HEAT AND THERMODYNAMICS [JEE ADVANCED PREVIOUS YEAR SOLVED PAPERS]

JEE Advanced

3. At room temperature, the rms speed of the molecules of
a certain diatomic gas is found to be 1930 m/s. The gas is

Single Correct Answer Type

materials. Both the layers have the same thickness. The
thermal conductivity of the matenial of A is twice that of
B. Under thermal equilibrium, the temperature difference
across the wall is 36°C. The temperature difference across
the layer A is
a. 6°C b. 12°C c. 18°C d. 24°C
(IIT-JEE 1980)
. An 1deal monatomic gas

is taken round the cycle Fa PV 2P IV
ABCDA as shown in the P-V >

; . B C
diagram (see figure). The
work done during the cycle * 1
IS A - D
a. PV b. 2PV PV P2V
c. 172 d. zero

(ITT-JEE 1983) V

1. A wall has two layers A and B, each made of different a. H, b. F, W d. CI,

(IIT-JEE 1984)

. 70 calories of heat is required to raise the temperature of

2 moles of an ideal diatomic gas at constant pressure from

30°C 1o 35°C. The amount of heat required (in calorie) to

raise the temperature of the same gas through the same

range (30°C 1o 35°C) at constant volume is

a. 30 b. 50 ¢. 70 d. 90
(IIT-JEE 1985)

. Steam at 100°C 1s passed into 1.1 kg of water contained

in a calorimeter of water equivalent 0.02 kg at 15°C ull

the temperature of the calorimeter and its contents rises

to 80°C. The mass of the steam condensed in kilograms

IS

a. 0.130  b. 0.065 c. 0.260 d. 0.135
(IIT-JEE 1986



6. If 1 mole of a monatomic gas (y = 5/3) is mixed with

7.

10.

I mole of a diatomic gas (y = 7/5). the value of ¥ for the
mixture is

a. 1.40 b. 1.50 c. 1.53 d. 3.07
(II'T-JEE 1988)
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 the steady state. The effective thermal
conductivity of the system is

a. K +K. b. ity
(K, +K-)
(K, +3K,) d (3K, + K.)

4 ' 4

(ITT-JEE 1988)
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
2 3

a. - b. = c. 2 d. 2
5 5 7 7

(ITT-JEE 1990)
Three closed vessels A, Band C. are at the same temperature
I'and contain gases which obey the Maxwellian distribution
of velocities. Vessel A contains only O, B only N ,and C
a mixture of equal quantities of O, and N,. If the average
speed of the O, molecules in vessel A is v,. that of the N,
molecules in vessel B is v,, the average speed of the 0.
molecules in vessel Cis

(v, -:1'3} b. v,
2 kT
c' “"I 'v:}. - d. —
\' M

(IIT-JEE 1992)
Three rods of identical cross-sectional area are made from
the same metal and form the sides of an isosceles trnangle
ABC, nght-angled at B. The points A and B are maintained
at temperatures 7 and (ﬁ )T. respectively. In the steady
state. the temperature of the point is 7 . Assuming that
only heat conduction takes place. 7 /T is

a. | b. 3
2(vV2-1) V2+1
l I
C. d. -JEE
2+ (IIT-JEE 1995)

V3(V2-1)

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

12.

13.

14.

15.

16.

17.

18.

each other. The ratio of the initial rate of cooling of S, tc
that of S, is

I
b.-ﬁ

d. H) (IIT-JEE 1995}

I
a. -
3
J3
c. —
The temperature of an ideal gas is increased from 120 K
to 480 K. If at 120 K the root mean square velocity of the
gas molecules is v, at 480 K it becomes
a. 4v b. 2v c. /2 d. v/4

(ITT-JEE 1996)
The average translational energy and the rms speed of
molecules in a sample of oxygen gas at 300 K are 6.21 x
10~ J and 484 m/s. respectively. The corresponding values
at 600 K are nearly (assuming ideal gas behaviour)
a. 12.42x10°"J, 968 m/s
b. 8.78x 10" J, 684 m/s
¢c. 6.21x107"],968 m/s
d. 1242x10"" ). 684 m/s (II'T-JEE 1997)
The intensity of radiation emitted by the sun has its
maximum value ata wavelength of 510 nm and that emitted
by the North Star has the maximum value at 350 nm.
[f these stars behave like black bodies. the ratio of the
surface temperature of the sun and the North Star is
a. 1.46 b. 0.69 c. 1.21 d. 0.83
(ITT-JEE 1997)
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 that temperature is
a. 0.0015 b. 0.003 c. 0.048 d. 0.768
(ITT-JEE 1997)
A vessel contains | mole of O, gas (relative molar mass 32)
at a temperature I. The pressure of the gas is P. An
identical vessel containing | mole of He gas (relative
molar mass 4) at a temperature 27 has a pressure of
a. P/8 b. P c. 2P d. 8P
(II'T-JEE 1997)
A spherical black body with a radius of 12 ¢m radiates
450 W power at 50 K. If the radius were halved and the
temperature doubled, the power radiated in watts would
be
a. 225

b. 450 c. 900 d. 1800
(ITT-JEE 1997)

A vessel contains a mixture of one mole of oxygen and

two moles of nitrogen at 300 K. The ratio of the average

rotational kinetic energy per O, molecule to per N.

molecule is

a. |:1

D 152

c. 21

d. depends on the moment of inertia of the two molecule-

(ITT-JEE 1998,



19. Twoidentical containers A and B with frictionless pistons

20.

21.

22.

contain the same ideal gas at the same temperature and
the same volume V. The mass of the gas in A is m, and
that in B 1s m,. 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
a. 4m,=9m,

C. Im,=2m,

b. 2m,=3m,
d. 9m,=4m,

(ITT-JEE 1998)
Two cylinders A and B fitted with pistons contain equal
amounts of an ideal diatomic gas at 300 K. The piston of
A 1s free to move, while that of B is held fixed. The same
amount of heat 1s given to the gas in cach cylinder. If the
rise in temperature of the gas in A is 30 K. then the rise
in temperature of the gas in B 1s
a. 30K b. I8K ¢. 50K d. 42K
(IIT-JEE 1998)
A black body is at a temperature of 2880 K. The energy of
radiation emitted by this body with wavelength between
499 nm and 500 nm is U,, between 999 nm and 1000 nm,
is U, and between 1499 nm and 1500 nm s U,. Wien's
constant, b = 2.88 x 10° nm-K. Then
a. U,=0 b U;=0 ¢ U>U,4d U>U,

(IIT-JEE 1998)

A gas mixture consists of 2 moles of oxvgen and 4 moles of
argon at temperature 7. Neglecting all vibrauonal modes,
the total internal energy of the system is
a. 4RT b. ISRT c. ORT d. |IRT

(IIT-JEE 1999)

. A monatomic 1deal gas, imually at temperature 7 . 15

enclosed in a cylinder fitted with a frictionless piston. The
gas 1s allowed to expand adiabaucally 1o a temperature
I. by releasing the piston suddenly. If L, and L, are the
lengths of the gas column before and after expansion,
respectively. then 7 /T, is given by

'-I'|‘

a. (~L—‘} b. -I:'—
L. L,
C. -';:— d. [1;1] (HT-JEE 2000)

. A block of ice at =10°C is slowlv heated and converted to

steam at 100°C. Which of the following curves represents
the phenomenon quahtatively ?

= s

s — s
"

: ' \

1 _/ T —

-’/ > H".‘a »
a. Heat supplied —» b. Heat supplied —»

2 VAR

i/_” T

C. Heat supplied —» d.

>
Heat supplied —»

(ITT-JEE 2000)

25.

26.

27.

28.

29.

An 1deal gas 15 imtially at temperature 7 and volume V.
Its volume is increased by AV due to an increase in
temperature A7, pressure remaining constant. The quantity
0 = AT/V AT varies with temperature as

Y | Y
! 1
o | &
" ' X 4 $ X
0 T T+AT 0 T  T+AT
a. Temperature (K) b. Temperature (K)
Y | | Y
ik e/
5 K B
. v X - . X
I ., 0 T T+AT
C. Temperature (K) d. Temperature (K)
(II'T-JEE 2000)

Starting with the same initial conditions, an ideal gas
expands from volume V, to V, in three difterent ways. The
work done by the gasis W, if the process is purely isothermal,
W, if purely i1sobaric and W, if purely adiabatic. Then

Isobarnic W,

a W.>W>W
c. W >W.>W,

b. W.>W,>W,
d W,>W.>W,

(ITT-JEE 2000)
The plots of intensity versus
wavelength for three black
bodies at temperatures 7, 7, and
I'.. respectively are as shown. /| i
Their temperatures are such that
a. I'>71,>1, )
. 7,>7,>1,
¢. I,>T,>T,
d 7,>7,>7,
Three rods made of same
material and having the same
cross section have been joined

/wc
0°C

as shown in the figure. Each rod

1s of the same length. The left

N
and right ends are kept at 0°C
and 90°C., respectively. The temperature of the junction
of the three rods will be
a. 45°C b. 60°C

A —

(IIT-JEE 2000)

¢. 30°C d. 20°C

(II'T-JEE 2001)
In a given process on an ideal gas, dW = 0 and dQ < 0.
Then for the gas



30.

32,

the temperature will decrease
the volume will increase

the pressure will remain constant
the temperature will increase

&pge

(II'T-JEE 2001)
P-V plots for two gases during p
adiabatc processes are shown in
the tigure. Plots | and 2 should
correspond, respectively. to
a. He and O,
b. O, and He
¢. Heand Ar
d. O, and N,

| [

(ITT-JEE 2001)

. An ideal gas 1s taken through the

cycleA - B — C—- A asshownin :
the figure. If the net heat supplied
to the gas in the cycle is 5 J, the
work done by the gas in the process
C—oAls

a. -5

>

PIN/m) 10

d. -20)
(ITT-JEE 2002)
Which of the following graphs correctly represents the
(dV/dP)
V
constant temperature’
& "

b. -10J c. —-15J

vanation of f=- with P for an ideal gas at

p \\ Bl T\

a. P b. P

(HT-JEE 2002)

33. An ideal black body at room temperature is thrown into

a furnace. It 1s observed that

initially it is the darkest body and later the brightest
it is the darkest bodyv at all times

it cannot be distinguished at all times

inttially 1t is the darkest body and later it cannot be

=N b

34. The graph. shown in the A

diagram, represents the
variation of temperature (7)

distinguished (IIT-JEE 2002)
of twobodies, xand v, having T
same surface area, with time

.‘.
X
(1) due to the emission of

radiation. Find the correct &

38,

38.

relation between the emissivity and absorptivity power
of two bodies.

a. £ >E, and a, <a,
b. £, <E and a, >a,
¢c¢. E.>E, and a, >a,
d. E. <E,  and a, <a, (ITT-JEE 2003)

Two rods, one of aluminium and the other made of steel,
having initial lengths /, and /, are connected together to
form a single rod of length /, + [,. The coefficients of
lincar expansion for aluminium and steel are ¢, and «,,
respectively. If the length of each rod increases by the

same amount when their temperatures are raised by 1°C,

then find the ratio _'t__ .
| +1.

|

b. o/«
d. a/(a + )

(IIT-JEE 2003)
The P-T diagram for an 1deal gas is shown in the figure,
where AC is an adiabatic process, find the corresponding
P-V diagram.

a. ala,
c. alla,+a)

A

Pl N

S
T
A A
A A
P K F K
B & C B
e >
a \ b. \
A 4
A A
p P K
|
B (
B >
C \ d. Vv

(IIT-JEE 2003)

. 2Kgotice at -20°C is mixed with 5 kg of water at 20°C

in an insulating vessel having negligible heat capacity.
Calculate the final mass of water remaining in the
container. It is given that the specific heats of water and
ice are | kcal/kg/"C and 0.5 kcal/kg/°C respectively, while
the latent heat of fusion of ice is 80 kcal/kg.
a. 7kg b. 6 kg c. 4kg d. 2 kg
(IIT-JEE 2003)
Three discs A, B and C having radii 2, 4 and 6 cm.
respectively, are coated with carbon black. Wavelengths
for maximum intensity for the three discs are 300, 400
and 500 nm, respectively. If Q,, Q, and Q, are powers
emilted by A, B and C, respectively, then
a. O, will be maximum
b. Q, will be maximum



39.

40.

41.

43.

44.

¢. Q. will be maximum

d. 0,=0,=0, (IIT-JEE 2004)
If liquefied oxygen at 1 atmospheric pressure is heated
from 50 K to 300 K by supplyving heat at constant rate,
the graph of temperature vs. ume will be

} . e ———

a. ) b- I

v

C. 1 d. '

(HHT-JEE 2004)
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
q, g/s. If they are connected in series then the rate is g..
The ratio g,/q, is

a. 2 b. 4 c. 172 d. 1/4
(IIT-JEE 2004)
An ideal gas is imtially at P . V| is expanded to P., V, and

then compressed adiabatically to the same volume V|, and
pressure P,. If W is the net work done by the gas in the
complete process. which of the following is true?

a. W>0:.P.>P b. W<0:P,>P,
c. W>0:P. <P d. W P, <P

(HT-JEE 2004)
Variation of radiant ;

energy emitted by sun.
filament of tungsten S~
lamp and welding arc > -
i~ & function of 1t~ —
waivelength as shown in
the n2ure. Which ot the
following opuion 1~ the correct match?
a. Sun - T..wngsten nlament - 7. welding arc - 7,
b. Sun - T.. wungsten tilament - T, welding arc - 7,
c. Sun - 7T..wngsten nlament - 7,, welding arc - T
d. Sun - 7. tungsten flament - 7, welding arc - 7,
(IIT-JEE 2005)
In which of the following processes. convection does not
take place pnmanly”?
a. sca and land breeze
b. boiling of water
¢. heating air around a furnace
d. warming of glass of bulb due to nlament
(IIT-JEE 2005)
A spherical body of area A and emissivity e = 0.6 is Kept
inside a perfectly black body. Total heat radiated by the
body at temperature 7 s

45.

47.

49.

50.

51.

a. 04 AT
¢. 0.6 AT

b. 0.8 cAT"
d. 1.0 oAT*®
(ITT-JEE 2005)
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?
a. From 14.5°C to 15.5°C at 760 mm of Hg
b. From 98.5°C t0 99.5°C at 760 mm of Hg
¢. From 13.5°C to 14.5°C at 76 mm of Hg
d. From 3.5°C t04.5°C at 76 mm of Hg
(ITT-JEE 2005)

. Two litres of water 1in a container i1s heated with a coil

of 1 kW at 27°C. The hd of the container is open and
energy dissipates at the rate of 160 J/s. In how much time
temperature will rise from 27°C to 77°C (given specific
heat of water is 4.2 kJ/kg)?
a. /7 mn

¢. 8min20s

b. 6min2s
d. 14 min
(IIT-JEE 2005)

An ideal gas is expanding such that PT? = constant. The
coefficient of volume expansion of the gas is

i - b = e 2 4 =
T T T T
(IIT-JEE 2008)

. A real gas behaves like an ideal gas if its

pressure and temperature are both high
pressure and temperature are both low
pressure is high and temperature is low
pressure is low and temperature is high

(IIT-JEE 2010)
5.6 litre of helium gas at STP 1s adiabatically compressed
to 0.7 hitre. Taking the initial temperature to be 7, the
work done in the process 1s

S

0 3 15 9
. b. — cq —RT dl o
a. a RT, > RT, g 5 RT
(ITT-JEE 2011)

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

PIIVCN 7 1/4
a. b—:ﬂ ' 4 b. 3?- T
. 4
g? .\l.-’-l
. (TJ T d. ON'*T

(ITT-JEE 2012)
A mixture of 2 moles of helium gas (atomic mass =
4 amu). and 1 mole of argon gas (atomic mass =40 amu)
1s Kept at 300 K 1in a container. The ratio of the rms speeds

v (helium) | .
rms \]H:

V. largon) J



S2,

54.

3S.

b. 0.45 c. 2.24 d. 3.16

(IIT-JEE 2012)

Two moles of ideal gas are in a rubber balloon at 30°C.
The balloon is fully expandable and can be assumed to
require no energy in its expansion. The temperature of the
gas in the balloon is slowly changed to 35°C. The amount
of heat required in raising the temperature is nearly (take
R = 8.31 J/mol.K)

a. 62] b. 104) c. 124

a. 0.32

d. 208
(II'T-JEE 2012)

. 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 24. The temperature difference
between the ends along the x-axis is the same in both the
conhgurations. It takes 9 s to transport a certain amount of
heat from the hot end to the cold end in the configuration
[. The time to transport the same amount of heat in the
configuration 1l s

Configuration Il

Configurauon |

NN/

R
a. 20s b. 3.0s c. 455 d. 6.0s
(JEE Advanced 2013)

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, 1s 4 : 3, The ratio of their densities is
a. |:4 b. 1:2 ¢. 6:9 d. 8:9

(JEE Advanced 2013)
Parallel rays of light of intensity /= 912 Wm - are
incident on a spherical black body kept in surroundings
of temperature 300 K. Take Stefan-Boltzmann constant
0=57x10"Wm™~ K* and assume that the cnergy
exchange with the surroundings is only through radiation.
The final steady state temperature of the black body is
close to
a. 330K

b. 660K ¢ 990K d. I1550K

(JEE Advanced 2014)

Multiple Correct Answer Type

FFor an ideal gas:

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

b. The change in internal energy of the gas and the work
done by the gas are equal in magnitude in an adiabatic
process.

¢. The internal energy does not change in an isothermal
process.

d. No heat is added or removed in an adiabatic process.

(ITT-JEE 1989)

2. Anideal gas is taken from the state A (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:

a. The work done by the gas in process A to B exceeds
the work that would be done by it if the system were
taken from A to B along the isotherm.

b. Inthe 7-V diagram, the path AB becomes a part of a
parabola.

¢. Inthe P-T diagram, the path AB becomes a part of a
hyperbola.

d. Ingoing from A to B. the temperature T of the gas first
increases to a maximum value and then decreases.

(ITT-JEE 1993)

. Two bodies A and B have thermal emissivities of 0.01

and 0.81. respectively. The outer surface areas of the two
bodies are the same. The two bodies emit total radiant
power of the same rate. Wavelength A, corresponding
lo maximum spectral radiancy in the radiation from B
shifted from the wavelength corresponding to maximum
spectral radiancy in the radiation from A, by 1.00 um. If
the temperature of A is 5802 K

a. the temperature of B is 1934 K

b. A,=1.5um

¢. the temperature of B is 11604 K

d. the temperature of B is 2901 K (IIT-JEE 1994)

. From the following statements concerning ideal gas at any

given temperature 7, select the correct one(s).

a. The coefficient of volume expansion at constant
pressure is the same for all ideal gases.
b. The average translational kinetic energy per molecule
of oxygen gas is 3AT, k being the Boltzmann constant.
¢. The mean free path of molecules increases with
decrease in pressure.
d. Inagaseous mixture. the average translational kinetic
energy of the molecules of each component is different.
(IIT-JEE 1995)

S. During the melting of a slab of ice at 273 K at atmosphere

pressure,
a. positive work is done by the ice-water system on the
atmosphere
b. positive work is done on the ice~water system by the
atmosphere
c¢. the internal energy of the ice-water system increases
d. the internal energy of the ice-~water system decreases
(IIT-JEE 1998)

6. Let v. v 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 7. The mass of a molecule is m. Then



8. A black body of temperature —

no molecule can have a speed greater than V2v,,,

no molecule can have speed less than v, /2
'Ir‘F <V< I',nm

& o g s

the average kinetic energy of a molecule is 3/4mv;
(IIT-JEE 1998)

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

of copper and the other of brass. The coefficients of linear
expansion of the two metals are o-and 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
a. proportional to AT

b. inversely proportional to AT

d. inversely proportional to Iﬂ', -0 [
(IIT-JEE 1999)

T 1s inside the chamber of 7,

temperature initially. Sun rays

are allowed to fall from a hole

in the top of the chamber. If the

temperatures of black body (7)

and chamber (7)) remain constant, then

a. Black body will absorb radiation.

b. Black body will absorb less radiation.

¢. Black body will emit more energy.

d. Black body will emit energy equal to energy absorbed by it.
(II'T-JEE 2006)

o

9. Cvand Cp denote the molar specific heat capacities of a

gas at constant volume and constant pressure, respectively.

Then

a. Cp - Cvis larger for a diatomic ideal gas than for a
monatomic ideal gas.

b. Cp + Cv is larger for a diatomic ideal gas than for a
monatomic ideal gas.

¢. Cp/Cv is larger for a diatomic ideal gas than for a
monatomic ideal gas.

d. Cp - Cvis larger for a diatomic ideal gas than for a
monatomic ideal gas. (ITT-JEE 2009)

10. Figure shows the P-V plot of an ideal gas taken through

acycle ABCDA. The part ABC is a semi-circle and CDA
1s half of an ellipse. Then

i Z 3> ¥

a. the process during the path A — B is isothermal

b. heat flows out of the gas during the pathB - C - D

¢. work done during the path A — B — Cis zero

d. positive work is done by the gas in the cycle ABCDA
(IIT-JEE 2009)

11.

12.

13.

14.

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
AV

4V, B
A
Vo 5

T i

a. Internal energies at A and B are the same

b. Work done by the gas in process AB is P,V,In 4

¢. Pressureat Cis P /4

d. Tempcrature at C is T, /4 (II'T-JEE 2010)
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.

0 1L 5L 6l
Heal

— A 8 K E

IL

.
2K ¢ 4X 6K

—_—

iL
—_— - D K

4l

a. Heat flow through slabs A and E is same

b. Heat flow through slab E is maximum

¢. Temperature difference across slab E is smallest.

d. Heat flow through C = heat flow through B + heat flow
through D. (ITT-JEE 2011)

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

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

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

¢. there i1s no change in the rate of heat absorption in

S e e
100 200 300 400 500

range 400-500 K.
d. the rate of heat absorption increases in the range
200-300 K. (JEE Advanced 2013)

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):



The average energy per mole of the gas mixture is 2RT
The ratio of speed of sound in the gas mixture to that
in helium gas is Jtﬁ

¢. The ratio of the rms speed of helium atoms to that of

hydrogen molecules is %

e

d. The ratio of the rms speed of helium atoms to that of
hydrogen molecules is 1/v/2 (JEE Advanced 2015)

15. An ideal monoatomic gas is confined in a horizontal
cylinder by a spring loaded piston (as shown in the figure).
Initially the gas 1s 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 T,, pressure P,
and volume V,. During this process the piston moves oul
by a distance x. Ignoring the friction between the piston
and the cylinder, the correct statement(s) is(are):

) \

\

a. If V,=2V and 7, = 3T, then the energy stored in the

e
Spring 1s ; PV,

b. If V,=2V, and T, = 37,. then the change in internal
energy 1s 3PV,
c. If V,=3V, and T, = 4T, then the work done by the

-
gasis — PV,
3
d. If V,=3V and T, =4T, then the heat supplied to the
17
gas is E—P, V, (JEE Advanced 2015)

Linked Comprehension Type

For Problems 1-3 le——2R —»
A fixed thermally conducting cylinder  # I

has a radius R and height L. The cyl- ¢
inder 1s open at its bottom and has a 1

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 at- l
mospheric pressure is p,,.

(IIT-JEE 2007) J 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

a. p, b. ﬂ_:-
c. p“+M‘g, .p“-Mg,
2 nkR 2 nk

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 1s

a. ( zf’"'ﬁﬂh ]{lL} b. (p"HR*,_MR}{EL}
TR p, + Mg TR p,
a - "1|
c. ("’“”R,*Mg]{m d. ( XS s
TR py TR p,— Mg J

3. The piston is taken completely
out of the cylinder. The hole at
the top 1s sealed. A water tank
1s brought below the cylinder
and put in a position so that
the water surface in the tank
1s 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

a. pglly—H)Y +py(le—H)+Lop, =0
b. pe(ly-H) - p(lo=H)=Lyp, =0
c. pe(lo—-H)Y +p(lo—H)=Lyp, =0
d. pg(L,—H)Y - py(Ly—H)+ Lyp, =0

For Problems 4 and 5

In the figure a container is shown to have a movable (with-
out friction) piston on top. The container and the piston are all
made of perfectly insulating material allowing no heat trans-
fer between outside and inside the container. The container is
divided into two compartments by a rigid partiion made of
a thermally conducting material that allows slow transfer of
heat. The lower compartment of the container is filled with
2 moles of an ideal monatomic gas at 700 K and the upper
compartment is filled with 2 moles of an ideal diatomic gas at
400 K. The heat capacities per mole of an ideal monatomic gas

3 5
are C,. = —_;R, Cp =~ R and those for an ideal diatomic gas are

ey —
T

d 7
CI. :;R.CP=';R.

(JEE Advanced 2014)

4. Consider the partition to be nigidly fixed so that it does not
move. When equilibrium 1s achieved, the final temperature
of the gases will be

a. 550K b, 525K c. 513K d. 490K



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

a. 250R

b. 200R

I0OR d. -100R

Matching Column Type

1. Heat given to process is positive. Match the following
options of Column I with the corresponding options in

Column II:
P(atm)a
) B Gty ¢
20p-=--=-==-~ g === M
_________ : .
= K : j
- L V(m)
10 20
Column 1 r Column-ll_
(@) JK "~ [@ AW>0 _
(if) KL (b) AQ<0
(iiil) LM _ |(c) AW<O
_ghf) M) (d) AQ>0 .
(IIT-JEE 2006)

2. Column I gives some devices and Column Il gives some
processes on which the functioning of these devices
depends. Match the devices in Column I with the processes
in Column 11

(ii)Anidulmnmmnicgﬂ(h)Thcmmnf

expands to twice its orig-|  the gas increases or
inal volume such that its remains constant
pressure P o< 1/V?, where

V is the volume of the

gas.

(ifi) An ideal monatomic
gas expands to twice its
original volume such that
its pressure P o< 1/V*°,
where V is its volume.

(c¢) The gas loses heat

(iv) An ideal monatomic gas|(d) The gas gains heat
expands such that its
pressure P and volume
V follow the behaviour
shown in the graph.

P

|

| S

I—
v

—y ‘

| 2V,

Column 1 1

}

Column I1

(i) Bimetallic strip

(@) Radiation from a hot body _

(ii) Steam engine

(iii) Incandescent lamp

|(b) Energy conversion

(c) Melting

(iv) Electric fuse

" |(d) Thermal expansion of solids

(ITT-JEE 2007)

Column I contains a list of processes involving expansion

of an ideal gas. Match this with Column Il describing the
thermodynamic change during this process.

Column I

l Column 11

- o —— = -

(i) An insulated container

has two chambers sepa-
rated by a valve. Cham-
ber I contains an ideal
gas and Chamber II has
vacuum. The valve is
opened.

L

Lagr e K

ebe® 29

ooy 00 n

Ideal gas Vacuum

(a) The temperature of
the gas decreases

(IT'T-JEE 2008)

4. One mole of a monatomic ideal gas is taken through a

cycle ABCDA as shown in the P-V diagram. Column II
gives the charactenistics involved in the cycle. Match them

with each of the processes given in Column l.

P
: | I
Ly :
P - e B
|
I
|
|
I
|
|
P |- - - — -
c D
! | | v
vV 3V 9V
Column I Column I
(i) ProcessA — B |(a) Internal energy decreases
r(II) Process B — C |(b) Internal énergy increases
(iii) Process C > D  |(c) Heat is lost
(iv) Process D— A |(d) Heat 1s gained
(e) Work is done on the gas
(ITT-JEE 2011)

. One mole of mono-atomic ideal gas i1s taken along two

cyclic processes E-F—-G—E and E-SF—>H-SE as
shown in the PV diagram. The processes involved are
purely isochoric, isobaric, isothermal or adiabatic.




v
32P,} - -
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Match the paths in Column I with the magnitudes of the
work done in Column II and select the correct answer
using the codes given below the lists.

Column 1 Column 11
(i) G-E 1. 160 P, V,In 2
(il) G- H 2.36 P, V,
(i) F-> H 3.24 P, V,
(iv iyVF->GC 4.31P,V,
Codes:

[P | PR | | TR 1
a. 4 3 2 I
b. 4 3 1 2
c. 3 | 2 4
d 1 3 2 4

(JEE Advanced 2013)
Integer Answer Type

1.

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

(IIT-JEE 2009)

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

A diatomic ideal gas is compressed adiabatically to 1/32
of its initial volume. If the initial temperature of the gas
1 7, (in Kelvin) and the final temperature is a7, the value
of a is (IIT-JEE 2010)

Steel wire of length ‘L’ at 40°C is suspended from the
ceiling and then a mass ‘'m’ is hung from its free end. The
wire is cooled down from 40°C to 30°C to regain its original
length *L’. The coetficient of linear thermal expansion of
the steel is 107°/°C. Young's modulus of steel is 10" N/m’
and radius of the wire 1s | mm. Assume that L >> diameter
of the wire. Then the value of “m" in kg is nearly.

ﬁ

-

A thermodynamic system 4
1s taken from an iniial state
i With internal energy U = —
100 J 1o the final state ¢ P
along two different paths
wrand ibr. as schematically | | b
~shown in the figure. The \
work done by the syvstem
along the paths ar. ib and brare W_=200J. W, =50 )
and W = 100 J respectivels. The heat supplied to the
system along the path iaf. ib and bf are Q . Q, and Q,
respectively. If the internal energy of the system in the
state b1s U, = 200 ) and Q_, = 500 J. the ratio Q! Q18
(JEE Advanced 2014)
Two spherical stars A and B emit blackbody radiation.
The radius of A is 400 times that of B and A emits 10

il

, . . (A .
times the power emitted from B. The ratio [A_AJ of their
B

wavelengths A, and A, at which the peaks occur in their
respective radiation curves is

(JEE Advanced 2015)

Assertion-Reasoning Type

1.

In the following question, assertion (A) is given by
corresponding statement of reason (R) of the statements,
mark the correct answer.

a. If both assertion and reason are true and the reason is
the correct explanation of the assertion.

b. If both assertion and reason are true but reason is not
the correct explanation of assertion.

c. If assertion is true but the reason is false.

d. If assertion is false but the reason is true.

Assertion: The total translational kinetic energy of all the

molecules of a given mass of an ideal gas is 1.5 times the

product ot its pressure and its volume.

Reason: The molecules of a gas collide with each other

and the velovities of the molecules change due to the

collision. (IIT-JEE 2007)

Fill in the Blanks Type

1.

. The vanation of temperature

One mole of a monatomic ideal gas is mixed with one
mole of a diatomic ideal gas. The molar specific heat of
the mixture at constant volume is ____ (IIT-JEE 1984)

of a material as heat is given
to it at a constant rate is
shown in the figure. The
material 1s in solid state at
point O. The state of the
material at point P is ;

(ITT-JEE 1985)
During an experiment, an ideal gas is found to obey an
additional law VP = constant. The gas is initially at a
temperature I and volume V. When it expands to a volume
2V, the temperature becomes °C.  (IIT-JEE 1987)

O Heat added —»




4

‘h

10.

11.

12.

300 grams of water at 25°C is added to 100 g of ice at
0°C. The final temperature of the mixture is _
(IIT-JEE 1989)

. The earth receives on its surface radiation from the sun

at the rate of 1400 Wm™. The distance of the centre of
the sun from the surface of the earth is 1.5 x 10", and
the radius of the sun is 7 x 10°* m. Treating the sun as a
black body, it follows from the above data that its surface
temperature is K. (ITT-JEE 1989)
A sohd copper sphere (density p and specific heat ¢)
of radius r at an initial temperature 200 K is suspended
inside a chamber whose walls are at almost 0 K. The

time required for the temperature of the sphere to drop to
100 K is (IIT-JEE 1991)

. A point source of heat of power P is placed at the centre

of a spherical shell of mean radius R. The material of
the shell has thermal conductivity K. If the temperature
difference between the outer and inner surface of the shell
Is not to exceed 7, the thickness of the shell should not
be less than (II'T-JEE 1991)

. A substance of mass M kilograms requires a power input

of P watts to remain in the molten state at its melting
point. When the power source is turned off, the sample
completely solidifies in time 7 seconds. The latent heat of
fusion of the substance is | (IIT-JEE 1992)
A container of volume | m* is divided into two equal parts
by a partition. One part has an ideal gas at 300 K and
the other part is vacuum. The whole system is thermally
1solated from the surrounding. When the partition is
removed, the gas expands to occupy the whole volume.
Its temperature now will be (ITT-JEE 1993)
An ideal gas with pressure P, volume V and temperature
T is expanded isothermally to a volume 2V and a final
pressure P. If the same gas is expanded adiabatically
to a volume 2V, the final pressure is P,. The ratio of the
specific heats of the gas is 1.67. The ratio p,/p, is —_
(ITT-JEE 1994)

Two metal cubes A and B
of same size are arranged
as shown in the figure. §
The extreme ends of the =
combination are maintained
at the indicated temperature.
The arrangement is thermally insulated. The coefficients
of thermal conductivity of A 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 ,

(ITT-JEE 1996)

A ring-shaped tube contains two M, M.
1deal 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 a as shown in the
figure s

A [ B |oC
T

S
(IIT-JEE 1997)

13.

14.

A gas thermometer is used as a standard thermometer for
measurement of temperature. When the gas container of
the thermometer is immersed in water at its triple point
273.16 K, the pressure in the gas thermometer reads 3.0 x
10* N/m’. When the gas container of the same thermometer
1s immersed in another system, the gas pressure reads
3.5 % 10" N/m*. The temperature of this system is therefore
M 3 (IIT-JEE 1997)
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 g, the time taken to melt the

ice will be minutes (latent heat of fusion of ice =
3.3 x 10° J/kg). (II'T-JEE 1997)
True/False Type
1. The root mean square speeds of the molecules of different
ideal gases maintained at the same temperature are the
same. (IIT-JEE 1981)
2. The volume V versus .
temperature 7 graphs for a P
certain amount of a perfect
gas at two pressures p, and p, P;
are as shown in the figure. It /
follows from the graphs that p, B
1s greater than p,. r
(IIT-JEE 1982)
3. Two different gases at the same temperature have equal
root mean square velocities. (ITT-JEE 1982)
4. The curves A and B in the
figure show P-V graphs for T
an i1sothermal and an adiabatic p &"
process of an ideal gas. The B
isothermal process is represented
by the curve A. —
(ITT-JEE 1985)
5. The root mean square (rms) speed of oxygen molecules

(O,) at a certain temperature 7 (degree absolute) is V. If
the temperature 1s doubled and oxygen gas dissociates
Into atomic oxygen, the rms speed remains unchanged.
(IIT-JEE 1985)
Al a given temperature, the specific heat of a gas at
constant pressure 1s always greater than its specific heat
at constant volume. (ITT-JEE 1987)
Two spheres of the same material have radii | m and
temperatures 4000 K and 2000 K, respectively. The energy
radiated per second by the first sphere is greater than that
by the second. (IIT-JEE 1988)

Subjective Type

li'

A composite rod 1s made by joining a copper rod, end

to end, with a second rod of different material but of the
same area of cross section. At 25°C, the composite rod is
| m long and the copper rod is 30 cm long. At 125°C the
length of the composite rod increases by 1.91 mm. When
the composite rod is prevented from expanding by holding



it between two rigid walls. 1t 1s found that the constituent
rods have remained unchanged in length in spite of rise
of temperature. Find Young's modulus and the coetficient
of linear expansion of the second rod (Y of copper = 1.3
x 10" N/m* and a of copper = 17 x 10°/K).

(IIT-JEE 1979)
A body of mass 2 kg i1s being dragged with a uniform
velocity of 2 m/sec on a rough horizontal plane. The
coefficient of friction between the body and the surface
1s 0.20, J = 4.2 J/cal and g = 9.8 m/sec’. Calculate the
amount of heat generated in 5 sec. (IIT-JEE 1980)

. A lead bullet just melts when stopped by an obstacle.

Assuming that 25 per cent of the heat is absorbed by
the obstacle, find the velocity of the bullet if its initial
temperature is 27°C.

(Melung point of lead = 327°C, specific heat of lead = 0.03
calories /gm/°C, latent heat of fusion of lcad = 6 calories
/gm, J = 4.2 joules / calorie). (ITT-JEE 1981)
A cyclic process ABCA shown in the V-T diagram (fig)
1s performed with a constant mass of an ideal gas. Show
the same process on a P-V diagram (1981)

VA
o€ B
V -7

-

. Anideal gas is enclosed in a vertical cvlindrical container

and supports a freely moving piston of mass M. The
piston and the cylinder have equal cross-sectional area
A. Atmospheric pressure is P, and when the piston is
in equilibrium. the volume of the gas is V. The piston
1Is now displaced shightly from equilibrium position.
Assuming that the system is completely isolated from
its surroundings, show that the piston executes simple
harmonic motion and find the frequency of oscillation.

(ITT-JEE 1981)
Calculate the work done when one mole of a perfect gas is
compressed adiabatically. The initial pressure and volume
of the gas are 10* N/m” and 6 litres respectively. The final
volume of the gas is 2 litres. Molar specific heat of the gas
at constant volume is 3R/2. (ITT-JEE 1982)
A solid sphere of copper of radius R and a hollow sphere
of the same material of inner radius r and outer radius A
are heated to the same temperature and allowed to cool
in the same environment. Which of them starts cooling
faster’ (HT-JEE 1982)

. One gram mole of oxygen at 27° and one atmospheric

pressure 1s enclosed in a vessel.
i. Assuming the molecules to be moving with v, .
find the number of collision per second which the

10.

11.

12.

13.

molecules make with one square-metre arca of the
vessel wall,

Il. The vessel is next thermally insulated and moved
with a constant speed v,. It 1s then suddenly stopped.
process results in a nise of temperature of the gas by
| °C. Calculate the speed v, (IIT-JEE 1983)

. The rectangular box shown in the figure has a partition

which can shde 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 V, and temperature 7. The chamber on the left is
slowly heated by an electric heater. The walls of the box
and the partition are thermally insulated. Heat loss through
the lead wires of the heater is negligible. The gas in the
left chamber expands pushing the partition until the final
pressure in both chambers becomes 243 P /32. Determine
(1) the final temperature of the gas in each chamber and
(1) the work done by the gas in the right chamber

(IIT-JEE 1984)
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 1s placed 1n 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.

(ITT-JEE 1985)
An electric heater is used in a room of total wall area
137 m" to maintain a temperature of +20°C inside it.
when the outside temperature is =10°C. The walls have
three ditferent layers materials. The innermost layer is of
wood of thickness 2.5 ¢m. the middle layer is of cement
of thickness 1.0 ¢cm and the outermost layer 1s of brick of
thickness 25.0 ¢m. Find the power of the electric-heater.
Assume that there is no heat loss through the floor and
the ceiling. The thermal conductvities of wood, cement
and brick are 0.125. 1.5 and 1.0 wat/m/°C respectively.

(IIT-JEE 1986)
An 1deal gas has a specific heat at constant pressure

SR . . .
Cp= e The gas is kept in a closed vessel of volume

0.0083 m’, at a temperature of 300 K and a pressure of
1.6 x 10° N/m*. An amount of 2.49 x 10 joules of
heat energy is supplied to the gas. Calculate the final
temperature and pressure of the gas.  (IIT-JEE 1987)

Two moles of helium gas (¢ = 5/3) is initially at
temperature 27°C and occupies a volume of 20 L. The gas
Is first expanded at constant pressure until the volume is
doubled. Then. it undergoes an adiabatic change until the
temperature returns to its initial value.



a. Sketch the process on a P-V diagram.
b. What are the final volume and pressure of the gas?
¢. What is the work done by the gas”

(ITT-JEE 1988)

14. An ideal monatomic gas is confined in a cylinder by

15.

16.

b

a spring-loaded piston of cross section 8 x 107" m”.
Initially, the gas is at 300 K and occupies a volume of
2.4 x 10" m" and the spring is in its relaxed (unstretched,
uncompressed) state (see figure). The gas 1s 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 joule) by the heater. The force constant of
the spring is 8000 N/m. aimospheric pressure 1 x 10° N/m".
The cylinder and the piston are thermally insulated. The
piston is massless and there is no friction between the
piston and the cylinder. Neglect heat loss through the lead
wires of the heart. The heat capacity of the heater coil is
negligible. Assume the spring to be massless.

Open
atmosphere
§ S Rigid
Piston
(II'T-JEE 1989)

An 1dcal gas having imual pressure P, volume V and
temperature 7 1s allowed to expand adiabatically until its

- ' §
volume becomes 5.66 V while its temperature falls to =

-

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

Three moles of an ideal gas (C, = 7/2R) at pressure P, and
lemperature 7, 1s isothermally expanded to twice its initial
volume. It is then compressed at constant pressure to its
original volume. Finally, the gas 1s compressed at constant
volume to its oniginal pressure P,.
a. Sketch P-V and P-T diagrams for the complete
process.
b. Calculate the new work done by the gas and net heat
supplied to the gas during the complete process.
(II'T-JEE 1991)
Two moles of helium gas undergoes a cyclic process as
shown in the figure. Assuming the gas to be ideal, calculate
the following quantities in this process.

18.

19.

20.

P
4 A B
2aimt--- B
A Y
| atm - -I-), < &
? —_» T
300 K 400 K'
a. The net change in the heat energy.
b. The net work done.
¢. The net change in internal energy. (IIT-JEE 1992)

A cylindrical block of length 0.4 m and area of cross
section 0.04 m" is placed coaxially on a thin metal disc of
mass 0.4 Kg and the same cross section. The upper face of
the cylinder is maintained at a constant temperature of 400
K and the initial temperature of the disc is 300 K. If the
thermal conductivity of the material of the cylinder is 10
watt/m-k and the specific heat of the material of the disc
1s 600 J/kg-K, how long will it take for the temperature
of the disc to increase to 350 K? Assume, for purpose of
calculation, the thermal conductivity of the disc to be very
high and the system to be thermally insulated except for
the upper face of the cylinder. (IIT-JEE 1992)

One mole of monatomic 1deal gas is taken through the
cycle as shown in the figure.

Y A

T A

P

> X

0 V —»
A—B adiabatic, expansion
B—(C cooling at constant volume
C—D adiabatic compression
D—A heating at constant volume
The pressure and temperature at A, B, etc., are denoted
by P, P, ...and, T,, T, ... T, respectively. Given that
T,=1000K, Py=(2/3)P, and P = (1/3)P,.
Calculate the following quantities:
a. The work done by the gas in process A—B.
b. The work done by the gas in process B—C.
¢. The temperature T,

(Given that (2/3)*° = 0.85) (IIT-JEE 1993)
An 1deal gas 1s taken through a cyclic thermodynamic
process through four steps. The amounts of heat involved
in these steps are Q, =5960J, Q,=-5585J. Q,=-2980)
and Q, = 3645 J respectively.

The corresponding quantities of work involved are W, =
2200 ), W, =-825J, W, =-1100 J and W, respectively.



21.

22,

23.

1. Find the value of W,

2. What is the efficiency of the cycle (IIT-JEE 1994)
A closed container of volume 0.02 m. contains a mixture
of neon and argon gases, at a temperature of 27°C and
pressure of 1 x 10° Nm™. The total mass of the mi\ture
1s 28 g. If the molar masses of neon and argon are 20 and
40 g mol ' respectively. find the masses of the indin idual
gases in the contaiper assuming them to the ideal 1 Uninersul
gas constant R = 8.314 J/mol K. (ITT-JEE 1994)
A gaseous mixture enclosed in a vessel of volume |
consists of one mole of a gas A with ¥= C/C,)=5/3 and

-
another gas B with y = . at a certain temperature 7. The

relative molar masses of the gases A and B are 4 and 32,

respectively. The gases A and B do not react with each

other and are assumed to be ideal. The gaseous mixture

follows the equation PV'"" = constant, in adiabatic

processes.

a. 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 =300 K.

¢. If Tis raised by 1K from 300 K, find the % change in
the speed of sound in the gaseous mixture.

d. The mixture is compressed adiabatically to 1/5 of

its 1nitial volume V. Find the change in its adiabatic
compressibility in terms of the given quantities.
(IIT-JEE 1995)
At 27°C two moles of an ideal monoatomic gas occupy a
volume V. The gas expands adiabatically to a volume 2V.
Calculate (i) the final temperature of the gas, (ii) change
in its internal energy, and (iii) the work done by the gas
during this process. (IIT-JEE 1996)
The temperature of 100 g of water is to be raised from
24°C 10 90°C by adding steam to it. Calculate the mass
of the steam required for this purpose.

(IIT-JEE 1996)

25. A double-pane window used for insulating a room

thermally from outside consists of two glass sheets each
of area | m* and thickness 0.01 m separated by a 0.05 m
thick stagnant air space. In the steady state, the room glass
inter-face and the glass-outdoor interface are at constant
temperatures of 27°C and 0°C respectively. Calculate
the rate of heat flow through the window pane. Also
find the temperatures of other interfaces. Given thermal
conductivities of glass and air as 0.8 and 0.08 Wm 'K '
respectively. (IIT-JEE 1997)

26.

29.

One mole of a diatomic ideas gas (y= 1.4) is taken through
a cyclic process starting from point A. The process A — B
s an adiabatic compression, B — C is isobaric expansion,
C — D is a adiabatic expansion, and D — A is isochoric.
The volume ratios are V,/V, = 16 and VJV, = 2 and
temperature at A is 7, = 300 K. Calculate the temperature
of the gas at the points B and D and find the efficiency of
the cycle. (HIT-JEE 1997)

. The apparatus shown in the figure consists of four glass

columns connected by horizontal sections. The height of
(wo central columns B and C are 49 cm each. The two
outer columns A and D are open to the atmosphere. A
and C are maintained at a temperature of 95°C while the
column B and D are maintained at 5°C. The height of the
liquid in A and D measured from the base the are 52.8
cm and 51 cm respectively. Determine the coefficient of
thermal expansion of the liquid.

—

A B C D
95°C - . O 95°C = b 08

(IIT-JEE 1997)
A sample of 2 kg of monatomic helium (assumed ideal)
Is taken through the process ABC and another sample of
2 kg of the same gas is taken through the process ADC as
shown in the figure. Given molecular mass of helium = 4.

a. What is the temperature of helium in each of the states
A, B, Cand D?

b. Is there any way of telling afterwards which sample
of helium went through the process ABC and which
went through the process ADC? Write yes or no.

¢. How much is the heat involved in each of the processes
ABC and ADC?

A

T 1o} S
P A A
LT e I~ TS
(107" Nm ") A fﬂ

0 & . >
10 20

Vim') —¥»

(IIT-JEE 1997)
A solid body X of heat capacity C is kept in an atmosphere
whose temperature 7, = 300 K. at time r = 0 the temperature
of X is T,=400 K. It cools according to Newton's laws of
cooling. At time 7,. its temperature 350 K.
At this time (r)). The body connected to a large box Y at
atmospheric temperature through a conducting rod of
length L. cross-sectional area A and thermal conductivity
K. The heat capacity of Y is so large that any variation in
Its temperature may be neglected. The cross-sectional area
A of the connecting rod is small compared to the surface
arca of X. Find the temperature of X at time 1 = 31,

(IIT-JEE 1998)



30.

31.

33.

Two moles of an ideal monatomic gas, initially at pressure

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

its volume is V,. Then the gas is given heat Q at constant

volume V,.

a. Sketch the complete process on a p-V diagram.

b. Find the total work done by the gas, the total change
in 1ts internal energy and the final temperature of the
gas. [Give your answer in terms of p,. V. V.. Q and
R] (ITT-JEE 1999)

Two moles of an ideal monatomic gas is taken through

a cycle ABCA as shown in the P-T diagram. During the

process AB, pressure and temperature of the gas vary such

that PT = constant. If T, = 300 K, calculate

a. the work done of the gas in the process AB, and

b. heat absorbed or released by the gas in each of the process.
Give answers 1n terms of the gas constant R.

An ice cube of mass 0.1 kg of 0°C is placed in an isolated
container which is at 227°C. The specific heat § of the
container varies with temperature 7 according to the
empirical relation § = A + BT, where A = 100 cal/kg-K
and B = 2 x107~ cal/kg-K". 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 = 10’ cal/kg-K).

(II'T-JEE 2001)
A 5 m long cylindrical steel wire with radius 2 x 107" mis
suspended vertically form a ngid support and carries a bob
of mass 100 kg at the other end. If the bob gets snapped,
calculate the change in temperature of the wire ignoring
radiation losses. (For the steel wire: Young's modulus =
2.1 x 10" Pa; density = 7860 kg/m"; specific heat = 420
J/kg-K). (IIT-JEE 2001)

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

. V %
volume ratios are Fﬂ- =2 and —2 = 4. If the temperature

A v:l

I1.2tA is 27°C.

Calculate,
a. the temperaturc of the gas at point B.
b. heat absorbed or released by the gas in each process.
¢. the total work done by the gas during the complete
cycle.
Express your answer in terms of gas constant R.
(ITT-JEE 2001)

. A cubical box of side | meter contains helium gas (atomic

weight 4) at a pressure of 100 N/m". During an observation
time of | second. an atom travelling with the root-mean-
square speed parallel 1o one of the edges of the cube, was

found to make 500 hits with a particular wall. without
25
any collision with other atoms. Take R = TJ!mnl*K and

k=138x 107" J/K.

a. Evaluate the temperature of the gas.

b. Evaluate the average Kinetic energy per atom.

¢. Evaluate the total mass of helium gas in the box.
(ITT-JEE 2002)

An insulated container containing monatomic gas of molar

mass M is moving with a velocity v,,. If the container is

suddenly stopped. find the change in temperature.
(ITT-JEE 2003)

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 1 = 5 mm, emissivity = 0.6.

Temperature of the top of the lid is maintained at 7, =

127°C. If the ambient temperature 7, = 27°C.

Calculate (IIT-JEE 2003)

T,= 127°
bt el

—
-

T.=21°C
—~_ Hot Ol

1

a. rate of heat loss per unit area due to radiation from the
lid.

e Vs |7 8
b. temperature of the oil. lGn'cn o= 3 x 10 h]

38. A diatomic gas i1s enclosed in a vessel hitted with massless

movable piston. Area of cross section of vessel is Im”,
Initial height of the pistonis 1 m (see the figure). The imual
temperature of the gas is 300 K. The temperature of the gas
i1s increased to 400 K, keeping pressure constant, calculate
the new height of the piston. The piston is brought to its
initial position with now heat exchange. Calculate the final
temperature of the gas. You can leave answer infraction.

(ITT-JEE 2004)
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39. A cylindrical rod of length I, thermal conductivity K
and area of cross section A has one end in the furnace
at temperature 7, and the other end in surrounding
at temperature T,. Surface of the rod exposed to the
surrounding has emissivity e. Also T, = T, + AT and
T;>> AT.If f, - T = AT, find the proportionality constant.

4 temperature of the mixture (in Kelvin).
T Iy Insulation Given, L, = 80 cal/g = 336 J/g
L =540 cal/g = 2268 J/
F'I.“t'lm (IIT'JEE 2'"]4} s apounzahon ca g g
S..=2100J/kg-K= 0.5 cal/g-K
And S_ . =4200J)kg-K =1 cal/g-K (IIT-JEE 2006)
ANSWER KEY
JEE Advanced
Sir;glehCnrrec;Answer 1?” L b , Linked Comprehension Type
L A A - ey 1. a. 2 d; 3 c 4. d. T
6.b. 7.c.  8d 9 b 10 b = ) &
1.d. 12.b. 13.d 14 b 15 c Matching Column Type
16. c. 17. 4. 18. a. 19. c. 20. d. 1. (f}ﬂtbl:{iil-fa]. (d); (m) = (d); (1v) = (b), (¢)
21. d. 22. d. 23. d. 24. a. 1€ o 7 & (f]—tdl:{iil-th:{iii}—(a}.{h}; (1v) — (b). (¢)
26. a. 27. b. 28. b. 29. a. 30. b. 3. () = (b): (i) - (a). (c): (iii) - (@), (d): (iv) - (b), (d)
3L a. 32. a. 33. a 4. c 35, c. 4. (1)-ta). (c), (e), (1) —(a), (¢c): (i11) = (b), (d); (iv) - (c), (e)
36. None 37. b. 38. b. 39, ¢ 40. d. §. (a) (1) = (4); (i) = (3); (i) = (2); (iv) = (1)
41. b. 42. a. 43. d. 4. c. 45. a. Integer Answer Type
46. c. 47. c. 48. d. 49. a. 50. c. 1. (9) 2. (9) 3. (4) 4. (3) 5. (2)
51. d. 52. d. 53. a 54. d. 5S8. a. 6. (2)
Multiple Correct Answers Type Assertion-Reasoning Type
1. a.b.c.d. 2. d, b d. 3. d, b. 4. a,c. 1. b
5. b.c. 6. c.d. 7. b. d. 8. a d
9. b.d. 10. b.d. 11. a.b. 12. a,c.d. True/False Type
13. a.b.c.d. 14. a..b..d. 15. a..b..c. 1. False 2. False 3. False 4. True 5. False

40. A cubical block of co-efficient of linear expansion @,
Is submerged partially inside a liquid of co-efficient of
volume expansion ¥. 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 7,

(IIT-JEE 2004)

41. A metal of mass ! kg at constant atmospheric pressure
and at imitial temperature 20°C 1s given a heat of 20000
J. Find the following:

a. change in temperature

b. work done

¢. change in internal energy

(Given: Specific heat =400 J/kg/C. coefficient of cubical
expansion, y= 9 x 10°/°C. density p = 9000 kg/m’.
atmospheric pressure = 105 N/m°) (IIT-JEE 2005)

42. In an insulated vessel, 0.05 kg steam at 373 K and
0.45 kg of ice at 253 K are mixed. Find the final

6. True 7. True



Subjective Type

1. 1.205 x 10" N/m*, 2 x 10°* per °C
2. 9.33 cal 3. 409.87 m/s
4. P‘ A R B 5- A pﬂy
2n \ VM
Y
C
>V
6. -973.11J 7. Hollow sphere
8. (1) 1.97x 10" (ii) 36 m/s

10.
13.
14.
16.
17.
19.
20.
21.
22.

g

'
L

29

(1) 7,=129T,7T,=2.257,
83.75cm Hg 11. 9000 W
(b) 113 L. 0.44 x 10° N/m’
800 K, 720 ) 15. ) f=5
(b) 0.58 RT,

(a) 11521 (b) 1152) (c)zero 18. 166.38 sec
(a) 1869.75) (b)5297.6] (b)500K

(1) 7651 (1) 10.82%

Mass of Neon=4 g .. Mass of Argon=24 ¢

(a) 2 mol (b) 400.03 ms™

]
(¢c)| — |%
2 (6J

() 189K (i) 2767 (i) 2767
12 g 25. 41.54 J/s, 26.48 °C, 0.52 °C
T,=909K.7,=791K.614%  27. 6.67x10"°C"

(ii) ~15.58T, joule

(c) 12459
(i1) 1.25 PV

(d) -827x10°V(Pa')

T,=240.68 K
(b)No (c)Q,,r=3.25x10°),0,,,=2.75 % 10°)
- NAY

. T=[300+12.5¢ L ] Kelvin

12. 375K, 3.6 x 10°Nm -

(a)T, = 120.34 K, T, = 240.68 K. T, = 481.36 K.

31.
32.

35,

39.

40.
42.

C Heating at constant
B Volume Vs

Adiabalic
Compression

2137
" 3 V
“I} ﬂUTmul::;Plvl ]—(FI )

2R 3R

(a) 1200R (b) Q,,=-2100R, @, = IS00R. O, =831.6R
0.495 kg 33. 0.00457 °C

{Ii” TFln.III -

. (a) 600 K

(b) (1) 1500R (1) 831.8 R (111) <900 R (1iv) -831.8 R
(c)600 R
(a) 160 K

(b) 3.312x 107" ) (c) 0.3012 gm

AT = mV"‘
3R
3§

4 43"
—m,m[i] K
3 3

37. (a) 595 Watym" (b)419.83 K

L 40AIT’
The proportionality constant = [I + : }

K

41.(a) 50°C (b) 0.05J (c) 1999995

?=2

273 K



HINTS AND SOLUTIONS
JEE Advanced
Single Correct Answer Type

2KA(T, -T) _ kA(T -T,)
L L
T, T T,

1.b. H =

= 2T,-3T=-T,
Adding 7, on both sides:
37,-3T=T,-T,
— TI -T= I!_.i
3
iy =12°C
3

2. a. Work done during the cycle = area enclosed in the curve

=(2P-P)(2V-V)=PV
3-‘- rﬂ'l:‘l.'h = EH—
VI M

Room temperature, 7= 300 K

i
3
'930:\[”3'3“;0 % 300

M=2g

or the gas is H,.
4.b. Q, =nC,AT
Q. =nC.AT

0, C

I
Q ¢ v
Q. =Q =E=5{}cul
S A I
5.a. Heat required.
Q=(1.14+002)x 10" x 1 x (80 - 15) = 72800 cal
Let m gram of stcam is condensed, then heat loss
=mx540+mx 1 x 20
=560 m
Heat loss = Heat gain
= 560 m =72800
= m=130g=0.130kg

6. b. ¥ =5/3 means gas is monatomic or C,, =%R

¥, = 7/5 means gas 1s diatomic or C, =5/2R
C, (of the mixture) '

3 5
_ ﬂlcl; +ﬂ3cv_, _{[](ER)+{I)[2}R=2R




C, (of the mixture) = C, + R = 3R
_Cp 3R _

1.5
Tmuniure C, 2R

7.c. Let R and R, be the thermal resistances of inner and outer por-

tions. Since temperature difference at both ends is same, the
resistances are in parallel. Hence,

-

N
—_— e e —
xm::nz} _ x,mﬂ’;+ K,(37R*) o 23Ktk
! ! 4

8.d. The desired fraction is

AU nC, AT C,
AQ nC,AT C,

[f=

:
Y

5
st

-3

9.b. The average speed of molecules of an ideal gas is given by

IBRT
Sy = [—
aM

e, <v>oeyT for same gas.

Since temperature of A and C are same, average speed of O,
molecules will be equalinAand C ie., v,

[ﬂ] =(92) r)
Ar e Ar Jea
MG2T-T.) kAT -T) a
a ﬁu
Solve to get

T

3
— B a C
T 32 +1 N2T

Yia

11. d. According to Stefan’s law

AQ = e0AT ' A1
also AQ = mcAT = AQ = mcAT = ecAT At

=ﬁ}"_ﬂIAT"_m‘I" 3m A
4mp

=)

Al mc mc

13.

When temperature is increased from 120 K to 480 K (i.e., four
times), the root mean square speed will become V4 or 2 times,
LC.; 2v.

d. The formula for average kinetic energy is

— 3

(KE)=5KT
(KE) oy _ 600
(KE),ox 300

= (KE),, =2x6.21x107')=1242x107%]
Also the formula for rms velocity is

3KT

m

(C o Jsoox _ [600

C

——
mas

(Cn'.l.'h }.'!'WK 300
= (€, Jeoox = V2 X 484 = 684 m/s

14. b. According to Wein's displacement law, A_T = constant where

15. c.

16. c.

17. d.

4. 1s the wavelength for which intensity of radiation emitted is
maximum

(A)sTs = (A )Ins X Ts

S =sun
NS = north star

TS .__{AI'H)NE_;S_U_
Tas  (A,)s 510

Average translational kinetic energy of an ideal gas molecule
is 3/2KT which depends on temperature only. Therefore if the
temperature is the same, translational kinetic energy of O, and
N, both will be equal.

nRT
P=T or PeT

= 0.69

PV =nRT or

If V and n are the same. Therefore, if T is doubled, pressure
also becomes two times, i.e., 2P.

The energy radiated per second by a black body is given by
Stefan’s law,

E:aT‘xA
[

where A is the surface area of the black body

E=a’:"‘x4m':
[

Since black body is a sphere, A = 477
Case (i)

?:450. T =500 K,

r=0.12m,

450 = 4720(500)* (0.12)? ®

Case (ii)
E

— =17,
I

Dividing Eq. (i1) by Eq. (i), we get
Elt _(1000)'(0.06)> 2%
450  (500)*(0.12)> 22

T=1000K, r=0.06m (1)

4



=450x4 =1800 W

—

g
!

18. a. Average kinetic energy per molecule per degree of freedom =
1/2kT. Since both the gases are diatomic and are at same tem-
perature (300 K), both will have the same number of rotational
degree of freedom, i.e., two. Therefore, both the gases will
have the same average rotational kinetic energy per molecule

=2x%kT=kT

Thus, the ratio will be 1:1.
19. c. Process is isothermal. Therefore, T = constant. Volume is

increasing; therefore, pressure will decrease (p oc l] :
In chamber A — v

n,RT RT
Ap=(p,); —(py), = ~A— -~

14 2V

RT
= -,-I—d—--— .
v (1)

In chamber B —
naRT n.RT
1.54p = (pg); —(pg); = Jv - ﬂV
_ ngRT
2V
From Egs. (i) and (ii),

(1)

20. d. A is free to move; therefore, heat will be supplied at constant

pressure.

dQ, =nCpdT, (1)
B 1s held fixed, therefore, heat will be supplied at constant
volume.

dQy = nC,dTy (11)
But dQA - an

nCpdT, =nC, dT,

C
dT, =| =L |dT
= &2 o
= ndT,) [y= 1.4 (diatomic))
(dT, = 30 K)
=(1.4) (30K)
dT, =42 K

21. d. Wien's displacement law is

AT=b

(b = Wien's constant)

A _b _2388x10°nm-K
T 2880 K

A=1000 nm
Energy distnibution with wavelength will be as follows:

E, &

» A(nm)

From the graph it is clear that

U,> U, (in fact U, is maximum)
22. d. The internal energy of n moles of agas is y = %nFRT

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

N, = % x2x SRT =SRT (F = 5 for oxygen molecule)

Total internal energy of 4 moles of argon at temperature 7 1s
= u, =%x4x3RT=6RT

Total internal energy = u, + u, = | IRT
23. d. Here TV"" ' = constant

As Y=5/3, hence TV* = constant

Now T\L;"" =TL,"" (vVel)
2/3
T.
Hence — =[&]
L AL
24. a.
Temp.
100° 100°
T /W.un' Steam
0° 0*
Ice Water
-[': —— Heat supplied
25. ¢. We know that V/T = constant
VAV Y or VI +TAV=VT+VAT
T+AT T
Vv
or TAV =VAT or ﬁ—=l
VAT T

This is represented by graph (c).



26. a. Work done is equal to area under the curve on PV diagram. (a)
is the correct option.

27. b. According to Wien's law, AT = constant.
From the graph

A<h <k
L>T,>T,

28.b. Let 8°C be the temperature at B. Let Q be the heat flowing per
second from A to B on account of temperature difference by
conductivity.

m —
0- [9:} 9 ()

where k = thermal conductivity of the rod, A = Area of cross
section of the rod, / = length of the rod. By symmetry, the
same will be the case for heat flow from C to B.

~. The heat flowing per second from B to D will be

2Q0= M(f—m (ii)

Dividing Eq. (ii) by Eq. (i)

V)
2 = — = 60°
g0 0=60°C

29. a. From the first law of thermodynamics
dQ = dU + dW
Here dW = 0 (given)
dQ =dU
Now since dQ < 0 (given)
dQ 1s negative = dU = —ve
= dU decreases = Temperature decreases.
. The correct option is (a).
30. b. For adiabatic process, PV” = constant

&

For monatomic gas, y= -2 =1.67
Cll

For diatomic gas, y=14

Since  Yauaomic < Ymonaomic . S0 with increase in volume.,
decrease in pressure will be more for monatomic gas.

=> Graph | is for diatomic and Graph 2 is for monatomic.
Correct option is (b).

31. a. For cyclic process,

Qcyetic =Wag + Wy + W,
=10J+0+W., =5) =W, =-5]
32. a. PV = constant

Differentiating, fav ==V
dP

1\ dV !
P= (VJ(dPJ"[p] = Pxp=l
Therefore, the graph between B and P will be a rectangular
hyperbola. (a) is the correct option.

33. a. When the temperature of black body becomes equal to the
temperature of furnace, it will radiate maximum energy, so
it will be brightest. Initially it will absorb all radiations. so
it will be darkest.

3. c. 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 Kirchhoff's law, a good emitter is a
good absorber as well.

R -

35. ¢. The length of each rod increases by the same amount

Al, =Al, =lot=Lar

-—-a!—zmi =:f3-+l=5-;+l

L q l *

L+l @+¢ _ h __ &«
I, & h+lh, o+q

36. None. Process AC cannot be adiabatic, because in adiabatic
expansion, lemperature decreases.

37. b. Heat required to convert 5 kg of water at 20°C 10 § kg of water
al0°C=mC AT =5x 1 x 20 = 100 kcal.
Heat released by 2 kg ice at -20°C to convert 2 kg of ice at 0°C
=mC_AT = 2 x 0.5 x 20 = 20 kcal.
How much ice at 0°C will convert into water at 0°C for giving
another 80 kcal of heat Q = mL

=80=mx80=>m=1kg
Therefore, the amount of water at 0°C = 5kg + | kg = 6 kg.
Thus, at equilibrium we have

(6 kg water at 0°C + 1 kg ice at 0°C)
38. b.Weknowthat A T=c A,<A,<A,

So. TA > Tﬂ > T;t

ST S M }

-3:4:10"'



Q = ecAT" (e =1 black body)
Q = oAT*

Cl
27x107%®

Q, = om2x107%)* x

1

C-l-
64 x 107

and Q, =om4x107) x

1

Cl-.
625 x 1072

From comparnison, Q, is maximum.

39. ¢. Temperature of liquid oxygen will first increase till boiling
point.
Then phase change will take place from liquid to gas during
which temperature remains same. After this temperature of
gascous oxygen will further increase. All this is correctly

Qp = om6x107)? x

shown by graph (¢).
K2A(100
40. d. q, = : )
o A(100)  KA(100)
= -
[0 21
k k
9 _ KA(100) o l !
q 20 K2A(100) 4
1o°c (X Al oec
S [
K A]
K AIK A
100°C — IO“C
e

41. b. In the first process W is +ve as AV s +ve, in the second process
Wis —ve as AV is -ve and area under the curve of second pro-
cess i1s more. Therefore, the net work < 0 and also P, > P,.

—
v, Vi

L. a According to Wien's displacement law
.. % T = constant

e A <A <A

=T.>T.>T

- -_— o e e e e e e

]
i
L]
L)
]
]
I
i

- .. -

I,

2’-.! A-: A'Hl

The temperature of the sun is higher than that of the welding
arc which in tumn is greater than the tungsten filament. (a) is the
correct option.

43. d. Heating of glass bulb through filament is through radiation.

44. c. Heat radiated at temperature 7:

Q = e0AT = 0.60AT"

45. a. One calorie is the heat required to raise the temperature of 1 g
of water from 14.5°C 10 15.5°C at 760 mm of Hg.

46. c. As shown in the figure, the net heat absorbed by the water to
raise its temperature = (1000 - 160) = 840 J/s. Now, the heal
required to raise the temperature of water from 27°C to 77°C is
Q = mcAT = 2 x 4200 x 50 J. Therefore the time required

=2x42mx50=5m5
840

1=
840

=8 min 20s

SRR R E E R ERE R E B B

- R
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I I
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47. c. pT? = constant

(ﬂ ]Ir"I = constant

v
7°v ! = constant

Differentiating the equation, we get

2 i
LI
v TV
34T = —av (i)
V

From the equation, dV = VT
y= coefficient of volume expansion of gas = dV/VdT.

.o dv 3
From Eq. (1), ?-VdT I
48. d. Theory based

49. a. Number of moles of He = 5.6/22.4 = 1/4
Now T(5.6)"'=T,0.7)""

2/3
T, =T,(l] = 4T, =T,
! 8



I
"RII;'TII=4R[3?]]:

Work done = - = k. RT,
il - 8
3
50. c.
> -
2t ' 2T

In steady state energy absorbed by middle plate is equal to

energy released by middle plate.

oA(3T)* - cA(T")* = cA(T")* - 6A(2T)*

GTY -(T")" =(T") =Q2T)"

T =06+80nT*

174
(2"
3RT
51.d. rm“l* =va’ = Mac = @:
Vo, lg__R__T My, \J 4
V m&f

m

54.d. pV = yRT = —RT
M

= PM = pRT
A _RM _(R x[f‘fn]_ixi-ﬁ
P PAM, P, M.) 3 3 9

Here p, and p, are the densities of gases in the vessel contain-
ing the mixture.

55. a. Rate of radiation energy last by the sphere = rate of radiation
energy incident
=0 4nr) [T -(300)* | =912 x 71
912
oxT'=0(300)"+ 0
912
(4x57x107Y)

T*=(300)" +

ﬁ
b

% 10"
N

= (300)* + 9
22

= (300)* + (40 x 10%) = (81 + 40) x 10
=121x10* . T=330K

Multiple Correct Answer Type

l.a, b, c,d.
AU =nC AT — for any process
In adiabatc process: AQ = 0,50 AU = -Aw = AUl = [Awl
In 1sothermal process, AT =0, so AU =0

2.a,b,d.
Work done by the gas in the process A to B exceeds the work
that would be done by it if the system were taken from A o B
along the 1sotherm. This is because the work done 1s the area
under the P-V indicator diagram. As shown, the area under the
graph in the first diagram will be more than that in the second
diagram. When we extrapolate the graph shown in figure(a), let
P, be the intercept on the P-axis and V, be the intercept on the
V-axis. The equation of the line AB can be written as

A Pa
P
" Isothermal
P ==y process
% \ B
V 2V, 'p' ll*' 21*' *V
(a) (b)
Py _
P=—=V+P [ v=mx+c| (1)
Vo
To find a relationship between P and 7, we use
PV =RT =1’=E (11)
F
From Eqgs. (i) and (i1),
= - il P i + £,
Vo P

= P*V, - PPV, = -P,RT (iii)



Relation between P and T is the equation of a parabola.
Also PV=RT

_RT
4
From Eqgs. (i) and (ii),

| A

(1)

=Rr=—f¢tv1+ﬂ,v (iv)
0

The above equation is of a parabola (between T and V)

r=-0y2, 5y
V,R R

Differentiating the above equation w.r.t. V we get

dVv VoR R
when £ =0,
dVv
then ixlb’:i -_-'a"l,»’=ﬁ
VoR R 2
2 -
Also dzT = ZP"- = —-ve
d’Vv VR

= V= V,/2 is the value of maxima of temperature
Also PV, =PV, =2T,=T, (From Boyle's law)

= In going from A o B, the temperature of the gas first
increases to a maximum (at V = V,/2) and the decreases and
reaches back to the same value.

Energy emitted per second by body A = &,07 A
where A is the surface area.

Energy emitted per second by body B = &al ;A
Given that power radiated is equal

/4
=T,=[E—*] T,=1934 K
Eg

According to Wien's displacement law (4 )< A

r
Since temperature of A is more, therefore (4_), is less
(A)g—(A), =1x10"m

Also according to Wien's displacement law

(AT, =(A,)5Ty

Ty 1934 1
T, 5802 3

On solving Eqs. (1) and (i),

we pet /g = 1.5%x10°m

(given) (1)

(ii)

4.a,c.

For 1 mole of an ideal gas
at constant pressure:

PdV = RdT (i1)
From Eqgs. (1) and (i1), we get

L

v T

The coefficient of volume expansion at constant pressure is
given by

gy

VdTT T

same for all gases at same temperature,

The average translational kinetic energy per molecule is
(372)KT and not 3kT. With decrease in pressure, volume of the gas
increases so its mean free path increases. [Option (c)]

The average translational kinetic energy of the molecules is
independent of their nature, so each component of the gas-
eous mixture will have the same value of average translational
kinetic energy.

S.b,c

There is a decrease in volume during melting of an ice slab at
273 K. Therefore, negative work is done by ice-water system
on the atmosphere or positive work 1s done on the ice—water
system by the atmosphere. Hence option (b) is correct. Second,
heat is absorbed during melting (i.e., dQ is positive) and as
we have seen, work done by ice-water system is negative
(dW is negative.) Therefore, from the first law of thermody-
namics, dU =dQ -dW, with change in internal energy of
ice-water system, dU will be positive or internal energy will
increase.

. v = [8 RT _ [25RT

oo M’ T M M
and y_ = ERI

4 \’M

From these expressions we can see that

‘I-r'p < lr'{l’m

Second, Vg = Jg .

and average kinetic energy of a gas molecule

1 5
= =MV

2

7. b, d.

The expression of radius of curvature R is

_ d
(g — o)At

|
Thus, Re<— and R e<- :
Ar

|og - |




3|a1d- q-i-l

Since the sun rays fall on the black body. it will absorb radia- feg=—— =4
tions and since its temperature is constant. it will emit radia- f--
tions. The temperature will remain same only when energy U'=nRT
emitted is equal 1o energy absorbed. )
4
9. b, d. For mixture. U= —-nRT
For monatomic gas, -
3 5 .
C.==-R. C,==R Energy per mole: — =2RT
2 2 ]
For diatomic gas, _ 2 | 3
5 Fnrmlxtum.y=l+?=l+;=;
C = ; - C = _'R = -
=35 R PTS
Ix2+1x4
10. b, d. M, = = =3
AQ=AU+ W 1-4;
For process B - C —= D Yhe =14+ ===
AU s negative and W is also negative, so AQ is also negative, 33
hence heat flows out during this process.
. . . e Yz Mue 6
A to B, work is +ve. Bto C work is —ve. But +ve work is more. Ratio of speed of sound = Y =\3
s0 net work 1s not zero in process A — B — C. mix ¥ He
11.a,b. -
Process AB 1s isothermal. Temperature at A and B is the same. V. = H_ RT ratio = Jé = !
so internal energy at A and B is the same. M 4 72'
AW ,=nRT, In(V/V,) 15. a. b, c.
For point A: PV, = nRT, We will assume that the gas on the side of container having
So AW, =PV, In(4Vy/V,) = P,V, In(4) spring is connected to atmosphere. Hence, its pressure remains
Nothing can be said about pressure and temperature at C. constant at P,.
In final position of Piston. force balance gives:
12. a., c., d. | KI+P,-4=P:A
a;;u s{le«}ad:r Male,t hcadl ﬂ?.w l:‘::l_]gl_‘ A and & are same. So Where A = cross sectional area of piston.
option (a) is correct and option (b) is incorrect. So. Kx=(P.-P)A .
c. AT = H x R, where H is heat current. (Fa=F) ")
‘H" is same for A and E but R is smallest for £. So temperature - v _ AY,
difference across slab E is smallest. So option (¢) is correct R A
AT AT AT 3
iy M= Hp =2 If  V,=2V,Ty=3T,.then P,= 2 P
From this option if. H,=H,+H, Also. V, -V, =Aa (i)
: g V.-V
=L T + : (1)and (1) give: K.r={P-.-F:I' Jmi
R- Ry R, ' X
4K(2Lb) _3K(Lb)  SK(Lb) f K= (P=P)(Va=V)) (iii)
= —— -+ - “ - | - I
4L 4L 4L - - o -
which 1s true. Here b is the width of slab. 28 (V)=-11
- . 202/ Y 4
Hence option (d) is also correct. “
13. a., b., c., d. Hence, (a) is correct.
Option (a) is correct because the graph between 0-100 K f

: - . . [ = = Ev'p - PV
appears to be a straight line upto a reasonable approximation. Ay 21 272~ ")

Option (b) is correct because arca under the curve in the tem- 313 _,

perature range 0-100 K is less than in range 400-500 K. - 5[5 XeRW- ﬂv‘] =3
Option (¢) is correct because the graph of C versus T is con-
stant in the temperature range 400-500 K.

Option (d) 1s correct because in the temperature range 200-

Hence, (b) is correct as well.

Net work done on piston by all forces is zero. So,
I

300 K specific heat capacity increases with temperature. W, == Kx* - P(V,-V,)=0
14.a, b, d.
For the mixture equivalent degrees of freedom 1s calculated W= _PIEL + 2PV,
: _ n f,+ nsfs o 3
using the relation £, = i 7
n + - wgn e oy F;vl

lad



So, (c) also turns out to be correct.
Q=AU +W

3 3( 4
AU =E{F!_.V:— PIVI]:E(SF:F:;VI - F;V,)

= aU=-8Yy

9 7 41
Q:;ﬁvl +'-f"P|V1 =”Q=?ﬂvl

Hence (d) 1s not correct.

Linked Comprehension Type

1. a.

2. d.

"
ﬂ

4 d

Since 1t is open from top, pressure will be p,.
Therefore, option (a) is correct.

Let p be the pressure in cquilib- pA
rium, then pA = p A -~ Mg l
Mg Mg T
P=Po~—=Po

A 7R | T_

Applying p\V, = p,V,

L-: zpﬂ‘L =|"" pi_]
p Mg

(2L)

=[ o e ](m
R p, — Mg

Therefore, option (d) is correct.

PotpPglly—-H)=p (i)

Now, applying p,V, = p,V, for ‘
the air inside the cylinder, we
have

Po(Ly) = p(ly - H)

p= Poly

Lo-H

Subsututing in Eq. (i), we have

Po +Pgllo-m=£n_£ﬂg

= pgtly-H)Y + Py(L,- H) - L,Py=0

Therefore. option (c) is correct.

Lt final temperature of both compartments is 7. Heat given by
% &7 Compartment

Q=nCLAT=2x§Rx{?(K]—T] (1)
Fe=ac obtained by upper cnmpanmcnl

Q=nC AT =2x— RX(T —-400) (i1)

5.d.

Final temp. T

equating (1) and (1)

3(700 - T) =T - 400)
2100 - 37 =7T-2800
4900=10T=T= 490 K

Let final temperature is 7. Heat given by lower compartment
Q=nCPaT=2x§Rx{?O{J-T] (1)

Heal obtained by upper compartment

Q=HCF5T=ZK-:-RH(T-4OU] (i)

By equating (i) and (ii)
5(700 - T) - UT - 400)
3000 - 57 =7T- 2800
6300 = 12T
T=525K
: Work done by lower gas W, = PAV = nRAT = -350 R
Wurk done by upper gas W, = PaV nRAT = +250 R
Net work done W, + W, = =350 + 250 = <100 R

Matching Column Type

1. (i) = (b); (ii)

- (a), (d); (iii) - (d); (iv) = (b), (c).
In process J — K: V is constant whereas p is decreasing. There-
fore, T should also decrease.

W=0, AU=negative and Q<0

In process K — L: p is constant while V is increasing. There-
fore, temperature should also increase.

W>0, AU>0 and Q>0

In process L — M: This is inverse of process / = K.
W=0, AU>0 and Q>0

In process M — J: V is decreasing.

Therefore, W < 0.

(PV); <(pV)y
T, <T,
AU<0

Therefore, Q <0.

(i) = (d); (ii) = (b); (iii) - (a), (b); - (iv) = (b), (c).

Bimetallic strip is based on thermal expansion of materials.

In steam engine, internal energy of fuel (say coal) is converted
into mechanical work.

In incandescent lamp and fuse also energy is converted from
electrical to heat.

Fuse is based on melting of fuse wire if suddenly current
Increases.



3. (i) =(b); (ii) - (a), (¢): (iii) - (a), (d); (iv) = (b), (d).

(i)

(i)

(iii)

(iv)

In case of free expansion under adiabatic condition. change
in internal energy AU = 0,

Therefore, internal energy and temperature will remain
constant.

= F
pV® = constant (1)
RT ’
["—] -V* = constant
"4
] ”
T =< F (11)

If volume is doubled, temperature will decrease as per
Eq. (11).
Further, molar heat capacity in process pV* = constant.

R

|-x

C=C, +

From Eq. (1), x =2

C——Ju'i'++£-=+£
2 1-2 2

i L

Since molar heat capacity is positive, according to
Q =nCAT, Q will be negative if AT is negative, or gas loses
heat if temperature is decreasing.

|
e v

pV** = constant

RT
[iv—— } V¥ = constant

T = l;]:’i

Further. with increase in volume, temperature will decrease.

As molar heat capacity is negative, Q will be positive if AT
Is negative. The gas gains heat with decrease in temperature.
TepV
In expansion from V| to 2V,, product of pV is increasing.
Therefore, temperature will increase or AU = positive,
Further, in expansion, work done is also positive.

Hence, Q = W + AU = positive, gas gains heat.

4. (i) - (a), (c), (e); (ii) - (a), (¢); (iii) = (b), (d); (iv) - (c), (e)

(i)
(ii)

(iii)

(iv)

A= B:V ., Pconstant — Td, Ul and AW is -ve.
B—-C:Vissame, Pl TJ.

No work is done.

CoD: VT = TT, AU = +ve

AW = +ve

D — A: Vdecreases so AW = —ve

Final temperature is same so AU = 0

and then AQ = —ve.

S. (@) (i) = (4): (i) = (3); (i) - (2): (iv) = (1).
Pa

F n=|

32P,f - -

P}
AETA YT AN
Apply PV"** = constant for F to H.
(2R, =PV, = v, =8V,
For path FG. PV = constant
= (32R)V, = BV, = V, =32V,
Work done in GE =31 P,V,
Work done in GH =24 P,V
— : "'.
Work done in FH = PuVy = Pr Vs =36F,V,
(=2/f)
. Ve
Work done in FG = RT In o b 160F,V, In2
F
Integer Answer Type
1. (9)
d’"u‘r = dm‘-‘l"““"
di dr
Q, Ax P (10 - ;Ll_l' Q.
& ® s
0°C (Ice) 400°C 100°C (Steam)
O = KA400 —
[
KA(400 - 100
= r=mx 540
e (10-A)x

Dividing both, A=9

2. (9
AT =constant. 4,7, = A,T,
Now rate of total energy radiated « AT*

3. 4
TV*! = constant
T/8~1
T—v?fﬁ—l ___ﬂr(iJ e | .ﬂ=4
32
4. (3)
Pyl 78 y(on0)
A L A



5.(2)

6.(2)

_Ava(A8)  mriya(AB)
g g
10 ) x10" x 107 x 10
10

m

=n=3kg

AQ. =AU _ +W_=500=AU_+200)
AU,,=300] .. AU, =300
W,=W,+W_=50+100=150]

Q. =W, +AU, =150 + 300 =450
AQ,,=450)=0Q,+ 0,
U=10JU,=200JAU,=100J W,=50]
Q,=AU, +W, ... Q,=150)
450=Q,+Q,,=450=150J + Q,,

Q,=300]) = Oy =JOI}=2
0, 150

Let A be the surface area of smaller body then,
P,=0-(16x10")AT, = P,=cAT,

4 d 4

mx'? 45 =10‘=[I:1] et

T T,) 16
=~ Il
T, 2

. s R

By Wein's law, AT = const .. ratio == 2
B

Assertion-Reasoning Type

b. Total translational kinetic energy

3 3
- N i 7 -
=SART =ZpV =15 pV

Fill in the Blank Type

)
[ ]

f
L]

3.0 5
mCy +mC, (1) _}RIHI} =
v T = 2 =2R
n +n, |+ ]

AB represents a process when physical state changes from solid
to liquid and the temperature remains unchanged. Since P is a
poimnt between A and B. the material is partly solid and partly
Liquid.

P\'= RT (idcal gas equation)

RT
= P = = (1)
= :
Ciiven that
VP = constant (11)

From Eqs. (1) and (1),

P |
KT
V X ——— = constant
v-
T-
T = ¢onstant

4.

n_1
Vi VW,
v, 2V
=TI, =1 |—==1 —=~ET

The heat required for 100 g of ice at 0°C to change its tempera-
ture to 0°C

=mlL=100x80x4.2=33600) (1)

The heat released by 300 g of water at 25°C 1o change its tem-
perature to 0°C
=mcA=300x42x25=31.500) (i1)

Since the energy in Eq. (ii) 1s less than that of Eq. (1). the final
temperature will be 0°C.

. The energy received per second per unit area from sun at a dis-

tance of 1.5 x 10" m is 1400 J/sm". The total energy released
by sun per second
= 1400 x 4 x(1.5% 10"y

Therefore, the total energy released per second per unit surface
area of the sun

1400 x 4% (1.5x10'")*
drx(7Tx10%)

This energy E is also equal to E = oT"

1400 x4 x(].5% 10'")?
= I = g.2 -3
Arx(7x10") x5.67x10

1/4
} =5803 K

The energy emitted per second when the temperature of the
copper sphere 1s 7 and the surrounding temperature 7,

=T -Ty)x A

where A = surface area

=oT'A (1)
Here 7,=0K
We know that

dQ = mcdt

dQ dTl

—_— = - — (n)

di dr

Here the -ve sign shows that the temperature is decreasing with
time.
Energy emitted per second from Egs. (i) and (i1)

OT"A=—rr1:*£
dt
4 3
. dr:_mcd}..=_px3m'rdj"
oT A ol x4mr-
et
X 3
= .nf.\'=~-£-G"-~r£“r—i'£
3o T

Integrating both sides,



7

— e e

jarn -2 T el _LT”

;l 3o 2(n) T.I 3” 3T: =20
= prc ]
9| (100)" (200)°
? .
[ = m

_{?leﬂf'}ﬂ

When the spherical shell is thin,
<R
In this case. the rate of flow of heat
from the sphere to the surround-
Ings
_ K(4nR*)T

!

P

where T is the temperature difference and 7 is the thickness of
steel.

r__4n'R:KI‘
P
Since P joules per t

second of heat s
supphed to keep the
substance in molten
state. it means that
the  substance in
the molten state at
Is  meeling  point
releases P joules of
heat in one second.
When the power is
turned off. the heat input becomes zero. But heat output con-
tinues. It takes 1 seconds for the substance to solidify (given).
Therefore total heat released in 1 seconds = P x ¢

P joules/second

This is equal to ML, ..., = ML, ... =Pxt

f"mumn = P_x "
M

This is a case of free expansion. Here AQ = 0 and AW = 0.
because gas is doing work on vacuum. So AL’ = 0. Hence no
change in temperature, it will remain 300 K.

For 1sothermal expansion,

PxV=ﬂ2V=:»P,=§

For adiabatic expansion,

L] ol P__ 'P
PV =PHKI.ZL} =PH=F-;TE

P . I

= 1 =X —=

PII _1-1 6 P zﬂ &7

The heat temperature through A per second
Q =KA100-n/l

The heat transferred through B per second
Q.=KAur-0ul

Alsteady state. K A100 - 1)/l = KA(r - 0)/I

13.

14.

— SO0 =1y = 20000 - Oy
=  M0-3=2=1=60°C
Pressure on both sides will be equal

n =p:
e, URT _nRT m
= n= —
\ : M
" " \/ 32 3
— - ——— oar — el = — -
M, M. \ M. 28 7
" V, o
t —=
! Vi 360-a
360° )
Solve 1o get D."={ Jx 8=192F
B+7

In case of gas thermometer, the volume of the gas container
remains constant. Therefore

L Ix10* 3.5x%x10°

— = E —y —

A 273.16 T,
=T, =3186K

Solar power received by earth = 1400 W/m®
Solar power received by 0.2 m” area = (1400 W/m?) (0.2 m°) =
280 W
Mass of ice = 280 g = 0.280 kg

Heat required to melt ice

=(0.280) (3.3 x 10"

=924 % 10*])
If 71s the ume taken for the ice to melt. we will have

(280)r =924 x10" ) [ P = E]
!

9.24 x 10*
ja 2R g e
280

True/False Type

. False. At the same temperature ¢

M

I.¢.. dependent on molar mass and hence ¢ will be different for
ditferent 1deal gases

P\
— = COonstant

False.
For a particular temperature T,

|
=y

We have
V
Since, V,> V.. p.<p,
=P >p;
3RT
False. We know thai ¢, = J% &

For a particular temperature. oI /1_.
g AI

1.e.. Coq. Will have different values for different gases.

True. 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 thar the slope for A.



5. False. ¢ = -
M
A LA + () '
rms M C
When oxygen gas dissociates into atomic oxygen, ils atomic Y
mass M will become half. Temperature is doubled. So, from
Eq. (1) v, will become two times. 5. The initial pressure (equilibrium pressure) of the gas
6. True. C,>C, p=p Mg (i)
This is because at constant pressure when heat is supplied to et :

the gas for increasing temperature, some heat is used up in

When the position of the piston is shightly displaced by a dis-
doing work for increasing volume.

tance x, the change in volume of gas

7. True. E =T dV = -Ax (i1)

Subi . T For adiabatic process PV" = constant (1)
u Jectwe ype Differentiating equation (1ii)

1. Since total expansion = expansion of the constituent rods We get P(yV7 dV)+ VY .dP=0

191 x107°=03x17x 10®°x(125-25)+0.7 x ax (125 - 25)
or 191x107'=51x10"+ 70«

or 70a=(191-051)x10"=14x10"

or a=2x 107K

When prevented from expanding thermal expansion 1s
accompanied by elastic contraction. Since the lengths remain

unchanged, thermal expansion is equal to elastic contraction.

Strain = E}f‘—fmnm =17x10°x100=17x 10"

and stress =Y xstrain=13x 10" x 17 x 10 =22.1 x 10°
For the second rod
Strain=0Ar=2x 10" x 100 =2 x 10~
Stress = ¥ x strain = ¥ x 2 x 10~
But the same stress is effective throughout the composite rod.
Yx2x107=221x10° or Y=11.1x10°N/m’
2. Heat generated = work done by the frictional force = 2

Mg \yA"
f.(displacement) = F=dP-A =(F;_-,+ Ag ]rv :
W, =umg x (v X1) 0
=0.2x2x9.8x2x5=39.2) Mg\ yA’x
Hence amount of heat generated . Mas (ﬂ" ¥ ] Vy
W, 392 )
H=—L="""cal=933cal . Mg 7A® .
42 42 = ﬂ='(ﬂ]"‘Tg]$M'
1, The lead bullet just melts when stopped by an obstacle. 0
Also given that 25% of the heat is absorbed by the obstacle. Comparing it with @ = —@’% we get
Therefore 75% heat is utilized in melting of lead. Initial temp. ;
= 27°C m1=(%+Mg]y.4
Melting point = 300°C A JVoM
10.75) K.E. = Heat utilized in increasing the temperature. From ( Mg | 7A?
b I- e > = + — | —
27°C 10 327°C l PEN P JVDM

(0.75) X =M v’ = McAT + ML Mg
:-; If . is small as compared to p, then
(0.75) x 5"2 =(0.03 x 300 + 6) x (4.2 x 1000)

2
PoYA™ _ e _ A | PpoY
(4.2 x 1000 to convert into S.1. system] = VM S R A 2n \J V.M

which gives v =409.87 m/s
4. In V-T diagram: 6. In adiabatic process the work done 1s given by
The line A — B indicates - | W = L[Pﬁ”u PV
\' = T = Pressure is constant, i.e., isobaric process. y -1 <=
B — C Volume is constant. Since the temperature is decreas-
:ng. the pressure should also decrease. ,
C — A The temperature is constant but volume decreases. The P,=P [5_] V,=20=2x10"m’
process 1s isothermal. Hence, p-v diagram should be )

Here, P=10° N/m’, V,=6l=6x 10" m’

2



3
Give that C, = =R

il

According to Mayer’s relationship C, - C = R

5
5 c, K
C,==R  y=—"Ft=£-=167
2 c. 3
v =R
2
ﬁI.n‘.':rr‘:"
@:10’[;] =10"x(3)"*" = 6.26 x 10° N/m’
W= ———(10°%6x 10~ - 6.26 X 10°x 2 x 10~*]
(1.67 - 1)
=-973.1)

Work done is negative because the gas is compressed.
Here the temperature and surface area of both the spheres are
same, therefore the Energy emitted per second by both spheres
1s the same.
We know that Q = mcAT
Since Q is same and ¢ is same (both copper)

I

m o —

AT
Mass of hollow sphere is less
.. Temperature change will be more.
. Hollow sphere will cool faster.
We know that P = i

F=PxA=10°x1=10°N

But F=i‘E
Ar
AP=FxAt=F x1=10"[From (1)) (i)

Where n is the number of collisions per second per square
metre area
From (ii) and (iii)

g
10
2myv

Root mean square velocity
- ‘3RT_ Ix8.314 x 300
M 32/1000

According to mole concept 6.023 x 10" 'molecules will have
mass 32 g

nx2my= If}“'::rn=

=483.4 m/s

.
I molecule will have mass 32 B
6.023x 10~
$ 23
PR LD T

2x32x4834

ii. The kinetic energy of motion of molecules will be converted
in to heat energy.

K.E.of 1 gm mole of oxygen = —;-Mrn: (1)

Where v, is the velocity with which the vessel was moving.
The heat gained by | gm mole of molecules at constant
volume

=nCvAT =1xC x1=C, (i1)

From (1) and 111

| .
My =Cy (iii)

C, C. R R
—- - = }i' - | - —
C‘ C‘ Cp Cp
(-1 = R (iv]
7 -1

From (i and v

| X
-1‘f1|‘|=i
= Y~
IR Ix8.314
"n=\”w_h= M4
S — x(l.41=1)

y= 141 for O. (diatomic gas)

=) Vo= 35.6 m/s
. For the left chamber the number of moles will be same hence.
applying v 2’2
’ RT, RT,
PV 24
We get -2 = fo X 3:-:1*']
[ 32xT,
243 VT, ;
T,=—x-112 (i)
327 Y,

The right chamber is adiabatic chamber applying
RV = P,V{ (adiabatic compression)
243

WEECI%VJ=H}KEHV;
Y 5 19\
s [ =_3;=,,‘_"1=[:i} SV=Sy,
Vo 243 V, 243 27
ButV, +V,=2V,
8 46 i
K=2Vn‘vz=3"”u‘j—?ﬁl=§vﬂ (1)
From (i) and (ii)
243 Vv,
T, = x%x QxTﬂ
32 V,x27

or ?}=%Tﬂ= 12.97,, (approx.)

To find the temperature in the second chamber (right), we

¥ X7 o "|I #
apply [—i] =[—=
) AR

1-83
|

. (T“J“;zuﬁj
) | 32p

= ﬁ:%nn=zﬁa

Work done in right chamber (adiabatic process)
|

(y-1)

3
-

W=

[ﬂ:‘{n = PIV:]

243 8
2 fﬂ’xiﬁv"]
3(9 15

=—;(z - l)ﬂ]b’ﬂ= —?K RT"



10. Let x moles of the gas shift from high temperature bulb to

low temperature bulb.
For left bulb using PV = nRT

76 x V=nR x 273 Initially (1)
and P’ x V=(n+ x)R x 273 finally (11)
Dividing (i) by (ii). we get — = 1+ (iii)
76 n
v v
n n n+x n—x
imtially ”
0-C 62°C

For right bulb

76 x V= nR x 273 Initially (iv)
P’ x V=(n-x)R x 335 Finally (V)
d -x 33
Onidividing S T% 5 25 (vi)

76 n 273
From (111) and (v1)

n+x n-=x 335 608 .

= X = NnN=—23x (Vi)
n n 273 62
Substituting the value of (vii) in (1111) we get
P’ 62
- +r—

76 608

670

— P'=—x76=83.75¢cm Hg
608

1l. Thermal resistance of composite wall

R - annd + R.:r.mcnl + Rhn..ll.
:—d'—+ d: +—d'.JI =lr di + d: + d?‘ ]
KA K,A KA ALK K, K,
Heat flow per second H = cmpeTiur dlfferengg
thermal resistor
_ (0= 0p)
R
Q,=20°C0,=-10°C
K1 Kl‘ Kﬁ
Wood Cement Brick
Q.=20°C 8,=-10°C
H
k ky ky
20-(- 37
s 120 —( IOJ]:u:_I — 9000 W

0.25 | 25 9
B - x 10
RS S I

Th:~ rate of heat has to be supplied by the heater to keep the
emperature constant,

12. We have ideal gas equation that PV = nRT
. Number of moles

Vv 1. ®x 0.0083
_f__lﬁxlﬂ x 0.008 =Ih=5_33mu|t:5

CRT 8.3x300 3
According to Mayer's formulae

r

5R IR
(‘"_‘C.I,zR:ﬁCl,:(-\,,FR:_“'R=“_
" 2

-1

- i

When 2.49 % 10°J of heat energy is supplied at constant volume,
then we can use the following relationship to find change in

temperature
Q=nC AT
4 4
AaT=2 "49’;'0 = 375K
nC, 5.33% _ x8.3

Therefore the final temperature = 300 + 375 =675 K
Applying Gay Lussac’s Law to find pressure.
P P PT, 1.6x10"x675

1 === pP=-14a=

T, T, T, 300

-

=  P=36x10°Nm™
13. For a perfect gas

PV =nRT

Giventhat V=20L=20x10"m'
T'=27°C = 300 K and number of molecules n = 2

Thus, initial pressure is given as
P_[nnr')_ (2 x8.3 x 300)

V (20x107")

=25x10°N/m’

a. Figure 2.77 shows the indicator diagram of the complete
process.

y

285x 10

A
l
p
044 x 10 C
{(P”. VM
|.I : It '\I‘
)= 10 0= 10 113x10

V' —b
b. At point B,
Pressure P'= P =25x 10" N/m", and
V'=2V=40x 10" m*
A pressure is constant in the process AB, making its volume
doubled, its temperature will also be doubled.
Thus, temperature at point Bi1s 7" = 600 K.
The gas now undergoes adiabatic expansions to cool down
atT'=T=300K
We know for an adiabatic process T7V? ™' = constant

TV =T (vy-!

por® ¢ e N1 e
[1 J:[T] =[bﬂ]h4=f21""3=2\5

V) AT 300




14.

Thus, final volume 1s
‘_PH :[:v@lt!'
2x1.414x40x 10" =113.14%x10'm

Similarly, final pressure is given by process equation as
P!vf‘.r = Prrvwr

V'Y
or P”=P'( ]

v #
3\
=2.5x10° x ;oxie -
113.14x10"
=4.42x10*Pa
¢. Work done under isobaric process AB is
or W, =PAV
or W =25x10"x(40-20)x 10"
or =4980)

Work done during adiabatic process BC 1s given as
or “"'.-={£]ITI-T1|
A 2

_ (2x8.3)

or =
[1-(5/3)]

[300 - 600]=7470]

Total work done = W, + W, = 4980+ 7470 = 12450
Iniually. the pressure of the gas in the cylinder is atmospheric
pressure as spring is in relaxed state. Therefore,

P, = atmospheric pressure = 1.0 x 10° N/m’

V, = initial volume =2.4 x 10’ m’

I, = imual temperature = 300 K
When the heat is supplied by the heater, the piston is compressed
by 0.1 m. The reaction force of compression of spring is equal
to kx which acts on the piston or on the gas as

F=ky=8000x0.1 x 800N

Pressure exerted on the piston by the spring is

szz 800

A 8x107°

The total pressure P, of the gas inside cylinder is

P,=P, +AP=1x10"+1x10°=2x 10" N/m’
Since the piston has moved outwards, there has been an
increase of AV in the volume of the gas. i.e.,

AV=Axx=(8x10") x(0.1)

=8 x 10 m’

The final volume of the gas

V=V, +AV=24%x10"+8x10"=32x10"m'
Let 7, be the final temperature of gas. Then

(AVIT) = (PV/T, ) = T, = (PVLIAV))T,
=300%(2x10° x3.2x 107 M10° x 2.4 x107)
= 800K

Let the heat supplied by the heater be Q. This is used in two
parts. 1e.. a part 1s used in doing external work W due to

expansion of the gas and the other part is used in increasing h
internal energy of the gas. Hence,

=1 x 10°N/m°

Now W= [pav =] P, +=|ade

-

15.i.

ii.

[as pressure is (P, +kx/AanddV= Adx)]

= 10" 8« 107" 10.1) +
Further, AU = nC AT

Number of moles of gas can be obtained from initial conditions
and gas law as

=120J

8000:((0.1)2]

L]

Vv 10° x 2.
"=[P_]=[Ix : 4XIUJ=0.096n101

RT 8.314 <300

Thus, change in internal energy of gas is given as

AU = "(% R]a]" [as for monatomic gas C, = %R]

or U =0.096 x (1] X 8.314 x 500 = 598.6 J.

2

Heat supplied by the heater = (120 + 598.6) = 718.6 J.
We have

oV eV =TV = %{5.66'/]’“‘

Taking log on both sides log 2 = (y- 1) log 5.66
On solving we get y= 1.4

2 2 2
But y=l+—=ld4=l+—= f=—=5.
04
For adiabatic process using relation
PV =RV, = P= P”: £
o " (566" 11.32
Work done for adiabatic process
P
PV -( Jis s6v)
w= V=AY, _ 11.32
y -1 |41
— W: 1.25 Pv .

16. a. Diagrams of P~V and P~/ are shown in figures (a) and (b)

170 T ;
v
Vipresss (:”: » \. A
0o PR P, R
(a) (b)

The initial state of isothermal expansion is represented by A
where pressure is P, and volume V,. Let the final state be rep-
resented by B where volume V, is twice of V,. Let the pressure
be P,. Then

PVi=PaVy=Py2V,)

or  Py=P(V,2V,)=P,/2



17.

18

When the molecule is compressed to initial volume, the pro-
cess is represented by BC. Finally, the gas is compressed at
constant volume to its original pressure. The process is shown
by curve CA.

Similarly, P-T diagram can be drawn.

Work done in the process AB is given by

W, =HRTIH(VH!VA}
=3x8314x T, x In2
=3x8314xT,x0.693=17297,

Work done in the process BC is given by
W,=PAV=P,x (V.- V,)

P \
=(-§~fo1"_‘ -2V,)

=-P,V,/2=-nRT /2
=-3RT,/2=-3x8314T/2=-12471T,
Work done during process C, is given by
W,=PAV=0
Network W=W, +W,+ W,
=17.26T,-12457,=481T,
As initial and final states of the gas are the same
Aau=U,-U,=0
From the first law of thermodynamics
AQ =AU+ AW =0+ AW
0O = W joules
As we know 1n a cyclic process, the change in heat energy or
heat supplied to the gas is equal to the net work done by the
gas.

Here, AB is isobaric process. Hence, work done during this
process from A to B is

wu= P(V:_ vllzﬂR{T:- TI}
or W,=2x8314x(400-300)=1662.8]

Work done duning isothermal process from B to Cis
Wy =nRT . In(VJV ) =nRT In (P /P,)
=2x8.314x400x1In(2)=2x8.314x400x 0.693
=4610.2)
Work done during isobaric process from C to D
W, =nR(T, - T,) =2 x 8.314 x (300 - 400)
=-1662.8 )
Work done during isothermal process from D 1o A
W,.=nRT,In (P,P,)

(as AV =)

=nRT,In (2)
=-2x8.314 x 300 x 0.693
= -3457.7)
Net work done
= Wu + “"H-l- Hr’”, + wﬂ,‘

= 1662.8 + 4610.2 - 1662.5 -3457.7=11525)
Now from the first law of thermodynamics

AQ=AU + AW
Here AL = 0, thus we have

AO=AW=11]525)
So the heat given to the system is 1152.5 )
As the gas returns to its original state, there is no change in
internal energy.
The temperature at the open end of cylinder is 400 K and the
iemperature at the metal disc-cylinder interface is 300 K.

19. a.

[ \ & = 400K

|

V Open

.

Metal disc Insulation Cylinder

As heal passes through the cylinder and reaches the metal disc.
the temperature of metal disc nses. Let at any instant of time,
the temperature of the metal disc-cylinder interface is 6. At this
instant the rate of heat crossing the cvlinder.

dQ KA(400-8)

dr !

where K = thermal conductivity

A = area of cross section of cylinder

| = length of cylinder
The same amount of heat is received by the metal disc.

dQ de =
dr - dt (Bt}

m = mass of disc ¢ = specified heat of metal disc

dé K ~
From (1) and (ii) mc— = AGHO =)

H =

(1)

Therefore

di [
( 4@ ]xm=df
400 - 6 KA

On integrating Atr=0, 8=300 K
Andatr=16=350K

r d;-f'if so  dé
0 KA " (400 - 0)

-mcl 180
= =% 10g(d00 - B))::
A (log ) Ja00

_ —0.4x600x0.4x2.303
10 % 0.04
= 166.38 scc.
The work done in adiabatic process AB is given by
W R(T, -Tg) _ R(T, -Tg)
by (5/3) |
(as for monatomic gas y = 5/3)

400 - 350
400 - 300

OBio

3 .

For adiabatic change, we have

PAHT: - PIITEY
o (23« ()-(3
Py Ty [y Py
rik)
" [.aHz)
Ty 2

2

213
or Tﬂ=rﬂ(5] (i)

= 1000 x 0.85 =850 K

(as P, =(2/3)P,)



20. i.

From Eq. (1)

W, = ( ) x 8.31 x (1000 - 850) = 1869.83 J

|

Heat lost by the gas in process BC is given by

Colly-To)= (%](T,-m:(%]mr,-m (il

Process BC 1s under constant volume; hence

:
(i :{P—i or Tr:[_f KTE
Ty ) \T¢ Py
(Puf3).. [Ty
TV )
2P,

From Eq. (1), we get

3
Heat lost = (;) x 8.31 x (850 - 425) = 5297.63 J

J:mx (iv)

or I =

For path AB
PUT, Y = PIT,7

r-| y
or [fi = {I’i] (v)
Py Ts
For path BC
(4{3) = (22
Tg Te Fe Te
For path CD
r-| Y
Ty e
For path AD
[ P, ]_ [ 7, ]
Po) \Te¢
Dividing Eq. (v) by Eq. (vi), we get
r-1 v 4
Py P{.] ___[TA T
Py  Pp Iy Tp
Dividing Eq. (vii1) by Eq. (iv), we get

y-1 -
(P"xﬁ‘]=[£x£]m[”*x‘p‘" :[in -
PE Pﬂ !H Tﬂ 'Pﬂ PD Tﬂ Tﬂ

(Vi)

(vil)

(viil)

(1x)

(X)

. -

(o))

Ty Tp Iy T

TiTl’ = THT!

1000 x 425 =T, x 850

I,=500K
In cychic process AU =0
According to first law of thermodynamics Q = AU + W
= Herc AU=0.Q0 =AW
= Q+0Q,+Q:+ Q=W+ W, + W, + W,
= 5960 - 5585 - 2980 + 3645

22. a.

C.

=2200-825-1100+ W, = W, =765
work done W + W, +W,+ W,

L Heat supplied 0, + 0,
04
s 0 =10.82%
Vol

. Letin the mivture there be x gram of Neon. Then the mass of

Argon will be 28 - v
; : - \
Number of moles of Neon = p
28 -«
410
1 JnRT
\
(1 28 = v/H0|RT
-

But according to Dalton’s law of parual pressure. total pressure

Number of moles of Aragon =

Partial pressure due to Neon: P =

Partial pressure due 1o Argon P, =

P=P el
<« xRT (28 - x)RT
)= +
20V 40V
10" x40 V
= e =2x+28-x
RT
10° % 40 % 0.02
= =x+28
8.314 x 300
— ,t::-'lg

= Mass of Neon=4 g .. Mass of Argon=24¢
The ratio of specific heat of mixture of gases
According to the relationship

19 19
PV | — | = Constant we get = —
[:3) 8 T ™13

For a mixture of gases

{n!+rhj= n, . Nng
Yu=1 Ya=l Yp-!
of mixture.
(1+n) | Ny

19 '(5 ]""[7 ]
=1 [ 2eq) 0
13 3 & .

where ¥, = Ratio of specific heats

= ng =2 mol

We know that velocity of sound in air is given by the relation-

ship
L= pii where p = density = =
p %

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

‘" = ‘}’IHA i "!'}RT — J?{".i*'"ﬂ]kr

V' x i i
|
Mass of the gas, m=n M, + n M,

=1 x4+ 2x32=068 g/molmol = 0.068 kg/mol
U_Jmuummmm

= 400.03 ms ™"

13 x0.068
We know that the velocity of sound

D= E=J1R—rﬂndu+ﬁu=JrR{T+aT)
Vd M

M

u+£u_\[T+ AT _[I+aTJ”:
v T T



Av | AT AT

= |+ — =1+ ——when AT << T then— << |
v 2 T T
Percentage charge ab x 100 = : X Al x 100
v 2 T

Av 1 1 1
— X1 ==—x100=]| — |%
Av 2300 (6)

d. PV'=const (i)
Differentiating (1)

VI(dP)- P(yV"'dV)=0
= VYdP=yPV'\dv

il

—dP
——— P
= a7

. Bulk modulus B = P
i |
Bulk Modulus yP

. Compressibility K =

K,=—and K, = —

' yp *" yP,
AK = K. KI:L_L;[_L_l]
Y YR y\PA A

. Since the process is adiabatic, szzr =RV

v.Y v. YV
BR=R|-L| =R| | =RS
’ l(v‘] I[VI"S] Pls

A=) X =1(1_[]
Y\RS" R ) yR\S

=3 AK =

—{5-1)
-]
19713
19 x 2493 x T'\s
3 v
=-827x107°V(Pa™")

23. GivenT,=27+273=300K,y = g (for monoatomic gas)

Vi=Vand V,=2V
We need to calculated final temperature T, = ?
As the gas expands adiabatically

Tivlr-l = szzr"l
Y=I $/3-1
- : 2V
300
= m —= 189 K

Work done in adiabatic process
nR(T,-T,) 2x8.31(300-189)
(y-1) (5/3-1)
Change in internal energy
According to the first law of thermodynamics,
Q = AU + AW But Q = 0 (the process is adiabatic)
AU =-W=-2767)
24. Let m be the mass of the steam required to raise the temperature
of 100 g of water from 24°C 1o 90°C.

W= =+2767)

Heat lost by steam = Heat gained by water
m|L +5A6,]=100sA8,
- (100)(s)XA8,)

L+ s(A6))

Here, 5 = specific heat of water = | cal/g°C
L = latent heat of vaporization = 540 cal/g.

A6, =(100-90)=10°C
and A6,=(90-24)=66°C
Substituting the values, we have

or

__(100)1%66) _
(540) + (1)(10)
m=12g
25.
.
eﬁ=?“?nc @ @ %_buac
& K K, K. B
w d, a4 | ‘)_‘31
< d >

In steady-state the rate of heat flow through.

First matenal:
K Hd
H=—LA06,-6)=6,-6,=——-L ]
d, (0,-6) A~ Y AK, (1)
Second matenal:
K H d
H=—%A0-6,)=6-6,=——1 i
i e G P (i)
Third matenal:
K H d
H=—2A,-6 8,-6,=——
7 (0,-0,)=6,-6, A K, (111)

= Adding the above three equations we get

9,1."95=H(d' +d2-+EL]

A\K, K, K,
_ {eﬂ -EE )A
= H = d & d
K, K, K,
Substituting the values
@-o1
H=%01 L, 005 001 NS
08 008 08
From (iv) 27 -6, = “f‘“ X ‘:}'”3' - 6, = 26.48°C
From (vi) 6, -0= 4li54 X %{: = 6,=0.52°C

26. A — B adiabatic compression
B — C, isobaric expansion
C — D adiabatic expansion
D — A isochoric process



PA

B C
D
A
> |
V .
Given -2 = 16.5“-— =2
Vﬂ VH

T,=30K.T;=T,=7n="
For adiabatic compression process A — B

Nyl
TAVI"|=TBV;"|Ur-&=(Ed.J =[16)2.~’5
T, d
TE = TA“E)]JH - Sm'“f)):d » 1{1."256}”5
=300x3.03=9(9 K
. For isobaric process B — C

Vi ¥ Ve )

As £ =—CorT . =T,| =< '=909[2]= 1818 K
Iy T¢ ¢ E[Vﬂ," el

Again for adiabatic expansion process C = D

Vv V.. v
We have —* =16and — =2 hence -2 =8

B Ve Ve
-1 -1
TV =TpVp

V. y-1 275
TD=TC[V—‘} = 1313[%] = {z:li = 791K
D

For Process B — C: Heat absorbed Q, = nC AT, -T,)

YR (7/5)R
(T--T,)=1——(1818 - 909
ya] € =107 }
TR
=TKQO‘J§1I32R
For Process D — A:

Heat released @, =nC (T, - T,)

R

=n

Yy -1
=I—R—{?91-3{J\U}=£x491
(2/5) 2
Now work done in adiabatic process
nR
Win=——Tg-T
AB }'—l{ B -"“
R SR
= =——(909 - 300) = ——
25 )=y X e

=1x R(1818 -909)=909R

nR R
(T--T,)=+——(1818 =791
y—1" € 0)=*0s) ’

=ﬂxiﬂl?
.

Also W(‘H = -

Total work done in process
, SR
Wi, =909R + — (1027 - 609)

W
- Efficiency =n=—x100
in

_1954R
3182R

x100=61.4%

. Let the pressure at point O inside the horizontal tube be P,,

Since the hquid is at equilibrium at ‘1"
Fo=npac 8 =Py = hpgg

= Py=Fo=Mmpoc 2 = hps:g

Since the liquid 1s at equilibnum at *2’
Fo+hpg =Py~ hpe g

= Py=FPy+hpeg —hp, g

=T § P

From (1) and (11)
Fo+ MPos-8 = hps.g8 = Fy+ hyps.g = hpos8

Ps: 1018
Pose

We know that elasticity at temperature AT
Po= p,(1 + yAT)
= Po
(1+ yAT)
P, = density at 0°C
Ps _1+93y
F,;: T 1+5y
| + 95y
1+ 5y
= | +95y=1018+5%x1.018y =8991y=0.018
=  y=2002x10"*Buty = 3a
y 2.002x107"

— ] =—-—=
3 3

=

P,

=1.018

From (i) and (ii)

=6.67x107"°C""

(1

(11)

(1)

(1)

Given that mass of helium used in the process 1s m = 2 kg.

number of moles can be given as

n—[mJ" < =500
M) (2x107%)

At different states, from the figure, the pressure and volume of

gas are also givens as
P,=P,=5x 10" N/m’
Py = P.=10° N/'m’
V.=V, =10m’
Ve=V,=20m’

a. From gas law, we have

PV, (5x10" x10)

T, - =
(nR) (500x8.314)

=120.3K




5 - KA
TH={F,V,]= (10°X20) _ hor 11K _ £=[K'+—]{T—m
(nR) (500x8.314) L L
where k = coefficient of thermal conductivity of the rod.
|
Tﬂ=w”—?=(§:oms§ff;=“'-”*3“ - == =[K'+—K‘ildf
(nR) (xS T-T, CL
b. Since the gas is taken from same initial state to same final state On integrating we get
C. no matters whatever be the path, the answer is no. r drT w( . KA
¢. In process ABC, the change in internal energy 1s _L:m Tt = (K gl

AU, pr=U-=-U,= (fRMR(T--T,) . KA
anc =Yg = Uy = S0 We =14 =  —[log (T -T, >l§m=[r+“‘)lrlf'
=(3/2) x 500 x 8.314 (481.11-120.3) CL '
=225x10°) Y
: . . = —lngf350 '00=[K’+E)2:=2K:
Net work done in process ABC 1s T =300 CL ’
Wosc =W+ Wy,

50 log 2 2KA
= () + area below curve BC = log, T —300 =(log, <)+ f
=U+10’x10 0 [l . :KAIT 1K
= 10°) A e i T “",l
Thus. from the first law of thermodynamics, heat supplied in =300 CL
process ABC is oy T — 300 = 50108 4 » ,fﬁﬂ
Q=W+ AU 3kan
or Q=10°4+225x10° =5 T =[300+12.5¢ ¢ ]Kelvin
=325x10°%) 30. n = no. of moles = 2,
Similarly, in process ADC as being a state function, change in a. Th‘ﬂ .cgmplctc process is shown on a P-V diagram in the
internal energy remains same as initial and final states are same. adjoining figure.
Thus, £ 3 AC Heating at constant
AU pc=225%10° ) T Volume v,

Thus, work done by the gas in process ADC is 5 3 A 3! Alkinbaide

Wine=Wi,+ W, compression
= area below curve AD + () p lossaseunes R &
=5x%x10*x 10 ’ i |
=(.5 x IU‘J E E
Thus, from the first law of thermodynamics, heat supplied in the 1}2 >V -,}:
process ADC 1s given as
Q0=W+AU b. i. Total work done
or =0.5% 10° +2.25 x 10° W =W,y +W,o= O 0Y) o
=275%10°) (y =1
29. For first situation (r<1,) ['“Wg-=PAV = Px0=0]
Accurd::f to Newton's law of ;ﬂllﬂg According to Poisson’s law, P.V,"= P V/
—=-K'(T-T,)= = - K'dl v\
dt e P..=F;[3L]
= l"l.!-
. ; o dl ] -
On integrating we get — w7 T, = R'_[“ di I = VT 3
350 We—: PIVI“’PI[_LJ V,
~log, (T =T, )0 = K'I11] y=1f o) "l
50 - l v\
= —Iugf:’.n 3m]=.‘€.”l'| =—I— ﬂVI-ﬂ-V-.-vl~ '
log, 1 K'tor K'n=log,2 (1) For monoatomic gas,
i \213 ]
For first situation (1 > 1,) y=1+ 2 =_§_ W = 3 PV, - ﬂvl[f_:_)
When the body X is connected to a large box Y. In this case 3 3 2| 2l |
cooling occurs by Newton's law of cooling as well as by con- § 273
_ 3 Vi
duction - ;Pﬂ'ﬂ - v
- KA(T -T Tk 2/
KT -T2

di CL



31.

i, AU + AU 45+ AU 5,

= -

Vi

3 V. Y
= (? -ti’:: (? —-Ei'fﬁlﬂ l-w-[-_l.]

laccording to the first law of thermodynamics]
Bo>CQ=AUyu+0
A= BO+AU z+W

iil. For process BC:AU,. = nCAT = Q [~ W,. = 0] For

3
Monoatomic gas C, . = ;R .
3
dﬁUﬂi-:Q:z}‘:TR‘ﬂT
Hence AT = —Q—-
3R

According to Poission’s Law:
For the process AB, TAVJ" = ?—Epg-l

vY? Pr(v )
or Ty=T, 1 = 5 1

5/13 -2/

T =fL_v?,v|'?_ﬂVI E;

8R! 2R
ijlr‘l;‘l N Q
Hence, T.=T,+ AT =- 12R= hos
For the process A-B. it is given that

PT = constant
Differentiating above equation partially, we have

PdT + TdP =0 (1)
Equation of state for two moles of a gas
PV=2RT or = Eﬁ_}" (1)

After differentiating Eq. (i) partially. we get

PdV + VdP = 2R dT
From Eq. (1) partially, we get

PdV + VdP = 2R dT (1)
From Eqgs. (1) and (ii). we have

-
(“:T)dnw.o:o

or 2RTAT + VTdP =0

VdP = -2 RdT (1v)
Now from Eqs. (iii) and (iv), we have

-2RdT + VdP = 2RdT
or PdV =4 RdT (v)

a. The work done in the process AB

300
W [PdV = [ 4RdT

)

" = 4R(300-600)

H.l‘l—

= 4RIT
=-1200 R

b. i. As process B — C is isobaric, so

Qs =nCF.ﬁT=2:-c§§-x[6UO—3m)

= 1500 R )
ii. Process C — A 1s1sothermal, so AU =0
Q{.t = Al + H'{ = H'{ ‘

Weia =nRT In(P-/P,)
=2Rx600In(2P/P,) = 1200 RIn2
Qp4 =1200RIn2

Again for process A — B
Q=AU+ W,
=nC AT+ W ,

IR )
= ZH(ijx(Sﬂﬁ—ﬁﬂ}}—llmR

;.

=-900R - 1200 R = - 2100R

32. Also according to the principle of calorimetn

Heat lost by container = Heat gained by ice.
Let dQ be the heat lost when the temperature decreases by dT
at any nstant when the temperature of the container is 7.

dQ =mc dT
Where m is the mass of the container and C = A + BT is specific
heat at that temperature

dQ =m A~ BT\dT
On integrating we get

R L BTI
0= jm(A+BT}dT=m AT + —
500 2 Jsoo

= — 21600 m (heat lost)
Now consider heat gained by ice This heat is to be divided into
two parts
i. For making 0° Ice 10 0° water
il. increasing the temperature of water from 0°C to 27°C
Q,=mlL and Q, = mcAT

=0.1x80,000=0.1x10"x 27
RO00OCal = 2700 Cal
Q, + @, =8000 + 2700 = 10,700 Cal
From (1) and (i1)
21600 m = 10,700 = m = 0.495 kg

33. When the mass of 100 kg is attached. the string is under ten-

sion and hence in the deformed state. The potential energy (V)
stored by string.

I .
U = 5 X stress X strain X volume

I (Stress)’ 3

==X x wrel
2

=lx{Mg!nr'] xnr!!=lmif*f (1)
2 2 nrey

This potential energy is released in the form of heat, thereby
raising the temperature of the wire
Q = mcAT (1)
From (1) and (i11)
Since U = Q Therefore
mcAT = LE -.,g-l'
2 nreY




K=ot B .
2 nr°Yem

Here m = mass of string = density x volume of string = p x '/

2.2
AT=L 18
2 (nr*)’ Yep
_1 (100 x 10)’
T2 (3.04x2x107) x 2.1 x 10" x 420 x 7860
= 0.00457°C
34. a. Since AB is a straight line passing through O, hence in V-T

graph

= Constant (Isobarnc process)

Ya_¥a
R
V Vv
Te=—2xT,=2x300=600K |- —£=2
VA VA

b.i. Ato B s aisobaric process
Q=HCF&T=2><%RK3{H]= 1S00R
Heat 1s absorbed as Q is positive.
ii. Bto Cis an isothermal process.
Since the temperature is not changing

. Internal energy change = ()
. From first law of thermodynamics Q= W

v
Q =2.303 x nRT log,, FL

I

=2.303x2x R x600 x log,, 2
=2763.6 xlog,,2 x R=831.8R

Heat is absorbed.
ii. Cto D s aisochoric process .. dW =0

3
Q=nC,AT =2x *ER x (-300)=-900R
Since volume is decreasing this heat is released.

iv. Do A is an isothermal process

vy
Q =2.303 X nRT log,q -

i

2.303 x 2 x R x 300 x Iug(i]=-331.81‘?

Heat is released as Q is positive.
¢. Total work done

=Q,q q.n"'Ql_.r'"'Qr-n"' Qn A
=(1500 R +831.8 R)-(900 R+ 831.8 R) =600 R

X5. The observation time is | sec and during this tme the atom
makes 500 hits with the wall. The distance traveled by an atom

of helium In —66-.-:{. (times between two successive collision)

> = m. Therefore root mean square speed

d:stancc 2
Vo = = 1000 m/s

: ime  1/500

A
R

g L
a. Butr_ jJRT=|w Ix25/3xT
4x107°
=160 K
b. Avcragc kineuc energy of an atom of a monoatomic gas
Ek?‘
2

3 -1
& By = SKT =3.312x10 '* Joules

¢. From gas equation PV = (%]RT = m=0.3012 gm

36. When the container is stopped, the velocity of the container

changes from V, 10 zero. Therefore the change in kinetic energy
K= %mu Wy (i)

Here n = number of moles of gas present in the container
The Kinetic energy at a given temperature for a monoatomic

gas 1S
K= = x nRT
2
. Change in kinetic energy = ‘EHR( AT) (ii)

where AT = Change in temperature

From (1) and (11)
mV‘

2
'—nR[aTl=l{nm)V' AT =—L
2 2 3R

37. From Stefan’s-Boltzmann law
a. The rate of heat loss per unit area per second due to radiation
1S
E=eo(T'-T;)
- 0.6 X g x 107*[(400)" - (300)*]

= 595 watt/m*

b. Let 7, be the temperature of the oil. The Rate of heat flow
through conduction = Rate of heat flow through radiation

KA(T,,~T)

=595x A

where A is the area of the top of lid
595 x [ 505 x5x10°°
+T =

T = -
i ol 0.149
=4]983K
38. For isobaric process
we have %:'-—Iz-almv Axh
;.  ¥3
_TI_ I - I =4mxl=im
Ah, hz - T, 300



39.

When the gas is compressed without heat exchange. The pro-
cess 1s adiabatic

) V. Y-I 4\

- l'l ) \ 3/

From the figure 1t 1s clear that emission takes places from the
surface at temperature 7. (circular cross section). Heat conduc-
tion and radiation through lateral surface 1s zero.
KA(T, - T,)Ar

l
Energy emitted by the surface of the rod in the same time Az, 1d

E =0 AT, =T A
Since rod is at thermal equilibrium

Heat conducted throughrod i1s Q =

E=Qhence AN =T _ o AT ~T)A
4
: K
Using Binomial theorem 7, — T, = 4':” TAT

(Since T, - T,= AT and T,>> AT |

or ?}—{?;+5T1=4—i_-£i?fﬂ?'

4eciT' + 1
EQILI, + ]&T

or T,-T,,=( P

4 1)
. The proportionality constant = [l+ s J

Initially, at temperature T, the block is floating in equilibrium
have

Fy=mg
Axpg = ALp,g = xp,= Lp,

41. a.

42.

At temperature 7 + AT
Again the block is in equilibrium

Fg=mg
A'vp'e = ALp, g [mg remains the same as above]
Now, A = Al = 20AT)
p'=pil-yAT)
Al = 2adT wp il -vAT g = ALp, g
= il =2aATnl - AT = Lp,
=  xpil=2adT Wl - AT = p
= I+2eAT-ATi=1=7=1«a
From AQ =msAT
AQ 20000
ms 1 x400

= 50°C

AT =

AV =V AT =[—1-){9x 107 )50)=5%10 'm’

W=p-AV=(10Y°(5x1077)=0.05 J
AU = AQ - W = (20000 - 0.05)J
= 19999.95 J
0.05 kg steam at 373 K —2— 0.05 kg water at 373 K
0.05 kg water at 373 K %, 005 kg waterat 273 K
0.45 kg ice at 253 K —=— 0.45 kg ice at 273 K

0.45 kg ice at 273 K iy 045 kg waterat 273 K

Q, = (50) (540) = 27000 cal = 27 kcal
Q, = (50) (1)(100) =5000 cal = 5 kcal
Q. = (450) (0.5%20) = 4500 cal = 4.5 kcal
Q. = (450) (80) = 36000 cal = 36 kcal

Now since Q, + Q, > @, but Q, + Q. < Q, 1ce will come to
273 K from 253 K, but whole ice will not melt. Therefore,
temperature of the mixture 1s 273 K.



