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Abstract

In this paper, a numerical method based on polynomial approximation, using Hermite polynomial

basis, to obtain the approximate solution of generalized pantograph equations with variable

coefficients is presented. The technique we have used is an improved collocation method. Some

numerical examples, which consist of initial conditions, are given to illustrate the reality and

efficiency of the method. In addition, some numerical examples are presented to show the properties

of the given method; the present method has been compared with other methods and the results are

discussed.

& 2011 The Franklin Institute. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Functional–differential equations with proportional delays are usually referred to as
pantograph equations or generalized pantograph equations. The name pantograph originated
from the work of Ockendon and Tayler [1] on the collection of current by the pantograph head
of an electric locomotive.
In recent years, there has been a growing interest in the numerical treatment of

pantograph equations of the retarded and advanced type [2,3]. A special feature of this
type is the existence of compactly supported solutions [4]. This phenomenon was studied in
[5] and has direct applications to approximation theory and to wavelets [6].
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Pantograph equations are characterized by the presence of a linear functional argument and
play an important role in explaining many different phenomena. In particular they turn out to
be fundamental equations when ODEs-based model fails. These equations arise in industrial
applications [1,7] and in studies based on biology, economy, control and electrodynamics [8,9].

The Taylor method has been used to find the approximate solutions of differential,
difference, integral and integro-differential-difference, multi-pantograph and generalized
pantograph equations [10–18]. The basic motivation of this work is to apply the Hermite
method to the nonhomogenous and the homogenous generalized pantograph equations
and multi-pantograph equations given in [4,18–20].

In this paper, a new Hermite collocation method is developed to find approximate
solutions for the generalized pantograph equations with variable coefficients under the
mixed conditions. These solutions are obtained in terms of Hermite polynomial. Also in
Section 5, examples of these kinds of equations are solved using this new method and the
results are discussed.

Our purpose in this study is to develop and to apply a new Hermite collocation method
to the pantograph equation

yðmÞðtÞ ¼
XJ

j¼0

Xm�1
k¼0

PjkðtÞy
kð ÞðljktÞ þ gðtÞ, 0rtr1 ð1Þ

which is a generalization of the pantograph equations given in [4,19,20] with the mixed
conditionsXm�1

k¼0

aikyðkÞðtÞ ¼ li, i ¼ 0,1,. . .,m�1: ð2Þ

Here aik, li, ljk are real or complex coefficients, Pjk(t) and g(t) are continuous functions
defined in the interval 0rtr1.

We assume that the solution is expressed in the truncated Hermite series form

yðtÞ ¼
XN

n¼0

anHnðtÞ, HnðtÞ ¼ ð�1Þ
net2 dn

dtn
ðe�t2Þ ð3Þ

so that the Hermite coefficients to be determined are an, n ¼ 0,1,2,. . .,N, NAIN.
In the view of the derivation relation of Hermite polynomials

H 0nðtÞ ¼ 2nHn�1ðtÞ,

we obtain the following matrix relation between the matrices H(k)(t) and H(t):
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