
QFT Exercises 1

Due on 30.10.14

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

1. (20%) Show that

jµ = − i
2

(φ∂µφ
∗ − φ∗∂µφ)− qAµφ∗φ (1)

satisfies the continuity equation when φ is a solution to the Klein-Gordon
equation in an external electromagnetic potential Aµ.

2. (30%) Evaluate the commutator of the Dirac Hamiltonian, HD = α · p +
βm, with the following operators:

a) p = −i∇
b) L = r× p

c) L2

d) S = 1
2Σ, where Σ = i

2γ × γ and γ = βα

e) J = L + S

f) J2

g) Σ · p
|p|

h) Σ · n, where n is a unit vector

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

(∂µ − ieAµ) (∂µ − ieAµ)− e

2
σµνF

µν +m2
]
ψ(x) = 0, (2)

which is a generalized form of the Klein-Gordon equation. In this equation
σµν = i

2 [γµ, γν ] and Fµν = ∂µAν − ∂νAµ.

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