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1. Problem 1:

0
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V = −u0

V = ∞

V = ∞

x

z

y

(a)

Lx = Ly = Lz = (V −B)1/3 ⇒ L2
x = L2

y = L2
z = (V −B)2/3

V (x, y, z) = −u0

Ĥψ(x, y, z) = Eψ(x, y, x)
ψnx,ny ,nz(x, y, z) = ψnxψnyψnz

Enx,ny ,nz = Enx + Eny + Enz =
π2h̄2

2m

(
n2

x

L2
x

+
n2

y

L2
y

+
n2

z

L2
z

)
; when V = 0

Enx,ny ,nz =

(
n2

xh̄2π2

2m(V −B)2/3
+

n2
yh̄

2π2

2m(V −B)2/3
+

n2
zh̄

2π2

2m(V −B)2/3

)
− u0; when V = −u0

Enx,ny ,nz =
π2h̄2

2m(V −B)2/3

(
n2

x + n2
y + n2

z

)− u0

1



(b)

E trans = E◦
trans − u0

ztrans(T ) =
∑

e−βEtrans =
∑

e−β(E◦trans−u0) =
∑

e−βE◦trans+βu0

=
∑

e−βE◦trans eβu0 = eβu0
∑

e−βE◦trans

if E◦
trans(nx, ny, nz) =

π2h̄2

2m(V −B)2/3

(
n2

x + n2
y + n2

z

)

ztrans(T ) = eβu0

∞∑

nx=1

∞∑

ny=1

∞∑

nz=1

e−βE◦trans

let ω = β
π2h̄2

2m(V −B)2/3

then ztrans(T ) = eβu0

∞∑

nx=1

∞∑

ny=1

∞∑

nz=1

(e−ωn2
x)(e−ωn2

y)(e−ωn2
z)

' eβu0

8

∫ ∞

0

∫ ∞

0

∫ ∞

0
dnxdnydnz e−ωn2

xe−ωn2
ye−ωn2

z

=
eβu0

8

(√
π

ω

)3

=
eβu0

8




√
π2m(V −B)

2
3

βπ2h̄2




3

=
eβu0

8




√
2m(V −B)

2
3 kBT

πh̄2




3

therefore ztrans(T ) =
eβu0

8

(
2mkBT

πh̄2

) 3
2

(V −B)

(c)

Pk(T, V, {N}) = P (Ek) = ece−βEk

∑

k

Pk(T, V, {N}) = ec
∑

k

e−βEk = 1 ; ec =
1∑

k e−βEk

Pk(T, V, {N}) =
e−βEk∑
e−βEk

let Z(T, V, {N}) =
∑

k

e−βEk

therefore Pk(T, V, {N}) =
e−βEk

Z(T, V, {N})
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Z(T, V, {N}) = [ ztrans(T ) ]N / N !

Z(T, V, {N}) =

[
eβu0

8

(
2mkBT

πh̄2

) 3
2

(V −B)

]N

/ N !

if z̃trans =
(

2mkBT

πh̄2

) 3
2

; then Z =
[
eβu0

8
z̃trans (V −B)

]N

/ N !

Sterling Approximation Z =
(ztrans)N

N !
∼

(ztranse

N

)N

Z =
(

z̃transe

8N
(V −B) eβu0

)N

A(T, V, {N}) = −kBT ln Z(T, V, {N})

A(T, V, {N}) = −kBT ln
(

z̃transe

8N
(V −B) eβu0

)N

let V → V −B ; u0 = a
n

V
→ a

n

V −B

A(T, V, {N}) = −kBTN ln
(

z̃transe

8N
(V −B) eβ n

V−B
a

)

(d)

p = −∂A

∂V

= −kBTN ln
(

z̃transe

8N

∂

∂V
(V −B)

∂

∂V
eβ n

V−B
a

)

∂

∂V
eβ n

V−B
a = −βna(V −B)−2 eβna(V−B)−1

p = −kBTN ln
[(

z̃transe

8N

)
(−βna(V −B)−2 eβna(V−B)−1

)
]

(e)

B → (N x vol)
B = Ngas · Vmol

Vgas = Ngas · Vmol

p = −kBTN ln
[(

z̃transe

8N

)
(−βna(V − Vgas)−2 eβna(V−Vgas)−1

)
]
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1. Problem 2:

(a)

ps + pf = 1
n = nf + ns

ns = n− nf

P = p
nf

f · pns
s

P (n, nf ) =
n!

nf !ns!
p

nf

f · pns
s

(
n

nf

)
=

n!
nf !ns!

=
n!

nf !(n− nf )!

P (n, nf ) =
(

n

nf

)
(pf )nf · (ps)ns
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(b)
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(c) i.

Let s = (nfA
− nfB

)
(xA − xB) = s∆x

(xA − xB) = (nfA
− nfB

)∆x

ii.

P (n, s) = P (B)0P (A)s + P (B)1P (A)s+1 + . . . + P (B)n−sP (A)n + . . .

. . . +P (A)0P (B)s + P (A)1P (B)s+1 + . . . + P (A)n−sP (B)n

=




n−s∑

nfB
=0

P (B)nfB
P (A)nfB

+s


 +




n−s∑

nfA
=0

P (A)nfA
P (B)nfA

+s




The second sum in this equation goes to 0 because pfA
> pfB

meaning nfB
¿ nfA

.
When there are n states of the molecule, n → ∞ if the walker takes infinite steps,
or if the molecular ensemble is very large.

P (n, s) =
n−s∑

nfB
=0

[
n!

nfB
!nsB !

(pfB
)nfB · (psB )nsB

] [
n!

nfB+s!nsB−s!
(pfA

)nfB
+s · (psA)nsB

−s

]
,

where nsB = n− nfB
.

iii.

P (0 = xA − xB) =
n∑

nf=0

(
n

nf

)
(pfA

)nf · (psA)ns

(
n

nf

)
(pfB

)nf · (psB )ns
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