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Abstract: Due to the intricacy of fractional derivatives and boundary conditions, finding trustworthy solutions for
fractional partial differential equations (FPDES) continues to be a significant challenge. In this research, a framework for
effectively solving FPDEs using the Reduced Differential Transform Method (RDTM) is presented. Based on a
straightforward recursive formulation, the proposed RDTM offers rapidly convergent analytical-approximate solutions
without the need for discretization, linearization, or intricate integral computations. The accuracy and convergence of
RDTM are methodically compared with those of ADM, HPM, RPS, and L-RPS. According to numerical studies, RDTM
maintains computational simplicity while achieving greater numerical stability, faster convergence, and higher accuracy.
The durability and efficacy of the proposed framework are confirmed by applications to fractional wave, telegraph, and
Poisson equations, indicating its potential as a dependable tool for intricate fractional models in mathematical physics and
engineering.
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I INTRODUCTION telegraph equations, and fractional Poisson equations, have

been successfully solved using these methods. Nevertheless,

A vast range of physical phenomena, such as decay
processes, rheology, diffusion, electrostatics,
electrodynamics, fluid dynamics, and elasticity, can now be
modeled and analyzed using fractional partial differential
equations (FPDEs) [7-15]. Compared to conventional
differential equations, FPDEs provide more realistic models
of many natural systems by accounting for memory effects
and nonlocal dynamics. Obtaining explicit analytical
solutions for many fractional differential equations,
especially linear partial cases, is often very difficult or even
impossible. Therefore, it is essential to develop reliable
numerical and approximation approaches [8-7].

Several semi-analytical methods, such as the Adomian
Decomposition Method (ADM) [17], the Homotopy
Perturbation Method (HPM) [10], the Variational lteration
Method (VIM) [10], and the Laplace Residual Power Series
(L-RPS) method [9], have been widely used. Numerous
FPDEs, including Navier—Stokes equations, wave equations,
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the majority of these techniques require laborious and
intricate calculations.

In this work, we present a novel and effective method
for solving linear fractional partial differential equations: the
Reduced Differential Transform Method (RDTM)
framework. RDTM is a reliable alternative to current
techniques such as RPS, VIM, HPM, NIM, and L-RPS due
to its straightforward recursive formulation, ease of
implementation in computational software, and excellent
accuracy.

Comparative  analyses  validate the  superior
performance of the proposed RDTM framework in solving
linear fractional partial differential equations, and the results
demonstrate that it provides highly accurate approximate
solutions with rapid convergence.
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Definition 1.The real function f(x) for x > 0 is in the space C,,Rea, If there exists a real number p > « such that
f(x) = xP f,(x),Then f;(x) € C[0, ).

Definition 2. A real function £ (x) for x > 0 is said to be in space C",me N U{O} i f™e C,.
Definition 3. If f € Ca and a > —1 then the left-hand Riemann-Liouville integral of order u is defined as follows:

I L -1
Jru(x, t) = Tﬂ)fo (t—o)*  ulx,t)dr,t >0

Definition 4. If f € C™ and meN U {0} then the Caputo left-hand derivative of order u is defined as follows.

( d"u(x,t)
D _0Mu(xt) Tam HTET
cu(n ) =—Fo—= 1 d™u(x, 7)

t
— t—)"H*l—drm—1<u<mmeN
kl“(m—u)fo (t—1) arm T,m u<mm

It is worth recalling that the following relations exist between the Caputo fractional derivative and the Riemann-Liouville
fractional order integral:

“Dfu(x,t) = ¢ Sl Lubed) o 1<p< EN
Ji Dyu(x,t) = u(x,t) A PIT: lﬁ(k_i_l),m u<mm
Df]fu(x, t) = u(x,t)
o _ Na+1) atu
t IFla+u+1)
I'a+1)
DIt = —————t*Ha>pu—1
t Ia—p+1) “-H

Table 1 Reduced Differential Transformation

Original Function Fractional Reduced Differential
Transformed Function
k
RD [a)(X,t)w(X,t)] Qk ® (Dk _ ZQI (X)q)k—l (X)
1=0
R, [ao(x,t) £ Bp(x,1)] a€Q(X) = SD(X)
& I'(k+2)
RD |:g Q)(X,t)j| F(k +1) Qk+1(x)
o I'ka +na +1) o
RD [W CO(X, t):| F(ka +1) k+n (X)
o I'k+s+1) o"
RD {[J’X”&ts a)(x’t)j| F(k +1) axn Qk+s (X)
R, {% a)(x,t)} ;Xn Q,(x)
R, [ x"t"a(x,1) | X"Q, ,(X)
" 1k =
Ro X7t X"sk-my=1 " "
0,k#n
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Role”] 2
k!
Rl x*
[ ] O, =0(k-1)

1. GENERAL REPRESENTATION OF THE EQUATION

For more information, the general case of a fractional-order linear partial differential equation is given by:

% Y p(x,t)
o) =X B k) nENm—1<as<m (1)

With initial conditions:

k
P D = py(xt),  i=012,..m—1 @)

Given the initial conditions, we consider the solution series as follows:

p(x,t) = _T:D ‘ﬁktkﬁ + X0 ¢krkﬂ+1 @)

According to equation (2), we should assume the number of solution sequences equal to the number of initial conditions, and
for each initial condition, only one solution sequence should be defined in such a way that they can be defined and combined
together. In this paper, we work on fractional-order partial linear equations that often have two initial conditions; therefore, a
reduced differential transformation is considered for each initial condition. Therefore, the hypothetical solution sequence given by
equation (3) is presented.

In this research, according to the definition of initial conditions, our assumption in each equation isthat 1< o < 2.

Therefore, the initial conditions are defined according to equation (2) from equation (1) as follows:
@(x,t)=hy, for k=0 @2)
op(x,t
and M: h, for k=1 (b.2)
ot
Equations (2.2) and (2.b) are the initial conditions for the solutions of Y52, ¢,t** and X, @, t**** in equation (1),

respectively.

Now, by applying the reduced differential transformation to equations (2.a) and (2.b), respectively, we have:

R[(”o(x,t)]:R[ho]i = ¢ (x,t)=H,,
and R{%}ﬂ?[m’ = @, (x,t) = H,

By applying differential transformation to equation (1), we have, in order of initial conditions:
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o (&, de(xt)
R(at“ (p(x,t)j—R(;ﬂv—av j+R[f(x,t)]
I'ka+a+1) il 0"
TTkatl) b (1) = VZﬂv e a4 (, t)]+ F(x1)

_ T(ka+)) -
@, (X1) = —F(ka+a+1) [v:O e j+ F(x,t)}, for k=0,12...
(n-Ya+)|(& , & ~

¢n(x,t)——r(na+1) (Z(;ﬂ = . . (X, t)j+F(xt)] n=123,.. )

Also, for the initial condition (2.b), in equation (1), we have:

(;t“(p(x t)) (Z By ﬁf‘ ﬂ) +RI[f(x,1)]

F(ka+a+2)d) B 1 avq; .
TR e+ (X, 8) = VZOﬁvﬁ () |+ F(x,t)

By simplifying the above relationship, we have:

n
(Z By %d)k(x, t)) + F(x, t)] ,fork =0,1,2...
v=0

Therefore, for k = 0,1,2... we have:

. ]
_I(a+2) 9"
P, (x,t) “T2at2) (vzzoﬂvﬁ‘pl(x;t) + F(x,t)

I'(ka + 2)

PO = T T et )

. ]
rQa+2) 9"
P3(x, 1) “TGat2) (;ﬂvﬁcpz(x,t) + F(x,t)

. ]
IBa+2) 9
P3(x, 1) “TGat2) (;ﬁvﬁ%(x,t) + F(x,t)

r((n-1a+2)

. i
<Dn(x, t) = HT-!—Z) (Zz=0 ﬁv a?q)n_l(x, t)) + F(X, t)] ,n=123.. (5)

Therefore, we consider the final solution of equations (1) and (2) according to definition (3) as follows:

m-1 oo
q)(x’ t) — z ¢ktkll + Z d)ktka+1
j=0 k=0

By substituting relations (4) and (5) into the above equation, we have:
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m-—1 3}
POty = ) Bt + ) ket
j=0 k=0

_i r(n-"1Da+1)
B 'ha+1)

w TI'((n-1Da+2)
n=1" rma+2)
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n

av
ZBVﬁ¢"—1(x' £) |+ F(x, t)|the
v=0

(ZZ:O By %‘Dn_l(x, t)) +F(x, t)] tke*t, fork = 0,1,... ()

APPLICATIONS AND EXAMPLES

» Example 1 Consider the Following Fractional Wave Equation in Homogeneous Space-Time:

a® 1_, 02
ata(p( It) 2 axz(l)( lt)l It— ) < —

(Po(x: 0) =X (Pt(x: 0) = x2

Where

1
JBI} = DJJBJ. = 0,}9: = Ex_rf(xrt) =0

With initial conditions[7]

@ (x,0)= xP g (x,t)= X

Equation (5.2) can be written as follows:

r(ka+1) x 92
r(ka+a+1) 2 0x2

brr(x,t) =

—o(x, t)] fork=0,12,..

(1.1)
(1.2)

(1.3)

(1.4)

Now we obtain the differential transformation of equation (5.1) as follows:

Yo(x,0) =x = Po(x,8) =x

0) = IF'ka+1) [x? 92
$1(x,0) = Fka+a+1)|2 ax

_ T(ka+1) [x*8°

¢ 0) = e ar D {?ﬁ

¢3('x'0) = ¢4_(x, 0) —.. = ¢n(x:0) = 0

2 d)O (x t)

qbl(:’:: t)] =0

(1.5)

Now, according to definition (2.b), initial conditions (1.2) and relation (1.1), we have:

@ (x,t) = x? = dy(x,t) = x?

Prera (6,6) = I'tka +a+2)

®,(x,t) = re ( X o ¢0(x,t)> =

r( +2)

0,0 6) = r'(e+2) ( x% 92

r'2a +2)
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I'ka+2) [x? 92
2 9x2

2 0x? xz Do t)>

— &, (x, t)] fork =0,1,2,.
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_ Ir2a+2) x?
P5(x,t) = r(3a+2) ( 2 9x2 (’DO (x, t)) r(3a+2) (6)

Using equation (6), we have:

m-—1
pxt) = Z Pict +Z @y (x, LR = o + Dt + PO 4 P20t
k=0 k=0

By substituting the above relations, we have:

9 ta+1 t2a+1 t3a+1 1
plt) =x+x [t + r(a+2)  rQa+2)  rGa+2) ] (L.7)
Therefore:
fora=2

p(x,t) =x + x? [t+ + + + ]—x+x sinh(t)(1.8)

Hence, this solution is identical to that obtained using the Laplace Residual Power Series Method (L-RPSM) and the
Residual Power Series Method (RPSM) as follows [7-9].

na+1 na +1

qD(X t) Z(on (X t) qDO(X t)+X (Z 1"(2 (Z F(2+n05)

Therefore, the exact solution of equations (1.1) and (1.2)in closed form and using elementary functions will be as follows:

o (x,t) = x + x?sinh(t).

Combined Solutions for Different o

25

2D Plot of Solutions for Different « Values

slxt)at x=1
Hxt)

L L " L L L - - o4
0 a1 02 03 0z [ 05 o7 03 03 1 ' - 0z b
Time () 28

Solutions for Different «« Values
o =1.25 a=15

" 6
3 o
’\ 4
6 2 6 4
= 4] = 4
=2 2 = 2 2
o 1 5 o= 2
-2 ‘ ° -2 L 9 _,' o
-2 -2 — " 0.5
2 sod -2
% 56 2 o0 t
o =175 o = 2 (Exact)
& e
o B .
A 4
= 4 " “* = 4 i. "
£ 2 ety z 2
o _i— 2 o g =
-2 |l -2 ——
-2 . o -2 = o
o ™ N 1 o < =
;- o.s 2 —— 0.5 2
3 2 o x 2 o

t

Fig 1 Corresponding to Example 1, for the Exact Solution with (o= 1.25,1.5) and (1.75).
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» Example 2 Consider the Following Spatial Fractional Homogeneous Telegraph Equation [14-17]

2
Df‘go(x,t):6 (gEZ(,t)jLa(D;(,t)_XZ_HL xej,t>20, lI<a<?2 2.1)

Where
B=0 B=1p=1FKxt)=-x- t+1
With initial conditions:

»(0,1) =t, op(0.Y) =0
OX

2.2)

Applying the differential transformation in the initial conditions, we have:

¢0(X,t) =1,

__Tka+l) | 0° 0 )-8k —2)— St
%(X’t)_r(kamﬂ){aﬁmx't)Jrat@(x’t) o(k—2)-o(k)(t 1)}
for k=0,12,...

1 .
¢ (x,t) = m(Z—t),

-1 1
#,(x,1) =ma #5(x,1) :m’ $, (X, 1) = g5 (x,t) =0,

Since the second part of the initial conditions is zero, its reduced differential transform also becomes zero, resulting in the
solution as follows:

© Xa X2a X3a
X,t) = X, )X =t + (2t - - , 23
PXY = 2 A XY )R at) TeasDd TGas) @3
for =2
) =3 g (X =t 2-) XX @4
(p’_kzok’ B 21 41 6!

The error in the reduced differential transformation method is the power of x? that appears in the equation, since the power
of x cannot be a factor for the original structure of the solution series (x? = x%%*2), the error in the last term for the reduced
differential method has arisen. However, the solution obtained from the reduced differential transformation method compared to
the exact solution has an absolute error of (0.0541) and a relative error on the scale of approximately (3.2%), which is
insignificant compared to the speed of reaching the solution in other methods.

Of course, the solution obtained by the Residual Power Series (RPS) method is given as follows [7]:

xll xll+2 x2a
pr.t)=t+(2-1) ra+1) 2 ra+3) r@a+)’
for a=2

2 x4—

go(x,t)=t+(2—t)%—§
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In this equation, the RPS method performed better than the methods mentioned in this study.

But the solution obtained by method (ADM) is as follows[17]
a a xa+2 x2a

X
ra+o YO0y A Tere Ta+20)

px,t) =t+(1-1t)
» Example 3 Consider the Following Spatial Fractional Homogeneous Telegraph Equation[9].

2
Towh) | 000D _ya_t 41, xt>0, <a <2 G.1)

Dio(x.t) = at? at

Comparison of Solution Methods for Fractional PDE

(a) RPS Method (a=1.85) (b) ADM Method (a=1.85) (c) RDTM Method (a=1.85)

alx.)

Error Statistics Comparison

0.6 T T
I 'ean Error
I 1ax Error
05k [ RMS Error N
0.4 -

Error Value
]
[9%)
T
|

0.2 -
0.1 .
8]
RPS ADM RDTM
Fig 2 Numerical Solution of Example 2 and Comparison of the RPS, RDTM, and ADM Methods with the Exact Solution
(a=2).
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With initial conditions:

20D =, (3.2)

e0,t) =t .
By applying differential transformation to the initial conditions, we have:

Rlg(0,t) =t] = R[t],

$o(0,t) = t, and R|22°2| = R(0), @, (0,1) =0, (3.3)
By applying the differential transformation to both sides of equation (3.1), we have:

t) = [(kat 1) |07 1:+a t)—6 0,0t —1)

¢k+1(x’ )_ I—v(ka_l_a_l_ 1) atz d)k(x’ ) atd)k(x' ) k,1 k,0

for k=0,1,2,..

Therefore we have:

b (x,t) = (2—-1t); fork=0,

I'a+1)
_T(a+1) 1 _—[1+TI(a+1)] _
P00 = T T D ]’_ rea+n Jork=1

$3(x, 1) = ¢s(x, 1) = p5(x,t) =0, fork =2,

By placing the above relations in series, we have the answer:

< < “ 1+T(x +1)

x,t) =S g X + Yot =t 42 -t) —>— X% 3.4
P(1)= 24X + 2, @ e | e G
for a =2

x> x* (3.5)

Xt)=t—-(2-t) ———,

o(xt)=t-(2-1) 5

Which is the same solution obtained from the (RPS) method, in equation (2.1).
» Example 4 Consider the following homogeneous fractional-space telegraph equation [14-17-9]

2
Dro(x,t) = LU 00N | 1) xeR, 120, 0<a<2 @.1)
ot ot

Where:
B=L A=1 B=1F(x)=0

With initial conditions:

op(0,t

#(0.0) = Brp(-0, 20D - Exp(t)
¢0(X7t) = pXE(_t)’ cI)O(X7t) = pXE(_t) (42)

According to the definition of relation (1), and according to the initial conditions of relation (3.1), we have:
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_ T'(ka+1) % (x,t) G(AK (x,1) B
@+1(X’t)_l“(ka+a+l){ e + (X, t)} for k=0,12,...
Hence,
¢ (x,t) = ! Exp(-t), ¢,(x,t) —#Ex (-t)
ST Da+l) P, £L%, CT'(2a+1) P
1 1
P (x,t) = m Exp(-t), 4, (x,t) = m Exp(-t)

Therefore, by continuing this process, we have

¢ (x.t) = Exp(-t)

1
I'(na+1)

Similarly, for the initial condition @, (X, t) = pXE(-t) , we have:

o (op - _Lkar?) [a@k(zx,t) L 0P (x.1) +®k(x’t)}’ for k=0.12....
I'ka+a+2) ot ot
0.ty - k@2 (a@o(zx,t) L 0P (x.) +®O(X't)}, for k0
I'ka+a+2) ot ot
T2 o B _

D, (1) “T@rd (D (x,1)) = N Exp(-t), for k=0

1 1 ~
CDZ(X,t) = m EXp(—t), (DS(X,t) = m EXp(—t), f0r k —,1, 2

1
<D4(X,t) = m EXp(—t), fOI’ k = 3

So for the last relation we have:

1
O (x,t)= ———Exp(-t), fork=0,12,...,n
2 (% 1) Fhat2) p(-t)

Therefore, the answer is presented as follows:

m-1 ©
¢(X,t) :Z¢kxka +Zcpkxka+l
i-0 o

=E N
X t; k +l
(4.6)

for =2,
© X2n+l
X, t) = Exp(-t
w(x.t) = Exp( )Z;r 2n+1) T(2n+2)
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According to the initial conditions in the (RPS) and (ADM) methods, for a = 2 it results in the exact solution which is
obtained as follows [7-9-17]

" in X2n+1
p(x,t) = Exp(—t)nz_;[r(zn +1) ’ I'(2n+ 2)}

2 3 4

= Exp(-t)(1+ x+%+%+%+...) = Exp(—t) Exp(x) = Exp(x —t)

» Example 5 Consider the following inhomogeneous fractional-space Poisson equation [7].

2
JTOY | g, x, 120, 1<a<?

Dl o(x,1) = ;
ot (6.1)

According to the definition of relation (1) and the initial conditions of equation (4.1), we have:

$y=0,4=0 B=-1f(xt)= x""Exp(t)

With initial conditions:

p(x,0)=€',,(x,0) =¢'
B(xt) =€, Dy(x,t)=¢'

(5.2)
By applying differential transformation to equation (5.1), we have
2
b oo = —&etD [ TAD s o ine | for k=012,...
I'(ka+a+1) ot
~T(a+1)( 3*¢,(x,1) -1
1) = = Exp(t),
A1) I(a+1) [ o’ [ +1) xp()
1 82¢ (x,1) 1
x,t) = = Exp(t 5.3
7. (x.1) I'(2c +1)( ot ['(2c +1) PO )

__ (Y
0, 060) = o Bl

But the right-hand side of the equation appears as X“™, which should be to the power of 1, &, +1. To fix this defect, the

bounds of the solution series for the initial condition @, (X,t) = e' must be formed as follows:

) n-2
n=0 k=0

Therefore, by inserting relation (5.3) into the above series, we have:

NISRT26APR2253 WWW.ijisrt.com 4875


https://doi.org/10.38124/ijisrt/26apr2253
http://www.ijisrt.com/

Volume 11, Issue 4, April — 2026 International Journal of Innovative Science and Research Technology
ISSN No: -2456-2165 https://doi.org/10.38124/ijisrt/26apr2253

gD(X,t) — i¢kxna +§(Dkxka+l
n=0 =

=Exp(t) gr(naﬂ) Jr:Z_(‘;CDkx"‘Hl

=Exp(t) nil“(nowl) + DX

=Exp(t) HZ:(; F(na ey X" +} +XExp(t)

=Exp(t) _i X" + x} = XExp(t) + Exp(t)i{& x”“}
= I'(ha +1) = T'(ha+1)

Therefore, from the above relation we have:

o(x,t) = xExp(t)+Exp(t)Z{% "“}(5.4)

While in the power series method, the residual is obtained as follows:

o(X,t) = e{x+2( D" F(n(::—l)}

n=0
For a = 2, the exact solution of the equation is obtained as follows[7]:
@(Xx,t) = Exp(t)(x +cos x)
» Example 6 Consider the following inhomogeneous fractional-time Poisson equation[7]

2
Dt“(p(x,t)=p+a(p(f D, 1og(x, t) pei, xt>0, O<a<1
oX x OX 6.1)

Where
1
ﬂoz 01 ﬂlz ;’ ﬂZ: 1! f(X,t): p

With initial conditions:

o(x,0)=1-x2,

= @(xt)=1-x 62)

By applying the differential transformation in (6.1), we have:

_ T(ka+l) | &4 (X, t) 1 9¢ (X, t) _
& (X t)= F(ka+a+1){ o x o p5(k)}, for k=0,1,2,...
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_ 1 1) | 1ag(x1) __p-4 _
¢1(X't)_r(a+1){ o X ox +p5(o)}r(a+1)' fork=0
_ (o +1) 62¢1(X’t) 18¢1(X,t) _ _
¢, (x,t) = F(2a+l)[ e + = o + p5(1)} =0, fork=1

_TRa+1)| 0°,(xt) 104, (x.1) _ _
@y (X, 1) = F(305+1){ v + . o + p5(2)} =0, fork=2
Therefore

[24

p(X,1) = iq)kxk”’ =1-x? +(p—4)t—

= IN'a+1) ' 6.3)

The solution obtained by the residual power series method is not significantly different from the solution obtained by the
method in Example 5.

Table 1 Comparison of Numerical Relative Errors for Example 1 When a.= 1.5
t X HPM ADM RPSM L-RPSM RDTM
0.2 -10 5.51277 4,97102 x 10°3 497102 x 10~° 497102 x 10~° 497102 x 103
0.2 1 5.51277 x 102 | 4.97102 x 107 4.97102 x 107 4.97102 x 107 4.97102 x 107
0.2 10 5.51277 4,97102 x 10°3 497102 x 10~° 497102 x 10~° 497102 x 103
0.4 -10 5.31407 2.24963 x 10°® 2.24963 x 102 2.24963 x 103 2.24963 x 10
0.4 1 5.31407 x 102 | 2.24963 x 10°° 2.24963 x 10°° 2.24963 x 10° 2.24963 x 10°*
0.4 10 5.31407 2.24963 x 10°® 2.24963 x 102 2.24963 x 103 2.24963 x 102
0.6 -10 4.64626 2.09224 x 102 2.09224 x 102 2.09224 x 102 2.09224 x 102
0.6 1 4.64626 x 102 | 2.09224 x 10 2.09224 x 10 2.09224 x 10 2.09224 x 10*
0.6 10 4.64626 2.09224 x 102 2.09224 x 102 2.09224 x 102 2.09224 x 102
0.8 -10 4.91059 1.01806 x 10 1.01806 x 10 1.01806 x 10 1.01806 x 10
0.8 1 4.91059 x 102 | 1.01806 x 103 1.01806 x 10 1.01806 x 1073 1.01806 x 10
0.8 10 4.91059 1.01806 x 10 1.01806 x 10 1.01806 x 10 1.01806 x 10
Table 2 Comparison of Numerical Relative Errors for Example 1 When a=1.75
t X HPM ADM RPSM L-RPSM RDTM
0.2 -10 1.15719 3.70435 x 10°° 3.70435 x 10°° 3.70435 x 10°° 3.70435 % 10°°
0.2 1 1.15719 x 102 3.70435 % 10°® 3.70435 x 10°® 3.70435 x 10°® 3.70435 x 10°8
0.2 10 1.15719 3.70435 x 10°° 3.70435 x 10°° 3.70435 x 10°° 3.70435 x 10°°
0.4 -10 0.92375 2.81935 x 10* 2.81935 % 10 2.81935 % 10* 2.81935x 10*
0.4 1 9.23749 x 10* 2.81935 x 10°° 2.81935 x 10°° 2.81935 x 10°° 2.81935 % 10°°
0.4 10 0.92375 2.81935 x 10* 2.81935 % 10 2.81935 % 10* 2.81935x 10*
0.6 -10 1.06133 3.55402 x 102 3.55402 x 102 3.55402 x 102 3.55402 x 1073
0.6 1 1.06133 x 102 3.55402 x 10°* 3.55402 x 10°* 3.55402 x 10°* 3.55402 x 10°*
0.6 10 1.06133 3.55402 x 102 3.55402 x 102 3.55402 x 102 3.55402 x 1073
0.8 -10 1.73713 2.14579 x 102 2.14579 x 102 2.14579 x 102 2.14579 x 102
0.8 1 1.73713 x 102 2.14579 x 10* 2.14579 x 10* 2.14579 x 10* 2.14579 x 10*
0.8 10 1.73713 2.14579 x 102 2.14579 x 102 2.14579 x 102 2.14579 x 102
Table 3 Comparison of numerical relative errors for Example 1 when a =2
t X HPM ADM RPSM L-RPSM RDTM
0.2 -10 2.53968 x 107 2.53968 x 107 2.53968 x 107 2.53968 x 107 2.53968 x 107
0.2 1 2.53968 x 10~° 2.53968 x 10~° 2.53968 x 10°° 2.53968 x 10~° 2.53968 x 10~°
0.2 10 2.53968 x 107 2.53968 x 107 2.53968 x 107 2.53968 x 107 2.53968 x 107
0.4 -10 3.25079 x 10°* 3.25079 x 10°% 3.25079 x 10°* 3.25079 x 10°* 3.25079 x 10°°
0.4 1 3.25079 x 107 3.25079 x 107 3.25079 x 107 3.25079 x 107 3.25079 x 107
0.4 10 3.25079 x 10°* 3.25079 x 10°% 3.25079 x 10°° 3.25079 x 10°° 3.25079 x 10°°
0.6 -10 5.55429 x 10* 5.55429 x 10* 5.55429 x 10~ 5.55429 x 10 5.55429 x 10*
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0.6 1 5.55429 x 1076 5.55429 x 1076 5.55429 x 1076 5.55429 x 1076 5.55429 x 10°¢
0.6 10 5.55429 x 10 5.55429 x 10 5.55429 x 10 5.55429 x 10 5.55429 x 10
0.8 -10 4.16102 x 102 4.16102 x 102 4.16102 x 102 4.16102 x 10 4.16102 x 102
0.8 1 4.16102 x 10°% 4.16102 x 10° 4.16102 x 10° 4.16102 x 10°° 4.16102 x 10°°
0.8 10 4.16102 x 102 4.16102 x 102 4.16102 x 102 4.16102 x 10 4.16102 x 102
Iv. CONCLUSION physical and engineering equations. Ain Shams

The Reduced Differential Transform Method (RDTM)
is offered as an efficient method for the analytical-
numerical solution of linear fractional partial differential
equations based on the findings of this work. Without the
need for discretization, linearization, or intricate integral
computations, RDTM can generate extremely accurate and
quickly convergent solutions using a straightforward
recursive relation. RDTM provides better convergence
speed and numerical stability when compared to well-known
techniques like the Adomian Decomposition Method
(ADM), Homotopy Perturbation Method (HPM), Residual
Power Series (RPS), and Laplace Residual Power Series (L-
RPS).

The method's superior accuracy in solving equations
such as the fractional wave equation, fractional telegraph
equation, and fractional Poisson equation is amply
demonstrated by the numerical data included in the error
comparison tables. In particular, the RDTM solutions
exactly match the analytical solutions and outcomes from
other exact approaches in the classical case (\alpha=2).
RDTM's flexibility in applying beginning and boundary
conditions, ease of implementation, and capacity to extend
to nonhomogeneous equations without requiring more
computing work are some of its main features.Overall,
RDTM is suggested as a dependable and potent method for
resolving fractional problems in mathematical physics and
engineering due to its shown effectiveness and computing
advantages across numerous situations.
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