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Fill in the Blanks

One mole of a mono-atomic ideal gas is mixed with one mole
ofa diatomic ideal gas. The molar specific heat of the mixture
at constant volume is....... (1984- 2 Marks)
The variation of temperature of a material as heat is given to
it at a constant rate is shown in the figure. The material is in
solid state at the point O. The state of the material at the
point Pis ........ (1985 - 2 Marks)

G HEAT ADDED —»

During an experiment, an ideal gas is found to obey an
additional law VP? =constant, The gas is initially at a
temperature 7, and volume V. When it expands to a volume
2V, the temperature becomes.......... (1987 - 2 Marks)
300 grams of water at 25° C is added to 100 grams of ice at
0°C. The final temperature ofthe mixture is .....°C.

(1989 - 2 Marks)
The earth receives at its surface radiation from the sun at
the rate of 1400 W m2. 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 7 x 108 m. Treating the sun as a black body, it
follows from the above data that its surface temperature
1S K (1989 - 2 Marks)

A solid copper sphere (density p and specific heat c) of
radius 7 at an initial temperature 200 K is suspended inside
a chamber whose walls are at almost 0K. The time required
for the temperature of the sphere to drop to 100K is
.................... (1991 - 2 Marks)
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 in not to
exceed 7, the thickness of the shell should not be less than
............ (1991 - 1 Mark)
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 t seconds. The latent heat of fusion of the substance
1S i (1992 - 1 Mark)
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A container of volume 1m?3 is divided into two equal parts
by a partition. One part has an ideal gas at 300K 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
willnowbe....... (1993-1 Mark)
An ideal gas with pressure P, volume V and temperature 7'is
expanded isothermally to a volume 2V and a final pressure
P, Ifthe same gas is expanded adiabatically to a volume 27
the final pressure is P,. The ratio of the specific heats of the

P
gasis 1.67. The ratio 7‘1’ is..... (1994 - 2 Marks)

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 ¢ of the interface will be .....

A ~~ (1996 - 2 Marks)
100°C A B 0°C
t
/\/ /'\/

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 - 2 Marks)
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Earth receives 1400 W/m? of solar power. If all the solar
energy falling on a lens of area 0.2 m? is focused on to a
block of ice of mass 280 grams, the time taken to melt the ice
will be... minutes. (Latent heat of fusion ofice =3.3 x 10°J/
kg.) (1997 - 2 Marks)

True/False

The root-mean square speeds of the molecules of different
ideal gases, maintained at the same temperature are the same.

(1981- 2 Marks)
The volume ¥ versus temperature 7T graphs for a certain
amount of a perfect gas at two pressure p, and p, are as
shown in Fig. It follows from the graphs that p, is greater

than p,. VA 5 (1982 - 2 Marks)
1
/Pz
T -

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

7
Theratio ofthe velocity of sound in Hydrogen gas (Y = g)

5 .
tothat in Helium gas (Y = 3 ) atthe same temperature is 5
(1983 - 2 Marks)
The curves 4 and B in the figure shown P-V graphs for an
isothermal and an adiabatic process for an ideal gas. The
isothermal process is represented by the curve 4.

(1985 - 3 Marks)

P A

B

V—r

At a given temperature, the specific heat of a gas at constant
pressure is always greater than its specific heat at constant
volume. (1987 - 2 Marks)
The root mean square (rms) speed of oxygen molecules (O,)
at a certain temperature T (degree absolute) is V. If the
temperature is doubled and oxygen gas dissociates into
atomic oxygen, the rms speed remains unchanged.

(1987 - 2 Marks)
Two spheres of the same meterial have radii 1 mand 4 mand
temperatures 4000K and 2000K respectively. The energy
radiated per second by the first sphere is greater than that
by the second. (1988 - 2 Marks)

C MCQs with One Correct Answer
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A constant volume gas thermometer works on
(@) The Principle of Archimedes

(b) Boyle’sLaw

(c) Pascal’sLaw

(d) Charle’s Law

(1980)

A metal ball immersed in alcohol weighs W, at 0°C and W,
at 50°C. The coefficient of expansion of cubical the metal is
less than that of the alcohal. Assuming that the density of
the metal is large compared to that of alcohol, it can be

shown that (1980)
(@ W,>W, b W, =W,
© W, <W, (d) None of these

A wall has two layers 4 and B, each made of different
material. Both the layers have the same thickness. The
thermal conductivity of the meterial of 4 is twice that of B.
Under thermal equilibrium, the temperature difference
across the wall is 36°C. The temperature difference across
the layer 4 is (1980)
(@ 6C (b) 12°C (c) 18°C (d) 24°C

An ideal monatomic gas is taken round the cycle ABCDA as
shown in the P — V diagram (see Fig.). The work done

during the cycle is P (1983 - 1 Mark)
(@ PV 2PV 2P 2V
(b) 2PV B > C
1 A Y
(© 2 PV {} .,
(d) zero L >

If one mole of a monatomic gas [y = %J is mixed with one

mole of a diatomic gas (y = %) ,the value of ¥ for mixture

is (1988 - 1 Mark)

(@ 140 (b) 1.50 (c) 153 d) 3.07

From the following statements concerning ideal gas at any

given temperature T, select the correct one(s) (1995S)

(@) 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 3kT, k being Boltzmann constant

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

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

Three rods of identical cross-sectional area and made from

the same metal from the sides of an isosceles traingle ABC,

right-angled at B. The points 4 and B are maintained at

temperatures 7 and (ﬁ ) T'respectively. In the steady state,
the temperature of the point C is T,. Assuming that only

heat conduction takes place, T,/ T'is (1995S)
1
- 3
(a) 2(‘/51_ 1) (b) \/514_1
© B2-1 @ B

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 | to that of S, is (1995S)
1

1 1 3 13

@ 3 ® 75 © 1 @) (3)
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The average translational kinetic energy of O, (relative molar
mass 32) molecules at a particular temperature is 0.048 eV.
The translational kinetic energy of N, (relative molar mass
28) molecules in eV at the same temperature is (1997 - I Mark)
@ 00015 (b) 0003 (c) 0048 (d) 0.768
A vessel contains 1 mole of O, gas (relative molar mass 32)
ata temperature T. The pressure of the gas is P. An identical
vessel containing one mole of He gas (relative molar mass
4) at a temperature 27T has a pressure of (1997 - 1 Mark)
(@ P8 ) P (c) 2P (d) 8P
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 - 1 Mark)
(@ 225 (b) 450 (c) 900 (d) 1800
A closed compartment containing gas is moving with some
acceleration in horizontal direction. Neglect effect of gravity.
Then the pressure in the compartment is (1999S - 2 Marks)
(a) same everywhere (b) lower in the front side
(¢) lowerintherearside (d) lower inthe upper side
A gas mixture consists of 2 moles of oxygen and 4 moles of
argon at temperature T. Neglecting all vibrational modes,
the total internal energy of the system is(1999S - 2 Marks)
(@ 4RT (b) I5RT (¢) 9RT (d) 11RT
The ratio of the speed of sound in nitrogen gas to that in
helium gas, at 300 K is (1999S - 2 Marks)

@ J2/7 ® JUD © B)s @ (6)/s

A monatomic 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 L, and L, are the length of
the gas column before and after expansion respectively, then

4

E is given by (20008 )
\2/3 L lQ L 2/3
@ L%} ® L ©7 O \Z)

A block of ice at —10°C is slowly heated and converted to
steam at 100°C. Which of the following curves represents
the phenomenon qualitatively ? (2000S)

N 4
T T
@ K (b)

Heat supplied —>

5

Heat supplied —>

/ /

¥ 4
T T
(©) / @ J ,

Heat supplied => Heat supplied —>

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 § = %
varies with temperature as (2000S)

18.

19.

20.

21.

22.

4
Y, Y
a) & 5 /
@ D ¥ (b)o =
T T+AT T T+AT
Temperature K Temperature K
Y
1 \ ;
o (d)T J
) o X o
T T+AT 0 X
T T+AT

Temperature K
Temperature K

Starting with the same initial conditions, an ideal gas expands

from volume V’, to ¥, in three different ways. The work done

by the gas is W, if the process is purely isothermal, W, if

purely isobaric and W if purely adiabatic. Then  (2000S)
y

(a) W2 g Wl g VV3 Isobaric
(b) W2 > I/V3 > Wl T i lsothler?:xzal
() W,>W,>W, P i E Adiq';b%ilc
@ W>W,> W, S E—

X

The plots of intensity versus wavelength for three black
bodies at temperature T, T, and T; respectively are as
shown. Their temperatures are such that (20008 )

A=>
(@ T,>T,>T, b) T,>T,>T,
© T,>T,>T, d) T,>T,>T,
Three rods made of 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 the junction
of the three rods will be (2001S)

(@) 45°C . ne
(b) 60°C 1<

(© 30°C .
(@ 20°C LAY

In a given process on an ideal gas, dW=0 and dQ <0. Then
for the gas (2001S8)
(a) thetemperature will decrease

(b) the volume will increase

(c) thepressure will remain constant

(d) the temperature will increase

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

(@ HeandO,
(b) O,andHe
(¢) Heand Ar
(d O,andN,

P
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When a block of iron floats in mercury at 0°C, fraction k, of
its volume is submerged, while at the temperature 60 °C, a
fraction k, is seen to be submerged. If the coefficient of
volume expansion of iron is Y, and that of mercury is YHg

then the ratio k,/k, can be expressed as (2001S)
1+60y,, 1-60y,,

@ T () -
1+60y,, 1+60y,,

© 1+60y,, @ 1+60y,,

¢ — " 'Hg
1-60y,, 1+60y,,

An ideal gas is taken through thecycle 4 B > C — 4,
as shown in the figure. Ifthe net heat supplied to the gas in
the cycle is 5J, the work done by the gas in the process
CoAis (20028 )

(a) =51 2 % z
(b)-10J Vi) il
1

(c)-157J 4
()] 720 J . PONm?) 10
Which of the following graphs correctly represents the
.. davidp ]
variation of B = — with P for an ideal gas at constant
temperature ? (20028 )
N
@ 5 b B \
L =
P P
4 4
© B / d B
P P
An ideal Black-body at room temperature is thrown into a

furnace. It is observed that (20028 )

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

(b) itisthe darkest body at all times

(c) it cannot be distinguished at all times

(d) initiallyitisthe darkest body and at later times it cannot
be distinguished

The graph, shown in the adjacent diagram, represents the

variation of temperature (7) of two bodies, x and y having

same surface area, with time (f) due to the emission of

radiation. Find the correct relation between the emissivity

and absorptivity power of the two bodies (2003S)

(@) Ex>Ey&ax<ay
(b) Ex<Ey&ax>ay
(© Ex>Ey&ax>ay
d Ex<Ey&ax<ay

28.

29.

30.

31.

32.

Two rods, one of aluminum 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 aluminum and steel are o, and o and
respectively. If the length of each rod increases by the same
amount when their temperature are raised by °C, then find
the ratiol,/(¢, + (,) (2003S)
@ a/a, b) oo

© a/(a,*tay) d o f(a,+a,)

The PT diagram for an ideal gas is shown in the figure,
where AC is an adiabatic process, find the corresponding

PV diagram. (2003S)
A
A
P
B C
T
N, \
A
P & &
P
@ | y—~c 0 e
v ” — >
A 3
A A
P P
© & @ &
B C
> —>

14 v

2kg of'ice at—20°C is mixed with 5kg 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 & ice are 1kcal/kg/°C & 0.5
kcal/kg/°C while the latent heat of fusion of ice is 80 kcal/kg
(@ 7kg (b) 6kg (2003S)
(c) 4kg (d 2kg

Three discs 4, B and C having radii 2, 4, and 6 cm respectively
are coated with carbon black. Wavelength for maximum
intensity for the three discs are 300, 400 and 500 nm
respectively. If Q ,, Opand Q. are power emitted by 4, B and
D respectively, then (2004S)
(@) O, willbe maximum (b) Qpwill be maximum

(¢) O willbe maximum d 9,/05=0.
Ifliquefied oxygen at 1 atmospheric pressure is heated from
50 k to 300 k by supplying heat at constant rate. The graph

oftemperature vs time will be (2004S)
T /
(@) ®b) 7
S — 1+
© T/_/ @ 7
I ] t

GP_3481
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o P-63

Two identical rods are connected between two containers
one of them is at 100°C and another is at 0°C. If rods are
connected in parallel then the rate of melting of ice is ¢; gm/
sec. If they are connected in series then the rate is g,. The
ratio g,/ q, is (2004S)
@ 2 (b) 4 (c) 12 (d 14
An ideal gas is initially at P, V| is expanded to P,, V, and
then compressed adiabatically to the same volume V; and
pressure P, If Wis the net work done by the gas in complete
process which of the following is true (2004S)
(@ W>0;P;>P (b) W<0;P;>P

() W>0;P;<P (d W<0;P;<P

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 ? (2005S)
Ek A

T

A

(@) Sun-T;, tungsten filament - 7| weldmg arc-T,

(b) Sun-T,, tungsten filament - T weldmg arc - T

(¢) Sun-T;, tungsten filament - T weldmg arc - T

(d) Sun-T}, tungsten filament - T weldmg arc - T

In which of the following process convection does not
take place primarily (2005S)
(@) seaand land breeze

(b) Dboiling of water

(c) heatingair around a furnace

(d) warming of glass of bulb due to filament

A spherical body of area 4 and emissivity e = 0.6 is kept
inside a perfectly black body. Total heat radiated by the

body at temperature T (2005S)
(@) 044T* (b) 0.84T*
(c) 0.64T* (d) 1.047*

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? (2005S)
(@ From 14.5°Cto 15.5°C at 760 mm of Hg

(b) From 98.5°Ct099.5°C at 760 mm of Hg

(¢) From13.5°Cto14.5°C at 76 mm of Hg

(d) From 3.5°Cto 4.5°C at 76 mm of Hg

Water of volume 2 litre 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 [Given specific heat of water is
4.2kJkg] (2005S)
@ 7min (b) 6min2s (c) 8min20s (d) 14min
Water is filled up to a height 4 in a beaker of radius R as
shown in the figure. The density of water is p, the surface
tension of water is 7 and the atmospheric pressure is P,
Consider a vertical section ABCD of the water column

41.

42.

43.

44.

45.

46.

through a diameter of the beaker. The force on water on one
side ofthis section by water on the other side of this section
has magnitude (2007)

(@) |2P,Rh+nR?pgh—2RT| @

(b) |2PRh +R pgh® —2RT| P

(©) |PnR? + Rpgh?~2RT|

(d) | P,uR? + Rpgh? + 2RT|

D
An ideal gas is expanding such that PT? = constant. The
coefficient of volume expansion of the gas is — (2008)
@ UT (b) 2/T (c) 3/T d 41
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
5.6 liter of helium gas at STP is adiabatically compressed to
0.7 liter. Taking the initial temperature to be T,, the work
done in the process is (2011)
@ SRE®) 2RG © SRR @ AT
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 (helium)) is
Urms(argon)
(@ 032 (b) 045 (c) 224 (d) 3.16
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
=8.31J/mol K) (2012)
(@ 62] (b) 1047 (c) 124] (d) 2087
Two rectangular blocks, having identical dimensions, can
be arranged either in configuration-I or in configuration-II
as shown in the figure. One of the blocks has thermal
conductivity k and the other 2%. The temperature difference
between the ends along the x-axis is the same in both the
configurations. It takes 9 s to transport a certain amount of
heat from the hot end to the cold end in the configuration-1.
The time to transport the same amount of heat in the
configuration-II is (JEE Adv. 2013)

Configuration-II

(2012)

Configuration-I

2k
k 2k k

> X

47.

(@ 20s (b)45s (c) 3.0s (d) 6.0s
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. Theratio oftheir densities is (JEE Adv. 2013)
@ 1:4 (b) 1:2 (c) 6:9 (d) 8:9
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Parallel rays of light of intensity /=912 Wm™2 are incident
on a spherical black bodykept in surroundings of temperature
300 K. Take Stefan-Boltzmann constant ¢ = 5.7 x 1078
Wm2K# 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
(JEE Adv. 2014)

(@ 330K (b) 660K (c) 990K (d) 1550K

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 (JEE Adbv. 2016)

Device

Cooler
F

Cold o

(Specific heat of water is 4.2 k] kg~'K~! and the density of
water is 1000 kg m—3)

(@ 1600  (b) 2067 (c) 2533 (d) 3933
A gas is enclosed in a cylinder with a movable frictionless
piston. Its initial thermodynamic state at pressure P, = 10°
Paand volume V,= 10~ m’ changes to a final state at P, = (1/
32)x 10°Paand V.= 8 x 10° m’ in an adiabatic quasi-static
process, such that P*V3 = 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

(JEE Adv. 2016)

(@ 1127  (b)294] (c) 5887 (d) 813J
The ends Q and R of two thin wires, PQ and RS, are soldered
(joined) together. Initially each of the wires has a length of 1
m at 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 PQis 1.2 x 107
K-, the change in length of the wire PQ is (JEE Adv. 2016)
@ 078mm (b) 090mm (c) 1.56mm  (d) 234mm

| ) I MCQs with One or More than One Correct

1.
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At room temperature, the rms speed of the molecules of a
certain diatomic gas is found to be 1930 m/s. The gas is
(1984- 2 Marks)
@ H,  (®F, © O, @ a,
70 calories of heat required to raise the temperature of
2 moles of an ideal gas at constant pressure from 30°C to
35°C. The amount of heat required (in calories) to raise the

temperature of the same gas through the same range (30°C

to 35°C) at constant volume is : (1985 - 2 Marks)

@ 30 (b) 50 (c) 70 (d) 9

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 kilogram is

(1986 - 2 Marks)

(@ 0130 (b) 0065 (c) 0260 (d) 0135

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
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 - 2 Marks)

(@ K, +K, b) KK,/ (K, +K))

(© (K,+3K,/4 (d (K, +3K,)/4

For an ideal gas : (1989 - 2 Marks)

(a) the change in internal energy in a constant pressure
process from temperature 7 to T, is equal to nC,
(T, - T)), where C, is the molar specific heat at constant
volume and n the number of moles of the gas.

(b) thechange in internal energy of the gas and the work
done by the gas are equal in magnitude in an adiabatic
process.

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

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

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 - 2 Marks)
2 3 3 5

@ 35 O 3 © 7 @ 3

Three closed vessels A, B and C are at the same temperature

T and contain gases which obey the Maxwellian distribution

of velocities. Vessel A contain 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 A is v, that of the N,

molecules in vessel B is v,, the average speed of the O,

molecules in vessel C is (1992 - 2 Marks)

1
(@ ® v © (m»)? @

where M is the mass of an oxygen molecule.

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 statement (s)

from the following: (1993-2 Marks)

(@) 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 4 to B along the isotherm.

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

(¢) Inthe P-T diagram, the path 4B becomes a part of a
hyperbola

(d) Ingoing from 4 to B, the temperature 7 of the gas first
increases to a maximum value and then decreases.

3kT

M

Vl +V2
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Two bodies 4 and B ahave 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 of the
same rate. The wavelength A corresponding to maximum
spectral radiancy in the radiation from B shifted from the
wavelenth corresponding to maximum spectral radiancy in
the radiation from 4, by 1.00 pm. If the temperature of 4 is

5802K: (1994 - 2 Marks)
(@) the temperature of Bis 1934K
(b) Agp=15pum

(c) thetemperature of Bis 11604 K
(d) the temperature of B is 2901 K
The temperature of an ideal gas is increased from 120K to
480 K. Ifat 120 K the root-mean-square velocity of the gas
molecules is v, at 480 K it becomes (1996 - 2 Marks)
(@ 4v (b) 2v (c) v/2 (d) v/4
A given quantity of a ideal gas is at pressure P and absolute
temperature 7. The isothermal bulk modulus of the gas is
(1998S - 2 Marks)
2 3
@ 51’ b P © 3 P @ 2r
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 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 (1998S - 2 Marks)
(@ 30K (b) 18K (c) 50K (d) 42K
During the melting of a slab of ice at 273 K at atmospheric
pressure, (1998S - 2 Marks)
(@) 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 system increases.
(d) the internal energy of the ice-water system decreases.
A blackbody is at a temperature of 2880 K. The energy of
radiation emitted by this object with wavelength between
499 nm and 500 nm is U, between 999 nm and 1000 nm is U,
and between 1499 nm and 1500nm is U;. The Wien constant
b=2.88x10%m K. Then (1 998S - 2 Marks)
@ U=0 (bU=0 © U>U, @ U,>7
A blmetalhc strip is %ormed out of two 1dent1ca1 stnps one of
copper and the other of brass. The coefficients of linear
expansion of the two metals are a_and a.,. 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.
(@ proportional to AT (1999S - 3 Marks)
(b) inversely proportional to AT
(c) proportional to o, — o
(d) inversely proportlonal to o
Two identical containers A and ﬁ wuﬁ frictionless pistons
contain the same ideal gas at the same temperature and the
same volume V. The mass of the gasin Aism, , and that in B
is my. The gas in each cylinder is now allowed to expand
isothermally to the same final volume 2V. The changes in
the pressure in A and B are found to be AP and 1.5 AP
respectively. Then (1998S - 2 Marks)
(@ 4m,=9m (b) 2m,=3m
© 3m,=2m (d) 9m)=4m_

17.

18.

19.

20.

21.

Let ¥,V s and v,, respectively denote the mean speed. root

mean square speed, and most probable speed of the
molecules in an ideal monatomic gas at absolute temperature
T. The mass of a molecule ism. Then (1998S - 2 Marks)

(a) no molecule can have a speed greater than /2 Vims

(b) nomolecule can have a speed less than v, /2

(© Vp < V < Vims
. .3
(d) the average kinetic energy of a molecule is valz, .

A vessel contains a mixture of one mole of oxygen and two
moles of nitrogen at 300 K. Theratio of the average rotational
kinetic energy per O, molecule to that per N, molecule is
@ 1:1 (1998S - 2 Marks)
(b) 1:2

© 2:1

(d) dependson the moments of inertia of the two molecules
A black body of temperature T is inside chamber of T
temperature initially. Sun rays are allowed to fall from ahole
in the top of chamber. If the temperature of black body (7)
and chamber (7)) remains constant, then (2006 - 5M, -1)

©

(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
C, and C  denote the molar specific heat capacities ofa gas
at constant volume and constant pressure, respectively.

Then (2009)

@ C C, 1s larger for a diatomic ideal gas than for a
monoatomlc ideal gas

(b) Cp + C, is larger for a diatomic ideal gas than for a
monatomic ideal gas

(©) Cp / C, is larger for a diatomic ideal gas than for a
monoatomic ideal gas

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

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

P
3

e ;
\

&

—_

0

1 2 3V

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

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

(d) positive work is done by the gas in the cycle ABCDA
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One mole of an ideal gas in initial state A undergoes a cyclic
process ABCA, as shown in the figure. Its pressure at A is
P,,. Choose the correct option(s) from the following (2010)

o
S } B
Vol=" A

&

rd

I T, T

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

B
(c) PressureatCis vy

T;
(d) Temperature at C is TO
A composite block is made of slabs A, 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

0 1L 5L 6l (2011)
heat
A B 3K E
L
—_—
6K
— s |« ¢
aL
a D 5K

(@) heat flow through A and E slabs are same.

(b) heat flow through slab E is maximum.

(c) temperature difference across slab E is smallest.

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

through D.

The figure below shows the variation of specific heat

capacity (C) of a solid as a function of temperature (T). The

temperature is increased continuously from 0 to S00 K at a

constant rate. Ignoring any volume change, the following

statement(s) is (are) correct to a reasonable approximation.
(JEE Adv. 2013)

>
L

10 200 300 400 500
(@) Therate at which heat is absorbed in therange 0 -100 K
varies linearly with temperature T.
Heat absorbed in increasing the temperature from
0-100 K is less than the heat required for increasing the
temperature from 400-500 K.
(¢) Thereisnochangein the rate ofheat absorption in the
range 400-500 K.
The rate of heat absorption increases in the range
200-300K.

(b)

(d)

25.

26.

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
statement(s) is (are) (JEE Adv. 2015)
(@) Theaverage energy per mole of the gas mixture is 2RT
(b) Theratio of speed of sound in the gas mixture to that in

helium gasis ./6/5

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

hydrogen molecules is 1/2
(d) The ratio of the rms speed of helium atoms to that of

1
hydrogen molecules is E

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 V| and
the spring is in its relaxed state. The gas is then heated very
slowly to temperature 7, pressure P, and volume V. During
this process the piston moves out by a distance x. Ignoring
the friction between the piston and the cylinder, the correct
statement(s) is (are) (JEE Adv. 2015)

(@ IfV,=2V, and T, =3T), then the energy stored in the

1
springis — PV,

4
(b) IfV,=2V, and T, = 3T}, then the change in internal
energy is 3P|V,
(© 1If¥V,=3V,and T, =4T), then the work done by the gas
.7
1s 3 P
(d) IfV,=3V,and T, =4T|, then the heat supplied to the
17
gas is 3 PV,

E Subjective Problems

A sinker of weight w, has an apparent weight w, when
weighedin a liquid at a temperature ¢, and w, when weight
in the same liquid at temperature z,. The coefficient of cubical
expansion of the material of sinker is B. What is the
coefficient of volume expansion of the liquid. (1978)
Three rods of material X and three rods of material Y are
connected as shown in the figure. All the rods are of identical
length and cross-sectional area. Ifthe end 4 is maintained at
60°C and the junction E at 10°C. Calculate the temperature
of the junctions B, C and D. The thermal conductivity of X
15 0.92 cal/sec-cm-°C and that of Yis 0.46 cal/sec-cm-°C. (1978)
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o P-67

Given samples of 1 c.c. of hydrogen and 1c.c. of oxygen,
both at N.T.P. which sample has a larger number of molecules?

(1979)
A Solid material is supplied with heat at a constant rate.
The temperature of the material is changing with the heat
input as shown in the graph in figure. Study the graph

carefully and answer the following questions : (1980)
! g
= c b
5| AB
=
=
[8a]
H
@] HEAT INPUT —»

() Whatdo thehorizontal regions 4B and CD represent?

(i) IfCDisequal to24B, what do you infer?

(i) What does the slope of DE represent?

(iv) The slope of O4 > the slope of BC. What does this
indicate?

A jar contains a gas and a few drops of water at T°K. The

pressure in the jar is 830 mm of Hg. The temperature of the

jar is reduced by 1%. The saturated vapour pressures of

water at the two temperatures are 30 and 25 mm of Hg.(7980)

Calculate the new pressure in the jar.

A cyclic process ABCA shown in the V-T diagram (fig) is

performed with a constant mass of an ideal gas. Show the

same process on a P-V diagram (1981- 4 Marks)

VVA g P B
S <
Y
Vi A

(In the figure, CA is parallel to the V-axis and BCis parallel to
the T-axis)
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 ifits initial temperature
is27°C.
(Melting point of lead = 327°C, specific heat of lead = 0.03
calories /gm/°C, latent heat of fusion of lead = 6 calories /
gm, J =42 joules /calorie). (1981- 3 Marks)
Calculate the work done when one mole of a perfect gas is
compressed adiabatically. The initial pressure and volume
of the gas are 105 N/m? and 6 litres respectively. The final
volume of the gas is 2litre. Molar specific heat of the gas at
constant volume is 3R/2. (1982 - 8 Marks)
A solid sphere of copper ofradius R and a hollow sphere of
the same material of inner radius » and outer radius 4 are
heated to the same temperature and allowed to cool in the
same environment. Which of them starts cooling faster ?
(1982 - 2 Marks)
One gram mole of oxygen at 27° and one atmospheric
pressure is enclosed in a vessel. (1983 - 8 Marks)
() Assuming the molecules to be moving with Vrms, Find
the number of collisions per second which the molecules
make with one square metre area ofthe vessel wall.

11.

12.

13.

14.

15.

16.

(i) The vessel is next thermally insulated and moved with
a constant speed Vo. It is then suddenly stopped. The
process results in a rise of the temperature of the gas
by 1°C. Calculate the speed Vo.

The rectangular box shown in Fig 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

mono-atomic ideal gas (y = 5/3) at a pressure P, volume ¥,

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 (i) the final
temperature of the gas in each chamber and (ii) the work
done by the gas in the right chamber. (1984- 8 Marks)

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 - 6 Marks)
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 end 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 46cm and 44.5 cm respectively. Calculate
the pressure P in centimeters of mercury. (The temperature
of the system is kept at 30°C). (1986 - 6 Marks)
An ideal gas has a specific heat at constant pressure

5R
Cp = S The gas is kept in a closed vessel of volume 0.0083

m3, at a temperature of 300 K and a pressure of 1.6 x 106 N/
m?2. An amount of 2.49 x 10* Joules ofheat energy is supplied
to the gas. Calculate the final temperature and pressure of
the gas. (1987 - 7 Marks)
Two moles of helium gas (y = 5/3) are initially at temperature
27°C and occupy a volume of 20 litres. 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 - 6 Marks)
() Sketch the process on a p-V diagram.

(i) What are the final volume and pressure of the gas ?
(i) What is the work done by the gas ?

An ideal monatomic gas is confined in a cylinder by a spring-
loaded piston of cross-section 8.0 x 10~3 m2. Initially the
gas is at 300 K and occupies a volume of 2.4 x 103 m3 and
the spring is in its relaxed (unstretched, uncompressed)
state, fig. The gas is heated by a small electric heater until
the piston moves out slowly by 0.1 m. 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,
atmospheric pressure is 1.0 x 10° Nm=2. The cylinder and
the piston are thermally insulated. The piston is massless
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and there is no friction between the piston and the cylinder.
Neglect heat loss through lead wires of the heater. The heat
capacity of the heater coil is negligible. Assume the spring
to be massless. (1989 - 8 Mark)

N SONN NN SONNMMNNNY

N Open atmosphere

<— Rigid
—"WM‘—E support

22227

Heater g

2227
222272722272

SONNNNN

SSSSSSSS N
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 % .

(1990 - 7 Mark)
() How many degrees of freedom do the gas molecules
have?
(i) Obtain the work done by the gas during the expansion
as a function of the initial pressure P and volume V.

7

Three moles of an ideal gas (CP =— ) at pressure, Py
2

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 Marks)
(@) Sketch P-Vand 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.
Two moles of helium gas undergo a cyclic process as shown
in Fig. Assuming the gas to be ideal, calculate the following
quantities in this process (1992 - 8 Marks)

2 atm A > B
1 at <
atm ) C
300K 400 K

(@) The net change in the heat energy

(b) The net work done

(¢) Thenet change in internal energy

One mole of a mono atomic ideal gas is taken through the

cycle shown in Fig: (1993 - 4+4+2 Marks)
P

A — B: adiabatic expansion A
B — C: cooling at constant volume B
C - D adiabatic compression

D C

D — A :heating at constant volume-

\%
The pressure and temperature at 4, B, etc. are denoted by
Py,T4,Pg,Tgetc., respectively. Given that 7, = 1000 K,

Pg= (2/3)P, and Fp = (1/3)P4, calculate the following
quantities :
(i) The work done by the gas in the process A » B

(i) The heat lost by the gas in the process B — C.
(i) Thetemperature T, [Given: (2/3)¥5=0.85]

21.

22.

23.

24.

25.

26.

27.

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, =-55851J, O, =-2980J and

0, = 3645], respectively. The correspending quantities of

work involved are W, =2200J, W,=-825],W,=-1100]

and W, respectively. (1994 - 6 Marks)

1. Find the value of W,.

2. What is the efficiency of the cycle

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

neon and argon gases, at a temperature of27°C and pressure

of 1 x 105 Nm™2. 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=8.314J)/mol —K). (1994 - 6 Marks)

A gaseous mixture enclosed in a vessel of volume ¥ consists

of one mole of a gas 4 with y (=Cp / C,)=5/3 and another

gas Bwith y="7/5 ata certain temperature T. The relative
molar masses 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 PV1%13 = constant, in adiabatic processes.
(1995 - 10 Marks)

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

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

(¢) IfTisraisedby 1K from 300K, find the % 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.

At 27°C two moles of an ideal monoatomic gas occupy a

volume V. The gas expands adiabaticallly to a volume 2V.

Calculate (i) the final temperature of the gas, (i1) change in

its internal energy, and (iii) the work done by the gas during

this process. (1996 - 5 Marks)

The temperature of 100g of water is to beraised from 24°C to

90°C by adding steam to it. Calculate the mass of the steam

required for this purpose. (1996 - 2 Marks)

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

cyclic process starting from point 4. The process A —» B
is an adiabatic compression, B — C isisobaric expansion,

C — D is an adiabatic expansion,and D — A isisochoric.
The volume ratios are V,/ V, =16 and V ./ V, =2 and the
temperature at 4 is 7, = 300 K.Calculate the temperature of
the gas at the points B and D and find the efficiency of the
cycle. (1997 - 5 Marks)
The apparatus shown in the 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. 4 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
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and D measured from the base the are 52.8 cm and 51cm
respectively. Determine the coefficient of thermal expansion

of the liquid. (1997 - 5 Marks)
4 B c D
95°C s5°C 95°C 5°C

One mole of an ideal monatomic gas is taken round the
cyclic process ABCA as shown in Figure. Calculate
(1998 - 8 Marks)

P
B
3P,
Fo A c
I !
1 1
vy 20, v

(@) the work done by the gas.

(b) the heat rejected by the gas in the path CA4 and the
heat absorbed by the gas in the path 4B;

(c) the net heat absorbed by the gas in the path BC;

(d) the maximum temperature attained by the gas during
the cycle.

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 2 its temperature is found to be 350 K.

(1998 - 8 Marks)

At this time (7,), the body X is connected to a large box Y at

atmospheric temperature T, through a conducting rod of

length L, cross-sectional areaA and thermal conduct1v1tyK

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 = 3¢,.

Two moles of an ideal monatomic gas, 1n1t1ally at pressure

p, and volume V', undergo an adiabatic compression until

1ts volume is V,. Then the gas is given heat O at constant

volume V. (1999 - 10 Marks)

(@) Sketch the complete process on a p — ¥ diagram.

(b) Find the total work done by the gas, the total change in
its internal energy and the final temperature ofthe gas.
[Give your answer in terms of p,, V .V, Qand R]

Two moles of an ideal monatomic gas 1s 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- 10 Marks)

PA
B C
2p, >
\
P, A
> T
T, 2T,

32.

33.

34.

35.

36.

(@) 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 answer in terms of the gas constant R.
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= A + BT, where 4 = 100 cal’kg-K and B=
2 x 10 cal/kg-K2. If the final temperature of the container is
27°C, determine the mass of the container. (Latent heat of
fusion of water = 8 x 10* cal/kg, Specific heat of water = 103
cal/kg-K). (2001-5 Marks)
A monoatomic ideal gas of two moles is taken through a
cyclic process starting from A as shown in figure. The volume

v, 4

ratiosare — = 2 and == 4.Ifthe temperature 7, at 4 is

VA VA
27°C. (2001-10 Marks)
A
rl ol c

I’B _____ B

il

0 - L + L

T4 T3 -

Calculate,

(a) the temperature of the gas at point B,

(b) heat absorbed or released by the gas in each process,
(c) thetotal work done by the gas during the complete cycle.

Express your answer in terms of the gas constant R.

A cubical box of side 1 meter contains helium gas (atomic
weight 4) at a pressure of 100 N/m2. During an observation
time of 1 second, 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

2
collision with other atoms. Take R = ) J/mol-K and

3
k=138x102JK (2002 - 5 Marks)
(@) 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.
An insulated container containing monoatomic gas of molar
mass m is moving with a velocity v,,. If the container is
suddenly stopped, find the change in temperature.

(2003 - 2 Marks)
Hot oil is circulated through an insulated container with a
wooden lid at the top whose conductivity
K=0.149 J/(m-°C-sec), thickness = 5 mm, emissivity=0.6.
Temperature of the top of the lid is maintained at 7,=127°C.
Ifthe ambient temperature 7, = 27°C. (2003 - 4 Marks)

T.=127°

.

T, |T,=27°C
:__Hot oil

I
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Calculate :
(a) rateofheat loss per unit area due to radiation from the

(b) teﬁ1perature of the oil.
(Given & 1?7x 107 pm~2K~4)

37. A diatomic gas is enclosed in a vessel fitted with massless
movable piston. Area of cross section of vessel is 1 m?.
Initial height of the piston is 1 m (see the figure). The initial
temperature of the gas is 300 K. The temperature of the gas
is increased to 400 K, keeping pressure constant, calculate
the new height of the piston. The piston is brought to its
initial position with no heat exchange. Calculate the final
temperature of the gas. You can leave answer in fraction.

(2004 - 2 Marks)

Ilm

38. A small spherical body of radius r is falling under gravity in
a viscous medium. Due to friction the medium gets heated.
How does the rate of heating depends on radius of body
when it attains terminal velocity? (2004 - 2 Marks)
39. A cylindrical rod of length 1, thermal conductivity K and

40.

41.

42.

GP_3481

surrounding has emissivity e. Also 7, =T, + ATand 7, >> AT.
If T, — T, o< AT, find the proportionality constant.
(2004 - 4 Marks)

Insulation

Furnace
A cubical block of co-efficient of linear expansion o is
submerged partially inside a liquid of co-efficient of volume
expansion y,. On increasing the temperature of the system
by AT, the height of the cube inside the liquid remains
unchanged. Find the relation between o, and y,.

(2004 - 4 Marks)
A cylinder of mass 1 kg is given heat of 20,000J at
atmospheric pressure. Ifinitially the temperature of cylinder
1s20°C, find (2005 - 6 Marks)
(@) final temperature of the cylinder.
(b) work done by the cylinder.
(c) change in internal energy of the cylinder
(Given that specific heat of cylinder = 400 J kg™! °C~1,
coefficient of volume expansion = 9 x 10-5 °C-1, Atmospheric
pressure = 10° N/m? and Density of cylinder = 9000 kg/m3)
0.05 kg steam at 373 K and 0.45 kg of ice at 253K are mixed in
an insulated vessel. Find the equilibrium temperature of the

area of cross section 4 has one end in the furnace at mixture. Given, Ltus =80 cal/lg=3361J/g,L, onzanon =540
temperature 7| and the other end in surrounding at cal/g=22681J/g,S, .= =2100 J/KgK=0.5 cal/ng( ——
temperature 7,. Surface of the rod exposed to the 4200J/KgK =1 cal/gk (2006 oM)
F Match the Following
DIRECTIONS (Q. No. 1-3) : Each question contains statements given in two columns, which have to P aqr s t
be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-
1l are labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR A Q @@ 9 o
MORE statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these BlOOO@O®®
questions have to be darkened as illustrated in the following example : Cl@OOG®
If'the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of DIO@OO®
bubbles will look like the given.
1. Heat given to process is positive, match the following option of Column I with the corresponding option of column II :
Column 1 Column I1 Platm)s (2006 - 6M)
A) K (P AW=>0 0 I
®) KL @ AQ0<0 N "
© IM @©® AW<0 10 = %
D) MJ (s) AQ>0 >V(m)
10 20
2. 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.

Column I
(A) An insulated container has two chambers

Column 11
(p) The temperature of the gas decreases

(2008)

separated by a valve. Chamber I contains an ideal gas and the

Chamber II has vacuum. The valve is opened.

I I

Ideal gas vacuum

Get More Learning Materials Here : I
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(B) An ideal monoatomic gas expands to twice its remains original volume (q) The temperature of the gas increases or

such that its pressure P oc 1/V2 where V is the volume of the gas constant
(©) Anideal monoatomic gas expands to twice its original volume (r) The gas loses heat
such that its pressure P oc 1/V43 where V is its volume
(D) An ideal monoatomic gas expands such that its pressure P and (s) The gas gains heat

volume V follows the behaviour shown in the graph
P

H H v
4 2v,
3.  Onemole of a monatomic gas is taken through a cycle ABCDA as shown in the P-V diagram. Column II give the characteristics
involved in the cycle. Match them with each of the processes given in Column L. (2011)
P
3PA 2 A
1P Y >—> B
0o 1v 3v 9V >V
Column I Column I1
(A) ProcessA—B (p) Internal energy decreases
(B) ProcessB— C (q) Internal energy increases
(©) ProcessC—>D (r) Heat is lost
(D) ProcessD — A (s) Heat is gained

(t) Work is done on the gas

DIRECTIONS Q. No. 4 : Following question has matching lists. The codes for the list have choices (a), (b), (c) and (d) out of which

ONLY ONE is correct.
4.  One mole of amonatomic ideal gas is taken along two cyclic processes E > F - G — E and E — F - H — E as shown in the PV
diagram. The processes involved are purely isochoric, isobaric, isothermal or adiabatic. (JEE Adv. 2013)
P
F
32P,
Py [ 8 G
- \Y%

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

List1 List1I

P G-E 1. 160 P,V In2
Q G-H 2. 36P,V,
R F—>H 3. 24P,V,
S. F->G 4. 31PyV,
Codes:

P Q R S
(@) 4 3 2 1
(b) 4 3 1 2
(©) 3 1 2 4
(d) 1 3 2 4
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G

Comprehension Based Questions

PASSAGE -1
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,

——2R——

r 3

==

(L L L

Piston

1. 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)
P,
@ P ®)
PO Mg PO Mg
) —+—= d ———
(©) 2 T Re @ - R

Therefore the pressure inside the cylinder is P, throughout
the slow pulling process.

2. 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)
2PyrR > PyrR2 —M
@ |——|en O ||
TR PO -I-Mg wR PO
2 2
© [P EMElon @ | o
TR PO R P()—Mg

3. Thepiston is taken completely out of the cylinder. The hole
at the top 1s 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 H of the water column in the cylinder satisfies

(2007)

@ pe(Ly—HP+Py(Ly—H)+L,P,=0
() pe(Ly - H)? - Py(Ly—H)-L,P,=0
© pely- H)2+ Po(Ly—H)-LyPy=0
(d) pgl,- H)? - Py(L,-H)+L,P,=0

PASSAGE -2

A small spherical monoatomic ideal gas bubble (y = 5/3) is trapped
inside a liquid of density p (see figure). Assume that the bubble
does not exchange any heat with the liquid. The bubble contains
n moles of gas. The temperature of the gas when the bubble is at
the bottom is Ty, the height of the liquid is H and the atmospheric

pressure is P, (Neglect surface tension). (2008)
Py
Liquid
[~ N [/ !
H| === )
= [y

4.  Asthe bubble moves upwards, besides the buoyancy force
the following forces are acting on it
(@) Only the force of gravity
(b) The force due to gravity and the force due to the
pressure of the liquid
(¢) The force due to gravity, the force due to the pressure
of the liquid and the force due to viscosity of the liquid
(d) The force due to gravity and the force due to viscosity
of the liquid
5. When the gas bubble is at a height y from the bottom, its
temperature is —

(PO + p[gH\ s

T,
@ D L Po +p8y

(Py+pg (H-yN >

T
® ol Py +p,gH
(PO + p[gH\\y5

T,
© L L Po +p8y

(Py+pg (H-y)

d T
@ °l Py +p,gH

6.  The buoyancy force acting on the gas bubble is (Assume R
is the universal gas constant)

2/5
(@ p,nRgT, %
(Po +p,8y)
®) pnRgT
(P +pgH)>*[Py +p,g (H-y)P"
3/5
(c) p(,nRgTO %
(Py +p,gy)
@ pnRgT,

(By +p,gH)* [Py +pog (H-y)I*'°
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PASSAGE -3 2. Apiece ofice (heat capacity=2100 Jkg™! °C"! and latent heat
In the figure, a container is shown to have a movable (without =3.36x 105;' kg“) of mass m grams is at —5°C at atmospheric
friction) piston on top. The container and the piston are all made pressure. It is given 420 J of heat so that the ice starts melting.
of perfectly insulated material allowing no heat transfer between Finally when the ice-water mixture is in equilibrium, it is found
outside and inside the container. The container is divided into that 1 gm of ice has melted. Assuming there is no other heat
two compartments by a rigid partition made of a thermally exchange in the process, the value of m is (2010)
conducting material that allows slow transfer of heat. Thelower 3.  Two spherical bodies A (radius 6 cm ) and B(radius 18 cm )
compartment of the container is filled with 2 moles of an ideal are at temperature 7| and 7,, respectively. The maximum
monatomic gas at 700 K and the upper compartment is filled with intensity in the emission spectrum of A is at 500 nm and in
2 moles of an ideal diatomic gas at 400 K. The heat capacities per that of Bis at 1500 nm. Considering them to be black bodies,
) ) 3 5 what will be the ratio of the rate of total energy radiated by
mole of an ideal monatomic gas are Cj, = ER , Cp = 2 R, and A to that of B? (2010)
. .. . N 1
those for an ideal diatomic gas are C = % R, Cp= % R 4. A diatomic ideal gas is compressed adiabatically to 2 of
its initial volume. Ifthe initial temperature of the gasis 7, (in
'? Kelvin) and the final temperature is a 7;, the value of a is

(2010)

S.  Steel wire oflenght ‘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 ofthe steel is
107%/° 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.

7. Consider the partition to be rigidly fixed so that it does not Then the value of ‘m’ in kg is nearly (2011)
move. When equilibrium is achieved, the final temperature 6, A thermodynamic system is taken from an initial state i with
of the gases will be (JEE Adv. 2014) internal energy U, = 100J to the final statefalong two different
(@ 550K (b) 525K paths iaf'and ibf, as schematically shown in the figure. The

g g) 513% e sartition be((fir) ;190K hout fict work done by the system along the paths af, ib and bf are

X ow consider the partition to be free to move without friction = = = ;
so that the press&)re of gases in both compartments is the W= 2001, W =501 and Wb{l 100 J.respectlvely. The heat
same. The total work done by the gases till the time they supphs(eld tothe systgmlach)?ght © path iaf’ ib andfblt;are Qi“ﬁ
achieve equilibrium will be (JEE Adv. 2014) Oy and Qyrespectively. Ifthe internal energy ofthe szstem
250R 200R
8 100R 8; —100R in the state b is U, =200 Jand Qiaf= 5007, Theratio = is

ib
H Assertion & Reason Type Questions (JEE Adv. 2014)

1. Statement-1 : The total translational kinetic energy of all

the molecules of a given mass of an ideal gas is 1.5 times a > A
the product of its pressure and its volume. (2007) p ‘—/

because
Statement-2 : The molecules of a gas collide with each other i
and the velocities of the molecules change due to the collision.
(a) Statement-1 is True, Statement-2 is True; Statement-2 4

is a correct explanation for Statement-1 7. Two spherical stars 4 and B emit blackbody radiation. The

(b) isst?\}f)n”}e:zc}rizggﬁliasggl}gzsitsagnﬁ; ?telltement-Z radius of 4 is 400 times that of B and 4 emits 10 times the

v

(c) Statement-1 is True, Statement-2 is False A
(d) Statement-2 is False, Statement-2 is True power emitted from B. The ratio (g) of their wavelengths
I Integer Value Correct Type A, and Ay at which the peaks occur in their respective
] o radiation curves is (JEE Adv. 2015)
1. Ametalrod ABoflength 10xhasitsoneend 4 iniceat0.°C, 8, A metal is heated in a furnace where a sensor is kept above
and the other end B in water at 100 °C. Ifa point P onthe rod the metal surface to read the power radiated (P) by the metal.
is maintained at 400 °C, then it is found that equal amounts The sensor has a scale that displays log,, (P/P ), where P,
of water and ice evaporate and melt per unit time. The latent is a constant. When the metal surface is at a temperature of
heat of evaporation of water is 540 cal/g and latent heat of 487°C, the sensor shows a value 1. Assume that the
melting of ice is 80 cal/g. If the point P is at a distance of emissivity of the metallic surface remains constant. What is
A x from the ice end 4, find the value A. the value displayed by the sensor when the temperature of
[Neglect any heat loss to the surrounding. ] (2009) the metal surface israised to 2767°C?  (JEE Adv. 2016)
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Section-B

Which statement is incorrect?

(a) all reversible cycles have same efficiency

(b) reversible cycle has more efficiency than an irreversible
one

(¢) Carnot cycle is a reversible one

(d) Carnot cycle has the maximum efficiency in all cycles.

Heat given to a body which raises its temperature by 1°C is

[2002]

(a) waterequivalent (b) thermalcapacity  [2002]
(c) specific heat (d) temperature gradient
Infrared radiation is detected by 12002]

(a) spectrometer (b) pyrometer

(¢) nanometer (d) photometer

Which of the following is more close to a black body?

(a) blackboard paint (b) green leaves 12002]
(c) black holes (d) red roses

Cooking gas containers are kept in a lorry moving with
uniform speed. The temperature of the gas molecules inside
will [2002]
(a) increase

(b) decrease

(c) remain same

(d) decrease for some, while increase for others

If mass-energy equivalence is taken into account, when
water is cooled to form ice, the mass of water should

(a) increase 12002]
(b) remain unchanged

(c) decrease

(d) first increase then decrease

At what temperature is the r.m.s velocity of a hydrogen
molecule equal to that of an oxygen molecule at 47°C?

(a) 80K (b) -73K [2002]
(¢ 3K (d 20K

Even Carnot engine cannot give 100% efficiency because
we cannot [2002]
(a) preventradiation

(b) find ideal sources

(c) reach absolute zero temperature

(d) eliminate friction.

1 mole of a gas with Y = 7/5 is mixed with 1 mole of a gas

with Y =5/3, then the value of Y for the resulting mixture is
(@ 75 (b) 2/5 [2002]
(c) 24/16 @ 1277.

Two spheres of the same material have radii 1 m and 4 mand
temperatures 4000 K and 2000 K respectively. The ratio of
the energy radiated per second by the first sphere to that by

the second is 12002]
@@ 1:1 (b) 16:1
(© 4:1 (d 1:9.

“Heat cannot by itself flow from a body at lower temperature
to a body at higher temperature” is a statement or
consequence of [2003]
(a) second law of thermodynamics

(b) conservation of momentum

(c) conservation of mass

(d) firstlaw of thermodynamics

JEE Main / GIEEE

12.

13.

14.

15.
16.

17.

18.

19.

20.

During an adiabatic process, the pressure of a gas is found
to be proportional to the cube of its absolute temperature.

Theratio Cp /Cy, for the gas is 12003]
4

@ 3 (b) 2
5 3

© 3 @ 3

Which of the following parameters does not characterize
the thermodynamic state of matter? 12003]
(a) Temperature (b) Pressure

(¢) Work (d) Volume

A Carnot engine takes 3x10° cal. of heat from a reservoir

at 627°C, and gives it to a sink at 27°C . The work done
by the engine is 12003]

@ 42x10%] (b) 8.4x10°J

© 16.8x10°J (d) zero

The earth radiates in the infra-red region of the spectrum.
The spectrum is correctly given by 12003]
(a) Rayleigh Jeans law

(b) Planck’s law of radiation

(c) Stefan’slaw ofradiation

(d) Wien’slaw

According to Newton’s law of cooling, the rate of cooling

of a body is proportional to (A@)", where AQ is the
difference of the temperature of the body and the
surroundings, and n is equal to 12003]
(@ two (b) three (c) four (d)one

One mole of ideal monatomic gas (y =5/3) is mixed with

one mole of diatomic gas (y=7/5). What is 7 for the

mixture? Y Denotes the ratio of specific heat at constant
pressure, to that at constant volume 12004]
(@ 3523 (b)23/15 (c) 32 (d) 4/3

If the temperature of the sun were to increase from 7to 27T
and its radius from R to 2R, then the ratio of the radiant
energy received on earth to what it was previously will be

@ 32 (b) 16 12004]
(c) 4 d &

Which of the following statements is correct for any
thermodynamic system ? 12004]

(@) The change in entropy can never be zero

(b) Internal energy and entropy and state functions

(¢) The internal energy changes in all processes

(d) The work done in an adiabatic process is always zero.
Two thermally insulated vessels 1 and 2 are filled with air at

temperatures (7},75), volume (}7,V;) and pressure

(R, B,) respectively. If the valve joining the two vessels is

opened, the temperature inside the vessel at equilibrium will
be 12004]

@ NL(Rh+B)I(RANL +PVLT)
®) (G+T3)/2

(C) TI+T2

(d) TTL(RN +B)(RRG + RLTh)
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The temperature of the two outer surfaces of a composite
slab, consisting of two materials having coefficients of
thermal conductivity K and 2K and thickness x and 4x,

respectively, are T, and 7} (T, > 1}) . Therate of heat transfer

AT, —TH)K
through the slab, in a steady state is (%} /s

with fequal to [2004]
—x—> «—— X ——
Tzé 2K Ty
7
2 [N N
@ 3 ® 5 © @ 3

Which of the following is incorrect regarding the first law
of thermodynamics? [2005]
(a) Itis a restatement of the principle of conservation of
energy

(b) It is not applicable to any cyclic process

(c) It introduces the concept of the entropy

(d) It introduces the concept of the internal energy

The figure shows a system of two concentric spheres of
radii r, and r, are kept at temperatures 7, and 7, respectively.
The radial rate of flow of heat in a substance between the
two concentric spheres is proportional to [2005]

@ zn(%)

(n—n)
®) (nn) 6}
(C) (r2—r1)
d nn
@ (n—n)

A system goes from A4 to B via two processes I and II as
shown in figure. If AU, and AU, are the changes in internal
energies in the processes I and Il respectively, then [2005]

(a) relationbetween AUjand I
AU, can not be determined N Q
B
(b) AU 1= AU 2 1

© AU, < AU,

d AU, > AU
The temperature-entropy diagram of a reversible engine

v

cycle is given in the figure. Its efficiency is [2005]
1
€)) Z T
1
() Py 2Ty
2 R EA
© 3 - \
1 Se 28
d _ 0 0
(d 3

26.

27.

28.

29.

30.

31.

32.

A gaseous mixture consists of 16 g of helium and 16 g of

oxygen. The ratio C_p ofthe mixture is 12005]
v
@ 162 (b) 1.59 (c) 1.54 d 14
Assuming the Sun to be a spherical body of radius R at a
temperature of 7K, evaluate the total radiant powerd incident
of Earth at a distance  from the Sun 12006]
4
(b) nr02 R? GT—2
’
4 4
2,2 T 2 T
¢) npRo d) Rco—
© 4nr? @ r?

252 T?
(a) 4TEVOR Gr—z

where 7, is the radius of the Earth and o is Stefan's constant.
Two rigid boxes containing different ideal gases are placed
on a table. Box A contains one mole of nitrogen at temperature
T,, while Box contains one mole of helium at temperature

7
(g) 0. The boxes are then put into thermal contact with

each other, and heat flows between them until the gases
reach a common final temperature (ignore the heat capacity

of boxes). Then, the final temperature of the gases, T in

terms of T} is 12006]
3 7
(@ Tf=7To (b) Tf=§To
3 5
© Tf—ETO (d) Tf—ETO

The work of 146 kJ is performed in order to compress one
kilo mole of gas adiabatically and in this process the
temperature of the gas increases by 7°C. The gas is
(R=8.3Jmol"'K) 12006]
(a) diatomic

(b) triatomic

(¢) amixture of monoatomic and diatomic

(d) monoatomic

When a system is taken from state i to state falong the path
iaf, it is found that Q =50 cal and =20 cal. Along the path

ibf Q=36 cal. Walong the path ibfis 12007]
(@) 14cal a f

(b) 6cal

© l6cal _ 1

(d) 66¢cal L b

A Carnot engine, having an efficiency of N = 1/10 as heat
engine, is used as a refrigerator. If the work done on the
system is 10 J, the amount of energy absorbed from the
reservoir at lower temperature is 12007]
(@ 100J  (b) 99J (c) 90J d 1]

One end of a thermally insulated rod is kept at a temperature
T, and the other at T,. The rod is composed of two sections
of length /; and /, and thermal conductivities K, and K,
respectively. The temperature at the interface of the two

section is 12007]
Ty 4 I8 o
I(l K2
@ Kibli+Khh) (Ko Ty + KyhTy)
(Kih + Kly) (Kih + Koh)
(C) (K2llTi + Kllsz) (d) (Kll27i + K2[1T2)
(Koh + Kih) (Kil +K3h)
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33. If Cpand C), denote the specific heats of nitrogen per unit
mass at constant pressure and constant volume respectively,
then [2007]
(@ Cp—Cp=28R (b) Cp—Cp=R/28
(© Cp—Cp=R/14 d) Cp-Cy,=R

34. Thespeed of sound in oxygen (O,) at a certain temperature
is 460 ms!. The speed of sound in helium (He) at the same
temperature will be (assume both gases to be ideal) |2008]
(@ 1421 ms™ (®) 500ms™!
() 650ms! (d) 330ms’!

35. An insulated container of gas has two chambers separated
by an insulating partition. One of the chambers has volume
V, and contains ideal gas at pressure P, and temperature
T,. The other chamber has volume V, and contains ideal
gas at pressure P, and temperature 7). If the partition is
removed without doing any work on the gas, the final
equilibrium temperature of the gas in the container will be

MDAV +BVy) o AAG* BT
BWT, + BV, T, Ah+BY,
RV, + BT LT (RH + B))
© TRy+rn, 9 TREL+BwL
36. A long metallic bar is carrying heat from one of its ends to
the other end under steady—state. The variation of

temperature 6 along the length x of the bar from its hot end
is best described by which of the following figures? [2009]

0 0

(@ [2008]

@) (b)

0 \ 0 /\
(©) (d

—x —_—  x

DIRECTIONS for questions 37 to 39 : Questions are based on
the following paragraph.

Two moles of helium gas are taken over the cycle ABCDA, as
shown in the P-T diagram.

5 A B
2x10
P (Pa)
1x10°| D 5 T
| >T
300K 500K
37. Assuming the gas to be ideal the work done on the gas in
taking it from A to Bis :
(a) 300R (b) 400R
(c) S00R (d) 200R
38. The work done on the gas in taking it from Dto 4 is :
(@) +414R (b) —690R
(c) +690R (d) -414R
39. The net work done on the gas in the cycle ABCDA is :
(@ 276R (b) 1076R
(¢) 1904R (d) zero

Get More Learning Materials Here : I m

40.

41.

42.

43.

44.

45.

46.

Onekg of a diatomic gas is at a pressure of 8 x 10*N/m2. The
density of the gas is 4kg/m3. What is the energy of the gas

due to its thermal motion? 12009]
(@) 5x10%J (b) 6x10%J
() 7x104J (d) 3x104J

Statement 1 : The temperature dependence of resistance is

usually given as R= R (1 + a Af). The resistance of a wire

changes from 100Q to 150Q when its temperature is

increased from 27°C to 227°C. This implies that

a=2.5x1073/°C.

Statement 2 : R= R (1+ a Af) is valid only when the change

in the temperature AT is small and

AR=(R-R))<<R, 12009]

(a) Statement-1 is true, Statement-2 is true; Statement-2 is
the correct explanation of Statement-1.

(b) Statement-1 is true, Statement-2 is true; Statement-2 is
not the correct explanation of Statement-1.

(c) Statement-1 is false, Statement-2 is true.

(d) Statement-1 is true, Statement-2 is false.

A diatomic ideal gas is used in a Carnot engine as the working

substance. If during the adiabatic expansion part of the cycle

the volume of the gas increases from V to 32V, the efficiency

of the engine is 12010]

@ 05 (b) 0.75 (c) 099 (d) 025

A thermally insulated vessel contains an ideal gas of

molecular mass M and ratio of specific heats y. It is moving

with speed v and it's suddenly brought to rest. Assuming

no heat is lost to the surroundings, its temperature increases

by: 12011
(r-1, 2 M2y

@ ‘3 MK 0 Bk
-, > =D 2

© g Wk @ 6"k

Three perfect gases at absolute temperatures 7, T, and T}
are mixed. The masses of molecules are m, m, and m; and
the number of molecules are n;, n, and n; respectively.
Assuming no loss of energy, the final temperature of the

mixtureis : 12011]
mli +mT +ml I + T3 + maTy

@ n +ny+ny mIi +mT) + mT;
nET2 + n3TE + n2T} (1+T+T3)

© m1+myT, +nly @ 3

A Carnot engine operating between temperatures 7; and 7,

1
has efficiency 5 When T, is lowered by 62 K its efficiency

1
increases to 3 Then T, and T, are, respectively: ]2011]
(@) 372Kand330K (b) 330Kand268K
(¢) 310Kand248K (d) 372Kand 310K
100g of water is heated from 30°C to 50°C. Ignoring the
slight expansion of the water, the change in its internal energy

is (specific heat of water is 4184 J/kg/K): 12011]
(@) 84kJ (b) 84kJ
(© 21K (d) 42kJ
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A wooden wheel of radius R is made of two semicircular part
(see figure). The two parts are held together by a ring made
of a metal strip of cross sectional area S and length L. L is
slightly less than 2nR. To fit the ring on the wheel, it is
heated so that its temperature rises by AT and it just steps
over the wheel. As it cools down to surrounding temperature,
it presses the semicircular parts together. If the coefficient
of linear expansion of the metal is o, and its Young's modulus
is ¥, the force that one part of the wheel applies on the other

partis : gm0 . 2012]
@ 2nSYoAT m
(b) SYoAT : :
() nmSYaAT U
(d) 2SYoAT Nt

Helium gas goes through a cycle ABCDA (consisting of
two isochoric and isobaric lines) as shown in figure
Efficiency of this cycle is nearly : (Assume the gas to be

close to ideal gas) 2012]
B _C

(@ 154% £ g

() 9.1% o N

(c) 105%

d 125% Vo 2V

A liquid in a beaker has temperature 6(t) at time ¢ and 6, is
temperature of surroundings, then according to Newton's
law of cooling the correct graph between log,(6—6) and

tis: 12012
_ =
[«=) |
| @
= &
E; <
@ $ (b)T
U N i
= -
S 3
bﬁ )
© = (d &
1 t
0 — 0 —

A Carnot engine, whose efficiency is 40%, takes in heat
from a source maintained at a temperature of SO0K. It is
desired to have an engine of efficiency 60%. Then, the intake
temperature for the same exhaust (sink) temperature must

be : 12012]
(a) efficiency of Carnot engine cannot be made larger than
50%
(b) 1200K () 750K (d 600K
p
zp(» """" £ B
P, i C
Vo 2v, V e

52.

53.

54.

5S.

The above p-v diagram represents the thermodynamic cycle
of an engine, operatingwith an ideal monatomic gas. The
amount of heat, extracted from the source in a single cycle is

|JEE Main 2013]

@ pove ® gjpovo © (Lzljpovo @ 4pgvy

Ifa piece of metal is heated to temperature 6 and then allowed
to cool in aroom which is at temperature 6, the graph between
the temperature T of the metal and time t will be closest to

|JEE Main 2013]
T TN
e[) """""
(@ ()
0 t— Ol t—
1\ 1\
(1 I 1 A—
© ()
o = Ol —

The pressure that has to be applied to the ends of a steel wire
of length 10 cm to keep its length constant when its
temperature is raised by 100°C is:

(For steel Young’s modulus is 2x10'' Nm™2 and coefficient

ofthermal expansion is 1.1x10°K~!) |JEE Main 2014]

@ 2.2x10° Pa (b) 2.2x10° Pa

(©) 22x107 Pa d 22x10° Pa

There is a circular tube in a vertical plane. Two liquids which
do not mix and of densities d, and d, are filled in the tube.
Each liquid subtends 90° angle at centre. Radius joining their

interface makes an angle o with vertical. Ratio 4 is:
2
JJEE Main 2014]

l1+sino
l-sina

(@

I+cosa
I-cosa
I+tano
I-tana

(b)

©

l+sina
@ I-cosa
Three rods of Copper, Brass and Steel are welded together to
form a'Y shaped structure. Area of cross - section of each rod
= 4cm? - End of copper rod is maintained at 100°C where as

ends of brass and steel are kept at (°C. Lengths ofthe copper,
brass and steel rods are 46, 13 and 12 cms respectively. The
rods are thermally insulated from surroundings excepts at
ends. Thermal conductivities of copper, brass and steel are
0.92,0.26 and 0.12 CGS units respectively. Rate of heat flow

through copper rod is: |JEE Main 2014]
(@) 1.2cal’s (b) 2.4cal/s
(c) 4.8cal/s (d) 6.0cal/s
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56. One mole of a diatomic ideal gas undergoes a cyclic process
ABC as shown in figure. The process BC is adiabatic. The
temperatures at A, B and C are 400 K, 800 K and 600 K
respectively. Choose the correct statement: |JEE Main 2014]

r

B
800 K

600 k
400 K

»
L

\%

(@) Thechange in internal energy in whole cyclic process is
250R.
(b) Thechange in internal energy in the process CA is 700 R.
(¢) Thechange in internal energy in the process ABis -350 R.
(d) The change in internal energy in the process BC is
-500R.
57. A solid body of constant heat capacity 1 J/°C is being heated
by keeping it in contact with reservoirs in two ways :
|JEE Main 2015]
() Sequentially keeping in contact with 2 reservoirs such
that each reservoir supplies same amount of heat.
(i) 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 :
@ In2, 2in2 (b) 2In2, 8in2
(c) In2, 4In2 (d) In2, In2
58. Consider a spherical shell of radius R at temperature T. The
black body radiation inside it can be considered as an ideal gas

of photons with internal energy per unit volume u = v~ T4
and pressure p=%(%) If the shell now undergoes an

adiabatic expansion the relation between T and R is :

|JEE Main 2015]
a) To 1 b) T L
@ R (b R
() Tce® (d) Toece3R

59. Consider an ideal gas confined in an isolated closed chamber.
As the gas undergoes an adiabatic expansion, the average

60.

61.

62.

GP_3481

time of collision between molecules increases as V9, where V
C

is the volume of the gas. The value of q is : ('y = C—p]
v
|JEE Main 2015]
y+l r-1
@ 5 o 5
3y+5 3y-5
© —% @ —%

'n' moles of an ideal gas undergoes a process A —B as
shown in the figure. The maximum temperature of the gas

during the process ;)vill be : |JEE Main 2016]
) A
\./0 2IvO v
9P, V( 9P, V,
o T o 2
9P, V, 3PV,
© = @ S

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 co-efficient of linear expansion ( o ) of the metal of the
pendulum shaft are respectively : |[JEE Main 2016]
(@ 30°C; o =1.85x1073/°C

(b) 55°C; o =1.85x1072/°C

(¢) 25°C; a.=1.85x107/°C

(d) 60°C; a.=1.85x1074°C

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) : |JEE Main 2016]
Cp-C C-Cy
@ "= () "=
C-Cy C-Cp
Cp C-Cp
© "o d "=
Cy C-Cy
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Section-A : JEE Advanced/ IIT-JEE

A 1. 4cal 2. Partlysolidand partlyliquid. 3. 2T 4. 0°C 5. 5803K
2
6. 1.71prc 7. t=4nR KT 8. Lgsion bt 9. 300K
P m

10. 0628 11. 60°C 12, 192° 13. 5.5min.

B 1. F 2. F 3. F 4. F 5. T 6. T
7. F 8. F

CcC 1. @ 2. (o) 3. (b 4. (a) 5. (b 6. (@ 7. ® 8 (@@
9. (¢ 10. (¢) 11. ) 12. (b) 13. (@) 14. (¢) 15. (d) 16. (a)
17. (¢ 18. (a) 19. (b) 20. (b) 21. (@) 22. (b) 23. (a) 24. (a)
25. (a 26. (a) 27. (¢) 28. (0 29. (b) 30. (b) 31. ®  32. (¢
33. @ 34. (b) 35. (@) 36. (d) 37. @ 38. (a) 39. (¢) 40. (b)
41. (¢) 42. (d) 43. (a) 44. (d) 45. (d) 46. (a) 47. (d 48. (@
49. (b) 50. (o) 51. (@)

D 1. () 2. (b) 3. (@ 4. (0 5. (a,b,c,d) 6. d 7. (b
8. (ab,d) 9. (ab) 10. (b) 11. (b) 12. (d) 13. (b,c) 14. (d)
15. (b,d) 16. (¢) 17. (c,d) 18. (a) 19. (a,c,d) 2. bd 2. (bd
22. (a,b) 23. (a,c,d) 24. (a,b,c,d) 25. (a,b,c) 26. (b,c)

w, —w B(wo —w) AN T T — Ao

E L G0 o) 2. T,=30°C,T,=T,=20°C 3. Same
5. 817mmHg 7. 1296m/s 8. -97311J]
9. hollow sphere 10. 1.97x107,35.6m/s 11.12.97,,2.25 T\, -15.58T;,
12. 8375cmHg 13. 754cm  14. 675K,3.6 x 106 N/m?
15. (i) 1137,0.44 x 105N/m? (i) 124507 16. 800K, 7207 17. ()5 (i) 1.25 PV
18. (b)0.58RT,,0.58RT, 19. (a) 11537 (b) 11537 (c) Zero 20. (i) 18707 (i)-52987J (i) SO0K
21. () 7657 (i) 10.82% 22. Mass of Neon = 4gm, mass of Argon = 24gm
23. (a)2mole (b)400.03 m/s (c) 1/6 (d) —-827x107¥ 24. (i) 189K (ii)-27677 (jii) 2767]
25. 0.0122Kg 26. T,=909K,T,=791K,61.4% 27. 6.67x 1075 per °C

—2KAp
28. (a) PV, (b) -%POVOJR)VO © R)ZVO @ ZS;DEVO 29. [300+12.5e L ]Kelvin
3 AR 3 (V2| Lysiapan

30. (b) QPIVI{FKVLJ } Q_EﬁVlll_kV_;J ] %+3% 31. (a) 1200R (b) —2100R, 831.6R

32. 0495Kg 33. (a) 600K (b) 1500R, 831.8R,—900R,—-831.8R () 600R
34. (a) 160K (b)3.312x 102!'J(c) 0.3012gm

mvg 4 AL
. T 36. ()S9SWhm?(b) 41983K 37 Tm, 400(3 K 38. Rate of heat produced o 75
[ 4ec€Ts3]
39. |1+ 40. y=20 41. 69.99°C,0.0499,19999.95 42. 273Kor0°C
E 1. (Aq;B)p,s);(C)(s); (D)q, 1) 2. (A)-(@);B)-@,r); (C)(p,s); D)(q,s)
3. (A1, t); B)p,1);(C)q, s); D), 1) 4 (@
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G 1L (3 2. (d) 3. (o 4. (d) 5. (b 6. (b) 7. (d 8 (d)
H 1 (@O
L 1. 9 2. 8 3. 9 4. 4 5. 3 6.2

7 2 8 9

Section-B : JEE Main/ AIEEE

1. (a 2. (b 3. (b 4. (a) 5. (a 6. (¢ 7. d 8 (o
9. (¢ 10. (a) 11. (a) 12. (d) 13. (¢ 14. (b) 15. (d) 16. (d)
17. (¢ 18. (d) 19. (b) 20. (a) 21. (d) 22. (b,e) 23. (d 24.(b)
25. (@ 26. (a) 27. (b) 28. (o) 29. (a) 30. (b) 31. (o) 32. (d)
33. (b) 34. (a) 35. (a) 36. (a) 37. (b) 38. (a) 39. (a) 40. (a)
41. (o) 42. (b) 43. (¢) 44. (a) 45. (d) 46. (a) 47. (d)  48. (a)
49. (a) 50. (¢ 51. (b) 52. (c) 53. () 54. () 55. (o) 56. (d)
57. (d) 58. (@) - @ - (© © 2. (d)
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A. Fill in the Blanks

E nICv[ +n2CV2
v n1+n2
lx§R+lx§R
=_ 2 2

=2R
1+1

AB represent a process when physical state changes from
solid to liquid and the temperature remains unchanged.
Since P is a point between A and B, therefore the material is
partly solid and partly liquid.
PV=RT (Ideal gas equation)

RT

= P= 7 ..Q)
Given that VP2 = const ..(i0)
From (i) and (ii)
2
— =const.
V

2 2 V. 2V
i=TL:T2=Tl /—2=T = -\r
o, "

The heat required for 100 g of ice at 0° C to change into
water at 0°C =mL =100 x 80 x4.2=33,600J ()
The heat released by 300g of water at 25°C to change its
temperature to 0°C =mcAT=300x4.2x25=31,5007 ... (ii)
Since the energy in eq. (ii) is less than of eq. (i) therefore the
final temperature will be 0°C.
The energy received {>er second per unit area from Sun ata
distance of 1.5 x 10! m is 1400 J/sm2. The total energy
released by Sun/per second.

=1400 x 4mx (1.5 x 1011)2,

The total energy released per second per unit surface

area of the Sun

_ 1400 4mx (1.5 x10')?

Y X 108 2
This energy E is also equal toE=

ol

_ [ 1400 x 47 x (1.5 x 10112

4
%) — | =5803K
4n x (7 x10%)” x5.67 x10

J section-A SETIICLCA IIT-]EE

The energy emitted per second when the temperature of the
copper sphere is T and the surrounding temperature 7,

=c(I*-Ty)x4=c.T*4 [~TH=0] .0)
We know that

dQ dr .
d\ dT = —= — (i
Q= me a " ®)
From (i) and (ii)
dr
oT*A= me—
4 3
=mch_pX§andT o ﬂ ;
= dt = v} 3 S m=pX—TF
oT"'A oT" x4nr 3
_ predl’
30 T

Integrating both sides

100
t _precl00dT _ prc 1
Jot=571 Py
0 3o 200T4 3o 3T3

o _%[ 1 }
9 | (100)> (200)

t= Tpre = Tpre =1.71prc

(712x10% 6 72x10%(5.67x107%)
KEY CONCEPT :
When the spherical shell is thin, << R. In this case,
Therate of flow of heat from the sphere to the surroundings

_ K(4nRH)T
t

where T'is the temperature difference
and ¢ is the thickness of steel then

_ 4nR*KT
P

GP_3481
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8.

10.

11.

12.

13.
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Since P joules per second of heat is supplied to keep the
substance in molten state, it means that the substance in
the molten state at its melting point releases P Joule ofheat
in one second.

P Joule/sec.

P Joule/second

The power is turned off then the heat input becomes zero.
But heat output continues. It takes ¢ seconds for the
substance to solidify (given). Therefore total heat released
in ¢seconds =P xt=mLg .

Pxt
fusion 7
In this expansion, no work is done because the gas expands
in vacuum. Therefore AW'=0
As the process is a adiabatic, Q = 0. From first law of
thermodynamics, AU = 0 i.e. temperature remains constant.
For isothermal expansion

P
Px V=PiX2V:Pi=5
For adiabatic expansion
~ ) P _ P
PV=P xQ2V) = P,= o T oleT

B, P 2 2
?=21_7X;=2 =0.628

1
The heat transferred through 4 per second
0,=K;A(100-1)
The heat transferred through B per second
0,=K, A(t-0)
At steady state K| 4 (100 1) = K,A4 (- 0)
= 300(100-£)=200(t—0)= 300-3t=2t = t=60°C
The movable stopper will adjust to a position with equal
pressure on either sides. Applying ideal gas equation to the
two gases, we get

m
PV,=nRT= MERT, PV, =n,RT= = RT

2
Hence, Y M _32_8
Vi, M, 28 7
o= 20 g=192°
®8+7)

Solar power received by earth = 1400 W/m?
Solar power received by 0.2 m? area

= (1400 W/m?) (0.2 m2)=280 W
Mass ofice =280 g=0.280 kg
Heat required to meltice

=(0.280) (3.3 x 105)=9.24 x 10*J

[y
.

If ¢ 1s the time taken for the ice to melt, we will have

-4

s=330s=5.5min

(280)1=9.24 x 10*J

_ 924 x10*
280
B. True/ False

KEY CONCEPT: ¢ = [>RT

1

At the same temperature ¢ ﬁ

1.e., dependent on molar mass and hence rms speed ¢ will be
different for different ideal gases.

1
For a particular temperature 7, V o 7
Volume is greater for pressure P;
PSP
1
For a particular termperature C,,, o« ——
p p rms \/A_l

ie, C,, -will have different values for different gases.

fVlRT
Cmy f
(Ch, ) ngT M1
M,

7/5 4 \/7 3 42
—_—X— = p— pu— 2 = JE—
5/3 2 55 25
The slope of P-V curve is more for adiabatic process than
for isothermal process. From the graph it is clear that slope

for B is greater than the slope for 4.

C,-C,=R

erknowthat
B /3RT then v/ = ,3R(2T)
% _M en v M2
V=2

Energy radiated per second by the first sphere
E| =0T *4=¢£0(4000)* x 4mx 11 x 1
=1024 xnx 10! xgo

Energy radiated per second by the second sphere
E,=g0x(2000)* x 4m x4 x 4
=1024nx 102 x g0

E| =E,
C. MCQs with ONE Correct Answer

(d Note : Atconstant volume, Charle's law is used.
© W ,=mg-Vd,g

d,8
Wy=mg-Vd, g=mg- V(1+50yb)m
a
1+50'Yb
=mg -Vdg|——
& ag{1+50ya]

Given y, <7,
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3.
4. ()
5. b
6. ()
7. O
8 @
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or, mcAT=ecAT* At

AT  ecAT* ecT4[ (3m\2/3]_k(1)1/3
or,— = = T =kl —
4mp m

At mc mc
AT /Ay (my 1 _(1)1/3
AIE/AQ an} 3
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.

nRT
PV=nRTorP= T orPocT

(- Vandnaresame.)
Therefore, if T is doubled, pressure also becomes two

The energy radiated per second by a black body is
given by Stefan's Law

E .
—=0oT*x4 , where A is the surface area.
t

E
5= oT* x 4mr? ( -+ Forasphere, 4=47%)

Case (i) : % — 450, T=500K, r=0.12m
450 =4mo (500)* (0.12)2 ..(0)
Case (ii) : % —9,T=1000K, r=006m
% = 41.5(1000)* (0.06)?
Dividing (i1) and (i), we get

...(ii)

Elt _(1000*0.06 _2* _,
450 (500)*(0.12)> 22

E
= —=450x4=1800W

When a enclosed gas is accelerated in the positive
x-direction then the pressure of the gas decreases along
the positive x-axis and follows the equation
AP=-padx

where p is the density and a the acceleration of the

The result will be more pressure on the rear side and
less pressure on the front side.
The internal energy of n moles of a gas is

where F'=number of degrees of freedom.
Internal energy of 2 moles of oxygen at temperature 7'is

®
1+50Yb
+ <1+ <1
1+50y, 50y, 1550y,
Wy>W, ot W, <W,
0,-065=36°C (Given)
K, =2K, (Given)
K K
TA 0,4+ TBGB 9. (0
0c=——% %
Ka Kp
0 0
Oa 6¢c O
/ 10. ©
— | ————— | —
6, = 20,+06p =29A+9A—36=3(9A—12) times, i.c... 2P
¢ 3 3 3 1. @
GA-GCv=12
The work done during the cycle = area enclosed in the
curve
nl + n2 _ nl 1'12
y-1  yi-1 yp-1
2 5
Here,n; =n,=1,y,= §>72= 5
For an ideal gas PV =nRT
= Coefficient of volume expansion
( AV ) nR
—— | =—=Constant
AT ), P
Note : Average translation K.E. for O, is %kT
(Three degrees of freedom for translational motion).
Now decrease in pressure increases the volume.
= Itincreases mean free path of the molecules. Also
average K.E. does not depend on the gas, so molecules
of each component of mixture of gases have same
average translational energy. _
Heat flow from B to 4, A to C and C to B (for steady t
state condition, AQ/At is same) 12. ()
Where £¥Z==k14AT TA
At L 7
a
For sides AC and CB [ﬁJ container.
\/5(1 AC J_B P CT c
2T
- (ﬂj 13. @
@ JcB 1
— _ U= —nFRT
T-T_L-2T _ ¢ 7 _fr-or 2
2a a
3
= 3r=T.\2+1) = ==

According to Stefan's law
AQ=ecAT* At
also, AQ=mc AT

1
U= 5x 2x5RT=5RT  [F=S5 for oxygen molecule]

Internal energy of 4 moles of argon at temperature T is

GP_3481
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15.

16.

17.

@

©

Heat & Thermodynamics and Gases ® P-S-91
1 Dividing eq. (ii) by eq. (i)
U2=§><4><3RT=6RT 0
. 2=—— = 0=60°
Total internal energy = 11 RT 90-0
21. (@) From the first law ofthermodynamics
Vn _ [IoMue _ [7/5x4 3 dQ=dU+dw
Vhe \YueMy, V5/3x28 5 Here dW =0 (given)
1= . dQ=dU
Here 777 constant Now since dQ <0 (given)
p) dQ is negative
Asy= =, hence TV2? = constant g
YT hence constan = dU=-ve = dU decreases.
2/3 _ 2/3 .. . = Temperature decreases.
Now LIj™" =Thly" (" VeclL); 22. (b) For adiabatic process PV ¥ = constant
2/3
T (L) P
Hence, —=| — i =—=167
7 L L J Also for monoatomic gas y Cy
for diatomic gas y=1.4
Temp.
I f 100°
Water Steam
Ice Water
-10° —— Heat supplied
Ice
1. The temp. of ice changes from —10°C to 0°C. V
2. Iceat 0°C melts into water at 0°C. .
3. Water at 0°C changes into water at 100°C. S:mce, Ydiatomic < Ymono atomic
4. Water at 100°C changes into steam at 100°C. diatomic ~ “’'mono atomic )
We know that V/T = constant = Graph 1 is for diatomic and graph 2 is for mono
atomic.
V+AV Vo Ar 1 23. (a) For equilibrium in case 1at0°C
T+AT T VAT T Upthrust = Wt. of body

18.

19.

20.

Get More Learning Materials Here : I

@
b

)

Work done is equal to area under the curve on PV
diagram.
According to Wien's law, AT = constant

From graph A, <A; <2,

T >T> T,

Let 6°C be the temperature at B. Let Q is the heat
flowing per second from 4 to B on account of
temperature difference.

_ KA(90-6)

..Q
0=+ Q)
A
90°C
0
D
© < B 0°C
0°C 2Q 0°C
Q
C
90°

By symmetry, the same will be the case for heat flow
from Cto B.
The heat flowing per second from B to D will be

_ KA(8-0)

20 ’ ...(ii)

For equilibrium in case 2 at 60° C
Note : When the temperature is increased the density
will decrease.
oo d'=d(1+ yg, % 60)
and d,'=d,(1+ Vrig 60)
Again upthrust = Wt. of body
K,Vdy,’g="Vd\'g

dy a
K2 =
l+ypy x60 | 1+7v g x60
P [ 1+ F x60 | d K 1+Trx60
2| T+ypg x60 | dy Ky 1+7pg x60
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24. (a)
25. (@)
26. (@
27. (©
28. (¢)
29. ()
30. (M)
3.
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For cyclic process;
Ocyclic=Wap+ Wt W =10J+0+ Wy =5]
PV=constant. Differentiating,

B g ()] (1) 2
dpP V/\dP P

Graph between B and P will be a rectangular
hyperbola.
Note : According to Kirchoff's law, good absorbers are
good emitters as well.
At high temperature (in the furnace), since it absorbs
more energy, it emits more radiations as well and hence
is the brightest.
The graph shows that for the same temperature
difference (T, — T)), less time is taken for x. This means
the emissivity is more for x. According to Kirchoff's
law, a good emitter is a good absorber as well.

T A

|
I
I
1
:
T,f------ T
1
|
|
I
1
I
|

|
|
I
I
1
|
|

>
>

t
The lengths of each rod increases by the same amount

AL, = AL

= ﬂlaat=£’2ast

= €—2=a—“: £—2+1=a—“+1
fl O [1 O

)

€2+£1_aa+as . 61
V4 1 Og { 1+ { 2 O t0g

If we study the P — T graph we find 4B to be a

isothermal process, AC is adiabatic process given. Also

for an expansion process, the slope of adiabatic curve

is more (or we can say that the area under the P— I/

graph for isothermal process is more than adiabatic

process for same increase in volume).

Only graph (b) fits the above criteria.

Heat required to convert 5 kg of water at 20°C to 5 kg of

water at 0°C

=mC,AT=5x1x20=100kcal

Heat released by 2 kg. Ice at — 20°C to convert into 2 kg

ofice at 0°C

=mC;  AT=2x0.5%x20=20kcal.

How much ice at 0°C will convert into water at 0°C for

giving another 80 kcal of heat

O=mL = 80=mx 80

= m=1kg

Therefore the amount of water at 0°C

=5kg+1kg=6kg

Thus, at equilibrium, we have, [6 kg water at 0°C + 1kg

iceat 0°C].

We know that

AT = Constant

=

32. (©
33. @
4. 0

A< Ag<Ac
So, T,>Ty>T,

C C C
Ty = Tp = T =
{ 47351078 T 4107 7°C 5x10_7}
Q=ecAT*
e =1 black body
Q=odT*

4
= x 1022 x ———
Q,=o.n(2x 1072y T 102
2
- 1022 x ——
Op=o.m(4x107) 64x10-28
2
625x10728
From comparison Qp is maximum.
O=mcAT
= Q=mc(T-ty) ..»)
From 50 X to boiling temperature, T increases
linearly.
During boiling, equation is
QO=mL
Temperature remains constant till boiling is complete
After that, again eqn. (i) is followed and temperature
increases linearly.

and Q-=oc.1(6x 1072)%x

100°C [K : 0°c
K A
100°C [K : AIK 1 Al 0°C
~ K24(100)
_ A(100) _ KA(100)
DT T,
_+_
K K
g _Ka@oo) ¢ 1
a 20 K2A4(100) 4

In the first process W is + ve as AV is positive, in the
second process W is — ve as AV is — ve and area under
the curve of second process is more

Net Work <0 and also P; > P,.

A

>
>

Vi Vv
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37.

38.

39.

40.

41. (¢)

Get More Learning Materials Here : I

(@) According to Wein's displacement law
A, * T= constant

Here’ }“m3 <7\,m2 <}“m1

The temperature of Sun is higher than that of welding
arc which in turn is greater than tungsten filament.

(d Heat transfer of glass bulb from filament is through
radiation. A medium is required for convection process.
As abulb is almost evacuated, heat from the filament is
transmitted through radiation.

(d) In this question the given options are wrong as all the
four options contain e in place of G.

When a spherical body is kept inside a perfectly block
body then the total heat radiated by the body is equal
to that of the black body:.

(@) 1 Calorie is the amount of heat required to raise
temperature of 1 gm of water from 14.5°C to 15.5°C at
760 mm of Hg.

(c) As shown in the figure, the net
heat absorbed by the water to
raise its temperature
=(1000-160)=8401J/s
Now, the heat required to raise
the temperature of water from 27°
Cto77°Cis d oy b
O=mc At=2 %4200 x 50J e e

Therefore the time required

0  2x4200x50

840 840

1000 J/s
=500 sec =8 min 20 sec

() The force is [(po + h%) x (2R x h)} —2RT

h/ZI (P(ﬁ%@

Note : In the first part the force is created due to
pressure and in the second part the force is due to
surface tension 7.

Force = 2P Rh + Rpgh*— 2RT
PT2 = constant  (given)

. PV
Also for an ideal gas — = constt

From the above two equations, after eliminating P.

4. @

43. ()

4.

45. (d)

46. (a)

® P-S-93
\ 3
—5 =constt = V =k T? where k = constant
T
-, 4V _,dT
A" T
=dv= (%) vdT (D)

We know that change in volume due to thermal
expansion is given by dV = Vv dT ..(iD)
where ¥ = coefficient of volume expansion.
From (i) and (ii)
VydT = (i)VdT =>v= 3

T T
A real gas behaves as an ideal gas when the average
distance between the gas molecules is large enough
so that (i) the force of attraction between the gas
molecules becomes almost zero (ii) the actual volume
of the gas molecules is negligible as compared to the
occupied volume of the gas.
The above conditions are true for low pressure and
high temperature.
Initially
V,=5.6(T,=273K,P,=1atm,

5
Y= 3 (For monoatomic gas)

The number of moles of gasis n= 560 _1
240 4
Finally (after adiabatic compression)

V,=0.7¢

For adiabatic compression T,V;'™ =T,/,"!

v (56
nenl] (5] < r e

v, 0.7
We know that work done in adiabatic process is
W nRAT _ 9 RT
y-1 8
Urms (helium) _ Margon _ ﬂ _ \/ﬁ ~3.16
Urms (argon) Mhelium 4

The heat is supplied at constant pressure.
Therefore,
Q=nCp At

5
= ZBR]XN =2x - x831x5=208]

( Cp= %R for mono-atomic gas)

Given H;=Hy

K, AAT ‘it =k, (A+A)AT xty
(+0 (

k, t .

Sty =%x71 (D)
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47.

48.

49.

50.
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Where k; and k, are the equivalent conductivities in
configuration I and Il respectively.
For configurationI :

40 L 0 2 3

= L=
kK k 2k 'k 2k
4k .

~kyp = 3 (i)
For configuration I1 :

ky(A+A)=KA + 2kA

k
=K i)
4k
From (i)  (ii)and (ifi) t, = x> = 2sec
, 2537
2

option (a) is correct
P,M, =d,RT; P,M,=d,RT

JhoM_d
P, M, d,

424 4 8
33 dy dy 9

In steady state
Energylost = Energy gained

o(T4 —T04)><4n:R2 = I(nRz)

+ 57x108| 74~ (300)" |x4 =912

. T=330K
_ mcAT _ VpcAT
Pheater ~ Lcooler ¢ - ¢
0.12x1000x4.2x10% x 20
5 (3000-P 1) = 3% 60% 60
P =2067W

** % cooler

5
P3V3 = constant = PV5/3 = constant = ¥ = 3

= monoatomic gas
For adiabatic process

P py 1
A 1 1
2
adiabatic
vaf
>V
1 5 3 105103
—x10"x8x107" -10"x10
waleVe —PiVi 32
1-y 3

_25-100 75x3
(3-5)/3 2
From first law of thermodynamics q=AU+w .. AU=—w
L AU=-1125]
Now applying first law of thermodynamics for process
1 & 2and adding q; + q, =AU+ P(V,—V))
=—112.5+10%(8-1)x 1073=587.55

=112.5]

51. (@) Theheat flowrate is same
T
P M 2K Q K
10°C| — 1 ] 400°C
—i5 R 2% S
g
. KA(400-T) 2KA(T-10)
' ¢ - ¢
- T=140°C
The temperature gradient access Pd is
dT 140-10
-—= sodt=130dx
dx 1

Therefore change temperature at a cross-section M
distant ‘x’ from P is

AT=130x
Extension in a small elemental length “dx’ is

dl= dxa AT = dx a(130x)

1
-, [d1=130a]xdx
0

1
S Al=130x12% 1075 x 5 =78x10"5m

D. MCQs with ONE or MORE THAN ONE Correct

1. @
2.
3. @
4 ()

3RT _ 3x8314x298

M= = x1000 = 2gm
2
Crons 1930x1930
The gas is H,
C,AT
&=—n v =l = Q2 =g
O nCyAT v Y

> 0 =%=50cal

Heat lost by steam = Heat gained by

(water + calorimeter)
mL+mxcx(100-80)=1.12 x ¢ x (80-15)
m[540+1x20]=1.12x1x65
m=0.13kg
Total transfer of heat per second through the composite
= Heat transfer per second from material with thermal
conductivity K; + Heat transfer per second from
material with thermal conductivity K,.

GP_3481
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—[—>
KAAT _ K\ AAT Ky ApAT
¢ I}
or, Kn(2RP=KnR2+K,n[(2R)*~R*]
K
o, K=—1-—"2 LS
4
(a,b,¢c,d)

(a) For all thermal processes.
AU =nC,AT where AT =(T, - T;)
(b) According to first law of thermodynamics.
AQ=AU+AW
In an adiabatic process AQ = 0.
o, 0=AU+AW

o, |AU|=|aw|
(¢) Intheisothermal process, AT = 0.
= AU=0

(d) In the adiabatic process, AQ = 0.
AU _nrGAT G 1_ 1 5
Q, nC,AT C, y 7/5 7

(b) Note : All three vessels are at same temperature.
According to Maxwell's distribution of speed, average

@

speed of molecules of a gas v o JT .
The velocity of oxygen molecules will be same in

Aaswell asC.
(a,b,d)
The work done by the gas in the process 4 to B exceeds the
work that would be done by it ifthe system were taken from
A to B along the isothermal line. This is because the work
done is the area under the P-V indicator diagram. As shown
by the diagram the area under the graph in first diagram will
be more than in second diagram. When we extrapolate the
graph shown in figure (i). Let P, be the intercept on P-axis
and ¥ be the intercept on V-axis. The equation of the line
AB can be written as

R
P=—V—°V+P0 () [ y=mx+c]

isothermal

0
Pl-- process
: P
! |
: |
12 [ S B o) I T

2 ! PN 2 ! i
v v 110 >y \l/ v >y
Fig (1) Fig (ii)
B RT RT
=—-——x—+PF o V=—
P v, P [ p

9.

10.

11.

= P¥,-PPyV,=-PRT .. (ii)
Relation between P and 7 is the equation of a parabola.

Also, P=2L
so, P= %
From (i) and (ii)
RT B B 2 K
- yyp > T=—"=V"+—V
v Vo 0 VoR R

Note :The above equation is of a parabola
(between T'and V)
Differentiating the above equation w.r.t.V, we get

v~ VR R
V
For d—T=0,V=—0
av 2
d*T 2P
Also, =0 =
so, 72~ TR ve

Vi
= V= 70 is the value for maxima of temperature

Also, P, V, =Py Vy
=> TF=Tg (From Boyle's law)
= In going from 4 to B, the temperature of the gas first

increase to a maximum (at V= % ) and the decreases and
reaches back to the same value.

(a,b)

Energy emitted per second by body 4 = ¢ ;o T,f1t A

Energy emitted per second by body B = £30 Tg A

Given that power radiated are equal ¢,67 j A= g0 Tg A

1/4
€4
=|— X =
> Ty= (55 ) X [~ 194K

According to Wein's displacement law A, « %

Since temperature of 4 is more therefore (A,) , 1s less

A )p—(A,),=1x10%m (given) ..(0)
Also according to Wein's displacement law

Mg Ty=(h)p T
(Mm)a Ty 5802

= .. (1)
A Ty 1934
On solving (i) and (ii), we get
Ap=15x10"m.
(Vems 1 \/f 4 120
SrmsL LT 22
O V2 VB ™ Oz V30
= r__1 =V )y =2V
(Vrms)Z 2 72

(b) For an isothermal process; PV = constant
On differentiating, we get ; PdV+ VdP=0

i:[{

= =y

(Bulk modulus)
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12. () A4 is free to move, therefore heat will be supplied at 16. (c) Container A Container B
constant pressure m m
. AQ,=nCAT, () py=—24RT PV =-2RT
Bisheld fixed, fherefore heat will be supplied at constant M M
volume. my mp
. AQp=nCATy, ...(ii) Py@V)=— RT | Pp@P)=— -RT
But AQ,=AQ; (given)
(Cp) _ maRT _ m RT
nC,AT,=nCATy .. ATy= LC—” JAT4 = PPu= "0y T
v
=y(AT)) [y= 1.4 (diatomic)] m4RT i
= (14)(30K) = AP= 2;41/ ()
S ATp=42K
13. (b,0) dP._p.= mBRT_ mgRT
There is a decrease in volume during melting of an ice slab e e~ 0y M 2r)
at 273 K. Therefore, negative work is done by ice-water
system on the atmosphere or positive work is done on the 1.5 AP= mgRT (i)
ice-water system by the atmosphere. Hence, option (b) is ' 2MV
correct. _ _ o . Dividing (1) and (ii)
NOTE : Secondlyheat is absorbed during melting (i.e. dQ is 1.5AP  my 3 mg _
positive) and as we have seen, work done by ice-water ——=—" —=—= = 3m,=2my
system is negative (dW is negative.) Therefore, from first AP M, 2 my
law of thermodynamics dU= dQ —dW 17. (c,d)
change in internal energy of ice-water system, dU will be We know that

14.

15.

Get More Learning Materials Here : I

positive or internal energy will increase.
(d According to Wien's
displacement law,
A, T=2.88 x 106 nmk E,
The wavelength at the

A

peak of the spectrum Ui i .
becomes t ! ! !
6 ! phm §
_ 2.88x10°nmK —10%nm >
" 2880K

NOTE : Thus, the maximum energy is radiated for 103 nm
wavelength. It follows that the energy radiated between 499 nm
to 500 nm will be less than that emitted between 999 nm to
1000 nm, ie., U <U, or U,>U,.

(b,d

Co-efficient of linear expansion of brass is greater than that
of copperi.e., ag > . Now,

Lg =Ly (1+ap AT)
or,
(R+d)0=Ly(1+op AT)4
Again, [~ =L (1+acAT)
o, RO=Ly(1+acAT)
(R+d)0 1+ap AT

Brass

RO  l+ag AT
or, R+d=(1+aBAT)(l—aCAT), by binomial
theorem.
or, 1+%=1+(QB—QC)AT—(XBQC(AT)Z
or, %=(a3—aC)ATorR=(aB_+C)AT

1

RocL and R < .
AT lag —acl

18.

19.

20.

o_[BRT_ BRT . _ [RT
=\ Ums S\ 4=y

From these expressions, we can conclude that
<V <V |
Also the average kinetic energy of gaseous molecules is

= 1 1 (3 3
E = Emv,%ms =5m(5v§) = vaf,

(@) NOTE : The law of equipartition of energy states that
'For a dynamical system in thermal equilibrium, the
energy of a system is equally distributed among its
various degrees of freedom and the energy associated

. 1
with each degree of freedom per molecule is 3 kT. In

this case, O, and N, both have two degrees of rotational
kinetic energy and since the temperature is also same,
the ratio of the average rotational kinetic energyis 1 : 1.
(a,¢c,d)
Since sun rays fall on the black body, it will absorb more
radiation and since, its temperature is constant it will emit
more radiation. The temperature will remain same only when
energy emitted is equal to energy absorbed.

(b,d)
C,-C, =R for all gases

5
For monoatomic gas: C, _3R ; Cp=oR ;v =3
2 2 3
15 _
cp,cv=T;Cp+Cv_4
. . 5 7 7
For diatomicgas: C,==R;(C, =—R ; y =—
B G m e G TS

and  C,C, =225 CpCy=6

GP_3481
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21. (b,d)
In case of an isothermal process we get a rectangular
hyperbola in a P-V diagram. Therefore option (a) is wrong.
Ty <Tg. Therefore in process B— C — D, AU is negative.
PV decreases and volume also decreases, therefore W is
negative. From first law of thermodynamic, Q is negative
i.e., there is a heat loss option (b) is correct.
W,g > Wpge
Therefore work done during path A — B — C is positive,
option (c) is wrong.
Work done is clockwise cycle in a PV diagram is positive.
Option (d) is correct.

22. (ab)
ProcessAtoB
As the temperature remains the same, this process is
isothermal. Therefore there is no change in the internal
energy. Option (a) is correct.
Also Py V,=Pg x4V, v

Work done

4, Vo
W = nR]}, IOge 7

0 ——>T
= RV, log. 4 [+ BV = nRTp]

The process BC is not clear. Therefore no judgement can be
made for point C.

23. (a,c,d)
It is given that heat Q flows only from left to right through
the blocks. Therefore heat flow through A and E slabs are
the same.
.. [a] is correct option

@E@-’QB
c

3» - Q,

A

D@-»QD

Qu=Q +Q+Qp=0Q

®-

@ -4

Since heat flow through slabs A and E is same,
[b] is not correct.

{
We know that resistance to heat flow is R = 57
Let the width of slabs be Z. Then
oo L 1 4L 4
47 2Kk@L)z 8Kz’ "® 3KkWz) 3Kz
4L 1 4L 4
RC = = 5 D = = ——
4K(2LZ) 2KZ 5K(LZ) 5KZ

oL 1
E " 6K(4LZ) 24KZ

24,

25.

Now, AT=0R

As Ry is least, ATy is also smallest ie since the resistance to
heat flow is least for slab E, the temperature difference across
1s smallest.

.. Option (c) is the correct answer.

Also
AT, AT,

R Y AN
Qc Re 1/2KZ (ATc)

ATy AT, 3KZ(AT)
=%, “a3kz_ 4 [ ATp=ATc]

AT, AT, SKZ(AT.)
=% “askz~ 4 [+ ATp = Alc]

3KZ(ATy) SKZ(ATL)
Op+0p = €+ =
4 4

_ $KZ(AT)

= 2KZ(ATc) = QC

-, (d) is the correct option.

(a,b, c,d)

We know that dQ=m C dT in therange 0 to 100K

From the graph, C increases linearly with temperature
therefore the rate at which heat is absorbed varies linearly
with temperature. Option (a) is correct

As the value of C is greater in the temperature range 400-
500K, the heat absorbed in increasing the temperature from
0 - 100K is less than the heat required for increasing the
temperature from 400 - S00K option (b) is correct.

From the graph it is clear that the value of C does not
change in the temperature range 400-500K, therefore there
is no change in the rate of heat absorption in this range.
Option (c) is correct.

As the value of C increases from 200-300K, therate of heat
absorption increases in the range 200-300K. Option (d) is
also correct.

(a,b,¢)

3 5
Total energy = ERT + ERT =4RT

4
.. Average energy per mole= —— =2RT

2
’ RT
We know that V| 4= 77

nl+n2_ n + ny
Ymix =1 71-1 v2-1
L2 _ 1 1
Y mix —1 2_1 L1
2 35
=—+—_4
Ymix =1 2 2
L L3
lex - -~Ym1x 2
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(Vs)mtx - Y mix - MHe Energy= lﬁ><ﬁ = lPIVI
(Vs )He M mix  YHe . 22 4 4
.. Ais correct

é><4

2 ..
= % |:'Mmzx
Ix=
3

Ix2+1x4 3}

RT
We know that V. 3

rms

i

.. options [A], [B] and [C] are correct.

26. (b,c)
Applying combined gas law

A _ B,

A
IfV,=2V,and T, = 3T then
BV, P, x2V,

ih _Hx2h Pl:g,,z
L 3 3

Now change in internal energy

L pry-r- 2

. (Vrms )He
(Vrms )H )

[PV, —P V]

For monoatomic gas f=3

3[3
AU=5[5P1><2V1—P1V1]=3P1V1

(b) is the correct option.
Now assuming that the pressure on the piston on the right
hand side (not considering the affect of spring) remains the
same throughout the motion of the piston then,
kx kx
Pressure of gas = B +7 = A=A +7
where £ is spring constant and 4 = area of piston

1
Energy stored = Ekxz

Get More Learning Materials Here : I

Now

W=jParV=j(Pl +%)dV =jﬁdV+j%dV

W=IﬁdV+I%x(dx)A

o
W= R Wz—V1)+T

. BV, BV 4R
Here on applying L2272 e get P = —1
i T, 3

andV2=V1+Ax:x=%['.'V2=3Vl]

1 BA 2 7
X

nW=2P V4 o x—mx— s = 2 BY
C is correct option
Heat supplied
Q=W+AU
7PV
e (Psz - Ah)
TRV 3|4
- #+—[—P1 3V1—P1V1} - py
3 213 6

E. Subjective Problems

Wo—W,=Vxd,xg ..(1)

Wo—Wy=V'xd',xg ...(10)
Also, '=V(1+BAD ... (i)
and d, =d,'(1+7,AT) ... (iv)

From (i1), (iii) and (iv)
V(+BAT)xd, ‘g

Dividing (i) and (v), we get
Wo-—W _Vdg(+y AT)
Wo-W, V(1+PpAT)d,g
Wo-M 1ty AT | Wo-W _1+y,(-4)

Wo-W, 1+BAT 7~ Wy-W, 1+B(i-1)

=> (Wy=-Wp+B @y —t)=Wy=W,) [1+7 ,(t; —1))]
W, -m LB )

W -M) (1t —1) (Wy—W3)

K= 0.92 cal/sec-cm-°C
Ky=0.46 cal/sec-cm-°C

= Y=

STl
X X
B X
A————— E
[eoec] Y [Tg] [10°C]
Y Y
v [Tpl

GP_3481
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NOTE THIS STEP : The heat flow through AB is divided
into two path BC and BD. Symmetry shows that no heat will
flow through CD. Therefore

KyA(60-Tp) _ Ky A(T; ~10)  KyA(T5-10)
20

L
On solving the above equation, we get
T5=30°C
As Cisapoint at the middle of BE therefore temperature at
Cis20°C.
Similarly temperature at D is also 20°C.
3. PV=nRT
When P, T are same poc 7V
As volumes are same, both samples will have equal number
of molecules
4. (i) Region AB : Heat is absorbed by the material at a
constant temperature called the melting point.
The phase changes from solid to liquid.
Region CD : Heat is absorbed by the material at a
constant temperature called the boiling point. The
phase changes from liquid to gas.
(ii) Latent heat of vaporisation = 2 (latent heat of fusion)
(iii) Q=mc, AT.
1

The sl DE—A—T‘—
e slope =0 " me

NOTE : Theslope DE indicateg that the temperature of the

solid begins to rise.

(iv) Thereciprocal of heat capacity in solid state is greater
than the reciprocal of heat capacity in liquid state

(el

> (_) = (mCiquig > (MC)g41ig
= chquld Csolid

¢/ liquid

5. =830-30=800mmHg ; P,?
Vl =V ;V,=V; T = =T ; T2 T-001T=099T

Vi _BV, p.— BT _ 800x0.099T

L L U

Total pressure in the jar = 792 +25 =817 mm Hg

6. A —> B Astraightline between 4 and P

solid

=792 mmHg

. . . A B
B in V-T graph indicates V < T
= Pressure is constant.
B — C Volume is constant. Since the L

temperature is decreasing, the
pressure should also decrease. v
C — A The temperature is constant but volume decreases.
The process is isothermal.

7.  Lead bullet just melts when stopped by an obstacle. Given
that 25% of the heat is absorbed by the obstacle. Therefore
75% heat is used in melting of lead. Initial temp.=27°C

M.P.=300°C

(0.75) K.E. = Heat utilised in increasing the temperature and
heat utilised to melt lead at 300°C

1
(0.75) x EMv2 =Mc AT+ML

1
(0.75) x Evz =(0.03 x 300+6) x4.2

[4.2 to convert into S.I. system]
v=1296m/s

® P-S-99

8.  Work don in an adiabatic process is
1
W= BV, ~FH]
=Y
Here, P, =10°N/m?, V; =6 ( =6 x 103 m?

¥
P,=P, {K) V,=20=2x1073

) 3
Given that C, = > R
R [+ C,~C,=R]

C
=L _-167
s

v

1.67
P,=10° [5} =105 x (3)1-67=6.26 x 105 N/m?

W= Z [6.26x10° x2x 103 -10° x 6 x 1073]

1-—

W= ! 1252 600——@— 973.1]
—067[ ] 067

Work done is negative because the gas is compressed.

9. NOTE : Since the temperature and surface area is same,
therefore the energy emitted per second by both spheres is
same.

We know that O = mcAT
Since Q is same and c is also same (both copper).

1
mo —

AT
Mass of hollow sphere is less;
Temperature change will be more.
. Hollow sphere will cool faster.
10. (i) F=PxA=10°x1=10°N

ilz:Ap FxAt=10x1=10° ()
Now, momentum change per second
(Ap)=nx2mv ...(i1)
Where n is the number of collisions per second per
square metre area
From (i) and (ii)
5
nx2my=105 - n=A_
2mv

Root mean square velocity

\/3RT \/3><8.314>< 300
V= =

32/1000
According to mole concept 6.023 x 1023 molecules will
have mass 32 g

=483.4m/s

32
1 molecule will have mass — 38
6.023x10
5 23
= 10° x6.023x10 ~1.97x107

2x32x483.4
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(ii) The kinetic energy of motion of molecules will be
converted into heat energy.

1
K.E. of 1 gm mole of oxygen = > MV% ()

where v, is the velocity with which the vessel was
moving.

The heat gained by 1 gm mole of molecules at constant
volume for 1°C rise in temperature

=nC,AT=1xC, x1=C, .. (1)
From (i) and (ii)
1. - R
EMVO =C, But, C, = m
Lo R
2 y-1
2R 2x8.314
- - = -1
Vo= \/ — = =35.6ms
M@y =D 432 qaoy
100
[ --y=1.41 for O, (diatomic gas)]
For the left chamber
RVy _Ryx243
TO a 32 X Tl !
243 N .
= 32 * I -0
For the right chamber for adiabatic compression

We get, Pyl =P, x23;423xV2Y

315
8
&=(_32) = V=57

Vo \243 S 27
But V, +V,=2V,
8 46 .
Vi=2V,—V,=2V,— —Vy=— ..(1
1= 2= =2V 2o =50 N (i1)
N 243 46xV,
= —X X
From (i) and (i1) T 2 Vo2
207

o, T,= YTO =12.9Ty (approx.)
To find the temperature in the second chamber (right), we
apply

(1) ()"

) ~\7

5/3 \1—5/3

()" (243K
) ~\ 321,

Work done in right chamber (adiabatic process)

= = T1,=2251T,

1
W= ﬂ(Psz -RV)

3[243 8
= 22 Sy _py,
2[32 075770 00]

3(9 ) 15
= ——|==1|BVy =——xRTy =-15.
v 0Y0 8>< 0 15.8 T,

12.

13.
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Let x moles shift from high temperature side to low
temperature side.
for left bulb PV=nRT

76 x V=nR x273 Initially

P'xV=(n+x)Rx273 Finally
Dividing, we get

P' n+x .
— = ¢
76 n ®
Initially o 0
0°C Finally 62°C

For right bulb

76 x V=nR x273 Initially

P'xV=n-x)R =335 Finally
On dividing,

P'_n-x 335 ...(ii)

76 x 273
From (i) and (ii)

n+Xx n-x » 335

n n 273
608
= n= 6 X ... (111)
Substituting the value of (iii) in (i), we get
P’ 62

— =1+ —

76 608
= P'= %x 76 =83.75cmHg
Let A be the area of cross-section of the tube.
Since temperature is the same, applying Boyle's law on the
side AB

Px (xxA)=P, x (x, X A) ..(1)
Applying Boyle's law in section CD

Px(xxA)=P x(x; xA) .. (1)
From (i) and (i)

P, x(x; X A)=P, x(x, X A)
= Px;=Pyx,
where bz =P, + Pressure due to mercury column

Pressure due to mercury column
_ F_mgsin30° _ Vdgsin30°

P= A A
A . o
_ (xS)x:g51n30 =5 sin 30° cm of Hg

P,=P, +5sin30°=P +2.5
Substituting this value in (ii1)
P, xx; =[P, +2.5] xx,

GP_3481
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Heat & Thermodynamics and Gases ® p-s-101
P, x46=[P, +2.5] x44.5 1 1
b M5x25 AT A N 40[@]5—1 =113¢
1= 715 T 300 |
Substituting this value in (ii) 5
[ y= = for mono atomic gas]
44.5%2.5 3
Pxx=TX46 Now, P3V;=nRT;
46+44.5] 445x25 = py= 0 _2X8330 ) 4105 Nm?
e T 3 113x1073
(NOTE: T; =T, given)
+ o T
[ x= %] — P=754cm (iii) W=W;+ Wy

14. Weknow that PV=nRT
_PV_ 1.6x10° x 0.0083 16

= —=5.33moles
RT 8.3x300 3
5R 3R
Cp= 7 = Cv = 7

When 2.49 x 10* J of heat energy is supplied at constant
volume then we can use the following relationship to find
change in temperature.
0=nC AT
0  249x10*

AT= =

=375K
nC,

533x=-x83
x2><

Therefore, the final temperature
=300+375=675K
Applying Gay Lussac's Law, to find pressure.

A_H
L T
BT, 1.6x10°
= py= 1l LOXIY XT3 _5 6,106 N2
i 300
15. (i) P-Vdiagram isdrawn below.
PA
P|=P2T (Pl)\Ili)- =12
P3

(i) PV, =nRT,
. P><20><10‘3 2x83x300
P =2.49 x 105 Nm

PV, BV
Applying L — 272
L T
For1—>2
20 40
—=— = T,=600K
300 T, 2

2 — 3 is adiabatic expansion.
YA S

nR
=P, (V,-V) + m(T2 -T;)
W,, = work done at constant pressure
W, =work done in adiabatic condition

283

=249 x 10° (40-20) 1073 + ———=(600-300)

5
3

=4980+7470 =12450]
16. KEY CONCEPT : The final pressure on the gas
= atm pressure + pressure due to compression of spring

_ kx
8000 x 0.1
= Py=105+ ———— =2 x 105 N/m?
8x10
%
T,=300K < Atmpressure = 10°N/m?2
Ideal
Heater Mongatomic
V2241107’ <_k = 8000N/m
7]
The final volume,
V, =V, +xA4
—24x 103+0.1x8x103=32x103m3
RV _PVy BV,
L T 2 RAK

2x10° x3.2x1073 x 300

10° x2.4x1073
NOTE : Heat supplied by the heater is used for expansion
of the gas, increasing its temperature and storing potential
energy in the spring.

Heat supplied

=800K.

=> I,=

= PAV+nCVAT+%kx2

1

PV,
=10570.8 x 1031+ L C AT +—kx?
[0.8x107] RL 5

. 10°x24x1073 3

=80 ><—><2><500+l><8000><0.l
2x300 2 2

=720]
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P-s-102 ® Topic-wise Solved Papers - PHYSICS
17. (i) Letpressure= P, Volume= V' and Temperature = T'be Let the system initially be at point 4 at pressure P and temp
theinitial quantities and Pressure = P', Volume = 5.66 V T yand volume V.
Temperature = 7/2 be the final quantities. Process A to B
For adiabatic process The system is isothermally expanded and reaches a new
4T _ _ state B (Pg, 2V, T ) as shown in the figure.
vl = S (5667 I = 2= (5.66) ! Process B to C
: : _ The system is the compressed at constant pressure to its
Taking log on both sides, log2 =(y—1) log 5.66 ..
N yg= 1%1 ' g2=(r=1log original volume to reach at state C (Pg, V,, T()
) Process Cto A
Butv=1+ 2 l4=1+ 2 Finally at constant volume, the pressure is increased to its
uty= f = 1a= f original pressure to reach the state 4 again.
5 () The total work done
= f=02>° W=Wy gt W ctWe sy
Thus degrees of freedom of gas molecules = 5 =nRT,log, Vs +nR(T-—T,)+0
(ii) For adiabatic process the pressure-volume relationship Vi
is
2V, ( T, J
=2303x3xRxT,1 —24+3R{£-T
RW = BVy R80T ) 4
P,= P 7= P =208 RT,— iRTA =0.58RT,
(5.66) * 1132 2
Work done for adiabatic process NOTE : The total work done is equal to the heat exchanged
as the process is cyclic.
PV _( P ) (5.667) Let us find out the work done in the cycle
B - BV . ’
=122 11.32 =125PV o4
'Y—l 14-1 2atm [---- »-
18. (a) Process A to B (isothermal expansion) . Y
PAVA=PBVB latm Y <+ C
= P =Pp<2V, 4 ! i
P, ; i i
= 5" 2 T ABYATY 30(:)K 40(:)K =
Process .B to C (isobaric Work done from A4 to B (Isobaric process)
compression) ) W,.=nR(Ty—T,)
@G AB B~ 14
Vg Ve é 1(Pa2Va T =nRx100=2x200x832=1664]
E - E Work done from B to C (Isothermal process)
- P
Wy _Vy —> T Wsc=2.303nRTlog;o -
Ty Tc ¢
2
=4 =2.303nR x 400 log, T=277.2nR
2

Get More Learning Materials Here : I

Process C to A [volume is constant]

Re_Py_ By_Py
Ie T, Ie Ty

=5544x8.32=4612.6
Work done from C to D (Isobaric process)
Wep=nR (T —Tc)=nR (300 -400)
=—100nR=-200x 8.32=-1664]
Work done from D to A (Isothermal process)

P 1
Wp4=2303nRTlog;g > =2.303nR x 300 log;, >
A

=-207.9nR
=—4158x8.32=-34595]
The total work done =W 5+ W+ Wop + W
=1153]J
@ AU=Q0-W
For complete cycle AU=0
S Q=W=1153]
(b) W=1153]
(¢) AU=0. Since, the process is cyclic.
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Heat & Thermodynamics and Gases ® P-s-103
20. Given7,=1000K PaA ~
A (peP '™ (1o T,
_21D €4 - 2C 4 )
PB - g A B PDPB TD TB
, 1 » Multiplying (ii) and (iv)
=3t4 D
€ 3 SAMEAA ‘
(i) W ,p(adiabatic expansion) C P3Py = ToTp ... (vi)
_ 'RITy~Tp] v From (v) and (vi)
AB Y -1
Here,n=1,R=8.31Jmol ' k!, 7,=1000K (11, NS AL A 1
5 . TgTp LTBTDJ TgTp
Y= 3 (For mono atomic gas)
To find T, we use T,="1 ;T C - 100350425 — 500K
(PN (1) : -
TYpIY Y plt — | 24 —1 4 21. (i) The process is cyclic, therefore AU =0
474 BB LPBJ LTBJ Now, AQ= AU+ AW
= AQ=AW
p =t 1513 = QFrQ+tQ+ Q=W+ W, +W;+ W,
= TB—TA[ A} ! =1ooo[§} >3 =g850K = 596055852980+ 3645=2200—825-1100+W,
Fp 2 = W,=765J
_ 1x8.31[1000-850] .. ~__ Work done
Wap= 5/3-1 =1870J (W) - Key Concept: n = Heat supplied
(ii) HeatLostB—>C
0=nC,AT=nC,(Ty—T,) _WtW, t W+ W,
3 Q+Qq
Here, n=1, C,= — R (For mono atomic gas),
2 1040 .
Tz=850K = 9605 =10.82%
P, R ; =105 Nm—2
To find T, we use T_B _ T_C (volume constant) 22. ihe total pressgre exert'ed bythe inlxture 3P 10° Nm
B Ic emperature 7=300K ; Volume=0.02 m
T Let there be x gram of Ne. Then mass of Ar will be 28 —x.
c _1Ic »
o (i)
Pp Tp Number of moles of Neon = 2—););
1
_p 28—x
FPr P, 4 1 =
= T.= . xTB —5x850 425K|- P_c= g =2 Number of moles of Argon 20
B 4 3 Py Partial pressure due to Neon;
3 _ (x/20)RT
Q0=1x 5 x 8.31 [425-850]=-52981] P v

(iii) Temperature T, : Cto D is adiabatic compression

(R (1)

) “\z,) i)
D to A is isochoric process fp _F4
T, Ty
Py _ Ty .
= Py TD .. ()
Multiplying (i) and (iii)

Get More Learning Materials Here : I

Partial pressure due to Argon
_ [(28—x)/40]RT

pPry= %
But according to Dalton's law of partial pressure
P=p+p,
105= xRT N (28—x)RT
20V 40V

10° x 40 x 0. 02 _

—————=x+2 4
8.314x300 8=x=4

= Mass of Neon = 4g
Mass of Argon = 24g
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3. @ 2D ml o =P
3+5np 13 aviv
We know that Bulk Modulus B=vy P
1 1
ny+n n n e
4778 "4 B Compressibility K B 1P

Ym=1 v4-1 vp-1
where y,, = Ratio of specific heats of mixture
Here, ny=1, v, =5/3, yg=17/5
According to the relationship

19

PV13 = b
constant, we get Ym

13
() On substituting the values we get n; =2 mol.

K, = and K, =

YPl YPz

Lot 11 o)
W 1R 1\B B

Since the process is adiabatic, BV, = RV}

AK=K,-K,=

We know that velocity of sound in air is given by the
y g y ( v \y Vl \y

relationship

- /ﬂ = densitv=
v p where d = density v

Also, PV'=(n,+ng) RT = PV=

v (ny +npRT \/y(nA+nB)RT
v: =

Vxﬂ &
vV

Mass ofthe gas, m=n M+ npMp=1x4+2x32

=68 g/mol =0.068 kg/mol

B J19(1+ 2)x8.314x300
Y 13x0.068
(¢) Velocity of sound,

[YRT [yR(T +AT)
= —_— + = —_—
Y, and v+ Av i,
v+Av_ [T+AT —(1+£)”2

v T T

AT
When AT << T'then T <<1

Av 1 AT
1+ —=14+——
v 2T

Percentage change av x100 = 1 X AT x100
% 2 T

ﬂ 100—— ! x100=1%
v 2300 6

d PV'=Const.
Differentiating the above equation
VW (dP)-P (VW1 d)=0
= WdP=yPWldy

dp vyt

- ,YPVY—I‘Y = ﬁ
v Y V

Get More Learning Materials Here : I

ng+n
(ny B) pr

=400.03 ms™!

P y) ~Alrs)

( 3
AK = lL;_LJ =L(L_1]
Y\RS' R) vR\S

(ng+ng)RT _(1+2)x831xT _2493T

P =

v B v 7
= AK= 15 1 T( 191/13 _1]
Zx2493x =3
=-827x10°V [+ T=300K]

5 .
24. (i) 7,=27+273=300K; y= 3 (for monoatomic gas)
Vi=Vv
V,=2V
T,=?
Since the gas expands adiabatically.

et =ny
-1 5/3-1
= T,=T (ﬂ) - 300[%} 189K

—nR(T, -T,) _—2x831(189-300)
y-1 5/3-1

_ +831x111x3
- 2
Change in internal Energy
According to first law of thermodynamics
AQ=AU+AW ButA Q=0
(as the process is adiabatic)
AU=-AW=-2767]
(iii) W=27671]
25. Heat lost by steam = Heat gained by water
mlg =m,cAT

m,,cAT  0.1x4200x 66 00122k
= m= = =0.
"sT Lgs  540x10° x4.2 g

() W=

=+2767]
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26.
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° P-s-105

n=1, for diatomic gas, PA
2 7

=l+==—==14
TS

A — B, adiabatic compression
B — C, isobaric expansion

C — D, adiabatic expansion
D — 4, isochoric process

&)

Y gy

Vs Va
T,=300K,Tg=7Tp=2%m=?
For adiabatic compression process 4 — B

Given

T =Tvy o

y-1
Tg = (ZAJ T, =(16)*'° x300 =909 K
B

For isobaric process B — C : According to Charles' law
VB V ( VC

As E=— or Tc= TBL

J =909[2]=1818K
For adiabatic expansion process C — D :
As V—A= 16and V—C= 2; hence V—A= 8
Vg Vg Ve
According to Poisson's law,

TV =1y

y-1 1 R/5
Tp= TC[ZC} =1818[§] =

For B — C process : Heat absorbed
0,=nC,(Tc-Tp)

1818

=791K

(7/5)R
(275)

=nyy—f1(TC-TB)—1 (1818 -909)

=%x909 3182 R

For D — A process : Heat released

R
0,=nC,(Tp-T,)= nm(TD —Ty)

R (701-300) = 2R « 491
(2/5) 2

(- No heat is exchanged in adiabatic processes).

nR
Now, Wyp=———(Tp=Ty)

_ R (900-300)= -ﬁ x 609
(2/5)

Wpe=—nR (T B)=l><R(1818—909)=909R

nR R
W.n=——"T—-Tp)=+——(1818-791
cDp y—l(c D) (2/5)( )

217.

28.

= E>< 1027
2

5R 5R
Woet=909 R+ == (1027-609) =909 R+ =~ x418
=909 R+ 1045 R=1954 R

1954 R
3182R

Let the pressure at point O be P,,. Since the liquid is at
equilibrium at M

Py+hposg=Py+hpseg
= Py=P,+hpgseg—hpsog @)

Since the liquid is at equilibrium at N
= P +hypseg=Py+hpyseg
= Py=P,+hypsog—hpgyso g ... (i0)
From (1) and (i1)
Py+hiposeg—hpseg
=P+ hypseg—hpyso g

o b
P _1018...6) J A

p95° 95C
We know that
Po=p; (1+YAT) M
Applying the above formula, we get
Po = Pgse (1 +yx95)
Po=Pseo (1 +yx5)

Efficiency=100 x (W, /Q,)=100 x =61.4%

AT

=

° 1+95 ..
Pso _ 1490 ..(iD)
Pgse  1+5y
From (i) and (ii)
1+95y »
145y =1.018 = y=2.002x10
But y=3a
—4
> o= 1 200 —6e7x105c!
5R 3R
n=1, For monoatomic gas : Cp= T’Cv =

Cyclic process

A — B = Isochoric process

C —> A = Isobaric compression

(@) Work done =Area of closed curve ABCA during cyclic
process. i.e. AABC

1 1

(b) Heat rejected by the gas in the path CA during isobaric
compression process
AQc=nC,AT=1x(SRI2)(T,~T)

T.= 2P0V0 _ k"
€ IxR7* IxR

SR[RVy 2RV, 5
A0ca= 2[ R R | 200
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Heat absorbed by the gas on the path AB during
isochoric process
AQ p=nCAT=1x(3R/2)(Tz-T,)

_3R[3RV, RV

T 2| 1xR 1xR

As AU =0 in cyclic process, hence,
AQ=AW
AQ 5+ AQcy T AQpc=AW

BVy RV
AQpc=PyVy— %= %

NOTE : As net heat is absorbed by the gas during
path BC, temp. will reach maximum between B and C.

i|= 3POV0

©

2R
(d Equation for Line BCis P=— [70} V+35P,,
0

RT
P= i [For one mole]

2R .
RT=-y245py @)
Yo
F 9T o, -2 apesp —0
ar _, 2o —0
or maximum; ARG 0=0;
Nz
V= TO ..(i)

Hence from equation (i) and (ii)

) (SVO) (SVOJ
= =022 +5p
e A

=—2P,V, f—z ZSTVO =%P I
max 8 R
29. Case(i)

According to Newton's law of cooling
dT
T K(T-T) =
On integrating, we get
J‘350 dr

4W00T-T,

g, =k

= KL? dt

350 14
~ [log, (T~ T,) T30 =K [

350-300

= _log, 320739
8¢ 400-300

=K'tl

1 IOO_K, . .
= Ogea— horK't=log,2 ..(I)

Case (ii)

NOTE : When the body X is connected to a large box Y. In
this case cooling occurs by Newton's law of cooling as well
as by conduction

AT _ g,y KAT=T)

dt CL

dT KA
—E—[K +—](T T,)

Where K = coefficient of thermal conductivity of the rod.

—dT [K+ ]dt
T-T, CL

On integrating, we get
T 3t
Jr P (e K
07T, 74 CL
T 3
= —[log (T -Ty)]55, = (K +—) [4];] g
(s

=2(log

(for £>1¢,]

K4
CL

350-300

= loge =300

)2:—21( 4

2KA
= lo 2)+——t¢
e e ) CL 1

50
T-300

50 _ {log, 4+%t1}
T-300

2KAt1
= T-300=50 e84 x e ¢y

—2KAt1
= T=[300+125¢e¢ ¢z ]Kelvin

30. r=no.ofmoles=2,
(A) The complete process is shown on P-V diagram in the
figure.
P 3+C
Heating at constant
I Volume V,
P, B
Adiabatic
compression
P A
! 1
v, v, ¥V
(B) (1) Total work done
Gl Sl $14))
W=W,;g+Wp-= +0

(r=D
[ Wye=PAV=Px0=0]

(v

According to Poisson's law, P, = PIL J

1 al VIV
= _{PIV‘ fily,) "2
-1
1 n(n\'"
g i (7]
Y- 2
For monoatomic gas,

GP_3481
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Heat & Thermodynamics and Gases

L35
Tty

2/3
3 (1) 3
W= —| BV -RBV| — = —PBI
2{ 11— 1L J } 1 1[
(i) AU=AUz+AUg-=0-W
(ﬁ)2/3]
[according to first law of thermodynamics]
|:B—)C Q= AUBC+O

\n)

3
—0- 2PV,
0 211{

A— B Q=AUAB+W

(i) For process BC: AUp~=nC, AT = Q

R
For monoatomic gas C,= ——— =

R,
y-1

N | W —

3R
AUpc=Q=2x —-AT

Y
AT= —.
Hence IR

According to Poission's Law :
For the process AB, T,V3 ' = Ty} ™
-1 -1
or Ty= T(Vlv PIVI(VI\Y
5= v, 7,) nR \V,

Ll
2R

5/3;,-2/3
anr
2R

Te=-Lyyy=
PlVls/3V2-2/3 +2
2R 3R
31. For PVX*=Constt., Molar heat capacity
c. kR R _R R
y-1 I-x é—l 1_1
3 2

Here P2V = constant or PV!/2 = constant

Hence, T-=Tp+AT=

1
X ==
2
=C =3.5R
Q,_,g=nCAT=2(3.5R)(300-600)=-2100R
Process B — C: Process is isobaric therefore

5
Qg _,c=nC,AT=(2) (ER) (To—Tg)
3#)
=2 (2T, -T,)=(5R) (600 —300)=1500R

Heat is absorbed
Process C — A: Process is isothermal
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(V\2/3

|

32.

33.

Fe
AT=0andQC_)A=WC_)A=nRTCIn(E]

2P,
=nRE2T))In [711] =(2) (R)(600) In(2) =1200Rx0.6932
Qe 2 =831.6 R (absorbed)

Here the equilibrium temperatureis 273 +27=300K
Also according to the principle of calorimetry
Heat lost by container = Heat gained by ice.
Heat lost by container :
NOTE : Since specific heat is variable, we need to take the
help of calculus to find the heat lost by the container.
Let dQ be the heat lost when the temperature decreases by
dT at any instant when the temperature of the container
isT.

dQ=mcdT
where m is the mass of the container and C=4 + BT is
specific heat at that temperature

dQ=m(A+BT)dT
On integrating, we get

372 300
0= jsoo m(A+BT)dT = m[AT+ T}
500
=-21600m calorie (heat lost)
Heat gained by ice
This heat is to be divided into two parts
() 0°ice > 0° water
(i) 0° water — 27° water

Q1=mL 0, =mcAT
=0.1 x 80,000 =0.1x103x27
=8000 cal =2700 cal
0, + 0, =8000+2700= 10,700 cal ..(1)
Heat lost = heat gained
21600 m=10,700
= m=0495kg

(@) Since AB is astraight line in V-T graph
V .
T = Constant (Isobaric process)
Va_Vs
Ty Tp
Vs - Ve

Tp= —=xT4;=2%x300=600K S —==2

V4

() () AtoBisaisobaric process

5
Q=nC,AT =2x ERXSOO

=1500R [ C,= %R for monoatomic gas]

NOTE : Heat is absorbed as Q is positive.
(i) Bto Cisan isothermal process.

Since the temperature is not changing

Internal energy change dU=0

From first law of thermodynamics dQ = dWW
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34.

35.
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Yy
0=2.303 xnRTlog,, A
1
=2.30.x2 xR *x 600 x log;,2
=2763.6 xlog;,2 xR=831.8R
NOTE : Heat is absorbed since temperature is same
but volume increases.
C To D is a isochoric process
daw=0

(iii)

5. 0=nC,AT = n(%R) (T4—Tp)

=2 x %R % (-300)=-900 R
Volume is constant as heat is released.

(iv) Dto A is an isothermal process

Yy
5 0=2303 % nRT10g107
i

(Vi)
=2.303 x2R %300 x 10gL7J =—831.8R
i

Heat is released as Q is positive.
(¢c) Total work done

=04 ,879% ¢t 0c,pt9 4
=(1500R+831.8 R)— (900 R+ 831.8 R)=600 R
The distance travelled by an

1 .
atom of helium in 500 sec (time

between two successive
collision) is 2m. Therefore root
mean square speed

—1m —>»

_ distance _ 2
time  1/500

3RT
M

3x25/3xT
= 1000= — 3 = T=160K
4x10

(b) Average kinetic energy of an atom of a monoatomic

C =1000 m/s

ms

@ ButC, =

3
= kT

gas= -

g 23 3 23

S Egy= S kT =5x(1.38x10 )x160

=3.312 x 1072! Joules
m
(¢) From gasequation PV= M RT

PVM 100x1x4
m= =

RT ~ 25/3x160
When container is stopped, velocity decreases by v,,.

= m=03012gm

1
Therefore change in kinetic energy = ) (nmyW§ .. @)

36.

37.

38.

39.

Topic-wise Solved Papers - PHYSICS

Here n = number of moles of gas present in the container.
The kinetic energy at a given temperature for a monatomic

.3
gasis= EanT

3 ..
Change in kinetic energy = 5 xnR(AT)  ..(ii)

where AT= Change in temperature

From (i) and (ii)
2
%nR(AT) = %(nm)vg . AT= ”;%

(@) The rate of heat loss per unit area per second due to
radiation is given by Stefan's-Boltzmann law

E=CO'(T4—T04)

17 .
=0.6 x ?xw 8[(400)* — (300)*] = 595 watt/m?

(b) Let T; be the temperature of the oil.
Then rate of heat flow through conduction = Rate of
heat flow through radiation

KAT,; T
Al =D n ) 5954
where 4 is the area of the top of lid
595 ( 595x5x107
L= = +400 =
:Toﬂ k 0.149 41983 K
At constant pressure, we have L_Dh
n n
also, V=Axh
L _ D
" Al Al
Tohy 400 | 4
= hy=——=—xl==
277 T30 3

when the gas is compressed without heat exchange, the
process is adiabatic

AN (4)2’5
T'=T,|-2| =400{-| K
1 2LVIJ 3

Rate of heat produced = F x v
=6rnrv)v

2=y’ |
=(6,m,)[§¥]

[ Viscous F=6tn rv]

N2
[ Terminal velocity = %w}
n

= Rate of heat produced o

From the figure it is clear that emission takes place from the
surface at temperature 7, (circular cross section). Heat
conduction and radiation through lateral surface is zero.
Heat conducted through rod is

KA - T) At
0= (hi-1)

GP_3481
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40.

41.
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Energy emitted by surface of rod in same time A¢, is

E= eGA(T24 —T;‘)At
Sincerod is at thermal equilibrium therefore £=Q

hence, w:em@“—n“)m
es(Ty —TH ¢
= I-T,=
1 2 K
Here T, —T; = AT and Ty >> AT
Tl—(AT+TS)—eG/[(AT+T) -1,4]

R

s

R-(ar+1,)= s, [1 4”-1]
;
o T,—(T,+AT)= 2L 3T
or TI—TS=(4eG€TS3+1JAT
The proportionality constant = (1 + 4ec;§ L J

Initially, at temperature T’

Fp=mg
Axp g = ALppg
At T
£ t AT
i i po L — — — = —] I:;? ——
| [EEE=EEEEEE
———-mg_——— oy b e oy
FE e
= %, =L, - ()
Attemperature T+ AT
Fg'=mg

A'xp'; g = ALppg [mgremains the same as above]
Now, A'=A4 (1 +2aAT)

p'r =p(1-YAT)
A(1+20AT) x pe(1-YAT)g =ALp,g

= xp;(1+20AT)(1-yAT) = Lp,,

= xp;(1+2a0AT)(1-yAT)=xp, [From(i)]

= 1+20AT-yAT=1

= y=2a

(a) Heat supplied to the cylinder = Energy used to raise

the temperature of cylinder + Energy used for work
done by the cylinder.

42,

° P-s-109

Energyused to raise the temperature = mcAT
=1x400 = (T-20) ..()

where 7°C is the final temperature of the cylinder.
Energy used for work done

Py V=V = 10° e .. (i)
The final volume Vo=V [1+y(T-20)]
= V=V, =Vy(T-20) ... (i)
From (i1) and (i),
Energy used for work done = 10° ¥}y (T—20)
1
= 5 -5 — oV, = m = —:l
10° x 9Ooox9><10 (T-20) [ L= 7 = 9000
=0.001(T-20) ... (1v)

.. Heat supplied to the cylinder
=400 (T-20)+0.001 (T-20)
20,000=400.001 (T—20)
= T7=69.99°C = 70°C
(b) Work done=0.001(69.99—20)=0.0499J
(¢) Changein internal energy=20,000—0.0499=19999.95]J.
1)) Heat lost by steam at 100°C to change to 100°C water
=0.05 x 2268 x 1000=1,13,400]J
)] Heat%ost by 100°C water to change to 0°C water
=0.05 x 4200 x 100=21,000J
(3) Heatrequired by (.45 kg ofice to change its temperature
from253 Kt0273 K
=mx S, *x AT=045x2100x20 =18,900J
(4) Heat required by 0.45 kg ice at 273 K to convert into
0.45kg water at 273 K
=mLg Gon=0.45%336x1000=151,200J
From the above data it is clear that the amount of heat
required by 0.45 kg of ice at 253 K to convert into 0.45 kg of
water at 273 K (1,70,100 J) cannot be provided by heat lost
by 0.05 kg of steam at 373 K to convert into water at 273 K.
Therefore the final temperature will be 273 K or 0°C.

F. Match the Following

(A) - (q) : JK is a isovolumic process. Therefore work done
is zero. But there is decrease in pressure. Now AQ = AU+
AW .Therefore AQ= AU. In thiscase AU=nC ATand P «T.
Since pressure has decreased means temperature has
decreased. Therefore AU is negative and so is AQ.

(B) — (p, s) : KL is a isobaric process. Pressure is constant.
The volume is increasing therefore AW> 0. Also there is an
increase in temperature. For both the case heat is absorbed.
Therefore AQ>0.

(C) > (s) : LM is a isovolumic process. Therefore work
done is zero. The process is accompanied by increases in
pressure. In this case, the temperature has increased and
therefore AU >0. Therefore AQ > 0.

(D) — (q, r) : The process MJ is accompained with decrease
in volume. Therefore AW < 0. Also from the graph we can
conclude that the temperature in the process decreases.
Therefore AU is also negative

= AQ<0.

(A)-(q) : As the ideal gas expands in vacuum, no work is
done (W = 0). Also the container is insulated therefore no
heat is lost or gained (Q = 0). According to first law of
thermodynamics
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AU=Q+W

AU=0
= There is no change in the temparature of the gas
(B)-(p, r) : Given PV2 = constant D)

PV
Also for an ideal gas T constant

From (i) & (i) V x T = constant

As the gas expands its volume increases and temperature
decreases

.. (p) is the correct option

To find whether heat is released or absorbed let us find a
relationship between Q and change in temperature AT.
Weknow thatQ=nCAT ()

where C = molar specific heat

Also for a polytropic process we have

R
C=C,+ T and PV"=constant

Here PV2= Constant. Thereforen =2

. —_— R j—
c C_CV+E_CV_R

. 3
For monoatomic gas C,= 3 R

3 R
. C==R-R=—
¢ 2 2

Substituting this value in (1) we get

=n X E><AT.
Q 2

In this case the temperature decreases i.e. AT is negative.
Therefore Q is negative. This in turn means that heat is lost
by the gas during the process. (r) is the correct option.
(O)-(p, 8) : Proceeding in the same way we get in this case
V13 T = constant

= As the gas expands and volume increases, the
temperature decreases. Therefore (p) is the correct option

4
In this process, x = 3
R 3 3R 3 -3R
C=C l—i 2 -1 2 3 2
3

As AT is negative, Q is positive. This in turn means that
heat is gained by the gas during the process (s) is the correct

option.
A(PV)
nR

Here A(PV) is positive .. AT is positive

.. temperature increase s (q) is the correct option

From the graph it is clear that during the process the pressure
of the gas increases which shows that the internal energy
of the gas has increased. Also the volume increases which
means work is done by the system which needs energy.

D)-(q,s): AlsoAT=

GP_3481

From these two interpretation we can comfortably conclude
that the gas gains heat during the process.

(s) is the correct option.

A-p,i;t; B-p,r; Cq,8; D1t

(A) ProcessA—B

This is an isobaric process in which the volume of the gas
decreases. Therefore work is done on the gas.
W=P(3V-V)=2PV

Also temerature at B is less than temperature at A

.. Heat is lost & internal energy decreases.

(p, 1, t) are correct matching

(B) ProcessB—>C

This is an isovolumic/isochoric process in which the pressure
decreases

Here temperature at B is less than temperature at C.

.. Heat is lost and internal energy decreases.

(p, r) are correct matching.

(C)ProcessC—>D

This is isobaric expansion where temperature at D is greater
than temperature at C. Therefore internal energy increases
and heat is gained.

(g, s) are correct matching

D)D—>A

This is a process in which volume decreases. Therefore
work is done on the gas.

Applying PV =nRT

9PV
for D P(9V) =1RTy, ». Ty=——
9PV
for A3P(3V)=IRT, .. T\=——

=>T,=Tp SLAU=0
Now, AQ=AU+W L AQ=W.
The energy obtained by the gas by work done on it is lost to
the surroundings as AU=0.
.. (x, t) are correct matching.
@ Wgp=P,(Vy—-32Vy)=-31P,V,
Wey =Py (8V—32V()=-24P,V,

_ By(8Vp) —32Py(Vp)

(WFH)adiabatic - 5 =36P,V
1-=
3
32V,
(WEG) isothermal = 1(32 Py V) log, T.O
=32P,V, log,2°
=160 P,V log 2

(a) is the correct option

G. Comprehension Based Questions

(@ NOTE : When the piston is pulled out slowly, the
pressure drop produced inside the cylinder is almost
instantaneously neutralised by the air entering from
outside into the cylinder (through the small hole at the
top).

Therefore, the pressure inside the cylinder is P
throughout the slow pulling process.
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KEY CONCEPT : The condition for equilibrium ofthe 6.  (b)

piston is Seal
Mg = (Py~p) nR? I 3
Mg, l Pl
= p=——(r
P nR? 0 U TF’0

NOTE : Since the cylinder is thermally conducting, the
temperature remains the same.
Therefore

R
Pyx (2L x tR2)=py x tR2 = y=;°><2L

2
F
=0 o5 M x 2L
{P Mg} By nR* - Mg
0~ 2
TR

Atequilibrium, p=P

= p=Py+({Ly-H)pg .00
Also Py x (nR? L) =p [R? (L, H)]

F
> p= Lﬁ"_‘;{ .. (i) - __fi
From (i) and (ii) L1 & =1
LRy _ _ S st
LO_H—P0+(lo Hypg [pT _— — -7 . @

= LyPy=Py(Ly-H)+(Ly-Hpg

= pg(Ly—HY+Py(Ly— H)—LyPy=0

The forces acting besides buoyancy force are

(a) Force of gravity (vertically downwards)

(b) Viscous force (vertically downwards)

Force due to pressure of the liquid is the buoyant force.
It is given that the bubble does not exchange any heat
with the liquid. This means that while the bubble moves
up and expand, the process is adiabatic. 8. @
For adiabatic expansion the pressure -temperature
relationship is

-y
1)
Here T, =T,,R =K+ Hp,g,
5
Pz=Po+(H—y)pcg,v=§
5
| Retipg 15
L =T
| By +(H —y)pc8g |

—x=

[ R+Hpig |3
| By +(H-y)p.g
2
R+H-y)pig |5
TZ”O[W
0o t+p,g

= TO

Buoyancy force = weight of fluid displaced
= (mass of fluid displaced) g

= Vpeg ..
where V= Volume of fluid displaced
= Volume of the bubble.
Now, PV=nRT

nRT nRT

P R+(H-ypg

Where P is pressure of the bubble at an arbitrary
location distant y from the bottom.

Substituting the value of tempertaure from equtaion (i)
we get

=>V=

2
R TolBy+(H-y)peg)’

V=
(B +(H - y)pg] 2
(R +Hp,gl?

_ nR TO (]]l)
= 3 >

[Ry +(H - y)p,gTs [P+ Hpg]5
From (ii) and (iii)

nRTop.g
3 2

[Ry +(H - y)pgl [R + Hpeg)’
Heat lost by monatomic gas at constant volume
= Heat gained by diatomic gas at constant pressure

.. nC, (700-T) =nC,, (T —400)

%R(700—T)=%R(T—400)

Buoyancy force =

= 2100-37=7T-2800
= 107=4900
T=490K
In this case both the gases are at constant pressure.

. nC,, (700—T)=nC,, (T —400)
%R(700—T)=%R(T—400)
3500 5T="7T—-2800

= 12T=6300
T=525K

Applying first law of thermodynamics
AVV] + AU 1= AQ]

and AW, +AU, =AQ,
As the gas two system is thermally insulated, therefore
AQ +AQ, =0

—(AW + AW, ) = AU, + AU,

=nGC, (525-700)+ nC,, (525-400)

= —2x3—Rx175+2x2x125
2 2

= —525R+625R=-100R
Therefore, total work done=—-100R

@g www.studentbro.in



GP_3481

p-s-112 e Topic-wise Solved Papers - PHYSICS

H. Assetion & Reason Type Questions

-1
1. (b) Statement1 : The total kinetic energy of n moles of gas ( Vv, N

W =R S =h|

is K= %HRT
But PV=nRT — : : V. =£T T T. T
K=15PV Here y=1.4 (for diatomic gas). V, 3711~ 102 aT;
Statement one is true. 1L4-1 04
Statement 2 : The molecules of a gas collide with each ~T =aT, [ 1 ] —aT [L] _af; a=4
other and the velocities of the molecules change due 32 28 4
to collision. _ . 5. (3) Weknow that
But statement 2 is not a correct explanation of / '
statement 1. _mgl/d_mgl (1
AL/L AAL
I. Integer Value Correct Type Also Al =0 o AT Q)
A 400°C B From (1) and (2)
1. ocf— & —> 100°C __mgt _ _mg
ACa AT Ao AT
P
For heat flow from P to 0 . YAGAT _ 10" xn(107)* x107° x10 -
dm; _KA400 N g 10
I ar x0T ) 6. (2) Applying first law of thermodynamics to path iaf
For heat flow from P to B 0., = AU, f+ W,
L dmy KA300 [ Given 4M1 _ dmz} 500=AU,,+200 <o AU,=3007
P g 1ox—x W dt  at Now, ~
On solving (i) and (ii), we get 1. =9 Oipy=AUjyst Wy + Wy,
2.  Heat supplied = Heat used in converting m grams of ice =300-+50+100
from —5°C to 0°C + Heat used in converting 1 gram of ice at Qi + Op=4507 -1
0°C to water at 0°C Also Oy, =AUy, +W,
5
= 420=mx 2100 5 1x3.36x10 < 05 =100+50=150J -2
1000 1000 0 300
84 bf
Tm=——-= F D&Q2 =—=
=420=mx10.5+336 - m=T-—=8grams rom (1) ()Qz‘b 150
oy PA_AdTi_As M
- @ PB AB Tg AB }\14
1 t L
Ha =[A_AXP_B}4 _|Ri, B [MT
Ag |Adp Py R129 P, 104
A
m, =500 nm , =1500 nm g
Rate of total energy radlated by A 8 (9 Here pept or P=P T4
Rateof total energy radiated by B
ch (4n:r, ) (Tl\ (rl\ . log, P =log, F, +log, i log2 7 =4log, T
" ol (4nrd) LTZ er
P
(xmz\ (N[ 5 A, N AtT=487°C=760K,10g2;0=410gz760=1...(1)
= L—J L_J ~—=—=DbyWein's law
Am ) \1y T Ay AtT=2767°C=3040K,
2
(1500) [ 6] _, log, 2 = 41og, 3040 = 4log, (760 x4)
500 18 Po
4. For an adiabatic process, the temperature-volume 2
relationship is = 4[log2 760+ 1log, 2 ]

=4log, 760+8=1+8=9

Get More Learning Materials Here : & m @) www.studentbro.in



Get More Learning Materials Here : I

® P-s-113

Heat & Thermodynamics and Gases

A JEE Main/ AIEEE

1. (@) Allreversibleengines working for the same temperature
of source and sink have same efficiencies. If the
temperatures are different, the efficiency is different.

2. (b) Heatrequired for raising the temperature of the whole
body by 1°C is called the thermal capacity of the body.

3. (b) Pyrometer is used to detect infra-red radiation.

4. (a) Blackboard paint is quite approximately equal to black
bodies.

5. (¢) Since pressure and volume are not changing, so
temperature remains same.

6. (¢) When water is cooled to form ice, energy is released

from water in the form of heat. As energy is equivalent
to mass therefore when water is cooled to ice, its mass
decreases.

8RT
7. @ vp= W

For v, to be equal My, = Mo,

Here My, =2; My, =32 ;
Ty, =47+273=320K

T,
L im 320 Ty, = 20K

2 32

.5
8. () N= T

Forn=10r100 %, 7,=0K.

The temperature of 0 K (absolute zero) can not be
obtained .

If n; moles of adiabatic exponent v, is mixed with n,

moles of adiabatic exponent y, then the adiabatic
component of the resulting mixture is given by
n + hy _ n + ny

y-1 vi-1 yy-1
1+1 1 N 1
-1 1_°5

n2o3,3y
y-1 2 2

10. (a) Theenergyradiated per secondisgivenby g — o574 4

For same material e is same. o is stefan's constant
E _T'4 T4t _ (4000*x1® 1
E, T'4, Tiamd  (2000)*x4? 1

This is a statement of second law of thermodynamics

11. (@)
12. @

Po<T?® = PT™> = constant ....(i)
But for an adiabatic process, the pressure temperature

13.

14.

15.

16.

17.

18.

19.

20.

©

b

@
@

©

@

b
@

relationship is given by

X .

PI_Y TY =constant = PTI_Y = constt. i)
. Y 3

From (i) and (if) 7_ = -3 oy=-3+3y o> y= >

Work is a path function. The remaining three parameters
are state function.

n=1—T—2=1— (273 +27) 300

L @3+627) o0 T

But 1‘|=z K=g :W=g><Q=zx3><106
0 0o 3 3 3
—2x10%al =2x10%x4.2J=84x10%J
Wein’s law correctly explains the spectrum

dQ
i SN
" (A0)
nl+n2= nl + n2
y-1 vi-1 yy-1
o1 3
yv-1 5 7 =3
21 L1
3 5
E=cAT*; A< R* . E o« R?T*
B _RT
B R

_E_erlent
El R2T4

Internal energy and entropy are state function, they

do not depend upon path taken.

Here Q = 0 and W = 0. Therefore from first law of

thermodynamics AU=0Q + W=0

~. Internal energy of the system with partition =

Internal energy of the system without partition.

nle Tl +n Cv T2 = (nl +n2)cv T

64

mT; +n,T-
Lpomhitml;
n+ny

_Bh

514
n =——-—and n, =
But 1 2 RT,

RT,
An

RT;
L=

1914}
RTy
Ah BV
RT, " RT,

T+ x T-
1 2 IT, (BY +B)

RNT, + BT
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21. (d) Thethermal resistance

4 3 16 16
X 4x _3x Z+3_2_16/4+16/32
KA 2KA KA = BT
L0 _AT _(L-T)KA 1 [AT-T)K 3
S 3 30« . y=162
KA
1 27. (b) Total power radiated by Sun= oT* x 4nR>
i o

i ) The intensity of power at earth's surface =
22. (b, c)First law is applicable to a cyclic process. Concept of fyolp A

entropy is introduced by the second law. -

. T°R
Total power received by Earth = ° 3 (nroz)
r

28. (c) Heat lost by He = Heat gained by N,
nICvl AT] = n2Cv2 ATz

23. @

3
. . . iR|:l O—Tf:|=§R|:Tf—T0:| :Tf =—T0
Consider a shell of thickness (dr) and of radius () and 2 3 2 2
the temperature of inner and outer surfaces of this shell
be T, (T—dT) 2. @ W=nRAT:—146000=IOOOXS’3X7
yo KA -dD)-T]_ -KAdT 1-y 1-y
dr dr 58.1 58.1
ol-y=——"-—y=1+—=14
»dT s 146 146
H= —4nKr a2 (nAd=anr) Hence the gas is diatomic.
" % 30. () Forpathiaf, AU=0-W =50-20=30cal.
Then, (H) [~ dr = ~4nK | dT For path ibf =0~ AU=36-30=6cal.
n’ h 31. (¢) Theefficiency (n)ofa Camotengine and the coefficient
. of performance (B) of arefrigerator are related as
H{———}=—4nK[T2—T1] 1
nn 1-1 1 T
= Here, n=— .. p=——2=9.
or H=_4nKrlr2(TZ_Tl) B n n 10 B (i)
(n-n) 10
24. () Change in internal energy do not depend upon the 0
path followed by the process. It only depends on initial Also, Coefficient of performance (B) is given by g = Wz R

and final statesi.e., AU, =AU.
! 2 where Q, 1s the energy absorbed from the reservoir.

1 3
25. @ Qi =ToSo+5T0S0 =5ToS
2T

or,9=& o 0,=901.

0, = To(25y—Sp) | 10

=TyS, - 2. @ T, 4, T L T
and Q3=0 0 ’ ::Ql A
03
Ty o K, K,
- + >S KA -T) _ KzA(T—Tz)’
n=1—&=1—M=l So 259 4 Ly
2 %TOSO 3 L KihG + Kt KOG+ K0T
Kyl + KLy Kily + K50,
m+n _n L 33. (b According to Mayer's relationship Cp—C),=R
26. @ r—1 _rl—l r,—1 C, C R

LT == HereM=28.

M M M
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34. (@) The speed of sound in a gas is given by v = 77
Vi Y M
9 _ |10  MHe _ /ﬁxi=o.3237
VHe M02 Y He 32 1.67
Y,
Ve =—22_— 20014501 mys
0.3237 0.3237
35. (@ SameasA.20
36. (@) The heat flowrate is given by
dg _ kA(8, —0)
dt x
x dQ x dQ
= === = 9: _—_—
0= U k4 dr

where 0, is the temperature of hot end and ¢ is
temperature at a distance x from hot end.

The above equation can be graphically represented by
option (a) .

A to B is an isobaric process. The work done

W =nR(T) - T;) = 2R(500 —300) = 400R

37. )

38. (@) Work done by the system in the isothermal process
. P,
DAis W =2.303nRT log,,—=
Py
1x10°
=2303%x2 Rx300 log10—5 =—414R
2x10

Therefore work done on the gas is + 414 R.
The net work in the cycle ABCDA is

W=W,g+Wpc+Wep+Wpy

39. (@)

P
= 400R +2.303nRT log P—B +(—400R) —414R

c
5
= 2303x2R ><5001og2>‘1°5 —414R
1x10
=693.2R—-414R =279.2R
40 Volume= —2__ L 3
- @ Volume= density 4
KE= %PV:%XSXIO4 x%=5x104J
41. (¢) (Therelation R=R; (1+aA¢) isvalid for small values

of At and Ry, 1s resistance at 0°C and also (R — R)
should be much smaller than R,. So, statement (1) is
wrong but statement (2) is correct.

2. 0O [ l=nEwy! =>5=062)""'5
For diatomic gas, y = % y-1 =%

43.

44.

45.

46.

47.

48.

® P-S-115

2
“ =325 T = h=4h

7, T, 1
Now, efficiency T a5 2
(¢) Here, work done is zero.

So, loss in kinetic energy = change in internal

energy of gas

= é =0.75.
4

lmv2 =nC,AT = nLAT
2 y—1

143
(@) Number of moles of first gas = N_IA

o)
Number of moles of second gas = N_A

n
Number of moles of third gas = N_3A

If there is no loss of energy then
P, V,+P,V,+P,V,=PV

iRTl +n—2RT2+£RT3
Ny Ny Ny

mty N b B mIy +nyh + mTy

- N, " dnixT iy +ng
d) Efficiencyofengine
1 T,-62 1

5
- T,=372KandT,= % x372=310K
@) AU=AQ=mcAT=100x 107 x 4184 (50— 30)~8.4kJ

_F/S N FL
@ "TAL TNy
FL
. LoAT =— o AL =
o 57 [- AL = LaAT]
" F=8YoAT
The ring is pressing the wheel from both sides,
F__ =2F=2YSaAT

net

(@ Heatgiventosystem= (nCyAT) 4,5 +(nC,AT)p ¢

3 5
- [E(nRAT)} + [E(nRAT)]

A—B
=[EXVOAP} +[§x2POxV0]
2 45 L2

13
= hh

B—->C
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49. (@
50. (¢)
51. ()
52. (¢)
53. (@@
54. (¢)

5S.
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and WO = POVO 100°C
Work __R¥o ,100-154% Copper

1~ heat given B % A

Newton's law of cooling

de

&= k(0-0) = T __

at (0~6p)
Integrating

= log(0-0g)=—kt+c

Which represents an equation of straight line.

Thus the option (a) is correct.
04= 1—i and 0.6= _L
500 1

on solving we get T, =750 K

Same asin A-51

According to Newton’s law of cooling, the temperature
goes on decreasing with time non-linearly.

stress
strain

Young's modulus Y =
stress =Y x strain

Stress in steel wire = Applied pressure
Pressure = stress=Y x strain

. AL .
Strain = A AT (As length is constant)

=2x101 x 1.1 x1075% 100

=22x108Pa

Pressure at interface A must be same from both the
sides to be in equilibrium.

(Rcosa+ Rsina)d,g =(Rcosa—Rsina)d; g

di _cosa+sina _l+tana
d, cosa—sina l-tana

Rate of heat flow is given by,
KA(0, -6
Q= ( } 2)

Where, K = coefficient of thermal conductivity
/=1length of rod and A = Area of cross-section of rod

56. ()
57. @
58. (a)
59. ()

0°C
Ifthe junction temperature is T, then

QCopper = QBrass + QSteel
092x4(100-T) _ 026x4x(T-0)

46 13
0.12x4x(T -0)
12
= 200-2T=2T+T
= T=40°C
0.92x4x60
QCOppCl’ = T = 48 Cal/S

In cyclic process, change in total internal energy is
Zero.
AU

cyclic =

0

AUge= nC,AT =1x STRAT
Where, C, = molar specific heat at constant volume.
For BC, AT=-200K

AUg-=-500R
The entropy change of the body in the two cases is
same as entropy is a state function.

As, P=l(2)
3\V
U 4
—=KT
But v
| -
SO, P=§KT

RT 1
or uT=§KT“ [AsPV =uRT]

%nR3T3 = constant

1
Therefore, Tec R

1
=
(N [BRT
x/ind (V) ST
T
JT
As, TV-1=K
So, Toc VY*12

+1
Therefore, q = YT
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60. (c) The equation for the line is ar 3PV, — 2P,V
P dV nl{VO
A
3V, 3P,
T 3Py v="210 Lp==2 [From (i)]
. 2 2
2P, 9(| A7
p 9 “Toa™ 2R [From (iii)]
P, | -
RS Vv 61. (¢) Time lost/gained per day = 1 oc AB x 86400 second
vV, 2V, 2
P 12= %a(40 —0)x 86400 (i)
p= —2V+3P
Vo 1
4= Eoc(e —20)x 86400 ....(ii)
_PO
lope =
[slope = v, ,¢=3P] o 40-0
. On dividing we get, 3= ——
PV, +P V=3PV, ..(1) 6-20
But pv= nRT 36-60=40-6
ORT 40=100=>6=25°C
LPE T ...(i1) 62. (d) For apolytropic process
T C=Cy4 o C-Cy=r
From (i) & (ii) —~ Vo +P V=3PV, 1- 1-n
~ IRTV+PgV2 =3PV, flen=— R,
(i) C-C, C-Cy
. dT C-C,-C,+C
For temperature to be maximum — =0 . . _C-G-R v
dv Son= =
. - C-C, C-C
Differentiating e.q. (iii) by 'v' we get
dT _C-6
nRV, = +Py(2v)=3P,V, —C_CV( Cp—Cy=r)
dT
. nRV,—=3P,V,-2P,V

0 dv
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