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Exercise 32:

a) Prove the following:

If an implicit RK-method with non-singular A satisfies one of the condi-
tions

i) Ik € {1,...,s} such that ay; =b; Vj=1,...,s or
ii) 3k € {1,... ,s} such that ay = by Vi=1,...,s

then R(co) = 0. Thus an A-stable method satisfying i) or ii) is L-stable.

b) Why does the implicit trapezoidal method not contradict the above state-
ment?

Exercise 33:

Consider
=M1-2%), A>0, z(0)=2.
a) Compute the analytic solution for A = 1 (not with Maple).

b) Apply the implicit Euler method: Do one implicit step by hand. What
happens? What does the Newton method do in this situation?



Exercise 34: (Collocation methods)

Given & = f(t,x) and a vector ¢ = (c1,... ,¢5) With0 < ¢; < ce < ... <¢s < 1.
In order to construct a polynomial u € P, satisfying the above system at the s
collocation points ¢ + ¢;h for h > 0 consider

u(t) = =
4(t + cih) fE+ch,u(t+ch)), i=1,...,s

Prove that

S
U,(t + Czh) =x+h Zai]—ki
j=1
¢
where k; = w(t+¢;h), aij = [ Lj(t)dr and Ly, ... , Ls form the Lagrange-
0

basis of P;_1 wrt. the nodes cy, ... ,cs.

Show that the above construction leads to an IRK i’% and compute
b.

Consider the nodes of the Gaussian quadrature formulas of order p = 2

(c1 = %) andp =4 (c; = % _ V3 co = % + ?) and compute the resulting

6 )
IRK’s.



