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Exercise 9.1 Pure gauge

Show that in the case where the gauge field is given by a pure gauge transformation,

Aµ =
i

g
(∂µΛ) Λ−1

where Λ is a SU(N) matrix, then the field strength tensor Fµν = ∂µAν−∂νAµ+ig[Aµ, Aν ]
is identically zero.

Exercise 9.2 Instantons

In 4D Euclidean space (µ, ν = 1, 2, 3, 4), consider the instanton configuration of a SU(2)
gauge field

Aaµ =
2

g

ηaµνxν

|x|2 + λ2

where λ is an arbitrary distance and η is ’t Hooft’s mixed colour and space-time tensor
defined as

ηaµν = εaµν4 − δµ4δaν + δν4δaµ

or equivalently

ηaµν =


εaµν if µ 6= 4, ν 6= 4

δaµ if µ 6= 4, ν = 4

−δaν if µ = 4, ν 6= 4

0 if µ = ν = 4

Some of the properties of η:

ηaµν = −ηaνµ
εabcη

b
µνη

c
ρσ = δµρη

a
νσ − δµσηaνρ − δνρηaµσ + δνση

a
µρ

ηaµνη
a
µν = 12

1. Show that the field strength tensor is given by

F a
µν =

4

g

−λ2ηaµν

(|x|2 + λ2)2

with F a
µν = ∂µA

a
ν − ∂νAaµ + gεabcA

b
µA

c
ν .

2. Compute the action corresponding to this field configuration:

S =
1

4

∫
d4xF a

µνF
a
µν


