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Outline

This class summarize Chapter 1 and 2 of Yeomans “Statistical Mechanics of 
Phase Transitions”  Oxford Science Publications

The chapters, as well as all other chapters of the book will be uploaded online,
the book is excellent and you should consider having it for your own reference

Note that the content in Chapter 1 are just a general introduction to the whole 
book, read it with ease, we will come back to each single one of them.

In general this and next class cover the first half of Chapter 5 of your book, the 
rest will be covered after the Lab on Ising Model

Scope of this first class is to bridge what you know on classical mechanics with 
what you have learned on Statistical Mechanics
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Where are we with the course?
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What is the main link between the 
two thermodynamics treatment?
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The importance of Helmoltz free energy

5



The importance of Helmoltz free energy
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Why are we here?

7



What is a phase transition?

A Phase Transition is a thermodynamic transformation that
occurs in a system when a transformation is induced
across two states via a path that at least in the reversible limits passes 
through a singularity in the free energy (Helmoltz or Gibbs) or in one of 
its derivatives
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In a graphical form this means:
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How many types of phase transitions
are there?

10



What happens during a first order 
phase transition?
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What changes during a phase transition?
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Order Parameter in Phase Transitions
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Phase Diagrams
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Phase Diagram of Water
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Phase Diagram of Water
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Solubility-Gap Phase Diagram
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Free energy curve for a liquid-gas 
phase transition
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Free energy curve for solubility-gap 
phase diagram
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Magnetism in Materials
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Idealized Magnetic Materials
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Ferroelectric Phase Diagram
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Free energy curve for a ferroelectric 
phase diagram
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Critical Points in Phase Diagrams
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Consequences of Critical Points
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Consequences of Critical Points
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Correlation Functions

For the spin-spin correlation function (time invariant) 

For a translationally invariant system
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Correlation Length

At the critical point
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Critical Points Exponents
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The concept of Universality
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Exponent Inequalities
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Exponent Inequalities



4/19/2016

14

14

The Ising Model
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What is special in the Ising Model
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The Hamiltonian in the Ising Model

In Chandler



4/19/2016

17

17

Equivalent Models: Order Disorder 
Transitions in Binary  Alloys
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The gas model
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The 1D Ising Model
In general we can write:

In 1D for H=0 this reduces to:
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The 1D Ising Model
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The 2D Ising Model
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Other Models
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The mean field approach
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The result for 2D Ising Model




