
Hindawi Publishing Corporation
Abstract and Applied Analysis
Volume 2011, Article ID 947230, 21 pages
doi:10.1155/2011/947230

Research Article
A Jacobi Dual-Petrov-Galerkin Method for Solving
Some Odd-Order Ordinary Differential Equations

E. H. Doha,1 A. H. Bhrawy,2, 3 and R. M. Hafez4

1 Department of Mathematics, Faculty of Science, Cairo University, Giza 12613, Egypt
2 Department of Mathematics, Faculty of Science, King Abdulaziz University, Jeddah 21589, Saudi Arabia
3 Department of Mathematics, Faculty of Science, Beni-Suef University, Beni-Suef 62511, Egypt
4 Department of Basic Science, Institute of Information Technology, Modern Academy, Cairo 11931, Egypt

Correspondence should be addressed to A. H. Bhrawy, alibhrawy@yahoo.co.uk

Received 31 October 2010; Revised 13 February 2011; Accepted 16 February 2011

Academic Editor: Simeon Reich

Copyright q 2011 E. H. Doha et al. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

A Jacobi dual-Petrov-Galerkin (JDPG) method is introduced and used for solving fully integrated
reformulations of third- and fifth-order ordinary differential equations (ODEs) with constant
coefficients. The reformulated equation for the Jth order ODE involves n-fold indefinite integrals
for n = 1, . . . , J . Extension of the JDPG for ODEs with polynomial coefficients is treated using the
Jacobi-Gauss-Lobatto quadrature. Numerical results with comparisons are given to confirm the
reliability of the proposed method for some constant and polynomial coefficients ODEs.

1. Introduction

A well-known advantage of spectral methods is high accuracy with relatively fewer
unknowns when compared with low-order finite-difference methods [1, 2]. On the other
hand, spectral methods typically give rise to full matrices, partially negating the gain in
efficiency due to the fewer degrees of freedom. In general, the use of the Jacobi polynomials

(P (α,β)
n with α, β ∈ (−1,∞) and n is the polynomial degree) has the advantage of obtaining

solutions of ordinary differential equations (ODEs) in terms of the Jacobi indices (see for
instance, [3–5]). Several such pairs (α, β) have been used for approximate solutions of ODEs
(see [6–10]). We avoid developing approximation results for each particular pair of indices
and instead carry out a study with general indices. With this motivation, we introduce in this
paper a family of the Jacobi polynomials with general indices.

Third-order differential equations have applications in many engineering models, see
for instance [11–14]). Fifth-order differential equations generally arise in the mathematical


