ENGINEERING TRIPOS PART IIB 2024
MODULE 4A9 — Molecular Thermodynamics

Solutions

Examiners’ comments:

Q1 Six-group velocity distribution and intermolecular forces. This question was done well
with most candidates able to determine the gas temperature and work out the various
components of molecular energy. The manipulations associated with the Lennard-Jones
potential were also handled well.

Q2 Moments of the Boltzmann equation. Candidates knew how to derive these moments
(starting from the given Boltzmann equation) and apply them to conservation of mass and
momentum, correctly identifying viscous stresses and pressure terms in most cases. The last
part (on decomposing the molecular kinetic energy flux into four terms and relating these to
physical quantities) was perhaps not quite so well done.

Q3 De Broglie wavelength. All students were able to show de Broglie wavelength as a
function of energy (3a) and most students were able to answer when quantised effects were
important (3b). Almost all identified that the length scale to de Broglie ratio gave an
indication of the scale of quantum effects (3ci). Less than half of students could transition
from the quantized sum to an integral by properly identifying that the energy spacing was
close and arrive at the appropriate relationship for the partition function (3cii) and most
struggled with fully identifying the number of degrees of freedom for entropy to compare the
two methods of calculating entropy (3ciii).

Q4 State space for 2D system. All students were able to describe the momentum and wave
function terms (4a), but several did not appropriately identify the units. Almost all students
could write down the appropriate wave equation partial differential equation (4b) and identify
the boundary conditions (4ci). A few students missed the final solution. Students had mixed
results in identifying the number of state spaces and the gradient of state space with
molecular speed (4cii). Likewise, many students had the right approach to the number of
state spaces below the RMS speed, but made calculation mistakes or had minor errors (4d).

Dr A.J. White & Prof. A.M. Boies
17" May 2024
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