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In accordance with Regulations 30 (Astrophysics) of the Natural Sciences Tripos (Statutes and
Ordinances, p 396), the Director of the Institute of Astronomy gives notice that each candidate
shall submit an essay on one of the following subjects:

Turbulence in the intracluster medium: sources, implications and latest constraints

X-ray Spectra of Active Galactic Nuclei: Inner Disc or an Obscuring Veil?

‘Oumuamua: an unexpected solar system visitor

Where do super-solar abundance stars come from?

How many parents had our Sun?

Each candidate must inform the Director by Friday 15 March 2019 of the essay subject he or she
has chosen, and must submit the essay so as to reach the Director by Thursday 2 May 2019.
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Part II Astrophysics Essay 2019

Turbulence in the intracluster medium: sources, implications and latest constraints

Advisors: Dr. Martin Bourne, Email: mabourne@ast.cam.ac.uk, Room: K08
Dr. Debora Sijacki, Email: deboras@ast.cam.ac.uk, Room: K17

Galaxy clusters are the most massive virialized systems in the Universe. They form from the
largest overdensities undergoing gravitational collapse which gives them high leverage to probe
cosmology. To first order, these systems comprise of a massive dark matter halo, sprinkled with
up to a few thousand galaxies that are enveloped by a hot and tenuous plasma, known as the
intracluster medium (ICM). The properties of the ICM are determined by number of factors —
from the cosmology of the Universe that dictates the build-up of large-scale structure, through
to supermassive black hole feedback processes acting on “macro” scales, down to plasma physics
processes acting on “micro” scales within the ICM itself.

Currently a very debated area of research regards the level of turbulence that the ICM contains and
how such turbulent motions are driven. It is commonly assumed that galaxy clusters’ atmospheres
are in hydrostatic equilibrium such that the thermal pressure of the ICM provides support against
it collapsing into the potential well of the dark matter halo. With this assumption it is then
possible to estimate galaxy cluster masses from X-ray observations. However, in reality non-
thermal processes such as turbulence can provide an additional channel of pressure support, which
needs to be well understood in order to calibrate X-ray observations and remove a potential source
of mass bias. As well as providing a possibly significant contribution to the ICM pressure support,
turbulence can also aid in mixing and transporting metals in the ICM that can in turn impact gas
cooling rates. Finally, it has been suggested that turbulence, driven by AGN feedback in the form
of jets, may provide a source of heating, possibly even offsetting the expected high levels of gas
cooling from the central regions of the ICM.

The aim of this essay is to review the current state of research, both observational and theoretical,
on the ICM, with a particular emphasis on our understanding of the processes driving turbulent
motions and the ways in which turbulence can shape cluster properties. The essay should cover
the following key points:

(1) Outline the general properties of galaxy clusters with a discussion of how and when they form,
and why they are useful cosmological probes. What do observations tell us about how clusters
evolve with redshift and how does this compare the state-of-the-art simulations?

(2) Describe how the virial theorem can be used to estimate the mass of a galaxy cluster and discuss
other methods that are used “weigh” observed galaxy clusters. What is meant by the cluster mass
bias, what non-thermal processes could provide additional pressure support to the ICM and how
do these impact the cluster mass bias.

(3) A number of physical processes have been invoked to explain how turbulence is driven in the
ICM. What are these processes and how are they studied through observations and theoretical
models? What are the current observational constraints on the levels of turbulence within the
ICM.

(4) Feedback from a central supermassive black hole, in the form of relativistic jets, plays a critical
role in regulating the heating and cooling the ICM. However, the exact mechanisms through which
the jet mechanical energy is communicated effectively and isotopically to the ICM are debated.
One idea presented is that jet-driven turbulence can offset ICM cooling. Evaluate the current
theoretical and observational evidence for and against this model.
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X-ray Spectra of Active Galactic Nuclei: Inner Disc or an Obscuring Veil?

Advisor: Dr. Dom Walton, Email: dwalton@ast.cam.ac.uk, Room: H51

The X-ray spectra of active galactic nuclei (AGN) – actively accreting supermassive black holes –
often show characteristic structures at energies associated with the emission and absorption of iron.
Two competing interpretations for these features have been proposed. In the first, the spectral
complexity is understood as being a strong emission line of iron arising from the surface layers of
the inner black hole accretion disk. The observed line is extremely broad and asymmetric due to
the trans-relativistic orbital velocity of the inner accretion disk as well as the strong gravitational
redshift close to the black hole. Within this interpretation, the X-ray spectrum allows us to
probe strong gravitational physics and measure the spin rate of the black hole. The competing
interpretation is one in which the X-ray spectrum is shaped by the absorption and scattering of
X-rays as they pass through multiple layers of material on their journey from the inner regions of
the accretion disk out to the observer. If this is the correct viewpoint, the X-ray spectrum has
little to say about relativistic physics but is a probe of the complex outflows/inflows around the
black hole.

In this essay, you will review and contrast these two interpretations of the X-ray spectrum of AGN.
Your essay should cover the following key points:

(1) Outline of the observed X-ray emission from AGN, focusing on the nature of the X-ray spectrum
and its temporal variability.

(2) Description of the basic assumptions behind each of these two interpretations for the X-ray
spectrum, including the key predictions made by each of the interpretations.

(3) Evaluation of the strengths and weaknesses of these two interpretations.

(4) Your view of the controversy, putting forward well justified arguments for why one, both, or
none of these interpretations is the correct viewpoint.
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‘Oumuamua: an unexpected solar system visitor

Advisors: Prof. Cathie Clarke, Email: cclarke@ast.cam.ac.uk, Room: H10
Prof. Mark Wyatt, Email: wyatt@ast.cam.ac.uk, Room: H38

‘Oumuamua, the first known interstellar object passing through the solar system, was discovered
on 29th October 2017. Its puzzling properties have stimulated a lively debate about its likely
origin and history. ‘Oumuamua is a needle shaped rocky object, dark red in colouration, which is
tumbling rather than rotating around a principal axis; it is moving too fast relative to the solar
system to have originated there and is instead widely presumed to have been ejected from the
vicinity of another star.

Your essay should explain clearly how the above properties have been derived and examine the
variety of hypotheses that have been advanced for the origin of this unique object. How do the
properties of the object shed light on its origin? In particular it will be necessary, for any proposed
scenario, to evaluate how the detection of ‘Oumuamua places statistical constraints on the quantity
of rocky material that is ejected from the vicinity of a typical star. You may also wish to discuss
how future surveys may improve the statistical constraints on the origin of such objects.
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Where do super-solar abundance stars come from?

Advisor: Prof. Gerry Gilmore, Email: gil@ast.cam.ac.uk, Room: H47

Stars form with the abundance of the local inter-stellar medium (ISM) gas from which they form.
The ISM near the Sun has approximately Solar abundance, and varies very slowly with Galacto-
centric radius. Nevertheless, there are many nearby stars with element abundances up to 3 times
Solar abundance. Where and when did they form? How did they get where they are today?
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How many parents had our Sun?

Advisor: Prof. Gerry Gilmore, Email: gil@ast.cam.ac.uk, Room: H47

Chemical elements are created in many environments, starting at the Big Bang, then in a variety
of spallation and stellar sources, each with its own range of timescales and pattern of element
creation. These include supernovae of at least two types (I and II), products of stellar evolution
from old stars, exotic sources - merging neutron stars - and the range of possible r- and s- process
sources. Collating the range of origins of the chemical elements in a Sun-like star provides a window
on the range of astrophysical processes which lies in our past.
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Essay 

 
Students may choose to undertake an extended essay. The purpose of the essay is to bring students to a closer 
awareness of the current frontiers of astronomical research, by reading and assimilating research literature 
addressing problems in some limited area of endeavour that have not been completely solved. The essay should 
be at the forefront of research and not be merely a summary of the literature (or lecture notes) and the ideas 
they contain, but should be organized in such a way as to address specifically some issue or issues which the 
candidate considers to be particularly interesting and important. A critical approach should be adopted, and 
students should not refrain from making their own judgements on the validity or plausibility of the arguments 
discussed. Back-of-the-envelope calculations and general physical arguments should be made to support those 
judgements, whenever that is possible. 

 
The regulations require that the essay be submitted to the Examiners not later than the tenth day of the Full 
Easter Term [Thursday, 2 May 2019]. The length of the essay shall be not more than 5,000 words (exclusive 
of tables, figures, footnotes, appendices, and bibliography). The subject of the essay shall be chosen from a list 
of approved subjects announced by the Director of the Institute of Astronomy not later than the division of the 
Michaelmas Term [9 November]. Each candidate shall, not later than the end of Full Lent Term [Friday, 15 
March 2019] notify the Director of the subject chosen from the list. It is expected that the maximum credit 
obtainable is equivalent to that for a course of 24 lectures, and that it will be added to the credit gained in the 
written examination. 
 
It is important to realize that marks are awarded by the Examiners not merely for a well written review which 
shows that the candidate has understood the issues in question, but also for originality of presentation providing 
a demonstration that those issues have been thoroughly digested. More credit will be given for an essay 
containing a thorough, well-reasoned discussion of a relatively small area of the subject than a superficial 
review of a wide area. Nevertheless, candidates are advised to set their discussion into a wider context, 
explaining briefly its relevance to other issues. The Examiners will award marks for an up to date essay which 
demonstrates a good physical understanding of the material. 

 

The candidate may choose whatever format and style of writing they prefer, although they should be aware 
that an overly sensational or ‘journalistic’ style may not best suit their subject matter. The essay should 
incorporate in-text references with a complete reference list at the end, as found in journal papers in the 
subject area. Note that if the examiners consider that an essay is not sufficiently legible, they have the power 
to require that it be resubmitted in typescript. 

 
It is a fundamental tenet of scientific writing that due acknowledgment is given to the work and ideas of 
others that form the basis of, or are incorporated in, an essay. You must always acknowledge the source of an 
idea or material you use with a specific reference. Plagiarism, including the use of another individual's ideas, 
data or text, is regarded as an extremely serious disciplinary offence by the University: for further guidance 
on what constitutes plagiarism, see www.admin.cam.ac.uk/univ/plagiarism/students/. 

 
A list of the essay topics will be posted on the Part II noticeboard outside the Course Secretary's office by 
the middle of the Michaelmas Term, [not later than 9 November] and she will have further details from 
the essay supervisors giving brief descriptions for each of them. 

 
All candidates are strongly encouraged to consult the advisor who has been assigned to the essay of 
choice. They should also be aware that some advisors may be difficult to contact for extended periods 
over the Easter break, so starting work on the essay no later than the start of the Lent Term is 
advisable. 

 



 

Criteria for Marking Pt II Astrophysics Examination Papers 
The Institute of Astronomy Teaching Committee recommends that the NST Part II Astrophysics 
examiners mark the written examinations and assess their contribution to the overall degree class 
according to the following criteria: 

First class marks 

A candidate placed in the first class will be able to demonstrate a full command and a secure 
understanding of the examinable material. Scripts will contain substantially correct solutions to 
most of the quantitative parts of a question, showing a good grasp of mathematical skills. For the 
essay and questions of an essay nature, first class marks will be awarded for work which is 
excellent, both in range and in depth of knowledge and in the argument and analysis that it brings 
to bear. 

Upper Second class marks, II.1 

A candidate placed in the upper second class will be able to demonstrate a good command and 
some understanding of the examinable material. Scripts will contain solutions to most of the 
quantitative parts of a question, thereby demonstrating the basic skills involved. For the essay and 
questions of an essay nature, II.1 marks will be awarded for work that demonstrates knowledge, but 
which does not provide as impressive a display of understanding, argument and analysis as those in 
the first class. 

Lower Second class marks, II.2 

A candidate placed in the lower second class will be able to demonstrate some command of the 
examinable material but with limited understanding. Candidates should demonstrate the ability to 
make good attempts at the straightforward parts of questions but limited ability to tackle any of the 
more challenging topics. Answers to questions of a mathematical nature will show an indication of 
what is required, but fail to proceed sufficiently far into the later parts to demonstrate the skills 
involved. Essays in this class may often read like prepared material rote learnt for the occasion and 
fail to be impressive in the range of relevant knowledge and depth of understanding, being 
superficial in scope or lacking clarity of structure. 

Third class marks 

A candidate placed in the third class will be able to demonstrate some knowledge, but have a poor 
command of the skills expected and very limited understanding of the examinable material. Essays 
in this class may be unduly brief, lacking in examples or failing to adhere to the rubric, by, for 
example, answering intelligently, but on material unrelated to the question, or containing some 
relevant material presented without clear structure or reasoned explanation. 

Ordinary/Fail 

A fail mark will be given when a candidate demonstrates little or no knowledge of the material and 
little or no ability to begin to tackle questions of a mathematical nature. Essays in this class will 
demonstrate unsatisfactory command of material through a lack of knowledge and an inability to 
demonstrate any appreciable understanding. It is likely that such answers will be very brief and 
incomplete, or rambling and irrelevant. 
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To the Senior Examiner for Part II Astrophysics 

I declare that this essay is work done as part of the Part II Astrophysics Examination. I have read and 
understood the guidance (http://www.admin.cam.ac.uk/univ/plagiarism/) provided by the University 
of Cambridge and have abided by it. This essay is the result of my own work and, except where 
explicitly stated otherwise, only includes material undertaken since the publication of the list of essay 
titles, and includes nothing which was performed in collaboration. No part of this essay has been 
submitted, or is concurrently being submitted, for any degree, diploma or similar qualification at any 
university or similar institution. I declare that this essay has been submitted electronically in pdf and I 
agree to the use of plagiarism software. 
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