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1. Electrodynamics in covariant form:

Let A, be the electromagnetic vector potential. The electromagnetic field strength tensor is
then defined as
F, = 0,A,—-0A,.

(a) Show that Maxwell’s equations (in the absence of sources) in four-vector notation can
be derived from the electromagnetic Lagrangian given by

1
Lem = aFa6~
m. 1 Lo

(b) Show that L, is invariant under the transformation A, — A, — J,A, where A is a
scalar function.

(c) Show that by imposing U(1) symmetry, i.e. invariance of the Lagrangian under such a
local U(1) transformation, a mass term for the photon is forbidden.

(d) Now include the source-term —j*A, in the Lagrangian and derive the corresponding
form of Maxwell’s equations with the external current j#. Show that this directly
implies the conservation of the four-current, i.e. 9,j* = 0.

2. v-gymnastics:

(a) Defining v° = i7%y'4?+3, show that (i) v°" = ~°, and (ii) {+°,*} = 0.

(b) By inserting (7)? = —1I for some i = 1,2,3 (whereas (7°)? = 1I), write both %y+?2
and Y943 as a product *y” for some v = 0, 1,2, 3.

(c) Prove the following relations:
i) = 4w,

VY VvV Vo = 277;”/7/)/0 - 277up7u70 + 27}#0%% — WY VoV
tr['Vu'VV'YpVJ] = 4[77;w77p0 = NupMve + nuUan] .



