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a b s t r a c t

In this paper, periodized Shannon wavelets are applied as basis functions in solution of the
high-order ordinary differential equations and eigenvalue problem. The first periodized
Shannon wavelets are defined. The second the connection coefficients of periodized Shan-
non wavelets are related by a simple variable transformation to the Cattani connection
coefficients. Finally, collocation method is used for solving the high-order ordinary differ-
ential equations and eigenvalue problem. Some equations are solved in order to find out
advantage of such choice of the basis functions.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

In recent years wavelets have been successfully applied to wavelet representation of integro-differential operator.
Shannon wavelets are analytically defined, infinitely differentiable, Cattani connection coefficients can be analytically

defined, but they have a slow decay in the variable space and infinite support. In this paper, in order to handle localized
problem, periodized Shannon wavelets are used. We solve high-order ordinary differential equations and eigenvalue
problem, the efficiency of the method is demonstrated by four numerical examples.

Cattani [1–3] proposed the differential properties of the connection coefficients of Shannon wavelets are explicitly com-
puted with a finite formula up to any order. Shannon–Gabor-wavelet distributed approximate function formula is proposed
in [4]. Cattani [5] used Shannon wavelets to defined a method for the solution of integro-differential equations, which
method is based on the Galerking method. Cattani and Kudreyko [6] applied periodic harmonic wavelets as basis function
in solution of the Fredholm integral equations of the second kind. Maleknejad and Attary [7] used variational iteration
technique for the numerical solution of linear and non-linear high order boundary value problems. Siddiqi et al. [8–10]
and Siddiqi and Akram [11] used variational iteration technique to solve high-order boundary value problems. Siddiqi
et al. [10] used non-polynomial spline to solve 10th-order linear special case boundary value problems. Mai-Duy [12] and
Mai-Duy and Tanner [13] used Chebyshev spectral collocation method for directly solving high-order ordinary differential
equations. Nielsen [14] used the special properties of wavelets for solving partial differential equations numerically.

The paper is organized as follows. In Section 2, Shannon wavelets and Cattani connection coefficients are given. In Section
3, periodized scaling function and wavelets are given. In Section 4, periodized Shannon wavelets are analytically defined and
their corresponding connection coefficients are related to the Cattani connection coefficients. In Section 5, solutions of linear
high-order boundary value problems and eigenvalue problem by using periodized Shannon wavelets are discussed.
Conclusion is made in Section 6.
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2. Shannon wavelets and Cattani connection coefficients

Following [1], Shannon scaling functions and wavelet functions are defined by

/ðxÞ ¼ sincx ¼ sin px
px

;

wðxÞ ¼ sinpðx� 1=2Þ � sin 2pðx� 1=2Þ
pðx� 1=2Þ ;

and for the dilated and translated instances

/n
kðxÞ ¼ 2n=2/ð2nx� kÞ ¼ 2n=2 sin pð2n � kÞ

pð2nx� kÞ
;

wn
kðxÞ ¼ 2n=2 sinpð2nx� k� 1=2Þ � sin 2pð2nx� k� 1=2Þ

pð2nx� k� 1=2Þ
:

Shannon scaling functions and wavelet functions fulfill the following orthogonality properties [1]

h/0
kðxÞ;/

0
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h/0
kðxÞ;w

m
h ðxÞi ¼ 0; m P 0;

hwn
kðxÞ;w

m
h ðxÞi ¼ dnmdkh:

Next we consider the class of function f ðxÞ such that the following integrals exists and finite

ak ¼ hf ðxÞ;/0
kðxÞi ¼

Z 1

�1
f ðxÞ/0

kðxÞdx;
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Z 1

�1
f ðxÞwn

kðxÞdx:

According to [5], function f ðxÞ and its any order derivative can be reconstructed as follows:
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bn
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The wavelets decomposition of the any order derivative as follows:
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