
[tex154] Ultrarelativistic classical ideal gas in two dimensions

Consider a classical ideal gas of N particles confined to a two-dimensional box of area V in thermal
equilibrium at extremely high temperature T . Most particles are moving at speeds close to the
speed of light c. We describe this system by a Hamiltonian of the form,
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√
p2x + p2y c.

(a) Show that the canonical partition function is
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(b) Find the Helmholtz free energy A(T, V,N), the entropy S(T, V,N), the pressure p(T, V,N),
and the internal energy U(T,N).
(c) Find the adiabate (for constant N) and express it in the form pνV = const.
(d) Infer from the given canonical partition function ZN (T, V ) an explicit expression for the grand
partition function Z(T, V, µ), where µ = kBT ln z is the chemical potential and z is the fugacity.
Use
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Solution:


