Chapter 9. Thermodynamics and
Kinetic Theory

Thermodynanue processes are indicated in the
lollowing diagram.
Pa

700 K
i 500 K
/ 300 K
"V
Match the following
Column-1 Column-2

A, Adiabatic
B. Isobaric

P, Process |
Q.  Process Il
. Process 111 ¢ Isochoric
S.  Process [V 1. Isothermal
(a) P>C,0Q—=AR—=D S—>B
by P=C,Q—DR—B, S—>A
(¢ P>DQ—=B R—A S=AE
(d) PoAQ—-CR-2>D&S3SB
INEET 2017)

A carnot engime having am efficiency of %
as heat engine. 1s used as a refnigerator. If the
work done on the gystem 1s 10 J. the amount
ol energy phsarbed fom the reservorr at lower
temperatire.is
@) 901 T P () 1001 (d) 1)

(NEET 2017)

A gas mpxture consists of 2 moles ol O, and
4 moles of Ar at temperature 7" Neglecting all

vibrational modes, the total internal energy of

the system 15
(a) ISRT (b) 9RT (¢) 11 RT (d) 4 RT

(NEET 2017)
One mole of'an 1deal monatomic gas undergoes
a process described by the equation PI? =
constant. The heat capacity ol the gas durning this
process 1s

(c) 2R (d) R

(NEET-IT 2016)

3 5
(a) ER (b) ER

8. The temperature inside a refngeratoris 7, °C and
the room temperature 1s ¢, °C: The amount of
heat delivered to the room for each joule of
electrical energy consumed idedlly will be

i 4273
[ﬂ] Il_rl [h} Il_'fl
=1 t +273

(NEET-IT 2016)

6. Agivensample of anideal gas oceupies a volume
I"al d pressure P and absolute temperature 7'
The'mass of each molecule of the gas 15 m. Which
offthe following gives the density of the gas 7
(a)  PIET) (by Pm/(kT)

(c) PHETT) (d) mkI
(NEET-IT 2016)

7. A gas 1s compressed 1sothermally to half its
imitial volume. The same gas 1s compressed
separately through an adiabatic process until its
volume 1s again reduced to hall. Then
(a) Compressing the gas 1sothermally or

adiabatically will require the same amount
of work.

(b)  Which ol the case (whether compression
through 1sothermal or through adiabatic
process) requires more work will depend
upon the atomieity of the gas.

(¢) Compressing the gas 1sothermally will
require more work to be done.

(d) Compressing the gas through adiabatic
process will require more work to be done.

(NEET-T 2016)

8. The molecules of a given mass of a gas have
r.m.s. velocity of 200 m s at 27°C and
1.0 = 10° N m? pressure. When the temperature
and pressure of the gas are respectively, 127°C
and 0.05 = 10° N m*, the rm.s, velocity of its
molecules mm s s

1002 100) 400
:,_{h] = (¢) 10042 (d) —=

NG

(NEET-1 2016)

(&)
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9.

10.

11.

12,

13.

14.

15.

A refrigerator works between 4°C and 30°C.
[t1s required to remove 600 calories of heat every
second 1 order to keep the temperature of the
refrigerated space constant, The power required
18 (Take 1 cal = 4.2 Joules)

@) 2365W (b) 2365 W
(©) 2365W d) 23.65W
(NEET-I 2016)

An 1deal gas 1s compressed to hall its mmtal
volume by means of several processes. Which
of the process results in the maximum work done
on the gas”?

(a) Isochone
(¢c) Adabatic

(b) lsothermal

(d) Isobarne  (2015)

T'wo vessels separately contain two 1deal gases

A and B at the same temperature, the pressure of

A bemng twice that of 8. Under such conditions,
the density of /4 1s found to be 1.5 tmes the density
of B The ratio of molecular weight of A and B 15

| 23
(@) 2 (b) 5 (c) 3 (d) 1 |
(2015)

The coefficient of performance ol a relrigérator
1s 3, If the temperature inside freezer 1s —20°C,
the temperature ol the surroundings te which it
rejects heat 18

(@) 11°C (b) 21°C (¢) 31°C ) 41°C
(2015)
The ratio of the specifi¢ hedls = =Y interms
of degrees of freedom (n) 18 giv; by
2 s i)
(a) Ll-‘-*‘-"”. ® |1+
il \ 2
. fl. %)
) [1-+— d) |1+
( L ( .

(2015 Cancelled)
A Carnot engine, having an efliciency of as heat
engine. 1s used as a refiigerator. If the work done on
the system 1s 10 J, the amount of energy absorbed
from the reservoir at lower temperature 1s
@ 971 () 11 (&) 1007 (d) 99

(2015 Cancelled)
One mole ol an 1deal diatomic gas undergoes a
transition from . to B along a path AB as shown
in the higure.

16.

17.

18.
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5-.

:

P(in kPa) 2:

Viin m?) —p
The change 1n internal energy of the gas during
the transition 1s
(a) 20
(c) 20kJ

(b) ~12kl
(dhy —20 k]

(2015 Cancelled)
Figure below showsdwespathis that may be taken
by a gas to go from a stale-] to a state

2% 1073m? 4 ¥ 1073m?
vV —»

In process AB, 400 I of heat 15 added to the
system and m process BC, 100 I of heat 1s added
lo the system. The heat absorbed by the system
in the process AC will be
(a) 4601 (b) 30017
(c) 3801J (d)y 500J

(20135 Cancelled)

A monatomic gas at a pressure 7, having a volume
I"expands isothermally to a volume 21" and then
adiabatically to a volume 1617 The Imal pressure
of the gas 1s (Take y = 5/3)

(a) 64P  (b) 32P (¢) P64 (d) l6P

(2014)
A thermodynamic system undergoes cyclic
process ABCDA as shown in figure. The work
done by the system in the cycle 1s

T

P 1
3Fg1"*
APy siants
Po :
Vi lll"jn r—
(a) Pnrt:n (b) ZPHIH
(¢) R (d) zero (2014)

2
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19.

20.

21.

22.

23.

24.

The mean [ree path of molecules of a gas,
(radius ») 15 mversely proportional to

(a) » (b) »°

(¢) r (d) fr (2014)
In the given (I"'=T7) va P,

diagram. what 1s the

relation  between

pressures £, and /.7

(@) P;<P

(b)  Cannot be predicted

(c) P: B Pl

(d) P,>P,

(NEET 2013)

A gas 1s taken through the cycle
A= B — C — A, as shown. What 1s the net
work done by the gas?

P (107 Pa)

A

7.

é_ ..................... H

e

4

H A 4

I-] | : T 1 T i 1 > |/

B W R T (10 m)
(a) Zero (b) — 2000 ]
(c) 2000) (dy 1000 ]
(NEET 2013)

During an adiabatic process, the pressure of a
gas 1s found to be proportional to (he cube of its

“ o .
temperature. The ratiovof E_-,f— for the gas 1s
kL

(d) 2
(NEET 2013)
The amountaf heat energy required to raise the

temperature of 1 g of Helhum at NTP, from T, K
to T, Kis

4
ey =

5 i
@3 @ F 3

5 . fr
— N kp(l5 = —N k| —=
(a) 1 Nkl =1)  (b) 1 e ﬂ[ 1, J

3 : . :
SNk -T) (@) %N,,L-H{Tg-'ﬁ}
(NEET 2013)

A svstem 1s taken from state a to state ¢ by two
paths adec and abe as shown n the figure. The
internal energy atais U/, =10 J. Along the path
ade the amount ol heat heat absorbed dQ, =50 ]
and the work obtained @I, = 20 J whereas along
the path abe the heat absorbed d(, = 36 1. The

(c)

29,

26.

27.

28.

29.

amount of work along the path abe 15

i > C
T F Y A
Ii'-l-
a > b
| —
(@) 101 (b)) 127  (¢) 36) (d) 61
(Karnataka NEET 2013)
Which of the following relations does not give

the equation of an adiabatic proeess, where terms
have their usual meaning”
(a) P!V 71" = constafit
(by PI" = constant
(¢) 717" = constant
(dy PY 7%= constant
(Karnataka NEET 2013)

Two Carnot engines 1 and B are operated 1n
series. 'he engine A receives heat from the
source at temperature 7' and rejects the heat to
the sink at temperature 7" The second engine B
recetves the heat at temperature 7" and rejects to
its sink at temperature 7. For what value ol T’
the efliciencies of the two engines are equal

T,-T,
(@) —5— (b) 1T,

Li+T
(¢) JTT, @ =

(Karnataka NEET 2013)
In a vessel, the gas 1s at pressure P Il the mass
of all the molecules 1s halved and their speed 1s
doubled, then the resultant pressure will be
(a) 2P (by P
(¢) P12 (dy 4°

(Karnataka NEET 2013)

A thermodynamic system 1s taken through the
cycle ABC'D as shown 1n figure. Heat rejected
by the gas during the cycle 1s

(a) 2PV TEP-- .
(by 4PV E "
1 5 o
(c) 7 PV i ,-:-"! B
4 g1
(d) PV (2012) Volume——

One mole of an 1deal gas goes from an mbial state
A to final state B via two processes : It first
undergoes 1sothermal expansion from volume V
to 3V and then 1ts volume 18 reduced rom 3V to
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30.

31.

32.

33.

V at constant pressure. The correct P-V diagram
representing the two processes 18

B :
4 E : P
T A : T
() : P (b)
vV 3V
—p
A - .
Pl ‘: Pl ,
flem ]
(c) ' (d) : ,
Vo av a3y
—_ 1/ —
(2012)

An 1deal gas goes from state A to state B via
three different processes as indicated in the P-V
chiagram.

4

V—>

If Q,. Q.. Q, indicate the heat absorbed by the
gas along the three processes and AU JAUL, AL,
indicate the change in internal energy along (he
three processes respectively, then
(a) Q,>Q,>Q,and AU, = AU = AU,
(b) Qy>Q,>Q, and AU, = AU, = AU,
(©) Q,=0Q,=Q,;and Al > AU, > AU,
(d) Q;>Q,>Q, and All, > AU, > AU,

(Mains 2012)

A

3 A

=

During anasothermal expansion, a confined 1deal

gas does=150.J el work against its surroundings.

This.implies that

(@) 150 Jol heat has been removed from the gas

(by 300 ) of heat has been added to the gas

(¢) mno heat 1s transferred because the process

1s 1sothermal

150 J of heat has been added to the gas
(2011)

When 1 kg of 1ce at 0°C melts to water at 0°C,
the resulting change m 1ts entropy, taking latent
heat of ice to be 80 cal/®C, is

(a) 273 cal/K (b) 8 = 10* cal/K

(¢) 80 cal/K (d) 293 cal/K (2011)

A mass of diatomice gas (Y= 1.4) at a pressure of
2 atmospheres 1s compressed adiabatically so that

(d)

34.

35,

36.

37.

38.

39.

40.
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its temperature rises from 27°C to 927°C. The
pressure of the gas m the final state 15
(a) 8 atm (b) 28 atm
(c) 687 atm (d) 256 atm
(Mains 2011)

I AU and AW represent the increase in internal
energy and work done by the system respectively
in a thermodynamical process. which of the
following 1s true?

(a) AU =-AW. inan adiabatic process

(b) AU =AW, in an 1sothemnal process

(¢) AU =AW, in an adiabatie proeess

(d) AU=-AW, in anisothermal process (2010)

Ifc, and ¢, denote thespecifieheats (per unit mass
of an 1deal gas of moleenlar weight M, then
(a) C,~ = R/M? (b) O =iy ™ R
© gme,=RM (d) ¢,-c,=MR
where Ris the molar gas constant.

(Mains 2010)

Ammonaldomic gas at pressure P, and volume 1",
1s compressed adiabatically to 1th ol 1ts
original volume, What 1s the final pressure of
the gas?
(a) 64P, (b) P,

(¢) 16P, (d) 32P,

(Mains 2010)

The internal energy change in a system that has
absorbed 2 keal of heat and done 500 J of work 1s
(a) 640071 (b) 5400 7T (c) 7900 J(d) 89001

(2009)

In thermodynamic processes which of the

following statements 1s not true?

(a) In an i1sochoric process pressure remains

constant.

[n an 1sothermal process the temperature

remains constant.

(¢) Inan adiabatic process PI'Y = constant.

(d) In an adiabatic process the system 1s
insulated from the surroundings.  (2009)

At 10°C the value of the density of a fixed mass
of an 1deal gas divided by 1t pressure 15 x.
AL 110°C thas ratio 15

(b)

(2008)

If O, £ and I denote respectively the heat added,
change 1n internal energy and the work done 1n
a closed cycle process. then

(a) £=0 (b)y @=0

(¢) W=0 (dy Q=W=0 ¢2008)
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41.

42.

43.

44.

46.

47.

48.

An engine has an efficiency of 1/6. When the
temperature of sink 1s reduced by 62°C, its
efficiency 18 doubled. Temperatures of the
source 1s

(a) 37°C (by 62°C

(¢) 99°C (d) 124°C. (2007)

A Carnot engine whose sink 1s at 300 K has an
efficiency of 40%, By how much should the
temperature of source be increased so as to
increase its efficiency by 30% of original
efficiency”
(a) 380 K
(e) 325 K

The molar specific heat at constant pressure of
an 1deal gas 1s (7/2)R. The ratio of specific heat
at constant pressure to that at constant volume 1s
(a) 977 (b) 7/3
(¢) 8/ (d)y 5/7.

Anideal gas heat engine operates in Carnot cycle
between 227°C and 127°C. It absorbs 6 x 104 cal
of heat at higher temperature. Amount ol heat
converted to work 1s
(a) 4.8 x 104 cal
(¢) 2.4 x 109 cal

(by 275 K

(d) 250 K (2006)

(2006)

(b) 6 = 10% cal

(d) 1.2 * 10 cal
(2003)

Which of the following processes 1s reversible”?

(a) Transfer ol heat by conduction

(b) Transfer of heat by radiatueny

(¢) Isothermal compression

(d) Electrical heatingofa nichrame wire.

(20035)

The equation of state for § g of oxygen at a
pressure P and temperature 7', when occupying
a volume 1", wall'be
(a) PI'z= (SISHRY (b) PV =5RT
(¢) P¥=3NRF (d) PI"'= (5/16)RT
(Where R 1s the gas constant)
(2004)

One mole of an 1deal gas at an imtial temperature
of 7" K does 6R joule of work adiabatically,
[f'the ratio of specific heats of this gas at constant
pressure and at constant volume 1s 5/3, the final
temperature ol gas will be

(a) (T+24) K (by (T'-24) K

(¢) T+4K (d) (I'=4)K (2004}

An 1deal gas heat engine operates in a Carnot
cycle between 227°C and 127°C, It absorbs
6 kceal at the higher temperature. The amount of
heat (in keal) converted into work 15 equal to
(a) 4.8 (b) 3.5

(c) 16 (dy 1.2 (2003)

49.

S0.

S2U

53.

The efficiency of Carnot engine 1s 50% and
temperature of sink 1s 500 K. If temperature of
source 18 kept constant and 1ts efhiciency raised to
60%, then the required temperature of sink will be
(a) 100 K (by 600 K

(¢) 400 K (dy 500 K (2002)
A scientist says that the efficiency ol his heat
engine which work at source temperature 127°C
and sink temperature 27°C 1s 26%, then

(a) 1t 1s impossible

(b) 1t 1s possible but less probable

(c) 1t 1s quite probable

(d) data are incompléte. (20017)

The (W/Q) of a Carnot emgme 1s 1/6, now the
temperature of sink is reduced by 62°C, then
this ratio becomes twice, therefore the mitial
temperature of the sinkand source are respectively

(a) 83°E, 67°C (b) 37°C, 99°C
(c) &J°@, B3°C (d) 97 K. 37 K.
(2000)

Todind out degree of freedom, the expression 1s
o p__ 2 S
() f—_ﬁ,_] (b) =5

;2 |
(c) f T d)y f T (2000)

Anideal gas at 27°C 1s compressed adiabatically
to 8/27 of its original volume. The rise n
temperature 1s (Take v = 5/3)

(a) 275K (b)y 375 K

(c) 475 K (d) 175 K (1999)

The degrees of freedom of a triatomic gas 1s
(a) 6 (by 4
() 2 (d) 8 (1999)

If the ratio of specific heat of'a gas at constant
pressure to that at constant volume 1s y, the
change in internal energy ol a mass of gas, when
the volume changes from " to 21" at constant
pressure P, 1s

PV

(v =D
R

(a) (b) PV

(c) (d) (1998)

(v -1 (vy—D
We consider a thermodynamie system, If AU/
represents the mcrease mn ils mternal energy
and I the work done by the system, which of
the following statements 15 true?
(a) AU = —I1"1n an 1sothermal process
(by AL = II" mm an 1sothermal process
(¢) AU =-II"m an adiabatic process
(d) AU = " n an adiabatic process (/995)
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§57.

60.

61.

62.

63.

64.

The efficiency of a Camot engine operating with
reservoir temperature of 100°C and — 23°C will be

3734250 373250
@) 3 ®) 353

100+ 23 100-23
® oo @) o (1997)

A sample of gas expands from volume I, to I,
The amount of work done by the gas 1s greatest,
when the expansion 1s
(a) adabatic

(¢) 1sothermal

(b) equal in all cases

(d) 1sobanc.  (1997)

The value of entical temperature in terms ol

van der Waals™ constant @ and b 1s given by

Ra 27 a
a) T.= b) T.=
{ “ 27Rb { © 8Rb

£l il
> T.= {(d) T.= .
@ de=5mp “ = 2IRb

(1996)

An 1deal gas, undergoing adiabatic change, has

which of the following pressure temperature

relationship?

(a) PV =constant (b) PTY = constant

(¢) PrITY = constant

(d) PIT! = constant. (1996)

A diatomic gas initially at 18°C is compressed

adhabatically to one eighth of its ongmal volume.

The temperature after compression will be

(a) 3954°C (b) 144°C

(c) 18°C (d) BRLAC  (/996)

At 0 K which of the following praperties of a

gas will be zero?

(a) wibrational energy (b) density

(¢) kinetic energy i) potential energy,
(1996)

An 1deal Carnofengine; whose efficiency 1s 40%,

receivessheat.at 500 K. If its efficiency 1s 50%,

then thetntaketemperature for the same exhaust

temperature is
(a) 800K (b) 900 K
(¢) 600K (d) 700 K. (1993)

[n an adiabatic change, the pressure and
temperature of a monatomic gas are related as
PeTC , where (" equals

B gy 3 2 o3
(a) 5 UJ3 (c) 5 {12_
(1994)

Which of the following is not thermodynamaical
function ?

(a) Enthalpy

(¢) Gibb’s energy

(by Work done
(d) Internal energy
(1993)

66.

67.

68.

69.

T0.

71

72.
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110 joule of heat 15 added to a gaseous system
whose mternal energy 1s 40 I, then the amount
of external work done 15

(a) 150 (by 701

(¢) 1101] (d) 401] (1993)

Anideal gas.4 and a real gas B have their volumes
mecreased from 1" to 217 under 1sothermal
conditions. The increase in mternal energy

(a) will be same 1n both 4 and B

(b) will be zero in both the gases

(¢) of A will be more than that of A

(dy of .4 will be more than Mat of B (1993)

The number of translatienaldegrees of freedom
for a diatomie gas 1§
®) 3

(ay 2
ey 2 (d) 6 (1993)

A thermodymamic system 1s taken from state 4
to B along ACH and is brought back to .1 along
BD:1 as shown in the PI"diagram. The net work
donedurmg fhic complete cycle is given by the area

i
P, i
5 =
P, b
7
2
[] A‘ BJ’ LJr

(by ACBB'A’A
(d) ADBB A"/
(/992

(a) P ACBP,P,
(¢) ACBDA

If for a gas, Ciz (.67, this gas 1s made up of
!

molecules which are

(a) diatomic

(b) mixture of diatomic and polyatomic
molecules

(¢) monoatomic

(d) polyatomic (1992)

For hydrogen gas ', — ('}, = a and for oxygen
gas (', = .= b, so the relation between @ and b
is given by

(a) a= 16b
(¢} a=4db (1991)

Three containers of the same volume contain
three dillerent gases. The masses ol the molecules
are m , m, and m, and the number of molecules
in their respective containers are N, N, and V.
The gas pressure in the contamers are P,, P, and
P, respectively. All the gases are now mixed and
pul in one of these containers. The pressure P of
the mmixture will be

(by 16b = «a
(d)y a=h
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73.

74.

(@) P<(P,+tP,+P)

2+ P+ F
(by P=- 3 -~

(c) P=P, +P,+P,
(d) P> (P, +Py+Py

(1991)

A thermodynamic process 1s shown in the
ligure. The pressure and volumes corresponding
to some points 1 the hgure are
P =3x]100Pa; V =2 x 107m’,

P,=8x 10%Pa; I'; =5 x 107 m’

In the process AB. 600 I of heat 1s added to the
system and i process BC, 200 I of heat 15 added
to the system. The change n internal energy
of the system 1s process AC would be

P
B 5 C
&~ W
A 'y
0 v
(a) 560] (bhy 800 J
(¢) 6001 (d) 640 ] (1991}

Relation between pressure () and enemgy (&)
of a gas 1s

(a) P=%E (b) P=%E
(¢ P=K (dy P=8 1991)

One mole of an ideal gas réquires 207 I heat to
rise the temperature by 10K when heated at
constant pressure. If the same gas 1s heated at
constant volume to rarse thé temperature by the
same 10 K, the heat required 1s

(Given the gas coristant R = 8.3 J/mole K)

76.

i

78.

79.

81,

81.

(a) 198.71] (b) 29

(c) 215317 (d) 124 ) (1990)
According to kinetic theory of gases. at absolute
zero of lemperature

(a) water [reezes

(b) hguid helium [reezes

(¢) molecular motion stops

(d) hqud hydrogen [reezes (1990)

lYor a certain gas the ratio of specific heats 1s
given to be y = 1.5. For this gas

(a) C,.= 3R (b) G = 3R/]

(©) Cp=SRIS (d) Cy= SRS (1990)

A polyatomic gas withadegreeseol [reedom has
a mean energy per moleetle given by

nkT nkT
(a) N (h) SN
() —-"‘;T (d) “‘TT (1989)

At constantvolume temperature 1s increased then

(a) ebllission on walls will be less

() mumber of collisions per unit tune will increase
(@ collisions will be 1n straight lines

@ collisions will not change (1989)

Two containers .4 and B are partly filled with
water and closed. The volume of 4 1s twice that
ol B and 1t contains hall the amount of water in
B. If both are at the same temperature. the water
vapour in the contamers will have pressure
the ratio of

(a} 1:2 (by 1:1
(e 21 (dy 4:1
First law of thermodynamices 1s consequence of
conservation ol

(1988)

11.
21.
31.
41.
S1.
61.
71.
81.

( Answer Key

(@ 2. (@ 3. () 4. (d) 5§ (b
(dy 12. (¢) 13. (a) 14. (a) 158, (d)
(d) 22. B 23. (¢) 24. (d) 25. (@
(dy 32. (d) 33. (d) 34. (a) 35. (¢)
(c) 42. (d) 43. (b) 4. (d) 45. (¢
(by 52. (a) 53. (b) 54. (a) 55. (a)
(a) 62. (¢) 63. (¢) 64. (d) 65 (b
(dy 72. (¢) 73. (a) 74. (a) 75 (d)

(b)

6.

16.
26.
36.
46.
56.
66.
76.

(a) work (b) energy
(¢) heal (d) all ol these
(1958)
)
(by 7. (d) 8 (d) 9 (a) 10. (c)
(a) 17. (¢) 18. (d) 19. (b) 20. (a)
(¢) 27. (a) 28. (a) 29. (d) 30. (a)
(dy 37. (c) 38. (a) 39. (b) 40. (a)
(a) 47. (d) 48. (d) 49. (¢) 50. (a)
(¢) §7. (b) 58. (d) 59. (a) 60. (b)
(by 67. (b)y 68. (b) 69. (¢) 70. (c)
(cy 77. (b) 78. (¢) 79. (b) 80. (b)
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TR LR R EXPLANATI ONs ‘III||IHIIIIIIIIIIII|IIIIIIII]II[IIIIII|I

1. (a): In process I, volume 1s constant
Process | — Isochone, P — C
As slope of curve [T 18 more than the slope of curve 111,
Process Il — Achabatic and Process 111 — [sothermal
Q—=2AR—-2D
In process IV, pressure 1s constant
Process IV — Isobanic, S — B
2. (a):Therelation between coeflicient ol performance
and efliciency of carnot engine 15 given as

—

p=—]
M

|
Civen N= 0° W=10J

-
10_ 2 4.
| =¥

10

p=

" 0, - *
Since, B=—= _ where (), 1s the amount of energy

W
absorbed from the reservoir

O,=pW=9x10=901
3. (¢) : The internal energy of 2 moles of ), atom 1§

' 5
Us, =MRT=2x;xRT

2
Ug, =3RT
The internal energy of 4 moles o Ar atom 1s
RT 3
U;‘-‘lr =%=4KEKRT=6HT

The total internal energy of the svstem 1s
U=Ug, +U, =5RT +6RT = 11RT
4. (d): Process deseribed by the equation,

P1? = constant
For a polyttapie process. P'I'™ = constant

R 3 R
C=C,+ —— =—R+—— =R
- 2 =3
5. (b): Temperature mside refrigerator = 1, °C
Room temperature = 1, °C
[For refrigerator,
Heat given to high temperature (¢)) T,

Heat taken from lower temperature ((;) - I
Q 1 +273
Q, t+273
Q  4+273
Q-W

—

oar =
f, +273 Q

t, +273

W -t
Q t +273

The amount of heat delivered to the room for each
joule of electrical energy (H"'=1.1)

or

h +273
Lot
6. (b): AsPlI'=nRT or n= PV= e
RT molar mass
siokd)
: mass  (molar mass)P  (mN, )P
eI . RT T ORI
[From eqn. (1)]
mP .
p= kT (s R=N,K

70 MRV, =V, =V2 L,
On.P-Tdiagram,

Area tinder adiabatic curve

= Area under 1sothermal curve

Isothermal
Adiabatic

So compressing the gas 4 by
through adiabatic process will N
require more work to be done.
& i 13k T
: tAS V. = —
{ ] rins m
Vo _Jznz?a ~[300 3
Vig7 127 +273 400 2
2 2 -1 400 s
XVyms =—=Xx200m s b mg

or V., =——=
S i 7

9. (a): Given, T,=4°C=277K,7,=30°C=303K
(), = 600 cal per second

T
Coellicient of performance, o = - 2
Jllﬂl > TE
277 277
303-277 26
Q
Also, o= —
50,00= 77
Work to be done per second = power required
26
=W= % = x 600 cal per second
o 277
26
= ﬁxﬁﬂﬂxrlj ] per second =236.5 W
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10. (¢) : The P-1"diagram of an 1deal gas compressed

Yo
2

[rom its imitial volume 1, to —= by several processes

1s shown m the figure,

wm—

Isobaric

i
i
"
]
]
L

Vi Vo

y—>
Work done on the gas = Area under P-I" curve
As area under the P—I"curve 1s maximum for adiabatic
process, so work done on the gas 15 maximum for
achabatic process,
11. (d): According to an ideal gas equation, the
molecular weight of an 1deal gas 1s

_pRT]

- — {ﬂﬁ

where P, T and p are the pressure, temperature’and
density of the pas respectively and R 1s the wiiversal
gas constant.

The molecular weight of 4 1s

M, = w and that of B1s My = [ Rk
Fy P,

Hence, their corresponding ralo s

LY

M 4 :[F"A ][ T, ](PH
M, Pp N Ty \ Py

T P
[Here I~"_.a'.=]j___£1;%=_] and —4 =2
" Pa 2 Iy P
My 13 Yef 1) 3
_'1,[ 1](1}(_ S
Mﬂ .2_ 4 2 4

12. (¢): The coellicient of performance of a
refrigerator is
T".l
O i el
L—T
where T, and 7', are the temperatures of hot and cold
reservoirs (in kelvin) respectively.
Here,a=5,T,=-20°C=-20+273 K =253 K
Ey=1
_ 253K
TN —253K
5T, —=5(253K)=253K

T, =253 K+ 3(253 K) =6(253 K)

6
I = EIZEEK] =303.6 K=1303.6 - 273
' = 30.6°C = 31°C

13. (a) For n degrees of freedom, C, =;—IR

Also, C, - C, = R

) i
Cp=C,+R="R+R —(EH)R

e
C, (n/2)R 1 ' n
14. (a)

15. (d) : We know, AU = nC AT

- n[ R ](Tg -9 [for diatomic gas,C, = ?]

2
SR (i _ BV
2 L nK nk
e PV =nRT] T 5
5 PO KPa) 2-feceveandinaa
V. : ‘
4 f

=§(2>{Iﬂ3xﬁ—5x[{]3>{4}

Viin m?) —p

5
=;{—leﬂ3}=—2ﬂk.l

16. (a): Asimual and final i
1
points are same so | P4 " ;
Al = Al/ 6 10% Pafe---- .
JABc = AUy :
AB 1s 1sochorie process. 5
- 2% 1070 Palss---4 ;

2% 107%m" 4 % 10m?

BC" 1s 1sobaric process
v —»

AUpe = AUpe + Al g
100 =AUg+6 % 10* (4 x 1073 -2 x 1079)
100 = AUp + 12 x 10
AUg=100-120=-207

As. AU jp= AU 440

AU p + AUpe = A0 40 = AW

400 = 20= A0, - (2 x10* x2 %107 +%x2x|n'3

x4 x 10"
AQ ,~=4601]
17. (e) : Fust, 1sothermal expansion
P

PV'=P'Q21Y;, P'==

Then, adiabatic expansion
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PRI =P (161!

(For adiabatic process, PI" = constant)

5/3

P 5/3
E{ZV} Zﬂc-[lﬁl”']

” _P EF)EH_F I 5."3_.)9 | 5/3
S22

f2\1ev 2(8 23
P i]_ P
~ iR 93 64
18. (d):In a cvechic

=

process work done 1s equal
to the area under the cyele 3Py
and 1s positive if the cycle 4 Py-
1s clockwise and negative

= : -
if anticlockwise. 0

As 1s clear from higure,

Wirpa = +area of AAED =+% Vo
WHCEB =—Area of ABCE = —% P[}Vu

The net work done by the system 1s
Waet = Wagpa +Wecen
I l

=+ Vo —75 FoVp = zero

|
19. (b): Mean free path, A=———
J Vanmd®

where » 18 the number density and J'is.the.diameter
ol the molecule,

Asd=2r
| _ 1
}h ] or ’?‘u oF ==
4\/5117[1'1 ]""E

20. (a) : Accofdingto ideal gas equation

PV =nRT Va P,

kT
or S = Py
P

For an 1sobarie process,
P =constant and Ve T )
Therefore, I'— T graph 1s a &
straight line passing
through origin. Slope of this line i1s 1nversely
proportional to 7.
In the given fhigure,

(Slope), > (Slope), .. P,<P,
21. (d): In a cyclic process, work done 1s equal to
the area under the cycle and 15 positive 1if the cycle
1s clockwise and negative 1l the cycle 15
anticlockwise.

109

P (10° Pa)
A

T —r—T—T—T—" V 1[]"3 i
B e
The net work done by the gas 1s

W = Area of the cycle ABCA

. %}c(?- 2% 1072 x (6 -2y 10

= %:—cﬁxll]'a x4 %0 W = 102 J= 1000 J

22. (b): Pec 77, P77 = ponstant
For an adiabatie process; P17 = constant
Comparing (1) and (@), we get

(1)
(1)

Lz—&.; ¥=-3+3y
1-4
3
2y or Y =3
& €. 5

. O 2

L i

23. (c) : As here volume ol the gas remains constant,

| therefore the amount of heat energy required to raise

the temperature of the gas 1s
AQ=nC AT
Here,

1
Number of moles, n= T

Cy = %R (" He 1s a monatomic.)
Al =T, ~T,
13
AQ=—=R(T,~T,
& ) (Ih=1)
3 e -
=§Nnkﬂffz_fﬂ [ '{H_N_ﬂ]
24. (d): According to first law
of thermodynamics. q a

80 = 8U + 8 T .

Along the path ade b - o
Change i iternmal energy. >
S, =80, - 6,

=50J-201=301]
Along the path abe
Change n internal energy.

SU,=8Q, -8, 8U, =36 18I,

V—
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As change 1n internal energy 18 path independent.
OU, =dU, =30 1=36T-dW,
3, =361-301=61

25. (d): For an adiabatic process.

P17 = constant 1)
According to 1deal gas equation

PI'=nRT = p=$
Putting (1), we get

nRT

TV = constant ; ... 717! = constant
Agam from the ideal gas equation

V= nRT

P
Putting n (1). we get

W
nRT =
P(TJ = gonstant - ' 7" = constant

26. (c): Efficiency of a Carnot engine

il
T'|J.
where 7' 1s the temperature of source and 77, 1s the
temperature of sink respectively.

Forengined, n, =1~ =il
1
T,
IFor engine B, T"lu“]—?
As per question. M, =n,
1_—_1—11'2' -'];;:.I-_..-
Tf T = T T gr Te TT
1 mN _
27. (a): As P=——ru ()

where m 15 the mass ut-.ﬂanh molecule. N 1s the total
number of moleenles, I"is the volume of the gas.
When mass of all the molecules 1s halved and their
speed 1s doubled. then the pressure will be

1( m 2 2mN 2
Pr= x—x (2v = —— =2P
3( 2 ] (200ms ) =375 Vme
(Using (i)
28. (a): In a cyclic process. apt K .
.&L'T = ” T A
In a cyclic process work done %
is equal to the area under the 7 pt b1 B
cyele and s positive if the eyele = ’ |
1s clockwise and negative 1f ; sl
: _ g Volume—-p
anticlockwise.
AW =-Area of rectangle ABCD =-P(2V)
=-—2PV

According to first law of thermodynamics
AQ=AU+AWor AQ=AW (As AU =0)

1.e., heat supplied to the system 1s equal to the work
done

So heat absorbed, AQ =AW =-2PV
Heat rejected by the gas = 2PV

29. (d)

30. (a) : Change in internal energy 1s path independent
and depends only on the mitial and linal states,
As the imtial and final states in the three processes
are same. Therefore,
All; =AU, = AU,
Workdone, W = Area underP-V graph
As area under curve 1 > area mnder curve 2
> area under curve 3
W >W,> W,
Aﬂuﬂrdmg torfirst Iaw of thermodynanuces,
Q = W +ali
As W, = W= Wirand AU, = AU, = AU,
Q>QuF Q,
31 (d)
32. (d): Heat required to melt 1 kg ice at 0°C to water
al0°C is

Q=m L =(1kg) (80 cal/g)

= (1000 g) (80 cal/g) =8 = 10" cal
8x10* cal
Change 1n entropy, AS =% = :?;3 KE;

=293 cal/K
Note : In the question paper unit of latent heat of 1ce
1s given to be cal/°C, It 1s wrong, The unit of latent
heat of ice is cal/g.
33. (d): For an adiabatic process
7 0k
pr-1

= constant

T

B3] oo
. ) o\B) T ()

Here, T, =27°C =300 K, Tr= D27°C = 1200 K
P? =2atm,y=14
Substituting these values in eqn (1), we get
14

1200 11.4-1

P
f=(2 }[ 300
= (2)(4)1404 = 22372 = (2)(2)" = 28 = 256 atm

34. (a) : According to first law of thermodynamics
AQ =AU + AW

where,
AQ = Heat supplied to the system
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ALl = Increase i mternal energy of the system
AW = Work done by the system
For an adiabatic process

AQ=0 .. AU=-AW
For an 1sothermal process

AU =0

AQ =AW

Hence, option (a) 1s true.

35, (¢): Let ', and (', be molar specilic heats of the
ideal gas at constanl volume and constant pressure.
respectively, then

C,=Mc and C, = Mc,

C.~C,=K MC.T' ~-Mc =R = C,—C= R/M
36. (d) : Ideal gas equation, lor an adiabatic process 15

PV' = constant or PV} =P,V

.

IF'or monoatomic gas Y = 3

&3
PV =P [—LV ]
1 Ry | 2 2

= P,=P x(2)=32P,

37. (e): Heat energy given dQ =dUV + dW where dUV

15 the change in internal energy and @/ 1s the work

done.

Given dQ = 2 keal = 2000 x 4.2 ] and dIV" = 500. 1
2000 x 42=dU+ 500 = 4U/=7900.1

38. (a) : In1sochorc process. it 1s volumethatis kept

constant. [f pressure is kept constant.jtisan [sobaric

process.

39. (b) : Mass of the gas =m.
At a fixed temperature and presstre, volume 1s lixed

| . m " m 1
Density of the gas p=— = X

% V.P  uRT

S x1'= constant
At 10°C je 283 K xI'=x 283 K
At 110°@ xT"=%"383 K
= = 2331‘

- 383
40, (a) : Internal energy depends only on the initial
and final states of temperature and not on the path. In
a cyclic process, as initial and final states are the same.
change in imternal energy 15 zero. Hence £ 1s Al the
change m mternal energy.

41. (c) : Efficiency of an engine, N = T
|
where 7', 1s the temperature of the source and 77, 1s
the temperature of the sink.
L. 3

=]-— 0T,

1 3
6 T

= 6 -1k1)

=353

111

When the temperature ol the sink 1s decreased by
62°C (or 62 K), efheiency becomes double.
Since, the temperature ol the source remains
unchanged

lezl—v—{ﬁ_ﬂ} or, l_l__{Tz—ﬁE]
6 T 3 T,
or A bt or, 27, = 31, — 186
3 T, =
i 088
or, 2I,=3 E]rl —186 |using (1)]
§ T,
[--2 T,=186 or, —=[%
g = 2
or, 71 =372 K =99°Q
; : , T
42. (d) : Efficiency of a Camnot engine. r1=l—?E
1
T < 40 3
(4] - =T — =
ST T o0 s

= gxn 5 % %300 = 500 K.

Inerease in efficiency = 50% of 40% = 20%

New efficiency, " = 40% + 20% = 60%

L_, 60 2
T 100 5
;y K 5
T =2xTy=2x300=750K.

Increase in temperature of source = 7" = T
= 750 — 500 = 250 K.
43. (b) : Molar specific heat al constant pressure

.
Co=—R
9

- i i 5
Gy =Cp-R=_R-R=_R

—

G (TIDR_T
C, (G/2)R 5

T
44. (.1}:1——2=1—% = 00 4 G
1 9 500 610"
4 0,
— et ), = 4.8 x 104 cal.
5 ﬁ}{]m::{"__ 4 10% cal

Net heat converted into work
=6.0% 10% - 4.8 x 10*= 1.2 % 10* cal.
45. (e¢) : Isothermal compression 1s reversible. for
example. Carnot cycle. heat engine.
46. (a) : As PI'=nkT
m )

Il = _

molecular mass 32

= PV = {i]RT
32
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47. (d) : Work done in adiabatic process 1s given as

-1
W= ﬁ(ﬁ"f,r' - RY;)

~1 R TR
6R=5;3_|R(T}-—T}) |lusing P1"= RT
= I=-Ti=-4 ~T=(T-4K

48. (d) : Efficiency of Carnot engine

oo T8
0, T
w _. 400 _1 _6
?-1 500 -5 = W-5 =1.2 kcal.
49. (e) : Efficiency () ol a carnot engine 1s given by
T,

n=l- f . where 7' 1s the temperature of the source

and 75 1s the temperature of the sink.
Here. 75 = 500 K
500

0.5=1-== = T;=1000K.
1

’

T
Now, N=0.6=1- l{}_i}[] (75" 18 thenew sk temperature)

= Ty =400 K.

50. (a) : Efficiency 15 maximum in Carnol enging
which 15 an 1deal engine.

400 -300 o D0
N =g X100% = 25%
efliciency 26% 1s impossible for histhéabengine.
1 L, 5_1
51, (b): z=1—5 or T=75
(b): g O E T
. 1 __5L-62 . 5. 6%
and 3 =1 T =1 il ;

T) =62 x 6 = 999€ and I, = 37°C

2
§52. (a): Y= l.-‘i"'F
where /[ 1s the dﬁgmﬁ ol freedom
2 Y&l Br = .2
! ¥-1

§3. (b) : 7T% ! = constant (adiabatic).
S (300) (V)R = (1R T

_ g)“_ (1)-"'“.":_3%:{9_ ;
T_3nn(3 =300x(3) ' =X =675k

Temperature nse = 675 - 300 = 375 K

54. (a) : 3 translational, 3 rotational.

§5. (a) : Change in internal energy, AU = nC" AT
_ nRAT nPAV  nP(2V-V)
=D - y-1

Forone mole, n=1. .. AU=PI/y-1).

56. (c) : According to first law of thermodynamics
AO=AU+ W
For an adiabatic process, AQ = 0.

Al = -W.
§7. (b) : Reservoir temperature (7)) = 100°C = 373
Kand T, =-23°C =250 K.

The efficiency of a Carnot engine
T -T, _373-250
Ll 3

58. (d) : Durmng expansion, work 1s performed by
the gas. The isobaric expansion isrépresented by the
horizontal straight line AB . sinee the adiabatic curve
1s steeper than the 1sothermal curve, the adiabatic
expansion curve (A5,) must Tie below the 1sothermal
curve (AB,) as shown i1 theffigure below

TT AR B

i
]
i

L]
I
L
¥

. :
| 185
¥ L]

0 v—

Simeearea under A8, 1s maximum, the work done 1s
maximum 1n case ol 1sobaric expansion.

59. (a)
60. (b) : I'or the adiabatic change. P17 = constant.
And for 1deal gas, V=Enc I

P P

Therefore P! ~ 17" = Constant.
61. (a) : Inital temperature (7') = 18°C

= (273 + 18) =291 K and 15 = (1/8) 1.
For adiabatic compression, 777" = constant
or Il =Lyl

y -]
V
Therefore 15 = ﬂ[‘{}}

=291 % (8)1 4~ 1=291 x (8)"
=291 % 2.297 = 668.4 K. = 395.4°C.
62. (¢)

63. (c): Efficiency of Camnot engine (n),) = 40% = 0.4;
Heat intake = 500 K and

New efficiency (m,) =50 % =0.5.

The efficiency (n)=1- h or ? =1-7.
| 1

T
For first case, —— =1=-04 or 7, = 300 K.
500 .

300

For second case, e I =0.50r 7T, =600K.
1
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64. (d) : For adiabatic change, PI™" = constant

REN - e T

- P [—} = constant = -V 'Y= constant
i

= P Tl_‘f -

Therefore, the value of constant C =

: (v -1)

monoatomic gas, ¥ = E

5/3 _ 5/3
(5/3)-1 23
65. (b) : Work done 1s not a thermodynamical
function.
66. (b) : AO = AU+ AV
= AW=A0-AU=110-40=70l.

67. (b) : Under 1sothermal conditions, there 1s no
change in mternal energy.

Therelore (" =

3 | LA

68. (b) : Number of translational degrees of freedom
are same for all types of gases.

69. (¢) : Work done = Area under curve ACBD

S o
70. (¢) : Since ’(:i: 0.67 = —L—¥-=067

v v
- y=167= %

Hence gas 18 monoatomic,

71, (d) : C,—C =R for all gases.

72. (¢) : According to Dalton’s law of pirtial pressure,
wehave P=P2 +F,+P,

73. (a) : Since.1B 15 a isochoricprocess. So no work
is done. BC' 1s 1sobaric proeess
W= '”f:r x (iln 1:._13 = 4]

113

Therefore AQ = 600 + 200 = 800 ]
Using AQ = AU + AW
= AU =AQ - AV = 800 — 240 = 560 J

T4, (a) : %Mm,z = %(-Ii- Nm]t': = %E
75. (d) : Using €, = C, =R,
(", 1s heat needed for raising by 10 K
. Cp=207 J/mole K
Giiven R =83 J/mole K
C,=207-83=124 J/moleK
For raising by 10 K =124 L

76. (c) : According to classical theory all motion of
molecules stop at 0 K.

C, 15 3% 2

T M) Yg=1g=3 = 6 =35
R B R
CF_CW’-T or CP—ECP_T

78. (€) : According to law of equipartition of energy.
i ! (e
the encrgy per degree of freedom 1s EH l'or a

polyatomic gas with n degrees of freedom. the mean
energy per molcule = %nk'}"

79. (b) : As the temperature mcreases, the average
velocity mereases. So, the collisions are faster,

80. (b) : Vapour pressure does not depend on the

amount ol substance. It depends on the temperature
alone.

81. (b) : Conservation of energy.
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