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•Solids 
• Lattice vibrations and normal modes 

• Debye approximation 

•Non-ideal classical gas 
• Calculation of the partition function for low densities 

• Equation of state and virial coefficients 

•Ferromagnetism 
• Interaction between spins 

• Weiss molecular-field approximation 



Normal mode 

http://en.wikipedia.org/wiki/File:Coupled_Harmonic_Oscillator.svg


Lattice vibrations and normal modes 

 2 2 21

2
r r r rH q q 

1

2
r rnr h 

 
  
 

 
3

2 2 2

0

1

1

2

N

r r r

r

H V q q


   1 3

3

,

1
N

N

n n r r

r

E N n h 


  

0

1

2
r

r

N V h    

1 1 3 3 3 31 1

1 3 1 3

- [- ]

, , 0 0

N N N N

N N

N n h n h h nh nN

n n n n

Z e e e e
       

 
   

 

  
    

   
  

31

1 1

1 1 N

N

hh
Z e

e e

 

   

   
    

    



Lattice vibrations and normal modes 
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The number of normal modes with angular frequency in the 

range between w and w+dw 
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Debye approximation 
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Continuous elastic medium 



Debye approximation 
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Debye approximation 
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Non-ideal classical gas 
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Non-ideal classical gas 
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Non-ideal classical gas 
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Non-ideal classical gas 

The van der Waals equation 
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Non-ideal classical gas 
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Interaction between spins 

• Two kinds of interaction between atoms: 

   (1) magnetic interaction 

   (2) exchange interaction 
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Interaction between spins 
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N: the number of atoms 
n: the number of neighboring atoms 



Weiss molecular-field approximation 

• Focus attention on a particular atom j, then 
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Weiss molecular-field approximation 

• Then we get a self-consistent equation: 
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Expressing Hm in terms of 𝜂 
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