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Paper : CC-6

(Thermal Physics)

Full Marks : 50

The figures in the margin indicate full marl<s.

Candidates are required to give their answers in their own words
1, as far as praclicable.

Answer queslion no. I and any fout gtrcstrons liom the rest

l. Answer arry jEye questions: 2x5

(a) An ideal gas expands (i) isothermally, and (ii) adiabatically to twice its initial volume from the same
initial state. In which case does the gas do more work? Explain with the help ofindicator diagram.

(b) Determine the efficiency of a Camot engine with the help of T-S diagram.

(c) Under what condition equilibrium of a system is determined by the minimum of Gibbs free energy?

(d) One cylinder contains Helium gas and another contains Krypton gas at the same temperature.
Draw their relative velocity distributions on the same diagram.

(e) considering { an exacr differentiat show rhar -f 
al(r) - f *t 

matv ltttEt' "'"'.-l Ar )r- l,r)r'where 
xland B are isother

compressibility and coefficient of volume expansion respectively.

(0 Calpulate the ratio of n*.velocities of Hydrogen and Oxygen molecules at 0"C.

(g) What fraction of gas molecules will have free paths lying within L and 21,, where L is the mean
free path?

2. (a) Write the conditions for a thermodynamic process to be reversible.

(b) The equation of state of an ideal elastic substance is given by

r _ -2\
F= KTI L_bI.

th L)
where l' is the tension, l( is a constant, f is temperature, I0 is the value of I (length) at zero

tension. Find an expression for the work required to change I from 16 to f guasistatically and

isothermally.

(c) Assuming air to be an ideal gas findan expression for variation oftemperature of atmosphere with
altitude. 2+4+4
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3. (a) Prove that no heat engine operating between two temperatures (Tr> Tr) can be more efficient than
a Camot engine operating belween the same two temperatures.

(b) Using Clausius inequality show that in any thermodynamic process entropy of the universe can
never decrease.

(c) Two identical bodies of constant heat capacity at temperatures T, and 72, respectively, are used
as heat reservoirs for a heat engine. If the bodies remain at constant pressure and undergo no

change of phase, show that the maximum amount of work obtainable is W = Cp(f, + T2 - 2JfiI2) .

4+3+3

4. (a) prove *" (#)
( aP\tt
\ar ), - P. Calculate

(au\
tt
lav )

for h van der Waals' gasT
T T

AP

)r(#), show that ror water at 4'c, cp=cv.(b) Prove thar Cp - Cv =T
AT

(c) Derive the expression for the change in temperature of a paramagnetic substance undergoing
cooling process by adiabatic demagnetization. (2+2)+(2+l)+3

5. (a) Prove rhe relations, (i) rds = cydr* T(#)ydv , (i1) u =
al'/il1
;@),

(b)

(c)

6. (a)

(b)

(c)

7' (a)

(b)

(c)

What are the characteristics of a first-order phase transition? Derive Clausius-Clapeyron's equation
for first-order phase transition.

The rate ofincrease ofvapour pressure ofsteam at 100"C is 3.68x10a dyne.cm-2.o6-1. Ifone gram

of steam occupies a volume of 1674 cc, what is the specific latent heat of vaporization?

. 
(2+2)*(l+3)+? \

The probability ofa gas molecule having velocity lying between r and u + dt] in a given direction is,

71u1du = Ae-bu2 du, *h"r" e=^lL arrd b=L.
lzt kT ZkT

Using the above derive Maxwell's speed distribution formula.

Calculate average value of a2.

Which physical quantity is transported in case of viscosity of a gas? Explain how the coefficient
of viscosity of an ideal gas depends on temperature. 4+3+(l+2)

Write the van der Waals' equation of state for r mole gas occupfng volume y. Ploi P - V diagram
of van der Waals' gas at temperatures T, < T, and Tr> Tr.

Determine critical constants of a real gas obeying van der Waals' equation of state.

Write the Fourier equation for rectilinear flow ofheat along a metallic bar. Hence write the steady
state equation and solve it when there is no radiation loss. (l+l)+4{l+l+2)
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Candidates are required to give their answers in their own words 

as far as practicable. 

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

(a) Distinguish between extensive and intensive variables. 

P 

P, 

(b) The mean free path of a gas is 5.0 cm. Among 100 free paths of those molecules, how many are 
between 4.9 cm. and 5.1 cm? 

(c) Using the indicator diagram shown below, show that the work done is not a state function. 

A 

V 
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B 

(d) Explain the concept of temperature on the basis of Zeroth law of thermodynamics. 

(e) What is the reason for considering Quasi-static process in the context of thermodynamics? 

() Show that Clausius's theorem leads to the concept of entropy as a state function. 

(g) State Gibbs phase rule. Explain the rule with an example. 

(a) Write down the assumptions used in the derivation of Maxwell's speed distribution law. 

(b) According to Maxwell's speed distribution law, the number of molecules per unit volume with speed 

between v and Vt dv is given by n(v)dy = nae -yt:v.dv, dv. where symbols have 

2x5 

their usual meaning. Calculate the constant 'a' in terms of the constant b. 
(c) Show that Maxwell's speed distribution law is normalized. 
(d) Calculate the average of x-component of velocity of a Maxwellian gas. 2+3+3+2 
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(Thermal Physics)
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The figures in the margin indicate full marks.
Candidates are required to give their answers in their own words

as far as practicable.

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

1. Answer any five questions : 2×5

(a) Why is it necessary to introduce the concept of quasi-static process in thermodynamics?

(b) Explain why the specific heat of gas at constant pressure is greater than that at constant volume.

(c) Explain that the perpetual motion machine is not possible according to thermodynamics.

(d) Prove that the adiabatic elasticity of a gas is  times the isothermal elasticity.

(e) Prove the relation .
T V

U PT P
V T
            

(f) At what temperature will root mean square speed of oxygen molecule be double its value at N.T.P.,
while pressure remaining constant?

(g) Draw the pressure-temperature diagram of H2O indicating the phases, boundaries and the tripple
point.

2. (a) A Carnot engine operates between temperatures T1 and T2 with a gas as working substance whose
equation of state is given by P(V-b) = RT. Work out the expression for the heat absorbed and the

work done in each part of the cycle and show that the efficiency of the cycle is 2

1
1 T

T
 
 

 
.

(b) Give the Kelvin-Planck statement and Clausius statement of the second law of thermodynamics.
Establish the equivalence of the above two statements.
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(c) Show that the efficiency of the cycle ABCDA is given by 
 

   
1 2

1 2 1 2

2
4

T T
T T T T

 
 

   
.

Given AC = BD. 3+3+4

3. (a) Show that the probability of a gas molecule traversing a distance x, without collision, is e–x/, where
 is the mean free path of the gas molecule.

(b) Find out the expression for the most probable speed cm and the number of molecules  mn c  having
speed cm .

Plot n(c) vs. c for two different temperatures T and 4T on the same graph. 4+(2+2+2)

4. (a) Why isotropic distribution of particles is needed to derive the Maxwell’s velocity distribution?

(b) Why Brownian motion is observed below a definite size of particles only?

(c) Find the number of degrees of freedom for (i) H2O and (ii) CO2 molecule, assuming linear
configuration of the molecules.

(d) State law of equipartition of energy. Hence establish the relation between degrees of freedom and
the ratio of two specific heats of a gas. 2+2+3+(1+2)

5. (a) Show that for a real van der Waals’ gas  23
21P V

aC C R V b
RTV

 
    

 
.

(b) Show that for an isentropic transformation V

P VS P

CV V
T C C T
             

.

(c) Assuming the relation P
P

VTds C dT T dP
T
     

, show that for isothermal compression

 2 1Q TV p p     , where Q is the heat transfer when the fluid is compressed isothermally,,
from a pressure p1 to p2,  = coefficient of volume expansion. 4+3+3
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6. (a) For all living systems, ageing process cannot be stopped. —Which thermodynamics law supports this
statement? Explain your answer.

(b) Using the Clausius theorem, show that for any process 
f

f i
i

dQS S
T

    where the symbols have

their usual meanings.

(c) Apply the suitable transformation technique to define Enthalpy in mathematical form.

(d) Using the Clausius-Clapeyron equation, investigate the possibility of latent heat to be zero.
(1+2)+3+2+2

7. (a) Deduce the expression for amount of cooling of a paramagnetic substance by adiabatic
demagnetization.

(b) The specific volume of water at 0°C increases by 9.1% on freezing and the latent heat of fusion
of ice is 80 cal/gm at atomospheric pressure. Calculate the pressure needed to lower the melting
point of ice by 1°C.

(c) Show that the enthalpy  
 1

G
T

T V

H
 
 
  

, where G is the Gibbs energy.. 3+4+3
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Full Marks : 50

The figures in the margin indicate full marks.
Candidates are required to give their answers in their own words

as far as practicable.
Symbols have the usual meanings everywhere.

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

1. Answer any five questions : 2×5
(a) Under what conditions is the equilibrium of a system determined by the minimum of the Helmholtz

free energy?
(b) Calculate the RMS velocity of Argon gas molecule at 200K (molecular weight of Argon = 40).
(c) Find the change in entropy in an adiabatic process when the temperature of an ideal gas is increased

from T1 to T2.
(d) Define enthalpy and cite an example of an iso-enthalpic process.
(e) What is the order of the phase transition in ferromagnetic to paramagnetic transition of a metal and why?
(f) Find the ratio of the coefficient of viscosity of two gas molecules A and B if the diameter of

A is twice that of B while the molecular weight is thrice.
(g) A certain system has Gibbs free energy given by

5/ 2( , ) ln
( )

apG p T RT
RT

 
  

  
where a and R are constants. Find out CP, the specific heat at constant pressure.

2. (a) Prove that for an ideal gas, in an adiabatic process, PV  is constant. Is this relation valid in an
irreversible process?

(b) A Carnot engine is shown below :

State the nature of the thermodynamic processes along AB, BC, CD and DA.
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Where is work put in and where is it extracted?

If the above is a steam engine with Tin = 500 K operating at room temperature, calculate the
efficiency of the engine. (3+1)+(2+2+2)

3. (a) Show that if average velocity is taken as the unit of speed of gas molecules, the probability of speed
between v and v + dv is independent of temperature.

(b) Find the fraction of gas molecules whose velocities are greater than the r.m.s. value by at least 2%.

(c) The speed of longitudinal waves of small amplitude in an ideal gas is 
pv 




Show that for an adiabatic process 
RTv
M


  where  is the density and M is the mass of the

gas molecule.

(d) Justify that for a very dilute van der Waals gas, CP – CV = R. 3+3+2+2

4. (a) Calculate the probability that the speed of an O2 molecule will lie between 200 and 201 ms–1 at
300 K (mass of oxygen molecule is 32 units).

(b) Using Maxwell’s distribution for speed of molecules in a gas, establish that rms pv v v  , where

v  and pv  are the average and most probable speeds respectively. Why do the velocities

increase with temperature? Is the distribution symmetric about pv ? 3+(4+2+1)

5. (a) For the equation of state

3
RT CV
p T

 

show that

4
12P

p

C C
p T

 
  

(b) The Helmholtz free energy function A can be obtained from the internal energy U by a Legendre
transformation. Show that it is a function of T and V.

(c) Liquid helium has a normal boiling point = 4.2 K. However, at a pressure of 1 mm of mercury, it
boils at 1.2 K. Estimate the average latent heat of vaporization of helium in this temperature range
(Take the volume in the liquid state << volume in gaseous phase). 3+3+4
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6. (a) Establish the relation for the rate of change of temperature with pressure in a Joule-Thomson
process :

( 1)JT
PH

T V T
P C
       

What is the value of JT for an ideal gas? What do you mean by the inversion temperature?

(b) Indicate the coexistence curves and the critical point in a solid-liquid-gas phase diagram.

(c) Show schematically the variation of the order parameter with temperature in a (i) first-order  and
(ii) a continuous phase transition. (4+1+1)+2+2

7. (a) Using the fact that dS is an exact differential, derive the following relation :

T V

U PT P
V T
            

Hence show that for a van der Waals gas, the internal energy is not a function of temperature alone.

(b) Establish the relation

T V

S P
V T
           

(c) The pressure p from an isotropic radiation field is 1/3 of its energy density :

( ) / 3 ( ) /3p u T U T V 

Show that u obeys 
1 1
3 3

duu T u
dT

 

(You have to use the result of (b)). 4+2+4


