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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



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

 0          c
c

T T
m T T





 



Free energy
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Entropy
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This is a second order 
phase transition

Kink in the entropy



1st order 2nd order



Specific heat

   2
0

0

2 cT Tfs s T
T





    


Entropy

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

He
PbTiO3

CuZn alloy -brass
order - disorder





Landau theory, susceptibility
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Add a magnetic field
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Above Tc, m is finite for finite B. For small m,
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 Curie-Weiss





Landau theory of phase transitions

LiTaO3

Curie-Weiss law
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Fitting the  and  parameters
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Landau theory of phase transitions
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can be determined from the temperature dependence of the order parameter



First order transitions

There is a jump in the order parameter at the phase transition.
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First order transitions

BaTiO3



Tc?

Tc T1Tc



First order transitions

There will be a minimum at finite m as 
long as m2 is real
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One solution for m = 0.



Jump in the order parameter

At Tc
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First order transitions, entropy, cv
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branch where the order 
parameter is nonzero



First order transitions, susceptibility

At the minima
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Curie - Weiss
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For small m,




