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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:
1
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where the nonlinear coefficient 4, the dispersive coefficients B and C, the dissipative coefficient D.

Sort out
2 2 2 2 2
8@ + Ap? a¢+Ba? CGQ)a 4 CGQ)a ¢+D6 Z)+Da ?+D6 Z):O.
ot oz 0z oz ox’ oz oy’ ox oy 0z @)
Let
1
o =u-®
then
p=u’ @
we can get
2 2 3,2 2 42,2 2 A2 2 2.2 2.2 2.2
aL+Au6u +Bau3 +Cau au2 +Cau auz +Dau2 +D5u2 +D8u2 =0
ot 0z 0z 0z Ox 0z Oy ox oy 0z
,(5)
*Corresponding Author: Bingnuo Yang 66 |

Page


javascript:;
javascript:;
http://www.questjournals.org

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

uu, +2 Au’u_ + B(6uzuzz +2uu__ )+ 2Cuu, (Zuxz +2uu  + 2uy2 + 2uuyy)
+2D(Mx2 +uu +uy2 +uu, +u22 +uuzz)= 0. (6)
By admitting the transformation
=x+y+z—kt )
where £ is constant.
Bring it in, we have
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Integrate Eq. (8) once, we obtain

— ku? Jr%Au3 +23((u')2 +uu")+ 8Cuz(u')2 +6Duu =0, (9)

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 7" as u function, the
general form of a nonlinear development equation is obtained by introducing its partial derivative. The form is

as follows:

T(u’ux’ut’uxx’utt ....... )

By admitting the transformation

We get S as a function of u

The solution of the nonlinear development equation is written as follows

”(é/): A, + W(X)Q_Ng , (14)

or
u({)= Ay + AW (x)e™ + AW (x)e o)
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Using Riccati-equation

W,+FW?=0.17)

we have

W(X)=——" a8
FX 1 X,

Where A4p,A1,42,N, E, FandX, are constants.
II1. 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(é’ )or the square,we obtain
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Plugging Egs. (19-26) into Eq. (9) and set the coefficient on constant, e™NW, e 2%W, e MW, e*NW to zero,

we get

constant : —kAO2 +§AAO3 =0, (27

e VW 1 —2kA, +2A4A," +2BAN? —6DAN =0 28
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e 12 44 2B(SFN +24,F? )+ 8C(24,"FN + 24,N° )~ 6DF =0, (30)
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SSNC . 2 _
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.(33)
Using Mathematical, we obtain
2AN
N#0,F=——m
3k . 39
The form of the solution to the equation is as follows
1 -N(x+y+z—kt)
u(x,y,z,t): Ay+———c¢
FX+X, (35)
Plugging Eq. (34) into Eq. (35), we get
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3k
Case 1.When A=3,N=1,k=1, we get F=2.By settingXs~=1,40=1, E = 1, we obtain
( ) . e—(x+y+z—t)
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R 32 b= (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:4 =3, N=1,k=1,F=2,Xo=1,40=1,E
=1l,y=1,z=1.

Wheny=1,z=1, t=1,we have
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=T (39)
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Fig.2. The plot of the soliton solution of Eq. (39) in 2D with values:4 =3, N=1,k=1,F=2,Xo=1,40=1, E
=l,y=1,z=1,t=1.

Wheny=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:4 =3, N=1,k=1,F=2,Xo=1,40=1, E
=l,y=1z=1,x=1.

Case 2.When A=3,N= 2 k=2, we get F= 2.By settingX;=1,40=1, E = 1, we obtain

u(x z t)— 3
Vs 2,l)= 3_6—2(x+y+z—2t) ’ (41)
When y =1, z= 1,we have
3
u(xa t) = 3_ e—2(x—2t+2) . @2)
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Fig.4. The plot of the soliton solution of Eq. (42) in 3D with values:A =3, N=2, k=2, F=2,Xo=1,40=1, E

=1,y=1,z=1.
Wheny=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:4 =3, N=2, k=2, F=2,Xo=1,40=1, E
=l,y=1,z=1,t=1.

Wheny=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,Xo=1,40=1, E

=l,y=1z=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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