Quantum Field Theory Spring 2008 Problem set 2, 28.2.

1. Let us consider the harmonic oscillator as discussed in the lecture notes. Defin-

ing
a=\h+ ———p  a= - p
2 V2mw 2 2mw
and using
[&,p] =1, [,2] = [p,p] =0

show that

a) la,a) = [aT,al] =0, [a,a'] = 1,

b) H =w(afa+1)

¢) N = ala is hermitean (and has real eigenvalues)

d) If we define states |n) so that N|n) = n|n) and (n|n) = 1, show that

afln) = v/n+1n+ 1) and a|n) = /njn — 1).

2. Consider the Fock-space of scalar field theory. Thus, define 2-particle states
through |y, ko) = aj;la]g?\oy

a) Show that |k, ks) = |ka, k1) (states are symmetric wrt. permutations,
i.e. bosons)

b) What is (G, G| k1, k2)?
3. Defining

—

calculate N|ky, ko, ... k) and : H : [ky, ko, . .. ky).



