MULTI-SYMPLECTIC FOURIER PSEUDOSPECTRAL METHOD FOR THE NONLINEAR SCHRÖDINGER EQUATION^∗

JING-BO CHEN^† AND MENG-ZHAO QIN^‡

Abstract. Bridges and Reich suggested the idea of multi-symplectic spectral discretization on Fourier space [4]. Based on their theory, we investigate the multi-symplectic Fourier pseudospectral discretization of the nonlinear Schrödinger equation (NLS) on real space. We show that the multi-symplectic semi-discretization of the nonlinear Schrödinger equation with periodic boundary conditions has N (the number of the nodes) semi-discrete multisymplectic conservation laws. The symplectic discretization in time of the semi-discretization leads to N fulldiscrete multi-symplectic conservation laws. We also prove a result relating to the spectral differentiation matrix. Numerical experiments are included to demonstrate the remarkable local conservation properties of multi-symplectic spectral discretizations.

Key words. Multi-symplectic, Fourier pseudospectral method, nonlinear Schrödinger equation.

AMS subject classifications. 65M99.

∗Received April 26, 2000. Accepted for publication June 13, 2001. Recommended by V. Druskin. † Institute of Computational Mathematics and Scientific/Engineering Computing, Academy of Mathematics and Systems Sciences, Academia Sinica, P.O. Box 2719, Beijing 100080, P.R. China. This research was subsidized by the Special Funds for Major State Basic Research Projects (No. 1999032800). E-mail: cjb@lsec.cc.ac.cn ‡Institute of Computational Mathematics and Scientific/Engineering Computing, Academy of Mathematics and Systems Sciences, Academia Sinica, P.O. Box 2719, Beijing 100080, P.R. China. This research was subsidized by the Special Funds for Major State Basic Research Projects (No. 19990328000). E-mail: qmz@lsec.cc.ac.cn