
Quantum field theory I Exercise sheet 11

Schwinger-Dyson equations

Exercise 1: Let us define LE ≡
1

2
∂µφ ∂µφ+ 1

2
m2φ2 + g

3!
φ3 + λ

4!
φ4 and SE ≡

∫

d4xLE .
Verify the validity of the relation

δSE

δφ(x)
=

[

−∂2

µ +m2
]

φ(x) +
g

2!
φ2(x) +

λ

3!
φ3(x) .

Exercise 2: In the script we have defined the quantities Z[J ], W [J ] ≡ lnZ[J ], and
Γ[ϕ] ≡ W [J ]−

∫

d4xϕ(x)J(x), where ϕ(x) ≡ δW [J ]/δJ(x). Starting from the Schwinger-
Dyson equation

0 =

[

−L
′

E

(

δ

δJ(x)

)

+J(x)

]

Z[J ] ,

verify the validity of the following relations:

(a) L
′

E

(

δW [J ]

δJ(x)
+

δ

δJ(x)

)

= J(x) ,

(b) L
′

E

(

ϕ(x) +

∫

d4y D[ϕ](x, y)
δ

δϕ(y)

)

= −
δΓ[ϕ]

δϕ(x)
,

where D[ϕ](x, y) ≡ δ2W [J ]/δJ(x)δJ(y).


