
Exercise

Verify that Pauli X is a Hermitian operator and compute its eigenvalues

and eigenvectors.
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Exercise

• Cyclic property: Show that Tr LM = TrML.

• Show that TrA is independent of the basis of A.
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Exercise

Let |�iAB =
1p
2
(|0iA ⌦ |0iB + |1iA ⌦ |1iB). Compute TrA(|�ih�|AB) and

TrB(|�ih�|AB).
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Exercise

There are three necessary and su�cient criteria that a matrix corresponds

to a valid description to a quantum state. Show that

� :=

X

i

pi | i ih i |, (1)

satisfies all three of them

1. ⇢ is Hermitian
1

2. ⇢ is positive semi-definite
2

3. Tr[⇢] = 1.

1A hermitian matrix A satisfies A† = A.
2Eigenvalues of a positive semi-definitive matrix are real and equal to 0 or positive.

4

probabilities Of pill
Ii piti

s

ft Iii pi Nitti 1 9
Pi are eigenvalues and they
are all non negative

In the basis of Ni y Trig Iii pi if



5



Exercise

Define purity of a quantum state as Tr[⇢2]. Show that unitary operations

preserve purity, i.e. a pure state never gets mapped onto a mixed state

and vice versa.
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No cloning theorem

Theorem (No-Cloning theorem)
There is no unitary operation Ucopy on HA ⌦HB such that for all

| iA 2 HA and |0iB 2 HB

Ucopy(|�iA ⌦ |0iB) = e if (�)|�iA ⌦ |�iB (2)

for some number f (�) that depends on the initial state |�i.

Proof: in the lecture notes
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