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Abstract: In this work, we use a combination between a new integral transform and the homotopy perturbation method. This
combination presents an accurate methodology to obtain an exact and numerical solutions for linear and nonlinear partial differential
equations. The aim of using this new integral transform is to overcome the deficiency. It is mainly caused by unsatisfied conditions in
the other semi-analytical methods such as HPM, VIM, and ADM. More than, this new method appears more applicable, it needs fewer
computations. As in the provided numerical example, this method can be used in engineering computations.
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1 Introduction

The numerical solutions of differential equations of
integer order has been a hot topic in numerical and
computional mathematics for a long time. There are many
different methods have been used to estimate he solution
of partial differential equations, such as Adomain
decomposition method [1, 2], variational iteration
method [3, 4] and homotopy perturbation method, it is
work mentioning that the HPM, proposed first by Ji-Huan
He [5-7], for solving linear and nonlinear partial
differential equations.

The HPM has been introduced as a means to solve
singular nonlinear differential equations [4], nonlinear
wave equations [8] and nonlinear oscillators [9]

On the other hand the integral transformations played
an essential role in many fields of science [10, 11],
especially, engineering mathematics [12], mathematical
physics [13], optics [14], image processing [15]. Many of
these transforms have been used and appplied on theory
and applications, such as Sumudu [16], Laplace [17, 18],
Elzaki [19] and new integral transform [20]. Among these
the most widely used is Laplace transform. here, the new
integral transform has many interesting properties which

make it rival to the Laplace transform. Our method yields
the solution in terms of a rapid convergent series with
easily compactable components for linear and nonlinear
partial differential equations.

This article is organized as follows: In section 2, we
introduce some basic definitions, proprieties for the new
integral transform and we give some of the advantage of
the considered methods. In section 3, we discussed the
method used in this work. Some applications are given in
section 4 to show accuracy. Finally, numerical results are
discussed in section 5.

2 Basic Definition of the New Integral Trans-
form (NT)

In this section we mension the following basic definitions
and theorems of the new transform which are used in the
present paper [20].

Definition of the New Transform. The transform of a
function f(¢) is defined by

t
N

F(s)=Tf(1) :/e*ff( )dt, s €R,
0
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from this definition, we get

n!
Theorem 1. (Sufficient Condition). If a function 4 is
piecewise continuous on [0,e0) and exponential order sy,
then the transform of & exists for s > sg.

Theorem 2. (n'" Derivatives). If the functions
Tu,Tu,--- , Tu' are well defined, n = 1,2,3,---, then

n—1
Tu = " Tu — Z sk ) (0), (1)
k=0

3 The Advantage of the New Transform

The new transform has many interesting properties which
make it reival to the Laplace transform. Some of these
properties are:

1-The domain of the new transform is wider than or equal
to the domain of Laplace transform.

2-The new transform can solve all the problem which
would be solved by Laplace transform.

3-The unit step function in the #-domain is transformed
to unity in the u-domain.

4-The differentiation and integration in the 7-domain are
equivalent to multipliciation and division of the
transformed function F () by u in the u-domain.

For more details see [20].

4 Analysis of the Method

To illustrate the modification algorithm of the NTHPM,
we consider the following nonlinear partial differential
equation with time derivatives of any order

L(u(x,1)) + R(u(x,1)) + N(u(x,1)) = g(x),  (2)

where L is linear differential operator (L = d"/dt") and
g(x,1) is the source term, subject to the initial conditions

9"u(x,0)
ot

In view of the homotopy technique, we can constract the
following homotopy

H(u(x,t),p)) = (1 —p)[L(u(x,t)) —L(M(X,O))]
+plL(u(x,1)) + R(u(x,1)) — g(x,1)] (4)
—0,

=hp(x), m=0,1,2,---.n—1. (3

where p € [0, 1], the homotopy parameter ¢ always changes
from zero to unity. When p = 0, equation (4) becomes

L(u(xvt)) ZL(M()C,O)), 5)

and when p = 1, equation (4) turns out to the original
Equation (2). Since u(x,0) is a function of x only,
equation (4) can be rewritten to be in the following form

"u(x,t)

o

According to the homotopy technique, the basic
assumption is that the solution of equation (6) can be
written as a power series in p as

+p[N(u(x, 1)) + R(u(x,1)) — g(x,1)] = 0. (6)

oo

u(x,t): Zpiui(xvt)a (7)

i=0

where u;(x,t) are unknown functions to be determined.
Now taking in mind the initial conditions (3), the NT for
Equation (6) gives

s"T{u(x,t)} — is"fkuk(x,O) + pT[R(u(x,t)) + N(u(x,1))
i=0

—&x1)] =0, (8)
R and N are represents the general linear and nonlinear

differential operators respectively, again taking the inverse
of the NT for Equation (8), we obtain

n—1

u(x,t) — T { y lkuk(x,O)} 7! {Siin{[R(u(x,t))

k=0
+N<u<x,r>>—g<x,t>1}} —o. ©)

Substituting from Equation (7) into equation (9), yields

3 a1 (L £ (L 0)}

+77! { Slin{N(gpiui(x,t))
+R (ip"u,»(x,t)) - g(x,t)}} =0.

(10)

Equating the identical powers of p, therefore, after doing
some calculations for the NT and the inverse of NT we
get the wunknown functions wug,ui,ur,---,. Now
substituting into Equation (7) with p = 1, we get the
solution of the problems (2), (3).

5 Applications on NTHPM

we will discuss this method by giving some examples of
linear and nonlinear partial differential equations.

Example 4.1. Consider the generalized biological
population model of the form

2
Ur — Uy, —

ufy—u(l —ru) =0, (11
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subject to the initial conditions
u(x,u,0) =2Vl (12)

Assume that the solution of Equation 11 can be written as
a power series of follows

(x,3,1) Zpul x,,1) (13)

substituting from (13) into (10) for n =1, g = 0,
N = —(u3, +uj, — ru* +u), R = 0 and using the initial
condition (12), yields

Zpiui(xayat)
i=0

- Tl{%pT{ipi(ulmeL u,zw —ui(l— ru,))}} =0.
i=0
(14)

T~ (22 (+h))

On putting the coefficients to the power of p equal to zero
in Equation (14), we obtain series of linear equations
which are easily to solve by using Mathematica software
to give

= T {2 VER)) o 3VE6)

1

uj T1{;T{uo+ru(2)+2u(2)y+2uo+uoyy+2u(2)x
(1 o) V)
+2upuox f p =T 'S —e V2 s =e 2V2 ¢,
s

1

=T ;T{—Zruoul + up + dugyur + 2uiugyy
+ 2uguyy + 4uolt 1y + 2ui o + 2“0”1)0(}}
V2(xty)

T‘{ (57" ,}} {e ;f }

V2(x+y) tz
—=e Zﬁ —
21’

1
=T~ { T{uy — ru] 2ruouy + 2u1),+4u0yu2y
+ 2uouqyy + 2uittyyy + 2ugtnyy + ZM%X + dugyutry

+ 2up oy + 2u Uy + 2u0u2xx}

Vr(xty)
=T -T -t
S 2s

and so on. Proceeding as before the rest of compnents were
obtained, and the 4-term approximate solution of the initial
value problem (10)-(12) is given by

Vrlrty) 2 8
u(x,y,t)=e 22 141+~ +3,

In the closed form the solution u(x, y,?) is readily to be

Vr(xty)
u(x,y,t) =e V2 1. (15)

Ex.sol.
g] =mwees 2_term app.sol
----- 3—term app.sol.

mmeme 4_term app.sol.

aa oz o4 as as 10

Fig. 1: The curves of the exact and approximate solutions of
Example (4.1)

-‘H""'.
15

Fig. 2: The figure explain the surface error for Example (4.1)

Example 4.2. Consider the following linear evaluation
equation
Us + Uy = 0, (16)
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subject to
u(x,0) = sinx. (17)

By applying the same steps used in example (4.1) we can
easily get
uo(x,t) = sinx,

) = T 3T ) =7 31 {sin

sin
= T'{——x} = —sinx-f,
S
Uy = Tl{

© | =

T{—t- ulxxxx}} — 71 { éT{—t sinx}} Fig. 4: The figure explain the surface error for Example (4.2)

12

| —

1
r- smx} = sinx- Dk Example 4.3. Consider the following singular fourth-

order parabolic partial differential equation in the two
2
—UDxxxx 5

1 space variable

s 1 x* 1 y4

| ! 2 utt+2( 6'>MW+2( 6')1/‘””_0 (19)
e orfirfme 5}

s s

1

3

T 1

sinx- —
2

subject to the initial condition

£
e
|
g

| r
T smx} =sinx- 5 6 6

u(x,y,0) =0, u(x,y,0) = 2+6, +6,,

substituting from (13) into (10), takingn =2, R=0

(20)

and so on. The 4-term approximate solution of the initial

value problems (16)-(17) is given by 1 4 1 y4
e vl (b
u(x,t) = Z = sinx—tsinx+ B sinx — = sinx
i=0 13 and using the initial condition (20), we get
r 8 )
sinx<t+—— o e 6
’ Y
2t 3 ;)plui(xvyvt) {2+6' +6'}
i=

which in the closed form gives

1
u(x,t) = e 'sinx. (18) +T ]{ pT{ ( 6,)Z“wx

1
+2< 6') Zulw}} 0, (1)

by butting the coefficients to the powers of p in (21) equal
zero, we get

oz

Exsol

uo(x,t) =T {u(x,yao) + %u;(x,y,O)}

)
----- 2—term 8 sol
PR O X6 y6
I < DL L d-term app.socl. = T 2+ 2+ +
----- 4-term app.sol § 6' 6' 6'
= a(x’y) . t,
aa
oo as 10 15 6 6
. where a(x,y) =24 % + %
) . . . 4
Fig. 3: The curves of tl};xe;ﬁctl :r(lj g)prommate solutions of " 71 —1 T 2ugyyyy n Y uoyyyy | 2U0xexx
ple (4. 52 y? 360 x?
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The 4-term approximate solution of the initial value
problems (19)-(20) takes the form

- a(x?y) :

B o
u(x,y,t) = a(x7y) |:t y + §$:| ’
in closed form
6 6
(5 20
u(x,y,t) = <2+ ol + 7!> sint. (22)

Ex=sol =
+
5 memma- 2-term app.sol. g
LY
----- 3-term app.sol. !
1a K
----- 4-term app.sol. kN
oo as 10 15 e = 2

E]

Fig. 5: The curves of the exact and approximate solutions of
Example (4.3)

Fig. 6: The figure explain the surface error for Example (4.3)

Example 4.4. Consider the one dimentional linear system

U —vy—u—v=_0, (23)

vi—ux+u+v=>0, 24)

subject to the initial conditions

u(x,0) = sinx, (25)

v(x,0) = cosx. (26)

Assume that the solutions of the equations (23) and (24)
can be written as a power series of follows

u(x,t) = ipiui(x,t), (27)
i=0

v(x,1) = ipiui(x,t), (28)
i=0

substituting from equations (27) and (28) into Equation
(10) and using the initial conditions (25) and (26)
respectively, we get the following after equating the
coefficients of the powers of p

1 1
up = TI{ET{qurvoJrvox}} = TI{ET{cosx}}

_1 [ cosx
=T =1-COSX,
S

vy =T"" {%T{vououox}} =7"! {%T{Sinx}}

= —f-sinx,

1 1
Uy = TI{ET{L{] +v +V1x}} =7} {—ET{I-Sinx}}
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= Tl{lsinx} = fﬁ-sinx
N 52 2! ’

1
V) = Tl{_ET{VI +up +M1x}}

=7 {—éT{t-cosx}} =7 {_C(S’;x}

12

= ——-Ccosx
2! ’

1
uz = TI{ET{I/[2+V2+VZX}}

—71! lT{_ﬁ } 71 _l
= e o cosx 3 cosx

e
= —i'slnx

1
V3 = Tl{_ET{Vz—i-Mz — sz}}

1, 1 sinx
_ 1)l —1) _ Smx
=T {ST{Z! smx}}T { 3 }

P
= — -SInx

3!

and so on. Then the 4-term approximate solution of the
Equations (23)-(24) is subject to the initial condition are

2 3
. [ t
u(x,t) = sinx+rcosx — 7y Sinx — 7y cosx
il o . S
= SInx —54-47 + cosx —§+§ s
t? 3
v(x,t) = cosx+tsinx — N cosx+ 3 sinx

7 : 2o , SIS
=Cosx 72—!+4—! — sinx tf§+§ ,

in closed form

u(x,t) = sin(x+1),

v(x,1) = cos(x+1).

10 | oo, —
“'h“‘\"\ O‘&""--
A Ex.sol P
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Fig. 7: The curves of the exact and approximate solutions of
Example (4.4)

6 Discussion

In Fig. (1), Fig. (3), Fig. (5) and Fig. (7) we have plotted
the exact, second, thaired and four’s term-approximate
solutions for the initial value problems (11-12), (16-17),
(19-20) and (23-26). It is clear that, the approximate
solutions — exact solutions and the rate of convergence
can be increased by increasing the numbers of
approximations.

Furthermore, in Fig. (2), Fig. (4) and Fig. (6) explain the
surface errors for the initial value problems (11-12),
(16-17) and (19-20), respectively where, error_u =
|ex. solu.u — 4% app. solu.|.

From these figures we achieved a very good approximation
for the solution of the initial value problems and also for
the system of partial differential equations.

7 Conclusion

In this paper, we present a numerical technique for
solving the linear and nonlinear partial differential
equations taking the advantage of the definition of our
new integral transform and the simplicity of the
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homotopy perturbation method, we transform the initial
value problems to a system of linear equations. By
solving this system, the numerical solution is acquired.
Numerical examples show that the numerical solutions is
in very good accordance with the exact solutions.
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