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Problem 5.1:
Compute the anomaly term in the commutator[
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]
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Problem 5.2 (*):
Apply the Faddeev-Popov procedure to the electromagnetic field.

• Start from the partition function

Z =

∫
DA eiS[A].

• Proceeding in analogy to the lecture and using the invariance of the action under the
gauge transformations

Aµ(x)→ Aαµ(x) = Aµ(x) + ∂µα(x),

show that the partition function can be rewritten as

Z =

∫
Dα

∫
DA det

(
δG(A)

δα

)
eiS[A]δ (G(A)) , (1)

where G(Aα) is some function chosen such that setting G(A) to zero is the gauge fixing
condition.

• Determine G(Aα) for the Lorentz gauge.

• Show that det
(
δG(Aα)
δα

)
is independent of A and thus only contributes an unimportant

normalization factor to (1). (Note that for a non-abelian gauge theory this is not true
anymore.)

• Now choose G(A) = ∂µAµ(x) − ω(x) which gives a generalization of the Lorentz gauge
condition.

• As the partition function (1) is independent of the choice of ω(x), we can equivalently
integrate over all different ω(x) with some weighting function which we can choose to be
a Gaussian

N(ξ)
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. . .

Perform this integral and show that, effectively, in this procedure we have added a term
− (∂µAµ)2 /(2ξ) to the Lagrangian.
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