
































Natural Sciences Tripos, Part II, Astrophysics (2010)
Candidates’ performance on individual questions:

Number of candidates = 11

Course No. of alphas
GR 15
Fluids 11
Stat Phys 16
Stars 53
Cosmology 9
Galaxies 14
Topics 45

Paper 2

GR
1(i) 9 attempts / 7 α / 2 β

Straightforward bookwork on Lorentz transformations. Generally well answered.

1(ii) 9 attempts /0 αα / 1 ββ

Straightforward bookwork on relativistic kinematics. Quite poorly answered despite the fact that similar ex-
amples are covered in lectures.

Fluids
2(i) 7 attempts / 1 α / 1β

Straightforward question on the sound speed. Poorly done.

2(ii) 7 attempts / 0 αα / 1 ββ

Ideal MHD, toroidal fields, surprisingly poorly done, with few attempts.

Stars
3(i) 11 attempts / 9 α / 2 β

Generally well done question on hydrostatic equilibrium.

3(ii) 11 attempts / 0 αα / 2 ββ

Question on the virial theorem, a bit algebraically messy, so many silly mistakes.

Cosmology
4(i) 7 attempts / 2 α / 0 β

One perfect answer, but by and large those who tried this question on peculiar velocity struggled

4(ii) 4 attempts / 0 αα / 0 ββ

Linear perturbation theory – poorly answered.

Galaxies
5(i) 7 attempts / 1 α / 2 β

Standard question on Jacobi integral – one perfect answer.

5(ii) 5 attempts / 2 αα / 3 ββ

Standard question on the epicyclic approximation. Two good answers, although a sprinkling of candidates got
betas.

Topics
6(i) 9 attempts / 1 α / 2 β

Although simple, students struggled with this question on the Kuiper Belt.

6(ii) 4 attempts / 0 αα / 1 ββ

Was not done well – students seem to have difficulty with this problem on the collision time of objects in the
Kuiper Belt.
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Paper 3

GR
1(i) 7 attempts / 3 α / 0 β

A question on the symmetries of the Riemann tensor that generated 3 perfect answers. Surprisingly well done.

1(ii) 7 attempts / 0 αα / 0 ββ

Killing vector question that was difficult. The best score was 5/20.

Fluids
2(i) 5 attempts / 1 α / 0 β

Only one good answer for this question on viscous torques.

2(ii) 5 attempts / 0 αα / 0 ββ

A hard question on accretion disks, the best score was 4/20.

Stat Phys
3(i) 7 attempts / 6 α / 1 β

Basic book work and was done well.

3(ii) 6 attempts / 2 αα / 0 ββ

This question on deriving specfic heats from the partition function was not done very well.

Stars
4(i) 10 attempts / 0 α / 3 β

This question on electron pressure and gas pressure was patchily answered, with almost all candidates scoring
higher on Part (ii)

4(ii) 9 attempts / 7 αα / 1 ββ

Homology question – done well by almost everyone who tried it.

Cosmology
5(i) 8 attempts / 5 α / 2 β

Simple question on particle horizons, done well

5(ii) 5 attempts / 0 αα / 0 ββ

Inflation – poorly answered with a top mark of 6/20. Students had difficulty in using the Friedmann equations.

Galaxies
6(i) 3 attempts / 1 α / 0 β

Difficult to understand why this straightforward derivation of the Jeans equation had such poor answers.

6(ii) 3 attempts / 1 αα / 0 ββ

This question on transfer orbits was answered well by one candidate.

Topics
7(i) 10 attempts / 5 α / 3 β

This was a straightforward question on radial velocity variables and planets. Most students scored well here.

7(ii) 10 attempts / 9 αα / 0 ββ

An easy question on escape velocity and temperature of planets – well answered by almost all.
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Paper 4

GR

1(i) 6 attempts / 5 α / 0β

Equations of motion via Lagrangian – those who did it scored well.

1(ii) 6 attempts / 0 αα / 1 ββ

Few made much progress on this question on light bending

Fluids
2(i) 9 attempts / 7 α / 2 β

This ”bookwork” question on the Rankine-Hugoniot conditions was well-answered, with alphas or betas for
everyone attempting it.

2(ii) 9 attempt / 1 αα / 2 ββ

A question on a supernova bubble – one reasonable answer.

Stat Phys
3(i) 10 attempts / 6 α / 2 β

This was bookwork about Van der Waals eqn and was done reasonably well.

3(ii) 4 attempts / 0 αα / 0 ββ

A question about a gas in a container. Again, everyone found it hard with the highest mark 8/20.

Stars
4(i) 10 attempts / 9 α / 0 β

A simple question about main sequence lifetime, done well by almost all who attempted it.

4(ii) 10 attempts / 3 αα / 3 ββ

A standard question on white dwarf cooling – almost all who attempted it made some good progress.

Cosmology
5(i) 11 attempts / 0 α / 7 β

Standard bookwork on the CMB – but only betas in a disappointing set of answers.

5(ii) 7 attempts / 1 αα / 3 ββ

A question on primordial black holes attracted a poorish set of answers.

Galaxies
6(i) 0 attempts / 0 α / 0 β

No attempts whatsoever on this question – which surely is standard bookwork showing that the energy and
angular momentum are integrals of the motion in a spherical potential, and then asking for a statement of Jeans
theorem.

6(ii) 0 attempts / 0 αα / 0 ββ

A harder question on distribution functions – no takers!

Topics
7(i) 11 attempts / 7 α / 3 β

Was done well. A straighforward question on lensing by a point mass.

7(ii) 0 attempts / 0 αα / 0 ββ

No attempts on this harder question asking for the magnification of the two images.
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Paper 5

GR
1(i) 9 attempts / 0 α / 1 β

A question on luminosity and angular diameter distance, poorly done.

1(ii) 9 attempts / 0 αα / 0 ββ

A straightforward question, but with a non-diagonal metric. This meant that care had to be taken in getting
from covariant to contravariant components. This stumped everyone.

Fluids
2(i) 1 attempts / 0 α / 1 β

A question that did not seem very astrophysical, and attracted very few takers.

2(ii) 1 attempts / 0 αα / 0 ββ

The only person attempting this question scored 1/20.

Stat Phys
3(i) 9 attempts / 0 α / 5 β

A reasonably straightforward question on degeneracy levels, though not well answered.

3(ii) 7 attempts / 0 αα / 3 ββ

Derivation of the equation of state of a Bose gas – not difficult, but few were able to pick up marks.

Stars
4(i) 10 attempts / 9 α / 1 β

A high scoring question on main sequence stars

4(ii) 10 attempts / 8 αα / 2ββ

A question about the core of a red giant – generally well-answered. There was a typo in the first equation, but
it did not propagate through the question, and the error was fully taken into account when allocating marks.

Cosmology
5(i) 9 attempts / 0 α / 5 β

A standard question on the thermal history of the Universe.

5(ii) 7 attempts / 0 αα / 0ββ

Poor answers to this question on thermal history

Galaxies
6(i) 6 attempts / 2 α / 1 β

A straightforward question on the distribution function of the isothermal sphere – though only two really good
answers. Everyone attempting the question picked up some marks.

6(ii) 6 attempts / 1 αα / 1 ββ

Most candidates were unable to compute the velocity moments of a Maxwellian distribution. Disappointing
answers to an easy part (ii)

Topics
7(i) 8 attempts / 6 α / 2 β

Everyone who tried it picked up some marks on this question on isothermal self-gravitating gas clouds.

7(ii) 8 attempts / 4 αα / 2 ββ

Some good answers to this question on the energy densities in a molecular cloud.
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Natural Sciences Tripos, Part II, Astrophysics (2011)
Candidates’ performance on individual questions:

Paper 2

GR
1(i) 9 attempts / 6 α / 0 β

Straightforward bookwork on energy.momentum conservation. Comparatively few attempted the question, but
it was generally well answered.

1(ii) 5 attempts /1 αα / 0 ββ

Straightforward question on relativistic kinematics. Quite poorly answered despite the fact that similar examples
are covered in lectures.

Fluids
2(i) 14 attempts / 4 α / 2β

Straightforward question on thickness of self-gravitating gas layer. Not very well answered, however.

2(ii) 7 attempts / 1 αα / 0 ββ

Only one candidate came away with marks and alphas on this question, which build on part (i) to ask how the
disk structure is modified in the presence of a disk of stars.

Cosmology
3(i) 23 attempts / 19 α / 4 β

Generally well done question on Friedmann expansion.

3(ii) 19 attempts / 9 αα / 5 ββ

A harder problem on the scale-factor of the Universe, but it was well-answered by some.

Stars
4(i) 19 attempts / 2 α / 3 β

Surprisingly poorly answered question on the differnt types of pressure that can hold up stars.

4(ii) 19 attempts / 3 αα / 4 ββ

An almost carbon-copy of a question on white dwarf cooling from last years’ paper, but disappointingly few
marks garnered.

Stat Physics
5(i) 20 attempts / 2 α / 5 β

Straightforward bookwork on the microcanonical, canonical and grand canonical ensembles – it should have
been better answered

5(ii) 20 attempts / 2 αα / 5 ββ

A standard question on the two-state model taken from a problem sheet. Again, only a few good answers.

Galaxies
6(i) 20 attempts / 2 α / 12 β

Although most students could do the first part on the Galactic mass distribution, hardly anyone was able to
complete the last part on Galactic disk stars.

6(ii) 20 attempts / 4αα / 0 ββ

This question on binding energy really sorted the candidates out – 4 near-perfect answers, but then no βs, as
the remaining students scored low marks.

Topics
7(i) 16 attempts / 15 α / 0 β

A very straightforward question on luminosity, and everyone came away with marks and αs.

7(ii) 9 attempts / 5 αα / 1 ββ

This was not done so well – students seem to have difficulty with this problem on the illuminated ring of
SN1987a. Although not difficult, it was perhaps too wordy and maybe some students had difficulty visualizing
the geometry of the ring ?
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Paper 3

GR
1(i) 14 attempts / 6 α / 4 β

A question on geodesics and the affince connection. Not many attempted, but those who did scored marks and
αs.

1(ii) 9 attempts / 1 αα / 1 ββ

An extension of part (i) dealing with conformal transformations proved hard to score marks. One good, but
not perfect, answer.

Fluids
2(i) 21 attempts / 17 α / 2 β

A very simple question on the Rankin-Hugonoit jump conditions – bookwork, that was well-answered by all.

2(ii) 21 attempts / 14 αα / 1 ββ

A simple question on Bernouilli’s theorem, which was very well-answered. The most popular fluids question.

Stars
3(i) 23 attempts / 10 α / 1 β

Basic book work on Schwarzschild’s criterion for convective stability, and it was done well by most.

3(ii) 23 attempts / 2 αα / 8 ββ

A harder question on opacity. Two perfect 20/20 answers, but most candidates struggled. A useful question to
sort out the thoughtful student!

Stat Phys
4(i) 19 attempts / 2 α / 1 β

This question on a Maxwell-Boltzmann distribution in a rotating cylinder was not well-answered by most. Two
very good answers, though.

4(ii) 19 attempts / 2 αα / 7 ββ

Two perfect answers (different students from those who scored highly in part (i)) but most struggled with this
question on partition functions.

Galaxies
5(i) 21 attempts / 11 α / 1 β

A question on orbits taken from a problem sheet, with some very good answers. This was a good source of αs
and marks.

5(ii) 21 attempts / 8 αα / 5 ββ

Again, a fairly straightforward question on the epicyclic approximation. It was patchily answered – it might
have been expected to be a richer source of marks and αs.

Topics
6(i) 15 attempts / 4 α / 2 β

It is difficult to understand why this straightforward estimate of the size of Galaxy haloes did not provide more
good answers.

6(ii) 15 attempts / 6 αα / 6 ββ

Most candidates got at least half-way through this question, and there were some excellent answers. Although
comparatively few attempted it, those who did scored highly on αs and marks.
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Paper 4

GR

1(i) 12 attempts / 10 α / 2β

Equations of motion in the Schwarzschild metric – those who did it scored well, as they should have with such
standard bookwork.

1(ii) 12 attempts / 4 αα / 5 ββ

A harder question on orbits in the Schwarzschild metric, and fewer good answers. Many confused coordinate
speed for what an observer would measure.

Fluids
2(i) 13 attempts / 0 α / 7 β

This question on the thermal stability of gas suffering heating and cooling was found hard by almost all – few
could identify the equilibrium as unstable, or describe the timescale on which it might evolve.

2(ii) 13 attempt / 4 αα / 0 ββ

A question on dispersion relations that was well-answered by a few. Many students did not progress beyond
the first descriptive parts, though.

Cosmology
3(i) 15 attempts / 6 α / 5 β

This was bookwork about the Zel’dovich approximation and was done reasonably well. Most attempting it
scored marks and αs or βs.

3(ii) 10 attempts / 0 αα / 1 ββ

A harder question on the evolution of density perturbations, with few attempts and only 1 β. Everyone found
it tough going.

Stars
4(i) 23 attempts / 2 α / 8 β

A simple question on the virial theorem, similar to a question on last year’s paper. Given that, it is surprising
that not more students took advantage to get marks and αs.

4(ii) 23 attempts / 7 αα / 8 ββ

A standard question on radiation and gas pressure – most students attempting it came away with a haul of
marks and αs and βs.

Stat Phys
5(i) 19 attempts / 9 α / 0 β

A very simple question on the work done by a polytropic gas on expansion – many students scored a perfect
10/10.

5(ii) 19 attempts / 3 αα / 9 ββ

A question on Bose-Einstein condensation, with many students getting some parts of the question right, but
few getting everything correct.

Galaxies
6(i) 19 attempts / 5 α / 8 β

A simple question on the gravitational potential of disks, which most students got at least partly right. There
were four perfect answers.

6(ii) 19 attempts / 7 αα / 2 ββ

A harder question on distribution functions – only one completely correct answer (20/20) as algebraic mistakes
were common – but most students made some headway.

Topics
7(i) 18 attempts / 10 α / 5 β

A very easy question on asteroidal impact, which was well done by most.

7(ii) 18 attempts / 4 αα / 2 ββ

A harder question on the collision rate of Near-Earth asteroids, which was done reasonably well by only a few
candidates.
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Paper 5

GR
1(i) 17 attempts / 0 α / 7 β

A question on the computation of Christoffel symbols, and the stress-energy tensor. There were no αs on this
part (i) question.

1(ii) 11 attempts / 2 αα / 3 ββ

The derivation of the equation of relativistic hydrostatic support, poorly answered in general. Few attempts
and even fewer correct answers.

Fluids
2(i) 5 attempts / 0 α / 0 β

The hardest question, as judged by results. There were 5 attempts, and no-one scored any marks whatsoever.
Perhaps the question was not clear enough ?

2(ii) 5 attempts / 1 αα / 2 ββ

Better than the part (i), but still only 3 candidates made much headway. The best score was 17/20.

Cosmology
3(i) 24 attempts / 21 α / 1 β

A reasonably straightforward question on thermal equilibrium and Saha’s equation. Most scored very well with
almost everyone getting an α or β.

3(ii) 16 attempts / 1 αα / 0 ββ

A harder part (ii), with one good answer only.

Stars
4(i) 22 attempts / 16 α / 3 β

A high scoring question on main sequence stars (luminosities and main sequence lifetimes). Most students did
well and grabbed the marks and αs available.

4(ii) 22 attempts / 16 αα / 5ββ

Another very high-scoring question on homology.

Stat Phys
5(i) 22 attempts / 13 α / 4 β

A straightforward question on the difference of the specific heats at constant pressure and volume – well-answered
by most.

5(ii) 22 attempts / 3 αα / 8ββ

A tougher question. Most students picked up the easy marks on the Van der Waals equation, but the last part
was well-answered by a very few.

Galaxies
6(i) 9 attempts / 4 α / 3 β

A descriptive question on galaxy morphology and the Milky Way. Most students got some parts right, but there
were some very astonishing answers on the size of the Milky Way Galaxy. Overall, we were surprised that there
were not more αs on this.

6(ii) 8 attempts / 1 αα / 1 ββ

Most candidates were unable to cope with this question on logarithmic spirals.

Topics
7(i) 21 attempts / 11 α / 7 β

Everyone who tried it picked up some marks on this question on binary stars.

7(ii) 21 attempts / 6 αα / 0 ββ

Some good answers to this question on white dwarf accretion.
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Appendix: Reports from the Examiners on individual questions

Paper I

Question 1X - Relativity

(i) 13 attempts, 2α,9β. Many displayed solid knowledge of Lorentz transformations and in
general knew how to setup the problem correctly. More issues with the second part of the
question (i.e. in the limit v ≪ c). Very few good attempts at the derivation of the classical
light aberration equation.

(ii) 9 attempts, 0αα,1ββ Here there is more variety. Some started the problem well but
either did not finish or got lost in the middle. Two rather poor attempts. In general the
second part of the question was either not done, or attempted but not completed correctly.

Question 2Y - Astrophyiscal Fluid Dynamics

(i) 7 attempts, 0α,1β. This question was very badly done. Only one student achieved even a
beta. A number of candidates attempted to apply shock conditions to the travelling waves.

(ii) 3 attempts, 0αα,0ββ. The first part of this question was done reasonably well by one
candidate. Noone made a serious attempt at the magnetic support at the end.

Question 3X - Physical Cosmology

(i) 10 attempts, 3α,3β. Also here there is a variety. Some good attempts, but generally
missing solid physical interpretation of the results. Surprisingly, some exhibited difficulty
with the first part of the question.

(ii) 11 attempts, 1αα,0ββ Numerous difficulties with writing down the expression for the
energy density, given the expression for the number density. Also, difficulties with under-
standing in which regime to approximate the equations given that m c2 ≪ kB T . Fewer good
attempts at the entropy density derivation and also in one or two cases difficulties with the
number of degrees of freedom for photons.

Question 4Z - Structure and Evolution of Stars

(i) 6 attempts, 2α,2β. Mostly bookwork and therefore reasonable answers in general, though
given the number of people who tackled part (ii) surprisingly few attempts.

(ii) 12 attempts, 2αα,2ββ. Depressingly half the students who attempted this did not know
what the Kelvin-Helmholtz timescale was which makes achieving good marks on the rest of
the question somewhat more difficult. This was a straightforward question requiring little
algebraic manipulation, so those that got the K-H part correct generally scored highly.

Question 5Y - Statistical Physics

(i) 11 attempts, 0α,0β. Only one student correctly considered the maximisation of number
of states. Many just quoted the partition function.

(ii) 6 attempts, 0αα,0ββ. This question was very poorly done. No student correctly inte-



grated over all three dimensions in momentum space.

Question 6Y - Principles of Quantum Mechanics

(i) 13 attempts, 1α,8β. This was a good question. There were no perfect answers but at
least one student obtained each of the marks on offer.

(ii) 9 attempts, 3αα,1ββ. There were a wide range of answers, from weak to very good.
Students generally appear to have understood combination of spatial and spin states well.

Question 7Z - Stellar Dynamics and the Structure of Galaxies

(i) 18 attempts, 2α,12β. This was a very popular question with the first part well answered
but followed by surprisingly poor attempts answering the second part on measuring rotation
curves, particularly on arguing why their shapes indicate the need for dark matter, hence
the low proportion of αs.

(ii)19 attempts, 4αα,7ββ and even more popular. The first part showing ∇2Φ = 0 for |z| > 0
for a Kuzmin disk potential was straightforward and generally well answered and should have
been a big clue for deriving the form of the surface mass density. Unfortunately starting
from Poisson’s equation, as most did, was not a good idea. All attempts at deriving the
circular velocity for the last section were correct but not many could both correctly sketch
the shape and find the correct location of the maximum.

Question 8Z - Topics in Astrophysics

(i) 16 attempts, 8α,6β. A popular and straightforward transiting planet question with
generally good answers, apart from estimating the duration of the transit which several
either did not attempt or got completely wrong.

(ii) 8 attempts, 0αα,2ββ. Generally poor attempts at what should have been a straighfor-
ward question. The commonest mistake was not to consider the angular sizes and angular
velocities of the objects involved before delving into the geometry. One candidate did well
on estimating the correct apparent magnitude, other attempts at this part came up with
interesting estimates.

Paper II

Question 1X - Relativity

(i) 8 attempts, 0α,2β. In general poorer understanding of the problem than for Paper 1 part
i. Difficulty at connecting Lorentz transformation of the 4-momentum with the change of
the frequency of light.

(ii) 7 attempts, 2αα,0ββ Here attempts follow essentially a bimodal pattern: either knowing
how to analyze correctly the components of the equation given and deriving all four Maxwell
equations correctly, or attempted without much success.

Question 2Y - Astrophyiscal Fluid Dynamics

(i) 12 attempts, 7α,4β. This was a good question that achieved a full range of marks.

(ii) 6 attempts, 0αα,2ββ. This question was not well done. There were too many complicated



numerical calculations which very few were able to complete correctly.

Question 3X - Physical Cosmology

(i) 8 attempts, 5α,2β. Good attempts at finding growing mode solutions, but surprisingly
little physical understanding on which scales fluctuations can grow.

(ii) 5 attempts, 0αα,2ββ First part better attempted than the second one, difficulties with
the definition of the Jeans mass and the sketch of the Jeans mass with R.

Question 4Z - Structure and Evolution of Stars

(i) 20 attempts, 17α,3β. A popular question well done by all candidates, but probably too
easy.

(ii) 20 attempts, 6αα,5ββ. Many good efforts and most got the dependence of the central
pressure on stellar mass and radius correct. Answers diverged at finding an expression for
T (R) and attempting to prove T (R) = 0; several tried sleight-of-hand, four cunningly used
l’Hôpital’s rule to circumvent some algebra, the rest factorised, the numerator and most got
there. Many tripped over the last part with the commonest mistake being confusion about
what µ represents.

Question 5Y - Statistical Physics

(i) 17 attempts, 4α,9β. This question tested basic ideas of thermodynamics and was generally
well done. It was a good part (i).

(ii) 16 attempts, 1αα,3ββ. This was poorly done. Only one candidate made significant
progress with the second half. The question did not however seem very difficult. It perhaps
tested more on the calculus of functions of many variables than thermodynamics itself.

Question 6Y - Principles of Quantum Mechanics

(i) 17 attempts, 11α,6β. This was done well by all candidates and so was perhaps too easy.
However it more likely shows that this course was taught in a more memorable style than
others.

(ii) 16 attempts, 1αα,7ββ. This question was well set. It achieved a wide range of marks
but fell short of any perfect answers. The material tested was at a similar level to other
courses and again their is evidence for a more instructive style of teaching.

Question 7Z - Stellar Dynamics and the Structure of Galaxies

(i) 8 attempts, 1α,4β. One good answer and several other reasonable efforts to include
relevant timescales. Though all knew where GCs are generally located in galaxies discussion
of the properties that make them useful dynamical probes was a bit lacking.

(ii) 2 attempts, 0αα,0ββ. Both attempts were poor and neither knew what a flat rotation
curve implied for the potential. In retrospect putting a few more signposts in the question
along the lines of what potential generates a flat rotation curve, use conservation of energy
and angular momentum to show etc.. would have been a good idea.

Question 8Z - Topics in Astrophysics



(i) 12 attempts, 2α,3β. Most attempts at this treated the accretion onto the AGN as
equivalent to a big star under radiative equilibrium and then manipulated the equations
for stellar structure to generate the formula. Only 2 attempts tackled this in the intended
manner. At least this year nearly all the ”star” solutions made it to the correct answer, for
a star, and picked up some marks in the process. There were a few amusing implications
for household energy bills and several people surprisingly got confused about the difference
between KW and KWhr making a difference of 3600 in the black hole mass.

(ii) 11 attempts, 1αα,4ββ. Generally poor attempts with only two people deducing the
exponential growth of black hole mass. A different two got the absolute magnitude estimate
correct, which means most who attempted this do not understand the magnitude scale.
Nobody figured out the implications of the MW nucleus continually accreting at this rate.
The last part on the dust cloud was generally well answered.

Paper III

Question 1X - Relativity

(i) 12 attempts, 1α,7β. Good number of attempts, topic possibly covered well in lectures,
standardized procedure how to solve the problem. None the less, not too many fully correct
solutions obtained and more difficulties with the second part of the question (i.e. locally
measured velocity) which is sometimes either missing or poorly done.

(ii) 11 attempts, 1αα,2ββ Here again good number of attempts (not surprising given that
part i and ii are closely connected). While there were a fair number of well outlined proce-
dures, explicit relations between t, τ and r are in many cases missing.

Question 2Y - Astrophyiscal Fluid Dynamics

(i) 16 attempts, 4α,3β. A wide range of marks were awarded for this. It was a good question.

(ii) 7 attempts, 0αα,2ββ The derivation of Jeans’ length provided a good test and garnered
a suitable range of marks. However it ought to have been straightforward bookwork. No
candidate could correctly calculate the numerical values and apparently none noticed.

Question 3X - Physical Cosmology

(i) 9 attempts, 1α,2β. Most difficulty encountered with the derivation of the temperature at
the neutrino decoupling.

(ii) 7 attempts, 1αα,2ββ Some conceptual errors with the mean-free-path and the average
time between electron-photon collisions.

Question 4Z - Structure and Evolution of Stars

(i) 14 attempts, 1α,3β. This should have been a straightforward bookwork-style question
but it was not generally well-answered.

(ii) 18 attempts, 0αα,2ββ. Most attempted to obfuscate through homology arguments and
generally got lost in them whereas deriving the main expression directly (which nobody
did) is much simpler suggesting we should have modified the question and asked for the
proportionality constant to also be derived. The last part on empirical verification, N(L)
and observational evidence was poorly answered.



Question 5Y - Statistical Physics

(i) 17 attempts, 1α,4β. This was relatively badly done with no candidate able to define the
number of states Ω(E)dE for a quantum system with discrete energy levels.

(ii) 10 attempts, 0αα,0ββ Although almost every available mark was obtained by at least
one candidate, this question was generally badly done by many.

Question 6Y - Principles of Quantum Mechanics

(i) 16 attempts, 9α,5β. This was very well and carefully done. It was standard, but involved,
bookwork.

(ii) 16 attempts, 0αα,0ββ This question stands out, for this course particularly, as being
remarkably badly done. Almost no candidate could correctly solve even for the states of
a particle in a 1-D box. That the box extended (-a,a) rather than (0,a) seemed to be too
different.

Question 7Z - Stellar Dynamics and the Structure of Galaxies

(i) 16 attempts, 4α,8β. A good question which was generally well-answered and two candi-
dates even correctly derived the free-fall time from first principles.

(ii) 10 attempts, 1αα,1ββ Surprisingly few attempts for what should have been a straigh-
forward application of the Virial Theorem. Not considering conservation of energy was the
main issue, but two candidates did at least generate good clear answers.

Question 8Z - Topics in Astrophysics

(i) 8 attempts, 0α,4β. Despite the many clues sprinkled throughout the question quasar
spectra remained an enigma for many. Most could at least compute the correct redshift.

(ii) 7 attempts, 1αα,1ββ One perfect answer, one reasonable attempt, but the rest at best
average. What should have been fundamental dynamics and thermodynamics escaped most
candidates notice.

Paper IV

Question 1X - Relativity

(i) 5 attempts, 0α,3β. While there are good attempts at the derivation of the Riemann tensor
in 1D (which is trivial), there was no correct solution to the second part of the problem!
Also two poor attempts at the first part of the question which is rather surprising.

(ii) 2 attempts, 0αα,0ββ Only two attempts and both poor - too hard a problem? Lecturer
confirmed that he covered this material during the course.

Question 2Y - Astrophyiscal Fluid Dynamics

(i) 6 attempts, 2α,4β. There were a range of answers to this essay style question but not
that many attempts.

(ii) 10 attempts, 1αα,1ββ This was reasonably well done with a wide range of marks. Unlike



the other Fluids questions it was not too long.

Question 3X - Physical Cosmology

(i) 7 attempts, 0α,4β. Again rather poor physical understanding of the problem, especially
the second part.

(ii) 6 attempts, 1αα,1ββ. Rather badly tackled. Sketching the diagram proved difficult but
even more so the second part of the question. Essentially only one good attempt.

Question 4Z - Structure and Evolution of Stars

(i) 18 attempts, 4α,5β. A popular essay style question with a wide range of marks.

(ii) 17 attempts, 4αα,4ββ. The commonest mistake was confusion about what “distribution”
means, but a good question to separate candidates with a broad range of marks attained.

Question 5Y - Statistical Physics

(i) 19 attempts, 7α,1β. Too many candidates just quoted the answer to this fairly funda-
mental test of understanding.

(ii) 15 attempts, 1αα,6ββ This question gained a wide range of marks. Sadly too many of
the candidates preferred to believe their erroneous calculations than the expectations from
the theory of equipartition.

Question 6Y - Principles of Quantum Mechanics

(i) 19 attempts, 17α,1β. This was standard book work and perhaps too easy. Nearly every
answer achieved an alpha. This may again reflect on the nature of the teaching.

(ii) 18 attempts, 5αα,10ββ This was a rather straightforward question with too much book-
work but it still managed to separate candidates reasonably well.

Question 7Z - Stellar Dynamics and the Structure of Galaxies

(i) 13 attempts, 3α,1β. A handful of good attempts, but most who attempted this got
nowhere.

(ii) 15 attempts, 0αα,4ββ. The first part was generally well answered, but as no student
could quote the relevant isotropic spherical Jeans’ equation the second part was hardly
attempted. With hindsight the Jeans’ equation should have been given in the question.

Question 8Z - Topics in Astrophysics

(i) 7 attempts, 2α,1β. Surprisingly few attempts at this simple tidal disruption question.
Those that did ranged from almost perfect answers to getting nowhere.

(ii) 5 attempts, 2αα,0ββ. Again very few attempts at what should have been an easy
question to score well on. There were two almost perfect answers.

Mike Irwin, Chris Tout, Debora Sijacki 24th June 2013
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Appendix: Reports from the Examiners on individual questions

Paper I

Question 1X - Relativity

(i) 4 attempts, 4α,0β. This part was solved fully by all students who attempted it.

(ii) 3 attempts, 0αα,2ββ This part with the angular frequency and a bit of physics proved
much more challenging.

Question 2Y - Astrophysical Fluid Dynamics

(i) 16 attempts, 7α,6β. This question was reasonably well done, with most marks lost by
not giving answers to some parts. However, perfect marks seemed elusive due to insufficient
rigour in the derivation or omitting to answer the question.

(ii) 14 attempts, 0αα,3ββ. Surprisingly poor performance on this question. Even though
these conditions are standard bookwork, noone could reproduce all of the derivation; the
qualitative description of Sod shock tube problem was ok but not attempted by many.

Question 3X - Physical Cosmology

(i) 13 attempts, 10α,2β. Generally well tackled, even though some students did have difficulty
with this simple manipulation of the Friedmann equations.

(ii) 13 attempts, 3αα,7ββ More variety in the marks. The nucleosynthesis process description
part not well addressed. While this is just bookwork many students glossed over it or
described it rather poorly. In general there seems to be a preference to solve equations over
descriptive/interpretative work.

Question 4Z - Structure and Evolution of Stars

(i) 16 attempts, 4α,9β. A popular straightforward question, lost marks were mainly for not
recalling that neutrinos oscillate between three flavours and only one is detectable.

(ii) 15 attempts, 8αα,3ββ. This question produced a good range of marks and was generally
well done by most students who attempted it.

Question 5Y - Statistical Physics

(i) 12 attempts, 7α,3β. Well done by most, since it just required recollection of the thermo-
dynamics of the Carnot cycle.

(ii)11 attempts, 0αα,3ββ. Not very well done. Sketching the cycle on the PV diagram was
ok, but most had difficulty using the 1st law of thermodynamics to get dQ, or expressing
the efficiency in terms of temperatures.

Question 6Y - Principles of Quantum Mechanics

(i) 11 attempts, 6α,1β. Most students were able to apply the dirac formalism successfully



to get this standard result. A few had difficulty with the concepts.

(ii) 10 attempts, 1αα,3ββ. Few made serious attempts at this, some failing early on e.g. by
getting an incorrect form for the Schrodinger equation. But there were some good answers.

Question 7Z - Stellar Dynamics and the Structure of Galaxies

(i) 9 attempts, 1α,2β. The centre-of-mass frame concept proved surprisingly difficult for
most. A few answered this the easy vector way but most did not and rapidly got lost in
algebra. Nobody knew the approximate Earth-Moon distance and those that completed this
part worked it out from first principles which made doing the last part somewhat longer
than intended.

(ii) 10 attempts, 3αα,1ββ there were three very good answers on the timing argument mass
estimate for the Local Group, but many struggled with what should have been straighforward
bookwork for the first half of this question. Nobody spotted the fact that χ = 240◦ leads to
easy trig for the last part.

Question 8Z - Topics in Astrophysics

(i) 15 attempts, 6α,4β. Generally well answered, those that did not score well were confused
over correctly converting arcsec to radians prior to estimating distance.

(ii)14 attempts,10αα,3ββ. The first part was a popular and straightforward thermal equi-
librium question that was well answered by all and presumably had been well covered in
coursework. Most had memorised Wien’s displacement law so did not use the hint in the
question for the second part. The last part yielded several sketches showing good under-
standing of black body curves but generally lacked any more quantitative justification.

Paper II

Question 1X - Relativity

(i) 5 attempts, 4α,1β. This part was done well.

(ii) 5 attempts, 2αα,0ββ This proved more challenging though not obvious why as it was
just a longer continuation of part(i).

Question 2Y - Astrophysical Fluid Dynamics

(i) 13 attempts, 4α,5β. Mostly well done until the discussion of where the equations break
down; just one candidate noted the importance of the lower particle density.

(ii) 10 attempts, 0αα,1ββ. Not a popular question, and those who attempted this stopped
when faced with the integral of the mass distribution.

Question 3X - Physical Cosmology

(i) 11 attempts, 7α,0β. Attempts on this part display a bimodal distribution, it was either
done very well or very poorly.

(ii) 13 attempts, 9αα,3ββ This was generally done well, but some struggled with the inte-
grated background intensity calculation. Olber’s paradox was correctly identified in the last



part but sometimes lacked a proper explanation.

Question 4Z - Structure and Evolution of Stars

(i) 16 attempts, 3α,10β. Generally well answered and popular question with some quite
innovative ways of deriving the radius of the planet not using the amplitude dip, and likewise
the orbital elements not making use of the 3.5 day period information given in the question.
Those that innovated generally assumed special case equatorial transits.

(ii) 14 attempts, 4αα,4ββ. A good spread of marks even though this was mostly a bookwork
question. Most lost marks on the first part by failing to interpet what ranges of the power law
index produce valid physical solutions. Failing to use the fact that the star is in hydrostatic
equilibrium was the main stumbling block for the second half of the question.

Question 5Y - Statistical Physics

(i) 17 attempts, 14α,3β. An easy question, and well done by most.

(ii) 17 attempts, 6αα,7ββ. Many good answers. Several mis-remembered the equation for
< E2 > leading to erroneous results.

Question 6Y - Principles of Quantum Mechanics

(i) 10 attempts, 3α,6β. While many students were able to reproduce the relations for the
creation and annihilation operators and their derivations, they often had difficulty piecing
these into a logical sequence. In general though the question was well done.

(ii) 9 attempts, 3αα,2ββ. Most who attempted this made good progress, able to match the
perturbed states to the relevant eigenvectors, and there were a few excellent answers.

Question 7Z - Stellar Dynamics and the Structure of Galaxies

(i) 13 attempts, 2α,7β. Most knew what the main components of the Milky Way are but
only one fully argued the case for a dark matter halo.

(ii) 13 attempts, 0αα,2ββ. The first half of this question was poorly answered, though the
related second half faired much better with generally good attempts, though nobody thought
to demonstrate that the potential Φ → 0 as r →∞ before computing escape velocities.

Question 8Z - Topics in Astrophysics

(i) 9 attempts, 4α,3β. This question yielded a good spread of marks. Most attempts at
this correctly treated the exponential growth of mass and deduced the implausibly long
timescales for black hole growth via this feeding mechanism.

(ii) 5 attempts, 0αα,0ββ. Generally poor attempts at the first part with only one student
noticing that all the redshift dependence of the colour cancels out without having to do
detailed calculations. Only one poor attempt at the second part on Schechter luminosity
functions despite the relatively straightforward nature of the questions posed. Suspect this
is related to general lack of understanding of what a distribution function is (see paper 3.
Stars comment also).

Paper III



Question 1X - Relativity

(i) 4 attempts, 3α,0β. This was either very well done or going nowhere.

(ii) 4 attempts, 3αα,0ββ There was an error in the equation that for the first time introduces
B tilde (there should have been a plus sign rather than minus). This affected three of the
attempts to the first part but this was allowed for in the marking. Aside from that this
question was very well done in 3 out of 4 attempts.

Question 2Y - Astrophysical Fluid Dynamics

(i) 13 attempts, 6α,3β. Generally well done, as long as the momentum equation was written
down correctly, though some had difficulty with the physical description of the solution.

(ii) 10 attempts, 0αα,2ββ Most attempts were partial. Several got unphysical estimates by
not following the advice to use equation (*). The second half on G2 was ok for those who
tried. All took the binding energy to mean that of the cloud to itself, and this ambiguous
wording was taken into account in the marking.

Question 3X - Physical Cosmology

(i) 14 attempts, 7α,6β. This was generally well done. Occasionally there was a bit of a strug-
gle with the second part of the question (horizon size estimation) and with understanding
what the horizon problem actually is.

(ii) 13 attempts, 9αα,1ββ Also generally well done. There were some issues with some basic
notions e.g. what is the meaning of Omega, and what is the flatness problem. Occasionally
picturesque descriptions of the inflationary process resulted.

Question 4Z - Structure and Evolution of Stars

(i) 16 attempts, 4α,5β. This should have been a straightforward bookwork-style question.
Although answers were generally reasonable many students appear to have a poor under-
standing of what a distribution function is and in particular how to transform between fν

and fλ. Not knowing how to expand ex correctly for small x also stumped several attempts.

(ii) 16 attempts, 1αα,5ββ. The first part was all bookwork and generally yielded good
answers. The second part though a straightfoward application of definitions of opacity and
Thompson scattering proved more taxing than expected.

Question 5Y - Statistical Physics

(i) 17 attempts, 10α,7β. Uniformly well done. Probably too easy, so hard to differentiate
student ability.

(ii) 17 attempts, 2αα,10ββ Most students couldn’t manipulate Maxwell’s relations to get
Cp-Cv, and many didn’t know the definition of 1bar. Otherwise reasonably well done.

Question 6Y - Principles of Quantum Mechanics

(i) 7 attempts, 1α,2β. Most didn’t know where to start on the derivation of J3(theta) etc,
though the rotation was more intuitive.



(ii) 6 attempts, 2αα,0ββ The expression for |1, 0 > θ was skipped by many, but there were
a couple of excellent answers.

Question 7Z - Stellar Dynamics and the Structure of Galaxies

(i) 6 attempts, 0α,1β. Though most knew what dynamical friction is, it was harder to score
well on the second part than might have been anticipated by the students as most of the
observational evidence for dyanmical friction in structure formation is rather indirect.

(ii) 6 attempts, 0αα,0ββ Not well answered, the commonest mistake with the distribution
function part was only integrating over 1-D though even allowing for that, correct use of
Poisson’s equation to solve for ρ(r) proved too much for most. Disappointingly there were
no attempts at the dynamical drag part of the question.

Question 8Z - Topics in Astrophysics

(i) 15 attempts, 2α,2β. A popular question. This should have been a straighforward alge-
braic manipulation to solve for the approximate location of the L1 and L2 Lagrange points
but many failed to be consistent in their approximation. Nobody demonstrated that the
stationary points are at θ = 0.

(ii) 13 attempts, 4αα,4ββ A good spread of marks and several good answers plus one cunning
use of definition of parsec to work out the absolute magnitude of the Sun.

Paper IV

Question 1X - Relativity

(i) 5 attempts, 5α,0β. This proved very easy given that it was mostly an algebraic exercise.

(ii) 3 attempts, 1αα,1ββ On the other hand this proved rather challenging and showed that
(apart from one candidate) they did not have a deep understanding of this topic.

Question 2Y - Astrophysical Fluid Dynamics

(i) 10 attempts, 0α,1β. People had problems with the first part of the question, not under-
standing how to derive an approximate relation, so most didn’t continue very far.

(ii) 7 attempts, 1αα,0ββ Not popular, and for those who did choose the question, most
didn’t attempt the first part, even though it was bookwork, and skipped to the flow between
parallel planes, which was reasonably well done.

Question 3X - Physical Cosmology

(i) 14 attempts, 7α,1β. Attempts here were a bit poorer than on the other papers probably
due to the largely descriptive nature of the question. There were difficulties with under-
standing of what the chemical potential is, and occasionally with the approximations for the
non-relativistic case (a similar problem happened last year)

(ii) 14 attempts, 9αα,1ββ. This was generally well done

Question 4Z - Structure and Evolution of Stars



(i) 14 attempts, 6α,5β. Candidates generally scored well on this question though surprisingly,
given the first part was bookwork, several candidates did not even attempt it.

(ii) 16 attempts, 5αα,3ββ. Homology questions are usually popular and this was no ex-
ception. Mostly good answers to the first part but quite a few struggled with following the
homology formalism all the way through this time. There was one perfect answer and overall
a good spread of marks.

Question 5Y - Statistical Physics

(i) 13 attempts, 6α,1β. Question was generally well done, though some found it hard to get
started.

(ii) 12 attempts, 5αα,1ββ Several good answers, though finding the maximum temperature
for the phase transition proved too hard for most, even though it is just straightforward
albegra.

Question 6Y - Principles of Quantum Mechanics

(i) 9 attempts, 5α,3β. An easy question, well done by most who attempted it.

(ii) 9 attempts, 6αα,2ββ This question was mostly well done, though there were several
algebraic mistakes.

Question 7Z - Stellar Dynamics and the Structure of Galaxies

(i) 11 attempts, 1α,2β. A handful of good attempts, but most who attempted this got
nowhere. There is clearly much confusion over what the Jeans’ equation means and what a
tracer population is. Many attempted to directly integrate the tracer population density to
find the dark matter profile.

(ii) 12 attempts, 0αα,2ββ. The first half of this was reasonably well attempted since it did
not require use of the Jeans’ equation from part (i), though quite a few computed U rather
than Φ. However, virtually all attempts petered out due to not having a clear understanding
on the use of the Jeans’ equation.

Question 8Z - Topics in Astrophysics

(i) 15 attempts, 3α,4β. A popular question to attempt, most knew how the free-fall timescale
related to the overall system properties but the majority did not consider relating the cooling
timescale temperature to the overall physical properties of the cloud. This is necessary to
find the dependence on fundamental constants and hence most did not end up with galaxy
scale sizes.

(ii) 14 attempts, 1αα,3ββ. Most could do the first part but then floundered mainly due to
either later confusion over units and not keeping careful track of constants, or from not using
d(ln...)/d(ln...) or the equivalent for dealing efficiently with power law derivatives, or from
not considering hydrostatic equilibrium.

Mike Irwin, Debora Sijacki, Mark Wyatt 11th June 2014
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Appendix: Reports from the Examiners on individual questions 

Paper 1 

Question 1X - Relativity 
(i) 3 attempts, 0 alphas, 1 betas. In general very poor even the notion of Lorentz 

transformations. 
(ii) 2 attempts, 0 double alphas, 0 double betas. Not attempted successfully. 

Question 2Y - Astrophysical Fluid Dynamics 
(i) 9 attempts, 4 alphas, 4 betas. Relatively easy question based on material covered in 

lectures. Quite a few very good answers. However some made trivial mistakes in 
calculating the vertical component of the gravity or omitted to plot correctly. 

(ii) 4 attempts, 0 double alphas, 0 double betas. None of the candidates got very far with 
this. Most didn't get that dynamical time means the orbital timescale taking this instead 
as r/cs or (G/ρ)1/2. Plugging in numbers also seemed hard to do accurately though most at 
least thought to question the physical implications of their result. 

Question 3X - Physical Cosmology 
(i) 10 attempts, 5 alphas, 3 betas. Some students had difficulties with manipulation of the 

Friedmann equations, and even with the relation between the scale factor and redshift, 
but generally well addressed. 

(ii) 9 attempts, 0 double alphas, 1 double betas. Difficulties with calculation of the 
degeneracy factor, with the calculation of the helium abundance, and in general with the 
second part of the question. 

Question 4Z - Structure and Evolution of Stars 
(i) 10 attempts, 5 alphas, 2 betas. The performance of the students was nearly bimodal. The 

physical basis of the problem was not well understood by several students. In particular 
many didn't seem clear about how temperature and luminosity are inferred for stars. 

(ii) 11 attempts, 7 double alphas, 2 double betas. Most students did generally fine. Students 
seemed to do well wherever the problem requires mathematical manipulation but not 
so well where physical concepts are involved. 

Question 5Y - Statistical Physics 
(i) 11 attempts, 5 alphas, 4 betas. A couple of failed attempts but most answered this very 

well. Some didn't get the need to divide by W to get the entropy of an individual system 
or failed to identify that p(n)=1/n when all states have the same energy. 

(ii) 10 attempts, 0 double alphas, 3 double betas. Half got around half marks the rest didn't 
get far. The main reason for failing was conceptual problems with going from the 
possible states of a single fermion that of a three fermion system. Only one identified the 
possible states but then messed up the resulting expression for Z. Another good attempt 
was hindered by not noticing that fermions can't occupy same state. 

Question 6Z - Principles of Quantum Mechanics 
(i) 14 attempts, 5 alphas, 4 betas. Students did generally fine with the math but many of 

them didn't get C = exp([A,B]/2) in the later part of the question. 
(ii) 14 attempts, 4 double alphas, 7 double betas. Again, students did well on the math but 

not so well on the physical understanding. 



Question 7Y - Stellar Dynamics and the Structure of Galaxies 
(i) 2 attempts, 1 alphas, 1 betas. Answered well by those who attempted it, though the lack 

of explanation accounted for loss of marks, and neither considered mechanisms for tidal 
stripping due to the cluster's orbit through the galaxy in the last part. 

(ii) 0 attempts, 0 double alphas, 0 double betas. No attempts 

Question 8Z - Physics of Astrophysics 
(i) 7 attempts, 6 alphas, 1 betas. Most students got it. 
(ii) 6 attempts, 1 double alphas, 1 double betas. Most students could attempt the first two 

parts of this question but found the last three parts to be challenging. 
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Appendix: Reports from the Examiners on individual questions 

Paper 2 

Question 1X - Relativity 
(i) 1 attempts, 0 alphas, 0 betas. Poorly addressed, showing difficulty to derive the 

Compton scattering formula which is book-work. 
(ii) 0 attempts, 0 double alphas, 0 double betas. No attempts. 

Question 2Y - Astrophysical Fluid Dynamics 
(i) 11 attempts, 3 alphas, 5 betas. The first bit of bookwork was usually well done. Some 

failed to use the Bernoulli equation to get the isothermal accretion rate and the very last 
bit of the question was too difficult for most who reasoned that Mdot would go up not 
down. 

(ii) 9 attempts, 0 double alphas, 1 double betas. Most got nowhere with this; just one decent 
attempt. Failing to note that highly subsonic means (nearly) incompressible prevented 
getting the first part out as did failing to start with the Bernoulli equation. 

Question 3X - Physical Cosmology 
(i) 8 attempts, 1 alphas, 5 betas. Generally addressed OK. Some had problems with 

understanding angular diameter distance, luminosity distance, and with the calculation 
of look-back time. 

(ii) 6 attempts, 1 double alphas, 3 double betas. Well responded; difficulties were 
encountered with calculating the sound horizon and with the physical meaning of 
horizon vs. sound horizon. 

Question 4Z - Structure and Evolution of Stars 
(i) 8 attempts, 6 alphas, 0 betas. Most students got it. 
(ii) 10 attempts, 1 double alphas, 1 double betas. Almost no one got this question fully right. 

Students didn't seem very familiar with homology arguments. 

Question 5Y - Statistical Physics 
(i) 9 attempts, 4 alphas, 2 betas. Mostly good answers (one perfect), though some made the 

derivation of g(E) in the last part more complicated than it had to be. Some had 
difficulty describing Bose Einstein condensation. 

(ii) 6 attempts, 2 double alphas, 2 double betas. Good answers by those who attempted this, 
though some did not continue far into the condensation temperature derivation. 

Question 6Z - Principles of Quantum Mechanics 
(i) 13 attempts, 12 alphas, 1 betas. Almost every one got perfect score. 
(ii) 11 attempts, 4 double alphas, 4 double betas. Students did generally fine with the first 

two parts of the question. Only the last part seemed somewhat challenging. 

Question 7Y - Stellar Dynamics and the Structure of Galaxies 
(i) 5 attempts, 1 alphas, 0 betas. Not popular and those who attempted usually showed a 

poor understanding of the physical and geometrical implication of epicycles and of 
asymmetric drift.  Just one good answer. 

(ii) 10 attempts, 4 double alphas, 1 double betas. Some good attempts on this question, 
which involved some physical understanding and a fair number of integrals to calculate. 



Some had problems with the most basic of integrals. That mass can't become infinite 
seemed to elude most as a physical explanation for why this model can't be realistic. 

Question 8Z - Physics of Astrophysics 
(i) 4 attempts, 4 alphas, 0 betas. Very few attempts, but every one who attempted got it 

fully right. 
(ii) 6 attempts, 2 double alphas, 1 double betas. About half the students did fine, but several 

students could answer only the first part of the question (on calculating dmin). 
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Appendix: Reports from the Examiners on individual questions 

Paper 3 

Question 1X - Relativity 
(i) 6 attempts, 2 alphas, 2 betas. The students responded OK, but some had difficulties in 

using the symmetry properties of the curvature tensor and in the calculation of the 
Gaussian curvature. 

(ii) 4 attempts, 0 double alphas, 2 double betas. Either attempted poorly or OK. Most 
difficulties were in the second part of the question. 

Question 2Y - Astrophysical Fluid Dynamics 
(i) 10 attempts, 3 alphas, 4 betas. This question was popular and generally well done though 

choosing small terms to ignore stumped some in first bit of book-work to get the wave 
equation and others didn't provide a proper analysis of the velocity perturbation. 

(ii) 9 attempts, 1 double alphas, 2 double betas. This question was not well done though 
there was one good answer so it wasn't outside the students' grasp. Many candidates 
struggled with the first part despite being given the equation needed to solve it. Using 
the simple density relation ρ2/ρ1 for strong shocks would have helped with second part. 
The majority found it hard to get the shock propagation scalings; e.g., they used the 
correct method but estimated the energy input incorrectly, or applied inappropriate 
dimensional analysis.  

Question 3X - Physical Cosmology 
(i) 4 attempts, 1 alphas, 1 betas. Some students did not know what free-free emission is. 

The physical meaning of the SZ effect was also unclear. In general students had more 
difficulty with the second part of the question. 

(ii) 6 attempts, 0 double alphas, 2 double betas. Two OK attempts and the rest poor. 
Students had difficulties with the sketch of rH vs. time, with the calculation of the 
minimum number of e-foldings, and with showing that the inflation ends at 10-34 sec. 

Question 4Z - Structure and Evolution of Stars 
(i) 6 attempts, 1 alphas, 4 betas. Almost no one could correctly answer the first part of the 

question. The rest was fine. 
(ii) 7 attempts, 1 double alphas, 0 double betas. Straightforward problem but students 

seemed to have found it difficult. Several weren't clear on thermonuclear SNe and 
usually confused with core-collapse SNe. Very few used LEdd correctly. 

Question 5Y - Statistical Physics 
(i) 14 attempts, 5 alphas, 5 betas. Very popular and some good answers, but candidates did 

not always find the right manipulation to get the Maxwell relation (e.g. using Gibbs 
energy). Some had fundamental issues with how to do partial integrals keeping variables 
constant. 

(ii) 14 attempts, 9 double alphas, 3 double betas. Very popular and generally very well done, 
though the condition for obtaining a positive Joule-Thomson coefficient proved too 
difficult for many to get out. 

Question 6Z - Principles of Quantum Mechanics 
(i) 11 attempts, 7 alphas, 2 betas. Most students got full score. 



(ii) 10 attempts, 4 double alphas, 1 double betas. Several students did fine on the C-G 
coefficients, but only few answered correctly the part on conservation of momentum and 
parity. 

Question 7Y - Stellar Dynamics and the Structure of Galaxies 
(i) 7 attempts, 2 alphas, 2 betas. Some good answers to this question, which tested the 

physical understanding of some important dynamical concepts, though half showed poor 
understanding of what a distribution function is and/or the meaning of these equations. 

(ii) 6 attempts, 2 double alphas, 2 double betas. A couple of very good answers, though 
some didn't know how to get started (e.g. trying to use the CBE). Many failed to 
normalise <v2> correctly. 

Question 8Z - Physics of Astrophysics 
(i) 6 attempts, 3 alphas, 1 betas. Nearly bimodal performance. Some students got it for the 

most part but others didn't do so well. 
(ii) 5 attempts, 2 double alphas, 1 double betas. Students found this question to be hard. 
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Appendix: Reports from the Examiners on individual questions 

Paper 4 

Question 1X - Relativity 
(i) 1 attempts, 0 alphas, 1 betas. Fairly well attempted. 
(ii) 1 attempts, 0 double alphas, 1 double betas. Some difficulties in the second part of the 

question. 

Question 2Y - Astrophysical Fluid Dynamics 
(i) 7 attempts, 3 alphas, 0 betas. A few very good answers, while the others failed to explain 

stress tensor symmetry accurately, failed to find the correct equations from the 
momentum equation, or didn't take enough care when manipulating this.  

(ii) 4 attempts, 1 double alphas, 1 double betas. Not a popular question. One very good 
answer. Others didn't get too far. Visualising the wind tunnel proved difficult. 

Question 3X - Physical Cosmology 
(i) 6 attempts, 1 alphas, 5 betas. First part generally well done, second part found more 

difficult. 
(ii) 5 attempts, 1 double alphas, 2 double betas. Different students found different parts 

more difficult. 

Question 4Z - Structure and Evolution of Stars 
(i) 10 attempts, 1 alphas, 7 betas. Almost no one got this exactly right. They generally 

seemed to have missed the B-V argument and about making the connection with 
luminosity. The other parts of the question were fine. Some students gave non-standard 
but correct answers (e.g. inferring binaries through accretion disks around compact 
objects, gravitational waves from inspirals, etc.). 

(ii) 13 attempts, 13 double alphas, 0 double betas. Most students got it almost all right, since 
this was mostly just straightforward maths. 

Question 5Y - Statistical Physics 
(i) 8 attempts, 4 alphas, 0 betas. Some very good answers but others had trouble doing the 

summation over particles and states correctly. 
(ii) 7 attempts, 2 double alphas, 3 double betas. Some decent answers by those who had a 

serious attempt at this. The similarity with part (i) meant there was a correspondence in 
marks with those able to do the summation correctly, though others also did well at 
assessing the critical temperature. 

Question 6Z - Principles of Quantum Mechanics 
(i) 13 attempts, 10 alphas, 0 betas. Most students got perfect scores, which could be 

because this question was book-work. 
(ii) 12 attempts, 8 double alphas, 1 double betas. Most students did quite well. 

Question 7Y - Stellar Dynamics and the Structure of Galaxies 
(i) 6 attempts, 3 alphas, 1 betas. Surprisingly not that popular. A couple of excellent 

answers. For others, the description of the Virial theorem demonstrated some 
understanding, but somehow candidates often failed to answer the question. Similarly 



many omitted to discuss the ease with which the various parameters are observable (or 
got this wrong). 

(ii) 9 attempts, 1 double alphas, 4 double betas. Integrating Poisson's equation rather than 
plugging in the given expression to show that it was consistent wasn't always successful. 
For the second part it was important to use the constant anisotropy parameter and so to 
know what this is which most didn't. The algebra in the last part proved too tricky for 
most who tried it. 

Question 8Z - Physics of Astrophysics 
(i) 5 attempts, 0 alphas, 0 betas. No one got this question. 
(ii) 3 attempts, 0 double alphas, 1 double betas. Almost no one got it fully. 

Mark Wyatt, Debora Sijacki, Nikku Madhusudhan 

June 2015
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