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Quantum Distribution Functions_
From Schroeder Thermal Physics

—

Low T

occupancy

High T

TEp

H

Figure 7.6. The Fermi-Dirac distribution goes to 1 for very low-energy states
and to zero for very high-energy states. [t equals 1/2 for a state with energy e,
falling off suddenly for low T and gradually for high T. (Although g is fixed on
this graph, in the next section we'll see that g normally varies with temperature.)

Boltzmann
Bose-Einstein
1

} €
m e+ kT

Figure 7.7. Comparison of the Fermi-Dirac, Bose-Einstein, and Boltzmann distri-
butions, all for the same value of j. When (e — )/AT > 1, the three distributions
become equal.

The parameter p is the chemical potential which loosely can thought
of as the energy needed to add or remove a particle or molecule from the
system. It has dimensions of energy. For the Fermi-Dirac distribution, it is
approximately a constant equal to the Fermi energy eg.
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Date: February 3, 2020 at 3:29 PM

From Bose-Einstein condensation CHRISTOPHER TOWNSEND,

WOLFGANG KETTERLE AND SANDRO STRINGARI
Physics World, March 1997

8 Condensate fraction, Ny/N, measured as a function of
scaled temperature, T/T, at Boulder. T,is the predicted
critical temperature for an ideal gas in a harmonic trap in the
thermodynamic limit (many atoms). The solid curve is the
predicted dependence in the thermodynamic limit, and the
dotted curve includes a correction for the finite number of
atoms (4000) in the condensate. To the uncertainties in the
data, the measurement is consistent with the theory for
non-interacting bosons. The dashed line is a best fit to the
experimental data, :
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energy density U/V
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