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Abstract: In this work, Adomian decomposition method is proposed to develop a new computational technique for
Sumudu transforms. The proposed method, in contrast of usual method which needs integration, requires simple
differentiation. The results reveal that the method is very effective and simple.
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1. Introduction

Adomian decomposition method has been
applied to a wide class of functional equations
(Adomian, 1985, 1994) since the beginning of the
1980s. Adomian decomposition method gives the
solution as an infinite series usually converging to an
accurate solution. Abbaoui et al., 1994 applied the
standard Adomian decomposition method to
nonlinear equations and proved the convergence of
series solution. El-Tawil et al., 2004 applied the
multistage Adomian decomposition method for
solving Riccati differential equation and compared
the result with standard Adomian decomposition
method. Babolian et al. 2004 considered a new
numerical implementation of Adomian
decomposition method for cases in which evaluation

of terms of the series Zun(x) is impossible
n=0

analytically. Babolian et al., 2004 employed standard
Adomian decomposition method and presented a new
computational approach for Laplace transforms.
Babolian et al., 2004 modified the standard Adomian
method which was proposed in (Abbaoui and
Cherruaut, 1994).

Sumudu transform was probably first time
introduced by Watagula in his work (Watugala,
1993). Its simple formulation and direct applications
to ordinary differential equations immediately
sparked interest in this new tool. This new transform
was further developed and applied to many problems
by various workers. Asiru, 2001, 2002 applied to
integro-differential equations, Watugala, 1998, 2000
extended the transform to two variables with
emphasis on solution to partial differential equations
and applications to engineering control problem, and
its fundamentals properties were established by
(Belgacem et al., 2003, 2006). Rana et al., 2007
proposed homotopy perturbation method to compute
Sumudu transform, Siddiqui et al., 2010 applied
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Sumudu transform to Newtonian fluid problems. The
Sumudu transform has very special and useful
properties and can help to solve intricate applications
in science and engineering. Having units preserving
properties, it may be used to solve problems without
resorting to the frequency domain. This is one of
many strength points for this new transform,
especially with respect to applications in problems
with physical dimensions. In fact, the Sumudu
transform which is itself linear, preserves linear
functions, and hence in particular does not change
units (Belgacem et al., 2003). Belgacem et al. 2003
have shown it to be the theoretical dual to the
Laplace transform, and hence ought to rival it in
problem solving.
The sumudu transform is defined (Watugala,

1998) by

Glu} = SL/ (0] = [ fw)e™dv,

-7, <u<r,
over the set of functions,

x|
A=4f(x)/AM, 7,7, >0,[f(x)| < Me" ,if x e (-1)’ x[O,oo)}.

2)
The Laplace and Sumudu Transforms exhibit the
following duality relation (Belgacem et al. 2003)

Gy = LM and sy = SS9
u S
where F'(s) is the Laplace transform and G(u)
Sumudu transform of a given function f .
Consider the first order differential equation

D4 pxyy = 0(x),
dx

y(0) =0.

(4)
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The analytical solution of (4) is given by

Y0 () = [ 0(0) f (x)dx,

P(x)dx
where f(x) = ej .
Considering a special case in Equation (4) by taking

©)

P(x) =—s, where s is a positive constant. Then

Flxy=el " e ©)
If Equation (5) is considered as a definite integral
from zero to infinity, then left hand side of this
equation defines the Laplace transform of Q(x) .
That is

—S5x

LI0()] = [ Qe dx =
0

()

In this paper, we apply Adomian decomposition
method to propose new computational technique for
Sumudu transforms. The results reveal that the
proposed method is very effective and simple.

2. Adomian decomposition method
The Equation (4) can be written as

o1,
Y= P

where L =d/dx. The Adomian decomposition

)

method gives the solution y(x) by the series given

by
yxX)=>y,,
n=0

where the terms Y, V,,V,, "
recursively (Haldar and Datta, 1996) by

)

are determined
_0()
" P’
(10)
Q(’“)J n=123

I’li n
v, =D o L (P(x) )

Having determined the terms ), ,n =

0,1,2,--, the

solution (x) defined by a series form (9) follows

immediately. The convergence of the Adomian
decomposition method is established in (Cherruault,
1989, 1992).
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In the next section, Adomian decomposition
method is employed to derive a new method for
Sumudu transforms.

3. The new computational method

The aim of this communication is to derive a
new technique for computing Sumudu transforms. In
view of Equation (3), the Sumudu transform of Q(x)

can be given by the relation

1% —x/u
S[O(0)]=—[0(x)e ™ "dx
“o

x/u
Ly

u x=0
Therefore, according to Equations (9) and (11), we
have

1% —x/u
S[O(x)]=—[O(x)e ™ "dx
u(

X=00

(11)

if ., = Ty
——| Yy )

u n=20 =0

Several examples are provided to illustrate the
simplicity and reliability of this new computational
method.

Example 1. Suppose (x) = 1. Then from Equation
(10), we obtain
00) _

Yo(x) = P(x)
y.(x)=0,i =123,

Therefore, from Equation (12), we obtain

ST ——( “iw)) =

Example 2. Suppose O(x) = X, then

9

09220
yi(x) = —u’
yi (x) = 0’ l = 273747' )

and

L
S[x]=;( "(—ux —u )1 =u.
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Example 3. Suppose O(x) = x", then
O(x) n
x)= =—ux",
Yo(x) 0o

_ 1 Q()C) - _ 2 _n-1
y(x)= o L(P(x)j nux"",

1 0(x)
=(-1)? r| ==
Y P*(x) (P(x)J

=—n(n-Du’x"">,

n+1

v, (x)=-nlu
Y (x)=0, i =n+1,n+2,---,
and
S[x"]1= l(ew D, (x)J =nlu".
u n=0 0
Example 4. Suppose O(x) = e, then
O(x) =
X)= =—ue®,
yo( ) PC)

1 Q(x) 2 _ax
:——L _— == ,
P = [P(x)j ar'e

y,(x) = (1)’ Pz() [Q(x)j=—a2u3e”x,

yl(x)— —a'ue™,i=0,12,-

and for |au| <1, we have

S[e™]= i[e Sy, (x)j

0

0

1
=l+au+a’u’ +---= .
1—au
Example 5. Suppose O(x) =e “, then
O(x) —ax
Y ( ) - =-ue -,
B 6

1 Q()C) 2 _—ax
= — L = 5
00 ==t 29—

Q()C) j 2 3 —ax
—a ue 5
P(x)

1
»,(x) = (=1’ () [
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1 (Q(X)J dCute™
P(x)  \ P(x) ’

“,i=0,L2,-

y3(x) = (=1)’

yi (x) =( 1)1+1a1u1+le

and for |au| <1, we have

0

S[ efwc] — i[ex/uiyn(x)j

0

1
l+au’

2.2 3.3
=l-au+tau —au +---=

Example 6. Suppose O(x) = cos(ax), then

o) _

Vo(x) = P(o) —u cos(ax),
y(x) = —%L[iigj = qu’ sin(ax),
Y2 Z[IQJE;CD =a’u’ cos(ax),
—(—1) 3[ O(x) 34 ,
ya(x) = ( [P ) | = sina)
V4 4(%?} —a*u’ cos(ax),
X

and for |au| <1, we have

0

STcos(ax)] = i[e iyn(x)j

1
1+ a’u®’

22 4 4
=l-au" +a'u —--=

Example 7. Suppose Q(x) = sin(ax), then

Yo(x )—&

—u sin(ax),
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Example 9. Suppose O(x) = sinh(ax), then

n(x) = —LL[Q(x)j = —au’ cos(ax),

P(x) \ P(x) Po(x) = ig; = —u sinh(ax),
1 0(x) 2,3
=(-1) I’ =
(0 =D P?(x) (P(X)j @ sinta), y(x) = —LL o) | _ —au’ cosh(ax),
P(x) \ P(x)
1 1 .
yi(x) = (=1)° e L{ixj — a*u’ cos(ax), y(x) = (1) 5 L{igij — %’ sinh(ax),
1 . 1
7= o L[iﬁi j = et sinan), (0= (0 5 L(iﬁij — —a*u* cosh(ax),
: _ 4 1 4 O(x) _ 4 5 .
and for |au| <1, we have yi(x)=(=1) P (x) L (P(x)j = —a"u’ sinh(ax),
1 o 0
S[sin(ax)] =— (e"/” v, (x)j 1
u ; . ys(x) = (=1)° 70 r iEg = —a’u® cosh(ax),
=au—a’u’ +a’u’ —~-=%.
I+a’u

and for |au| <1, we have
Example 8. Suppose O(x) = cosh(ax), then

Yo () =22 = cosh(an), S[ sinh(ax)] =~ (e““ 2.0 (x)j
P(x) u n=0 0
1 0(x) 2 au
:__L_ = — mh = 33 S e ————
n(x) P(r) [P(x)j au” sinh(ax), au+a’u +au + L
=(-1 2 LLZ @ — 2,3 h ax
»(x)=(=1) P (x) Po) =—a"u cosh(ax),  Example 10. Suppose O(x) = xe™, then
Yo(x) = o) = —ux ¢,
y3()C) = (—1)3 %l} [%j = —a3u4 Sinh(a)C), P(X)l 0(x)
Pr(x)  \P() yl(x)z——L( z jz—uz(ax+l)e”x,
P(x) \ P(x)
y4(x) =(-1)°* 41 L{Q(X)j = —a"u’ cosh(ax), Y, (x) = (=1)° r oW | _ —au’ (ax +2)e”™,
PY(x)  \ P(x) 2 P (x) P
: 1 O(x) ax
and for |au| <1, we have y3(x) = (_1)3 P3(x) L{P(x)j = _a2u4(ax +3)e”,
S[ cosh(ax)] = i[e"/“ Sy, (x)j :
" 0 y.(x)=—a""u"" (ax +i)e™,i =123,
=l+ad*u’ +a'u* +-- = ! .
1—a’u? therefore,
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0

S[xe™ ] =i[e“”iyn (x)j

0

u
=u(l+2au +3a’u’ +---) =—7.
(1—au)
4. Conclusion
In this work, we successfully apply

Adomian decomposition method to compute Sumudu
transform. It gives a simple and a powerful
mathematical tool. The proposed method requires
simple differentiation in contrast of usual method
which needs integration.

Corresponding Author:

Dr. Muhammad Afzal Rana
Department of Basic Sciences,

Riphah International University,

Sector I-14, Islamabad 44000, Pakistan
E-mail: mafzalrana@gmail.com

References

1. Adomian, G. Solving Frontier Problems of
Physics. The Decomposition Method. Dordrecht;
Kluwer Academic Publishers, 1994.

2. Adomian G, Rach, R. On the solution of
algebraic equations by the decomposition
method. Math Anal Appl 1985;105:141-166.

3. Abbaoui K, Cherruault Y. Convergence of
Adomian method applied to nonlinear equations.
Math Comput Model 1994;20(9):69-73.

4. El-Tawil MA, Bahnasawi AA, Abdel-Naby A.
Solving Riccati differential equation using
Adomian’s decomposition method. Appl Math
Comput 2004;157:503-514.

5. Babolian E, Davari A. Numerical
implementation of Adomian decomposition
method. Appl Math Comput 2004;153:301-305.

6. Babolian E, Biazar J. Solution of nonlinear
equations by modified Adomian decomposition
method. Appl Math Comput 2002;132:167-172.

7. Babolian E, Biazar J. Vahidi AR, A new
computational method for Laplace transforms by
decomposition method. Appl Math Comput
2004;150:841-846.

7/30/2013

http://www.lifesciencesite.com

255

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Watugala GK. Sumudu Transform an integral
transform to solve differential equations and
control engineering problems. Int J Math Ed Sci
Tech 1993;24:35-42.

Asiru MA. Sumudu Transform and solution of
integral equations of convolution type. Internet J
Math Educ Sci Technol 2001;32 (6):906-910.
Asiru MA. Further properties of the Sumudu
Transform and its applications. Internet J Math
Educ Sci Technol 2002;33(2):441-449.

Watugala GK. Sumutu Transform for functions
of two variables. Math Engng in Ind
2000;8(4):293-302.

Watugala GK. Sumutu Transform a new integral
transform to solve differential equations and
control engineering problems. Math Engng in
Ind 1998;6(4):319-329.

Belgacem FBM. Introducing and analyzing
deeper Sumudu properties. Non-Linear Studies
2006;13(1):23-41.

Belgacem FBM, Karaballi AA. Sumudu
Transform fundamental properties investigations
and applications. J Appl Math Stoch Anal
2006;1-23.

Belgacem FBM, Karaballi AA, Kalla SL.
Analytical investigations of the Sumudu
transform and applications to integral production
equations. Math Prob Engng 2003;3:103-118.
Rana, MA, Siddiqui, AM, Ghori, QK, Qammar,
Rashid. Application of He’s homotopy
perturbation method to Sumudu transform. Int J
Nonlinear Sci Numer. Simul 2007; 8(2): 185-
190.

Siddiqui, AM, Rana, MA, Ghori, QK.
Application of Sumudu Transform to Newtonian
fluid problems. Adv Studies Theor Phy 2010;
Vol. 4,n0. 1,21 - 29.

Haldar K, Datta BK. Integrations by asymptotic
decomposition. Appl Math Lett 1996;9(2):81-83.
Cherruault Y. Convergence of Adomian’s
method. Kybernets 1989;18(2):31-39.

Cherruault Y. Some new results for convergence
of Adomian method applied to integral
equations. Math Comput Modeling
(1992);16(2):85-93.

lifesciencej@gmail.com



mailto:mafzalrana@gmail.com

