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Figure 2: The occupation number for a gas of fermions as a function of their density relative to the
critical density, ranging from n/ncrit = 0.03 to n/ncrit = 30. For the lowest densities (or highest
temperatures), we have almost exactly the classical Maxwellian velocity distribution. For densities
well above critical, the occupation number tends to a ‘top-hat’ distribution: unity for momenta less
than the Fermi momentum, and zero otherwise.

The Fermi momentum is thus related to particle density by

pF = 2πh̄

(

3

4πg

)1/3

n1/3 (12)

As the density of the gas goes up, the Fermi momentum increases: the additional particles have to
fill higher momentum states because the lower momentum states are fully occupied. For very high
densities then the Fermi momentum can reach relativistic values (ie. some particles are forced into
momentum states in which they have velocities approaching the speed of light). For this reason, in
the sections below we consider the properties of both non-relativistic and relativistic gas.

2.2 Degeneracy pressure

The pressure of a degenerate electron gas can be worked out by using simple properties of each state,
plus symmetry. Microscopically, pressure arises from flux of momentum. If the number density of
electrons is ne, then the flux of electrons in the x direction is just the number of electrons crossing
unit area per unit time, or nevx. The pressure is then approximately

Pe ≃ px ne vx, (13)

where px is the momentum of the electrons.

The contribution to the total pressure in the x–direction from all of the electrons with momentum
px is thus given by (cf. Equation 13)

dPx = px vx dne,x (14)
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