
Physics 4311: Thermal Physics – Test 1

Friday, Feb 27, 2026

Problem 1: Short questions (15 points each = 45 points)

a)

P =

(
4

2

)
(1/4)2 (3/4)2 = 27/128

b)

Φ =
1

4
n⟨v⟩ ∼ 1√

m

ΦNe/ΦAr =
√
mAr/mNe =

√
2

c)

λ =
1√
2nσ

n stays constant upon changing T ⇒ λ unchanged

Problem 2: Molecules on surface (60 points)

a), b), c)

pup =
e−βϵ

2 + e−βϵ
, px =

1

2 + e−βϵ
, py =

1

2 + e−βϵ

d) T → 0, β → ∞ ⇒ pup → 0

e) T → ∞, β → 0 ⇒ pup → 1/3

a)

⟨E⟩ = ϵe−βϵ

2 + e−βϵ

b) T → 0, β → ∞ ⇒ ⟨E⟩ → 0

c) T → ∞, β → 0 ⇒ ⟨E⟩ → ϵ/3
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Problem 3: Two-dimensional ideal gas (45 points)

a)

g(vx, vy) =
m

2πkBT
e−βmv⃗2/2

b)

⟨E⟩ = m

2
(⟨v2x⟩+ ⟨v2y⟩) = kBT

c)

f(E) =

∫
dvxdvy g(vx, vy)δ(E −m(v2x + v2y)/2)

=
m

2πkBT

∫
vdvdϕe−

1
2
mv2/kBT δ(E −mv2/2)

=
m

kBT

∫ ∞

0

dx

m
e−βxδ(E − x)

=
1

kBT
e−E/kBT

∫ ∞

−∞
dx e−

1
2
x2/σ2

= (2πσ2)1/2
∫ ∞

−∞
dx x2e−

1
2
x2/σ2

= (2πσ2)1/2σ2

∫ ∞

0
dxxe−ax = 1/a2,

∫ ∞

0
dxx2e−ax = 2/a3,

∫ ∞

0
dxx3e−ax = 6/a4,

∫ ∞

0
dxx4e−ax = 24/a5
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