






Abstract 

This paper investigates the issue of linear stability analysis for two and three level 
explicit and implicit one dimensional finite different numerical schemes. A new 
approach which simplifies the Von Neumann method is presented. It has been 
proved that the new technique is efficient and effective for linear stability study. 
This is especially true for high-order and complicated numerical schemes. 
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1 Introduction 

As is well known, a numerical method is useless if this method will not converge to 
the differential equation. To prove convergence, there is a fundamental equivalence 
theorem for linear finite difference methods, which declares that for a consistent 
linear method stability is necessary and sufficient for convergence [I]. Although 
linear stability is not a sufficient condition for guaranteeing nonlinear stability, it is 
still a necessary condition for achieving nonlinear stability. Therefore, linear stability 
analysis plays a significant role in the development of a numerical method. 

At present, there are several techniques available to analyse linear stability. This 
includes the discrete perturbation method, the Hirt method, the matrix method 
and the Von Neumann method [2] [3]. Comparing with other techniques the Von 
Neumann method is the most widely applied technique. However it is by no means an 
easy task using these methods to analyse linear stability even for constant coefficient 
initial value problems. For a complex numerical scheme the linear stability analysis 
can be extremely complicated applying these techniques. Normally quite tedious 
and complicated algebraic functions or matrices will be encountered, which are very 
difficult to analyse, or even impossible to manipulate. From time to time, numerical 
schemes cannot be performed because of lack of stability information. Obviously a 
simple and reliable method for proving linear stability is desired. 

In this paper we investigate a new approach to the linear stability analysis using the 
Von Neumann method. The format of this paper is organized as follows: section 2 
presents a simplified Von Neumann method for linear stability analysis. Section 3 
illustrates the method by applying the technique to some numerical schemes. Section 
4 is conclusions. 
































