QFT Exercises 1

Due on 30.10.14

Topics covered: Klein-Gordon and Dirac equations.
As always, we use natural units: A =c=1.

1. (20%) Show that

= 3 (O06" — 6"0,6) ~ 440" (1)

satisfies the continuity equation when ¢ is a solution to the Klein-Gordon
equation in an external electromagnetic potential A,,.

2. (30%) Evaluate the commutator of the Dirac Hamiltonian, Hp = o - p +
Bm, with the following operators:

a) p=—iV
by L=rxp
c) L2
d) S =13, where ¥ = Ly x v and v = S«
e) J=L+S8S
£) J2
. P
&) -
h) X - n, where n is a unit vector

3. (20%) Show that if ¢ (z) is a solution of the Dirac equation in an electro-
magnetic field, then it satisfies

(0, — ieA,) (0" — ieAM) — gaWF‘“’ +m?| y(z) =0, (2)

which is a generalized form of the Klein-Gordon equation. In this equation
O = 5 [Yus W] and FH = 0 AV — 0" AF.

4. (30%) Find, up to a normalization constant, the explicit expressions for
the basic Dirac spinors u(") (p) and v(") () with r = 1, 2.



