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1. Show that pV = 2

3
E for ideal Fermi gas.

2. a) Show the following relations for ideal Bose-Einstein gas:

(∆nℓ)
2 ≡ 〈(nℓ − n̄ℓ)

2〉 = n̄ℓ(1 + n̄ℓ)

(∆N)2 ≡ 〈(N − N̄)2〉 = N̄ +
∑

ℓ

n̄2

ℓ

where N̄ =
∑

ℓ n̄ℓ is the total number of particles.

b) Show for ideal Fermi-Dirac gas

(∆nℓ)
2 = n̄ℓ(1 − n̄ℓ)

(∆N)2 =
∑

ℓ

n̄ℓ(1 − n̄ℓ)

3. Defining the function

gx(z) =
∞∑

n=1

zn

nx

(this gives the Riemann zeta-function as gx(1) = ζ(x)), show that the integral
representation of g is

gx(z) =
1

Γ(x)

∫
∞

0

dy
yx−1

z−1ey − 1
.

Show that for ideal Bose-Einstein gas

Ω(T, V, µ) = kBT ln(1 − z) −
V kBT

λ3

T

g5/2(z)

and

N(T, V, µ) =
z

1 − z
+

V

λ3

T

g3/2(z),

where z = eβµ and λT is the thermal deBroglie wavelength.


