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Heat and Thermodynamics

Topic1 Calorimetry

Objective Questions I (Only one correct option) 6.
1. When M, gram of ice at —10°C (specific heat = 0.5 cal

Ice at —20°C is added to 50 g of water at 40°C. When the
temperature of the mixture reaches 0°C, it is found that 20 g

g™ '°C™") is added to M, gram of water at 50°C, finally no
ice is left and the water is at 0°C. The value of latent heat
of ice, in cal g_1 is (2019 Main, 12 April 1)

50M, 50M, 50M, 5M,

. A metal ball of mass 0.1 kg is heated upto 500°C and dropped

into a vessel of heat capacity 800 JK™' and containing 0.5

kg water. The initial temperature of water and vessel is 30°C.
What is the approximate percentage increment in the
temperature of the water? [Take, specific heat capacities of
water and metal are respectively 4200 Jkg™ 'K~ and

400 Jkg™ 'K
(a) 25% (b) 15%

(2019 Main, 11 Jan II)

©) 30%  (d) 20%

of ice is still unmelted. The amount of ice added to the water
was close to (Take, specific heat of water = 4.2 J/g/°C
specific heat of ice = 2.1J/g/°C and

heat of fusion of water at 0°C = 334 J/g)(2019 Main, 11 Jan I)

A VA VAL VA @40g () 0g () 60g () 100g
. A thermally insulated vessel contains 7. An unknowp metal of.mass 192 ¢ heatgd to a temperature of
150 g of water at 0°C. Then, the air from the vessel is lOO"Q was immersed into a brass calorimeter of mass 128 g
pumped out adiabatically. A fraction of water turns into ice containing 240 g of water at a temperature Of 84°C.
and the rest evaporates at 0°C itself. The mass of Calculate the spf:c.n‘“w heat of the unknowq metal, if water
evaporated water will be closest to temperatkurelsIt{abllilses at 21.5°C. (Take, specific heat of brass
. 6 0 is394Jkg” K~ (2019 Main, 10 Jan I1)
(Latent heat of vaporisation of water = 210x 10°Jkg ™" and (2)916J kgfl K-! (b) 654 ] kgfl K-
latent heat of fusion of water = 3.36x 10°Jkg™) (€)1232 kg™ K~! (d) 458 T kg™ K~!
(2019 Main, 8 April 1) .
8. C, and C}, are specific heats at constant pressure and
(@) 150 ¢ (b) 20¢ (©) 130 ¢ () 35¢ ccfnstant \!jolume, respectively. It is observed that
. When 100 g of a liquid 4 at 100°C is added to 50 g of a liquid C, - Cy =a for hydrogen gas C,, — C;, = b for nitrogen
B at temperature 75°C, the temperature of the mixture gas. The correct relation between a and b is (2017 Main)
becomes 90°C. The temperature of the mixture, if 100 g of 1
liquid A at 100°C is added to 50 g of liquid B at 50°C will be @a=b  ()a=14b ()a=28b (da=—r>b
(2019 Main, 11 Jan 1)
(a) 60°C (b) 80°C (c) 70°C (d) 85°C 9. A copper ball of mass 100 g is at a temperature 7. It is
. dropped in a copper calorimeter of mass 100 g, filled with
. Inaprocess, temperature and volume of one mole of an ideal 170 g of water at room temperature. Subsequently, the
monoatomic gas are varied according to the relation VT = &, temperature of the system is found to be 75°C. ’T is
where £ is a constant. In this process, the temperature of the (Given, room temperature = 30°C, specific heat of copper
gas is increased by AT. The amount of heat absorbed by gas = 0.1 cal/g°C) (2017 Main)
is (where, R is gas constant) (2019 Main, 11 Jan I1) (a) 885°C  (b) 1250°C  (c) 825°C  (d) 800°C
(a) % kRAT  (b) % AT (o) % RAT (d) % RAT 10. A water cooler of storage capacity 120 litres can cool water at

a constant rate of P watts. In a closed circulation system
(as shown schematically in the figure), the water from the
cooler is used to cool an external device that generates
constantly 3 kW of heat (thermal load). The temperature of
water fed into the device cannot exceed 30°C and the entire
stored 120 litres of water is initially cooled to 10°C. The
entire system is thermally insulated. The minimum value of
P (in watts) for which the device can be operated for 3 hours
is (2016 Adv.)
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14.

Device

Cooler

Hot
PRI

Cold

(Specific heat of water is 4.2 kJ kg’lK’1 and the density of
water is 1000kg m™)

(a) 1600 (b) 2067 (c) 2533 (d) 3933

Calorie is defined as the amount of heat required to raise
temperature of 1 g of water by 1°C and it is defined under
which of the following conditions ? (2005, 2M)
(a) From 14.5°C to 15.5°C at 760 mm of Hg

(b) From 98.5°C to 99.5°C at 760 mm of Hg

(c) From 13.5°C to 14.5°C at 76 mm of Hg

(d) From 3.5°C to 4.5°C at 76 mm of Hg

Water of volume 2 L in a container is heated with a coil of
1 kW at 27°C. The lid of the container is open and energy
dissipates at rate of 160 J/s. In how much time temperature
will rise from 27°C to 77°C? (2005, 2M)
[Specific heat of water is 4.2 kJ/kg]

(a) 8min 20 s (b)6min2s

(c) 7 min (d) 14 min

Liquid oxygen at 50 K is heated to 300 K at constant pressure
of 1 atm. The rate of heating is constant. Which of the
following graphs represent the variation of temperature with

time? (2004, 2M)
Temperature Temperature
(a) : (b) :
Time Time
Temperature Temperature
(c) [ (d)

Time Time

2 kg of ice at —20°C is mixed with 5 kg of water at 20°C in an
insulating vessel having a negligible heat capacity. Calculate
the final mass of water remaining in the container. It is given
that the specific heats of water and ice are 1 kcal/kg /°C and
0.5 kcal/kg /°C while the latent heat of fusion of ice is

80 kcal/kg (2003, 2M)
(a) Tkg (b) 6 kg
(c)4kg (d)2kg

15.

16.

17.

Heat and Thermodynamics 255

A block of ice at —10°C is slowly heated and converted to
steam at 100°C. Which of the following curves represents the

phenomena qualitatively? (2000, 2M)
< ©
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Steam at 100°C is passed into 1.1 kg of water contained in a
calorimeter of water equivalent 0.02 kg at 15°C till the
temperature of the calorimeter and its contents rises to 80°C.

The mass of the steam condensed in kg is (1986, 2M)
(2) 0.130 (b) 0.065
(c) 0.260 (d) 0.135

70 cal of heat are required to raise the temperature of 2 moles
of an ideal diatomic gas at constant pressure from 30°C to
35°C. The amount of heat required (in calorie) to raise the
temperature of the same gas through the same range (30°C to

35°C) at constant volume is (1985, 2M)
(a) 30 (b) 50
(c) 70 (d) 90

Integer Answer Type Question

18.

A piece of ice (heat capacity = 2100 Jkg ' °© C™" and latent heat
=3.36x 10° T kg ™' )of mass m gram is at —5°C at atmospheric
pressure. It is given 420 J of heat so that the ice starts melting.
Finally when the ice-water mixture is in equilibrium, it is found
that 1 g of ice has melted. Assuming there is no other heat

exchange in the process, the value of m is (2010)
Fill in the Blanks
19. Earth receives 1400 W/m? of solar power. If all the solar

20.

21,

energy falling on a lens of area 0.2 m? is focussed onto a
block of ice of mass 280 g, the time taken to melt the ice will
be ...minutes. (Latent heat of fusion of ice = 3.3 x 10°J /kg)
(1997, 2M)
A substance of mass M kg requires a power input of P watts
to remain in the molten state at its melting point. When the
power source is turned off, the sample completely solidifies
in time 7 seconds. The latent heat of fusion of the substance is
....... (1992, 1M)

300 g of water at 25°C is added to 100 g of ice at 0°C. The
final temperature of the mixture is ... °C. (1989, 2M)
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22. The variation of temperature of a material as heat is given to
it at a constant rate as shown in the figure. The material is in
solid state at the point O. The state of the material at the point

Pis...... . (1985, 2M)
C
AP b

B

Heat added —>

— 5

o]

Analytical & Descriptive Questions

23. Inan insulated vessel, 0.05 kg steam at 373 K and 0.45 kg of
ice at 253 K are mixed. Find the final temperature of the
mixture (in kelvin). (2006, 6M)

Given, Ligon = 80 cal/g=3361J/g,
Laporisation = 540 cal/g = 2268 J/g,
Sice =2100J/kg, K=0.5 cal/g-K
and S water = 4200 J/kg, K =1 cal/g-K.

Topic2 Thermal Expansion

Objective Questions I (Only one correct option)

1 A uniform cylindrical rod of length L and radius r, is made
from a material whose Young’s modulus of elasticity equals
Y. When this rod is heated by temperature 7 and
simultaneously subjected to a net longitudinal compressional
force F, its length remains unchanged. The coefficient of
volume expansion of the material of the rod, is (nearly) equal
to (2019 Main, 12 April 11)
(a) 9F / (m? YT) (b) 6F / (2 YT)
(c) 3F / (m? YT) (d) F/ (3m? YT)

2 At40°C, abrass wire of 1 mmradius is hung from the ceiling.
A small mass M is hung from the free end of the wire. When
the wire is cooled down from 40°C to 20°C, it regains its
original length of 0.2 m. The value of M is close to
[Coefficient of linear expansion and Young’s modulus of
brass are 107/°C and 10'! N/m? respectively, g =10 ms ]

(2019 Main, 12 April 1)
(a) 9kg (b) 0.5kg (c) 1.5kg  (d)09kg

3 Tworods 4 and B of identical dimensions are at temperature
30°C. If A4 is heated upto 180°C and B upto 7°C, then new
lengths are the same. If the ratio of the coefficients of linear

expansion of 4 and B is 4 : 3, then the value of T is
(2019 Main, 11 Jan II)

(a) 230°C  (b) 270°C  (c) 200°C  (d)250°C

4. An external pressure p is applied on a cube at 0°C so that it is
equally compressed from all sides. K is the bulk modulus of
the material of the cube and o is its coefficient of linear
expansion. Suppose we want to bring the cube to its original

size by heating. The temperature should be raised by
(2017 Main)

24,

25.

26.

An ice cube of mass 0.1 kg at 0°C is placed in an isolated
container which is at 227°C. The specific heat S of the
container varies with temperature 7 according to the
empirical relation S = 4 + BT, where 4 = 100 cal/kg-K and
B=2x107 cal/kg-K>. If the final temperature of the
container is 27°C, determine the mass of the container.

(Latent heat of fusion for water = 8 x 10* cal/kg, specific
heat of water = 10° cal/kg-K). (2001, 5M)

The temperature of 100 g of water is to be raised from 24°C
to 90°C by adding steam to it. Calculate the mass of the steam
required for this purpose. (1996, 2M)

A lead bullet just melts when stopped by an obstacle.
Assuming that 25 per cent of the heat is absorbed by the
obstacle, find the velocity of the bullet if its initial
temperature is 27°C. (1981, 3M)

(Melting point of lead = 327°C, specific heat of lead

= 0.03 cal/g °C, latent heat of fusion of lead = 6 cal/g,
J =4.2]J/cal)

p 3o p
a) — b) — c) 3pKo. d) —

(a) oK (b) oK (¢)3p (d P

A pendulum clock loses 12 s a day if the temperature is 40°C
and gains 4 s a day if the temperature is 20°C. The
temperature at which the clock will show correct time, and
the coefficient of linear expansion o of the metal of the
pendulum shaft are, respectively. (2016 Main)
(a) 25°C, 00 = 1.85x 107°/°C (b) 60°C, 00 = 1.85x 10°*/°C
(¢) 30°C, 0 = 1.85x 107°/°C (d) 55°C, a0 = 1.85x 1072/°C

The ends Q and R of two thin wires, PQ and RS, are soldered

(joined) together. Initially, each of the wire has a length of
1 m 10°C. Now, the end P is maintained at 10°C, while the
end S is heated and maintained at 400°C. The system is
thermally insulated from its surroundings. If the thermal
conductivity of wire PQ is twice that of the wire RS and the
coefficient of linear thermal expansion of PQ is 1.2 x 10 K

~!, the change in length of the wire PQ is (2016 Adv.)
(a) 0.78 mm (b) 0.90 mm (c) 1.56 mm (d) 2.34 mm

Two rods, one of aluminium and the other made of steel,
having initial length /, and /, are connected together to form a
single rod of length / +/,. The coefficients of linear
expansion for aluminium and steel are o, and o
respectively. If the length of each rod increases by the same
amount when their temperature are raised by #°C, then find

the ratio h
h+1 (2003, 2M)
o o o o
(a) —* (b) —* (©) : “
o, o (o, +oy) (o, +oy)



Objective Question II (One or more correct option)

8. A bimetallic strip is formed out of two identical strips— one of

copper and the other of brass. The coefficients of linear
expansion of the two metals are o~ and o 5. On heating, the
temperature of the strip goes up by AT and the strip bends to
form an arc of radius of curvature R. Then, R is (1999, 3M)
(a) proportional to AT

(b) inversely proportional to AT

(c) proportional to |ot 5 — Ol |

(d) inversely proportional to |0t 5 — Ol |

Integer Answer Type Question

9. Steel wire of length L at 40°C is suspended from the ceiling

and then a mass m is hung from its free end. The wire is
cooled down from 40°C to 30°C to regain its original length
L. The coefficient of linear thermal expansion of the steel is
107°P C, Young’s modulus of steel is 10" N/m? and radius of
the wire is 1 mm. Assume that L >> diameter of the wire.
Then the value of m in kg is nearly. (2011)

Analytical & Descriptive Questions

10. A cube of coefficient of linear expansion o, is floating in a

1.

bath containing a liquid of coefficient of volume expansion
Y;- When the temperature is raised by AT, the depth upto
which the cube is submerged in the liquid remains the same.
Find the relation between o ; and v, showing all the steps.

(2004, 2M)
The apparatus shown in figure consists of four glass columns
connected by horizontal sections. The height of two central
columns B and C are 49 cm each. The two outer columns 4
and D are open to the atmosphere.

Topic3 Heat Transfer

Objective Questions I (Only one correct option)

1.

Two materials having coefficients of thermal conductivity
3K’ and ‘K’ and thickness ‘d’ and ‘3d’ respectively, are
joined to form a slab as shown in the figure. The
temperatures of the outer surfaces are 0,” and ‘0,’
respectively, (8, >0, ). The temperature at the interface is

d 3d
B2l3k | K |
1 (2019 Main, 9 April 1)
0,+8, 0, 20, 0, 30, 0, 9,
a) —— (b)) —+—=(¢c) —+—= (d) —+—=
@ 2 ()3 3()6 6()10 10

Two identical beakers 4 and B contain equal volumes of two
different liquids at 60°C each and left to cool down. Liquid in
A has density of 8x10°kg/ m® and specific heat of
2000J kg "K' while liquid in B has density of 10° kg m™
and specific heat of 4000 J kg 'K™'. Which of the following
time graph

best describes their temperature versus

12,

13.
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A and C are maintained at a temperature of 95°C while the
columns B and D are maintained at 5°C. The height of the
liquid in 4 and D measured from the base line are 52.8 cm
and 51 cm respectively. Determine the linear coefficient of
thermal expansion of the liquid. (1997, 5M)

ic
95°C [ {95°C

A composite rod is made by joining a copper rod, end to end,
with a second rod of different material but of the same
cross-section. At 25°C, the composite rod is 1 m in length, of
which the length of the copper rod is 30 cm. At 125°C the
length of the composite rod increases by 1.91 mm.

When the composite rod is not allowed to expand by holding
it between two rigid walls, it is found that the length of the
two constituents do not change with the rise of temperature.
Find the Young’s modulus and the coefficient of linear
expansion of the second rod. (Given, Coefficient of linear
expansion of copper = 1.7 x 10~ per °C, Young’s modulus
of copper = 1.3 x 10'" N/m?) (1979)

A sinker of weight w,, has an apparent weight w; when placed

in a liquid at a temperature 7; and w, when weighed in the
same liquid at a temperature 7,. The coefficient of cubical
expansion of the material of the sinker is 3. What is the
coefficient of volume expansion of the liquid ? (1978)

schematically? (Assume the emissivity of both the beakers to
be the same) (2019 Main, 8 April 1)

60°C 60°C
(@ 71 A () T B
1 i
B A
t—

t—

60°C 60°C
© 7 @
T A T Aand B
B
= t—

A cylinder of radius R is surrounded by a cylindrical shell of
inner radius R and outer radius 2R. The thermal conductivity
of the material of the inner cylinder is K; and that of the outer
cylinder is K,. Assuming no loss of heat, the effective
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thermal conductivity of the system for heat flowing along the
length of the cylinder is (2019 Main, 12 Jan I)

@ K ; K, b K +431<2
() 2Kt 3Ky @K, + K,

5

. Temperature difference of 120°C is maintained between two
ends of a uniform rod 4B of length 2L. Another bent rod PO,

. 3L .
of same cross-section as AB and length 5 is connected

across 4B (see figure). In steady state, temperature difference
between P and Q will be close to (2019 Main, 9 Jan 1)

T
L
]
L |
A | 7 B
(a) 45° (b) 35°C
(c) 75°C (d) 60°C

. Parallel rays of light of intensity / = 912 Wm™ are incident
on a spherical black body kept in surroundings of
temperature 300 K.  Take  Stefan  constant
0=57x10%Wm?2K™* and assume that the energy
exchange with the surroundings is only through radiation.
The final steady state temperature of the black body is

close to (2014 Main)
(a) 330 K (b) 660 K
(c) 990 K (d) 1550

. Three rods of copper, brass and steel are welded together to
form a Y-shaped structure. Area of cross-section of each rod
is 4 cm?. End of copper rod is maintained at 100°C whereas
ends of brass and steel are kept at 0°C. Lengths of the copper,
brass and steel rods are 46, 13 and 12 cm respectively.

The rods are thermally insulated from surroundings except at
ends. Thermal conductivities of copper, brass and steel are
0.92, 0.26 and 0.12 in CGS units, respectively. Rate of heat
flow through copper rod is (2014 Main)
(a) 1.2 cal/s (b) 2.4 cal/s
(c) 4.8 cal/s (d) 6.0 cal/s

. If a piece of metal is heated to temperature 0 and then
allowed to cool in a room which is at temperature 0. The
graph between the temperature 7 of the metal and time ¢ will
be closed to (2013 Main)

.

@7 0) g\
0 t— Ol t—
T T

©) 90\ @ L
o — ol =

8. Two rectangular blocks, having indentical dimensions, can

be arranged either in configuration I or in configuration II as

10.

1.

12

shown in the figure. One of the blocks has thermal
conductivity K and the other 2K.

The temperature difference between the ends along the
X-axis is the same in both the configurations. It takes 9s to
transport a certain amount of heat from the hot end to the cold
end in the configuration I. The time to transport the same

amount of heat in the configuration II is (2013 Adv.)
Configuration |l
Configuration |
2K
| K | 2K K X
(a) 2.0s (b) 3.0s (c) 45s (d) 6.0s

Three very large plates of same area are kept parallel and
close to each other. They are considered as ideal black
surfaces and have very high thermal conductivity. The first
and third plates are maintained at temperatures 27 and 37
respectively. The temperature of the middle (i.e. second)
plate under steady state condition is (2012)

1
1
97\4
o 2

1
@ (97 T

65 !
(a) (2) T
1

97\4
(©) (2) T

Variation of radiant energy emitted by sun, filament of
tungsten lamp and welding arc as a function of its
wavelength is shown in figure. Which of the following
option is the correct match? (2005, 2M)

1 //\\2

(a) Sun-T;, tungsten filament-7, , welding arc-T;
(b) Sun-T;, tungsten filament-7; , welding arc-T;
(c) Sun-Tj, tungsten filament-7,, welding arc-T;
(d) Sun-7; tungsten filament-75, welding arc-7,

In which of the following process, convection does not take
place primarily? (2005, 2M)
(a) Sea and land breeze

(b) Boiling of water

(c) Warming of glass of bulb due to filament

(d) Heating air around a furnace

Three discs, 4, B and C having radii 2 m, 4 m and 6 m
respectively are coated with carbon black on their outer
surfaces. The wavelengths corresponding to maximum
intensity are 300 nm, 400 nm and 500 nm, respectively. The

power radiated by them are Q 4, O and O, respectively
(2004, 2M)

(b) Oy is maximum

() Q4 =0p =0

(a) O is maximum
(c) O is maximum
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14.

15.

16.

17.

Two identical conducting rods are first connected
independently to two vessels, one containing water at 100°C
and the other containing ice at 0°C. In the second case, the rods
are joined end to end and connected to the same vessels. Let g,
and g, gram per second be the rate of melting of ice in the two

il

cases respectively. The ratio — is (2004, 2M)
9>
1 2 4 1
a)— b) = c)— d)—
(a) 5 (b) 1 (c) | (d) 2

The graph, shown in the diagram, represents the variation of
temperature (7) of the bodies, x and y having same surface
area, with time (#) due to the emission of radiation. Find the
correct relation between the emissivity and absorptivity
power of the two bodies (2003, 2M)

T

(@E,>E,anda, <a,

(b E,<E,anda, >a,

(0)E,>E,anda, >a,

dE, < Ey and a, < a,

An ideal black body at room temperature is thrown into a

furnace. It is observed that (2002, 2M)

(a) initially it is the darkest body and at later times the
brightest

(b) it is the darkest body at all times

(c) it cannot be distinguished at all times

(d) initially it is the darkest body and at later times it cannot
be distinguished

Three rods made of the same material and having the same

cross-section have been joined as shown in the figure. Each

rod is of the same length. The left and right ends are kept at

0°C and 90°C respectively. The temperature of junction of

the three rods will be (2001, 2M)
90°C
0°C
90°C
(a) 45°C (b) 60°C
(c) 30°C (d) 20°C

The plots of intensity versus wavelength for three black
bodies at temperatures 7;, 7, and 7; respectively are as
shown. Their temperatures are such that (2000, 2M)

18.

19.

20.

21.

22,

23.

259

Heat and Thermodynamics

To

@L>T,>T,
©L>T>T,

Oh>T3>T,
AT >T1, >T,

A black body is at a temperature of 2880 K. The energy of
radiation emitted by this body with wavelength between
499 nm and 500 nm isU,, between 999 nm and 1000 nmisU,
and between 1499 nm and 1500 nm isUs. The Wien constant,
b=2.88x 106 nm-K. Then, (1998, 2M)
@U =0 ®U;=0 (U >U, @@U,>U,

A spherical black body with a radius of 12 cm radiates 450 W
power at 500 K. If the radius were halved and the

temperature doubled, the power radiated in watt would be
(1997, 1M)
(b) 450 (c) 900 (d) 1800

The intensity of radiation emitted by the sun has its
maximum value at a wavelength of 510 nm and that emitted
by the north star has the maximum value at 350 nm. If these
stars behave like black bodies, then the ratio of the surface
temperature of the sun and the north star is (1997, 1M)
(a) 1.46 (b) 0.69 (c) 1.21 (d)0.83

Two metallic spheres S; and S, are made of the same
material and have got identical surface finish. The mass of S,
is thrice that of S,. Both the spheres are heated to the same
high temperature and placed in the same room having lower
temperature but are thermally insulated from each other. The

ratio of the initial rate of cooling of S to that of S, is
(1995, 2M)

1/3
033 (d)[l]

(a) 225

1 1

a)— b) — -
(a) 3 (b) 7 | 3
Three rods of identical cross-sectional area and made from
the same metal form the sides of an isosceles triangle 4BC,
right angled at B. The points 4 and B are maintained at
temperatures 7 and (\5 )T respectively. In the steady state,

the temperature of the point C is 7. Assuming that only heat

conduction takes place, 7,./T is (1995, 2M)
1 3
- - b)—
(a)z(ﬁ—l) ()ﬁ+1
1 1
- - d)——
(c)ﬁ(ﬁ—l) ()(ﬁﬂ)

A cylinder of radius R made of a material of thermal
conductivity K is surrounded by a cylindrical shell of inner
radius R and outer radius 2R made of a material of thermal
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conductivity K,. The two ends of the combined system are
maintained at two different temperatures. There is no loss of
heat across the cylindrical surface and the system is in steady

state. The effective thermal conductivity of the system is
(1988, 2M)

(b) K\ Ky/(Ky + K5)
(d) (3K, +K,)/4

@K, + K,
(c) (K, +3K,)/ 4

Objective Questions IT (One or more correct option)

24,

25.

26.

A composite block is made of slabs 4,B,C,D and E of
different thermal conductivities (given in terms of a constant
K) and sizes (given in terms of length, L) as shown in the
figure. All slabs are of same width. Heat Q flows only from
left to right through the blocks. Then, in steady state (2011)

Heat 0 1L 5L 6L
A B 3K |E
—
2K C 4K 6K
—
3L
3 D 5K

(a) heat flow through 4 and E slabs are same

(b) heat flow through slab £ is maximum

(c) temperature difference across slab E is smallest

(d) heat flow through C = heat flow through B + heat flow
through D

A black body of temperature 7 is inside a chamber of

temperature 7;,. Now the closed chamber is slightly opened to

sun such that temperature of black body (7") and chamber

(T, ) remains constant (2006, 3M)

©

(a) black body will absorb more radiation

(b) black body will absorb less radiation

(c) black body emit more energy

(d) black body emit energy equal to energy absorbed by it

Two bodies 4 and B have thermal emissivities of 0.01 and
0.81 respectively. The outer surface areas of the two bodies
are the same. The two bodies emit total radiant power at the
same rate. The wavelength A gzcorresponding to maximum
spectral radiancy in the radiation from B shifted from the
wavelength corresponding to maximum spectral radiancy in
the radiation from A4, by 1.00 um. If the temperature of A4 is
5802 K (1994, 2M)
(a) the temperature of B is 1934 K

(b) Ay =1.5um

(c) the temperature of B is 11604 K

(d) the temperature of B is 2901 K

Numerical Value

27.

Two conducting cylinders of equal length but different radii
are connected in series between two heat baths kept at
temperatures 7; = 300K and 7, = 100K, as shown in the
figure. The radius of the bigger cylinder is twice that of the
smaller one and the thermal conductivities of the materials of
the smaller and the larger cylinders are K, and K,,
respectively. If the temperature at the junction of the

cylinders in the steady state is 200K, then K, /K, =.......... .
(2018 Adv.)

Insulating material

T Ki Ko T>
L
—
L

Integer Answer Type Questions

28.

29.

30.

Two spherical stars 4 and B emit black body radiation. The
radius of A4 is 400 times that of B and 4 emits 10* times the

power emitted from B. The ratio (;LAJ of their wavelengths

B
A, and A at which the peaks occur in their respective
radiation curves is (2015 Adv.)

A metal is heated in a furnace where a sensor is kept above
the metal surface to read the power radiated (P )by the metal.
The sensor has a scale that displays log ,(P/ Py ), where P is a
constant. When the metal surface is at a temperature of
487°C, the sensor shows a value 1. Assume that the
emissivity of the metallic surface remains constant. What is
the value displayed by the sensor when the temperature of the
metal surface is raised to 2767°C? (2016 Adv.)

Two spherical bodies 4 (radius 6 cm ) and B (radius 18 cm)
are at temperatures 7; and 7, respectively. The maximum
intensity in the emission spectrum of 4 is at 500 nm and in
that of B is at 1500 nm. Considering them to be black bodies,
what will be the ratio of the rate of total energy radiated by 4
to that of B? (2010)

Fill in the Blanks

31.

Two metal cubes 4 and B of same size are arranged as shown
in figure. The extreme ends of the combination are
maintained at the indicated temperatures. The arrangement is
thermally insulated. The coefficients of thermal conductivity
of 4 and B are 300 W/m °C and 200 W/m °C, respectively.
After steady state is reached the temperature 7 of the
interface will be ...... . (1996, 2M)

0°C

100°C
>
(o]




32.

33.

34.

A point source of heat of power P is placed at the centre of a
spherical shell of mean radius R. The material of the shell has
thermal conductivity K. If the temperature difference
between the outer and inner surface of the shell is not to
exceed 7, the thickness of the shell should not be less
than ...... . (1991, 1M)

A solid copper sphere (density p and specific heat ¢) of radius
r at an initial temperature 200 K is suspended inside a
chamber whose walls are at almost 0 K. The time required
for the temperature of the sphere to drop to 100 K is ...... .

(1991, 2M)
The earth receives at its surface radiation from the sun at the
rate of 1400 Wm 2. The distance of the centre of the sun
from the surface of the earth is 1.5 x 10'" m and the radius of
the sun is 7x 10° m. Treating the sun as a black body, it
follows from the above data that its surface temperature is
(1989, 2M)

True / False

35.

Two spheres of the same material have radii 1 m and 4 m,
temperature 4000 K and 2000 K respectively. The energy
radiated per second by the first sphere is greater than that by
the second. (1988, 2M)

Analytical & Descriptive Questions

36.

A double-pane window used for insulating a room thermally
from outside consists of two glass sheets each of area 1 m*
and thickness 0.01 m separated by a 0.05 m thick stagnant air
space. In the steady state, the room glass interface and the
glass-outdoor interface are at constant temperatures of 27°C
and 0°C respectively. Calculate the rate of heat flow through
the window pane. Also, find the temperatures of other
interfaces. Given, thermal conductivities of glass and air as
0.8 and 0.08W m™ 'K ™" respectively. (1997C,5M)

37.

38.

39.

40.
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A cylindrical block of length 0.4 m and area of cross-section
0.04 m® is placed coaxially on a thin metal disc of mass
0.4 kg and of the same cross-section. The upper face of the
cylinder is maintained at a constant temperature of 400 K and
the initial temperature of the disc is 300 K. If the thermal
conductivity of the material of the cylinder is 10 W/mK and
the specific heat capacity of the material of the disc is
600 J/kg-K, how long will it take for the temperature of the
disc to increase to 350 K? Assume, for purposes of
calculation, the thermal conductivity of the disc to be very
high and the system to be thermally insulated except for the
upper face of the cylinder. (1992, 8M)

An electric heater is used in a room of total wall area 137m>

to maintain a temperature of +20°C inside it, when the
outside temperature is —10°C. The walls have three different
layers. The innermost layer is of wood of thickness 2.5 cm,
the middle layer is of cement of thickness 1.0 cm and the
outermost layer is of brick of thickness 25.0 cm. Find the
power of the electric heater. Assume that there is no heat loss
through the floor and the ceiling. The thermal conductivities
of wood, cement and brick are 0.125, 1.5 and 1.0 W/m/°C
respectively. (1986, 8M)

A solid sphere of copper of radius R and a hollow sphere of
the same material of inner radius » and outer radius R are
heated to the same temperature and allowed to cool in the
same environment. Which of them starts cooling faster?
(1982, 2M)
A room is maintained at 20°C by a heater of resistance 20 Q
connected to 200 V mains. The temperature is uniform
throughout the room and the heat is transmitted through a
glass window of area 1 m? and thickness 0.2 cm. Calculate
the temperature outside. Thermal conductivity of glass is
0.2 calm's™! (° C)_1 and mechanical equivalent of heat is
4.2 Jeal™. (1978)

Topic4 Kinetic Theory of Gases and Gas Equations

Objective Questions I (Only one correct option)

1.

A diatomic gas with rigid molecules does 10 J of work when
expanded at constant pressure. What would be the heat

energy absorbed by the gas, in this process?
(2019 Main, 12 April 11)

(a)257] (b)357 (©)307] (d)407

Two moles of helium gas is mixed with three moles of
hydrogen molecules (taken to be rigid). What is the molar
specific heat of mixture at constant volume?

[Take, R = 83 J/mol-K] (2019 Main, 12 April I)
(a) 19.7 J/mol-K (b) 15.7 J/mol-K
(c) 17.4 J/mol-K (d) 21.6 J/mol-K

One mole of an ideal gas passes through a process, where

2
pressure and volume obey the relation p = po{l - ;(?) }

Here, p, and V|, are constants. Calculate the change in the
temperature of the gas, if its volume changes fromV/, to 2V/,.
(2019 Main, 10 April I1)
1 po 1 po 3 po S Py
a) — b) — c) — d) —
()2R ()4R ()4R ()4R
A 25x 107 m?® volume cylinder is filled with 1 mole of O,

gas at room temperature (300 K). The molecular diameter of
0, and its root mean square speed are found to be 0.3 nm and
200 m/s, respectively. What is the average collision rate (per
second) for an O, molecule? (2019 Main, 10 April 1)
(@) ~10"  (b) ~10" (d) ~10"

(c) ~10"

A cylinder with fixed capacity of 67.2 L contains helium gas
at STP. The amount of heat needed to raise the temperature
of the gas by 20°C is

[Take, R = 831 J mol 'K ']
(a) 7007] (b) 7481

(2019 Main, 10 April I)

(c) 3741 (d) 3507
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6.

10.

11.

12,

The specific heats, C, and C), of'a gas of diatomic molecules,

A are given (in units of J mol™' K™') by 29 and 22,
respectively. Another gas of diatomic molecules B, has the
corresponding values 30 and 21. If they are treated as ideal
gases, then (2019 Main, 9 April 11)
(a) A4 has a vibrational mode but B has none

(b) Both 4 and B have a vibrational mode each

(c) A has one vibrational mode and B has two

(d) A4 isrigid but B has a vibrational mode

AnHClmolecule has rotational, translational and vibrational
motions. If the rms velocity of HCI molecules in its gaseous
phase is v, m is its mass and kj is Boltzmann constant, then
its temperature will be (2019 Main, 9 April 1)

—2 —2 —2 —2
(a) my_ (b) my_ (©) my_ () my_

3ky Tk Sk 6k g

For a given gas at 1 atm pressure, rms speed of the molecules
is 200 m/s at 127°C. At 2 atm pressure and at 227° C, the rms
speed of the molecules will be (2019 Main, 9 April 1)
(a) 100v/5 m/s (b) 80m/s
(c) 100m/s (d) 80v/5 mJs

The temperature, at which the root mean square velocity of
hydrogen molecules equals their escape velocity from the
earth, is closest to :
[Boltzmann constant kp; =138 x 102 J/K, Avogadro
number N , = 6.02x 10°°/kg, Radius of earth = 6.4 x 10° m,
Gravitational acceleration on earth = 10 ms_z]

(2019 Main, 8 Apri, II)
(¢) 3x10° K (d) 800K

(@) 10K (b) 650K

An ideal gas is enclosed in a cylinder at pressure of 2 atm and
temperature, 300 K. The mean time between two successive
collisions is 6x 10" % s. If the pressure is doubled and

temperature is increased to 500 K, the mean time between two
successive collisions will be close to (2019 Main, 12 Jan II)
(@) 4x 10" % s () 3x10 % s
(c) 2x107 " s (d) 05x10 8s

A vertical closed cylinder is separated into two parts by a
frictionless piston of mass m and of negligible thickness. The
piston is free to move along the length of the cylinder. The
length of the cylinder above the piston is /; and that below the
piston is /,, such that 4 >/,. Each part of the cylinder
contains n moles of an ideal gas at equal temperature 7' If the
piston is stationary, its mass m, will be given by

(where, R is universal gas constant and g is the acceleration
due to graVity) (2019 Main019, 12 Jan Il)

@ nRT{ll —12} ) nRT{l_’_l}
g bl g Lh '}

© RT[2h+h @ RT[h=3h
g hh ng | hb

An ideal gas occupies a volume of 2 m?® at a pressure of
3% 10° Pa. The energy of the gas is
(@) 6x 10* J (b)108J

(2019 Main, 12 Jan I)
()9x10°d (d)3x10*J

13.

14,

15.

16.

17.

18.

19.

20.

A gas mixture consists of 3 moles of oxygen and 5 moles of
argon at temperature 7. Considering only translational and

rotational modes, the total internal energy of the system is
(2019 Main, 11 Jan I)

(@ 12RT  (b) ISRT  (c) 20RT  (d) 4RT

2 kg of a monoatomic gas is at a pressure of 4 x 10* N/m?.

The density of the gas is 8 kg/m®. What is the order of energy

of the gas due to its thermal motion ? (2019 Main, 10 Jan II)

(a)10°7 (b)10°J (c)10*7J (d)10°J

A 15 g mass of nitrogen gas is enclosed in a vessel at a

temperature 27°C. Amount of heat transferred to the gas, so that

rms velocity of molecules is doubled is about

(Take, R = 83 J/ K - mol) (2019 Main, 9 Jan II)

(a) 10 kJ (b) 0.9 kJ (c) 14 kJ (d) 6kl

A mixture of 2 moles of helium gas (atomic mass = 4u) and 1

mole of argon gas (atomic mass = 40u) is kept at 300 K in a
container. The ratio of their rms speeds

l:vrms(hehum) } is close to
Vrms (argon) (2019 Main, 9 Jan I)
@ 032 (b) 224 () 316 (d) 0.45

The mass of a hydrogen molecule is 3.32 x 1077 kg. If 10%
hydrogen molecules strike per second, a fixed wall of area 2
cm? at an angle of 45° to the normal and rebound elastically

with a speed of 10° m/s, then the pressure on the wall is nearly
(2018 Main)

(b)2.35 x 10° N/m?
(d)2.35 x 10* N/m?

(a) 235 x 10* N/m?
(c) 4.70 x 10> N/m?

The temperature of an open room of volume 30 m? increases
from 17°C to 27°C due to the sunshine. The atmospheric
pressure in the room remains 1 x 10° Pa. If n, and n s are the
number of molecules in the room before and after heating,
then n, — n, will be (2017 Main)
(a) 138 x 10%

(c) -2.5%x10%

(b) 2.5 x 107
(d) -161x 10%

An ideal gas undergoes a quasi static, reversible process in
which its molar heat capacity C remains constant. If during
this process the relation of pressure p and volume V' is given
by pV" = constant, then n is given by (Here, C ,and C), are
molar specific heat at constant pressure and constant volume,

respectively) (2016 Main)
C c-C
(@n=—-t (byn= £
Cy Cc-Cy
c,-C _
©n=—" @n="%
Cc-Cy c-¢,

Two non-reactive monoatomic ideal gases have their atomic
masses in the ratio 2: 3. The ratio of their partial pressures,
when enclosed in a vessel kept at a constant temperature, is

4 : 3. The ratio of their densities is (2013 Adv.)
(a) 1:4 (b) 1:2
(c) 6:9 (d) 8:9



21,

22,

23.

24,

25.

26.

27.

28.

29.

A mixture of 2 moles of helium gas (atomic mass =4 amu)
and 1 mole of argon gas (atomic mass = 40 amu) is kept at
300 K in a container. The ratio of the rms speeds

(vrms(hehum)) is (2012)
Vrms (a'rgon)

(a) 0.32 (b) 0.45 (c) 2.24 (d) 3.16

A real gas behaves like an ideal gas if its (2010)

(a) pressure and temperature are both high
(b) pressure and temperature are both low
(c) pressure is high and temperature is low
(d) pressure is low and temperature is high

A gas mixture consists of 2 moles of oxygen and 4 moles of
argon at temperature 7. Neglecting all vibrational modes, the
total internal energy of the system is (1999, 2M)
(a)4 RT (b) 15 RT (¢)9RT (d) 11 RT

Two identical containers 4 and B with frictionless pistons
contain the same ideal gas at the same temperature and the
same volume V. The mass of the gasin 4 is m , and that in B is
my. The gas in each cylinder is now allowed to expand
isothermally to the same final volume 2/. The changes in the
pressure in 4 and B are found to be Ap and 1.5 Ap
respectively. Then (1998, 2M)
@4my =9my
(c)3my =2my

(b)2my =3 my
(d)9my =4 my

A vessel contains a mixture of one mole of oxygen and two
moles of nitrogen at 300 K. The ratio of the average
rotational kinetic energy per O, molecule to per N, molecule
is (1998, 2M)
(@l:1 (b)1:2 (©)2:1

(d) depends on the moment of inertia of the two molecules

A vessel contains 1 mole of O, gas (molar mass 32) at a

temperature 7. The pressure of the gas is p. An identical
vessel containing one mole of the gas (molar mass 4) at a

temperature 27 has a pressure of (1997, 1M)
() p/8 ®p (©)2p (d8p
The average translational kinetic energy of O,

(molar mass 32) molecules at a particular temperature is
0.048 eV. The translational kinetic energy of N,
(molar mass 28) molecules in eV at the same temperature is

(1997, 1M)
(a) 0.0015  (b) 0.003 (c) 0.048 (d) 0.768

The average translational energy and the rms speed of
molecules in a sample of oxygen gas at 300 K are
6.21x 107" J and 484 /s respectively. The corresponding
values at 600 K are nearly (assuming ideal gas behaviour)
(1997, 1M)
(a)12.42x 10721 7,968 m/s  (b) 8.78 x 107! J, 684 m/s

(€) 6.21x 1072 J,968 m/s  (d)12.42x 107%'J, 684 m/s

The temperature of an ideal gas is increased from 120 K to
480 K. If at 120 K the root mean square velocity of the gas
molecules is v, at 480 K it becomes (1996, 2M)
(@4v (b)2v (c)v/2 (d) vi4

30.

31.

32.
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Three closed vessels 4, B and C at the same temperature T’
and contain gases which obey the Maxwellian distribution of
velocities. Vessel 4 contains only O,, B only N, and C a
mixture of equal quantities of O, and N,. If the average speed
of the O, molecules in vessel 4 is v}, that of the N, molecules
in vessel B is v,, the average speed of the O, molecules in
vessel C is (1992, 2M)
(@) (v +n)/2 ®)v

() (v »)"? (d) [3kT /M

where, M is the mass of an oxygen molecule.

If one mole of a monoatomic gas (y = 5/ 3) is mixed with

one mole of a diatomic gas (y = 7/ 5), the value of y for the

mixture is (1988, 2M)
(a) 1.40 (b) 1.50
(¢) 1.53 (d) 3.07

At room temperature, the rms speed of the molecules of a
certain diatomic gas is found to be 1930 m/s. The gas is
(a) Hy (b) Ky (c) O, (d) CL,

Assertion and Reason

33.

Mark your answer as

(a) If Statement I is true, Statement Il is true; Statement Il is
the correct explanation for Statement [

(b) If Statement I is true, Statement Il is true; Statement II is
not a correct explanation for Statement I

(c) If Statement I is true; Statement II is false

(d) If Statement I is false; Statement II is true

Statement I The total translational kinetic energy of all the
molecules of a given mass of an ideal gas is 1.5 times the
product of its pressure and its volume.

Statement II The molecules of a gas collide with each
other and the velocities of the molecules change due to the
collision. (2007, 3M)

Objective Questions II (One or more correct option)

34.

35.

A container of fixed volume has a mixture of one mole of
hydrogen and one mole of helium in equilibrium at
temperature 7. Assuming the gases are ideal, the correct
statements is/are (2015 Adv.)
(a) The average energy per mole of the gas mixture is 2RT

(b) The ratio of speed of sound in the gas mixture to that in

helium gas is g

(c) The ratio of the rms speed of helium atoms to that of

hydrogen molecules is %

(d) The ratio of the rms speed of helium atoms to that of

.1
hydrogen molecules is T
2
Let v, vy, and v, respectively denote the mean speed, root
mean square speed and most probable speed of the molecules
in an ideal monoatomic gas at absolute temperature 7. The
mass of a molecule is m. Then, (1998, 2M)
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(a) no molecule can have a speed greater than \Evrms
(b) no molecule can have speed less than vp/\/E
(c) Vv, <V < Ve

(d) the average kinetic energy of a molecule is % mvf]

36. From the following statements concerning ideal gas at any
given temperature 7', select the correct one (s). (1995, 2M)

(a) The coefficient of volume expansion at constant
pressure is the same for all ideal gases

(b) The average translational kinetic energy per molecule
of oxygen gas is 3 kT, k being Boltzmann constant

(c) The mean-free path of molecules increases with
decrease in the pressure

(d) In a gaseous mixture, the average translational kinetic
energy of the molecules of each component is
different

Fill in the Blanks

37. A container of volume I m® is divided into two equal parts
by a partition. One part has an ideal gas at 300 K and the
other part is vacuum. The whole system is thermally
isolated from the surroundings. When the partition is
removed, the gas expands to occupy the whole volume. Its
temperature will now be ...... (1993, 1M)

38. During an experiment, an ideal gas is found to obey an
additional law p?V = constant. The gas is initially at a

temperature 7 and volume V. When it expands to a
volume 2V, the temperature becomes ...... . (1987, 2M)

39. One mole of a monoatomic ideal gas is mixed with one
mole of a diatomic ideal gas. The molar specific heat of the
mixture at constant volume is ...... . (1984, 2M)

Topic5 Thermodynamics

Objective Questions I (Only one correct option)

1. A Camnot engine has an efficiency of 1/6. When the
temperature of the sink is reduced by 62°C, its efficiency is
doubled. The temperatures of the source and the sink are
respectively, (2019 Main, 12 April 11)
(a) 62°C, 124°C
(b) 99°C, 37°C
(c) 124°C, 62°C
(d) 37°C, 99°C

2. A sample of an ideal gas is taken through the cyclic process
abca as shown in the figure. The change in the internal
energy of the gas along the path ca is —180J. The gas absorbs
250 J of heat along the path ab and 60 J along the path bc. The

work done by the gas along the path abc is
(2019 Main, 12 April 1)

True / False

40.

41.

42.

43.

The root mean square (rms) speed of oxygen molecules (O, ) at

a certain temperature 7 (degree absolute) is V. If the
temperature is doubled and oxygen gas dissociates into atomic
oxygen, the rms speed remains unchanged. (1987, 2M)

Two different gases at the same temperature have equal root
mean square velocities. (1982, 2M)

The volume V versus temperature 7 graphs for a certain amount
of a perfect gas at two pressure p, and p, are as shown in figure.
It follows from the graphs that p, is greater than p,.(1982, 2M)
v 13

P2

74

The root mean square speeds of the molecules of different ideal

gases, maintained at the same temperature are the same.
(1981, 2M)

T

Analytical & Descriptive Questions

44,

A cubical box of side 1 m contains helium gas (atomic weight 4)
at a pressure of 100 N/m”. During an observation time of 1 s, an
atom travelling with the root mean square speed parallel to one
of the edges of the cube, was found to make 500 hits with a
particular wall, without any collision with other atoms. Take,

R= % J/mol-K and k = 1.38 x 1072* J/K. (2002, 5M)

(a) Evaluate the temperature of the gas.
(b) Evaluate the average kinetic energy per atom.
(c) Evaluate the total mass of helium gas in the box.

p &

a b

V—>
(a) 1207 (b) 1307 (c)1007J (d) 14017
When heat Q is supplied to a diatomic gas of rigid molecules,
at constant volume, its temperature increases by AT. The heat
required to produce the same change in temperature, at a
constant pressure is (2019 Main, 10 April I1)

2 5 3 7
(a) EQ (b) EQ (d) gQ

© EQ



. nmoles of an ideal gas with constant volume heat capacity

Cj undergo an isobaric expansion by certain volume. The

ratio of the work done in the process, to the heat supplied is
(2019 Main, 10 April I)

4nR 4nR
@ ——— (b) ——
Cy +nR Cy, —nR

nR nR
© —— d) ———
Cy —nR Cy, +nR

. Following figure shows two processes 4 and B for a gas. If
AQ , and AQj are the amount of heat absorbed by the system
in two cases, and AU, and AU are changes in internal
energies respectively, then (2019 Main, 9 April 1)

(a) AQ, > AQy, AU, > AU,
(b) AQ, < AQ,, AU, < AU,
(c) AQ, > AQg, AU, =AUy
(d) AQ, =AQp; AU, =AUy

The given diagram shows four processes, i.e. isochoric,
isobaric, isothermal and adiabatic. The correct assignment of

the processes, in the same order is given by
(2019 Main, 8 April I1)

" a
p
b
c
d

V—
(@) dabc (b) adbc
(c)ydach (dyadch

. For the given cyclic process CAB as shown for a gas, the
work done is (2019 Main, 12 Jan )

p (Pa)

N Wb O
——

(@) 57 (b) 107 (d) 307

In a process, temperature and volume of one mole of an ideal
monoatomic gas are varied according to the relation VT = k,
where £ is a constant. In this process, the temperature of the

© 17

10.

1.

12

13.
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gas is increased by A7. The amount of heat absorbed by gas
is (where, R is gas constant) (2019 Main, 11 Jan II)

(a)%kRAT (b) %AT ©) %RAT ) %RAT

A rigid diatomic ideal gas undergoes an adiabatic process at
room temperature. The relation between temperature and
volume for this process is TV = constant, then x is

(2019 Main, 11 Jan I)

5 3
@ <

2 2
a) — b) = c) =
@ < ® 3 © 3
Half-mole of an ideal monoatomic gas is heated at constant
pressure of 1 atm from 20°C to 90°C . Work done by gas is

close to (Take, gas constant, R = 8.31J/mol-K)
(Main 2019, 10 Jan II)

(a)291J (b) 5811
(c) 146 ] (d) 737

Three Carnot engines operate in series between a heat source
at a temperature 7; and a heat sink at temperature 7, (see
figure). There are two other reservoirs at temperatures 7, and
T;, as shown with 7; > T, > Ty > T,. The three engines are
equally efficient if (Main 2019, 10 Jan I)

(a) T2 — (T13T4 )1/4; T3 — (T1T43 )1/4
) T, = (1) T = (R17)
© T = (L 1)"* 1y = (1)
@ 7, = (7)) 1y = (1°7,)?

Two Carnot engines 4 and B are operated in series. The first
one, A receives heat at 7; (= 600 K') and rejects to a reservoir
at temperature 7,. The second engine B receives heat rejected
by the first engine and in turn rejects to a heat reservoir at
T; (=400K). Calculate the temperature 7, if the work
outputs of the two engines are equal. (2019 Main, 9 Jan II)
(a) 600 K (b) 500 K

(c) 400 K (d)300 K

A gas can be taken from 4 to B via two different processes
ACB and ADB. (2019 Main, 9 Jan 1)
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14.

15.

16.

17.

When path ACB is used 60 J of heat flows into the system
and 30 J of work is done by the system. If path 4DB is used
work done by the system is 10 J the heat flow into the system
in path ADB is

(a) 801J (b) 40J (c) 100J (d) 2017

Two moles of an ideal monoatomic gas occupies a volume V'
at 27°C. The gas expands adiabatically to a volume 2V
Calculate (i) the final temperature of the gas and (ii) change
in its internal energy. (2018 Main)
(a) (1) 195 K (ii) 2.7 kJ (b) (i) 189 K (i1) 2.7 kJ

(c) (1) 195 K (ii) —2.7kJ (d) (i) 189 K (i1) —2.7kJ

nmoles of an ideal gas undergoes a process 4 and B as shown
in the figure. The maximum temperature of the gas during the

process will be (2016 Main)
p
2Py A
Po B
v 2V, v

A gas is enclosed in a cylinder with a movable frictionless

piston. Its initial thermodynamic state at pressure p; = 10° Pa

3

and volume ¥, =107 m?® changes to a final state at

p;=(1/32)x10° Pa and ¥, = 8x 10~ m’ in an adiabatic
quasi-static process, such that p’V°=constant. Consider

another thermodynamic process that brings the system from
the same initial state to the same final state in two steps : an
isobaric expansion at p; followed by an isochoric
(isovolumetric) process at volume V. The amount of heat
supplied to the system in the two-step process is
approximately (2016 Adv.)
(a) 1127 (b)2947 (c) 58817 (d)8137J

One mole of diatomic ideal gas undergoes a cyclic process
ABC as shown in figure. The process BC is adiabatic. The
temperatures at 4, B and C are 400 K, 800 K and 600 K,

respectively. Choose the correct statement. (2014 Main)
p
B
800 K
600 K
A C
400 K
%

18.

19.

20.

(a) The change in internal energy in whole cyclic process is
250 R

(b) The change in internal energy in the process CA is 700 R

(c) The change in internal energy in the process 4B is =350 R

(d) The change in internal energy in the process BC is =500 R

The shown p-V diagram represents the thermodynamic cycle

of an engine, operating with an ideal monoatomic gas. The
amount of heat, extracted from the source in a single cycle is

(2013 Main)
B
2Pg c
Po A D
VO 2\/0
13
(@ pés (b) ? 240
11
(© 5 P (d) 4ps

One mole of a monatomic ideal gas is taken along two cyclic
processes E—>F -G —>E and E—>F > H —E as

shown in the p-V diagram. (2013 Adv.)
F
32007
p
0% H G
o v

The processes involved are purely isochoric, isobaric,
isothermal or adiabatic.

Match the paths in List I with the magnitudes of the work
done in List II and select the correct answer using the codes
given below the lists.

List I List IT

P G- E 1. 160 pyV, In2

Q. G—>H 2. 36 pVy

R F—>H 3. 24 pVy

S F—->G 4. 31 poVy
Codes

P Q R S P Q R S

(a4 3 2 1 ®®»4 3 1 2
03 1 2 4 d1 3 2 4

5.6 L of helium gas at STP is adiabatically compressed to
0.7 L. Taking the initial temperature to be 7;, the work done
in the process is (2011)

9 3 9
=RT;  (b) =RT
@ $Rh - (0) SRT

15
(© R (@) JRT,



21.

22,

23.

24,

25,

26.

Anideal gas expands isothermally from a volume/] to V), and
then compressed to original volume V| adiabatically. Initial
pressure is p; and final pressure is p;. The total work done is
W. Then, (2004, 2M)
@) p3>p, W>0 (b) py < p, W <0

(©) p3>p, W <0 (d) ps=p,W=0

Anideal gas is taken through the cycle 4 - B - C — 4, as

shown in the figure. If the net heat supplied to the gas in the
cycleis 5 J, the work done by the gas in the processC — A is

(2002, 2M)
V(m3)
2 ¢ B
1 A
|
I
10 p(N/m?)
(a) -5J b)-10]  (©)-15J  (d)-207

p-V plots for two gases during adiabatic processes are
shown in the figure. Plots 1 and 2 should correspond
respectively to (2001, 2Mm)

o

(a) He and O, (b) O, and He
(c) He and Ar (d) O, and N,

Starting with the same initial conditions, an ideal gas
expands from volume /] to V, in three different ways, the
work done by the gas is ¥} if the process is purely isothermal,
W, if purely isobaric and Wj if purely adiabatic, then

(2000, 2M)
(b) W, > Wy > W,
(d) Wy > Wy > W,
A monoatomic ideal gas, initially at temperature 7;, is
enclosed in a cylinder fitted with a frictionless piston. The
gas is allowed to expand adiabatically to a temperature 7, by
releasing the piston suddenly. If Z, and L, are the lengths of
the gas column before and after expansion respectively, then
T,/T, is given by (2000, 2M)
(@) (Ly/Ly )

(©) L,/L,

@ Wy, >W, >W,
() Wy > W, > W;

(b) (L,/Ly)
(d) (Lo/L,)"

Two cylinders 4 and B fitted with pistons contain equal
amounts of an ideal diatomic gas at 300 K. The piston of 4 is
free to move, while that of B is held fixed. The same amount
of heat is given to the gas in each cylinder. If the rise in
temperature of the gas in 4 is 30 K, then the rise in

temperature of the gas in B is (1998, 2M)
(a)30K (b) I8K
() 50K (d)42K

27.

28.
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When an ideal diatomic gas is heated at constant pressure the
fraction of the heat energy supplied which increases the
internal energy of the gas is (1990, 2M)

2 3 3 5
a)— b) = c)= d)=
(a) s (b) s (©) ; @
An ideal monoatomic gas is taken round the cycle ABCDA as
shown in the p-V diagram (see figure). The work done during
the cycle is (1983, 1M)

(a) pV ®2pV (©) % pV (d) zero

Match the Columns

29.

Directions (Q.Nos. 15-18) Matching the information given
in the three columns of the following table.

An ideal gas is undergoing a cyclic thermodynamic process
in different ways as shown in the corresponding p-V
diagrams in column 3 of the table. Consider only the path
from state 1 to state 2. W denotes the corresponding work
done on the system. The equations and plots in the table have
standards notations and used in thermodynamic processes.
Here v is the ratio of heat capacities at constant pressure and
constant volume. The number of moles in the gas is .

One mole of a monoatomic ideal gas undergoes four
thermodynamic processes as shown schematically in the
pV-diagram below. Among these four processes, one is
isobaric, one is isochoric, one is isothermal and one is
adiabatic. Match the processes mentioned in List-1 with the
corresponding statements in List-1I. (2018 Adv.)

List-1 List-11

P. InprocessI 1. Work done by the gas is zero

Temperature of the gas remains

Q. InprocessIl 2. unchanged

No heat is exchanged between

R. InprocessIll 3. the gas and its surroundings

S. Inprocess IV 4.
@P—>4,Q—->3R—>1;S—>2
®P—->1,Q—>3;R—>2;S—4
c)P->3:Q—>4R—>1;S—>2
(dP—-3,Q—-4R—>2;S—>1

Work done by the gas is 6 pyV,

Column 1 Column 2 Column 3

@

Ry 2

1
W=
Ty-1 ) P) Q

Isothermal
(P2 — ph) %

I/V1—>2

=-plV, + pV; (ii)) Isochoric

Q
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P
=
am Wi, =0 (iii)  Isobaric R)
%
Wi ., =—nRT A
vy (sz (iv) Adiabatic (S) 2@
" %
30. Which one of the following options correctly represents a

31.

32.

33.

34.

thermodynamic process that is used as a correction in the

determination of the speed of sound in an ideal gas?
(2017 Adv.)

(a) V) (i1) (R) (b) (D (i) (Q)

(c) (@, (iv) (Q) (d) () (iv) (R)

Which of the following options is the only correct
representation of a process in which AU = AQ — pAV ?

(a) D) (iii) (S) (b) () (i) (P) (2017 Adv.)
(c) (IID) (i) (P) (d) (1) (iv) (R)
Which one of the following options is the correct
combination? (2017 Adv.)
() (D) (iv) (P) (b) (1) (i) (S)
() D) (iv) (R) (d) IV) (i) (S)

One mole of a monatomic ideal gas is taken through a cycle
ABCDA as shown in the pJ” diagram. Column II gives the
characteristics involved in the cycle. Match them with each
of the processes given in Column 1. (2011)

Column I Column II
Internal energy
Process A — B
(A) (p) decreases

Internal energy

Process B — C
(B) @ increases

(C) ProcessC —>D (r) Heatislost

(D) ProcessD —> A4 (s) Heatis gained

(t)  Work is done on the gas

Match the following for the given process
o

(2006, 6M)

30+
20 4 M

Column I Column IT
(A) ProcessJ — K P ©0>0
(B) Process K — L (@@ WwW<o0
(C) Process L > M (1) W >0
(D) Process M — J s) ©0<0

Objective Questions II (One or more correct option)

35.

36.

37.

One mole of a monoatomic ideal gas undergoes a cyclic
process as shown in the figure (where, V' is the volume and T’
is the temperature). Which of the statements below is (are)
true ? (2018 Adv.)

(a) Process I is an isochoric process
(b) In process 11, gas absorbs heat

(c) In process 1V, gas releases heat
(d) Processes I and III are not isobaric

An ideal monoatomic gas
is confined in a horizontal
cylinder by a spring
loaded piston (as shown in
the figure). Initially the
gas is at temperature 7},
pressure p; and volume /] and the spring is in its relaxed state.
The gas is then heated very slowly to temperature 7,, pressure
P, and volumeV,. During this process the piston moves out by
a distance x. (2015 Adv.)
Ignoring the friction between the piston and the cylinder, the
correct statements is/are

(a) IfV, =2V, and T, = 37,

then the energy stored in the spring is % Y24

(b) IfV, =2V, and T, = 37T,

then the change in internal energy is 3 p,V}
(c) IfV, =3V and T, = 47,

then the work done by the gas is g Y4
(d) IfV, =3V, and T, = 47,,

then the heat supplied to the gas is

One mole of an ideal gas in initial state 4 undergoes a cyclic
process ABCA, as shown in the figure. Its pressure at 4 is p,.

Choose the correct option(s) from the following. (2010)
%
AV oo B
(R m— A A




38.

39.

40.

(a) Internal energies at 4 and B are the same
(b) Work done by the gas in process AB is pV;, In 4

(c) Pressure at C is %

(d) Temperature at C is %

The figure shows the p-V plot an ideal gas taken through a
cycle ABCDA. The part ABC is a semi-circle and CDA is
half of an ellipse. Then, (2009)

p

C

o 1 =2 3 Vv

(a) the process during the path 4 — B is isothermal

(b) heat flows out of the gas during the path B - C — D
(c) work done during the path 4 — B — C is zero

(d) positive work is done by the gas in the cycle ABCDA

During the melting of a slab of ice at 273 K at atmospheric

pressure (1998, 2M)

(a) positive work is done by the ice-water system on the
atmosphere

(b) positive work is done on the ice-water system by the
atmosphere

(c) the internal energy of the ice-water increases
(d) the internal energy of the ice-water system decreases

For an ideal gas (1989, 2M)

(a) the change in internal energy in a constant pressure
process from temperature 7; to 7, is equal to
nCy (T, — Ty), where C), is the molar heat capacity at
constant volume and n the number of moles of the gas

(b) the change in internal energy of the gas and the work

done by the gas are equal in magnitude in an adiabatic
process

(¢) the internal energy does not change in an isothermal
process

(d) no heat is added or removed in an adiabatic process

Numerical Value

41.

One mole of a monoatomic ideal gas undergoes an adiabatic
expansion in which its volume becomes eight times its initial
value. If the initial temperature of the gas is 100 K and the
universal gas constant R = 8.0 j mol™ K, the decrease in

its internal energy in joule, is ......... . (2018 Adv.)
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Integer Answer Type Questions

42. A thermodynamic system is P
taken from an initial state i 5
with internal energy U, = 100 f
J to the final state f'along two
different paths iaf and ibf, as i
schematically shown in the b Vv
figure. The work done by the
system along the paths af, ib and bf'are W,, = 200J, W, = 50
J and W, =100 J respectively. The heat supplied to the
system along the path iaf, ib and bf are O,,r, 0y and Oy,
respectively. If the internal energy of the system in the state b
isU,, =200J and Q;,, = 5001, the ratio O, / O;, 2014 Adv.)
43. A diatomic ideal gas is compressed adiabatically to 3—12 of'its
initial volume. If the initial temperature of the gas is 7;
(in kelvin) and the final temperature is a7, the value of a is
(2010)
Fill in the Blank
44. Anideal gas with pressure p, volumeV and temperature 7 is

expanded isothermally to a volume 2/ and a final pressure
p;. If the same gas is expanded adiabatically to a volume 2V,
the final pressure is p,. The ratio of the specific heats of the
gas is 1.67. The ratio p, / p; is ...... . (1994, 2M)

True / False

45.

The curves 4 and B in the figure show p-V graphs for an
isothermal and an adiabatic process for an ideal gas. The
isothermal process is represented by the curve 4. (1985, 3M)

|

p

V—

Analytical & Descriptive Questions

46.

A metal of mass 1 kg at constant atmospheric pressure and at
initial temperature 20°C is given a heat of 20000 J. Find the
following : (2005, 6M)
(a) change in temperature,

(b) work done and

(c) change in internal energy.

(Given, Specific heat = 400 J/kg/°C, coefficient of cubical
Y =9x107/°C, density p =9000kg/m’,

atmospheric pressure = 10°N/m?)

expansion,
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47.

48.

49.

50.

A monoatomic ideal gas of two moles is taken through a
cyclic process starting from 4 as shown in the figure. The

volume ratio are Vs _ 2 and " _ 4. If the temperature
V4 V4
T, atA4is27°C.

vy [P c
1
v Vg - B
Va |21 3
ok :

Calculate (2001, 10M)
(a) the temperature of the gas at point B,

(b) heat absorbed or released by the gas in each process,

(c) the total work done by the gas during the complete cycle.

Express your answer in terms of the gas constant R.

Two moles of an ideal monoatomic gas is taken through a
cycle ABCA as shown in the p-T diagram. During the process
AB, pressure and temperature of the gas vary such that

pT = constant. If 7; = 300K, calculate (2000, 10M)
p
2pqp------ ch
o2l — S A
T, el T

(a) the work done on the gas in the process 4B and
(b) the heat absorbed or released by the gas in each of the
processes.
Give answers in terms of the gas constant R.
Two moles of an ideal monoatomic gas initially at pressure
p; and volume /| undergo an adiabatic compression until its
volume is¥,. Then the gas is given heat Q at constant volume
v, (1999, 10M)
(a) Sketch the complete process on a p-V diagram.
(b) Find the total work done by the gas, the total change in
internal energy and the final temperature of the gas.

(Give your answer in terms of p,,V;,V,, 0 and R)
One mole of an ideal monoatomic gas is taken round the
cyclic process ABCA as shown in figure. Calculate (1998, 8M)

Vo 2V,
(a) the work done by the gas.
(b) the heat rejected by the gas in the path C4 and the heat
absorbed by the gas in the path AB.
(c) the net heat absorbed by the gas in the path BC.
(d) the maximum temperature attained by the gas during the
cycle.

51.

52.

53.

54.

55.

A sample of 2 kg monoatomic helium (assumed ideal) is
taken through the process ABC and another sample of 2 kg
of the same gas is taken through the process ADC (see fig).
Given molecular mass of helium = 4. (1997cC, 5M)

o
(x 10* N/m?) B

10[===-~ 10
5 ____AI ID
1 1
1 1
1 1
: :
10 20 V(m?3)

(a) What is the temperature of helium in each of the states
A,B,C and D?

(b) Is there any way of telling afterwards which sample of
helium went through the process 4BC and which went
through the process 4DC? Write Yes or No.

(c) How much is the heat involved in the process ABC and
ADC?

One mole of a diatomic ideal gas (y = 1.4)is taken through a

cyclic process starting from point 4. The process 4 — B is

an adiabatic compression. B — C is isobaric expansion,
C — D an adiabatic expansion and D — A4 is isochoric.

The volume ratio are V,/Vz =16 and V./V; =2 and the

temperature at 4 is 7, = 300K. Calculate the temperature of

the gas at the points B and D and find the efficiency of the
cycle. (1997, 5M)

At 27°C two moles of an ideal monoatomic gas occupy a
volume V. The gas expands adiabatically to a volume 2V.

Calculate (1996, 5M)
(a) the final temperature of the gas,
(b) change in its internal energy,

(c) the work done by the gas during this process.

An ideal gas is taken through a cyclic thermodynamic
process through four steps. The amounts of heat involved in
these steps are O; = 5960J, 0, = — 5585J,0; = — 2980J and
0, = 3645 ] respectively. The corresponding quantities of
work involved are W, = 22001, W, = — 825J,W; = - 1100J
and W, respectively. (1994, 6M)
(a) Find the value of .
(b) What is the efficiency of the cycle?
One mole of a monoatomicideal P
gas is taken through the cycle A
shown in figure (1993, 4+4+2M) B
A — B : adiabatic expansion
B — C: cooling at constant D

volume C
C — D : adiabatic compression v
D — A : heating at

constant volume.

The pressure and temperature at A, B, etc., are denoted
by py, T4, pg, Iy etc, respectively. Given that,
T, =1000K, pp =(2/3)p, and p- = (1/3)p,, calculate
the following quantities



56.

57.

58.

(a) The work done by the gas in the process 4 — B.
(b) The heat lost by the gas in the process B — C.
(c) The temperature 7},. (Given : (2/3 Y3 =085

Two moles of helium gas undergo a cyclic process as shown
in figure. Assuming the gas to be ideal, calculate the

following quantities in this process. (1992, 8M)
p
2 atm A B
1 atm |--—- C
atm - | |
300 K 400 K

(a) The net change in the heat energy.
(b) The net work done.
(c) The net change in internal energy.

Three moles of an ideal gas (C,, = %R) at pressure, p, and

temperature 7, is isothermally expanded to twice its initial
volume. It is then compressed at constant pressure to its
original volume. Finally gas is compressed at constant
volume to its original pressure p . (1991, 4+4 M)
(a) Sketch p-V and p-T diagrams for the complete process.
(b) Calculate the net work done by the gas, and net heat
supplied to the gas during the complete process.

An ideal gas having initial pressure p, volume V and
temperature 7 is allowed to expand adiabatically until its
volume becomes 5.66 V" while its temperature falls to 7/2.

Topic6 Miscellaneous Problems

Objective Questions I (Only one correct option)

1 The number density of molecules of a gas depends on their

4
distance r from the origin as, n(r) = nyje” ™ .Then, the total
number of molecules is proportional to
(2019 Main, 12 April 11)

(@) ngo ™t () Jny 2 () net () ngo

If 10*? gas molecules each of mass 107 kg collide with a
surface (perpendicular to it) elastically per second over an
area 1 m? with a speed 10* m/s, the pressure exerted by the
gas molecules will be of the order of (2019 Main, 8 April I)
(a) 10*°N/ m? (b) 10°N/ m?
(c) 10°N/ m? (d) 10N/ m?

A thermometer graduated according to a linear scale reads a
value x,, when in contact with boiling water and x,, / 3, when
in contact with ice. What is the temperature of an object in
°C, if this thermometer in the contact with the object reads
Xo /22 (2019 Main, 11 Jan 1)
(a) 35 (d) 25

(b) 60 (c) 40

59.

60.

61.
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(1990, 7M)
(a) How many degrees of freedom do gas molecules have?

(b) Obtain the work done by the gas during the expansion as
a function of the initial pressure p and volume V.

Anideal gas has a specific heat at constant pressure C, = %
The gas is kept in a closed vessel of volume 0.0083 m?, at a
temperature of 300 K and a pressure of 1.6 x 10°N/m?. An

amount of 2.49 x 10* J of heat energy is supplied to the gas.

Calculate the final temperature and pressure of the gas.
(1987, 7M)
Calculate the work done when one mole of a perfect gas is
compressed adiabatically. The initial pressure and volume of
the gas are 10° N/m” and 6 L respectively. The final volume
of the gas is 2 L molar specific heat of the gas at constant
volume is 3R/2. (1982, 8M)

A cyclic process ABCA shown in the V-T diagram is
performed with a constant mass of an ideal gas. Show the
same process on a p-V diagram. (1981, 4M)

(In the figure, line 4B passes through origin).

A heat source at T =10° K is connected to another heat

reservoir at 7 = 10> K by a copper slab which is 1 m thick.
Given that the thermal conductivity of copper is

0.1 WK ™'m™", the energy flux through it in the steady state is
(2019 Main, 10 Jan | )

(b) 65 Wm™
(d) 200 Wm™>

(a) 90 Wm™>
(c) 120 Wm™

Consider a spherical shell of radius R at temperature 7. The
black body radiation inside it can be considered as an ideal
gas of photons with internal energy per unit volume

u= Y. 7% and pressure p= ! (U) If the shell now
V 3\

undergoes an adiabatic expansion, the relation between 7 and

Ris (2015 Main)
_ 1
a)T o<ce R b) T o« —
(@) (b) 2
(©T e (d) T o
R
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6.

10.

1.

Consider an ideal gas confined in an isolated closed chamber.
As the gas undergoes an adiabatic expansion, the average
time of collision between molecules increases as V' ¢, where V'

is the volume of the gas. The value of ¢ is (y = g:j
(2015 Main)
@12 () 1!
2
012 3’/ _ @'

A solid body of constant heat capacity 1 J/°C is being heated
by keeping it in contact with reservoirs in two ways
(i) Sequentially keeping in contact with 2 reservoirs such
that each reservoir supplies same amount of heat.
(i1) Sequentially keeping in contact with 8 reservoirs such
that each reservoir supplies same amount of heat.
In both the cases, body is brought from initial temperature
100°C to final temperature 200°C. Entropy change of the
body in the two cases respectively, is (2015 Main)
(a)n2,In2 (b)ln2,2In2
(©)2In2,81n2 (d)In2,41In2
An ideal gas enclosed in a vertical cylindrical container
supports a freely moving piston of mass M. The piston and
the cylinder have equal cross-sectional area A. When the
piston is in equilibrium, the volume of the gas is V, and its
pressure is p,. The piston is slightly displaced from the
equilibrium position and released. Assuming that the system
is completely isolated from its surrounding, the piston
executes a simple harmonic motion with frequency

(2013 Main)
(a) — Ay o (b) 1 "oMp,
2n VM A%y
()——AYPO @ — [Ma
MV, 2n \ 4, po

Two moles of ideal helium gas are in a rubber balloon at
30°C. The balloon is fully expandable and can be assumed to
require no energy in its expansion. The temperature of the
gas in the balloon is slowly changed to 35°C. The amount of
heat required in raising the temperature is nearly (take

R = 8.31 J/mol-K) (2012)
(a) 627 (b) 1047 (c) 1241) (d) 20817
An ideal gas is expanding such that pT* = constant. The
coefficient of volume expansion of the gas is (2008, 3M)
1 2
a) — b) —
()T ()T
3 4
c)— d)—
()T ()T

A body with area 4 and temperature 7 and emissivity e = 0.6
is kept inside a spherical black body. What will be the
maximum energy radiated? (2005, 2M)
() 0.60 eAT*
(c) 1.00 edT*

(b) 0.80 eAT*
(d) 0.40 eAT*

12

13.

14.

15.

The p-T diagram for an ideal gas is shown in the figure,

where AC is an adiabatic process, find the corresponding p-V

diagram (2003, 2M)
Pl A

& L
: & L

Which of the following graphs correctly represent the

variation of f = — dvidp with p for an ideal gas at constant
temperature? (2002, 2M)
B B
(a) (o) \
L————p L———p
B B
(©) (@
———p —p

In a given process of an ideal gas, dW = 0and dO < 0. Then

for the gas (2001, S)

(a) the temperature will decrease

(b) the volume will increase

(¢) the pressure will remain constant

(d) the temperature will increase

An ideal gas is initially at temperature 7" and volume V. Its

volume is increased by AV due to an increase in temperature

AT, pressure remaining constant. The quantity & = AV/VAT

varies with temperature as (2000, 2M)
o 3

(@) (b)

T T+ AT T T+ AT



.
T T+ AT T T+ AT

Passage Based Questions

16.

17.

18.

Passage 1

In the figure a container is shown to have a
movable (without friction) piston on top.
The container and the piston are all made of
perfectly insulating material allowing no
heat transfer between outside and inside the
container. The container is divided into two
compartments by a rigid partition made of a
thermally conducting material that allows
slow transfer of heat.

*

The lower compartment of the container is filled with
2 moles of an ideal monoatomic gas at 700 K and the upper
compartment is filled with 2 moles of an ideal diatomic gas at

400 K. The heat capacities per mole of an ideal monoatomic

gasare C = % R,C,= % R, and those for an ideal diatomic

5 7
asareC, =— R,C, =—R.
g 14 2 V4 2

(2014 Adv.)

Consider the partition to be rigidly fixed so that it does not
move. When equilibrium is achieved, the final temperature
of the gases will be (2014 Adv.)
(A)550K (b)) 525K (¢)513K (d) 490 K

Now consider the partition to be free to move without friction
so that the pressure of gases in both compartments is the
same. Then total work done by the gases till the time they

achieve equilibrium will be (2014 Adv.)
(a) 250R (b) 200R (c) 100R (d) —100R
Passage 2

A fixed thermally conducting cylinder has a radius R and
height L. The cylinder is open at its bottom and has a small
hole at its top. A piston of mass M is held at a distance L from
the top surface, as shown in the figure. The atmospheric
pressure is p,.

k——2R —

Piston

The piston is now pulled out slowly and held at a distance 2L
from the top. The pressure in the cylinder between its top and
the piston will then be (2007, 4M)
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@ po ()
M, M,
() 2o+ 28 @ 2o -2
2 mR 2  mR
19. While the piston is at a distance 2L from the top, the hole at
the top is sealed. The piston is then released, to a position
where it can stay in equilibrium. In this condition, the
distance of the piston from the top is (2007, 4M)
2p,mR* nR? — M,
Y [t 1 VA NN () ) R 1)
mR" p, + Mg TR p,
TR + M, nR?
© |2 T8 oLy @) | P
TR" py TR" py — Mg
20. The piston is taken completely out of
the cylinder. The hole at the top is
sealed. A water tank is brought below
the cylinder and put in a position so
that the water surface in the tank is at
the same level as the top of the
cylinder as shown in the figure. The
density of the water is p. In
equilibrium, the height / of the water column in the cylinder
satisfies (2007, 4M)
(@) pg(Ly = H)* + po(Ly — H)+ Lypy = 0
(b) pg(Ly ~H)’ = py(Ly ~ H) = Lypy = 0
(©) pg(Ly = HY + po(Ly = H) = Lypy = 0
(@ pg(Ly = HY = po(Ly = H)+ Lypy = 0
Match the Columns
21. Column I contains a list of processes involving expansion of

an ideal gas. Match this with Column II describing the
thermodynamic change during this process. Indicate your
answer by darkening the appropriate bubbles of the 4 x 4
matrix given in the ORS. (2008, 7M)

Column I Column II

(A) An insulated container has two
chambers separated by a valve.
Chamber I contains an ideal gas
and the Chamber II has
vacuum. The valve is opened.

(p) The temperature
of the gas
decreases

e I
ideal gas vacuum

(B) An ideal monoatomic gas
expands to twice its original
volume such that its pressure

(qQ) The temperature
of the gas
increases or
1 , )

pe< 77 where V is the volume remains constant

of the gas.
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22,

Column I Column II

(C) An ideal monoatomic gas
expands to twice its original
volume such that its pressure

(r) The gas loses heat

1 ..
pocm ,where Vis its volume.

(D) An ideal monoatomic gas
expands such that its pressure p
and volume V follows the

behaviour shown in the graph.
p

(s) The gas gains
heat

v, 2V

Column I gives some devices and Column II gives some
processes on which the functioning of these devices depend.
Match the devices in Column I with the processes in
Column II. (2007, 6M)

Column I Column II

(A) Bimetallic strip (p) Radiation from a hot body

(B) Steam engine (@) Energy conversion

(C) Incandescent lamp (r) Melting

(D) Electric fuse (s) Thermal expansion of solids

Objective Questions II (One or more correct option)

23.

24,

A human body has a surface area of approximately 1 m?.
The normal body temperature is 10K above the surrounding
room temperature 7;. Take the room temperature to be
T, = 300 K. For T, = 300K, the value of 67} = 460 Wm ™

(where o is the Stefan Boltzmann constant). Which of the

following options is/are correct? (2017 Adv.)

(a) Ifthe body temperature rises significantly, then the peak
in the spectrum of electromagnetic radiation emitted by
the body would shift to longer wavelengths

(b) If the surrounding temperature reduces by a small
amount AT << T, then to maintain the same body
temperature the same (living) human being needs to
radiate AW = 40T03AT { more energy per unit time

(c) The amount of energy radiated by the body in 1s is close
to 60 J

(d) Reducing the exposed surface area of the body (e.g. by
curling up) allows humans to maintain the same body
temperature while reducing the energy lost by radiation

The figure below shows the variation of specific heat
capacity (C)ofasolid as a function of temperature (7). The
temperature is increased continuously from 0 to 500 K at a
constant rate. lgnoring any volume change, the following
statement(s) is (are) correct to reasonable approximation.

25.

26.

(a) the rate at which heat is absorbed in the range 0-100 K
varies linearly with temperature 7’ (2013 Adv.)

(b) heat absorbed in increasing the temperature from 0-100 K
is less than the heat required for increasing the
temperature from 400-500 K

(c) there is no change in the rate of heat absorbtion in the
range 400-500 K

(d) therate of heat absorption increases in the range 200-300 K

100 200 300 400 500
T(K)

Cy and C, denote the molar specific heat capacities of a gas at

constant volume and constant pressure, respectively. Then,
(2009)
(@) €, - Cy is larger for a diatomic ideal gas than for a

monoatomic ideal gas

(b) €, +Cy is larger for a diatomic ideal gas than for a
monoatomic ideal gas

C
(¢) C—p is larger for a diatomic ideal gas than for a
;
monoatomic ideal gas

(d) C,.Cy is larger for a diatomic ideal gas than for a
monoatomic ideal gas

An ideal gas is taken from the state 4 (pressure p, volume V)

to the state B (pressure p/2, volume 2V) along a straight line

path in the p-V diagram. Select the correct statements from the

following (1993, 2M)

(a) The work done by the gas in the process 4 to B exceeds
the work that would be done by it if the system were taken
from A4 to B along an isotherm

(b) In the 7-V diagram, the path 4B becomes a part of a
parabola

(c) In the p-T diagram, the path 4B becomes a part of a
hyperbola

(d) In going from 4 to B, the temperature T of the gas first
increases to a maximum value and then decreases

Integer Answer Type Question

27.

A metal rod 4B of length 10x has its one end A4 in ice at 0°C
and the other end B in water at 100°C. If a point P on the rod is
maintained at 400°C, then it is found that equal amounts of
water and ice evaporate and melt per unit time. The latent heat
of evaporation of water is 540 calg™' and latent heat of
melting of ice is 80 calg ™. If the point P is at a distance of Ax
from the ice end 4, find the value of A. (Neglect any heat loss
to the surrounding.) (2009)



Fill in the Blanks

28.

29.

A ring shaped tube contains two ideal
gases with equal masses and relative
molar masses M, =32 and M, =28
The gases are separated by one fixed
partition and another movable stopper S
which can move freely without friction
inside the ring. The angle o as shown in
the figure is ...... degrees.

(1997, 2M)

A gas thermometer is used as a standard thermometer for
measurement of temperature. When the gas container of the
thermometer is immersed in water at its triple point 273.16 K,
the pressure in the gas thermometer reads 3.0 x 10*N/m?’.
When the gas container of the same thermometer is immersed
in another system, the gas pressure reads 3.5 x 10*N/m?. The

temperature of this system is therefore ...... °C. (1997, 1M)

True / False

30.

At a given temperature, the specific heat of a gas at a constant
pressure is always greater than its specific heat at constant
volume. (1987, 2M)

Analytical & Descriptive Questions

31.

32.

One end of a rod of length L and cross-sectional area 4 is kept
in a furnace of temperature 7;. The other end of the rod is kept
at a temperature 7,. The thermal conductivity of the material
of the rod is K and emissivity of the rod is e.

TS
Insulated
Furnace
T, Rod T,
L
Insulated

It is given that 7, = T, + AT, where AT < < T,, T, being the
temperature of the surroundings. If AT o< (T} — T,), find the
proportionality constant. Consider that heat is lost only by
radiation at the end where the temperature of the rod is 7.

(2004, 4M)
The piston cylinder arrangement shown contains a diatomic
gas at temperature 300 K. The cross-sectional area of the
cylinder is 1 m?. Initially the height of the piston above the
base of the cylinder is 1 m. The temperature is now raised to
400 K at constant pressure. Find the new height of the piston
above the base of the cylinder.

— 55—

33.

34.

35.

36.

37.
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If the piston is now brought back to its original height
without any heat loss, find the new equilibrium temperature
of the gas. You can leave the answer in fraction. (2004, 2M)

The top of an insulated cylindrical container is covered by a
disc having emissivity 0.6 and conductivity 0.167 W/Km
and thickness 1 cm. The temperature is maintained by
circulating oil as shown. (2003, 4M)

Oil out
Pl

Oilin
——

I—

(a) Find the radiation loss to the surroundings in W/m? if
temperature of the upper surface of disc is 127°C and
temperature of surroundings is 27°C.

(b) Also find the temperature of the circulating oil. Neglect
the heat loss due to convection.

(Given, o = %7 x 1078 Wm 2K ™)

An insulated box containing a monoatomic gas of molar
mass M moving with a speed v, is suddenly stopped. Find
the increment in gas temperature as a result of stopping the
box. (2003, 2M)
A 5 m long cylindrical steel wire with radius 2 x 10~ m is
suspended vertically from a rigid support and carries a bob
of mass 100 kg at the other end. If the bob gets snapped,
calculate the change in temperature of the wire ignoring

losses. (For the steel wire Young’s modulus
= 2.1x 10" Pa; Density = 7860 kg/m’; Specific heat = 420
J/kg-K). (2001, 5M)

A solid body X of heat capacity C is kept in an atmosphere
whose temperature is 7, = 300 K. At time ¢ =0, the
temperature of X is T, = 400 K. It cools according to
Newton’s law of cooling. At time ¢, its temperature is found
to be 350 K.

At this time (7, ) the body X is connected to a large body Y at
atmospheric temperature 7, through a conducting rod of
length L, cross-sectional area 4 and thermal conductivity K.
The heat capacity of Y is so large that any variation in its
temperature may be neglected. The cross-sectional area 4 of
the connecting rod is small compared to the surface area of
X. Find the temperature of X at time 7 = 3¢,. (1998, 8M)

A gaseous mixture enclosed in a vessel of volume  consists
of one gram mole of gas 4 with y=C,/C, =5/3 and
another gas B with y = 7/5 at a certain temperature 7. The
gram molecular weights of the gases 4 and B are 4 and 32
respectively. The gases 4 and B do not react with each other
and are assumed to be ideal. The gaseous mixture follows
the equation p¥'*’!* = ¢ onstant, in adiabatic process.
(1995, 10M)
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38.

39.

40.

(a) Find the number of gram moles of the gas B in the
gaseous mixture.

(b) Compute the speed of sound in the gaseous mixture at
300 K.

(c) If T is raised by 1 K from 300 K, find the percentage
change in the speed of sound in the gaseous mixture.

(d) The mixture is compressed adiabatically to 1/5 of its
initial volume V. Find the change in its adiabatic
compressibility in terms of the given quantities.

A closed container of volume 0.02 m* contains a mixture of

neon and argon gases, at a temperature of 27°C and pressure

of 1x 10° Nm™. The total mass of the mixture is 28 g. If the

molar masses of neon and argon are 20 and 40 g mol™'

respectively, find the masses of the individual gases in the

container assuming them to be ideal.

(Universal gas constant R = 8.314 J/mol-K). (1994, 6M)

An ideal monoatomic gas is confined in a cylinder by a
spring-loaded piston of cross-section 8.0 x 10> m?. Initially
the gas is at 300 K and occupies a volume of 2.4 x 10~ m’
and the spring is in its relaxed (unstretched, uncompressed)
state. The gas is heated by a small electric heater until the
piston moves out slowly by 0.1 m.

|
Open atmosphere
Rigid
support

Heater %

|

Calculate the final temperature of the gas and the heat
supplied (in joules) by the heater. The force constant of the
spring is 8000 N/m, and the atmospheric pressure
2.0x 10° Nm™. The cylinder and the piston are thermally
insulated. The piston is massless and there is no friction
between the piston and the cylinder. Neglect heat loss
through the lead wires of the heater. The heat capacity of the

heater coil is negligible. Assume the spring to the massless.
(1989, 8M)

Two moles of helium gas (y =5/3) are initially at
temperature 27°C and occupy a volume of 20 L. The gas is
first expanded at constant pressure until the volume is

doubled. Then it undergoes an adiabatic change until the
temperature returns to its initial value. (1988, 6M)

41.

42,

43.

44,

(a) Sketch the process on a p-V diagram.
(b) What are the final volume and pressure of the gas?
(c) What is the work done by the gas?

A thin tube of uniform cross-section is sealed at both ends. It
lies horizontally, the middle 5 cm containing mercury and the
two equal ends containing air at the same pressure p. When
the tube is held at an angle of 60° with the vertical direction,
the length of the air column above and below the mercury
column are 46 cm and 44.5 cm respectively. Calculate the
pressure p in centimetre of mercury. (The temperature of the
system is kept at 30°C). (1986, 6M)

Two glass bulbs of equal volume are connected by a narrow
tube and are filled with a gas at 0°C and a pressure of 76 cm
of mercury. One of the bulbs is then placed in melting ice
and the other is placed in a water bath maintained at 62°C.
What is the new value of the pressure inside the bulbs? The
volume of the connecting tube is negligible. (1985, 6M)

The rectangular box shown in figure has a partition which
can slide without friction along the length of the box.

%

Initially each of the two chambers of the box has one mole of
a monoatomic ideal gas (y = 5/3) at a pressure p,,, volume
V, and temperature 7;,. The chamber on the left is slowly
heated by an electric heater. The walls of the box and the
partition are thermally insulated. Heat loss through the lead
wires of the heater is negligible. The gas in the left chamber
expands pushing the partition until the final pressure in both
chambers becomes 243 p,/32. Determine (a) the final
temperature of the gas in each chamber and (b) the work done
by the gas in the right chamber. (1984, 8M)

One gram mole of oxygen at 27°C and one atmospheric
pressure is enclosed in a vessel. (a) Assuming the molecules
to be moving with v, ., find the number of collisions per
second which the molecules make with one square metre area
of the vessel wall. (b) The vessel is next thermally insulated
and moved with a constant speed v,. It is then suddenly
stopped. The process results in a rise of the temperature of
the gas by 1°C. Calculate the speed v,. (1983, 8M)
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Answers
Topic 1 17. (b) 18. (¢) 19. (b) 20. (d)
1. (a) 2. (b) 3. (b) 4. (c) 21. (d) 22. (d) 23. (d) 24. (c)
5. (d) 6. (a) 7. (a) 25. (a) 26. (C) 27. (C) 28. (d)
8. (b) 9. (a) 10. (b) 11. (a) 29. (b) 30. (b) 31. (b) 32. (a)
12. (a) 13. (c) 14. (b) 15. (a) 33. (b)
16. (a) 17. (b) 18. 8 19.5.5 34.(a,b,d) 35.(c, d) 36. (a, ¢) 37.300 K
90, Pt 21 0 C 38..2T 39.2R 40.F 41.F
M 42.F 43.F 44.(a) 160 K (b) 3.312x 10T (c) 0.3 g
22. partly solid and partly liquid. 23. 273K
24.0.495kg 25.12¢g 26. 409.8 m/s Topic 5
Topic 2 L. (b) 2. (b) 3. (d)
1. 2 (a) 3. (a) 4.(d) 5. (c) 6. (a) 7. (b)
4(d) 5. (a) 6. (a) 7.0 8. (c) 9. (a) 10. (a) 11. (b)
8. (b, d) 9.3 10.y, = 201, 12. (b) 13. (b) 14. (d)
11, 6.7 % 10°5 °C 15. (a) 16. (¢) 17. (d) 18. (b)
19. (a) 20. (a) 21. (¢) 22. (a)
12.1.105 x 10" N/m?, 2 x 107 per° C 23. (b) 24. (a) 25. (d) 26. (d)
(- w (wy — W) 27. (d) 28. (a) 29. (c) 30. (c)
1. B =P (WO - wJ " oy — w0y~ Ty) 31. (b) 32. (b)
. 33.(A) —»p,1,t;(B) =>p,1;(C) >q,s; (D) >, t
Topic 3 34.(A)—>s; B)—p,r; (Op; (D)—qs
L. (d) 2. (b) 3. (b) 4. (a) 35. (bc.d)
5. (a) 6. (c) 7.(0) 8.(a) 36.(a,b,c) 37.(a,b) 38. (b, d) 39. (b, ¢)
lg- EC; 12 EC; i; EC; iﬁ Eg 40. (a, b, ¢, d) 41.-900 J 42.(2) 43.4
. (C . (C . (a . °
17, () 18, @) 19, &) 20, (b) 44.0.628  45.T 46. (a) 50°C (b) 0.05 J (c) 19999.95 J
21, (d) 2. (b) 2. (¢) 2. (a. c. d) 417. (a) 600 K (b) 1500 R, 831.6 R, — 900 R, — 831.6 R (c) 600 R
25. (d) 26. (a, b) 27. 4 28.2 48. (a) 1200 R (b) Q5 = —2100R, Qpc =1500R, O, = 831.6R
. 4nKTR’ 3 y Y3
29.9 30.9 31. 60°C 32. 49. (0) () Wy == iV, (Vlj -1
33.1.71 prc  34. 5803 35. F ?
36.41.6 W, 26.48 °C, 0.52 °C (i) AU =3 p [Vlj“ s o
37.166.32 s 38.9091 W el T P,
39. Hollow sphere 40. 15.24°C i 7. = A [ " J“
Topic 4 SRR\,
1. (b 2. (c 3.(d 4. (* 5 2o 25 piVy
(b) © (d) ) 50. (2) po¥y (b) = peVo, 3py (€) “20 (d) = £2-0
5. (b) 6. (a) 7. (b) 8. (a) 2 2 8 R
51. (a) T, = 120.34K, T, = 240.68K, T, = 481.36K, T, = 240.68K
9 (@) 10. @) 11. ) 12. () b)No (€) Ope =325 X 10°3, 0 p- = 275 x 10° I
13. (b) 14. (¢) 15. (a) 16. (c) (b) No () Qipe = 3. P Eape = S
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52. T, = 909K, T), = 791.4K, 61.4%
53. (a) 189 K (b) — 2767 J (¢) 2767 ]

54. (a) 765 (b) 10.82%

55. (a) 1869.75 J (b) 5297.6 T (¢) 500 K

56. (a) 1152 J (b) 1152 J (c) zero 57. (b) 0.58 RT,

58.(a) f=5(M)W =123 pV  59.675K, 3.6 x 10° N/m?

p
A B

60.-9721 61. @C
Topic 6 ViV, Y

1. (a) 2. (%) 3. (@) 4, (a)

5. (b) 6. (b) 7. (a) 8. (¢c)

9. (d) 10. (¢) 11. Question is incomplete
12. (none) 13. (a) 14. (a) 15. (¢)
16. (d) 17. (d) 18. (a) 19. (d)
20. (¢) 21.(A) > q¢ (B)—p,1;(C)—>p,s; (D) —>q, s
22. (A)—>s;(B)—>q; (C)—>p,q; (D) —>q, 1 23. (b, c, d)

24.(c,d)  25.(b, d) 26. (a, b, d) 27.9

28. 192° 29. 45.68°C 30. T
31. Proportionality constant = +
4ecLT’ + K

32. % m, 448.8K 33. (a) 595 W/m? (b) 162.6 °C

2
Mvy

34, AT =—2 35.4.568 x 107 °C
3R

—2KAty
36.[300+ 12.5¢ ¢ ]K
37. (a) 2 mol (b) 401 m/s (c) 0.167% (d) —8.27 x 107> ¥/
38. Mass of neon = 4.074 g, mass of argon = 23.926 g
39. 800K, 7207

p
40. (a) 8 (b) 113 L, 0.44 x 10° N/m? (c) 12459 ]
C
v

41.75.4 cm of Hg

42. 83.83 cm of Hg

43.(a) T, =12.94 T, T, = 2.25 T, (b) —1.875 RT,
44. (a) 1.96 x 10*/ s (b) 36 m/s

Hints & Solutions

Topic1 Calorimetry

1. Key Idea In such kind of heat transfer problems,
Heat given by water = Heat gained by ice
and (heat) mass x specific heat x
temperature ={m, s, AT}
(Heat) iy = (mass x latent heat)
+ (mass x specific heat x temperature)
=(mg x L)+ m; X s, X AT

liquid =

Heat given by water is (specific heat of water is 1 cal g™ °C™")
(AH )gater = M, X 1x(50—0) = 50M, ...(1)
Heat taken by ice is
(AH )ipe = M, X 05%x[0—=(=10)]+ M, X L,
= (AH )ioo = SM | + ML, ...(ii)
Comparing Egs. (i) and (ii), we get
(AH )water = (AH )ice
50M, = 5M, + ML,
_ 50M, - 5M,
M,

ice

= L ice
M
Lie = soﬁ? -5
2. Let x grams of water is evaporated.
According to the principle of calorimetry,

Heat lost by freezing water (that turns into ice) = Heat gained
by evaporated water

Given, mass of water = 150 g
= (150-x)x107° x 3.36x10°

=xx107%2.10x10°
= (150-x)x336=21r

= x=@=20.6
7.25
x=20g

3. In first case according to principle of calorimetry,
heat lost by liquid A = heat gained by liquid B

or myS AT = mpS ATy

where, S , is specific heat capacity of 4 and S is specific
heat capacity of B

= 100x S ,(100-90)=50%x S, (90— 75)

= 1000S , =50x 158,

or 4S , =38, .1

Similarly, in second case,
100x S , (100 -T)=50x S (T - 50)
where, 7' = Final temperature of the mixture.
= 4S (100 -T)=2S5 (T - 50)
Using Eq. (i),
355,(100-T7)=2S,(T - 50)

or 300-37 =27 — 100
or 5T =400
or T =80°C



4. Given, VT = k, (k is constant)

1

or T o< v ...(1)
Using ideal gas equation,
pV =nRT
pVe<T
1
= pV e ;
or pV? = constant ...(11)

i.e a polytropic process with x = 2.
(Polytropic process means, p/* = constant)

We know that, work done in a polytropic process is given by

Aw = P27 PN g ...(iii)
-x
Vs
and, AW = pVln v (forx =1)
1
Here,x =2,
AW = rVs —ph _ nR(T, - 1T;)
1-x I-x
= AW = ”1RA‘2 —— nRAT (iv)

Now, for monoatomic gas change in internal energy is given
by

AU = %RAT (V)

Using first law of thermodynamics, heat absorbed by one
mole gas is

AQ=AW+AU=%RAT—RAT

= AQ =—RAT

1
2
. Using heat lost or gained without change in state is
AQ =msAT, where sis specific heat capacity and 7= change
in temperature

Let final temperature of ball be 7.
Then heat lost by ball is,
AQ = 0.1x400(500-T7") (1)
This lost heat by ball is gained by water and vessel and given
as
Heat gained by water,
AQ, = 0.5x4200(T - 30) ..(1i)
and heat gained by vessel is
AQ, = heat capacity XAT
=800x (T - 30) ...(1ii)
According to principle of calorimetry, total heat lost = total
heat gained
= 01x400(500-T7")
=0.5x4200(T -30) + 800(T -30)
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(2100 + 800)(T —30)
40

= 500 — T = 72.5(T - 30)

= 500+217.5=725T or T = 3639K

So, percentage increment in temperature of water
3639- 30
% = —-—_—_

= (500 —T)=

x100=20%

. Let amount of ice be ‘x* gm.

According to the principle of calorimeter,
heat lost by water = heat gained by ice
Here, heat lost by water
AQ = ms AT
Substituting the given values, we get
AQ=50x42x40
Heat gained by ice,
AQ =x ;e AT + (x—20)L
=xX21x20+ (x—20)x 334
=20x X 21+ 334x — 6680
20 20x X 21+ 334x — 6680 =50 % 4.2 x 40
42x + 334x — 6680 = 8400

water

= 376 x = 15080
or x=4010¢g
x=40g

Key Idea The principle of calorimetry states that total heat lost
by the hotter body equals to the total heat gained by colder
body, provided that there is no exchange of heat with the
surroundings.

Let specific heat of unknown metal is s and heat lost by this
metal is AQ.

Heat lost and specific heat of a certain material/substance are
related as

AQ = msAT ... (1)
For unknown metal, m =192¢g and
AT = (100 - 21.5)°C
AQ" =192(100 - 21.5) x s ..(1i)
Now, this heat is gained by the calorimeter and water
inside it.
As, heat gained by calorimeter can be calculated by Eq. (i).
So, for brass specific heat,
s=394J kg ' K™! (given)
=0394Jg 'K!
Mass of calorimeter, m = 128 g
Change in temperature, AT = (215 - 84)°C
So, using Eq. (i) for calorimeter, heat gained by brass
AQ, =128x 0394 x (21.5—-84) ...(iii)
Heat gained by water can be calculated as follows
mass of water, m = 240 g,
specific heat of water, s = 4.18 J g~ K-
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10.

11.

12.

change in temperature, AT = (21.5 - 84)°C
Using Eq. (i) for water also, we get
heat gained by water,
AQ, =240x 418 x (21.5-84) ...(1v)

Now, according to the principle of calorimeter, the total heat
gained by the calorimeter and water must be equal to heat lost
by unknown metal

AQ" = AQ, + AQ,
Using Egs. (ii), (iii) and (iv), we get
= =192(100 - 21.5) x s

=128 x 0394 x (21.5— 84) + 240
X 418 % (21.5 — 84)
= 150725 = 660.65+ 13142

= s=0916J g ' K!
or s=916J Kg" 'K .
By Mayor’s relation, for 1 g mole of a gas,
C,-Cy=R
So, when n gram moles are given,
R
C,-C, =—
r v n

As per given question,

a=C,-Cy =§;forH2

R
b=Cp—CV=2—8;forN2

a=14b
Heat gained (water + calorimeter) = Heat lost by copper ball

= m,,s, AT + m.s, AT = mgsz AT

wEw

=170 1x 45 + 100 x 0.1 x 45
=100x 01x (T — 75)
T = 885°C

Heat generated in device in 3 h
= time X power = 3x3600x 3x10° =324x10°J

Heat used to heat water
= msAO = 120X 1x 4.2x 10° x 20J

Heat absorbed by coolant
=Pt =324%10°—120% 1x 4.2% 10° x 20J

Pt = (325-100.8)x 10°J

P 2232%10°8
3600

=2067 W

1 calorie is the heat required to raise the temperature of 1 g of
water from 14.5°C to 15.5°C at 760 mm of Hg.
Hence, correct option is (a).

Energy gained by water (in 1 s)

= energy supplied — energy lost=1000J - 160J = 8401J
Total heat required to raise the temperature of water from
27°C to 77°C is msA®.

13.

14.

15.

Hence, the required time
_ msAQ

" rate by which energy is gained by water

_(2)(4.2x10%) (50)
840
=500s=8min 20 s

Temperature of liquid oxygen will first increase in the same
phase. Then, phase change (liquid to gas) will take place.
During which temperature will remain constant. After that
temperature of oxygen in gaseous state will further increase.

Heat released by 5 kg of water when its temperature falls
from 20°C to 0°C is,

0, = meAB = (5)(10°)(20 - 0) = 10° cal
when 2 kg ice at —20°C comes to a temperature of 0°C, it
takes an energy

0, = meAD = (2)(500)(20) = 0.2 x 10° cal

The remaining heat O = Q, — 0, = 0.8 x 10° cal will melt a
mass m of the ice, where,

_0_08x10° 4
L 80x10°

So, the temperature of the mixture will be 0°C, mass of water
initis 5+ 1= 6 kg and mass of ice is 2 — 1 = 1kg.

The temperature of ice will first increase from —10°C to 0°C.
Heat supplied in this process will be

0O, = ms;(10),

m = mass of ice

s; = specific heat of ice

where,

Temperature
S
o
@]

0°C f--------=

-10°C

Heat supplied
Then, ice starts melting. Temperature during melting will
remain constant (0°C).
Heat supplied in this process will be
0, = mL, L = latent heat of melting.

Now, the temperature of water will increase from 0°C to
100°C. Heat supplied will be

Q5 = ms,, (100)

where, s, = Specific heat of water.

Finally, water at 100°C will be converted into steam at 100°C
and during this process temperature again remains constant.
Temperature versus heat supplied graph will be as shown in
above figure.



16.

17.

18.

19.

20.

21.

22.

Heat required Q; = (1.1+ 0.02) x 10° x 1x (80— 15)
= 72800 cal

Heat given it m (in kg) steam is condensed :
0, = (mx 540 x 10° )+ m x 1x 10* x (100 — 80)

Equating O, = Q,, we get

m=0.130 kg
0, =nC, AT, 0, = nCy Arjgzcil/:l
Ql Cp Y
or Q2=Q=E=500al
y 14

Language of question is slightly wrong. As heat capacity and
specific heat are two different physical quantities. Unit of
heat capacity is J -kg ! not J -kg ™' -°C™!. The heat capacity
given in the question is really the specific heat. Now
applying the heat exchange equation.

420 = (mx107)(2100) (5)+ (1x 107%)(3.36 x 10°)

Solving this equation, we get

m=28g
The correct answer is 8.
Heat required to melt the block
= (0.28kg) (3.3 x 10° J/kg)= 9.24 x 10*J

Heat received per second = (1400J/m? )(0.2m? )= 280J

4
-, Time taken (in minutes) = 924 X 107 =
280 x 60
o Pt
Heatlostintimet=Pt=ML = .. L= i

Heat liberated when 300 g water at 25°C goes to water at
0°C : Q = msAB = (300) (1) (25)= 7500 cal
From Q = mL, this much heat can melt mass of ice given by
Q_700_ 93.75¢g
L 80
i.e. whole ice will not melt.
Hence, the mixture will be at 0°C.
Mass of water in mixture

=300+ 93.75

=393.75g and
Mass of ice in mixture

=100-9375=6.25¢

Oto A—— materialis in solid state (only temperature is
increasing).

A to B —— material is partially solid and partially in
liquid state.

B to C —— material is in liquid state.

C to D —— material is partially liquid and partially in
vapour state.

23.

24,

25.

26.
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9
0.05 kg steam at 373 K ——— 0.05 kg water at 373 K
&)
0.05 kg water at 373 K ——— 0.05 kg water at 273 K
03
0.45 kg ice at 253 K ——— 0.45 kg ice at 273 K

0.45kgiceat273 K i> 0.45 kg water at 273 K

0O, = (50) (540)= 27000 cal =27 kcal

0, =(50) (1) (100)= 5000 cal = 5 kcal

05 = (450) (0.5) (20) = 4500 cal = 4.5 kcal

0, = (450) (80)= 36000 cal = 36 kcal

Now, since O, + 0, > Q5 but O, + 0, <05 + 0, ice will

come to 273 K from 253 K, but whole ice will not melt.

Therefore, temperature of the mixture is 273 K.

Let m be the mass of the container.

Initial temperature of container,
T, =(227+273)= 500K

and final temperature of container,
T,=(27+273)=300K

Now, heat gained by the ice cube = heat lost by the container

o (018 X 10%) + (01)(10°)(27) = = m j;(if (A4 + BT)dT

BT? 300
or 10700=—m{AT+}
2 500

After substituting the values of 4 and B and the proper limits,
we get

m = 0495kg
Let m be the mass of the steam required to raise the

temperature of 100 g of water from 24°C to 90°C.
Heat lost by steam = Heat gained by water

_ (100)(s)(AB,)

. m(L+sAB,)=100sA0, or m
L+ s(A8y)

Here, s = specific heat of water = 1 cal/g-°C,
L = latent heat of vaporisation = 540 cal/g.

AB, =(100-90)=10°C
AB, =(90-24)=66°C
Substituting the values, we have
_ (100)(1)(66) _ 12
(540) + (1)(10)

and

= . m=12g

75% heat is retained by bullet

3 lmv2 =ms AO + mL or v=1/M
412 3

Substituting the values, we have
e (8% 0.03x4.2%x300)+ (8% 6x4.2)
3x107°

=409.8 m/s
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Topic2 Thermal Expansion

1. As length of rod remains unchanged,

—
F——|«—
«

A A A

—
)(7F
—

Strain caused by compressive forces is equal and opposite to
the thermal strain.
Now, compressive strain is obtained by using formula for
Young’s modulus,

F
A
Yy =+
Al
/
Compressive strain,
= Al S )
[ AY ny?

Also, thermal strain in rod is obtained by using formula for
expansion in rod,

Al=1la AT
= Thermal strain,
% =a AT ...(ii)
From Egs. (i) and (ii), we get
F
=aTl [~ AT =T]
Y
F
= o=—
YT
Hence, coefficient of volumetric expansion of rod is
3F
’Y = 3(1 =
YT
2. Given, 7} =40°Cand 7, =20°C
= AT =T, -T,=40-20=20°C
Also, Young’s modulus,
Y =10" N/m 2
Coefficient of linear expansion,
o =107/,C

Area of the brass wire, 4 = T x (107 )’ m?

Now, expansion in the wire due to rise in temperature is

Al=10AT = A71=OCAT ...(1)
We know that, Young’s modulus is defined as
y =Ml YAA ..(ii)
AAI gl
Using Eq. (i), we get
11 -6 -5
MzﬁxocATz 10" x22x107° x 10~ x20
g 7x10
- M=22X20_ 4 oske
7x10 7

Which is closest to 9, so option (a) is nearly correct.

. Let initial length of identical rods is /, Thermal expansion in

length of rod due to heating is given by the relation
Al=]yo (AT)=1,a (T, -T})
Here, o is coefficient of linear expansion.
So, change in length of rods are
Al =1, 0, (180-30)
AL = [0, (T - 30)
Because new lengths are same, so change in lengths of both
rods are equal.

ie. Al =Al,
= ly oy (180=30)=1f, o, (T —30)
or o, _ (T =30)

oy 150

Given, o, 0., =4:3

T=30_4 7 30=%%150=200
150 3 3
or T =200+ 30 = 230°C

p___AV_p

TCAvIYY VK

= —ar =LY PV oAt
K K

L+AL
g

=T, +AT=2m [HITA9)
g
1
= {Zn\F}(HuAG)Z ~ TO(1+°°AGJ
g 2

T'=T,+AT =2n

a7 = 717-1,= %290 ..(0)
AT, 0AO,T,
or 1=
AT,  a.AB,T,
12 40-0
= ==
4 0-20
= 3(0-20)=40-6
= 46 =100
= 0 =25°C

Time gained or lost is given by

AT = AT t = gt
T, + AT T,

AT _ oA

T, 2

From Eq. (1),



Ay = @(80)1
2
15 = ©(40— 25)(24 x 3600)

2
o =1.85x107/°C
QR s
1] 2k [ K |ao00c
_ k—ITm—H—Tm—l _

Rate of heat flow from P to O
dQ _ 2KA(T - 10)
dt 1

Rate of heat flow from Q to S
dQ _ KA (4000-T)

dt 1
At steady state rate of heat flow is same
2KAT =10) _ ey (400-T)

1
or 2T —20=400—- T or 3T = 420

T =140°
o 140° -
P QR S
10°C | K aooc
—x o \Junction —

Temperature of junction is 140°C
Temperature at a distance x from end P
isT, = (130x + 10°)

Change in length dx is suppose dy
Then, dy =oudx (T, —10)

Ay 1
[dy = [adx(130x + 10~ 10)
0 0

5 1
Ay{o‘xx 130}
2

0
Ay=12x107 x 65
Ay=780x 10" m=0.78 mm

7. Given AL =AlL or Lo,t=1Lot
h_ooy oo h ooy
L o h+1L o, +o

a

8. Let ], be the initial length of each strip before heating.
Length after heating will be
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Iy = [,(1+ 0z AT)= (R +d)®

and le =l(1+ac-AT)=R6
R+d [1+o0zAT
R 1+ acAT

1+%:1+(0c3 -0 )AT

[From binomial expansion]

R= N or R ocioc o
(ap —0c)AT AT Jog — o]
9. Al = L _ mel _ Increase in length
AY Y

Al, = Low AB = Decrease in length.
To regain its original length, A}, = Al,

m‘gL:LocAe = . om= LYOLAQ
Y 4

Substituting the values we get, m = 3 kg

.. Answer is 3.

10. When the temperature is increased, volume of the cube will
increase while density of liquid will decrease. The depth upto
which the cube is submerged in the liquid remains the same.
Upthrust = Weight. Therefore, upthrust should not change

F=F’
Vp,g=V'p’Lg

' i _ P
- (AhixpL)(g)—A(1+2asAT)<hf)(1+y,Arjg

(V; = volume immersed)

Solving this equation, we gety; = 2.,

11. Density of a liquid varies with temperature as

_| Poc
ptDC (1+Y t)

Here, y is the coefficient of volume expansion of

temperature.
In the ﬁguré 777777777777777777777777

h =52.8cm, h, =5lcmand 72 =49cm
Now, pressure at B = pressure at C
Po T MPoseg — hPseg = po + hyPseg — hPgseg

= Poso(ly + h)=pso(hy + h)
Po°
N p975°=h2+h 1+95y=h2+h
Pso  hy +h Poe Wt h

1+ 5y



284 Heat and Thermodynamics

I+5  51+49 100

= = =
14+95y 52.8+49 101.8

Solving this equation, we get
¥ =2x107/°C
.. Coefficient of linear expansion of temperature,

o= % = 67%1075/°C

12. Al=I10AB
«<~—30cm— 70 cm
Cu
1 2
Al= Al + Al

(1.91x107)=03x1.7x 107 x 100 + o x 0.7 x 100
Solving this equation, we get, o0 = 2x 107 per °C

Length of two rods will not change if force on joint due to
thermal stress from both sides is equal.

R T

ie. F=F
or leA—l‘xAzszA—leA
b h

or Y, xo; XxA0=Y,xa, xAO

Y, = oYy oy Yo
o, oy
—5 11
_(L7x10 )(1'35X10 ) 1105x 10" N/m?
(2.0x 107)

13. Apparent weight = actual weight — upthrust
wp =wy — F
Here, F; = upthrust at temperature 7;
= (volume of sinker at temperature 7; ) X
(density of liquid at temperature 7, ) X g

=20 ] ng(pl)r,zwo[(pl)n}

g (ps )Tl (pa )T]
1
w =w0—w0|:$i;2J ..()

Similarly, w, = w, — w, {(p, ), } ...(>i1)

(ps )T2
From Egs. (i) and (ii), we have

Pz, wy—w ®:)r, _Wo—wy

= and
P, Wo P, Wo
From these two equations we have,
P:)r, y Ps)r, _Wo— W
®)r, O, wo—w,

Using, P b
p 1+PAT
Here, § = thermal coefficient of volume expansion
1+, (7, —T)_w-wm
1+B, (L =T1)  wo—w,
Given, B, =
Wy — W
[“)[HBI (I =T)HI=1+p (L, - T1)
Wo =W
Solving this equation, we get
1+ (7 —n)}{w"‘wl}—l
B, = o2
(IL,-1)

:B(WO_WIJ Wy =W
Wo =W (wo =W )T, - 1)

Topic 3 Heat Transfer

1. Letinterface temperature in steady state conduction is 0, then
assuming no heat loss through sides;

Rate of heat Rate of heat
flow through |=| flow through

first slab second slab
N (3K)A®,-6) K40 -6,)
d 3d
= 906, -6)=0-0,
= 99, +6, =100
= 0 =262 +i6l
10 10

2. Key Idea From Newton's law of cooling, we have rate of
cooling,
NQ_h o1,
dat  ms
where, h = heat transfer coefficient,
T =temperature of body,
T, = temperature of surrounding,

m =mass and s = specific heat.

We know, m=V-p
where, V' = volume and p = density.

So, we have
d h h(T - T,
7Q = (T _ TO ) — ( 0)
dt  ms V-ps
Since, h, (T — T;)) and V" are constant for both beaker.
Q. 1
dt  ps

We have given thatp, = 8 X 10° kgm™ 3,
pp = 10° kgm™,
s, =2000J kg K" and
s; = 40007 kg™ K™,



pys, =16x10°

and ppsp =4 x10°

So,p, <Pg,s, <sp andp,s, <PgSp

= 1 >L = d&>d&
PaSa  PpSs dt dt

So, for container B, rate of cooling is smaller than the
container 4. Hence, graph of B lies above the graph of 4
and it is not a straight line (slope of A4 is greater than B).

. Both the given cylinders are in parallel as heat flow is given
along length. In parallel, equivalent thermal conductivity of
system is

_Ki4, +Ky4,
“ A+ 4,

So, in given system

K

,,,,,,,,,,,,,,,,,,,,,,

_K((nR) + Ky[m(2R) —nR?) o _ Ky +3K,

K
“ (TR?)+ (4nR? — mR?) e 4

. According to the given question, the given figure with its
length for each section is given as below

L
L/4] — TLM
A B
Iz p L Q L2

The above figure considering that every section has the same
thermal conductivity, then in terms of thermal resistance is
shown in the figure below,

R><3—R

Net resistance of the section PORS is = 5 RZ = 3?R ..(1)

2

Total resistance of the net network, R,
R R 3R 8R
=+t =
2 2 5 5
.. Thermal current, / =AT7AB
net

_120-0_120%x 5
5] "
5

Thus, the net temperature difference between point P and Q
is

3R

Tp =Ty =IX = [using Eq. (i)]

_120x5 3R
SR 5
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. In steady state

- S =4mR?

™y
Incident Radiation
Energy incident per second = Energy radiated per second
L ImR* = (T* - T)H)4nR? O I=c (T* - T} )4
0 T4 -1y =40x10° O T* - 81x10° = 40x 10°
0 T*=121x10° O T =330K

In thermal conduction, it is found that in steady state the heat
current is directly proportional to the area of cross-section 4
which is proportional to the change in temperature (7; — 75, ).

AQ _ KA(T, - Ty)

Then,
At X
According to thermal conductivity, we get
100°C
aQ,
dt
w0, K, 90
at I Iy dt
0°C 0°C
a0 _d0; 4o,
dt dt dt
092(100-7) 026(T - 0) N 012(T - 0)
46 13 12
= T=40°C
dQ, _ 092x 4 (100 - 40)
dt 40
=4.8cal/s

. According to Newton’s cooling law, option (c) is correct

ansSwer.

el

1 1 1 K4  2KA
- = 4 = 4=
Ry R R, I /
- LR
3KA 45
Since thermal resistance Ry; is 4.5 times less than thermal
resistance R;.

or Ry
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9.

10.

11.
12.

13.

14.

Let temperature of middle plate in steady state is 7},
0 =0,
Q = net rate of heat flow
04 (3T)* - 64T, =cAT, —c4(2T)"

Solving this equation, we get

1/4
n-(2) s
2

From the graph 75 > T, > T,
Temperature of Sun will be maximum.
Therefore, (c) is the correct option.
NOTE Although graphs are not very clear.

A,,T = constant

Glass of bulb heats due to filament by radiation.
Qo< AT* and A, T = constant
Hence,
A
Q oc
(A)'
2
p
or Qo<
(A)*
(27 (47 (67
0,05 :0c = 5t
e @t o
= i:izﬁz 0.05 : 0.0625 : 0.0576
81 16 625

i.e. Op is maximum.

a0 _ L(dm)

dt dt

Temperature difference L( dm J
dt

Thermal resistance
dm 1
dt  Thermalresistance

= oci
qR

In the first case rods are in parallel and thermal resistance is
R o . .
B while in second case rods are in series and thermal

resistance is 2R.
@ _ 2R 4

¢ R/2 1

Rate of cooling (—

35

j oc emissivity (e)

From the graph,

-9 oa)

AN E, > Ey
Further emissivity (£) = absorptive power (a)
(good absorbers are good emitters also)

: a,>a,

15.

16.

17.

18.

Black body radiates maximum number of wavelength and
maximum energy if all other conditions (e.g. temperature
surface area etc.) are same. So, when the temperature of
black body becomes equal to the temperature of the furnace,
the black body will radiate maximum energy and it will be
brightest of all. Initially, it will absorb all the radiant energy
incident on it, so it is the darkest one.

Let 6 be the temperature of the junction (say B). Thermal
resistance of all the three rods is equal. Rate of heat flow
through 4B + Rate of heat flow through CB = Rate of heat
flow through BD

90°—6+90°—6_6—0

R R R
A
90°C
D B
0°C )
90°C
C

Here, R = Thermal resistance

. 30 =180° or 6 =60°C
NOTE
Rate of heat flow
(H)= Temperature difference (TD)
" Thermal resistance (R)

where, R= o

KA

K = Thermal conductivity of the rod.
This is similar to the current flow through a resistance R) where
current (i) = Rate of flow of charge
_ Potential difference (PD)

" Electrical resistance (R)

Here, R = LA where ¢ = Electrical conductivity.
c

Wien’s displacement law for a perfectly black body is
A,,T = constant = Wien’s constant b
Here, A,, is the minimum wavelength corresponding to

maximum intensity /.

1

or Ay o —

From the figure (A,,), < (A,,); < (A,,),

Therefore, L>0,>T,
Wien’s displacement law is
Al =b (b = Wien’s constant)
5 _b_288x10° nmK
"r 2880K
A =1000 nm

Energy distribution with wavelength will be as follows :



19.

20.

21.

22.

Uy U, Us
A (nm)
oD O D O D O
D O D O D O
< w0 o O < W0

Ap=1000 nm
From the graph it is clear that
U, >U, (In fact U, is maximum)

Power radiated o< (surface area) (7')*. The radius is halved,
hence, surface area will become % times. Temperature is
doubled, therefore, T* becomes 16 times.

New power = (450)(;)(16) =1800W.

From Wien’s displacement law

A, T = constant
1

or T=—
A
Tsun — (}\‘m )north star
T north star (}"m )sun
=229 069
510
The rate at which energy radiates from the object is
A9 _ oart
At
Since, AQ = mcAT, we get
AT _ ecdT*
At me

. 4
Also, since m = 3 nrp for a sphere, we get

2/3
A= dm? = an| 2™
4np

AT eoT? 3m )
- = 4| ——
At mc 4mp
1/3
m

Hence,

For the given two bodies
1/3 1/3
(AT/At), _(my) " _ (1)
(AT/At), m 3
The diagramatic representation of the given problem is
shown in figure. Since, 7j; > 7', the heat will flow from B toA4.

Similarly, heat will also flow from B to C and C to A4.

23.

287
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B c
Ty =v2T a

Applying the conduction formula
A0 _ KA yp

At /
(AT) _(AT] I -T _2T-T,
V24 c4 a Jpc V2a a

=T, V2+1) = e 3

T (2+1)

Let R, and R, be the thermal resistances of inner and outer

portions. Since, temperature difference at both ends is same,

the resistances are in parallel. Hence,

111
=4
R R, R,
K(4nR*) K, (mR?) LK (3nR?)
! I !
K=Ktk
4

24, Thermal resistance R = L
KA

4= Lt (Here w = width)
(2K) (4Lw)
1
8Kw’
Ry = . .
3K (Lw) 3Kw
4L 1
RC = =
(4K ) (2Lw)  2Kw
R, = 4L _ 4
(5K)(Lw) S5Kw
L 1
E

~(6K)(Lw) 6Kw
R,:Rp :Rc:Rp Ry
=15:160:60:96:12
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25.

26.

So, let us write, R, =15R, Rz =160 R etc and draw a

simple electrical circuit as shown in figure

160R

Hy D

H = Heat current = Rate of heat flow.

H,=H;=H (let)
In parallel current distributes in inverse ratio of resistance.
Hy:H. Hp =L:L:i
Ry Rc Rp
RENRNY
160 6096
=9:24:15

T
I
|

Hy=|— 2 S H
9+24+15 16

b =2 \poly
9+24 +15 2

and Hp = s iH
9+24 +15 16
He-=Hy + Hp

Temperature difference (let us call it 7")
= (Heat current ) X (Thermal resistance)

T,=H,R,=(H)(I15R)=15HR

S
[

Ty = HyR, = (13611) (160 R)= 30 HR
T. = H.R. = GH) (60 R) = 30HR

T, = HyR, =(156H) (96 R) = 30 HR

Ty =HyR; =(H)(12R)=12HR
Here, T is minimum. Therefore option (c) is also correct.
.. Correct options are (a), (c) and (d).

Since, the temperature of black body is constant,
total heat absorbed = total heat radiated.

Power radiated and surface area is same for both 4 and B.
e,6T 4 = eyoT, A

T _(e (081)3
T, e, 001

Therefore,

1, = Lo _ 5802
3 3
=1934K
T, =1934K

27.

28.

29.

According to Wien’s displacement law,
A, T = constant

ATy =ngTy
or Ny =)»B(TB)=}”3
T, 3
Given, Ag — A, =lum
= Ay —?B=lum
or szzlum
3
= Ap =1.5um

NOTE A,T = b =Wien's constant value of this constant for
perfectly black bodly is2.89 x 107 m-K. For other bodies this

constant will have some different value. In the opinion of author
option (b) has been framed by assuming b to be constant for
all bodies. If we take bdifferent for different bodies. Option (b) is
incorrect.

(d) Rate of heat flow will be same,
300200 _ 200100 (aSHZdQZT-Dj
R, R, dt R
Ko _ 4 _
K, 4

Rl =R2 = L:L
KlAl KZAZ

Power, P = (6T*4)=oT*(4nR?)
or, P < T*R? ..(0)

According to Wien’s law,
1

A oe —
T
(M is the wavelength at which peak occurs)
. Eq. (i) will become,

5 ,1/4
Poc%or ko{R}

1/2 1/4 1/4
= )‘J: Ry Py =[400]"? L 2
Ap Ry P, 10"

P
log, - =1
gZPo

Therefore, Ll =2
Fy

According to Stefan’s law,

P o< T?
4 4
. P _(L 2[2767+273) _ 44
A7 487+273
= Hho b _ g LN NPY
B 2K B

P,
logZF2 =log,[2x4%] = log, 2+log, 4*
0

=1+log,2°=9



30.

31.

32.

33.

oc

NN

}\‘m
Ay _ Ty _ 500 _ 1

Ay T, 1500 3

EoT* 4 (where, 4 = surface area = 4TR?)
. EoT*R?
4 2 2
Es _[Ta) (Rs :(3)4(6j =9
Ey Ty Ry 18
. Answer is 9.

. l
Thermal resistance, R = —.

ie. R ocKi , land A4 being the same for both the blocks
Ry Ky _200_2

Ry, K, 300 3
Rate of flow of heat (thermal current) along both the cubes
will be equal (in series). Therefore, temperature difference
across both the cubes will be in the ratio of their thermal
resistances. Hence,

(TD), _R, _2 10°C-T _2
(TD); Ry 3 T-®C 3
= 300°C—- 3T =2T = T =60°C

Thermal resistance = L = %
KA K (4nR%)

Temperature difference

(¢ = thickness)

Now, rate of heat transfer =

Thermal resistance
T 4nKTR?
C{/4nKR® 1
Equating this rate with the power of the
source.

AnKTR? AnKTR?
— or t=——r

t P
AnKTR?

P=

or thickness ¢ should not exceed
Area of sphere, 4 = 4m?
Mass of sphere, m= (: npr3)

Now, energy radiated per second = (GAT*)

mc (—dTJZGAT4
dt

or ftdtz —me
0 o4

100
JiaaT
200
_mef 1 1
364 (100  (200)

06 = Tme x 107
2464

_ Imc
3x8c4
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Substituting the values,

(7>< :Tcpr3) (c)x 107
=
3 8% 5.67x 107 x 4172

4 2
34, Given, O TR 400

(4m?)

1/4
1400 x
o R?

[ 1400%x (1.5x 101 1
| (567x 1078y x (7x 108 )ZJ
= 5803K
35. Energy radiated per second o< AT* oc(R* )T

2 4
£ _ (IJ (4000) =lor E =E,
E, \4) 12000
36. Let 0, and 6, be the temperatures of the two interfaces as
shown in figure.

=1.71prc

T

27°C 6 6, 0°C
d dQ dQ
(dt )1 (E)z (E)&
R1 RZ ng
Outdoor
Room atmosphere
6.01 mm 0.05m ,5,01 mﬂ
Thermal resistance, R = L
KA
R =Ry = (0.01) = 0.0125K/W or °C/W
0.8) (1)
and R =00 _ g eecw
(0.08)(1)

Now, the rate of heat flow ([;Q) will be equal from all the
t

three sections and since rate of heat flow is given by
dQ _ Temperature difference

dt Thermal resistance

o (2
dr ), \ade ), \at ),

Therefore,

27-6, _6,-6, 6,-0

0.0125  0.625 0.0125
Solving this equation, we get
6, =2648C and 6,=052°C
dQ 27-6, dQ (27 -2648)
dr 0.0125 dt 00125

=41.6W

and
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37. Let at any time temperature of the disc be 0.
At this moment rate of heat flow,

dQ _ KA(AB) _ KA

—(©,-06 ..
dt ; ; 6,-9) (1)
This heat is utilised in increasing the temperature of the disc.
Hence,
LY = ms@ ...(ii)
dt dt
Equating Egs. (i) and (ii), we have
do KA
ms—=—(0,-06
o 6,-6)
Therefore, d6 = ﬁclt
0,-0 msl
or JasoK do :ﬁ tdt
30K 9, -0  msl0
or [-In(0, — 0) 100k = K4,
. msl
dQ
at

msl. [0, —300
t=—In| >+——
KA \06,-350
Substituting the values, we have
(= (04 )(600)(0.4)ln 400 - 300
(10)(0.04) 400 - 350
t =166.32s

38. LetR,, R, and R, be the thermal resistances of wood, cement
and brick. All the resistances are in series. Hence,
R=R, +R, +R,;
25%x107%  1.0x107  25x1072 ( l )
= + + asR=—
0.125x 137  1.5x137 1.0x137 KA

=0.33%x 1072 °C/W

20°C| Ry |Rs Rs ~10°C
*. Rate of heat transfer,
dQ _ temperature difference _ 30
dt thermal resistance 0.33x 107
= 9091W

.. Power of heater should be 9091 W.

39. Net rate of heat radiation (?) will be same in both the
t

cases, as temperature and area are same.
Therefore, from equation

de\ do o 1
ms| —— |=— or —— o —
dt dt d m
The hollow sphere will cool faster as its mass is less.
40. Power produced by heater
= rate of heat flow through window
LZ _ Temperature difference _ 20-0
(I/KA)

R Thermal resistance

2
0=20- -

Substituting the values we have
~(200)° (02x107%) _ s

0 =20 -
(02 x 4.2)(1)(20)

24°C

Topic4 Kinetic Theory of Gases and Gas
Equation
1. Work done by a gas is
W = pAV = nRAT = 10J
As the gas is diatomic,

(given) ...(1)

. 7
C, = specific heat of gas at constant pressure = ER

So, heat absorbed by gas at constant pressure is

AQ=nC, AT=n%RAT

7
=—(nR AT
2( )

7

=5 10 [From Eq. (i)]

=35J
2. Let molar specific heat of the mixture is C, .
Total number of molecules in the mixture
=3+2=5
.Cy can be determined using
nCy dT =n Cy dT +n, Cp dT
or (m + 1y ) (Cp Imix = mCp | + 1y Cp,

mix

[here, n = n; + n,]

Here, CVl = % (for helium); n; = 2
R
Cy, = 57 (for hydrogen); n, = 3

. 3 . .
[For monoatomic gases, C;, = ER and for diatomic gases,

5
CV = ER]



= 5Cy, =ﬁ
2
or Cy - 2R
10
_21x83 174.3
10 10
or Cy =174 J/mol-K

. Given process equation for 1 mole of an ideal gas is

1V, Y .
p= p{l—z(fﬁ)] Q)

Also, for 1 mole of ideal gas,
pV =RT
_RT
v
So, from Egs. (i) and (ii), we have

2
RT _ 1= Y%
v p{l 2(Vj )
2
Tzi;tf’(l_i’;o) J .. (i)

When volume of gas is ¥}, then by substituting " =V, in Eq.
(iii), we get
Temperature of gas is

2
T_PoVo 1_1& _ P
1= =
R 2\ W, 2R

Similarly, at volume, V = 2/,

..(ii)

Temperature of gas is

2
T = po(Zy) 1_1 ﬁ _ZPOVO
, =02 = £0°0
R 2\ 20, 4 R

So, change in temperature as volume changes fromV}, to 2V,
is

AT=T, T, = (Z - ;)P;Vo - 271’;;’0

. Given,

Volume, ¥ = 25x 107 m®
N = Imole of O, = 6.023 x 10* atoms of O,,
T =300K

Root mean square velocity of a gas molecule of
Oy, Vpms =200m/s

Radius, = 0—23nm=0—23 x 107 m

. 1 v
Now, average time, — = 2%
T
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where, X=L2
V2 N P

N b e ¥
v V2 N

". Average collision per second,

8y
1oy Vam ™

T A A

| g 200xfz><6.023x023xn><¥><10‘18
—=_|—X
t \3rm

25%107°
1_ 8 _ 108
= — =44 x 10" per second = 10
T

.. No option given is correct.

. Given, capacity of cylinder is = 67.2L and AT = 20°C

At STP volume = 224 L

.. Number of moles = ﬂ =3

Now, change in heat is given as
AQ =nCy AT
Substituting the given values, we get

AQ=3X%X20 (. for He gas, C), =%R)
=90R]J
Given, R =831Jmol 'K}
AQ=90x 831=7479]=748]

Key Idea A diatomic gas molecule has 5 degrees of freedom, i.e.
3 translational and 2 rotational, at low temperature ranges (~
250 K to 750 K). At temperatures above 750 K, molecular
vibrations occurs and this causes two extra degrees of freedom.

Now, in given case,

For gas 4, Cp =29,C, =22

For gas B, Cp =30,C, =21

By using

We have,
For gas 4, 1+£=§=L3:>f:6.67=7
[ 22

So, gas A4 has vibrational mode of degree of freedom.

For gas B,

142239 145 p=5s
foo21

Hence, gas B does not have any vibrational mode of degree
of freedom.

Key Idea According to the law of equipartition

1 2 n
of energy, —mv:.. = —kpT
gy, 5 rms 5 B

where, nis the degree of freedom.
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Since, HCI is a diatomic molecule that has rotational,
translational and vibrational motion.

So, n=7:>1mv =szT
2 2

Here, \%

Key Idea For a gas molecule,

v = [P
rms M

Vims & JT

Let unknown rms speed be v,,¢ o

at T, = 227°C (or 500 K)
andat 7, = 127°C (or 400 K)

Vems,1 = 200m/s
.~ Using the relation v, o< VT, we can write
vrms,Z _ T2 :
— = = (1)
Vrms,l Tl

Substituting these given values in Eq. (i), we get

Vims, 2 = 1 i—gg x 200m/s

- %\B X 200m/s = 1005/5 m/s

. Root mean square velocity of hydrogen molecule is given as
3kgT

m

Vrms =

Escape velocity of hydrogen molecule from the earth is given

as
v, = +/2gR,

Given, Vims = Ve
or T _ gk, = 1= %8R!

3X kg
Substituting the given values, we get

6
2x10x 64 x10° x 2 10° K

T 3x138x 1072 x 602% 10°°

Alternate Solution
At rms speed, average thermal kinetic energy of a

hydrogen gas molecule is = %kBT

and if v, = escape velocity of the gas molecule from the

S . 1 .
earth, then its kinetic energy is KE = Emvf, where m is the

mass of the gas molecule.
Equating the above thermal and kinetic energies, we have

3 1 5 mv? .
—kzT =—mv, orT = ...(1)
2 2 3ky

10.

11.

Here, ky =138x 1072 JK ™!,

v, =112x10° ms™,
B 2
M 02 x 10
Substituting these value in Eq. (i), we get
~0332x 1070 x (112x 107 )?
- 3x138x 1072

=0332x10% kg

T =10*K

Mean time elapsed between two successive, collisions is

t==
v

where, A = mean free path length and
v = mean speed of gas molecule

[ini)
\/Eﬁdzp @

l=—F——= > 1=
§ kT p
\n" M
where, C = L kM = a constant for a gas.

44?

So ’2=‘E.Eplj ()
’ \/?1 P

4
Here given, ho_ 1, L ,/@ = \F
p, 2\T 300 3
and L=6x10"s

Substituting there values in (i), we get
_ 5 1 _ _
t2=6><108><\f><=3.86><108s:4><108s
3 2
Key Idea As piston is in equilibrium, so net force on piston is zero.

When the piston is stationary, i.e. on equilibrium as shown
in the figure below,

[

N

then nA+mg=p,A
= mg = pAd - p4
nRTA nRTA
or mg = -
2 4

{"+ pV = nRT (ideal gas equation)}

Y EEc p VS B}
AL, Al I

nRT(ll —12]
or m=—|——-=
g L



12.

13.

14.

15.

Key Idea Internal energy of ‘n” moles of a gas with degree of
freedom f ( =3 for an ideal gas), at temperatureT is

E=£~nRT:§nRT
2 2

For an ideal gas, internal energy, E = %nRT

3
=" pV
2P

Substituting the given values, we get

(- from pV =nRT)

:%x3><106><2:9><106J

Internal energy of a gas with f degree of freedom is

U= nf%’ where 7 is the number of moles.

Internal energy due to O, gas which is a diatomic gas is
U MART 3 5 o
2
(. n; = 3moles, degree of freedom
for a diatomic gas f; = 5)

Internal energy due to Ar gas which is a monoatomic gas is

_mPRT 5. 3 gy
2 2

(. n, = Smoles, degree of freedom for
a monoatomic gas f, = 3)

U,

.. Total internal energy = U, + U,
= U=15RT

Given, mass of gas, m = 2 kg

Pressure on gas, p =4 x 10*N/ m?

Density of gas, p = 8 kg/ m®
= Volume of gas = Mas.s

Density

2 1 4 .
= V="="m e

8 4 @
Using ideal gas equation,

pV =nRT
= nRT =4 x 10* x %

nRT = 10* .. (ii)

Internal energy of # moles of a monoatomic gas is given
by,

U=§nRT
2
= U=%><104J=1.5><104J

i.e. in order of 10* J.

We know that from kinetic theory of gases,

/3RT
Vrms = 7 OrVrrns x\/?

16.

17.

18.
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where, R is gas constant, T is temperature and M is
molecular mass of a gas.

Here, to double the v, , temperature must be
4 times of the initial temperature.

.. New temperature,
T, =4x1T
As, T, =27 C=300K
T, =4 x300=1200K
As, gas is kept inside a closed vessel.
O =nCy -dT
_ 5 X E(1200— 300)
28 2
[As, n="1 2 15 for nitrogen}
M 28

=Ex§><8.3><900
28 2

[Given, R = 83 J/K-mole]
or 0=10004.4J=10kJ

Root mean square (rms) velocity of the molecules of a gas is
given as

_|3RT
o =
where, M is the atomic mass of the gas.
- Vo % 1|
M
Vems (helium) _ | Margon )
Vims (argon) | Mhelium

Given, M 440, = 40u and My, g5, = 4u
Substituting these values in Eq. (i), we get

Vrms (helium)= @=m=316
—_— =, 4 A

Vrms (argon)

Force
Pressure =
ea
Number of Collisions v Change in momentum
_ sec collision
Area

23 o
_ 10~ X 2mv cos 45 ~235% 10° N/m?

2x 1074
From pV = nRT=iRT
N,
Wehave, n,—n,= PVN, _ PVN 4
: RT, RT,
S
= 0, -n=0 30 6oaxnon [ Lo L
83 300 290
=—-25%x10%

An=-25x%x10%
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19.

20.

21.

22.

23.

24.

AQ=AU+AW
In the process pV" = constant, molar heat capacity is given by
o R R o R
y—1 l-n 1-
c,-C
C—CV=—R =l-n=-2"L
I-n Cc-Cy

(C=Cy)=(C,=Cy) _C-C,
c-C, Cc-Cy
pM
Y il o pM
b= Rr pep

rms

GG
ey

Ffmr 316

A real gas behaves like an ideal gas at low pressure and high
temperature.

(Vrms )He
(Vrms )Ar

Internal energy of n moles of an ideal gas at temperature 7 is

given by
U= n(fRT)
2

Jf = degrees of freedom.

= 5for O, and 3 for Ar

where,

Hence, U =U, +UM=2(§RT)+4(2RT)=11RT

Process is isothermal. Therefore, 7 = constant. ( poc;j

volume is increasing, therefore, pressure will decrease.
In chamber 4 —

n,RT n, RT
—Ap = - =4 "4
P =(p4); (PA)/ 7 e
n,RT .
=L (1
% (1)
In chamber B —
ngRT  ngRT
-1.5Ap = - =L - 8
p = (pg ) (pB)f v %
ngRT ..
== ...
% (i)
From Egs. (i) and (ii)
ng ot _2 o omgM_2
ng 15 3 mg/M 3
or my _2 or 3m, =2my
my 3

25.

26.

27,

28.

29.

30.

31.

Average kinetic energy per molecule per degree of freedom
=% kT. Since, both the gases are diatomic and at same
temperature (300 K), both will have the same number of
rotational degree of freedom i.e. two. Therefore, both the

gases will have the same average rotational kinetic energy
per molecule

=2><%kT0rkT

= Thus, ratiowillbe 1: 1
pV =nRT

nRT
or =

or pocT

if V" and n are same. Therefore, if 7 is doubled, pressure also
becomes two times i.e. 2p.

Average translational kinetic energy of an ideal gas

molecule is % kT which depends on temperature only.

Therefore, if temperature is same, translational kinetic

energy of O, and N, both will be equal.
The average translational KE =% kT which is directly

proportional to 7, while rms speed of molecules is given by

/3RT.
ey e Vg o VT

When temperature of gas is increased from 300 K to 600 K

(i.e. 2 times), the average translational KE will increase to

2 times and rms speed to V2 or 1.414 times.
. Average translational KE = 2 x 6.21x 107" J

=1242x1072"J
and Vs = (1.414) (484) m/s
=~ 684 m/s
3RT
T

ie. Vims JT

When temperature is increased from 120 K to 480 K (i.e. four
times), the root mean square speed will become V4 or2 times
ie. 2v.
The average speed of molecules of an ideal gas is given by
8RT
<v>= [—
M

i.e. < v> o< /T for same gas.

Since, temperatures of 4 and C are same, average speed of O,
molecules will be equal in 4 and Ci.e. v;.

5 . . 3
Y, = — means gas is monoatomic or C; = —R
3 b2



32.

33.

34.

35.

Yy = gmeans gas is diatomic or C),) = %R

Cy (of the mixture)

3 5
nconc, OGOGR

n +n, 1+1
C, (of the mixture) = C)y + R = 3R
C R
Y mixture = = 3 =15
Cy 2R
3RT
=

Room temperature 7 = 300K
3
1930 \/3 X 8.31% 10° x 300
M
M =2.0g/mol or the gas is H,.

Total translational kinetic energy = % nRT = % pV=15pV

a) Total internal energy U = inR T+ énRT
(@) gy 5 5

U

(Uave ) permole = 4 2RT

= %[SRT +3RT] =

TR 5R
D+ (D)
by = G FC _ 50 s

mCy, + nyCy, (l)ﬁ + (1)3£ 2
2 2
v = MMy M, M2 244 _,
n + n,

Speed of sound v = | = v 1/

v, y M 32 4
Zmix _ |1 mix X " He Pt VIR
VHC Y He Mmix 5/3 3 5

VHe MH — 2_71
VH MHe 4 \/5
_\/3RT _\/8RT~\/2 S5RT
m M’ n M M
and v, = 2RT
M

Secondly, v

and average kinetic energy of a gas molecule

2
—lmv2 —lm \Fv —émv2
) 27 4 F

36.

37.

39.

40.

41.

42,

43.
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For one mole of an ideal gas
pV =RT
The coefficient of volume expansion at constant pressure is

given by,
(AV) R
—— | = — =constant
AT » P

The average translational kinetic energy per molecule is
(3/2)kT and not 3 kT. With decrease of pressure, volume of
the gas increases so its mean free path. [option (c)] The
average translational kinetic energy of the molecules is
independent of their nature, so each component of the
gaseous mixture will have the same value of average
translational kinetic energy.

[option (a)]

Since, the system is insulated, O=0. Other part is vacuum,

therefore, work done by the gas 7 is also zero. Hence, from
first law of thermodynamics, AU =0 i.e. temperature
remains constant.

sz = constant

2

. nRT
Putting, p = ——, we have a = constant

or T oc\/;

So, if V is doubled, T’ becomes \5 times.

3 5
c, - mCy, + n,Cy, _ () (ZR)-'— = (2RJ — IR

n +n, 1+1

3RT T .
Vims = 7 or Vi &< ﬁ .. (1)

When oxygen gas dissociates into atomic oxygen its atomic

mass M will remain half. Temperature is doubled. So, from
Eq. (1) v, Will become two times.

3RT
o =
not only depends on 7 but also on M.
pV =nRT

(2]

Comparing this with y = mx,V-T graph is a straight line

So, v

> rms

passing through origin with slope = ﬂ

p
or slope o< % (slope), > (slope),
P < Py
_|3RT
T

It not only depends on 7 but also on M.
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44. Volume of the box = 1 m’
Pressure of the gas = 100N/ m?
Let T be the temperature of the gas. Then,

(a) Time between two consecutive collisions with one wall
= ——s. This time should be equal to 271’ where / is the
500 Vims
side of the cube.

21
Vims 900
or Vims = 1000m/s (as /= 1m)

or ,/ﬂ =1000
M

_ (1000°M _ (10)°(4 x 107)

T =160K
3R 3(25/3)
(b) Average kinetic energy per atom
“ 37 = g(1.38 x 1072)(160) J
2 2
=3312x107"J
m
¢) From pV =nRT = —RT
(©) p "
We get mass of helium gas in the box, m = %

Substituting the values, we get
L 100)(#) _
(25/3)(160)

Topic5 Thermodynamics

1. Efficiency of a Carnot engine working between source of
temperature 7; and sink of temperature 7, is given by

T.
=1-2
R
Here, T, and T} are absolute temperatures.
Initially,
n=1
6
L Bh_>s
6 i T, 6
Finally, efficiency is doubled on reducing sink temperature
by 62°C.
2 /
n=_ Link =T/ =T, - 62
T/
So, =1-=2
n a2

2 L-62 _T,-62_4

= —=1-
6 T T 6
T, 62 4
= ===
L T 6
5_62_4 b5
6 T, 6 6
=T, =6x62=372K =372-273=99 C
= T2=%><T1:310K

=310-273=37C

Key Idea In p-V curve, work done dWW, change in internal
energy AU and heat absorbed AQ are connected with first law
of thermodynamics, i.e.

AQ=AU + dw ... ()

and total change in internal energy in complete cycle is always
zero. Using this equation in different part of the curve, we can
solve the

given problem.

In Processa — b

Given, AQ,, =250]
g 2501 =AU, +dw,, ...(i)
In Process b — ¢
Given, AQ,, = 60d
Also, V is constant, so dV = 0
= dw,. = p(dV),. =0 ...(iii)
60J=AU,. +0
= AU, =60]
In Process c — a
Given, AU, =-180] ...(1v)
Now, for complete cycle,
AUy =AU, + AU, +AU,, =0 (V)

From Egs. (iii), (iv) and (v), we get

AU,, = -AU, - AU,

AU, =-60+180=120J ... (vi)
From Eq. (ii), we get

250d =120d +dw,,
= dw,, =130d ... (vil)
From Egs. (i) and (vii), we get
Work done by the gas along the path abc,
AW e = AWy + dWy,
=130J+ 0K

= dw . =130d

abc

. Given, heat supplied at constant volume is Q.

0 =nC,AT
For same change in temperature, if heat supplied at
constant pressure is Q, then

Q' = nC,AT

So, we have
g _ nC,AT ~ g: &
O nC,AT 0 ¢



= 0" =0y
. - . 7
As given gas is diatomic, soy = 5
, 7
Q' = 5Q
4, For isobaric process, work done is given as
W = nRAT

Heat supplied, AQ = nC,AT and
C

Vo_
CP_T—R
= Cp=R+CV/n
W _ nRAT _ R _ R
AQ nCAT C, o . Cr
n
w nRkR
= -_=
AQ nR+Cy

5. According to the first law of thermodynamics,

Heat supplied (AQ) = Work done (') + Change in
internal energy of the system (AU)

AQ, =AU, +W,
Similarly, for process B,

AQp =AUy + Wy
Now, we know that,
work done for a process = area under it’s p-V curve
Here,

vV 0

\//
Thus, it is clear from the above graphs,
W, >Wy

Also, since the initial and final state are same in both
process, SO

AU, =AUy
So, from Egs. (i) and (ii), we can conclude that

AQ, > AQy
6. Given processes are

p

(@)

...(ii)
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For process a, pressure is constant.
.. a is isobaric.

For process d, volume is constant.
.. d is isochoric.

Also, as we know that, slope of adiabatic curve in p-V
diagram is more than that of isothermal curve.

. bis isothermal and c is adiabatic.

Key Idea In a cyclic thermodynamic process work done
=area under p - V diagram.

Also in clockwise cycle, work done is positive.

In the given cyclic process,
work done = f pdV = area enclosed by the cycle

= % x base x height of triangle (CAB) made by cycle

1
:E(VZ_VI)(IJZ_pl)
From graph, given

V,=5m’, ¥, = 1m?,

p, =6Pa, py=1Pa
1 1

=—(5-1D)(6-1)==x4x5=10J

5 G=D6-D=-

. Given, VT = k, (k is constant)

1 .
or T oc — .1
V (1

Using ideal gas equation,
pV =nRT

1
Vol = pVo—
p p %

or pV? = constant ...(11)
i.e a polytropic process with x = 2.

(Polytropic process means, pV* = constant)

We know that, work done in a polytropic process is given by

aw = P2 2PN g .. (iif)
- X
v,
and, AW = pVln v (forx=1)
1
Here, x =2,
AW = pVy —ph _ nR(T, ~ 1)
1-x I-x
= AW = ”IRA‘zT =— nRAT .(iv)

Now, for monoatomic gas change in internal energy is
given by

AU = %RAT (V)

Using first law of thermodynamics, heat absorbed by one
mole gas is

AQ=AW+AU=%RAT—RAT:>AQ= RAT

1
2
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9. Key Idea For an ideal gas undergoing an adiabatic process at 1, = efficiency of engine €; = 1— Q
room temperature, T3
pV"Y =constantorTV* ™' = constant For equal efficiencies
. . N =My =M;
For a diatomic gas, degree of freedom, f' =5
—1+2/ f=14 2= = 1-2=1-Dop-
v 5 5 T T, T
As for adiabatic process, 7V" ~' = constant (1) T, T, T,
= S =2 =7
and it is given that, here TV™ = constant ...(11) L T, T
Comparing Egs. (i) and (ii), v;e get N T22 =TT, and T32 =TT,
-l=x=—--1=x
Y 5 - T4 = 1272
or x=2/5 4 )
. . L =T,
10. Work done by gas during heat process at constant pressure is
given by 75 =T,T7
AW = pAV 1
Using ideal gas equation, or T, = (le 7,)?
pV =nRT 4 _ 2 2
= PpAV = nRAT Also, =1, Ty =315
So, AW = nRAT (@) 1

T3 =TT? or T, = (T T2)?
Now,itisgiventhat,n:% 3 Iy or Ty = (LT})

and AT =90°PC-20°C 12.  Keyidea Ina Carnot engine the heat flow from higher
=363K-293K =70K temperature source (atT;) to lower temperature sink (atT,) and
and R (gas constant) = 8.31 J/mol-K give the work done equal to the W =Q, - Q..
Substituting these values in Eq. (i), we get
T
AW =1 % 8.31% 70= 290851 || Source
~ 2 Q1
AW =2911] W=Q;-Qx(Work output)
11. Given, Carnot engines operates as, Q2
T, | Sink

For the given condition, Carnot engine 4 and B are
operated in series as shown below

w w.
1 T, 2

A B
T4=400K D

Q¢

where,

O, = heat rejected by engine 4 at T,K,

O, = heat received by engine B at 7,K and

O, = heat rejected by engine B to source C at 73K .
According to Carnot engine principle,

As, efficiency of a Carnot’s engine is given by

n=1- Lsink W, =0, — O, (work-output from source 4 and B)
Tsource W, = O, — Q5 (work output from source B and C)
We have, As per the given condition, if the work outputs of the two
1, = efficiency of engine €, = 1 - L engines are equal, then

]l 0 -0,=0,-05
N, = efficiency of engine €, = 1— = = O +05 =20,
2



%+%=2 ...(1)
0 O
Therefore E + £= 2
I, T,
So, L+T _,
T,
N T2:T1+T3:600+400
2 2
T, = 500K

13. For the ABC as shown in the figure below,

e

p

V—>
According to the first law of thermodynamics, heat
supplied, AQ = work done (AW')+ internal energy (AU)
= AQcp =AW,ep + Up =U,)
[where, AU =U; - U 4]
Substituting the given values,
Ug -U,=60-30=30J (1)
Similarly for the ADB as shown in the figure below,

p B
A D
V—>

AQ upp =AW ypp + U —U )
= AQ pp =10+ 30
=40]

14. For adiabatic process,

[using Eq. (i)]

TiVlY—l =T2V2Y_l (... YZ;)
2 2 300
= 30007 )} =T, () = Ty ="~ 189K
5
AU:fnRAT:(SJ(Z)(ZSJ (189 300)
2 2 3
= 27KJ

15. p-V equation for path AB

Po
=—|—=V+3
p [Vo) Po
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= pV =3pJy - Lop?
VO
or r=LV - L5, Py
nR  nR Vs

For maximum temperature,
dT 2pV

—=0 = 3p,— 0
v Po A
3 P 3p,
= V="Vyand p=3p,—-2="10
50 P=5D 7, 5

Therefore, at these values :

;o2 N2 ) ol

e nR 4nR
16. In the first process : p¥' = p fV}’.

For the two step process
W=p(V,-V)=10°(7x107)=7x10°J

! (1><102—102)
y-114

AU = g(prf -pV) =

AU=-33 100 == 25102
2 4 8
O-W =AU
= Q=7><102—§><102 =4—87><102J=588J

17. According to first law of thermodynamics, we get
(i) Change in internal energy from A to B i.e. AU 45

AU 45 =nCy(Ty =T, )=1x %(800— 400)= 1000 R
(i1) Change in internal energy from B to C
AUge =nCy (Tp = Tp) =1x% %(600 ~ 800)

=—-500R
(iv) Change in internal energy from Cto 4 i.e. AU,

AUgy =nCy (T, - Tt)

=1x %(400— 600) = — 500 R
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18. Heat is extracted from the source means heat is given to the
system (or gas) or Q is positive. This is positive only along

the path 4BC.
Heat supplied

Qupc =AU 15 + W 45¢
=nCy (Iy - T;)+ Arcaunder p-V graph

= "(;RJ (Te =T,)+2p,
3
= 5 (nRTz — nRT )+ 2pV,

3
= 3 (PcVe = paVay + 2Py

3 13
= 5 (4pgo = PoVo) + 2plVy = 5 124)

p
19. 3200

Po

%

Yo 32V,
In F — G work done in isothermal process is

V, 327,
aRT In| L | =32 pV, In 0

i 0
=32 p¥y In 2° = 160p, V In 2

In G— E,AW = p,AV = p,(31¥,)= 31 pV,

In G — H work done is less than 31 pyV; i.e.24 pyV,

In F — H work done is 36 pyV,

20. At STP, 22.4 L of any gas is 1 mole.

5.6

56L= =lmoles= n
224 4

In adiabatic process, 7V~ = constant

y )
-
2

y=-—"t= g for monoatomic He gas.
v

5
21
5.6)3
=122 4T
2 1(0.7) !

Further in adiabatic process, Q = 0

W+ AU =0
or W=—AU=—nCVAT=—n(
y -1
1l R 9
=_Z Z (4T1_T1)=_§RTl
3

R )(Tz_Tl)

22.

23.

24.

21. Slope of adiabatic process at a given state (p, V, T) is more

than the slope of isothermal process. The corresponding p-V
graph for the two processes is as shown in figure.

In the graph, 4B is isothermal and BC is adiabatic.

W ,5 = positive (as volume is increasing)
and Wp- = negative (as volume is decreasing) plus,

[Wge|> W 45|, as area under p-V graph gives the work done.
Hence, Wig +Wge =W <0

From the graph itself, it is clear that p; > p,.

NOTE At point B, slope of adiabatic (processBC ) is greater
than the slope of isothermal (process AB).

AW 5 = pAV =(10)(2-1)=101]

AWy =0 (asV = constant)
From first law of thermodynamics
AQ =AW + AU

AU =0 (process ABCA is cyclic)
AQ =AW 15 + AW + AW,
AWey =A0 — AW 15 — AWy
=5-10-0=-15J
In adiabatic process
p
slope of p-V graph, o Y v
slope o<y (with negative sign)
From the given graph,
(slope), > (slope),

i Y22
Therefore, 1 should correspond to O, (y = 1.4) and 2 should
correspond to He (y = 1.67).
The corresponding p-V graphs (also called indicator
diagram) in three different processes will be as shown :

p

Area under the graph gives the work done by the gas.



(Area), > (Area), > (Area ),
Wy, >W, >W;
25. During adiabatic expansion, we know
TV'~' = constant or T '=1p) !

. 5
For a monoatomic gas, y = 3

- 5/3) -1
5_ ﬁv 1_ AL, (5/3)
T, " AL,

(A = Area of cross-section of piston)

B L2 2/3
= Ll

26. A is free to move, therefore, heat will be supplied at constant

pressure
o dQ, =nC,dT, (1)
B is held fixed, therefore, heat will be supplied at constant
volume.

dQOg =nCydTy ..(i1)
But dQ, =d0y (given)

nC,dT, =nCydTy

c
dTy =| =L |dT,
Cy

=y (dT,) [y = 1.4 (diatomic)]
(dT, = 30K)
= (1.4)(30K)
dT, = 2K

27. The desired fraction is
=AU _nGAT_Cy 1
AQ nC,AT C, 7y

5
rof==
4 7

o

28. Work done in a cyclic process = area between the cycle
=ABXBC=Q2p—-p)x 2V -V)=pV

NOTE If cycle is clockwise (p on Y-axis and V on X-axis) work
done is positive and if it is anti-clockwise work done is negative.

29. (dpj —y (dpj
av adiabatic av isothermal

List-1
(P) Process | = Adiabatic=0 =10
(Q) Process 11 = Isobaric

W = pAV =3py[3Vy —Vy]= 6piVs
(R) Process III = Isochoric= W =0

(S) Process (IV) = Isothermal = Temperature = Constant

30. voua = ,/% As the sound wave propagates, the air in a

chamber undergoes compression and rarefaction very fastly,
hence undergo a adiabatic process. So, curves are steeper
than isothermal.

31.

32.

33.

34.
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| __. (P ~
(dV)Adi Y(V) )
dl __[(r ..
(dV)[so (Vj .. (11)

Graph ‘Q’ satisfies Eq. (i)
AU = AQ — pAV
AU + pAV = AQ
As AU # 0, W # 0,AQ # 0. The process represents, isobaric
process
Wes == p(AV)==p(V, =V))==pV, + pV}
Graph ‘P’ satisfies isobaric process.
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Work done in isochoric process is zero.
Wi,=0asAV =0
Graph ‘S’ represents isochoric process.

Internal energy o< T o< pV

This is because U = n—g RT = %

Here, n = number of moles, f = degree of freedom.

(pV)

. If the product pV increases then internal energy will
increase and if product decreases the internal energy will
decrease.
Further, work is done on the gas, if volume of gas decreases.
For heat exchange,

O=W+AU
Work done is area under p -V graph. If volume increases
work done by gas is positive and if volume decreases work
done by gas is negative. Further AU is positive if product of
pV is increasing and AU is negative if product of plV is
decreasing.
If heat is taken by the gas Q is positive and if heat is lost by
the gas Q is negative. Keeping the above points in mind the
answer to this question is as under.

(A) =@, r,);(B) = (P, 1); (C) =(q,8); (D) = (r, 1)

In process J — K V is constant whereas p is decreasing.
Therefore, T should also decrease.

W=0,AU=-veandQ <0
In process K — L p is constant while V' is increasing.
Therefore, temperature should also increase.
W >0,AU>0and Q>0
In process L — M This is inverse of process J — K.
W=0,AU>0andQ >0

In process M — J
V' is decreasing. Therefore, W < 0

(V) <(PV)y

T, <Ty
or AU <0
Therefore, o<
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35. Process-II is isothermal expansion,
AU=0,W>0
AQ=W>0
Process-IV is isothermal compression,
AU=0,W<0
AQ=W<0
Process-I and III are not isobaric because in isobaric
process T o<} hence, T-V graph should be a straight line
passing through origin.
Option b, ¢ and d are true.
36. Note This question can be solved if right hand side hand side

chamber is assumed open, so that its pressure remains constant
even if the piston shifts towards right.

Po
P1= Po
X
—
i Po - P4
p §—> k—o
! kx
(@ pV =nRT
r
P v
Temperature is made three times and volume is doubled
3
= Py = 3 P
Further sz—Vz Vemh 2 =h h
A A A A
3p kx nA
P> 5 P y 5
Energy of spring
Teopnd _ph
2 4 4

(b) AU=nc,AT=n (;RJAT

3
=5(P2V2_P1V1)

=3H3pl)<2m—pln}=3p]n

212
4p
(C)Pz:T1
N 4 Lk
P> 3171 P y
= ]OC—plA
3
AV
= xX=—=
A A

38.

39.

40.

1
I/Vgas = (pO AV + VVspnng )= (ple+ 5 kxx)

-+ [pa 2L nd )
A 2 3 A
oV _ e
=2pV, + =V ="+
4181 3 3

(d) AO =W + AU

nh 3
R vV, — pV
3 2(1’22 o)
TV 3(4 )
=———+=|—p-3¥ - pl
3 5 3Pl 1~ P
TV 9 41p,V;
=P 2,y = P
3 2 6

NOTE AU = g (po Vo = py Vy) has been obtained in part (b).

T, =T, = U,=Ug

W, =) (R)T, 1 4
3 = (1) (R) Ty In A

1

=RT, In % = pVy In (4)

0

Information regarding p and T at C can not be obtained from

the given graph. Unless it is mentioned that line BC passes

through origin or not.

Hence, the correct options are (a) and (b).

(A) p¥ graph is not rectangular hyperbola. Therefore,
process A-B is not isothermal.

(B) In process BCD, product of pV (therefore temperature
and internal energy) is decreasing. Further, volume is
decreasing. Hence, work done is also negative. Hence, O
will be negative or heat will flow out of the gas.

(C) W 43¢ = positive

(D) For clockwise cycle on p-J” diagram with P on Y-axis,
net work done is positive.

There is a decrease in volume during melting on an ice slab at

273 K. Therefore, negative work is done by ice-water system

on the atmosphere or positive work is done on the ice-water

system by the atmosphere. Hence, option (b) is correct.

Secondly heat is absorbed during melting (i.e., dQ is

positive) and as we have seen, work done by ice-water

system is negative (dW is negative). Therefore, from first law
of thermodynamics dU = dQ — dW

change in internal energy of ice-water system, dU will be

positive or internal energy will increase.

(a) AU = nCy, AT = nC), (T, -1, ) in all processes
(b) In adiabatic process AQ = 0

AU =—-AW or |AU|=|AW|
(¢) Inisothermal process AT = 0
. AU =0
(d) In adiabatic process AQ = 0
*. All the options are correct.

(as AU = nC,AT)



41. Given,n=1y =§
T-V equation in adiabatic process is
TV~ = constant
=t
y-1
= n=1|1
V)
2
=100 x (1)3
8
= T, =25K

Cy = 3 R for monoatomic gas
AU =nC,AT =n x(?’g) (L,-1))

= lx%x 8% (25-100)
=-900J
. Decrease in internal energy = 900 J
42, W,y =W, + Wy, =50T+1007=1501]

L 1

Wi =Wy + Wy =0+200]=2001]

a,

Q. = 5007
So AUiyp = Qiap = Wiy
= 5007 - 200J
=300J=U, -,
So, U, =Upy +U,
=300J+100J =400
AU, =U, -U,

=200J-100J=100J
Op =AUy + Wy,
=100J+50J=1501J

1

=300J+150J=4501
So, the required ratio

% _ Qibf - Qib
O O
450 - 150
=m0
43. In adiabatic process,
TVY ! = constant

TV =T f.V/Q“‘ (as ¥ = 14 for diatomic gas)

0.4
Vi
” =t T")(azj

or g (32)*4 =4
.. The correct answer is 4.

44, Under isothermal conditions, p¥ = constant
(p)(2V)=pV

Oipy = AUjyp + Wiy = AUjp + Wy,

45.

46.

417,
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= pi=pl2
Under adiabatic conditions,

pV" = constant where y = 1.67
(p, )2V )5 = py1-T
= po=p/ (2"
Therefore, the ratio p,/p;=(2/ 2"97)=0.628

303

In p-V graph slope of adiabatic = y (slope of isothermal)

or slope of adiabatic > slope of isothermal.
(a) From AQ = msAT
AT:g= 20000 _s
ms  1x400
L
9000
=5x107 m’
Y W=p-AV=(10")(5x107)=0.05]

(¢) AU =AQ - W = (20000 - 0.05)J

0°C

(b) AV =W AT =( )(9>< 107) (50)

=19999.951]
Given,
Number of moles, n = 2
%
av, D c
Ve _ 2 and
177 B VA
/ L
%
W
T
T Ts !
3 5 .
C, = ER and C, = ER (monoatomic)

T, =27C=300K

LetV, =V, thenV, = 2V,
and V,, =V, =4V,
(a) Process 4 — B

VT
Ty _ Vs
T,V
Vs

Ty =TA(V
4

T, = 600K

J = (300)(2) = 600K

(b) Process A —> B
VeT
= p = constant
O,p =nC,dT =nC,(Ty - T,)
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= (2)(§R)(600— 300)

0,5 =1500R (absorbed)

Process B —> C

T = constant
du =0

Opc =Wpe = ”RTBIH(VCJ
Vs

- Rid)
= (2)(R )(600)ln(2V )

0
= (1200R)In (2)= (1200R )(0.693)
or Opc = 831.6 R (absorbed)
Process C — D V = constant

Ocp = nCy dT =nCy (T ~1¢ )
3
= n(sz (Ty = Tp)
(Tp =T and T =Tp)
= (2)(;RJ(300— 600)

Ocp = — 900 R (released)
Process D — A T = constant

= AU =0

Oy = Wy, = nRTyln | /4
VD

_ 43
= (2)(R)(300) In (4V0]

= 600R In (1)
4

Op,y = — 831.6R (released)
(c) In the complete cycle AU =0

Therefore, from conservation of energy

Wiet =0Qus +Opc +Ocp +Opy
Woet =1500R + 8316 R — 900 R — 831.6 R

or Wy = Wi = 600R

48. (a) Number of moles,n=2,7, = 300K
During the process 4 — B
pT = constant or pZV = constant = K (say)

N7

W IV"’
A—>B — VA

= WKWy ~ V4]
= 2[JKV,; - KV ]

—dV

Vg \/7
=0,

=20 (PIs Wi = P2V W4 ]
=2[pgVy — p4V4]

= 2[nRTy — nRT,1=2nR [T} - 2T;]
= (2)(2)(R)[300 - 600]= — 1200 R

.. Work done on the gas in the process AB is 1200 R.
Alternate solution
o

2p4

P4

T, 2T,

pV =nRT
pdV +Vdp = nRdT
or pav + R0 4 prar .. ()

From the given condition
pT = constant
pdT +Tdp =0 ... (i)
From Egs. (i) and (ii), we get
pdV =2nRdT
T
Wy p=] pdv=2nR[ " dT = 2nR(Ty - T,)
Ty

=2nR(T} — 21}) = (2)(2)(R )(300 - 600)
or W, _ ;=-1200R

(b) Heat absorbed/released in different processes.
Since, the gas is monoatomic.

Therefore, C, = %R andC, = gR andy = g
Process A — B AU = nC,, AT

- (D@RJ(TB -7,)
- (2)(;1?)(300— 600)=—-900R

Q4p=W45 +AU
=(—-1200R)— (900 R)
Q4,5 =—2100R (released)
Alternate solution

In the process pV* = constant

Molar heat capacity, C = R + R
y-1 1-x

Here the process is p’V = constant

or P V12 = constant

ie. xX=—
2



ot
21 1--
3 2
C=35R
Q4 p =nCAT
= (2)(3.5R)(300 - 600)
or O _5=—2100R

Process B — C Process is isobaric.

@y, =nC,AT= (2)(21%)(% ~Ty)

- 2(5RJ(2T1 1)
2
= (5R)(600 — 300)
Op _,c = 1500 R (absorbed)

Process C — A Process is isothermal.

AU =0

mdgkﬁA=W%%A=nRQm(ch
Py

=nR (2T} )In (21)1} (2)(R)(600)In(2)
P

Oc _, 4 = 8316 R (absorbed)

NOTE
¢ Infirst law of thermodynamics, (dQ= dU+ dW)we come across
three terms dQ, dU and dW.
dU=nC,dT for all the processes whether it is isobaric,
isochoric or else and dQ= nCdT where
C= L + i
g-1 1-X
in the process pV' = constant.

* In both the terms we require dT (= T; — T;) only. The third term
dW is obviously dQ— dU. Therefore if in any process change in
temperature (d7) and p-V relation is known, then the above
method is the simplest one. Note that even if we have V-Tor T-p
relation, it can be converted into p-V relation by the equation

pV =nRT

49, (a) The p-V diagram for the complete process will be as
shown below :

p

e L ********* ‘

Process A — B is adiabatic compression and
Process B — C is isochoric.
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(b) (i) Total work done by the gas
Process 4 — B

Wy = PaVa— PV

y -1
W _pVi—pYy  pVi - pbs
adiabatic — - 5
Y- 1 |
3
y = 5/3 for monoatomic gas
Y
14 "y v v
P11—P172 2 oV = plV, )
= V
2/3 oopy=py| L
P2 Pl[sz
3 v y-1 3 % 5/3-1 ]
==pWl1-|-L =—Zpll|l =+ -1
2P1 1 (Vz) 21’1 1 (VZJ
3 v 2/3
=—ZpV||L -1
2171 1 (sz

Process B — C Wy =0 (V = constant)
Wroar = Wag + W

3 v 2/3
—ZpVl| L -1
2171 1 (sz

(ii) Total change in internal energy

Process A — B O ,; = 0(Process is adiabatic)

2/3
3 |2
- AUABz_WABZEprl (Vlj -1
2

Process B — C Wy =0

AUpe =0pc =0 (Given)
AUrg =AU 45 + AUpe

3 ” 2/3
==phllL| -1|+
2P1 1 (VJ 0

(iii) Final temperature of the gas
R

AUy = nCp AT = 2(
y -1

](Tc ey




306 Heat and Thermodynamics

50. (a) ABCA is a clockwise cyclic process.

p
3p0 ———————————— B
L A, C
: 3 \
Vo 2V, v
.. Work done by the gas

W =+ Area of triangle ABC

1 . 1
= 5 (base) (height) = E(zVo =V)Bpy = po)

W = ply

(b) Number of moles n = 1and gas is monoatomic, therefore

3 5
C,=—R and C, =-R
"o L)
C
N S 3 g el
R 2 R 2

(i) Heat rejected in path CA (Process is isobaric)

dQc = C,dT = C, (T = T;)

pV, py) C,
=C - Lt = _ 7 V,. - V.
= p( R (pf f bi 1)

Substituting the values

5 5
dQc, = 5(p0V0 - 2pJy)=- EPoVo

Therefore, heat rejected in the process CA4 is g PoVo-

(i) Heat absorbed in path AB (Process is isochoric)

s dQyp =Cpdl =Cy (Ty = T))
_c [P _p
R R

%
=V (pV.,— V.

R (Pf f = Pi :)

3
= E(Pfo - V)

3
= E(3POVO = po)
dQ4p = 3ps
.. Heat absorbed in the process AB is 3 pyV,.

(c) Let dQp be the heat absorbed in the process BC :
Total heat absorbed,

dQ =d0cy +d0 5 + dQpsc
d0 = [— ;POVOJ + Gpgy) + d0pec

40 = dgyc + 19

Change in internal energy, dU = 0
g dQ =dw

P ) P
dQpc +%=P0V0 s dQpe = 020

.. Heat absorbed in the process BC is pOTVO .

(d) Maximum temperature of the gas will be somewhere
between B and C. Line BC is a straight line. Therefore,
p-V equation for the process BC can be written as

p=—mV +c (y=mx+¢)
2
Here, m=-£0 and c=5p,
Vo

2py
=—|=1\V+5
P (Voj Po

Multiplying the equation by V7,

pV:_[ZI/A)JV2+5p°V (pV =RT forn=1)
0

RT =—| 220 |y 4 5p
VO

1 2P0 2 :
or T=—|5pV ——V ..
R{ Po v ()
For T to be maximum, ﬂ =0
dv

= spy— Py —g = p=o

o
. 5V, . .
ie atV = VE (on line BC), temperature of the gas is

maximum. From Eq. (i) this maximum temperature
will be

o) ]

4 Vo \ 4
- 2r
™8 R
51. Number of gram moles of He,
3
_m_ 2x10 — 500
M

@V, =10m’, p, =5x10"N/m’
_pdVa _ (10 (5x10Y) o
nR (500) (8.31)
or T, =120.34 K
Similarly, ¥V, = 10m*, p, = 10x 10*N/m?
_(10)(10x 10“)K
(500) (8.31)
T, = 240.68K
Ve =20m’, po =10x 10* N/m?
_(20) (10x 10“)K
(500) (8.31)

T,

B

C



T, = 481.36K
and Vj, = 20m’>, p, = 5x 10* N'm*
4
v, = (20)(5x 10 )K
(500) (8.31)
T, =240.68K

(b) No, it is not possible to tell afterwards which sample
went through the process ABC or ADC. But during the
process if we note down the work done in both the
processes, then the process which require more work
goes through process ABC.

(¢) In the process ABC
AU =nCy, AT:n(;R](TC -T,)

= (500)@) (8.31) (481.36—120.34) J

AU =225%x10°]
and AW = Areaunder BC
=(20-10)(10)x 10* J=10°J
AQ e = AU + AW = (225x 10° +10°) J
AQ pe =3.25x10°7

In the process ADC AU will be same (because it depends on
initial and final temperatures only)

AW = Areaunder AD
=(20-10)(5x10*)J=0.5%x10°J

AQ pe =AU + AW = (2.25x 10° + 0.5x 10°) J
AQ ;pe =2.75%10° ]

52. The corresponding p-V diagram is as shown
Given T, =300K,n=1,y=14V,/V, =16
and V. /Vy =2
Let Vg =V, and pp = p,

Then, Ve =2V, and V, =16V,
Temperature at B
Process A4-B is adiabatic.

Hence, TV =Tttt
p
Po
Vo 2V, 16V, K
v\
or T, =T, —* = (300)(16)"4 !
VB

53.
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Temperature at D

B — C is an isobaric process (p = constant)
T o<V, Ve =2V,
Ip =2T = (2)(909)K
Tr = 1818K

Now, the process C — D is adiabatic.

v v-1 54!
Therefore, Tp =T.| - = (1818)()
Vi 16

T, =791.4 K

Efficiency of cycle
Efficiency of cycle (in percentage) is defined as
_ Net work done in the cycle

= . x 100
Heat absorbed in the cycle
or 1 Wrowl 100
Oive
=Q+VG_Q-V6><100=(1—Q1)><100 - G)
+ve 2

where, O, = negative heat in the cycle (heat released)

and (O, = positive heat in the cycle (heat absorbed)

In the cycle
Ou=0cp =0

Opy =nCy AT = (D(;R)(TA -1p)

(Adiabatic process)

Cy = gR for a diatomic gas)

- % x 8.31(300 = 7914)J
or  Qp, =-102088]
and Oy = nC AT = (1)(ZR)(TC -7y

c, = %R for a diatomic gas)

p
= (Z)(8.31)(1818 -909)J

or Qpc =26438.3)
Therefore, substituting O; = 10208.8 J
and O, = 26438.3 Jin Eq. (i), we get
_ { - 10208.8
26438.3

} x100 or m=61.4%

Given, T; =27°C=300K,V; =V,V, =2V
(a) Final temperature

In adiabatic process, 7V ~! = constant
TlVlY -1 _ TZVZ‘{ -1
e 1 V 5/3-1
or T,=T |-+ =300 —
v, 2V
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Yy = g for a monoatomic gas 7, = 189 K

(b) Change in internal energy,
AU = nCy AT

AU = (DGRJ(TZ %)

AU =2 (;j(8.31)089 ~300)J

AU =-2767]
(c) Work done
Process is adiabatic, therefore AQ = 0
and from first law of thermodynamics,

AQ = AW + AU
AW =AU = — (- 27671)
AW = 27677

54. (a) In a cyclic process AU =0

55.

Therefore, Ot = Wit

or O+ 0y + 05 + 0y =W + Wy + W3 + W,

Hence, W, = (O, + O, + O3 + O04)— (W, + W, + W3)
= {(5960 — 5585 — 2980 + 3645)

— (2200 — 825 - 1100)}

or W,=1765]
(b) Efficiency,

Total work done in the cycle % 100

" Heat absorbed (positive heat)
by the gas during the cycle

=(WI+W2+W3+W4JX100
o +0,

:{(2200 —825-1100 + 765)} 100

5960 + 3645

1040
9605
n=1082%

x 100

NOTE
* From energy conservation
Wit = Que — Q_ (inacycle)
n=Woet 5 100 = Qe = Quse) 5 400 (1 - L-ve) X100

+ve +ve +ve

In the above question
Q_ye =1Q +1Qq4 = (5585 + 2980) J = 8565 J
and Q.o =Q +Q, = (5960 + 3645) J = 9605 J

- (1 - 8565) X100
05

n=1082%

Given, Ty = 1000 K, pp = %Pm Pc = %pA
c, s )
Number of moles, n =1,y =—-= 3 (monoatomic)
v

(a) A — B is an adiabatic process, therefore
L=ypy _ 1=vqy
py Ty=rp 'Tp
1-v
Ty =T, (pAJ v
Pp

1-5/3

-2/5
- (1000)@) R (1000)(3J

2
~ ) 2/5
= (1000) (3)

T, = (1000)(0.85)
T, = 850K

A

\
Now, work done in the process 4 — B will be

R
Wp=——Tp—-T,)
I-vy

= 1_8; 3(850— 1000) or W,z =1869.75]
(b) B — C'is an isochoric process (/' = constant)
Ty _ Ps
Te  pc

T = ("CJ T,
Pp

= (le 850K
(2/3)p4

T. = 425K

Therefore, Qg = nC,, AT = (1) (;R)(TC -Ty)

= @j (8.31)(425 - 850)

Ope = — 529761

Therefore, heat lost in the process BC' is 5297.6 J.
(¢) C — D and 4 — B are adiabatic processes. Therefore,
v

1- _ 11— pc _(Tp -y
o o)

Pp Te
L=yoy _ 1=vpy
py Ty=py Ty
Y
1_
= “:[TBJ ! ...(ii)
P T,



Multiplying Egs. (i) and (ii), we get
v
PcPa _ [TDTB jl -
PpPs I.T,
Processes B — C and D — A are isochoric.
(V' = constant)

...(ii)

Pe_Te g Pa T

Therefore, =
ry Tp rp Ip
Multiplying these two equations, we get
Pepa_Tely ()
rp s TgTp

From Egs. (iii) and (iv), we have

v
T, Ty -7 (I T,
TC TA TB TD

= Ie Ty -
Tp Ty
or T, = Te T, _ (425)(1000)
Ty 850
or T, = 500K

56. Given number of moles n = 2

Process AB and CD are isobaric.

Hence, Q5 = = Ocp

[Because (AT) 45 = + 100K whereas (AT ), = — 100K and
Qisobaric = I’ZCPAT]

or O +0cxp =0

Process BC is isothermal (AU = 0)

Opc =Wy = nRTy ln(pB]
Pc

=(2)(8.31)(400)In (?)
QOpc = 4608]
Similarly, process DA is also isothermal hence,

Opy =Wy, = nRTDln(ij
Pa

= (2)(8.31)(300)In (;j

Qpc =—3456]
(a) Net heat exchange in the process
Q=08 +Opc +9cp +0Opy = (4608 - 3456) J
0=1152]
(b) From first law of thermodynamics, AU = 0
(in complete cycle) O ., = W
W=0=1152]

c¢) Since, T; = T, therefore net change in internal energy,
i /
dU = 0.

Hence,
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57. (a) The p-V and p-T diagrams are shown below

P e
oY) RS- Pa
Pa K Pa
2 C\ 82 |
Vs 2VA v T;A j—A
2
(pV) T
(PV)e = 5 4 = - TC=7A

(b) Process A-B T = constant

. peos %, V' is doubled. Therefore, p will become half.

_ nRT, 3RT,
P4 Pa
AU 5 =0

Further, ¥,

O =Wy =nRT, In (ZVAJ
V
=3RT, In(2)=2.08RT,
Process B-C
Osc :”Cp (T - Tz)

[ TRl (T _p (22
_(3)(213)(2 TAJ 2R

= — 5.25RT,

Process C-4 V' = constant
Wey=0
or Ocy =AUy =nCy (Ty - T5)
= (3)(;RJ (TA - T;‘j =3.75RT,

In a cyclic process,
AU =0
Qnet = Wnet = 058RTA

58. (a) In adiabatic process 7V ~' = constant

vt = @) (5.66 )Y !

or (5.66) "1 =2

(y = 1) In (5.66) = In (2)
o y-1=04
or y=14

i.e. degree of freedom, f'=5asy =1+ %
(b) Using, pV" = constant
pV'*t=p, (5661 )"

py=009p
Now, work done in adiabatic process
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59.

60.

W:ini_prf
y -1

_(p¥V)-(0.09p) (5.66V)

14-1
=1.23 pV
Vessel is closed. Therefore, AW =0

or AQ =AU =nCy AT
AT = AQ _ AQ

nCy (pV) (C,-R)

RT
__(A0)(RT)
pV(C,-R)
Substituting the values, we have
(2.49 x 10*) (300)
- (1.6 x 10%) (0.0083) (3/2)
T, =AT+T=675K

Further at constant volume

P Db
n 4
— T2
Pz—Flpl
=(675J (1.6x10%)
300

= 3.6 x 10°N/m?

In adiabatic process

inl‘szfV}{'
i
|
Further, CV:3—R
2
5R
Cp=CV+R=7
C
or y=—p=§
Cc, 3

=375K

5/3
6
py= (2) (10)° = 6.24 x 10° N/m”

Now, work done in adiabatic process is given by

_primprly
y -1

/4

10 x6x 107 - 6.24x10° x2x 107

B

=-972]

NOTE Work done is negative because volume of the gas is

decreasing.

Name Information
of obtained Nature of p-V
Pressure  Volume
the from the graph

process graph

A—=B VT Constant Increasing Straight line
. p = constant parallel to
V and T both V-axis as
are increasing p = constant

B —-C V=constant Decreasing Constant Straight line
opeT parallel to
T'is decreasing. p-axis, as
s pwill V' = constant
decrease

C —>4 T =constant Increasing  Decreasing Rectangular
. 1 hyperbola as
Sopes 7 )

pos—

V is decreasing 14
.. pshould

increase

The corresponding graph is shown in figure given below

p A B

2 Ve

Topic 6 Miscellaneous Problems

1. Number density of gas molecules,

_ Number of molecules

Volume of gas

= Number of molecules,
N = n X volume of gas

Now, consider a shell of radius »and thickness dr with centre

atr=0.

Volume of shell of differentiable thickness (dr), dV =

surface area X thickness = 47r” dr

Now, number of molecules in this shell is

AN = n(r)-dV = nge™ ™" -4m? dr

So, total number of molecules present in given volume

(extending from 7= 0to = o) is

oo oo !
N :J.o n(r)'a’VZJ‘0 ny e ™ - Am

dr



= J.:4Tr,n0 et 2 dr (D)

Here, we take
-
ot =t=r=t4-o

= dodr = dt
= 7 dr= i = di = di
dor ! -

1
4ortt o 4 4o’ s
Also, when = 0, = 0and when r = oo, t = co substituting in

Eq. (1), we get
- -, 4t
N Io 47mtnye

3

i
N = o 4.n0.f0 et 4t

1
As value of definite integral I: e 't 4 dtisaconstant (= k

let), we have
3 3

N = Tckno(xj =N o< nyot 4
Momentum imparted to the surface in
one collision,

Ap=(p;—ps)=mv—(—mv)=2my ...(1)
Force on the surface due to #n collision per second,

F=?(Ap)=nAp (ct=1s8)

=2 mny [from Eq. (i)]

So, pressure on the surface,
E _ 2mnv
A A
Here, m = 10726 kg, n= 107 s'l,
v=10" ms_l, A=1m?
2% 10720 x 102 x 10*
1

So, pressure exerted is order of 10°.

~.Pressure, p =2N/m?

(d) By principle of thermometry for any liner temperature
scale,

T (constant)

Typp = Tipp
where,

T = temperature measured
T pp = temperature of melting ice or lower fixed point.
Tywp = temperature of boling water or upper fixed point.
If, T = temperature of given object.
Then we have,
%o
r-0°C
10°C-°C

xO
3 orL:l or T =25°C
Xo 100 4

xO_?
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Energy flux is the rate of heat flow per unit area through the

rod.

Also, rate of flow of heat per unit time through a material of

area of cross-section 4 and thermal conductivity & between

the temperatures 7; and 7, (7} > T, )is given as,
AQ _KA(T, - T)

. (@
At / ®
Energy flux using Eq. (i), we get
_ 1 A0 _ KL -Ty)
A At /
Here, k=0IWK 'm !, /=1m
7, =1000K and 7, = 100K
Energy flux = 0.1(100(1) —-100)
=90 Wm ™,
Given, v T4
V
U 4 .
—= aT .1
v ®
It is also given that, P = I(UJ
3\
= R = l(OLT 4) (R, = Gas constant)
vV 3
or VT3 = 3nRy = constant

o
4 3)3 _
ETER T” = constant or RT = constant

Toel
R

Average time between two collisions is given by
1

T=—F——
\/Ennv,ms d?

()

. N
Here, n = number of molecules per unit volume = 7

and Vims = 1 —SRT
rms
M

Substituting these values in Eq.(i) we have,

Toc——

T

For adiabatic process, 7V ~! = constant
Vv
y-1

o

or tocVH( 2) or ‘cocV(HTYJ

(i)

substituting in Eq. (ii), we have T o

Entropy is a state functions. Therefore in both cases answer
should be same.
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8.

10..

11.
12.

In equilibrium,

pod = Mg (1)
when slightly displaced downwards,

dp=-vy Po dV(As in adiabatic process,d—p =—v p)
V, dv v

Restoring force,

F=(dp)d =~ (“’0) (4) (Ax)
VO

Foc—x
Therefore, motion is simple harmonic comparing with
F = — kx we have

k= Yp0A2

0
o \/? _ L [ynt?
oo 2n\m 2w\ MV,
The process may be assumed to be isobaric.
Q=nC,AT = (Z)GR) (5)

=5%x831x5=207.75] =208]

pT % = constant

(HI;T)T 2= constant or T*V ' =constant

Differentiating the equation, we get

2 3
i.dT—T—dV =0 or 3dT= Z.dV .. ()
4 y? 14
From the equation
dV =WdT
v = coefficient of volume expansion of gas = ——
V.dT
. v 3
FromEq. 1))y = ——=—
¢ WY vdr T

This question is incomplete.

Out of the alternatives provided, none appears completely
correct.

AB is an isothermal process.

(T = constant, p o< ;1). So, p-V graph should be rectangular

hyperbola with p decreasing and V increasing.

BC is an isobaric process.

(p = constant, V' o< T). Temperature is increasing. Hence,
volume should also increase.

13.

14.

15.

CA is an adiabatic process (pV" = constant). Pressure is

increasing. So, volume should decrease. At point 4, an

isotherm 4B and an adiabatic curve 4C are meeting. We

know that

(slope of an adiabatic graph in p-V diagram) = vy (slope of an

isothermal graph in the same diagram) with y >1 or

(SlOpe )adiabatic > (Slope )isothermal .

None of the given examples fulfill

requirements.

dv/d

p=-""2

all the above

= compressibility of gas

1
~ Bulk modulus of elasticity

1 . "
and P = — under isothermal conditions.
p

Thus, B versus p graph will be a rectangular hyperbola.

From first law of thermodynamics,

dQ =dU +dw

dQ =dU,ifdw =0
Since, dQ <0
Therefore, dU <0
or U finat <Uhnitial

or temperature will decrease.

NOTE Internal energy U of an ideal gas depends only on the
temperature of the gas. Internal energy of n moles of an ideal
gas is given by

U=n(f/2)RT
UeT
Here, fis the degree of freedom of the gas.

For an ideal gas, pV =nRT

For p = constant

PAV = nRAT

AV _nR _ nR ¥V

AT p nRT T
14

AV 1 1

VAT T
Therefore, 8 is inversely proportional to temperature 7. i.e.
when T increases, 8 decreases and vice-versa.

5

Hence, 8-T graph will be a rectangular hyperbola as shown in
the above figure.



16. Let final equilibrium temperature of gases is T

Heat rejected by gas by lower compartment

=nC,AT =2><%R(700—T)

Heat received by the gas in above compartment
=nCpAT:2><%R (T - 400)

Equating the two, we get
2100 - 37 = 7T — 2800

= T =490K

17. AW, + AU, = AQ, ..(1)
AW, + AU, = AQ, ..(i1)
AQ, +AQ, =0
s (nC,AT ) + (nC,AT), =0
But no=n,=2

%R(T—700)+%R(T—400)=0

Solving, we get T' = 525K
Now, from Egs. (i) and (ii), we get
AW, + AW, == AU, - AU,
as AQ, +AQ, =0
AW, + AW, = =[(nC,,AT), + (nC,, AT ),]
= —{2)(;1? X (525 - 700)+2><§R X (525—400)}
=-100R

18. Since it is open from top, pressure will be p,.

19. Let p be the pressure in equilibrium.

A

’1 |
] T

Mg poA

Then, pA = pyd — Mg
P=Dy— Mg _ Po— Mg
0 A 0 TI:RZ
Applying, p V) = pV,

Po(24L) = (p)(AL")

- L= 2pOL — Po W(ZL)
P LPO - 7Mg J
nR?
(2R ) o)
nR2p0 - Mg
.. Correct option is (d).
20. P =D
po+pg(ly —H)=p ()
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Now, applying p,/| = p,V, for the air inside the cylinder,

wehave  py(Ly)= p(Ly — H)
p= Polo
L,—-H
Substituting in Eq. (i), we have
PoLy
+ -H)=
po tpg(Ly — H) L1
or pg(LO—H)2+p0(L0—H)—p0L0=0

.. Correct option is (c).
21. (A)In case of free expansion under adiabatic conditions,
change in internal energy AU = 0.

. Internal energy and temperature will remain constant.

1
B)pe—
2
= . pV? = constant .. (1)
r (HRT).Vz =constant = .. T o 1 ... (i)
V V
If volume is doubled, temperature will decrease as per
Eq. (ii).
Further, molar heat capacity in process p¥”* = constant is
C=Cy+ L
1-x
From Eq. (i), x=2
C= gR + R = +E
2 1-2 2

Since, molar heat capacity is positive, according to
O = nCAT, Q will be negative if AT is negative. Or gas
loses heat if temperature is decreasing.

(C) peos VTIB’ pV*¥3 = constant

(nRT

v JV‘” 3 = constant

1
= e

Further, with increase in volume temperature will
decrease.

=-1.5R

Here, x:ﬂ:> C:§R+
3 2 1-4/3
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As molar heat capacity is negative, Q will be positive if
AT is negative. Or gas gains heat with decrease in
temperature.

(D) T pV
In expansion from ¥} to 2V, product of pV is increasing.
Therefore, temperature will increase. Or AU = +ve.
Further, in expansion work done is also positive.

Hence, O = W + AU = +ve or, gas gains heat.

23. Assumption e =1 [black body radiation]

P=cA(T* - T})
(¢) Py =GAT* =o-1-(T, + 10)*

10

=0-T04(1+
0

4
j [7, = 300K given]

=o-(300)4-(1+ 40) ~460x .~ 5201
300 15
P, =520 - 460~ 60 W
= Energy radiatedin 1 s =60J
(b) P=cA(T* -T})
dP = 6A(0— 4T -dT)
and dTl = - AT
= dP = 4GAT; AT

(d) If surface area decreases, then energy radiation also
decreases.

NOTE

While giving answer (b) and (c) it is assumed that energy

radiated refers the net radiation. If energy radiated is taken as
only emission, then (b) and (c) will not be included in answer.

24, 0=mCT = §=mc£
dt dt

Q. ¢
t

R = rate of absortion of heat =

(1) in 0 — 100 K C increase, so R increases but not linearly
(i) AQ = mCAT as C is more in (400 K-500K) then
(0—100 K)so heat is increasing

(iii) C remains constant so there no change in R from
(400K - 500K)

(iv) C is increases so R increases in range(200 K -300K)

25. For monoatomic gas, C, = gR
and Cy = ER
2
. . 7
For diatomic gas, C, = ER
and Cy = ER
2
26. (a) Work done = Area under p-V graph
A4, > 4,
W, > W,

given process isothermal process

(b) Inthe given process p-V equation will be of a straight line
with negative slope and positive intercept i.e.,

p=—alV +p (Here o and P are positive constants)

= pV =—alV?+pV

v ; - Vv

Given process Isothermal process
= nRT = —oV*+ BV
= T=i(—ocV2 +BV) )
nR
This is an equation of parabola in 7 and V.
dr
d —=0=p-2aV
(d) I §
B
= =—
20
2
Now, d—z;z—Za:—ve
dv
ie, T has some maximum value.
Now, T < pV
and (pA), =(pV)g
= T,=Ty

We conclude that temperatures are same at 4 and B and
in between temperature has a maximum value.
Therefore, in going from 4 to B, T will first increase to a
maximum value and then decrease.

27. 0°C 400°C 100°C
[ &= o —J |
A P

Heat will flow both sides from point P.

L dmy _ [Temperature difference)
dt Thermal resistance ),
400 .
=— (1)
(Ax)/ kA
dm, _ 400-100 (i)

dt (100 - A )x/k4

In about two equations, am = amy (given)
dt dt

I, = 80 calg™ and L, = 540 calg™
Solving these two equations, we get A = 9.

28. Pressure on both sides will be equal

Le. P =D
mRT _ n,RT (n B mj
n £ M



29.

30.

31.

32.

m m
or =
MlVl M2V2
o VM _32_8

, M, 28 7

o= 360° X 8=192°
8+ 7

The gas thermometer works at constant volume. Therefore,

T o<p
or /T, = py/ py
or T, =T (py/p)
3.5%x 10
or T, =(27316)| ——— |K
2= )( 3% 10* J
=318.68 K

or temperature at given pressure will be
(318.68-273C
or 45.68° C
C,=Cy +R
= . C,>Cy
Rate of heat conduction through rod = rate of the heat lost
from right end of the rod.

@: edo (Ty - T) (i)

Given that T,=T,+AT

T, = (T, + AT)*

4
= T;‘(] + AT)
T,

N

Using binomial expansion, we have

s

T = T;‘(l + 4ATTj (as AT << T})

T =T = 4(AT)(T})
Substituting in Eq. (1), we have

MZQGF.AT
L s
or K& -1 4eoT? K ar
L L
K -T)

 (4eoLT? +K)
Comparing with the given relation, proportionality constant
K
 4eoLT + K

At constant pressure, }V o< T’
Vo T Al T
i L Al T

hy=h| 2 =(1.O)(40ij=4m
T 300 3

or

33.

34.

35.
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As there is no heat loss, process is adiabatic.
For adiabatic process,

TfV}*l = TiViY"

y-1 14-1
T, =T, L/ O
Vi hy

4\
=400 (3) =448.8K

(a) Rate of heat loss per unit area due to radiation
I=ec (T"-T;)
Here, T =127+ 273=400K
and 7, =27+273=300K
I1=06x %7 x 1078[(400)* - (300)*]

=595 W/m?>

(b) Let 6 be the temperature of the oil.

Then, rate of heat flow through conduction = rate of
heat loss due to radiation
Temperature difference

: =(595)4
Thermal resistance

0 -127)

N o=(599)4
(1)

Here, A = area of disc ; K = thermal conductivity
and / = thickness (or length) of disc

(0= 127)£1 =595

/

)
2.0 =595 ()+ 127=22x10°
K

+127=162.6°C

Decrease in kinetic energy = increase in internal energy of

the gas
1 2 m 3
—mvy =nCyAT =| — || =R |AT
2 M)\ 2
2
ar =M%
3R
Given,

Length of the wire, /= 5m

Radius of the wire, 7= 2 x 10~ m

Density of wire, p = 7860kg/m’

M =100 kg

Young’s modulus,
Y =2.1x 10" Nm?
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and specific heat, s = 420 J/kg-K
Mass of wire, m = (density) (volume)

= (p) (n1)
= (7860) (1) (2% 107 )?(5)kg = 0.494 kg
Elastic potential energy stored in the wire,

U= % (stress) (strain) (volume)

Energy _1 X stress X strain—|
Volume J
1( Mg (A, ,
or U=—|—=||—|(nrl
2 (Tc rzj ( / ) ( )
1 Fl
=— (Mg)-Al Al=—
2 (Mg) ( AY)
1 Mgl) 1 M?*g?l
=L (aag) MeD) _1 Mg
2 ()Y 2 Y
Substituting the values, we have
_1 (100*(10)*(5)
2 (3.14)(2x107°) (2.1x 10'")
=0.9478]

When the bob gets snapped, this energy is utilised in raising
the temperature of the wire.

So, U =ms AB

AB = U __09%71 , CorK
ms 0494 (420)

AB =4.568x 107°°C
36. In the first part of the question (¢ < ¢,)

T) = 300K
X

Att=0,Ty =T,=400Kandats=1¢,T, =T, = 350K
Temperature of atmosphere, 7, = 300 K (constant)

This cools down according to Newton’s law of cooling.
Therefore, rate of cooling o< temperature difference.

dT
(—dJ =k(T-T,)

= ar =—kdt
T- A
7 dT 3]
= fTOT_TA —kjodr
= | L= Ta |2 gy
TO_TA

400 — 300
= kt, = In(2) .. ()

In the second part (¢#>¢ ), body X cools by radiation
(according to Newton’s law) as well as by conduction.

R ity = 1(350300)

T=T,
Y

T
X

Therefore, rate of cooling

= (cooling by radiation) + (cooling by conduction)

dr KA )
-— |\ =k(T-T))+— (T -T . (i
( mj (T=T)+ (T =T,) (i)
In conduction, Y =KA(T_TA)=6(_ dT)
L dt
dT\ KA
- =—(T-T
( dt) e~

where, C = heat capacity of body X

ar\ _(, KA\ .
-4 (k+ &)=

Let at ¢ = 3¢, temperature of X becomes 7,
Then from Eq. (iii)

J-Tz dT =_(k+KA)J~3tl dt
nr-T1, LC )t
in| 2= T4 =—(k+KAj(2t1)
T, -T, LC
=—| 2kt +—2K4 t
LC
ln( T, - 300 ] ~ iy KA

350 — 300 Lc ’

kt; = In(2) from Eq. (i).
This equation gives

... (iii)

~2KAt
T2=(300+12.5e cL ]K

37. (a) Number of moles of gas 4 are n, = 1(given)
Let the number of moles of gas Bbe ny = n
For a mixture
mAn _om o m
y-1 vi-1 7v,-1
Substituting the values in Eq. (i), we have
1+n _ 1 . n
(19/13)-1 (5/3)-1 (7/5)-1
Solving this, we get n = 2.




(b) Molecular weight of the mixture will be given by,
nyM, +ngMg (1)(4)+2(32)
ny +ng - 1+2

M =22.67
Speed of sound in a gas is given by
YRT
M
Therefore, in the mixture of the gas

(19/13)(8.31)(300)
22.67x 1073

v=401m/s
() vee T

or v=KT"? ... (ii)

:>£=1KT71/2 = dv:K(dT)

dr 2

dv K(dT) dv 1( ) ()
= —=—|— —

Y v 2\/? Y \/7

:@xloo——ﬂ x 100 = 1 ! x 100
20T 300

v

M =

V=

= 0167
Therefore, percentage change in speed is 0.167%.

L sy

Bulk modulus
Adiabatic bulk modulus is given by
=
Ay

.. Adiabatic compressibility will be given by
1 , 1 1
Pasi = ——andP’y =— = Y
Yp v vp(5)
[pV'=p'VI5) = p'=p(S)]

Y
LA =P g~ Baa = _1{1 - (1] :l
Yp 5
etz )]
_y(nA+nB)RTL 5 J PETY
19
= -V 1- (1)13
Gz) (1+2)(83D)(300)| >
19
(Y = Ymixture = 13)
AB=-827x10"V

38. Given, temperature of the mixture, 7 = 27°C = 300 K

Let m be the mass of the neon gas in the mixture. Then, mass
of argon would be (28 — m)

(d) Compressibility =

Byi =Y p

(pV" = constant)

Number of gram moles of neon, n; = —
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Number of gram moles of argon, n, = %
From Dalton’s law of partial pressures.

Total pressure of the mixture (p) = Pressure due to neon ( p,)
+ Pressure due to argon (p, )

n,RT RT

mir =(m +mny )7

14
Substituting the values

m 28— mj (8.314)(300)

1.0x 10° = (
20 40 0.02

Solving this equation, we get

28— m=23926g=m=4.074¢
Therefore, in the mixture, 4.074 g neon is present and the rest
i.e. 23.926 g argon is present.

or p=p+tp=

39. Final pressure = p, + %

(8000) (0.1)
-3

=1.0x10° + =2x 10° N/m?

Final volume = 2.4 x 107 + (0.1) (8 x 107)

=32x10" m’
V. V
Applying,  £i = PITS
L 1
V
we have, T, =[pf f] T;
piVi

_(2x10°)(3.2x107)

= 5 —— % 300= 800K
(Ix10°)(2.4x107)
Heat supplied Q = W, + AU
1,2 iV
= AV)+ — kx* + nC, AT asn =1
po (AV) > v [ RT,.J

=(10)° (3.2-2.4)x 107 + % x 8000 x (0.1)?

5 —3
MO X24XT07 3 g 31 (800 - 300)
8.31x 300

=80+ 40+ 600= 720J

40. (a) and (b) Process AB p = constant
. VeT
i.e. if V' is doubled, 7T also becomes two times.
T,=300K = Ty = 600K
V,=20L = Vy=40L
nRT, (2)(8.31)(300)
v, 20 10

=2.49 x 10° N/m?

Process 2 Process is adiabatic. So, applying
7Y p' =¥ = constant
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p(x109)N/m2

2.49 »L—?\\
0.44 f--mm-mnn- :L fffffffffff J: 7777777 C
20 R FE R
5/3-1 2/3
(600)5/3_ 2.49x 10° _(249%10°
300 r. r.

5/2
nop, = (249 % 105)(22(0)) = p. =044 x10° N/m?

Similarly, using p¥¥ = constant we can find that ¥, = 113 L
The corresponding p-V graph is shown above

(¢) W,z = Areaunder p-V graph
= (2.49%10°) (40— 20)x 107 = 4980 J
Wye = =AU =nCy (Ty 1t )

= (2)@ X 8. 31] (600 — 300) = 7479 ]

W = (4980 + 7479) 1 = 12459]

41. From the two figures we can see that

2x+5=445+5+46 = x=4525cm

Let A be the area of cross-section of the tube. Process is given
isothermal. Hence, apply pJ = constant in two sides of
mercury column.

pAx = p,A (44.5) or p (45.25)= p,(44.5) ...(1)
Similarly, pAx = p A(46)
or p (45.25)= p,(46) ...(10)
From figure (b), P, = p; + 5sin 30° ...(ii1)

Solving these three equations, we get
p="754cmofHg

42. Letx moles transfer from bulb of higher temperature to lower

temperature.

Applying pV = nRT for both the bulbs initially and finally
76 XV =nR x 273 ..()
p’'xXV=((m+x)Rx273 ...(ii)

> E( a )x R335 ...(iii)

Solving these equations, we get n = % X

Now, dividing Eq. (ii) with Eq. (i), we get
Poontx X108 s
76 n n 602

p’=283.83cm of Hg

43. (a) Applying p—TV = constant for both the chambers.

ro _ PV _ Py (Here, p= 243170)
T, T T, 32
Vl = 2 E VO and V2 = (32j E VO
243\ T, 243 )\ T,
Further, Vi +V, =2V,
16 243 .
or | —|(l +T,)=T, or T, + T, = —— 1T ...
(on)@emnonen=22n g

Applying the p-T equation of adiabatic process to the
right chamber,

T, 5/3 (243p, 1-5/3
[TJ _[ 32p, j
Solving this equation, we get
T,=225T,

From Eq. (i), 7, =12.947,

(b) Work done by the gas in right chamber
(AQ = 0, adiabatic process)
AW =-AU=nCy (I, -T;)

= (1)(2R) (T, - 2.25T,)= — 1.875 RT,

=483.4m/s

44. (a) v =\/

3RT _ |3x8.31x 300
M 32%x107°

Given, p, =1.01x 10° N/m? = Force per unit area.

Let n molecules of oxygen strike the wall per second per
m? and recoil with same speed. Change in momentum is
(2nmv ). The change in momentum per unit time is the

force.
Hence, Do = 2nmy
Lo Po _ 1.01x 10°
2my
mog 2 g3
6.02x 10

=1.96% 107/s
1
(b) (s g = nCy AT

2nCy, At
VO — —3
mgas

(2)(n)(5 X 8.31)(1)
2
=36m/s
(n)(32x107)
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