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Abstract. The Schamel-Zakharov-Kuznetsov-Burgers’ (SZKB) equation is derived from the basic equation of
long wave approximation in the dynamics of small and finite ionic acoustic shock waves in plasma. In this
paper, the new exact solutions of SZKB equation, a nonlinear equation in plasma, will be solved by using
Paul-Painlev´e approach (PPA) method. This study will enrich the theory and connotation of plasma research
by studying such nonlinear equation in plasma.
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I. Introduction
In order to investigate the dynamics of small but finite amplitude ion-acoustic shock wave in our

plasma, we derive the SZKB equation from the basic equations in the long-wave approximation [1].A lot of
scholars have done a lot of research on this equation [2-4]. By introducing the stretched space and time
variables, we obtain the following (3+1)- dimensional SZKB equation for the first approximation of the
electrostatic wave potential [5]. The form is as follows:
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where the nonlinear coefficient A, the dispersive coefficients B and C, the dissipative coefficient D.
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By admitting the transformation

ktzyx  , (7)

where k is constant.
Bring it in, we have
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Integrate Eq. (8) once, we obtain
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II. Analytical methods
In the following section, the analysis method is briefly introduced [6-7].

2.1. PPA method

In order to present the general form of the nonlinear development equation, introduce T as u function, the
general form of a nonlinear development equation is obtained by introducing its partial derivative. The form is
as follows:

  0,,,, ,...... ttxxtx uuuuuT
. (10)

By admitting the transformation
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ktx  . (12)

We get S as a function of u
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The solution of the nonlinear development equation is written as follows
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Using Riccati-equation
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we have
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Where A0,A1,A2,N, E, FandX0 are constants.

III. Application
In this part, we will apply PPA method as the new idea to solve the SZKB equation. When these variables

take a specific value, we can get new traveling wave solution.

3.1 Application of PPA method

Calculation Eq. (14) get the partial derivative with respect to  u or the square,we obtain
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Plugging Eqs. (19-26) into Eq. (9) and set the coefficient on constant, e-NζW, e-2NζW, e-3NζW, e-4NζW to zero,
we get
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Using Mathematical, we obtain
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The form of the solution to the equation is as follows
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Plugging Eq. (34) into Eq. (35), we get
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Case 1.When A=3,N=1,k=1, we get F=2.By settingX0=1,A0=1, E = 1, we obtain

 
 

 tzyx

tzyx

tzyxu 







e23
e3,,,

. (37)

When y = 1, z = 1,we have
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Fig.1. The plot of the soliton solution of Eq. (38) in 3D with values:A = 3, N = 1, k = 1, F = 2, X0 = 1, A0 = 1, E
= 1, y = 1, z = 1.

When y = 1, z = 1, t = 1,we have
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Fig.2. The plot of the soliton solution of Eq. (39) in 2D with values:A = 3, N = 1, k = 1, F = 2, X0 = 1, A0 = 1, E
= 1, y = 1, z = 1, t = 1.

When y = 1, z = 1, x = 1,we have
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Fig.3. The plot of the soliton solution of Eq. (40) in 2D with values:A = 3, N = 1, k = 1, F = 2, X0 = 1, A0 = 1, E
= 1, y = 1, z = 1, x = 1.

Case 2.When A=3,N= 2,k= 2, we get F= 2.By settingX0=1,A0=1, E = 1, we obtain

   tzyxtzyxu 22e3
3,,, 


, (41)

When y = 1, z = 1,we have

   222e3
3, 

 txtxu
. (42)



New exact solutions of Schamel-Zakharov-Kuznetsov-Burgers’ equation in plasma

*Corresponding Author: Bingnuo Yang 71 |
Page

Fig.4. The plot of the soliton solution of Eq. (42) in 3D with values:A = 3, N = 2, k = 2, F = 2, X0 = 1, A0 = 1, E
= 1, y = 1, z = 1.

When y = 1, z = 1, t = 1,we have
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Fig.5. The plot of the soliton solution of Eq. (43) in 2D with values:A = 3, N = 2, k = 2, F = 2, X0 = 1, A0 = 1, E
= 1, y = 1, z = 1, t = 1.

When y = 1, z = 1, x = 1,we have
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Fig.6. The plot of the soliton solution of Eq. (44) in 2D with values:A = 3, N = 2, k = 2, F = 2, X0 = 1, A0 = 1, E
= 1, y = 1, z = 1, x = 1.

IV. Summary
In this work, the exact solution of SZKB equation was obtained by using PPA method. The exact

solution obtained is new compared with the previous one, and the mathematical software is used to simulate the
new exact solution. In summary, the above one method extend the solution of SZKB equation and carry out
numerical simulation.
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