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Abstract The one-dimensional long water wave propagation in a nonlinear medium, including the

dispersion process, is well simulated by the fractional-order modified equal-width (MEW) equation.

This article establishes several recognized, standard, inclusive, and scores of typical exact wave solu-

tions to the MEW equation using the double G
0
=G; 1=G

� �
-expansion method. For specific param-

eter values, kink, periodic, periodic-singular, singular-kink, and other forms of solitons can be

recovered from general solutions. The effect of the fractional parameter on wave forms has also

been analyzed by depicting several graphs for different values of the fractional-order a. In order

to illustrate the potential characteristics, three- and two-dimensional combined plots using Maple

have been drawn. It has been established that the introduced approach is a potential tool for

extracting new exact solutions to various nonlinear evolution equations (NLEEs) arising in engi-

neering, science, and applied mathematics.
� 2022 THE AUTHORS. Published by Elsevier BV on behalf of Faculty of Engineering, Alexandria

University This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/

4.0/).
1. Introduction

Fractional derivatives and integrals are used to better assess

different physical phenomena, such as optics, fluid mechanics,
viscoelasticity, electrochemistry, signal processing, control the-
ory, population dynamics, and many other real-world issues.

In recent years, the calculus of fractional differential equations
(FDEs) has been one of the most concerning aspects in
nonlinear dynamics. More comprehensive forms of differential
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equations (DEs) were defined as fractional differential equa-
tions that play a significant role in the thoughtful qualitative
features of many nonlinear wave propagation phenomena.

Over the past few decades, the exact solutions and analytical
approximations of NLEEs have successfully been explored
by diverse researchers. The methods that have been well estab-

lished in recent literature are: The extended Kudryashov
method [1,2], the first integral approach [3–5], the Bäcklund
transformation [6], the extended trial equation method [7],

the Hirota’s bilinear form [8], the extended simplest equation
scheme [9], the modified simple equation method [10,11], the
simple equation process [12], the improved F-expansion proce-
dure [13–15], the (G0=G)-expansion mode [16–19], the

enhanced ðG0
=GÞ-expansion procedure [20–22], the Cole-

Hopf transform [23], the Adomian decomposition approach
[24], the expð�/ðnÞÞ-expansion method [25–28], the extended
tanh scheme [29], the exp-function method [30], the Riccati

sub-equation technique [31], the extended (G0=G)-expansion
approach [32], the unified method [33], the modified Kudrya-
shov method [34], the sub-equation method [35], the advanced
auxiliary equation technique [36], etc.

To validate the appositeness and usefulness of fractional
derivative, many academics have recently conducted extensive
research on fractional differential equations and have been

able to prove their appropriateness, like Ravichandran et al.
[37] and Kavitha et al. [38] have discussed the controllability
of the Hilfer fractional derivative system and extended the con-

cept of nonlocal conditions. Abro et al. [39] and Nisar et al.
[40] have analyzed the Atangana-Baleanu fractional derivative
on the heat dissipation in a transmission line of electrical cir-

cuit and Capsicum annuum model. Qi et al. [41] established
the inequalities of Cebysev type for conformal k- fractional
integral operator. The second-order Sobolev-type impulsive
neutral differential evolution equations with infinite delay

[42] and second-order nonlocal neutral differential evolution
equations by Vijayakumar et al. [43], Sobolev type fractional
stochastic integro-differential delay equations by Dineshku-

mar [44], Williams [45] discussed the approximate controllabil-
ity nonlocal mixed Volterra-Fredholm type fractional delay
integro-differential equations. Ghanbari [46] investigated the

transmission of infectious diseases in prey-predator system
using a non-singular fractional derivative. Ghanbari and Atan-
gana [47] pointed out some new edge detecting techniques
based on fractional derivatives with non-local and non-

singular kernels. Munusamy et al. [48] discussed the existence
of mild solution of functional integro-differential equation
with nonlocal conditions. Rahman et al. [49] established vari-

ous new inequalities of fractional integrals by employing the
measurable function. Ghanbari [50] and Ghanbari et al. [51]
obtained the exact solutions to the nonlinear Schrodinger

equation using local fractional derivative, etc.
The fractional-order MEW equation is a nonlinear wave

equation that is related to the regularized long-wave in shallow

water and plasmas. Its solutions contain positive and negative
amplitudes but the width of the solutions is the same [52,53].
We consider the time-fractional MEW equation [54] as:

Da
t U x; tð Þ þ aDa

xU
3 x; tð Þ � bD3a

xxtU x; tð Þ ¼ 0 ð1:1Þ

where a and b are real parameters; x and t represent the space
and time coordinates; Uðx; tÞ represents the wave amplitude
and Da
t U represents the conformable fractional derivative

(CFD) of U with respect to t of order a. In the concept of fluid
dynamics, U is defined as the vertical transposition on the

water surface of long wave propagation, while in the plasma
physics related application, U is the negative electrostatic
potential. In the recent years some researchers have established

soliton solutions of Eq. (1.1). Korkmaz [53] exerted bright soli-
ton solutions and singular type solutions of Eq. (1.1) in terms
of trigonometric and hyperbolic functions considering the

ansatz method. Raslan et al. [55] established new soliton solu-
tions to the MEW equation via the modified extended tanh
scheme. Muhannad et al. [56] derived soliton solutions using
the new generalized expansion method.

To the optimal of our understanding the fractional-order
MEW equation has not been unravel through the double
ðG0=G; 1=GÞ-expansion scheme [57,58]. Therefore, the aim of

this article is to investigate new and wide-spectral soliton solu-
tions to the time-fraction MEW equation by the use of the
ðG0=G; 1=GÞ-expansion approach and analyze the dynamic

behavior of the analytical solutions. We have also analyzed
the effects of the fractionality order a in order to establish
the essentiality of the fractional-order derivative.

In reality, no single approach exists for investigating all

sorts of space-time fractional conformable NLEEs. In the case
of nonlinear equations, any change in a particular method at
any time allows it to develop some new solutions that are

always useful. There are some limitations depending on the
problems of all the existing methods and the introduced
approach. When the order of fractional differential equations

is higher (greater than four), it is difficult to find solutions,
and even in some cases, no solution is found. Therefore, aca-
demics are continuing their efforts to develop new methods

and solutions for space-time FNDEs.
The following is how the rest of the article is structured:

The CFD and its properties are given in Section 2. The time-
fractional modified equal-width equation is unraveled analyti-

cally using the stated method in Section 3. The graphs of the
solutions obtained are sketched and their behavior is examined
in Section 4. In Section 5, the derived solutions are compared

to those found in the literature. Section 6 concludes the article.
2. The conformable derivative and its properties

This section discusses the definition of CFD as well as some of
its most important features.

Definition: Let us consider the function f : ½0;1Þ ! R. The

CFD of f of order a is defined as [59]:

Da
t fðtÞ ¼ lim

e!0

f tþet1�að Þ�fðtÞ
e , for all t > 0, 0 < a � 1. (2.1)

It can be said the function f is a-conformable differentiable
at a point t > 0, when the limit of the Eq. (2.1) exists. Assume
f, g : ½d;1Þ ! R be (left) a-differentiable functions, where

0 < a < 1ð Þ. Let h tð Þ ¼ f g tð Þð Þ: Then hðtÞ is (left) a-
differentiable functions for all t with t–d and gðtÞ–0.

Therefore, it is found

tda
� �

hð Þ ¼ tdaf
� �

gðtÞð Þ � tdag
� �

tg tð Þa�1

Earlier Abdeljawad [59] similarly established Grunwald’s

inequality, chain rule, exponential functions rule, the definite
and the indefinite integration, the Laplace transformation,
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the Fourier transformation, and Taylor’s power series develop-
ment for conformable derivative in the progression of frac-
tional value of order a.

Theorem 1. Let a 2 0; 1ð �, f tð Þ and gðtÞ be a-conformable
differentiable at a point t > 0, then

Da
t ðqÞ ¼ 0, where q ¼ constant,

Da
t tcð Þ ¼ ctc�a, for all c 2 R,

Da
t cf tð Þ þ dg tð Þð Þ ¼ cDa

t f tð Þ þ dDa
t g tð Þ, for all c; d 2 R,

Da
t f tð Þg tð Þð Þ ¼ g tð ÞDa

t f tð Þ þ f tð ÞDa
t g tð Þ:

Da
t

f tð Þ
g tð Þ

� �
¼ g tð ÞDa

t f tð Þ � f tð ÞDa
t g tð Þ

g tð Þ2 :

Remark 1. The CFD of some functions are as follows:

Da
t ectð Þ ¼ ct1�aect, for all c 2 R.

Da
t sin qtð Þ ¼ qt1�a cos qt; for all q 2 R.

Da
t cos qtð Þ ¼ �qt1�a sin qt, for all q 2 R.

Da
t

1

a
ta

� �
¼ 1

Da
t f tð Þð Þ ¼ t1�a df tð Þ

dt

provided that fðtÞ is differentiable.
The chain rule is very much important for converting a

fractional equation to an ordinary differential equation in
order to find the analytical soliton solutions of the equation.

Theorem 2. Suppose that the function f : ð0;1Þ ! R is classical
and conformable differentiable. The conformable derivative of
the product function fogð Þ of f and g is therefore defined as
follows:

Da
t fogð Þ tð Þ ¼ t1�af

0
g tð Þð Þg0

tð Þ
where the prime denotes the ordinary derivative with respect
to t.

3. Solutions of the time-fractional MEW equation

The stated analytical approach will be employed in this section

to attain a large number of soliton solutions to the fractional-
order MEW equation. The wave phenomena play an impor-
tant role in modern science, engineering and technology. By

means of the wave transformation n ¼ k xa

a þ x ta

a � C, Eq.

(1.1) will be turned into [53]:

xU
0 þ 3akU2U

0 � bxk2U00 0 ¼ 0 ð3:1Þ
Through the homogeneous principle the Eq. (3.1), yields

n ¼ 1. Hence, the solution can be written as

U nð Þ ¼ a0 þ a1/þ b1w ð3:2Þ
where a0, a1 and b1 are constants such that a21 þ b21–0;

/ ¼ G
0 ðnÞ=GðnÞ and w ¼ 1=GðnÞ. Moreover, GðnÞ satisfies the
linear equation G0 0 nð Þ þ kG nð Þ � l ¼ 0. By instigating the sug-

gested method, we acquire the resulting solutions:
Category 1: Hyperbolic function solutions

If k < 0, a polynomial in / and w can be obtained by sub-

stituting solution (3.2) into Eq. (3.1) and applying the relations
of in / and w to the left hand side of Eq. (3.1). By setting the
coefficients of this polynomial to zero, we attain the following
system of algebraic equations of a0, a1, b1, k and x provided

that k2rþ l2–0.

3kak2ra31 � 6bk2k2rxa1 þ 3kal2a31 � 6bk2l2xa1 � 9ka1akb
2
1 ¼ 0

6ak2rka0a
2
1 þ 6kakla21b1 þ 6kal2a0a

2
1 � 6kbkklxb1 � 6kaka0b

2
1 ¼ 0

9kak2ra21b1 � 6bk2k2b1rxþ 9kb1al
2a21 � 6b1bk

2l2x� 3kakb31 ¼ 0

3kak2lra31 � 12bk2k2a1lrx� 12kak2ra0a1b1 þ 3kbl3a31

� 12bk2l3xa1

�21kakla1b
2
1 � 12kal2a0a1b1 ¼ 0

3akk3ra31 � 8bk2k3a1rxþ 3akk2ra20a1 þ 3akkl2a31

� 5bk2kl2a1x

�12akk2a1b
2
1 þ 6akkla0a1b1 þ 3akl2a20a1 þ k2ra1xþ l2a1x ¼ 0

6akk3ra21b1 � 6akk2lra0a
2
1 � 5bk2k3rxb1 þ 3akk2ra20b1

� 6akkl2a21b1 þ k2rxb1

�6akl3a0a
2
1 þ 7bk2kl2xb1 � 3akk2b31 þ 12akkla0b

2
1

þ 3akl2a20b1 þ l2xb1 ¼ 0

6ak3kra0a
2
1 þ 6ak2kla21b1 þ 6kkal2a0a

2
1 � 6bk2k2lxb1

� 6ak2ka0b
2
1 ¼ 0

5bk2k3a1lrxþ 6akk3a1ra0b1 � 3akk2lra20a1 � bk2kl3a1x

þ 9akk2la1b
2
1

�6akkl2a0a1b1 � 3akl3a20a1 � k2a1lrx� l3a1x ¼ 0

�2bk2k4a1lrxþ 3akk3ra20a1 þ bk2k2a1l
2x� 3akk3a1b

2
1

þ 6akk2la0a1b1

þ3akkl2a20a1 þ k3a1rxþ ka1l
2x ¼ 0

The following values are obtained by unraveling the afore-

mentioned equations:

k ¼ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
� 2k2rþ 2l2

2bk3r� bkl2

s
;

x ¼ � b21ak

2bk2rþ 2bl2
� � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

� 2k2rþ2l2

2bk3r�bkl2

q ; a0 ¼ b1kl

2k2rþ 2l2
;

a1 ¼ 0; b1 ¼ b1:
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Therefore, the soliton solution of Eq. (3.1) is

U nð Þ ¼ b1

A1 sin h n
ffiffiffiffiffiffiffi�k

p� �
þ A2 cos h n

ffiffiffiffiffiffiffi�k
p� �

þ l
k

þ b1kl

2k2 A2
1 � A2

2

� �þ 2l2
;

where n ¼ k xa

a þ x ta

a � C.

The values of A1 and A2 can be assigned arbitrarily because
they are integral constants. Therefore, setting A2 ¼ 0, A1–0
and l ¼ 0, we attain the soliton solution as:

U1 nð Þ ¼ b1

A1 sinh n
ffiffiffiffiffiffiffi�k

p� � ;

where n ¼ k xa

a þ x ta

a � C.

On the other hand, assigning A1 ¼ 0, A2–0 and l ¼ 0, we
ascertained the soliton solution as:

U2 nð Þ ¼ b1

A2 cosh n
ffiffiffiffiffiffiffi�k

p� � ;

For different values of A1, A2 and l, other analytical wave
solutions can be obtained from the general solution UðnÞ, but
the remainder of the solutions are ignored here for conciseness.

Category 2: Trigonometric function solutions

When k > 0, inserting solution (3.2) into Eq. (3.1) and by
means of the relations of / and w, to the left-hand side of
Eq. (3.1), a polynomial of / and w can be formed. The follow-

ing system of algebraic equations of a0, a1, b1, k, k, l, k, r, a, b
and x where k2r� l2–0 can be established by setting the coef-
ficients of this polynomial to zero:

3kak2ra31 � 6a1bk
2k2rx� 3kal2a31 þ 6bk2l2xþ 9ka1akb

2
1 ¼ 0;

6kak2ra0a
2
1 � 6kakla21b1 � 6kal2a0a

2
1 þ 6bk2klxb1 þ 6kaka0b

2
1 ¼ 0;

9kb1ara
2
1 � 6b1bk

2k2rx� 9kb1al
2a21 þ 6b1bk

2l2xþ 3kakb31 ¼ 0;

3kak2lra31 � 12a1bk
2k2lrx� 12ka1ak

2ra0b1 � 3kal3a31

þ 12a1bk
2l3x

þ21ka1aklb
2
1 þ 12ka1al

2a0b1 ¼ 0;

3akk3ra21 � 8bk2k3rxþ 3akk2ra20 � 3akkl2a21 þ 5bk2kl2x

þ 12akk2b21

�6akkla0b1 � 3akl2a20 þ k2rx� l2x ¼ 0;

6akk3ra21b1 � 6akk2lra0a
2
1 � 5bk2k3rxb1 þ 3akk2ra20b1

þ 6akkl2a21b1 � l2xb1

þ6akl3a0a
2
1 � 7bk2kl2xb1 þ 3akk2b31 � 12akkla0b

2
1

� 3akl2a20b1 þ k2rxb1 ¼ 0;

6kak3ra0a
2
1 � 6kak2la21b1 � 6kkal2a0a

2
1 þ 6kk2bklxb1

þ 6kak2a0b
2
1 ¼ 0;
5ba1k
2k3lrxþ 6a1akk

3ra0b1 � 3a1akk
2lra20 þ aa1k

2kl3x

� 9a1akk
2lb21

þ6a1akkl
2a0b1 þ 3a1akl

3a20 � a1k
2lrxþ a1l

3x ¼ 0;

�2a1kbk
2k3rxþ 3a1akk

3ra20 � ba1k
2k

2
l2xþ 3a1akk

3b21

� 6a1k
2akla0b1

�3a1kakl
2a20 þ a1k

3rx� a1kl
2x ¼ 0:

The following values are obtained by solving the aforemen-

tioned equations.

k ¼ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
� 2k2r� 2l2

2bk3rþ bkl2

s
;

x ¼ � b21ak

2bk2r� 2bl2
� � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

� 2k2r�2l2

2bk3rþbkl2

q ; a0 ¼ �b1kl

2k2r� 2l2
;

a1 ¼ 0; b1 ¼ b1

We attain the subsequent comprehensive soliton solution of
Eq. (3.1) by inserting the above values in the solution (3.2) and

the relations of / and w:

U nð Þ ¼ b1

A1 sin n
ffiffiffi
k

p� �
þ A2 cos n

ffiffiffi
k

p� �
þ l

k

� b1kl

2k2 A2
1 þ A2

2

� �� 2l2
;

where n ¼ k xs

s þ x ts

s � C:

Because A1 and A2 are integral constants, their values can
be assigned without restrictions. As a result, if we put
A2 ¼ 0;A1–0 and l ¼ 0, we get the ensuing soliton solution:

U3 nð Þ ¼ b1

A1 sin n
ffiffiffi
k

p� � ;

where n ¼ k xa

a þ x ta

a � C.

Again, if we put A2–0, A1 ¼ 0 and l ¼ 0, we get the ensu-
ing soliton solution:

U4 nð Þ ¼ b1

A2 cos n
ffiffiffi
k

p� � ;

Other analytical wave solutions can be designed from the
general solution UðnÞ for different values of A1, A2 and l,
but the remaining solutions are disused here for terseness.

Category 3: Rational function solutions

When k ¼ 0, it can be found a polynomial of /ðnÞ and wðnÞ
by inserting the solution (3.2) into Eq. (3.1) and utilizing the

relation of /ðnÞ and wðnÞ to the left of Eq. (3.1). The following
system of algebraic equations of a0, a1, b1, k, k, l, k, r, a, b and
x where k2r� l2–0 can be established by setting the coeffi-

cients of this polynomial to zero:

6kalA2a
3
1 � 3kaA2

1a
3
1 � 12a1bk

2lxA2 þ 6k2a1bxA
2
1 � 9ka1ab

2
1 ¼ 0;

12kalA2a0a
2
1 � 6kaA2

1a0a
2
1 þ 6kala21b1 � 6bk2lxb1 � 6kaa0b

2
1 ¼ 0;
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18kb1alA2a
2
1 � 9kb1aA

2
1a

2
1 � 12b1bk

2lxA2 þ 6b1bk
2xA2

1

� 3kab31 ¼ 0;

6kal2A2a
3
1 � 3kalA2

1a
3
1 � 24a1bk

2l2xA2 þ 12a1bk
2lxA2

1

� 24ka1blA2a0b1

þ12ka1aA
2
1a0b1 � 21ka1alb

2
1 ¼ 0;

6a1
2aklA2a

2
0 � 3aka1

2A2
1a

2
0 þ 3a1

2bk2l2xþ 6a1
2akla0b1

þ 2a1
2lxA2 � a1

2xA2
1 ¼ 0;
Fig. 1 Effect of the fractionality

Fig. 2 Effect of the fractionality

Fig. 3 Effect of the fractionality
12akl2A2a0a
2
1 þ 6aklA2

1a0a
2
1 � 12akl2a21b1 þ 6aklA2a

2
0b1

� 3akA2
1a

2
0b1

þ12bk2l2xb1 þ 12akla0b
2
1 þ 2lxA2b1 � xA2

1b1 ¼ 0;

6a1akl
2A2a

2
0 þ 3a1aklA

2
1a

2
0 � 6a1bk

2l3x� 12a1akl
2a0b1

� 2a1l
2xA2 þ a1lxA

2
1 ¼ 0:

We get the following outcomes by solving the aforemen-
tioned system:
ðaÞ on the solution U1 x; tð Þ.

ðaÞ on the solution U2 x; tð Þ.

ðaÞ on the solution U3 x; tð Þ.
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k ¼ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
��4lA2þ2A2

1

3b

q
l

;x ¼ � 2aa20 2lA2 � A2
1

� �
lb

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
��4lA2þ2A2

1

3b

q ;

a0 ¼ a0; a1 ¼ 0; b1 ¼ 2a0ð2lA2 � A2
1Þ

l
:

By inserting the above values in the solution (3.2) and the

relations of / and w, we get the following comprehensive soli-
ton solution of Eq. (3.1).

U5 nð Þ ¼ � 12a0 2lA2 � A2
1

� �
lnþ A1ð Þ3

1
2
ln2 þ A1nþ A2

� �4
l

þ 12a0 2lA2 � A2
1

� �
lnþ A1ð Þ

1
2
ln2 þ A1nþ A2

� �3 ;

where n ¼ k xa

a þ x ta

a � C.

4. Results and discussion

The ðG0
=G; 1=GÞ-expansion approach for solving the time-

fractional MEW equation has been used and developed the

soliton solutions in this article. We depicted two- and three-
dimensional figures presented in Figs. 1-5 of some acquired
solutions to better comprehend the nature of the solution.

The figures are drawn by Maple and observed the behavior
of nonlinear waves of the Eq. (1.1).
Fig. 4 Effect of the fractionality

Fig. 5 Effect of the fractionality
The 3D and 2D diagrams of the real part of the solution
U1 x; tð Þ are depicted in Fig. 1. Fig. 1(a)-(c) represent the kink
type wave profile depicted from the solution U1 x; tð Þ for select-
ing the parameter values a ¼ 2, C ¼ 2, l ¼ 0, b ¼ �3, k ¼ �2,
A1 ¼ 1, A2 ¼ 0, a1 ¼ 0 and b1 ¼ 1 within the range
�10 � x; t � 10. The change in different wave profiles for dif-

ferent values a ¼ 0:65, a ¼ 0:75 and a ¼ 0:85 of a is shown in
Fig. 1(a)-(c). The 2D combined line plot of the solution
U1 x; tð Þ represents in Fig. 1(d).

Fig. 2(a)-(c) show the 3D chart of the real value of U2 x; tð Þ
for a ¼ 0:75, a ¼ 0:85 and a ¼ 0:95 respectively. Fig. 2(d) rep-
resents the 2D combined chart of the analytical solutions
U2 x; tð Þ. Fig. 2 represents the kink type wave solution of the

parameter values a ¼ 2, C ¼ 2, l ¼ 0, b ¼ �3, k ¼ �2,
A1 ¼ 0, A2 ¼ 1, a1 ¼ 0 and b1 ¼ 1 within �10 � x; t � 10:

The solution U3 x; tð Þ represents the periodic singular soli-

ton solution for the preferred parameter values a ¼ 2, C ¼ 2,
l ¼ 0, b ¼ �3, k ¼ 2, A1 ¼ 1, A2 ¼ 0, a1 ¼ 0 and b1 ¼ 3 which
is shown in Fig. 3. Fig. 3(a)-(c) show the 3D shape of the solu-

tion U3 x; tð Þ when a ¼ 0:80, a ¼ 0:90 and a ¼ 1:0 respectively.
The 2D combined line plot of the es U3 x; tð Þ represents in
Fig. 3(d). The 3D and 2D figures are depicted within the range

�10 � x; t � 10.
For the values of a ¼ 2, C ¼ 2, l ¼ 0, b ¼ �3, k ¼ �2,

A1 ¼ 0, A2 ¼ 1, a1 ¼ 0, b1 ¼ 3, the solution U4 x; tð Þ represents
the periodic-like singular soliton shown in Fig. 4. Fig. 4(a)-(c)

illustrate the 3D shape of the exact solution U4 x; tð Þ, when
a ¼ 0:90, a ¼ 0:95 and a ¼ 1:0 respectively. Fig. 4(d) repre-
ðaÞ on the solution U4 x; y; tð Þ.

ðaÞ on the solution U5 x; tð Þ.
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sents the 2D combined line plot of the es U4 x; tð Þ. The 3D and
2D figures are depicted within the interval �10 � x; t � 10.

The solution U5 x; tð Þ exhibits the complex form and its fig-

ure is depicted for real part which is presented in Fig. 5. This
figure represents the singular kink type soliton for the para-
metric values a ¼ 2, C ¼ 2, l ¼ 0, b ¼ �3, k ¼ 0, A1 ¼ 1,

A2 ¼ 2, a0 ¼ 0, a1 ¼ 0 within �10 � x; t � 10. Fig. 5(a), (b)
and (c) demonstrate the 3D chart of the analytical U5 x; tð Þ,
when a ¼ 0:75, a ¼ 0:85 and a ¼ 1:0 respectively. Fig. 5(d) rep-
resent the 2D combined plot of the es U5 x; y; tð Þ.

5. Conclusion

The wide-ranging wave solutions with varied wave shapes for
the time-fractional MEW equation have been constructed via

the double G
0
=G; 1=G

� �
-expansion approach in this article.

For definite estimations of the free parameters, the general
solution yields different standard solitons, namely bell-shape
soliton, kink, singular kink, periodic, singular periodic soli-

tons, and some other solitons. The wave profiles of the
obtained solutions have been sketched for various values of
a to demonstrate the effect of the fractional derivative on the
dynamic behavior of the waves. From the diagram, it is

observed that the fractional order has a significant impact on
the characteristics of the wave profiles. This research demon-

strated that the double G
0
=G; 1=G

� �
-expansion scheme is an

efficient and competent procedure for establishing analytical
solutions to a widespread range of problems, and that it can
also be used to examine other sorts of complicated nonlinear

problems, which will be the focus of our future research. We
may conclude that the suggested technique can be extended
to address nonlinear issues that ascend in soliton theory and

other domains.
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