Astrophysics ASTR3415

Part 2:  What do I need to know?

The lecture notes which I have issued for Part 2 are quite comprehensive, and include in particular a lot of mathematical background deriving a number of results about tensors that I won’t cover in class and I don’t expect you to be familiar with.    To help you, here is a list designed to clarify exactly what you do and don’t need to be familiar with from the lecture notes, and what material you can therefore regard as examinable.

All mathematical asides throughout part 2 are not examinable
Chapter 1




You should regard everything in these two chapters as ‘fair game’ for the homework and exams

Chapter 2
Chapter 3
Section 3.5, on the Lorentz group, is not examinable

Chapter 4
Section 4.1 is not examinable.


In Sections 4.2 – 4.4, you should be familiar with the following:

· A scalar has the same value at every point on the manifold in any coordinate system

· The lack of a universal set of basis vectors in a curved spacetime  [see Fig. 7]

· The natural set of basis vectors, using the partial derivatives of the coordinates

· Transformation law for the components of a vector – eq. 4.27

· Transformation law for the components of a one-form – eqs. 4.28, 4.29

·  Picture of a one-form – Section 4.3.4

· Transformation law for a general tensor, and specific examples – Section 4.4

· What it means to contract a tensor

Chapter 5
You should regard everything in this chapter as ‘fair game’

Chapter 6
You should be familiar with the following:

· What we mean by a covariant derivative
· Qualitatively, what we mean by the idea of parallel transport, and why we have to introduce it – Section 6.1
· The Christoffel symbols are functions which tell us how basis vectors change from point to point on a curved manifold – eq. 6.13 and Fig. 13

· The covariant derivatives of a scalar, vector, one-form, tensor – Section 6.6.  (Note, you won’t need to be able to derive any of these results, nor will you have to remember the formulae, but you should be able to work out covariant derivatives for simple spacetimes – we will do examples of this in class).

· The definition of the Christoffel symbols in terms of the metric – eq. 6.46.  (Note, you won’t need to derive, or evern remember, this equation, but you should be able to compute Christoffel symbols using it, or using eq. 6.13 – see examples in class).
· What we mean by a geodesic coordinate system

Chapter 7
You should be familiar with the following:

· Qualitative definition of a geodesic curve in terms of parallel transport

· The geodesic equation for a material particle (eq. 7.13) and photon (eq. 7.16).  You don’t need to remember these equations, but you should be able to apply them to work out the geodesics, given a simple metric.  (See examples in class).
