhi—Bik(x+ y— 2dFb1) - 1) +

bk
¢ ik In(tank(N=bik(x+ y- Wby - 1) L b In(tank{x=bik(x+ y- WNEb)+1)
4 Ny Ny
cln(ranhiN—Bik(x+ y - 20kb1) + 1) = < i ntanh(N=-bik(x+ y - kb)) + 1)
4 J-b

Where b~ 0 and & 1s an arbitrary real constant.

wy = +ik]—b coth(n—bik(x+ yF 2klb)) T 2kb

Where b~ 0 and & 1s an arbitrary real constant. In this case we obtain v as a previous section.

1y = FikoJb tan(Nbik(x + y T 2kB) F 2k

Where 5> 0 and & 1s an arbitrary real constant.

1y = +ikafb cot(hik(x + y T 2kl F 2kl

Where 5> 0 and & 1s an arbitrary real constant.

1 i
w=—u+—|{u"+cudz
1= Zk—[( )

z=ik(x+yv—ecH= dz = ik(dx+ dy — cdt)

HEPE L PELEE NV ety =
R e A Lol ot LS

1 ; 2 1 1
+o L + 2elnx+ y)— e((——)* + o(— )t
2x+y k| x+y x+y x+y

Where b =0

CONCLUSION This method can be used to many other nonlinear
equations or coupled ones. Tn addition, this method is
We could obtain new kinds of exact complex  also computerizable, which allows us to perform

travelling wave solutions, if we choose wvarious complicated and tedious algebraic calculations

auxiliary ordinary differential equations in our method. computer.
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