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Question 1 [4 x 1 = 4 points]

Consider the space Rn×n of real n × n matrices. Determine whether the following functionals
‖ · ‖ : Rn×n → [0,+∞) (where A = (ai,j)

1≤i≤j
1≤j≤n ∈ Rn×n) are norms on Rn×n or not. Either

show that they are norms, or explain why they are not.

(i) ‖A‖ = max1≤i,j≤n |ai,j|

(ii) ‖A‖ = | det(A)|

(iii) ‖A‖ =
√

trace(AAt)

(iv) ‖A‖ =
√

trace(A2).

Question 2 [2+2+3 points]

Compute the absolute and relative condition numbers for f : R→ R with respect to the absolute
value (as norm) when

(a) f(x) = e−x2

(b) f(x) = ln(1 + x2)

(c) f(x) = 1−cos(2x)
2x

.

Question 3 [6 points]

Let n ∈ N and x0, x1, . . . , xn ∈ R. Now let

V :=


1 x0 · · · xn

0

1 x1 · · · xn
1

...
...

1 xn · · · xn
n

 .

V is known as the Vandermonde-Matrix, and is important in the context of polynomial interpo-
lation. Show that its determinant is given by

det(V ) =
n∏

i,j=0;i>j

(xi − xj).



Question 4 [3 points]

Show, by giving an example, that different matrix norms can induce different condition numbers
for the same matrix.
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