Asian Journal of Applied Sciences (ISSN: 2321 — 0893)
Volume 03 — Issue 06, December 2015

Application of Decomposition Method for Natural Transform

Duangkamol Poltem’, Piyada Totassa and Araya Wiwatwanich

! Department of Mathematics, Faculty of Science,
Burapha University, Chonburi, Thailand

*Corresponding author’s email: duangkamolp [AT] buu.ac.th

ABSTRACT— In this paper, Adomian decomposition method is applied to compute Natural transform. The
suggested method is described and illustrated with some examples.
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1. INTRODUCTION

Adomain decomposition method (ADM) [1, 2] is a powerful decomposition methodology for the practical solution of
linear or nonlinear ordinary differential equations, partial differential equations, integral equations, etc. This method has
been receiving much attention in recent years in the area of series solutions. The ADM provides an approximate analytic
solution of differential equations; we shall deal here only with the first order linear differential equation.

Consider the first order linear differential equations

dy _
s p(M)y = f(ut) 1)
with
y(0) =0.
The analytical solution of (1) is given by
[ () f (ut)dt = y(t) ut), )

where pu(t) = ej PO s an integrating factor.

By using the operator L :% equation (1) can be written as

Ly+p(t)y = f(ut) @)
or
p()y = f(ur)- Ly, @)
with
y(0) =0.

By applying the standard Adomian decomposition method to equation (4) the solution y will be obtained by the series:

yziyi' (5)

The components y,,Y,,Y,,... are calculated by
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where L' = %I =1,2,3,...is i-fold differential operator. The convergence of the ADM was discussed by Cherruault [3,
4].
2. NATURAL TRANSFORM
The Natural transform of the function f (t) for t € (0, ) is defined by [5, 6]

O[f(®)]=R(s,u) = Te‘“ f (ut)dt; s,u e (—o0,00), @)

where [ [f (t)] IS called the Natural transform of time function. Variables s and u are the Natural transform variables.

Equation (7) can be written as

DLHO1=0 T 1+ T ) ®
where
TTHOI=R 60 = [ fudt; sue(-n0) ©
and )
CTOI=R G0 = [ F @ su<(00). (10)

If the real function f(t)>0 and f(t)=0 for t <O is both piecewise continuous and exponential order, then the Natural
transform is defined on the set

A={f®I3M,7,,7,>0,] f(t)|<Me" if te(-1)'x[0,0)}

as
O fM]=R*(s,u) = Te’s‘ f(ut)dt; s,u e (0,),

where H(-) is the Heaviside function.

3. MAIN RESULTS
We now apply Adomian decomposition method to obtain some formulas for Natural transform.

Suppose that p(t) = —s where sis a positive constant. Then equation (2) becomes
je’s‘ f(ut)dt=e™y. (11)

Integrating from zero to infinity of equation (11) makes the left hand side of this equation become the Natural transform
of f(¢). Decompose y as in equation (5) to obtain
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0TF ()] = Te*‘ f (ut)dt = {eﬂi Y, } . (12)

t=0

Example 1. Let f(¢) =1, then by the Natural transform (12) we have

0= I e *dt = {es‘ i yi}
0 i=0 t=0
According to scheme (6), we have
_fqu)y 1
opt) s
Yi=Y,=Ys ="

Therefore,

Example 2. Let f(¢) =e“, s> au. From equation (12), we have

D +[eal] — Te—steauldt — |:esl i yi :| .
0 t=0

i=0

The components y, can be computed as follows:

L (V19 B e
=00 T s
ylz_LL(wjz_geam,
pt) \ p(t) s
L1 () e L,
= (-1 L - ,
Vo= O or (p(t)J g

n+1 !

o= (-1 L”(f(m)}:—a“ea“‘ n=123,..

[p®)]" p(t) S
Then,
2,,2
D+[eat]=1+a_;j+ag be e 1
S S S s—au

Example 3. Let f (t) =t. From equation (12) we have

0[t] = Te"“utdt = {e“ i yi}
0 i=0

o
t=0

The have
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Y.=Y:=Y, = =0

Therefore

Example 4. Let f (t) =t". From equation (12) we have

0[t"] = je’s‘ ut)’ dt—{ S‘Zle .

i=0

By following the scheme in (6), we have
fU) 1

700 s
__ L[ f(ut)
S0) [ (t)]
Y, = (1) [fwt)] G
[p(t)] n(t) &
Yo = (f ] n
' [p(t)] 1) R
yﬂ+1 yn+2 yn+3 = 0
Then
0 [t]{ St(—iunt”—ﬂzu”t“1_.n(n3_1)untn2_.”_ Tflu”ﬂ e
° ° > S t=0 S

Example 5. Let f (t) =sin(at). From equation (12) we have

1] *[sin(at)] = je sm(aut)dt—{ S‘ZyiT.

i=0

where
== —%sin(aut),
b= [”Ei?) asgzsm(am)’

fut)) a‘u’
= )[pa)] [p(t)j SR
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Then,
3,,3 5,5
. au a'u au au
D+[Sln(at)]=S—2— 54 - 5 e

s  s?+(au)?’

Example 6. Let f (t) = cosh(at). From equation (12) we have

0 *[cosh(at)] = Ie’s‘ cosh(aut)dt = {es‘i Y, } .
0 t=0

i=0

where
0= w = —Ecosh(aut),
pt) s
S S L CLOR I T
i = o) L( o) ] © sinh(aut),
e L o)) at?
=D [p(t)]zL( p(t)j_ S
e s ) ate®
Yy =(-1) TN L[ p(t)J 34 sinh(aut),
Then,
T foosh(a]— S+ A A S
s s s s® —(au)

4. CONCLUSION

The decomposition method is simple for solving the linear first order differential equation. In this work, this
method has been applied to compute Natural transform for some functions. It has been observed that, the
suggested method is very efficient for Natural transform, which requires simple differentiation.
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