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(1) There are N ideal gas molecules in a room of volume V = 10 M3 and at room tem-
perature. The molecules are in equilibrium. There is an imaginary box of volume v M3

completely contained within the room. The walls of the box are permeable and conduct-
ing. In other words, the box exchanges energy and matter with its surroundings.

Let ν denote a random variable defined as the number of molecules in the box. Let P (n)
be the probability that ν = n. Let µ = Nv/V .

Derive appropriate expressions for P (n) to describe the statistics of n for the follow-
ing cases : (i) v = 6 M3 and N = 10 (ii) v = 10 cm3 and N = 105 Calculate the
mean and variance of the random variable ν for both cases. (12 Marks)

(2) The canonical partition function function of an ideal gas ofN mono-atomic point particles
occupying a volume V and at temperature T is given by

Q(T, V,N) =
V N

N !

1

Λ3N
, where Λ =

h
√
2πmkBT

Derive an expression for entropy as a function of T , V , and N . Consider infinitesimal
change of S brought out by infinitesimal changes in V and T . All these changes are
quasi static and reversible, The process is adiabatic if the change in entropy is zero. Solve
the resulting differential equation and show that for a quasi static reversible adiabatic
process, TV 2/3 = Θ, where Θ is a constant. (20 Marks)



(3) Show that in the canonical ensemble formalism, the entropy S of the system is related to
the partition function Q as given below.

S = kB

[
lnQ + T

(
∂ lnQ

∂T

)

V

]
. (6 Marks)

(4) In each of the following, pick up the right option and give a brief explanation/derivation.

[4.1] N molecules of an ideal gas are in a volume V with energy E. Keeping the energy
constant, the volume is doubled. The entropy changes by,

(A) N ln 2 (B) N ln(1/2) (C) N2 ln 2 (D) −N2 ln(2) (2 Marks)

[4.2] Enthalpy of a simple fluid is a function of

(A) T , P , N (B) S, P,N (C) S, V , N (D) T , P , µ (2 Marks)

[4.3] Let T be the temperature and Ω̂ the number of micro states of an isolated system.
T and Ω̂ are related by,

(A) kBT =


∂Ω̂

∂E




V,N

(B) kBT =


∂ ln Ω̂

∂E




V,N

(C)
1

kBT
=


∂Ω̂

∂E




V,N

(D)
1

kBT
=


∂ ln Ω̂

∂E




V,N

(2 Marks)

[4.4] The density of (energy) states g(ǫ), of a single-particle in a three dimension,
modelled by micro canonical ensemble, depends on energy ǫ as,

(A) ǫ3/2 (B) ǫ1/2 (C) ǫ−1/2 (D) ǫ (2 Marks)

[4.5] An ideal gas expands adiabatically and reversibly from (V1, P1) to (V2, P2). The
process is described by the equation PV γ = Θ, where γ and Θ are constants.
During the expansion the system transacts certain amount of energy (W ), by work
with the surroundings. W is given by,

(A)
P1 + P2

2
(V1 − V2) (B)

P1V1 − P2V2

1 − γ

(C)
P1(V

1+γ
2 − V 1+γ

1

1 + γ
(D)

P2(V
1+γ
2 − V 1+γ

1

1 + γ

(2 Marks)

[4.6] N non-interacting particles occupy a two non-degenerate energy levels 0 and ǫ at
temperature T = 1/(kBβ). The internal energy is given by,

(A) 3N
kBT

2
(B) Nǫ exp(−βǫ)

(C)
nǫ

exp(βǫ) + 1
(D)

nǫ

1 + exp(−βǫ)

(2 Marks)

(Total 12 Marks)
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