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MATH5515 – Course Outline

Information about the course

Course Authority. John Steele (Red Centre 5103; ext. 7060)
email: j.steele@unsw.edu.au

Timetable: 3 lectures a week, times/locations TBA. Some of these will be partly tutorial-
like and dedicated to going over some of the problems. We’ll decide which on an ad hoc

basis, but I’d expect to run about 2 tuts every three weeks

Reporter: Tell me, Sir Arthur, is it true that only three people in the world
understand Professor Einstein’s theory?
Eddington: Who’s the third?

Introduction

This course is intended to be a look at the mathematics of Relativity, as well as a little of
its physics. I will try to indicate some of the physical reasoning behind the development of
the theory, and give some indications on experimental evidence, but not much on physical
applications. Most text-books (on Special Relativity in particular) will deal with that,
usually from a less sophisticated mathematical viewpoint.

Relativity is the concept that motion and its effects on physical processes are relative,
and cannot be measured absolutely. It has been around, in a restricted form, for a long
time: it first appeared (implicitly) in the work of Galileo Galilei and Sir Isaac Newton over
300 years ago. It didn’t become an explicit theory in an unrestricted form until the turn of
this century, with the work of Albert Einstein, Hermann Minkowski and Henri Poincaré.
Einstein’s great contribution was to put the laws of physics in a coordinate independent
form.

Special Relativity (Einstein 1905) grew, at least in part, out of James Clerk Maxwell’s
theory of the electromagnetic field (1865), and covers non-gravitational physics. General
Relativity (Einstein 1915) is the theory of the gravitational field, and came out of an effort
to incorporate gravity into the framework of Special Relativity.

Outline

1: Special Relativity Relativity; Minkowski space; Kinematics and Dynamics.

2: Differential Geometry background Tensors; Pseudo-Riemannian Geometry; Con-
nection and Curvature; Vector Fields and Lie derivatives; Lie Algebras and Symme-
tries; Calculating Curvature.
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3: Spacetimes Before General Relativity; Differential Geometry of Minkowski space; The
Principles of General Relativity; Einstein’s Equations; Energy-momentum Tensors;
The Newtonian Limit; Conformal Infinity.

4: Solutions of the Field Equations Symmetries; Spherical symmetry and Schwarz-
schild solution.

5: Schwarzschild and Kerr: Black Holes Orbits in Schwarzschild; The Schwarzschild
radius; Extending solutions; Kruskal-Szekeres Solution; Eddington-Finkelstein Solu-
tion and Stellar Collapse; Kerr solution.

6: Relativistic Cosmology Comological Principles; Robertson-Walker solution; Red-
shift and Hubble’s Constant; Cosmological models; Problems.

7: Gravity Waves (if time) Linearized Field Equations; Linearized Plane Radiation; Po-
larization; Exact Waves; Evidence and Detectors.

I’ll work out what I’ve time for and feel like doing for part 7 as we progress.

Prerequisites

General Relativity’s mathematical formulation uses the language of tensor analysis and
differential geometry. Section 2 covers this material.

High school physics, linear algebra and vector calculus are all that is strictly necessary;
you should also have some acquaintance with existence theorems for solutions of ODEs.

Assessment

I’ll give out a short assignment worth 5% in week 1 to be handed back in week 3, and three
assignments to be handed in in weeks 5, 8 and 12, weighted 10%,15%, 15%.

There will be an exam for the other 55%.

Lecture Notes

I will post (at least outline) lecture notes on Blackboard. The exception being chapter 2
which will be (possibly over-) complete – I’ll discuss at the initial lecture.

Problem sheets

The problem sheets consist of three types of problems: filling in the gaps from lectures
(treat these as compulsory even if they are not in the assignments), typical uses of our
results in physical or mathemetical settings (some of which are explicitly used later), and
a few problems on background ideas or further topics.
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Recommended texts

There are many, many books designed to introduce relativity, at all sorts of levels. I will
list here what I think are the best of the (more modern) ones. I give references in the
lecture notes to at least some of these.

Introducing Einstein’s Relativity by Ray d’Inverno. (Oxford UP, approx $90 (plus
P&P) on OUP website, but very good). I’ll base the course on this book, with additions,
omissions and re-organisations. It’s very nearly the book I wish I’d written.

Spacetime and Geometry by Sean Carroll (Addison Wesley). An expanded version
of his lecture notes which are on the web at preposterousuniverse.com/grnotes/. An
excellent if slightly harder to get book: the library does not seem to have a copy.

Gravity by James Hartle (Addison Wesley). A very physics-based approach, with some
very useful details.

A First Course in General Relativity by Bernard Schutz (Cambridge UP, and a little
cheaper then d’Inverno) is the text used for the third year physics course (or was the last
time I asked).

Exploring Black Holes by Edwin Taylor and John Wheeler (Addison Wesley) is a typ-
ically idiosyncratic work, which works as companion to . . .

Spacetime Physics by Edwin Taylor and John Wheeler, (Freeman): an introduction to
special relativity emphasising the 4-dimensional approach.

Relativity and Common Sense by Hermann Bondi (reprinted by Dover) is a beautiful
and easy to follow read on the basics of special relativity.

Essential Relativity by Wolfgang Rindler, (Springer), which is a little dated but quite
good: his companion book Introduction to Special relativity (Oxford UP) is also nice.

Geometric Methods of Mathematical Physics by Bernard Schutz (Cambridge UP) cov-
ers the background mathematics in a readable “physicists style”.

Tensor Analysis on Manifolds by Richard Bishop and Samuel Goldberg (Dover) is a
very good text on differential geometry in a rather more “pure mathematical” style.

Less useful as texts are

Gravitation by Charles Misner, Kip Thorne and John Wheeler (Freeman), affectionally
known as “MTW”. A tome that neatly combines both the theory and experience of gravity.
Not recommended as a first text.

The Meaning of Relativity by Albert Einstein, (Methuen): straight from the horse’s
mouth, but probably out of print and definitely old fashioned.

General Relativity by Robert Wald (Chicago UP), rather advanced in places, where it
is very good, but is not so good on the basic material.

General Relativity: an introduction to the theory of the gravitational field by Hans
Stephani (Cambridge UP): a reference work rather than a text.
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The Large Scale Structure of Space-time by Stephen Hawking and George Ellis (Cam-
bridge UP): a real “take no prisoners” book, written anticipating the early demise of the
first author (now famous for not dying). Again, not recommended as an initial text.

All the above (except Carroll) are in the library, and have references to journal articles
etc.

On the Web try http://math.ucr.edu/home/baez/gr/gr.html for John Baez’ Gen-
eral Relativity Tutorial.

For a non-mathematical look at General Relativity concentrating on astrophysical ap-
plications, Kip Thorne’s “Black Holes and Time Warps”, (Picador 1994) is a superb read.

An account of the recent work in the search for gravity waves “Ripples on a Cosmic
Sea” (Helix Books, 1997) by David Blair (of UWA) and Geoff McNamara is interesting,
but perhaps not quite the perfect book on the subject.

As well as all that, you should look for other books and also articles in popular, re-
spectable scientific journals, for example New Scientist, Nature and Scientific American.
The American Journal of Physics occasionally has some nice but more technical articles
aimed at physics teachers etc: I’ll post links to a few of these if I can.

But: beware of crack-pot articles and books as relativity attracts a disproportionate
share of loonies (to use the technical term), who are also very active on the web.
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