MATHA425 - Quantum Field Theory
Set Work: Sheet 7

1. In the Heisenberg picture the operators are defined by
ag =Ulal,

where « is the operator in the standard Schrodinger picture, and the uni-
tary operator U is defined by

oU
h— = HU.
ih 5 U
Show that 9
.. 00y
h = Hyyl.
h—, lam, Hy]

2. Two-particle states are defined by
1, P2 >= al(p1)al (p1)[0 > .
Show that
< P1,P3/P1,P2 >
=(27)°(2pY)(209){8(p1 — P1)3(P2 — Ph) + 6(P1 — P2)3(P2 — P1)}-

3. Show that if we define the number operator

1 d’p
N = W/EGT(P)G(P),
then it satisfies
[N,a'(p)] = a'(p)
and hence

N|p1.--Pn >=n|p1...Pn >

4. (a) Show that iy®y*1) transforms as a pseudovector under Lorentz
transformations.

(b) For
L¥, =", + €y,
where €., +€,, =0,
and €, is infinitesimal denote S(L) by
S(L) =14 +ie""X,,, where X, =-X

Show that for a spatial rotation by an angle # around an axis n we have to 1st
order

V-

¥’ (x) = S(L)P(L™'z) = (1 - ibn.J)y(z)
where J = L + S with L = x x p and S* = %(Uk Ok).



