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PHYSIGS

SYLLABUS : Thermodynamics-2 (1st and 2nd laws of thermodynamics, Reversible &
irreversible processes, Carnot engine and its efficiency)

25

Max. Marks : 112 Time : 60 min.

GENERAL INSTRUCTIONS

e The Daily Practice Problem Sheet contains 28 MCQ's. For each question only one option is correct. Darken the correct
circle/ bubble in the Response Grid provided on each page.

e You have to evaluate your Response Grids yourself with the help of solution booklet.

e Each correct answer will get you 4 marks and 1 mark shall be deduced for each incorrect answer. No mark will be given/
deducted if no bubble is filled. Keep a timer in front of you and stop immediately at the end of 60 min.

e The sheet follows a particular syllabus. Do not attempt the sheet before you have completed your preparation for that
syllabus. Refer syllabus sheet in the starting of the book for the syllabus of all the DPP sheets.

e After completing the sheet check your answers with the solution booklet and complete the Result Grid. Finally spend time
to analyse your performance and revise the areas which emerge out as weak in your evaluation.

DIRECTIONS (Q.1-Q.19) : There are 19 multiple choice questions. Q.2 An ideal gas is taken from point 4 to the point B, as
Each ques'tiog has 4 choices (a), (b), (¢) and (d), out of which ONLY shown in the P -V diagram, keeping the temperature
ONE choice is correct. constant. The work done in the process is

Q.1 Six moles of an ideal gas performs a cycle shown in figure. rt
If the temperature T, = 600K, Ty = 800K, T = 2200K P, !

and T =1200K , the work done per cycle is
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Q.3 In the diagrams (i) to (iv) of variation of volume with
changing pressure is shown. A gas is taken along the path
ABCD. The change in internal energy of the gas will be

V4 V4
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(a) Positive in 211311 cases (i) to (iv)
(b) Positive in cases (i), (ii) and (iii) but zero in case (iv)
(c¢) Negative in cases (i), (ii) and (iii) but zero in case (iv)
(d) Zero in all cases

Q.4 A monoatomic ideal gas, initially at temperature 7, is
enclosed in a cylinder fitted with a frictionless piston. The
gas is allowed to expand adiabatically to a temperature 7,
byreleasing the piston suddenly. If L and L, are the lengths
of the gas column before and after expansion respectively,

then 7;/7, is given by
L 2/3 Ll 1J2 L 2/3
@ 2 wi e olf
Q.5 A gas mixture consists of 2 moles of oxygen and 4 moles
argon at temperature 7. Neglecting all vibrational modes,
the total internal energy of the system is
(a) 4RT (b) 15RT (c) 9RT (d) 11RT
Q.6 Two Carnot engines A and B are operated in succession.
The first one, A receives heat from a source at 7; =800k
and rejects to sink at 7,k . The second engine B receives
heat rejected by the first engine and rejects to another sink
at 7, =300K. If the work outputs of two engines are equal,
then the value of T, will be
(a) 100K (b) 300K (c) 550K (d) 700 K
Q.7 A Carnot engine whose low temperature reservoir is at 7°C
has an efficiency of 50%. It is desired to increase the
efficiency to 70%. By how many degrees should the

temperature of the high temperature reservoir be increased
(a) 840K (b) 280 K (c) 560 K (d) 380K
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Q.8 An ideal heat engine working between temperature 7 and
T, has an efficiency n, the new efficiency of engine if both
the source and sink temperature are doubled, will be

@35  ®n @22 (@ 3n

Q.9 Efficiency of a Carnot engine is 50% when temperature
of outlet is 500 K. In order to increase efficiency up to
60% keeping temperature of intake the same what will be
temperature of outlet
(a) 200K (b) 400K (c) 600 K (d) 800 K
Q.10 A scientist says that the efficiency of his heat engine which
operates at source temperature 120°C and sink temperature
27°C is 26%, then
(a) It is impossible
(b) It is possible but less probable
(¢) It is quite probable
(d) Data are incomplete
Q.11 The efficiency of Carnot’s engine operating between
reservoirs, maintained at temperatures 27°C and —123°C,
is
(a) 50% (b) 24% (c) 0.75% (d) 0.4%
Q.12 The temperature of sink of Carnot engine is 27°C and
Efficiency of engine is 25%. Then temperature of source
is
(a) 227°C (b) 327°C (c) 127°C (d) 27°C
Q.13 In changing the state of thermodynamics from A4 to B state,
the heat required is Q and the work done by the system is
W. The change in its internal energy is
o-w

(@ 9+w (b) O-W (¢) Q @ =
Q.14 The first law of thermodynamics is concerned with the
conservation of
(a) Momentum (b) Energy
(c) Mass (d) Temperature
Q.15 A system is given 300 calories of heat and it does 600
joules of work. The internal energy of the system change
in this process is
(J = 4.18 Joule/cal)
(a) 654 Joule
(¢) -300 Joule

(b) 156.5 Joule
(d) — 528.2 Joule
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Q.16 110 J of heat is added to a gaseous system, whose internal
energy change is 40 J, then the amount of external work

done is

(a) 150171 (b) 707 (c) 110J (d) 4017
Q.17For free expansion of the gas which of the following is

true

(a) O=W=0and AE;; =0
(b) O=0,W>0and AE;; =W
(c) W=0,0>0,and AE;; =0
(d W>0,0<0and AE;,; =0
Q.181n a given process for an ideal gas, g =0 and d0 <0.

Then for the gas
(a) The temperature will decrease
(b) The volume will increase
(c¢) The pressure will remain constant
(d) The temperature will increase
Q.19 The specific heat of hydrogen gas at constant pressure is

Cp=3.4><103cal/kg°C and at constant volume is

Cy =24x 10°cal/ kg°C . If one kilogram hydrogen gas is
heated from 10°C to 20°C at constant pressure, the
external work done on the gas to maintain it at constant
pressure is

(@) 10° cal
(c) 103 cal

(b) 10 cal
(d) 5 x10°cal

DIRECTIONS (Q.20-Q.22) : In the following questions,
more than one of the answers given are correct. Select the
correct answers and mark it according to the following
codes:

Codes :

(a) 1,2 and 3 are correct (b) 1 and 2 are correct
(c) 2 and 4 are correct (d) 1 and 3 are correct
Q.20 Which of the following processes are irreversible?

(1) Transfer of heat by radiation

(2) Electrical heating of a nichrome wire

(3) Transfer of heat by conduction

(4) Isothermal compression
Q.21 For a reversible process, unnecessary conditions are

(1) In the whole cycle of the system, the loss of any type
of heat energy should be zero

131

(2) That the process should be too fast

(3) That the process should be slow so that the working
substance should remain in thermal and mechanical
equilibrium with the surroundings

(4) The loss of energy should be zero and it should be
quasistatic

Q.22 One mole of an ideal gas is taken through the cyclic through
the cyclic process shown in the V-T diagram, where V =
volume and T = absolute temperature of the gas. Which of

the following statements are correct

AV

A B
2V, >

A

Vo

D

Ty 2T,
(1) Heat is given out by the gas
(2) Heat is absorbed by the gas
(3) Themagnitude of the work done by the gas is RT (In 2)
(4) The magnitude of the work done by the gasis V)T,

DIRECTIONS (Q.23-Q.25) : Read the passage given below and
answer the questions that follows :

V-T graph of a process of monoatomic ideal gas is as shown in
figure.

Q.23 Sum of work done by the gas in process abcd is —
(a) zero (b) positive
(c) negative (d) data is insufficient
Q.24 Heat is supplied to the gas in process(s) —
(a) da, aband bc (b) da and ab only
(¢) da only (d) ab and bc only
Q.25 Change in internal energy of the gas is zero in process(s) —
(a) da, aband bc (b) da and bc only
(¢) da only (d) da and ab only
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DIRECTIONS (Q.26-Q.28) : Each of these questions contains two
statements: Statement-1 (Assertion) and Statement-2 (Reason). Each
of these questions has four alternative choices, only one of which is
the correct answer. You have to select the correct choice.

(@) Statement-1 is True, Statement-2 is True; Statement-2 is a
correct explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is
NOT a correct explanation for Statement-1.

(c¢) Statement -1 is False, Statement-2 is True.

(d) Statement -1 is True, Statement-2 is False.

Q.26 Statement-1 : It is not possible for a system, unaided by an
external agency to transfer heat from a body at lower
temperature to another body at higher temperature.
Statement-2 : According to Clausius statement, “No
process is possible whose sole result is the transfer of
heat from a cooled object to a hotter object.

Q.27 Statement-1 : A room can be warmed by opening the door
of a refrigerator in a closed room.

Statement-2 : Head flows from lower temperature
(refrigerator) to higher temperature (room).

Q.28 Statement-1 : In isothermal process whole of the heat
energy supplied to the body is converted into internal
energy.

Statement-2 : According to the first law of themodynamics

AQ =AU+ PAV

26.0OQ 2.0

28.0HOQ@
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Processes A4 to B and C to D are parts of straight line
graphs of the form y = mx

PaA
_ T~ =2200K
P, B Tp = %OOK C c

v
~

Also P:%T(p =6)

= P o T . So volume remains constant for the graphs
AB and CD.
So no work is done during processes for 4 to B and C

tODi.e., WAB = WCD =0 and
Wpe =B (Ve =Vp) = uR(Te ~Tp)
=6R(2200—-800) = 6R x1400J
Also Wpy =RV =Vp)=puR(Ty—Tp)
=6R(600—1200) =—-6Rx 600 J

Hence work done in complete cycle

w :WAB +WBC +WCD +WDA

=0+6Rx1400+0—-6R x600

=6R %900 =6x8.3x800=40kJ
W= Area bonded by the indicator diagram with V-axis)

1
=E(PA +P)Vp—Vy)

For pathab: (AU),, =7000J
By using AU =uCy AT

7000 = px%Rx7OO =>u=048
For pathca:

(AQ)eq = (AU) g +(AW )

5 (AU) g +(AU )y + (AU =0
~.7000+0+(AU),, =0= (AU),, =-7000 J ....(ii)

Also (AW) o = B() =V2) = pR(T ~ 1)
=0.48x8.31x(300-1000) =-2792.16 J
on solving equations (i), (ii) and (iii)

(AQ),, =—7000-2792.16 = -9792.16 J = -9800J

...... (iii)

PHYSICS
SOLUTIONS

4. @
5. @
6. @
7. (©
& @
9. @
10. ()
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In all given cases, process is cyclic and in cyclic process
AU =0.

5 2
v-1 =1 —
_ _ T V- [,A4)3 L, )3
HV]Y]:TZVQ/ID_IZ 2 —| =22 | 22
5" L4 L
Oxygen is diatomic gas, hence its energy of two moles
5
=2x ERT =5RT
Argon is a monoatomic gas, hence its internal energy

of 4 moles :4><%RT =6RT

Total internal energy = (6 +5)RT =11RT

L-T, W T -T. W
h 9 L 0
L L-Ty T
S h bl Ly
L+T
ATy =] 3:8OO+300:550K
2 2
L-T T,-(2
Initially n= 112 0.5 = 1=CB*7)
g I
1 7,-280
== =T, = 560K
2 4
Ty -T
Finally 7j = —-—2
1
T —(273+ ,

T
.-, Increase in temperature = 933 — 560 = 373K ~ 380K
In both cylinders 4 and B the gases are diatomic
(y=14).Piston A is free to move i.e. it is isobaric

process. Piston B is fixed i.e. it is isochoric process. If
same amount of heat AQ is given to both then

(AQ)isobaric = (AQ)isochoric
= UCp(AT) 4 = UC, (AT)

= (AT)p =%(AT)A =y(AT) ; =1.4x30 = 42K

Lh-7,
L

In first case, M1 =

2, -2T, T,-T,
T

In second case, M2 =
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15.

16.
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21.

22,
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T 1 500 500 1

=l-— ——=]-——=—=— ...i
n 7 7 T2 (M)
0 B h 2 "
100 T L s (il
Dividing equation (i) by (ii),
@:§:T2’=4OOK
7 4
2
7, 300 1

=1-2=1-2"=—=25%

max = 277217400 ’

S0 26% efficiency is impossible.
l_Q_l_(273+123) 1 150 1

= =l-—=—=50%
il (273+27) 300 2
T
nzl__zjﬁzl_@:lzl_ﬂ
7, 100 il 4 T

Ty = 400K =127°C
AQ =AU+ AW
= AU = AQ—- AW = Q—W (using proper sign)

JAQ =AU +AW,AU = JAQ - AW
AU = 4.18x300— 600 = 654 Joule
AQ =AU +AW

= AW =AQ—-AU =110-40 = 70J

From FLOT

=dU =dQ—-dW = dU =dQ(<0) (-.dW =0)
= dU <0 So, temperature will decrease.

From FLOT AQ =AU + AW

Work done at constant pressure

(AW)p =(AQ)p - AU

(AQ)p —(AQ)y (Aswe know (AQ), =AU)
Also (AQ)p = mcpAT and (AQ)y =mcy AT

= (AW)p =m(cp —cy)AT

=(AW)p =1x(34x10° =24x10*)10=10" Cal.

Slow isothermal expansion or compression of an ideal
gas is reversible process, while the other given pro-
cess are irreversible in nature.

23. (a) For areversible process I? =0

24.
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@
(i)
(iii)
28. (@
29. @@
30. (¢

- 731
C
2T,
Y ’
B
D
To
| A
Vo v, VY
(Vo )
HereW<0=Q<0and |W|=RT;In Lm) +2RT,
(2V,)
In L_Vo =RTIn2
(26) (b) (27) (b)
P
A
C
b
d
a
>V

Anticlockwise cycle = W <0

Processab: W, =0,AU, >0=Q,, >0

Process be : Wy <0,AU, . =0=Q,.<0

Processcd: W ;=0,AU_4<0=Q_4<0

Processda: Wy, >0,AUy, =0=Q4, >0

da and bc are isothermal process.

Second law of thermodynamics can be explained with
the help of example of refrigerator, as we know that
refrigerator, the working substance extracts heat from
colder body and rejcts a large amount of heat to a hotter
body with the help of an external agency .e., the electric
supply of the refrigerator. No refrigerator can ever work
without external supply of electric energy to it.

When the door of refrigerator is kept open, heat rejected
by the refrigerator to the room will be more than the
heat taken by the refrigerator from the room (by an
amount equal to work done by the compressor).
Therefore, temperature of room will increase and so it
will be warmed gradually. As according to second law
of thermodynamics, heat cannot be transferred on its
own, from a body at lower temperature to another at
higher temperature.

As there is no change in internal energy of the system
during an isothermal change. Hence, the energy taken
by the gas is utilised by doing work against external
pressure. According to FLOT

AQ =AU + pAV

Hence, AQ =AU = pAV
Therefore, statement-2 is true and statement-1 is false.
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