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Introduction

• Statistical mechanics is a branch of theoretical physics that uses

statistical methods to explain and predict the behavior of systems

composed of a large number of particles.

• It provides a microscopic understanding of thermodynamic quantities

and phenomena by linking the macroscopic properties of materials to

the microscopic behaviors of their constituent particles.



Key concepts in Statistical Mechanics
1.Microstates and Macrostates: A microstate is a specific detailed configuration of a

system, while a macrostate is defined by macroscopic properties like temperature, pressure,

and volume. Many microstates can correspond to the same macrostate.

2.Ensembles: These are collections of a large number of virtual copies of a system,

considered all at once, each representing a possible state that the real system might be in.

Common ensembles include the microcanonical, canonical, and grand canonical

ensembles.

3.Partition Function: This is a central quantity in statistical mechanics that encodes all the

thermodynamic information of a system. It is used to calculate properties like energy,

entropy, and free energy.

4.Boltzmann Distribution: This describes the distribution of particles over various energy

states in thermal equilibrium. It shows that higher energy states are less likely to be

occupied than lower ones.

5.Thermodynamic Potentials: These are quantities like internal energy, Helmholtz free

energy, Gibbs free energy, and enthalpy, which are used to describe the thermodynamic

state of a system and predict how it will respond to changes in its environment.



Microstates and Macrostates
Microstates

A microstate is a specific detailed configuration of a system at the microscopic level. It

describes the exact state of each particle in the system, including their positions and

momenta.

e.g. For a gas in a container, a microstate would specify the position and velocity of every

single gas molecule.

Macrostates

A macrostate is defined by macroscopic properties such as temperature, pressure, and

volume. It represents an average behavior of the system, without detailing the state of

individual particles.

e.g. The same gas in a container can be described by its temperature, pressure, and volume,

which constitute its macrostate.



Ensembles in Statistical Mechanics

Types of Ensembles

In statistical mechanics, an ensemble is a large collection of virtual copies of a system,

each representing a possible state that the real system might be in. The three main

types of ensembles are:

1.Microcanonical Ensemble

2.Canonical Ensemble

3.Grand Canonical Ensemble

Microcanonical Ensemble

The microcanonical ensemble represents an isolated system with a fixed number of

particles (N), fixed volume (V), and fixed energy (E).

Characteristics

• No exchange of energy or particles with the surroundings.

• All microstates have the same energy.

Application: Used to study systems where energy is conserved, such as an ideal gas in

a perfectly insulated container.



Canonical Ensemble

The canonical ensemble represents a system in thermal equilibrium with a 

heat bath at a fixed temperature (T), with a fixed number of particles (N) 

and fixed volume (V).

Characteristics

• Energy can be exchanged with the heat bath, but the number of 

particles remains constant.

• The probability of a system being in a particular microstate is given 

by the Boltzmann factor.

Application: Used to study systems at constant temperature, such as a 

gas in a container in thermal contact with a reservoir.



Grand Canonical Ensemble

The grand canonical ensemble represents a system in thermal and chemical

equilibrium with a reservoir, with a fixed temperature (T), fixed volume

(V), and fixed chemical potential (μ).

Characteristics

• Both energy and particles can be exchanged with the reservoir.

Application: Used to study open systems where both energy and particles

can vary, such as adsorption of gas molecules on a surface.



Partition Function

The partition function, denoted as Z for the canonical ensemble, is a

central quantity in statistical mechanics.

Significance: The partition function encodes all the thermodynamic

information of a system. It serves as a generating function for various

thermodynamic properties and helps in calculating probabilities of

different microstates.

Role in Statistical Mechanics

•Probability Calculation: The probability Pi​ of the system being in a

particular microstate i is given by: Pi=e−Ei/kBTZPi ​=Ze−Ei ​/kBT

•Thermodynamic Quantities: The partition function is used to

derive important thermodynamic quantities such as free energy,

entropy, and internal energy.



Distribution Laws in Statistical Mechanics
Maxwell-Boltzmann Distribution

Describes the distribution of speeds among particles in a classical ideal 

gas. Helps in understanding the kinetic theory of gases and predicting 

properties like pressure and temperature.

Boltzmann Distribution

Describes the distribution of particles over various energy states in 

thermal equilibrium. Fundamental in predicting how particles 

distribute among available energy levels at a given temperature.

Fermi-Dirac Distribution

Applies to fermions (particles with half-integer spin) that obey the 

Pauli exclusion principle.
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