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1. The Dirac field may be written

ψ(x) =
1

(2π)3

2
∑

s=1

∫

d3p

2p0
[ψ(s)

p (x)as(p) + ψ̃(s)
p (x)b†s(p)],

where
ψ(s)

p (x) =e−ip.xus(p),

ψ̃(s)
p (x) =eip.xvs(p).

With the scalar product < ψ1, ψ2 >=
∫

ψ
†
1ψ2d

3x, we have already shown

< ψ(r)
p , ψ

(s)
p′ >= δrs2p

0(2π)3δ(p − p′).

Show also using

ur(p) =
√

p0 +m

(

χr
σ.p

p0+m
χr

)

vr(p) =
√

p0 +m

(

σ.p
p0+m

χr

χr

)

that
< ψ(r)

p , ψ̃
(s)
p′ >= 0.

Use these results together with the basic anticommutation relations

{ψα(x, t), ψ†
β(x′, t)} = δ(x − x′)δαβ

to show
{br(p), b†s(p

′)} = (2π)3δrs2p
0δ(p− p′).

(b) Defining the energy-momentum vector by

Pµ = iψγµ∂0ψ,

show that P µ may be rewritten as

Pµ =

2
∑

s=1

∫

d3p

2p0
pµ[a†s(p)as(p) − bs(p)b†s(p)].


