Mathematical Institute Winter term 24/25
Prof. Dr. Patrick Dondl Coffi Hounkpe

Homework accompanying the lecture
,Basics in Applied Mathematics*

Homework 8

Hand in: Tuesday, 26.11.2024, after the lecture in the mailbox at the Math Institut
(Don’t forget to put your name on your homework.
Please hand in your solutions in groups of two.)

Exercise 1 (4 points)
For the points zo,..., o, let w(z) = [[}_o(z — x;) be the interpolating polynomial and
L;,;i=0,1,...,n be the i-th Lagrange basis polynomial. Show that
w(x)
Li(z) = .
= )
Exercise 2 (4 points)

Let

n

w1 (x) = (& - =)
i=0
be the nodal polynomial for the points (z;)},. Show that its derivative is

Wiy (i) = [[(zi — ).

Exercise 3 (4 points)

Show that for the fixed point iteration 2*+! = ®(2*) with the contraction ®: R" — R" the
error estimate q
k * k k—1
¥ — || < ——||2" — k
la* —a'll < 71 H

holds. To what extent is this estimate relevant for practical purposes?

Programming exercise 4 (6 points)

Use the equivalent representations

xf“ = ai_i1 b; — Zaij:):? , :):fJrl = al-_l-1 b; — Zazjx?H — Zaijm;?
i j<i §>i
of the Jacobi and Gauss-Seidel methods to implement them. Test your programs for the linear
equation system Ax = b with

and the starting vector 2° = [1,1, ...1]T € R™ for n = 10,20,40. Stop the iteration when
2% — 2F 1]y < 6 with § = 107°. Comment on the dependence of the iteration numbers on
the dimension n of the system of equations.



