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ε wε ≥ 0∑
εwε = 1

〈〉 f

〈f〉 ≡
∑
ε

wεfε.

wε εε
ε

wε ∝ δ(E − εε)

ε E

T

wε ∝ e−βεε, β ≡ 1/(kBT )

wε ∝ eβµ̄Nε−βεε

Nε

ε µ̄
∑

{ε}
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1/Nε!

|ψε〉 〈ψε|ψε〉 = 1 wε

{ε}
w

a

Â
P (a) ≡ |〈ψε|φa〉|2 |φa〉

a

〈P (a)〉 =
∑
ε

wε|〈ψε|φa〉|2 =
∑
ε

wε〈ψε|φa〉〈φa|ψε〉 =
∑
ε

wε〈ψε|D̂a|ψε〉

D̂a ≡ |φa〉〈φa|
a

A

〈A〉 =
∑
a

a〈P (a)〉 =
∑
a,ε

awε〈ψε|D̂a|ψε〉 =
∑
ε

wε〈ψε|Â|ψε〉,

Â =
∑

a aD̂a

〈P (a)〉 =
∑
ε

wε〈ψε|D̂a|ψε〉 =
∑
ε

wεTr|ψε〉〈ψε|D̂a

= Tr{D̂a

∑
ε

wε|ψε〉〈ψε|}

〈A〉 =
∑
ε

wε〈ψε|Â|ψε〉 =
∑
ε

wεTr|ψε〉〈ψε|Â = Tr{Â
∑
ε

wε|ψε〉〈ψε|}.
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ρ̂ ≡
∑
ε

wε|ψε〉〈ψε|

|ψε〉

〈P (a)〉 = Tr D̂aρ̂

a
A

〈A〉 = Tr Âρ̂.

σz z
| ↑〉 = (1, 0)T | ↓〉 = (0, 1)T w↑ w↓

ρ̂ =

(
w↑ 0
0 w↓

)
.

x |↑x〉 = (1, 1)T/
√
2

|↓x〉 = (−1, 1)T/
√
2 w↑x , w↓x

ρ̂ =
w↑x
2

(
1 1
1 1

)
+

w↓x
2

(
1 −1
−1 1

)
=

1

2

(
1 w↑x − w↓x

w↑x − w↓x 1

)
.

w↑ = w↓ = 1/2

w↑x = w↓x = 1/2

ρ̂ = 1̂/2

w |ψ〉


