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Abstract—For  the
determining the solution of some L-C-R Oscillatory
electric circuit problems, Adomian decomposition and
Haar wavelet method are utilized for this purpose. We
present two methods Adomian
Decomposition method (ADM) and Haar wavelet
method (HWM) to solve few electrical circuit problems.
A comparative study of two traditional numerical
methods is conducted. Our research highlights the
importance of the numerical methods Adomian
decomposition method and Haar wavelet method as
these methods are quick convergence of solutions. Haar
wavelet method provides more accurate numerical

purpose of evaluating and

numerical

solutions than Adomian decomposition method.
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I. INTRODUCTION

A numerical technique based on Adomian
polynomials and decomposition method is developed
in this research for solving the approximate solution
of delay differential equation. The algorithm is
illustrated by using initial value problems. The results
obtained show that only few terms are required to
obtain an approximate solution [1]. An alternate
algorithm for computing Adomian polynomials and
illustrate some numerical examples to show the
simplicity and efficiency of the new proposed method
[2]. The theory and applications of a new
computational method based on Adomian
polynomials and decomposition method has been
applied for solving ordinary differential equations.
The obtained solution takes the form y' = f(x,y),
v(xy) =y, of a convergent series with computable
component. It has been found that the method is
suitable to obtain the solution of initial value
problems either it has oscillatory solution or
exponential solutions [3]. Some modifications in
Adomian decomposition method have been presented
to find the numerical solution of initial value
problems arising in ordinary differential equations.
The efficiency of the modified method is illustrated
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by several numerical examples. a new algorithm has
been presented for calculating Adomian polynomial
for nonlinear operators. This algorithm helps
studying various forms of nonlinearity. Nonlinear
evolution model has discussed in this research [4,5].
Adomian decomposition method (ADM) has been
used to solve the one-dimensional nonlinear Burgers’
equation. Convergence analysis of such method is
also presented. The probable solution of this equation
is computed in the form of a series with simple
computable components. The exactness of the
presented numerical scheme is analyzed by
comparing analytical
Numerical data show that the presented numerical
technique is more accurate and easy than other

methods [6].

numerical and results.

Adomian decomposition method is applied to solve
the fuzzy heat equations for which it is hard to find
the solution by applying classical methods [7].
Nhawu, G. et al For numerical solutions of first order
differential equations, Adomian decomposition
method has been used in this research. Adomian
decomposition method is shown as a powerful
numerical technique which considers the numerical
solutions of a non-linear equation as an infinite series
that normally converges to the analytical solution [8].
Haar wavelet collocation method (HWCM) is applied
to nonlinear Volterra-Fredholm Hammerstein integral
equations to find the numerical solutions. Properties
of Haar wavelets are used to convert an integral
equation into a system of algebraic equations.
Numerical results are compared with exact solution
to illustrate the accuracy of the proposed scheme [9].
The main advantages of the Haar wavelet method are
its simplicity and low computation costs, which are
caused by the scarcity of transform matrices and the
small number of significant wavelet coefficients. In
this research paper, we present two classical
numerical techniques to find the solutions of
oscillatory problems arising in science and
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engineering and discuss various cases that have
arisen during oscillatory processes. This is because
solutions of ordinary and partial differential
equations that are not sufficiently smooth, when
approximated by cubic, quadratic, and linear
polynomials, result in poor convergence or no
convergence in results [10-13].

IL. THE ADOMIAN DECOMPOSITION
METHOD

Consider differential equation

Ly +Ry + Ny = g(x), )]
where N is a non-linear operator, L is the higest order
derivative which is assumed to be invertible and R is
a linear differential operator of order less than L.
Making Ly subject to formula, we get

Ly = g(x) — Ry — Ny. (2
By solving (2) for Ly, since L is invertible, we can
write

L 'Ly =L'g(x) — L"*Ry — L"INy. 3)

For initial value problems, we define L™ for L = CZC—Z
as the definite integration from 0 to x. If L is second-
order operator, L™ is integral and by solving (3) for
y, we get

y=A+Bx+L'g(x)— LRy — LNy, (4)
where A and B are constants of integration and can be
found from the initial or boundary conditions.

The Adomian method consists of approximating the
solution of (1) as an infinite series

y(x) = Xizo Yn (%) )

And decomposing the non-linear operator N as
N(») = Xi=o An, (6)

where A, are Adomian

Yor Y1, Y2, - » Yn glven by

tar | O
An:EW N(ZA vl
i=0 2

=0

polynomial [6,7] of
n=012,..

The first few Adomian polynomials are
Ay = N(¥o)
Ay =N'(yo)y:

' " Y
Ay =N'(0)yz +N" (o) o

2

! 17 nr y13
A; = N'(¥o)ys + N"(¥o)y1y. + N (}’0)5

By substituting (5) and (6) into (4), we get
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nzo¥n =A+Bx+ L7 g(x) — L7'R(E7=0 yn) —
L (Erzo An).

The recursive relationship is found to be
Yo =y(0) +xy'(0) +L7'g
y1 ==L (R(o)) — L (4 (o))
Y2 = _L_I(R(yl)) - L_l(Al(J’o'}ﬁ))

Yni1 = —LH(ROR) - = (40 (o172 - 3n))

Using the above recursive relationship, we can make
solution of y as

y = lim @, (y), ™
where
@, (y) = Yo Vi- (®)

2.1. CONVERGENCE ANALYSIS OF ADM

The Adomian Decomposition Method is same to the

sequence defined as follows [14] [15]
Sp=y1ty:+ys+ -+

through the iterative scheme

SO =0
Sn+1 =N + 5p) ©)
is associated with the functional equation

Cherruault [14] [15] used the fixed-point theorem to
solve Equation (16) numerically.

I1I. NUMERICAL OBSERVATIONS
This section compares the accuracy and effectiveness

of the We use the
decomposition method and the Haar wavelet method

two methods. Adomain
to solve some oscillator circuit problems Firstly, we
discuss the problems of oscillating circuits arising in
physics and engineering.

3.1. L-C-R CIRCUIT:
Now consider the discharge of a condenser C through
an inductance L and the resistance R

C

Az

A — T
R L

Figure 1: L-C-R Circuit.
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Since the voltage drops across L, C and R are
respectively

d*q q dq

L—-,=,and R—.
acz’ ¢ e
2
Therefore, by Kirchhoff’s law, we have L ZTZ +
RU 44—
at ¢

Or writingg = 2] and % = u?, we have

L4229 4 12q = 0. (16)
Therefore, its auxiliary equation is
D? +2AD + u? =0, where D = -1 +
JAZ — 2.
To study the physical significance of the solution of
the above equation, Three cases arises.
Case 1. The auxiliary equation's roots are real and
distinct, say (By,F2). WhenA > u, as a result, the
solution of equation (16) is of the form
q = coePrt + c et (17)
To determine constants, ¢, ¢4, let the spring be
stretched to a length ¢ = [ and then released so that
g=1landdq/dt =0att =0.
From equation (17), we obtain
l=cy+c (18)
Also, from equation (17), by differentiation, we

obtain

d
d_j = coprefit + ¢,

After using the conditions, we obtain
c1fr+cf,=0 (19)
Solving equation (18) and equation (19), we obtain
B
By — B2’ B = B,
Therefore, the solution of (16) is
q= ﬁ(ﬂieﬁzt - .Bzeﬁlt)
As t — oo, which shows that g is always positive and
decreases to zero.
Numerical Example 1: Let u=+/3, A=2 From
(16), we have
q"+4q9'+3q=0 (20)
with initial conditions q(0) = 2,q'(0) = 0. The
exact solution is
q(t) =3et—e3
Apply Adomian decomposition method (ADM):
2

Define linear operator L = £

dat?
. 1t
The inverse operator is L™ = [f (.)dtdt
qO = 2 )
ql = _3t2,

3
= —4t3 +—t*,
q> 2
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6 3
= —4t* ——t> — —1tb,
s 50 40

Qo = t5 + 265+ t7 + —— (8 4 -
5 5 70 2240

Therefore,
qt) =qo+q1+q2 tqz +qs + -

13
q(t) =2 —3t* + 4¢3 —Tt‘* +2¢5 — ...

Apply Haar Wavelet Method:

Now consider the approximation
n

0"(©) = ) ahi(®

i=1
In terms of t, integrating, we have
n
7O =70 + ) aPy®)
i=1

Again, integrating with respect to t, we obtain

q(t)
=q(0) +q' (Ot
I e

From equation (20), we obtain
n
> (@) + 420 + 3P,(0)]
i=1
= —44q'(0) — 3q(0) — 3tq'(0)

The numerical solution is obtained by substituting the
value of wavelet coefficients into equation (21).
From here, wavelet coefficients are achieved.

For J=8, absolute errors

x 10"

Errors

o N B~ O O»

0 .20 .ziot 60 .80 1

Figure 2: Haar wavelet method absolute errors for
Examplel
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2
= — Exact
f 187 B Haar wavelet]]
s
16/ ]
3
S14f —
5}
12! 1
=

1 ! ! ! !

0 020 040 060 0.80 1

t
Figure 3: Exact and Haar wavelet solutions for
Example 1 are compared.

Case II. The roots of auxiliary equation are real and
equal,(each being= —A1). When A = p.The general
solution of equation (16) is

q = (cg + cit)e
when g = [ and dq/dt = 0 att = 0, we obtain

=1 cg=AU

Therefore, the solution of (16) is

g=1(1+At)e
As t — oo, which shows thatq is positive and
decreases to zero.

-t

Numerical example 2: Letting A =u =1
Now consider the second order linear differential
equation

q"+2q9"+q=0 22)
with initial conditions q(0) =2, ¢'(0) =0
The exact solution is

q(t) =2(1+t)et

Apply Adomian Decomposition Method :
Define linear operator

dq?
The inverse operator is then

Lt= ﬂt(.)dtdt
0

qO = ts
t3
= —tz —_—
01 6
_2 t3+ tt + e
92 =3 6 120’
t* t3 ¢ t7
= 73770 120 5040
7 9
q4=it5 it6+t—+t—,...
15° " 45° 7210 " 362800

Therefore,

qit) =qo+q1 +q, + g3 + -

3 t* t5 ¢
H=t—t’4+———F——— 4.
9(0) T2 "6 22 1207
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Using Haar Wavelet Method:

From equation (22), we have
n

> afn(®) + 2P0 + Pry(®)]
i=1

= —2q'(0) —q(0) — q'(0).t

The numerical solution is obtained by substituting the
wavelet coefficients into equation (21). From here,
wavelet coefficient are obtained.

For J=8, absolute errors

0 0.20 040 060 0.80 1
t

Figure 4: Haar wavelet and exact solutions are
compared for example 2.

Comparison between Haar wavelet and exact solutions

€ ",
w
é 1.90r |8 ’
=} .
5 1.80t a ]
% &
£170 a :
5 | |
=z 1.60r l *
Exact | |
1.50 B Haar wavelet L]
1.4 ‘ ‘ ‘ ‘
0 0.20 0.40 0.60 0.80 1

t
Figure 5: Comparison of exact and Haar wavelet
solutions for Example 2

Case III. When A < u, the roots of the auxiliary
equation are imaginary, that is D = —A * i§, where
62 — ,le _ AZ
So the solution of equation (16) is

q = e *(cocos8t + ¢, sindt)
when g =l and dq/dt = 0 at t = 0, we obtain

co=1lc,=Al/S

Hence the solution of equation (16) is

— 1,-At A
q=Ile (cosat + 5sm6t).
Numerical example 3: Let, py=121= %
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Consider the oscillatory equation
q9"+q'+q=0
(23)
with initial conditions, q(0) =2, ¢'(0) =0
The exact solution is

() = 2.0-112 \/§t+1 _ \/§t
=2.e cos —t +—=sin—
1 N
Apply Adomian Decomposition Method:

2
Define linear operator L = L

dt?
. 1t
The inverse operator is L™ = [f (.)dtdt
qo=2,
q, = —t?
t3 ¢t
q2=?+ﬁ;
t* 5 t°
5=712730 360
t5  t t? t8
=t b+
U 60 120 840 20160
Therefore,

qt)=qo+q1+q+qs+qs +
3 tS t6

=2 —t2 4 —— 4 ...
9(®) Ft3 %0 T 180

Apply Haar Wavelet Method (HWM):

From equation (23), we obtain
n

>l + Pu(®) + Poy(0)]

=—q(0) —q'(0) — q'(0).t

The numerical solution is obtained by substituting the
wavelet coefficients into equation (21). From here,
wavelet coefficients are achieved.

-7
x 10 For J=8, absolute error
2.5 ‘ ‘ ‘ ‘

2,

1.5

Errors

1 L

05 4

: ! ! ! !
0 0.20 040 060 0.80 1
t

Figure 6: The Haar wavelet method's absolute errors
for Example 3.
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Comparison between Haar wavelet and exact solutions

M ey

= |

218 | |

3 ||

2 m

316 DEI 1

£ m

Z 14} Exact = ml
[l Haar wavelet

0 0.2 0.4 0.6 0.8 1
t

Figure 7: Comparing the Haar wavelet and
exact solutions for Example 3.

IVv. CONCLUSION

From above numerical data, it is concluded that
Adomian decomposition method and Haar wavelet
method are powerful mathematical technique for
solving electric circuit problems arising in many
applications of science and engineering. The
numerical findings show that the Haar wavelet
method yields more accurate numerical solutions
than the Adomian decomposition method. We believe
that when compared to the classical methods, the
Haar wavelet method is completely competitive in
comparison with classical method. For more accuracy

the number terms may be increased.
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