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Abstract. This article presents an exact analysis solution for high order (2+1) dimensional differential equations by using
efficient approach based on coupled method via LA-transform with decomposition method to overcome the computational
difficulties. Convergence of series solution has been discussed with two illustrated examples, and the method has shown a
high-precision, fast approach to solve non-linear (2+1) dimensional PDEs with initial conditions, there is no need any
discretization of domain or assumption for a small parameter to be present in the problem. The steps of suggested method are
casy implemented, high accuracy and a rapid convergence to the exact solution compared with other methods can be used to
solve this type of PDEs.

Keywords: (2+1) D-PDEs, ADM, LA-transform, Coupled Method, Convergence Analysis.

INTRODUCTION

Partial differential equations (PDEs) have been use to described many important models in real life, such as
contamination, heat, waves, contamination and reaction model [1-4]. So it is important to find their solution. As
exact analytical solutions are only available in few cases, the construction of efficient approximate or numerical
methods is essential [5]. In recent years, many authors have focused on solving non-linear PDEs using various
methods such as HAM [6], VIM [7, 8], DTM [9], HPM [10-11], ADM [12-13], coupled method [14], semi
analytic technique [15] and parallel processing technique [16]. Recently, modifications of efficient methods have
been used in wider scope to solve different types of PDEs [17-19]. From these types is (2+1) dimensional
differential equations ((2+1)D-PDEs). In 2001 Wazwaz and Gorguis [20] solved linear (2+1)D-PDEs by using
ADM. Soufyane and Boulmaf [21] solved non-linear parabolic equation with variable physical coefficient in
space and time and got analytical solution by using ADM. Achouri and Omrani [22], get numerical solution of
PDE of type damped generalized regularized long-wave equation (DGRLW) by using ADM. Also, several
numerical methods are used to find numerical solution of nonlinear (2+1)D-PDEs such as [23-24]. Many
researchers find solitary wave soliton solutions for (2+1)D-PDEs for more details see [25-26]. Other researchers
used new approach to get exact solutions of the generalized (2 + 1) D- PDEs for more details see [27-31]. In this
article new combine of LA-transform with decomposition method is presented to solve (2+1)D-PDEs to get exact
analytic solution.

LA- Transformation [32]
In 2018 Jabber and Tawfiq defined LA- transformation for a function f{¢) as follow:
f&) =T} = ;e tf (2)at
Where (s) is a real number, for those values of (s) the improper integral converge.
This transformation has domain wider than in Laplace transform (LT) and has some interesting properties
which make it rival to the Laplace Transform. Some of these properties are:
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1. The domain of the LAT is wider than the domain of LT. This feature makes the LAT more widely used in
problems.
2. Depending on [32] the LAT has the duality with LT, therefore, the LAT can be solve all the problems which be
solved by LT
3. In the #~-domain, the unit step function was transformed to unity in the u-domain.
4. In the t-domain, the differentiation and integration are equivalent to multiplication and division of the
transformed function F(u) by u in the u-domain.
5. By Linear property we have that for any constant aeR, T{a} = aT{1} = a, and hence, T~'{a} = a, that is,
we
don’t have any problem when we dealing with the constant term (the constant with respect to the parameter u).
For more details see [32].

Suggested Approach for Solving Nonlinear (2+1) D- Differential Equations

Here we suggest new approach based on combine LA-transform with ADM and denoted by LATDM.

Firstly, we write the form of nonlinear (2+1)D-PDEs as:
u(x,y,t) =gx,y,t) +R+N )
Subject to initial condition: u(x,y,0) = f(x,y)
where R represent the linear operator part, N represent the nonlinear operator part and g is inho-mogeneous
source.
The implemented of suggested approach is started by taking LA-transform (denoted by T) on both sides of the
equation (1), to get
T{ut(x' y' t)} = T{g(x' y' t)} + T{R + N}

Using the property of derivative for LA-transform, i.e.

s"T{u(x,y,t)} —s"f(x,y,0) = z(x,y,s) + T{R + N}
So, T{u(x,y,t)} = w(x,y,s) + T{R + N}
Then using the decomposition series for the linear part and for the nonlinear part the infinite series of Adomian

polynomials will be used. Where Adomian polynomialsA,,defined as:
1 qm o .
= m [N(Zl=0 /’{lyi)]l=01 m= 011)2; [T (2)

m T naam

So, using the linearity property of the LA- transform. Hence, the solution u(x,y,t) are obtained easily by

applying the inverse of LA- transform. Putting these components into the expansion given by:
[oe]

u(x,y,t)=2un(x,,t)=u0 +u; +uy + o 3
n=0
We get required solution.

Illustrative Problems
This section two examples has been presented to illustrate the efficiency and accuracy for suggested method.

Example 1 (Kadomtsev-Petviashvili equation) [10]
Consider the following 4™ order nonlinear (2+1)D-Differential equation:
Uye — 6UUyy — 6(Uy)? + Uyyyy + 3Uyy =0,
With IC: u,(x,y,0) = —%csc2 (% x+ y)) coth (% x+ y))
Take new transform to above equation

ST{ux} - Sux(x' Y O) = T{6uuxx + 6(ux)2 — Uxxx — 3uyy} ’
using the decomposition procedures and taking (T 1)

Up, =T1 {ux(x, y,0) + iT{6An + 6By, — Upyyxx — Sunyy}}
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Ugy = _TICSChZ (% (x + y)) coth (% x+ y))
_1 2 (1
uy = csch (2 x+ y))
41
=Tt {- T{6A, + 6By — Ugyrxx — 3u0yy}}
Ugxx = Ugyy = csch4 ( (x+ y)) + %csch2 G x+ y)) coth? (% x+ y))
Ugxxx = —CSCh* (E (x+ y)) coth (% (x+ y)) - %csch2 G (x+ y)) coth® (% (x+ y))

Ugyrxx = %csch6 G x+ y)) + %csch4 G x+ y)) coth? (% x+ y)) + %csch2 (% x+ y)) coth* (% (x+ y))
Calculate Adomian polynomials for nonlinear parts as follow:
Ag = F(ug) = UpUoxx

Ay = %csch6 (% x+ y)) + icsch‘* G x+ y)) coth? (% x+ y))
By = (ugy)? = %csch4 G x+ y)) coth? (% x+ y))

= E csch® ( x+ y)) + 2 esch* ( x+ y)) coth? ( x+ y)) + 3 csch? ( x+ y)) coth? ( x+ y)) -
1csch6 (2 x+ y)) 2 escht (E x+ y)) coth? <E (x+ y)) - Ecsch2 <E x+ y)) coth* <E (x+ y)) -
G

: Lt ) = Jeseh? (S o+ )) o (34 ))

3
~csch*
4

1

: csch® (% (x+ y)) + %csch4 G (x+ y)) coth? (% x+ y)) - %csch2 (i x+ y)) coth* (; x+ y)) -
Lx + y)) - %csch2 G (x+ y)) coth? G (x+ y))]

2

=t

= csch4

;
(
= t[Fescht (2ec+ y)) coth? (264 )) = 2esch (26 y) ) + 2esch® (S e+ ) ) coth? (Hex+ ) -
%cschz (; x + y)) coth? (% x + y)> ~Lesch® (; x + y)> coth? (; x + y)) 2 esch (; x + y)) -

2 esch? (; x + y)) coth? (% x + y))]

uy, = [esch? (% x + y)) ~ 2csch? (g x + y)> coth? G x + y))] ¢

Uy, = td <ZCsch2 G (x + y)) coth (% (x + y))) , by integrate w.r.to x

— w, = 2tcsch? (% x + y)) coth (% x + y))

tyy = [ —esch (3G ) = 26sh? (20 + ) ) coth? (2 + ) )|

Uy = £ [desch? G x + y)) coth (% x + y)) + 4esch G x + y)> coth (; x + y)) + 4csch? (; x +

) eoth? (20 +y))|

Uy ppy = 2t <—csch6 G (x + y)) — 4cscht (% (x + y)) coth? (% (x + y))) +t (—3csch4 (% (x +

y)) coth? G (x+ y)) — 2csch? G (x+ y)) coth* (% (x+ y)))
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R <6csch6 (% x + y)) coth (% (x+ y)) — 8cschS (; x + y)) coth (% (x+ y)) + 16csch? G x +
y)) coth? (; x + y))) + §<6csch6 (% (x+ y)) coth (1 x + y)) + 12csch (% (x+ y)) coth? G x + y)) +
8csch (; x + y)) coth? G x + y)) + dcsch? ( x + y) coth5 (x + y)))

Uiy = 17tCSChE (% x + y)) coth( x + y)) + 26tcsch ( x + y)) coth? ( x + y)) + 2tcsch? (% x +
) eoth? (2ec+y))

_ 1
Uy, = T-1 {; T{6A1 + 631 — Upxxxx — 3u1yy}}
d
A = [ﬁ F(uy + Aul)]a:o

A; = UgUyyy + UsUoxy

A = (% csch? (% (x+ y))) <4tcsch4 (% x+ y)) coth (% x+ y)) + 2tcsch? G (x+ y)) coth? (% (x+ y))) +
<2tcsch2 (% (x+ y)) coth (% x+ y))) G csch* G (x+ y)) + %csch2 G x+ y)) coth? (% (x+ y)))

A = ;tcsch6 (% x+ y)) coth (% x+ y)) + 2tcsch* G (x+ y)) coth? (i x+ y))

B, = [% F(uy + Aul)L=0

d
B, =— ((u + Auy),)?
By = 2ug, Uy

B; = tcsch® G (x+ y)) coth G (x+ y)) + 2tcsch* G (x+ y)) coth3 G (x+ y))

Uy, = T {1 {15cschs (% x + y)) coth (% x + y)) + 12¢sch (% x + y)) coth? G x + y)) + 6cschS (; x +
y)) coth (2 + y)) + 12¢sch (g x + y)) coth’ (; x + y)> — 17¢sch® (g x + y)) coth (g x + y)) -
26¢sch ( x + y)) coth? (% x + y)) — 2csch? G (x+ y)) cothS G x + y)> — 12¢sch (% x +
y)) coth ( x + y)) — 6csch? (g x + y)) coth’ (; x + y))}}

= *[4esche (% x + y)) coth (% x + y)) — 2¢sch G x + y)) coth? G x + y)> — 2csch? (; x +
y)) coth’ ( x + y)) — 2¢sch (; x + y)> coth’ (g x + y)) — 12¢sch (g x + y)) coth (; x + y)) -
6csch? ( (x + y)) coth? (% x+ y))]

Uy, = tz— [ 16csch* ( x+ y)) coth (% (x+ y)) — 8csch? G (x+ y)) coth? (% (x+ y))]

Uy, = tz—zl [—8¢:s¢:h4 G (x+ y)) coth (% (x+ y)) -8 (csch4 (% (x+ y)) coth G (x+ y)) + csch? (% (x+
y)) coth® G (x+ y)))]

U, = tz—zl [4csch4 G (x+ y)) + 8csch? (% (x+ y)) coth? G (x + y))]
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and so on

[ee)

u= un:u0+u0+u0+...

Y)) coth? (% x+ y))) + e
= o ey a0)]_ weff (o (ocry—an)] + 5[5 (oo (-

40))L0 o

That is closed to the exact solution:
u= %csch2 G x+y-— 4t))

Example 2 (Boussinesq equations) [7]

Consider the following 4" order nonlinear (2+1)D-Differential equation:
1
U — Uyxx — 2 (uz)xx — Uyy = Uxxxx = 0,
with ICs: u(x,y,0) = 6sech? (% (x + y))
1 1 1
u(x,y,0) = 24 (\/—7) sech? <\/—E (x+ y)) tanh <\/—E (x+ y))
Take new transform of equation
1
T{utt} =T {uxx + Z (uz)xx + Uyy + uxxxx}
SZT{u} - Szu(x; v,0) —su,(x,y,0) =T {uxx + % (uz)xx + Uy, + uxxxx}
T{u} = u(x,y,0) + éut(x, y,0) + S%']I‘ {uxx + %(uz)xx +uy, + uxxxx}
1

T{u} = 6sech? (\/% (x+ y)) + %24 (ﬁ) sech? (\/% (x + y)) tanh (\/% (x + y)) + Siz"ﬂ‘{uxx + % (U) x + Uy +

uxxxx}

By using decomposition procedure
1

T{uo} = 6sech? (%7 (x+ y)) +:24 (%) sech? (% (x + y)) tanh (%5 (x+ y)>

1

Uy =Tt {6sech2 (\/% (x + y)) + i 24 (ﬁ) sech? (\/% (x + y)) tanh (\/% (x + y))}

1

Uy = 6sech? (% (x+ y)) + 24t (ﬁ) sech? (\% (x + y)) tanh <\/% (x+ y))

1 1
T{un} = S_ZT {unxx + EAn + Unyy + unxxxx}

u, =T 1! {Siz']r {unxx + %An + Upyy + unxxxx}} , where A, is Adomian polynomial defined as equation (2)

Ay =F(up) = (uoz)xx = (2ugUgy)x = 2UgUgxx + 2(u0x)2

-12 1 1 1 1
Ugy = Ugy = fsech2 (E x+ y)) tanh (\/_E x+ y)) + 12tsech* (5 x+ y)) — 24tsech? (ﬁ x+

y)) tanh? (\/% x+ y))
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Ugyy = _—\/1; (é) [ ech* ( 12 (x+ y)) — 2sech? (i (x+ y)) tanh? (i (x+ y))] +

[12( —4) ( ) tsech? ( =(x+ y)) tanh ( (x + y))] 24t( ) [ZSech4 < —(x+ y)) tanh (\/ii (x + y)) -
2sech? (\/—E (x+ y)) tanh3 (% (x+ y))]

Ugy, = —6sech* (i (x + y)) + 12sech? (\/ii (x + y)) tanh? ( (x + y)) — Ztsech* ( —=(x+

y)) tanh( (x + y)) tsech? ( —(x+ y)) tanh® (\/ii (x + y))

TP ﬁsech4 (\/_E (x+ y)) tanh (\% (x+ y)) + % [Zsech4 (717 (x + y)) tanh (\% (x + y)) -

2sech? (% (x + y)) tanh® (\/ii (x + y))] -2t [sech6 (% (x + y)) — 4sech* <\/ii (x + y)) tanh? (\/ii (x +
y))] + 42—8 t [SSech4 (% (x + y)) tanh? <\% (x + y)) — 2sech? (\% (x+ y)) tanh* (717 (x + y))]

Upprre = 12 [sCCh® (% (x + y)) — 4sech? (% (x + y)) tanh? (%E (x + y))] + 12 seche (% (x + y)) -
4sech® (% (x + y)) tanh? (% (x + y))] ~ 123sech? (% (x + y)) tanh? (i (x + y)) — 2sech? (% (x +
y)) tanh* (\% (x + y))] - j—; t [—6sech6 (\/ii (x + y)) tanh <\/i7 (x + y))] 48(4) B [25ech6 ( 12 (x +

y)) tanh (% (x + y)) — 4sech? (% (x + y)) tanh? (% (x + y))] 20, [2 ech6 ( L+ y)) tanh (%2 (x +
y)) — 4sech (%7 (c+ y)) tanh’ (%7 (c+ y)>] ~ % ¢ [asech (% (c+ y)) tanh’ (E (x + y)) -

2sech? (% (x + y)) tanhs (% (x + y))]

Upuxx = 24sech® (% (x+ y)) — 132sech* (% (x+ y)) tanh? (% (x+ y)) + 24sech? (\/_15 (x+
)) tanh* (i (x+ )) + Z¢sech® <i (x+ )) tanh <i x+ )) — %8 4sech? <i (x+ )) tanh? (i x+
y )T ZETY EXTY) TR ZETY ¥
2 (2 5(1
y)) tsech ( 5 x+ y)) tanh (ﬁ x+ y))

UgUgxx = [6sech2 ( x+ y)) + 24t (\/_) sech? < 12 x+ y)) tanh (i x+ y))] [—6sech4 (% (x + y)) +
12sech? (\% (x+ y)) tanh? (\/_E (x+ y)) - ﬁtsech4 (% (x+ y)) tanh (— (x+ y)) \/_tsechz (\/% x+

y)) tanh3 (\% x+ y))]

UgUgyxx = —36sech® (\% x+ y)) + 72sech* (% x+ y)) tanh? <\/% x+ y)) - Z\Eotsech6 <\/% x+
L 576 4L 3(L - 2gech8 [+ 2(L
y))tanh (\/i x4+ y)) +5 tsech (\/5 x+ y))tanh («/5 x+ y)) 1152t*sech (\/E x+ y)) tanh (\/E x+

y)) + 576t%sech* (% (x+ y)) tanh* <\/% (x+ y))

(uox)? = [—sech2 ( 12 (x + y)) tanh <\/% (x + )’)> + 12tsech* (% (x + }’)) — 24tsech? <\/i5 G +
y)) tanh? (\/_E (x+ y))] [_lez sech? (% (x+ y)) tanh (% (x+ y)) + 12tsech* (% (x+ y)) -
24tsech? (\/% (x + y)) tanh? <\/% (x + y))]
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(upg)? = 72sech* (\% (x+ y)) tanh? <\/_IE (x+ y)) - %tsech6 (\/% x+ y)) tanh (% x+ y)) +
576
vz

y)) + 576t%sech* (\% x+ y)) tanh* <\/_IE x+ y))

2= tsech* ( 12 (x+ y)) tanh3 (% (x+ Y)) + 144t%*sech® (% (x+ Y)) — 576t?sech® (% &+ y)) tanh? (x/ii G+

1 1
= T 1 {S_ZT qux + EAO + uoyy + uoxxxx}}

= {£ [~1250cht (% (x + y)) + 24sech? (V—lE (x + y)) tanh? ( (x + )) L2 Secht ( Lot
y)) tanh (% (x + y)) + éj—fsechz (i (x + y)) tanh’ (iz (x + y)) — 36sech® <— (x + y)) +
72sech? (F (x + y)) tanh? ( (x + )) _ 1720 cochS ( Lx+ y)) tanh( (x + y)) 1576 sech ( Lt
y)) tanh? ( (x + y)) ~ 11522 sech® ( 2 (x + y)) tanh? (i (x + y)) +576 % sech? (J—E (x +
y)) tanh ( (x + y)) + 72sech? ( L+ y)> tanh? ( (x + )) 129 seche ( Lot y)) tanh (ViE (x +

y)) + 3% ech‘*( 5 (x + y)) tanh® (% (x + y)) + 144s—zsech8 (ﬁ (x + y)) - 57652—2!sech6 (\/% (x +

y)) tanh? (\/—7 (x+ y)) + 57652—2!sech4 <\/% (x+ y)) tanh* <\% (x+ y)) + 24sech® <i (x+ y)) -

132sech* (i (x+ y)) tanh? (i (x+ y)) + 24sech? (% (x + y)) tanh* ( (x + )) +-=—sech ( (x +
248

y)) tanh( (x + y)) = sech* ( 12 (x + y)) tanh® (% (x + y)) + %;sechz (5 (x + y)) tanh® (5 (x +

y))]}

uy = T {2 sech (i x+ y)) + 2 sech? (% (x+ y)) tanh? (% x + y)) L% secht ( Lix+

y)) tanh (% x + y)) + 5% sech? ( L (x + y)> tanh3 (i x + y)) — % sech® (— x + y)) + 2 sech! (%2 x +
y)) tanh? (% x + y)) ~ 178 secht ( x+ y)> tanh (— x + y)) + 5 sech? ( x + y)) tanh3 ( L+
y)) ~ 1152 2 sech® (Tz x + y)) tanh? (- x + y)) +576 2 sech? (— x + y)) tanh* (— x + y)) +
72sech* (% x + y)) tanh? ( x + )) 128 sechs ( x + y)) tanh ( x + y)) + 1578 sech ( x +
y)) tanh? (% x + y)) + 144 Zsech® (75 x + y)) — 576 2 sech® (— x + y)) tanh? (— x + y)) +

576 2 sech* (% x + y)) tanh* (i x + y)) + 2 sech® ( x + y)) ~ 2 ech ( x+ y)) tanh? ( L
y)) + 2 sech? (% x + y)) tanh* ( x + y)) L0 sech® ( Lot y)) tanh (J—E x + y)) _

1 1248

s S sech* ( 12 (x+ y)) tanh? ( (x+ y)) —sech2 ( 5 (x + y)) tanh® (% x+ y))}

u; = t? (—6sech4 (% x+ y)) + 12sech? <\/% (x+ y)) tanh? (\/% (x+ y)) — 6sech® <\/% (x+ y)) +
6sech* (i x+ y)) tanh? (i x+ y)) + 12sech? (i x+ y)) tanh* (i x+ y))) +t <— %sech4 (% x+

y)) tanh ( x+ y)) —sech2 ( 12 x+ y)) tanh3 ( x+ y)) - —sech6 ( 12 x+ y)) tanh (% x+ y)) -
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16 16

4 (L 3L 2 (L 51 4 _ 6L
ﬁsech <ﬁ(x+y))tanh (\E(x+y))+ﬁsech <ﬁ(x+y)>tanh (ﬁ(x+y)>>+t < 144sech <ﬁ(x+

y)) tanh? (\% x+ y)) + 12sech® (% x+ y)) + 96sech* <\/i5 x+ y)) tanh* (\% x+ y)))

u; = t? (—6sech4 (% x+ y)) + 12sech? <\/i5 x+ y)) tanh? (\% x+ y)) — 6sech* <\/i5 x+ y)) +
6sech* (% x+ y)) tanh? (\% x+ y)) + 6sech* (% x+ y)) tanh? <\/i5 x+ y)) + 12sech? (% (x+

1 t3

y)) tanh? (% (x+ y)) — 12sech* (ﬁ x+ y)) tanh? (% x+ y))) +5 (—325ech4 (% x+ y)) tanh (\% x+
(

L - 4L L 4L
J_(x+y)) 32sech <ﬁ(x+y)>tanh<ﬁ(x+y)>+325ech (\E(x+

2

y)) + 16sech? (\% x+ y)) tanh3
y)) tanh? (% (x+ y)) — 16sech* (% (x+ y)) tanh?® (% (x+ y)) + 16sech? (\/_15 x+ y)) tanh? (% (x + y)) -
16sech* (\% (x+ y)) tanh? (\/% (x+ y))) +t* (—1445ech6 <\% (x+ y)) tanh? (% x+ y)) + 12sech® (\% x+
y)) + 96sech* (\% (x+ y)) tanh* (% x+ y)))

u, = t? (—125ech4 (\% (x+ y)) + 24sech? (% (x+ y)) tanh? (\/_15 (x+ y))) + % <—64$ech4 (\/% (x+

y)) tanh (\% x+ y)) + 32sech? <\/% x+ y)) tanh?® (% x+ y))) +t4 <—144$ech6 (% x+

y)) tanh? (\% (x+ y)) + 12sech® (% x+ y)) + 96sech* <\/% (x+ y)) tanh* (\% (x+ y)))

and so on.
u= Uy =Ug Uy +Uy; + -
n=0
= 2(L 24 2 (L L 2 _ 4 (L
u = 6sech (ﬁ(x+y))+ﬁtsech <ﬁ(x+y))tanh(ﬁ(x+y)>+t ( 12sech (ﬁ(x+y))+

y)) tanh?® (% (x+ y))) 4 e
u= [6sech2 (\% (x+y— 2t))]t=0 +t [% <6sech2 (% x+y-— 2t)>)]t=0 + tz—zl [:—; <6sech2 (\% (x+y-—
Zt)))] + ;—3‘ [:—; <6sech2 (\% x+y-— 2@))] + o

t=0

That is closed to the exact solution: u = 6sech? (% x+y-— 2t)>

CONCLUSION

In this article, new coupled method biased on combine LA-Transform with decomposition method is suggested

to solve high order (2+1)-D differential equation and we get exact analytical solution, where ADM or other
modifications are used to solve the same examples but cannot be getting exact analytical solution. Moreover, in
LATDM the nonlinear terms is easier computation than in ADM or its modifications. So, this approach is very
efficient, easy implementation and rapid convergence to the exact solutions.

060018-8



REFERENCES
1. D. Zwillinger, "Handbook of Differential Equations", 3rd edition Academic Press, 1997.

2. AM. Wazwaz, The Variational iteration method for solving linear and nonlinear systems of PDEs, Comput.

Math. Appl. 54: 895-902, 2007.

3. AM. Wazwaz, Partial differential equations: Methods and applications, Balkema Publishers, The Netherlands,

2002.

4. LN.M. Tawfiq, K.A. Jasim, and E.O. Abdulhmeed, Pollution of soils by heavy metals in East Baghdad in

Iraq,International Journal of Innovative Science, Engineering & Technology, 2015.

5. G. Adomian, Solving frontier problems of physics: The decomposition method, Kluwer Academic Publishers,
Boston and London, 1994.

6.J. H. He, A coupling method of a homotopy technique and a perturbation technique for nonlinear problems.
International Journal of Non- Linear Mechanics. 35: 37-43, 2000.

7. LNM Tawfiq, and MA.Hassan, Estimate the Effect of Rainwaters in Contaminated Soil by Using Simulink

Technique. Journal of Physics: Conference Series, 1003( 012057): 1-7, 2018.

8. A.-M. Wazwaz, The Variational iteration method for solving linear and nonlinear systems of PDEs,

Computers and Mathematics with Applications, 54: 895-902, 2007.

9. MO Enadi and LNM Tawfiq, New Approach for Solving Three Dimensional Space Partial Differential

Equation, Baghdad Science Journal, 16(3): 786-792, 2019.

10. LN.M. Tawfiq and A.K. Jabber, Steady State Radial Flow in Anisotropic and Homogenous in Confined

Aquifers, Journal of Physics: Conference Series. 1003(012056): 1-12, 2018.

11. L.N.M. Tawfiq and H. Altaie, Recent Modification of Homotopy Perturbation Method for Solving System of

Third Order PDEs, Journal of Physics: Conference Series, 1530: 1-8, 2020.

12. A.M. Wazwaz, Adomian decomposition method for a reliable treatment of the Emden- Fowler equation.

Applied Mathematics and Computation. 161:543-560, 2005.

13. LNM Tawfiq, NH Al-Noor, and TH.Al-Noor, Estimate the Rate of Contamination in Baghdad Soils By

Using Numerical Method, Journal of Physics: Conference Series, 1294(032020); 1-10, 2019.

14. F. Jasem, Application of laplace—adomian decomposition method on linear and nonlinear system of PDEs,
Applied Mathematical Sciences, 5 (27): 1307-1315, 2016.

15. LN.M. Tawfiq and M.M. Hilal, Solution of 2nd Order Nonlinear Three-Point Boundary Value Problems by
Semi-Analytic Technique, IHIPAS, 27(3):312-323, 2017.

16. LN.M. Tawfiq and O.M. Salih, Design Suitable Feed Forward Neural Network to Solve Troesch's Problem,
Sci.Int.(Lahore), 31(1), 41-48, 2019.

17. AXK. Jabber and L.N.M.Tawfiq, New Approach for Solving Partial Differential Equations Based on

Collocation Method. Journal of Advances in Mathematics. 18: 118-128, 2020.

18. L.N.M. Tawfiq and A.H. Khamas, New Coupled Method for Solving Burger’s Equation. Journal of Physics:
Conference Series. 1530: 1-11, 2020.

19. N.A.Hussein and L.N.M. Tawfiq, New Approach for Solving (1+1)-Dimensional Differential Equation,

Journal of Physics: Conference Series, 1530: 1-11, 2020 .

20. A. Wazwaz, and A. Gorguis, Exact solutions for heat-like and wave-like equations with variable coefficients
Appl. Math. Comput, 2004.

21. A. Soufyane, and M. Boulmalf, Solution of linear and nonlinear parabolic equations by the decomposition
method. Appl. Math. Comput, 2015.

22. H.Salih, LNM.Tawfiq, ZRI Yahya and SM.Zin, Solving Modified Regularized Long Wave Equation Using

Collocation Method, Journal of Physics: Conference Series, 1003(012062):1-10, 2018.

23. M. Suleman, Q. Wu, and G.h. Abbas, Approximate analytic solution of (2+1) dimensional coupled

differential Burger’s equation using Elzaki Homotopy Perturbation Method, Alexandria Engineering

Journal, 55: 1817- 1826, 2016.

24. M. J. Xua, S.F. Tian, J. M. Tua, and T. T. Zhang, Béacklund transformation, infinite conservation laws and
periodic wave solutions to a generalized (2+1)- dimensional Boussinesq equation, Nonlinear Anal. Real. 31:
388-408, 2018.

060018-9



25. G. Yildiz, and D. Daghan, Solution of The (2+1) Dimensional Breaking Soliton Equation by Using Two

Different Methods, Journal of Engineering Technology and Applied Sciences, 2016.

26. A. Asghar, A.R. Seadawy and D. Lu, Dispersive solitary wave soliton solutions of (2 + 1)-dimensional

Boussineq dynamical equation via extended simple equation method, Journal of King Saud University —

Science. 2018.

27. K. Khan, and M. A. Akbar, Exact solutions of the (2+1)-dimensional cubic Klein—-Gordon equation and the

(3+1)-dimensional Zakharov—Kuznetsov equation using the modified simple equation method, Journal of the

Association of Arab Universities for Basic and Applied Sciences. 2014.

28. A. E. Mahmoud, M. A. Abdelrahman, and A. Alharbi, The new exact solutions for the deterministic and

stochastic (2+1)-dimensional equations in natural sciences, Journal of Taibah University for Science, 2019.

29. LNM Tawfiq, and I N Abood, Persons Camp Using Interpolation Method, Journal of Physics: Conference

Series, 1003(012055): 1-10, 2018.

30. M.O. Al-Amr, Exact solutions of the generalized (2 + 1)-dimensional nonlinear evolution equations via the

modified simple equation method, Computers and Mathematics with Applications. 2015.

31. LNM Tawfiq, and OM. Salih, Design neural network based upon decomposition approach for solving

reaction diffusion equation, Journal of Physics: Conference Series, 1234(012104): 1-8, 2019.

32. AK. Jabber, L.N.M. Tawfiq, New Transform Fundamental Properties and Its Applications, Ibn Al-Haitham
Jour. for Pure & Appl. Sci., 31, 2018.

33. FF Ghazi, and LNM. Tawfiq, New Approach for Solving Two Dimensional Spaces PDE. Journal of Physics:

Conference Series. 1530(012066): 1-10, 2020.

34. LNM Tawfiq and MH Ali. Efficient Design of Neural Networks for Solving Third Order Partial Differential

Equations. Journal of Physics: Conference Series. 1530(012067): 1-8, 2020

060018-10



