
General Relativity: Tutorial 3

Professor Peter Dunsby Room 303 Mathematics

——————————————–

1. A particle moves with variable velocity v relative to some inertial frame,
under the action of a force f . Show that

f =
m0[

1− v2

c2

]1/2 dvdt +
m0

c2
[
1− v2

c2

]3/2 v dvdt v ,
where v is the magnitude of v. Infer that

f =
m0[

1− v2

c2

]3/2 dvdt
if the acceleration is parallel to v, while

f =
m0[

1− v2

c2

]1/2 dvdt
if the acceleration is perpendicular to v.

Suppose the particle moves along the x - axis under a force of magnitude

f =
2m0c

2a

(a− x)2
,

being at rest at t = 0. Show that the time taken to move to the point
with coordinate x (< a) is

t =
1
3c

[x
a

]1/2
(x+ 3a) .

2. By defining the number flux as Na = nUa, show by considering the flow
of particles across the sides of a cube of length a, that conservation of
particle number is given by Na

,a = 0.

3. Show that Maxwells equations can be written as

Fαβ,β = 4πJα , Fαβ,µ + Fβµ,α + Fµα,β = 0 ,

where Fαβ is the Maxwell Tensor and Jα is the 4-current. You can take
units where c = 1.

4. Using Maxwells equations show that Jµ,µ = 0 and explain the physical
meaning of this equation.
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5. By writing J = qU and using Maxwell’s equations, show that

Kµ = −Tµν,ν ,

where

Tµν =
1

4π

(
FµαF να −

1
4
ηµνFαβF

αβ

)
is the energy - momentum tensor of the electromagnetic field. and Kµ =
qFµνUν is the Lorentz force. Infer that the energy density is

T 00 =
1

8π
(
E2 + B2

)
.

Calculate the Poynting vector T 0i in terms of E and B.

NOTE: This question is worth a bottle of wine!!!

6. An electrified particle having charge q and rest massm0 moves in a uniform
electric field E in the x direction. If it is initially at rest at the origin,
show that it moves along the x-axis so that at time t

x =
1
k

[√
1 + k2t2 − 1

]
,

where k = qE/m0 and we have taken units where c = 1.
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