
4/24/17 Lecture 7 outline

• Last time Fermi (Dirac) -ons have : LDirac = ψ̄(i /D −m)ψ, with Dµ = ∂µ + iqAµ.

Recall {γµ, γν} = 2ηµν . In a particular basis can take

γ0 =

(

1 0
0 −1

)

, γi =

(

0 σi
−σi 0

)

,

where each entry is a 2 × 2 matrix. The equations of motion are the Dirac equation.

Dropping the interaction term (perturbation theory) the plane wave solutions of the EOM

are ψ = us(p)e−ipx and ψ = vr(p)eipx where (γµpµ−m)us(p) = 0 and (γµpµ+m)vs(p) = 0.

Useful properties include

ūr(p)us(p) = −v̄r(p)vs(p) = 2mδrs, ūrvs = v̄rus = 0,

2
∑

r=1

ur(p)ūr(p) = γµpµ +m,

2
∑

r=1

vr(p)v̄r(p) = γµpµ −m.

• Quantization:

ψ =
2

∑

r=1

∫

d3p

(2π)32Ep

(br(p)ur(p)e−ipx + cr†(p)vr(p)eipx),

with

{ψ(t, ~x),Π(t, ~y)} = iδ3(~x− ~y), Π=∂L/∂ψ̇ = iψ†.

Get

{br(p), bs†(p′)} = {cr(p), cs†(p′)} = δrs(2π)3(2Ep)δ
3(~p− ~p′),

with all other zero. Find that both br†(p) and cr† create spin half particles of positive

energy; they are anti-particles of each other, e.g. the electron and the positron, or a quark

and an anti-quark.

• Start Feynman rules for quantum electrodynamics (QED).
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