Accepted Manuscript

APPLIED
NUMERICAL
Error estimates of a trigonometric integrator sine pseudo-spectral method for the extended MATHEMATICS
Fisher-Kolmogorov equation

Xin Li, Luming Zhang

PIL: S0168-9274(18)30099-0
DOI: https://doi.org/10.1016/j.apnum.2018.04.010
Reference: APNUM 3364

To appear in: Applied Numerical Mathematics

Received date: 29 November 2017
Revised date: 28 March 2018
Accepted date: 20 April 2018

Please cite this article in press as: X. Li, L. Zhang, Error estimates of a trigonometric integrator sine pseudo-spectral method for the
extended Fisher-Kolmogorov equation, Appl. Numer. Math. (2018), https://doi.org/10.1016/j.apnum.2018.04.010

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing
this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is
published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.apnum.2018.04.010

Error estimates of a trigonometric integrator sine
pseudo-spectral method for the extended
Fisher-Kolmogorov equation *

Xin Li"? | Luming Zhang"'
!Department of Mathematics, Nanjing University of Aeronautics and Astronautics,
Nanjing, Jiangsu, 210016, P.R. China
2Department of Mathematics, Anhui Science and Technology University,
Fengyang, Anhui, 233100, P.R. China

Abstract

In this article, a trigonometric integrator sine pseudo-spectral (TISP) method is
presented for the extended Fisher-Kolmogorov equation. This method depends on a
Gautschi-type integrator in phase space to the temporal approximation and the sine
pseudo-spectral method to the spatial discretization. Rigorous error estimates are
carried out in the energy space by utilizing the mathematical induction. The error
bound shows the new scheme which established by the TISP method has second-order
accurate in time and spectral-order accurate in space. Moreover, the new scheme is
generalized to higher dimensions. The compact finite difference (CFD) scheme in one
and two dimensions which supported by the method of order reduction are constructed
as a benchmark for comparisons. Comparison results between two schemes are given
to confirm the theoretical studies and demonstrate the efficiency and accuracy of TISP
method in both one and multi-dimensional problems.
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1 Introduction

The Fisher-Kolmogorov (FK) equation is a kind of classical second-order diffusion
equation which presented by Fisher and Kolmogorov to describe the diffusion of organisms
and the interaction in adaption [1]. By adding an additional stabilizing fourth order
derivative term, Coullet and Dee et al. [2] called the new model as the extended Fisher-
Kolmogorov (EFK) equation. It arises in sorts of applications like pattern formation in
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