
Natural Sciences Tripos Part II, Astrophysics - Notice

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:

Shaping galaxies with AGN outflows

Stellar distances: a fundamental building block of astrophysics

Small bodies tracing the dynamical history of the Solar System

Each candidate must inform the Director by Friday 17 March 2017 of the essay
subject he or she has chosen, and must submit the essay so as to reach the Director
by Thursday 4 May 2017.

9 November 2016





Part II Astrophysics Essay 2017

Shaping galaxies with AGN outflows

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

Active galactic nuclei (AGN) present some of the most energetic and extreme
phenomena in the Universe. They are powered by the release of gravitational
potential energy of matter that is accreted onto a 106

− 1010 M⊙ supermassive
black hole (SMBH), which resides at the centre of the host galaxy. While only a
small fraction of observed galaxies are active, most (if not all) massive galaxies
are expected to harbour a SMBH in their nucleus. Given the extreme masses
reached by SMBHs, the energy released during periods of accretion could have an
important impact upon the evolution of the host galaxies.

AGN feedback is often necessary in galaxy evolution theories and models as a
method of regulating the growth of the galaxy. Such models have been successful
in explaining a number of observed properties of galaxies, such as the galaxy
luminosity function, as well as a number of correlations between the properties of
the SMBH and host. While the necessity of AGN feedback in such models provides
indirect evidence for the importance of AGN feedback, observations of powerful
large scale outflows, believed to be driven by an AGN, potentially corroborate
the theories. Despite the growing evidence for AGN feedback influencing galaxy
evolution, there are still significant uncertainties over how the feedback actually
manifests itself and how it couples to the host galaxy’s interstellar medium (ISM).
One of the fundamental questions that remains unanswered is do the outflows
conserve energy?

The aim of this essay is to review current ideas regarding AGN feedback, in par-
ticular in the form of wide-angle outflows, including evidence for their existence
and the current evidence for momentum and/or energy conserving flows.

The essay should cover the following key points:

(1) Outline the various modes of AGN feedback and the roles they are expected to
play in galaxy evolution. How are these forms of feedback included in theoretical
models to explain the observed properties of galaxies and the black hole scaling
relations?

(2) Discuss the current observational evidence for AGN feedback having an impact
upon the host galaxy (note not just evidence of AGN feedback happening)?

(3) There are a number of arguments for and against the AGN outflows being
energy- as well as momentum-conserving. Discuss what is meant by energy- and
momentum-driven outflows and outline the main arguments for and against each
mode.



(4) Finally, it is important to know how well the AGN feedback is able to couple
to the host galaxy. Explain what different ideas there are in the literature with
regard to how AGN feedback transfers energy and momentum to the host galaxy,
in particular consider how the coupling efficiency can be influenced by the structure
of the ISM.
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Stellar distances: a fundamental building block of astrophysics

Advisor: Paula Jofre, Email: pjofre@ast.cam.ac.uk, Room: H34
George Efstathiou, Email: gpe@ast.cam.ac.uk, Room: K13

For centuries, astronomy was essentially limited to cataloguing and measuring
the position of objects as they appear on the celestial plane, mostly stars and
Solar System planets. However, during the first part of the 20th century signif-
icant developments in theoretical and experimental physics appeared, notably in
thermodynamics, optics and nuclear physics. It was quickly realised that stars
could be used to further extend and test those physical laws, since stars are not
distributed randomly on a temperature versus luminosity diagram (the so-called
Herztprung-Russel diagram), as a direct consequence of being bound by the laws
of hydrodynamics and nuclear physics. However, while a star’s temperature can
be obtained by spectrophotometric analysis of the spectral energy distribution, its
luminosity can only be derived with knowledge of the distance to the star.

The parallax method is the only direct technique to measure stellar distances.
However, the accuracy of this technique is strongly dependent on how well the
position of the star in the sky can be measured, i.e., the astrometric accuracy. The
first results from the Gaia mission [1], which is dedicated to parallax measurements
and is currently gathering data, will be released in summer 2016. This mission
boasts unprecedented accuracy, more than 1000 times better than the previous
mission HIPPARCOS [2].

Despite this extraordinary improvement, the parallax method still only allows
distances to be measured on limited scales, i.e. basically not further out than
our own Galaxy. Hence, many indirect techniques have been developed to allow
distances to be inferred for structures observed up to cosmological scales; e.g., by
using standard candles such as Cepheids [3], stellar clusters [4] and Supernovae
[5], or by theoretical template matching [6]. Nevertheless, such techniques are all
at some point calibrated using objects with a known parallax. Therefore, accurate
parallaxes are highly anticipated by the entire astronomical community.

Furthermore, measuring parallaxes requires to observe several times the position
and distribution of objects in the sky. The resulting dataset provides more infor-
mation than just distances to the stars; e.g., it also determines the stars’ motion
through the Galaxy, and can be used to identify objects other than stars. Thus
a mission such as Gaia will also be used to tackle other fundamental questions,
such as about the distribution of dark matter in our Galaxy [7] and about the
population of exoplanets orbiting other stars [8].

The aim of this essay is to review the importance of deriving accurate stellar dis-
tances in astrophysics and its implications. Your essay should cover the following
points:



(1) After reviewing the principles and history of the parallax method, focus on the
most recent missions and instruments: HIPPARCOS and Gaia. Accurate parallax
determination requires a variety of effects intrinsic to the stars to be properly
taken into account (such as proper motion, 3D motions, luminosity variability,
binarity, extended sources, transient events). Explain how those effects will be
disentangled, for example using on-board instruments.

(2) Describe the various principles and techniques used to determine distances
using indirect techniques. To what extent will the new precision achieved by Gaia
impact on the precision of these indirect techniques?

(3) Consider some of the applications outside of stellar physics that will benefit
from the unprecedented astrometric accuracy of Gaia (e.g., stellar motion or the
detection of non-stellar objects).

(4) The intrinsic luminosity of a star is necessary but not sufficient to test and
learn about stellar structure and evolution. The masses and sizes of stars are
equally important to decipher stellar physics. The techniques to measure directly
mass and size of stars are respectively asteroseismology [9] and interferometry [10].
Review their principles and current precision.

Suggested References :

[1] Perryman M. A. C., et al. 1997, The HIPPARCOS Catalogue, A&A, 323, L49

[2] Sarri G., Prusti T., Schnorhk A. 2013, The Gaia mission: ESA’s Billion-Star
Surveyor: Gaia Ready for Launch Campaign, ESA Bulletin 155

[3] Feast M. W., Walker A. R. 1987, Cepheids as Distance Indicators, ARA&A,
25, 345

[4] Palmer M., et al. 2014, An updated maximum likelihood approach to open
cluster distance determination, A&A, 564, 49

[5] Goobar A., Leibundgut B. 2011, Supernova Cosmology: Legacy and Future,
ARNPS, 61, 251

[6] Jofre, P. et al. 2015, Climbing the cosmic ladder with stellar twins, MNRAS,
453, 1428

[7] Sozzetti A., et al. 2014, Astrometric detection of giant planets around nearby
M dwarfs: the Gaia potential, MNRAS, 437, 497

[8] Feldmann R., Spolyar D. 2015, Detecting dark matter substructures around
the Milky Way with Gaia, MNRAS, 446, 1000

[9] Ulrich R. K. 1986, Determination of stellar ages from asteroseismology, ApJ,
306, L37

[10] Brown R. H. 1968, Measurement of Stellar Diameters, ARA&A, 6, 13



Part II Astrophysics Essay 2017

Small bodies tracing the dynamical history of the Solar System

Advisor: Grant Kennedy, Email: gkennedy@ast.cam.ac.uk, Room: H36

How planets are formed is one of the biggest unsolved problems in Astrophysics.
Various competing models exist to explain how planets are formed (see [1] for a
review), and make differing predictions as to where and what kinds of planets
should form in the primordial protoplanetary disk around a star. However, with
both theoretical predictions and observational evidence suggesting that planets mi-
grate away from their initial formation locations, using the present-day properties
and orbits of planets to constrain their initial formation conditions and processes
is challenging.

We can, however, consider the Solar system as an example case of extrasolar plan-
etary systems [2]. Of particular interest are the orbits of small bodies in the solar
system (asteroids, comets, and Kuiper belt objects) which can show signatures of
planetary migration in the history of the solar system as their orbits were influ-
enced by the gravity of the migrating planets. [3] showed that Pluto’s orbit can
be understood in terms of planetesimal driven migration [4]. Further models have
been proposed to explain, e.g., the origin of Jupiter’s Trojan asteroids ([5], [6]),
and the structure of the asteroid belt ([7] , [8]). However, as the initial distributions
of small bodies are unknown, and multiple histories can produce similar outcomes,
interpretation of the data is not straightforward (e.g., compare [9] and [10]). The
problem remains an area of active research (e.g., [11] , [12] , [13] , [14]).

The aim of this essay is to review our understanding of the dynamical history
(migration and ejection) of planets in the Solar system. The essay should cover
the following key points:

(1) The various models that have been proposed for the dynamical history of
planets in the Solar system, and the motivation(s) for each model.

(2) The advantages and difficulties of using the orbits and compositions of small
bodies to constrain the dynamical history of the Solar system, versus other mea-
surements (e.g., [15] , [16]) that can constrain the formation location and dynamical
history of the planets.

(3) Recent observational surveys suggest that extrasolar planets are extremely
common and that the solar system planets may not be unique after all. In light of
this, discuss how the architecture of the Solar system can or cannot be reconciled
with the diversity and architectures of extrasolar planetary systems (see [17] for a
review).

(4) Current and future astronomical observations and planetary exploration mis-
sions that could allow us to better constrain the dynamical history of planets in
the Solar system (e.g., [18] , [19]).
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[17] Winn J. N., Fabrycky D. C. 2015, ARA&A, 53, 409

[18] Diniega S., et al. 2013, Planetary Space Science, 76, 68

[19] Bannister M. T., et al. 2014, LPI Contributions, 1774, 4079



INSTITUTE OF ASTRONOMY : NST Part II Astrophysics 2016/2017

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, 4 May 2017]. 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,  17 March 2017] 
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.  

http://www.ast.cam.ac.uk/teaching/undergrad/courseguide.html#contacts


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.  



Institute of Astronomy NST Part II Astrophysics 

Signed  ……………………… 

College:  ……………………. 

Date ……………................... 

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. 

Title: 

To the Senior Examiner for Part II Astrophysics.
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