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Exercise 1. (50 points) : Scalar Quantum Electrodynam-
ics

Consider the Lagrangian for the charged Klein-Gordon Field

L= (0u0)'(9"9) = m*¢¢ (1)
e Check that this Lagrangian is not invariant under U(1) gauge transformation
of the form ¢(z) — ¢'(x) = @ (x);

e Replace the derivatives by the convariant one D, = 0, + ieA, and check
whether now the Lagrangian is invariant under the local symmetry;

e Write down the interaction Lagrangian and identify the terms. Sketch each
one as a different diagram;

Exercise 2. (50 points) : Gauge transformation

Consider a state |U7) which only contains transverse photons. Futhermore, con-
struct a state |U7.) as:

w5 = {1+ a [af(F3) - a'(F,0)] } [wr),

with o a constant. Show that replacing |¥Ur) by [¥/.) corresponds to a gauge trans-
formation:

(W] A* ()W) = (Pr|A*(z) + " AlPT)

where A is given by:




