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Abstract- In this study, using differential transform method second order complex differential equation system was
solved. Firstly we seperated real and imaginer parts these equations system. Thus from two unknown equation system
four equality was obtained. Later using two dimensional differential transform we obtained real and imaginer parts of
solutions.

Keywords: differential equation system, differential transform method.

[.  INTRODUCTION

The concept of differential transform (one dimension) was first proposed and applied to solve linear and
non linear initial value problems in electric circuit analysis by Zhou [1] :Solving partial differential equations by
two dimensional differential transform method was proposed by Chao Kuang Chen and Shing Huei Ho by [2] :
Partial differential equations was solved by using two dimensional DTM in [2]-[3]. System of differential
equation was solved using two dimensional DTM in [4]. The numerical solutions of differential transform
method and the Laplace transform method for a system of differential equations was compared in [5]. By using
differential transform method was solved that integral equations, fractional differential equations, difference
equations, integral and integro differential equations in [6], [7], [8],[9],[10] .

In this paper using [1] complex partial differential equations was solved. Let w = w (z; z) be a complex

function. Here z = x + iy, w(z,Z2) = u(x,y) + iv(x, y). Derivative according to z and Z of w(z, Z) is defined as

I.A. Salehbhai, A K. Shukla The Numerical Solutions of Differential Transform Method And The
Laplace Transform Method For A System of Differential Equations Nonlinear Analysis:Hybrid Systems

follows:
ow 1 <6W _6W> 1
S az 2 \ox lay M
v
g ow 1 <6W N _GW) @
s === s\lmz=+i—
§ 0z 2\0x dy
= Here
o= ow Ju N v 3
- ox ox  ox (3)
ow Jdu dv
T4 4
dy ayﬂay )

Similarly second order derivatives according to z and Z of w(z, Z) is defined as follows:
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0w 1(09%w 5 ’w  0%w :
9z2 4\ 0x2 laxay dy? )
’w 1(0%*w Y ’w 9w
022 4\ 0x2 laxay dy? (6)
’w 1 62w+62w —1A
0207 4\oxz " ayz) 4" @
[I. Two DIMENSIONAL DIFFERENTIAL TRANSFORM
Definition 1: Two dimensional differential transform of function f (x,y) is defined as follows
9" f (x,¥)
Fllh) = kl.h!'| dxkoyh ®

x=0,y=0

In Equation(8) , f(x,y) is original function and F (k, h) is transformed function, which is called T-function is
brief.

Definition 2: Differential inverse transform of F (k, h)F(k, h) is defined as follows

fxy) =ii F(k, h)x*y"
k=0 h=0

[ee)

1 ak+h
flx,y) = z 2 k. h! [ xlj:a(; y)] xkyh €))
x=0,y=0

=0 h=0

Equation 9 implies that the concept of two dimensional differential transform is derived from two dimensional
Taylor series expansion.

Theorem 3 [2] : If w(x,y) = u(x,y) + v(x,y) then W(k,h) = AU(k, h)

Theorem 4 [2] : If w(x,y) = Au(x,y) then W(k, h) = AU(k, h)

Theorem 5 [2] : If w(x,y) = 252 then W (k, h) = (k + DU (k + 1, h)

Theorem 6 [2] : If w(x,y) = "’%’;” then W(k,h) = (h + 1)Uk, h + 1)

T f(xy)

70y then

Theorem 7 [2] : If w(x,y) =

W,h)=Uk+Dk+2)..(k+r)h+ 1D +2)..(h+s)U(k+7,h+5)
Theorem 8 [2] : If w(x,y) = u(x,y).v(x,y) then W(k,h) = Y*k_Sr_ UG k—s)V(k—71,5)
Theorem 9 [2] : If w(x,y) = x™y™ then W (k,h) = §(k — m,h —n)

Example 1 : Solve the following complex differential equation system

dw, dw,

¥ + i 2z+3 (10)

dw; 0w,

7t T b
with initial conditions

w;(x,0) = x? + 2x (12)

w,(x,0) = 8x (13)

Since w; = u; + iv, ,w, = u, + iv, and from (1),(2), system (10)-(11) is equivalent that :

6u1+6v1+6u2 av, C4xt6
ox dy odx dy x a4
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Notes

vy OJu;  OJuy  0vy

9x dy 9y | ox
Ju; 0vy  Oduy  0vy
Jdx Jdy 0x Oy

vy  Ouy  Ov, Oup

ax a9y  ox ady
From (12) and (13) initial conditions we have that:

U,(00)=0, U;(1,0) =2, U, (20)=1 U,G0)=0@>2), ,(L0)=0  (ieN)

4y

14

U,(0,0) =0, U, (1,0) =8, Up(i,0) =0 (i =2) V,(i,0) =0 (ieN)

From differential transform of (14)- (17) is get that:

k+DUk+1L,AD)+ M+ kA+1D)+k+1DU,(k+1,h) — (h+ DV (k,h+ 1)
=46(k—1,h) +66(k, h)

k+1D)Vk+1L,0D-(+DU KA+ + G+ DK+DUR+1D) + (k+DVo(k+1,h)
=46(k,h—1)

k+DU,k+1,h)—(h+DVik,h+ D)+ (k+DU,(k+ 1)+ (h+ DV (k,bh+ 1)
= 146(k, h)

k+1D)Vk+1L,D+G+DU KA+ D)+ k+ 1DV (k+1,h) —(h+ DU, (k,h+ 1)
=0

In (19) equality if we write = 0, h = 0 than by using (18) is obtained

,(0,1) = V,(0,1) = -4, V;(0,1) = a, V,(0,1) =a+4 (a €ER)
By sum of (19) with (21) we get that:

46(k,h — 1) + 206 (k, h

2(k+1)
By mines of (20) with (22) we get that:
Uy(k,h+1) — Uy (kb + 1) = 46(k,h — 1)
2(h+1)

By mines of (19) with (21) we get that:

485(k —1,h) —85(k, h)

2(h+1)
By sum of (20) with (22) we get that:
Vitk+1,h) +V,(k+1,h) = w
2(k+1)

If we write in place of h, h + 1 in (24) than we get
48(k,h) + 206(k,h + 1)

Uk +1L,h+1) +Uy(k+1,h+1) =

2(k+1)

If we write in place of k, k + 1 in (25) than we get
46(k+1,h—1)
Uy(k+1L,h+1)-U;(k+1,h+1) = 2 D

If we write in place of k, k + 1 in (26) than we get
45(k,h) —88(k + 1,h)
2(h+1)

(15)

(16)

17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

© 2014 Global Journals Inc. (US)

Frontier Research ( F) Volume XIV Issue VI Version I

Global Journal of Science



Global ]()urnal of Science Frontier Research ( F) Volume XIV Issue VI Version I E Year 2014

If we write in place of h, h + 1 in (27) than we get
Vl(k+1,h+1)+V2(k+1,h+1)=i6—(k—'Q
2(k+1)
By sum of (28) with (29) we get that:
6(k,h) +58(k,h+1) Sk+1,h-1)

Uy(k+1,h+1) = P 1

By mines of (29) from (28) we get that:
6(k,h) +58(k,h+1) &k+1,h-1)

U(k+1Lh+1) = P T

By sum of (30) with (31) we get that:
6(k,h) —28(k+1,h) &(k, h)

Vi(k+1,h+1) = P )

By mines of (30) from (31) we get that
6(k,h) &(k,h) —28(k+1,h)
k+1 h+1
In (34) equality if we write k = 0, h = 0 than is obtained
(1) =2

Vy(k+1,h+1) =

In (20) equality if we write k = 0, h = 1 than by using (31) is obtained
-U,(0,2) + U,(0,2) = 1,U,(0,2) = b,U,(0,2) =b,b ER
If we write k = 0,h = 0 in (25) than we get
U,(0,1) = U,(0,1) = ¢, ceR

(D

(32)

(33)

(34)

(35

(36)

(37)

(38)

By using (32),(33),(34) and (35) it is seen that all the other components of u,, v;,u, [and v, [lis zero. Thus it

is obtained

Wy = ). ) Uil hxty"

k=0 h=0

=x%+by?+2x+cy

n(y) = ). ) Vilk Hrky

k=0 h=0

= 2xy + ay

w,(0y) = ) Uy(e yxkyt

=0 h=0
=8x+ b+ Dy*+cy

v2(6) = D0 Y V(e k"

k=0 h=0
=(a+4)y
From (39)_(42) we get
wi(%,y) = u (x,y) + vy (x,y)
=x%2+by?+2x+cy +i(2xy + ay)
wy(x,y) = u(x,¥) + v2(x, )
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Example 2 : Solve the following complex differential equation system

Q0 W ooy 43
oz oz 0™ (43)
ow, ow, B
—+3——=12z7-2 (44)
0z 0z
with initial conditions
Notes W1(X, 0) =x3-2x (45)
w,(x,0) = 4x? (46)
If we write system in (43)-(44) system w; = u; + iv; ,w, = u, + iv, [1[1[1[] we get following equations.
Juy v, du; Jv, Jdu, v, Ju, 6172)
<ax+lax lay+6y) <6x+lax+L6y dy (x4 (x+ )
Ju,; 0Jv, Juy dvy Ju, dav, Ju, dav,
— ———+i—+i=—+3— | — —3i——+3— 47
0x 6y+16x+16x+ 6x+3lax lay+ dy (47)

=24(x—1iy) — 4
If (47) equalities is seperated into real and imaginary parts then it is get following egualities.

ou, dv, Odu, Jv, 5 5

ZW—ZW—W—WZZL}X}/—S}/ (49)
du, dv, du, av,
W—W+3W+3W—24X—4 (50)

toy tigy 3G, T (51)

From (45)-(46) initial conditions we have that:
U,(0,0) =0, U,(1,0) = -2, U, (20)=0, U;(3,0) =1, U(i,0) =0( >3), V1(i,0) =0 (ieN)
U;(0,0) =0, U; (1,0) =0, Uy(20) =4, U,(i,0) =4(=3), V,(i,0)=0 (ieN) (52)
From differential transform of (48)- (51) is get following equalities:
2k + DU (k+ 1L, +2h+ D)V (k,h+ 1) — (k+ DU, (k+ 1L, h) + (h+ DVy(k,h + 1)

=126k —2,h) — 128(k,h — 2)

—88(k—1,h) (53)
2k + DV (k+1,h) —2(h+ DU (k,h+ 1) — (k+ DVo(k + 1,h) — (h+ DU, (k,h + 1)

=246(k—1,h—1)—-6k,h—1) (54)
k+1DU;(k+1,h)—(h+DVi(k,h+ 1) +3(k+ DU,k +1,h) +3h+ DV, (k,h + 1)

=246k —1,h) —46(k, h) (55)

(h+ DU,k h+ 1)+ (k+ DVy(k+ 1L,R) + 3k + DVy(k + 1, 1) — 3(h + DU, (k, h + 1)

=-2468(,h—1) (56)
If we write h = 0 in (54) and (56) from (52) we get that:
Up(k,1) = Up(k,1) =0 (57)
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If we write k = 0,h = 0 in (53) and (55) from (52) we get that:
V1(0,1) = 2,V2(0,1) = 0

If we write h = 0 in (54) and (56) from (52) we get that:
Ui(k, 1) = U2(k,1) = 0

If we write k = 1,h = 00 in (53) and (55) from (52) we get that:
71(1,1) =0,V,(1,1) =0

If we write k = 0,h = 1 in (54) and (56) from (52) we get that:
U;(0,2) =0,U,(02) =4

If we write h = 1 in (53) and (55) from (52) and (57) we get that:
Vi(k,2) =V,(k,2)=0

If we write h = 2 in (54) and (56) from (62) we get that:
U;(k,3) =Uy(k,3) =0

If we write k=2,h=0 1 in (53) and (55) we get that

V1(2,1) =3,1,(21) =0

If we write k=1,h=1 1 in (54) and (56) we get that

U;(1,2) =-3,U,(1,2) =0

By using equalities (57)-(65) we see other components of U,, U,,V; and V, ! lare equal zero.

wy) = ) D Uk hxty"

Thus it is obtained

k=0 h=0

=x3 —3xy? — 2x

DI RACHISL

k=0 h=0

=3x%y —y3+2y

w,(0y) = ) Uy(e yxky"

k=0 h=0

= 4x? + 4y?

By = ) Y Vol byt

k=0 h=0
=0
Therefore

W1(x'J’) = u1(x:}’) + V1(X'Y)
=x*—3xy* —2x +i(3x%*y —y3 + 2y)

=z3-27

WZ(x!y) = uz(xd’) + Vz(x,}’)

= 4x? + 4y?

Example: =42z

Solve the following complex diferential equation system

2 2
0°wy  0°wy

9z2  0z07 3

© 2014 Global Journals Inc. (US)
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(59

(60)

(61)

(62)

(63)

(64)

(65)

(66)
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with initial conditions

’w, 0wy 0w,
922 9z o0z
wy (x,0) = x?
6 Wy
(x 0) = 2ix

w, (x, 0) = x2

0W2
—2(x,0)=0
S (1,0)

(67)

(68)
(69)
(70)

(71)

Since w; = uy +ivy ,w, = Uy + iv, and from (2),(5) and (7) system (66)-(67) is equivalent that :
10w ,0%w 2%w 1/0%°w %w
e R e B (72)
4\ 9x2 0xdy dy? 4\ 0x2 ay?
1 E)ZWZ . 62W2 aZWZ) 1 (awl . an) 1 (aWZ . aWZ) _
4 ( 0x2 2 0xdy dy? + 2\ 0x ! oy 2\ d0x ti ay ) z (73)
%u, . 621)1) . (62u1 . azvl) (62u1 . 62171) (azuz . azvz) (azuz a2 vz)
(6x2 +1 0x? 2 0x0y + laxay ay? +1 dy? + dx2 ti 0x2 + dy? ti ay2) — 12 (74)
%u, . 62v2> . (62u2 . azvz) (azuz 62172) (au1 avl) . (au1 .61;1)
(6x2 +1 0x? 2 0x0y + laxay ay? +i dy? +2 0x ¢ 0x 21 ay +i ay
Jdu . Ov Jdu . 0v,
—2(F2+ i) - 2i(52 4 i%2) = 4z (75)
dy
9%u 0%y 9%u 9%u 0%u
1 1 _ 1 2 2 — 12 (76)
dx2 0xdy  0y? dx2 dy?
9%y 0%u %v 9%y 2%y
1_ 1 1 2 2 — 0 (77)
dx2 dxdy  0y? dx2 dy?
0%u, 2%v, 0%u, 6u1 6171 auz avz
2 S 2T 4 2T 2 4 2 = (78)
9%y o%u 0%v v ou v ou
-2 Sy pfn_pfu_p2_ —2=4y (79)
dx2 dxdy dy? ay d0x ay

From (68)-(71) initial conditions we have that:

U.(0,00=0, U;(1,0) =0, U,(2,0)=1, Uy(i0)=0(@>2i€N),V(i0) = 0(ieN)
U,(i,1) = 0(i € N), V,(0,1) =0, V(L) =2, V,(G,1)=0,3>1)
U,(0,00=0, U, (1,0)=0, Uy,(20)=1  V,(i,0)=0=U,(i,1) =V,(i,1) = 0(ieN) (80)

From diferential transform of (76)- (79) is get that:

(k+2)(k+ DU Gk +2,0) + 20k + D(h+ DVy(k + L,h+1) — (h + 2)(h + DU, (k, h + 2)

+ (k+2)(k + DUy(k + 2,h) + (h+ 2)(h + DU, (k, h + 2) = 128(k,h)  (81)

(k+2)(k + DVy(k +2,h) —2(k + D(h+ DUk + Lh+ 1) — (h+ 2)(h + DV, (k, h + 2)

+ e+ 2)k+ DV +2,R) + (h+2)(h+ DVy(k,h+2) =0 (82)

(k +2)(k + DUy (k + 2,h) + 2(k + D(h+ DVy(k + 1,h+ 1) — (h + 2)(h + DU, (k, h + 2) +
20k + DU (k + 1, 1) + 2(h + DV, (k, h + 1) — 2(k + DU,k + 1, k) + 2(h + DVy(k, h + 1) =
48(k — 1, h) (83)
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(k+2)(k+ DVy(k +2,h) — 2(k + D(h+ DVo(k + Lh+ 1) — (h + 2)(h + DVy(k, h + 2) +
20k + DVy(k + 1,h) — 2(h + DU, (k, h + 1) — 2(k + DV, (k + 1,h) — 2(h + DUy (k, h + 1) =

48(k,h — 1)

(84)

When h = 0 is written in the equality (80),(81),(82), (83)
U;(0,2) = —-1,U,(0,2) =1, U,(i,2) =0, U;(i,2) =00 =1), V1(i,2) = V,(i,2) =0 = 0) (85)

are obtained.

It is clear that all of the other components U;[] and V; are zero. Thus

ul(x' y) = Z Z Ul(kl h)xkyh
h=0

k=0

|
NgE
NgE

vi(x,y) = Vi(k, h)xkyh

uy(x,y) =

|
N5

I
[]s
[1s

o
=
=

=

=

<

=

v (x,y) =

are obtained.
Therefore

and

wy(z) = u(x, y) + vy (x, y)
wi(z) = x% —y? + i2xy = z°

WZ(Z) = uZ(ny) + ivz(x'Y)
wy(2) =x2+y?=(x+iy)(x—iy)=2z2
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