
Contents lists available at AccScience Publishing
Nonlinear Science and Control Engineering (NSCE)

Vol. 1, No. 2 (2025)
https://accscience.com/journal/nsce

s

An analytical investigation of the wave propagation behavior of the
truncated M-fractional Landau–Ginzburg–Higgs model through two
consent techniques

M. Al Amin1∗ , M. Nurul Islam1 , M. Ali Akbar2

1Department of Mathematics, Faculty of Sciences, Islamic University, Kushtia, Khulna, Bangladesh
2Department of Applied Mathematics, Faculty of Science, University of Rajshahi, Rajshahi, Bangladesh

Article History:
Received: July 20, 2025
Revised: September 17, 2025
Accepted: October 9, 2025
Published online: November 14, 2025

A B S T R A C T
The nonlinear fractional Landau–Ginzburg–Higgs (LGH) model is a
renowned nonlinear integrable mathematical model that is used to explain
the nonlinear signal that shows weak scattering and radial links in the
tropical and mid-latitude troposphere as interplays between equatorial
and mid-latitude Rossby waves, superconductivity, and drift cyclotron
waves in radially inhomogeneous plasma for coherent ion-cyclotron
waves and equivalent incidents. This article investigates the fractional
order of the LGH model utilizing two recent schemes: the generalized
exponential rational function method and the extended tanh-function
method, incorporating the truncated M-fractional derivative.Using these
methods, we obtained a large number of different types of traveling
wave solutions, including exponential functions, hyperbolic functions,
trigonometric functions, rational functions, and their composite functions.
Moreover, we examined the influence of wave velocity parameters on
the soliton by sketching three-dimensional, along with two-dimensional
plots of the obtained results. The attainment outcome authenticates the
effectiveness and consistency of the utilized methods. The appropriateness
of the obtained solutions is settled by putting them into their original model.

Keywords: Extended tanh-function method; Generalized exponential
rational function method; Nonlinear fractional Landau–Ginzburg–Higgs
(LGH) model; Soliton solution; Truncated M-fractional derivative

1. Introduction

The physical phenomena that arise in our real-world
applications are generally expressed in mathematical

form using nonlinear partial differential equations (PDEs).
There is a special type of nonlinear PDEs known as
nonlinear evolution equations (NLEEs). The NLEEs
have a broad range of applications in various domains,
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including mathematics, physics, science, and other
fields,such as optical physics, atomic physics, chemically
dispersed electricity, plasma physics, solid-state physics,
hydrodynamics, geo-optical filaments, nuclear physics, and
fluid mechanics. The solitary wave solution of NLEEs
carries important physical information and supplementary
understanding about the problem. As a result, the solutions
of NLEEs have become a burning issue in the current age.

Researchers have derived a variety of well-organized
definitions and solution techniques of the nonlinear
fractional PDEs, such as, truncated M-fractional
derivative (TMFD),1 Caputo–Fabrizio,2 beta-derivative,3

conformable derivative,4 and the solution techniques
include generalized exponential rational function
(GERF) technique,5 modified sub-equation technique,6

auxiliary equation scheme,7–9 modified simplest equation
technique,10 Sardar sub-equation technique,11 residual
power series scheme,12 Hirota N-soliton conditions
technique,13–16 extended tanh function approach,17 method
of m+ (G′/G)-expansion,18 (G′/G, 1/G)-expansion
scheme,19, 20 inverse scattering transformation scheme,21

Nucci’s reduction technique,22 Hirota bilinear and
tri-linear formation scheme,23 improved F-expansion
scheme,24 improved generalized Riccati equation
mapping technique,25 expa function scheme,26 method
of B-spline,27 method of (1/G′)-expansion,28 generalized
(G′/G)-expansion scheme,29, 30 logarithmic transformation
technique,31 Binary Darboux transformations technique,32

etc.
In the meantime, scholars have derived numerous

models to explain various physical incidents. Among
them, the Landau–Ginzburg–Higgs (LGH) model is a
top-significance model in the modern age. Initially, the
LGH model was introduced by Landau and Ginzburg
to describe superconductivity and drift cyclotron waves
in radially inhomogeneous plasmas of integrated ion
cyclotrons.33 Due to the vast applications of the LGH
model, numerous researchers have investigated this model
to find the soliton solution using different methods or
techniques, such as the first integral scheme,34 technique
of (G′/G, 1/G)-expansion,35 technique of Kudryashov,36

the improved Bernoulli sub-equation function scheme,37

technique of multi-symplectic Runge–Kutta,38 new
modified simple equation scheme,39 sine-cosine and
extended tanh function technique,40 inverse scattering
transformation technique,21 and more.

The primary objective of our study is to explore
soliton solutions to the nonlinear space–time fractional
LGH model,1 as given in Equation (1).

D2α,β
M,t u−D2α,β

M,x u−m2u+ n2u3 = 0 (1)
where 0 < α < 1, β > 1, x and t are the space variable and
time variable, respectively, and α and β are the fractional
orders of derivatives.

Formerly, the fractional LGH model was handled via
some proficient, well-organized, and powerful techniques
to investigate different solitary solutions, such asthe
methods of (G′/G, 1/G)-expansion, modified (G′/G2), and
auxiliary equation,1 the variational iteration transform
method,41 and others. To the best of our knowledge, it
has been established that the fractional LGH model has
not been investigated utilizing the GERF scheme and the
extended tanh-function scheme.

The primary objective of our study is to investigate
solitary wave solutions to the fractional LGH model

using the two stated methods. The physical
significance of the established solutions is illustrated
by sketching three-dimensional (3D) and corresponding
two-dimensional (2D) plots of the soliton solutions. The
established results will be implemented openly to reveal
the dynamical behaviors and corporeal implications
of the considered model, which will help in solving
other fractional models via the GERF and the extended
tanh-function scheme.

The remaining part of this article is structured as
follows: In Section 2, the explanation of the TMFD is
discussed. The GERF and the extended tanh-function
scheme are explained in Section 3. In Section 4, the solitary
wave solutions to the nonlinear fractional LGH model are
extracted. In Section 5, we discuss the dynamical behaviors
and physical implications of the established solutions by
sketching 3D, along with 2D plots of the solutions. In
Section 6, we discuss the novelty of this study. Finally, the
article is concluded with concluding remarks.

2. A short note on truncated M-fractional
derivative

This segment discusses the features of the TMFD of
non-integer order.

Definition: Assume p : (0,∞) → R, then, the TMFD
p of order α is ascertained as shown in Equation (2).

Dα,β
M p(t) = lim

ε→0

p
(
tϵβ
(
εt1−α

))
− p(t)

ε
(2)

for every t > 0, 0 < α < 1, β > 0, where α ∈ β(·) is a
truncated Mittag–Leffler function of one parameter.42

Features: Consider α ∈ (0, 1], β > 0 and p = p(t), q = q(t)
are α-differentiable at a point t > 0, the subsequent
calculation is shown in Equations (3)–(8).

Dα,β
M (ap+ bq) = aDα,β

M p+ bDα,β
M q, (3)

where ∀a, b ∈ R,

Dα,β
M (c) = 0 (4)

where p(t) = c, is a constant

Dα,β
M (p · q) = Dα,β

M p+Dα,β
M q (5)

Dα,β
M

(
p

q

)
=

qDα,β
M p+ pDα,β

M q

q2
(6)

If p is differentiable, then

Dα,β
M p(t) =

t1−α

Γ(β + 1)

dp

dt
(7)

Dα,β
M (p ◦ q)(t) = p

′
(q(t))Dα,β

M q(t) (8)

for p differentiable at q(t)
The TMFD is a competent instrument for explaining

the characteristics of composite systems of non-integer
order derivatives.

3. Displayed algorithm of the employed methods

Here, we discuss the GERF and the extended tanh function
technique to establish the solitary wave solutions of the
nonlinear fractional LGH model. The universal form of a
nonlinear fractional PDE can be written as Equation (9).

H
(
u, Dα

t u, D
β
xu, D

γ
yu, D

2α
t u . . .

)
= 0, (9)
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where the polynomial H involved u(t, x, y) and the
partial derivative of u that contain the uppermost order
derivatives, linear and nonlinear terms, here u = u(t, x, y)
is a wave variable function. The subscripts indicate
incomplete derivatives.

3.1. A brief description of the generalized exponential
rational function method

To get the solution of Equation (9) by using the GERF
method, the consequent steps were performed Equations
(10)–(14):

Step 1: Let

u(x, y, t) = u(ξ) (10)

where ξ = mxβ

β
+ n yγ

γ
± k tα

α
, and k is the velocity

parameter. Equation (9) will be transformed to the
following ordinary differential equation by using the wave
transformation in Equation (10).

F
(
u, u

′
, u

′′
, . . .

)
= 0 (11)

where polynomial Fcontains the term u(ξ) and the
differentiation of u(ξ), in which u

′
(ξ) = du

dξ
.

Step 2: The core statement of this technique is the
formation of the soliton solution in Equation (11) as follows:

u(ξ) = B0 +

N∑
i=1

Bif
i(ξ) +

N∑
i=1

Ai

f i(ξ)
(12)

where

f(ξ) =
c1e

(d1ξ) + c2e
(d2ξ)

c3e(d3ξ) + c4e(d4ξ)
(13)

the constants cn, dn(1 ≤ n ≤ 4),B0, Bi and Ai(1 ≤ i ≤ N)
are ascertained. The structure of the solution in Equation
(12) always persuades Equation (11). The score of N will be
found using the homogeneous balance principle.

Step 3: Putting Equation (12) into Equation (11) with
Equation (13) gives a polynomial Equation (14).

S (P1, P2, P3, P4) = 0 (14)

where Pj = e(djξ) and j = 1, 2, 3, 4. A set of nonlinear
equations is generated by setting all the coefficients of
different powers of ξ to zero.

Step 4: By addressing the set of equations in Step
3 through utilizing symbolic computation software, such
as Mathematica or Maple. The constant cn, dn(1 ≤ n ≤
4), B0, Bi and Ai(1 ≤ i ≤ N) will can be found.
Inserting these results in Equation (12) introduces the
soliton solutions of NLEEs.

3.2. A brief description of the extended tanh function
method

The extended tanh function method suggests the following
steps Equations (15)–(17) to explore the solitary wave
solutions of Equation (9).

Step 1: For simplifications, integrate Equation (11)
term by term as per possibility and consider the constants
of integration as zero.

Step 2: Assume a free variable Y = tanh(µξ) where:

d

dξ
= µ(1− Y 2)

d

dY
. (15)

d2

dξ2
= µ2 (1− Y 2){(1− Y 2) d2

dY 2
− 2Y

d

dY

}
. (16)

Step 3: This method suggests the structure of a formal
solution of Equation (11) as follows:

u(ξ) =

N∑
i=0

aiY
i +

N∑
i=1

biY
−i, (17)

where Y = tanh(µξ) and ai , bi are random constants to be
evaluated, and the constant µ ̸= 0.

Step 4: The positive integer N will be determined by
the homogeneous balance principle in Equation (11).

Step 5: Integrating Equation (17) into Equation (11)
and setting all the coefficients of different powers of
Y to zero, to generate a system equation (algebraic)
for a0, a1, a2, . . . , aN , b1, b2, b3, . . . , bN and other random
constant. The resulting system is then solved using
computer algebra software such as Mathematica or Maple
to obtain the parameter values.

Step 6: Setting the results into Equation (17), then the
solutions of Equation (11) are found.

4. Solution of the nonlinear space–time fractional
Landau–Ginzburg–Higgs model

This segment investigates the nonlinear space-time
fractional LGH model to explore several newer, functional,
and competent solitary wave solutions of the model using
the considered methods. Now, we have examined the
nonlinear fractional LGH model in Equation (1). Let

u(ξ) = u(t, x, y),

where ξ = Γ(β+1)
α

(kxα − ωtα), and k and ω are constant.
Using the transformation from Equation (1), we acquire
the subsequent nonlinear ordinary differential equation as
shown in Equation (18).(

ω2 − k2)u′′
−m2u+ n2u3 = 0 (18)

4.1. Soliton solution using the generalized exponential
rational function method

Applying the homogeneous balance principle between the
utmost order nonlinear and linear terms arises in Equation
(18) and get N = 1. As a result, the structure of the solution
of Equation (18) can be written as Equation (19).

u(ξ) = a0 + a1f(ξ) +
b1
f(ξ)

, (19)

By applying the necessary sequences of this technique,
the solutions of the model are found as the following sets
and equations Equations (20)–(44):

Set 1: Assume c = [−3,−2, 1, 1] and d = [0, 1, 0, 1]

f(ξ) =
−3− 2eξ

1 + eξ
(20)

Case 1.1: When ω = ±
√

(k2 − 2m2), a
0
= − 5m

n
, a1 =

0, b1 = − 12m
n

, our achieved solution:

u(x, t) = −m

n

5− 12

 1 + e

(
Γ(β+1)

α
(kxα−ωtα)

)

3 + 2e

(
Γ(β+1)

α
(kxα−ωtα)

)


(21)
Set 2: Assume c = [−2, 0,−1, 1] and d = [1,−1, 1,−1]
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f(ξ) =
cosh(ξ) + sinh(ξ)

sinh(ξ)
(22)

Case 2.1: If ω = ±
√
(4k2−2m2)

2
, a0 = m

n
, a1 = −m

n
, b1 =

0, our achieved solution:

u(x, t) =
m

n

(
−coth

(
Γ(β + 1)

α
(kxα − ωtα)

))
(23)

Set 3: Consider c = [1 − i,−1 − i,−1, 1] and d =
[i,−i, i,−i]

f(ξ) =
cos(ξ)− sin(ξ)

sin(ξ)
(24)

Case 3.1: When ω = ±
√
(4k2+2m2)

2
, a0 = ±im

n
, a1 =

±im
n
, b1 = 0, we get the soliton solution:

u(x, t) = ±i
m

n

(
1 + cot

(
Γ(β + 1)

α
(kxα − ωtα)

))
(25)

Set 4: Assume c = [2 − i,−2 − i,−1, 1] and d =
[i,−i, i,−i]

f(ξ) =
−2sin(ξ) + cos(ξ)

sin(ξ)
(26)

Case 4.1: When ω = ±
√
(4k2+2m2)

2
, a0 = ±i 2m

n
, a1 =

±im
n
, b1 = 0, our achieved solution:

u(x, t) = ±i
m

n

(
tan

(
Γ(β + 1)

α
(kxα − ωtα)

))
(27)

Set 5: Let c = [2, 1, 1, 1] and d = [1, 0, 1, 0]

f(ξ) =
2eξ + 1

eξ + 1
(28)

Case 5.1: When ω = ±
√

(k2 − 2m2), a
0
= − 3m

n
, a1 =

0, b1 = 4m
n

, we get the soliton solution:

u(x, t) = −m

n

3− 4

 e

(
Γ(β+1)

α
(kxα−ωtα)

)
+ 1

2e

(
Γ(β+1)

α
(kxα−ωtα)

)
+ 1

 (29)

Set 6: Let c = [−1, 0, 1, 1] and d = [0, 1, 0, 1]

f(ξ) = − 1

eξ + 1
(30)

Case 6.1: When ω = ±
√

(k2 − 2m2), a
0

= m
n
, a1 =

2m
n
, b1 = 0, our achieved solution:

u(x, t) =
m

n

(
1− 2

(
1

e

(
Γ(β+1)

α
(kxα−ωtα)

)
+ 1

))
(31)

Set 7: Consider c = [−1,−1, 1,−1] and d =
[1,−1, 1,−1]

f(ξ) = −cosh(ξ)

sinh(ξ)
(32)

Case 7.1: When ω = ±
√
(4k2+m2)

2
a
0

= 0, a1 =
±i m

n
√

2
, b1 = ±i m

n
√

2
, our achieved solution:

u(x, t) = ±i
m

n
√
2

(
tanh

(
Γ(β + 1)

α
(kxα − ωtα)

)
− coth

(
Γ(β + 1)

α
(kxα − ωtα)

) (33)

Set 8: Assume c = [−1 − i, 1 − i,−1, 1] and d =
[i,−i, i,−i]

f(ξ) =
sin(ξ) + cos(ξ)

sin(ξ)
(34)

Case 8.1: When ω = ±
√
(4k2+2m2)

2
, a0 = ∓im

n
, a1 =

0, b1 = ±i 2m
n

, our achieved solution:

u(x, t) =

∓ i
m

n

1−
2sin

(
Γ(β+1)

α
(kxα − ωtα)

)
(
cos
(

Γ(β+1)
α

(kxα − ωtα)
)
+ sin

(
Γ(β+1)

α
(kxα − ωtα)

))
 .

(35)
Set 9: Let c = [−2−i, 2−i,−1, 1] and d = [1,−1, 1,−1]

f(ξ) =
cos(ξ) + 2sin(ξ)

sin(ξ)
(36)

Case 9.1: When ω = ±
√
(4k2+2m2)

2
, a0 = ∓i 2m

n
, a1 =

0, b1 = ±i 5m
n
, we arrive at the soliton solution:

u(x, t) =

∓ i
m

n

2−
5sin

(
Γ(β+1)

α
(kxα − ωtα)

)
(
cos
(

Γ(β+1)
α

(kxα − ωtα)
)
+ 2sin

(
Γ(β+1)

α
(kxα − ωtα)

))


(37)
Set 10: Suppose c = [4, 0, 4, 4] and d = [4,−4, 4, 0]

f(ξ) =
e4ξ

1 + e4ξ
(38)

Case 10.1: When ω = ±
√
(16k2−2m2)

4
, a

0
= m

n
, a1 =

− 2m
n
, b1 = 0, our achieved solution:

u(x, t) =
m

n

1− 2

 e
4
(

Γ(β+1)
α

(kxα−ωtα)
)

1 + e
4
(

Γ(β+1)
α

(kxα−ωtα)
)
 (39)

Set 11: Assume c = [−1,−2, 1, 1] and d = [1, 0, 1, 0]

f(ξ) =
−eξ − 2

eξ + 1
(40)

Case 11.1: When ω = ±
√

(k2 − 2m2), a
0
= − 3m

n
, a1 =

− 2m
n
, b1 = 0, we arrive at the soliton solution:

u(x, t) =

− m

n

3− 2

e

(
Γ(β+1)

α
(kxα−ωtα)

)
+ 2

e

(
Γ(β+1)

α
(kxα−ωtα)

)
+ 1

 (4.24)

Set 12: Assume c = [1,−3,−1, 1] and d = [1,−1, 1,−1]

f(ξ) =
cosh(ξ)− 2sinh(ξ)

sinh(ξ)
(41)

Case 12.1: When ω = ±
√
(4k2−2m2)

2
, a0 = 2m

n
, a1 =

m
n
, b1 = 0, our achieved solution:

u(x, t) =
m

n

(
tanh

(
Γ(β + 1)

α
(kxα − ωtα)

))
(42)

Set 13: Let c = [3, 2, 1, 1] and d = [1, 0, 1, 0]

f(ξ) =
3eξ + 2

eξ + 1
(43)

Case 13.1: When ω = ±
√

(k2 − 2m2), a
0
= 5m

n
, a1 =

− 2m
n
, b1 = 0 , we arrive at the soliton solution:
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u(x, t) =
m

n

5− 2

3e

(
Γ(β+1)

α
(kxα−ωtα)

)
+ 2

e

(
Γ(β+1)

α
(kxα−ωtα)

)
+ 1

 (44)

It is remarkable to note that the soliton solutions of the
considered model are comprehensive, novel, and useful,
which are not found in previous studies.

4.2. Soliton solution via the extended tanh-function
method

Proceeding with the above procedure, we get N = 1.
Consequently, the solution structures of Equation (18) are
as follows Equations (45) and (46):

u(ξ) = a0 + a1Y (ξ) +
b1

Y (ξ)
, (45)

where Y (ξ) = tanh(ξ)

By using the necessary sequences of this technique, the
solutions of the model are given below:

ω = ±
√

(4k2 − 2n2l2)

2
, a0 = 0, a1 = m2

3ln2 , b1 = l

where l is an arbitrary constant.
Our achieved solution:

u(x, t) =
m2

3ln2
tanh

(
Γ(β + 1)

α
(kxα + ωtα)

)
+ lcoth

(
Γ(β + 1)

α
(kxα + ωtα)

) (46)

It is remarkable to state that the obtained soliton
solution of the nonlinear fractional LGH model is further
general, newer, and useful than those in the earlier study.

5. Graphical illustration and physical implications
of the outcome

This segment explains the physical importance of the
established soliton solutions. The primary aim of this 3D
and combined 2D graphical representation is to describe the
dynamic characteristics of the obtained soliton solutions for
small changes in the velocity parameter inside a suitable
time interval. For simplicity, we confer the solutions of
Equations (21), (25), (29), (31), (33), (39), (42), and (46), and
the remaining results are presented here. The effect of the
velocity parameter on solitons is examined as shown in
Figure 1.

The soliton of Equation (21) displays multiple
periodic solitons for the velocity parameter ω =
2.00, 1.90, and 1.80, correspondingly (Figure 1A–C). It was
found that the 3D shapes changed with the decrease of ω.
Figure 1D shows the 2D united plot of Equation (21), which
shows the influence of the velocity parameter ω on the
solitons by keeping other involved parameters unchanged.

Again, the solution of Equation (25) exhibits multiple
periodic solitons for the velocity parameter ω =
1.40, 1.15, and 0.90, respectively (Figure 2A–C). The 3D
shape is changing with the change of ω, and Figure 2D
shows the 2D combined plot of Equation (25).

Moreover, the solution of Equation (29) displays a
bell-shaped soliton for ω = 0.90, 0.80, and 0.70,
respectively (Figure 3A–C). The shape of 3D graphs varies
with ω varies. Figure 3D shows the 2D combined graphs of
Equation (29).

Again, the solution of Equation (31) shows the periodic
soliton for ω = 2.50, 3.00, and 3.50, correspondingly
(Figure 4A–C). The shape of the 3D plot changes with the
changes in ω. Figure 4D shows the 2D combined graph of
Equation (31).

Similarly, the solution of Equation (33) displays
multiple singular periodic solitons for ω =
1.60, 1.33, and 1.17, correspondingly (Figure 5A–C). The
shape of the 3D plot changes with the changes in ω. Figure
5D displays the 2D combined plot of Equation (33).

Here, Equation (39) shows multiple periodic solitons
for ω = 1.35, 1.15, and 0.80, correspondingly (Figure
6A–C). The shape of the 3D design changes with the change
of ω. Figure 6D shows a 2D combined plot of Equation (39).

The solution Equation (42) shows the multiple periodic
soliton for ω = 2.00, 1.50, and 1.00, respectively (Figure
7A–C). The shape of the 3D plot changes with the change
of ω. Figure 7D displays the 2D combined diagram of
Equation (42).

Equation (46) shows multiple periodic solitons for
velocity parameters ω = 2.48, 1.25, and 0.41, respectively
(Figure 8A–C). The shape of the 3D figures varies with the
variation of the velocity parameter ω varies. Figure 8D
shows the 2D combined plot of Equation (46).

From Figures 1–8, it is clear that the behavior of
wave propagation related to the model is significantly
influenced by the velocity parameter. The similar solution
represents diverse characteristics for the different values
wave velocity parameter. It is observed that the obtained
solutions display some familiar 3D structures, such as
multiple singular periodic solitons, multiple periodic
solitons, kink waves, spike shapes, bell-shaped solitons,
etc. We have found different types of soliton solutions
that are exponential, trigonometric, compound hyperbolic,
hyperbolic, and their combination.

6. The novelty of established results

Zulqarnain et al.1 investigated the fractional LGH model

using
(

G′

G2

)
-expansion method. The outcome of their

study shows notable differences in the methodology,
objectives, outcome, and contributions from our work.
This comparison intends to scrutinize these distinctions to
highlight the novelty and superiority of our study.

(i) Utilized techniques: This study utilized a novel
solution technique, the GERF technique, and the
extended tanh-function technique. In contrast,
Zulqarnain et al.1 utilized the comparatively
elderly solution technique, which limits the scope
of analytical exploration.

(ii) Soliton structure: Our investigation produced
different types of familiar soliton structures, such
as singular periodic shapes, continuous periodic
shapes, bell-shaped waves, and singular kink
shapes. This is a better assortment of coherent
structures compared to the study conducted by
Zulqarnain et al.1 Additionally, their study only
showed limited types of familiar soliton structures,
such as singular periodic solitons. This showed a
narrower assortment of wave shape.

(iii) Corporeal insights: This study shows deeper
insights into solitary wave dynamics employing
two recently introduced methods. On the
other hand, Zulqarnain et al.1 provided an
inadequate explanation of results and their
corporeal meanings.
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Figure 1. Solitonic structure of the solution of Equation (21). (A) The three-dimensional design for ω = 2.50. (B) The three-dimensional
design for ω = 1.90. (C) The three-dimensional design for ω = 1.80. (D) The two-dimensional united plot.

Figure 2. Solitonic structure of Equation (25). (A) The three-dimensional design for ω = 1.00. (B) The three-dimensional design for
ω = 1.15. (C) The three-dimensional design for ω = 0.90. (D) The two-dimensional united plot.

Figure 3. Solitonic structure of Equation (29). (A) The three-dimensional design for ω = 0.90. (B) The three-dimensional design for
ω = 0.80. (C) The three-dimensional design for ω = 0.70. (D) The two-dimensional united plot.

6
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Figure 4. Solitonic structure of the solution of Equation (31). (A) The three-dimensional design for ω = 2.50. (B) The three-dimensional
design for ω = 3.00. (C) The three-dimensional design for ω = 3.50. (D) The two-dimensional united plot.

Figure 5. Solitonic structure of Equation (33). (A) The three-dimensional design for ω = 1.60. (B) The three-dimensional design for
ω = 1.33. (C) The three-dimensional design for ω = 1.17. (D) The two-dimensional united plot.

Figure 6. Solitonic structure of Equation (39). (A) The three-dimensional design for ω = 1.35. (B) The three-dimensional design for
ω = 1.50. (C) The three-dimensional design for ω = 0.80. (D) The two-dimensional united plot.

7
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Figure 7. Solitonic structure of Equation (42). (A) The three-dimensional design for ω = 2.00. (B) The three-dimensional design for
ω = 1.50. (C) The three-dimensional design for ω = 1.00. (D) The two-dimensional united plot.

Figure 8. Solitonic structure of Equation (46). (A) The three-dimensional design for ω = 2.48. (B) The three-dimensional design for
ω = 1.25. (C) The three-dimensional design for ω = 0.41. (D) The two-dimensional united plot.

(iv) Contributions: This study notably increases the
perceptive of nonlinear wave evolution. In
contrast, Zulqarnain et al.1 showed inadequate
novel knowledge.

In summary, this study represents a more inclusive,
rigorous, and innovative investigation of the LGH model
by employing a wider range of advanced analytical
techniques. It yields novel insights and offerssuperior
contributions to the field of nonlinear wave study
compared to the study performed by Zulqarnain et al.1

7. Conclusion

In this article, the GERF method and the extended
tanh-function method have been efficiently applied to
explore solitary wave solutions to the fractional order
LGH model by means of the TMFD. The pictographic
representation exhibits the dynamic behavior of the
attained solutions and gives diverse structures of

graphs, such as multiple periodic solitons, multiple
singular periodic solitons, kink waves, spike shapes,
and bell-shaped solitons. This study shows that the
value of the wave velocity parameter influences the
signal transmission related to the nonlinear fractional
LGH model. Correctness of attained solutions was
confirmed by incorporating them into the considered
model with the aid of the Maple program, and the
results were accurate. This suggests that the GERF
method and extended tanh-function method are efficient
and straightforward, exhibiting easily implementable
characteristics for exploring a wide range of soliton
solutions of nonlinear fractional differential equations.
Our established solution can support the analysis of the
inner mechanism of physical incidents connected with
superconductivity, plasma physics, geo-optical filaments,
and numerous engineering applications. Due to the
outstanding performance of the GERF method and the
extended tanh-function method, various important models

8
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can be investigated using these methods. However, the
extended tanh-function method provides a limited number
of soliton solutions.
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