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ABSTRACT

In this paper, we use Reduced Differential Transform Method (RDTM) to compute analytical and semi
analytical approximate solutions of fractional order Airy’s ordinary differential equations and fractional
order Airy’s and Airy’s type partial differential equations subjected to certain initial boundary conditions.
We compare the solutions obtain by RDTM with exact solutions . we find out convergent series solutions
by taking different fractional values. RDTM gives series solutions easily by dropping calculus work and
computed mathematical results in order to easily solve fractional order Airy’s type differential equations.

Keywords: Reduced Differential Transform(RDTM) Method, Airy’s fractional order Partial differential
equations, Series solutions

INTRODUCTION

Reduced Differential Transform Method is an alternative approach to overcome the demerit of complex
calculation of Differential Transform Method, capable of reducing the size of the calculation. As a special
advantage of (RDTM) rather than DTM, the reduced differential transform recursive equations produce
exactly all the Poisson series coefficients of solutions, whereas the differential transform recursive
equations produce exactly all the Taylor series coefficients of solutions. We notice that the Reduced
Differential Transform Method technique[10,11] gives accurate and converge solutions [1,2,7,10]

METHODOLOGY
Consider a function of two variables f (S,t) and suppose that it can be represented as product of two

single variables, i.e. f (S,t) = f1 (t) f2 (t) on the basis of properties of differential transform the function

f (s,t) can be represented as

fsD= ROS LR(U =2U, 0t

The basic definitions of Reduced Differential Transform Method are introduced as follows.
Definition: If the function u(x, t) is analytic and differential continuously with respect to time t and space
x in the domain of interest then let,

U, (x)= % [%} €3]

Where the t - dimensional spectrum function U, (X)is the transformed function.U (X,t) represent
transformed function.
Definition: The differential inverse transform of U, (X) is defined as,

u(xt) = YU, () t* @

Then combining equations (1) and (2) we write

=1 aku(x,t)} )
upot) =S = XD 1y 3)
Saa,
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From the above definition, it can be found that the concept of Reduced Differential Transform Method is
derived from the power series expansion. The fundamental operation performed by Reduced Differential
Transform Method are given tablel

Table 1
function DTM form of function
't k
u(x,t) Uk(x):%[a gf’t)}
) t=0
W(x,t) =u(x,t) £v(x,1t) W, (X) =U, () £V, (X)
wW(X,t) = a u(x,t) W, (X) =a U, (X), is constant
w(x,t) =x"t" W, (x) = x"8(k —n),o(k) =1k =0
=0,k =0
W Zubhveed W,(00=3" U, (9V,., ()
W(X,t) — M
ot W, (x) =(k+1)....k +r)U,.,(x)
W(x,t) = ou(x,t) W, (X) = ou, (x)
OX
Wix.t) = azu(>2<,t) W, (x) = o°U k2(x)
_OX OX
f(s,t)=sin (as+bt), Fk(X)Z%Sin(k—ﬂ-'f‘aSj
f(s,t)=cos(as+bt), Fk(x):a?r:cos(k—ﬂ+asj
f(s,t) =e>" F (X):%eax

Time Fractional Airy’s Equations: one dimensional fractional Airy’s partial differential equation in Caputo
sense

3 3
:?u(x,t)= B;?u(x,t),xeR,t>0, 0 <x< 1 (4)
Where B = +1 with conditions u(x,0) = @(x), xeR (5)
Applying RDTM on (4),(5) we get
9 a3
Rp [ou(x 0] = Ry [B5u(x, 1)] (6)
and

Rp[u(x,0)] = Rp[0(x)] (7)
By applying table(1) we get,

3 I'(ka +1) 0° B
U..(x)=2 FksD(a D) [GXE’ Uk(x)},x eR, k=0,12... (8)

Uy () =4(x),xeR )
Putting (9) in (8 ) we get

For k=0,U,(X)=/ F(O{1+1) {% ¢(X)}

, 1 8°
For k=1,U2(X)=ﬂ m{y¢(X):|,
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Putting these equations in (2), we get

U(xt)=> U, ()t t>0
k=0

Examplel:Consider one dimensional time fractional Airy partial differential equation for f =1

o°u o
—=—XeRt>00<a<l (10)
ot OX
subjected to the condition
u(x,0) =coszx +e™ (11)

Applying RDTM on equations ( 10,11 ) we get

I'ka+1) | &°
Lhﬂw)zﬂiiéi%;%ﬁ{——Udn}XeR,k:QLZH (12)

ox®
Using RDTM on (11)
u(x,0) =u,(x) =coszx+e™,xe R (13)
Using equations ( 12) and (13 )we get U, (x)
z® (sin ax+e™ )

Ul(X):
IN'a+1)
U (X):—ﬂ'G(COSﬂX—e”X)
? I'(2a +1)
U (X):—fzg(sinnx—e”x)
: I'Ba +1)

Thus the fractional differential inverse transform of U, (X) gives

u(x.t) = U, (0t

3(ci X 6 X 9(ci X
zzo\SIn 7ZX + € 77 \COS7iX—¢€ zo\SIn 7X + €
u(x,t)=(0037zx+e”)+ ( )tl— ( )t2 — ( )t3 +
u 2! 3
1
For ¢ = —
2
3(ai x| 1 6 X 9(a: x| 3
zzo\SIN zzX + e > 7 \COSzX—¢ zzo\SIn zZX + € >
u(x,t) :(comx+e“)+ ( )t2 - ( )tl - ( )t2 +
il 2! 3!
Example 2 Consider one dimensional time fractional Airy partial differential equation for f =1
o°u o
—a:—BXeR,tZO,OSaﬁl (14)
ot”  ox
. . 1
subjected to the condition u(x,0) :g X (15)

Applying RDTM on equations ( 14,15 ) we get

Tka+1) [ &
U, (X)=f——|—U, (X) | xeR, k=012... 16
k+l( ) ﬂ F(ka+a+1)|:8x3 k( ):| € ( )
1.3
== 17
Uy (X) = X (17)
Using equations (16 ) and (17)we get U, (x)
1
U,(X)=———
() C(a +1)
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Fork=1, uz(x)zw{aﬁ—;ul(x)}

I'2a +1)

Fork=2, U;(x)=0,.. ,U(x)=0

Thus the fractional differential inverse transform of U, (X) gives

u(x,t)=> U, ()t = Loy
k=0

1
6 I'a+1)

For a =1, u(x,t):%x3+t

CONCLUSION

In this study we have discussed the reduced differential transform method to find the solution of one
dimensional time fractional Airy’s and Airy’s type partial differential equation based on the basic Caputo’s
definition of fractional derivatives. The answers show that the RDTM technique gives the approximate
series solutions. The accuracy of the solutions can be improve by increasing number of terms in series
solutions. The techniques used in this work can also be applied to solve linear and non-linear time
fractional partial differential equation and multi-dimensional physical problems emerging in various
fields of engineering and applied sciences.
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