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Abstract

In this article, Homotopy perturbation method (HPM) is applied to find the approximate solution of free oscillation for simple
pendulum equation, which is known a well-known nonlinear ordinary differential equation. The Homotopy Perturbation Method
deforms a difficult problem into a simple problem which can be easily solved. Firstly, the approximate solution of simple pendulum
equation is developed using initial conditions, and then results are compared with the results obtained by numerical solutions. Finally,
Homotopy Perturbation Method (HPM) is applied to find the approximate solution of simple pendulum equation with initial
conditions. The model absolute error was found below the 5% significance level. The absolute error between homotopy result and
numerical result was average 0.0003%. In this study, we have found the Homotopy result and numerical result makes a good
agreement. The results reveal that the HPM is very effective, convenient and quite accurate to systems of nonlinear equations. Some
examples are presented to show the ability of the method for free oscillations of simple Pendulum equation.
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more of a limited number of differential method of
1. Introduction approximation, in this study we are used for approximation
result using Homotopy perturbation method and comparing
numerical solution. In the last three decades with the rapid
development of nonlinear science, there has appeared ever
increasing interest of Mathematics, Physicists and Engineers
in the analytical techniques for nonlinear problems. It is well
known, that perturbation methods provide the most versatile
tools available in nonlinear analysis of engineering problems
[1-3]. The perturbation methods, like other nonlinear
analytical techniques, have their own limitations. At first,
almost all perturbation methods are based on the assumption
that a small parameter must exist in the equation. This so-
called small parameter assumption greatly restricts
applications of perturbation techniques. As is well known, an

Mathematical formulations of many physical problems often
result in differential equations that are nonlinear. However, in
many cases it is possible to replace a nonlinear differential
equation with a related linear differential equation that
approximates the actual nonlinear equation closely enough to
given useful results. Often such linearization is not possible
or feasible, when it is not, the original nonlinear equation
itself must be trickled. The general theory and methods of
dealing with linear equations constitute a highly developed
branch of mathematics, whereas very little of a general nature
is known about nonlinear equation. Generally the study of
nonlinear equations is confined to a variety of very special
cases, and the method of solution usually involves one or
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overwhelming majority of nonlinear problems have no small
parameters at all. Secondly, the determination of small
parameters seems to be a special art requiring special
techniques. An appropriate choice of small parameters leads
to the ideal results, but an unsuitable choice may create
serious problems. Furthermore, the approximate solutions
solved by perturbation methods are valid, in most cases, only
for the small values of the parameters [30-32]. It is obvious
that all these limitations come from the small parameter
assumption. These facts have motivated to suggest alternate
techniques, such as variational iteration [4-5] decomposition
[6], exp-function [7], variation of parameters [8] and iterative
[9]. In order to overcome these drawbacks, combining the
standard Homotopy and perturbation method, which is called
the Homotopy perturbation, modifies the Homotopy method.
Many problems in natural and engineering sciences are
modeled by partial differential equations (PDEs) [33-35].
These equations arise in a number of scientific models such
as the propagation of shallow water waves, long wave and
chemical reaction-diffusion models [10-11]. A substantial
amount of work has been invested for solving such models.
Several techniques including the method of characteristic,
Riemann invariants, combination of waveform relaxation and
multi-grid, periodic multi-grid wave form, variational
iteration, Homotopy  perturbation and  Adomian’s
decomposition [10, 11] have been used for the solutions of
such problems. Most of these techniques encounter the
inbuilt deficiencies and involve huge computational work. He
[2] developed the Homotopy perturbation method for solving
linear, nonlinear, initial, and boundary value problems by
merging two techniques, the standard Homotopy and the
perturbation technique. The Homotopy perturbation method
was formulated by taking the full advantage of the standard
Homotopy and perturbation methods and has been applied to
a wide class of functional equations [1, 2]. The HPM gives
the solution in the form of a convergent series with easily
computable components. Unlike the method of separation of
variables which requires both and boundary
conditions, the HPM gives the solution by using the initial
conditions only [12-16]. In a series of papers He [17, 18, 19,
20], has outlined and refined the HPM, showing its
usefulness by nonlinear differential equations [22-25]. As a
rule, HPM tends to produce much more elegant solutions as
compared to the other competing techniques such as
Homotopy analysis method (HAM), regular perturbation
methods etc., yet it is not at the cost of accuracy In particular
the proposed Homotopy perturbation method (HPM) is tested
on single degree of freedom system and spring loaded
inverted pendulum, linear and nonlinear single degree of
freedom system equations, with damping and without forcing
and spring loaded inverted pendulum equation, with damping
and adding forcing [26-29]. The proposed iterative scheme

initial

finds the solution without any discretization, linearization or
restrictive assumptions and is free from round off errors. The
solutions obtained by using Mathematica program 9.0. In this
paper, attention is taken on the simple pendulum equation that
is nonlinear systems, which can be expressed as m% +
mgsin(%) = 0 with initial conditionx(0) = a,x'(0) = 0. In
section 2, the formulation of homotopy perturbation method.
The above systems are proved by using the method in
reference [1]. And in Section 3 gives an example for the above
systems and obtains two types of analytical approximation via
two different sets of base functions that is damped and
undamped, and the problem is further solution by homotopy
approximation and numerical approximation. In section 4
drawing the all figure and table with discuss the result part of
this study and conclusions are drawn in Section 5 finally.

2. Formulation of Homotopy
Perturbation Method

To illustrate the Homotopy perturbation method, we consider
a general equation of the type,

M(u(x)) = f(r)=0, r0Q (D
with the boundary conditions

du

N@u,—)=0, rO¢& 2)
dx

Where M is a general differential operator, N is a boundary
operator, & is the boundary domain of Q and f(r) is a

known analytical function. Generally speaking, the operator
M can be divided into a linear part Ln and a nonlinear part

NI . Now equation (1) can be rewritten as:

Ln(u(x)) + Nl(u(x)) = f(r) =0 3)

By the homotopy perturbation method, we construct a
Homotopy as v(r, p) : Q%[0,1] - R which satisfies

H(v, p) = (1= p)[Ln(v) = Ln(uy) 1+ p[M (v) = f(r)] =0 (4)
or
H (v, p) = Ln(v) = Ln(uy) + pLn(uy) + p[NI(v) = f(r)] =0 (5)

where p[[0,1] is an embedding parameter and u, is an

initial approximation of equation (1) which satisfies the
boundary conditions. Considering equation (4), we will have

H(,0) = Ln(v) - Ln(uy) = 0 (©6)

And,
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H,)=M) - f(r)=0 ™)

The changing process of p from zero to unity is just that of
v(r,p) from u,(r) to u(r) . In topology this is called

deformation and Ln(v) - Ln(uy) and M(v)— f(r) are called
homotopy.

According to the homotopy perturbation theory, we can first
use the embedding parameter p as a small parameter and

assume that the solution of equation (4) can be written as a
power series in p:

v=vy,tpy + p2v2 +p3v3 F o ®)

Setting p =1 one has the approximation solution of equation

(1) as the following if

u=limv=vy+v +v, +v3+. . ©)]
p-1
The series (9) is convergent for most cases. However, the
convergent rate depends on the nonlinear operator A(v).

3. Absolute Error in Percentage

Absolute error is the numerical difference between the true
value of a quantity and its approximate value. Let Xy is
Homotopy results and Xy is Numerical results value, then the
absolute error in percentage is given by

Xy =Xy

A = x100% (10)

H

4. An Example of Physical
Explanation of Simple
Pendulum

Perhaps the simplest nonlinear vibrating system is composed
of the free oscillations of a pendulum. The pendulum consists
of a particle of much m attached to the end of a light
inextensible rod, with motion taking place in a vertical plane.
As shown Figure 1 below.

mg COs«

Figure 1. Physical figure of simple pendulum.

Let ¢ be the angle between the vertical and line OP . Where
O is the centre of the circular path and P is the instantaneous
position of the particle. The distance S is measured from the
equilibrium position O, . From the figure it is easy to see that
the component of the force of gravity mg in the direction of

S is equal to the —mgSing . If is the length of the pendulum,

then the angle ¢ is equal to % and the equation of motion is

d’S N
m———+mgSin(—) =0 11
7 M ( L) (11)
In terms of @, we may write
2
d_¢+(§)Sin¢ =0; where w=\/§ (12)
> L L
If we put ¢ = x then we have from equation (12)
2
d—f+(§)smx=0 : where azz\/g (13)
dt L L

4.1. Solution of Damped Pendulum
Oscillatory Motion

Consider the differential equation of simple pendulum is
d*x

L+ W Sinx =0

% (14)

where x is the angular displacement, ¢ is the time, o? :%

is the natural frequency of the small oscillations of the
pendulum, L is the length of the pendulum and g is the

acceleration due to gravity.

The oscillations of the pendulum are subjected to the initial
conditions.

x(0)=a,x'(0)=0 (15)

where a being the amplitude of the oscillations.

The periodic solution x(¢) of equation (14) and the period

depend on the amplitude a

For small angles, we may use the series expansion.

3 5
Simx=x- 4+ . (16)
120
Equation (14) can be re-written as follows:
x"+anx—%w2x3 =0 (17)
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The simple pendulum equation with damping force is As above, the basic assumption is that the solutions of
Equations (18) and (19) can be written as power series in p:

X" = ~2kx'— @ X+ @ (18)

6 X=X+ Xy pXy Fee, (20)

According to the Equation (4), we consider the following  Therefore, substituting (20) into (19), also equating the terms

Homotopy for the Equation (18) is with identical powers of p, we can obtain the following set of

linear partial differential equations:

x"+2kx'+wzx—%a)2x3 =0 (19)
p’: oW xy +2kxy +xy' =0 % (0) =a,x,'(0) =0
1 ] " = ' =
pl . a]le —ngxo3+2kx1 +x1 =0 X (0)_0’x1 (0)_0 (21)

Consequently, the first few components of the Homotopy perturbation solution for Eq. (18) are derived in the following form:

:e—<k+Vk2—A2)t[aVk2 ~A° —ak | ak+aVk® - & kZ—AZJ (22)

2Jk? - 22 2k? - A2

X0

_ 52a3e_k’k4\//]72Cos (t/]) N 12a3e_k’k4/1\//]72Cos(t/l) N Sa3e_k’k4/]3\/?Cos(t/])
3A98K* A +99K% A2 +250%)  98k* N +99Kk% A% +254°  3(98k* N +99k° A% +251%)

99ae M i3 A3 Cos (t\/ 2k? —/12) 25ae_kt/13Cos(t\/ 2k> —/]2)

+ +

X

98k* 1 +99k* A% +251° 98k* A +99k% A% +251°
9733 A3 A2 Cos(3 2%° -/121) 9ade M k2 A2 Cos(3 242 -/12:)
48NS A+99K2AZ +2505)  8(98K* A +99Kk2A% +251°)
24503 14 2, Cos(t\/Zkz _3? ) 245ae i3 A2 Cos(t\/2k2 e )
* 16A(98k* A +99k% A% +251%) B 16(98k* A +99k2 A% +254%)
8742 K3\ A2 Cos (t\/2k2 e ) 25034 N3y A2 Cos (t\/2k2 e )
T UBOSKAHI9KAZ +254%)  16(98K A +99k2 A% +257°)

3 3kt 42 2 2 2
S5a’e" A \/7COS(3l‘\/2k -A ) 14a3e—ktk5Sin(t/])
4898k A+99K*A% +254%) 37 (98K* 1 +99k2A% +251°)
3 =3kt 32 2 2 2
Sace™MA \/A_Cos(3t\/2k - ) 14a3e_k’k5Sin(t/])
4898k A +99K* A7 +250°) 312 (98K* A +99K2 A% +251°)
161a3e‘3’“/12\//17sm(3 264> —/1%) 137a3e‘3’“/12\//17sm(3 264> —/1%)
+
16AN2k% =A% (98K A +99K2 A% +25A4%)  48AN2k? =A% (98k* N +99k> A% +251%)
55a3e_3k’k3)l\/)l_25in(3 264> —/1%) 7a3e_3k’k/13\//1_2Sin(3 26> —A%)

242k = A% (98K A +99Kk2 A2 +25A4%)  1672k% = A2 (98k* A +99k% A% +251°)

+

+
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Therefore, the solution of the equation (18) is

x(1) = Xg + X+ 2y Fo,

_e-(kh/—_kz_az){ad—kz X -ak  akralK -2, _kz_azJ

W -k* - A? 21/-k? - A?

124+
3 3

—kt73 43 [77.2 _ 32
a3e—ktk4C0S(/1t) (2-‘- 5/]4J+ae k A COS( 2k A t)

3
(991{3 +25 —Mf—“]

(98k* A +99k2 A% +251°) 98k* A +99k° A% +251°

2 —3kt3 2 2 _ 2
e MV A Sin(A0) (3]{3_1)_“ ¢ kN C"S(Vzk A ’) 245 87K 250N
98k* A +99k% A% +251° 342 98k* A +99k% A% +25)° l6a 8 16
3 Bkty3 [52 2 _ 32 3 -3kt 33 o 2 _ 32
_a e "N A Cos(\/Zk A t)(_97/]2_9ak2]_ ae ™A Sm(3 2k5=A t) (%4- 161)
8 8 ) J2k? =A% (98K A +99k2 A2 +254%) 16 164
3 -3kt 33 s 2 _ 32 3 3kt o 2 _ 32
) a’eA Sm(S 2k” = A t) (137 j_ a’e Sm(3 2k" = A t) [2_7]{/]3}
N2K2 = A% (98K A +99Kk2 02 +2545) V4847 ) \[ok2 — 12 (98K* A +99k2 A2 +25)5) 24 16

The figure of above solutions is given Figure 2 - Figure 5. The Figure 2- Figure 5 depicts the phase portrait curves of [0, 45]
homotopy approximation and that of numerical approximation of HMP method, in which, the matched interval is at least
expanded into [0, 45], compared with Table 1-Table 4 are good agreement of the solution of simple pendulum equation by
using equation (10).

98k* A +99k% 1% +252°

4.2. Solution of Undamped Pendulum Oscillatory Motion

The Undamped pendulum equation is
X" = -’ x+%a)2x3 (23)
According to the Equation (4), we consider the following Homotopy for the Equation (23) is
X"+ o x—%wzf =0 (24)
As above, the basic assumption is that the solutions of Equations (23) and (24) can be written as power series in p:

X=Xy + px +p2x2 F o (25)

Therefore, substituting (25) into (24), also equating the terms with identical powers of p, we can obtain the following set of
linear partial differential equations:

p: wle —%a)zx(f +x' =0 X (0) =0,x '(0) =0 26)

Consequently, the first few components of the Homotopy perturbation solution for Eq. (17) are derived in the following form:

xy = aCos(At) (27)
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X, =| acosax —
: 320 320

a3a\/a)2 cos X N a3a\/a)2 cos® ar _ 3a3at\/a)2 sin ax _ 3a3a\/a)2 cos arsin? cx
8 *

32w

B a*a\ A? Cos At N a>a\ A? Cos’ Mt : 3’ at A? SinAt B 3aaNA? CosAtSin* At

324 324

Therefore, the solution of the equation (17) is

xX(t)=xg+x +x; o

8A°

3224

a*aN A* Cos(Ar) + a*aNA*Cos® (M) B 3 ar A? Sin(At) B 3a3a’\//1_2Cos(/lt)Sin2 (A1)

=aCos(At) —
() 3224 3224 8A° 3224
3 2 3 2 o
= aCos(At) —CI;,T\/?(COS(/]I) - Cos* (A1) - 3a ‘”\/ES’”(/") (Cos(Ar)+ Sin(Ar))

The figure of above solutions is given Figure 6 - Figure 9.

5. Results and Discussions

The Homotopy perturbation method is successfully applied
to solve the simple pendulum equation. To test the accuracy
of our results, we match our results with the numerical results
obtained by the mathematica 9.0. The solution obtained by
Homotopy perturbation method is an infinite series for
appropriate initial condition. The Pendulum damping

constant k£, nonlinear constant & , forcing constant w are
taken the appropriate values for solving the problems and

drawing the natural figure. The solutions are described in the
article 4.1 and 4.2. The corresponding numerical solutions
that have been computed by the Mathematica 9.0 program for
various values of ¢ and all the results are showed in their
corresponding figures in Figure 2 to Figure 9 respectively.
The Table 1 to Table 8 reveals that the Homotopy results,
Numerical results associated with absolute error, our research
has received a very small number of errors that are
acceptable in the study. These solutions produce a wide
variety of interesting motions.

Displacement
0.05 \
Homotopy Result
\
004 | \ == Numerical Result
\
003 \
\
002 + N
~
~.
001 | ~—
=~ —
—
: : : S Tine
10 20 30 40

Figure 2. The Simple Pendulum Equation for £ =30,m =50,g =9.81,L =2.5,a = 0.05 and the initial conditions x(0) =0.05,x'(0) =0 .

Table 1. Comparison between Homotopy results and Numerical results for £ =30,m =50,g =9.81,L =2.5,a =0.05 and the initial conditions
x(0)=0.05,x'(0)=0 .

Time Homotopy results

Numerical results

Error in %

0 0.05 0.05
5 0.0360843

0.0360844

0
0.00002
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Time Homotopy results Numerical results Error in %
10 0.0260119 0.0260120 0.00008
15 0.0187506 0.0187507 0.00003
20 0.0135161 0.0135162 0.00001
25 0.0097428 0.0097429 0.00017
30 0.0070229 0.0070230 0.00031
35 0.0050623 0.0050624 0.00047
40 0.0036490 0.0036491 0.00062
45 0.0026303 0.0026304 0.00098

Table 2. Comparison between Homotopy results and Numerical results for £ =0.1,m =50,g =9.81,L =2.5,a =0.05 and the initial conditions
x(0)=0.05,x'(0)=0 .

Time Homotopy results Numerical results Error in %
0 0.05 0.05 0
5 0.0457072 0.0457073 0.00005
10 0.0335756 0.0335757 0.00012
15 0.0157008 0.0157007 0.00058
20 -0.0048383 -0.0048384 0.00147
25 -0.0245101 -0.0245102 0.00018
30 -0.0399384 -0.0399385 0.00004
35 -0.0484827 -0.0484826 0.00008
40 -0.048689 -0.0486890 0.00018
45 -0.040537 -0.0405369 0.00030
Displacement
N Homotopy ~ Result
004 | N
N\ .
= Nunerical Result
\
0.02 +
\
N\
: : ‘ ‘ Time
10 b 30 40
N\
0.02 \
N\
0.4 N
~ r
S —

Figure 3. The Simple Pendulum Equation for £ =0.1,m =50,g =9.81,L =2.5,a =0.05 and the initial conditions x(0) =0.05,x'(0)=0.

Displacement
I Homotopy Result
0.04 '
= Numerical Result
|
002 7I A
| in
7—J—|—,‘—\—7—\—,—74—.p—u-—4¢—t———1———tu———té Time
| 10 20 30 40
| \[
o [V
i

Figure 4. The Simple Pendulum Equation for £ =0.25,m =50,g =9.81,L =2.5,a =0.05 and the initial conditions x(0) =0.05,x'(0)=0 .
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Table 3. Comparison between Homotopy results and Numerical results for £ =0.25,m =50,g =9.81,L =2.5,a =0.05 and the initial conditions
X(0)=0.05,x(0) =0 .

Time Homotopy results Numerical results Error in %
0 0.05 0.05 0

5 -0.0139036 -0.0139037 0.00009
10 0.0032326 0.0032327 0.00021
15 -0.0005644 -0.0005645 0.00612
20 0.0000324 0.0000325 0.09178
25 0.0000292 0.0000291 0.08700
30 -0.0000180 -0.0000180 0.15745
35 0.0000071 0.0000072 0.06937
40 -0.0000022 -0.0000023 0.52248
45 0.0000061 0.0000064 4.62433

Table 4. Comparison between Homotopy results and Numerical results for £ =0.15,m =50,g =9.81,L =2.5,a =0.05 and the initial conditions
X(0)=0.05,x'(0) =0 .

Time Homotopy results Numerical results Error in %
0 0.05 0.05 0
5 -0.0220419 -0.0220420 0.00001
10 0.0075847 0.0075848 0.00024
15 -0.0015297 -0.0015298 0.00367
20 -0.0003919 -0.0003918 0.01360
25 0.0006745 0.0006744 0.00917
30 -0.0004860 -0.0004859 0.01272
35 0.0002626 0.0002627 0.01495
40 -0.0001148 -0.0001149 0.03520
45 0.0000390 0.0000389 0.15139
Displacement
\ Homotopy  Result
0.04 |
\ = Numerical Result
|
002 '|
l I " I,
|
LA AA A e e
| 10 J 2 30 40
| | | \I v
002 | "
|
004

Figure 5. The Simple Pendulum Equation for £ =0.15,m =50,g =9.81,L =2.5,a =0.05 and the initial conditions. x(0) =0.05,x'(0) =0 .

Table 5. Comparison between Homotopy results and Numerical results for & =0,m =50,g =9.81,L =35.5,a =0.05 and the initial conditions
x(0)=0.05,x'(0)=0 .

Time Homotopy results Numerical results Error in %
0 0.05 0.05 0

5 -0.0435494 -0.0435493 0.00020

10 0.025861 0.0258609 0.00029

15 -0.0014981 -0.0014982 0.00186
20 -0.0232514 -0.0232515 0.00019
25 0.042 0.0419998 0.00026
30 -0.0499104 -0.0499102 0.00042
35 0.0449427 0.0002628 0.01495
40 -0.0283779 -0.0283776 0.00099

45 0.0044891 0.0044888 0.00457
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Displacement
010 ¢
Homotopy Result
008 [
= Nunerical Result
006 |
oot /\ /\ \
002 | \ I\ I\ f \
\ \ [\ /
\ I ‘ ‘ L [ Time
- IlO \ 2 \ 0 I (to |
A \ \ / \
o4 |\ / \ / \/ \ /

Figure 6. The Simple Pendulum Equation for £ =0,m =50,g =9.81,L =35.5,a =0.05 and the initial conditions x(0) =0.05,x'(0) =0 .

Table 6. Comparison between Homotopy results and Numerical results for & =0,m =50,g =9.81,L =25.5,a =0.05 and the initial conditions
x(0)=0.05,x'(0)=0 .

Time Homotopy results Numerical results Error in %
0 0.05 0.05 0
5 -0.0499583 -0.0499584 0.00010
10 0.0498333 0.0498332 0.00018
15 -0.0496252 -0.0496251 0.00020
20 0.0493343 0.0493342 0.00033
25 0.0003382 0.0003383 0.00040
30 0.0485064 0.0485062 0.00057
35 -0.0479708 -0.0479704 0.00071
40 0.0473551 0.0473546 0.00095
45 -0.0466604 -0.0466599 0.00113
Displacement
010
Homotopy Result
008 +
= Numerical Result
006 r
\ r \
004 | /'\ / '\
I\
\ I\ \ I\
002 \ |
. . | | | . Time
) §
V' joo I'x» S )
\ v \
RN [ \
\ / \ \
004 ¢
\/ \ v \/ \

Figure 7. The Simple Pendulum Equation for £ =0,m =50,g =9.81,L =25.5,a =0.05 and the initial conditions x(0) =0.05,x'(0)=0.

Table 7. Comparison between Homotopy results and Numerical results for £ =0,m =50,g =9.81,L =10.5,a = 0.05 and the initial conditions
x(0)=0.05,x'(0)=0.

Time Homotopy results Numerical results Error in %
0 0.05 0.05 0

5 -0.0335396 -0.0335397 0.00002

10 -0.0050067 -0.0050065 0.00243

15 0.0402558 0.0402556 0.00041

20 -0.0489977 -0.0489976 0.00015

25 0.0254784 0.0254785 0.00039
30 0.0148194 0.014819 0.00206
35 -0.0453578 -0.0453574 0.00087

40 0.0460308 0.0460306 0.00055

45 -0.0163952 -0.0163954 0.00117




International Journal of Mathematics and Computational Science Vol. 5, No. 2, 2019, pp. 24-35

33

Diplace
010
Homotopy Result
008 |
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Figure 8. The Simple Pendulum Equation for £ =0,m =50,g =9.81,L =10.5,a =0.05 and the initial conditions x(0) =0.05,x'(0) =0 .
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Figure 9. The Simple Pendulum Equation for £ =0,m =50,g =9.81,L =5.5,a =0.05 and the initial conditions x(0) =0.05,x'(0)=0.

Table 8. Comparison between Homotopy results and Numerical results for & =0,m =50,g =9.81,L =5.5,a =0.05 and the initial conditions
x(0)=0.05,x'(0)=0 .

Time Homotopy results Numerical results Error in %
0 0.05 0.05 0

5 0.0059749 0.0059747 0.00102
10 -0.0485724 -0.0485723 0.00011
15 -0.0175835 -0.0175834 0.00073
20 0.0443709 0.0443707 0.00027
25 0.0281876 0.0281874 0.00095
30 -0.0376353 -0.0376351 0.00058
35 -0.0371818 -0.0371813 0.00142
40 0.02875 0.0287497 0.00094
45 0.0440524 0.0440515 0.00211

6. Conclusion

In this study, the Homotopy perturbation method has been
successfully used to solve the simple pendulum equation.
The solution obtained by means of the Homotopy

perturbation method is an infinite power series for

appropriate initial condition, which can be intern, expressed
in a closed form. The results obtained here has compared
with the exact solutions and the results reported by using
other method. All the figures show that the results of the
present method are in excellent agreement with numerical
solutions obtained by the Mathematica program. The HPM
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has got many merits and much more advantages. Also the
HPM does not require small parameters in the equation, so
that the limitations of the traditional perturbation methods
can be eliminated and also the calculations in the HPM are
simple and straightforward. The reliability of the method and
reduction in the size of computational domain give this
method a wider applicability.
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