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Abstract:

In this paper, we combine two methods, triple Laplace transforms and Homotopy Perturbation Method (TLHPM)to
solve the problems and mixing problems of science and engineering. (TLHPM) is used to realize accurate and perfect
solutions of nonlinear partial differential equations (NLPDESs) subject to the initial conditions. Also, in this work, we
are particularly interested in nonlinear partial differential equations with their initial conditions. Finally, the triple
Laplace Homotopy Perturbation applied to find the solutions of nonlinear partial differential equations in three
dimensions; also, we study some Convergence theorems and some properties.

Keywords: Triple Laplace Transform, Convergence Triple Laplace Transform, Homotopy Perturbation Method,
nonlinear partial differential equations.

1-IntroductionSection

In recent years, many authors have devoted their attention to studying solutions of nonlinear partial differential
equations using various methods. Among these attempts are the Adomian decomposition method, homotopy
perturbation method, variational iteration method [1-5], Laplace variational iteration method [6—9], differential
transform method, reduced differential transform method, and projected differential transform method.

P. S. Laplace (1749-1827) introduced the idea of the Laplace transform in 1782 [15]. The Laplace transform,
denoted by the operator, L is defined as:

LIf (@):p)]=] e f )z, t>0 (M)

Where r >0and p=a+ib,i Z\/—_l.
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The main objective of the study is to extend the method of Homotopy Perturbation algorithm to convert the one-
dimensional triple Laplace Homotopy Perturbation method to three-dimensional triple Laplace Homotopy

Perturbation methods to solve linear and nonlinear partial differential equations. The advantage of this method is Its
capability to combine two powerful methods to obtain accurate solutions and study the convergence of obtained
solutions to linear and nonlinear three-dimensional equations. Several examples are given to reestablish the

effectiveness of this method.[14].

2-Definitions and Theorems of Triple Laplace Transform [10-13]

Definition 2.1: Let f (y,y,7) be a function that can be expressed as a convergent infinite series, and let

(x,7,7)€R; , then, the triple Laplace transform is denoted by:

Ll ey e )= |, [ e (r.r.0d xdydr,
Where, y,7,7>0and o, p,v are Laplace variables, and

1 a+io 1 J~ﬂ+ioo
i

1 A+io
LV, T)=——o e [— e’ [— e f (o,p,v)dvid pldo,
frn=g =] e ], el =] e (@ pvidvid p)

is the inverse triple Laplace transform denoted by: L' .

Theorem 2.2: letF, (p) denote Laplace transform of n" derivative,f " (7) of f (z), then: for n >1,

F(p)=p"F(p)- S p"f ©(0),

To obtain triple Laplace transform of partial derivative we use integration by parts, and then we have:

L [af (£,7,7)

3 :IZVF(O',p,V)_f(ZJ/aO)ﬂ
T

of (17,7 o (x.7,0
La[—f L )}:sz(a,p,m—vF(a,p,m——f L1,

Convolution Property: [16]
If single Laplace transform and double Laplace transform convolution theorems becomes of
F(y,y),G(r)&F(y,y,t) withrespect to t are given by

L AF (.0} =f (o), L AF(x.7.0)} =f (2, pv)&L_{G(2)} =g (v) then,
LAG(@)*F(1,0)} =L AG@)}LAF (1.0)}=g0 ) (x)

Where G()*F(y,7) =J7.G(r—t)F(;(,r)dt. and

LAG@*F(x.7.0)} =L, {G@}L, {F(x.7.0)}=g0) (x.pv)

Therefore, by using double Laplace transform convolution theorem becomes
L AG(@)*F(y,7,0)}=L,, {IG(T —1)F (1.7, T)dt}
0
=g (G,7v).

L, {jG(r—t)F(;(,y,r)dt}sz {G(r)*F(;(,}/,r)} =gW)f (o,p,v)

3- Triple Laplace Homotopy Perturbation Method for Linear PDEs[17-18]

2

3)

“4)

To illustrate the basic idea of this method, we consider a general linear nonhomogeneous partial differential equation,

2
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Ru(y,y,0)+0u(x,7,7) =g (X, 7,7), (5)
with the initial condition,
u(x, 7,0 =1 (x.7), (6)

where Ru(y,y,

)=, W is the partial derivative of the function u(y,y,7) of the first order, O represents

the general linear differential operator, and g(y,7,7) is the source term.

Applying the triple Laplace transform (denoted in this paper by L, ) on both sides of Eq. (5), we get:

Ly [Ru(x.7,0)]+ Ly [Qu(x. 7. 0] =L [g (.7, 7)]. (7)
By using the properties of triple Laplace transform, we obtain:

BVL[u(r.y.0)]=Bf (2.7)+Ls[g (.7, D)= Ls [Qu(x.7.7)], ®)
we have

Lifu(z.r.0]=vf () + BV 'Li[g(r.r.0)]- BV 'Ly [Qu(x.7.7)], ©)
Operating the inverse triple Laplace transform on both sides of Eq. (9), to get:

u(z.y. ) =L v fn}+ LBV L (.70} - L {7V 'Ly [Quz.7.D)]}, (10)
Now, we apply the Homotopy perturbation method

u(zr )= 3", (2.7.). (an

n=0

Substituting equation (11) into (10), to obtain:

ip"un (27,0 =G (1,7, 1)~ p {LJ (ﬂlvlLs {ip”Qn (27 T)D}, (12)

Where G(y,y,7)represents the term arising from the source term and the prescribed initial conditions.

This is the coupling of the triple Laplace transform and the homotopy perturbation method using He’s polynomials.
Comparing the coefficients of the like power of p , the following approximations are obtained:

P ug(x,7,0)=G(1,7.7)
Pl (z.y.0)=—L (B VL0 (1.7.D)]).
PP (. 0)=-L (BV'L; [0,(x.7.0)]).

p" i, (17,0 =—L (BV'L[Q, (2.7.7)]),
Finally, we find the approximate analytical solutionu (¥, y,7) by truncated series

w7 t) =ty (. y.7) + S, (1707). (13)

n=l1

Example 3.1: Consider the linear partial differential equation,
pu.(x.y,0)=u, (1,7,0)+u,,(x,7,7)+e*” (14)

With the initial conditions u(y,7,0) =/ (x,7)=d (d is constant)
Solution: From equation (12) we get the powers series of p as follow:
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pozuow»yar) = d

T 4+
pl:ul(ZayeT):Eel ’
2 Tz +
p :uz(layar)zz_ﬂzel ’
3

=u, (1, 7.7 =L e
P =u(x,7,7) o5

n

T
"=u (y,7,7)= er
p'=u,(.7.7) Y

Thus,

n+1

u(y,y,7)= Zu (1,7,7)= d+z+l—'ﬂn+lez+7,

u(y,y,7)=d +e“7{ 1]

3.2. The Convergence of the Solution TLTHPM for Linear PDEs
Lemma 3.2.1 If / be continues function then,

%Ef (r—s)ds =/ ()

Proof
Suppose that If (ndy=F(y)+c

Assume that
y=7—-8 => dy=-ds
:»ijf (r—s)ds =—£Tf (;()d;c=ijf (0)d x
oy, ot~ oty
0 0 0
= [F@O-FO]=2-F@)-—F0)=f )

.-.aijf(r—s)ds =f (1)
Z-0

Lemma 3.2.2 Let L,is triple Laplace transform, then
or,.

E[Lgl (Ls[f GerD]) |=f (rorot)

Proof: Let

0

E[L;I (L[f (oroD]) = %[L;l (L 1L o)) |
=£[L;l (L[1+f (z7.0)]) |

=§Df (Z,%T—S)dS}f (£7>7)
T 0

Theorem 3.2.3 (Convergence Theorem)
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f the series u (y,y,7)=u,(y,7,7)+ Z”n (x,7,7)1s convergent, then the limit point converges to the exact solution

n=1

of equation (5) which is calculated by TLTHPM

uy(2,7.0) +u, (07, 0) =L (7.0 = BV 'L [0 (2.7:0)]}
u, (1,7,0)=={L (BV' L]0, (7 D))}, n>1

Proof: Let

V(x,y,7)= Zun (x,y,7) converges to the limit point.

n=0

Now

0 0 &
___I/ s/ s = ~ )
B~V (2.7:7) ﬂargun(z ¥.7)

=ﬁa—i[uo(zam)m(zam)+iun(1,7,r)}

n=2

J%LZI{/‘ )= L [0 [y )] = 2L (87 L [0, oy ’”H)}
0 0 [ -1, ,-1
=pf (1,7)—Q[“o(7(,7,7)]‘5[;L3 (v'L[o [un%%ﬂﬂ)}

& 0 1, -1
= O_Q [MO(}(,}/,T)] - ZE[L: (V L3 |:Q [un (1’7/97)]:')]
By lemma (3.2.2), we have:
BV (D) =03, (1:7:0)

Then,V (y,y,7)satisfies equation (5).

So, it is exact solution.

4- Triple Laplace Homotopy Perturbation Method for Nonlinear PDEs [18]

In this section, we will illustrate the basic idea of this method; we consider a general nonlinear nonhomogeneous
partial differential equation

Ru(y,y,0)+Qu(x,y,0)+Nu(y,7,7) =g(x,7,7), (15)
with the initial conditions
u(x,7,0)=1 (1.7, (16)

is the partial derivative of the function u(y,y,7) of first order, R &Q is the linear

where Ru(y,y,7)= %
T

differential operators, NV represents the general nonlinear differential operator, and g (x,y ,t)is the source term.

Applying the triple Laplace transform on both sides of Eq. (15), we get:

Ly[Ru(z.7, 0]+ Li[Qu(x. 7. 00|+ Ly [Nu (2. 7.0)| =L [¢ (2.7. )], (17)
Using the properties of triple Laplace transform, we obtain

vL[u(r.r.0=f (1.1 +L[g (. 7.0 - Ly[Qu (. 7.0) + Nu(z.7,7)], (18)
we have:

Lu(r.y.0]=vf G +v ' Li[g(z.r.0]-v Ly[Qu(x.7.0) + Nu(.7.7)], (19)
Operating the inverse triple Laplace transform on both sides of Eq. (19), to get:

u(x.7.0)=f (L +L Vv (Ly[g (2. 7,0)] Ly [Qu(x.7. D) - Ly [Nu(x.7,7)]), (20)

we apply the Homotopy perturbation method
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()= pu, (1.7.7) (1)

n=0

The nonlinear term can be decomposed in the following way:

0

N [u(x.7.0)]=D p"u,(x.7.7), (22)
n=0
Using the He’s polynomial A, (u) given as follows:
1 0" <

H, (uyu,u,,u,)= N "u, (%, 7,7) |,n=0,12,-- 23

NCTETINTSEETY F(n+1)6p"[ ;p (2.7 )} (23)
Substituting equations (12) and (13) into (11), to obtain,
Do u, (.70 =f (1. 7)+p {Lf (VIL3 [g (.70 =0 p"u,(x.7,0)+ . p"H (1.7, T)D}, (24)
n=0 n=0 n=0

This is the coupling of the triple Laplace transform and the homotopy perturbation method using He’s polynomials.
Comparing the coefficients of the like power of p, the following approximations are obtained:

P (1.7, 0) =1 (2.7)
p] :ul(ZJ/aT):L;l (V71L3 [g(layar)_Q [UO()[,}/,T)]—HO()(,]/,T):')
PPy (.y.0) ==L (V'L AQ [, (7.0 + H (1.7.7)})

P, (2,70 ==L (v 'L (O [u, (2.7, 0)]+ H, . (2.7.7)})
Finally, we approximate the analytical solution u (x,y ,t) by truncated series

() =ty (.y.7) + S, (7o), (25)

n=1

Example 4.1:  Consider the nonlinear partial differential equation
uy(ZaVaT)ur(Z:%T)_uﬂ(la%f):u(la%f) (26)

with the initial conditions
u(OJ/af) =), uz(oaﬁ/ﬂ') =-1

Solution: From equation (24), we get the powers series of p as follow:

pl=u (g, y.0)=yrr—%
HO“(ZJ/:T)ZJ/T

af 1
pl :ul(/’{aj/ar):_[‘;(;Iﬂ [MO(Z?y’T)_HOM(Zayar)]j

=-L] (ﬁ% [—Z]j

(4]

3

ul(z,7,r)=%



http://jceps.utq.edu.iq/

jeceps.utq.edu.iq

0 0
H“(Z 7/52-)_ }/ 0(/{57’7) O(Z 7/,7)+ }/u (Z 7/51—) u (Zayaz-)

(1
P’y (g.y,7)=-L [?Lz [ul(;c,y,r)—Hlu(;c,y,r)]j

i[5
(S )

5 2
A A

2(,’{,}/,7)— 5' + 2 7/7
The approximate series solution is,

3 5 7

x_x 1. X
u(y,y,0)=yr—y+-——"— +—yyr+=..
Gy D) =yr—x+ 5= 5T

This can be written as:

3 5
I R AR A
u(y,y,t)=yr {Z TS }

By using Taylor’s series, the closed form solution will be as follows

u(y,y,r)=yr—siny
4.2 The Convergence of the Solution TLTHPM for Nonlinear PDEs
Theorem 4.2.1 (Convergence Theorem)

Suppose that equation (25) converges, then we write the limit point as

V(2.7.0)=> u,(1.7.7)

n=0

8 0 &
=>—"V(y.o)=—Du,(x.r.7
> (17 ar; (2.7.7)

=%[uo(ﬂc,7,r)+2un(mm)}
:{ f(ZJ/) ZL v { 3Q[un—l(l’y’r)]_‘_L}[Hn—l(Ziyir)]}j|
j[ U (0} ZL v {LO[u,(x.7.0)]} - ZLI MLH, m]}}

=—f( ,y)——{ZL ‘5L 3Q[un(x,y,r)]}}5[2%15I{Ls[Hn@f’y”)]}}

0 > -1, -1 o O -1 -1
>V ()= Ef (2.7) - ;5(4 vH{LQOu, (2.7 D]}~ gg(a v L[H, (7.0}, 27)

By lemma (3.2.2), equation (27) becomes.
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a—iV (270 =0- 3 0lu, (270~ X, (1:7.)

n=0

=—Qiun(;(,7,f)—N S, (1.7.7)

n=0

6-Conclusion

In this work, we discussed the definition of the triple Laplace homotopy perturbation method, some important
theorems and properties have been presented for this relatively new transformation to find the solutions for linear
and nonlinear partial differential equations in three-dimensional space under the initial conditions. The triple Laplace
homotopy perturbation method was studied to achieve the solutions. The convergence of the obtained solution to the
exact solution by using the triple Laplace homotopy perturbation method is proved.
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