
Problem Set Two – Index Gymnastics – Tuesday, 27th January 2015

Question 1

Find the components of the inverse Lorentz transformation, for the case of
rotation by angle θ and boost of rapidity φ:

Λµν =


1 0 0 0
0 cos θ sin θ 0
0 − sin θ cos θ 0
0 0 0 1



and


coshφ − sinhφ 0 0
− sinhφ coshφ 0 0

0 0 1 0
0 0 0 1



Question 2

Show that the left hand sides of

Vµ = ηµνV
ν ,

ωµ = ηµνων ,

Tαβµδ = ηµγTαβγδ,

Tµ
β
γδ = ηµαT

αβ
γδ,

Tµν
ρσ = ηµαηνβη

ργησδTαβγδ,

transform as tensors under Lorentz transformations, given that V ν , ων , and
Tαβγδ are tensors.

Question 3

Show explicitly X(µν)Y[µν] = 0, X(µν)Yµν = X(µν)Y(µν), and find a similar
expression for antisymmetrised tensors.

Question 4

Imagine we have a tensor Xµν and a vector V µ, with components

Xµν =


2 0 1 −1
−1 0 3 2
−1 1 0 0
−2 1 1 −2

 , V µ = (−1, 2, 0,−2).

In Minkowski space and in Minkowski coordinates, find the components of
(a) Xµ

ν , (b) Xµ
ν , (c) X(µν), (d) X[µν], (e) Xλ

λ, (f) V µVµ, and (g) VµX
µν .
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Question 5

1. Using the tensor transformation law applied to Fµν , show how the electric

and magnetic field 3-vectors ~E and ~B transform under: (a) a rotation
about the y-axis, (b) a boost along the z-axis.

2. Verify that ∂[µFνλ] = 0 is equivalent to ∂µFνλ + ∂νFλµ + ∂λFµν = 0, and
that these imply

ε̃ijk∂jEk + ∂0B
i = 0,

∂iB
i = 0.
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