
1. Let β > 0, and H = H∗ fixed. The free energy

F (D) = TrDH − 1
β
S(D)

is defined on density matrices. Find the density that minimizes F !

2. Prove the Hadamard inequality, that is for any matrix N with columns
vi 6= 0 the inequality

|DetN | ≤
∏

i

‖vi‖

holds, and there is equality if and only if 〈vi, vj〉 = 0 ∀i 6= j.

3. Let M =
(

A B
B∗ C

)
, and f : R+ → R a convex function. Show that

Tr f(M) ≥ Tr f(A) + Tr f(C).
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