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Phase transitions

Stability of phases is determined by

• Competition between  Energy  &  Entropy
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Order of phase transitions

• First order  ( or discontinuous) 

• Second order (continuous) 
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•First-order phase transitions are those that involve a latent heat.

•During such a transition, a system either absorbs or releases a fixed (and 
typically large) amount of energy. 

•During this process, the temperature of the system will stay constant as 

First order transitions
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•During this process, the temperature of the system will stay constant as 
heat is added: the system is in a "mixed-phase regime" in which some 
parts of the system have completed the transition and others have not. 

•Familiar examples are the melting of ice or the boiling of water (the water 
does not instantly turn into water vapor, but forms a turbulence mixture of 
water and vapor bubbles.
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•Second-order phase transitions are also called ''continuous phase 
transitions''.

•They are characterized by a divergent susceptibility, an infinite correlation 
length, and a power-law decay of correlations.

Second order transitions
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length, and a power-law decay of correlations.

•Examples of second-order phase transitions are 
•ferromagnetic transition
•liquid – vapor transition
•superconductivity 
•super fluidity
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Phase diagram of water
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What is entropy
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The probability of going from left to right is overwhelming, but that of 
going in the other way is practically zero
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Phase diagram of fluids
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H2O
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Simple model of fluid

• van der Waals equation
• P = RT / (V-b) - a / V2

8

Lennard-Jones fluid 
at critical point
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Universal behavior in fluids

Phase diagram 
in scaled 
variables
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variables

Universal curve
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Simple models

• Ising model

• Weiss theory
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• Weiss theory
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Gibbs Theory

Probability of occurrence of a configuration
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Partition function and free energy
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Phase diagram of magnets
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Mean field 
theory 

predictions 
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predictions 

not accurate

near Tc
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Unphysical behavior
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MFT shows discontinuity near Tc
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Specific heat variation 
according to van der Waals

Divergence found in experiments
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Critical behavior
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Order parameters

•Order parameter is a quantity which is 0 in one phase (above critical 
point) and non-zero in the other.

•An order parameter is a measure of the degree of order in a system. It 
characterizes the onset of order at the phase transition.

•Order parameter susceptibility will usually diverge approaching the 
critical point.
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critical point.

•For a ferromagnetic system undergoing a phase transition, the order 
parameter is the net magnetization.

•There is symmetry breaking in the ferromagnetic phase as the direction 
of magnetization is spontaneously chosen below the Curie point.

•For solid-liquid or liquid-gas transitions, order parameter is the density.
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Computer simulations

•Computer simulations of ISING 
model

• Metropolis method

• Start with a configuration

• Generate a new 
configuration by randomly 
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configuration by randomly 
flipping  a spin 

• Accept it if energy is 
reduced

• if energy is increased accept 
it with probability exp(-
E/kBT)

•Calculate average quantities

•M = c Mc
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Complex molecular ordering

2005 January 2011 Sardar Patel University Lecture



2105 January 2011 Sardar Patel University Lecture



2205 January 2011 Sardar Patel University Lecture




