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Problem 01 (Carroll, Problem 1.11)
Verify that ∂µFνλ+∂νFλµ+∂λFµν = 0 is indeed equivalent to ∂[µFνλ] = 0, and they are both equivalent to the
equations εijk∂jEk + ∂0B

i = 0 and ∂iBi = 0.

Problem 02
Consider the two field theories we explicitly discussed, Maxwell’s electromagnetism (L = − 1

4FµνF
µν + AµJ

µ

and let Jµ = 0) and the scalar field theory defined by L = − 1
2η
µν(∂µφ)(∂νφ)− V (φ).

• Express the components of the energy-momentum tensors of each theory in three-vector notation, using
divergence, gradient, curl, electric and magnetic fields, and an overdot to denote time-derivativs.
Note:

Tµνscalar = ηµληνσ(∂λφ)(∂σφ)− ηµν
[
1
2
ηλσ(∂λφ)(∂σφ) + V (φ)

]

TµνEM = FµλF νλ −
1
4
ηµνFλσFλσ

• Using the equations of motion, verify (in any notation you like) that the energy-momentum tensors are
conserved, that is ∂νTµν = 0. Note that:

�φ− dV

dφ
= 0

∂µF
µν = Jν

1


