
Introduction to QFT

Assignment 4

Will be discussed on 25.11.17

This assignment has to be handed in not later than at noon 24.11.17.

1. (30%) Show that the Lagrangian density (Proca action for real vectors),
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for the real vector field V α (x) leads to the field equations[
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V β (x) = 0,

and that the field V α (x) satisfies the Lorentz condition: ∂αV
α (x) = 0.

2. (30%) Find the Euler-Lagrange equations for the following Lagrangian
densities:

a) L = (∂µφ− ieAµφ) (∂µφ∗ + ieAµφ∗)−m2φ∗φ− 1
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c) L =
1

2
(∂µφ) (∂µφ)− 1

2
m2φ2 − 1

4
λφ4,

where Fµν = ∂µAν − ∂νAµ.

3. (20%) Show that the Langrangian density

L =
1
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(φ21 + φ22)− λ

4
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is invariant under the transformation

φ1 → φ′1 = φ1 cos θ − φ2 sin θ ,

φ2 → φ′2 = φ1 sin θ + φ2 cos θ .

Find the corresponding Noether current and charge.

4. (20%) Study the invariance properties of the Dirac Lagrangian,
L = ψ̄(i/∂ −m)ψ , under chiral transformations

ψ(x)→ ψ′(x) = eiαγ5ψ(x) ,

where α is a constant. Find the Noether current and its four-divergence.
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