
[tex87] Classical rotational free energy of NH3 gas

Under the assumption that the NH3 molecule is a rigid body with uniaxially symmetric inertia
tensor and principal moments I1 = I2 6= I3, the one-particle Hamiltonian of the free rotational
motion reads
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where (θ, pθ;φ, pφ;ψ, pψ) are the Euler angles and their conjugate generalized momenta. The range
of these canonical coordinates is 0 ≤ θ ≤ π, 0 ≤ φ, ψ ≤ 2π, −∞ < pθ, pφ, pψ < +∞.
(a) Show that the canonical partition function for the rotational motion of N molecules is
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3 .

(b) Calculate the rotational Helmholtz free energy AR(T,N), the rotational entropy SR(T,N), and
the rotational internal energy UR(T,N).

Solution:


