Chapter - Thermodynamics

Topic-1: First Law of Thermodynamics

M% with Ono € Amw Ignoring the friction between the piston and the cylinder,

€% I

In a given process on an ldeal gas, dW =10 and dg <0.
Then for the gas [2001S]
(a) thetemperature will decrease

(b) the volume will increase
(c) the pressure will remain constant
(d) the temperature will increase

AT oA
A thcmmdynamlc system is taken ﬁ-om an initial state i
with internal energy U, = 100 1] to the final state falong two
different paths iaf and ibf, as schematically shown in the
figure. The work done by the system along the paths af, ib

the correct statement(s) is (are) [Adv. 2015]
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IfV,=2V,and T, =
1

2 Pt
If ¥, =2V, and T, = 3T, then the change in internal

energy is 3P,V
If ¥, =3V, and T, = 4T, then the work done by the

3T,, then the energy stored in

the spring is
®

©

and bfare W= 2001, W, =50 J and I, =100 Jrespectivel. gasis < P,
The heat supplied to the system along the path iaf, ib and 3 ’
bfare 0L Qah and Qbfrespecuveiy ffthe internalenergy (d) If ¥, =3V, and T, = 4T}, then the heat supplied to
of the system in the state b is the gas is — = PV,
U,=200J and 0, =5001, 4 2 6 _ y
P 5. During the melting of a slab of ice at 273 K at atmospheric
e pressure, [1998S - 2 Marks)
Theratio —— is i (a) positive work is done by the ice-water system on the
O b o atmosphere.
V' [Adv.2014] (b) positive work is done on the ice- water system by the
- atmosphere.
@ 4 ;"'.'. i (c) the internal energy of the ice-water system increases.

A container of volumc lm is dmded into two equal parts
by a partition. One part has an ideal gas at 300K and the
other part is vacuum. The whole system is thermally
isolated from the surroundings. When the partition is
removed, the gas expands to occupy the whole volume.
Its temperature w:]l now be ....... [1993—1 Mark]

3 : A
An 1deal monoatﬂmlc gas is conﬁnod ina horlzontal cyimder yé
by a spring loaded piston (as shown in the figure). Initially
the gas is at temperature 7}, pressure P; and volume ¥ 1P
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 out by a distance r

(d

the mtcmal energy of the ice-water system decreases.

One mole ofa monatomic gas is taken through a cycle

ABCDA as shown in the P-V diagram. Column II give the

characteristics involved in the cycle. Match them with each

of the processes given in Column L. [2011]
P
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Column Column II
(A) ProcessA—B (p) Internal energy
decreases
(B) ProcessB—C (q) Internal energy
increases
(C) ProcessC—D (r) Heat is lost

(D) ProcessD—A (s) Heat is gained

() Workis done on the gas
Column I contains a list of processes involving expansion
of an ideal gas. Match this with Column II describing the
thermodynamic change during this process. Indicate your
answer by darkening the appropriate bubbles of the 4 x 4

matrix given in the ORS. [2008]
Column 1 Column II

(A) An insulated container (p) The temperature of the
has two chambers gas decreases
separated by a valve.
Chamber I contains
an ideal gas and the
Chamber I has vacuum.
The valve is opened.

(B) An ideal monoatomic (q) The temperature of the
gas expands to twice gas increases or constant

its remains original
volume such that its
pressure P c 1
where V is the volume
of the gas

(C) An ideal monoatomic (9]
gas expands to twice
its original volume
such that its pressure
Pl Nni-fB

(D) Anideal monoatomic (s) The gas gains heat
gas expands such that
its pressure P and
volume V follows the
behaviour shown in

the graph

The gas loses heat
where V is its volume

9.

10 @

A73

¥, 27,
Heat given to process is positive,
option of Column Iwith the corresponding option of

match the following

column IT : e [2006 - 6M]
30 :
.20 M
10 o> iL
lll] 20 Vi)
Columnl ColumnII
(A) K (p) AW>0
(B) KL (@ AQ<0
© M ) AW<0
®) MJ (5) AQ>0

A cyclic process ABCA shown in the V-T diagram (fig) is
performed with a constant mass of an ideal gas. Show the
same process on a P-V diagram [1981- 4 Marks]
Wi C " B

Y

Vif A

T 1 "['2 -
(In the figure, CA is parallel to the V-axis and BCis parallel
to the T-axis)

Topic-2: Specific Heat Capacity and Thermodynamical Processes

One mole of an ideal gas expands adiabatically from an
initial state (T ,, V) to final state (Tg 5V,)- Another mole of
the same gas expands isothermally from a different initial
state (T, Vo) to the same final state (T 5Vy). Theratio of
the specific heats at constant pressure and constant
volume of this ideal gas is y. What is the ratio T ,/Ty?

[Adv. 2023]

- gt (d@ s

@ 51 O © 5

3.

Anideal gas isinitially at P, V; is expanded to P,, V, and
then compressed adiabatically to the same volume ¥, and
pressure P, If W is the net work done by the gas in complete
process which of the following is true [2004S]
@ W>0;P,>P, (b) W<0;P,>P,

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

The PT diagram for an ideal gas is shown in the figure,
where AC is an adiabatic process, find the corresponding
PV diagram. [2003S]
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An ideal gas is taken through the cycle A5>B—>C— 4.
as shown in the figure. If the net heat supplied to the gas
in the cycle is 5, the work done by the gas in the process
C—4is [2002S]

(a) =51
(b)-10]
(©)-157

(d)-201
P-V plots for two gases during adiabatic processes are
shown in the figure. Plots 1 and 2 should correspond

P(N/m®) 10

respectively to P [20015]
(a) Heand O,

(b) O,andHe i

(c) Heand Ar 2

(d) O,andN, v

A monatomic ideal gas, initially at temperature T}, is

enclosed in a cylinder fitted with a frictionless piston. The

gas is allowed to expand adiabatically to a temperature T,

by releasing the piston suddenly. If L, and L, are the length

of the gas column before and after expansion respectively,
T

1
then Fz is given by [20008]

2/3 2/3
L L. L
(a) (;;-] ®L ©75 © (f)

A given quantity of a ideal gas is at pressure Pand absolute
temperature 7. The isothermal bulk modulus of the gas is

[1998S - 2 Marks|

2 3

@ Fhwoa® B @a Gloin D 28
An ideal monatomic gas is taken round the cycle ABCDA
as shown in the P— V diagram (see Fig.). The work done
during the cycle is [1983 - 1 Mark]

10.

11.

PV
2PV

(a)

ZEero

One mole of an ideal gas undergoes two different cyclic
processes [ and I1, as shown in the P-V diagrams below.
In cycle I, processes a, b, c and d are isobaric, isothermal,
isobaric and isochoric, respectively. In cycle II. processes
a’, b', ¢’ and d’ are isothermal, isochoric, isobaric and
isochoric, respectively. The

total work done P (Pa) B
during cycle I is i
Wl and that 4P0
during cycle I is d J\ b
Wy - The ratioW; 2p,
Wy 1s - ¢
[Adv. 2023 o S 3
VotN, o )
P (Pa) @
4P,
af
2P, d b
Py i o L 4
v, v, >V(m )

An incompressible liquid is kept in a container having a
weightless piston with a hole. A capillary tube of inner
radius 0.1 mm is dipped vertically into the liquid through
the airtight piston hole, as shown in the figure. The air in
the container is isothermally compressed from its original

100
volume V to 101 V with the movable piston. Considering

air as an ideal gas, the height (h) of the liquid column in
the capillary above the liquid level in cmis
[Given: Surface tension of the liquid is 0.075 N m™,
atmospheric pressure is 10° Nm 2, acceleration [Ady. 2023]
due to gravity (g) is 10 m
52, density of the liquid
is 10° kg m™ and contact
angle of capillary surface
with the liquid is zero]

A diatomic ideal gas is compressed adiabatically to_ﬁ of
its initial volume. Ifthe initial temperature of the gas is 7; (in

Kelvin) and the final temperature isa 7, the value of a is
[2010]
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12. Consider one mole of helium gas enclosed in a container
at initial pressure P, and volume V. It expands isothermally
to volume 4¥,. After this, the gas expands adiabatically
and its volume becomes 32;. The work done by the gas
during isothermal and adiabatic expan sion processes are

Wio _ rin2,
adia

then fis ; [Ady. 2020]

13. A spherical bubble inside water has radius R. Take the
pressure inside the bubble and the water pressure o be
p, The bubble now gets compressed radially in an adia-
batic manner so that its radius becomes (R —a). Fora <« R
the magnitude of the work done in the process is given
by (4nPRa?) X where X is a constant and

1=C,lC= 41/30. The value of X is

W, and W, ., respectively. If the ratio

[Adv. 2020]
14. Anideal gas with pressure P, volume V and temperature T
is expanded isothermallytoa volume 2 J/and a final pressure
P.. Ifthe same gas is expanded adiabatically to a volume
2V, the final pressure is P,. The ratio of the specific heats

15
ofthe gas is 1.67 . The ratio ‘Pr]i 5.4 [1994 - 2 Marks]

&) 5 [Mime/False
15. Thecurves 4 and B in the figure shown P-V graphs for an
isothermal and an adiabatic process for an ideal gas. The
isothermal process is represented by the curve A.
[1985 -3 Marks]

16. Anideal gas of density p= 0.2 kg m* enters a chimney of

height h at the rate of = 0.8 kg s from its lower end, and
escapes through the upper end as shown in the figure.
The cross-sectional area of the lower end is 4, = 0.1 m’
and the upper end is 4, = 0.4 mZ The pressure and the
temperature of the gas at the lower end are 600 Pa and 300
K, respectively, while its temperature at the upper end is
150 K. The chimney is heat insulated so that the gas
undergoes adiabatic expansion. Take g=10m s~ and the
ratio of specific heats of the gasy = 2. Ignore atmospheric
pressure. [Adv. 2022]

17.

18.

A75

g

Which of the following statement(s) is(are) correct?

(a) The pressure of the gas at the upper end of the
chimneyis 300 Pa.

(b) The velocity of the gas at the lower end of the
chimney s 40 ms~! and at the upper end is 20m s~

(¢) Theheight of the chimney is 590 m.

(d) The density of the gas at the upper end is 0.05 kg
m>.

A bubble has surface tension S. The ideal gas inside the

5
bubble has ratio of specific heats y = 3 The bubble is

exposed to the atmosphere and it always retains its
spherical shape. When the atmospheric pressure is P,
the radius of the bubble is found to be r, and the
temperature of the enclosed gas is 7. When the
atmospheric pressure is P _,, the radius of the bubble and
the temperature of the enclosed gas are r, and T,,
respectively. [Adv. 2022]
Which of the following statement(s) is(are) correct?

(a) Ifthe surface of the bubbleisa perfect heat insulator,

2
By ot =
then (i] =___2.r3_,
2 P::1+—S

fi
(b) Ifthe surface of the bubble is a perfect heat insulator,
then the total internal energy of the bubble including
its surface energy does not change with the external

atmospheric pressure.
(c) Ifthe surface of the bubble isa perfect heat conductor
and the change in atmospheric temperature is
3 P o

s 7 s
negligible, then [—] T T
L5 y o e S
ol "

(d) Ifthe surface of the bubble is a perfect heat insulator,

5
In the given P-V diagram, a monoatomic gas [T = 5} is

first compressed adiabatically from state 4 to state B. Then
it expands isothermally from state B to state C.
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19.

20.

N6
[Given [5] =05mn2=07].

[Adv.2022]
P(kPa) 4 /C
B
{00 SECICIRTOEEE S
100 AP R S FEPSEEEE T LR b
080 i

Which of the following statement(s) is(are) correct?

(a) The magnitude of the total work done in the process
A—>B—Cis 144KJ.

(b) The magnitude of the work done in the process B —
Cis 84 kJ.

(¢) Themagnitude of the work done in the process A—>B
is 60 kJ.

(d) The magnitude of the work done in the process C —
A is zero.

A mixture of ideal gas containing 5 moles of monatomic

gas and 1 mole of rigid diatomic gas is initially at pressure

P,, volume V,, and temperature T, If the gas mixture is

adiabatically compressed to a volume ¥/4, then the

correct statement(s) is/are, (Given 2'2=2.3;2**9.2: R is

gas constant) [Adv. 2019]

(@) The work |W| done during the process is 13RT,

(b) The final pressure of the gas mixture after

compression is in between 9P and 10P,
(c) The average kinetic energy of the gas mixture after
compression is in between 18RT, and 19RT,

(d) Adiabatic constant of the gas mixture is 1.6

One mole of a monatomic ideal gas goes through a

thermodynamic cycle, as shown in the volume versus

temperature (V-T) diagram. The correct statement(s) is/are:

[R is the gas constant [Adv. 2019]

o
A

e T, IT, T
(a) Work done in this thermodynamic cycle
1
(1223541 is|W|=ER?I)

(b) The above thermodynamic cycle exhibits only
isochoric and adiabatic processes.

21.

22.

23,

24.

Physics
(c) The ratio of heat transfer during processes 1 — 2

Qi—>2 5

and3 —4 is 0, —5

(d) The ratio of heat transfer during processes 1 — 2

Ql—b2 1

and3 —4 i =

i s Q.’---o4 2
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 ﬂ'u; correct option(s) from the following [2010]

L i B
V- A A

& i

L
>

: Ty T
(a) Internal energies at A and B are the same
(b) Work done by the gas in process AB is PV, In 4

.05
(c) PressureatCis =

T
(d) Temperatureat C is T;]'

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

3 / B
W

l @

/-—

3

2 3V
(a) the process during the path 4 — B is isothermal

(b) heat flows out of the gas during the path B— C— D

(¢) work done during the path 4 = B — Cis zero

(d) positive work is done by the gas in the cycle ABCDA

For an ideal gas : [1989 - 2 Marks]

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

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

(¢) theinternal energy does not change in an isothermal
process.

(d) noheat is added or removed in an adiabatic process.

One mole of a monatomic ideal gas undergoes the cyclic
process ] — K —L —M — J,asshown in the P-T diagram.
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Match the quantities mentioned in List-I with their values
in List-IT and choose the correct option. [R is the gas
constant.] P [Adv. 2024]
List-T
(P) Work done in the
complete cyclic
process
(Q) Changein the
internal energy of
the gas in the
process JK
(R) Heat given to the
gas in the process KL
(S) Change in the internal (4) —2RT,In 2
energy of the gas in
the process MJ

List-II
(1) RT,—4RT,In2

@ 0

(3) 3RT,

(5) —3RT,In2
(@ P—>1;Q—>3R—>58->4
b P>4Q—>3;R—>58->2
(€ P>4Q—-1;R>2;8->2
d P52,Qo5R—3; S—4
List I describes thermodynamic processes in four different
systems. List II gives the magnitudes (either exactly or as
a close approximation) of possible changes in the internal
energy of the system due to the process. [Adv. 2022]
List-I List-II
() 1073 kg of water at (P) 2kJ
100°C is converted
to steam at the same
temperature, ata
pressure of 10° Pa.
The volume of the
system changes from
10°m3 to 1073 m? in the
process. Latent heat of
water = 2250 kJ/kg.
(1) 0.2 moles of arigid
diatomic ideal gas
with volume Vat
temperature 500 K
undergoes an isobaric
expansion to volume 3 V.
Assume R=8.0Jmol ' K.
(111) One mole of a monatomic
ideal gas is compressed
adiabatically from volume

Q7K

(Ry4kJ

26.

27,

28.

A77
L3
V= 3 and pressure

V
2 kPq to volume E

(IV) Three moles of a
diatomic ideal gas whose
molecules can vibrate,
is given 9 kJ of heat
and undergoes isobaric
expansion.

(S)5K

(T)3kI

Which one of the following options is correct?

@ (D) —(T); D —(R); AN —(8); (V)= (Q)

(®) (D) —(S): () — (P); (M) —(T); AV) —> (P)

(© (D—(P); @) —(R); M) —(T); AV) > (Q

(d) (D —(Q): (D) — (R); (I —(8); (IV) = (T)

If the process carried out on one mole of monatomic ideal
gasis shown in the figure PV-diagram with PV, = % RT,
the correct match is,

L W
2

Fy

L 4
(%7

(@) I-Q,lI>R, M-S, IV->U
() I8, [I-R,I-Q,IV->T
(¢ I-Q,II-RI-P VU
(d) 1-Q.lI-S, >R, IV-U
Ifthe process carried out on one mole of monatomic ideal
gas is as shown in the 7V-diagram with PV, = % RT the

correct match is,
T

= 3
T A

LTl RS .
3 - 2

N

Vo 2V,

(a) I-P T, II—Q,IV->T
() 58, [>T, 11-Q,IV=>U
(¢) I->RI-HR I-T,IV-P
(d) I=>PI-R M-T,IVHS
One mole of a monatomic ideal gas undergoes four
thermodynamic processes as shown schematically in the
PV-diagram below. Among these four processes, one is
isobaric, one is isochoric, one is isothermal and one is
adiabatic. Match the processes mentioned in List-I with
the corresponding statements in List-11. [Adv. 2018]
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P : LIST-I LIST-1I
A P. In process 1. Work done by the gas
is zero
3P, Q. In process II 2. Temperature of the gas
1 remains unchanged
In process 11 3. No heatis exchanged
between the gas and its
P.f surroundings
S. Inprocess IV 4, Work done by the gas is
3V >V 6P,VO0

@ P-4Q->3R—>1;8-2
) P>1;Q—>3;R—>2;S—>4
() P-3:Q>4R—>1;5->2
(d P—-3Q->4R—>2,8S—>1

DIRECTIONS Q. No. 29,30 and 31: By appropriately matching the information given in the three columns of the following table.
An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the corresponding P-V diagrams in
column 3 of the table. Consider only the path from state 1 to state 2. W denotes the corresponding work done on the system. The
equations and plots in the table have standard notations as used in thermodynamic processes. Here Y is the ratio of heat capacities

at constant pressure and constant volume. The number of moles in the gas is n. [Adv. 2017]
Column 1 Column 2 Column 3
1
O W= Y—_T(szz -V (i) Isothermal P) P1 \ 2
M Wy =—PV,+PV, (i) Isochoric Q@  pt v
1
2
b V 3
i
(I Wy, =0 (iif) Isobaric R)
i
P
1
Tl Y2 (iv) Adiabatic ©)
V) Wi, =-nRT In -q :
A
20. Which one of the following options correctly represents a 31. Which of the following options is the only correct
thermodynamic process that is used as a correction in the representation of a process in which AU = AQ — PAV?
determination of the speed of sound in an ideal gas? (@ ADGEV)(R) (b) (1D (iii) (P)
@ {MGEQ (b) AV)(i)(R) (¢) (I)(iii)(S) (d) (D) (i) (P)
(c) (M GEv)(R) @ MGV (Q) 32.  Onemole ofa monatomic ideal gas is taken along two cyclic
30. Which one of the following options is the correct processesE >F —»G > EandE—>F— H — E asshown
combination? inthe PV didgram. The processes involved are purelyisochoric,
(@ @V)3E)(S) (b) (D)) (S) isobaric, isothermal or adiabatic. [Adv. 2013]

(© () (P) (@ (v R) ;
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Match the paths in List I with the magnitudes of the work
done in List II and select the correct answer using the
codes given below the lists.

ListI ListIT
P G-E 1. 160 P;V,in2
Q G-—H 2. 36P;V,
R F—-H 3. 24PV,
S. F->G 4. 31P4V,
Codes:

PO RS
@4 3 2 1
)4 3.1 2
e A R R

B2 sl

Passage
A thermally insulating cylinder has a thermally insulating and
frictionless movable partition in the middle, as shown in the
figure below. On each side of the partition, there is one mole of
an ideal gas, with specific heat at constant volume, C, = 2R.
Here, R is the gas constant. Initially, each side has a volume ¥
and temperature Tj,. The left side has an electric heater, which is
turned on at very low power to transfer heat Q to the gas on the
left side. As a result the partition moves slowly towards the
right reducing the right side volume to /2. Consequently, the
gas temperatures on the left and the right sides become T} and
T, respectively. Ignore the changes in the temperatures of the
cylinder, heater and the partition.

i T
P L.V, W v o)
/ 0o
7= /
2 ¢
P Ll L P
33, The value of %R— is [Adv. 2021]
0
@ 2 ® 3 (c) 2 @ 3
34. The value of £, is [Adv.2021]
RT,
() 4(242+1) ®) 4(242-1)
@ (5v2 -1

(€ (5v2 +1)

A cylinder of mass 1 kg is given heat of 20,000J at
atmospheric pressure. If initially the temperature of cylinder
15 20°C, find 12005 -6 Marks]
(a) final temperature of the cylinder.

(b) work done by the cylinder.

(c) changein internal energy of the cylinder

35,

36.

37.

38.

39.

A79

(Given that specific heat of cylinder = 400 J kg oc,
coefficient of volume ion=9 x 10-3°C"!, Atmospheric
pressure=10° N/m? and Density of cylinder = 9000 kg/m?)
A monoatomic ideal gas of two moles is taken through a
cyclic process starting from A as shown in figure. The volume

ratios are V_B =2 and “V—D = 4, If the temperature T, at A
s7Pc * £ [2001-10 Marks]
Wl D ¢

Vap-- [ .B'

Val-=-za%

0 T Ts __:

T

Calculate,

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

(b) heat absorbed or released by the gas in each process,

() thetotal work done by the gas during the complete cycle.
Express your answer in terms of the gas constant R.

Two moles of an ideal

monatomic gas is taken

through a cycle ABCA as PA
shown in the P-T diagram.
During the process AB, P e
2P, =
pressure and temperature of Y
the gas vary such that PT= P, A
Constant. If T, = 300 K, s
calculate [2000-10 Marks] T, 2T, &

(a) the work done on the gas in the process 4B and

(b) the heat absorbed or released by the gas in each of
the processes.

Give answer in terms of the gas constant R.

Two moles of an ideal monatomic gas, initially at pressure

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

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

volume V. [1999 - 10 Marks]

(a) Sketch the complete process onap — V diagram.

(b) Find the total work done by the gas, the total change
in its internal energy and the final temperature of'the
gas. [Give your answer in terms ofp,, V. V5.0 and R]

One mole of an ideal monatomic gasis taken rcun%i the cyclic

process ABCA asshown in Figure. Calculate [1998 - 8 Marks]

P

W :
3P,
£ J
F, =
2 A c
% |
1 = Y
Vo 2V v

(a) the work done by the gas.
(b) the heat rejected by the gas in the path CA and the
heat absorbed by the gas in the path AB;
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40.

41.

42.

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

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

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

a cyclic process starting from point 4. The process A — B

is an adiabatic compression, B — C is isobaric expansion,

C _» D isan adiabatic expansion, and D —» A isisochoric.
The volume ratios are ¥,/ ¥, =16 and V./ V; =2 and the
temperatureat Ais T, = gOO ﬁ.Calculate ée temperature of
the gas at the points% and D and find the efficiency of the
cycle. [1997 - 5 Marks]
At 27°C two moles of an ideal monoatomic gas occupy a
volume V. The gas expands adiabaticallly to a volume 2 V.
Calculate (i) the final temperature of the gas, (ii) change in
its internal energy, and (ii1) the work done by the gas during
this process. [1996 - 5 Marks]
One mole of a mono atomic ideal gas is taken through the
cycle shown in Fig: [1993 -4+4+2 Marks]

A —» B adiabatic expansion P4
A
B —» C: cooling at constant volume B
C — D : adiabatic compression
C
D —» A : heating at constant volume. v

The pressure and temperature at 4, B, etc. are denoted
by Py,T4,Pg, T etc., respectively. Given that T, =1000
K, Pz=(2/3)P and F. = (1/3)Py, calculate the following
quantities:

(i) The work done by the gas in the process A — B

- (i) The heat lost by the gas in the process B — C.

43.

(iiiy Thetemperature T}, [Given:(2/ 3)¥3=0.85]

Two moles of helium gas undergo a cyclic process as
shown in Fig. Assuming the gas to be ideal, calculate the
following quantities in this process ~ [1992-8 Marks]|
(a) The net change in the heat energy

(b) The net work done

(c) Thenet change in internal energy

44.

45.

46.

47.

Physics
M
2 atm 2 5 B
A W
1 atm &
D E C
300 k 400 K

Three moles of an ideal gas =1 at pressure, P
gas | C, 2R P 4

and temperature T is isothermally expanded to twice its

initial volume. It is then compressed at constant pressure
to its original volume. Finally gas is compressed at
constant volume to its original pressure P,.
[1991 - 4 + 4 Marks]
(a) Sketch P - V and P - T diagrams for the complete
process.
(b) Calculate the net work done by the gas, and net heat
supplied to the gas during the complete process.
An ideal gas having initial pressure P, volume V' and
temperature Tis allowed to expand adiabatically until its

volume becomes 5.66 I/ while its temperature falls to = 5

[1990 - 7 Mark]

(i) How many degrees of freedom do the gas molecules
have?

(i) Obtain the work done by the gas during the expansion

as a function of the initial pressure P and volume V.

An ideal gas has a specific heat at constant pressure

5R
Cp = —.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 %
106 N/m2. 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. [1987 - 7 Mark]
Calculate the work done when one mole of a perfect gas is
compressed adiabatically. The initial pressure and volume
of the gas are 105 N/m? and 6 litres respectively. The final
volume of the gas is 2litre. Molar specific heat of the gas
at constant volume 1s 3R/2. [1982 - 8 Marks]

EETJJ Topic-3: Carnot Engine, Refrigerators and Second Laws of Thermodynamics

A solid body of constant heat capacity 1 J/°C is being heated

by keeping it in contact with reservoirs in two ways : [2012]

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

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

In both the cases body is brought from initial temperature

100°C to final temperature 200°C. Entropy change of the

body in the two cases respectively is :

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

(c) In2, 4In2 (d) In2, In2

Z

Two identical containers A and B with frictionless pistons
contain the same ideal gas at the same temperature and
the same volume V. The mass of the gas in Ais m,, and
thatin B ismy. 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 APand
1.5 AP respectively. Then [1998S - 2 Marks]

(@) 4m,=9m, (b) 2m,=3m,
(© 3m,=2m, (d) 9m,=4my
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Passage

A fixed thermally conducting cylinder has a radius R and height
L,. The cylinder is open at its bottom and has a small hole at its
top. A piston of mass M is held at a distance L from the top
surface, as shown in the figure. The atmospheric pressure is P,

— 2f——

x

M-

FLLL L L LL

Piston ' %

The piston is now pulled out slowly and held at a distance
2L from the top. The pressure in the cylinder between its

top and the piston will then be [2007]
B
@ P e
2
Py Mg Pp Mg
o d) ———=
() 2 “R2 ( ) 2 ﬂR;

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

While the piston is at a distance 2L from the top, the hole
at the top is sealed. The piston is then released, to a position
where it can stay in equilibrium. In this condition, the
distance of the piston from the top is [2007]

? Answer Key

A81

2 2
@) [——-—ZP‘}“R ](2L) (b) [———P"”R Z'Mg](zL)

aR%Py+ Mg 7R?P,

2 2
© [—*P“"R ;'Mg](zu @ [———Pf”R ](ZL)
TR“Py —Mg

7R PO

The piston is taken completely out of the cylinder. The
hole at the top is sealed. A water tank is brought below the
cylinder and put in a position so that the water surface in
the tank is at the same level as the top of the cylinder as
shown in the figure. The density of the water is p. In
equilibrium, the height H of the water column in the
cylinder satisfies

[2007]

@ pgL,—H?+PyLy—H) +LPy=0
(b) pg(L,—H)?—PyL,—H)-LPy=0
© peLy—H)*+Py(Ly—H)-LePy=0
(d) pe(L,—HP—Py(L,—H)+LP,=0

Topic-1 : First Law of Thermodynamics
4 (a,b,c)5 (b,c)
7. A>q, B—p,; D—>aq.s

1. (a) 2. @ 3. (Constant)
6. A-p.rt;Bopr Cogs Dot

Topic-2 : Specific Heat Capacity and Thermodynamical Processes

1) 2 (D) 3. (b b @ 5 ®. 6@ I 9. @ 10. (25
1. @ 12. (1.77t01.78) 13. (205) 15. (True)16. () 17. (c.d) 18. (bc,d)

19. (a,b,d)20. (a,c) 21. (ab) 22. (bd) 23. (ab.c,d) 24. ) 25. (&) 26. (& 27 (9
28 29 @ 30 (b 3@ 2@ 33 @ MO

Topic-3 : Carnot Engine, Refrigerators and Second Law of Thermodynamics
2. (©) 3 (@ 4. (d) 5. 4c)

1. (d)




Hints & Solutions

CETJ Topic-1: First Law of Thermodynamics

1.

E_:?J

(a) From the first law of thermodynamics
dQ=dU+dWw
Here dW'=0 (given) .. dQ=dU
Now since 40 <0 (given)
i.e., dQ is negative so dU decreases.
Internal energy 'U decrease when temperature T decreases.
(2) Applying ﬁrst law of thermodynamics to path iaf

sodr = AU + 206 v

L AU, o= =3001]
Now,
lef AUbj-f' Wy + be—300+50+ 100
Oy + QM—4SGJ (1)

Also Oy = AUy, + Wy,
. Q=100+ 50=1501..ii)

Q f thf be 300 BB
Q:b QJb 150

(Constant) In this expansion, no work is done because the
gas expands constant in vacuum. .. AW=0

Also, O=0 as the process is adiabatic. Hence from firsi iaw of
thermodynamics, AU= 0 i.e., temperature remains constant.
(a,b,c)

Let spring is compressed by x on heating the gas.

From eq. (i) & (ii)

A
’ P " | BV Ty loctw| < hoe
xo X t+x
(a) As gasisideal monoatomic,
An _BY, .
I T A1)

Force on spring by gas = kx

kex
B =R +7 (A =area of cross — section of piston) ...(i1)

When ¥, =2V, T,=3T,
: AV _ P x(2%) rd P2=§P,
T 3% 2
Putting this value of P, in eqn. (ii) we get
3 Jx B A
gt e
o L ey L
A > S
1 1 R¥
Energy stored in the spring = Ekxz = E(kx}(x] = —14i

(b) Change in internal energy

f 3
AU =PV, - RW) == 21"1><2V1 RV | =3PV,

(c) Again, when V, = SV, and T, = 4T then
From eqn. (1),

BV B(W 4 =

ih _ Al 1)2P2=_Plszzli h_2h
L 41, 3 A 4
Fromeqn(ii)

4 P

Work done by gas = Work done by gas on atmosphere +
Energy stored in spring.

1
AP RILICY

="PV+—PV=—PV
M3 an =zAan

B el d \
(@ AQ=W,+AU =2 RV +{(RV; - RV))

7

3(4 :
=R +3(3 R —Pm]

~TRN 63 R0 =02 A,

6

(b,c)
Thereis 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 is done on the
ice-water system by the atmosphere. Hence, option (b) is
correct.
Secondly 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 first
law of thermodynamics dU= dQ — dW
change in internal energy of ice-water system, dU will be
positive or internal energy will increase.
A-p,r,t; B-p,r; C-q,8; D5t
(A) Process A - B
This is an isobaric process, P = constant and volume (V)
of the gas decreases. Therefore work is done on the gas.

=P(3V-V)=2PV
Also V decreases so temerature at B decreases
. Internal energy U decreases.
From, 0= U+ Was Uand W decreases so Q decreases
that means heat is lost.
(B) ProcessB - C
This is an isochoric process V= constant pressure decreases
P o T'so temperature also decreases.
W= 0; AU = negative so AQ negative
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Hence heat is lost.
(C) ProcessC — D
This is isobaric, Pressure P = constant V' increases and
Vo« Tso Tincreases. Hence AW, AU and AQ + ve so heat

gained by the gas.
(D) Process D — A
Applying PV =nRT
9PV
for DP(9V)=1RTp . Tp= .
9PV
for A3PBV)=1RT, .. Ty = =
i.e., the process is isothermal . AU=0
Now, AQ =AU+ W L AQ=W.

As volume decreaes in this process so W negative 1.e.,
wom done on the gas aand AQ negative hence heat s lost.
(A)-(q) : As the ideal gas expands in vacuum, and the
container is insulated therefore =0 & Q=0and according
to first law of thermodynamics

AU=Q+W = AU=0

Hence there is no change in the temparature of the gas of
T is constant.

1
(B)p, r) : Given P o -I;Z—OL PV2 = constant

or, nRTV = constant ». NV x T = constant
Asthe gas expandsits volume increases sotemperature decreases
Weknowthat Q= nCAT 2o f1)

For a polytropic process

R
c=C.+ T—E and PV = constant

Here PV?=Constant, ..n=2

R 3 R
L C=C.+—=C,~-R==R-R=—
et .

R
Q=nCAT=nx EXAT.

i.e. AT is negative, Q is negative so heat is lost.
As volume increases, so temperature decreases given
P 1 _ py#3 = constant.
V4:’3
4
e
3

-3R
. Q=nCyAT= n[—z——)m
As AT is negative, Q is positive. So gas gains heat.

PV
(D)~(g, §) : From PV=nRT = T= sy PVincrease So T

increases volume increases so /¥ increases.

From Q=AU+ W, Q increases.

Hence the gas gains heat.

From the given P-V graph, In process J > K volume,
¥ = constant p is decreasing and P oc T Therefore, T'should
also decrease.

o W= Pdv=0, A¥V= A0 <0 (negative)
From AQ=AU+AW
In process K — L p= constant = nC AT Vis increasing So
temperature should also increase.
. AW=Pdv>0,AU=nCAT>0and 0= mCAT>0
In process L — M V= constant P in creases to T increases
o W=0,AU>0and 0>0
In process M — J
Vis decreasing .. AW<0
Tis also decreasing .. AU<0and AQ <0
9.  Thecorresponding P-V vgraph of the T B
given V-T graph is shown in figure.
Process A — B A straight line in P-T
graph indicates ¥'oc T ;. Pressure is
constant. Both ¥ and c
T are increasing. =
Process B — C Volume is constant. Since the temperature
is decreasing, So pressure will also decrease.
Process C — A The temperature is constant but volume

s 1
decreases. Hence pressure will increase as P o« —.

V
Z

Topic-2: Specific Heat Capacity and
= Thermodynamical Processes

1. (a) For adiabatic Process T VI~! = constant

SRPPt =TS Vor! (1)
and for isothermal process, no change in temperature
5 Te=T (i)
Dividing (i) by (ii)

PA (1,.5V)

(Ty 5V, (Ta 5Vy)

—>V

I&. =571
Tp

2. () Inthefirstprocess W, is + ve as AVis positive, in the
second process Wy is ~veas AV is — ve and area under
the curve of seconcf process iS more

Net Work <0 and also Py > P;.

1;
B &

3 <«— Adiabatic
P,

- Isothermal
e B
i >
I’J V‘!
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3.

9

P(Pa)

1\

(b) From the P— T graph we find 4B to be a isothermal
process, AC is adiabatic process given. Also for an expansion
process, the slope of adiabatic curve is more (or we can say
that the area under the P— ¥ graph for isothermal process is
more than adiabatic process for same increase in volume).
Hence graph (b) correctly depicts corresponding P—V graph.
(a) For cyclic process;
Ooyctic=Wap ™ Wact Wey=101+0+W =51

W Weys=Sd
(b) For adiabatic process PF ¥ = constant
Also for monoatomic gas like helium, y=1.67

for diatomic gas like oxygen, y=1.4

el

Since, 1f'dia'(ornrair.:“::‘ H}'n:n:)r_)caf.(:'n'li‘t: =~ P diatomic ~ P monoatomic
Hence graph 1 is for diatomic i.e., oxygen and graph 2 is
for monoatomic i.e., for helium.

) From T ~!= constant

. 5
For monatomic gas y = 7 hence TV33 = constant

25| S
RL ™ =NL

2/3
Hence, -Tl— = [Ez_}
—dPV

2 \L
(b) Bulk modulus, K= A
For an isothermal process; PV'= constant

(" VecL)

dP
= 7 = —= K
PV Vip=0 L= (Bulk modulus)

(a) The work done during the cycle = area enclosed in the
P—Veceurve= (2P-P)2V-V)=PV

(2) FromP-V diagram

()] !

P(Pa) (m

a
S

4P,
2P

4Py -
da

1]

Nb
te— 2p,}- d
) L}

B,

i H —.‘.‘.‘\‘ij
Vi, Ao

Work done during cycle I
Wi=W, + W, +W_+W,

V
4Py (2Vy~Vj) + nRT m{%\%} +2Py (Vo —-4VO) +0
0

v,
= 4P,V +nR[-%R—9] In 2 — 6P,V
n
=8P,V, In2-2P,V,

10.

11.

12.

gm _Physics|

Work done during cycle 11
Wy = W, + Wy + W, + Wy

=nRT1n(EVE°—J+O+P0(VO -2V )+0
0

4Py V,
= HR[ n{;{‘)] In2 _PGVO = 4P0VU ln2—P0V0

LW _8PoVoln2-2RyVy
"W 4PV In2-P,V,

2TcosO 2Tcos0°
i

_ 2x0.075x1

10

(25) hy =

100V,
101
2T cosB

PyVy =P

TP

0
= —
2 100pg

10° 100

100x10% x10
(4) For an adiabatic process, applying 7/¥~! = constant

S~ h=15em+ =25cm

=1
AR NAREN S [’;—2]
1

v,
y= 1.4 (for diatomic gas) V, = -1, =T.,T, = aT,

32
1.4-1 0.4
I g i 7
.’.?:—IG?; — =aj; e =% sa=
[32} [25] 4 pegt
(1.77 to 1.78) ;
. 5 P
For monatomic gas, Y_E PJ \
In adiabatic process P :
PV =PV} i
| 1 }I= altoy v, >V
= 71(4\3}5’3 =p,(32V})*?
5/3
4.8 128
PV, - 1L (32,
3 _PVi-BV, 11798 v
An Wadi 7_1 W g_]
2
P, /4
A d) =2P1V1
2/3 8
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In isothermal process,

W, =2.303 pRT logm[y\—f—]
1

4V,
=W, =PV, 111(—{’;‘-} =2PV; In2
Wi 2RV T2 16 ps
Wadia EPIV} 9
8

So, f =}9£=1.7778:1.?8

13. (2.05) Here, we will neglect surface tension.
As P inside P outside — PEI
Here, Ak=0

80, Wait forces = 0

Wt W + W, =0, W, > work done by water

Wy = — (W, + W)W, — work done by gas

Now, W, =By F-nR3 —in(R—af]
7 2
=;:.—P0n[R -(R~.cr)][.R2 +R(R—a)+ (R-a)z}

= %Pon[a][Rz +R2+ R -3Ra+a*]

= 4P0n[Rza - Raz]
and,
RV~ PV

4 41/10
47 g R) 3
=Py—nR’ - F L—-—-—- —T(R~a
v—1 03 e 3 ( )

R-a

Wg =

[- PV =cons]

30, 4R 1_[ R )“-’""[R_aY
G e R-a e

()

e 10010/ &%

10R 2 R?

— _4BnR%a - 42RynRa”

So, W,, + W, = ~4RynR3[1+1.05] = —4PymRS x 2.05

Therefore, W, = 4PynRa® x 2.05. So, X=5
14. For adiabatic expansion

P P
PI=P, @I = Py~ = g
For isothermal expansion
P
Px V=P,x2V = P= )
gO e (SsarTiae
raE Ll =0:628

15. (True) Theslope of P-¥ curve is more for adiabatic process
than for isothermal process. From the graph it is clear that
slope for Bis greater than the slope for 4. So the isothermal
process is represented by the curve 4.

16. () Asexpansion of gas is adiabatic

¥

S0, PT_H' = cons.
= 600%3002=P, 1507

600x150%

3007
= Py= 150 Pa.
So(a) is incorrect.

"-—.‘>P2=

dm
As i pAv
Atl.

0.8=0.2x0.1xv,

v, =40 m/s

By ideal gas equation
PV=nRT

m 8]
PV =—RT =pnRT —— = COns.
= MU = PM(I pR ] T

BB 600 150
= = — =3
pTy paT,  02x300 pyx150
= p=0.1kg/m’. Sooption (d) is incorrect.

Again, én__ = pAv
dt
At2.
0.8=0.1x04xv,
= v, =20m/s. So option (b) is correct.
Here, T # constant. So Bernoulli’s theorem is need to be modified.
So, we need to add internal energy per unit volume factor.

l'leT
Therefore, factor of is added.
. RT
A B0yT "9 5 PRI Doain
v v R 2

1
So, Bernoulli’s theorem becomes 2P+ 3 pv2+ pgh = constant
1 1
= 2B +Ep1v12 +pigx0 = 2P +§p2v§ +pogh
= 2x600+%><0.2x402=2><15{]+:12-x0.1x202

+0.1%10xh
— h=1040m. So option (c) is incorrect.,
17. (c,d) Ifthe surface of the bubble is perfect heat insula-
tor, So process is adiabatic so,
PVY = constant

5/3 5/3
4
= P31+—S- (ircrﬁ] = Paz-'rflE (inrg)
1 3 n 3



18.

19.

45

5Bt —

2 Py + ﬁ
I

So(a) is incorrect.
Also, T,V 1=T,Vv,*!
2/5

Paz'!--—

2/3 g et

:}T_z— __VI =>I&— i :_l'_— ___1'2_
T AW T G| pouds
1 2 1 53 “1+r1

So (d) is correct.

Total internal energy + surface energy will not be same as
work done by gas will be there

i.e. AU==-AW (" AQ=0)

So, (b) is incorrect.

Now, if bubble is perfect heat conductor, then temperature
will remain constant. So, PV = constant

45 4 4 ds) 4 3

P, +— |x—=mr =| P,y +— |x—nr

[al rl]:‘ll (aZ r2]32
4s

40 | B —

I i

T 4s

Pt
al y
So (¢) is correct.

(b,c,d) (A) Was,B5c =Wase +Waose

~PaVa-PaVp +PyVafn Yo
'}f —l VB

Vo }inBa
Vi Pp

As,P,V,T=PpVy =>[

P 1/y 1 /5
= V= (—""—} V= 0‘8[—) =08x05=04 m’
Pg 3

100x0.8—300x 0.4
So, WA—)B—PC 3 5
==1
3

+300x0.4/n [P—BJ
0.4

= :;g+120fn2 =—60+120x%0.7=—60+84 =24k]

3
So, (b, c, d) are correct.
(a,b,d) :
Adiabatic constant of the gas mixture,

Sxﬂ{- +1x7—l-{—
st H]Cpl +nch2 . 2 2

m_nlcv!+nzcv2 5)(3—1{-*—1)(;55

=1.6

For an adiabatic process, P,y = Constant

16
~ P=Py [%] =Py (4)"°

. Physics|

=Py(29)16=p,232=9.2p,
Work done during the process,

2& —Plvl = 9.2P0 x (VU /4)-PDVD - —13POV0

W=
I-7y 1—1.6 6
But PyV,=6RT;(asn=5+1=6)
_ —13(6RT,)

=-13RT, .. [W|=13RT,

The average K.E. of the gas mixture,

KE=nCV,,; xT,

From, T\ V1~ ! =T,/

or, I,=T\(2) %4 =23 T,

<. KE=nCV,; xT, = 23RT,

(a,¢) The P-V graph ofthe given VT graph is given below.

!
(To)
o e 1 2
3 @t)
Y
Bls o008 :
T} 40 i1
12 i
Vi AV, o

(a) Work done during cyclic process (1»2—3—-4-1) W=

P,
area enclosed in the loop = 70 Vo

PoVo=uRT, ~f=—
nRT, RT,
Work done W = L e [asn = 1]

1
(b) Process 1 —» 2 is isobaric
Process 2 —» 3 is isochoric
Process 3 — 4 is isobaric
Process 4 — 1 is isochoric
Hence no adiabatic process is imvolved.

© 1AQu;;|=|nC,AT|=|nC,(2Ty - Ty)|={nC,Ty|

|AQ,_,3|=]AU|=|nC, AT|=|nC,T;|

: &Ql—ﬂ =_C_P___E
AQZ-—)3 Cy 3
Ty . |[AQup|_"CTe _2
@ [AQsq|=nCp=+ - 2. =3

—

P_E_ ; [AQ?)—NJ nCp:l;g—
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21.

22,

23,

24.

(a,b) ProcessAtoB
Here, T,=Tp .. Uy=Ujp
Also Py Vy=Pg x4 ¥,

Work done
4V,
W = nRT, log, ']
o

= B, log, 4 [ BV, = nRT;]
The process BC is not clear. Therefore no judgement can
be made at C regarding P and 7.
(b,d)
(a) Process A - B isnot isothermal. In case of an isothermal
process we get a rectangular hyperbola in a P-V diagram.
(b) Inprocess B—C — D, AUisnegative. PV decreases and
volume also decreases, therefore W is negative. From first law
ofthermodynamic, Q is negative i.e., there is a heat loss.
(€) Wup > Wpe Therefore work done during path
A — B — Cis positive.
(d) Work done is clockwise cyclein a PV diagram is positive.
(a,b,¢,d)
(a) Forall thermal processes, change is internal energyin
a constant pressure process
AU =nC,AT where AT =(T; ~T;)
() According to first law of thermodynamics.
AQ =AU+ AW
In an adiabatic process AQ = 0.
o, 0=AU+AW
or, |AU|=|AW]
(¢) In the isothermal process, AT =0 .- AU=0

- AU=nC AT
(@ In the adiabatic process, AQ = 0.

(b) From given P—T diagram,
For process JK : Isobaric W=nR (3T -T ) =2RT,

and Au=nc AT= E’B—x 2T, =3RT,

For process KL : I sothzermal W=-nR(3T) In2
W=-3RT,In2

Au=0and Q=-3RT,In2

For process LM: [sobaric
W=nR(T,-3T,)=-2RT,

Au=nc AT=n X%R x(-2Ty )

=-3RT,

For process MJ : Isothermal

W=nRTIn2=RT_ In2

Au=o0

And work done in the complete cyclic process,
W, =RT,In2 +2RT - 3RT In2~2RT,
=-2RT In

So correct option is (b)

25.

26.

al193

(¢) (i) By firstlaw of thermodynamics.
AU =AQ-AW

=ML, —~PAV

=103 x 2250 % 103 — 10 % (102 - 107%)

=2250-100 21507

=2.15KkJ. So(T)—> (P)

nRT 0.2x8x500 800
i P= ] ==—P
() % v T
£ 5 800

AU = ZPAV =2 x=—x2V = 4000 ] = 4kJ
2 2

So(I) - (R)

(ili) PVY = const =P, V," =P,V

AV T
=5 2W=P2(—8—] =P,=2x81=2x83=64kPa

f 3 1 1 3
e L = 6dx——2x— [x10
So, AU 2(P2V2 RV)) 2( s ><3)x

=3klJ.
So (IIT) — (T)
(ivy Heref=7

So, AU=nC AT = —g-nRAT = —;-nRAT

d,AQ=n AT—(£+l)nRAT-2nRAT=2><3
g, i i 37

AU = 2AU
7

So, AU =-;—AQ=%x9 =7KJ. So(IV)—(Q)

@ L Wl~>2->3=wl—>2+W2—->3 [W2-+3=0"5V= 0]
=Py xV,+0

RT
=PyVo = -‘3—0‘ [PV = -;—RTQ given]
~LI1-Q

L AU, ,3=AU,, +aU; 3
= nCvATl-—;Z i nCvATZ-—>3

3R 3R
=Ix (T = Tipy +1x - [Tr T3
3
= 5{2PoVo ~PyVol + %[—*320 %2V, — Py % 2vﬂ}

=3PV, =3x %RI}]:RTO

II-R
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27.

28.

W Q. ,3=Q,,+Q;
=nC AT, +nC AT, s

5 3[3p,
=PV, +1x—| —x2V, -P,(2V,
5 PoVo Xz[ 7 0~ Pal 0)]

8 g8 RT;, 4
=2P)Vp ==x——0=—RT

QI He g
ni-s
v Ql_,2=nC AT, _,, =nCp(T;—T;)
i P(2Vy) PUV{I
=zp0v0=z[5'f_o)=zlz&

2 HENET

IV-U
© LW, ,3=W_+Wp;

Vi
=nRTIn ?“deV

i

-r2mZe ., [ n=1,and W,.,; isochroic ]

Vo no change in volume, AV =0
RT;
w—tino I-P
3
L AU, ,3=4U) ,,+ AU, 4

=0+nC,AT = n—E-RAT [Process 1 — 2 isothermic AT = 0]

3 To
=Ix= > R [To —?} RTy [For monoatomic gas f=3]

o ll—=R

I Q5 ,3=Wi053 AU 053
From first law of thermodynamics

=5}°—fn2+RTO =—RST—“[en2+3]

SII-T
V. Q2 =W, taU

RT,

3%2 +0= 3“&12[ AU, =0]
IV-P

(e) Process ] is adiabatic therefore AQ =10

Proocess I1 is isobaric P = constant therefore W=P(V,—V,)
=3Py(3Vy-Vp)=6P,V,

Process III is isochoric ¥'= constant therefore
W=P(V,-V,)=0

Process IV is isothermal, temperature 7= constant, .. Au=0

29,

30.

31

32.

33.

34.

(d) Laplace's correction of the speed of sound in ideal

gas is related to adiabatic process.

P~ Vcurve in adiabatic process is steeper than isothermal

(b) Work done in isochoric process is zero for which we

geta vertical line in P-V graph, graph (s).

d AU=AQ-PAV

W=—PAV=—P (¥, - ¥)=-P¥, + PI,

which is the formula for isobaric process, so graph (P)

@ Wge=Py(Vy-32Vy)=-31PyV,
Wen=Po(8V—32Vy)=-24P,V,

W BV -8V REBVy) -32R(%)
(Wenadiabatic = - 3

I-y §i2
3

=36PyV,,

_V_f_
Vi

V
(WEG) isothermal = "RT ln{—yi] =Ry ln[
: i

3
=1(32PyV,) log, —> V“

=32P,V,log, 25=160 PV, log2
(a) is the correct option

@ As Cp _ZR:’—iq——ZR:Y
y—1

In adiabatic process, 7"~ = cons

;
- witen(2)”

Ve é Vo
2 i
é 2
= TR='JETD
1
b = C= $. =2Ror y—l=—
y-1 2
=3
L

. Vo Y
LYy =Ty [—;J [+ Final volume of right side cylin-

14
der is reduced to 70 ]

{3

From PV'Y = constant

oYY 3
P[?"] =RV = P=PRx22
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35,

36.

3
PV BV, =3
2200 o 202 %27 =327,
TL IE] L 7 0 0
Q=nCy AT, +nCy AT, = 2R(Ty — Tg) + 2R(Tg~T,)

[.'-

n=1]

=2R%(3V2 ~1)Ty + 2R (V2 1) Ty = 4RTy[2V2 - 1]

=2(3JE-1)+2(J§-1]=3J5_4

RT,

= 4(2@ - 1)
(a) From AQ=msAT
AQ 20000

(b) AT =VyAT = [9010 )(9x10—5)(5o)

=5x107 m3
o W=pAV=(10)°(5 x 1077)=0.05]

() AU =AQ-W =(2000-0.05)J =19999.95J

(a) Inthe given V-T graph, AB is a straight line

= constant (Isobaric process)

Ya Vs
Ty Tp
VB . VB
= Tp=-2xT =2x300=600K |~ =2
V4 Va
(b) Heat absorbed or released
In process, 4 to B is a (isobaric process)

5
Q=nC,AT =2 ZRx300 <1500R

[ C,= —Z— R for monoatomic gas]

Heat is absorbed,

In process Bto C is an (isothermal process).
Internal energy change dU=0 -+ AT=0
From first law of thermodynamics d0 = dW

4
Q=2.303 x nRTlogy, -~
I
=2.30. x2x R % 600 * log,2
=2763.6 x log,; 2 x R=831.8 R (absorbed)
In process, C to D is a (isochoric process)
aw=0 --dV=0

Q=nCvaT=n[-;—R) (T4 -Tp)

=2 x —;—R x (—300)=-900 R (released).

37,

In process, D to 4 (isothermal process)

4t
@=2.303 x nRTlog, 7
i

¥y
=2303 x2R*300xlog| - |=-831.8R
Heat is released
(c) Total work done
W=0, ,5+0p sctQcsp* 94
=(1500R+831.8 R)— (900 R +R831.8 R)=600R
(a) Number of moles, n=2, T, =300K
During the process A —» B
pT = constant or p? /' = constant = K (say)

VK

= \/’P—__
Vp VoK
W = 5 =
o ‘[V.-i i J-VA —\ﬁ;—dV

= WK \[Vg ~ V4]

= 2AJKVg ~JKV ]

= 2[\[(P§VB)VB —\/(PjVA)VA]
= 2(PyVp—-P V]

= 2 [nRTz—nRT,]=2nR [T, -2T]
= (2)(2)(R)[300~600] =—1200R

Al195

Work done on the gas in the process 4B is 1200R.

Alternate method
'P
h
/|
2P, N
%
i 4
i
|
P, r —A
1
!
pV=nRT

. pdV + Vdp = nRdT

RT
or pdV + (nP ).dp =#aRAT  .{1)

From the given condition

pT = constant

pdT+ Tdp=0 .10
From Egs. (i) and (ii), we get
pdV=2nRdT

T;
C Wep= I pdV = 2nR J'T: dT = 2nR(T5 ~T,)

=2nR (T, - 2T})=(2)(2) (R) (300 - 600)
or Wy_,p=-1200R
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38.

(b) For PV*=Const., Molar heat capacity

S S T Y
1

_1___

2

y-1 1-x é—l
3

Here P2V = constant or PV12 = constant

1
S X =3 =C=3.5R

Q, _,5=nCAT=2(3.5R)(300—600)=-2100R
Process B — C: Process is isobaric

: :
Qg c=1C,AT=(2) (ERJ (Te=T)

=2 [%R] (2T, - T;)=(5R) (600—300) = 1500R

Heat is absorbed
Process C — A: Process is isothermal

i
AT=0 . AU=080,Qc_, =W _, o =nRT, h{P]
A

=nR(T)) m[—?} =(2) (R)(600) In(2) = 1200Rx0.6932
1

Qe _y 5 =831.6 R (absorbed)
n=no. of moles=2,
(A) The complete process on P-V diagram is shown below.

P 3tc
Heating at constant
| Volume V;
gl el B
i Adahm-c
P, L mA  (Isochoric process)
v w1
(B) (i) Total work done
B ~BV5)
W= W 5+ Wye= (81 -5h) (11-12) 22+0

[ Wye=PAV=Px0=0]

v
According to Poisson's law, P, =P, (—'—}

29
1 nY
=—/| BV -B|L| ¥
@ Y*l[u '[Vz) 2}

39.

P hsics

(i) Total change in internal energy. AU= AU, AB+AUBC
=0-W

[according to first law of thermodynamics]
[B—)C Q=AUBC+0]
A—>B Q=AU p+W
(ili) For process BC: AUp-=nC,AT=Q [+ Wy-=0]

Rv

R 3
i S
For monoatomic gas C, y—1 12

3R 0
AUpc=Q=2x AT = AT= =

According to Poission's Law :

For the process 4B, T4V} = TV .

y-I1 7-1
1% PW (W
V2 nR V2
ZR 2R
5/31,~2/3
i il x )
2R 3R
Number of mole, » = 1, For monoatomic gas :
SR 3R

Gr T g
(a) Work done by the gas, w= Area of AdBC

D= e

Hence, T(o=Tp+ AT=

1 1
W= 3 x base % height = 3 Vo X 2Py =FPoV,

(b) Heat rejected by the gas in the path CA i.e., isobaric
process
AQy=nC,AT=1x (SRI2(T,~Tp)

i 26 . _ RV
<l R

sR[ RV, 2BV,] 5
AQCA=_2—[T_T =38k

Heat absorbed by the gas in the path AB i.e., isochoric
process
AQ,z=nCAT=1x(3R12)(Ty~T))

3R 3RV, R,
=00 __00 . _3py,
IxR 1xR

(c) As AU=0 in cyclic process, hence, from first law of
thermodynamics AQ= AU+ AW

- AQ=AW

AQ g+ 80y + A0pc =AW
BV, BV

AQgc=PoVy~ 2L =22

2 2
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40.

A197

2R
(d) Equation for line BC P=— [—V—‘l

} V+ 5P,
0

(y=mx+cor,P=-mV+C)

RT
P= 2 [for one mole]

2R
RT=- -I-]in +5RY ..
0

e s
For maximum; Fk 0, % x 2V+5P=0;
5V;
= __Q. o (ii)

Hence from equation (i) and (ii)

2B, (W ¥y
RTmax= X(T) SP[ 4

25 25RV, 25 25 RV,
A V g = ————
P Vo% 16t 2 g 00 Toex™ 3R
Given e 16,——‘:— = P4
T,=300K,Tp=2,Tp=2%0="?
n 1, for chatormc gas,y=14
For adiabatic process A - B
T =10} A
—»V
o V ._l
or rgz[}i] T, =(16)*° x300 =909 K
B
For isobaric process B — C Pressure = constant
Vg _Yo

T, T¢
For adiabatic process C — D :
V

s er | Tu= TE(E§}=909[2]=1818K

LT
Vs Vg Ve
TCVC_I =TpVp
Ve =1 1 2!5=_1§l_f_§___
Tp=T¢ [VD} "1818[8] PP =791K

For B — C process : Heat absorbed 0, = nCp (Te-Tp)
(’}' / S)R

- ng(rc ~Tgy = (1818 ~909)

—%ﬁxmg 3182 R

For D — A process : Heat released
R
Q,=nC,(Tp-T)= n'j‘(TD ~Ty)
5R
=il ——-f——){791 300) -—-x491

(" No heat is exchanged in adiabatic processes).

41.

42.

nR
Now, W 5= ':(TB -T4)

SR
= —-(2/5)(900 300)= --——x609

Wgo=—nR (To—Tp)=1x R(1818-909) =909 R

~Tp)=+ (1818-791)

(2/5)

SR 5R
Wt =909 R+ > (1027 -609)=909 R + 7 %418
=909 R+ 1045 R=1954 R

1954 R
3182R

Efficiency= 100 x (W, /0,)= 100 x =61.4%

5
(@) T,=27+273=300K; y= 3 (for monoatomic gas)
Since the gas expands adiabatically, so using

<3 =
T =TV]

y=1 5/3~1
V; V
=3(}0 T =189K
L ( f} [ZV}

(i) Work done is adiabatic process

_ -nR(Ty-T}) _—2x8.31(189-300)
T o] 5/3-1

1
_ AR o

According to first law of thermodynamics
AQ =AU+ AW ButAQ=0
(as the process is adiabatic)
AU=—AW=-2767]
(iii) Work done by the gas, W=2767]J
Given T, =1000K P

2 1
Pp= EPA;P.C: ':',;PA

A

o,

No. of moles,n=1,R=8.31]
mol™! k1, T,=1000K

Lp 5

C =y= 3 (For mono atomic gas)
(i) W g (adiabatic process)

_ nR[T, -Tg]

AB— y-1
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From T P! =7 = constant From Egs. (iii) and (iv), we have
o s A i
T;P}‘_Y =T§P§FT = [-})i] =(}i] .,.(i) TD TB 1~y TC ‘TA o T(- TA 1—y TC Tﬁ
o ' A ———r = r = —
s S Te Ty Ig Tp Tp T Iy Tp
ter 1-5/3 T T
2|y 3753 €4 3
= T,=T, (-2 =1000{ = | > =850K =
4 A[%] [2} o Tp
I~ T 425)(1000
y _ 1x831[1000-850] _ oo Tp= (;"’=( g;o )orTD=500K
5= i =1870J B

i d : y 43. For the cyclic process given
(ii) Heat lost in the process B — C isochoric process.

OQpc=nC,AT=nC, (Tz—T,) P
Saimlieadi oy B
P P 2atm »
To find 7, we use B_cC (volume V"= constant) / Jr
g Ir
latm [-~- bl -+ 4
A B 34 | : ?
:TC=£—XTB=ix850:425K '.'-£='§—=— '. L 9
Py 2 Py 5 P, 2 300K 400K T

Work done for process A to B (Isobaric process)

3
Q= 1x 3 x831[425-850]=-5298] W5 =nR (T,y—T,)

(iii) C — D and A — B are adiabatic processes. =nR*100=2»200x%8,32=1664]
Work done for process C to D (Isobaric process)
¥
R Wen==W, ,=— 1664
o X B Th 1=y ) cD AB
AP = pp *&‘Sifﬁ(f} (D) = 100nR =—200 % 8,32=— 1664 ]
2 G Work done for process B to C (Isothermal process)
1= i
PA ?T} T YT‘; W 2.303nRT1 By
v=2.303nRTog,n ——
k2 BC 10 PC
i Ty \1- =
=4 | B ™ .(11)
Pp \7y

2
=2.303nR  400log;o T=277.21R

b B 6 v
Mitiphying B LSod B, e d —554.4x8.32=4612.6

S Work done for process D to A (Isothermal process)
PCPA _[TDTB ]l—?

P I
PpPg \TcTy Wp4=2.303nRTlog, > =2.303nR x 300 logyy
A

Processes B — C and D — A are isochoric.

=-207.9nR
(F= copsant) =_4158%832=-34595]
Thetefons f_’gzﬁ_andfl___?’_,; The total work done, W= W 5+ Wy + Wep + Wy,
st Py g Fp Ip =1153J

(a) From first law of thermodynamics AU=Q— W
For complete cycle AU=10

B by Aoy : O=W=1153]

Py Py Ty Py ) (b) Net work done W= 11531

(c) AU=0. Since, the process is cyclici.e., AT=0

Multiplying these two equations, we get
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44. (a) Thep-Vand p-T diagrams are shown below

(b) Process A-B T'= constnat

ol ocg,-,V is doubled so, p will become half.

Also, v, ="Kl _3RTy
Pa. . 4
AUAB =1
2V
QAB '__WAB =.ﬂRTA [ﬂ[-;i)
A

=3RT, in(2)=2.80RT,
Process B-C
Opc=nCp(Te -Tp)

7 18 21
=f3)[5‘ﬂ (J'"TA] = RT4=-525RT,

Process C-A V = constant
& Wy =0
or Oy =AUy =nCy(Ty~T0)

=3 (—2— R] [:r,, —%{—] =3.75RT,

In a cyclic process,
AU=0
Qnet: Q.4B ® QBC+ QCA =0.58 RTA
45. () For adiabatic process, T.V.Y ~! = constant

v =-§—(5‘66V)**'l = 2= (5.66)""!

Taking log on both sides, log 2 = (y — 1) log 5.66
=14

2 2
Buty=1+ 7 = l4=1+7

f f

2

= f= 04

=35 (Degree of freedom)

46.

47.

A199
(ii) For adiabatic process now using PF" = constant
BW = BY]
ge-al il
2= (5.66)'4 T 11.32

Work done for adiabatic process

P
PV—-[————) 5.66V
e RV, - BV, = 11.32 ( )
y~1 1.4-1

=125 PY

Applying ideal gas equation PV'=nRT

PV 16x10°x0.0083 16
= L s =5 34 vhioles
RT 8.3 x 300 3

5R 3R
Cp R e B 5
2.49 x 104 ] of heat energy is supplied at constant volume

hence from

Given:

g=nC AT
24 4
AT=—Q~=~——E%!L——375K
nC, 533 x83

final temperature=300+375=675K
Now from Gay Lussac's law,
AR_B RT,
R L R

_1.6x10° x675 _
300
In adiabatic process , work done

3.6 x 109 Nm™2

1
W 'i—:j{'[PZVE"PiVI]
Here, P, = 105 N/m2, ¥, =6/ =6 x 103 m?

Y :
Py=P, (1| ,¥p=24=2x107
¥,

3 5
GivenC,= 7R . C=3R [~ C,-C =R]
c
=—F =167
Hiie

v

1.67
P,=10° [5] =10° x (3)"67=6.26 x 10° N/m?
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W= 16 (626~ 10%x2x103-10°x6x1073)

e 1252 600]= -2 _ 973.1J
ol Ll ST

Here negative sign indicates that the gas is compressed.

1. (@ The entropy change of the body in the two cases is
same as entropy is a state function.

2. (c) Container A Container B
Mass of gas = m, Mass of gas = m,
Change in pressure =AP  Change in pressure = 1.5AP

Topic-3: Carnot Engine, Refrigerators and
Second Laws of Thermodynamics

mB
V' =—=RT
Fp M

m

mA i __B_
PAQV):E(—RT Py @V)= 5 RT

p Po= mART__ mART
ST S Ty o)
o ap= TUEL G
2MV
ey mBRT mBRT
andPH—PB— MV _W
= mBRT X
1.5 AP= MV .. (i)

Dividing eq. (ii) by (i)
1.5AP mpg 3 _mg

= 3Im,=2m
AP M, A B

2 my

g Physics

(a) As the cylinder is open at its bottom and has a smell hole
at its tope, hence the pressure inside the cylinder is
atmosphenic pressure, P, throughout the slow pulling
process.

(d) Let x be the distance of the piston from the top.

At equilibrium

Seal
Mg:(Po—P)TCRI T ;L
X
o Pl
= p= 2g+PO l :
nR P

Since the cylinder isothermally conducting

.. temperature, T'= constant
Applying PV, = P, v,

B
Py x (2L x nR?) = px x nR? = x=-Lx2L
P

R P 4
=—l)bT—x2L=':—[}%ﬂ—]x2L
nR

(c) Atequilibrium, p=P
= p=Py+Ly—Hpg ..0)
Also Py x (nR? Ly)=p[aR?(Ly—H)] (-~ AW = BV,)

_ _Loh %
a0 e 4
Substituting this value of E F : 4 [:i
from (i) and (i) F3Trer==HE

e Sabindag
Lk
=Rh+(Lhy-H
L (Lo —H)pg

= L0P0=Pg(§g—b'}+(Lg—H)EPg
= pg(Ly—H)*+ Py (Ly—H)-LyPy=0
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