Interpolation and Approximation by
Polynomials in Mathematical Analysis

Interpolation and approximation are two fundamental concepts in
mathematical analysis. Interpolation involves finding a function that passes
through a set of given data points, while approximation involves finding a
function that is close to a given function over a specified interval. Both
interpolation and approximation have a wide range of applications in
various fields, such as numerical analysis, engineering, and physics.

In this article, we will focus on interpolation and approximation by
polynomials. Polynomials are a class of functions that have the form

p(x)=a_0+a_1x+a 2x"2+..+a_nx™
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where (a_0, a_1, ..., a_n) are constants. Polynomials are relatively simple
to work with and can often be used to approximate more complex
functions.
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Interpolation is the process of finding a function that passes through a set
of given data points. There are a number of different interpolation methods,
but one of the most common is Lagrange interpolation.

Lagrange interpolation involves finding a polynomial that passes through a
set of ( n + 1) data points ((x_0, y_0),(x_1,y_1),..., (x_n, y_n)). The
Lagrange interpolating polynomial is given by the following formula:

L(x) =\sum_{i=0}"ny_i L_i(x)

where the (L_i(x)) are the Lagrange basis polynomials, which are defined
by

L_i(x) = \prod_{j=0, j \neq i}*n \frac{x - x_jK{x_i - x_j}

Lagrange interpolation can be used to approximate any function over a
specified interval. However, the accuracy of the approximation depends on
the number of data points and the smoothness of the function.

Approximation is the process of finding a function that is close to a given
function over a specified interval. There are a number of different
approximation methods, but one of the most common is polynomial
approximation.

Polynomial approximation involves finding a polynomial that is close to a
given function (f(x)) over an interval ([a, b]). The polynomial approximation
is typically given by the following formula:

p(x)=a_ 0+a_1(x-c)+a_2((x-¢c)2+...+a_n(x-c)™n



where (c) is a point in ([a, b]). The accuracy of the approximation depends
on the degree of the polynomial and the smoothness of the function (f(x)).

Polynomial approximation is often used in numerical analysis to
approximate solutions to differential equations and other mathematical
problems.

Interpolation and approximation have a wide range of applications in
various fields, such as:

= Numerical analysis: Interpolation and approximation are used to
approximate solutions to differential equations and other mathematical
problems.

= Engineering: Interpolation and approximation are used to design and
analyze structures, such as bridges and airplanes.

= Physics: Interpolation and approximation are used to model physical
phenomena, such as the motion of objects and the flow of fluids.

= Economics: Interpolation and approximation are used to model
economic data, such as stock prices and consumer spending.

Interpolation and approximation are two fundamental concepts in
mathematical analysis with a wide range of applications. Polynomials are a
particularly useful class of functions for interpolation and approximation
because they are relatively simple to work with and can often be used to
approximate more complex functions.
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