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ABSTRACT

In this paper, we discussed Reduced Differential Transform Method (RDTM) for solving fractional order
partial differential equations. In this study, we find analytic approximate solutions of initialvalue problems
of one dimensional homogeneous time fractional Cahn-Hilliard equation by reduced differential transform
method. The result of same fractional order partial differential equations are calculated in the form of
convergent power series with easily computable components. The results show that the proposed
technique, without linearization or small perturbation, is very effective and convenient.

Keywords: Reduced Differential Transform Method, Fractional Order Partial Differential Equations,
Approximate Solutions

INTRODUCTION

Many applied problems can be described by mathematical models that involve partial differential
equations. A mathematical model is a simplified description of physical reality expressed in mathematical
terms. Thus the investigation of the exact or approximation solution helps us to understand the means of
these mathematical models. Several numerical methods were developed for solving partial differential
equations with variable coefficients such us He's Polynomials[1], the homotopy perturbation method[2],
homotopy analysis method [3] and the modified variational iteration method [4]. The main goal of this
paper is to apply the reduced differential transform method (RDTM)[5-9] to obtain the exact solution
fractional Cahn-Hilliard equation [10] Keskin introduced a reduced form of differential transform method
(DTM) as reduced differential transform method (RDTM) and applied to approximate some PDEs and
fractional PDEs . Abazari and Ganji extended RDTM to study the partial differential equation with
proportional delay in t and shrinking in x, and shown that as a special advantage of RDTM rather than
DTM. the classical Cahn-Hilliard equation (C-Hequation) introduced by American scientists JW Cahn and ]
Hilliard is one of the most studied models of mathematical physics. The equation is related to a number of
physical phenomena like the spinodal decomposition, phase separation and phase ordering dynamics.
This equation of mathematical physics describes the process of phase separation by which the two
components of a binary fluidare spontaneously separated.

Analysis of the method

The basic definition and theorem for RDTM areintroduced as fallows

If the function u (x,t) is analytic and continuous differentiable function with respective to time tand space
x then,

Let,

Uy (%) =%{%u(x,t)} (1)

Where the t-dimensional spectrum function Uk(x) is the transformed function u (x, t) is originfunction
and the differential inverse transform of Uk (x) is defined as,

. H= > L7 e & -
= (2)
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By combining equations (1) and (2) we write

u(x,t)zi %[—a lgﬁ(’t)} t*

which gives the power series solution
Theorem1] Ifu (x, t) is original function then it’s transformed form is

1 et
U (x)y= 7L—,:r f.rmL']J’

(3)

=r,
Theorem?2] If Z(x, t) = u(x, t) + v(x,t ) then Zk (x) = U (x) + Vk (x)
Theorem3] If Z(x, t) = p u(x,t) then Zk (x) = p Uk (X), p is constant
Theorem4] If Z(x,t) = xm t* then Zk (x) =x ™6 (k-m ) where5 =1, if k=0and 6§ =0if k£ 0
Theorem 5] Z(x,t) = u(x,t) . v(x,t) then

& k

Z, () =DFU, ()= UV, ()
=0 =0

TheoremT]lf Z(x.f) = iy@. 1) then Z (x)= G_L’ (x)

ot 4 o k

¢’ ¢’
Theorem8 if Z(x.t)= —u(x.t) thenZ.(x) = —u,(x)

cr ey

e T'(ko.+ Not +1
Theorem 9 If ¢ thenZ, (x) = (ko+No+1) 1y (X)

Z(x.t)= u(x.r) T{ko+1)
oy ¢ N
ct

Reduced Differential Transform Method for homogeneous time fractional Cahn-Hilliard equations
Consider the one dimensional Reduced Differential Transform Method for homogeneous time fractional
Cahn-Hilliard partial differential equation

a9 a2
—(x,t)— —x,t)—ulx,t) + i (xt)=00<as 1,t >0 (4)
att B

subjected to the initial condition u(x, 0) = g(x), xeR (5)

Where « is a parameter that describes the order of time derivative by fractional derivative in thesense of
Caputo fractional derivatives. By applying Reduced Differential Transform on (4) and (5) we get

a= Tk +o+1) .
Rpol[  u(x.t)] = 25y ()
o (ko +1)
a2 a2
Fol—ol— —5m
dx ox
u(x, t) = ugl(x)
i
[L3(x, £)] = % wi—; () (D ue—(x) = Fa(x)
i=0 j=0
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Where (x) 1s transformed value of U3(x, t) .hence we get

I'lko+o +1)

N N N
Tl 1) U2 (.1]—@{_214!{(1) +u,(x)—F,(x),0<a<1t>0 anduy(x)=(x),x ER

Fork =0,1,2... we get

r() [eé ;|

1y (x) = o = ljﬂ Pl (x) + 1y (x) — 11 (.th|

T(o+1) [ & ) 1

I'(2o +1) LE.\:‘? uy () + 10y (x) = 3ug. (¥ (—Y)J

1y (x) =

And so on
Therefore using (2) the solution become

. r() [ e ;|

u(x,t)= %‘uk ()t = ug(x)+ o +1)ﬂ ex 100+t () =t (ﬂh_'"

Example 1.Consider the one dimensional Reduced Differential Transform Method for homogeneoustime
fractional Cahn-Hilliard partial differential equation

an ..32
e Y00~ 5

subjected to the initial condition

1
(x,0)= — =

1+ ev2
By applying Reduced Differential Transform

]

(x,t) —(x,t) + u3(x,t) =00<as= L,t >0

as T(ho +o+1) 82 82

RD [ﬂ'x“' H(I, f)] = mﬁk_l (\,:] :R_r_) [E H,\(I, f)] = Fu;—(x)

[u(x,£)] = RD [ E

1. RDJu(x.t)] = u {x)

'L-I—e*’ﬁ
[u3(x, )] = Fe(x)
Fork = 0,ug(x) = 1:
14eeV?
Fork = 0,uy(x) = (1) [ 3¢
(o +1) = 2l
2(14ev2)
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z oz
Lo +1) °°° @D
Fork =1, u:(x)= —— | . 4] and soon...
I'2a+1) 1+eV2)
By applying inverse Differential Transform
x 2x
x F9evd (evz — 1)l
(1) Jeevs T(o +1) ( )
L) = + + ...
u(x0) T(o+1) £ 2 TQa+1) = T
2(1+e?), [+a+ ev2) |1

]

Which is approximate solution of example 1

Example 2. Consider the one dimensional Reduced Differential Transform Method for homogeneoustime
fractional Cahn-Hilliard partial differential equation

o 2
a_u(;t‘,t) — a_(x, t)—(xt) +13(x,t)=00<a=1,t >0
dts dx?

subjected to the condition
(x,0) = ex
By applying Reduced Differential Transform

ae T{ko +a+1) a GE

RD [ﬂx“ H(I, f)] = mh}_l (\,) Rp [E HLI, f)] = Fuk()f)

1

.y

[u(x,t)] = RD | . RD[u(x,t)] = u (x)

et
[ui(x, )] = Fi(x)
RD[u(x,t)] = ux(x) = e~
()= P () - Fu]0<a<Lt> 0

2
Tko +o +1) % &

andug(x) = g(x),x € R

Fork =0,u(x) = 2e -3
T(a+1)

Fork =1,u: (x) = 4e"—166"*+3¢™* andso on...
[(2a+1)
By applying inverse Differential Transform we get
2e¥ — 3e*

u(x,t) =e* + m-l-
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CONCLUSION

The reduced differential transform method is proposed to solve one dimensional homogeneous time
fractional Cahn Hilliard equation in sense of Caputo fractional derivatives. One dimensional
homogeneous time fractional CahnHilliard equation subject to the initial condition by using definitions of
reduced and inverse reduced differential transformed function are used to find the approximate solutions
.The solution are obtained in infinite power series. The proposed method is very effective, less computable
, simple and can be applied to other non -linear partial differential equations models
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