SOLUTIONS TO 4A9 Molecular Thermodynamics 2021

Examiners’ comments:

Q1. Most candidates did very well on this question, showing a thorough grasp of the MFP
model, and tackling the Sutherland model part of the question very competently.

Q2. The least popular question, but most of those that attempted it negotiated the derivation
of Maxwell’s Equations of Change very well, and gave good interpretations of the resulting
viscous stress terms in the momentum equation. Most marks were lost at the end of part (c) in
showing that hg is constant.

Q3. Most students easily determined the degeneracy in 3a, while a few omitted to provide the
energy level. Reducing the partition function of a single molecule to the expression given in
3b using the binomial expansion formula was among the most challenging aspects of the
exam. A minority of students receiving less than full marks as a result of either an inability to
formulate the partition function correctly or as a result of errors in identifying the analogous
terms in the given formula. The expression of the specific heat capacity was found by most
students in 3c, despite a few missing the simplification found by taking the limit at high
temperatures. Most students identified the contributions of vibrational potential and kinetic
energy components to the equipartition theorem.

Q4. All but a few students were able to determine the constraint in 4ai. There was a mix of
valid approaches in deriving the maximum entropy for three microstates in 4aii, either by
finding the maximum from a derivative or by use of Lagrangian multipliers. Most were able
to show that S* was extensive for 4aiii, while a few mistakenly demonstrated that S’ was
extensive as done in the notes. Almost all students were able to determine the P; and S’
values for an isolated system in 4aiv. A large majority of students were able to use Gibbs’
relation to correctly find the derivatives to determine the variance in value for 4bi. Nearly
half the cohort were able to determine the numerical value for the normalized volume
fluctuation with a few students not identifying that helium could be treated as a perfect gas.

Dr A.J. White and Dr A.M. Boies
May 2021
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