International Journal of Pure and Applied Mathematics

Volume 46 No. 2 2008, 251-260

LIMITATIONS OF ADOMIAN DECOMPOSITION
AND HOMOTOPY METHODS

Mohammed Albuthali

Department of Mathematics
Faculty of Science
King Abdul Aziz University
P.O. Box 80257, Jeddah, 21589, KINGDOM OF SAUDI ARABIA

e-mail: moadth@yahoo.com

Abstract: It is usual to resort to Adomian decomposition method or to ho-
motopy analysis method for the solution of nonlinear problem. We show by

considering a simple example that, in the absence of an asymptotic analysis,

these methods fail to provide any significant information beyond a finite inter-

val.
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1. Introduction

If a problem contains a small parameter, the perturbation method prove to be
very useful in the solution [5]. If no such parameter exists, Adomian introduce
his decomposition method [1, 2, 3] which has been applied to solve some non-
linear problems, see for example 7, 8]. Liao introduce a technique, called the
homotopy analysis method which contains the Adomian decomposition method
as a special case [4]. In this method there are several free parameters which
can be chosen so that the solution becomes valid over a large domain. However
if the initial approximation is not properly chosen both these methods yield
power series which converge only for a finite interval and fail to provide any
information concerning large values of the independent variable. In view of this,
one may conclude that claims of these two methods are sometimes exaggerated.
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Figure 1: Numerical solution of equation (1)

Compare (7) with {9). We get
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Therefore s = 1 r = %, o= é- g = 4\3/5 and the general solution of (6) is
r 42 5. I N
w = \x[e1Ja! : 1)+ Y ( - ri).
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Since the Bessel functions are oscillatory with decreasing amplitude such that
Jo(z) =0 as T — oo,
and Ye(z)—0 as T — 0o,
our assumption that |u| < /T is justified for large z.
From (3) we see that the solution of equation ( 1), for large z, will be small
oscillations superimposed on the parabola y = V.
In Figure 1 we present the numerical solution of the problem which confirms
our qualitative analysis. In Figure 2 we present the solution along with the curve
y =z

3. Solution by Adomian Method

I we solve the problem by Adomian decomposition method, we get the following
solution
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Figure 4:

+1.0605 x 10725 — 1.55666 x 107372% . (11)

The graph of (11) shown in Figure 4. Again the divergence of the series is clear
beyond. r = 3.3.
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Figure 5: Homotopy solution with A = 0.1
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Figure 6: Homotopy solution with A = —0.1

5. Conclusion

By applying the Adomian and homotopy analysis methods to our simple nonlin-
ear problem we have shown that these methods produce series solutions which
converge over a relatively short interval and it is impossible to get any informa-
tion for large x. In some cases these methods can yield misleading information
regarding the solution of the problem as, for exarnple, the homotopy analysis
method in Figures 810 gives a zero of the solution whereas the true solition
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Figure 9: Homotopy solution with A = 0.5
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Figure 10: Homotopy solution with A = —0.5
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