
Introduction to QFT
Assignment 2

Due on 11.11.16

1. (20%) Evaluate the commutators of the Dirac Hamiltonian,
HD = cα · p+ βmc2 with the following operators:

a) p = −ih̄∇
b) L = r × p
c) L2

d) S = h̄
2Σ, where Σ = i

2γ × γ and γ = βα

e) J = L+ S

f) J2

g) Σ · p
|p|

2. (30%) Show that ∑
s=1,2

us(p)ūs(p) = γ · p+m ,

and ∑
s=1,2

vs(p)v̄s(p) = γ · p−m ,

3. (15%) The spin operator in the rest frame for a Dirac particle is defined by S = 1
2Σ. Prove that

a) γ5 = i
4!εµνρσγ

µγνγργσ

b) Σi = −γ5γ0γi,

c) S2 = 3
4 .

4. (15%) Without using any particular representation of the Dirac spinors, prove the following identities
(σµν = i

2 [γµ, γν ]):

2mū(p1)γµu(p2) = ū(p1)[(p1 + p2)µ + iσµν(p1 − p2)ν ]u(p2) ,

ū(p1)σµν(p1 + p2)νu(p2) = iū(p1)(p1 − p2)µu(p2) .
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