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Abstract: Orthogonal polynomials appear frequently in applied mathematics. In this paper, we will introduce two sequences of orthogonal polynomials on the interval 
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. The orthogonal polynomials of each type up to degree seven will be illustrated. We will use these fourteen orthogonal polynomials to obtain fourteen Gaussian

quadrature formulas and fourteen formulas of Runge-Kutta type for solving the initial value problem of ordinary differential equation. Some examples will be given.
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 is said to be the sequence of orthogonal polynomials on the interval 
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2. Formulation

The two sequences of orthogonal polynomials are as follows.

First Sequence
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Second Sequence
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3. Applications

3.1 Gaussian Quadrature 

The n-point Gaussian quadrature formula for finding the definite integral on the interval 
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We will use the orthogonal 

polynomials in section 2 to find the Gaussian qudrature formulas.
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3.2 Runge-Kutta Formulas


We use the zeros of the above orthogonal polynomials to be the points 
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4. Examples

There are five examples, two for numerical integration and three for numerical solutions of initial value problem of ordinary differential equations.

Example 1 Find the value of 
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. The results from fourteen formulas are;

     calculated value
    error
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Example 2 Find the value of 
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     calculated value
    error

        0.5278464333        0.4715356667
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              0.9999999999        0.0000000001

              1.0                          0.0

1.0 0.0.

Example 3 Find the numerical solution of 
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. The results from fourteen formulas of the Runge-Kutta type are as follow;
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Example 4 Find the numerical solution 
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Example 5 Find the numerical solution of 
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. The results from fourteen formulas of the Runge-Kutta type are as follow;
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5. Conclusion


The Gaussian quadrature formulas work as good as they were expected. All the Runge-Kutta formulas type also work well except the seven points formulas for solving the autonomous equation. We recommend the two, three, four and five points formulas. However we strongly recommend the two points formulas since they work sufficiently good. 
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