
Quantum Field Theory: PHY 539 Spring Semester 2018

Assignment 10: Quantum Field Theory

Due Date: 2 May. 10 am

1. When a fermion is at rest, the Dirac spinor for the particle is

u(p0) =
√
m

 ξ

ξ

 .

The left and right handed components are equal.

(a) Show that (γ0− 1)u(p0) = 0. [3 Marks]

(b) Show that e+iK·ϕγ0e−iK·ϕ =
p

m
. [7 Marks]

2. (a) Prove that u†(p)u(p) = 2Epξ
†ξ. where

u(p) =

 √
p · σ ξ

√
p · σ̄ ξ


is the momentum space solution of the Dirac equation. [5 Marks]

(b) Show that ū(p)u(p) = 2mξ†ξ, where ū(p) = u†(p)γ0. [5 Marks]

3. The momentum space solution of the Dirac equation for the antiparticle is

νs(p) =

 √
p · σ η

−
√
p · σ̄ η


where σ = (I, σ), σ̄ = (I,−σ) and s labels the spin state s = 1, 2. Prove the identity,

2∑
s=1

νs(p)ν̄s(p) = γ · p−m

where ν̄s(p) = ν†(p)γ0. [7 Marks]

4. The Dirac equation is given by

iγµ∂µψ −mψ = 0.

Find the adjoint (“barred” version) of the Dirac equation which employs ψ̄ instead of

ψ. [8 Marks]
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5. Derive explicit representation of the boost matrix K and show by explicit calculations

that [K1, K2] = −iJ3. Your starting point are the representations D(θi) and D(ϕi).

Assume we are dealing with vectors (spin= 1). [5 Marks]

6. I define a boost along the x axis as

Λµ
ν (x

1) =


γ1 γ1v1 0 0

γ1v1 0 0 0

0 0 1 0

0 0 0 1


Boosts along other axes are defined correspondingly.

(a) For infinitesimal boosts, construct the boost matrix Λµ
ν (x

1, x2, x3). [3 Marks]

(b) Construct the infinitesimal rotation matrix Λµ
ν (θ

1, θ2, θ3). [3 Marks]

(c) Construct the infinitesimal Lorentz matrix Λµ
ν (x

1, x2, x3; θ1, θ2, θ3) and show that

it can be written as Λ = 1+ω. What is ω? [3 Marks]

(d) Show that ωµν = ωµ
λg

λν and ωµν = gµλω
λ
ν are antisymmetric. [3 Marks]

(e) What is the relationship between θi, vi and the terms of ω? [3 Marks]
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