
Quantum field theory, fall 2023, Excercise 10.

1. Prove the Gaussian identity∫ −∞
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where x = (x1, x2, ..., xN), A is a symmetric N × N -matrix with detA ̸= 0, and Q is an
arbitrary vector Q = (q1, q2, ..., qN). Now show that the normalization factor NKG in the
Klein-Gordon theory partition function Z[J ] can be expressed as a functional derivative:∫

Dϕ ei
∫
d4xLKG = const× [Det(∂2 +m2)]−1/2.

Hint: discretize theory and perform Gaussian integrals over fields ϕxi
.

2. Show that the tensor function D−1
µν (k) ≡ −gµνk2 + kµkν does not have an inverse which

satisfies the equation D−1
µν (k)D

νρ(k) = δρµ. Show also that D−1
µα(k) is actually a projection

operator. Then show that a tensor

D−1
µν (k, α) ≡ −gµνk2 + αkµkν

does possess an inverse if α ̸= 1 and compute that inverse.

3. Show that in the Yang-Mills theory the field strength tensor Fµν = − i
g
[Dµ, Dν ] obeys the

Bianchi identity
[Fµν , Dρ] + [Fνρ , Dµ] + [Fρµ, Dν ] = 0.

For the definition of the covariant derivative see lectures, page 207.

4. Derive the Feynman parametrizations
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(This problem is a preparation for the chapter 6 on renormalization.)


