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Abstract. In this article, we obtain some new travelling wave solution of the coupled nonlinear
Maccari's system. The purpose of this article is to research new exact travelling wave solutions of
the coupled nonlinear Maccari's system by applying to the Modified Trial Equation Method
(MTEM). This method is very efficient and suitable for solving nonlinear differential equations
and system of equations. The solutions that we find have not in the literature until recently.
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1. Introduction

The differential equations are widely wused in modeling physical
phenomenons, fluid dynamics, biology, chemistry and so on. It's not easy to
obtain the analytical solutions of nonlinear differential equations that describe
mathematical models. In the literature, there are many effective analytical and
numerical methods improved by researchers such as the Kudryashov Method, the
(G'/G) -expansion method, the modified simple equation method, the modified
sine-cosine method, homotopy perturbation method, homotopy analysis method,
extended trial equation method and so on [4-8,11,13-15, 18].

The purpose of this article is to put into practice MTEM to construct the
new exact travelling wave solutions for the coupled nonlinear Maccari's system.
Maccari's system is a kind of nonlinear evolution equations that are often
presented to describe the motion of the isolated waves, localized in a small part of
space, in many fields such as hydrodynamic, plasma physics, nonlinear optic, and
so on. Some types of Maccari system have been investigated lots of researchers
[1-3, 9, 12]. Zhang used Exp-function method for seeking exact solutions of
Maccari's system [19]. The first integral method is applied to the coupled
nonlinear Maccari's system to obtain exact solution [17]. The novel (G'/G)-
expansion method has been studied for finding the exact solutions of the (2+1)-
dimensional coupled integrable nonlinear Maccari system [10]. In [16], the new
extension of the (G'/G)-expansion method for solving the coupled nonlinear
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Maccari’s system is given and thus hyperbolic function solutions, trigonometric
function solutions and rational function solutions have been obtained.

2. Fundamental facts of the modified trial equation method

The modified trial equation method (MTEM) consists of four steps. In this

sub-section we present these steps.
Step 1. We consider partial differential equation in two variables and a dependent
variable u:

P(u,u,,u,,u,,u
and take the wave transformation,

u(x,t) =u(é), & =kx—ct, (2
where k and ¢ are constants can be determined later. By substituting equation (2)
into equation (1), a nonlinear partial differential equation (NODE) is converted as
following:

wo++) =0, 1)

NU,UuU”"u"..)=0. (3)
Step 2. Take trial equation as follows:

au'
,_F(U)_; ! _a0+alu+a2u2+...+anun
_G(U)_ I . b +bu+b ul+---+bu"’
Zobj“J 0 2 !
j=

(4)

F(u)(F'(u)Gu)-Fu)G'(u)) )
G*(u) ’
where F(u) and G(u)are polynomials. Substituting above relations into (3)
yields an equation of polynomial Q(u) of u:
Q)= pU° +---+ pu+ p, =0. (6)
According to the balance principle, we can get a relationship between n

and |. We can compute some values of n and I.
Step 3. Let the coefficients of Q(u) all be zero will yield a system of the

algebraic equations

U"=

p.=0i=012---s @)
By solving this system, we will thus determine the values of
a,,8,,...,a andby,b,....b.
Step 4. Reduce (4) to the elementary integral form,

()= [ F o ®
Using a complete discrimination system for polynomial of F(u), we solve

Equation (8) with the help of Mathematica 9 and classify the exact solutions to
Equation (3). For better explication of results obtained in this way, we can plot
two and three dimensional surfaces of the solutions obtained by using suitable
parameters.
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3. Application

We consider the coupled nonlinear Maccari’s system [16] described as
follows:

iIQ +Q,, +RQ =0,

iS, +S,,+RS =0,

iN, +N,, + RN =0, ©)
R+Ry+(|Q+S+N|2)X:0.

In order to research exact solution of system (9), we apply following
transformations,

Q(x, y,t) =u(x, y,tye*er,
S(X, y,t) = V(X, y,t)eik(kx+ay+lt+l)’ (10)
N(X, y,t) = w(x, y,t)e" e,

where k «a, | and A are constants to be determined later, | is an arbitrary
constant. Substituting Egs. (10) into system (9) and using the transformation

u=U(&),v=V(&),w=W(¢&),R=R(&),&=x+By—2kt, (11)
where £ is a constant, we perform required arrangement, system (9) becomes as
follow:
141 +1,)
U"—(2+Kk*)U (+n+n) U®=0. (12)
S -2k
According to balance principle highest order nonlinear terms of U”and U?®in
(12), we get the following relationship
2n-21-1=3=n=1+2 (13)

This resolution procedure is performed and we can obtain some analytical
solutions as follows.
Casel. If we take 1 =1, n=3 we have

Fu)_ &% & raurau’+ays’

UI:G(U)= I b.u b, +byu , -
e FO)(F/(1) 6(1)=F (1) &'(u)
G*(u)
_(a1+2a2u +3a3u2)[(a1+2a2u +3a3u2)(b0+blu)—(a1+2azu +3a3u2)(bl)J
‘ (b, +bu) |
(15)
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where a, #0and b, #0. When we use U’and U"in (12), we get a system of

algebraic equations for (12). Solving this system (12) by using Wolfram
Mathematica 9 yields the following coefficients

_ —ib, (1+1,+1,)

Jak—2p

16
k?b,\/2k — B +iv2a, (1+1, +1,) (19)
A= ,a,=0,a,=0,b, =0.
1/Zk - pb
By considering Eq.(15) for Eq.(8), we have
u+b,
+(u—1) = DU by du. 17)

au’+a,u®+au+a,
Integrating Eq.(17) with Eq.(16) by using Wolfram Mathematica 9, and then, by
doing some simplifications such as 7, =0, we obtain the solution in the form of
complex trigonometric function to the Eq.(9) as following:

u(x, y,t)=\/a1— V4K =25 Tanli \/‘iaibl(l”l”z)]. (18)

—ib (1+1r,+1,) b, Jak-2p

Substituting Eg. (18) into system (10) we have the functions of
Q(x,y,t),S(xy,t), N(x,y,t)and also R(x,y,t).

Figurel. The 3D graphics that have been hold by Eq.(18) for
a=0.02, 21=0.03, 1=0.04, k=1, £=0.01 t=0.01,

n=05r=09 -15<x<15 0<y<5.
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Figure2. The 2D graphics that has been hold by Eq.(18) for
a=0.02, 1=0.03, 1=0.04, k=1, f=0.01, t=y=0.0,

=05 1,=09 -15<x<15, 0<y<5.

3. Conclusion

In this article, the modified trial equation method has been successfully
applied to the coupled nonlinear Maccari's system. We have found new travelling
wave solutions to Eq.(9). We have given some figures to describe the behavior of
the obtained solutions of Eq. (9). According to these results, this method is
reliable and effective for these models.
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