
Journal of King Saud University – Science 32 (2020) 2752–2761
Contents lists available at ScienceDirect

Journal of King Saud University – Science

journal homepage: www.sciencedirect .com
Original article
Construction of traveling and solitary wave solutions for wave
propagation in nonlinear low-pass electrical transmission lines
https://doi.org/10.1016/j.jksus.2020.06.011
1018-3647/� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: Aly742001@yahoo.com (A.R. Seadawy).
Aly R. Seadawy a,⇑, Mujahid Iqbal b, Dumitru Baleanu c,d,e

aMathematics Department, Faculty of Science, Taibah University, Al-Madinah Al-Munawarah, Saudi Arabia
b Faculty of Science, Jiangsu University, Zhenjiang, Jiangsu 212013, PR China
cDepartment of Mathematics, Cankaya University, Ankara, Turkey
dDepartment of Medical Research, China Medical University Hospital, China Medical University, Taichung, Taiwan
e Institute of Space Sciences, 077125 Magurele, Romania

a r t i c l e i n f o
Article history:
Received 2 November 2019
Revised 8 May 2020
Accepted 21 June 2020
Available online 2 July 2020

Keywords:
Nonlinear low-pass electrical transmission
lines
Modified Mathematical technique
Solitary wave solutions
Traveling wave solutions
a b s t r a c t

In this study, our aim to constructed the traveling and solitary wave solutions for nonlinear evolution
equation describe the wave propagation in nonlinear low-pass electrical transmission lines by imple-
mented the modification of mathematical method. We obtained the new and more general solutions
in rational, trigonometric, hyperbolic type which represent to kink and anti-kink wave solitons, bright-
dark solitons and traveling waves. The physical interpretation of some results demonstrated by graphi-
cally with symbolic computation. We are hopefully determined results have numerous applications in
optical fiber, geophysics, fluid dynamics, laser optics, engineering, and many other various kinds of
applied sciences. The complete investigation prove that proposed technique is more reliable, efficient,
straightforward, and powerful to investigate various kinds of nonlinear evolution equations involves in
geophysics, fluid dynamics, nonlinear plasma, chemistry, biology, and field of engineering.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The investigations of nonlinear electrical transmission lines and
its solitary wave solutions have marvelous applications in commu-
nication systems and electronic engineering such as distributing
signal of cable television, computer network connection systems,
data buses of high speed computer, mobile network systems, con-
nection between transmitters and receivers of radio with their
antennas, routing calls in trunk lines between telephone switching
centers (Abdoulkary et al., 2013; Arshad et al., 2018; Seadawy,
2017a; Kumar et al., 2018; Aslan, 2016). Moreover, nonlinear elec-
trical transmission lines are used as special medium to carrying the
alternate current (AC) of frequency of radio (Abdoulkary et al.,
2013). The NLETLs are also used to deliver the better way how to
observe the nonlinear excitation be have under nonlinear media
and modulate the features of exotic of new systems (Jaradat
et al., 2018a,b,c,d; Alquran and Jaradat, 2018; Ali et al., 2019;
Alquran et al., 2020; Pelap and Faye, 2005).
For demonstrated of solitary wave solutions for NLEEs describe
the wave propagation in nonlinear low-pass electrical transmission
lines (Abdoulkary et al., 2013; Arshad et al., 2018; Seadawy, 2017a;
Kumar et al., 2018; Aslan, 2016), we consider as:
d2Vðx; tÞ
dt2

þ a
d2V2ðx; tÞ

dt2
� c

d2V3ðx; tÞ
dt2

þ d2
d2V2ðx; tÞ

dx2 þ d4

12
d4V2ðx; tÞ

dx4 ¼ 0:

ð1Þ
In Eq. (1), a; c; dare the real constants and Vðx; tÞrepresents to

transmission line voltage. The variables x; trepresents to distance
for propagation and slow time, respectively. The Eq. (1), is derived
by applying the Kirchoff’s laws are seen in Abdoulkary et al. (2013),
in this current work, which are omitted due to shortness.

In previous years a huge research work have been done on non-
linear low-pass electrical transmission lines. Many researchers
have been determined the various types of solutions for NLETLs
by using the different techniques including jacobi elliptic tech-
nique, kudryashov technique, auxiliary equation technique, ðG0

GÞ-
expansion method, extension technique of tanh function, the tech-
nique of racatti equation, modification of kudryashov technique,
the technique of sine-Gorden and extension of sine-Gorden equa-
tion (Abdoulkary et al., 2013; Arshad et al., 2018; Seadawy,

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2020.06.011&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2020.06.011
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Aly742001@yahoo.com
https://doi.org/10.1016/j.jksus.2020.06.011
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


A.R. Seadawy et al. / Journal of King Saud University – Science 32 (2020) 2752–2761 2753
2017a; Kumar et al., 2018; Aslan, 2016). The NLETLs are play
important role in the investigation of propagation phenomena of
electrical solitons, they are travel in nonlinear media of dispersion
in the shape of voltage waves.

The nonlinear wave equations are describing the physical pro-
cess in many areas of science and engineering include fiber optics,
geophysics, chemistry, plasma physics, biology, fluid dynamics,
laser physics and so on. The NLETLs are the nonlinear partial differ-
ential equations. Now a days it is a deals of huge interest to finding
the soliton solutions for NLPDEs by implementing the various tech-
niques. To determine the solutions for NLPDEs play key role and
deliver the important information to know the applications and
its mechanism. Further, this is very keen to know the concept of
specific wave called soliton. John Scott Russel first time introduced
a solitary wave in the past few decades (Russell, 1844). When soli-
tary wave is discover after that, now its named solitons. Solitions
have potential applications in various kinds of areas including soli-
ton dynamics, fluid dynamic, fiber optics, adiabatic dynamic
parameters, phenomena of industrial, biomedical problems, engi-
neering and many various kinds of applied sciences to due to their
important stability properties. The nonlinear electrical transmis-
sion lines are the example in physics. In previous few decades, a
lot of researchers and mathematician introduced a various kinds
of methods to determine the solitonic solutions for these NLEEs.
The name of some important techniques as, Backlund transform
method, Hirota bilinear transformation, the Darboux transform
method, the technique of exp-function, the jacobian function
expansion technique, the trial equation technique, Simple equation
technique, modification of fan-Sub equation technique, extend
mapping method, the technique of sinh-cosh, the extension of aux-
iliary equation technique, the extension of direct algebraic tech-
nique, modification of extended auxiliary equation technique,
Racatti equation mapping method (Juan et al., 2007; Hirota,
1971; Zheng Yi et al., 2006; Naher et al., 2012; Seadawy and
Manafian, 2018; Zhang and Xia, 2006; Seadawy and El-Rashidy,
2013; Seadawy and Lu, 2016; Seadawy, 2012; Iqbal et al., 2018a,
b; Seadawy et al., 2019a; Iqbal et al., 2019a,b; Seadawy et al.,
2020a; Seadawy, 2014a,b; Seadawy, 2015a,b; Seadawy, 2016a,b;
Seadawy, 2017b; Seadawy and Wang, 2019; Seadawy and El-
Rashidy, 2014; Lu et al., 2018a,b; Seadawy et al., 2020b; Seadawy
et al., 2019d,e; Yaro et al., 2019). In this current work, our main
purpose to find the solutions for NLETLs including bright-dark soli-
tons, kink and anti-kink wave solitons and traveling wave by pro-
posed technique (Seadawy et al., 2019f; Iqbal et al., 2019c;
Seadawy et al., 2019b; Iqbal et al., 2020; Seadawy et al., 2019c;
Seadawy et al., 2020c).

This work is organized as, introduction is explain in Section 1.
The main feature of proposed method described in Section 2. In
Section 3, determined the solutions for NLETLs with proposed tech-
Fig. 1. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (11) represe
b2 ¼ 4;b3 ¼ 2.
nique. In Section 4, compare the obtained results with detail. In
Section 5, explain the concluding summery of this article.

2. Algorithm of proposed method

The nonlinear PDEs in general form consider as:

EðV ;Vt ;Vx;Vtt ;Vxx;Vxt; . . . . . .Þ ¼ 0: ð2Þ
In Eq. (2), Erepresent to polynomial function in Vðx; tÞand its

derivatives. The main features of proposed method explain as:
Step: 1 : We applying the linear transformations on Eq. (2)

as:

Vðx; tÞ ¼ WðfÞ; f ¼ ðjxþxtÞ: ð3Þ
The ODE for Eq. (2) obtain as:

HðW;W 0;W 00;W 000; . . . . . .Þ ¼ 0: ð4Þ
In Eq. (4), Hrepresent to function of polynomial in WðfÞand its

all derivative.
Step: 2 : The trial solution of Eq. (4), as:

WðfÞ ¼
Xm
l¼0

alWðfÞl þ
X�m

l¼�1

b�lWðfÞl þ
Xm
l¼2

c2WðfÞl�2W0ðfÞ þ
Xm
l¼1

dl
W0ðfÞ
WðfÞ

� �l

:

ð5Þ
Here al; bl; cl; dl are constants which determined in later, WðnÞ

and its derivatives satisfy the following auxiliary equation:

dW
df

� �2

¼ b1W
2ðfÞ þ b2W

3ðfÞ þ b3W
4ðfÞ: ð6Þ

In Eq. (6), b;
is are represents to real constants which determined

to be later.
Step: 3 :We apply the homogeneous method on Eq. (4) to find

the value of min Eq. (5).
Step: 4 : Substitute Eq. (5) in Eq. (4), and combine each coeffi-

cients of WlðfÞW0jðfÞðl ¼ 1;2;3; . . . :n : j ¼ 0;1Þ, then each coefficient
equate to zero and get a system of algebraic equations, after solv-
ing these system of equations using any symbolic computation and
find the values of constant parameters.

Step 5 : Putting the values of obtain parameters and WðfÞ into
Eq. (5), then we find the required solutions for Eq. (2).

3. Application of proposed method

Here we apply proposed technique to determine the solutions
for the NLETLs. We consider the traveling wave transformation as:

Vðx; tÞ ¼ WðfÞ; f ¼ ðjxþxtÞ: ð7Þ
nt to solitary wave while � ¼ 8; f0 ¼ 0:3;j ¼ 2;x ¼ 0:4;a ¼ 1; c ¼ �1; d ¼ 1;b1 ¼ 2;
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Putting Eq. (7) in Eq. (1), the ODE obtain for Eq. (1), as:

12 j2d2 þx2� �
W þ 12ax2W2 � 12cx2W3 þ d4j4W 00 ¼ 0: ð8Þ

Balance the nonlinear term and derivative of highest order in
Eq. (8), obtain m ¼ 1. General solution for Eq. (8), as:

WðnÞ ¼ a0 þ a1WðfÞ þ b1

WðfÞ þ d1
W0ðfÞ
WðfÞ : ð9Þ

Putting Eq. (9) in Eq. (8), and combine each coefficients of
V4ðx; tÞ ¼ �

ffiffi
6

p ffiffiffiffi
b1

p
dj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2a2�9c

p
2

ffiffiffiffi
b1

p ffiffiffiffi
b3

p
� coth 1

2

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ1

� �2
þb2�csch 1

2

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �2	 

b2 � coth 1

2

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ1

� � � 24a

72c
; ð15Þ
WlðfÞW0jðfÞðl ¼ 1;2;3; . . .n; j ¼ 0;1Þ, and equate to each coefficient
to zero. We get system of equations. System of equations are solve
by using the Mathematica, the values of a0; a1; b1; d1 and frequency
are obtain as:

Family-I

a0 ¼ a
3c ; a1 ¼ �

ffiffiffiffi
b3

p
dj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
� 2a2þ9cð Þp

6
ffiffi
6

p
c

; b1 ¼ 0; d1 ¼ � dj
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
� 2a2þ9cð Þp
6
ffiffi
6

p
c

;

b1 ¼ � 24a2
d2j2 2a2þ9cð Þ ; x ¼ � 3

ffiffi
c

p
djffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�2a2�9c
p :

ð10Þ

Putting the Eq. (10) in Eq. (9), then the solutions for Eq. (1),
obtain as Figs. 1–14:
V1ðx; tÞ ¼
24aþ

ffiffi
6

p ffiffiffiffi
b1

p
dj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2a2�9c

p
2

ffiffiffiffi
b1

p ffiffiffiffi
b3

p
� coth 1

2

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ1

� �2
þb2�csch

	
b2 � coth 1

2

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ1

� �
72c

V2ðx; tÞ ¼
24aþ

ffiffi
6

p ffiffiffiffi
b1

p
dj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2a2�9c

p
gþcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ� sinh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� ��	
gþcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� �
gþcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ� s

�
72c

V3ðx; tÞ ¼ � 1
36c ð�12aþ

ffiffiffi
6

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2a2 � 9c

p
d�j g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2 þ 1

p
cosh

ffiffiffiffiffi
b1

p
jð�		

þ
ffiffiffi
6

p ffiffiffiffiffi
b3

p
dj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2a2 � 9c

p
� � pþsinh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� �
g

ffiffiffiffiffiffiffiffi
p2þ1

p
þcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� 1
� ��

�p sinh
ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �� ffiffiffiffiffi

b1

p �
= g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2 þ 1

p
þ cosh

ffiffi
b

p�	
g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2 þ 1

p
þ � pþ sinh

ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �� �þ cosh

ffiffiffiffiffi
b1

p
jð�
Family-II

a0 ¼ a
3c ; a1 ¼

ffiffiffiffi
b3

p
dj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
� 2a2þ9cð Þp

6
ffiffi
6

p
c

; b1 ¼ 0; d1 ¼ dj
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
� 2a2þ9cð Þp
6
ffiffi
6

p
c

;

b1 ¼ � 24a2
d2j2 2a2þ9cð Þ ; x ¼ 3

ffiffi
c

p
djffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�2a2�9c
p :

ð14Þ

Putting Eq. (14) in Eq. (9), then solutions for Eq. (1), take as:
1
2

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �2


; ð11Þ

�2
�2� g cosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ1

� �

inh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� ��
; ð12Þ

xþxt þ f0Þ
�þ 1

ffiffiffi
1 jxþxt þ f0ð Þ�
xþxt þ f0Þ

�

:

ð13Þ



V5ðx; tÞ ¼
24a�

ffiffi
6

p ffiffiffiffi
b1

p
dj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2a2�9c

p
gþcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ� sinh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� �2
�2� g cosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ1

� �	 

gþcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� �
gþcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
þ� sinh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� �
72c

; ð16Þ

V6ðx; tÞ ¼ 1
36c ð12aþ

ffiffiffi
6

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2a2 � 9c

p
d�j g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2 þ 1

p
cosh

ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �þ 1

		
�p sinh

ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �� ffiffiffiffiffi

b1

p �
= g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2 þ 1

p
þ cosh

ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �	

g
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2 þ 1

p
þ � pþ sinh

ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �� �þ cosh

ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �
þ

ffiffiffi
6

p ffiffiffiffiffi
b3

p
dj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2a2 � 9c

p
� � pþsinh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� �
g

ffiffiffiffiffiffiffiffi
p2þ1

p
þcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� 1
� ��

:

ð17Þ
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Family-III

a0 ¼ 0; a1 ¼ � 4ab3
3b2c

; b1 ¼ d1 ¼ 0; x ¼
ffiffi
3
2

p
b2

ffiffi
c

p
d2j2

4a
ffiffiffiffi
b3

p ;

b1 ¼ � 9b22c
8a2b3

� 12
d2j2 :

ð18Þ
Fig. 2. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (12)
c ¼ �1; d ¼ 1;b1 ¼ 2; b2 ¼ 4; b3 ¼ 2.

Fig. 3. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (13)
c ¼ �1; P ¼ 0:8; d ¼ 1; b1 ¼ 2; b2 ¼ 4;b3 ¼ 2.
Putting the Eq. (18) in Eq. (9), take solutions for Eq. (1), as:

V7ðx; tÞ ¼
4ab1b3 � coth 1

2

ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �þ 1

� �
3b2

2c
; ð19Þ
represent to traveling wave while � ¼ 8;g ¼ �2; f0 ¼ 0:3; j ¼ 2;x ¼ 0:4;a ¼ 1;

represent to traveling wave while � ¼ 8;g ¼ �2; f0 ¼ 0:3;j ¼ 2;x ¼ 0:4;a ¼ 1;
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V8ðx; tÞ ¼
2a

ffiffiffiffi
b1
b3

q
b3

� sinh
ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �
gþcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �þ 1
� �

3b2c
; ð20Þ

V9ðx; tÞ ¼ �
4ab3 � � pþsinh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� �
g

ffiffiffiffiffiffiffiffi
p2þ1

p
þcosh

ffiffiffiffi
b1

p
jxþxtþf0ð Þ

� �� 1
� �

3b2c
: ð21Þ

Family-IV

a0 ¼ 3a2b3cd2j2 b22d
2j2�64b3ð ÞþA

6ab3c2d2j2 b22d
2j2�96b3ð Þ ; a1 ¼ 2 a2b22b3cd

4j4þAð Þ
3ab2c2d2j2 b22d

2j2�96b3ð Þ ; b1 ¼ d1 ¼ 0;

x ¼ � 1
8

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3b3cd2j2 b22d

2j2 5a2þ18cð Þ�192b3 2a2þ9cð Þð Þ�3A

b23 2a2þ9cð Þ2
r

;

b1 ¼ 3 3b22b3cd
4j4 a2þ4cð Þ a2þ9cð Þþ64a2b23cd

2j2 2a2þ9cð ÞþA a2þ3cð Þð Þ
16b23cd

4j4 2a2þ9cð Þ2 ;

ð22Þ
where

A ¼
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2b2

2b
2
3c2d

6j6 3b2
2d

2j2 a2 þ 4cð Þ � 128b3 2a2 þ 9cð Þ
	 
r

:

Putting the Eq. (22) in Eq. (9), then solutions for Eq. (1), as:
V10ðx; tÞ ¼ �4Ab1b3 � coth 1
2

ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �þ 1

� �þ 3a2b4
2b3cd

4j
�
b2
2 A� 4a2b2

3cd
2j2 b1d

2j2 � coth 1
2

ffiffiffiffiffi
b1

p
jxþxt þ f0ð Þ� �þ���

6ab2
2b3c2d

2j2 b2
2d

2j2 � 96b3

� �
;

Fig. 5. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (16) repre
d ¼ 1; b1 ¼ 2; b2 ¼ 4;b3 ¼ 2.

Fig. 4. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (15) represe
b2 ¼ 4;b3 ¼ 2.
V11ðx;tÞ¼
3a2b3cd2j2 b22d

2j2�64b3ð ÞþA

b3
�

2

ffiffiffiffi
b1
b3

q
a2b22b3cd

4j4þAð Þ �sinh
ffiffiffiffi
b1

p
jxþxtþf0ð Þ½ �

gþcosh
ffiffiffiffi
b1

p
jxþxtþf0ð Þ½ �þ1

	 

b2

6ac2d2j2 b2
2d

2j2�96b3

	 
 ;

ð24Þ

V12ðx; tÞ

¼
3a2b3cd2j2 b22d

2j2�64b3ð ÞþA

b3
þ

4 a2b22b3cd
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ð25Þ
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4þ
1
�þ 48

���� ð23Þ

sent to traveling wave while � ¼ 8;g ¼ �2; f0 ¼ 0:3;j ¼ 2; x ¼ 0:4;a ¼ 1; c ¼ �1;

nt to solitary wave while � ¼ 8; f0 ¼ 0:3;j ¼ 2; x ¼ 0:4;a ¼ 1; c ¼ �1; d ¼ 1;b1 ¼ 2;



Fig. 6. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (17) represent to traveling wave while � ¼ 8;g ¼ �2; f0 ¼ 0:3;j ¼ 2;x ¼ 0:4;a ¼ 1; c ¼ �1;
P ¼ 0:8; d ¼ 1;b1 ¼ 2;b2 ¼ 4; b3 ¼ 2.

Fig. 7. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (20) represent to traveling wave while � ¼ �8;g ¼ �2; f0 ¼ 0:3;j ¼ 2;x ¼ 0:4;a ¼ 0:5; c ¼ 0:2;
b1 ¼ 2;b2 ¼ 4; b3 ¼ 2.

Fig. 8. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (21) represent to traveling wave while � ¼ 18;g ¼ �8; f0 ¼ 0:3;j ¼ 2;x ¼ 0:2;a ¼ 0:5; c ¼ 0:2;
p ¼ 1:4;b1 ¼ 2; b2 ¼ 4; b3 ¼ 2.

Fig. 9. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (23) represent to kink wave soliton while � ¼ �8;g ¼ 2; f0 ¼ 0:3;j ¼ 4;x ¼ :8;a ¼ 1:5; c ¼ 0:3;
d ¼ 0:2;A ¼ 1; b1 ¼ 2;b2 ¼ 4;b3 ¼ 2.
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Putting the Eq. (25) in Eq. (9), then solutions for Eq. (1), as:

V13ðx; tÞ
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Fig. 11. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq.
a ¼ 0:3; c ¼ 0:5; d ¼ 0:4; b1 ¼ 2.

Fig. 10. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (24)
a ¼ 5; c ¼ 2; d ¼ 0:2; p ¼ 0:8;A ¼ 1; b1 ¼ 2;b2 ¼ 4;b3 ¼ 2;.
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Putting the Eq. (29) in Eq. (9), then solutions for Eq. (1), as:
ffiffiffi
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�
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�þ 1
�
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� pþsinh
ffiffiffiffi
b1

p
jxþxtþf0ð Þ
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p
þcosh
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p
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� �� 1
�
: ð29Þ

(27) represent to traveling wave while � ¼ 18;g ¼ �8; f0 ¼ 0:3;j ¼ 0:2;x ¼ 4;

represent to anti-kink wave soliton while � ¼ �8;g ¼ 2; f0 ¼ 0:3;j ¼ 2;x ¼ 1:4;



Fig. 12. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (28) represent to traveling wave while b1 ¼ 2;b3 ¼ 4; � ¼ �8;g ¼ �2; f0 ¼ 0:3;j ¼ 1:2;
x ¼ 2;a ¼ 3; c ¼ 1; d ¼ 2:4; p ¼ 0:9.

Fig. 13. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (31) represent to traveling wave while b1 ¼ 2; � ¼ 8;g ¼ �2; f0 ¼ 0:3;j ¼ 2;
x ¼ �2:4; c ¼ 0:2; d ¼ 2:4.

Fig. 14. (a) Three dimensional, (b) Two dimensional, (c) Contour plots for Eq. (28) represent to traveling wave while b1 ¼ 2;b3 ¼ 4; � ¼ 8;g ¼ �2; f0 ¼ 0:3;j ¼ 1:2;
x ¼ 2; c ¼ 0:4; d ¼ 1:5; p ¼ 0:6.
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4. Results and discussion

Here we explain and compare our obtained results with other
which already have been determined before this work in previous
literature by other various methods. In the current study, we have
constructed new and more general results. The main features of
this work is the general solution Eq. (5) with range of four param-
eters and having various structure. The constant parameters values
al; bl; cl; dlare combine by any symbolic computation then Eq. (6)
has various kinds of solutions. We obtained new and more general
results by the proposed method.
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Now we make compare the obtained results with other meth-
ods. In past research many scholars have been found different
kinds of solutions for NLETLs equation e.g., hyperbolic, elliptic,
trigonometric, rational type including kink and anti-kink wave
solitons, singular and combined bright-dark solitions, bell shaped,
periodic wave by implemented the jacobi elliptic technique,
kudryashov technique, auxiliary equation technique, G0

G

� �
-

expansion method, extension technique of tanh function, the tech-
nique of racatti equation, modification of kudryashov technique,
the technique of sine-Gorden and extension of sine-Gorden equa-
tion (Abdoulkary et al., 2013; Arshad et al., 2018; Seadawy,
2017a; Kumar et al., 2018; Aslan, 2016).

From the above detail discussion and comparison conclude that
our constructed results are new and more general which have been
not determined in the past literature. The complete investigation
prove that proposed technique is more reliable, efficient, straight-
forward, and powerful to investigate various kinds of nonlinear
evolution equations.

5. Conclusion

In this study, we proposed successfully modified mathematical
method on NLETLs equation and demonstrated new results. The
obtained results are new and more general like rational, trigono-
metric, hyperbolic type including kink and anti-kink wave,
bright-dark solitons and traveling waves. The physical interpreta-
tion of some obtained results demonstrated by graphically with
symbolic computation. The complete investigation prove that pro-
posed technique is more reliable, efficient, straightforward, and
powerful to investigate various kinds of nonlinear evolution equa-
tions involves in geophysics, fluid dynamics, nonlinear plasma,
chemistry, biology, and field of engineering.We are hopefully
determined results have numerous applications in optical fiber,
geophysics, fluid dynamics, laser optics, engineering, and many
other various kinds of applied sciences.
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