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Abstract 
 

 

In this paperwe designed the stability of the rational interpolation Method in 

ordinary differential equations. This was achieved by considering the rational 

interpolation formula for k = 6 

 

and y(x) = U(x) = 
6
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Satisfying U(Xn+i) = yn+i ,     i = 0,1,2,3,4,5,6. 
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1.0     Introduction 
Numerical methods for systems of Ordinary Differential Equations (ODEs) have been attracting much attention due to their 

need in the solution of problems arising from the mathematical formulation of physical situations in chemical kinetics, 

population models, mechanical oscillations, planetary motions, electrical networks, nuclear reactor control, tunnel switching 

problems, reversible enzyme kinetic often lead to Initial Value Problems (IVPs) in Ordinary Differential Equations. In this 

paper research work we shall be concern with the stability of the rational interpolation method for 𝑘 =  6 in ordinary 

differential equations[1-18]. 
 

 

Some Definitions 

Definition 1.A one-step method is said to be A-STABLE if when applied to the test equation y1=  y with   Re() < 0, it 

gives,yn+1  =  ( )hS yn, with the stability function ( )hS  satisfying,| ( )hS | < 1 for all Re ( )h < 0,  hh =  

Definition 2.A given One-Step Method is said to be L-Stable if it is A-Stable and in addition, 
lim

Re( ) , | ( ) | 0
it

h S h
− −

→− =  
 

Definition 3. A numerical integrator method is said to be A() – STABLE for some [0, π/2] if the infinite wedge. S  = 

{Z: |Arg(-Z)|} <, Z ≠ 0 i.e.  Z = h  is contained in the region of absolute stability. 

Definition 4.A numerical method is said to be A(0) – Stable if it is A() – Stable for some  [0,π/2].
( )

2
A

 - Stability ≡ A– 

stability. 
 

2. The Derivation 

The derivation of thestability of the rational interpolation method consists of matching the Taylor series expansion of y(xn+1) 

with the Taylor series of the approximation value of yn+1. At the point x = xn in the interval [xn, xn+1], we set yn = y(xn), since 

Our Taylor series about xn for both y(xn+1) and yn+1 require the use of  h = xn+1 – xn, we choose in sufficiently small enough so 

that xn+1 and xn are very close. 

The following equations are results of matching of the Taylor series of y(xn+1) and yn+1 for the case  k = 6 where 
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when   j = 0, i = 1, from (3) we have, 

P0   =   yn q0  i.e.q0=1P0=yn(4) 

when j = 1,  i = 1,   (3)  becomes. 
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when j = 3, 4, 5, 6, 7, 8, 9, 10, 11,  i = 1  we have in (7) 
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This lead to a generalized equation 
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Hence equation (15) gives our general derivation method. And where P0=yn, v=1, m = i=1, 2, 3, .  .  .  t =1, 2, 3, .  .  .  and r =1, 2,3 .  .  .    
As the parameters of p1, p2, p3, p4, p5, q1, q2, q3, q4, q5 and q6 cannot be easily obtained using equations (6) – (15) We therefore adopt the 
method of writing one result as a combination of others as was used by [6]. By writing (15)as a combination of equation (6) – (14) we get, 
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For each positive integer m, the expression
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is a real number, for this reason equations (17) – (22) represent simultaneous Linear 

Equation (SLE) in q1, q2, q3, q4, q5 and q6. In the course of using the integrator 1.3 of higher values of k, the use of matrix equation gives 
rise to clearer solutions and make clearer the investigation of stability properties of the integrator, hence we put the simultaneous linear 
equation in matrix form as shown below: 
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To solve for q1, q2, q3, q4, q5 and q6 we use the matrix equation (23) p1, p2, p3, p4, and p5 can be obtained from the equations 

(4) – (9).That is, 
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By adopting equations (24) – (28) produces the values of p1, p2, p3, p4 and p5 when the values of q1, q2, q3, q4 and q5 are 

substituted into it. 

 

3. Stability of the Rational Interpolation Method 

In this paper, we shall investigate the stability properties of the rational interpolation method for k = 6. 
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However, the use of matrix equation (5) will give us investigative advantage to obtain results easily.  
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When the integrator (29) is applied to y1 = y the equation (25) becomes: 

where h h = ,the application of Gaussian elimination to (2) yields, 
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   (31) 

 

4. The Computational Analysis ofthe Stability oftheRational Interpolation Method. 

The computational analysis of the stability of the rational interpolation method for k=6 is stated in Tables 1 and 2. 

 

5. Values of the Denominator 

  Equation (31)  gives the values of the denominator (q) i.e.
=

+

6

1i

1iq i

nX shown in Table 1.  

Table 1: The stability function 

( )h1q  ( )h2q  ( )h3q  ( )h4q  ( )h5q  ( )h6q  

1!11
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+

−
nX

h  
2

1

2

!11
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+

−
nX

h  
3
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3
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+

−
nX

h  
4

1

4
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+
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nX

h  
5

1

5

!11

4320

+

−
nX

h  
6

1

6

!11
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+

−
nX

h  

 

 

6. Values of the Numerator 

Substituting the values of q in table 1 above into equations (24) –(28), gives the values of numerator (p)i.e
=

+

5

0i

1iP i

nX shown in 

Table 2. 

 

Table 2: The stability function 

( )h1p  ( )h2p  ( )h3p  ( )h4p  ( )h5p  
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h
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Finally, if we apply the results in tables 1 and 2 to the integrator (9). We obtain the stability root given by 
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7. Conclusion 

In conclusion, from the result of the analysis of the stability above,we discover that by direct proof and definitions equation 

(32) is A-stable and L-stable. For L-stable the Region of the Absolute Stability (RAS) together with the point of 

encroachment into the right – half of the complex plane. 
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