
Introduction to the Standard Model

Problem sheet 2

Deadline: Monday 27 April 2015 (12 am)
at Dr. Giudice’s office (KP 301) and Dr. Piemonte’s office (KP 412)

Topics covered: Classical fields and symmetries

1. (10 P) Using the Euler-Lagrange equations for fields, derive the field equa-
tions for the following Lagrange densities:
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(b) L = ∂µφ
∗ ∂µφ−m2φ∗φ , φ(x) ∈ C;

Hint: consider φ and φ∗ as independent components

(c) L = −
1
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µν , where Fµν = ∂µAν − ∂νAµ
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where Gµν = ∂µBν − ∂νBµ, Bµ(x) ∈ R

(e) Show that the field equations obtained in (d) are equivalent to
(� −m2)Bµ = 0, ∂µB

µ = 0.

2. (2 P) Show that the Dirac equation (iγµ∂µ −m)ψ = 0
implies (� −m2)ψ = 0.

3. (3 P) Is the Lagrange density given in (1.d) invariant under local gauge
transformations Bµ(x) −→ B′

µ(x) = Bµ(x) + ∂µα(x) ? Is it invariant in
any special case ?

4. (3 P) Show that the Lagrange density
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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.

5. (3 P) Investigate the invariance property of the Dirac Lagrange density
under chiral transformations
ψ(x) −→ ψ′(x) = eiαγ5ψ(x),
where α is a constant. Find the Noether current and its four-divergence.


