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Calculate the second order virial coefficient for a gas of distinguishable non-
relativistic particles of mass m at temperature T that interact through a hard
core potential,

V (x) =
{
∞, r < a

0, r > a
(1)

Consider any l - wave contribution (valid at low T).
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1 Solution

qR

~
− lπ + δl = nπ, n = 1, 2, 3, ....

δl = (n+ l)π − qR

~
∂δl
∂ε

= ∂δl
∂q

∂q

∂ε
= −R

~
∂q

∂ε

We subsitute this into our formula for the Virial Coefficient

A2 = −23/2
∑
l

∫
dε

2l + 1
π

dδl
dε
e−ε/T

E = q2

2m

A2 = 23/2R

π~

∫ ∞
−∞

dqe−q
2/2mT

∑
l

(2l + 1)

= 23/2R

π~
√

2mTπ = 4R
~

√
mT

π
(2l + 1)
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