
Landau theory of phase transitions
A phase transition is associated with a broken symmetry.

magnetism direction of magnetization
cubic - tetragonal different point group
water - ice translational symmetry
ferroelectric direction of polarization
superconductivity gauge symmetry Lev Landau



Landau theory: order parameter

Ferromagnetism Magnetization
Ferroelectricity Polarization
Superconductivity  Superconducting order parameter
Peierls Transition amplitude of 2a distortion, gap
cubic-tetragonal c/a-1
structural diffraction peak

At a phase transition, an order parameter can be defined that is zero 
above the phase transition and nonzero below the phase transition.



1st and 2nd order phase transitions

First order:
There is a latent heat
order parameter increases discontinuously

Second order:
No latent heat
order parameter increases 
continuously from zero

water - ice

superfluidity
superconductivity
ferromagnetism
ferroelectricity
Peierls transition
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Landau theory of 2nd order phase transitions
Since the order parameter goes to zero at the phase transition, expand the 
free energy in terms of the order parameter.
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Minimize the free energy.

         
0                  

c

c

m T T
m T T



  

 



Temperature dependence of the order parameter
At T=Tc  = 0
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The temperature dependence of the 
magnetization is
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Expand  interms of T - Tc. Keep only the linear 
term. m and T - Tc are both small near Tc. 



Landau theory of phase transitions
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Landau theory of phase transitions
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ferroelectricity superconductivity
The gap in a Peierls transition has this form

Kittel



Landau theory of phase transitions
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ferroelectricity
Pyroelectric coefficient
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can also calculate the pyromagnetic 
coefficient



Free energy
  2 410 0 2cf f T T m m     

 0          c
c

T Tm T T

  

 22
0

0
cT Tf f 


  



Entropy
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This is a second order 
phase transition

Kink in the entropy



1st order 2nd order
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Specific heat
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There is a jump in the specific heat at the 
phase transition and then a linear 
dependence after the jump.
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Introduction to Superconductivity, Tinkham





Specific heat

normal
superconducting



Specific heat



Fe

Specific heat
HePbTiO3

CuZn alloy -brass
order - disorder


