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1. Introduction

(a) What is Thermodynamics? What is Statistical Thermodynamics?

i. (P,V,T) space; three dimensional: PDEs allow 2d projection

(b) The first law – open versus closed systems

(c) The second law – open versus closed systems

(d) The third law and absolute zero

(e) Gibb’s relations and Maxwell relations (also equilibrium)

(f) Heat capacities

(g) Ideal gas eqn of state

(h) Cycles (closed versus open systems)

i. Carnot
ii. Steam power cycle

iii. Otto cycle / Diesel cycle

2. Classical statistics of independent particles

(a) Macrostate and microstates

(b) The different ensembles (microcanonical, canonical, grand canonical)

(c) Distinguishable versus indistinguishable objects (counting permutations)

(d) Entropy

(e) Equilibrium and maximum entropy (macrostate with the most microstates)

(f) Stirling’s approximation

(g) Langrange multipliers and deriving the Boltzmann equilibrium probability, pj ∝ e−Ejβ .

(h) Partition function (Normalization, and it’s derivatives yield the thermodynamic quantities!)

(i) Temperature

(j) Maxwell Velocity distribution (independent atoms with no internal structure, only KE)

(k) Particles in a box, and non-uniqueness of Z (rectified later with QM)

(l) Including other degrees of freedom: in addition to translation (kinetic), need rotation and even
vibration.

(m) Equipartition of energy

(n) van der Waals gas
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3. Quantum mechanics

(a) Can no longer assume:

i. Continuously variables energies
ii. Distinguishable particles

(b) Black body radiation (classical and discrete approaches)

(c) Photoelectric effect (EM radiation is quantized; electrons)

(d) de Broglie wavelength (“matter waves”)

(e) Heisenberg uncertainty relations

(f) The Schrödinger equation (derivation and solutions)

i. – waves
ii. – particle in a box

iii. – particles in a box
iv. – Cartesian and spherical coordinates
v. – Harmonic oscillator

(g) Correspondence principle

(h) Diatomic molecules

(i) Hydrogen atom

4. Quantum Statistical Mechanics

(a) Indistinguishable particles: Fermions versus Bosons (depends on spin angular momentum)

(b) Fermi-Dirac statistics

(c) Bose-Einstein statistics

(d) Boltzmann limit (if Ni << gi, no distinction between Fermions and Bosons).

(e) Ideal gas

(f) Monatomic gas

(g) Diatomic gas

(h) Polyatomic gas

(i) Mixtures of ideal gases

(j) Chemical equilibrium

(k) Ionization equilibrium

5. Elementary Transport Theory (time permitting)

(a) Nonequilibrium phenomena (e.g., heat conduction)

(b) Mean-free path
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