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Review of important ensembles 

Microcanonical (NVE) Canonical (NVT) Isobaric/isothermal (NPT) 
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Free energies (atomistic ↔ macroscopic thermodynamics) 

Probability distributions 



Some useful relationships + grand canonical 
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From the definition of canonical partition function: 

Average energy can be obtained from the partition function: 

Grand canonical ensemble (energy and number of particles fluctuate): 



Fluctuations 

Specific heat: 

Compressibility: 
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Fluctuations from equilibrium are also related to materials properties 
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Classical mechanics of the harmonic solid 
Second order expansion of Hamiltonian around equilibrium 
(week 3 lecture 5) 

After diagonalizing the Hessian matrix H can be written as a sum 
of 3N de-coupled harmonic oscillators 

Equipartition: each degree of freedom contributes 1/2kT of energy: 

Specific heat : 
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Comparing with experiments 

Solid-state Physics 
Ashcroft-Mermin 

What error did we make? 
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Classical harmonic result: 



Quantum effects 

Interatomic distance 
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When does classical mechanics for atoms stop working? 

Temperature at which quantum effects kick in depends on frequency 
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Ale Strachan - Atoms 2 Materials 7 



Quantum harmonic oscillator 

How do we solve a harmonic oscillator using QM? 

Write the Hamiltonian: 

Solve the Schrödinger Equation: 

Family of eigenvalues: 

Compute the partition function: 
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