
Graduate Statistical Physics Syllabus 
Lectures and Recitations 
Lectures will be held on Tuesdays and Thursdays from 9:30 am until 11:00 am via Zoom: 
https://nyu.zoom.us/j/99702917703. 

Recitations will be held on Fridays from 3:30 pm until 4:45 pm via Zoom. Recitations will begin the 
second week of the course. 

David Grier's office hours will be held on Mondays from 1:30 pm to 3:00 pm in Physics 873. 

Ankit Vyas' office hours will be held on Fridays from 1:00 pm to 2:00 pm in Physics 940. 

Instructors 
David G. Grier 
Office: 726 Broadway, room 873 
Phone: (212) 998-3713 
email: david.grier@nyu.edu 

Ankit Vyas 
Office: 726 Broadway, room 965B 
Email: av2298@nyu.edu 

Text 
Most graduate texts in statistical physics cover the material of this course. Suitable choices include: 

• Mehran Kardar, Statistical Physics of Particles (Cambridge University Press, 2007) ISBN
978-0-521-87342-0 (hardcover).

• Mehran Kardar, Statistical Physics of Fields (Cambridge University Press, 2007) ISBN 978-
0-521-87341-3 (hardcover).

• R. K. Pathria and Paul D. Beale, Statistical Mechanics (Elsevier, 2011) ISBN 978-0-12-
382188-1 (paperback).

Undergraduate texts also may provide useful background material. Typical choices include 

• Frederick Reif, Fundamentals of Statistical and Thermal Physics (Waveland Press, 2009)
ISBN 978-1-57766-612-7.

• Charles Kittel and Herbert Kroemer, Thermal Physics (W. H. Freeman, 1980) ISBN 978-
0716710882.

• Daniel V. Schroeder, An Introduction to Thermal Physics (Pearson, 1999) ISBN 978-
0201380279.

Outline 
1. Thermodynamics



2. Probability 
3. Kinetic theory of gases 
4. Classical statistical mechanics 
5. Quantum statistical mechanics 
6. Ideal quantum gases 
7. Interacting particles 
8. Introduction to Landau-Ginzburg theory 

Lectures 
1. History and philosophy of thermodynamics for physicists. 
2. The nature of energy, work and heat. Equilibrium and the meaning of temperature 
3. Macroscopic states, intensive and extensive quantities. The zeroth, first, and second laws of 

thermodynamics 
4. Heat engines, Carnot cycle, temperature and Clausius’ theorem 
5. Entropy, equilibrium and the third law of thermodynamics. Fundamental thermodynamic 

relation, thermodynamic potentials, Maxwell relations 
6. Applications of thermodynamics: The enthalpy of metabolism 
7. Kinetic theory of gases: Phase space, statistical ensembles, Liouville’s theorem 
8. Systems of interacting particles. Distribution functions. The BBGKY hierarchy. 
9. The Boltzmann equation, kinematics of collisions, equilibrium redefined, the H-theorem 
10. Boltzmann’s definition of entropy. Equilibrium distribution function, Maxwell-Boltzmann 

distribution and thermodynamic averages. Partition functions. Boltzmann’s Postulates of 
Statistical Mechanics. 

11. Thermodynamic ensembles: Microcanonical ensemble: the Second Law, equipartition 
theorem, virial theorem 

12. Microcanonical ensemble continued: The ideal gas, the Gibbs paradox, and the Sakur-
Tetrode entropy. 

13. Canonical ensemble: partition function, internal energy, Helmholtz free energy. 
Thermodynamic properties and their fluctuations. Langevin paramagnet, response functions. 

14. Gibbs canonical ensemble: Ideal gas, chemical potential, equilibrium revisited. Grand 
canonical ensemble: Langmuir isotherms 

15. Quantum statistical physics. Dirac notation and Hilbert space. Quantum observables and 
expectation values. Time evolution. The density matrix. Liouville’s theorem revisited. 

16. Microcanonical, canonical and grand canonical ensembles. Quantum harmonic oscillator. 
Systems of indistinguishable particles. Quantum statistics. Fermi-Dirac, Bose-Einstein and 
anyon distribution functions. 

17. Equation of state for weakly interacting quantum gases. Bose-Einstein condensation. 
Thermodynamic consequences of phase transitions. Photon gas. 

18. Fermi gas, Fermi energy, degeneracy pressure. White dwarf stars. Sommerfeld expansion. 
Chemical potential. Bohr-van Leeuwen theorem. Pauli paramagnetism 

19. Landau levels. Landau diamagnetism. Non-ideal (interacting) gas. Cluster expansion and 
graphical methods. 



20. Van der Waals gas. Phase transitions and phase stability. Law of corresponding states. 
21. Mean field theory. Van der Waals gas. Ising model. Exact solution of the 1D Ising model. 
22. Landau mean field theory. Ising model. Heisenberg model, soft modes. 
23. Fluctuations, Ginzburg criterion. Ginzburg-Landau mean field theory. 
24. Correlation length, pair correlation functions, validity of mean-field theories. 
25. Superconductivity: Landau-Ginzburg mean field theory: Cooper pairs, superconducting order 

parameter, the BCS ground state, Ginzburg temperature. 
26. Thermodynamic derivations of supercurrents, the Meissner effect, flux quantization, Type 1 

and Type 2 superconductors, vortex lines. Thermodynamic behavior of the vortex lattice. 

Problem Sets 
Problem sets will be assigned roughly once per week on Tuesdays. They will be due at the 
beginning of lecture one week after they are assigned. Graded problem sets will be returned the 
following Friday in recitation. Solutions to problem sets will be posted on NYU Classes. 

You are encouraged to work on problem sets with other students in the course. If you choose to take 
this option, please note the names of your collaborators on your assignments. Duplicate solutions 
turned in without such notations may raise concerns about plagiarism. 

Exams 
There will be one midterm exam and a final exam at the end of the class. 

The midterm exam is scheduled tentatively for Tuesday, March 3 from 9:30 pm to 11:00 am. 

Grading 
The grade for this course is based on scores for the three categories of assessments: 

1. Problem Sets (30%) 
2. Midterm Exam (30%) 
3. Final Exam (40%) 

The score for each assessment (e.g. the midterm) is normalized by the class' mean score for that 
assessment. An average performance on all graded aspects of the course therefore yields an overall 
score of 1, which generally corresponds to a letter grade of B+. The actual mapping of scores to 
letter grades depends on the instructor's judgement. 
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