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1. Write the general Lorentz-invariant quadratic action with no more than
two derivatives for a charged vector field Wµ. Find the correspond-
ing momentum-space propagator. What is the mass of the propagating
state(s)? Compare the sign of the propagator for the different states.
Can you explain the reason for our choice of the Proca lagrangian?
(Hint: study the propagator of the so-called Rξ gauges – see e.g. Sred-
nicki.)

2. Find the linear combination of the charges Qem and Q3 defined in class
that commutes with Q+ and Q−.

3. Calculate the µ decay rate assuming MW >> mµ >> me. Note that
in this limit it depends on GF and mµ.

4. A general n× n unitary matrix has n2 parameters, (check this). Show
that 2n−1 phases may be removed from the Kobayashi-Mashawa matrix
U by choice of phases of the quark fields, leaving (n − 1)2 parameters.
By subtracting the number of mixing angles needed to specify an n×n
orthogonal matrix show that there are 1

2(ng − 1)(ng − 2) phases in the
standard model with ng generations. For 2 generations there is only
one angle, the Cabbibo angle θ1 or θc. How is this result modified in a
theory with right-handed charged currents?


