
Part 0 Introduction
What is nonequilibrium statistical mechanics?

The approach in the present lecture

The outline of the course













Part 1 Foundation
What do we get from mechanics and equilibrium 
statistical mechanics?

Classical Hamiltonian mechanics

Jarzynski equality
Fluctuation theorem

Detailed balance condition



Part 2 Abstract theory
Probability

Entropy

Markov jump process

Stochastic matrix and basic convergence theorem



Part 3 Nonequilibrium processes 
in an equilibrium environment

Approach to thermal equilibrium

Fluctuation theorem

No pumping theorem

Jarzynski equality and the second law of thermodynamics

Relaxation process in an equilibrium environment

Operations in an equilibrium environment



Part 4 Nonequilibrium states and processes 
in nonequilibrium environments

Relaxation to NESS
Linear response relations

No free-pumping theorem

Improved Shiraishi-Saito inequality

Nonequilibrium steady states (NESS)

Inequality between current and dissipation

Reciprocal relations

Trade-off relation between power and efficiency in a heat engine



Part 5 The theory of 
Brownian motion

Typical experiment

Basic symmetry and the transition probability

Langevin equation

Kramers equation

Einstein’s theory of Brownian motion


