
Homework #7
(Physics 230A, Spring 2006)

Due 5 PM, Thu., May 25, 2006

1. (10 pts) Show that the Sµν ≡ i
4
[γµ, γν ] matrices obey the commutation relationship

required for them to be a representation of the Lorentz group generator algebra:

[Sµν , Sρσ] = i[gνρSµσ − gµρSνσ − gνσSµρ + gµσSνρ]. (1)

2. (10 pts) Derive the expression for the charge operator Q = q
∑

r,~p[Nr(~p)−N r(~p)] for
the Dirac field as given in the lecture notes. Remember to use the normal ordering in
the last step.

3. (10 pts) Show that

{ψ±α (x), ψ
∓
β (y)} = i(i 6∂ +m)αβ∆±(x− y). (2)

You need the identities derived in the 5/15 class,∑
r

ur(~p)ūr(~p) =6p+m,
∑

r

vr(~p)v̄r(~p) =6p−m. (3)

These identities are important for calculating scattering matrix elements in the future
and they have not been derived in the lecture notes yet, but you can find them in Peskin
& Schroeder, p.49, eqs.(3.66), (3.67), or Mandl & Shaw, Appendices A.4, A.5. (Mandl
& Shaw use a different normalization, so they get (6p±m)/(2m).)
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