
QFT I - Problem Set 12

(24) Spinor and Vector indices

Show the fundamental relation for the action of the transformation of spinor and vector indices for γ matrices,

S−1γµS = Λµ
νγ

ν (1)

with

S = exp
(
− i

4
ωρλσ

ρλ
)
,

Λµ
ν = exp

(
− i

2
ωρλM

ρλ
)µ

ν
.

For this purpose, first show the relation between the generators of the Lorentz transformation in spinor space,
σρλ, and the generators of boosts and rotations, Mρλ,

[γµ, σρλ] = 2
(
Mρλ

)µ

ν
γν (2)

with

σρλ =
i

2
[γρ, γλ],(

Mρλ
)µ

ν
= i

(
δλ
ν η

ρµ − ηλµδρ
ν −

)
.

In a second step, construct the infinitesimal version of eq. (1) by using eq. (2). The desired result for finite
transformations is then obtained on exponentiating, which is possible since the generators span Lie algebras.

(25) Transformation laws

Determine the behavior under Lorentz transformations of the fermion bilinears

iψ̄1ψ, ψ̄γ5ψ, ψ̄γµψ, ψ̄γµγ5ψ, iψ̄σµνψ .

Hint: γ5 can be written as γ5 = i
4! εµνρσ γ

µγνγργσ.

(26) The QED Lagrangian

The QED Lagrangian is given by

−L = iψ̄γµ(∂µ − ieAµ)ψ + imψ̄ψ +
1
4
FµνF

µν , (3)

where Fµν = ∂µAν − ∂νAµ.

a) A local U(1) gauge transformation of the fields is given by

ψ → ψ′ = eiθ(x)ψ

ψ̄ → ψ̄′ = ψ̄e−iθ(x)

Aµ → A′
µ = Aµ +

1
e
[∂µθ(x)].

Show that the QED Action is invariant under such a transformation.

b) Derive the (classical) equations of motion.
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