Math 151A - Spring 2020 - Week 7

Today: Interpolation

e Newton's form and divided differences

e Using MATLAB for interpolation and plotting

e Equally spaced nodes vs. Chebyshev nodes example
e Piecewise linear interpolation example

e Spline example

e Questions (if time)
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Newton’s Form
Pa(x) = flxo] + ) flxo, X1, -, xi](x — x0) -+ (x — x¢—1)
k=1

where

flxi] = f(xi)

flxt, ooy ] — F[X05 ooy Xk—1]

fxo, .-y Xk] = P
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Example 1. Given (0,1),(1,2),(2,5),(3,10), use Newton's form and
divided differences to find a polynomial P(x) that fits these points. What
is P(4)? Verify your result with MATLAB.
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Using MATLAB for interpolation and plotting

Motivating Example: Consider f(x) = x? with nodes xg = 0, x; = 1.
What is the polynomial P;(x) that interpolates these nodes? Is
f(xi) = Pi(x;)? Is f(x) = P(x)? Consider the error

e1(x) = |f(x) — P1(x)|. What can you say about e;(x;)? Is e;(x) = 07
P (X)=X
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Using MATLAB for interpolation and plotting

Steps:

1. Generate nodes x;, f; for i = 0, ...@(options: given, equally spaced,
Chebyshev)

2. Generate X; for plotting, j = 0, ...,@where m is some number of
plotting points (my recommendation: equally spaced)

3. Evaluate P,(X;) for j =0,....,m
Note: P, depends on the nodes, so these will be an input to the
MATLAB function.
e.g. If | wanted to use Lagrange interpolation to form P, with nodes
stored in vectors x, f, then P,(x;) could possibly be found with the
following call:
P(j) = lagrange(x,f,%(j))

—
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Example 2. Let f(x) = 252 Plot the interpolating polynomial
X

P.(x) of f(x) and error e,(x) = |f(x) — P,(x)| on the interval [—1, 1]
corresponding to

(a) equally spaced nodes for n = 4,8,12,20
(b) Chebyshev nodes for n = 4,8,12, 20.
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Example 3. Let f(x) = e*. Plot f and the piecewise linear polynomial
51,5 that is constructed with 6 equally spaced nodes (x;Jusing 101 equally
spaced points X; on the interval [0,1]. What is ma@]f(x) — S1.5(x)|?
What is maxy, |f(x) — S15(x)|?

Xy 1RO - S\,rm\ =0
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