
Quantum field theory, fall 2023, Exercise 2.

1. The contribution from the source term to the solution of the scalar field equation depends
on the choice of the propagator function:

δϕX(x) ≡
∫

d4y∆X(x− y)J(y),

where ∆X = ∆R,∆A,∆F tai ∆F̄ . Show that the differences δϕX(x) − δϕX′(x) fulfill the
homogenous equation, and can thus be absorbed to the free part ϕ0(x) → ϕ0X(x). From
this conclude that the use of different propagators simply corresponds to different boundary
conditions at spatial and temporal infinity (we assume that j vanishes at infinity).

2. Verify that the integral representation of the Feynman propagator agrees with the expc-
etation value of the time-ordered 2-point function:

DF(x− y) =
∫ d4p

(2π)4
e−ip·(x−y) i

p2 −m2 + iϵ
= ⟨|T (ϕ(x)ϕ(y))|⟩.

3. Show that the generator matrices Sµν = 1
2
σµν ≡ i

4
[γµ, γν ] fulfill the Lorentz algebra

[Sµν , Sρσ] = i(gνρSµσ − gµρSνσ − gνσSµρ + gµσSνρ).

when γµ-matrices obey the Clifford algebra {γµ, γν} = 2gµν .

4. Show that γµ transforms as a vector under Lorentz-transform:

Λ−1
1
2

γµΛ 1
2
= Λµ

νγ
ν .

Hint: Follow Peskin-Schröder on page 42.

5. We can write a unitary representation for an arbitrary 4-vector V as follows

V = V 0 + σ⃗ · V⃗ ,

where σi are the familiar Pauli matrices. Let us now require that V-matrix transforms
according to the (1

2
, 1
2
)-representation of the Lorentz-group,

V → Λ−1
1
2
L
(θ, β)V Λ 1

2
R(θ, β)

where Λ 1
2
L,R are 2 × 2-matrices that transform the Weyl spinors under (1

2
, 0) and (0, 1

2
)

representations (see the lectures on page 42). Show that this transformation law implies
that the components of V transform as a Lorentz-vector. (This demonstrates that (1

2
, 1
2
) in

fact is a vector representation of the Lorenz-group.)
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