SOLUTIONS TO 4A9 Molecular Thermodynamics 2022

Examiners’ comments:

Q1. Relatively few candidates got part (a) completely correct, with many forgetting the
rotational energy for N». Part (b) (calculating and interpreting various molecular averages
and fluxes for a Maxwellian distribution) was done well, and many students made good
attempts at computing the one-sided kinetic energy flux in part (c), though few got exactly
the correct result.

Q2. Although not especially popular, most candidates that attempted this question showed a
good knowledge and understanding of Knudsen effects and were able to apply the flux-
matching method to find the slip velocity. The greatest difficulties were in applying the
momentum equation to the flow in a circular tube (1B material).

Q3. A significant fraction of those attempting this question were able to derive the ideal gas
relations from the Helmholtz function and partition function, and to correctly identify the
statistical equivalents of heat and work transfers. The last section, relating to the changes in
molecular distribution over different energy states for an isentropic process, was not done
well, with few candidates making much headway.

Q4. Most candidates had a good grasp of the different constraints applying to the canonical
and microcanonical ensembles, and many were able to apply Lagrange multipliers to
maximise the (statistical) entropy. Fewer were able to apply similar analysis to determine the
distribution of microstates for a system in contact with a thermal reservoir. There were
nonetheless several perfect or near-perfect attempts at this question.

Dr A.J. White
May 2022
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