Fermi-Dirac Distribution

n k = 1 e k B T (k-µ) + 1 Fermi-Dirac distribution

Problems

Occupancy n k and photon m are independent

No fluctuation

Thermal light variance ⇒ No laser Mean values calculable Possible repartitions of electrons for a given energy throughout the paper and we are not interested in the pressure exerted by the electron gas on its boundaries. Thus subscripts introduced in thermodynamics to indicate that the volume is kept constant are omitted. Fig. 2. Ratio of the isolated electronic occupancy ͗N͘ from Eq. ͑6͒ and the Fermi-Dirac ͑FD͒ occupancy ͗N͘FD from Eq. ͑16͒ as a function of the FD occupancy, for the same ͑average͒ energy r taken as a parameter.
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Ratio between Microcanical and FD occupancies for the same energy r mκ(r ) = -i=1,2,... 

(-1) i W [r -i(κ + i/2)]

Canonical ensemble

Hypothesis

We may use canonical occupancy at laser level.

n k (N, q) = Z (N -1, q)q k Z (N, q) [1 -n k (N -1, q)] Canonical Occupancy Z (N, q) = N i=1 q i-1 -q B 1 -q i Partition function n k (N + 1, q) = (1 -q N+1 )q k q N -q B [1 -n k (N, q)]
Recursive occupancy formula 

Fig. 1 .

 1 Fig. 1. System containing seven electrons. The energy levels are labeled by , with ϭ0 at the Fermi level ͑defined one-half energy step above the zero-temperature highest energy͒. The column rϭ0 corresponds to zero temperature. The central part of the figure labeled rϭ6 exhibits the 11 ways ͑microstates͒ of incrementing the energy by Eϭ6⑀. The last column gives the number m of electrons occupying some energy level, read off the central part. The average number of electrons ͗N͘ is obtained by dividing m by W(6)ϭ11.

  Photons

  Microscopic: take thermalization into account. Satisfactory from physical point of view but was very slow.Canonical: shortcut in Markov chainSpeed up the program from 1h to 1s with the same physical accuracy.
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Grand-canonical: thermal light → nonsense for a laser.

Micro-canonical: accurately, but considers only closed systems.