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Abstract - This article discusses the (2+1)-dimensional case of the Zakharov-Kuznetsov (ZK) equation. The 

(2+1)-dimensional ZK equation is primarily used to describe wave propagation phenomena in multi-dimensional media. In 

plasma, liquids, or gases, waves may be influenced by multiple elements. Due to nonlinear effects, the propagation speed, 

shape and interactions of these waves become complex. We have obtained a variety of exact solutions of the (2+1) 

dimensional ZK equation by using two effective methods: the improved extended tanh function method and the modified 

Kudryashov method. The forms of the solutions include exponential solutions, logarithmic solutions, hyperbolic solutions 

and trigonometric solutions. In addition, by selecting appropriate parameter values,we have plotted three-dimensional and 

two-dimensional images to illustrate the physical behavior of the exact solutions. 

Keywords - (2+1)-dimensional ZK equation. Wave solution. Modified extended tanh-function method. Modified 

generalized Kudryashov method. 

1. Introduction  

The Korteweg de-Vries (KdV) equation is provided by 

,0=++ xxxxt uauuu                         (1.1) 

Where a is an arbitrary constant and the commonly used constants are 1=a  and 6=a . The KdV equation[1-4] 

models various nonlinear phenomena, including ion acoustic waves in plasma and shallow water waves. Many equations 

describing water waves have been derived from the KdV equation, which we refer to as a family of KdV-type equations. 

For example, the modified KdV (mKdV) equation[5,6] serves as a model for the evolution of nonlinear plasma waves, the 

Kadomtsev-Petviashvili (KP) equation[7-9] is used to study small amplitude long ion acoustic waves, and the 

Benjamin-Bona-Mahony (BBM) equation[10-12] describes the unidirectional propagation of weak long dispersive waves 

in inviscid fluids.  

 

It is essential to study the dynamic processes and solution forms of such nonlinear evolution equations (NLEEs), as 

they can be applied not only in oceanography, nonlinear optics and fluid mechanics, but also in solid-state physics, geology, 

thermodynamics, and more. Common methods include: the inverse scattering method [13,14], the Hirota’s bilinear method 

[15-18], the Jacobi elliptic functions method [19-22], the extended )/'( GG -expansion method [23], the Sinh-Gordon 

expansion method [24,25], the F-expansion method [26,27], the )))((exp( −  expansion method [28-30], the 

http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Wuming Li & Haoying Zuo / IJMTT, 71(3), 1-15, 2025 

 

2 

generalized Kudryashov method [31-34], the new 6 -model expansion method [35], the sine-cosine method [36,37], the 

first integral method[38] and so on [39-42]. These methods transform the NLEEs into ordinary differential equations (ODE) 

and numerical computations using tools like Maple or Mathematica can also assist in the solutions. 

 

This paper focuses on the Zakharov-Kuznetsov (ZK) equation [43,44], written as  

,0)( 2 =++ xxt ubauuu                         (1.2) 

Where 2222

zyx ++=  is the isotropic Laplace operator. Eq (1.2) is an extension of the KdV equation. The ZK 

equation governs the behavior of weakly nonlinear ion acoustic waves in a plasma composed of cold ions and thermally 

isothermal electrons under uniform magnetic field. The ZK equation is a more isotropic equation, originally derived to 

describe weakly nonlinear ion acoustic waves in two-dimensional strongly magnetized lossless plasma. Unlike the KP 

equation, the ZK equation cannot be integrated using the inverse scattering transform method. 

The (2 + 1)-dimensional ZK equation is given by 

.0)( =+++ xyyxxxt uubauuu                      (1.3) 

Where the coefficients a and b are nonzero constants and are related to the physical parameters of plasma, typically 

associated with temperature, density and other state variables. Specifically, the derivative tu  characterizes the time 

evolution of the wave propagating in one direction, the nonlinear term xuu describes the steepening of the wave, 

xxxbu represents spatial dispersion and yyxbu  denotes the cross-dispersion effect. The (2+1)-dimensional ZK equation 

has wide applications in many fields, such as analyzing multidimensional plasma wave phenomena in plasma physics, 

studying multidimensional fluid waves and vortices in fluid mechanics, modeling wave propagation in oceans and assisting 

in predicting wave behavior in ocean engineering, and describing the propagation of sound waves in complex 

environments in acoustics. The (2+1)-dimensional ZK equation is an important component of nonlinear wave theory. By 

studying this equation in detail, a deeper understanding of the characteristics and behaviors of multidimensional waves can 

be achieved, which is significant for relevant wide scientific research and engineering applications. 

 

The rest of this paper is organized as follows. Section 2 introduces the modified extended tanh-function method 

[45-47]; Section 3 introduces the modified generalized Kudryashov method [48]; Section 4 presents a variety of new exact 

solutions for the (2+1)-dimensional ZK equation using the methods mentioned above; Section 5 provides graphical 

representations of the obtained solutions and their physical interpretations; Section 6 offers a brief conclusion.  

 

2. The Modified Extended Tanh-Function Method  

In this section, the following general NLEE is written as  

， 0),,,,,( =xxyxt uuuuuF
                     

(2.1) 

Where F is a function of ),,( tyxu  and its own derivatives. Using the wave transformation  

 

,  ),,,()( ctmyxtyxug ++== 
                   

(2.2) 
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Eq. (2.1) can be converted into an ordinary differential equation (ODE), given as 

.0),,,,( = ggggF
                      

(2.3) 

Based upon the modified extended tanh-function method, the solution of Eq. (2.3) is supposed having the form of  

( ).)()()(
1

0 
=

−++=
M

i

i

i

i

i HbHaag 
                

(2.4) 

Where 
ia  and 

ib  are constants to be determined later and the M is a positive integer obtained by the balance 

principle. The )(H  satisfies the following ODE 

,0)()(' 2 =−−  HH
                       

(2.5) 

Where   is a constant to be determined later. The solution of Eq. (2.5) is written as follows according to the sign of 

the parameter  .  

 

When ,0  we have 

),tanh()(  −−−=H                    (2.6) 

).coth()(  −−−=H                    (2.7) 

When ,0  we have 

),tan()(  =H
                     

(2.8) 

).cot()(  −=H
                     

(2.9) 

When ,0=  we have 

.
1

)(


 −=H

                          

(2.10) 

Inserting Eq. (2.4) into Eq. (2.3) and rearranging the terms, and further setting all coefficients of the same 

),,2,1,0(  ),( MjH j =  power to zero. Then by using Maple program, the algebraic equations are solved to obtain the 

values of the unknowns, the exact solutions of Eq. (1.3) can be obtained. 

 

3. The Modified Generalized Kudryashov Method  

As in the previous section, a wave transformation is performed to convert the NLEE into an ODE. The modified 

generalized Kudryashov method assumes the solution has the following form 


= +

=
M

j
j

j

H

s
g

0

,
))(1(

)(


                          (3.1) 

Where Msss ,, 10  are constants to be determined later, and the M is a positive integer obtained by the balance 

principle. Furthermore, the function )(H  satisfies the following ODE 

),()()(' 2  HHH ++=                       (3.2) 
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Where  ,  and  are real constants. Solving the Eq. (3.2) yields the following three cases: 

When  ,  are arbitrary constants and 0 , the following solution is obtained,written as   

.
2

4)(
2

1
tan4

)(

22







−







−+−

=

E

H              (3.3) 

When ,0= 0 and  is an arbitrary constant, the solution of Eq.(3.2) is given as  

.
1

)(
)(

)(

−
−=

+

+










E

E

e

e
H                          (3.4) 

When   is an arbitrary constant, 0  and 0= , the solution of Eq.(3.2) is written as  

.)(
)(






 −
=

+Ee
H                            (3.5) 

In the expressions mentioned above E is a constant of integration. 

 

Inserting Eq. (3.1) into Eq. (2.3) and rearranging the terms, and furthermore setting all coefficients of the same )(H  

power to zero. Then by using Maple program, the algebraic polynomial is solved to obtain the values of the unknowns, the 

exact solutions to Eq. (1.3) are obtained. 

 

4. Application of the Above Methods  

For the (2+1)-dimensional ZK equation, the following wave transformation is used and written as 
 

,  ),,,()( ctmyxtyxug ++== 
                     

(4.1) 

which convert Eq. (1.3) into the ODE  

.0'')1(
2

1 22 =+++ gmbagcg                       (4.2) 

Balancing Mg 22 =  with 2'' += Mg  gives ,2=M  the following exact solutions are derived. 

4.1. Using the Modified Extended Tanh-Function Method  

By taking ,2=M  Eq. (2.4) is written in the following form 

.
)()(

)()()(
2

212

210



H

b

H

b
HaHaag ++++=

             
(4.3) 

Substituting Eq. (4.3) into Eq. (4.2) and using the Eq. (2.5), collecting the coefficients of the same powers of )(H and 

making them equal to zero, the following system of algebraic equations is obtained, written as 

2

2

22

2 6
2

1
60 baaaabm ++=  

1211

2 220 baaaaabm ++=  

22

2

1202

2 8
2

1
80 cabaaaaaaabm ++++=   

1112101

2 220 cababaaaaaabm ++++=   

022211

2

02

2

2

2

2

22 2
2

1
2220 cabbbaabaaaabbmbaabm +++++++=   

1121101

2 220 cbbbbaabaabbm ++++=   
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22

2

1202

2 8
2

1
80 cbbbabbaabbm ++++=   

211

2

1

22 220 babbbbbm ++=   

2

22

2

2

22

2

1
660 abbbbbm ++=   

Here the unknowns are 
21210 ,,,, bbaaa and c . Using Maple program, the following six cases are obtained. 

Case 1 

).1(4 ,0 ,0 ,
)1(12

 ,0 ,
)1(4 2

21

2

21

2

0 +−===
+

−==
+

−= mbcbb
a

mb
aa

a

mb
a 


 

For 0 ,0  a , the solution of Eq.(1.3) has the following forms 

)),)1(4((tanh
)1(12)1(4 22

22

1.1 tmbmyx
a

mb

a

mb
g +−+−

+
+

+
−= 


   (4.4) 

)),)1(4((coth
)1(12)1(4 22

22

2.1 tmbmyx
a

mb

a

mb
g +−+−

+
+

+
−= 


   (4.5) 

For 0 ,0  a , the solutions of Eq.(1.3) are written as 

)),)1(4((tan
)1(12)1(4 22

22

3.1 tmbmyx
a

mb

a

mb
g +−+

+
−

+
−= 


     (4.6) 

)),)1(4((cot
)1(12)1(4 22

22

4.1 tmbmyx
a

mb

a

mb
g +−+

+
−

+
−= 


     (4.7) 

Case 2 

).1(4,0,0,
)1(12

,0,
)1(12 2

21

2

21

2

0 +===
+

−==
+

−= mbcbb
a

mb
aa

a

mb
a 


 

For 0 ,0  a , the solutions of Eq.(1.3) are obtained and given as 

)),)1(4((tanh
)1(12)1(12 22

22

1.2 tmbmyx
a

mb

a

mb
g +++−

+
+

+
−= 


   (4.8) 

)),)1(4((coth
)1(12)1(12 22

22

2.2 tmbmyx
a

mb

a

mb
g +++−

+
+

+
−= 


   (4.9) 

For 0 ,0  a , the solutions of Eq.(1.3) are written as follows 

)),)1(4((tan
)1(12)1(12 22

22

3.2 tmbmyx
a

mb

a

mb
g +++

+
−

+
−= 


    (4.10) 

)),)1(4((cot
)1(12)1(12 22

22

4.2 tmbmyx
a

mb

a

mb
g +++

+
−

+
−= 


    (4.11) 
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Case 3 

).1(16,
)1(12

 ,0 ,
)1(12

 ,0 ,
)1(8 2

22

21

2

21

2

0 +−=
+

−==
+

−==
+

= mbc
a

mb
bb

a

mb
aa

a

mb
a 


For 

0 ,0  a , the solution of Eq.(1.3) is given as follows 

)),)1(16((coth
)1(12

)))1(16((tanh
)1(12)1(8

22
2

22
22

1.3

tmbmyx
a

mb

tmbmyx
a

mb

a

mb
g

+−+−
+

+

+−+−
+

+
+

=







    (4.12) 

For 0 ,0  a , the solution of Eq.(1.3) is obtained, written as  

)),)1(16((tan
)1(24)1(8 22

22

2.3 tmbmyx
a

mb

a

mb
g +−+

+
−

+
= 


     (4.13) 

Case 4 

).1(16,
)1(12

 ,0 ,
)1(12

 ,0 ,
)1(24 2

22

21

2

21

2

0 +=
+

−==
+

−==
+

−= mbc
a

mb
bb

a

mb
aa

a

mb
a 


 

For 0 ,0  a , the solution of Eq.(1.3) is given as 

)),)1(16((coth
)1(12

)))1(16((tanh
)1(12)1(24

22
2

22
22

1.4

tmbmyx
a

mb

tmbmyx
a

mb

a

mb
g

+++−
+

+

+++−
+

+
+

−=







   (4.14) 

For 0 ,0  a , the solution of Eq.(1.3) is written as 

)),)1(16((tan
)1(24)1(24 22

22

2.4 tmbmyx
a

mb

a

mb
g +++

+
−

+
−= 


    (4.15) 

Case 5 

).1(4 ,
)1(12

 ,0 ,0 ,0 ,
)1(4 2

22

2121

2

0 +−=
+

−====
+

−= mbc
a

mb
bbaa

a

mb
a 


 

For 0 ,0  a , the solutions of Eq.(1.3) are given as 

)),)1(4((coth
)1(12)1(4 22

22

1.5 tmbmyx
a

mb

a

mb
g +−+−

+
+

+
−= 


   (4.16) 

)),)1(4((tanh
)1(12)1(4 22

22

2.5 tmbmyx
a

mb

a

mb
g +−+−

+
+

+
−= 


   (4.17) 

For 0 ,0  a ,the solutions of Eq.(1.3) are written as 

)),)1(4((cot
)1(12)1(4 22

22

3.5 tmbmyx
a

mb

a

mb
g +−+

+
−

+
−= 


    (4.18) 
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)),)1(4((tan
)1(12)1(4 22

22

4.5 tmbmyx
a

mb

a

mb
g +−+

+
−

+
−= 


    (4.19) 

For 0= , the solution of Eq.(1.3) is 

.05.5 =g                               (4.20) 

Case 6 

).1(4 ,
)1(12

 ,0 ,0 ,0 ,
)1(12 2

22

2121

2

0 +=
+

−====
+

−= mbc
a

mb
bbaa

a

mb
a 


 

For 0 ,0  a , the solutions of Eq.(1.3) are given as 

)),)1(4((coth
)1(12)1(12 22

22

1.6 tmbmyx
a

mb

a

mb
g +++−

+
+

+
−= 


   (4.21) 

)),)1(4((tanh
)1(12)1(12 22

22

2.6 tmbmyx
a

mb

a

mb
g +++−

+
+

+
−= 


   (4.22) 

For 0 ,0  a , the solutions of Eq.(1.3) are written as 

)),)1(4((cot
)1(12)1(12 22

22

3.6 tmbmyx
a

mb

a

mb
g +++

+
−

+
−= 


    (4.23) 

)),)1(4((tan
)1(12)1(12 22

22

4.6 tmbmyx
a

mb

a

mb
g +++

+
−

+
−= 


    (4.24) 

For 0= , the solution of Eq.(1.3) is 

.05.6 =g                              (4.25) 

4.2. Using the Modified Generalized Kudryashov Method  

By taking 2=M , Eq. (3.1) becomes 

,
))(1()(1

)(
2

21
0




H

s

H

s
sg

+
+

+
+=               (4.26) 

Substituting Eq. (4.26) into Eq. (4.2) and using the Eq. (3.2), and furthermore collecting the coefficients of the same 

powers of )(H  and making them equal to zero, the following systems of algebraic equations are obtained and written 

as 

0

2

02

2

12

22

1

22

1

2 2424420 csassbsbsbmsbmsmb ++−++−=   

2

22

1

22

1

22

121

0

2

01

2

101

2

2

2

1

2

2

2

84)2(24122

8442)2(212480

sbmsbmsbmsbbscs

csassbsasbssmbsmbsb





−−++−++

++−++++−−=
 





2

2

1

2

1

2

2

2

210

2

1

2

01102012

22

2

1266)2(82612

66626)2(8120

sbmsbmsbmbscscscs

asasbssassasbssbmbs

−−++++++

++−+++++−=
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2

22

1

22

2

1

2

12210

2

1

2

01

2

212010

2

12

2

1

2

2

2

)2(4)2(2

442046824)2(2

2464204)2(40

sbmsbm

sbmbsbscscscsasasbs

sassassasbssbmsbmbs







+−+−

+++++++++−

+++++++−=

 

210

2

221

2

12010

2

0

2

2

2

121

2

2

22

1

2

2

2

1

2

22222212

442124420

cscscsassasassassasasbs

bsbsbssbmsbmsbmsbm

++++++++++

+−−++−−=




 

The unknowns are 
210 ,, sss and c . Using Maple program, the following two cases are obtained. 

Case 7 

.
)222)(1(12

,
))(22(12

,
)626626(2

),44(

2222

2

22

1

22222222

0

2222

a

mb
s

a

mmb
s

a

mmmmb
s

mmbc









+++−−+
−=

−−−+−
=

++−+++−
−=

−+−=

 

Therefore, the solutions of Eq.(1.3) are written as  

2

2222

22222

2222

22

22222222

1.7

2))4)(1((4
2

1
tan4

)222)(1(48

2))4)(1((4
2

1
tan4

))(22(24

)626626(2
)(









+−








−++++−−

+++−−+
−









+−








−++++−−

−−−+−
+

++−+++−
−=












tmbmyxEa

mb

tmbmyxEa

mmb

a

mmmmb
g

(4.27)

2))1((

2))1((2222222

))1((

))1((22

2222222

2.7

)1)((

)1)(22(12

)1)((

)1)()(22(12

)6666(2
)(

22

22

22

22

−−

−+−++−
−

−−

−−−+−
+

+−++−
−=

++++

++++

++++

++++

tmbmyxE

tmbmyxE

tmbmyxE

tmbmyxE

ea

emmmb

ea

emmb

a

mmmb
g




















 (4.28) 

2))1((

22222222

))1((

2222

3.7

)(

)22(12

)(

))(1(12)1(2
)(

22

22














+−

+−++−
−

+−

−+
+

+
−=

++++

++++

tmbmyxE

tmbmyxE

ea

mmmb

ea

mb

a

mb
g

                    (4.29) 

Case 8 

.
)222)(1(12

,
))(22(12

,
)(12

),44(

2222

2

22

1

222

0

2222

a

mb
s

a

mmb
s

a

mmmb
smmbc








+++−−+
−=

−−−+−
=

−−+−−
=−+−−=
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So the solutions of Eq.(1.3) are given as 

2

2222

22222

2222

22

222

1.8

2))4)(1((4
2

1
tan4

)222)(1(48

2))4)(1((4
2

1
tan4

))(22(24

)(12
)(









+−








−+−++−−

+++−−+
−









+−








−+−++−−

−−−+−
+

−−+−−
=












tmbmyxEa

mb

tmbmyxEa

mmb

a

mmmb
g

 (4.30) 

2))1((

2))1((2222222

))1((

))1((22

22

2.8

)1)((

)1)(22(12

)1)((

)1)()(22(12

)(12
)(

22

22

22

22

−−

−+−++−
−

−−

−−−+−
+

−+−
=

+−++

+−++

+−++

+−++

tmbmyxE

tmbmyxE

tmbmyxE

tmbmyxE

ea

emmmb

ea

emmb

a

mmb
g




















     (4.31) 

2))1((

22222222

))1((

22

3.8

)(

)22(12

)(

))(1(12
)(

22

22














+−

+−++−
−

+−

−+
=

+−++

+−++

tmbmyxE

tmbmyxE

ea

mmmb

ea

mb
g

                      (4.32) 

4.3. Graphs and Discussion  

Since the tanh function and the coth function are reciprocals of each other, Eq. (4.8) is the same as Eq. (4.22), and Eq. 

(4.9) is the same as Eq. (4.21). Since the tan function and the cot function are reciprocals of each other, Eq. (4.10) is the 

same as Eq. (4.24), and Eq. (4.11) is the same as Eq. (4.23).  

 

There is a relationship between trigonometric functions and hyperbolic functions as follows:  

.cotcoth ,tantanh ixixixix =−=                      (5.1) 

 

Therefore, the forms of the solutions for Eq. (4.8) and Eq. (4.10), Eq. (4.9) and Eq. (4.11), Eq. (4.16) and Eq. (4.18), Eq. 

(4.17) and Eq. (4.19), Eq. (4.21) and Eq. (4.23), and Eq. (4.22) and Eq. (4.24) are the same.  

Therefore, some partial solutions are chose to show the characters of the solutions, such as Eq. (4.8), Eq. (4.10), Eq. 

(4.16), Eq. (4.27), Eq. (4.29), and Eq. (4.32). 
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Fig. 1 3D, 2D and density plots of light soliton solution of Eq. (4.8) for .1,1,1,1,1 =−==== ymba   

 

 
Fig. 2 3D, 2D and density plots of periodic function solution of Eq. (4.10) for .1,1,1,1,1 ===== ymba   
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Fig. 3 3D, 2D and density plots of hyperbolic function solution of Eq. (4.16) for .1,1,1,1,1 −===== ymba  

 

 

 

Fig. 4 3D, 2D and density plots of periodic function solution of Eq. (4.27) for .1,1,1,1,2,1,1,2 =−======= yEmba   
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Fig. 5 3D, 2D and density plots of kink solution of Eq. (4.29) for .1,1,2,0,1,1,2 =−====== yEmba   

 

 

Fig. 6 3D and 2D of singular solution of Eq. (4.32) for .1,1,0,2,1,1,1,2 =−======= yEmba   

 

5. Conclusion  

This article provides a detailed introduction to the modified extended tanh-function method and the modified 

generalized Kudryashov method and menatime utilizes these two methods to obtain a variety of new exact solutions for the 

(2+1)-dimensional ZK equation, followed by an analysis of the solutions through graphical representations. The solutions 

to the (2+1)-dimensional ZK equation have profound physical significance and offer an important insights into nonlinear 

wave phenomena across various disciplines, thereby the work is very important for the theoretical understanding and 

practical applications of the (2+1)-dimensional ZK equation. 

 

In future work, other mathematical techniques can be selected to find analytical solutions that describe solitary waves 

and other wave forms; numerical methods can also be employed for simulations to study the characteristics of complex 

waves. Exploring higher-dimensional ZK equations, such as the (3+1)-dimensional case, and their properties are also a 

promising research direction. 

 

Funding Statement 

The paper is a part of the research done within the project of the Doctoral Fund of Henan Polytechnic University 

(Grant NO. B2020-35) and is supported by the Fundamental Research Funds for the Universities of Henan Province (Grant 

NO. NSFRF230430). 

 

 

 



Wuming Li & Haoying Zuo / IJMTT, 71(3), 1-15, 2025 

 

13 

References 

[1] Jarmo Hietarinta, “A Search for Bilinear Equations Passing Hirota’s Three-Soliton Condition. I. KdV-Type Bilinear Equations,” 

Journal of Mathematical Physics, vol. 28, pp. 1732-1742, 1987. [CrossRef] [Google Scholar] [Publisher Link] 

[2] Katuro Sawada, and Takeyasu Kotera, “A Method for Finding N-soliton Solutions of the K.d.V. Equation and K.d.V.-like 

Equation,” Progress of Theoretical Physics, vol. 51, no. 5, pp. 1355-1367, 1974. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Abdul-Majid Wazwaz, “The Extended Tanh Method for New Solitons Solutions for Many Forms of the Fifth-order KdV 

Equations,” Applied Mathematics and Computation, vol. 184, no. 2, pp. 1002-1014, 2007. [CrossRef] [Google Scholar] [Publisher 

Link] 

[4] Serena Federico, “Carleman Estimates for Third Order Operators of KdV and Non KdV-type and Applications,” Annali Di 

Mathematica Pura Ed Applicata, vol. 203, pp. 2801-2823, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[5] Talat Korpinar, Fatih Sevgin, and Zeliha Korpinar, “Optical Wave Propagation Phase for mKdV Spherical Electric Flux Density in 

Sphere Space,” Optical and Quantum Electronics, vol. 56, pp. 1-13, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[6] Renata O. Figueira, and Mahendra Panthee, “New Lower Bounds for the Radius of Analyticity for the mKdV Equation and A 

System of mKdV-type Equations,” Journal of Evolution Equations, vol. 24, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[7] Ghazala Akram et al., “Exact Travelling Wave Solutions for Generalized (3+1) Dimensional KP and Modified KP Equations,” 

Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link]  

[8] Santanu Raut et al., “Characteristic of Integrability of Nonautonomous KP-Modified KP Equation and Its Qualitative Studies: 

Soliton, Shock, Periodic Waves, Breather, Positons and Soliton Interactions,” Nonlinear Dynamics, vol. 112, pp. 9323-9354, 2024. 

[CrossRef] [Google Scholar] [Publisher Link] 

[9] Mostafa M.A. Khater, “Advanced Computational Techniques for Solving the Modified KdV-KP Equation and Modeling Nonlinear 

Waves,” Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[10] Thomas Brooke Benjamin, J.L. Bona, and J.J. Mahony, “Model Equations for Long Waves in Nonlinear Dispersive Systems,” 

Philosophical Transactions of the Royal Society a Mathematical, Physical and Engineering Sciences, vol. 272 no. 1220, pp. 47-78, 

1972. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Jundong Wang, Lijun Zhang, and Jibin Li, “New Solitary Wave Solutions of a Generalized BBM Equation with Distributed 

Delays,” Nonlinear Dynamics, vol. 111, pp. 4631-4643, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Minzhi Wei, and Liping He, “Existence of Periodic Wave of a BBM Equation with Delayed Convection and Weak Diffusion,” 

Nonlinear Dynamics, vol. 111, pp. 17413-17425, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[13] Hui Mao, Yu Qian, and Yuanyuan Miao, “Solving the Modified Camassa-Holm Equation Via the Inverse Scattering Transform,” 

Theoretical and Mathematical Physics, vol. 216, pp. 1189-1208, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[14] Mohamed R. Ali, Mahmoud A. Khattab, and S.M. Mabrouk, “Travelling Wave Solution for the Landau-Ginburg-Higgs Model Via 

the Inverse Scattering Transformation Method,” Nonlinear Dynamics, vol. 111, pp. 7687-7697, 2023. [CrossRef] [Google Scholar] 

[Publisher Link] 

[15] Marwan Alquran, and Rahaf Alhami, “Analysis of Lumps, Single-stripe, Breather-wave, and Two-wave Solutions to the 

Generalized Perturbed-KdV Equation by Means of Hirota’s Bilinear Method,” Nonlinear Dynamics, vol. 109, pp. 1985-1992, 2022. 

[CrossRef] [Google Scholar] [Publisher Link] 

[16] Muhammad Shakeel, Xinge Liu, and Abdullah Al-Yaari, “Interaction of Lump, Periodic, Bright and Kink Soliton Solutions of the 

(1+1)-Dimensional Boussinesq Equation using Hirota-bilinear Approach,” Journal of Nonlinear Mathematical Physics, vol. 31, pp. 

1-18, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[17] Rahaf Alhami, and Marwan Alquran, “Extracted Different Types of Optical Lumps and Breathers to the New Generalized 

Stochastic Potential-KdV Equation Via using the Cole-Hopf Transformation and Hirota Bilinear Method,” Optical and Quantum 

Electronics, vol. 54, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

 

 

https://doi.org/10.1063/1.527815
https://scholar.google.com/scholar?q=A+search+for+bilinear+equations+passing+Hirota%E2%80%99s+three-soliton+condition.+I.+KdV-type+bilinear+equations&hl=en&as_sdt=0,5
https://pubs.aip.org/aip/jmp/article-abstract/28/8/1732/380765/A-search-for-bilinear-equations-passing-Hirota-s
https://doi.org/10.1143/PTP.51.1355
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+method+for+finding+N-soliton+solutions+of+the+K.d.V.+equation+and+K.d.V.-like+equation&btnG=
https://academic.oup.com/ptp/article/51/5/1355/1938265
https://doi.org/10.1016/j.amc.2006.07.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+extended+tanh+method+for+new+solitons+solutions+for+many+forms+of+the+fifth-order+KdV+equations&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0096300306007892
https://www.sciencedirect.com/science/article/abs/pii/S0096300306007892
https://doi.org/10.1007/s10231-024-01467-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Carleman+estimates+for+third+order+operators+of+KdV+and+non+KdV-type+and+applications&btnG=
https://link.springer.com/article/10.1007/s10231-024-01467-7
https://doi.org/10.1007/s11082-023-06107-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optical+wave+propagation+phase+for+mKdV+spherical+electric+flux+density+in+sphere+space&btnG=
https://link.springer.com/article/10.1007/s11082-023-06107-7
https://doi.org/10.1007/s00028-024-00977-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+lower+bounds+for+the+radius+of+analyticity+for+the+mKdV+equation+and+a+system+of+mKdV-type+equations&btnG=
https://link.springer.com/article/10.1007/s00028-024-00977-4
https://doi.org/10.1007/s11082-023-05758-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exact+travelling+wave+solutions+for+generalized+%283%2B1%29+dimensional+KP+and+modified+KP+equations&btnG=
https://link.springer.com/article/10.1007/s11082-023-05758-w
https://doi.org/10.1007/s11071-024-09378-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characteristic+of+integrability+of+nonautonomous+KP-modified+KP+equation+and+its+qualitative+studies%3A+soliton%2C+shock%2C+periodic+waves%2C+breather%2C+positons+and+soliton+interactions&btnG=
https://link.springer.com/article/10.1007/s11071-024-09378-1
https://doi.org/10.1007/s11082-023-05581-3
https://scholar.google.com/scholar?q=Advanced+computational+techniques+for+solving+the+modified+KdV-KP+equation+and+modeling+nonlinear+waves&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s11082-023-05581-3
https://doi.org/10.1098/rsta.1972.0032
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Model+equations+for+long+waves+in+nonlinear+dispersive+systems&btnG=
https://royalsocietypublishing.org/doi/abs/10.1098/rsta.1972.0032
https://doi.org/10.1007/s11071-022-08043-9
https://scholar.google.com/scholar?q=New+solitary+wave+solutions+of+a+generalized+BBM+equation+with+distributed+delays&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s11071-022-08043-9
https://doi.org/10.1007/s11071-023-08743-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Existence+of+periodic+wave+of+a+BBM+equation+with+delayed+convection+and+weak+diffusion&btnG=
https://link.springer.com/article/10.1007/s11071-023-08743-w
https://doi.org/10.1134/S004057792308010X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solving+the+modified+Camassa-Holm+equation+via+the+inverse+scattering+transform&btnG=
https://link.springer.com/article/10.1134/S004057792308010X
https://doi.org/10.1007/s11071-022-08224-6
https://scholar.google.com/scholar?q=Travelling+wave+solution+for+the+Landau-Ginburg-Higgs+model+via+the+inverse+scattering+transformation+method&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/S11071-022-08224-6
https://doi.org/10.1007/s11071-022-07509-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+of+lumps%2C+single-stripe%2C+breather-wave%2C+and+two-wave+solutions+to+the+generalized+perturbed-KdV+equation+by+means+of+Hirota%E2%80%99s+bilinear+method&btnG=
https://link.springer.com/article/10.1007/s11071-022-07509-0
https://doi.org/10.1007/s44198-024-00242-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Interaction+of+lump%2C+periodic%2C+bright+and+kink+soliton+solutions+of+the+%281%2B1%29-dimensional+Boussinesq+equation+using+Hirota-bilinear+approach&btnG=
https://link.springer.com/article/10.1007/s44198-024-00242-9
https://doi.org/10.1007/s11082-022-03984-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Extracted+different+types+of+optical+lumps+and+breathers+to+the+new+generalized+stochastic+potential-KdV+equation+via+using+the+Cole-Hopf+transformation+and+Hirota+bilinear+method&btnG=
https://link.springer.com/article/10.1007/s11082-022-03984-2


Wuming Li & Haoying Zuo / IJMTT, 71(3), 1-15, 2025 

 

14 

[18] Asif Yokus, and Muhammad Abubakar Isah, “Stability Analysis and Solutions of (2+1)-Kadomtsev-Petviashvili Equation by 

Homoclinic Technique Based on Hirota Bilinear Form,” Nonlinear Dynamics, vol. 109, pp. 3029-3040, 2022. [CrossRef] [Google 

Scholar] [Publisher Link] 

[19] Sevil Culha Unal, “Exact Solutions of the Landau-Ginzburg-Higgs Equation Utilizing the Jacobi Elliptic Functions,” Optical and 

Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Aamir Farooq, Muhammad Ishfaq Khan, and Wen Xiu Ma, “Exact Solutions for the Improved mKdv Equation with Conformable 

Derivative by Using the Jacobi Elliptic Function Expansion Method,” Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] 

[Google Scholar] [Publisher Link] 

[21] A.A. Elsadany, and Mohammed K. Elboree, “Construction of Shock, Periodic and Solitary Wave Solutions for Fractional-time 

Gardner Equation by Jacobi Elliptic Function Method,” Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google 

Scholar] [Publisher Link] 

[22] Aamir Farooq, Wen Xiu Ma, and Muhammad Ishfaq Khan, “Exploring Exact Solitary Wave Solutions of Kuralay-II Equation based 

on the Truncated M-fractional Derivative using the Jacobi Elliptic Function Expansion Method,” Optical and Quantum Electronics, 

vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[23] A.K.M. Kazi Sazzad Hossain, Halida Akter, and M. Ali Akbar, “Soliton Solutions of DSW and Burgers Equations by Generalized 

)/'( GG -Expansion Method,” Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[24] Fiza Batool et al., “Exploring Soliton Solutions of Stochastic Phi-4 Equation through Extended Sinh-Gordon Expansion Method,” 

Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Abdulla-Al-Mamun et al., “Dynamical Behavior of Water Wave Phenomena for the 3D Fractional WBBM Equations using Rational 

Sine-Gordon Expansion Method,” Scientific Reports, pp. 1-19, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[26] Muslum Ozisik, Aydin Secer, and Mustafa Bayram, “On Solitary Wave Solutions for the Extended Nonlinear Schrodinger Equation 

via the Modified F-expansion Method,” Optical and Quantum Electronics, vol. 55, 2023. [CrossRef] [Google Scholar] [Publisher 

Link] 

[27] Yosef Jazaa et al., “On the Exploration of Solitary Wave Structures to the Nonlinear Landau-Ginsberg-Higgs Equation under 

Improved F-expansion Method,” Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[28] Saleh M. Hassan, and Abdulmalik A. Altwaty, “Solitons and Other Solutions to the Extended Gerdjikov-Ivanov Equation in 

DWDM System by the )))((exp( − -Expansion Method,” Ricerche Di Matematica, vol. 73, pp. 2397-2410, 2024. [CrossRef] 

[Google Scholar] [Publisher Link] 

[29] Juan Yang, and Qingjiang Feng, “Using the Improved )))((exp( − Expansion Method to find the Soliton Solutions of the 

Nonlinear Evolution Equation,” The European Physical Journal Plus, vol. 136, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[30] A.A. Elsadany, Fahad Sameer Alshammari, and Mohammed K. Elboree, “Dynamical System Approach and )))((exp( −  

Expansion Method for Optical Solitons in the Complex Nonlinear Fokas-Lenells Model of Optical Fiber,” Optical and Quantum 

Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[31] Waleed Hamali et al., “Optical Solitons of M-Fractional Nonlinear Schrodinger’s Complex Hyperbolic Model by Generalized 

Kudryashov Method,” Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[32] Saima Arshed et al., “Solutions of (3+1)-Dimensional Extended Quantum Nonlinear Zakharov-Kuznetsov Equation using the 

Generalized Kudryashov Method and The Modified Khater Method,” Optical and Quantum Electronics, vol. 55, 2023. [CrossRef] 

[Google Scholar] [Publisher Link] 

[33] Xiaoxiao Zheng, Lingling Zhao, and Yuanqing Xu, “New Type Solutions to the (2+1)-Dimensional Extended 

Bogoyavlenskii-Kadomtsev-Petviashvili Equation Calculated via Generalized Kudryashov Technique,” Nonlinear Dynamics, vol. 

112, pp. 1339-1348, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[34] Hasan Cakicioglu et al., “Optical Soliton Solutions of Schrödinger-Hirota Equation with Parabolic Law Nonlinearity via 

Generalized Kudryashov Algorithm,” Optical and Quantum Electronics, vol. 55, 2023. [CrossRef] [Google Scholar] [Publisher 

Link] 

https://doi.org/10.1007/s11071-022-07568-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Stability+analysis+and+solutions+of+%282%2B1%29-Kadomtsev-Petviashvili+equation+by+homoclinic+technique+based+on+Hirota+bilinear+form&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Stability+analysis+and+solutions+of+%282%2B1%29-Kadomtsev-Petviashvili+equation+by+homoclinic+technique+based+on+Hirota+bilinear+form&btnG=
https://link.springer.com/article/10.1007/s11071-022-07568-3
https://doi.org/10.1007/s11082-024-06749-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exact+solutions+of+the+Landau-Ginzburg-Higgs+equation+utilizing+the+Jacobi+elliptic+functions&btnG=
https://link.springer.com/article/10.1007/s11082-024-06749-1
https://doi.org/10.1007/s11082-023-06258-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exact+solutions+for+the+improved+mKdv+equation+with+conformable+derivative+by+using+the+Jacobi+elliptic+function+expansion+method&btnG=
https://link.springer.com/article/10.1007/s11082-023-06258-7
https://doi.org/10.1007/s11082-023-06102-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Construction+of+shock%2C+periodic+and+solitary+wave+solutions+for+fractional-time+Gardner+equation+by+Jacobi+elliptic+function+method&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Construction+of+shock%2C+periodic+and+solitary+wave+solutions+for+fractional-time+Gardner+equation+by+Jacobi+elliptic+function+method&btnG=
https://link.springer.com/article/10.1007/s11082-023-06102-y
https://doi.org/10.1007/s11082-024-06841-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exploring+exact+solitary+wave+solutions+of+Kuralay-II+equation+based+on+the+truncated+M-fractional+derivative+using+the+Jacobi+Elliptic+function+expansion+method&btnG=
https://link.springer.com/article/10.1007/s11082-024-06841-6
https://doi.org/10.1007/s11082-024-06319-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Soliton+solutions+of+DSW+and+Burgers+equations+by+generalized++-expansion+method&btnG=
https://link.springer.com/article/10.1007/s11082-024-06319-5
https://doi.org/10.1007/s11082-024-06385-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exploring+soliton+solutions+of+stochastic+Phi-4+equation+through+extended+Sinh-Gordon+expansion+method&btnG=
https://link.springer.com/article/10.1007/s11082-024-06385-9
https://doi.org/10.1038/s41598-024-55215-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dynamical+behavior+of+water+wave+phenomena+for+the+3D+fractional+WBBM+equations+using+rational+sine-Gordon+expansion+method&btnG=
https://www.nature.com/articles/s41598-024-55215-1
https://doi.org/10.1007/s11082-022-04476-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+solitary+wave+solutions+for+the+extended+nonlinear+Schr%C3%B6dinger+equation+via+the+modified+F-expansion+method&btnG=
https://link.springer.com/article/10.1007/s11082-022-04476-z
https://link.springer.com/article/10.1007/s11082-022-04476-z
https://doi.org/10.1007/s11082-024-06458-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+the+exploration+of+solitary+wave+structures+to+the+nonlinear+Landau-Ginsberg-Higgs+equation+under+improved+F-expansion+method&btnG=
https://link.springer.com/article/10.1007/s11082-024-06458-9
https://doi.org/10.1007/s11587-022-00701-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solitons+and+other+solutions+to+the+extended+Gerdjikov-Ivanov+equation+in+DWDM+system+by+the++-expansion+method&btnG=
https://link.springer.com/article/10.1007/s11587-022-00701-9
https://doi.org/10.1140/epjp/s13360-021-01321-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Using+the+improved+++expansion+method+to+find+the+soliton+solutions+of+the+nonlinear+evolution+equation&btnG=
https://link.springer.com/article/10.1140/epjp/s13360-021-01321-2
https://doi.org/10.1007/s11082-024-06523-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dynamical+system+approach+and+++Expansion+method+for+optical+solitons+in+the+complex+nonlinear+Fokas-Lenells+model+of+optical+fiber&btnG=
https://link.springer.com/article/10.1007/s11082-024-06523-3
https://doi.org/10.1007/s11082-023-05602-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optical+solitons+of+M-fractional+nonlinear+Schr%C3%B6dinger%E2%80%99s+complex+hyperbolic+model+by+generalized+Kudryashov+method&btnG=
https://link.springer.com/article/10.1007/s11082-023-05602-1
https://doi.org/10.1007/s11082-023-05137-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solutions+of+%283%2B1%29-dimensional+extended+quantum+nonlinear+Zakharov-Kuznetsov+equation+using+the+generalized+Kudryashov+method+and+the+modified+Khater+method&btnG=
https://link.springer.com/article/10.1007/s11082-023-05137-5
https://doi.org/10.1007/s11071-023-09103-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+type+solutions+to+the+%282%2B1%29-dimensional+extended+Bogoyavlenskii-Kadomtsev-Petviashvili+equation+calculated+via+generalized+Kudryashov+technique&btnG=
https://link.springer.com/article/10.1007/s11071-023-09103-4
https://doi.org/10.1007/s11082-023-04634-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optical+soliton+solutions+of+Schr%C3%B6dinger-Hirota+equation+with+parabolic+law+nonlinearity+via+generalized+Kudryashov+algorithm&btnG=
https://link.springer.com/article/10.1007/s11082-023-04634-x
https://link.springer.com/article/10.1007/s11082-023-04634-x


Wuming Li & Haoying Zuo / IJMTT, 71(3), 1-15, 2025 

 

15 

[35] Shafqat-Ur-Rehman, Muhammad Bilal, and Jamshad Ahmad, “New Exact Solitary Wave Solutions for the 3D-FWBBM Model in 

Arising Shallow Water Waves by Two Analytical Methods,” Results in Physics, vol. 25, pp. 1-15, 2021. [CrossRef] [Google Scholar] 

[Publisher Link] 

[36] Sidheswar Behera, “Multiple Soliton Solutions of Some Conformable Fractional Nonlinear Models using Sine-Cosine Method,” 

Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[37] Volkan Ala, and Gaukhar Shaikhova, “Analytical Solutions of Nonlinear Beta Fractional Schrödinger Equation via Sine-Cosine 

Method,” Lobachevskii Journal of Mathematics, vol. 43, pp. 3033-3038, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[38] Hong-Zhun Liu, “New Analytical Solutions to a Medium with Completing Weakly Nonlocal Nonlinearity and Parabolic Law 

Nonlinearity by Modified First Integral Method,” Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] 

[Publisher Link] 

[39] Hasan Alzubaidi, “Exact Solutions for Travelling Waves using Tanh Method for Two Dimensional Stochastic Allen-Cahn Equation 

with Multiplicative Noise,” Journal of Umm Al-Qura University for Applied Science, vol. 11, pp. 153-158, 2024. [CrossRef] 

[Google Scholar] [Publisher Link] 

[40] Eman H. M. Abdullah et al., “Effect of Higher Order on Constructing the Soliton Waves to Generalized Nonlinear Schrodinger 

Equation using Improved Modified Extended Tanh Function Method,” Journal of Optics, 2024. [CrossRef] [Google Scholar] 

[Publisher Link] 

[41] Mostafa Eslami et al., “Solving the Relativistic Toda Lattice Equation via the Generalized Exponential Rational Function Method,” 

Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[42] Rashid Ali et al., “The Analytical Study of Soliton Dynamics in Fractional Coupled Higgs System using the Generalized Khater 

Method,” Optical and Quantum Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[43] C. Mabenga, B. Muatjetjeja, and T.G. Motsumi, “Bright, Dark, Periodic Soliton Solutions and Other Analytical Solutions of a 

Time-dependent Coefficient (2+1)-Dimensional Zakharov-Kuznetsov Equation,” Optical and Quantum Electronics, vol. 55, 2023. 

[CrossRef] [Google Scholar] [Publisher Link] 

[44] Emad H.M. Zahran et al., “New Diverse Exact Optical Solutions of the Three Dimensional Zakharov-Kuznetsov Equation,” Optical 

and Quantum Electronics, vol. 55, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[45] Mahmoud Soliman et al., “Dispersive Perturbations of Solitons for Conformable Fractional Complex Ginzburg-Landau Equation 

with Polynomial Law of Nonlinearity using Improved Modified Extended Tanh-function Method,” Optical and Quantum 

Electronics, vol. 56, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[46] Emad H.M. Zahran, and Mostafa M.A. Khater, “Modified Extended Tanh-function Method and Its Applications to the 

Bogoyavlenskii Equation,” Applied Mathematical Modelling, vol. 40, no. 3, pp. 1769-1775, 2016. [CrossRef] [Google Scholar] 

[Publisher Link] 

[47] Lohani Md. Badrul Alam, Xingfang Jiang, and Abdulla-Al-Mamun, “Exact and Explicit Traveling Wave Solution to the 

Time-fractional Phi-four and (2+1) Dimensional CBS Equations using the Modified Extended Tanh-function Method in 

Mathematical Physics,” Partial Differential Equations in Applied Mathematics, vol. 4, pp. 1-11, 2021. [CrossRef] [Google Scholar] 

[Publisher Link] 

[48] Ulviye Demirbilek et al., “Generalized Extended (2+1)-Dimensional Kadomtsev-Petviashvili Equation in Fluid Dynamics: 

Analytical Solutions, Sensitivity and Stability Analysis,” Nonlinear Dynamics, vol. 112, pp. 13393-13408, 2024. [CrossRef] 

[Google Scholar] [Publisher Link] 

 

https://doi.org/10.1016/j.rinp.2021.104230
https://scholar.google.com/scholar?q=New+exact+solitary+wave+solutions+for+the+3D-FWBBM+model+in+arising+shallow+water+waves+by+two+analytical+methods&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S2211379721003739
https://doi.org/10.1007/s11082-024-06403-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Multiple+soliton+solutions+of+some+conformable+fractional+nonlinear+models+using+Sine-Cosine+method&btnG=
https://link.springer.com/article/10.1007/s11082-024-06403-w
https://doi.org/10.1134/S1995080222140025
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analytical+Solutions+of+Nonlinear+Beta+Fractional+Schr%C3%B6dinger+Equation+Via+Sine-Cosine+Method&btnG=
https://link.springer.com/article/10.1134/S1995080222140025
https://doi.org/10.1007/s11082-023-05623-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+analytical+solutions+to+a+medium+with+completing+weakly+nonlocal+nonlinearity+and+parabolic+law+nonlinearity+by+modified+first+integral+method&btnG=
https://link.springer.com/article/10.1007/s11082-023-05623-w
https://doi.org/10.1007/s43994-024-00155-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exact+solutions+for+travelling+waves+using+Tanh+method+for+two+dimensional+stochastic+Allen-Cahn+equation+with+multiplicative+noise&btnG=
https://link.springer.com/article/10.1007/s43994-024-00155-9
https://doi.org/10.1007/s12596-024-02206-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+higher+order+on+constructing+the+soliton+waves+to+generalized+nonlinear+Schr%C3%B6dinger+equation+using+improved+modified+extended+tanh+function+method&btnG=
https://link.springer.com/article/10.1007/s12596-024-02206-0
https://doi.org/10.1007/s11082-023-06108-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solving+the+relativistic+Toda+lattice+equation+via+the+generalized+exponential+rational+function+method&btnG=
https://link.springer.com/article/10.1007/s11082-023-06108-6
https://doi.org/10.1007/s11082-024-06924-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+analytical+study+of+soliton+dynamics+in+fractional+coupled+Higgs+system+using+the+generalized+Khater+method&btnG=
https://link.springer.com/article/10.1007/s11082-024-06924-4
https://doi.org/10.1007/s11082-023-05428-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bright%2C+dark%2C+periodic+soliton+solutions+and+other+analytical+solutions+of+a+time-dependent+coefficient+%282%2B1%29-dimensional+Zakharov-Kuznetsov+equation&btnG=
https://link.springer.com/article/10.1007/s11082-023-05428-x
https://doi.org/10.1007/s11082-023-04909-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+diverse+exact+optical+solutions+of+the+three+dimensional+Zakharov-Kuznetsov+equation&btnG=
https://link.springer.com/article/10.1007/s11082-023-04909-3
https://doi.org/10.1007/s11082-024-07018-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dispersive+perturbations+of+solitons+for+conformable+fractional+complex+Ginzburg-Landau+equation+with+polynomial+law+of+nonlinearity+using+improved+modified+extended+tanh-function+method&btnG=
https://link.springer.com/article/10.1007/s11082-024-07018-x
https://doi.org/10.1016/j.apm.2015.08.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modified+extended+tanh-function+method+and+its+applications+to+the+Bogoyavlenskii+equation&btnG=
https://www.sciencedirect.com/science/article/pii/S0307904X15005429
https://doi.org/10.1016/j.padiff.2021.100039
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exact+and+explicit+traveling+wave+solution+to+the+time-fractional+phi-four+and+%282%2B1%29+dimensional+CBS+equations+using+the+modified+extended+tanh-function+method+in+mathematical+physics&btnG=
https://www.sciencedirect.com/science/article/pii/S266681812100019X
https://doi.org/10.1007/s11071-024-09724-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Generalized+extended+%282%2B1%29-dimensional+Kadomtsev-Petviashvili+equation+in+fluid+dynamics%3A+analytical+solutions%2C+sensitivity+and+stability+analysis&btnG=
https://link.springer.com/article/10.1007/s11071-024-09724-3

