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1. Gauge Transformations: Let Aµ(x) = Aa
µ(x)ta the non-Abelian gauge field, Dµ(x) = ∂µ −

ig Aµ(x) the gauge-covariant derivative, U(x) an arbitrary gauge transformation, and Ψ(x) a
state vector on which a gauge transformation acts as UΨ(x) = U(x) Ψ(x).

a) Derive the transformation law for Aµ under a gauge transformation by requiring that the
gauge-covariant derivative transforms as: U [Dµ(x) Ψ(x)] = U(x) Dµ(x) Ψ(x).

b) Derive the infinitesimal versions of the gauge transformation U(x) = exp igβ(x) = exp igβ a(x)ta,
gβa � 1∀a, of Aµ, Aa

µ and the field-strength tensor Fµν and its components F a
µν .

2. Interactions and Equations of Motion of the Yang-Mills Field:

a) Derive the classical equations of motion of a Yang-Mills field coupled to fermions from the
Lagrangean given in the lecture. Interpretation. Derive the continuity equation for fields and
charges. What are the classically conserved charges?

b) List diagrammatically the interactions of Aµ with itself and with fermions. Derive the Feynman
rules in your conventions.


