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13. exercise sheet: Particles and Fields

Exercise 37:

Show that the defining property of the Lie algebra [T a, T b] = ifabcT c is also satisfied by the
structure constants fabc themselves by identifying (T a)bc = −ifabc. This characterizes the
adjoint representation of the Lie algebra. Hint: use the Jacobi identity of the commutator.

Exercise 38:

Start from the covariant derivative Dµ = ∂µ − igAµ acting on fields in the fundamental
representation, i.e. the gauge field is matrix valued, Aµ = Aaµτ

a, where τa are the hermitean
generators of an SU(Nc) Lie group. Show that the definition of the field strength Fµν =
i
g
[Dµ, Dν ] with Fµν = F a

µντ
a yields,

F a
µν = ∂µA

a
ν − ∂νAaµ + gfabcAbµA

c
ν .

Exercise 39:

Given the classical Lagrangian for (Quantum) Chromodynamics,

L = −1

4
F a
µνF

aµν + ψ̄i /Dψ −mψ̄ψ,

derive the classical equation of motion for the gluon field Aaµ.


