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General Relativity for Cosmology (AMATH875/PHYS786)

= Term: Fall 2015
= Course codes: AMATH875/PHYS786
= Instructor: Achim Kempf

= Prerequisites: A first course in General Relativity or
consent of instructor

» Time: Mondays and Fridays, 1:30 - 2:45 pm
Except: to make up for the lost lecture of Monday 12 Oct.
(Thanksgiving) we'll have a double lecture (with break N
and snacks) on Nov, 9th: 1:30-4:30pm. Age of e vmivavre
L]

&;ﬁ;l away

= Venue: Alice room, Perimeter Institute ’ o N3, F Ll v
Except: Mon. Sep.28 and Fri. Oct.2 in the Bob room '

s  Office hours: by arrangement
»  First lecture: Monday 14 September 2015, 1:30pm

Picture on the right: This Hubble image lets us see half way through the age of the universe. In the
"foreground" is the tadpole galaxy.

Content

This is an advanced graduate course which develops the math and physics of general relativity from scratch up
to the highest level, The going is sometimes steep but always careful. The purpose is to prepare stucdents for
studies in quantum gravity, relativistic quantum information, black hole physics and cosmology. (To this end,
this course will be followed up in W16 by the course Quantum Field Theory for Cosmology.)

-
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Lecture notes and video recordings

The lecture notes will be made available here:

Lecture 0; Assigned reading. A review of special relativity.

Lecture 1: Overview. Differentiable manifolds.

The video recordings of the lectures will be freely available on the PIRSA.org site and will be linked-to here.

Here are the lecture notes from the previous offering of this course, in F2013:

Lecture 7 (PDF)
Lecture 8 (PDF)

Lecture 15 (PDF)
Lecture 16 (PDF)

Here are the video recordings of the classes in 2013,

If you are not enrolled and are using the videos and/or lecture notes, please drop me a line, I'd just like to
know. Thanks!

(o2 (F==ra =
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Essay and project -l
The grades will be based on an essay and a project, in equal parts,

Deadline for submitting both essay and project, combined in one PDF file not exceeding 20 pages, is 0:01
am on 14 December 2015.

Essay

The essay topic is taken from the first half of the course. The topic will be: "Mathematical methods to
capture shape".

Your task is to review the various mathematical methods that are being used to describe the "shape" of a
Riemannian or Lorentzian manifold. Remember, there are methods to describe the shape of a manifold by using
the fact that a nontrivial shape implies violations of Pythagoras' law. Then there are methods using deficiency
angles or causal dynamical triangulations (look it up), and methods that use the nontriviality of parallel
transport or the affine connection, the tetrad fields that diagonalize the metric-tensor, the overtone spectrum
and spectral geometry (for compact Riemannian manifolds), the Weyl and Ricci curvature decomposition, the
causal structure plus a conformal function description, and there are probably many others. Try to cover several
ideas and approaches and feel free to include new ideas if some come to mind. The point is to explain some of
those approaches and how they do or may relate to each other in your own words - possibly with a discussion
of the possible pros and cons of these methods, i.e., with a discussion of which approach might be useful for
which purpose. Focus on the main ideas and concepts rather than getting lost in details. You can choose to
write much more on one or two approaches than on others. But in any case your essay should contain an
overview over and a discussion of a range of methods.

Project

The project topic is chosen from the second half of the course (in particular the upcoming lectures 15, 16, 17):
"Numerical explorations of the dynamics of FRW cosmologies'.
Your task is:
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General advice on what is expected in the essay

» Format: title and abstract page/motivation/main parts/summary (or conclusions)/bibliography.

= Bibliography: Again, list all of your sources explicitly. Of course you can use Wikipedia but you should not
cite it - because it can change from day to day and because as it not (yet) reliable enough to meet scientific
standards. Instead, cite books and papers that you may have found via Wikipedia. Also, it is good style to
list items in the bibliography in that sequence in which they are first referred to in the text.

= At most about 10 pages.

= An essay should be a review of existing literature on a given topic. The sources can be textbooks, lecture
notes or review articles or original articles or some of each. All and everything that is used needs to be
cited. Most articles are now available online and for example "Google Scholar" can get you there quickly. Try
for example searching for a few key words along with the words "review" or "introduction". Most electronic
journals require a subscription, which the university library usually has. For the license to be recognized you
may need to browse either from a university computer (the domain is what counts) or you log into
the library website from home and go to an electronic journal through the library's electronic journal search
engine.

» In the essay, your task is to show that you have understood and critically reflected upon the material by
making it your own. You make it your own by coming up with an original way for presenting the material
that you are bringing together. Try to give it your own angle or spin. Wherever possible, try to put things
into a larger context. Sometimes (hopefully very rarely) it may be necessary to stick quite closely to a
source, e.g., when a calculation is to be presented and the source does it in a way that is just hard to
improve upon. In this case, you can make it your own for example by filling in a few steps in the calculation
that the author omitted. In this case, it is important that you point out at that place that you do so. Filling in
steps obviously proves that you understood that calculation.

= A good essay describes. An excellent essay explains.
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Literature

We will be using mainly material from the following three texts:

= N, Straumann, General Relativity with Applications to Astrophysics, Springer (2004)
= ], Stewart, Advanced General Relativity, Cambridge (1991)
= S, Hawking, G.F.R. Ellis, The Large Scale Structure of Space-Time, Cambridge (1973)

Note: These three texts are available at the Davis Library.

Recommended general references are also:

= Scott Dodelson, Modern Cosmology, Academic Press, San Diego, (2003)

= A.R. Liddle, D.H. Lyth, Cosmological Inflation and Large-Scale Structure, CUP (2000)
= G.F.R. Ellis and J. Wainwright, Dynamical Systems in Cosmology, CUP (1997)

= R. M. Wald, General Relativity, University of Chicago Press (1984)
= H. Stephani, General Relativity, Cambridge University Press (CUP) (1982)

We will cover Sakharov's "induced gravity" argument. Read the original (very short) paper here:
" ov's ind : ; a moder '
Here are links to general online reviews:

= Living Reviews in Relativity -
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