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Problem C5.1 Apply the Klein-Gordon operator ∂2 + m2 directly to ∆F (x) = 〈0|Tϕ(x)ϕ(0)|0〉 to show
that for a free real scalar field

(∂2 +m2)∆F (x) = −iδ4(x).

Note that the time derivatives in the Klein-Gordon operator can act on either the field or the time-ordering
step functions.

Problem H5.1 In Problem C2.1 you saw that an infinitesimal Lorentz transformation can be written as
Λµ

ν = δµν + ωµν . and that the coefficients ωµν ≡ ηµρω
ρ
ν are antisymmetric, ωµν = −ωνµ.

(a) Lorentz invariance implies that there are conserved ‘charges’ Jµν such that

U †(Λ)ϕ(x)U(Λ) = ϕ(Λ−1x)

with

U(Λ) = exp

(
− i

2
ωµνJ

µν

)
Show that

[Jµν , ϕ(x)] = −Mµνϕ(x)

with
Mµν := i(xµ∂ν − xν∂µ)

(b) Verify the commutation relation

[Mµν ,Mρσ] = i(ηνρMµσ − ηµρMνσ − ηνσMµρ + ηµσMνρ)

Problem H5.2

(a) Consider 2 particles with collinear velocities v1, v2. Show that

E1E2|v1 − v2| =
[
(p1 · p2)2 −m2

1m
2
2

]1/2
Hint: First check this in the rest frame of particle 2. Then perform a Lorentz boost in the direction of
the momentum of particle 1.

(b) Use the result from (a) to write the relation between the invariant matrix element and differential cross
section in a Lorentz-invariant form.


