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Lecture spring 2026:

Quantum field theory II

Problem sheet 2

Problem 4
Consider a hermitian N × N matrix B and calculate the N -dimensional Gaussian
integral ∫

dNp e−
1
2
p∗mBmnpn+

1
2
J∗
npn+

1
2
Jnp∗n ,

wherem,n run from 1 to N . How does the result generalize to the infinite-dimensional
case? Finally, calculate these integrals also over Grassmann variables (i.e. use pi → θi
with θiθj = −θjθi; and the same for Ji).
[Hint: Consider first the 1D integral, which you can solve by completing the square,

and then using
[∫
dp exp(−1

2
p2)

]2
= 2π.]

Problem 5
The generating functional for a free, real scalar field is proportional to

Z0[J ] ∝ exp

[
−
∫
d4x

∫
d4y

1

2
J(x)DF (x− y)J(y)

]
,

where DF is the Fermi propagator.

a) Show this claim explicitly, starting from the definition

Z0[J ] ≡
∫

Dϕ exp
[
i

∫
d4x

(
−1

2
ϕ(□+m2 − iϵ)ϕ+ Jϕ

)]
,

and using the defining properties of Green’s functions.

b) Using the functional formalism, confirm explicitly that the two-point correlation
function ⟨0|T{ϕ̂(x)ϕ̂(y)}|0⟩ equals DF (x− y).

c) Repeat the same exercise as in b), but this time in Fourier space.



Problem 6
Using the newly introduced path integral formalism, start from the QED Lagrangian
and derive all Feynman rules from the corresponding generating functional!

Problem 7
To further train our skills in ‘reading off’ vertex rules, what are the vertex rules
corresponding to the following interaction terms? (and what is the mass dimension
of the respective operator ?)

a) L ⊃ λa (ψ̄γ
µψ)(ψ̄γµψ)

b) L ⊃ λb (ψ̄γ
5γµψ)∂µϕ

c) L ⊃ λc F
µνψ̄σµνψ, where Fµν ≡ ∂µAν − ∂νAµ and σµν ≡ i

2
[γµ, γν ]

d) L ⊃ λd ϕ
2∂µ(ψ̄γ

µψ)


