5234

Available online at www.elixirpublishers.com (Elixir International Journal)

Applied Mathematics

Elixir Appl. Math. 40 (2011) 5234-5236

Salih M.Elzaki et al./ Elixir Appl. Math. 40 (2011) 5234-5236

differential transform method
Salih M. Elzaki', M.A.Bashir® and L.Lajimi’

!Department of Mathematics, Sudan University of Science and Technology, Sudan
%Elneilain University, College of Technology of Mathematical Science and Statistics
$Yanbu University College, Saudi Arabia.

ARTICLE INFO
Article history:
Received: 11 August 2011;
Received in revised form:
18 October 2011,
Accepted: 28 October 2011,

ABSTRACT

In this paper we introduced the modified version of the differential transform method, which
is called the projected differential transform method (PDTM) .This method can be easily
applied to the initial value problems with less computational work. It can also be applied to
solve linear and nonlinear partial differential equations. Firstly, we stated the definition of
the projected transform method, and some related theorems. Then some illustrative examples

are given, the numerical results of these examples compared with those obtained by the

Keywor ds Differential transform method are found to be the same.

Linear and nonlinear differential © 2011 Elixir All rights reserved.
equation,

The projected differential transforms

method,

Numerical method.

Introduction

The projected differential transform method can be easily
applied to many linear and nonlinear problems and is capable of
reducing the size of computational work.some problems in
science and engineering fields can be described by the initial
value problems .A variety of numerical and analytical methods
have been developed to obtain accurate approximate and
analytic solutions for the initial value problems in the literature.
[3589 1

Projected differential transform method is a semi-numerical
analytic technique that formalizes the Taylor series in a totally
different manner. With this method, the given differential
equation and related initial conditions are transformed into a
recurrence equation, that finally transforms partial differential
equations to algebraic equations which can easily be solved. In
this method no need for linearization or perturbations, much
computational work and round- off errors are avoided. In resent
years many researchers apply the PDTM for solving partial

differential equations [1, 2].

This method constructs, for partial differential equations an
analytical solution in the form of a polynomial. Not like the
traditional high order Taylor series method that requires
symbolic computations. Anotherimportant advantage is that this
method reduces the size of computational work while the Taylor
series method is computationally taking long time for higher

orders. This method is well addressed in [4, 6].

Projected differential transform:
The basic definitions and fundamental theorems of

projected differential transform method are defined in [3] and
will be stated briefly in this paper.

Tele:
E-mail addresses: salih.alzaki@gmail.com
© 2011 Hlixir All rights resered

Projected differential transform of
y((/ﬁ(xl, Xyyeeney Xn),t) is defined as follows:

y(¢.k)= E{ML @)

function

Sk dtf
Where y(¢(x1, Xyyoeeny Xn),t)the original is is function and
y(¢, k) is the transformed function.

The inverse differential transform of y(¢, k) is defined as.

y(gt)=2 y(sk)t" @
k=0
Combining eqs (1) and (2) we
S10dy(@t) |
=D =20
y(g:) k;k!{ at |, ©

The fundamental theorems of the projected differential
transform are:
Theorems:

(1) 1 z(gt)=u(gt)xv(gt)
Then z(g,k)=u(¢,k)+v(g k)

(2) Iifz(g,t)=cu(st)
Then z(¢,k)=cu(¢,k)

(3) Ifz(g,t)=2 g‘f’t)

Then z(¢,k)=(k+1)u(g,k+1)
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(4) |fz(¢,t)=d“;£f”t)

Then z(¢,k)=
(5) If  z(gt)=u(gt)v(at)
k m) v(g,k—m)

Then z(¢,k)=) u(g,

m=0

)1 (=4 4., e

kK

099=3 3 - 3 Tulotluloh )

k0 0k (’“ "2) (¢kk)
(7) 1 z(ht) =X Xpyeeeers X )L
1 k=m

Then z(¢,k)=@o(m—-k)=
R .
Note that C is Constant, N is a nonnegative integer

and @ =@(X, Xy,.0es X)) -

Example:-

Consider the following linear PDE with boundary conditions
« ow(x,t) N ow(x,t)

~—

k+n)!

" u(g,k+n)

=xt 4
OX ot
With the boundary conditions
w(x,0)=0, w(0,t)=0 ®)

Using the projected differential transform method with respect
to tof eq(4) yields .

X awg; ") s (h+Dw(xh+D) = xs(h-1) @

Substituting eq (5) in to eq (6) we have

w(x,1) =0,w(x,2) = W(x 3)=— w(x 4)=—

Andsoonin generally we find

(-1)" x
hi

Substituting W(X, h) in to eq (2) we get:

w(x,h) = ,h=234L L

(t—l)x+ix(_t) -

BExample:-
Consider the following nonlinear P.D.E with initial condition.

ou_(au S
a \x) Ve %

2

. X

I.C U (X,O) =— X >0, c >0 arbitrary constant Taking the
C

projected differential transform methods of eq (7) we get
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(h+1)u(x,h+1)= zau(axxm) Fy(xh—m)+

Zu(x m)
Usmg eq (8) and I. C we have
2
(x 1) 6x 36X

(X,Z): 2

h m
(X ) ®

216x°

U(X’4): 2

C
6)" x2
()=

Substituting u(X, h) into equation (2) we get:
c (6)h X"

:iu(x, D

h=0

2 ) )

BExample:-
Consider the following nonlinear P.D.E

a_u_ZU(éuj uzﬁ_u ©)
ot OX ox?
With the initial condition
X+h
u(x0)=7 7% (10)

By applying the projected differential transform method of eq
(9) we

Andso onin general

(h+L)u(xn+1)= ZZZU X,m ; (x,k—m)i(x,h—k)
k=0m=0
(11)
+ZZuxm J(x,k —m) o (Xh g
k=0m=0
Using eqs (10) and (11) we get
1

u(x,3)= 5y 3

Andsoonin

(1+ij
h-1
2 h=12,3L

2\/6 i=0 hl C

general U (X, h) =

Substituting U(X, h) into equation (2) we have

| =
_

(.
(x.t) Zu( " —XDCE Z@Jﬁ‘] r?!ch t

h=1 i=0



5236 Salih M.Elzaki et al./ Elixir Appl. Math. 40 (2011) 5234-5236

_ .

(G :
e :23[1_3
Examplé:- i

Consider the Klein — Gordon equation
2

T . T

U, —U, +—u+u®=x"sin* =t (12)
4 2

With initial conditions

u(x,0)=0 ,ut(t,O):%x (13)

Taking the projected differential transform method of equation

(12) we have

(h+1)(h+2)u(x, h+2)_%+§u(x, h)
+Zh:u(x, m)u(x,h—m) = xzzh: A(mA(h-m) (14

Where A(t) = sin %t. The transform of A(t) is

h-1
h h4
7\ (-1)2 :
A(h): (Ej hi h is odd (15)
0 h is even
Using eqs (13) , (14) and (15) we have
3
T X
uix,2)=0 ,u(x,3)= —-| = | —
(2= 0 uxI= (5] X
5
u(x,4)=0 , u(x,5)= E X Andsoonin
5!
2
general
0 his even
h

(_1)7 E T h is odd

Substituting U (X, h) into equation (2) yields

ju 2h+1
D"t
u(t)=x2, (2h+1)!

h=o0

= X sin zt
2

Conclusion:-

Projected differential transform have been applied to linear
and nonlienear partial differential equations .The results for all
examples can be obtained in Tayler's series form, all the
calculations in the method are very easy. In summary, using
projected differential transformation to solve PDE consists of
three main steps. First, transformacting PDE into algebraic
equation, second, solving the equations, finally inverting the
solution of algebraic equations to obtain a closed form series
solution.

References:

1-Abdel — Hassan, LH, 2004 Differential transformation
technique for solving higher-order initial value problem.
Applied math .Comput, 154-299-311.

2- Ayaz.F.2004 solution of the system of differential equations
by differential transforms method .Applied math.Comput, 147:
54767.

3-Bongsoo Jang: Solving linear and nonlinear initial value
proplems by the projected differential transform method. Ulsan
National Institute of Science and Technology (UNIST),
Banyeon-ri-100, Ulsan 689-798 korea. ~Compu. Phys.
Communication(2009)

4-C. Hchen, S.H.Ho.Solving Partial differential by two
dimensiona differential transform method, APPL. Math
.Comput.106 (1999)171-179.

5- FatmaAyaz-Solution of the system of differential equations by
differential ~ transform  method .Applied .math.Comput.
147(2004)547-567.

6-F. Kanglgil .F .A yaz. Solitary wave Solution for kdv and M
kdv equations by differential transform method, chaos solutions
and fractions do1:10.1016/j. Chaos 2008.02.009.
7-Hashim,|,M.SM.Noorani,R.Ahmed.S.A.Bakar.E.S.l.Ismailand
A.M.Zakaria,2006.Accuracy of the Adomian decomposition
method applied to the Lorenz system chaos 2005.08.135.

8-J. K. Zhou, Differential Transformation and its Application
for Electrical eructs .Hunzhong university press, wuhan, china,
1986.

9- Montri Thong moon. Sasitornpusjuso.The numerical Solutions
of differential transform method and the Laplace transform
method for a system of differential equation. Nonlinear
Analysis.  Hybrid  systems  (2009)  d0l1:10.1016/J.nahs
2009.10.006.

10- Shih-Hsiang chang .I-Ling chang: Anew algorithm for
calculating one — dimensional Differentia Itransform of
nonlinear Functions.Appli.math.Compu195 (2008)799-808.

11- T. Hayat. M. Sajid, on analytic solution for thin film flow of
a fourth grade Fluid Down a vertical cylinder, phys. Lett. A361
(2007)316-322.



