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1. Introduction

In the literature, several different transforms are introduced and applied to find the solution

of partial differential equations such as Laplace transform [7], Shehu transform [9], Kamal trans-
form [1, 6], and so on. Due to the rapid development in the physical science and engineering
models, there are many other integral transforms in the literature. Through these transforma-
tions, many problems of engineering and science have been solved. However, it has been found
that these transformations remain limited in solving equations containing a nonlinear part. To
take advantage of these transformations and use them in solving nonlinear (system) differential
equations, researchers in the field of mathematics were guided to the idea of forming them in
some ways such as the Adomian decomposition method, see for example [2, 4, 8, 10]. The
decomposition method has been shown to solve efficiently, easily and accurately a large class of
linear and nonlinear ordinary, partial, deterministic or stochastic differential equations [5, 13].
The Adomian decomposition method is relatively easy to implement, and it can be used with
other methods.
The aim of this study is to combine two powerful methods, the Adomian decomposition method
and the double Kamal-Shehu transform method to obtain a better method for solving nonlin-
ear system partial differential equations. The modified method is called double Kamal-Shehu
transformation decomposition method. We apply our modified method to solve some examples
of nonlinear system partial differential equations.

2. Preliminaries

The Kamal transform and Shehu transform are new integral transforms similar to the Laplace
transform and other integral transforms that are defined in the time domain.

Definition 2.1. ([0]) Let A be a function set defined by
3} .
A= {u(m) IM, 1,72 > 0, [u(z)] < Me™ , z € (—1) x [0,00), j = 1,2},

where M is a constant and y1, y2 are finite constants or infinite.
For a function of exponential order, the single Kamal integral transform of the real continuous
function u(x) is defined as follows;

Klu(z)] = f e Su(e)de = F(y),

Key words and phrases. Double Kamal-Shehu decomposition method, Adomian decomposition method, ap-
proximate solutions of nonlinear system partial differential equations.
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where ¢~ 7 is the kernel function and K[.] is the Kamal transform operator.
The inverse Kamal transform is defined by

wa) = K@) = 50 [ EF Gy, n20

2mi KR—i00
Definition 2.2. ([3, 9]) Over the set of functions,
M= {u(t) 3N, K1 k2 > 0, [u(t)] < Ne#:, for t € (=1)F x [0,00), i = 1,2},

the Shehu transform is defined by
o0
Slu(t)] = [ e_ﬂ%tu(t)dt = F(d,p), o, >0,
Jo

where e~ is the kernel function and S is the operator of Shehu transform.
The inverse Shehu transform is defined by

1 wico 1 s
u(t) = STHF(8, )] = —f —enF(8, p)ds, w > 0.
1

2mi w—ioo

Definition 2.3. The double Kamal-Shehu transform of the function u(x,t) of two variables
x> 0and t > 0 is denoted by K, Si[u(z,t)] = F(v,d, u) and defined as

K Si[u(z,t)] =  F(v.6,p) —[ / F+a0 Ju(z, t)dadt

= limg_ee ,3_,“,/ / u x, t)dxdt,
0

It converges if the limit of the integral exists, and diverges if not.

Definition 2.4. The inverse double Kamal-Shehu transform of a function F(v,d, i) is given
by
K187 F (3,6, 1)) = u(x,t).

Equivalently,

=] . ..:+i:>cl s 1
(e, t) = K187 F (v, 6, 1)) = !)2/ mhf BP0 )

w=—1io0

where k and w are real constants.
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We recall that, double Kamal-Shehu transform for second partial derivatives property

K5, [ PU D] 4Py, 0,) — 281u(0.0)] - Slue(0.0)],
2u x, <2

Ko, [P 8 P, ) — £ Klut,0)) — K2, 0L,

Ko [T = P p) — KR, 0)] - Slue(0,0),

where K][.] and S[.] denote single Kamal transform and single Shehu transform respectively.

1. Analysis of Double Kamal-Shehu transform
Decomposition Method

To give an overview of the method, consider the system of partial differential equations in
an operator form as given below:

Lyu(z,y,t) + Ry (u, v, w) + Ny (u,v,w) = fi1(z,y,t),
Lov(z,y,t) + Ra(u,v,w) + Na(u,v,w) = fa(z,y,t), (3.1)
Lsw(z,y,t) + Rs(u,v,w) + N3(u,v,w) = f3(x,y,t),

with initial conditions

u(x’ Y, 0) = g1(x, y);
v(x, Y, 0) = g2(x, y), (3.2)
w(x, y,0) = gs(x, y),

where L1, Lz and Ls are first order linear differential operators L1 = Le = L3 = ai which are

assumed to be easily invertible, Ri, R and Rs are the remaining linear operator, Ni, N2 and
N3 represents the nonlinear terms and fi(x, y, ?), f(x, y, t) and f3(x, y, t) are known functions.
The methodology consists of applying double Kamal-Shehu transform first on both sides of
equations (3.1)

KyS{Liu(x, y, §)] + KyS{Ri(u, v, w)] + KyS{Ni(u, v, w)] = KyS{fi(x, y, 9],
KyS{Lsu(x, y, t)] + KyS{Re(u, v, w)] + KyS{Ne(u, v, w)] = KyS{fa(x, y, 9],
KyS{Lsu(x, y, t)] + KyS{Rs(u, v, w)] + KyS{Ns(u, v, w)] = KyS{fs(x, y, 9)].

Using the differentiation property of double Kamal-Shehu transform, we have
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Application of inverse double Kamal-Shehu transform to equations (3.4) leads to

uzyt) = K —K[ql (z, yH Lk, WSilfilz,y, )]

Ky_lsfl —A St [Rl(u v,w) 4 Ny (u, v, w ]
K[Q?( )+ KuSr oz, y.t }

v(z,y,t)= = Ky'ISA 5

Ky_lSt'1 %KySt {Rg(u, v,w) + No(u, t,gw)}:, (3.5)

K,H'IS,"' %K[g;;(m )+ %KySf[fa(:c-y,t)]]

%K;,St [Rg(ﬂ-, v,w) + Na(u,v, w)}‘ .

The second step in double Kamal-Shehu decomposition method is that we represent solution
as an infinite series:

w(z,y,t) =

- k'S

u(z,y,t) = iui(az.i 1),

o(z,y,1) Zv ,y,t), (3.6)

U}(.E, Y t) = Z Tl/'j(f’;. Y, t)
i=0
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and the nonlinear term can be decomposed as

Nl = i A;‘,
i=0

M:i&, (3.7)
i=0

Ny=)
i=0

where A;, B; and C; are Adomian polynomials denoted by formula

gy 1d | s 1d |, «
1§:Au4 . Bi= ﬂiM[QE:AUl , Ci= HHTFSEZAM] (3.8)
A=0 A=0

A=0

Lol
A=aa |

Substituting equations (3.6) and equations (3.7) in equations (3.5), we get

f;( pt) = K57 (BRIl + 5K S0,
o LT D3 S 9| RN
i
Z:U(I-yt} = K57 BRIl + 5K S (.. )] 39)
- s tnsla(En T s
i( vi) = ;'S SKlpley)] + 5K, St 1)
- K;lsgli KSt[Rg(iul,ivi,iw,-)]+§Kys¢[ciﬂ.

i=0 1=(0 i=0
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On comparing both sides of the equations (3.9) and by using standard Adomian decomposition
method (ADM), we then define the recurrence relations as

uU(I7t) = KJIS;I{%K[gl(mzy)]+EK!/St[f1(I7yvt)]]:

5
wie,t) = K57 S Rlga(e.)) + 5K S olap.0)].

wolwt) = K8 ERlgaw.u)) + K, Silfa(a 1),

un(z,t) = —K;s—l[%fc Si[ Ry (uo, vo, wo)] + & Kst[AU]]
nlet) = —K;'S [ K, S [Ra (1o, vo, wo)] + & KySt[Bo],
wi(z,l) = —Ky-ls;l[%Kyst[ﬁg(uo,uo,wo}+ Kyst[co]},
us(z,t) = ny_ISt*l[%KySt[Rl(ul,ul,wl}Jr KSt[Al]],
va(z,t) = ny’IS[l[%Kyst[Rg(ul,vl,wl}Jr KSt[Bl]
wo(x,t) = —KJIS;I[%Ky81[R3(’LL17’U1,U)1} KyS,g[Cl

In more general, the recursive relation is given by

qu(ﬂc,y,t) = _Ky_1St_1 [%KySt {Rl(ui,v@',w@-)] + EKySt[Ai]}, 1 2 0,

0
visa(z,y,t) = K, 57 [%Kyst [Ro(ui, v, w;)] + %Kyst{Bi]}, i >0,
w1+1(az,y,t) = *Ky_lst_l {%Kyst [Rg(ui,’t)i, wi)} + %KySt[Ciﬂ, i Z 0.

The recurrence relation generates the solutions of (3.1) in series form given by
u(z,y,1) ug(w,y,t) +ur(w,y. 1) +ug(w,y. ) + -+ w2y, )+,

v('rﬂy?t) = vo(m,y,t)Jrvl(m,y,t)+v2(.r,y,t)+---+v¢(x,y,t)+---,
’U)(.TC,’y,t) w0($,y,t)+w1(:c,y,t)+w2(x,y,t)-|-~-'-|-wi(x,y,t)-|-'-'.
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1. Applications

In order to illustrate the applicability and efficiency of the double Kamal-Shehu decomposi-
tion method, we apply this method for solving some kinds of nonlinear system partial differential
equations.

Example 4.1. Consider the following nonlinear partial differential equation

gt (2, 1) = g (2, 1) + 12 (2, 8) = 2242, t>0, (4.1)

subject to the conditions
u(z,0) =0, wi(x,0) = x, (4.2)
u(0,t) =0, u.(0,t) = t. (4.3)

Taking the double Kamal-Shehu transform first on both sides of (4.1), then by using the
differentiation property of double Kamal-Shehu transform, we have

52 ) 1 1
?F(’Y?év ,U,) - EK[U(Ivo)] - K[ut($'0>] - ?F("y,(i Ju) + ;S[U(O, t)] + S[“I(O*t”

= K S5z%?) — K,S:[u?]. (4.4)
Application of single Kamal transform to (4.2), single Shehu transform to (4.3) and substitute

in (4.4), we have

#'2 4’73”3

(726‘2—,&2)F( 5. 1) 2 i K S[ 2] (4,)
— O ) = — — — K, S[u?], .
'TZ,UZ 7> / Y 52 53 t 2
by simple computation, we get
22 2,2 3,3 22
Y v 4y Y
F(v,6,p) = L& 4 = . M K,Su?. (4.6)

0% (R0t —p?) 0% (7207 —p?)

Taking the inverse double Kamal-Shehu transform in (4.6), our required recursive relation is
given by
2,2 3,3 2,2
_ Sl o . 2t TH 2
u(w,t) = at + K;'S; [(7252 A ey el 1] (4.7)
The double Kamal-Shehu decomposition method assumes a series solution of the function u(x, )
is given by

oo

ula,t) = wilx, ). (4.8)
i=0
Using Eq. (4.8) into Eq. (4.7), we get
o0 2.2 3,3 2,2 o0
_ _ C1g-1 T LN A . _
;uz(xwt) =at+ K, St |:(7252—,u2) 53 (WQJQ_MQ)KzSt [;Al(u)] H (49)
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where A; are Adomian polynomials that represent nonlinear terms.
So Adomian polynomials are given as follows:

Z Ai(u) =22,
=0

The few components of the Adomian polynomials are given as
follow:

Ao(u) = u'(z). Ay (u) = 2uguy, ..., Ai(u) = Zuru(i_,,).
r=0
From Egs. (4.9) and (4.10), we obtain
ug = i,

2,2 3,3 2,2 %
“1g-1 Y Ay Vil :
uipi(x,t) = K5 (7202 — p2) - (1202 — Mz)Kﬁ"StD :A7(u)]
i=0

Then the first few components of u;(z, t) follow immediately upon setting

- 2,2 3,3 2,2
wi(a,t) = 1(;15;1_(72;{ #2)4753u 7(72;26 ug);{ms,,[Ao(u)]}

- 2,2 3,3 2,2

= K;'S7! -(72;72/1 ”2)476;0 B (723;1“2)[@5?’ [:’j_ztzﬂ

L peiga[ e 4 473#3]

x Mt _(7252_/1’2) 43 (72(52_152) 53
= K,'S;'[0]
= 0

Similarly, us(x, ) = 0 and so on for rest terms.

.12 0.

(4.10)

Therefore, the exact solution obtained by double Kamal-Shehu decomposition method is given

as follows:

u(z,t) = Zui(:c,t)zsct.

(4.11)

[2024(yse—ﬁl-k)(zs)ma(lz)M\ 9 ﬁaw‘a-ul-?l.w]
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Which is the required solution.

Example 4.2. Consider the system of nonlinear partial differential equations

g+ UgVy = 2,

vt + Uy, =0, (4.12)
with initial conditions (
U .’L’,O) =z,
v(2,0) = . (4.13)

Applying the double Kamal-Shehu transform to both sides of equations (4.12), we have
2U(r.8,1) = Klu(z,0)] = K;5[2) = Ko Silucve],

4.14
BV (3,6, 1) — K[ol,0)] = — K, Sevs]. (414
Application of single Kamal transform to (4.13) and substitute in (4.14), we have
B T 1
U(’Ya&, l'-") - + 52 6Kzst[“zv.r]1 (415)

V(’Yvévﬂ) = j_JE - %Krst[uivi]'

By taking the inverse double Kamal-Shehu transform in (4.15), our required recursive relation
is given by
u(z,t) =z +2t — K, 15! [%szt[uxvx]} ,

4.16
v(r,t) =2 — K718, ! [%‘K,St[uxvz]]. (4.16)
The recursive relations are
ug(z,t) = x+2t,
0o
uisy(x,t) = —K‘_;]S,__l [%KIS;_ [Z C,(u,n)}]._ i>0,
i=0

v(z,t) = =z,

viai(z,t) = —K7187! %f{,,,st [ZDi(u,v)} i 0,

1=()

(4.17)

[2024(yse—ﬁl-k)(zs)ma(lz)M\ 10 el wb‘dm]
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where Cy(u, v) and Dj(u, v) are Adomian polynomials representing the nonlinear terms [12].
The few components of Adomian polynomials are given as follow

Co(u,v) = UpsVos,

Ci(u,v) = UpeVip + U1pV0a,

Co(u,v) = Uy + UipV1p + UopVos,

C3(u,v) = UpeV3z + UreV2r + U2eVie + UseVou,

n
Cn(uvv) = Zuizv(nfi)an
i=0

Dy(u,v) W0z V0z 5

Di(u,v) = UpzViz + U1pV0q,

Dy(u,v) = upeVe + 1oV + Uop Vo,

D3(u,v) = UpgVse + U1pV2s + UzeVle + Use Vs,

n
DH(U,U) = Zuizv(nfi)z'

i=0

Using the derived Adomian polynomials into (4.17), we obtain

T+ 2t,

v(z,t) = =,

up(z,t) = —K;lst_l:%KmSt[Cg(u,v)H

= —K;lst_l -%K_T;St [UO$U0$]:|

LK1

]

ug(z,t)
.

= K] 'St
= -t
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i)1('75575) 7K:12715t_1
—KJ?IS;I

—K:;IS;1

ug(x, )

v, t) -K;'s !
_K_E_IS;I
7K:;15t_1
0.

[y
"k,
5 St

L 42
-%KzSt

I
"K,S
Ly et

[
"k
g e

[Dol(u, v)]]
{uomvom}]

[1]]

[C’l (u, ’u)”
[0z V12 + ulmvo:uﬂ

0]

[
LK,S
5 t

7
LK,
5 e

[Dl (u, v)] ]

[UO:EUI;S + ulmv()a:]]

]

Similarly, us(x, ) = vs(x, ) = 0 and so on for rest terms.

Therefore, the solution of system (4.12) obtained
are given by

by double Kamal-Shehu decomposition method

oo
U(I,t) - Z ui(ya t) =x+t,
i=0
v(z,t) = vi(y,t) =z —t.
i=0
[2024(3#39—)5‘-15)(23)4-\11\(12)5\-2&\ 12 el mb‘dm]
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Example 4.3. Consider the system of nonlinear partial differential equations
Uy + Uy Uy — Wy = 1,
Uy — VpWy + Uy = 1,
Wi — Ugwy + vy = 1,

(4.18)
with initial conditions
u(z,y,0) =z +y,
'b'(,’}f, Y, U) =T =1, (4‘19)
w(x,y,0) = —x+y.

Taking the double Kamal-Shehu transform to both sides of equations (4.18), we have

) ) o

;—’(L(.'I:_."f._ &, p) — Klu(x,y,0)] = ‘Y; + Ky Si[wy — ugvy),

1L

)

;n(;r:, v, 0, 1) — Kv(z,y,0)] = ’% — K Si[uy + vpwy], (4.20)
Em(:}:, v, 6, 1) — Kw(z,y,0)] = % — Ky St[vy — uzwy].

Application of single Kamal transform to (4.19) then substitute in (4.20) and rearranging the
terms, we have

u(z, 7,0, ) = 5_2 + %(m +77) + %Kyst[wy — UgVs],
v(z, 7,0, 1) = % + %(m -7 - %Kyst[uy + vpw,], (4.21)
w(z,y,0,p1) = ’Y(;JQJ ( zy + 72) - %Kyst[”y — Uy Wy].

By taking the inverse double Kamal-Shehu transform in (4.27), we get

’U,(Zl?7 Y, t) = t +x+ Y + K,U_lst_l {%Kyst[wy - ’M;;;T’;,;]},

v(z,y,t) = t+z—y— K,y_ls;l {%KySt[uy + ’U_T’IU;,;]], (4.22)

w(z,y,t) = t—a+y— Ky_ISt_l {%KySt[z)y — urwz]]
[2024(3¥3ﬂ—)ﬂ‘-‘ﬂ)(23)4.\d\(12)3\-h5\ 13 mald! wb‘d—m]
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The recursive relations are
up(z,y.t) = t+z+uy,

wipr (2, y,t) =

vo(z,y,t) = t+x—y,
vivr(z,y.t) = —KIJIS,_'
wolz,y,t) = t—ax+y,
wivi(z,y, t) = —K;_,_IS,__I

[ oo o0
Lo,
%I\,!Sz Z“”’ + Z Fi(v,w)
[ i=0 i=0
. [ oo o0
%]\’_US} Z Viy — Z Gi(u,w)
| i=0 i=(0

i=0

i Wiy — i E;(u,v)

Lol | 1
K, s, ! [%I\US,_ [
i=0

H_m_

H i>0, (4.23)

s

where E{(u, v), Fi(v, w) and G{(u, w) are Adomian polynomials representing the nonlinear
terms [12] in above equations. The few components of Adomian polynomials are given as

follow
EO (’LL, U)

E1(u,v)

E;(u,v)

E)(va)
Fi(v,w)

Fi(v,w)

G()(’IL, w)
Gl (’IL, IU)

Gi(u,w)

Uz V0o

U1z V0x + U0z V1,

i
E UnzV(i—n)x,
n=0

V0z W0z,

V13 Wy + VoxWig,

i
E UnazW(i—n)x,
n=0

Uz W0z

U1z Woz T U0z Wi,

i
UnzW(i—n)x-
0

n—
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In view of this recursive relations we obtained other components of the solution as follows:

el c— L - _ L
ui(z,y,t) = K, gt [%I\,,S, [woy, — Eolu, ‘u)]]: K, lg! [%I\USI [woy, — u(]‘,,'m,:,,]}

= K,'s;o]=o0.

vy (x,y,t) 711'11_'5‘;1 [%KHS,, [ty + Folw, u)]] = 71\'1,1_155‘,_1 [%I\'HS,,[(L”,, + 'u[,‘,.w(,‘,,]]

= —K,'st [0} -0,

a1 B et [H
wy(z,y,t) K, gt [Ehybf [voy — G'O(’u.,-u)]] =K, 't {31\_(,5', [voy — ’“U.u"”u,,:]]

= —K,'s! M =0.

So, uz(x, y, t) = v2(x, y, t) = wr(x, y, t) = 0 and so on for rest terms.
Therefore, the solution of system (4.18) are given below

u(z,y,t) = Z ui(x,y, t) =t +x +y,
i=0

v(x,y,t) = Z'u,_(:t'.y. t)y=t+z—y,
i—0

w(z,y,t) = Z wi(z,y,t) =t —x+ y.

i=0

Example 4.4. Consider the system of nonlinear partial differential equations

v +vyw, =1 — et (4.24)

wy + v, = 1+ et
t

wy +uywy, =1—e

with initial conditions

v(x,y,0) =1+ —y, (4.25)

w(z,y,0) =1+ x+y,
w(z,y.0)=1—z+y.

Taking the double Kamal-Shehu transform to both sides of equations (4.24), we have

%u(:r.’y, 8, ) — Klu(z,y,0)] = % + 5'21# — K Si[uyvg],

S e~ 5 e/ ., Al )
;r(x,w.a,u) — Klv(x,y,0)] = s Stn K, Si[vyw,], (4.26)
3 . - Vi TH - o

;‘u'(:r, ¥, 0, 1) — Klw(z,y,0)] = 5 i+ m — K5 [u,w,).

Application of single Kamal transform to (4.25) then substitute in (4.26) and rearranging the
terms, we have

2 2 2
B S TG | S o ;

u(z, v, 6, p) = 5 + 5 — 5 + 52 + 50— 51&y5t[uyt,].

2 2 2
' I e Y T

v(x,y,0,pn) = r + 5 ’5 + >z m - EI&,,..S;[I,'_,J'EU;J,].

2 2
T T I Y T
w(x, v, 6, 1) = — — B e £ (O )
w(w,y, 64 =5 =5 PR =R 17 s Sl SRR
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by simple computation, we get

u(x, vy, 0, 1) = 0_‘1'“#

ot = 72
. Y

w(x, 7y, 0, 1) = it a

2 y pr
+ ’)'é_,u + ’o'.t.; + % — ';—_I{.Uf}',_[uyu:,.],
2 2 ypr g
h % 1:_2 “; - %Ausﬂ [vywa], (4.27)
Y et ypr p

— —— — =K, S [u,w,].

d 42 ] é

By taking the inverse double Kamal-Shehu transform in (4.27), we get

ulz,y.t) = et + y+t+ax— K’;1Sfl [%I(HS,{[HHT}.E]] ,
v, y,t) = e f—y+t+a— K]S {%R’yst[t:yw_r]].
w(r,y.t) = e 'Hyt+t—ax— K’;l.gfl {%K’«USL [uywy]] .

uo(x,y,t) =
wipr(x,y, t) =
volz,y,t) =

vigr (T, y,t) =

wo(x, y,t)

wiyy(x,y,1)

The recursive relations are

et +y+t+a,
—K;'S!
e
*K_q_lsf,_l
o

—K s

Pyt +m,

"+y+f,—:r:.

[ o
LK,S, ZIL(u,v)J], i>0,
Li=0

[

5 KyS

ih(“‘ u,-):|:| Lt =0,
Li=0

L.
%I\ySt

iJ;(H, u:)]], i >0,
Li=0

where Hi(u, v), I{v, w) and J(u, w) are Adomian polynomials representing the nonlinear terms
[12] in above equations. The few components of Adomian polynomials are given as follow

Hy(u,v)
Hy(u,v)

Hi(u,v)

To(v,w
I(v,

Lw)

Uy Vo

U1y Voxr + Uoy U1z,

i
E Uy V(i —n)as

n=0
Voy Woa

ViyWoz + VoyWiz,

i

E UnyW(i—nyzs

n=0
Upy Woy

Uy Woy + W0y tW1y,

i

E UnyW(i—nyy-

n=0

[ 2024 ( sz i) (23) 33 (12) B
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In view of this recursive relations we obtained other components of the solution as follows

wa(z,y,t) = —K

— L
w (z,y,t) = qu’lS, 1[';
2
rla—1[TH
= I(ylSrl[—z]:
o _ L
1‘1(.1". Y. t) = _‘K‘u 15! ! [% L
2
—1g-1[TH
= K50
wi(z,y,t) = —KU‘IS,”E .S
2
-1 o-1[TH
up(z,y.t) = —KJISfl[%
A la—1[H
va(,y,t) = —K,5 [Shysl

[Jo(u, u,)]] - _Ku_lsl_l [E

(S Ky S{ [b:[)y'll)()y]]

Sy [H; (u, @)ﬂ = —Ky_ISfl [EK Stluiyvos + ugui.-m” =

[I7 (v, w) }]= -K; 15 [ K, Si[viywes + f’(lq“‘u]}= 0,

Lo . - —
'LhySt [71(u, w)]] =-K,'S, [E K, Si[urywo, + ll-oy’tl.'ly]] =

So, us(x, y, t) = vs(x, y, Y) = ws(x, y, ) = 0 and so on for rest terms.

Therefore, the solution of system (4.24) are given below

u(z,y,t)

v(z,y.t)

w(z,y,t)

o0
Z ui(z,y,t) =e' +y+t+a—t
i=0

el +y+ux,

o0

Zt',t’y!’ -_'—y+f.+.-z.'—{.
i=0

et — Y+,

z wi(z,y,t) = etty+t—z—t
i=0
ety — 2.

Which is same as solution obtained by variational iteration method (VIM) [11].

[2024 (3 — i) (23) 20 (12)
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12.

13.
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