
Summary of Lecture 13

Next Lecture (14)

• Density Operator ρ = ∑
α

Pα |ϕα⟩⟨ϕα |

• Time evolution
d
dt

ρ = −
i
ℏ [H, ρ]

∑
α

Pα = 1

0 ≤ Pα ≤ 1

• Entropy                                         (            for pure states)

• Expectation value ⟨A⟩ = tr (ρA)

• Density Operators for Subsystems

S = − kBtr (ρ ln ρ)

• Pure vs. mixed states

• Canonical Ensemble ρ =
1
Z

exp (−βH) Z = tr [exp (−βH)]
S = 0



Summary of Lecture 13

This Lecture (14)

• Density Operator ρ = ∑
α

Pα |ϕα⟩⟨ϕα |

• Time evolution
d
dt

ρ = −
i
ℏ [H, ρ]

∑
α

Pα = 1

0 ≤ Pα ≤ 1

• Entropy                                         (            for pure states)

• Expectation value ⟨A⟩ = tr (ρA)

• Density Operators for Subsystems

S = − kBtr (ρ ln ρ) S = 0

• Pure vs. mixed states

• Canonical Ensemble ρ =
1
Z

exp (−βH) Z = tr [exp (−βH)]


