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Introduction

integral transformations are extremely effective solve lots of advanced

science engineering problems. Many papers have applied various integral transformations (Laplace,
Sumudu , SEE, ... ,etc.) and solved ordinary and partial differential equations and integral operator
equations and their applications [3, 4, 5,6, 7, 10 ].

A system of partial differential equations with two variables of unknown independent variants can be
created from many complex differential equations. Separating actual parties from fictitious ones
[8,5].Solving linear ordinary differential equation is one application of the complex Sadik integral
transform ,which is employed in many applications and fields of mathematics [8].Due to the nonlinear
variables , this technique Cannot be utilized to solve nonlinear differential equations .Never the less
nonlinear differential equations can be resolved with the help of a differential transform and the complex
Sadik technique.

In this work , we introduce the first order complex differential equations with constant coefficients .

By applying Laplace , Aboodh and SEE integral transform were resolved [2 ,9 ] . Definition and a basic
theorem are presented first. Contains numerical examples after that.

Fundamental Definition

Laplace integral transformation and other integral Transformations defined in the time domain where tis
grater than or equal zero , including the Sumudu, Elzaki, and SEE | transformations, are analogous to
the complex Sadik integral transformation.

Functions of exponential order are defined applying the complex Sadik transformation . We take into
account the functions in the set H defined as, [1] :

H={g(t) : thereexists AM,G, ,G, >0 such that |g(t)| < M e~¢jl
,ift € (—=1)) X [0, o), ,wherej = 1,2} where i?> = —1.

Where M is a constant must be a finite number for a particular function in the set H , and G; , G, may be
finite or infinite. The integral equation then defines the complex Sadik transform indicated by S,°{g(¢t)}:

SL{gO} = FE(s%,B) = o [y g(®) e™  dt (1)
Wheres € C , Im(s*) <0,B,a €R,i? = -1, [1]

The Complex Sadik Transform (CST) for some Basic Fundamental Functions [1,8]

In this part , we explain and show some important functions have (CST) :
sma+(a+p)
¢y bty _ ~1 b is*
2- Sa{e”} = sB [(52“+b2) (S2%+p2)
3- S,5{sin(bt)} = D

1- S,c{t™} = (—i)m*! m! wheres >0and m € N,
+ ] where s > b, b is a constant.
SB(Sza_bz)

,s > |b|,bis aconstant.

—_is@
4- S,{cos(bt)} = m ,s > |b|,bis a constant.
5- S.{sinh(bt)} = WZMZ) ,s > 0,bis aconstant.
e
6- S.%{cosh(bt)} = m ,s > 0,bis aconstant.

The Complex Sadik Technique (CST) of Partial Derivative
To create the complex Sadik integral transform of the partial derivatives , we apply the method of
integration by parts as follows:
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dg(x,t 1”0 a
g (e

1 _is%t
= lim g [ G ae,

1 .« 1 T e
:rli_frolo([s—ﬁe_’S tg(x, t)]f+iS—Bs“f e St g(x, t)dt),
0

Sa° {‘;_f (x, t)} =is® S,6(x,5) — Siﬁg(x, 0). -(2)

Assume that g is a piecewise continuous with exponential order.
Now,

dg 1 (® dg iy
ac{a(x,t) =<7 f (E(x,t))e W dt,
= sﬁ’ f g(x,t)e~ dt] (By applying Leibnitz Rule ).

d
5. (% (e 0)) = LR (e 5) ] = [P (5],

Also, we can find:

c 62 dz c
S (320} = 25 1F¢ (x5) ]
To find:

<o)

Assume that f = % ,the by applying equation (2) , we get:
2’g af

Sac N9 ,t =Sac{_ lt}l
{ 5 (x )} = (6

, 1
=is* S.°f(x, t) _S_ﬁf(x' 0)

is® [ is FS(x,5) = 55.9(x,0) — 5522 (x,0) .
then

i

5. d%g ; 2 pe is 0 1 dg 0
el (x )=(is%) (x,8) — Sﬁg(x' )_S_ﬁE(‘x' ) -

Linearity property of CST, [1]

Let S.{g(t)} = F° (s) and S.°{h(t)} = H® (s) then for
every Aand B are constants:

Sa“{Ag(t) £ Bh(t) } = AS.S{g(D)} + B Sa“{h(t) },

= AF¢(s)* BH(s) .

Complex Derivative , [9]

Let W = W(Z,Z) be a complex function , where the complex number Z = x + iy, and complex
functiond W(Z,Z) = u(x,y) + iv (x,y) . First order derivatives according to Z and Z of W(Z,Z)
are defined by follows:

BW 1 ,0W . oW

BZ WZ = E (E_ lE) (3)
ow 1 0w . oW
E = WZ = E (E-I_ la) (4)

Solution of First Order Complex Differential Equations with Constant Coefficients
via Complex Sadik Transform
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In this section, we introduce the following important theorem with examples:
Theorem(7.1): leta, b and c be real numbers , G(Z,Z)

is a polynomial of Z and Z and W = u + iv is a complex function then the real Re(W) and imaginary
parts Im(W) of solution of:

a—+ b - + CW = G(Z,7), ..(5)

and W(x,0)=0,

are
_ pe o1 (a+b)a [2F36(x,8)+(a— b)—v(x0)]+2€[(2F3C(xs)+(a b) v(x 0) (a—b)is“[2F4C(x,s)+(b—a)Siﬁ u(x,0)]
u= { A A
— o1 (a+b) 5 [2F4C(xs)+(b a) u(x,O)]+20[(2F4C(x,s)+(b—a)Siﬁu(x,o)] (b=a)is?[2F56(x,5)+(a—b) v(x,0)] }
A A ’

_|(a+b)D +2C (a—=b)is* | _ . a 2

Where A= (a — b)is® (@a+b)D +2¢| = ((a+b)D + 2C + (is* (a — b))

And F1 F3 F4 are integral transform of u ,v, G, , G, respectively.

Proof

We use equations (3)and ( )in equation (5) ,we have

a, 0w .dwW, , b OW

E(a—la) E(E-'_ —)+CW— Gl(Z Z)+lGZ(Z Z) ...(6)

If we choose W = u + iv in equation (6), following equation is obtained:

6u+ dv  Jdu b6u+ 6v+6u 2w
6x6x6yl)(laxal)
=26,(6Y) + 1 Gy (x,y) (7)
If equation (7) is separated to real and imaginary parts, then the following system is obtained:
(a+b)2—z+(a—b)2—;+ 2Cu =2 G,(x,y), (8)
(a+b)%+(b—a)z—;+2Cv=2G2(x,y). (9

By using complex Sadik Transform (CST) for above equations , then we get the following equations:

ar, ¢ , 1
(a+b)==+(a- b)(iS*F,* — Fv(x,0) +2CF° =2CF°,  ..(10)

6F2

(a+b)

+ (a — b)(iS*F,¢ ——u(x 0)) + 2CF,° = 2CF,°. ..(11)
If equations (10) and (11) is regulate and is applied Crammer rule , then

equations are obtained:

6F1

(a+b) + (a — b)is®F,¢ + 2CF,° = 2CF;° + (a — b) v(x 0),

6F2

(a+b) =%+ (b — a)is®F,“ + 2CF,° = 2CF,° + (b — a) ﬁ,u(x 0),
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2F; +(a—b) Siﬁu(x,o) (a—b)is“

2F,€ +(b—-a) —u(x,0) (b—a)D+2C
F° = sP - . (12)
And
(a+b)D+2C 2F5€ +(a—b) Siﬁv(x,o)
Be = (b—a)is? 2F,€ +(b—a) S%u(x,o)
A 7’

(a+ b)%[ZFf (x,s)+(b—-a) Siﬁu(x, 0)] + 2C [2E,€ (x,s) + (b — a) Sﬁ u(x,0)]
F,f =
A

(a-b)iS¥[2F,C (x,5)+(a—b) iﬂv(x,o)]
: 3 . ..(13)

Following are obtained form inverse CST of equations (12)and (13):

|, @+b) 2 [2F° (%,5) + (a—b) Siﬁv(x, 0)] + 2 [2Fs¢ (x,5) + (a — b) Siﬁv(x, 0]
u(x,s) =F°¢ { A

(a-b)iSE[2F,C (x,5)+(b—a) sLB u (%,0)

A

...(14)

(a+ b)%[Ff (x,s)+(b—a) 7 u(x 0)] + 2C [2F,° (x,8) + (b —a) Sﬁ u(x, 0)]

-1

’ FC
v(x, ) F <
(b—a)iS¥[2FsC (x,5)+(a—b) LB v(x,0)]
- £ . (15)
A
Example (7.1): The complex differential equation
ow
3— 7= 0,
with condition W (x,0) = x?
Coefficients of the above equation area=3,b=1, c=0
And (x,y) = 0. Form the theorem (7.1), we have :
A= (@a+b)D + 2¢)* + (is* (b —a))? = 16D? + 4(is¥)? .
And
o«
., —2is°‘(slﬁx2 ) . zﬁ
= FC —_— = ¢ T ———
) T6p? 1 4(is%)? D7 + (59
1 2
_ BX 2D
u(x,y) = F° {S— {—,,,[ HOEESY
[ _o( 2 41] is is
is

-1,.5°F 8
uxy) =F T~ gadl 3

is®
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u(ry) =R ED - 8RS

—i)s B
uCey) = xre {C2T  ppetCOT gy

And on the other hand:

_ petpg @ —2i8%x?
vlny) = FC {45 16D2+4(is°<)2] 3
-1 5=Bx
Uitz )

—16F°¢

- -B
—qpcTy_STx
¢ (is%)2[(5)?+1]

3,

-1

—4F T 1 - (B2 x),

is®

1

Then v(x,y) = —4xF¢ { 2°<+B}_ —4xy .

So we obtain
w=u+iv=x?—4y?—4ixy .

Example (7.2) Consider the following complex differential equation :

0z 2 2z 4
With condition W (x,0) = x
Coefficients of the above equation area=1,b =2, c=0

And (x,y) = x + iy . Form the theorem (7.1), we have :

A= (a+b)D + 2C)% + (is* (b — a))? = 9D? + (is*)? .

And
L3 O e 2E) | pony
_ pe { x S s )
u(x ) 9D + (is%)2 ’
After simple computations , we get:
- -B
u(x,y) = FEEED) pope (050

u(x,y) = 4y? +x

And on the other hand:
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—i)2¢-8
32 BEDS T o + s ]

2(—1)SBx)
v(x,y) = FC_ { 9D2 + (iso()z > } )

- -B_p5-B
=Fc! {%} , After simple computations, we get:
15701 5sa

v(x,y) = (3 —-2x)y.

So, we obtain
w=4y2+ +i(3 - 2x)y .

Conclusion

In this work ,we can use the complex Sadik Transform (CST) to solve the 15torder complex differential
equations with constant coefficients by introducing two examples that explain the interest of the
complex Sadik integral (CST) of reaching to accurate solution.
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