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Abstract

In this project, present a novel technique to solve linear and non-linear (L and NL)
of partial differential equations (PDEs) with simple steps to present active and accurate
results take less time compare with other researcher techniques to find the exact solutions
(ES). These techniques performed by mixture of ZMA-transform (ZMAT) and projected
differential transformed method (PDTM) demonstrated as ZMA projected differential
transformed method (ZMAPDTM). Also, to more understand this technique inserted some
properties assisted of greeted algorithm with steps to solve various problems.
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1. Introduction

The many researchers recognized for solving more problems of (PDEs) for
different branches in mathematics, phenomena, physics and various scientific
fields informed in [1-3]. The numerous integral transform (IT) widely used for
solving various applications for the types of (PDEs) improved by contributions
authors and discussed in papers [4-13]. In inclusive nature nonlinear and
nonlinearity exists anywhere, the survey in this project of a perfect and simple
techniques use to find exact or approximate solutions for (NLPDEs) like (A
domain decomposition, Variational iteration, Homotopy perturbation, Laplace
decomposition, Sumudu decomposition method, and Elzaki decomposition and
ZMA decomposition) methods [14-20]. The major goal in this work was
proposed the novel techniques said (ZMAPDTM) to find the (ES) for (L and
NL) of (PDEs) through using constructed algorithm for this method and
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informed several applications to show that effective result obtained by
(ZMAPDTM).

2. Methodology

2.1 Fundamental Idea of (ZMAT)
In this section, proposed the (ZMAT) of the function in [11] as:

Zoca(v,9) = MF®) = [ FvD ¢+ dg, 1> 0, hois the parameter (1)

The inverse for (ZMAT) presented as:

F® = A {Zna (b, 9)} (2)
Know, in [13] informed by the (ZMAT) find the partial derivative of the
following:

A, {afa(?)} o ZMA(Y h;e) — — ZMA(Y 0;,s) (3)

8o (T30} = & [Zaca (Y h; 9] @)

8 (522} = o Zaea (W9 (Mz Zaca(¥,05,9) — 2 2204000 (s)
8, {72 = £ 1200V ;9] ©)

In [11] take (ZMAT) of regular functions as shown in Table 1:

Table 1
A regular functions by (ZMAT)
S. No. F©) AHF©}=Zpa(v, )
1 1 1
2 % vs
3 t? 2! (lvs)?
4 thhEX £! (v s)?
5 th A > -1 I +1) (hs)*
1
-Ct - -
6 € 1+ h(Gy)
1
7 cos@® E HTW
) h(Cs)
8 sin® E “—TZ(GS‘)Z
1
9 cosh® g TZ(QS)Z
) h(Cs)
10 sinhCt 1= h2(Gy?
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2.2 Preliminaries of the (PDTM)
In this task, extend the differential transform method to the (PDTM)
through realized of the function F(ny, ng, ..., N ) as:

[69F (a1, nz ----- nn )]

.F(HJJHZJ' » Om_ 1!9)_ (7)

Where F(ng,ng, .., » ), F(y, Nz, «o, Nn_1, G ) 18 the standard function and
projected transform function respectively, then write the differential inverse
transform of (7) as:

Flu, gz, pmin) = 280 F(g, 2, -, m ) (= 10)9 ®)
In the following informed the requisite theorems of (PDTM):

Theorems 1: If p is constant, ™ # —1,-2, ...

1 BNy, Ngs s I ) = WM, Mgy woes o ) + 30, Ny oo, I ) ©)
ﬁ‘B(ﬂJ' N2, -, Om_yq, g) = m(l’h, N2, -y Mg, g) T 3(111! N2, ey Mg, g)
2) By, N2, -y ) = pw(Ny, N, -ev, ) (10)

ﬂ;g’B(rLli rlZ: ey rlf“—l: g) = 9 m(rlll rlZ; "'Irlm—ll g)

di N2, m
3) B, Ny oo, M ) = N2

dr[m
BNz o M-1,6) = (G + Dol s o1, G+ 1) (11)
4) By,nz ..omn) = % )
G+M!

- By, Ny e, M1, G) = G w(ny, N, -, Moy, G + ™)

5) gB(fh.flz» ey I ) = m(fh'flz' ---'flm)?)(fh'flz' ey N )
_fB(pr ng, .., Nm-1, g) = ng[,zo “B(rl.l' ng, ., Nw_1q, I[’)a
(1, Nz, e w1, G — J0) (13)

6) g‘I;(rl‘]_i ng, ..., Nm ) = ml(nll ng, - ILm)tDZ(Ih, ng, ..., Nm ) .
Wm (r]_ll rl_Z’ ey rl“] )
_vo Gm_yq G3 G2
(rllr rlz; -..;11“1—1' g) - ng_lzo ng_zzo ...... Zgzzo Eglzo
Pw; (g, N2, -y N—1, GOWo (Mg, N,y e, M1, G2 — G1)
X ----mq—1(fh'flz' e Mg, Gnog — gn_z)mn(rh,nz, v, Im_q,G — gn—l)
(14)
7) BNy ey ) = I e T

g.B(I’h, N2, ""11"1—1'9) = £(1’h, N2, ""rL“”—l'T"“ - g) = {:(l)g;:t%: (15)
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2.3 Derivation the (ZMAPDTM) for solving (L and NL) of the (PDEs)

Consider the universal (NL) non-homogenous (PDE) with the premier
conditions of the form:

UMY + KAM, P + N A, H) = S, ©) (16)

A, 0) = H(), A, 0) = X() (17

O: is the (L) differential factor of order two.,K: is the (L) differential
factor < order O.NV: is the (NL) differential factor.&(n,,t): is the origin

expression.
Now, by (ZMAT) of (16) present:

A [DUM, D] + Az [§ A, D] + A2 [V AWM, D] = A, [S(, 0] (18)
= A [UM, D] = (v $)? Az [B, HT + HW) + (v XM + Az [RAM, Y +
N A, B)] (19)
Employing the inverse for (ZMAT) of (19) as:
A, Y = T, ) — A" [us)? A, [RAMD + M AM Y] (20)
Ty = A [ s)? Az [B(, ] + H() + (v $)XW)] 21
Now, putting the (PDTM) as:
Am, v+ 1) = = A7  [(Wg)? Ay [ A, + B,l, AM,,00 =T(Y  (22)
Wherever A, B,, are (PDT) of & A(n,,t), N A(n, t).
After solving (22) obtained:
An, 0) =T(, V)
A, 1) = — A  [(vs)? Ay [Ap + Byl
Am,2) = — A" [(vs)? Ay [ Ay + Byl (23)
AM,3) = — A" [(vs)? Ay [A, + Bs]
Lastly, the (ES) of (16)-(17) get:
A, Y = A, 0) + A, 1) + AW, 2) + A, 3) + -~ (24)

From above, constructed the algorithm to more understand the new
techniques for solving (L and NL) of (PDEs) as:

Algorithm of (ZMAPDTM)

a) Taking (ZMAT) of (L and NL) for (PDEs).

b) Using partial derivative informed in part (2.1) with premier conditions of
problems.

c) Employ inverse of result solutions obtained in step(b).

d) Applying (PDTM) of the result obtained in step (c).

e) Obtained the (ES) of the (L and NL) for (PDEs).

3. Applications
Application 1: Take the (L) of the (PDEs) as

U _,u = 6e—3n
=22 A AW, 0) = e (25)
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Solution: Put (ZMAT) of (25) obtain:
oA ou
A, (5] = 20, 5] + Mgl (26)
- hy
> A,[AM D] = 6e73+ [B2 A, [A, — B, @7)
Now, by inverse (ZMAT) of (27) find:
A, +1) = A74 52 4, [A, — Byl UM 0) = 6730 (28)

Where A, = am;rrblm)

- AM, Y =AM, 0) + A, 1) + A, 2) + AM,3) + - = 6 e CW2D  (29)

,B,, = UA(n, ) are (PDT) of(;—fll , U

Application 2: Look the (L) of the (PDEs) as

2%
Pl 622 =0,A(n,0) = 0,UA(n,0) = cosn (30)

Solution: Put (ZMAT) of (30) obtain:
9% 9%
A, [—2] + A, [—2] =0 31)

= A;[U(,, 9] = (b cosn+ [(h 97 A, [33] (32)

Now, by inverse (ZMAT) of (32) find:
AN, v+ 1) = —A7" [( 9 Ay [A,]] 91(11, 0) =0,%(n, 1) =tcosn  (33)
Where A, = o Q[m ) ,is (PDT) of

- A, t) = A(n, 0) + A(n, 1) + A(n, 2) + A(n, 3) + -+ = cosn sinht  (34)

Application 3: Look the (NL) of the (PDEs) as

oA a9\ 2
= (6—n) +u 2l = 2 A, 0) = (35)

Solution: Put (ZMAT) of (35) obtain:

U U a2
A, [a—g] = A, [(0_11) +u sy (36)
S AU D] =1 + (o) A, [(2) +u 2] G7)
2 2 [\on ay?
Now, by inverse (ZMAT) of (37) find:
A, v+ 1) = A7' [(g) Az [A,, + Bl AM,,0) = n? (38)
AU, 1v) HA(n,CO— 02A(n,C0~
Where oA, = S, 2 T B, = 5O A, 1) g,
2
are (PDT) of (Z—:) , A ‘2’%{'

S UMY =AM O) + UM, D+AMD) + 4+ =12 (39)
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Application 4: Look the (NL) of the (PDEs) as

ag 291( ) + 2 ‘;;,m(q,()):%l. (40)
Solution: Put (ZMAT) of (40) obtain:
A, ["—9‘] = A, [291 ("—%‘)2 + o %ﬁ‘ (1)
S AR = (o n, 2a(G) v w ) @
Now, by inverse (ZMAT) of (42) find:
AM,m+ 1) = A7 [0 D) A [2A4, + B,]],AM0) == (43)
_ Ziozizo A, )am(ﬂ;acrf ) am(rbca 9 p Z 9
U, WA, € = 1) L2 are (PDT) ofﬂl(a) 12 i’;‘j‘
> AN Y =AM, 0) + AG, D) + AN, 2) + + -+ = o (44)

2/1—¢

5. Discussion and Conclusion

In this procedure, preformed anew techniques is said (ZMAPDTM) for
solving (L and NL) of PDEs and used Table 1 to obtained the (ES) with sample
steps without any discretization variables. The novel techniques give efficient
and attractive result show that by solving several applications.
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