
[tex91] Relativistic ideal gas (canonical partition function)

Consider a classical ideal gas of N atoms confined to a box of volume V in thermal equilibrium
with a heat reservoir at a very high temperature T . The Hamiltonian of the system,
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reflects the relativistic kinetic energy of N noninteracting particles. Here c is the speed of light
and pl = |pl| is the magnitude of the momentum of particle l.
(a) Show that the canonical partition function can be expressed in the form
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, u ≡ βmc2, Kγ(u) =
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γ

∫ ∞
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where Kγ(u) is a modified Bessel function.
(b) Recover the result from [tex76] for ZN of the nonrelativistic ideal gas at kBT � mc2 by using
the asymptotic expression K2(u) '

√
π/2ue−u for u� 1.

(c) Recover the result from [tex77] for ZN of the ultrarelativistic ideal gas at kBT � mc2 by using
the asymptotic expression K2(u) ' 2/u2 for u� 1.

Solution:


