
SOLUTIONS TO 4A9 Molecular Thermodynamics 2022 
 
Examiners’ comments: 
 
Q1. Relatively few candidates got part (a) completely correct, with many forgetting the 
rotational energy for N2. 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. 
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On the centreline of the nozzle the velocity distribution is Maxwellcan
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the mean value of Citi carried by the one-sided mass flux
is thus RT (= 104 KJ /ng) which is twice the mean value

evaluated in part (b)Liii) . This is because the KE fleets (as
opposed to the average value of KE) is dominated by higher
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Q2 . (a) kn = He where 7 is the molecular mean free path and e is a suitable length scale
for the flow . It characterises departures from continuum flow. Approximate regimes are :
continuum (kn E-1) . Continuum@airier - stokes equations apply , with no - slip at solid

boundaries .

Slip regime (0.01 ← Knt o -1) . Contarini equations may be assumed to occur throughout
most of the floo , but with velocity slip at boundaries .
Transition ( Knut ) . Confirm equations no longer apply , but there are

still significant collisions between molecules . Difficult I analyse !
Free - molecule (kn ⇒ 1) . There are very few collisions betoken molecules

,

compared to collisions with boundaries .
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Q3 (a) F = U - TS
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The first team is due to a redistribution of the numbers of molecules over
the energy levels .

Lt thus affects the number of microstates of the system
and hence the entropy. and may therefore be identified with heat transfer

for a reversible process. The second term is due te a change in the energy
levels . It does not affect the entropy and may Therefore be identified
as a reversible work transfer. §]

(c) (1) The question gives a strong hint we should work in terms of T & V
Thus,
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Q4. (a)
M only (mis isolated; C in contact with a reservoir)
B. (c in contact with reservoir at fixed T; m isolated and Tis ✗

average translational KE per
molecule)

B (MIC closed) [④ C only (M is isolated) NOTE : either C or B would [4]
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