Astrophysics ASTR3415

Part 3:  What do I need to know?

As was the case for Part 2, the lecture notes issued for Part 3 are comprehensive and include a great deal of material which I won’t cover in class.  However, here is a list of topics which will be covered, and which you should be familiar with.  (Note, however, you won’t be expected to remember any specific formulae).
Chapter 1


· Christoffel symbols for an orthogonal metric (see also Homework 2)

· Geometrised units: measuring times and masses as units of length (see also Homework 2)
· The Schwarzschild metric
· The Schwarzschild radius and the event horizon
Chapter 2

· Presence of the extra term in the GR equation motion for planetary orbits, which causes the advance of pericenter
· Calculation of the advance of pericenter for various examples
· Presence of the extra factor of two in the GR equation for light deflection
· Calculation of the light deflection angle for various examples
· Derivation of the gravitational lensing equation for a point mass lens
· Gravitational redshift for the Schwarzschild metric
· Measurement of gravitational time delay using radar observations of Venus
· Use of gravitational time delay to estimate the Hubble constant
Chapter 3

· What we mean by a non-stationary metric
· What we mean by a ‘nearly flat’ spacetime
· Einstein’s equations for a weak gravitational field in free space
· The transverse-traceless gauge
· The two polarisation states of gravitational waves
· The quadrupolar nature of gravitational waves
Chapter 4
· What happens as a particle approaches the Event Horizon of a black hole?
· What happens inside the Event Horizon:  no escape for light or massive particles?
· How black is a black hole?
· The Kerr metric and frame dragging

· Observational evidence for the existence of supermassive black holes in AGN (notes from GU Galaxies course)
Chapter 5

· The Robertson-Walker metric
· Derivation of Einstein’s field equations from the Robertson-Walker metric
· The Friedmann equations
· The cosmological constant, and how it modifies Friedmann’s equations
