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Abstract

Wave propagation in fluids, optical fibers and plasma physics are explained by complex math equations
that include dispersion and dissipation effects. This study looks at the solutions for a specific equation
that includes dispersion and regularization effects. To understand the effects of the Rosenau-Korteweg
de Vries-regularized long wave equation, we used a new method called the approximate analytical
method (AAM). We also proved that our solution is unique. The method uses the Caputo derivative,
which helps describe how things change over time and memory effects. The solution is a series that shows
how the wave behaves and converges quickly without needing to simplify or discretize the equation.
We also drew plots and graphs to visualize the wave dynamics. Our method describes the behavior
and accuracy of solutions and the algorithm shows that it can handle problems with nonlinearity and
memory effects. We tested our method with simulations and 3D visualizations, which show that it
is effective and accurate compared to results. The results confirm that our method can be used to
understand fractional systems suggesting its use in many areas of science and technology.

1 Introduction

Nonlinear waves are a thing that happens and it is very important in many areas of study. We know
that nonlinear chaos, natural things and real world problems can be studied using the concept of classical
calculus but it has some limits. That is why fractional calculus came into being three hundred years
ago thanks to the ideas of two famous mathematicians, Leibniz and L’Hospital. Fractional calculus is a

Received: May 24, 2026; Revised & Accepted: June 17, 2026; Published online: June 24, 2026
2020 Mathematics Subject Classification: 65L05, 65G20, 65L60, 65H05.
Keywords and phrases: partial differential equations, Rosenau-KdV-RLW equation, approximate analytical method.
*Corresponding author Copyright 2026 the Authors



740 Uma C. Kolli et al.

theory that is growing fast and it is the study of derivatives and integrals of any order. One of the main
advantages of calculus is that it gives us solutions between intervals, which helps us understand the results
more clearly and it also describes nonlinear phenomena in a very specific way [1–3].

The mathematical models or problems that have properties like solitons, chaos and random motions can
be studied well using fractional calculus theory. Many researchers have contributed to the development of
this theory. They have proposed their own fractional derivatives and integrals such as Riemann-Liouville,
Caputo-Fabrizio and Atangana-Baleanu. We used the Caputo operator, which is very important because
it shows non-locally bounded and smoother behavior than other fractional operators. It is very good
for value problems and modeling systems with initial conditions. The linear and nonlinear partial and
ordinary differential equations of order have many applications in areas like physics [4], electrodynamics [5],
astrophyics [6], human diseases [7], and so on [8–10]. The main good things about differential equations are
that they have properties like hereditary property, memory effects and uncertainty property. That is why
fractional differential equations have become very popular in modeling complicated processes in real world
challenges. Some researchers have solved differential equations of fractional order using different methods.
Zhang et al. [11] studied the Emden-Fowler equations of order and they used the variational iteration
technique and Shehu transformation to get the solutions. Ganie et al. [12] used the Elzaki transform and the
Adomian decomposition method to solve some differential equations. Alshehry et al. [13] used the Laplace
residual power series approach to obtain solutions of fractional differential equations. Many analytical and
numerical techniques have been applied to solve differential equations of fractional order [10,15].

Korteweg and de Vries proposed the Korteweg-de Vries equation to describe wave behavior, which’s very
important in understanding ion-acoustic waves in plasmas and acoustic waves in harmonic crystals [16,17].
In the ten years, many researchers have studied the Rosenau-Korteweg-de Vries-regularised long wave
equation, which is one of the partial differential equations. This equation has been studied in areas using
different methods, such as the Haar wavelet method and the Chebyshev polynomials [18–23]. We consider
the Rosenau-KdV-RLW equation [24,25], which is given by

uςγ(uξξ)ς + (uξξξξ)ς + βuξξξ + uξ + µu2ξ = 0 (1)

with initial and boundary conditions

u(ξ, 0) = f(ξ), u(a, ς) = g1(ς), u(b, ς) = g2(ς),

uξ(a, ς) = g3(ς), uξ(b, ς) = g4(ς), a ≤ ξ ≤ b. (2)

If γ = µ = 0 the equation becomes the KdV equation and when β = µ = 0 it reduces to the Rosenau
equation.

In this paper, we study the time-Rosenau-KdV-RLW equation of fractional order α, which is

Dα
ς uςΓ(uξξ)ς + (uξξξξ)ς + βuξξξ + uξ + µu2ξ = 0, (3)

where ς ∈ (0,∞] and a ≤ ξ ≤ b are the temporal and spatial terms. Dα
t is the Caputo fractional derivative

and γ, β and µ are advection and dispersion constants.
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We use a semi-analytical approach called approximate analytical method to solve this equation. It
is also very simple and effective in solving highly nonlinear situations. This method has been used by
researchers to solve different differential systems and models in diverse fields. The novelty of this work
lies in the application of the Approximate Analytical Method to the time-fractional Rosenau–KdV–RLW
equation. Although AAM has been successfully employed for various nonlinear fractional differential
equations, its implementation for the present model has not been reported previously. The method
provides accurate series solutions with reduced computational complexity. This study shows the dynamics
of the proposed equation using the considered method with the aid of the Caputo operator. The results
demonstrate the accuracy and effectiveness of the proposed method and highlight the capability of the
considered fractional derivative to capture the underlying dynamics of the model. Thabet et al. [26] studied
Korteweg-de Vries (KdV) equations of non-integer order to find the analytical travelling wave solutions
with the aid of AAM. The fractional Navier-Stokes model has been examined using AAM which yields the
numerical solutions with the aid of the Liouville-Caputo operator by Umar et al [27]. Chethan et al. [7]
investigated the solid tumour invasion model of fractional order via AAM and formulated the numerical
solutions in series form with the aid of the Caputo fractional operator. Kumar et al. [4] applied AAM
to solve the foam drainage equation and explored the dynamical behaviour of foams using time-fractional
derivative. This article is divided into sections: Section 2 reviews some notions and properties related to
the Laplace transform and fractional calculus. The algorithm of the projected method and its analytical
solution, for fractional partial differential equations is seen in Section 3. Section 4 provides examples
of the Rosenau-KdV-RLW equation solved using the AAM. The description of results and graphical
representation are portrayed in Section 5 and concluded with our findings in Section 6.

2 Preliminaries

Definition 2.1. For a function f (t) ∈ Cµ (µ ≥ −1), the Riemann-Liouville (RL) fractional integral is
specified by Iας f(t) and it is demacrated [29] as

Iαt f(t) =
1

Γ
(
α
) ∫ t

0
(u− v)α−1f(v)dv, (4)

I0t f(t) = f(t).

Definition 2.2. The definition of the fractional derivative of function f ∈ Cr
−1 is defined as follows in

terms of Caputo sense [30] :

Dγ
t f(t) =

{
drf(t)
dtr , γ = r ∈ N,
1

Γ(r−γ)

∫ ε
0 (u− v)n−γ−1f (r)(v)dv, r − 1 < γ ⩽ r, r ∈ N.

(5)

The notation N represents the set of natural numbers.

Theorem 2.3. Let b > −1 and α1, α2 ∈ R, α1, α2 ≥ 0. Then, the RL fractional partial integral operator

Earthline J. Math. Sci. Vol. 16 No. 4 (2026), 739-755



742 Uma C. Kolli et al.

0J
α
t satisfies the following properties for the function f(x, t) ∈ Cµ,µ > −1,

0J
α1
t 0J

α2
t f(t) = 0J

α1+α2
t f(t),

0J
α1
t 0J

α2
t f(t) = 0J

α2
t 0J

α1
t f(t), (6)

0J
α
t t

b =
Γ(b+ 1)

Γ(b+ α+ 1)
tα+b.

Theorem 2.4. Let α, t ∈ R, t ⩾ 0, n− 1 < α < N. Then

Dα
t J

α
t f(t) = f(t),

Dα
t J

α
t f(t) = f(t)−

m−1∑
0

tk

k!

∂kf(0+)

∂tk
.

(7)

3 Fundamental Idea of the AAM

We consider the following linear fractional partial differential equation with some constraints.

The equation is given by

Dγ
t u(φ̄t) = f(φ̄t) + Lū+Nū, m− 1 < γ < m ∈ N

∂iu(φ̄t)
∂ , i = 0, 1, 2, 3, . . .m− 1, (8)

where Dγ
t is the Caputo operator of fractional order γ, f(φ̄t) is the source term, L and N represent linear

and non-linear operators and φ̄ = (φ1φ2 . . . φn) ∈ Rn. For u(φ̄t) =
∑∞

k=0 r
ku(φ̄t), the linear function L(u)

holds the following property:

L(u(x̄t)) = L

( ∞∑
k=0

rku(φ̄t)

)
=

∞∑
k=0

rkL (uk(φ̄t)) . (9)

Let u(φ̄t) =
∑∞

k=0 uk(φ̄t) and uλ(φ̄t) =
∑∞

k=0 λ
kuk(φ̄t). Then the non-linear operator N (uλ) satisfies the

below conditions:

N (uλ) = N

∞∑
k=0

(
λkuk

)
=

∞∑
n=0

(
1

n!

δ

δλn

(
N

( ∞∑
k=0

λkuk

))
λ=0

)
λn, (10)

where λ is the non-zero parameter that lies between 0 and 1. The polynomials Pn (u0u1u2 . . . un) is defined
as follows:

Pn (u0u1u2 . . . un) =
1

n!

δn

δλn

(
N

(
n∑

k=0

λkuk

))
λ=0

. (11)

Let Pn = Pn (u0u1u2 . . . un). In terms of Pn, the term N (uλ) can be written with the help of the above
equation as follows:

N (uλ) =

∞∑
n=0

λnPn. (12)

Thus the following theorem presents existence of an approximate solution for a NFPDE given in the above
equation.
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Theorem 3.1. (Existence Theorem) By defining the functions f(φ̄t)fi(φ̄) as in the above equation and
for m− 1 < γ < m ∈ N. The solution of the above equation obtained in the series form as follows,

u(φ̄t) = f
(−γ)
t (φ̄t) +

m−1∑
i=0

ti

i!
fi(φ̄) +

m−1∑
i=0

[
L−γ
t u(k−1) + P

(−γ)
(k−1)t

]
, (13)

where p
(−γ)
(k−1)t and L−γ

t u(k−1) are the Riemann-Liouville fractional integral of order γ for Pk−1 and L (uk−1)

concerning t.

Proof. Let the solution u(φ̄t) of the above equation be

u(φ̄t) =

∞∑
k=0

uk(φ̄, t). (14)

Let us consider the given below terms to solve the NFPDE in the equation

Dγ
t uλ(φ̄t) = λ [f(φ̄t) + L (uλ) +N (uλ)] 0 ≤ λ ≤ 1 (15)

with initial constraints
∂iuλ(φ̄0)

∂ti
= gi(φ̄) i = 0, 1, 2 . . . ,m− 1. (16)

Suppose that the above equation has the solution in the form

uλ(φ̄t) =
∞∑
k=0

λkuk(φ̄t). (17)

Now using the above equation for the above equation and by the above equation we have

uλ(φ̄t) =
m−1∑
i=0

ti

i!

∂iuλ(φ̄0)

∂ti
+ λ0t) + L (uλ) +N (uλ) . (18)

The above equation can be written as below by using the equation

uλ(φ̄t) =
m−1∑
i=0

ti

i!
gi(φ̄) + λ

[
f
(−γ)
t (φ̄t) + Jγ

t [L (uλ)] + Jγ
t [N (uλ)]

]
. (19)

Substitute the above equation into the above equation, which gives
∞∑
k=0

λkuk(φ̄t) =

m−1∑
i=0

ti

i!
gi(φ̄) + λf

(−γ)
t (φ̄t) + Jγ

t λ

∞∑
k=0

[
L
(
λkuk

)]
+ Jγ

t λ

∞∑
n=0

[
1

n!

∂n

∂λn

(
N

( ∞∑
k=0

λkuk

))
λ=0

]
λn. (20)

Using the above equation can be reduced to the following form
∞∑
k=0

λkvk(φ̄, t) =
m−1∑
i=0

ti

i!
gi(φ̄) + λf

(−γ)
t (φ̄t)

+ Jγ
t λ

∞∑
k=0

[
L
(
λkvk

)]
+ Jγ

t λ
∞∑
n=0

Pnλ
n (21)
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equating the coefficients of same powers of λ in the above equation we have

u0(φ̄, t) =
m−1∑
i=0

ti

i!
gi(φ̄),

u1(φ̄t) = f
(−γ)
t (φ̄t) + L

(−γ)
t u0 + P

(−γ)
0t , (22)

uk(φ̄t) = L
(−γ)
t uk−1 + P

(−γ)
(k−1)t, k = 2, 3, . . .

Rewriting the the above equation, which gives approximate the solution of the above equation. With the
aid of the above equation we have

u(φ̄t) = lim
λ→1

uλ(φ̄t) = u0(φ̄t) + u1(φ̄t) +

∞∑
k=2

uk(φ̄, t). (23)

We can see that, ∂iu(φ̄0)
∂ti

= limλ→1
∂iuλ(φ̄0)

∂ti
=⇒ gi(φ̄) = fi(φ̄). Replacing the above equation ends the

proof.

4 Solution using AAM

In this section, we apply the approximate analytical method (AAM) to some nonlinear time-fractional
equations to construct series solutions and to verify consistency with known analytical solutions.

Example 4.1. Consider the nonlinear time-fractional Rosenau-KdV-RLW equation with γ = 0, β =

1, and µ = 0.5 in the domain [−70, 100] is given by,

Dα
ς u− γ(uξξ)ς + (uξξξξ)ς + βuξξξ + uξ + µu2ξ = 0, (24)

subject to the initial condition
u(ξ, 0) = c1 sech

4(c2ξ). (25)

We first rewrite (24) in the form

Dγ
t u(φ, t) = γ(uξξ)ς − (uξξξξ)ς − βuξξξ − uξ − µu2ξ. (26)

With the help of the AAM algorithm [7], assume that the solution of the (24) in the below manner

u(φ, t) =

∞∑
k=0

uk(φ, t). (27)

Consider (26) have an approximate solution

Dγ
t u(φ, t) = λ

[
γ(uξξ)ς − (uξξξξ)ς − βuξξξ − uξ − µu2ξ

]
. (28)

Suppose that (26) has the series solution as

uλ(φ, t) =

∞∑
k=0

λkuk(φ, t). (29)
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Applying the Riemann–Liouville fractional integral Jγ
t on both sides of (28) and using the fractional

integral identity associated with (29), we obtain

uλ(φ, t) = sinφ+ λ0J
γ
t

[
γ(uξξ)ς − (uξξξξ)ς − βuξξξ − uξ − µu2ξ

]
. (30)

Substituting the series (29) into (30) gives
∞∑
k=0

λkuk(φ, t) = sinφ+ λ0J
γ
t

[ ∞∑
n=0

λnAn(φ, t)

]
, (31)

where An denotes the Adomian-type polynomial corresponding to

N [u] = γ(uξξ)ς − (uξξξξ)ς − βuξξξ − uξ − µu2ξ,

expanded in terms of the components uk.

Equating coefficients of like powers of λ from (31), we obtain the recursive relations

O(λ0) : u0(φ, t) = sinφ,

O(λ1) : u1(φ, t) = Jγ
t

[
A0(φ, t)

]
,

O(λ2) : u2(φ, t) = Jγ
t

[
A1(φ, t)

]
,

...

Since u0(φ, t) is independent of t, each fractional integral Jγ
t introduces factors of tγ , t2γ , etc., divided by

Gamma functions. Consequently, the first components read

u0(φ, t) = sinφ,

u1(φ, t) =
tγ

Γ(γ + 1)
F1(φ),

u2(φ, t) =
t2γ

Γ(2γ + 1)
F2(φ),

where F1 and F2 are trigonometric combinations obtained by inserting u0 into N [u] and into the
higher-order polynomials An.

Summing the series, we obtain the AAM series solution

u(φ, t) =

∞∑
k=0

uk(φ, t). (32)

Here, the analytical solution for α = 1 of (24) is given by,

u(ξ, ς) = c1 sech
4[c2(ξ − c3ς)] (33)

with

c1 = −35

24
+

35

312

√
313,

c2 =
1

24

√
−26 + 2

√
313,

c3 =
1

2
+

1

26

√
313.
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(a) (b)

(c)

Figure 1: Surface plots of (a) achieved series solution, (b) the exact solution and (c) the absolute error
between them at α = 1.

α=1

α=0.75

α=0.5

0.0 0.5 1.0 1.5 2.0
0.38

0.40

0.42

0.44

0.46

0.48

0.50

0.52

ϛ

u(
ξ
,ϛ
)

Figure 2: Nature of achieved solution for 24 when ξ = 0.1, for distinct α values.

Example 4.2. Consider the time-fractional Rosenau–KdV–RLW equation with γ = 0, β = 1 and µ = 0.5

in the domain [−40, 60]:

Dα
ς uς − γ(uξξ)ς + (uξξξξ)ς + βuξξξ + uξ + µ(u2)ξ = 0, (34)
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subject to the initial condition
u(ξ, 0) = c1 sech

4(c2ξ). (35)

For γ = 0 and β = 1, equation (34) can be written as

Dα
ς uς(ξ, ς) = N [u(ξ, ς)], (36)

where
N [u] = −(uξξξξ)ς − uξξξ − uξ − µ(u2)ξ. (37)

Introducing the embedding parameter λ ∈ [0, 1] [7], we construct the homotopy

Dα
ς uς(ξ, ς) = λN [u(ξ, ς)], u(ξ, 0) = c1 sech

4(c2ξ). (38)

We assume a series solution of the form

uλ(ξ, ς) =

∞∑
k=0

λkuk(ξ, ς), (39)

with
u0(ξ, 0) = c1 sech

4(c2ξ), uk(ξ, 0) = 0, k ≥ 1.

Let Jα
ς denote the Riemann–Liouville fractional integral of order α in ς. Applying Jα

ς to (38), and using
the Caputo–RL relation for uς , we first write

uς(ξ, ς) = uς(ξ, 0) + λ0J
α
ς

[
N [u(ξ, ς)]

]
. (40)

Substituting the series (39) into (40) and using the linearity of the spatial derivatives, we have

uξ =
∞∑
k=0

λk(uk)ξ, (u2)ξ =
∞∑
n=0

λnBn(ξ, ς),

where Bn are polynomials associated with the nonlinearity (u2)ξ. Hence (40) becomes

∞∑
k=0

λkuk(ξ, ς) = c1 sech
4(c2ξ) + λ0J

α
ς

[ ∞∑
n=0

λnBn(ξ, ς)

]
, (41)

where Bn collects all order-λn contributions from the operator (37).

Equating coefficients of like powers of λ in (41), we obtain the recursive system

O(λ0) : u0(ξ, ς) = c1 sech
4(c2ξ),

O(λ1) : u1(ξ, ς) = Jα
ς

[
B0(ξ, ς)

]
,

O(λ2) : u2(ξ, ς) = Jα
ς

[
B1(ξ, ς)

]
,

...

Earthline J. Math. Sci. Vol. 16 No. 4 (2026), 739-755
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Thus the AAM series solution for (34)–(35) reads

u(ξ, ς) =

∞∑
k=0

uk(ξ, ς). (42)

The analytical solution for α = 1 is given by,

u(ξ, ς) = c1 sech
4[c2(ξ − c3ς)] (43)

with

c1 = −35

24
+

35

312

√
313,

c2 =
1

24

√
−26 + 2

√
313,

c3 =
1

2
+

1

26

√
313.

(a) (b)

(c)

Figure 3: Surface plots of (a) the achieved solution, (b) the exact solution, and (c) the absolute error
between them at α = 1.
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α=1

α=0.75

α=0.5

0.0 0.5 1.0 1.5 2.0

0.68
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0.74

0.76

0.78

ϛ

u(
ξ
,ϛ
)

Figure 4: Nature of achieved solution when ξ = 0.1, for distinct α values.

Example 4.3. Consider the time-fractional Rosenau–KdV–RLW equation with γ = 1, β = 1 and µ = 0.5

in the domain [−40, 100]:

uς − γ(uξξ)ς + (uξξξξ)ς + βuξξξ + uξ + µ(u2)ξ = 0, (44)

subject to the initial condition
u(ξ, 0) = c1 sech

4(c2ξ). (45)

For γ = 1 and β = 1, equation (44) can be rewritten in the evolution form

uς(ξ, ς) = N [u(ξ, ς)], (46)

where the nonlinear operator N is given by

N [u] = (uξξ)ς − (uξξξξ)ς − uξξξ − uξ − µ(u2)ξ. (47)

To apply the AAM [7], we introduce the embedding parameter λ ∈ [0, 1] and construct the homotopy
form

uς(ξ, ς) = λN [u(ξ, ς)], u(ξ, 0) = c1 sech
4(c2ξ). (48)

We seek a solution in the series form

uλ(ξ, ς) =
∞∑
k=0

λkuk(ξ, ς), (49)

with
u0(ξ, 0) = c1 sech

4(c2ξ), uk(ξ, 0) = 0, k ≥ 1.

Integrating (48) with respect to ς and using the initial condition (45), we obtain the equivalent integral
equation

uλ(ξ, ς) = u0(ξ, 0) + λ0

∫ ς

0
N [uλ(ξ, η)] dη. (50)

Earthline J. Math. Sci. Vol. 16 No. 4 (2026), 739-755
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Substituting the series representation (49) into (50), and using the linearity of the spatial derivatives, we
obtain

uξ =
∞∑
k=0

λk(uk)ξ, (u2)ξ =
∞∑
n=0

λnBn(ξ, ς),

where Bn denotes the Adomian-type polynomial associated with the nonlinearity (u2)ξ. Hence (50) can
be written as

∞∑
k=0

λkuk(ξ, ς) = c1 sech
4(c2ξ) + λ0

∫ ς

0

[ ∞∑
n=0

λnCn(ξ, η)

]
dη, (51)

where each Cn collects the order-λn contributions from (47).

Equating coefficients of like powers of λ in (51), we obtain the recursion

O(λ0) : u0(ξ, ς) = c1 sech
4(c2ξ),

O(λ1) : u1(ξ, ς) =

∫ ς

0
C0(ξ, η) dη,

O(λ2) : u2(ξ, ς) =

∫ ς

0
C1(ξ, η) dη,

...

The resulting AAM series solution is given by

u(ξ, ς) =
∞∑
k=0

uk(ξ, ς). (52)

The analytical solution for α = 1 is given by,

u(ξ, ς) = c1 sech
4[c2(ξ − c3ς)] (53)

with coefficients

c1 = − 5

456
(−25 + 13

√
457),

c2 =

√
−13 +

√
457√

288
,

c3 =
241 + 13

√
457

266
.
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(a) (b)

(c)

Figure 5: Surface plots of (a) the AAM solution, (b) the exact solution, and (c) the absolute error between
them, at ℏ = −1 and α = 1.
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Figure 6: Nature of achieved solution u(ξ, ς) when ξ = 0.1, for distinct α values.
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5 Results and Discussion

The Approximate Analytical Method has been used to solve the time-fractional Rosenau-KdV-RLW
equations with different parameters. The solutions are shown as series that converge quickly and are
checked against the solutions when the parameter is one. The graphs and numbers show that this method
is effective, reliable and efficient for solving fractional differential equations. For example the behavior of
the solution is shown in graphs with the exact solution and the error. The graphs show that the solution
from the Approximate Analytical Method is very close to the solution. The error is also very small
which means the method is precise and converges well. The solution changes when the fractional-order
parameter is changed. When this parameter is small the solution changes slowly. Has strong memory
effects.. When the parameter is close to one the solution behaves like the classical integer-order dynamics.
This shows that fractional calculus is important for modeling physical systems. The same thing happens
with examples. The solution from the Approximate Analytical Method is compared to the solution and
the error is shown. The method accurately captures the wave structures and preserves the propagation
characteristics of the equation. The error is small which means the method is accurate and stable. The
fractional-order parameter affects the behavior of the solution. When the parameter is decreased the
wave evolves slowly. Decays non-exponentially. This shows that the fractional model has memory- effects.
Overall the graphs and analysis show that the Approximate Analytical Method effectively captures the
characteristics of fractional-order Rosenau-KdV-RLW equations. The method incorporates memory effects
and nonlocal interactions without discretization or complicated computations. This makes it a reliable
framework for solving fractional differential equations in applied mathematics, fluid dynamics, plasma
physics and engineering sciences.

6 Conclusion

The Approximate Analytical Method has been used to solve time-fractional Rosenau-KdV-RLW equations.
The method combines decomposition with fractional integral operators to generate rapidly convergent
series solutions with high accuracy. The solutions are checked against the solutions and the graphs show
that they are very close. The error analysis shows that the method provides accurate approximations.
The fractional-order parameter plays a role in determining the behavior of the solutions. Lower values
produce wave evolution and stronger memory effects. The Approximate Analytical Method has advantages.
It avoids discretization, linearization and complicated numerical computations. The method provides
an efficient recursive procedure for constructing approximate solutions. It can be used for classes of
nonlinear fractional differential equations without introducing unrealistic assumptions. The results show
that the Approximate Analytical Method is an reliable framework, for studying nonlinear fractional wave
phenomena. Future work can focus on extending the method to dimensional fractional models and other
generalized fractional operators. Further studies can also enhance the applicability of the method in world
scientific and engineering problems. and also extend our work to complex systems, like higher-dimensional
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models or models with variable-order fractions. With some optimization and control strategies our method
could be more precise and useful. Overall our results show that the AAM is an efficient method, for
studying nonlinear fractional differential equations and that it will contribute to the advancement of
fractional calculus.
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