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Towards the occupation factor 

Introduce N>>1 particles to populate these states. 
What is the probability for finding a particle  

in any given state? 

Consider a given Hamiltonian. 
How many states are there  

with a given energy ? 

Lecture 2 Lecture 3 
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Occupation factor 

 the energy of the state  
 the statistics of the particles 
 the temperature and chemical potential of the ensemble 

The probability for finding a particle in any given state 
 depends only on : 

ADMITTED 

with 
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Fermions, bosons and classical particles  

Fermions ↔ half-integer spin 

Electrons, quarks… 

Bosons ↔ integer spin 

Photons, phonons… 

with 

𝜖 − 𝜇 ≫ 𝑘𝐵𝑇 For 

Fermions ~ bosons ~ classical particles 
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Dealing with N>>1 (non-interacting) particles 

Which particles are we talking about ? 

What is the ‘‘landscape’’ in which these particles live ? 
1D, 2D, 3D ? 
Hamiltonian ? 

Density 
of 

State 

Fermions ? 
Bosons ? 
Classical ? 

Fermi-Dirac 
Bose-Einstein 

Maxwell-Boltzmann 

What are the ensemble properties ? 
Temperature ? 
Chemical potential ? 

Occupation 
factor 

Number of particles, total energy, density, pressure… 
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Classical free particles – chemical potential 

Consider N classical massive free particles in 3D, at a temperature T . 
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Classical free particles – energy per particle 

Consider N classical massive free particles in 3D, at a temperature T . 
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Free bosons  

Consider N free massless bosons in 3D, at a temperature T . 
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Free bosons density of states 

How many states with energy  between E and E+dE? 
with 

How many states with wave-vector between k and k+dk? 

Which ‘‘volume’’ does this represent ? 

How many states are located in this ‘‘volume’’ ?  
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Free bosons  

Consider N free massless bosons in 3D, at a temperature T . 

Number of photons with an energy between 𝜖 and 𝜖 + 𝑑𝜖?  
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Free bosons  

Consider N free massless bosons in 3D, at a temperature T . 

Number of photons with an energy between 𝜖 and 𝜖 + 𝑑𝜖 
  going out through dS, in direction Ω during time dt ?  
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Free bosons  

Number of photons with an  
 energy between 𝜖 and 𝜖 + 𝑑𝜖 
          going out through dS,  
 in direction Ω up to dΩ  
 during time dt  

Spectral intensity of the emitted radiation ? 
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Free Fermions 

Consider N free massive fermions in 3D, at “low” T. 
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Fermi Energy 

Consider N free massive fermions in 3D, at “low” T. 
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How cold is a ‘‘low’’ temperature ? 

Consider N free massive fermions in 3D, at “low” T. 
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Fermi Energy and energy per particle 

Consider N free massive fermions in 3D, at “low” T. 
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Take home message 

with 

Hamiltonian  
+ dimension 

Density 
Of 

State 

Statistics 
(or spin) 

of the particles 

Occupation 
factor 

Density of state 
+ occupation factor 

Classical particles 
Equi-partition theorem 

Bosons 
Black body radiation 

Fermions 
Fermi energy 


