PH471 General Relativity and Cosmology Spring 2017

Homework 12 - Quantum fields in curved spacetime

Q12.1. Show that if

(1, ) Z/% [awk(n)JraT_wZ(n) e (Q12.1.1)

with ¢ normalised such that

Prer — Pl =1 (Q12.1.2)
then the commutation relations
[p(n,Z), o(n,5)] = 0 (Q12.1.3)
lo(n, @), ¢'(n,9)] = 16*(7F 7 (Q12.1.4)
[’ (n,Z), ¢ (n,9)] = 0 (Q12.1.5)
imply
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A12.1. The Fourier transform of ¢(n, Z) is
(n,k) = /ﬂ (n, Z) e kT (A12.1.1)
e k) = | Gy 0 1.
= axpi(n) +a' 4 i) (A12.1.2)
= ¢'(n,—k) (A12.1.3)
and the Fourier transforms of Egs. (Q12.1.3), (Q12.1.4) and (Q12.1.5) are
[p(n.k), ' (n.0)] = 0 (A12.1.4)
[e(n. k), " (n.D)] = i8°(k—1) (A12.1.5)
[©'(n.k). " (n,D)] = 0 (A12.1.6)
Inverting Eq. (A12.1.2) gives
ai, = —i [0 () o(n, k) — ¢i(n) @' (n, k)] (A12.1.7)
therefore, using Eqs. (Q12.1.2) and (A12.1.3),
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= 0 (A12.1.8)
[% aﬂ = [0’ () e(n, k) = i) &' (0, k), i (n) ' (0,1) = u(n) @' (0, 1)]
= =g/ e [en k), 0" (0.D)] = er(m) ei(n) [¢' (0, k) , 0" (0, )]
= k-1 (A12.1.9)
labaf] = = [ @' 0. 8) = ertn) 9" (0. k) 61 ' (0, D) = () " (0, 1)
= 0 (A12.1.10)
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