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PHYSICS PAPER -1I: THERMAL PHYSICS
| TUTORIAL SHEET: 20
BasicConcepts

. Cl,alculate the work done in compressing adiabatically 10’3kg of air initially at STP to one -
half its original volume. (Given density of air at STP = 1.293 kg./m’ andy= 1.4

(1990)

Establish that for an adiabatic process in an ideal gas TV = constant, where the symbols
have their usual meafings.

(1991)

One gram of hydrogen gas at 27° C is compressed isothermally from 100 litres to 25 litres.
Calcuiate the energy needed.

(1991)
Show that the work done in a reversible expansion of an ideal gas from volume V, to V; is
greater than the corresponding work done in an irreversible expansion against a constant
pressure Ps. e ‘

y (1994)

I~\phm the concept of ‘internal energy’ of a system. Formulate mathematically the first
law of thermodynamics. Calculate the work done ini an isothermal compression of a gas.
(1999)

I

erl is an adlabatlc process? Give three engineering examples of adiabatic process, which
are in common use?

(2000)

R f
\)7./4@ mole of an ideal gas is compressed at constant temperature T from a volume ¥, to a

volume /,. Find the work done and heat absorbed by the gas. The gas now expands

adiabatically to a volume 2V. Tak;ng the gas to be diatomic, calculate the final temperature of
the gas. ‘ , (2008)
~onsider one mole of an ideal gas Wwhose pressure changes with volume as P =aV, where a
i1s a constant. If it is expanded such that its volume increasesmtimes, find the change in internal
energy, work done by the gas and hea capacity of the gas.

Univessald ‘F" Combmi
R= §-3l4 ST umily

2010)
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UTORIAL SHEET: 21 - .,
Carnot’s Cvcle and Entropy

A Carnot’s er;g/ine is made to work between 0° C and -200°C. Calculate its effigiency.
Derive the expression you use for calculation.

¥

(1988)
/A volume of one gm. mole of an ideal gas expands isothermally to four times its initial
volume. Calculate the change in its entropy in terms of gas constant.

‘§§;\\

: \ (1988)
\/l kg of ice at 0°C is melted and converted to water at 0°IC. Compute the change in entropy.
(1989)

A and B are two huge blocks of same metal. The blocks dre conhected by a huge rod of
the same material. The temperatures of A and B are 1500 K and 500 K respectively. The
rate of heat conduction is 10* J/sec. Estimate the rate of entropy increase of the universe
due to this process.

N

: (1992)

sal\ & Define entropy. Write a general expression for the elementary entropy change dS for |
mole of an ideal gas. How would this become for cases where the change is (i)
isothermal (ii) isochoric  (iii) isobaric?  Deduce expressions for S, - S, for each of
these cases, where ') and m refer to the initial and final stage entropies respectively.
Constants Cp, Cv, R may be used to express the results.

Y

(1993)

. A 10 ohm resistor carrying 3 ampere current-is cooled by running water so as to keep the
temperature at 300K. Discuss the change in gntropy per second (i) of the resistor (ii) of
the universe? ' o

N

A , . (1994)
- 7. Detine entropy. Derive expressions for the entropy of a perfect gas in terms of (1)Tand V
(i) T and P. The symbols have their usual meanings.

N

(199%)
. Explain the concept of entropy. The specefic heat Cp of a material depends on
temperature T according to the relation Cp = a + bT + ¢T? where a, b, ¢ are constants.
Derive an expression for the change in its entropy when the temperature changes from T

Ty, i ' | (1990)
How is absolute scale of temperature obtained with the help of Carnot cycle? Hence define
absolute zero.

<,‘\

(1996)

) i . D
Prove that jﬁ o9 evaluated ‘along a reversible path joining the states A and B does not
T

EN

depend on the path chosen. Hence define the entropy function. Calculate the entropy
change in an ideal gas undergoing a state change from (V,P) to (2V, P/2) for three
suitably chosen difterent paths and show that the result turns out to be the same in all the
cases. -

v (1998)

. Define the efficiency of a Carnot Engine. An-engine is designed to have an efficiency of
. 25% and to absorb heat at a temperature of 267°C. Find the maximum temperature at
which it can exhaust heat.

BN

. (2000)

N
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. Calculate the incre@se in entropy when 1 kg ice melts at zero degree centigrade. The Latent
. heat of fuse of ice is 3.36x10‘5,|Joules/kg. (Assume that the melting is an isothermal
reversible process). ‘

(2001)
%'Describe Carnot cycle and show that efficiency is given by H=Q1-Q2/ Q= T|-T2/ T|
where symbols henee their usual meaning.
’ (2002)

> Describe Otto cycle and obtain an expression for the efficiency is lower than that of a
Carnot cycle operating between the highest and iowest temperature of otto cycle.

, (2003)
\/ﬂ\ gas expands isothermally from the pressure P; and Volume V| to the pressure P, and the
volume V, Calculate:
(i) the change in internal energy
(ii) the change in entropy
(iii) the change in enthalpy
What will be corresponding quantities when gas expands adiabatically?
1

v

, 1 (2004)
\}K./Show that the entropy of one gas mole of an ideal gas is given by S=C, lv V +C,In P +§,
: ' T T(2004)
\/l kg of ice at 0° floats on 10 kg of water at 30°%, the whole system being thermally
isolated. What will be the change in entropy of the system when thermal equilibrium is
reached ?
[Specific heat of water = 4.2 kJ kg”' K™ and latent heat of fusion of ice = 336 kJ kg™']
‘ (2006)

(2007)
A system at temperature 7, is brought in contact with a reservoir at temperature 7, > 7,
When the system and the reservoir reach thermal equilibri!;m, calculate the change in entropy

of the universe assuming the heat capacity of C, of the system to be constant. Discuss

whether the considered change is positive or not. i ‘
] (2007)
State second law of thermodynamics. Prove that no engine operating between two given

temperatures is more efficient than a carnot engine operating between same two temperatures.

(2008)
20 ¥ Define entropy. HOw is it related to disorder? Hence, derive the Boltzmann relation S = k
log Q3, where Q is the probability and kjis the Beltzmann constant. ;
Show that for any type of process, involving a closed system
as 222 |
] r .
Where the equality sign applies for internally reversible processes and the inequality for

- internally irreversible processes. l(2()09)

-5
3.36 X [07° ST unli

)
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's‘: TUTORIAL SHEET : 22

Thermodynamic relationships
V/btain the clausius clapeyron equation
d_ 1 !

———— where the symbols have their usual meanings.
ar T(v,-7)

A
Ld

(1989, 1994)
Y ' '
Establish the relation Cp- Cv = T(@J (9—]

oT/ \NoT/,
, (1991)
[/Write down the general expression ’r‘orﬂthe Joule - Kelvin effect and define Joule - Kelvin
coefficient, L. Show that for an ideal gas o = 0

; (1991)
\%he density of steam at 100°C is nearly 0.60 x 107 3kg/htre and its 'latent heat is 2.3 x 10°
: I/kg. Calculate the change in the boiling point of water if air pressure changes from

76.0cm to 70 0 cm. of Hg.

F, H G (1991)
Define the thermodynamic energx functlons Usmg these function establish the following
relations:

o G -EL 0 w FAR)

: (1992)
\/C"al;ulate the Joule - Thomson coefficient for Nltrooen gas at 293 K.and 100 atm. pressure

taking
Cp=18.21 cal deg~ mole”
a = 1.39 litre’ - atm - mole™
b = 392 x 102 litre  mole?

(1994)

7./ Using Maxwell’s thermodynamic relations, show that the internal energy of an ideal gas at

/ a constant temperature is independent of its volume while for a real gas it is a function of
volume also.

(1996)
efine Helmholtz free energy F and Gibb’s free energy G. What does decrease in G and F

e
signify? Show that the internal energy U at temperature T is givenby U = F— IL Fj

(1997)

9/ Using a Carnot cycle, ©btain ;the Clausxus - Clapeyeron equation. At normal pressure the

ratio of densities of ice and water is 9 : 10. When 1 kilo - mole of ice is melted, the change

in entropy is 22.2 x 10° J/K. If thefexternal pressure is increased by 10° N/m?, what will be
the change in the melting point of i ice?

; (1997)
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\/l(Prove the latent heat equation (%%) ~ % = Cs - Cp, Where Cs & Cp are specitic
sV f '

heats of saturated vapour and the liquid in contact with it respectively. Given the following

values referring to 1gm. Of water at 100°C, L = 539 Cal/gm., (—Z—Ii) = -0.64 Cal K

. . ) sV
gm' Cp=1.01 Cal K' gm™ . Calculate Cs. Explain-why the specific heat takes a negative '
value , (1998)

T 2 |‘
‘l}ﬁonsider the expression C, ~C, = —T‘(—a—\i) (gl—)-)
) oT J \ 0OV )3

"

p.
and give reasoning regarding the value of T when C, = C, for water. Also, evaluate Cg-
—C, for a Van der Waals gas to elaborate that its value is larger for any real gas as-
compared to an ideal gas. C

(2005)
. Using thermodynamic principles show that the Joule- Thomson coefficient p can be
expressed as

p= L[T EXJ -V |
Cp T)p o $
Calculate the value of p for an ideal gas and interpret your result physically.
: (2000)
13/ Establish the relation

(j’ _Cw: p.}_[_a__(J_j [.@_I{_J . 3 \
" v ), \or ),

Use it to find out an expression for C, of one mole of a gas whose internal energy is
given by U=cT ~——;7I and which satisfies the equation of state (P + —I%J(V ~b)=RT.

Here a, b and c are constants. (2007)
/4.Calculate the change in pressure for a change in freezing point of water equal to -0-91 °C.
Given, the increase of specific volume when 1 gm of water freezes into ice is 0091 cc/gm and

latent heat of fusion of ice is 80 cal/gm.
(2010)
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~ 5,70Obtain Vander Waal’s equation; of state for real gases. What is the value of critical
Coefficient for an ideal gas? g

Show that the Value of the crmcal coefficient for Vander Waal’s gas is independent of
the type of the gas.

A

o7 #how that the chemical potential of a system is an intensive quantity and is a function of
977 temperature and pressure only’
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Special topics

efine thermodynamijc tempﬂerature of a magnetic system. Making use of Gibb’s eguation,
derive an expression for cooling produced due to adiabatic demagnetisation process. y

is the method used only after pre - cooling to a low temperature?

(1993)

What is an adiabatic d'emagnetlsatlon cycle? Discuss the cycle in terms of B-S indicator

diagram?

(1994)

Define thermodynamic temperature of a magnetic system. Discuss how cooling takes

place due to adiabatic demagnetisation.

demggnetisation is important at l?w temperatures.

Explain, why cooling due to adiabatic

(1995)

Explain how very low temperatufe can be produced by adiabatic demagnetisation.

¢

(@)

(b)

<)

i)
¥
11

What:led van der Waals to modify the
ideal gas equation? Using the concepts
of critical temperature 7, pressure P,
 and volume V,, show that the critical

constant for a real-gas is 8/3. 5+15=20

Find ' out , the expressions for

van der Wagls constants a and b.
)

]

Calculate the values of van der Waals
constants a and b for oxygen with
T, =154-2 K, P, =49- 7 atmosphere and
R =80 cm?3 atmosphere/K.

»

20

20

S (=)

(1999)

(2001)

(2005)
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Specific heat of solids

Thermal energy of a solid is given by the relation

hv v) dv
E = g™ s v g(v) dv.
/B -1, .
) BeD : |
where vm = —=—=  Op being the Debye temperature.

Given g (v)=6Nh?v/(Kgbp)?, deduce the expression for E for T << 0p and discuss the

temperature variation of specitic hegt for T <<0p (Given J: 2 d: =2.404 )

9D o*
~ (1990)

Derive the expression for the specific heat of a solid on the Einstein model. Comment on

its shortcomings. (1991)

erive an expression for the specific heat of solids in Einstein’s model. Explain Einstein
temperature (Tg). Find the value of specific heat when
(HT >>Ty. (i) T << Ty (i) T="Tg2 -+

(1993)
\//k/rite the expressions obtained trom Einstein’s and Debye’s theories for the specific heat

of solids: What is the basic difference between the two theoties? Calculate the heat required
1o raise the temperature ol a solid of mass m from T to T, in the low temperature region.

: * (1993)
‘/State the basic assumptions of Debye theery of smeﬁc heat of solids and write the

expression for Cv derived from this theory. Show that this expression yields the famous T*
law of specific heat at low temperatures. Discuss the extent to_which the theory: agrees-or
disagrees with observationson specific heat through the variation of the Debye characteristic
tempperature 0, with temperature, in general? , (1998)
The specific heat of a substance is found to vary with temperature in the following way C
(T) = aT + bT?% where C (T) is the specific heat at the temperature T and ‘a’ and ‘b’ are
constants. Compare the average specific heat of the substance in the temperature range 0 - T

to the specific heat at the mid - temperature % (1999)

Mention the assumptions made by Einstein in explaining the variation of specific heat of
solids with temperature. Show how these assumptions wepe used to derive the formula for the

Discuss the differences in the assumptions underlying Einstein and Debye theories of
specific hear C,. Give schematic plots of C, versus reduced temperature for these theories and
elucidate the differences therein. Elaborate the meaning ofthe “law of correspondence states™
for these plots. - - (2005)

State Dulong and Petit’s law How does it agree with expex iment ? Discuss the limitations of
the classical theory and success of the quantum theory in explaining the specific heat of
solids. (2006)

\yiﬁc‘ heat of solids. How and why Einstein’s theory fais at very low temperatures. (1999)

“% hat are the limitations of Einstein’s theory of specific heat of solids when compared with
e

xperiments at low temperature? Outline the assumptions made in Debye’s theory and show
that the specific heat at low temperature follows C, T T° law. What is the significance of

Debxg:’s temperature, 7),7 A , . (2009)
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Maxwell- Boltzmann’s Statistics - ,
1 gas possess a Maxwellian velocity distribution function show that the fraction of

molecules in a given volume that possesses a velocity (+Vx) in one direction only and
whose magnitude is greater than, some selected value V is

9 /2 .
[ f(v, v, =% 1—erf[g'—“~,1‘l}

KT

symbols have their usual meanings.
(1988)

\Ad the temperature at which r.m.s. velocity of nitrogen,molecules in earth’s atmosphere
equals the velocity of escape from the earth’s gravitational field. Mass-of N; atom = 23. 24
« 10%*gm. Mean radius of earth = 6370 km, :

; (1988)

: 1

: b
Calculate the mean free path of helium atoms at NTP, the co-efficient of viscosity being
190 x 107 kg m")g'. Atmospheric pressure = 0.076 x 13.6 x 10° x 9981 N/m?.

® T4mm 4 ﬁ?p * (1988)

Explain, using the kinetic model,éwh'y'peaks in the curves shoWing Maxwell distribution
of molecular speeds move towards higher speed at higher temperature.

(1989)

]
\%ﬂculate the [nean'ﬂ'ee path of molecules of H, gas at 20°C at atmospheric pressure.
‘ Assume the molecular diameter to be 2.00 x 10"°m.
ﬁ (1990)
¢ Write down the Maxwell - Boltzmann law for the distribution of speeds C of molecules in
a gas. Show the distribution graphically for the temperature T and 2T); also write down the
expression-for average value of 03;.

) _ (1990)
. A system is composed of two-level atoms, the excited state 1 being 0.10 eV above the

thermal equilibrium at temperature 300K.
- : (1990)
Write down Maxwell - Boltzmann distribution for the energy of molecules of a gas at
” temperature T. Find the energy at which this distribution peaks. Compute in eV the mean
energy of molecules of a gas bt 27°C. :

»
L

| (1991)
\y Calculate the temperature at whiL:h the average speed of Hy molecules equals that of O,
molecules at 350K. . ‘

; P | (1992)
A shower of 6 x 10° molecules, each travelling initially with same velocity, traverses a gas.
. Estimate the number of molecules which will travel unaffected even after traversing a

distance equal to twice the mean free path. 3

e W

(1992)

~
N\

TN

ground state, O. Find the fraction of all atoms which will be in state; 1 if the system is in
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rive an expression for the pressure exerted by an 1deal gas on the walls of the chamber
in terms of concentration of molecules , gas temperature T and a universal constant.
pemﬁcally discuss how T comes into the picturer> (1993)
CI‘IVC expressions for the Maxwellian distribution of (1) one component of velocities (ii)

one component of momenta, in the molecules of an ideal ‘gas!
i ‘ (1994)
. Calculate the most probable speed Vp, the average sipee(;i (V) and the root - mean square

~ piA
e

R

speed <V2>}é for hydrogen molecules at 273 K.

i (1995)
What is Brownian motion? Deduce Einstein’s formula for translatory Brownian motion of
icles suspended in a liquid and hence determine the Avogadro’s number. o
(1996)
15 Rtate the principle of equipartition of energy. What are its limitations? Show that it is
plicable only when the energy is a quadratic functxon of the associated variable.

e

(1996)
. how the distribution-of velocities for temperatures T1 , T2 and Tz (T, > T, > T3) of gas
molecules according to the Maxwell - Boltzman law. ! Using this law prove that the most

‘%%

T A —.
probable velocity is 3 times the root mean square velocity.

(1997)

Obtain an expression for the mean free path. Mentnon the correction introduced by

axwell. Calculate the value of Avogadro’s number, if the mean free path of nitrogen
molecules at STP is 6.85 x 10°m. The molecular diameter is3.5 A”.

(1997) i

8. At the NTP the mass of one litre of Hy is O .09 gm. Caletllate the (i) RMS (ii) Mean (iti) !

Most probable speed at 27°C. _ %
\ (1999)

\/l")/ﬂu, RMS speed of Oxygen molecules at 0'C is 460 m/sec. What would be the RMS
speed of Argon molecules (Mol. wt. = 40 gm/mole) at 4OOC and at what temperature this speed
would be double that at NTP? '

\1999)
q- \/Z/Whal is the most probable distribution of speeds in a large number of molecules of a gas
; and indicate the steps for its derivation. . :

. (2000)
} - Derive an expression for the Maxwellian distribution: of velocities for the-molecules of an
I 1deal gas. (200])
: 22,7100 particles at a temperature T are dlstrlbuted among three energy levels, E,=0

El -KTand E, =2KT. What is total energy ofthe system) _

;? _ (2003)
: .-State the law of equipartition of enelgy Show how this law can be used to calculate
specific heat of gases and hence find the ratio y = CP/CI, for diatomic and triatomic gases.

(2008) |
a _ W‘W deuzmw};mcﬁe» ath 6 Which (an
. I i Q}.‘V’lu@tt MWJ{:&@ +E & —€E.
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F-D & B-E_Statistics

Derive the Bose- Einstein’s distribution for an ideal gas.

‘ (2002)
2.~ Disuses the phenomenon of Bose —Einstein’s condensation. Obtain the expression for
the condensation temperature. Briefly comment on observation of Bose ~Einstein’s

condensate. | : (2002)

3, Define Fermi energy. For an_ideal Fermi gas of N particles at absolute zero
temperature, show that the totéil energy is 3/5 NE; where E; is the Fermi energy.

. ‘ | (2003)

7 Show that for a distribution of electrons, the number of electron Ni in the energy state

it ‘

, Ei are given by

Ni=gi /A exp (Ei/kt) + 1
Where g; represents the no. of quantum stales in the energy level E;. Further state under
what condition this distribution law goes over to Maxwell-boltzmann statistics.
Show by drawing qurvfgs how Fermi —Dirac distribution function varies with the

\//guergy at T =0 and also at the other finite temperatures. (2004)
5
N

tarting from the expressiob i ,
=Y <n,>,where <n, => is the average number of particles in the k™ quantum state,
k i

| |
derive an expression for the ajerage number of particles in the ground state of an ideal

~Bose gas. '; (2005)
. Utilize the above expression to elaborate the concept of the Bose —Einstein
condensation and discuss that the phenomenon explains qualitatively the properties in

/ the low ~temperature phase of liquid *He. (2005)
. Derive the expression for the Fermi — Dirac distribution function. Represent it

graphically for T.=0and T # 0, ! A (2006)

8 Derive a relation between the total number of Fermions in terms of Fermi momentum and

hence obtain te expression for the total energy E of the system at absolute zero Combine

. . . A 0); ' 2 ' .
this expression with the equation of state PV = —3—E to show that the pressure of an ideal

i
ermigasat T =0 is proportiong'il to % power of its number density. (2007)

. Show thatat T =0, the Fermi d?stributi\m function has a value 1 for energies less than
the Fermi energy €, and is zero above it For a system of non-interacting electrons at T =

0,,show that the ground state energy of th system of N particles is %NE - (2008)

10g¥nergy distribution for », partieles in classi al statistical mechanics is given by

n = gie—a—ﬁs, ; [ !

Where o and [3 are constants. g, is the single particle states in the i th level. Using
equipartition theorem, show that correct the rmodynamic interpretation is

B = L (Use.fe""x"lzdx = —1/——;— and
% 2

RS TITCR D

L”e-pxxa/zd) _ 3\/—7; )

(2009)
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- Calculate the number of different arrangements of 10 indistinguishable particles in 15 cells
of equal a priori probability, considering that one cell contains only one particle.

(2010)
12. Consider the followmg statement:
. “The Fermi energy of a given material is the energy of that quantum state which has the
1
. probability equal tOE of bem0 occupied by the conductlon electrons.”
ls the above statement correct? Give reasons for your answer.
' (2010)
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