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Abstract

A scheme of trigonometrically fitted predictor–corrector (P–C) Adams–Bashforth–Moulton methods is con-
structed in this paper. Our new P–C method is based on the third order Adams–Bashforth scheme (as predictor)
and on the fourth order Adams–Moulton scheme (as corrector). We tested the efficiency of our newly developed
scheme against well known methods, with excellent results. The numerical experimentation showed that our method
is considerably more efficient compared to well known methods used for the numerical solution of initial value
problems with oscillating solutions.
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1. Introduction

Equations or systems of equations of the form

y′(x) = f (x, y), y(x0) = y0 (1)

are used as the mathematical model for problems in celestial mechanics, physical chemistry and chemical
physics, quantum mechanics, electronics, nanotechnology, materials sciences and elsewhere. Special
attention deserve the class of the above equations with oscillatory/periodic solution (see[11,13]).

The investigation of the numerical solution of the above equation is the subject of extensive research
activity during the last two decades (indicatively see[1–3,8,9,12,17–19,21–23,26,28,29]and references
therein). One may also find extensive reviews about the methods developed for the solution of (1) with
oscillating behavior in[8,21,24]and references therein, Quinlan and Tremaine[17], as well as[25,28,29].
A main characteristic of all the methods developed in the literature for the numerical solution of (1) is that
they belong to the class of multistep and hybrid techniques. Moreover, the majority of the these methods
have been designed for the numerical solution second order differential equations.

One of the better processes for the development of efficient methods for the numerical integration of
first order initial value problems with oscillating or periodic solution is the exponential and the trigono-
metric fitting technique first introduced by Lyche[12]. Raptis and Allison[19] then developed a much
more efficient than the original, Numerov type exponentially fitted method for second order differential
equations arising from the Schrödinger equation. More recently, Van Daele et al.[27] used a quite dif-
ferent methodology to ours in order to introduce trigonometric fitting to the so calledr-Adamsmethods.
We have also applied trigonometric fitting to very different types of predictor–corrector (P–C) methods,
like the Explicit Advanced Step-point or EAS methods (see[15]), which had been introduced in their
non-trigonometrically fitted form in[14].

In this work we use trigonometric fitting in order to construct an Adams–Bashforth–Moulton fourth
algebraic order (P–C) scheme, which will be employed to solve first order IVPs with oscillating solution.
In a previous paper of ours[16], we had applied trigonometric fitting to a lower algebraic order P–C
scheme with excellent results.

We have structured this paper as follows: In Section 2 we develop the new trigonometrically fitted
method. In Section 3 we investigate and briefly discuss the stability of our new scheme. In Section 4 we
proceed to the numerical illustrations. Finally, in Section 5 we present the concluding remarks.

2. Trigonometrically fitted fourth algebraic order P–C scheme

The P–C family of methods appearing below has been widely used (e.g. by Shampine and
Gordon[20])
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