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Abstract

In this paper, the generalized Davey-Stewartson system of partial differential equa-
tions are studied and a solitary wave solution is developed using the modified sim-
ple equation method. This method provides a new temporal soliton solution of the
system.
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1. Introduction

The Non Linear Partial Differential Equations (NLPDEs) are extensively used in mathe-
matical models of biology and physics. Many methods for solving the nonlinear evalua-
tion equations, such as Modified Simple Equation Method (MSEM) [10, 15], Differential
Transformation Method (DTM) [1], has been introduced in the last decade. The other
methods include the sine-cosine method [18, 2], exponential function method [9], sn-ns
method [12]. There are some other methods also discussed in literature. In these meth-
ods, a partial differential equation is transformed into a ordinary differential equation
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through the traveling wave approximation. Finally, a reverse approximation is used to
determined the solution to the original problem.

The Devay-Stewartson system of partial differential equations is classified into in-
tegrable and non integrable partial differential equations [8, 7]. At the same time, these
equations are also categorized into the four types of partial differential equations. The

solution of particular DS systems (DS-II) are developed by
G′

G
expansion method [19],

power law non linearity [6] methods etc. The existence of the generalized solution of the
system is granted in [5], and estimation of the rough waves produced by the system is
taken into account in [11], and special solutions are developed in [4]. The phenomenon
of the production of excitation and solitary solutions are considered into [13, 14, 16, 17].

In this paper, the generalized davey-stewartson system of partial differential equation
[3] is considered and the exact solutions are explored with the method of modified simple
differential equation method. This system of partial differential equation is written as

iut + δuxx + uyy + λ | u |2 u − vxu = 0 (1.1)

αvxx + vyy + γ (| u |2)x = 0 (1.2)

where δ, λ = ±1 and α may be positive or negative according to the system and γ > 0.
The complex valued function u(x, y, t) describe the amplitude of the wave and v(x, y, t)

describe the mean flow of the wave phenomena. This system of equations is classified
into four classes depending on the nature of and range of constants δ and α.

This paper is arranged as, the Section 2 describes the method of modified simple
equation method in brief. The solution of the DS system is developed in section 3 and
Section 4 consist of the interpretation of the soliton solutions of the DS-system and
Section 5 concludes the paper.

2. Description of the Modified Simple Equation Method

Let a Non-Linear Partial Differential Equation (NLPDE) is written as

F(u, ut , ux, uy, . . . , u) = 0 (2.1)

This method is discussed in [10], the method consist of the following four steps.

Step-1 First of all use the transformation Z = x + y ± t . This transformation converts
the above equation into a simple non linear ODE, described as

P(u, ut , ux, uy, . . . , u) = 0 (2.2)

Step-2 Let us consider the

u =
N∑

k=0

Ak

(
G

′

G

)k

(2.3)
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be the solution, where N is any positive integer, and A0, A1, . . . , AN be the con-
stants and G is a function of variable z. All these variables and constants have to
be determine latter.

Step-3 Find N and determine the required derivatives of u. The method of determining
the quantity N is based on homogenous balance principal and linearly ordered
differential equation theory.

Step-4 Put all the above values in equation 2.2. It is assumed that the traveling wave
solution is expressed by a polynomial in G. Equate all the coefficients of G and its
powers to zero. Solve the resultant system of algebraic equations and determine
the values of A0, A1, . . . , AN and G. Put these values in the solution.

3. The solution of Davey-Stewartson System

Let us consider the DS-system of partial differential equation

iut + δuxx + uyy + λ | u |2 u − vxu = 0 (3.1)

αvxx + vyy + γ (| u |2)x = 0 (3.2)

Let us use the substitution z = x + y − t this converts the Eq(3.1) and Eq(3.2) into the
equations of ODEs as

−iu
′ + δu

′′ + u
′′ + λ | u |2 u − v

′
u = 0 (3.3)

αv
′′ + v

′′ + γ (| u |2)′ = 0 (3.4)

By simplifying and integrating the Eq. (3.4)

v
′′ = −γ

α + 1
(| u |2)′ ⇒ v

′ = −γ

α + 1
(| u |2) (3.5)

Put the value of v
′
into the Eq. (3.3), we obtain

−iu
′ + (δ + 1)u

′′ + λ | u |2 u + γ

α + 1
u3 = 0 (3.6)

(δ + 1)u
′′ − iu

′ + (λ + γ

α + 1
)u3 = 0 (3.7)

Let Eq. (2.3) be the solution of the system, first of all, we have to determine the positive
integer N . By balancing the highest order derivative and the nonlinear terms, we obtained
N = 1, then the solution becomes

u =
1∑

k=0

Ak

(
G

′

G

)k

or u = A0 + A1

(
G

′

G

)
. (3.8)
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By differentiating this equation for the required derivatives of u, simplifying the Eq. (3.7,
3.8) and put the coefficients of G0, G−1, G−2 and G−3 equal to zero,we get the following
algebraic system of equations.

A3
0 = 0 (3.9)

(δ + 1)A1G
′′′ − iA1G

′′ + 3A2
0A1

(
λ + γ

α + 1

)
G

′ = 0 (3.10)

3A0A
2
1

(
λ + γ

α + 1

)
(G

′
)2 + iA1(G

′
)2 − 3A1(δ + 1)G

′
G

′′ = 0 (3.11)

A1(G
′
)3

[
2(δ + 1) +

(
λ + γ

α + 1

)
A2

1

]
= 0 (3.12)

Now A1 �= 0, and from the equation (3.12), we get

A1 = ±
√

−2(α + 1)(δ + 1)

λ(α + 1) + γ
(3.13)

The quantity A1 becomes zero for α = −1 or δ = −1, Simplifying the equations (
3.9,3.10,3.11), we get

G
′′′ + 1

3(δ + 1)2
G

′ = 0 (3.14)

Solution of this equation can be written as

G
′
(z) = C1 cos(k1z) + C2 sin(k1z) (3.15)

where C1 and C2 are constants of integration and constant term k1 is represented as

k1 =
√

1

3(δ + 1)2
(3.16)

and by integrating equation (3.15), we get

G(z) = C1

k1
sin(k1z) − C2

k1
cos(k1z) (3.17)

From equation (3.8, 3.15) and (3.17), we get

u(x, y, t) = A1k1[C1 cos(k1(x + y − t)) + C2 sin(k1(x + y − t))

C1 sin(k1(x + y − t)) − C2 cos(k1(x + y − t))
] (3.18)

After solving the equation (3.4) and equation (3.18)

V (x, y, t) = −2A2
1k

2
1

arctan(k2)[C2
2k2

2 − C2
2 + 2C1k2] + k2(C

2
1 + C2

2)

(2k2 + k2
2 − C2)k1C2

(3.19)

where k2 is defined as k2(x, y, t) = tan

(
k1

2
(x + y − t)

)
. This complex integral is

solved with the help of soft wear Maple.
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4. Interpretation of the Davey-Stewartson System of Equations

In this section, we describe the DS-systems for the multiple parameters. The solution
diverges for δ = α = −1, due to the definition of A1andk1 in equations Eq. (3.13) and
Eq. (3.16). We propose to use the value of the parameter other than −1. According to
the value of parameters, these equations can be classified into the following four classes.
Numerical computations are computed for a fixed parameters γ = 0.005

Hyperbolic - Hyperbolic Case: The Davey-Stewartson system of equation represents
Hyperbolic - Hyperbolic type of the system of differential equations when the
parameters are adjusted in such a way that (δ, α) = (−, −). The graphical repre-
sentation of the soliton for the δ = α = 0.99 is represented in figure (1).

Figure 1: Family of temporal soliton in equation(3.18 and 3.19) for a fixed y = 0.005.

Hyperbolic - Elliptic Case: The Davey-Stewartson system of equation represents Hy-
perbolic - Hyperbolic type of the system of differential equations when the param-
eters are adjusted in such a way that (δ, α) = (−, +). The U(x, y, t) is a complex
valued function. The graphical representation of the soliton for the δ = α = 0.99

Figure 2: Family of temporal soliton in equation(3.18 and 3.19) for a fixed y = 0.005.

Elliptic - Hyperbolic Case: The Davey-Stewartson system of equation represents Hy-
perbolic - Hyperbolic type of the system of differential equations when the pa-
rameters are adjusted in such a way that (δ, α) = (+, −). The function U(x, y, t)
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is a complex valued function. The graphical representation of the soliton for the
δ = α = 0.99

Figure 3: Family of temporal soliton in equation(3.18 and 3.19) for a fixed y = 0.005.

Elliptic - Elliptic Case: The Davey-Stewartson system of equation represents Elliptic
- Elliptic type of the system of differential equations when the parameters are
adjusted in such a way that (δ, α) = (+, +). The U(x, y, t) represents the complex
valued function. The graphical representation of the soliton for the δ = α = 0.99

Figure 4: Family of temporal soliton in equation(3.18 and 3.19) for a fixed y = 0.005.

5. Conclusion

In this paper, the temporal soliton solution of the generalized DS- system of partial
differential equations is obtained by the modified simple equation method. These soliton
solutions are important to explain the physical phenomenon in physics and evolutionary
mathematics, where the energy moves in packets.
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