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2021

PHYSICS — GENERAL
Paper : GE/CC-3

(Thermal Physics and Statistical Mechanics)

Full Marks : 50

Candidates are required to give their answers in their own words
as far as practicable.
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[English Version]

The figures in the margin indicate full marks.

Answer question no. 1 and any four from the rest.

1. Answer any five questions : 2×5

(a) State Carnot’s theorem.

(b) Define enthalpy of a system.

(c) Write Stefan’s Law in blackbody radiation.

(d) State Zeroth law of thermodynamics.

(e) What is Joule-Thomson effect?

(f) What is meant by mean free-path of gas molecules?

(g) What is meant by micro-state and macro-state?

2. (a) Two moles of a perfect monatomic gas is initially kept in a cylinder at a pressure 6 21.0 10 Nm
and temperature 27°C. The gas is allowed to expand until its volume is doubled. How much work
is done if the expansion is — (i) adiabatic,  (ii) isothermal?

(b) Show each process on a P-V diagram.

(c) Name the process in which heat transfer is greater.

(d) Name the process in which change in internal energy is greater. (2½+2½)+(1½+1½)+1+1

3. (a) Show that for irreversible changes entropy always increase.

(b) Calculate the change in entropy when 1kg of water at 291K is mixed with 2kg of water at 300K.
Take specific heat capacity of water as 1cal g–1K–1.

(c) The efficiency of a Carnot engine is 50%. What should be the temperature of the sink if the
temperature of the source is 600 K? 3+5+2

4. (a) Find the relations between molar specific heats Cp and Cv.

(b) Deduce the expression of work done for one mole of an ideal gas during adiabatic process.

(c) One mole of an ideal gas is allowed to expand isothermally until its volume is doubled. It is then
brought to its initial volume adiabatically. Calculate the work done in both cases. 3+3+4

5. (a) Deduce Maxwell’s thermodynamic relation 
T P

S V
P T
            

, where symbols have their usual

meaning.

(b) Deduce the Joule-Thomson coefficient 
1 2

PH

T a b
P C RT
            

, for one mole van der waal gas.
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(c) Prove the relation : V
T P

P VTds C dT T dV
V T
             

. 3+4+3

6. (a) Establish Wien’s displacement law from Planck’s law.

(b) Draw energy distribution curves for a black body at two different temperatures T1 and T2 (T1>T2).

(c) A metal ball of radius 3cm is heated to 5000°C. If its emissivity is 0.5, at what rate does it radiate
the energy? (Stefan-Boltzman constant  = 5.67 × 10– 8 Wm– 2 K– 4) 5+2+3

7. (a) What do you mean by phase-space?

(b) What do you mean by thermodynamical probability? How does it differ from mathematical
probability?

(c) Write down the relation between entropy and thermodynamical probability.

(d) Three distinguishable particles are to be distributed in two cells. Find possible number of macrostates
and corresponding number of microstates.

(e) Three indistinguishable particles are to be distributed in two cells. Find possible number of
macrostates and corresponding number of microstates. 2+(1+1)+1+3+2


