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1. a) 1
τ

= ∂σ
∂E

= 8πGM
h̄c3

b) U = 3
2
τ = 1 eV will give ratio 18e13.6/32τ

8e13.6/22τ
= 18

8
e20.4(1/9−1/4)/τ = 18

8
e−2.833/τ = 0.13

2. Trycket ges av P = kBT
(
∂ lnZ
∂V

)
T

= NkBT
V−bN−

aN2

V 2 vilket kan skrivas som
(
P + aN2

V 2

)
(V − bN) =

NkBT . Inre energin ges av U = kBT
2
(
∂ lnZ
∂T

)
V

= N
(

3kBT
2
− aN

V

)
3. a) < ν >= ν0(1+ < vx > /c) and < vx > is equal to zero due to symmetry and hence
< ν >= ν0.
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4. Z = 1 + e
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F = −τ lnZ = −τ
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3

(
mB
τ

)2
)
]
≈ −τ

[
ln 3 + 1

3

(
mB
τ

)2
)
]
σ = −∂F

∂τ V
= ln 3 −
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). The decrease in entropy is 1
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5. Det finns tv̊a sätt att lösa uppgiften. Dels kan man separera den tv̊a dimensionella till
tv̊a stycken en dimensionella eller s̊a inför man en tillst̊a ndtäthet g(n). Här väljer jag
det senare. Tillst̊andstätheten g(n) ges av g(n) = n + 1. εn = (nx + ny + 2

2
)h̄ω och

sätt n = nx + ny ger Z =
∑∞
n=0 g(n)e−(n+1)h̄ω/τ = e−
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∑∞
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d̊a blir den fria energin F =
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τ och d̊a τ →∞ blir Cv → 2


