Introduction to Quantum Field Theory
Problem sheet 1

Deadline: Wednesday 4 November 2015 (12 am)
at Dr. Giudice's office (KP 301)

Topics covered: Klein-Gordon and Dirac equation.

1. (2 P) Show that .
Ju= =5 (60,0" = 6°0,0) — 44,69

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

2. The free Klein-Gordon equation is a second-order differential equation for a single function
(7, t).
a) (2 P) Show that it is equivalent to two coupled differential equations that are of first
order in time ¢ and can be written as

s (2)-n(2)

and write down H (set h = c=1).

b) (2 P) Find the two formal eigenvalues hy and ho of the 2 x 2 matrix H and write the
differential equations in the decoupled form

ih%ﬁa =hothy  (a=1,2). (2)

3. (3 P) Calculate the following determinant:

det (v"p, —mel) . (3)

4. (3 P) Prove the following identities without using any particular representation of the
gamima matrices:

a) p* = p?,

b) " =4,

¢) VY =27,

d) eyt = 4g°P,

e) WY Pyt = =291y,
) oot =12.

Here the definitions p = *p,, and 0., = (i/2)[v4, 7] are used.



