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Statistical mechanics

Microscopic
(classical / quantum 

mechanics)

Macroscopic
(thermodynamics)Statistics

Revision (weeks 1-2)

• Thermodynamics
• Probability

Theory (weeks 3-6)

• Microcanonical ensemble
• Canonical ensemble
• Grand-canonical ensemble

Applications (weeks 7-13)

• Solids (phonons and electrons)
• Phase transitions and magnetism
• Liquids
• Polymers



Ensembles
• Defined by fixing some macroscopic

variables (e.g., N, V, T)

• Observe the microstates many, many times

• Probability 𝑃(𝝂) or 𝑃(𝒑, 𝒒)

• Ensemble average:
𝑂 = න 𝑂 𝒑, 𝒒  𝑃 𝒑, 𝒒  𝑑𝒑 𝑑𝒒

𝑂 = ෍

𝝂

𝝂 ෠𝑂 𝝂  𝑃(𝝂)

N = 5
V = cube volume
T = ambient



The NVE (microcanonical) ensemble

• N, V, E are fixed

• Probability 𝑃(𝝂) is the same for all observable microstates 𝝂

• Only their number matters:   Ω

• Statistical definition of entropy:   𝑆 = 𝑘𝐵 ln Ω



The NVE ensemble recipe

• Calculate Ω(𝑁, 𝑉, 𝐸), nearly always by using combinatorics

• Find S 𝑁, 𝑉, 𝐸 = 𝑘𝐵 ln Ω(𝑁, 𝑉, 𝐸) and simplify with Stirling’s 
approximation ln 𝑁! ≈ 𝑁 ln 𝑁 − 𝑁

• If asked about the temperature, remember   1
𝑇

=
𝜕𝑆

𝜕𝐸 𝑁,𝑉
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