Thermodynamics

1.

é%

A gas can be taken from A to B via two different processes
ACBand ADB.

Pa
C B

A

D
— >V

When path ACB is used 60 J of heat flows into the system
and 30J of work is done by the system. If path ADB is
used work done by the system is 10 J. The heat Flow into
the system in path ADB is : [9Jan. 20191]
(@) 40] (b) 80J (c) 100J d) 207
200g water is heated from 40°C to 60°C. Ignoring the slight
expansion of water, the change in its internal energy is
close to (Given specific heat of water = 4184 J/kgK):
[Online April 9,2016]
(@ 1674kJ (b) 84kl (c) 42k] (d) 16.7kJ
A gas is compressed from a volume of 2m? to a volume of
1m? at a constant pressure of 100 N/m?2. Then it is heated at
constant volume by supplying 150 J of energy. As a result,
the internal energy of the gas: [Online April 19,2014]
(@) increases by 2501J (b) decreases by 2507
(c) increases by 50J (d) decreases by 50 J
An insulated container of gas has two chambers separated
by an insulating partition. One of the chambers has volume
¥V, and contains ideal gas at pressure P, and temperature
T,. The other chamber has volume ¥, and contains
ideal gas at pressure P, and temperature 7,,. Ifthe partition
is removed without doing any work on the gas, the
final equilibrium temperature of the gas in the container
will be [2008]

ANnL +BLT
RV + R,

LL(AN +BY;)

(a)
BNT, + RO

BT, + BT,
© TRy +nY,

LhL(AN +B1)
Anh + BIhT

When a system is taken from state i to state f along the
path iaf; it is found that O =50 cal and =20 cal. Along the

path ibf Q=36 cal. Walong the path ibfis [2007]
a > f
1 1
i > b

(@ 14cal (b) 6cal (¢) l6cal (d) 66cal

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

p I

A<i:::>B

I

%
(a) relationbetween AU; and AU, cannot bedetermined
(b) AU, = AU,
() AU, < AU
d) AU, > AU

7.  Which of the following is incorrect regarding the first law

of thermodynamics? [2005]

(@) Itisarestatement of the principle of conservation of
energy

(b) It is not applicable to any cyclic process

(©
(d)

‘roprc [N Specific Heat Capacity and |8
\:I‘()PI( ’ H Thermodynamical Processes UE%

It does not introduces the concept of the entropy
It introduces the concept of the internal energy

8.  Three different processes that can occur in an ideal
monoatomic gas are shown in the P vs V diagram. The
paths are lebelled as A— B, A— Cand A — D. The change
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10.

11.

12.

13.

in internal energies during these process are taken as E , 5,
E,cand E, and the workdone as W,,, W, .and W, .

The correct relation between these parameters are :
[S Sep. 2020 (I)]

V—>

@ E,g=E,c<E,p,Wuz>0, W, .=0,W, ;<0

() E\g=E\c=Eup Wig> 0, W, =0,W,,>0

(© Eug<Esc<ExpWap>0, Wy > Wy,

(d) Exp>Exc™ Eap Wap<=Wac<Wap

In an adiabatic process, the density of a diatomic gas
becomes 32 times its initial value. The final pressure of the

gas is found to be # times the initial pressure. The value of
nis: [S Sep. 2020 (ID)]

32

Match the thermodynamic processes taking place in a
system with the correct conditions. In the table : AQ is the
heat supplied, AW is the work done and AU is change in

@ 32 b) 326 (@ 128 ()

internal energy of the system. [4 Sep. 2020 (ID)]
Process Condition
(D Adiabatic (A) AW=0
(I) Isothermal B) AQ=0
(II7) Isochoric ©) AU =0, AW %0,
AQ#0
(V) Isobaric (D) AU=0

@ (D-A), ID-(B), (I-(D), IV)-(D)

(b) (D-(B), (I-(A), AM-(D), AIV)-(C)

(© (D-(A), dD-(A), AI-B), (IV)-(C)

(d) (D-B), (I-(D), AM-(A), IV)-(C)

A balloon filled with helium (32°C and 1.7 atm.) bursts.
Immediately afterwards the expansion of helium can be
considered as : [3 Sep. 2020 (D]
(a) irreversible isothermal  (b) irreversible adiabatic
(d) reversible isotherm7al
An engine takes in 5 mole of air at 20°C and | atm, and
compresses it adiabaticaly to 1/10% of the original
volume. Assuming air to be a diatomic ideal gas made up
of rigid molecules, the change in its internal energy during
this process comes out to be X kJ. The value of X to the
nearest integer is [NA 2 Sep. 2020 (D]

Which of the following is an equivalent cyclic process
corresponding to the thermodynamic cyclic given in the
figure?

where, 1 — 2 is adiabatic.

(Graphs are schematic and are not to scale) [9 Jan. 20201]

(c) reversible adiabatic

14.

15.

16.
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Starting at temperature 300 K, one mole of an ideal diatomic
gas (Y= 1.4) is first compressed adiabatically from volume
Vi

16 Itis then allowed to expand isobarically to

volume 2V,. If all the processes are the quasi-static then
the final temperature of the gas (in °K) is (to the nearest
integer) [9 Jan. 2020 II]

A thermodynamic cycle xyzx is shown on a V-T diagram.

V toV,=

The P-V diagram that best describes this cycle is:
(Diagrams are schematic and not to scale)
[8 Jan. 2020 I]

P P
@ G ® | ]
4 vV
P P
© |, N @
v 7

A litre of dry air at STP expands adiabatically to a volume
of 3 litres. If y= 1.40, the work done by air is:

(34 =4.6555) [Take air to be an ideal gas]

[7 Jan. 2020 1]

@ 6077 (b) 9057 (c) 100.8] (d) 487
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P-171

Under an adiabatic process, the volume of an ideal gas gets
doubled. Consequently the mean collision time between

C
the gas molecule changes from 7, to T,. If ?p = vy for this

T
gas then a good estimate for T is given by:
1

[7 Jan. 2020 I

+1

1 1) 2
(b) 3 (© 5 (d) (5)

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

[12 Apr. 2019 1)
A

a b

@ 2

V—>

(@ 120J (b) 130J (c) 100J (d) 140J

A cylinder with fixed capacity of 67.2 lit contains helium
gas at STP. The amount of heat needed to raise the
temperature of the gas by 20°C is : [Given that R=8.311]
mol 'K ] [10 Apr. 20191]
(a) 3507 (b) 374 (c) 748] (d) 7007

n moles of an ideal gas with constant volume heat capacity
C, undergo an isobaric expansion by certain volume. The
ratio of the work done in the process, to the heat supplied

1S: [10 Apr. 2019 1]
nR nR

@ ¢, TR ®) ¢, TnRr
4nR 4nR

© ¢, ~nrR @ ¢, rnR

One mole of an ideal gas passes through a process where

-Pl1 L% ’
pressureand volume obey the relation £ = %0 ol )l

Here P and V_ are constants. Calculate the charge in the
temperature of the gas if its volume changes from V_to 2V .
[10 Apr. 2019 II]

1P,V 5PV, 3PV, 1PV,
@ S g e e

® 7R @ 3R @R
Following figure shows two processes A and B for a gas.
If AQ, and AQ, are the amount of heat absorbed by the
system in two cases, and AU, and AU are changes in
internal energies, respectively, then: [9 April 2019 I]

23.

24.

25.

26.

27.

28.

(a) AQ, <AQ,AU,<AU, 4 ¢
(b) AQ,>AQ,,AU,>AU, T
(©) AQ,>AQ,AU,=AU, | B
(d) AQ,=AQ,;AU, =AU,

A thermally insulted vessel contains 150 g of water at 0°C.
Then the air from the vessel is pumped out adiabatically. A
fraction of water turns into ice and the rest evaporates at
0°C itself. The mass of evaporated water will be closed to:
(Latent heat of vaporization of water =2.10 x 10°J kg™ and
Latent heat of Fusion of water =3.36 x 10°J kg™)

[8 April 2019 I]
(@ 150g (b) 20g (c) 130g d 35g
The given diagram shows four processes i.e., isochoric,
isobaric, isothermal and adiabatic. The correct assignment
of the processes, in the same order is given by :
[8 Apr. 2019 II]

a

!
P

V—s
(@ adbc (b) dacb (c) adchb (d dabc
For the given cyclic process CAB as shown for gas, the

work done is: [12 Jan. 2019 1]

6.0r C A

=
~
a
o
=2
%)
T

1r B

1
1 2 3 4 5
V(m”)

(@ 30J (b) 10J (c) 1] d) 517
A rigid diatomic ideal gas undergoes an adiabatic process

at room temperature. The relation between temperature and
volume for this process is TV* = constant, then x is:
[11 Jan. 2019 1]

3 2 2 5
@ 3 ® 35  ©3 @ 3
Half mole of an ideal monoatomic gas is heated at constant
pressure of 1 atm from 20°C to 90°C. Work done by gas is
close to: (Gas constant R = 8.31 J/mol-K) [10 Jan. 2019 II]
(@) 5811J (b) 2917 (c) 14617 d 73]
One mole of an ideal monoatomic gas is taken along the
path ABCA as shown in the PV diagram. The maximum

temperature attained by the gas along the path BC is given
by [Online April 16, 2018]
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34.
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3p 8
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V(] 2v(]'v
8 R 4 R 16 R 8 R

One mole of an ideal monoatomic gas is compressed

isothermally in a rigid vessel to double its pressure at room

temperature, 27°C. The work done on the gas will be:
[Online April 15, 2018]

(@) 300RIn6 (b) 300R

(c) 300RIn7 (d) 300RIn2

'n' moles of an ideal gas undergoes a process A — B as

shown in the figure. The maximum temperature of the gas

during the process will be : [2016]
P
A
2P0 """ :\
Byl ----a-- B
Vy 2V V
9Py Vy 9Py V, 9Py Vy 3Py Vg
@ R R © IR 9 o

The ratio of work done by an ideal monoatomic gas to the
heat supplied to it in an isobaric process is :

[Online April 9,2016]
2 3 3 2
(a) 3 (b) 3 (© 3 (d) 3

Consider an ideal gas confined in an isolated closed
chamber. As the gas undergoes an adiabatic expansion,
the average time of collision between molecules increases
as V4, where V is the volume of the gas. The value of q

C
is: [yzc—p]
A%

y+1 y—1 3y+5 3y-5
R O N
Consider a spherical shell of radius R at temperature T. The
black body radiation inside it can be considered as an ideal
gas of photons with internal energy per unit volume u =

[2015]

\%
undergoes an adiabatic expansion the relation between T
andRis: [2015]

U 4 1(U
— o T and pressure p=§ V) If the shell now

1
by Tee e () ToceR (d Tece3R
An ideal gas goes through a reversible cycle a—>b—c—d
has the V - T diagram shown below. Process d—a and
b—c are adiabatic.

@ Too

3s.

36.

1 >T
The corresponding P - V diagram for the process is (all
figures are schematic and not drawn to scale) :

[Online April 10,2015]
P“ PA
d c a b
b | \__\
(@) Qb NS ISR
V= v
PA PAL
d C a b
(© a b (d) d ¢
v v

One mole of a diatomic ideal gas undergoes a cyclic process
ABC as shown in figure. The process BC is adiabatic. The
temperatures at A, B and C are 400 K, 800 K and 600 K
respectively. Choose the correct statement:

[2014]

A

800 K

600 k

400 K

»
»

v
(a) Thechange in internal energy in whole cyclic process
is250R.

(b) Thechange in internal energy in the process CA is 700 R.

(¢) The change in internal energy in the process AB is -
350R.

(d) The change in internal energy in the process BC is —
500R.
An ideal monoatomic gas is confined in a cylinder by a spring
loaded piston of cross section 8.0 x 10~3 m?. Initially the gas
is at 300 K and occupies a volume of 2.4 x 1073 m?3 and the
spring is in its relaxed state as shown in figure. The gas is
heated by a small heater until the piston moves out slowly
by 0.1 m. The force constant of the spring is 8000 N/m and
the atmospheric pressure is 1.0 x 10> N/m?2. The cylinder and
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37.

38.

39.

40.

the piston are thermally insulated. The piston and the spring
are massless and there is no friction between the piston and
the cylinder. The final temperature of the gas will be:
(Neglect the heat loss through the lead wires of the heater.
The heat capacity of the heater coil is also negligible).

[Online April 11, 2014]

(a) 300K (b) 800K (c) 500K (d) 1000K
During an adiabatic compression, 830 J of work is done on
2 moles of a diatomic ideal gas to reduce its volume by
50%. The change in its temperature is nearly:
(R=8.3JK ' mol!) [Online April 11, 2014]
(@) 40K (b) 33K (c) 20K (d 14K
The equation of state for a gas is given by PV=nRT + aV,
where n is the number of moles and a is a positive constant.
The initial temperature and pressure of one mole of the gas
contained in a cylinder are T  and P_ respectively. The
work done by the gas when its temperature doubles

isobarically will be: [Online April 9,2014]
P,T,R P,T,R

(a) P, —a (b) P, +a

(©) P, TRIn2 (d P, TR

A certain amount of gas is taken through a cyclic process
(A B C D A) that has two isobars, one isochore and one
isothermal. The cycle can be represented on a P-V indicator

diagram as : [Online April 22,2013]
| IE
»| B C > c
@ | O b
—sV —>V
»| B C T 5
P C
© | @
A D
—>V
—>V

An ideal gas at atmospheric pressure is adiabatically
compressed so that its density becomes 32 times of its
initial value. Ifthe final pressure of gas is 128 atmospheres,
the value of “y’of the gas is :

[Online April 22, 2013]
(© 13 d) 16

@ 15 (b) 14

41.

42.

43.

44.

45.

p-173

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

close to ideal gas) [2012]
B _ C

(@) 15.4% 2Py >
(b) 9.1%

P, B D
(c) 10.5%
d) 12.5% V. 2V,
An ideal monatomic gas with pressure P, volime ¥ and

temperature 7 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 -+ is [Online May 26, 2012]
i

(a) 2-1/3 (b) 2173 (C) 22/3 (d) 2-2/3

The pressure of an ideal gas varies with volume as P=a/V,

where a is a constant. One mole of the gas is allowed to
undergo expansion such that its volume becomes ‘m’ times
its initial volume. The work done by the gas in the process

1S [Online May 19, 2012]
o Sl o )
© 5(m*-1) @ %(mz—l)

n moles of an ideal gas undergo a process 4 — B as shown
in the figure. Maximum temperature of the gas during the

process is [Online May 12, 2012]
2Py -
I
\,
|
N
! |
I
P Vo 2v,
V—>
JNA 3RV, JNA JNA
@ 7R 2nR 2nR 4nR

This question has Statement 1 and Statement 2. Of the four

choices given after the Statements, choose the one that

best describes the two Statements.

Statement 1: In an adiabatic process, change in internal

energy of a gas is equal to work done on/by the gas in the

process.

Statement 2: The temperature of a gas remains constant

in an adiabatic process. [Online May 7, 2012]

(a) Statement 1 is true, Statement 2 is true, Statement 2 isa
correct explanation of Statement 1.

(b) Statement 1 istrue, Statement 2 is false.
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(c) Statement 1 is false, Statement 2 is true.
(d) Statement 1 is false, Statement 2 is true, Statement 2 is
not a correct explanation of Statement 1.

46. A container with insulating walls is divided into equal parts
by a partition fitted with a valve. One part is filled
with an ideal gas at a pressure P and temperature 7, whereas
the other part is completly evacuated. If the valve is
suddenly opened, the pressure and temperature of the gas

will be : [2011 RS]
PT T P
£t P~ =T

@55 ®RT ©Py @ 5

Directions for questions 47 to 49: Questions are based on

the following paragraph.
Two moles of helium gas are taken over the cycle ABCDA, as

shown in the P-T diagram. [2009]
5 B
2x 10
P (Pa)
1x10°| D C
300K 500K
47. Assuming the gas to be ideal the work done on the gas in
taking it from 4 to B is
(@) 300R (b) 400R (c) S00R (d 200R

48. The work done on the gas in taking it from Dto 4 is
(@) +414R (b) —690R (c) +690R (d -414R
49. The net work done on the gas in the cycle ABCDA is
(@ 279R (b) 1076R (c) 1904R (d) zero
50. The work of 146 kJ is performed in order to compress one
kilo mole of gas adiabatically and in this process the
temperature of the gas increases by 7°C. The gasis  [2006]
(R=8.3Jmol'K™)
(a) diatomic
(b) triatomic
(c) amixture of monoatomic and diatomic
(d) monoatomic
51. Which of the following parameters does not characterize
the thermodynamic state of matter? [2003]
(@) Temperature (b) Pressure

(c) Work (d) Volume
R Carnot Engine, Refrigerators
. TOPIC [EX and Second Law of
Thermodynamics

52. Anengine operates by taking a monatomic ideal gas through
the cycle shown in the figure. The percentage efficiency of
the engine is close is [NA 6 Sep. 2020 (ID)]

3p,l B c

2P,
Por & D
Ve 2Vg

53.

54.

55.

56.

57.

58.

59.

If minimum possible work is done by a refrigerator in

converting 100 grams of water at 0°C to ice, how much heat

(in calories) is released to the surroundings at temperature

27°C (Latent heat of ice = 80 Cal/gram) to the nearest integer?

[NA 3 Sep. 2020 (II)]

A heat engineis involved with exchange ofheat of 1915 J,

—4017J, +125 J and — Q J, during one cycle achieving an
efficiency of 50.0%. The value of Qis :

[2 Sep. 2020 (II)]

(@) 640J (d) 4007

(b) 40  (c) 9807

1
A Carnot engine having an efficiency of T0 is being used

as a refrigerator. If the work done on the refrigerator is 10
J, the amount of heat absorbed from the reservoir at lower
temperature is: [8 Jan. 2020 IT]

(@ 991 (b) 100J (c) 1J (d) 90J

A Carnot engine operates between two reservoirs of
temperatures 900 K and 300 K. The engine performs 1200 J
of work per cycle. The heat energy (in J) delivered by the
engine to the low temperature reservoir, in a cycle, is
. [NA 7 Jan. 2020 I]
Two ideal Carnot engines operate in cascade (all heat
given up by one engine is used by the other engine to
produce work) between temperatures, T, and 7,. The
temperature of the hot reservoir of the first engine is 7|
and the temperature of the cold reservoir of the second
engine is 7. T is temperature of the sink of first engine
which is also the source for the second engine. How is
T'related to T, and T, if both the engines perform equal
amount of work ? [7 Jan. 2020 II]

21T, T, +T-
— T — 1 2
(@ T, +T, (b) D)
© T=\I7, @ 7=0

A Carnot engine has an efficiency of 1/6. When the
temperature of the sink is reduced by 62°C, its efficiency
is doubled. The temperatures of the source and the sink
are, respectively. [12 Apr. 2019 1]
(a) 62°C, 124°C (b) 99°C, 37°C

(c) 124°C,62°C (d) 37°C,99°C

Three Carnot engines operate in series between a heat
source at a temperature T, and a heat sink at temperature
T, (see figure). There are two other reservoirs at temperature
T, and T;, as shown, with T, > T, > T, > T(4) The three
engines are equally efficient if: fl() Jan. 2019 1]

| | T
O

| E
or

| | ™.
O -

| | ™
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61.

62.

63.

64.

65.

TT, )1/2 T, = (le T, )1/3

Two Carnot engines A and B are operated in series. The
first one, A receives heat at T, (= 600 K) and rejects to a
reservoir at temperature T,. The second engine B receives
heat rejected by the first engine and in turn, rejects to a
heat reservoir at T, (= 400 K). Calculate the temperature
T, if the work outputs of the two engines are equal:

[9 Jan. 2019 II]
(@ 600K  (b) 400K (c) 300K (d 500K
A Carnot's engine works as a refrigerator between 250 K
and 300 K. It receives 500 cal heat from the reservoir at the
lower temperature. The amount of work done in each cycle
to operate the refrigerator is: ~ [Online April 15,2018]
(@) 420J (b) 2100J (c) 77217 (d) 25207
Two Carnot engines A and B are operated in series. Engine
A receives heat from a reservoir at 600K and rejects heat to
areservoir at temperature T. Engine B receives heat rejected
by engine A and in turn rejects it to a reservoir at 100K. If
the efficiencies of the two engines A and B are represented

by n, and ny respectively, then what is the value of A
"B
[Online April 15, 2018]

o2 s 7
@ 5 O @ 5
An engine operates by taking n moles of an ideal gas

through the cycle ABCDA shown in figure. The thermal
efficiency of the engine is: (Take C,=1.5R, where R is gas

constant) [Online April 8,2017]
B C
(@) 024 P
!
(b) 0.15 b . b
(c) 032
vV, 2V,
(d) 0.08 v

A Carnot freezer takes heat from water at 0°C inside it and
rejects it to the room at a temperature of 27°C. The latent
heat of ice is 336 x 10° J kg™ If 5 kg of water at 0°C is
converted into ice at 0°C by the freezer, then the energy
consumed by the freezer is close to :

[Online April 10, 2016]
(@) 1.51x10°] (b) 1.68x 1007
(¢) 1.71x107J (d) 1.67x10°J
A solid body of constant heat capacity 1 J/°C is being heated
by keeping it in contact with reservoirs in two ways : [2015]

(1) Sequentially keeping in contact with 2 reservoirs such
that each reservoir supplies same amount of heat.

66.

67.

68.

69.

70.

p-175

(i) Sequentially keeping in contact with 8 reservoirs such
that each reservoir supplies same amount of heat.

In both the cases body is brought from initial temperature
100°C to final temperature 200°C. Entropy change of the
body in the two cases respectively is :

@) In2, 2In2 (b) 2In2, 8in2

() In2, 4In2 (d) 2, In2

A Carnot engine absorbs 1000 J of heat energy from a
reservoir at 127°C and rejects 600 J of heat energy during
each cycle. The efficiency of engine and temperature of
sink will be: [Online April 12,2014]
(@) 20%and—43°C (b) 40% and—33°C

(¢) 50% and—20°C (d) 70%and—10°C

p/\
A B
2p0 """"""
Py B '
Vo 2v, Vv i’

The above p-v diagramrepresents the thermodynamic cycle
of an engine, operating with an ideal monatomic gas. The
amount of heat, extracted from the source in a single cycle
is [2013]

(b) [%)POVO

(d) 4p0V0

(@) PoVo

(© [%) PoVo

A Carnot engine, whose efficiency is 40%, takes in heat
from a source maintained at a temperature of 500K. It is
desired to have an engine of efficiency 60%. Then, the
intake temperature for the same exhaust (sink) temperature
must be : [2012]
(@) efficiency of Carnot engine cannot be made larger than 50%
(b) 1200K

(c) 750K

(d) 600K

The door of a working refrigerator is left open in a
well insulated room. The temperature of air in the room
will [Online May 26, 2012]
(@) decrease

(b) increase in winters and decrease in summers

(c) remain the same

(d) increase

This question has Statement 1 and Statement 2. Of the four
choices given after the Statements, choose the one that
best describes the two Statements.

Statement 1: An inventor claims to have constructed an
engine that has an efficiency of 30% when operated
between the boiling and freezing points of water. This is
not possible.
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72.
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74.
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Statement 2: The efficiency of a real engine is always
less than the efficiency of a Carnot engine operating
between the same two temperatures.

[Online May 19, 2012]
(a) Statement I is true, Statement 2 is true, Statement 2 is

not the correct explanation of Statement 1.

(b) Statement 1 istrue, Statement 2 is false.
(c) Statement 1 is false, Statement 2 is true.

(d) Statement 1 istrue, Statement 2 is true, Statement 2 is
the correct explanation of Statement 1.
A Carnot engine operating between temperatures 7, and T,

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

1
increases to 3 Then T, and 7, are, respectively: ~ [2011]

(@ 372Kand310K (b) 330K and268K

(c) 310Kand 248K (d) 372Kand310K

A diatomic ideal gas is used in a Carnot engine as the
working substance. If during the adiabatic expansion part
of the cycle the volume of the gas increases from V' to 32
V, the efficiency of the engine is [2010]
(@ 05 (b) 075 (c) 099 (d) 025

A Carnot engine, having an efficiency of N = 1/10 as heat
engine, is used as a refrigerator. If the work done on the
system is 10 J, the amount of energy absorbed from the
reservoir at lower temperature is [2007]
(@) 100J (b) 991  (c) 90J d 1J

The temperature-entropy diagram of a reversible engine

cycle is given in the figure. Its efficiency is [2005]
A
2T, I
o E&
o—o > S
So 289

75.

76.

77.

78.

79.

1

| 2 ;
@5  ® 5 ©3 @ 3

Which of the following statements is correct for any
thermodynamic system ? [2004]
(a) The change in entropy can never be zero

(b) Internal energy and entropy are state functions

(c) The internal energy changes in all processes

(d) The work done in an adiabatic process is always zero.
“Heat cannot by itself flow from a body at lower temperature
to a body at higher temperature” is a statement or
consequence of [2003]
(@) second law of thermodynamics

(b) conservation of momentum

(c) conservation of mass

(d) firstlaw of thermodynamics

A Carnot engine takes 3 x 10° cal ofheat from a reservoir at
627°C, and gives it to a sink at 27°C. The work done by the

engine is [2003]
(a) 42 x10°] (b) 8.4 x10°)

(c) 16.8x10°J (d) zero

Which statement is incorrect? [2002]

(@) Allreversible cycles have same efficiency

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

(c) Carnot cycle is a reversible one

(d) Carnot cycle has the maximum efficiencyin all cycles

Even Carnot engine cannot give 100% efficiency because

we cannot [2002]

(a) preventradiation

(b) find ideal sources

(c) reach absolute zero temperature

(d) eliminate friction
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>V

AU remains same for both paths ACB and ADB
A(QACB = A\X]ACB + AUACB

=60J=30J+AU, .

=U,.,,=30J

S AU, =AU

ADB ACB = 30 J

AQ, =AU, . +AW, .

ADB

=10J+30J=40J

(d) Volume of water does not change, no work is done on
or by the system (W = 0)

According to first law of thermodynamics

Q=AU+W

For Isochoric process Q = AU
AU=pcdT=2x4184x20=16.7kJ.
(a) As we know,
AQ = Au+ Aw

= AQ =Au+PAv

or 150 :Au+100(1—2)

= Au-100

Au =150+100 = 250J
Thus the internal energy of the gas increases by 250 J
(a) Here Q = 0 and W = 0. Therefore from first law of
thermodynamics AU= Q0+ W=0
Internal energy of first vessle + Internal energy of second
vessel = Internal energy of combined vessel
mC, l1+ny C, T, =(n+my)C, T
_ anl + I’lsz

(Ist law of thermodynamics)

T
n +ny

AN
For first vessel n; = # and for second vessle
1
_bHh

RT,
Ah

RT,
T =

ny

10}
RT,
ah B
RT,  RT,
_LT, (B +BV;)
AT + B

><Tl+ ><T2

Hints & Soh_ltions

10.

(b) For path iaf,

0, =50cal, W, =20 cal

By first law of thermodynamics, ¢ > f

AU=Q,~W,=50-20=30cal

For path ibf 1

0,=36¢cal i S b
w,=?

AU,,= 0, - W,

Since, the change in internal energy does not depend on the
path, therefore AU, = AUl.bf

AUy = AUy

= 30=0,-W,

= W,=36-30=6cal

(b) Change in internal energy is independent of path taken
bythe process. It only depends on initial and final states i.e.,

AU, =AU,

(b, ¢) First law is applicable to a cyclic process. Concept of
entropy is introduced by the second law of thermodynamics.

(b) Temperature change AT is same for all three processes
A—> B, A—>Cand A—> D

AU = nC,AT =same

Ep=Eqc=Esp

Work done, W = Px AV

AB — volumeis increasing = W,z >0

AD — volume is decreasing = W, <0
AC — volume is constant = W, =0
(¢) In adiabatic process

PV = constant

¥
S P L%J = constant

( . ﬂ]
p
As mass is constant
s Pocp?
If P, and bee the initial and final pressure of the gas and
p; and P be theinitial and final density of the gas. Then

P (psY

_fzkp_f —(32)"

F Pi

:”_Bz (25)7/5 _ 97
[;

=n=2"=128

(d)

(D Adiabatic process : No exchange of heat takes
place with surroundings.

=>A0=0
(I) Isothermal process : Temperature remains constant
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11.

12.

13.

.'.AT=O:AU=§11RAT:AU=O

No change in internal energy [AU=0].
(IT) Isochoric process volume remains constant
AV =0=W=[P-dV =0

Hence work done is zero.
(IV) In isobaric process pressure remains constant.

W=P-AV %0

AU =L nRaT = L1PAv] 20
2 2
. AQ=nC,AT #0

(b) Bursting of helium balloon is irreversible and in this
process AQ =0, so adiabatic.
(46)

For adiabatic process, 70" ! = constant

or, TV =Ty

7
T, =20°C+273=293 K, V, =% and ¥ =

5
AN
L)' =T [—lj
17 270

2/5
=293="T, (E) =T, =293(10)*° = 736 K

AT =736-293=443 K

During the process, change in internal energy
AU=NCVAT=5><§><8.3><443:46><103 I=XkJ

X =46.
(¢) For process 3 — 1 volume is constant
Graph given in option (d) is wrong.
And process 1 — 2 is adiabatic .. graph in option (1) is
wrong
v = constant
P, Tt
For Process 2 — 3 Pressure constant i.e., P= constant

rirl

Hence graph (c) is the correct V' — T graph of given
P—Vgraph

VA
2

SA 1

=2

14.

15.

16.

17.

(1818) For an adiabatic process,
TV¥!=constant

=y
1.4-1

’ 1
= Z = —_
2 (300) X Vl

16
= T=300%(16)**
Ideal gas equation, PV'=nRT

v nRT
P

= V = kT (since pressure is constant for isobaric
process)
So, during isobaric process

V,= kT, (i)
2V, =kT, .. (i)
Dividing (i) by (ii)

1.5

2 Iy

T,=2T,=300x2x(16)**=1818 K
(a) From the corresponding V-T graph given in question,
Process xy — Isobaric expansion,

Process yz — Isochoric (Pressure decreases)

Process zx — Isothermal compression

Therefore, correspon(ﬁng PV graph is as shown in figure

(b) Given, V,=1litre, P =1atm
V,= 3 litre, y=1.40,

Using, PV = constant = RV’ = BV
Nyt
= P2 = Pl X| — = atm
3 4.6555
A -Br,
vy—1

.. Work done, W =

1x1- !
_ 4.6555
0.4

Closest value of W=90.5J
(Bonus) We know that Relaxation time,

T ()

JT

Equation of adiabatic process is
TVt = constant

1
= Toec—-

prl

><3Jl.01325><105><10_3

=90.1J
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18.

19.

20.

21.

22.

23.
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-1 24.
> oy ey using (i)
25.
Ity
= TV 2
I+y
AT *
. (v =(2) 2
(b) AU =—(AU_)=—(-180)=1801J
0=250+60=310J
Now Q=AU+ W 27
or 310=180+W )
or W=130J]
(¢) As the process is isochoric so, 28
67.2 3R

Q=nc, AT == x>=x20=90R = 90x8.31 = 748,
224" 2

(a) At constant volume
Work done (W) =nRAT

Heat given Q= CAT+nRAT

G W__ nRAT R
Q C,AT+nRAT Cy +nR

(b) We have given,

When V=2V 29.

e [-3-E)

A 5

AT=Ty=T =~ t-—2
n n

AT =‘[ij(PIV1 -P1y)|=
nR

Gl

RVy TRV,
2 4

_SRVy SRV, 1
4nR 4R Cn=D)
(¢) Internal energy depends only on initial and final state
So, AU, =AU,
Also AQ=AU+W
AsW, >W_ = AQ,>AQ,

(b) Suppose amount of water evaporated be M gram.
Then (150 — M) gram water converted into ice.

s0, heat consumed in evoporation = Heat released in fusion
MxL =(150-M)xL,

Mx 2.1 x 10°=(150 - M)XS’ 36 x10°

=>M-20g

Plr 30.
|:... T :|
R

From (i) & (11)

(d) a — Isobasic, b — Isothermal, ¢ — Adiabatic,
d — Isochoric

(b) Total work done by the gas during the cycle is equal
to area of triangle ABC.

. AW=%><4><5=10J

. (b) Equation of adiabatic change is

TV'-! = constant

7 7
Put y =— t:y-1=2-1
ut y 5,Wege Y 5
2

LX==
5
(b) Work done,

W=PAV=nRAT= %X8.31><70=291J

. (a) Equation of the BC

2P,
P=P, ——O(V 2Vy)
using PV = nRT 5
PV - 2RV 4P,V
Temperature, T = 0
IxR
("~ n=1mole given)
P 2
=05y _ A
F Vo
T 4

qr =0= 5——V=0:V=§V0
av Vo 4
7-So)5, Mo 2 2521 25FVo

R 4 vV, 16 8 R

_ Pr _
(d) Work done on gas = nRT /n| — | = R(300) /n(2)
P
Py )

=300RIn2 | ——=2given

Pi
(¢) The equation for the line is
P

A

T 3P,
C

2P0_........9:(%.‘:::..,2
P | 6 (.,

V. 2V,

o o

\Y

—P,
— —0V+3P [SlOpeZTO,
0

v, c=3P]

PV, +P, V=3PV, (1)
But pV=nRT

_ nRT .
=V ..(i1)

V+PV 3PV,
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10.

11.

nRT 12.

From (i) & (ii)
- nRT V,+P V2=3P V V

V,+P V=3PV,

...(1i1)
. dT

For temperature to be maximum " =0

Differentiating e.q. (iii) by ‘V’ we get

dT
nRVOW +P(2V) =3PV, 13.
. dT 14.
RS nRVOE = 3P,\V,-2 PV
dT 3PV, -2V
dv I'IRVO
3V,
V= TO =20 throm iy
A -
max~ ApR [From (iii)]
(@) Efficiency of heat engine is given by
w_, Cv_R_R _2
Vo7 TG ¢, R s 15.
2 16.
(- C,—-C=R)

5
For monoatomic gas Cp = ER .

1

«/Endz(N)

v

(@) 7= 3RT

M

t

JT
As, TVI-1=K
SO, T C[VY+1/2

g+1
Therefore, q = BN

(a) As, P =%[%)

U 4
But — =KT
v

1
So, P= EKT“ 17.

uRT 1
or = :EKT4 [As PV =uRT]

4
EpR3T3 = constant

1
Therefore, Toc —
erefore, Toc o

(®) In VT graph

ab-process : Isobaric, temperature increases.

bc process : Adiabatic, pressure decreases. 18
cd process : Isobaric, volume decreases.

da process : Adiabatic, pressure increases.

The above processes correctly represented in P-V diagram (b).

(d) Incyclic process, change in total internal energy is zero.
AU . =0
cyclic

5R
AUBC= nC‘,AT =1 XTAT

Where, C_ = molar specific heat at constant volume.
For BC, AT=-200K

. AUg.=-500R

©
(¢) Given : work done, W=2830J

No. of moles of gas, pL=2

For diatomic gasy=1.4

Work done during an adiabatic change

_BR(-T))
y-1
2x8.3(AT) _ 2x8.3(AT)
1.4-1 04

830x0.4
2x8.3

= 830=

= AT=
@)

(¢) P-Vindicator diagram for isobaric
PA

=20K

slope 4P =0
dv

—

P-V indicator dia\éram for isochoric process
PA
slope
dP —
v
—>

o0

\Y%
P-V indicator diagram for isothermal process
PA
slope
_dp_-P
vV
—>

\Y%
() Volume of the gas

m
V= E and

Using PV" = constant
PV

dv Y
p _V_EEJ
or 128 =(32)Y

;
y=—=14
-

. (a) The efficiency

output work

= heat given to the system
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42.

43.

44.

45.

P-181

3 3 3
— n2RAT =2VoAP = 2
2 20 2 PV

n
W= 5 (Vo) +5(2hV0) +2R7,

N B

Heat given in going B to C=nCpAT
5 5
=n| =R |AT = —Q2R)AV
n(z ) 5 (2h)

=5P,V,
and W, = areaunder PV diagram PV

_W_ Rh _2

Efficiencyin %

n=2x100=22 _ 1549,
13 13
(d) For isothermal process :
PV="P, 2V
P=2P, (1)
For adiabatic process
PVI=P_ (V)
(- for monatomic gas y=5/3)

5

5
or, 2P, V§ =P, (ZV)E [From (i)]
P, 2
= P 22
p, 3
= ?i—z
(d) Given P= oV
mV
Work done, w = I PdV
14
mV 2
- janV _ 9w oy.
14

(b) Work done during the process A — B
= Area of trapezium (= area bounded by indicator diagram
with V-axis)

1 3
= E(2130 +R)(2Vy - Vo) = SR
Ideal gaseqn: PV=nRT
PV 30y

nR  2nR

(b) In an adiabatic process, 6H= 0
And according to first law of thermodynamics
SH=3U+W
S W=-38U

=

46.

47.

48.

49.

50.

52.

(d)
PT
Vacuum

It is the free expansion
So, T remains constant

= Bh =50,

= P%sz(V)

(2

(b) The process 4 — B is isobaric.

- work done W, = nR(T, - T))

= 2R(500 -300) = 400R

(a) The process D to 4 is isothermal as temperature is
constant.

P,
Work done, W, =2.303nRT long—D
A
=2.303x2 Rx300

Therefore, work done on the gas is +414 R.
(a) The net work in the cycle ABCDA is

W=WAB+WBC+WCD+WDA

P
=400R+ 2.3O3nRT10g?B +(—400R) —414R
C

2x10°
— 2.303% 2R x 500log = 05
1x10

=693.2R—-414R =279.2R

(a) Work done in adiabatic compression is given by
nRAT

-y

—414R

W:

1000x8.3x7

1-vy
&:y =1+&=1.4
146

6 146
Hence the gas is diatomic.

= —146000 =

. (¢) Work is not a state function. The remaining three

parameters are state function.

19) AP
B C
3P [ >
a
Y
Py y »> D
>
Y 2V,
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53.

54.

55.

From the figure,
Work, W =2RV,
Heat given, Oy, =W,z + Wy =n-C, AT ;5 + nCpATy~

n5R
(Te —Tp)

2
3R 5R
wC, == and C =—j
( Lt S

3R
ZHT(TB _TA)+

3 5
:E(PBVB _PAVA)+E(PCVC = PVp)

3 5
= ZX 3RV, ~ RF ]+ (6B, ~3R)]

15 21

=3RVy+—FRV, =—FV,
0o T o¥o =5 Fobo

w 2RV, 4
Efficiency, n=—=—20 = —

3 %R)VO 21
400
% =——~19.
LY
(8791)
Given,

Heat absorbed, O, = mL = 80 > 100 = 8000 Cal
Temperature of'ice, 7, =273 K

Temperature of surrounding,
T,=273+27=300K

. w_0-0 TL-1T, 300-273
Efficiency= —=——"=—"-"5=——"—
0, 0, T, 273
0, -8000 27
=2 o2 50 =8791
8000 273 9 Cal

Work done _K
Heat absorbed XQ

_ O+0,+05+0,
O+
Here, 0, =1915J,0,=-40Jand Q,=125]

1915-40+125+Q,
o 1915+125

=1915-40+125+0, =1020
= 0, =1020-2000

=0, =-0=-980]
=0=9801

(c) Efficiency, n =

=0.5

=0.5

(d) For carnot refrigerator

, _9-9
Efficiency = 0
1

Where,
0, = heat lost from sorrounding
0, = heat absorbed from reservoir at low temperature.

56.

57.

58.

59.

Also, 2= _ W
) 9
1w
=>—=—
10 Q
= Q,=wx10=100J
SO) Ql_QZZW
=0,=0;w

=100-10=0,=90J

(600.00) Given; 7, =900 K, T, = 300K, W= 1200

o nw
Using, )

3001200

900 O
:gzwz 0, =1800

30

Therefore heat energy delivered by the engine to the low
temperature reservoir, Q, = Q, — W = 1800 — 1200 =
600.00J
(b) Let O, = Heat taken by first engine

0, = Heat rejected by first engine

0, = Heat rejected by second engine

Work done by 1* engine = work done by 2™ engine
W=0,-0,=0,-0, =20=0,%0,

0 0
2 = _H + _2

eL eL
Let T be the temperature of cold reservoir of first engine.
Then in carnot engine.

Ou B ,qQ T

o T O I
T, T

= 2=_1+_2

T T

=1

using (i)

L+T,

= 2I=0H+5, = T-=

3 L
On solving, we get
T,=99°Cand T,=37°C
(b) According to question, 1, =1,="1;,
Ty
T T
[ Three engines are equally efficient]
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L T Ty Thermal efficiency of engine (1) = = % =0.15
T T, T i
b2 64. (d) AH=mL=5x336x10°=Q_ °
= h=yTT -0 Qsink __Tsink
T3 =A ' T2 T4 ...(ii) Qsource TSOHI'CC
From (i) and (ii) T,
| 2 Qsource = % X Qsink
T,=(T{ Ty )A sink

1
T=(TH
T -T
60. (d) m, =———2="2
T Q
L-T,_Wy
T2 QZ
According to question,
Wa=Wg
QT L-T, T
Q T T1 T, T,

and, N =

RS
2
_ 600+400
2
=500K
61. (a) Given: Temperature of cold body, T, = 250 K
temperature of hot body; T, =300 K
Heat received, O, = 500 cal work done, W =?
. LW _20__ W
Efficiency = T, 0+ W = 300 Oy + W
0, 500x4.2
_ 22Ty
5 5 4207
. . T, -T
62. (d) Efficiency ofengine 4, n, = lT 2
1
T, -T T +T
and ng =237, =173 350 g
T
600 —350
or 4 ___600 _7
ng 350-100 12
350

63. (b) Work-done (W)=PV,
According to principle of calorimetry
Heat given=Q, . = Q.

=nC,dT,, +nC,dT,.

= %(nRTB —nRTy )+ %(nRTC —nRTg)
3 5

= (2 P()VO - P()VO) + E (4 P()VO - 2 P()V)

==V,
2 0vo

65.

66.

67.

Energy consumed by freezer

source
Woutput Qsource Qsink Qsmk[ K 1]
sin

Given: T, 0e = 27°C+273 = 300K,

Ty = 0°C +273 =273k

W = 5x336%10° [ﬂl]l 67x10°]
273

output

(d) The entropy change of the body in the two cases is
same as entropy is a state function.
(b) Given: Q,=10001J

Q,=600J

=127°C=400K

T,=?

n="?
Efficiency of carnot engine,

n =E><100%
1
Q -Qp

1

1000 - 600
or, N= —1000 x100%

or, N=—"——Xx 100%

n=40%

Now, f foyele 2-12
Ow, I0r carno Cyc (5] Ql Tl

600 _ T,
1000 400

600x400
1000
=240K
=240-273
~ T, =-33°C
(b) Heat is extracted from the source in path DA and AB is

BV 2F
AQ=ER( 0 0]+§R( OVOJ
2 R 2 R

H =

—3) B

:>§PV +§2PV =(1
200 > 0¥o )
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68.

69.

70.

71.

72.

(¢) The efficiency of the carnot’s heat engine is given as

n=|1-22]x100
T

When efficiency is 40%,
T, =500 K; n=40

T
— | 1-=2|x100
40 ( 500]

40 L

100 500

L _ 60 _

5 "1 = Lo300K

When efficiency is 60%, then
60 1_@ 300 40
100 T, T, 100

100x300

= TI,= a0 = T,=750K

(d) In a refrigerator, the heat dissipated in the
atmosphere is more than that taken from the cooling
chamber, therefore the room is heated. If the door of
a refrigerator is kept open.

(d) According to Carnot's theorem - no heat engine working
between two given temperatures of source and sink can be

more efficient than a perfectly reversible engine i.e. Carnot
engine working between the same two temperatures.

Efficiency of Carnot's engine, n = 1 — 77:—2
1

where, T, = temperature of source
T, = temperature of sink
(d) Efficiency of engine

5L _1
m= T, 6

T, 5 .

72 = (i)

1
When T, is lowered by 62K, then
T, -62

. =1- 2
Again, M2 T
12,21 ....(if)

L n 3
Solving (i) and (ii), we get,
5
T,=372Kand T, = 5 x372=310K
M) ,
! WINUA
(32V,T))
T,
VvV —>

73.

74.

For adiabatic expansion TlVly_l =T 2V2Y -l
= el =1,y !
5

= L =@32)!
7 (32)

7
For diatomic gas, Y = 3

2
Cy—1=Z
s 5

2
Sh (32)5 = T,=4T,
1)
. T,
Now, efficiency = 1-—=
1
Si- By L3 ggs,
AT, 4 4
(¢) The efficiency (n) of a Carnot engine and the
coefficient of performance () of a refrigerator are related
as

is independent of path taken by the process.

= 9=&
10
= 0,=901.

1
(d) Q,=areaunder BC= 1Sy +ETOSO

0O, =areaunder AC =T, (2S,-5,) = TS,
and 0,=0

O-O

Effici n u
iciency, N=—
Y o) O
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1% Tobo 1

3 3
O TS0

75. (b) Internal energy and entropy are state function, they are

independent of path taken. 78.
76. (a) This is a consequence of second law of
thermodynamics
77. (b) Here, T,=627+273=900K
T,=27+273=300K 79
T
Efficiency, 1 =1 —
n
300,12
900 3 3
But n=—
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2
W_2 L y_20-2x3x10°
0 3 3 3
=2 x10° cal

=2x100%x42J=8.4x10°]

(a) All reversible engines have same efficiencies if they
are working for the same temperature of source and sink.
If the temperatures are different, the efficiency is
different.

. (¢) In Carnot’s cycle we assume frictionless piston,

absolute insulation and ideal source and sink (reservoirs).

T
The efficiency of carnot’s cycle n = 1—72
1
The efficiency of carnot engine will be 100% when its
sink (7,) is at 0 K.
The temperature of 0 K (absolute zero) cannot be realised
in practice so, efficiency is never 100%.



