
GENERAL RELATIVITY, SPRING 2014
Homework Set 5: Due start of class Thursday, Mar 20th

Reading: Hartle Chapters 7,8

1. The electromagnetic tensor on contravariant form is given by:

Fµν =


0 −Ex −Ey −Ez
Ex 0 −Bz By
Ey Bz 0 −Bx
Ez −By Bx 0

 (1)

and the 4-current if given by

Jµ = (ρ,~j) (2)

where ρ = ρ(x, y, z) is the charge density, ~j = ρ~v is the current density and ~v is the 3-velocity.

(a) The above definitions have the speed of light c set to 1. If this were not the case, where would the
factors of c appear in the definitions? Explain you answer.

(b) Show that the mixed and covariant forms for the electromagnetic tensor are

Fµν =


0 Ex Ey Ez
Ex 0 −Bz By
Ey Bz 0 −Bx
Ez −By Bx 0

 , Fµν =


0 Ex Ey Ez
−Ex 0 −Bz By
−Ey Bz 0 −Bx
−Ez −By Bx 0

 . (3)

(c) Show that the following two equations:

Fµν,µ = 4πkJν , Fµν,λ + Fνλ,µ + Fλµ,ν = 0 (4)

give Maxwell’s equations, and find the constant k in terms of ε0, µ0.

(d) Show that

dpµ

dτ
= qFµν u

ν (5)

gives the Lorentz force law

~F = q( ~E + ~v × ~B) (6)

where pµ is the 4 momentum and uν the 4-velocity.

(e) Show that Fµν,νµ = 0, and that this implies the charge conservation equation

∂ρ

∂t
+∇ ·~j = 0 (7)

2. One inertial frame O′ is moving along the positive x-direction of another inertial frame O. Find the
components of an electric field E′

x, E
′
y, E

′
z and B′

x, B
′
y, B

′
z, in O′ in terms of the components of the same

fields, Ex, Ey, Ez and magnetic field Bx, By, Bz in O.
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3. Explain why the metric gab for an n-dimensional space has n(n+ 1)/2 independent components.

4. Show, using the definition of the Christoffel symbol as

Γλµν =
1

2
gλα(∂µgνα + ∂νgαµ − ∂αgµν) (8)

that it is symmetric under interchange of indices µ and ν. Explain why it has 40 independent components.

5. Hartle, Chapter 8, Q2

6. Hartle, Chapter 8, Q3

7. Hartle, Chapter 8, Q4
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