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Exercise sheet no. 2 — Numerics for instationary differential equations

Exercise 4: Show that the stability function of a Runge-Kutta method satisfies

det (I + 2(167 — A))
)= e =24

where 1 = (1,...,1)7.
Hint: Use (but don’t prove) det(I + wov’) =1+ v w.

Exercise 5:

Compute the stability function R(z) of the following Runge-Kutta method (Lobatto IIIC):

1 1 1
0l -3 &
111 5 _ 1
216 12 12
12 1
11§ 5 §
12 1
6 3 6
Show that this method is A-stable.
Exercise 6: Consider a collocation method with symmetrically distributed nodes: ¢; = 1—cs11-5

fori=1,...,s. Prove that the stability function of this method satisfied
R(z)-R(—z2) =1 for all z € C (except of the poles) .
In particular, |R(z)| = 1 on the imaginary axis iR.

Hints: Let A and b be the coefficient matrix and the coefficient vector of the Runge-Kutta method,
respectively, and 1 = (1,...,1)7. Show and use

b= Pb, A=1v" — PAP,
where
0 0 1
0 0
P= 1
0 .- 0
1 0 0

Then, use exercise 4.

Solutions are discussed on 77.04.2024.
Contact person: Dominik Sulz - dominik.sulz@uni-tuebingen.de. Open door policy - just come
to my office if you have any questions!



