
GENERAL RELATIVITY HOMEWORK – WEEK 6

Exercise 1. No, seriously, solve Question 1 from Week 4.

Exercise 2. Show that knowing the exterior and Lie derivatives is sufficient. Specifically,

given a metric gµν(x) and a vector field vµ(x), express the covariant derivative ∇µv
ν in terms

of exterior and Lie derivatives. In other words, show that any non-tensorial partial deriva-

tives involved in the definition of ∇µv
ν can be packaged into exterior and Lie derivatives.

Exercise 3. Calculate the Christoffel symbols Γijk for the 2d flat plane in polar coordinates

(r, φ), and for 3d flat space in spherical coordinates (r, θ, φ)

Exercise 4. Consider Newton’s law in polar coordinates xi = (r, φ):

Dvi

dt
= F i , (1)

where vi = dxi/dt is the velocity, F i is the force, and Dvi ≡ dvi + dxjΓijkv
k is the covariant

differential. We normalized the mass to m = 1.

1. Consider general circular motion φ(t) at a constant radius r. Find the velocity and

force components vi = (vr, vφ) and F i = (F r, F φ). Notice how, for uniform circular

motion φ = ωt, we can have acceleration despite dvi/dt = 0.

2. Consider now a general radial force F r(r, φ), with F φ = 0, and general (not necessarily

circular) motion. One of the components of vi or vi is conserved. Identify and name

it.
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