13. Statistical Mechanics and Thermodynamics (Fall 2005)

The hydrogen molecule comes in two forms, in which the spin degrees of freedom of the two protons are in a spin
triplet state (the “ortho” case) or in a spin singlet state (the “para” case) respectively. The rotational energies of a
hydrogen molecule are given by
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with I the moment of inertia and L the orbital angular momentum quantum number.
(a) In the ortho case, only odd L values are allowed and in the para case only even values. Why?

(b) Assuming that Boltzmann statistics are valid, find an expression for the specific heat of an ideal gas of hydrogen
molecules for both the low temperature and the high temperature limits.

(c) Suppose protons were bosons instead of fermions. What would the low-temperature specific heat be then?
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