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1. (2 P) For a complex scalar field the charge operator is given by

Q = i

∫

d3x
(

ϕ†ϕ̇ − ϕϕ̇†
)

.

Show that

Q =

∫

d3k

(2π)3 2ωk

[

a†(k)a(k) − b†(k)b(k)
]

.

2. (2 P) Let ϕ(x) be a free real scalar field. Show that

〈0|ϕ(x)ϕ(y)|0〉 =

∫

d4k

(2π)3
δ(k2 − m2)Θ(k0) e−ik·(x−y).

3. (2 P) Verify that

∆R(x − y) = −i

∫

d3k

(2π)3 2ωk

ei~k·(~x−~y)
(

e−iωk(x0−y0) − eiωk(x0−y0)
)

θ(x0 − y0)

is a Green function of the Klein-Gordon operator.

4. (2 P) Solve the equation
(∇2 − m2)G(~r ) = −δ(3)(~r ).

You should get G(~r ) = e−mr/4πr. Hint: use Fourier transform.


