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SOLUTIONS OF COMPLEX EQUATIONS WITH ADOMIAN
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ABSTRACT. In this study, first order linear complex differential equations have been
solved with adomian decomposition method.
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1. INTRODUCTION

The Adomian Decomposition Method (ADM) is a method which is used in several areas
of mathematics. Recently a great deal of interest has been focused on the application of
Adomian’s decomposition method to solve a wide variety of linear and nonlinear prob-
lems. This method has been introduced by Adomian[l] and it can be used in the linear
and nonlinear differential equations, in the differential equations systems, in the integral
equations, in the difference equations, in the differential-difference equations, and in the
algebraic equations [2,3,4,5,6,15,16,17,18].

This method generates a solution in the form of a series whose terms are determined
by a recursive relationship using the Adomian polynomials. Researchers who have used
the ADM, have frequently enumerated on the many advantages that it offers. Since it was
first presented in the 1980’s, Adomian decomposition method has led to several modifica-
tions on the method made by various researchers in an attempt to improve the accuracy
or expand the application of the original method[10,11,19]. Some of these modifications
are Modified Adomian Method[12,19], Wazwaz modifications[10,13], Two step Adomian
method[14], and restarted Adomian method[15,16]. Recently, the decomposition method
has been used in fractional differential equations [7,8,9]. In this study, we solve the com-
plex differential equations using ADM.

1.1. Derivatives of Complex Functions . Let w = w(z,%Z) be a complex function.
Here z = x +1iy, w(z,%z) = u(x,y) +i.v(x,y) . A derivative according to z and Z of w(z, z)

is defined as following
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If we write u 4 v in place of w, we get that
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1.2. Adomian Decomposion Method. In this section, we mention from ADM. We
consider F(y(z)) = g(x), where F represents a general differential operator involving both
the linear and nonlinear terms. The linear term is decomposed into L + R, where L is the
highest order differential operator and R is the remainder of the linear operator. Thus the

equation can be written

Ly + Ry + Ny = g(z),
where Ny represents the nonlinear terms. For solving Ly, we can write as follows

Ly =g(z) — Ry — Ny
Because L is invertible, an equivalent expression is as follows

L 'Ly=L"'g— L 'Ry— L 'Ny.
If L is first order, L' is a integral operator. If L is second order, L™ is two fold integration

o0
operator. The nonlinear term Ny will be equated to >  A,, , where A,, are the Adomian

polynomials. Thus it can be written

n=0

Zyn =Y — L7'R (Zyn> ~ Lt (ZAn> )
n=0 n=0 n=0

where yq is solution Ly = g(x). Consequently we can write following equalities

y1 =L 'Ryo — L' 4
yo =L 'Ry; — L' 4

ys =—L 'Rys — L' A,

Yny1 = —L 'Ry, — L1 A,,

where A,, polynomials are determined as follows

Ny = f(y)
Ao = f(vo)
Ar=un dZZO)
s — df (yo)) | yid*f(wo)
2T dy, 2 d*y
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df (yo) f(yo) = yid3f(vo)
Agq = ) a1
3=1Y3 o + Y192 2y 31 By

2. SoLUTION OF COMPLEX EQUATIONS WITH ADM.

Theorem 2.1. Let A, B,C, F be functions of z,Z and w = u—+iv a complex function. We
consider following problem

A(z,%) (Z—w + B (z,%) g—g +C(z,2)w=F (2,%)

w(z,0) = f(x).

The solution of above mentioned problem is w = u + tv,where

[o.¢] o
u=1uy+y Up+1 and v = v+ vpy1. Therefore ug, vo, Un41,vn4+1 are as follows

L 2R L 2R
=L —— 0),vo=1L," | —— 0
UO Yy (AQ_BQ>+U<1.7 )71)0 y <A2_Bz)+v(x7 )
2C 2C. As + B
_ -1 1 -1 2 -1 2 2
iy = —L M“n) + 1Ly (M“n> + 1Ly (MLM>

Bl—Al A1+Bl

-1 (L1 — A -1 (AT b
—|—Ly <A2—32Lyvn> Ly <A2—Bzvan>

Unt1 AQ—BQU ) Y (AQ—Bgun) Y (AQ—BQ yu

B A A B
1+ 1van>_L;1< 2+ 2Lxun>

Aoy — By
Ay = ReA(2,Z),Ay =1mA(2,Z),B1 = ReB (2,%Z),By = ImB (z,%) ,
Cy = ReC(2,%z),Cy = ImC(2,%), F} = ReF(2,%), Fo = ImF(2,%)

Proof. Let’s separate to real and imaginary parts that is given an equation using the
definition of complex derivatives .
ow ow

A(z,z)g—i-B(z,E)g

So we have following equality

(A1 (z,y) +iA2 (x,y)) [<gz + g;)) +1 (gj; a gZ)}
+(B1 (z,y) +iBs (x,y)) {(gz - g;) T <gz * ZZ>]
+2(Cy (,y) +iCy (2, y)) (u + iv)

= 2F (z,y) + 2iF, (z,y)

If the above equality is separated to real and imaginary parts, then we have following
equalities:

+C(2,Z2)w=F(z,%)
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2F
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= f () b o@0)
v - n:'L())na'UO - Y Al _ B1 v .T,
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O
Example 2.1. Solve the following problem
4w, +wz =0
with the condition .
0)=——.
w(w,0) =~
Solution 2.1. Clearly the coefficients of equation which are as follows
A=4,B=1,C=0,F=0
ug = u(x,0) = —g 0= v(z,0)=0
_ 5 _ 5
Un4+1 = _Lyl (_SLmvn) y Unt+1 = _Lyl <_3Lxun>
0 5y 2512 0 0 1259
Ul = V= —F=.,. U = ———= .,V = Ua = Vg == ——
625y L _(5y)™ ()™
Uy = —m,m =0,...,u2p+1 = Vo, = 0,u2, = (=1)" Wavzn—l = (—1)nW
Therefore,
st i s L, 25y% 625y N 3z
L 3¢ 2773 24375 922 + 252
v = vo+v1+v2+v3+vs+ 7_57y+125y3_3125y5+ . -
R T 022 " 8lat 72946 T 022 4 252
—3x—5y 1

w:u+zv:9m2+25y2  z—4z

Example 2.2. Solve the following problem
ZW,y — ZWz = 222 + 52

with the condition
w (x,0) = 22* — 5.
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Solution 2.2. The coefficients of equation are A =z, B = —%,C = 0, F = 22> 4+ 5z.If the
coefficients separate real and imaginary parts we get that Ay = x,As =y, B1 = —x, By =
y,Ch1 = Co =0, F, =222 — 2y% + b, Fy = 4oy — 5y

8xy — 10 5y?
up =Lt oy — Y +2x2—5x:—2y2+i+2x2—5x
Y —2x 2x
4o — 4% + 10z 29
N | _
vg = L, ( 5 >+v(m,0)—2my—3x+5y
/(2
Un+1 = —Lyl <_§/L‘qun>
4 2
o1 (Y by 9 Dy
R e ) e R
6 4
-1 (Y oy oY
up = I <5L”"“1> T 1625 | 8a3
8 6
_ (Y ) _ 25y Sy
ug = Iy (xL‘m T 12827 1620
Stmilarly,
Un+1 = ngl (%Lmvn)
3 5
-1 (Y 2y 2y
vo= Ly (ELM)) T 3z ' 1529
5 7
o1 (Y )__ 2y° 2y
v = Ly (xL“” T 1543 3550
(Y 27 2y°
= L[t (7L ): =7
s v \z7""2) T 3555 " 6327
Therefore
o
5y2 5y4 5y2 5y6 5y4
= =924+ L9 _mp_ Y 492 2 4 T T
Y >_un A s S oS
25y° 5y 2
- — =222 -5
12827 1625 v
o0
2y3 2y3 2y5 2y5 2y7 2y7
v D v =2ay 30 YT 3r T 1525 152 3505 3540
2y9
=g =2
6327 i

w=u+iv="2x%—5r+i(2zy+5y) =22 -5z + 22
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3. CONCLUSION

In this study, we have studied solutions of first order complex partial differential equa-
tions by using ADM. Our next goal is a study to find solutions of first order nonlinear
complex equations and more higher order linear complex equations with ADM.
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