
INTRODUCTION TO QUANTUM FIELD THEORY
(KREIMER, WINTER 17/18)

EXERCISE 1 (OCT 25 2017, TO BE HANDED IN NOV 15 2017)

• 1.(20 points)

Using Fourier transforms f(~x) =
∫

d3~k
(2π)3

ei
~k·~xf̂(~k) ↔ f̂(~k) =

∫

d3~xe−i~k·~xf(~x), derive

expressions for annihilators and generators α(k), α†(k) in terms of φ, ∂x0
φ. Here,

φ(x) =

∫

d3~k

(2π)32ω(~k)

(

α†(k)eix·k + α(k)e−ix·k
)

,

and ω(~(k)) =

√

~k · ~k + µ2.

• 2. (20 points)
Let �x = ∂2

x0
− ∂2

x1
− ∂2

x2
− ∂2

x3
. Show

(�x + µ2)T (φ(x)φ(y)) = −iδ(4)(x− y),

and

〈0|Tφ(x)φ(y)|0〉 = lim
ǫ→0+

∫

d4k

(2π)4
−iei(x−y)·k

k2 − µ2 + iǫ
.
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