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NUMERICAL INVESTIGATION FOR THE INHOMOGENEOUS PROBLEMS
BY USING LEAPFROG METHOD

M. VIJAYARAKAVAN! AND K. PRABHAVATHI

ABSTRACT. In this article, the practical and important problems have been
considered, the inhomogeneous problems by an application of the Leapfrog
method. The numerical solutions are presented with an example, with an ini-
tial condition (discussed by Sekar et al. [1]) having two different solutions, to
illustrate and demonstrate the efficiency of the proposed method. The solution
graphs are presented to highlight the efficiency of the Leapfrog method.

1. INTRODUCTION

Oscillatory IVPs frequently arise in areas such as classical mechanics, celes-
tial mechanics, quantum mechanics, and biological sciences. The motivation
governing the exponentially-fitted methods is inherent in the fact that if the fre-
quency or a reasonable estimate of it is known in advance, these methods will
be more advantageous than the polynomial based methods [2]. The goal of this
session is to construct a numerical method for addressing periodic and oscilla-
tory problems by an application of the Leapfrog method which was studied by
Sekar and team of his researchers [3-5]. Recently, Sekar et al. [1] discussed the
periodic and oscillatory problems using single-term Haar wavelet series method.
In this paper, the same problem was considered (discussed by Sekar et al. [1]),
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but presents a different approach using the Leapfrog method with more accu-
racy than the single-term Haar wavelet series method.

2. LEAPFROG METHOD

In this section, we modified the method to solve the inhomogeneous equation
as follows: the Euler’s method for the derivative is of the form:

fty) =9, yo =ylto), y € R

lyt+h) —y@®)]
h ~Y
with ¢, + h = t,.1, n = 1,2,...t,. Hence, N = 1. Modifying the distinction
remainder gives:

Yo+ hf(tn, Yn) = Yns1, n=0,1,.. . 1.

The proposed method we define ¢, as:
h

[y(t +2h) ... y(t)]
h

~y'(t+h)

and then define it as follows:

Yn—1 + th (tna yn) = Yn+1
where n = 0,1,...,ty. The proposed method is a linear m = 2- step method,
with
ag =0, b() = 2a1 = 1,b1 =0and b_l =—1

This circumstance recommends a potential instability present in multistep strate-
gies, which must be tended to when we examine them two qualities y, and y1,
where

Yn—1 + 2hf (tn, Yn) = Yns1,n =0,1,2,... %o

fty) =y, 9 =y(t),y € R’
In order to illustrate the possible practical use of this method we apply the above
technique to the following examples of inhomogeneous problems.
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3. INHOMOGENEOUS EQUATION
Consider the following problem:
y = —100y + 99sinz
with initial conditions y (0) = 1 and ¥’ (0) = 11, Whose analytical solution is

y (z) = cosl0x + sinl0x + sinx

The equation has been solved numerically using the STHWS and Leapfrog method
and the obtained results (with step size time = 0.1) along with the exact solu-
tions are presented in Table-1 along with absolute errors calculated between
them. A graphical representation is shown for the inhomogeneous equation in
the following figure, using three-dimensional effects. This result reveals the su-
periority of the Leapfrog method with less complexity in implementation and at
the same time the error reduction is 1000 times less than the STHWS method.
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FIGURE 1. Error graph for various values of x

4. DISCUSSIONS

The obtained results of the periodic and oscillatory problems using Leapfrog
are very closer to these exact solutions of the problem when compared to the
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STHWS method. From the tables, one can observe that for most of the time
intervals, the absolute error is less in Leapfrog when compared to the STHWS
method which yields a little error, along with the exact solutions. From figure,
one can predict that the error is less in Leapfrog when compared to the STHWS
method and especially Leapfrog method works well for the orbit problem and
the two body problem. Hence, the Leapfrog method is more suitable for finding
the solution of the inhomogeneous problems.

Fimit Exact Solution | Solution for STHWS Solution for Leapfrog Method
Solutions Solutions | Error Solntions Error
0 1.0000000 1.0000000 0 1.0000000 0
01 14816067 1.4816067 0 14816067 0
02 0.6918199 0.6918200 1E07 0.6918199 1E-09
03 0553354 03333523 | 1E07 0353354 JE0
04 -1.0210278 -1 | IE0 10210278 IE09
05 1958365 .1938368 | 3E07 0.19358365 4E09
04 12453973 11453978 | 3EW 12453973 SE-09
07 20351066 20331068 3BT 20551066 GE-08
08 13612134 15612137 | 3E07 15612134 JE-D9
09 0.2843139 0284314 | SEW7 02843139 8E-09
1 -0.3416219 15416224 | SEAT -0.5416219 9E-09
11 01043536 0.1043361 | SE07 0.1043336 1E08
2 1.2393223 12393232 [ TEO7 12303223 LIE08
13 22011729 22011736 | TEO7 220117 1.2E-08
14 21127923 2171 [ TE 211271923 13E-08
15 0.2880013 0.8880522 TET 0.8880913 14E-08
14 -.2435808 02439915 | 1E-06 02458000 1.5E08
37 -0.2448040 .2448030 | 1E-06 -0.2448040 L6E08
18 negs1813 00831823 | 1E0§ 0.8831813 LTE08
14 20848346 20843837 | LIED6 20848846 1EE08
0 22503233 22303247 | 12E-06 2.2303233 19E-08
FIGURE 2
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