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Term: Fall 2023
Course codes: AMATHS75/PHYS786
Instructor: Achim Kempf

Instructor Office hours: Wednesdays 12:30-
1:30pm in MC6334
TA: Sadat Khajouei (d2sadathosseinikhajouei at

uwaterloo.ca)

Prerequisites: A first course in General Relativity

or consent of instructor

The Lectures

Regular Time & Venue: Tue + Thu 2-3:20pm,
in the Alice Room at Perimeter Institute
Exceptions:

* The class of Thu. Sep 21 will be in the Bob room.
* The class of Tue. Oct. 17 will be in the Space
room.
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Annoucements

Health precautions (permanent):

* [fyou have cold/flu/covid symptoms, don't come to class. Do the right thing, which is taking care
of yourself and getting healthy first.

o For videos of the lectures scroll down to the bottom of this page.

o All important updates will always be posted here.

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 will sometimes be steep but I try to be always careful. The
purpose is to prepare for studies in quantum gravity, relativistic quantum information, black hole physics
and cosmology. Quick summary of the contents:
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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 will sometimes be steep but I try to be always careful. The
purpose is to prepare for studies in quantum gravity, relativistic quantum information, black hole physics
and cosmology. Quick summary of the contents:

* Coordinate-free Differential Geometry, Weyl versus Ricci curvature versus
Torsion, Vielbein Formalism, Spin-connections, Form-valued Tensors, Spectral Geometry,
some Cohomology.

» Derivations of General Relativity including as a Gauge Theory, Diffeomorphism Invariance vs.
Symmetries, Bianchi Identities vs. Local and Global Conservation Laws.

* Penrose Diagrams for Black Holes and Cosmology, Types of Horizons, Energy Conditions and
Singularity theorems, Properties and Classification of Exact Solutions.

* Cosmology and Models of Cosmic Inflation

In W24, I am planning to teach the follow-up course Quantum Field Theory for Cosmology
AMATHS872/PHYS785, which was last taught in W22,
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Grades

* The grades are currently planned to be based on an essay and a presentation.

o Essay/presentation topics: TBA

The Lectures: Links to the Videos and Lecture Notes

Here are Video Recordings of the Lectures of a pre-pandemic teaching of this course: PIRS

Here are the Lecture Notes:

Lecture 1: Overview. Differentiable manifolds.

Lecture 2: Algebra of function germs. Algebraic definition of tangent space.

Lecture 3: Physical and geometric definitions of tangent space. Tangent bundle and its sections.

Lecture 4: Algebra of differential forms. (Anti-) derivations. Exterior derivative. Cohomology. Categories.
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Here are Video Recordings of the Lectures of a pre-pandemic teaching of this course: PIRSA

Here are the Lecture Notes:
Lecture 1;: Overview. Differentiable manifolds.

Lecture 2: Algebra of function germs. Algebraic definition of tangent space.

Lecture 3: Physical and geometric definitions of tangent space. Tangent bundle and its sections.

Lecture 4: Algebra of differential forms. (Anti-) derivations. Exterior derivative. Cohomology. Categories.

Lecture 5: Inner derivation. Lie derivative on forms and on general tensors. Infinitesimal
diffeomorphisms.

Lecture 6: Orientability and volume. Divergence. Integration. Stokes', Green's and Gauss' theorems.
Lecture 7: Hodge *. Hilbert Space A. Co-derivative. d'Alembertian. Klein Gordon and Maxwell equations.
Lecture 8: Affine connection. Absolute covariant derivative. Autoparallels and parallel transport.

Lecture 9: Torsion. Geodesics. Riemann normal coordinates. Curvature. Ricci identity. Bianchi identities.

Tecture 10: Tevi-Civita connection. . Movine frames. Tensor-valned n-forms. Cartan Strueture eanations.
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Essay

Deadline for submitting the essay in one PDF file not exceeding 10 pages, is 10:00am on 15 December

2021.

Essay topics: TBA.

Advice on how to prepare the Essay:

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

» Bibliography: Again, list all of your sources explicitly. Of course vou 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.

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

e N. Straumann, General Relativity with Applications to Astrophysics, Springer (2004)
e J. Stewart, Advanced General Relativity, Cambridge (1991)

e 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:
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* G.PLKL RIS and J. Wamwrignt, bynamical Systems 11 cosmology, CUFY (1997)

* R. M. Wald, General Relativity, University of Chicago Press (1984)

* H. Stephani, General Relativity, Cambridge University Press (CUP) (1082)
We will cover Sakharov's "induced gravily” argument. Read the original (very shorl) paper here:

¢ Vacuum guantum fluctuations in curved space and the theory of gravitation (PDI)

+ Sakharov's induced gravily; a modern perspective (PDF)

Here is a link to very nice lecture notes on Real Analysis (PMATH351) (including an introduetion to
topology) by my colleague Laurent Marcoux: here

Here are links to general online reviews:

o INSPIRE- library's list of Online Reviews

e Living Reviews in Relativity

You may also wish to have a look at these free only resources: A collection of links

And of course, do work with ChatGPT or GPT4 or similar tools.
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