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Numerical Linear Algebra – homework #01

Problem 1 (Inner product)

Show that for S ∈ Rn×n the mapping

〈·, ·〉S : Rn × Rn → R, (x, y) 7→ 〈x, y〉S := x>Sy

is an inner product if and only if S is symmetric positive definite.

Problem 2 (Normal matrices)

Prove that for a matrix A ∈ Cn×n the following properties are equivalent:

(i) A is normal, i.e. AAH = AHA.

(ii) UHAU is normal for all unitary matrices U ∈ Cn×n.

(iii) For all unitary matrices U ∈ Cn×n with UHAU = B =

[
B11 B12

0 B22

]
, B11 ∈ Ck×k it holds B12 = 0

Hint. Use the trace operator.

(iv) There exists a unitary matrix U ∈ Cn×n such that UHAU is diagonal.

Hint. Use the Schur decomposition.

(v) There exists a unitary matrix U ∈ Cn×n such that AH = UA.

(vi) (Ax,Ay) = (AHx,AHy) for all x, y ∈ Cn.
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