Math 426 Numerical Analysis (Bueler) 15 October 2024

Assignment #6

Due Friday, 25 October 2024, at the start of class

This Assignment is based on Chapter 8 of the textbook.! Please read sections
8.1, 8.2, 84, 8.5, and 8.6. You can ignore the material in sections 8.3 and 8.7.
You can also ignore the material on barycentric form in subsection 8.2, and
the material on chebfun in section 8.5, and subsection 8.6.1.

When you turn in homework problems, please put the problems in the order
they appear below. Also, two expectations always apply:
1. When you use MATLAB, or other language of your choice, the com-
mands you used must be shown, along with the results.
2. Please minimize use of paper; edit your result to remove extra space.
However, please keep a clear distinction between codes, input com-
mands, and computed results and/or figures.

Finally, especially relevant to this Assignment, when generating the
graph of a smooth function, please use a fine grid. This technique has
been shown in class, and several times in my solutions.

Do the following exercises from the textbook:

CHAPTER 8
e Exercise 1 (a) and (b) on page 206-207.
e Exercise 2 on page 207.
e Exercise 4 (a) and (b) on pages 207-208.
e Exercise 5 on page 208.
e Exercise 7 (a) and (c) on pages 208-209.

Do the following additional problems:

P6. (a) Let f(z) = arctan(z) and suppose zy = —\/Lg,xl = 0,29 = \/Lg,xg = 1.
Find the Vandermonde and Lagrange forms of the interpolating polynomial p(x),
i.e. so that p(z;) = 3. You may use a computer to solve the linear systems that
arise for the Vandermonde form. By simplifying, check that these are the same

polynomial.

(b) Use the polynomial interpolation error theorem, namely Theorem 8.4.1, to
estimate | f(z) — p(z)| on the interval [—1, 1]. For this job you will need a formula for
a higher derivative of f, and an estimate of the maximum of this derivative on the

!Greenbaum & Chartier, Numerical Methods: Design, Analysis, and Computer Implementation of Algo-
rithms, Princeton University Press 2012).
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interval [—1,1]. You may use tools for these tasks, e.g. Wolfram Alpha, but please
make it clear how you do that.

P7. (a) Asstated on page 193 of the text, it is known that the Chebyshev points
xj = cos(mj/n), for j =0,1,...,n, satisfy

1
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Create plots for n = 8 and n = 20 which illustrate this fact.
(b) Consider f(z) = cos(4x + 1) on the interval [—1, 1]. Use the fact stated in (i),

and Theorem 8.4.1, to find n so that the interpolating polynomial p(z) using the
Chebyshev points satisfies |f(z) — p(z)| < 107, (You are not asked to find p itself!)



