
Exercise 3

1. For the action

L = −1
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whose solution is

Aµ =

∫
d3k

(2π)3
√

2Ek

(
εµ(k)e−ikx + ε†µ(k)eikx

)
• Work out momentum conjugate to Aµ.

• Write the equal-time commutation relations and work out the algebra
of [εµ(k), ε†ν(l)].

• Construct the vacuum state as εµ|0 >= 0 and the Hilbert space .

• Work out P̂µ and Ĵµν in terms of ε and ε†. Show that |0 > is Lorentz
invariant.

• Compare Ĵµν with of spin-0 scalar field. Separate it into angular mo-

mentum L̂µν and Ŝµν . What is Ŝµν?

• Confirm P̂µŜ
µν=0.

2. Repeat the above problem for the case m = 0.
3. Show that Sµν satisfies Lorentz algebra where Sµν = i

4
[γµ, γν ].

4. Show that

• (γµ)† = γ0γµγ0.

• {(γµ)†, (γν)†} = 2ηµν .

• (Sµν)† = γ0Sµνγ0.

• U † = γ0U−1γ0 where U = e
i
2
wµνSµν

.

• γ̃µ = UγµU−1 = Λµ
νγ

ν .

• {γ̃µ, γ̃ν} = 2ηµν .
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