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Abstract: In this paper, we apply the Homotopy Perturbation Transform Method (HPTM)
to obtain the solution of Non-Linear RLC Circuit Equation. This method is a combination
of the Laplace transform method with the homotopy perturbation method. The HPTM can
provide analytical solutions to nonlinear equations just by employing the initial conditions
and the nonlinear term decomposed by using the He’s polynomials.
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1. Introduction

Many problems are modeled in terms of
nonlinear partial and ordinary differential
equations in physics and engineering. Still, it is
very difficult to obtain exact or approximate
solutions of such problems. Several methods are
available in the mathematical physics literature
which can be used to find approximate solutions
of linear and nonlinear differential equations,
such as the Homotopy Perturbation Transform
Method (HPTM) [1 — 8], Adomain’s
Decomposition Method (ADM) [9], Tanh
Method [10] and Variational Iteration Method
(VIM) [11].

The main objective of this work is to apply
the homotopy perturbation transform method to
solve Non-linear RLC circuit equation. The other
methods [9, 10, 11] are for the time being under
investigation, where mathematical details on
each method will be the subject of forth coming
publications. The inherent nonlinearity source in
electrical systems arises from resistive, inductive
and capacitive elements. Given the importance
of RLC circuit systems in many areas of physics
and modern engineering applications, we

propose to derive the differential equation of a
nonlinear RLC circuit.

The outline of this paper is as follows:
Section two is devoted to the formulation of the
problem, Section three presents the homotopy
perturbation transform method, Section four
gives the solution of the nonlinear differential
equation, Section five contains the numerical
estimation for typical electrical components of
the circuit and finally, Section six resumes the
conclusion.

2. Formulation of the Problem

The potential applications of nonlinear
electrical circuits have been studied many years
ago by Martienssen [12], Biermanns [13] and
later by Hayashi [14] and Ueda [15]. The circuit
consists of a nonlinear inductor and a linear
capacitor; the circuit also has a resistor, but it is
neglected here in order to focus on the
nonlinearity of the problem. Our aim in this
section is to formulate the problem in equation
form.
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By applying Kirchhoft’s voltage law, we get:

dp Q
NE-FE—E(t) (D

where the potential
inductor V}, is given by:

difference across the

=N— 2
V=N @

Nis the number of turns of the inductor coil
and ¢ is the magnetic flux in the inductor core.

The potential difference across the

capacitance Vis given by

Ve = C 3)

C is the capacitance and E(t) is the voltage
source.

The nonlinear relationship between the
current and the magnetic flux can be represented
by several different functions. However, a
simple representation is as a power series in ¢ as
in Biermanns [13] and Hayashi [14]

i=a,p+az;p3+ase®+ - (4)
assuming a harmonic supply voltage of the form:
E(t) =V, cos wt . (5)

Differentiating Eq. (1) with respect to time
gives:

d?¢p i
N——=+4+ —= wV, cos wt 6

dtz ¢ 0 (®)
where i = “ii—fis the current.

Truncating Eq. (4) to third order and
substituting for the current in Eq. (6) from Eq.
(4) give [16]:

o)

di2 CN(p(t) + CN(p 3(t) = —cos wt (7)
which can be written in the form:
d2

d(ig ) + Bo(t) + yp3(t) =V cos wt (8)
where f = g—;’ is a constant called natural
frequency of the system, while y = g—; and

wV,
V= T are constants.

In the following section, we will solve Eq.
(8) using the Homotopy Perturbation Transform
method.
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3. Homotopy Perturbation Transform
Method (HPTM)

This method is introduced by Khan and Wu
[1]; they combined the homotopy perturbation
method and the Laplace transform method to
solve nonlinear partial and ordinary differential
equations.

To illustrate the basic idea of the method, we

consider a general nonlinear differential
equation:

Du(t) + Ru(t) + Nu(t) = g(t) 9
with initial conditions:

u(0) =h, u(0)=f (10)
where u(t) is unknown function,D 1is the

. . . da?
second-order linear differential operator = FTET R
is the linear differential operator of less order
than D, N represents the general nonlinear

differential operator and g(t) is the source term.

Taking the Laplace transform, £, on both
sides of Eq. (9), we get:

LIDu(®)] + L[Ru(®)] + LINu(®)] = LIg(®)] (11)

Using the differentiation property of the
Laplace transform, we have:

L[Du(t)] = s?L[u(®)] — su(0) —u(0)  (12)
So, Eq. (11) becomes:
@) = 5+ L S rRu] + 5 £l (0]
— L[Nu(t)] (13)

Operating with the Laplace inverse on both
sides of Eq. (12) gives:

u@®) =G6@)—-L1 [1 [Ru(t)+Nu(t)]] (14)

where G(t) = £71 L%L[g(t)]] represents the

term arising from the source term and the
prescribed initial conditions in Eq. (10).

Now, we apply the homotopy perturbation
method:

u(®) = ) phun(® (15)
n=0
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And, the nonlinear term can be decomposed
as:

Nu(e) = Z pnH, (1) . (16)
n=0

For some He’s polynomials H,[17] that are
given by:

Hn(uO!ull"'! n|apn[ (Z =oP u)]p 0°
n=20123,-- a7
Substituting Eq. (14) and Eq. (15) in Eq.
(13), we get:
?i=0 pnun(t) =
60— p (L7 |[SLIR Zimop"un(0) +

Foop"Ha(])])

which is the coupling of the Laplace transform
and the homotopy perturbation method using
He’s polynomials. Comparing the coefficient of
like powers of p, the following approximations
are obtained:

p°:uo(t) = G(©)

Pl =—(£7 |5

(18)

£Rug (1) + Ho(@]])

P2y () = — (L7 [ LIRu, (© +

1)) 19)

p3:us(t) = — (L_l Siz

.. and so on.

LR () + Hy @),

4. Solution of the Nonlinear

Differential Equation

In this section, we will present the solution of
nonlinear RLC circuit equation using HPTM.
Eq. (9), presented in Section 2, is chosen as a

model of nonlinear second-order differential of
the form:

d?¢(t)
dt?
Here, ¢(t) is the unknown function.

+ Bo(t) + yp3(t) =V cos wt (8)

Subject to the initial conditions:

»0)=0. (20)

Taking the Laplace transform on both sides of
Eq. (8) yields:

LIG®O] + BLIp®] + LIP3} (D)] =
VL[cos wt] (21)

And using the differentiation property of
Laplace transform, we have:

L) =V/s"2 L[coswt]— B/
s"2 Llp@) ] —vy/s"2 LIp"3 (D) ] (22)

Operating with Laplace inverse on both sides
of Eq. (21), gives:
_ - 1|8,
(p(t) =L [s(s +w2) [
1|y
£ Ll
Now, we apply the homotopy perturbation
method as follows:
0 — 14
n=0P"un(x,8) = L ' [5(52+w2)] N
p (27 [L £l im0 "un 0] +

LL[Srmop" Ha(w])])

where H, are He’s polynomials that represent
the nonlinear terms.

01| -
23)

(24)

From Eq. (16), the first few components of
He’s polynomials are given by:

Ho = @3(t)
H; =395 (04 (t)
Hy = 3905 ()@, (8) + 392 (D)@ ()

Hy = 3¢3(0)¢,(t) + 69 (D¢, (D)@, () +
HO)

(25)
.. and so on.

Comparing the coefficients of like powers of
p, we have:

0. _ -1 1
p (Po(t) =VL _5(52+w2)]
Pl 91() = —L 71 |5 Llpo (D] + 5 LIHo]|
p2: @, (t) = —£1 %L[mm + G LlH]|

p¥: @y(t) = L1 % Llp, 0] +% /:[Hz]

(26)
.. etc.
The solution of ¢ (t)is:
@o(t) = u(1 — cos wt) 27

91
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Here, p is a constant given as:
%4

The solution of ¢, (t) is given as:
L Y LH 29
p.(t) =—L S—ZL[¢0(t)] +S_2 [Hol| (29)
where
V3
Hy = @3(t) = P (1 — cos wt)? (30)

So,

01(8) = — ((/3 W+ (L )) (£)+
()4 (525 ) - eosan -

(38);’; ) (1 — cos2wt) + ( ) (1 — cos 3wt)
(31

36 w?

Eq. (31) can be rewritten as:

9:(0) = = (a) (£) + (@)1 - coswt) -
(a3)(1 — cos2wt) + (a,)(1 —cos3wt) (32)

where ag,a4, a,, az and a, are constants given

a; = ((B W + (Syf))
=((E)+(329)

(33)

The solution of ¢, (t) becomes:

(34)

02(® = £ | Bl 01 + i)

where

2
H;y =3¢, = —(3u*a)(1 — cos wt)? (’;—,) +
(Bu?a,)(1 — cos wt)?(1 — cos wt) —
(Bu?az)(1 — cos wt)?(1 — cos 2wt) +

(Bu?a,)(1 — cos wt)?(1 — cos 3wt) (35)

92

P, (1) = — <(Baz) = (Baz) + (Bay) +
(e - () o (2520 () +
< B ay) + 9M yal)) (4|) -

12 V‘“) (t)(sin wt) +
244 V“l) (£)(sin 20t) +

64
wya, (t?)(cos wt) —

(%
(
S
( 2 Y21) (¢2)(cos 2wt) + ((M) B
(5
(%
(

32w 4w?

a 27u?ya 18uya
Mys) (#);4)+( Mi/l)_i_
4w w

)) (1 —-coswt) — <(%) +

3u2 ya3) (9u2ya4) n (ﬁ as)) (1—

8w?
2 2 2
coszan + (522 4 (£22) ¢ ()

12w? 3w? 2w?

(%)) (1 - cos3wt) — <(%) +

(M)) (1 — cos4wt) + (BM ya4) -

16w2 100w?2

42

cos Swt) (36)

Eq. (36) can be rewritten as:

02 =—by (5 ) +b, (5 ) b (t) (sin wt) +
b, (t)(sin 2wt) + bs(t?)(cos wt) —
be(t?)(cos 2wt) + b, (1 — cos wt) —
bg(1 — cos2wt) + bg(1 — cos 3wt) —
b1o(1 — cos4wt) + by;(1 — cos 5wt) (37)

Where bl:bZI b3l b4l b5l b6l b7l b8l b9l blO and bll
are constants:

by = (waz) ~ (Bas) + (Ba) + (B41%2) -
(15uzya3) n (9u22Va4))
m=(wao+@%?%)
(12M Val)
_ (24M Val)
64w3

= ()
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_ 6M2Va1)
be = ( 3202
_ [ (45 0%y az) _ (3M2Va3) (27uzya4)
by = <( 4w? w? + 4w? +
18uya Ba
() + (22)

[ (45 1%ya 3ulya 9u’ya
b8 - <( 32w?2 1)+( 4w23)+( 8w24)+

by = () + (522 + (5299 + (52))
b= ((C220) + (222

3 2
b = (552) (38)
And, the solution of ¢4 (t) is:
__,1|B v
p3(t) =L S—ZL[¢2(t)] + S_ZL[HZ] (39)

where

H, = 3059, + 30003 = —((6paja,) —
Bu2by) (5) (1 -~ cos wt)? +

(Bu?by) (;) (1 - coswt)? — (3u?b3)(1 —
cos wt)?(t)(sinwt) + Bu?b,)(1 —

cos wt)?(t)(sin 2wt) + (Bu?bs)(1 —

cos wt)?(t?)(coswt) — (Bu?be)(1 —

cos wt)?(t2)(cos 2wt) + ((3u?b,) +
(Bu(a)?))(1 — cos wt)® — ((Bu?bg) +
(6uazasz))(1 — cos wt)?(1 — cos 2wt) +
((3u?bo) + (6uaza,))(1 — cos wt)?(1 —
cos 3wt) — (Bu?by) (1 — cos wt)?(1 —
cos 4wt) + (3u?b11)(1 — cos wt)?(1 —
cos 5wt) + (18u(ay)?) ( ) (1 - coswt) +
(Bu(az)®>)(1 — cos wt)(1 — cos 2wt)? +
(3u(a4)2)(1 — cos wt)(1 — cos 3wt)? +

(6buayaz) ( ) (1 — cos wt)(1 — cos 2wt) —

(6uajay) ( ) (1 — cos wt)(1 — cos 3wt) —

(6uasa,s)(1 — coswt)(1 — cos 2wt)(1 —
cos 3wt) (40)

So,

@3(t) =
(Bb; —

Bbg + Bby —

Bbio + Bb11)

+ (151/14 b7)

(15Vu(az)2)

(151/14 bs)
n (91/# b9)

(30waz as)

(18yua2 a4)

— (91’# b10)

(9]’# b1y

(9Vu(a3)2)

)
(9Vu(a4) )

2

18yuazas 450yp(a;)?w®
- 4 B wl?
180yu(a;)?w® 270ypu(a;)?w®
+ wlO + w14

—(6yua,as) + (6Vua1a4)

ol H6yuzhg) + (22

(%)

,Bb1 (18ypt2a1a2 9yu b1 \
|
| (¢
|
|

(90Vu(a1)2 8)

|
|
|
| o
\ n (90Vu(a1)2 10) /
w12
18 ag)?wl0 6
(o) (e g ) (5)
(36wa1az) (181/#21)1)
2w3 - 2w3
15yu?bzw 6yu2bsw
+( 403 ) ( 2w3 )
(631/14 bs) (48Vua1az)
403 8w3
_ (241/14 b1) + (421/14 bs)
8w3 8w3

(24]/;1 bs) (12yua1a3)
8w3 8w3

n (24yua1a4) _ (zoessow(al) )

(91/# bz)

8w3 384w13
4050 2w? 150yu?b
() + ()
- “ © (t)(sinwt)

(864yu2b2) n (216yu2b2)
384w> 12288w>
18yu?bg 18ypaias
+ 3 - 3
2w 4w
18yua,ay 120yu?b,
+ () + (B
2w l6w
(175500yu(a1)2w6)
384w11
(25110yu(a1)2w4)
384w°?
1196370yu(a;)?w® Bbs
(T | 8ty

5760w15 w?

+(5)+ ()

93
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(2 3V#a1a2) (32 3V#2b1)

12yu? bszw 18yubyw
3 + 3
l6w l6w
18yu’bs 27yp*bg
3 + 3
l6w l6w
18yuaqasz 18yuaias
3 + 3
l6w 32w
12yuaqa; 6yusb, .
+ ( ) — ( ) t)(sin 2wt
64w3 64w3 ) )
24yu®bs 63yu’be
+ ( 3 + 3
64w 64w
24yuaqas 12yuaias
() + ()
64w 64w
75yu’b, 30yu?b,
+ ( 5 + 5
512w 512w
Bby Bbg 158bg
+( 2 + 3 + 3
4w 32w 32w
9yu b3w (18yu2b4w)
/ 108w3 54w3 \
| 91/# bs) (181/142176) |
| 108w3 54w3
18yuaqas 18yuaiay .
— | +( ) ( ) | (t)(sin 3wt
| 108w3 543 ) )

(61/# bs
216w3

+
+
+
+

24ypaia,

\ (12yua1a3
216w3

)+ (

(22
)/

216w3

6Vu2b4)
+ <( 128w? +

12yua1a4) (
( 512w3 +

512w3

9yu?b 18yua,a
(Vﬂ 36)+( Yu 134)+
256w 256w

6”‘2”6)) (£) (sin 40t)

/_ (2700yu(a32w8) n
384w

(270Vu(a1)2w2)
64wS \

+

96yu?b,
- (o) *
192w

(120yu b2)
48w3

+

30]’# bz

3960yu(a1)2 6)

9

24]’# by

(1260yu(a1)2 4) |
384w7

10260yu(a1)2 10) /
5760w7

-

384w3

1536w3

)) (¢3) sin 2wt

[ (¢£3) sin wt

94

(48yua1a2
8w3

) (241/#21)1)
8w3

() o

24Vu2bs)
8w3

-2

24yua1a4)
8w3

(33750yu(a1)2w8)
38412

4050yu(a,)?w?
N
384w

(301/#21)2
8w*

) (864yu2b2)
384w*

(t?) cos wt

432yu?b, 120yu?b,
+ (122880)4) + ( 16w* )

(37260yu(a1)2w6)
384w10

(7830yu(a1)2w4)
384w8

(159570yu(a1)2w1°)
5760wl*

+()+ ()

12Vua1az) (61/# b1
32w2 32w2
24]/;1 b 63]/;1 b
I + 25) + ( 26 I
| 32w 32w |
| 24ypa,ag 12yua a, | 2
+ — ) + (t?) cos 2wt
| 32w 32w2 |
| (151/14 bz) n (301/14 bz)
256w* 256w*
Bb 38b
()
16w? 16 w

24ypaia,

7

6yu’b 24yp?
()4
72w 72w

)) (t?) cos 3wt

202

b, 12yuaqia
)+ (Faar) +
72w

2p,
- (e (220 conr
128w 128w

270Vu(a1)2w2 90yu(a)?w’
/ 384w* ) N ( 384w10 )
— _|_ 96yu2b2)+(180w(a1)2w6) | (t%) cos wt
384w?2 384w8
\ 90yu(as)?w 4) (18Vu(a1)2w1°)
384w6 384w12

+(

24yu®b
o 22) (t*) cos 2wt
1536w
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(o) (25 (22 (2222
+ (15]/2“&)‘1:3 w) + (6]/“0)540)) + (9];!;5210) (3];!:‘;&)1’211)
() + (VL) () + ()
(e (o) | () - () ot
2
+ () + () () + ()
+ (Frmaee) () + () + (o)
+ (6”‘ b“) + (3”2‘((;23) ) (1 — cos wt) + (f:;")
(L) + () [ )+ (35)
~ (toer) | (ot () (|
_ (13501/#(1611)2(08) n (30yu2bz) + 3yu(as)? 6yiasas | (1 — cos5wt)
9001/14(;)1)20)6 901/#(;):)20)4 |+ ( 100w )2 ( S0 ) |
) | ) )
+ (T) (3]’#21710) + (3]/#21711)
+(352) +(52) + (52) | e, (oppanery |~ 05600
18 oyu?by +( 72w? )+ ( 144w? )
(myyalaz) B ( 320* ) 3yu?byy 3yu(as)?
+ (12:’:):13“’) + (18:’2314“’) + (( 19602 ) + ( 19602 )) ((1 —cos 7(ut)) (41)
+ (1811;’555) + (2711;’;256) Eq. (39) can be rewritten as:
+ () + () 030 =~ (5) + @ () - & (5)
+ () + () — ¢, (©)(sin wt) + ¢ (£) (sin 20t) —
(eyfzzz@) 4 (9];,;221;9) (1 = cos 2wt) ce(t)(sin3wt) + ¢, (t)(sin 4wt)
3 i _ 3 i
e Ny
( 128w62) ( 16w212) + ¢12(t?) cos 3wt — ¢3(t?) cos 4wt —
(3”;‘0)12’11) ( Vf:i“;) ) c14(t*) cos wt + ¢15(t*) cos 2wt
(3w(a24)2) (18Vua3a4) + ¢16(1 — coswt) — ¢17(1 — cos 2wt) +
4w 1602 c15(1 — cos3wt) — ¢19(1 — cos 4wt)
+(5) + Go) + (5)
+ ¢50(1 — cos 5wt) — ¢51(1 — cos 6wt) +
() (ot cal(1 - eos700) @)
+ (9yu2b5) (3yu2b7) where
(32?;; ) (iﬁi’fbs) €1, €2, C3, Cy, Cs, C, C7, Cg, C9, C10, €11,
36w? 9w?
(61/::)22613) n (911/::29) €12, €13, C14) €15, C16) €17, C18) C19, €20, C12 and €25
(18]1,::222“4) N (1?/1!:)241,)6) (1 — cos 3wt) are constants:
() + (Renn)
(3]/(’;0)12’10) (3];l:iwb211)
- () + ()
- () + (52)

95
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&
|

96

(Bb; — Bbg + Bbg — Bb1g + Bb11)

n (15)/11 b7) (15yllz(a2)2)

(15)/# bs) (30yﬂa2a3)
4

9 b 18yuasa
+(w 9) ( Vﬂzz4

_ (9)/# b10) + (9)/#21711
2 2

n (9)/#(2a3)2) n (9)/#(2a4)2)

_ (18yﬂa3a4) _ (450yu(a1)2w8)

4 wl2
180y u(a,)?w® 270yu(a,)?wt®
+ ( wlol ) + ( wlz )
,Bbl + (18)/#2111(12)
_ (9)/#2171)
2

—(6yua,az) + (6yua,a,)
+(6yp?bs)

3yubg 90yu(a)’w®
+ ( 2 ) - ( w10 )

n (90yﬂ(a1)2w1°)

w12

_ <((9V#22b2)) n (18)/#5:11) w? )+ (,Bbz))

(36)/#&1&2) (18)/#2191)
2w3 2w3
15y u’bsw 6yu’bsw
+ 3 3
4w 2w

n (63)/#2195) n (48yﬂa1az)

4w3
(24)/#2191) n (42)/# bs)
8w3 8w3

24yu®b 12yuaqa
+( yu 6)_( yra as

8w3 8w3
n (24yua1a4) (206550)/#(:11)20)8)
8w3 384w13
4050yu(a,)’w? 150y u?b
+( YU 17 +( Vus 2
384w 8w

_ (864yu2b2) n (Zléyuzbz)
384w> 12288w>
18yu2b6) 18yua1a3)
+( 2w3 _( 43
18yua a, 120yu%b,
+( 2w3 )+( 16w> )
n (175500yu(a1)2w6)
384wl
(25110yu(a1)2w"’)
N 38402
(1196370)/#((11)20)10)
+ 5760w15

() () (52)

( o3 V.ua1az) ( o3 Vﬂzbl)

(12)/;1 b3w) n (18yu2b4w)
16w3 16w3
(18)/# bs) n (27)/#2196)
16w3 16w3
(18yua1a3) + (18yua1a4)
16w3 32w3
12yua,a 6yu?b
Cs = +( Vﬂlz)_(yﬂ 1)
64w3 64w3
24yu®b 63yu?b
+( Vu3s)+( Vu36)
64w 64w
24yua1a3) (12yua1a4)
+( 64w3 + 64w3
75yu?b 30yu?b
+( yu 52)+( yu 52)
512w 512w

3174) ( Bbe ) (153176)
+ (40)2 + 32w3 + 32 w3
(9yu2b3w) n (18yu2b4w)
108w3 54w3
(9)/# bs) (18)/#2196)
108w3 54w3

18yua as 18yua,a,
Cﬁ =

108w3 54w3
(6)/# bs) (24)/#2196)
216w3 216w3
12)/#‘11‘13) (24)/#‘11‘14)
+( 216w3 + 216w3
6)/# b4) n (9)/#2176)
1280)2 256w3
18wa1a4 (12yﬂa1a4) (6)/# be)
256w3 512w3 512w3

)+(270w(a1)2 w?
3841l 64wS
96)/11 bz) (120)/11 bz

192w3 48w3 I

+

3960)/#011)2 ) (1260yﬂ(a1)2 w*
384w° 384w”
10260)/11((11)2 10
5760w’

_ | (30yu? bz 24y b,
Co = 384w3 153603

/ 2700)/#(:11)2
I
I
l\
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(48yua1a2) _ (24yu2b1)
8w3 8w3

bs

(42V#

(24V# be)
8w3

(33750)/;1011)2
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3)/#2199) (éwaza4)

+ ( 16w2 + 16w2

+ (9)/#21710) + (3)/#21711)
32w? 16w?
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So, the solution of ¢(t) is given by:

=—(a1+b1+cl)( )+(b2+ Cz)( )

e (5) + (=(bs + co)(sinwt) + (by +
cs)(sin2wt) — (cg)(sin 3wt) +
(c7)(sin 4wt))(t) — (—(cg) (sin wt) +
(co)(sin 2wt) ) (t3) — (—(bs + cy0)(cos wt) +
(bg + c11)(cos 2wt) — (c15)(cos 3wt) +
(c13)(cos 4wt))(t2) + (—(614)(COS wt) +
(c15)(cos 2wt))(t*) + (az + by, + 1 +
c16)(1 — coswt) — (az + bg + ¢17)(1 —
cos2wt) + ((as) + by + c15)(1 — cos3wt) —
(byg+ €19)(1 — cos4wt) + (b + c30)(1 —
cos 5wt) — ¢31(1 — cos b6wt) + cp((1 —
cos 7wt)) + -+ (44)

Hence, the general form of solution becomes:
) = i
0 £2n
S Ao CD" (50)+
o (—DMe2 (29(—1)/ B, cos jot) —
2L (T (—DkCk sinkwt)] —
1 (=1)"D,, (1 — cos nwt) (45)

98

5. Numerical Result

Fig.1 shows the approximate solution of the
nonlinear RLC circuit for the assumed typical
values of circuit parameters: ¢ =4 x 107*
farad, Vy = 20volt, N = 1000, a; =1, a, =3
and the values of constants in Eq. (8) are
displayed]1 in Table 1:

TABLE 1. The values of constants 3, v, f and w.

constant value

-4 0.25

~CN '

_ %2 0.75
14 C {y .

wVo

=— 1

f N
w 0

So, the values of the constants in Egs.
(28), (33),(38) and (43) become as in Table 2
below:

TABLE 2. Values of constants in Eqgs.
(28), (33), (38) and (43).
Constant value
u 4x 10
a, 0.0001
a, 400001 x 1078
as 7.2 x 10715
ay 5.33333 x 10716
by 1.00001 x 1078
b, 0.0000250001
bs 1.728 x 10715
by 3.6 x 10717
bs 1.44 x 10714
b 9.00001 x 10716
b, 400006 x 10712
bg 5.40073 x 10715
by 1.65926 x 10~ 1°
b1o 2.1 x 10726
by, 7.68 x 10728
o 9.98673 x 10713
cy 2.50002 x 1077
3 6.25009 x 107°
o 1.34657 x 10718
Cs 7.36885 x 10721
Co 9.8489 x 10727
c; 1.35 x 10728
Cg 1.92001 x 10716
Co 1.50001 x 1018
C10 1.87657 x 10~17
11 1.96876 x 10~ 1°
C12 8.85334 x 1072
C13 2.625 x 10727
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Constant value Constant value
C14 1.2 x 10715 C19 1.51974 x 10726
C1s 1.88236 x 10716 C20 3.95607 x 10731
C16 400048 x 10716 €1 446942 x 10738
C17 1.35552 x 1071° Cyp 1.08669 x 10739
C1g 3.39305 x 10723
Flux [¢(t)]

0.0008 -

0.0006 f

0.0004 f

0.0002 —

| 0.2 | | 04 0.6 | | 0.8

1.0 Time [t]

FIG. 1. Graphical representation of the solution of nonlinear RLC circuit. This figure is sketched using Wolfram
Mathematic 6.0.[18].

6. Conclusion

In this paper, we found an approximate series
solution of a Nonlinear RLC circuit equation.
Needless to say that the series is convergent,
otherwise the method will be useless. The
homotopy perturbation transform method
(HPTM) is successfully used to develop the
solution. The result shows that HPTM is a
powerful mathematical tool for finding the exact
and approximate solutions of nonlinear
equations. It is worth mentioning that the method
is capable of reducing the volume of

computational work required to solve nonlinear
ordinary differential equations as compared to
the classical methods, like HPM. Comparison
between HPTM and other methods shows that
these methods when applied to solve nonlinear
equations will be in good agreement.
Furthermore, HPTM has the advantage of
overcoming the difficulties arising in the
calculation of Adomian’s polynomials; the
solution procedure by using He’s polynomials is
simple, but the calculation is complex.
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