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Exercise 4

1. Consider the quantized Klein-Gordon field φ̂(x).

(a) Show that the Pauli-Jordan function, defined via i∆(x) =
[
φ̂(x), φ̂(0)

]
, satisfies

∂

∂t
∆(x)|x0=0 = −δ3(~x) .

(b) Define positive and negative frequent ∆-functions according to

i∆±(x− y) = ±
∫

d4k

(2π)3
θ(±k0)δ(k2 −m2) e−i k(x−y) .

How can the Pauli-Jordan function and the Feynman propagator ∆F be con-

structed from ∆+ and ∆−? 1

(c) Show that ∆F is a Greens function to the Klein-Gordon equation. Is this also

true for ∆+ and ∆−? How about the Pauli-Jordan function?

2. (a) Classically, the scattering angle for the scattering of a test particle off a spher-

ically symmetric potential is a function of the projectile energy and the impact

parameter only:

ϑ(E0, b) = π − 2b

∞∫

rmin

dr

r2
[
1− V (r)/E0 − b2/r2

]1/2 . (1)

Starting from Eq. (1) calculate ϑ(E0, b) for

• the scattering of two hard balls with radii R1 and R2,

• the case of Coulomb scattering.

Use the relation
dσ

dΩ
=

b db

d cosϑ
to derive the classical cross section for both processes.

(b) In terms of nonrelativistic quantum mechanics the differential cross section

reads

dσ

dΩ
= |f(ϑ)|2 where f(ϑ) =

1

k

∑

l

2l + 1

2i
(e2iδl − 1)Pl(cosϑ) . (2)

Use Eq. (2) to prove the optical theorem 2

σ =
4π

k
Im{f(0)} .

(turn over)

1Hint: Use the Fourier representation of the Heaviside function

θ(x) = lim
ε→0

∞∫

−∞

dω

2πi

ei ωx

ω − iε

2Hint:

∫ +1

−1

dz Pl(z)Pl′(z) =
2

2l+ 1
δll′ Pl(±1) = (±1)l



3. Let φ̂ be an arbitrary quantum field. Show explicitly that the time ordered product

of three field operators is given by

T [ φ̂(xA) φ̂(xB) φ̂(xC) ] = : φ̂(xA) φ̂(xB) φ̂(xC) :

+ 〈0|T [ φ̂(xA), φ̂(xB) ]|0〉 φ̂(xC)

+ 〈0|T [ φ̂(xB), φ̂(xC) ]|0〉 φ̂(xA)

+ εAB 〈0|T [ φ̂(xA), φ̂(xC) ]|0〉 φ̂(xB) ,

where the sign of the permutation εAB is +1 for bosons and −1 for fermions.


