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a b s t r a c t

This analysis investigates the occurrence of super nonlinear waves ðSNWsÞ in a two-component
electron-ion plasma containing Maxwell distributed electrons. The effect of Mach number (M) on the
presence of SNWs is also discussed. Analytical findings for all conceivable dark-pitch solitons, singular
solitons, associated hyperbolically, trigonometrically, and rational solitons, and super nonlinear periodic
wave solutions are discussed in this study. A graphical representation of the research findings is also pre-
sented. This study successfully shows 2D- graphs to offer further insight into the physical properties of
the solutions described for the various ranges of M that is, for M < 1 the velocity of the wave profile will
be treated as subsonic, for M > 1 the velocity of the wave profile will be treated as supersonic and for
M ¼ 1 the velocity of the wave profile will be treated as sonic for super nonlinear waves in two-
component Maxwellian plasma. We have further demonstrated the sensitivity assessments for the
altered dynamical structural system’s supersonic, subsonic, and sonic wave profiles, utilizing six unique
initial conditions. That whole research justifies the appearance of SNWs in such a two-component
Maxwellian plasma, which used to be formerly unidentified until about the study’s start in 2011. The
new analytical findings of the different categories and sensitivity analysis for the dynamical system with
supersonic, subsonic, and sonic wave profiles are new things here.
� 2022 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

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

Interestingly, depending on the M, a limited exceed (Das et al.,
2012) throughout the magnitude towards a solitary wave was dis-
covered. The researchers, on the other hand, proved powerless to
characterize the pattern of a newly discovered form of a solitary
wave that differed from nonlinear solitary waves. Dubinov et al.
(2012) designated such novel forms of waves as SNWs, which have
been characterized by the nontrivial topology of the phase plots,
for the very first instance in plasmas. A while back, super nonlinear
waves in three-, four, or five components plasma systems were
investigated for the small magnitude (Chapagai et al., 2020;
Tamang and Saha, 2020) as well as arbitrary amplitude (Taha
and El-Taibany, 2020; Saha and Tamang, 2019) limitations. Conse-
quently, three-component Maxwellian or non-Maxwellian plasmas
might create super nonlinear solitary and super nonlinear periodic
waves in plasmas. If a small amplitude nonlinear wave is consid-
ered using the reductive perturbation method ðRPTÞ and the KdV
equation in a two-component electron-ion Maxwellian plasma is
obtained, the coefficient of a nonlinear term is 1, i.e. a constant.
As a result, higher-order corrections cannot be considered in a
two-component electron-ion Maxwellian plasma. Also, in conclu-
sion, small amplitude super nonlinear wave solutions aren’t feasi-
ble in a two-component electron-ion Maxwellian plasma. Only
solitary and periodic wave solutions are feasible in this instance.
In contrast, Cairns et al. (1995) stated where there exists a poten-
tial well in its positive direction on a two-component Maxwellian
plasma, and therefore there exists a homoclinic loop throughout
the phase domain of the differential equation that symbolizes a
solitary wave exhibiting positive potential.
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In this investigation, we obtained many solutions with the help
of generalized auxiliary equation (GAE) method (Akinyemi et al.,
2021), for SNWs in Maxwellian plasma with two components
(Saha et al., 2020), including hyperbolic trigonometric, trigonomet-
ric, exponential, and rational. Therefore the light, darkened, peri-
odic, singular, and exclusive soliton solutions that seem to be
truly significant throughout mathematical physics were discovered
underneath the variety of restriction constraints. So far as the
authors are informed, no previous work on soliton solutions using
the GAE technique has been published. An additional advantage of
this technique is that it could be applied to other nonlinear models
that are connected to it. In fact, the super nonlinear wave (SNW) is
characterized by the nontrivial topology of their phase portraits. In
this case, the paths contain at least two stable equilibrium points
(centers) and one separatrix layer. These waves exist in the plasma
system having three or more components. These can be studied by
the direct and reductive perturbation techniques. It is good to
understand that the phase paths of the dynamical system are the
wave solution of the corresponding plasma system (Saha and
Banerjee, 2021).

Non-linear differential equations have been commonly used to
characterize a comprehensive variety of complex scientific phe-
nomena, such as optics, deeper water, quantum mechanics, bio-
physics, fluid mechanics, plasma physics, marine engineering,
chemistry, as well as physics. However, In literature, the more
magnificent technique for finding new exact and explicit solutions
for non-linear PDEs (Riaz et al., 2021). Because soliton solutions
may be discovered in a variety of mathematical physics models,
the theory of optical solitons is highly fascinating. One of the most
important elements of nonlinear fiber optics is the observation of
optical solitons. Soliton has several applications in applied science
and engineering. There are several effective techniques for
addressing nonlinear differential equations. Just a few examples
include the new extended direct algebraic method (Jhangeer
et al., 2020; Munawar et al., 2021; Jhangeer et al., 2021; Hussain
et al., 2021; Hussain et al., 2020).

Relying upon the research of Atangana-Baleanu, Abdou et al.
(2020) researchers discover novel solutions to the space-time frac-
tional nonlinear Schrödinger equation, where G0

G2 –expansion and
generalised Kurdyashov techniques are proposed. Fractional calcu-
lus having increasingly piqued the attention of many researchers in
domains including physics, plasma physics, nonlinear optics and
fractional characteristics, control system, signal processing, biol-
ogy, architecture, fluid mechanics with visco elasticity, and so on
(Abdou, 2017; Manafian, 2016). In Khater et al. (2018), researchers
use a novel approach for solving the higher order nonlinear
Schrödinger equation, which represents the propagation of brief
light pulses in monomode optical fibres. The optical soliton to
Wu-Zhang set of evolution equations depicts a (1 + 1)-
dimensional dispersive long wave (Jawad and Al Azzawi, 2019).
Several organizations in space-time fractional nonlinear optics as
well as other fields having researched optical soliton solution in
the conclusion (Edeki et al., 2019; Abdou and Yildirim, 2012;
Mena-Contla et al., 2018).

Rational sine-Gordon expansion method which is a generalized
form of the sine-Gordon expansion method is a newly developed
method for analytical solutions (Yel et al., 2022). The generalized
variable separation method and the extended homoclinic test the
approach is implemented for the construction of the non-
traveling wave solutions of ð2þ 1Þ-dimensional breaking soliton
equation (Shang, 2022). Jhangeer et al. (2021), closely scrutinized
the traveling wave solutions of a family of long-wave unstable
lubrication models, a study of the perturbed Fokas-Lenells model’s
traveling, periodic, quasiperiodic, and chaotic structures, as well as
the dynamical analysis and phase pictures of two-mode waves in
2

various mediums. Exact solutions regarding blood flow via a circu-
lar tube underneath magnetic field impact employing fractional
Caputo-Fabrizio derivatives (Rihan et al., 2016) as well as Synchro-
nization for tumor-immune framework involving fractional-order
(Riaz and Zafar, 2018; Jhangeer et al., 2012; Jhangeer, 2018;
Jhangeer et al., 2020) were evaluated together a systematic inves-
tigation to find and analyze the evidence to determine the reality
by M.B. Riaz. Fractional calculus has made a major advancement
in the development of solving models for implementations, and
it attempts to illustrate that it can create more realistic models,
Ghalib et al. (2020), Riaz et al. (2016), Ghalib et al. (2020), Riaz
et al. (2020), Riaz et al. (2020), Riaz (2018), and Riaz et al.
(2021).

The following is how paper is made: Section 2 is devoted to
demonstrating the idea of the proposed method, i.e, GAE method.
Section 3, deals with the quest of SNWs in Maxwellian plasma with
two components. A simple electron-ion plasma composed of cold
mobile ions as well as Maxwell distribution electrons is defined
by the dimensionless fundamental equations in the exploration
of SNWs. The wave frame is used to transfer the fundamental equa-
tions into the nonlinear ordinary differential equation. In Section 4
there is the application of GAE method to find soliton solutions.
Furthermore, we have seen various textures of waves in the 2D
graphical representation of the solutions, for different values of
M. Visualization of study findings in a graphical format is discussed
in Section 5. In Section 6, there is the sensitivity assessment for the
supersonic, subsonic, and sonic wave profiles. Section 7 deals with
the discussions and results analysis. We assessed various dynamic
performances, structures, and texturing of wave solutions by ana-
lyzing graphs relying on their physical ranges. Associated numeri-
cal values for parameters were utilized as an aspect of our
investigation to explore distinct dynamic behavior, patterns, and
textures of wave solutions. In subSection 7.1 there is a comparative
examination of the current study with the previously published lit-
erature. Section 8 includes the study’s conclusion.

2. Recapitulation for the GAE method

Throughout this segment, readers analyze the core notion of the
GAEmethodology (Akinyemi et al., 2021) through investigating the
nonlinear PDE of the manner:

PðQ ;Qx;Qxx; . . .Þ ¼ 0; ð1Þ
for which Q is an unidentified function. Assume that:

Qðx; tÞ ¼ uðfÞ f ¼ kxþ ct; ð2Þ
wherein xi; i ¼ 1;2 are random parameters to be computed. Either
to convert Eq. (1) to such ODE, we use the complex transformation
Eq. (2).

PðuðfÞ;u0ðfÞ;u00ðfÞ; . . .Þ ¼ 0: ð3Þ
Assume Eq. (3) seems to have the following solutions:

uðfÞ ¼ a0 þ
XN
j¼1

ajW
jðfÞ; aN – 0; ð4Þ

wherein ajðj ¼ 0;1; . . . ;NÞ, represent constants to be determined
afterwards. To get the value of N, we utilize the balance technique,
which involves balancing both nonlinear expression and further
highest-order derivative from Eq. (3). The function W fulfills the
auxiliary equation, which is expressed simply,

W0ðfÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m1W

2ðfÞ þm2W
3ðfÞ þm3W

4ðfÞ
q

; ð5Þ
by whichm1;m2 andm3 denote real parameters The solutions are as
described in the pursuing: set of Eq. (5):
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Family:1 For m1 > 0, we have;

W1ðfÞ ¼
�m1m2sech

2
ffiffiffiffiffi
m1

p
2 f

� �
m2

2 �m1m3 1� tanh
ffiffiffiffiffi
m1

p
2 f

� �� �2 ; ð6Þ

W2ðfÞ ¼
m1m2csch

2
ffiffiffiffiffi
m1

p
2 f

� �
m2

2 �m1m3 1� coth
ffiffiffiffiffi
m1

p
2 f

� �� �2 : ð7Þ

Family:2 For m1 > 0 and H > 0, we have;

W3ðfÞ ¼ 2m1sech
2 ffiffiffiffiffiffiffi

m1
p

fð Þ
� ffiffiffiffiffi

H
p �m2sech

ffiffiffiffiffiffiffi
m1

p
fð Þ ; ð8Þ

W4ðfÞ ¼ 2m1csch
2 ffiffiffiffiffiffiffi

m1
p

fð Þ
�

ffiffiffiffiffiffiffiffi
�H

p
�m2csch

ffiffiffiffiffiffiffi
m1

p
fð Þ : ð9Þ

Family:3 For m1 > 0 and m3 > 0, we have;

W5ðfÞ ¼
�m1sech

2
ffiffiffiffiffi
m1

p
2 f

� �
m2 � 2

ffiffiffiffiffiffiffiffiffiffiffiffiffi
m1m3

p
tanh

ffiffiffiffiffi
m1

p
2 f

� � ; ð10Þ

W6ðfÞ ¼
m1csch

2
ffiffiffiffiffi
m1

p
2 f

� �
m2 � 2

ffiffiffiffiffiffiffiffiffiffiffiffiffi
m1m3

p
coth

ffiffiffiffiffi
m1

p
2 f

� � : ð11Þ

Family:4 For m1 > 0 and H ¼ 0, we have;

W7ðfÞ ¼ �m1

m2
1� tanh

ffiffiffiffiffiffiffi
m1

p
2

f

� �� �
; ð12Þ

W8ðfÞ ¼ �m1

m2
1� coth

ffiffiffiffiffiffiffi
m1

p
2

f

� �� �
: ð13Þ

Family:5 For m1 < 0 and H > 0, we have;

W9ðfÞ ¼ 2m1 sec2
ffiffiffiffiffiffiffiffiffiffi�m1

p
fð Þ

� ffiffiffiffiffi
H

p �m2 sec
ffiffiffiffiffiffiffiffiffiffi�m1

p
fð Þ ; ð14Þ

W10ðfÞ ¼ 2m1csc2
ffiffiffiffiffiffiffiffiffiffi�m1

p
fð Þ

�
ffiffiffiffiffi
H

p
�m2 csc

ffiffiffiffiffiffiffiffiffiffi�m1
p

fð Þ : ð15Þ

Family:6 For m1 < 0 and m3 > 0, we have;

W11ðfÞ ¼
�m1 sec2

ffiffiffiffiffiffiffi�m1
p

2 f
� �

m2 � 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�m1m3

p
tan

ffiffiffiffiffiffiffi�m1
p

2 f
� � ; ð16Þ

W12ðfÞ ¼
�m1csc2

ffiffiffiffiffiffiffi�m1
p

2 f
� �

m2 � 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�m1m3

p
cot

ffiffiffiffiffiffiffi�m1
p

2 f
� � : ð17Þ

Family:7 For m1 > 0, we have;

W13ðfÞ ¼ 4m1e�
ffiffiffiffiffi
m1

p
f

ðe� ffiffiffiffiffim1
p

f �m2Þ2 � 4m1m3

; ð18Þ

Family:8 For m1 > 0 and m2 ¼ 0, we have;

W14ðfÞ ¼ �4m1e�
ffiffiffiffiffi
m1

p
f

1� 4m1m3e�2
ffiffiffiffiffi
m1

p
f
: ð19Þ

Family:9 For m1 ¼ 0 , we have;

W15ðfÞ ¼ �m1m2

m2
2f

2 �m1m3
: ð20Þ

Family:10 For m1 ¼ 0 and m2 ¼ 0, we have;

W16ðfÞ ¼ � 1ffiffiffiffiffiffiffi
m3

p
f
: ð21Þ
3

During which H ¼ m2
2 � 4m1m3. There are four basic types of

solutions: hyperbolic trigonometric, trigonometric, exponential,

and rational. However many polynomial equations in WjðfÞ of
indeterminate variables are gathered into Eqs. (4) and (5) are

replaced into Eq. (3) and the coefficients of WjðfÞ; ðj ¼ 0;1;
2 . . .Þ being equal to zero. Consequently, simply solving the pre-
ceding nonlinear polynomial equations, inserting the resulting
constants in Eq. (4) with such a known N, and considering
the aforementioned solutions set on Eq. (4), we rapidly find
the suitable solutions of Eq. (1).

3. The quest of SNWs in Maxwellian plasma with two
components

We consider a simple electron-ion plasma composed of cold
mobile ions as well as Maxwell distribution electrons defined by
the dimensionless fundamental equations in exploration of SNWs
(Saha et al., 2020):

@tnþ @xðnuÞ ¼ 0; ð22Þ

@tuþ u@xu ¼ �@xu; ð23Þ

@xxu ¼ eu � n; ð24Þ
such that:

n is the number density for ions, along with ðneÞ is the number
density for electrons, which is normalized to n0 is the number density
for ions at unperturbed condition, along with ðne0Þ is the number
density for electrons at unperturbed condition. Since, uðuÞ where u
is ion’s velocity and u is electrostatic potential) is normalized to
ion-acoustic speed cs ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiðKBTe=mÞp ðKBTe=eÞ, where e is electron
charge and m is mass of ions. The length of Debyelength, i.e,
k ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiðKBTe=4pe2n0Þ

p
and inverse of ion plasma frequency, i.e,

x�1 ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiðm=4pe2n0Þ
p

is normalized to the space variable i.e, time
denoted by xðtÞ.

To analyze supernonlinear and other nonlinear waves in the
given plasma system, we use the wave frame below.

f ¼ x�Mt; ð25Þ
where M is the Mach number. Our goal is to make a planar auton-
omous dynamical system out of the fundamental Eqs. (22)–(24).
When u�!0;n�!1, as well as u�!0 as f�!�1, use the wave
frame, i.e, Eq. (25) throughout in Eqs. (22) and (23), one might come
across

n ¼ Mffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M2 � 2u

q : ð26Þ

When Eqs. (25) and (26) are applied to Eq. (24) and up to third
degree terms are included, one may get:

d2u
df2

¼ c1uþ c2u2 þ c3u3; ð27Þ

where c1 ¼ ð1� 1
M2Þ; c2 ¼ 1

2 ð1� 3
M4Þ, and c3 ¼ 1

6 ð1� 15
M6Þ.

4. Application of GAE method

Within that segment, the GAE method is used to solve Eq. (22).
We achieve N ¼ 1, by balancing u00 and u3. As a result, the solution
corresponding to Eq. (4) may be written as:

uðfÞ ¼ a0 þ a1WðfÞ; ð28Þ
Placing Eqs. (5) as well as (28) inside (22) and setting the coef-

ficient of WjðfÞ; ðj ¼ 0;1;2;3Þ to zero yields the foregoing:
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W0 : �a0 þ a0
M2 � 1

2 a
2
0 þ 3

2
a20
M4 � 1

6 a
3
0 þ 5

2
a30
M6 ¼ 0;

W1 : a1m1 � a1 þ a1
M2 � a0a1 þ 3a0a1

M4 � 1
2 a

2
0a1 þ 15

2
a20a1
M6 ¼ 0;

W2 : 3
2 a1m2 � 1

2 a
2
1 þ 3

2
a21
M4 � 1

2 a0a
2
1 þ 15

2
a0a21
M6 ¼ 0;

W3 : 2a1m3 � 1
6 a

3
1 þ 5

2
a31
M6 ¼ 0:

ð29Þ

When we solve the above equations for the parameters M;m1,
and m2, we get the following solutions:

Set 1.

a0 ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ ;

a1 ¼ �2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3; M ¼ M;

m1 ¼ 1
2M2 ð 1

4
M6ð3M4�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð�15M8þ24M6�54M4þ360M2�279Þ

p
�9Þ

2

ðM6�15Þ2

�M4ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð�15M8þ24M6�54M4þ360M2�279Þ

p
�9Þ

ðM6�15Þ þ 2M2

� 15
4

ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð�15M8þ24M6�54M4þ360M2�279Þ

p
�9Þ

2

ðM6�15Þ2

þ ð3ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞÞ

ðM6�15Þ � 2Þ;

m2 ¼ 2
3M ð

ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
ð � M6ð3M4�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð�15M8þ24M6�54M4þ360M2�279Þ

p
�9Þ

2ðM6�15Þ þM4

þ 15
2

ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð�15M8þ24M6�54M4þ360M2�279Þ

p
�9Þ

ðM6�15Þ � 3ÞÞ;
�2
3M ð

ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
ð � M6ð3M4�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð�15M8þ24M6�54M4þ360M2�279Þ

p
�9Þ

2ðM6�15Þ þM4

þ 15
2

ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð�15M8þ24M6�54M4þ360M2�279Þ

p
�9Þ

ðM6�15Þ � 3ÞÞ:
ð30Þ

Set 2.

a0 ¼ 0; a1 ¼ �2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3; M ¼ M;

m1 ¼ M2�1
M2 ; m2 ¼ � 3

2

ðM4�3Þ
ffiffi
3

p ffiffiffiffiffiffiffiffiffi
m3

M6�15

q
M :

ð31Þ

Moreover, the solutions of Eq. (27) are stated as follows, using
Eqs. (28) and (30) in relation towards the solution sets established
in Section 2:

� For m1 > 0,
u1ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �m1m2sech

2
ffiffiffiffi
m1

p
2 f

� �
m2

2�m1m3 1�tanh
ffiffiffiffi
m1

p
2 f

� �� �2
 !

;
ð32Þ

u2ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 m1m2csch

2
ffiffiffiffi
m1

p
2 f

� �
m2

2�m1m3 1�coth
ffiffiffiffi
m1

p
2 f

� �� �2
 !

:
ð33Þ

� For m1 > 0 and H > 0,

u3ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 2m1sech

2 ffiffiffiffiffi
m1

p
fð Þ

�
ffiffiffi
H

p
�m2sech

ffiffiffiffiffi
m1

p
fð Þ

� �
;

ð34Þ

u4ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 2m1csch

2 ffiffiffiffiffi
m1

p
fð Þ

�
ffiffiffiffiffiffi
�H

p
�m2csch

ffiffiffiffiffi
m1

p
fð Þ

� �
:

ð35Þ

� For m1 > 0 and m3 > 0,
4

u5ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �m1sech

2
ffiffiffiffi
m1

p
2 f

� �
m2�2

ffiffiffiffiffiffiffiffiffi
m1m3

p
tanh

ffiffiffiffi
m1

p
2 f

� �
 !

;
ð36Þ

u6ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 m1csch

2
ffiffiffiffi
m1

p
2 f

� �
m2�2

ffiffiffiffiffiffiffiffiffi
m1m3

p
coth

ffiffiffiffi
m1

p
2 f

� �
 !

:
ð37Þ

� For m1 > 0 and H ¼ 0,

u7ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �m1

m2
1� tanh

ffiffiffiffiffi
m1

p
2 f

� �� �� �
;

ð38Þ

u8ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �m1

m2
1� coth

ffiffiffiffiffi
m1

p
2 f

� �� �� �
:

ð39Þ
� For m1 < 0 and H > 0,

u9ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 2m1 sec2

ffiffiffiffiffiffiffi�m1
p

fð Þ
�
ffiffiffi
H

p
�m2 sec

ffiffiffiffiffiffiffi�m1
p

fð Þ
� �

;
ð40Þ

u10ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 2m1csc2

ffiffiffiffiffiffiffi�m1
p

fð Þ
�
ffiffiffi
H

p
�m2 csc

ffiffiffiffiffiffiffi�m1
p

fð Þ
� �

:
ð41Þ

� For m1 < 0 and m3 > 0,

u11ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �m1 sec2

ffiffiffiffiffiffi�m1
p

2 f
� �

m2�2
ffiffiffiffiffiffiffiffiffiffiffiffi�m1m3

p
tan

ffiffiffiffiffiffi�m1
p

2 f
� �

 !
;

ð42Þ

u12ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �m1csc2

ffiffiffiffiffiffi�m1
p

2 f
� �

m2�2
ffiffiffiffiffiffiffiffiffiffiffiffi�m1m3

p
cot

ffiffiffiffiffiffi�m1
p

2 f
� �

 !
;

ð43Þ

� For m1 > 0,

u13ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 4m1e

� ffiffiffiffim1
p

f

ðe�
ffiffiffiffi
m1

p
f�m2Þ

2�4m1m3

� �
:

ð44Þ

� For m1 > 0 and m2 ¼ 0,

u14ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �4m1e

� ffiffiffiffim1
p

f

1�4m1m3e
�2
ffiffiffiffi
m1

p
f

� �
:

ð45Þ

� For m1 ¼ 0,

u15ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �m1m2

m2
2f

2�m1m3

� �
:

ð46Þ

� For m1 ¼ 0 and m2 ¼ 0,



Muhammad Bilal Riaz, A. Jhangeer, A. Atangana et al. Journal of King Saud University – Science 34 (2022) 102108
u16ðfÞ ¼ � ð3M4�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�15M8þ24M6�54M4þ360M2�279Þ

p
�9ÞM2

2ðM6�15Þ

�2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 � 1ffiffiffiffiffi

m3
p

f

� �
:

ð47Þ

Consequently, the solutions for Eq. (27) are stated here as pur-
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5. Visualization of study findings in a graphical format

This particular phase is devoted to displaying a graphical depic-
tion of a few of the analytical results mentioned throughout this
work. The section as a whole reflects on the fundamental under-
standing of some of the specific outcomes reported in this study.
A modern professional programming software application is used
to create graphs for better demonstration. Furthermore, each 2D
plot is visible over an individual interval. Based on their physical
ranges, corresponding numerical values for parameters can be
employed. Using varied parameter values as a core component of
our experimentation, we may study distinct dynamic characteris-
tics, shapes, and texturing of soliton solutions. It is essential to
note, however, that solutions have trigonometric functions, mixed
hyperbolic functions, and rational functions.

Fig. 1:
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Fig. 1. 2-dimensional plots of ju1ðfÞj, for different velocity of the wave profile.
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Fig. 2. 2-dimensional plots for different velocity of the wave profile.
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The conclusion of the analysis ju1ðfÞjis established on the pro-
posed parameters’ constant values. The effectiveness of the GAE
technique is visually shown as exhibits. Here is a graphic represen-
tation of 2D-plot over the interval ð�10;10Þ for different values of
M, along with the parameters such as,

m1 ¼ m2 ¼ m3 ¼ 1, M ¼ 0:4 (red), M ¼ 0:6 (blue), M ¼ 0:8
(green), M ¼ 1 (magenta), M ¼ 1:1 (yellow), M ¼ 1:3 (brown),
M ¼ 1:5 (orange),
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Fig. 2:
The conclusion of the analysis ju10ðfÞjis established on the pro-

posed parameters’ constant values. The effectiveness of the GAE
technique is visually shown as exhibits. Here is a graphic represen-
tation of 2D-plot over the interval ð�10;10Þ for different values of
M, along with the parameters such as,

m1 ¼ �2;m2 ¼
ffiffiffi
7

p
;m3 ¼ 3, M ¼ 0:4 (red), M ¼ 0:6 (blue),

M ¼ 0:8 (green), M ¼ 1 (magenta), M ¼ 1:1 (yellow), M ¼ 1:3 (or-
ange), M ¼ 1:5 (brown),
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Fig. 3. 2-dimensional plots for differ
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also the conclusion of the analysis ju27ðfÞjis established on the pro-
posed parameters’ constant values. The effectiveness of the GAE
technique is visually shown as exhibited. Here is a graphic repre-
sentation of 2D-plot over the interval ð�10;10Þ for different values
of M, along with the parameters such as,

m1 ¼ �2;m2 ¼
ffiffiffi
7

p
;m3 ¼ 3, M ¼ 0:4 (red), M ¼ 0:6 (blue),
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Fig. 3:
The conclusion of the analysis ju18ðfÞjis established on the pro-

posed parameters’ constant values. The effectiveness of the GAE
technique is visually shown as exhibits. Here is a graphic represen-
tation of 2D-plot over the interval ð�10;10Þ for different values of
M, along with the parameters such as,
M

(b) | ϕ 18 (ζ ) | Sonic

M

M
M

(d) | ϕ 29 (ζ ) | Subsonic

M
M

M
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ent velocity of the wave profile.
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Fig. 4. 2-dimensional plots of ju23ðfÞj, for different velocity of the wave profile.
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m1 ¼ m2 ¼ m3 ¼ 1, M ¼ 0:4 (red), M ¼ 0:6 (blue), M ¼ 0:8
(green), M ¼ 1 (magenta), M ¼ 1:1 (yellow), M ¼ 1:3 (orange),
M ¼ 1:5 (brown),
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p
2 f

� �
m2

2�m1m3 1�coth
ffiffiffiffi
m1

p
2 f

� �� �2
 !

j;

Also the conclusion of the analysis ju29ðfÞjis established on the
proposed parameters’ constant values. The effectiveness of the GAE
technique is visually shown as exhibits. Here is a graphic represen-
tation of 2D-plot over the interval ð�10;10Þ for different values of
M, along with the parameters such as,

m1 ¼ m2 ¼ m3 ¼ 1, M ¼ 0:4 (red), M ¼ 0:6 (blue), M ¼ 0:8
(green), M ¼ 1 (magenta), M ¼ 1:1 (yellow), M ¼ 1:3 (orange),
M ¼ 1:5 (brown),

ju29ðfÞj ¼ j � 2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 4m1e

� ffiffiffiffim1
p

f

ðe�
ffiffiffiffi
m1

p
f�m2Þ

2�4m1m3

� �
j;

Fig. 4:
The dark solution, ju23ðfÞjis established on the proposed param-

eters’ constant values. The effectiveness of the GAE technique is
visually shown as exhibits. Here is a graphic representation of
2D-plot over the interval ð�10;10Þ for different values of M, along
with the parameters such as,

m1 ¼ m3 ¼ 1;m2 ¼ 2, M ¼ 0:4 (red), M ¼ 0:6 (blue), M ¼ 0:8
(green), M ¼ 1 (magenta), M ¼ 1:1 (yellow), M ¼ 1:3 (orange),
M ¼ 1:5 (brown),

ju23ðfÞj ¼ j � 2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �m1

m2
1� tanh

ffiffiffiffiffi
m1

p
2 f

� �� �� �
j;

Fig. 5:
The conclusion of the analysis ju32ðfÞjis established on the pro-

posed parameters’ constant values. The effectiveness of the GAE
technique is visually shown as exhibits. Here is a graphic represen-
tation of 2D-plot over the interval ð�10;10Þ for different values of
M, along with the parameters such as,
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m1 ¼ m2 ¼ 0;m3 ¼ 1, M ¼ 0:4 (red), M ¼ 0:6 (blue), M ¼ 0:8
(green), M ¼ 1 (magenta), M ¼ 1:1 (yellow), M ¼ 1:3 (orange),
M ¼ 1:5 (brown),

ju32ðfÞj ¼ j � 2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 � 1ffiffiffiffiffi

m3
p

f

� �
j;

Fig. 6:
The singular solution, ju24ðfÞjis established on the proposed

parameters’ constant values. The effectiveness of the GAE tech-
nique is visually shown as exhibits. Here is a graphic representa-
tion of 2D-plot over the interval ð�10;10Þ for different values of
M, along with the parameters such as,

m1 ¼ m3 ¼ 1;m2 ¼ 2, M ¼ 0:4 (red), M ¼ 0:6 (blue), M ¼ 0:8
(green), M ¼ 1 (magenta), M ¼ 1:1 (yellow), M ¼ 1:3 (orange),
M ¼ 1:5 (brown),

ju24ðfÞj ¼ j � 2
ffiffiffi
3

p ffiffiffiffiffiffiffiffiffiffiffiffiffi
m3

ðM6�15Þ

q
M3 �m1

m2
1� coth

ffiffiffiffiffi
m1

p
2 f

� �� �� �
j;
6. The sensitivity assessment

Eq. (27) can be further represented in the format of a planer
dynamical system employing the Galilean transformation as:

du
df ¼ h;
dh
df ¼ c1uþ c2u2 þ c3u3;

(
ð64Þ

Wewill now look into the sensitive phenomena of the following
perturbed system. The mechanism Eq. (27) is subsequently decon-
structed in the autonomous conservative dynamical system ðACDSÞ
as shown below:

du
df ¼ h;
dh
df ¼ c1uþ c2u2 þ c3u3 þm0 cos bf;

(
ð65Þ

where c1 ¼ ð1� 1
M2Þ; c2 ¼ 1

2 ð1� 3
M4Þ, and c3 ¼ 1

6 ð1� 15
M6Þ.

Wherein b seems to be the frequency and m0 is the perturbed
term’s strength (Jhangeer et al., 2020). The superficial periodic
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Fig. 5. 2-dimensional plots of ju32ðfÞj, for different velocity of the wave profile.
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force is evident in system (65) though not in system (64). To exam-
ine Eq. (27)’s sensitive behavior in the existence of a perturbation
factor involving the parameters c1; c2, and c3. Throughout this sec-
tion, we will look at how the frequency term affects the model
under consideration. For this, we will establish the physical charac-
teristics of the investigated model and discuss the influence of the
perturbation’s force as well as frequency. Therefore in the segment,
we want to know the sensitivity for the solution of the perturbed
dynamical structural system (65) by using six distinctive initial
conditions:
Sensitivity Assessment for Supersonic, Subsonic, and Sonic
wave profile
Figure
 Red Solid Curve (u; h)
 Dashed Blue line (u; h)
(a)
 (0.00, 0.00)
 (0.15, 0.15)

(b)
 (0.03, 0.03)
 (0.25, 0.25)

(c)
 (0.015, 0.015)
 (0.30, 0.30)

(d)
 (0.02, 0.02)
 (0.30, 0.30)

(e)
 (0.035, 0.035)
 (0.40, 0.40)

(f)
 (0.20, 0.20)
 (0.40, 0.40)
While the values of the other parameters are the same for each
part in Figs. 7–9.

A sensitivity assessment is an analysis to know how much our
system is sensitive. If there is a minor change in the system by set-
ting minor changes in initial conditions, then the system will have
low sensitivity. But, if there is a major change in the system by set-
9

ting minor changes in initial conditions, then the system will have
high sensitivity. In Fig. 9, we can see the sensitivity for the super-
sonicwave profile forM ¼ 1:5 of the perturbeddynamical structural
system (65) by using six distinctive initial conditions. For example,
in Fig. 7(a), the system is not sensitive from thebeginningbut as pro-
gress from 10 towards 50 in the specified interval, one can observe
the change in the amplitude structure of the waves so these curves
are not overlapping there, hence the system is sensitive here.

In Fig. 8, we can see the sensitivity for the subsonic wave profile
for M ¼ 0:6 of the perturbed dynamical structural system (65) by
using six distinctive initial conditions as already described in the
table above. As an explanation, in Fig. 8(a), the system is conscien-
tiously sensitive from beginning to end (i.e 0 to 50). But in Fig. 8(f),
the system is not sensitive for the interval 20 to 40 approximately,
as the amplitude structure of the waves is overlapping there, hence
the system is not sensitive here.

Fig. 9 depicts the sensitivity for the sonic wave profile of the
perturbed dynamical structural system (65) for M ¼ 1:0 by
employing six unique initial constraints, as given in the table pre-
vious paragraph. As an instance, in Fig. 9, the system has very low
sensitivity from beginning to end (i.e 0 to 50). But in Fig. 9(c) and
(f), the system is conscientiously sensitive for the interval 0 to 40
and 10 to 50 respectively, as the amplitude structure of the waves
are not overlapping there, hence the system is sensitive here. In
short, the different figures are drawn for the different values of
the M and show the sensitiveness of the system. The change in
the amplitudes of the waves in the sensitivity plots is the physical
justification of the system’s sensitiveness.
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Fig. 6. 2-dimensional plots of ju24ðfÞj, for different velocity of the wave profile.
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Fig. 7. Graphical Representation of Supersonic wave profile for M ¼ 1:5.
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Fig. 8. Graphical Representation of Subsonic wave profile for M ¼ 0:6.
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7. Discussions and results analysis

When studying the graphical representations of these solutions,
our major objective in this part is to show that the newly acquired
solutions are more generic and helpful. By selecting appropriate
parameters in the Figures, we present several absolute graphs for
different values ofM. ForM < 1 the velocity of the wave profile will
be treated as subsonic. ForM > 1 the velocity of thewaveprofilewill
be treated as supersonic. For M ¼ 1 the velocity of the wave profile
will be treated as sonic. We have seen various textures of wave in
the 2D graphical representation of the solutions, for different values
of M, as we can see in the interval ð�10;10Þ, where the amplitude
structures of the wave increase as the value of M increases. As the
velocity of the wave profile is changing, the amplitude structure of
the wave changes. One can easily observe that as the velocity of
the wave profile is subsonic the amplitude structures of the wave
are lower than amplitude structures of thewave for sonic and super-
sonic. In short words, the amplitude of the solutions is very high
because it depends on the value of the M. Due to the increase in
the value of the M, there is a very high increase in the amplitude of
the solutions. Many new precise solutions, including hyperbolic
trigonometric, trigonometric, exponential, and rational, are
achieved using the GAE approach. The structure of the singular soli-
ton solution is elaborated in Fig. 8, and the dark soliton solution is
shown in Fig. 4. These singular solutions are the special types of
the soliton solutions in the solitary wave theory. It depends on the
type of analytical to be used for the analysis. In this presentmethod,
we have implemented the new GAE method for the construction of
new soliton solutions. It is the general method for solitary wave
solutions. In Figs. 7–9, we can see the sensitivity assessment for
the supersonic, subsonic, and sonic wave profile for
M ¼ 1:5;M ¼ 0:6, and M ¼ 1:0, respectively, of the perturbed
dynamical structural system 65 by using six distinctive initial
11
conditions. A sensitivity assessment is an examination that determi-
nes how sensitive our system is. If the system undergoes a modest
change as a result of slight adjustments in initial circumstances,
the systemwill haveweak sensitivity.However, if the systemunder-
goes a significant change as a result of modest changes in the initial
circumstances, the system will be very sensitive. These individuals
will undoubtedly contributemuch to this virtue. In science andengi-
neering, soliton has a wide range of applications.
7.1. A comparative examination

In Dubinov et al. (2012), the topological categorization of simi-
lar SNWs has been presented, and an appropriate terminology is
offered for them. Numerous instances show that SNWs can occur
in the presence of plasma waves with various physical properties,
such as electrostatic (ion-acoustic) as well as MHD (Alfvén) wave-
forms. It is demonstrated that the predominance of at least three
separate charged plasma phases is required for the emergence of
SNWs. The structure of the SNWs phase image grows increasingly
intricate as the quantity of plasma elements grows.

Cairns et al. (1995) stated where there exists a potential well in
its positive direction on a two-component Maxwellian plasma, and
therefore there exists a homoclinic loop throughout the phase
domain of the differential equation that symbolizes a solitary wave
exhibiting positive potential. However, for two-component non-
thermal plasma that supports both compression as well as rarefac-
tive solitary wave structures for supersonic velocity of the wave
profile with M >

ffiffiffi
2

p
¼ 1:414213 (approximately), the cineraria

becomes distinct. There was no mention of SNWs.
The occurrence of SNWs in a two-component electron-ion

plasma with Maxwell dispersed electrons is investigated in the
study (Saha et al., 2020). The influence of M on the presence of
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Fig. 9. Graphical Representation of Sonic wave profile for M ¼ 1:0.
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SNWs is also discussed. By altering M, phase dynamics are exam-
ined using the Hamiltonian function.

While the current study looks on the occurrence of SNWs in a
two-component electron-ion plasma with Maxwell distributed
electrons. The influence of the M on the presence of SNWs is also
addressed. This work highlighted the novel analytical findings of
the distinct categories and sensitivity assessment for the dynami-
cal system containing supersonic, subsonic, and sonic wave pro-
files. Here exists additionally a graphical characterization of the
research outcomes.
8. Conclusion

The latest investigation looked at the soliton solutions of a
super nonlinear wave in a two-component electron-ion Maxwel-
lian plasma while the velocity of the wave profile is supersonic,
sonic, as well as subsonic. The aforementioned nonlinear model
is converted into an ordinary differential equation using a wave
frame. The GAE methodology is then utilized to produce numerous
more exact solutions, such as hyperbolic trigonometric, trigono-
metric, exponential, but rather rational solutions. Some of the solu-
tions generated can be classified as light, periodic, dark, and even
singular solitons. A set of constraint conditions allows for these
solutions. In the mentioned figures, we have provided a few two-
dimensional plots to highlight the solutions we have developed.
12
We have seen various textures of waves in the 2D graphical repre-
sentation of the solutions, for different values ofM. We also see the
sensitivity assessment for the supersonic, subsonic, and sonic wave
profile respectively, of the perturbed dynamical structural system
by using six distinctive initial conditions. As the velocity of the
wave profile is changing, the amplitude structure of the wave
changes. A comparative examination of the current study has been
done. The proposed research focuses on the occurrence of SNWs in
a two-component electron-ion plasma with Maxwell dispersed
electrons. The effect of the M on the existence of SNWs is also con-
sidered. This paper emphasised the unique analytical findings of
the different categories as well as the sensitivity evaluation for
the dynamical system encompassing supersonic, subsonic, and
sonic wave profiles. The reported results are novel, suggesting that
the proposed approach is easy, effective, and applicable to a
diverse variety of nonlinear differential equations throughout
mathematical physics. It might be emphasized, however, in com-
parison to prior research work, the interpretations provided in this
study are published for the first time.
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