
Physics 831 Quiz #10 - Friday, Nov. 14

YOUR NAME:

1. The diagram represents a perturbative calculation of the partition function.
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(a) Consider the connected diagram involving pa → pd. When calculating the pressure, this
diagram contributes to order n = in perturbation theory.

(b) When performing a virial expansion (see expansion below), the lowest m for which this
contributes to Am is .

2. Consider a virial expansion for a non-relativistic ONE-dimensional gas of spin-zero bosons of
mass m at temperature T ,

P

ρT
= 1 +

∞∑
m=2

Am

(
ρ

ρ0

)m−1

, ρ0 ≡
1

2πh̄

∫ ∞
−∞

dp e−p
2/2mT .

Ignoring interactions between the particles, calculate A2. Here ρ is the number per unit
length. Begin with the expression for the one-dimensional “pressure”, and the density

PL

T
= lnZ =

L

2πh̄

∫ ∞
−∞

dp ln
(

1
1− e−β(p2/2m−µ)

)
,

ρ =
1
L

∂

∂βµ
lnZ.

3. Consider the state:
|η〉 = e(ηa

†−η∗a)|0〉.

Find the overlap 〈0|η〉.
Hint: you may want to use the Campbell-Baker-Hausdorff lemma – If operators A and B
commute to a number,

eA+B = eAeBe−[A,B]/2


