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3.1

Zeptojoules or yoctojoules

3.2

a) For any reasonable units, S, T,E < 10100 < Ω(E).

b) T ∼ 1, E,S ∼ N , Ω(E) ∼ eN

3.5

a) AN = 1
N !

∏N
i

(
A− (i− 1)π(2r)2

)
b) b = 2πr2

c) P (A−Nb) = NkBT

3.7

a)

Ω(E) =

(
3N
2

)
!
(
5N
2

)
!(

8N
2 + 1

)
!
E

8N
2

+1

Emax
1 =

3

8
E

b)

ρ(E1) ∝ exp

(
−(Emax

1 − E1)
2

2σ2

)
, σ2 ∝ E2

N

〈E1〉 = Emax
1√

〈(E1 − Emax
1 )2〉

N
∝ 1√

N
(Remember that energies are extensive.)
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3.9

a)

P (n) =

(
T

n

)
1

Kn

(
1− 1

K

)T−n

b)

〈1〉 = 1

〈n〉 = a

〈n2〉 = a2 − a
σ2 = 〈(n− 〈n〉)2〉 = a

c)

a =
T

K

d)

1

σ2K
= − 1

N0

K

K − 1

e) When you find your answer you can check its normalisation directly.

3.11

a) The three relations are (
∂T

∂V

)
S,N

= −
(
∂P

∂S

)
V,N(

∂T

∂N

)
S,V

=

(
∂µ

∂S

)
V,N(

∂µ

∂V

)
S,N

= −
(
∂P

∂N

)
S,V

b) With the correct definition of P you find

T (S, V,N) =
2

3NkB
E(S, V,N),

P (S, V,N) =
2

3V
E(S, V,N).
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