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Free Bose Gas / Squeezed States

12.1 Fock Representation
Show that
or(f.9) = (@, Ur(OVilo)) =exp (U - 0.9) = (F.a))
(1)

(f.g) = / dz f(2)g(x) 2)

in the Fock representation introduced on page 118 of the lecture notes starting
with formula (6.123). See also (5.68) on page 79.

with

12.2 Finite Density

Again in the Fock representation, show that for the state with occupation
number v

Y (£,9) = - (e, @) Un(HVilg) (a* ()" )
pr(f,g)Ly(<f’fv> g(gaf\/> ) (3)

where L, is the vth Laguerre polynomial

Lo(z) = Zn: (—k1!)k (Z) 2 (@)

k=0

12.3 Occupation Number Operator

Show that

AMVU(F) = U (fecosA) V (fsin ) o5 sin(2)) giANy (5a)

(9,9)

MY (g) =V (geos \) U (—gsin \) el7d sV ANy (5b)

1B



for

Ny = Za*(ﬁ)a(fi) (6)

and
U(f) =) (7a)
V(f)=e", (7b)

12.4 Squeezed States revisited

Revisit the unitary creation operators

U(¢) = o3 (Contere’) (8)
for squeezed states
U,(¢) = Us(O)$2 (9)
1. Compute the expectation values

() = (s(Q), 2¥5(Q)) (10a)

(@%) = (Ws(0), 2*W4(()) (10c)

(p?) = (V4(0), P*¥4(¢)) (10d)

with

= ——(a+a) (11a)

x = NoTo a+a a

p:% %(a—a*) (11b)

2. Compute the uncertainties
(Ax)? = ((z = ())") (12a)
(Ap)* = ((p— ())") (12b)
and their product.

3. Compute the time dependence of these expectations for the dynamics
generated by the free Hamiltonian

H =wa"a. (13)



