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Abstract

In this study, we introduced a novel scheme to attain approximate and closed-form solutions of fractional
telegraph equations, which belong to the most consequential amplitude equations in physics. The Yang
transforms (YT) and the Adomian decomposition method (ADM) is combined in the proposed method. We
call it the Yang Adomian decomposition method (YDM). Some examples are given to illustrate the
accuracy of the numerical results by YDM. As a result, YDM demonstrates that it is a useful and simple

mathematical tool for getting approximate and exact analytical solutions to linear-nonlinear fractional
telegraph equations (FTES) of the given kind. The convergence and absolute error analysis of the series

solutions is also offered.

Keywords: Yang transform; Adomian decomposition method; Telegraph equation; Caputo fractional

operator.
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1-Introduction

Fractional calculus, a fast-developing branch of mathematics, is the study of the integrals and
derivatives of functions of any order. It has been gaining popularity among scientists working on a range
of issues due to the excellent results gained when different tools from this calculus were utilized to simulate
specific real-world situations. What makes this calculus interesting to learn is the diversity of fractional
operators. The range of fractional operators makes it easy to choose the one that will produce the best
results [1].

During recent decades, researchers have been interested in studying fractional calculus and its
applications, not only in mathematics but also in many other sciences, such as physics, thermodynamics,
engineering, economics, etc. Fractional calculus has many applications in the field of electrical,
electrochemistry, statistics, and probability. In addition, fractional differential equations can describe many
cosmological phenomena that traditional differential equations cannot describe [2,3]. Various
approximation and methodologies, like the fractional Adomian decomposition method (FADM), fractional
homotopy method (FHPM), fractional function decomposition method, fractional variational iteration
method (FVIM), fractional reduce differential transform method (FRDTM), fractional differential
transform method, fractional Laplace variational iteration method, fractional Laplace homotopy
perturbation method (FLHPM), fractional Laplace decomposition method (FLDM), fractional Sumudu
homotopy analysis method, fractional Sumudu variational iteration method (FVIM), fractional Sumudu
decomposition method (FSDM), fractional natural decomposition method (FNDM) [4-60]. In this paper,
we apply the Yang decomposition technique to find solution of fractional differential equations with the
fractional operator Caputo. The order of the paper is as follows: The basic definitions for calculus and
fractional integration are presented in section 2, the method used is analyzed in section 3, many examples
are given that explain the effectiveness of the method proposed in section 4, and finally, the conclusion is
provided in section 5.

Preliminaries
This section [61-66] goes through some FC definitions and notation that will be used during this period of

work.

Definition 2.1. The fractional integral operator of order @ = 0 Riemann Liouville, of ¢ (u) € Cy,9 = —1

is
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1 t
_ a—-1
[%u(t) = —F( a)fo (t—1)* u(t)dr, a >0, t>0.
u(t), a=0

Properties of operator I¢:
1. I%1%u(t) = I1*%u(t).
2. I%I°u(t) = I°T%u(t).

3 japm — r(m+1) a+m
F'(a+m +1)

Definition 2.2. The Caputo fractional derivative of order a of u(t) is
D*u(t) = I *D™u(t)

1 t
=F(m—a)J0(t

— )m-a-1y M (1) dr

Form—1<a<m, meN,t>0andu € C™.

The properties D¢ are:

1. D%k = 0, where k is a constant.

r(o+1) _5_qg
I'o—a+1)

3. D*D%u(t) = D**7u(t)

2. D%’ =

)

_ tk
4. 1°Du(t) = u(t) — Tiss u®(0) —
Definition 2.3. The MLF with @ > 0 is

Ea(2) = ;o F(ma + 1)

3. Yang transform

Definition 2.4. The Yang transform of the function is
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(0]

Y{u(t)}=fe_%u(t)dt, t>0,
0

with v representing the transform variable.

Few properties of YT is stated as.

The YT Y[f(t)] of the caputo fractional derivative as defined by

_u®h

1Y [8Dgf(t)] =Y [%] - ZZ:O pa—k=1)

Where n—1<a<n

2f(v)=a - Y[f(w)]=av , a is aconstant

3.f(v) =v* - Y[f(v)] =v*"! I'(a + 1)

. va—l

I'a—1)

4.1f f(v) = v* then Y 1[f(v)]

3. Formulation of Yang decomposition method for fractional Telegraph Equation

We now consider the following and hence illustrate the basic

SEDU(x,t) = A(x, t)02U(x,t) + B(x, )0, U(x,t) + C(x, ) U(x,t) + U (x,t) + g(x, t),
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with the initial condition U(0,t) and U,(o0,t),0<x <a, 0<a <2 and A(xt),
B(x,t), C(x,t)

are continues functions and U™ (x, t) is nonlinear function.

Applying the YT to both sides of (1), we have

’ UG o] n—1 u® 0 _y [A(x, £)0ZU(x,t) + B(x,t)0.U(x,t) @
v L vak=D "+ C(x, )U(x, t) + U (x,t) + g(x, t))
Or
n-1
U(k) (0+)
Y[U(x,t)] = v* Z D) +v*Y[g(x,t)]
k=0
+ v* Y[A(x, )02 U(x,t) + B(x,t)0,.U(x,t) + C(x,t)U(x,t)
+ U™ (x, )] 3)
Hence, applying the inverse YT to the both sides of (3) , we conclude that.
Y=HU(x, )]
n-—1
_ v ")
=y1! v"‘z D +v*Y[g(x,t)]
k=0
+ v Y[A(x, t)02U(x,t) + B(x,t)0,U(x,t) + C(x,t)U(x,t)
+ U™ (x, 0)]]. (4)
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(k)
UG,t) = v l z O ey, 0]
+ v Y[A(x, t)0ZU(x,t) + B(x,t)0,.U(x,t) + C(x,t)U(x,t)

+ U™ (x, t)]|. (5)

So that

U(x,t) = ulx,t) + Y‘l[v“ Y[A(x,£)02U (x,t) + B(x,t)0,U(x,t) + C(x,t)U(x,t) +
U (x 0l (5)

where

n-1
u® 0™
u(x,t) = Y1 |pe z e+ Vg 0. 6)

k=0

Now, suppose that

Ux,t) = z U, (x,0), @)

UT(x,t) = ZAn (x, 1).

Substituting series (7) in (5), we have
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Y U0 = w0
n=0

+ Y7 v® Y[A(x, )02 Uy, (x,t) + B(x, )8, Uy (x, ) + C(x, ) Uy (x, t)
+ An(x, )]]. ®)

For the recursive iteration system, by the computing of both side of (8) , we get the

components of the approximation as the of the following respectively .
Uy(x,t) = u(x,t).

U (x,t) = [Y‘l[v“ Y[A(x,£)02Uqy(x,t) + B(x,t)0,Uy(x,t) + C(x,t)Uy(x, t) +

Ag(x0)]]| )
U,(x,t) =
1o [AC, 02U, (x,t) + B(x,£)0.:U; (x, t) +
Y [” Y et it (10)
Us(x,t)
- [Y—l[va Y[A(x, £)02U, (x, t) + B(x, ), U, (x, £) + C(x, ) U, (x, )
+ 4, (%, 0]]]. (11)

Uyiq(x,t) = [Y‘l[v“ Y[A(x,t)02U,(x,t) + B(x,t)0.U,(x,t) + C(x, t)U, (x, t)

+ 4, (0] . (12)
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5. Hlustrative Examples
Example 5.1. Consider the one-dimensional space FTE
ED%U(x,t) = DFU(x,t) + 4D, U(x,t) + 4U(x,t), 0<x <1, 0< a <2, (13
with the initial and boundary conditions
U,t) =1+ e %,
Ux(0,t) = 2,
U(x,0) =1+ e?t
Ui(x,0) = -2.

Applying the YT on the both side of (13), we have

Y[SD%U(x,t)] — Y[DZU(x,t) + 4D, U(x,t) + 4U(x,t)] = 0 (14)
or
Y[U(xt)] <~ U®
e o z va—k—l
k=0
= Y[DZU(x,t) + 4D, U(x,t) + 4U(x, t)] (15)
Yol | Vo u 2
e T Taoi T i T Y[DfU(x,t) + 4D, U(x,t) + 4U(x,t)]
1_e—zt

VUG D] = v¥ |2+ | + vY [DEU(x,t) + 4D, U (x, t) + 4U (x, )]

pa-1

Y[U(x,t)] = v+ ve 2t + 2v¢
+ vY[DZU (x,t) + 4D, U(x,t) + 4U(x, t)]. (16)

Applying the invers YT to the both side of (16), we get
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U(x,t) =Y v +ve ™ + 2v%] + Y [v*Y[DEU(x, t) + 4D, U(x,t) +
4U(x, 0)]] (17).

U(x,t) = e 2 +2x + 1+ Y Y[w*Y[DFU(x, t) + 4D, U(x,t) + 4U(x, t)]]
Then, we have
Ug(x,t) =e 2t +2x+1 (18)

Next , when we use U, (x, t) to calculate U;(x,t)

U(x,t) = Y Hv*Y[DZUy(x,t) + 4D, Uy(x,t) + 4Uy(x, t)]] (19)
Di[e ™2 +2x+1 ]+

Uy(x,t) = Y [v%Y ‘ 20

1 (% 6) [ [4Dt[e‘2t+2x+1]+4[e‘2t+2x+1] (20)
Ui(x,t) =Y veY[8x + 4]] (21)
Up(x,t) =4Y 12029+ + p29]] (22)

xd 2xa+1

Uy (x' t) =4 [I‘(a+1) + F(a+2)] (23)
After that using U, (x,t), we get

Uy (x,t) = Y Y v*Y[DZU,(x,t) + 4D, U, (x,t) + 4U; (x, t)]] (24)

2 xa 2xa+1
b (4[F(a+1) + F(a+2)]) t+

—y-1 a
UZ(xJ t) =Y v*Y X 2+l x® ])

4‘Dt(zll[l"(a%l) T F(a+2))]] T 4‘(4[1"(a+1)

x2a 2x2a+1

ra+1) T ra+2)

Uy(x, t) = 16[

Now Use U,(x,t) colculus Us(x,t)
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DZ(Uy(x, 1))

Us(x, t) = Y vy ] (25)
’ +4D, (U (x, ))]] + 4[U5 (x, )]
2a 2a 2a 2a
F(;Ca+1) pzéa:)]] — 4 [I"(;Ca+1) t f(a;a:;)
US(xr t) = Y_l[vay x2a 2x2a+1
+4[16[1‘(2a+1) T F(2a+2)]]
x30£ 2x30£+1
Us(x,t) = 64[r(3a+1) T F(3a+2)]
When a = 2,and n =0,1,2,3, ... ... we have the solution
U(x,t) =e?*
(2x)*  (2x)*  (20)* (2x)°
+[1+2x+ TR TRE Y R 7
(2x)™
L (26)
U(x,t) =e** +e 2t (27).

Example 5.2. Consider the following space-fractional nonlinear telegraph equation.

0%y  0%u _Ou
pyerialerrins ZE + u?(x, t) — e?* 4 4 X2t (28)

t>0, 0o<x<1 , O<ac<l,
with the initial conditions

u(0,t) =0, u,(0,t) =e*,
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u(x,0)=0 , , u(x,0)=-2e*

By applying Yang transform for (17), we have

aZau azu du 2 2x—4t x—2t
Yaxza =Y W+2E+u(x,t)—e +e (29)

Y[u(x,t)] B u(0,t) u,(0,t)

du
—+2 3 + u?(x, t) —e?* 4 + e"‘Zt] (30)

Arrangement and substitute the initial condition, we get

ex
_ 2 2 2 2x—4t —2t
Y[u(x, t)] = ve® [v — ] + ve? [172“‘2] + vetY[—e X7 4 e¥ 4l

2a 62 ou 2
+v YT+2—t+U(X,t) (31)

Y[u(x, t)] = v?%e* + v2¢Y[—e?* 4 4+ e*72¢]
2

d“u ou
—+ 2—+ u?(x, t)] (32)

+v2%Y
v ot? Jt

Applying the invers Yang transform to both sides of equation (21) we gey

2
u(x, t) — Y—l[UZaex + UZaY[_er—th + ex—Zt]] + Y—l IUZaY [a_u

ou
577 +ZE+

u?(x, t)]] (33)

Can be write relation (22) in series as follow.

Y oUns1(x,0) = Y1 [v2%e™ + p20Y[—e2X74 4 oX72t]| 4
y1 [vZaY[azt Yomeo Un(x,t) + 20t X0 un(x,t) +
Yoo An(x,t) 1] (34)
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WhereA,,(x,t) in(34) is nonlinear term with can calculated by adomian polynomial
1 9
An(20,0) = 7 5 [ (a0 #U (X, O]z (35)

Hence uy(x,t) =e”*

Using uy(x,t) to get uy(x,t) and other respectively , so that

—2e*t*
u(x,t) = < —a+1)' (36)
(_z)zetha
u,(x,t) = (— T—I—l) (37)
(_2)3ext3a
us(x, t) = (<— m)) (38)
(_2)4ext4a
2y (0, t) = <— m) (39)
Therefore, the approximate is
UQe,t) =ug(x, t) +u(x, t) +uy(x, t) + us(x, t) + - (40)
Then
L _Zexta (_Z)Zethcz (_2)3ext3a (_2)4ext4a
U, e) =e +<\/a+1>+< V2a + 1 >+< V3a + 1 >+< Via + 1 )
+ - (41)

substituting a = 1, We obtain the exact solution of standard Telegraph Equation in(41) the

following from

U(x, t) = e* 2%t (42).
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6. Conclusions

In conclusion, this article investigates the use of YDM to obtain approximate analytical
solutions of telegraph equations. Through a careful comparative analysis between these
approximate solutions and exact solutions, supported by 2D and 3D graphs generated using
the Maple platform, the analysis sheds light on the accuracy and confidence of the YDM in

solving fractional differential equations.

References

[ 1]Y.-M. Chu, N. A. Shah, P Agarwal, and J. D. Chung, Analysis of fractional multi-dimensional Navier—
Stokes equation, Advances in Difference Equations,91, 1-18, (2021).

[ 2]S. P. Yan, H. Jafari, Local Fractional Adomian Decomposition and Function Decomposition Methods
for Solving Laplace Equation within Local Fractional Operators, Advances in Mathematical Physics,
2014, 1-7 (2014).

[ 3]H. Jafari, S. T. Mohyuid-Din, Local Fractional Laplace Decomposition Method for Solving Linear
Partial Differential Equations with Local Fractional Derivative. In Fractional Dynamics. C. Cattani,
H. M. Srivastava, and X.-J. Yang (Editors), De Gruyter Open, Berlin and Warsaw, 296-316 (2015).

[ 4]H. K. Jassim, New Approaches for Solving Fokker Planck Equation on Cantor Sets within Local
Fractional Operators, Journal of Mathematics, 2015, 1-8(2015).

[ 5]1D. Baleanu, Approximate Analytical Solutions of Goursat Problem within Local Fractional Operators,
Journal of Nonlinear Science and Applications, 9, 4829-4837 (2016).

[ 6]H. K. Jassim, The Approximate Solutions of Three-Dimensional Diffusion and Wave Equations within
Local Fractional Derivative Operator, Abstract and Applied Analysis, 2016, 1-5 (2016).

[ 7]1D. Baleanu, et al., A Modification Fractional Variational Iteration Method for solving Nonlinear Gas
Dynamic and Coupled KdV Equations Involving Local Fractional Operators, Thermal Science, 22,
S165-S175 ( 2018).

[ 8]W. A. Shahab, Fractional variational iteration method to solve one dimensional second order hyperbolic
telegraph equations, Journal of Physics: Conference Series, 1032(1), 1-9 (2018).

[ 9]1D. Baleanu, A novel approach for Korteweg-de Vries equation of fractional order, Journal of Applied
Computational Mechanics, 5(2), 192-198 (2019).

108


http://jceps.utq.edu.iq/
mailto:jceps@eps.utq.edu.iq

Journal of Education for Pure Science- University ot Thi-Qar
Vol.14 , No.4 (2024)
Website: jceps.utq.edu.iq Email: jceps@eps.utq.edu.iq

[ 10] D. Baleanu, Approximate Solutions of the Damped Wave Equation and Dissipative Wave Equation
in Fractal Strings, Fractal and Fractional, 3(26), 1-12 (2019).

[ 11] D. Baleanu, A Modification Fractional Homotopy Perturbation Method for Solving Helmholtz and
Coupled Helmholtz Equations on Cantor Sets, Fractal and Fractional, 3(30), 1-8 (2019).

[12] D. Baleanu, et al., Solving Helmholtz Equation with Local Fractional Derivative Operators, Fractal
and Fractional, 3(43), 1-13 (2019).

[13] J. Vahidi, et al., Solving Laplace Equation within Local Fractional Operators by Using Local
Fractional Differential Transform and Laplace Variational Iteration Methods, Nonlinear Dynamics and
Systems Theory, 20(4), 388-396 (2020).

[ 14] M. G. Mohammed, etal., A Modification Fractional Homotopy Analysis Method for Solving Partial
Differential Equations Arising in Mathematical Physics, IOP Conf. Series: Materials Science and
Engineering, 928 (042021), 1-22 (2020).

[15] H. A. Eaued, et al., A Novel Method for the Analytical Solution of Partial Differential Equations
Arising in Mathematical Physics, IOP Conf. Series: Materials Science and Engineering, 928 (042037
), 1-6 (2020).

[16] J. Vahidi, et al., A New Technique of Reduce Differential Transform Method to Solve Local
Fractional PDEs in Mathematical Physics, International Journal of Nonlinear Analysis and
Applications, 12(1), 37-44 (2021).

[17] S. M. Kadhim, et al., How to Obtain Lie Point Symmetries of PDEs, Journal of Mathematics and
Computer science, 22, 306-324 (2021).

[ 18] M. A. Shareef, et al., On approximate solutions for fractional system of differential equations with
Caputo-Fabrizio fractional operator, Journal of Mathematics and Computer science, 23, 58-66 (2021).

[ 19] S. A.Khafif, et al., SVIM for solving Burger’s and coupled Burger’s equations of fractional order,
Progress in Fractional Differentiation and Applications, 7(1), 1-6 (2021).

[20] H. A. Kadhim, et al., Fractional Sumudu decomposition method for solving PDEs of fractional
order, Journal of Applied and Computational Mechanics, 7(1), 302-311 (2021).

[21] M. G. Mohammed, Natural homotopy perturbation method for solving nonlinear fractional gas
dynamics equations, International Journal of Nonlinear Analysis and Applications, 12(1), 37-44 (2021).

[22] M. G. Mohammed, Numerical simulation of arterial pulse propagation using autonomous models,
International Journal of Nonlinear Analysis and Applications, 12(1), 841-849 (2021).

[23] H. K. Jassim, A new approach to find approximate solutions of Burger’s and coupled Burger’s
equations of fractional order, TWMS Journal of Applied and Engineering Mathematics, 11(2), 415-423
(2021).

109


http://jceps.utq.edu.iq/
mailto:jceps@eps.utq.edu.iq

Journal of Education for Pure Science- University ot Thi-Qar
Vol.14 , No.4 (2024)
Website: jceps.utq.edu.iq Email: jceps@eps.utq.edu.iq

[24] L. K. Alzaki, The approximate analytical solutions of nonlinear fractional ordinary differential
equations, International Journal of Nonlinear Analysis and Applications, 12(2), 527-535 (2021).

[25] H. Ahmad, C. Cesarano, An efficient hybrid technique for the solution of fractional-order partial
differential equations, Carpathian Mathematical Publications, 13(3), 790-804 (2021).

[26] H. G. Taher, et al., Solving fractional PDEs by using Daftardar-Jafari method, AIP Conference
Proceedings, 2386(060002), 1-10 (2022).

[27] L. K. Alzaki, et al., Time-Fractional Differential Equations with an Approximate Solution, Journal
of the Nigerian Society of Physical Sciences, 4 (3) 1-8 (2022).

[28] M. A.Hussein, A Novel Formulation of the Fractional Derivative with the Order « > 0 and without
the Singular Kernel, Mathematics, 10 (21) 1-18 (2022), 1-18.

[29] H. K. Jassim, Extending Application of Adomian Decomposition Method for Solving a Class of
Volterra Integro-Differential Equations within Local Fractional Integral Operators, Journal of college
of Education for Pure Science, 7(1) (2017), 19-29.

[30] H. Ahmad, H. K. Jassim, An Analytical Technique to Obtain Approximate Solutions of Nonlinear
Fractional PDEs, Journal of Education for Pure Science-University of Thi-Qar, 14(1)(2024) 107-116.

[31] M. A. Hussein, Approximate Methods For Solving Fractional Differential Equations, Journal of
Education for Pure Science-University of Thi-Qar, 12(2)(2022) 32-40.

[32] A. R. Saeid and L. K. Alzaki, Analytical Solutions for the Nonlinear Homogeneous Fractional
Biological Equation using a Local Fractional Operator, Journal of Education for Pure Science-
University of Thi-Qar, 13(3), 1-17 (2023).

[33] A. H. Ali, Solve the Advection, KdV and K(2,2) Equations by using Modified Adomian
Decomposition Method, Journal of Education for Pure Science, 2(1), 130-152 (2012).

[ 34] E.A.Hussein, M. G. Mohammed, A. J. Hussein, Solution of the second and fourth order differential
equations using irbfn method, Journal of Education for Pure Science-University of Thi-Qar, 11( 2), 1-
17 (2021).

[35] J. M. Khudhir, Numerical Solution for Time-Delay Burger Equation by Homotopy Analysis
Method, Journal of Education for Pure Science-University of Thi-Qar, 11(2) (2021)130-141 (2021).

[36] G. A. Hussein, D. Ziane, Solving Biological Population Model by Using FADM within Atangana-
Baleanu fractional derivative, Journal of Education for Pure Science-University of Thi-Qar, 14(2)(2024)
77-88.

[37] M.Y. Zair, M. H. Cherif, The Numerical Solutions of 3-Dimensional Fractional Differential
Equations, Journal of Education for Pure Science-University of Thi-Qar, 14(2)(2024) 1-13.

110


http://jceps.utq.edu.iq/
mailto:jceps@eps.utq.edu.iq
https://www.iasj.net/iasj/download/52dd6d7f0059fcbc
https://www.iasj.net/iasj/download/52dd6d7f0059fcbc

Journal of Education for Pure Science- University ot Thi-Qar
Vol.14 , No.4 (2024)
Website: jceps.utq.edu.iq Email: jceps@eps.utq.edu.iq

[38] S.A.lssa, H. Tajadodi, Yang Adomian Decomposition Method for Solving PDEs, Journal of
Education for Pure Science-University of Thi-Qar, 14(2)(2024) 14-25.

[39] H. Ahmad, J. J. Nasar, Atangana-Baleanu Fractional Variational Iteration Method for Solving
Fractional Order Burger’s Equations, Journal of Education for Pure Science-University of Thi-Qar,
14(2) (2024) 26-35.

[40] K. H.Yasir, A. Hameed, Bifurcation of Solution in Singularly Perturbed DAEs by Using Lyapunov
Schmidt Reduction, Journal of Education for Pure Science-University of Thi-Qar, 11(1) (2021) 88-100.

[41] Z. H. Ali, K. H. Yasser, Perturbed Taylor expansion for bifurcation of solution of singularly
parameterized perturbed ordinary differentia equations and differential algebraic equations, Journal of
Education for Pure Science-University of Thi-Qar, 10(2) (2020) 219-234.

[42] H.S.Kadhem, S. Q. Hasan, A New Double Sumudu Transform Iterative Method for Solving Some
of Fractional Partial Differential Equations, Journal of Education for Pure Science-University of Thi-
Qar, 9(2) (2019) 158-171.

[43] A. A. Hassan, K. M. Al-Mousawi, M. J. Hayawi, Hybrid Method for Face Description Using LBP
and HOG, Journal of Education for Pure Science-University of Thi-Qar, 10(1) (2020) 73-79.

[44] 1. N. Manea, K. L.Arif, An Efficient Scheme for Fault Tolerance in Cloud Environment, Journal of
Education for Pure Science-University of Thi-Qar, 10(1) (2020) 193-202.

[45] A.R. Saeid, L. K. Alzaki, Fractional Differential equations with an approximate solution using the
Natural Variation Iteration Method, Results in Nonlinear Analysis, 6(3) (2023)107-120.

[46] H.G. Taher, et al., Approximate analytical solutions of differential equations with Caputo-Fabrizio
fractional derivative via new iterative method, AIP Conference Proceedings, 2398 (060020), 1-16
(2022).

[47] S. A. Sachit, et al., Revised fractional homotopy analysis method for solving nonlinear fractional
PDEs, AIP Conference Proceedings, 2398 (060044), 1-15 (2022).

[48] S. H. Mahdi, et al., A new analytical method for solving nonlinear biological population model,
AIP Conference Proceedings, 2398 (060043), 1-12 (2022).

[49] M. Y. Zayir, A unique approach for solving the fractional Navier—Stokes equation, Journal of
Multiplicity Mathematics, 25(8-B), 2611-2616 (2022).

[ 50] H. Jafari, et al., Analysis of fractional Navier-Stokes equations, Heat Transfer, 52(3)(2023) 2859-
2877.

[51] S. A. Sachit, Solving fractional PDEs by Elzaki homotopy analysis method, AIP Conference
Proceedings, 2414 (040074), 1-12 (2023).

111


http://jceps.utq.edu.iq/
mailto:jceps@eps.utq.edu.iq

Journal of Education for Pure Science- University ot Thi-Qar
Vol.14 , No.4 (2024)
Website: jceps.utq.edu.iq Email: jceps@eps.utq.edu.iq

[52] S. H. Mahdi, A new technique of using Adomian decomposition method for fractional order
nonlinear differential equations, AIP Conference Proceedings, 2414 (040075), 1-12 (2023).

[53] M A. Hussein, et al., A New Approach for Solving Nonlinear Fractional Ordinary Differential
Equations, Mathematics, 11(7)(2023) 1565.

[54] D. Ziane, et al., Application of Local Fractional Variational Iteration Transform Method to Solve
Nonlinear Wave-Like Equations within Local Fractional Derivative, Progress in Fractional
Differentiation and Applications, 9(2), 311-318 (2023).

[55] D. Kumar, et al., A Computational Study of Local Fractional Helmholtz and Coupled Helmholtz
Equations in Fractal Media, Lecture Notes in Networks and Systems, 2023, 666 LNNS, pp. 286-298.

[56] N. H. Mohsin, et al., A New Analytical Method for Solving Nonlinear Burger’s and Coupled
Burger’s Equations, Materials Today: Proceedings, 80 (3)(2023) 3193-3195.

[57] M. A. Hussein, Analysis of fractional differential equations with Atangana-Baleanu fractional
operator, Progress in Fractional Differentiation and Applications, 9(4)(2023) 681-686.

[58] M.Y. Zayir, et al., Solving fractional PDEs by Using FADM within Atangana-Baleanu fractional
derivative, AIP Conference Proceedings, 2845(060004) (2023) 1-11.

[59] M.Y. Zayir, et al., Approximate Analytical Solutions of Fractional Navier-Stokes Equation, AIP
Conference Proceedings, 2834(080100) (2023) 1-10.

[60] M. A. Hussein, et al., An Efficient Homotopy Permutation Technique for Solving Fractional
Differential Equations Using Atangana-Baleanu-Caputo operator, AIP Conference Proceedings, 2845
(060008), 1-8 (2023).

[61] A.T.Salman,etal., Solving Nonlinear Fractional PDEs by Elzaki Homotopy Perturbation Method,
AIP Conference Proceedings, 2834(080101), 1-12 (2023).

[62] H. K. Jassim, A. T. Salman, H. Ahmad, M. Y. Zayir, A. H. Shuaa, Exact analytical solutions for
fractional partial differential equations via an analytical approach, AIP Conference Proceedings,
2845(060007), 1-9 (2023).

[63] J. Singh, et al., Fractal dynamics and computational analysis of local fractional Poisson equations
arising in electrostatics, Communications in Theoretical Physics, 75(12), 1-8 (2023).

[64] L. K. Alzaki, Analytical Approximations for a System of Fractional Partial Differential Equations,
Progr. Fract. Differ. Appl. 10(1) 81-89 (2024).

[ 65] J. Singh, et al., New Approximate Solutions to Some of Nonlinear PDEs with Atangana-Baleanu-
Caputo operator, Progr. Fract. Differ. Appl. 10(1) 91-98 (2024).

[66] J.F.Gomez-Aguilar, etal., Analytical Solutions of the Electrical RLC Circuit via Liouville-Caputo
Operators with Local and Non-Local Kernels, Entropy, 18, 1-12 (2016).

112


http://jceps.utq.edu.iq/
mailto:jceps@eps.utq.edu.iq
https://www.scopus.com/authid/detail.uri?authorId=57194180289
https://www.scopus.com/sourceid/21100901469?origin=resultslist

Journal of Education for Pure Science- University ot Thi-Qar
Vol.14 , No.4 (2024)
Website: jceps.utq.edu.iq Email: jceps@eps.utq.edu.iq

113


http://jceps.utq.edu.iq/
mailto:jceps@eps.utq.edu.iq

