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ABSTRACT 
 
In this paper, we analyze the stability of some 
proposed hyperbolic schemes by using Integrated 
Decomposed Fourier Transform method (IDFTM) 
which is much more reliable and faster than the 
conventional Fourier transform approach. On 
proving stability directly from the definition is quite 
difficult, in general. Instead it is of high speed to 
use tools from the IDFTM which shows that the 
proposed schemes are conditionally stable. 
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INTRODUCTION 
 
Several methods have been developed for the 
analysis of stability and nearly all of them are 
limited to linear problems. However, within this 
restriction the complete investigation for initial and 
boundary value problem can be extremely 
complicated particularly in the presence of 
boundary conditions. 
 
The problem of stability for linear problems with 
constant coefficient has now become a thing of 
the past because the influence of boundaries can 
be removed. This influence in the frequency 
domain forms the basis for the Von Neumann 
method for stability analysis. This method was 
developed by Von Neumann in Los Alamos during 
the World War II and was considered classified 
not until its brief description in Crank and Nicolson 
and in a publication by Charney [1], [7]. At 
present, this is the most widely used technique for 
stability analysis. The problem for stability can be 
treated generally for linear equations with 
constant coefficient, in order to deal with the non-
linear terms in the basic equations, and then the 
information on stability becomes very limited. 

Hence, we have to resort to a local stability 
analysis, with frozen values of the non-linear 
coefficients, to make the formulation linear. 
 
Also, Jovanovic and Suli published a paper on 
Analysis of Finite Difference Schemes, Tadmor 
on a review of numerical methods for nonlinear 
partial differential equations, Kent, Jablonowski 
and Rood on Determining the effective resolution 
of advection schemes [5], [6], [8]. 
 
In this article, we analyse the stability of some 
proposed hyperbolic schemes by using IDFTM 
which is much easier and faster than the 
conventional Fourier transform approach. 
 
 
MATERIALS AND METHODS 
 
In this section, some basic concepts and 
definitions that were used to prove our main 
results are provided. 
 

Definition 1: The Amplification Factor  is 

the number derived using Von Neumann stability 
analysis to determine the stability of a numerical 
scheme for a partial differential equation. Where 
the necessary and sufficient condition for the 

scheme to be stable is |𝜆|  [7]. 
 
 
Definition 2: A hyperbolic scheme is said to be 
Stable if it satisfies Von Neumann stability 

condition (|𝜆| ) and Unstable if and only if Von 

Neumann stability condition is not satisfied. 
This implies that, for any scheme to be stable, 
when the obtained interval that satisfies Von 
Neumann intersects with the domain (0,1) and 
the result is (0,1), then it implies that the scheme 
is Conditionally Stable. If otherwise it is 
Unconditionally Stable [9]. 
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Definition 3: The integrated decomposed Fourier 
transform of partial derivatives are defined as 
follows: 
 

 
 

 
 

 
 
 
Formulation of the Schemes 
 
The proposed schemes were generated from 
making suitable substitutions and also 
combination of some of Forward and Backward 
Euler schemes and also, Lax-Fredrick’s and Lax-
Wendroff schemes as follows: 

 

 
 

 
 

 
 

 
 
 
ANALYSIS OF THE RESULTS 
 
Stability Analysis of Scheme (4) using 
IDFTM   
 
From (4) we obtain: 

 

 
 
and from (1) we have, 

 

 
 
now (8) becomes 

 

 

Let  

 

 
 

 
 

 
 

 
 

 
 

 
 

It implies that if , it is Conditionally Stable 

and also satisfies Von Neumann Convergence 
Conditions. 
 
 
Stability Analysis of Scheme (5) using 
IDFTM 
 

 
 
From (2) we get, 

 

 
 
Therefore (9) now becomes 
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It implies that if , it is Conditionally 

Stable and also satisfies Von Neumann 
Convergence Conditions. 
 
 
Stability Analysis of Scheme (6) using 
IDFTM 
 

 
 
From (1) above we have, 

 

 
 
Therefore, (10) now becomes 

 

 
 

Let  

 

 
 

 
 

 
 

 
 

 
 

 
 
It implies that if , it is Conditionally 

Stable and also satisfies Von Neumann 
Convergence Conditions. 
 
 
Stability Analysis of Scheme (7) using 
IDFTM 
 

 
 
From (1) and (2) we have, 

 

 
 

and 

 

 
 
Therefore (11) now becomes: 
 

 
 

Let  

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

It implies that if , it is Conditionally 

Stable and also satisfies Von Neumann 
Convergence Conditions. 
 
 
APPLICATION OF THE METHOD 
 
In this section, we shall apply the IDFTM to 
analyze Lax-Wendroff scheme and 
Staggered Leap-Frog scheme. This will show 
the stability of the schemes and the reliability 
of the proposed method. 
 
 
Analysis of Lax-Wendroff Scheme 
 
Given Lax-Wendroff scheme as: 

 

 
 
Substituting (1) and (2) into (12) we have, 
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Let   

 

 
 

 
 

 
 

 
 

 
 

 
 

It implies that if , Lax-Wendroff scheme is 

Stable and also satisfies Von Neumann 
Convergence Conditions. 
 
 
Analysis of Staggered Leap-Frog Scheme 
 
Given Staggered Leap-Frog scheme as: 
 

 
 

 
 
Substituting (1) and (2) into (13) we have, 

 

 
 

Let  

 

 
 
Let 

 

 
 

 

Now (14) and (15) becomes, 

 

 
 

 
 
Therefore (16) and (17) now becomes: 
 

 
 
The characteristics equation is given as, 

 

 
 

 
 

 
 

 
 

Let  

 
Then 

 

 
 

,   

 

 
 

Since    

 

 
 

   

 
Then it implies that Staggered Leap-Frog 
scheme is Stable and also satisfies Von 
Neumann Convergence Conditions. 
 
 
CONCLUSION  
 
This article has been able to analyze the 
proposed schemes by the substitution integrated 
decomposed Fourier transform method. Also, we 
have been able to show that the IDFTM is 
reliable and faster on applying it to Lax-Wendroff 
scheme and Staggered Leap-Frog scheme. 
From the results of the stability analysis using 
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IDFTM, we have also seen that the proposed 
schemes are all stable. 
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