
Problem 10

Assuming |L⟩ =
(

1
0

)
and |R⟩ =

(
0
1

)

1 Part (a)
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Tr[ρ] =

1

2
+

1

2
= 1

2 Part (b)
In its eigenbasis, a matrix is the diagonal matrix of its eigenvalues.

ρ =

(
0.5 0.25
0.25 0.5

)
det

(
0.5− λ 0.25
0.25 0.5− λ

)
= 0

(0.5− λ)2 − 0.252 = 0

⇒ (0.5− λ− 0.25)(0.5− λ+ 0.25) = 0

⇒ λ = 0.25; 0.75

∴ ρ =

(
0.25 0
0 0.75

)
Tr[ρ] = 0.25 + 0.75

= 1
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3 Part (c)

ρ =

(
0.25 0
0 0.75

)
ρ2 =

(
0.0625 0

0 0.5625

)
Tr[ρ2] = 0.0625 + 0.5625

= 0.625 ̸= 1

So, this is a mixed ensemble.

4 Part (d)

S = −kB
∑
n

Pn log(Pn)

= −kB (0.25 log(0.25) + 0.75 log(0.75))
= 0.56233kB
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