Peskin & Schroeder Equation 2.56 1

Equation 2.56

Tha equation (2.56) is

(∂^2 + m^2)D_R(x − y) = (∂^2θ(x^0 − y^0))⟨0|[ϕ(x), ϕ(y)]|0⟩ (1) +2(∂_μθ(x^0 − y^0))(∂^μ⟨0|[ϕ(x), ϕ(y)]|0⟩) (2) +θ(x^0 − y^0)(∂^2 + m^2)⟨0|[ϕ(x), ϕ(y)]|0⟩ (3)

Here ∫ (∂_μ∂^μθ(x^0 − y^0))⟨0|[ϕ(x), ϕ(y)]|0⟩ = ∫ ∂_μ[(∂^μθ(x^0 − y^0))⟨0|[ϕ(x), ϕ(y)]|0⟩] − ∫ (∂_μθ(x^0 − y^0))(∂^μ⟨0|[ϕ(x), ϕ(y)]|0⟩) = − ∫ (∂_μθ(x^0 − y^0))(∂^μ⟨0|[ϕ(x), ϕ(y)]|0⟩) (4)

and ∂_0θ(x^0 − y^0) = δ(x^0 − y^0) ∂_ıθ(x^0 − y^0) = 0 (5) Thus

(∂^2θ(x^0 − y^0))⟨0|[ϕ(x), ϕ(y)]|0⟩ = −(∂_μθ(x^0 − y^0))(∂^μ⟨0|[ϕ(x), ϕ(y)]|0⟩) (6) = −(∂_0θ(x^0 − y^0))(∂^0⟨0|[ϕ(x), ϕ(y)]|0⟩) (7) = −δ(x^0 − y^0)⟨0|[∂^0ϕ(x), ϕ(y)]|0⟩ (8) = −δ(x^0 − y^0)⟨0|[π(x), ϕ(y)]|0⟩ (9)

Hence

(∂^2 + m^2)D_R(x − y) = −δ(x^0 − y^0)⟨0|[π(x), ϕ(y)]|0⟩ (10) +2δ(x^0 − y^0)⟨0|[π(x), ϕ(y)]|0⟩ + 0 (11)

The comutation relation is [π(x), ϕ(y)] = −iδ^{(3)}(x − y) (12) Thus (∂^2 + m^2)D_R(x − y) = −iδ^{(4)}(x − y) (13)