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BPHCT-135 : THERMAL PHYSICS AND

STATISTICAL MECHANICS

Time : 2 Hours Maximum Marks : 50

Note : (i) All questions are compulsory. However,

internal choices are given.

(ii) You can use a calculator.

(iii) Symbols have their usual meanings.

(iv) The marks for each question are

indicated against it.
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1. Attempt any five parts : 2×5=10

(a) Calculate the root mean square speed

 rmsv of oxygen molecules in a gas at

300 K. Take, the molecular weight of

oxygen molecule to be 32 g mol–1.

(b) What do you understand by Self-diffusion ?

Write one example of self-diffusion.

(c) Write Kelvin-Planck and Clausius

statements for the second law of

thermodynamics.

(d) The first energy equation is given as :

            T V

U PT P
V T

Show that internal energy of an ideal gas

is independent of its volume.
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(e) Write one example each of (i) closed

and (ii) isolated thermodynamic

system.

(f) Write down the parametric and exact

equation of state for a real gas.

(g) Distinguish between the macrostate and

microstate of a system.

(h) What is the significance of degeneracy

parameter A ? What does A << 1

correspond to ?

2. Answer any two parts :

(a) State three assumptions made by van der

Waals and write van der Waals’ equation

of state for  moles of a gas. 3+2

(b) Obtain an expression of mean free path for

zeroth order approximation. 5
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(c) What is the process of sedimentation in

Brownian motion ? Show that during

sedimentation, particle concentration

decreases exponentially as height

increases. 1+4

3. Attempt any two parts : 5×2=10

(a) Explain, what are (i) isobaric, (ii) isochoric,

(iii) isothermal, and (iv) cyclic processes.

Represent these processes on indicator

diagrams.

(b) Obtain an expression for work done in an

isothermal expansion process for an deal

gas.

(c) Two identical gaseous systems containing

1 mol of ideal gas each are at 500 K

temperature and 3.0 atm. pressure. The
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ratio of heat capacities at constant

pressure and constant volume   is 1.4.

One of the gases is expanded adiabatically,

while other isothermally till both reach

atmospheric pressure. Calculate their final

volumes. [Given : R = 8.3 JK–1 mol–1].

4. Attempt any two parts : 5×2=10

(a) Suppose that two ideal gases having 1n

moles and 2n moles are enclosed in two

separate containers at constant

temperature T and pressure P. If these

two gases mix, obtain an expression

for the entropy of mixing per mole of

mixture.

(b) An ideal heat engine operates by taking in

steam from a source at a temperature of
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327°C and rejecting heat to a sink at a

temperature of 27°C. The heat taken in

each cycle is 500 kcal. Calculate :

(i) The Carnot efficiency of the engine

(ii) The work done in each cycle in units of

joules. (1 calorie = 4.2 J)

(c) Using Maxwell’s relations, obtain the first

TdS equation.

5. Attempt any two parts : 5×2=10

(a) Suppose that a phase space consists of

three cells labelled 1, 2 and 3 and two

particles A and B. Enumerate the different

macrostates and microstates corresponding

to each of them when the particles are

(i) indistinguishable, (ii) distinguishable.
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(b) Derive the expression for the single-

particle  partition function in  space for

an ideal monoatomic gas consisting of N

identical particles each of m occupying a

volume V. You may use the relation :

2 2exp
2

x mdx
m





  
   



(c) Derive an expression for the zero point

energy of a Fermion system.
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2×5=10

300 K

 rmsv

(molecular weight) 32 g mol–1

            T V

U PT P
V T
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(i) (ii)

A

A < < 1



3+2
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1+4

5×2=10

(i) ] (ii) ] (iii) ]

(iv)
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1 mol

500 K 3.0 atm.

 

R = 8.3 JK–1 mol–1

5×2=10

T P
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1n 2n

]

ª

] 327°C

27°C

]

(cycle)

500 kcal

(i)

(ii)

(1 = 4.2 J)
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TdS

5×2=10

] ] ]

A B

(i) ] (ii)

V ] m N
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2 2exp
2

x mdx
m
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