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Analytic Solution for Newell-Whitehead-Segel Equation
by Differential Transform Method

Asadollah Aasaraci

Department of Mathematics, University of Guilan, Rasht, Iran

Abstract: In this article differential transform method (DTM) 1s considered to solve Newell-Whitehead-Segel
equation. Differential transform method (DTM) can easily be applied to many linear and nonlinear problems and

1s capable of reducing the size of computational work. The fact that suggested technique solves problems

without using Adomian’s polynomials is a clear advantage of this algorithm over the decomposition method.
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INTRODUCTION

The basic idea of differential transform method
(DTM) was initially introduced by Zhou [1] in 1986. Tts
main application therein was to solve both linear and
nonlinear initial value problems arising in electrical circuit
analysis. DTM is a technique that uses Taylor series for
the solution of differential equations in the form of a
polynomuial. It 1s different from the high-order Taylor
series method, which requires symbolic computation of
the necessary derivatives of the data functions. The
Taylor series method 1s computationally expensive
especially for high order equation. The differential
transform 1s an iterative procedure for obtaming analytic
Taylor series solutions of differential equations. In recent
yvears researchers have applied the method to various
linear and nonlinear problems for example it was applied
to partial differential equations [2], to integro-differential
equations [3], to two point boundary value problems [4],
to differential-algebraic equations [5], to the KdV and
mKdV equations [6], to the Schrédinger equations [7] and
to fractional differential equations [8)]. In recent years,
special equations of composite type have received
attention in many papers. In this paper, we consider
homogeneous Newell-Whitehead-Segel equation [10] of
the following type
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Where k, & and « are real numbers with k> 0 and g is a
positive integer. In Eq. (1) the first term on the left hand

side, &, expresses the variations of u(x,7) with time at a
o

fixed location, the first term on the right hand side, é s
2
ax
expresses the variations of with spatial variable x at a
specific time and the remaining terms on the right hand
side, cr — b, takes into account the effect of the source
term.

Basic Idea of Differential Transform Method: The basic
defimtions and fundamental operations of the two-
dimensional differential transform are defined in as follows
[2-3]. The differential transform function of the function
#(x,v) is the following form.
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Where (x,y) 1s the original function and U(k/) 1s the
transformed function.
The inverse differential transform of Uk, %) is defined as

w(x,y)= D Y Utk h)x—x) (3 yp)" &)

F=04=0

When (x,,y,) are taken as (0,0) the function #(x,y), (3), is
expressed as the following
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Table 1:

Original function

Transformed finction

uGxy) = glay) = hxy)
uxy) = Mg, u)

uGxy) = glxy) / o
u(xy) = cglxy) /
u@xy) =a"y"

HxY) =TT gxy) /s

uCxy) = gl hAY)

LRk i) = G(ick) = H(kch)
Uk J) = LG
DU fy = (e + )G+ 1,4)
Uik iy = h+ DGER+ 1)

1

Ul ) = 8k —mh—n) = |

k=mh=mn

otherwise
e =(k+ D). e+ PR+ 1D.(h+ DGk +r A+ 5

Ll h

Ulk,h) = ZZG’(T‘,F& —a)H(k —r,8)

In real applications when the general term of the
series cannot be recognized, the following truncated
series can be considered. Eq. (4) implies that the concept
of two-dimensional differential transform 1s derived from
two-dimensional Taylor series expansion. In this study we
use the lower case letters to represent the original
functions and upper case letters to stand for the
transformed functions (T-functions). From the definitions
of Egs. (2) and (3), it 18 readily proved that the transformed
functions comply with the following basic mathematical
operations.

The fundamental mathematical operations performed
by two-dimensional differential transform method can
readily be obtained and are listed in Table 1.

Numerical Example: [n this section, Differential transform
method (DTM) will be applied for solving Newell-
Whitehead-Segel equation. The results reveal that the
method is very effective and simple.

Example 1: Consider the linear equation

2
ou_0%u o, (5)
ot &t
Subject to the imtial conditions
u(x,00 = ¢ (6)

Taking the differential transform of (5), then
(B+1DUk, h+1)=(k+ 1)k + 23Uk + 2, k) — 2UkBXT)
From the mutial condition given by Eq. (6), we obtained.

Uk,0) :% (8)
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Substituting Egs. (8) m Eq. (7), all spectra can be found as.

S
klh!

Substituting all [ikh) nto Eq. (4), the series
following solution form can be obtained.
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this series has the closed form ¢ which is the exact
solution of the problem.

Example 2: Consider the following Newell-Whitehead-
Segel equation

2
a—M:a—u+2u—3uz ©)
ot ot
Subject to a constant initial condition
u(x,0) = A (1
Taking the differential transform of (9), then
(h+ VW ik b+ 0=k + Dk + 20Uk + 2,1+ 2Uk R)
kA
732 Z Ulr h— Uk —r,5). an
r=0s5=0
From the initial condition (10) we can write
(12)

U(0,0)= A4,
Uk,0)=0. k=12, .

Substituting Eqs. (12) in Eq. (11), all spectra can be
found as.



Middle-East J. Sci. Res., 10 (2): 270-273, 2011

Uk,h)=0. fork=12..
U(0,1) = M2 - 3),

(0,2) = %2/\(2 C30(1 3N,

17(0,3) = %2/\(2 —3N(27A? 18X + 2),

Substituting all kA into Eq. (4), the following
series solution will be obtained
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ww,t) =Sy Ulk,hiat" =
k=0 k=0
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A+ A2 =30 202 - 30)(1— 3)‘)5 + 202 —3))
2
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2
(27x? —18)\+2)%+...

Which 15 an exact solution.

Example 3: Consider the two-dimensional homogeneous
equation with variable coefficients.

u

Ju _
e P2 _ YR 4e wu27 (13)
ot 8r°
Subject to the imtial condition
u(x,0)=—¢, (14)

Taking the differential transform of (13), then

B A
SIS -t D L6 U — 7+ 15 =
=0 s=0 r
(k + D)k + 20Uk +2,h) — Uk, h) +

E k—r h h—s

2220,

— &b —s— pUE, Uk —r—1i,p)
r=0 {=0 s=0 p=0 )

k
(15)

From the mmitial condition given by Eq. (14), we

obtained

1

Uk,0) = -, (16)

Substituting Egs. (16) in Eq. (15), all spectra can be
found as.
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x for h =0,
1

Ulk,h)= ] for h =1,
0 otherwise.

Substituting all [ikh) nto Eq. (4), the series
following solution form can be obtamed.

w(z, 1) = ZiU(k,h)mkth =e%(i—1),

k=0h=0
Which is an exact solution of the problem.

CONCLUSION

In this paper, the differential transform method
(DTM) has been successfully emploved to obtain analytic
solution for various types of Newell-Whitehead-Segel
equation. The method 1s effective, easy to use and reliable
and the main benefit of the method is to offer the
analytical approximation and, in many cases an exact
solution, in a rapid convergent series form. Computations
1n this paper are performed using Maple 13.
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