
Part IV - Stat Mech & Thermo M06T.2 - Diatomic Gas in an Electric Field (J07T.2)

M06T.2 - Diatomic Gas in an Electric Field (J07T.2)

Problem

The Hamiltonian for a diatomic molecule with constant dipole moment µ in a homogeneous electric field ~E ≡ (0, 0, E)
is:
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(M = mass of molecule, I = moment of inertia, and (r, θ, φ) are polar coordinates). Consider an ideal gas of N such
classical molecules in a volume V , using Boltzmann statistics.

a) Compute the free energy FN (T, V,E).

b) Compute the dipole moment per unit volume (“polarization”), PN (T, V,E), of the gas and evaluate the dielectric
constant ε in the limit µE � kBT .

[Recall: εE = E + 4πP .]


