Thermodynamics

Numerical

Q.1 The average translational kinetic energy of N2 gas molecules at ............. oC
becomes equal to the K.E. of an electron accelerated from rest through a potential
difference of 0.1 volt. (Given kg = 1.38 x 10-23 ] /K) (Fill the nearest integer).

1st Sep Evening Shift 2021

Q.2 The temperature of 3.00 mol of an ideal diatomic gas is increased by 40.000C
without changing the pressure of the gas. The molecules in the gas rotate but do not
oscillate. If the ratio of change in internal energy of the gas to the amount of work

done by the gas is 1x—0 Then the value of x (round off to the nearest integer) is
. (Given R =8.31 ] mol-1 K-1)

1st Sep Evening Shift 2021

Q.3 A sample of gas with y = 1.5 is taken through an adiabatic process in which the
volume is compressed from 1200 cm3 to 300 cm3. If the initial pressure is 200 kPa.
The absolute value of the workdone by the gas in the process = J.

31st Aug Evening Shift 2021

Q.4 A heat engine operates between a cold reservoir at temperature T> = 400 K and
a hot reservoir at temperature T. It takes 300 | of heat from the hot reservoir and
delivers 240 ] of heat to the cold reservoir in a cycle. The minimum temperature of
the hot reservoir has to be K.



27th Aug Evening Shift 2021

Q.5 Arod CD of thermal resistance 10.0 KW-1is joined at the middle of an identical
rod AB as shown in figure. The end A, B and D are maintained at 200°C, 100°C and
125°C respectively. The heat current in CD is P watt. The value of P is .................

A B

200°C C 100°C

125°)Cc D

27th Aug Morning Shift 2021

Q.6 A system consists of two types of gas molecules A and B having same number
density 2 x 1025/m3. The diameter of A and B are 10 A and 5 Ae respectively. They
suffer collision at room temperature. The ratio of average distance covered by the
molecule A to that of B between two successive collision is x 10-2

25th July Evening Shift 2021

Q.7 In 5 minutes, a body cools from 750C to 65°C at room temperature of 250C. The
temperature of body at the end of next 5 minutes is oC.

22th July Evening Shift 2021

Q.8 One mole of an ideal gas at 27° is taken from A to B as shown in the given PV
indicator diagram. The work done by the system will be x 10-1]. [Given: R =
8.3 J/mole K, In2 = 0.6931] (Round off to the nearest integer)
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Q.9 In the reported figure, heat energy absorbed by a system in going through a
cyclic process is .

4 P(kPa)

WOp-=-=-=-=-=
20F----- '-:

20th July Morning Shift 2021

Q.10 Two separate wires A and B are stretched by 2 mm and 4 mm respectively,
when they are subjected to a force of 2 N. Assume that both the wires are made up
of same material and the radius of wire B is 4 times that of the radius of wire A. The
length of the wires A and B are in the ratio of a : b. Then a/b can be expressed as 1/x
where x is

18th Mar Morning Shift 2021

Q.11 For an ideal heat engine, the temperature of the source is 127°C. In order to
have 60% efficiency the temperature of the sink should be °C. (Round off
to the Nearest Integer)

16th Mar Evening Shift 2021

Q.12 The volume V of a given mass of monoatomic gas changes with temperature T

according to the relation V= KT3 The workdone when temperature changes by 90K
will be xR. The value of x is . [R = universal gas constant]

26th Feb Evening Shift 2021

Q.13 1 mole of rigid diatomic gas performs a work of% hen heat Q is supplied to it.

The molar heat capacity of the gas during this transformation is % The value of x is

. [R = universal gas constant]

26th Feb Evening Shift 2021



Q.14 A container is divided into two chambers by a partition. The volume of first
chamber is 4.5 litre and second chamber is 5.5 litre. The first chamber contain 3.0
moles of gas at pressure 2.0 atm and second chamber contain 4.0 moles of gas at
pressure 3.0 atm. After the partition is removed and the mixture attains equilibrium,
then, the common equilibrium pressure existing in the mixture is x x 10-1 atm. Value
of x is

26th Feb Morning Shift 2021

Q.15 Areversible heat engine converts one-fourth of the heat input into work. When
the temperature of the sink is reduced by 52K, its efficiency is doubled. The
temperature in Kelvin of the source will be

25th Feb Evening Shift 2021

Q.16 In a certain thermodynamical process, the pressure of a gas depends on its
volume as kV3. The work done when the temperature changes from 100°C to 300°C
will be nR, where n denotes number of moles of a gas.

25th Feb Morning Shift 2021

Q.17 A monoatomic gas of mass 4.0 u is kept in an insulated container. Container is
moving with velocity 30 m/s. If container is suddenly stopped then change in

temperature of the gas (R = gas constant) is SiR Value of x is

25th Feb Morning Shift 2021

Q.18 The root mean square speed of molecules of a given mass of a gas at 27°C and 1
atmosphere pressure is 200 ms-1. The root mean square speed of molecules of the

[

L

gas at 127°C and 2 atmosphere pressure is Y3 ms-1. The value of x will be

24th Feb Evening Shift 2021
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Numerical Explanation

Ans 1.



Given, the average translational Kinetic energy of dinitrogen (N5) = Kinetic energy of an electron ... (i)
Translational kinetic energy of dinitrogen (N3)

KE = }KpT

Here, T = temperature of the gas,

and Kg = Boltzmann constant.

Kinetic energy of an electron = eV

Given, the potential differential of an electron, ¥ =01V

Substituting the values in the Eq. (i), we get

SKpT =€V
= 2 %1.38x10 2 x T =1.6x10 " x (0.1)

T=T73K =773 - 273°C = 500"C

Ans 2. Given, the number of diatomic moles, n = 3 mol

The increase in temperature of the diatomic mole,



AT=40"C

Mow, the degree of freedom

f = linear + rotational + no oscillation
f=3+2+0=1=5

Change in internal energy,

AU =nC, AT .. (i)

AU =nC,AT ... (i)

where, C, = %R = %H

Substituting the value in Eq. (i), we get
AU = 2BnRAT

Now, work done by the gas for isobaric process,

W = pAV = nRAT

The ratio of the change in internal energy to the work done by the gas,



ALl ;nR&T

Multiply and divide the above equation with 5, we get

AU _ 5x6 _ 25
W 2x5 T 10

Comparing with given equation, 5 = 2

The value of the x = 25.

Ans 3.
v=15

pive’ = pov2"
(200) (1200)1-2 = P2 (300)12

P, = 200 [4]*”2 = 1600 kPa

|W.D.| =222 (“3“ 2‘“') = 480 J

1 0.5

Ans 4.
Qip = 300 J ; Qg = 240 J

Work done = Q;; — Qgyt = 300 — 240 = 60 J

W fill

Qw300

1
T &

Efficiency =



efficiency = 1 — n

T
1_q_ 40 _ 400 _ 4
5 ™nm T s

T4 =500k

Ans 5.

2000 T B
A Jc loo°C

D

125°C
Rods are identical so
Rag=Rep =10 Kw ™!
C is mid-point of AB, s0

RAC = RCB =5 KW_1

at point C

20-T _ T-125 T-100

2(200 — T)=T — 125 + 2(T — 100)
400 — 2T =T — 125 + 2T — 200
T =22 =157C

I, — 45125 20
_ T T

||-|:2"|'|"



Ans 6.

"~ mean free path

A= —
W ﬂﬂd\aﬂ

A Jﬂ!“ﬂ

Aa d'n,

_ (%)2 — 0.25 = 25 x 10

Ans 7.

7565 Th 465
= — k(55 - 2)

= T =57"C

=1 %83 »x 300 x In2

=17258 x 10~ 1

Ans 9. Consider the given diagram,

p(kPa)

T e —

’ 72
| 2
o 73

20 40



Here,r{ =10 X 10° mand ry = 10 X 10° m

We know that for a complete cyclic process, change in internal energy, (AAU) =0 ....
(1)
According to 1st law of thermodynamics,

AQ= AU+ W ___ (i)

From Egs. (i) and (ii), we get
= AQ=0+W

— AQ =W ... (i)

oW =Area =yl

= x (10 x 10%) x (10 x 1073
W =100 7 J ... (iv)
From Eqgs. (iii) and (iv), we get

AQ=100mJ

Ans 10.

PA=PB
'p = 4?'_4
Al, =2mm

Alp =4 mm
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Ans 12. We know that work done is

W= [PdV .. (1)
= P==21L (2
= W= [2Ldv__(3)

and given V= KT%* _ (4)

W=/ ;ﬁn.du_._. (5)

= from (4) : dv = 2 KT '*dT

Ty
nRT 2 - 1
=W=[ wren 3K il

T



= W=2nRx (T~ T,) . (6)
=Ty — T, = 90K ... (T)
= W = 2nRx 90

= W = 60nR

Assuming 1 mole of gas
n=1
So, W=60R

Ans 13. From thermodynamics law:

Q=AU+ W
Q=aU+2
AU = 2

-3

nC,AT = :nCAT

3C. =C
SHOLSIOE
c=3R
X=2

Ans 14. By energy conservation



SmRTy + 3neRTy = 3(ny +na)RT

Using PV = nRT
P11'u'r1 + PEVE = PI:"-.."'»I + "'-.l'rg:l

P— AVi+PAVa _ 2x4543x5.5
— T VWiVa 45155

_ 94165 _ 955
P= m

= 25 x 10! atm

Ans 15.

w

- 1
= = —
Cin 4

1 _ _T1
4_1 Ta

T, 3
T 4

When the temperature of the sink is reduced by 52K then its efficiency is doubled.

1 (Ty—52)
27 T h
T 52_l
Ta 2
T -52 1
T, T, ~— 2
52 _1
4 T — 2
2 _1
Ta 4
T, = 208K

Ans 16.



nR{T, Ty
wm=
z—1

nR{ 100200}
- 3-1

_ nR(-200)
- 4

= 50 nR
Ans 17.
AKp =AU

AU = nC,AT

1mv® = ZnRAT

;:*R=;}.T
%:ﬂi"
= AT = 2%
- -
= x = 3600
Ans 18.

Given, Ty =27°C = 27 + 273 = 300K, p4 = 1 atm, vy =200 ms~ ', Ty = 127°C = 400 K, py = 12 atm, v, = 2



As we know that,

_ [agT
Root mean square speed, vpm, = 4/ =
n I o0 3
] T 400 4
4 400 —q
=y = 4/ 1 = # 200 = — ms
3 V3 V3
400
= = — = =400



MCQ (Single Correct Answer)

Q.1 A mixture of hydrogen and oxygen has volume 500 cm3, temperature 300 K,
pressure 400 kPa and mass 0.76 g. The ratio of masses of oxygen to hydrogen will be

31st Aug Evening Shift 2021

Q.2 Two thin metallic spherical shells of radii r1 and rz (r1 > r2) are placed with their
centres coinciding. A material of thermal conductivity K is filled in the space
between the shells. The inner shell is maintained at temperature 601 and the outer
shell at temperature 602(001 < 602). The rate at which heat flows radially through
the material is :-

e dxKryry(fy—8,)

Ty —Ty

e aryTa(fa—8,)
Ty
G K(f—8)
'I"ﬂ i"'l
o K{fs—th)(ra—m)
4mry Ty

31st Aug Evening Shift 2021

Q.3 For an ideal gas the instantaneous change in pressure 'p' with volume 'v' is
given by the equation Z—z = - ap. If p = po at v =0 is the given boundary condition, then

the maximum temperature one mole of gas can attain is : (Here R is the gas
constant)



0 x
@ %
@ infinity
© o°c

31st Aug Morning Shift 2021

Q.4 Areversible engine has an efficiency of i [f the temperature of the sink is

reduced by 58°C, its efficiency becomes double. Calculate the temperature of the
sink:

Q 174°C
@ 2s0°C
0 1504°C
@ 382°C

31st Aug Morning Shift 2021

Q.5 The height of victoria falls is 63 m. What is the difference in temperature of
water at the top and at the bottom of fall?

[Given 1 cal = 4.2 J and specific heat of water = 1 calg— ' “0C ™ 1]

Q o147°C
@ 1476°C
Q 1476°C
@ oo014°C

27th Aug Evening Shift 2021



Q.6 if the rms speed of oxygen molecules at 0°C is 160 m/s, find the rms speed of
hydrogen molecules at 0°C.

© 332mis

27th Aug Evening Shift 2021

Q.7 An ideal gas is expanding such that PT3 = constant. The coefficient of volume
expansion of the gas is :

@5
0 -
0
©

27th Aug Morning Shift 2021

Q.8 A balloon carries a total load of 185 kg at normal pressure and temperature of
27°C. What load will the balloon carry on rising to a height at which the barometric
pressure is 45 cm of Hg and the temperature is -7°C. Assuming the volume
constant?



Q 181.46kg
© 21415kg
@ 219.07kg

@ 123.54kg

27th Aug Morning Shift 2021

Q.9 A refrigerator consumes an average 35W power to operate between
temperature —10°C to 25¢°C. If there is no loss of energy then how much average heat
per second does it transfer?

Q 263 45s
© 298 Jis
© 350455
© 35U

26th Aug Evening Shift 2021

Q.10 A cylindrical container of volume 4.0 x 10-3 m3 contains one mole of hydrogen
and two moles of carbon dioxide. Assume the temperature of the mixture is 400 K.
The pressure of the mixture of gases is:

[Take gas constant as 8.3 J mol— 1 K1
Q 240 x 10" Pa
O 219 x 10%Pa

O 219 x 10°Pa

© 249Pa



26th Aug Evening Shift 2021

Q.11 The temperature of equal masses of three different liquids x, y and z are 10°C,
20°C and 30°C respectively. The temperature of mixture when x is mixed with y is
16°C and that when y is mixed with z is 26°C. The temperature of mixture when x
and z are mixed will be :

Q 2332°C
© 2562°C
O 2384°C
@ 20.28°C

26th Aug Evening Shift 2021

Q.12 The rms speeds of the molecules of Hydrogen, Oxygen and Carbon dioxide at
the same temperature are Vy, Vo and V¢ respectively then :

Q® Vu>Vo=Ve
© V> Vo> Vi
©® Vu=Vo>V¢
Q ".~,"|_ = ".J'C = ".~,"C

26th Aug Morning Shift 2021

Q.13 An electric appliance supplies 6000 J/min heat to the system. If the system
delivers a power of 90W. How long it would take to increase the internal energy by
2.5x103]?



Q251025

O 11x10's
O 24 x103s

©® 25 x10's

26th Aug Morning Shift 2021

Q.14 Two Carnot engines A and B operate in series such that engine A absorbs heat
at T1 and rejects heat to a sink at temperature T. Engine B absorbs half of the heat
rejected by Engine A and rejects heat to the sink at T3. When workdone in both the
cases is equal, to value of T is:

Q:in+:i%
© T +1iT;
[CIEVEREEY I
Qi1 +iTy

27th July Evening Shift 2021

Q.15 One mole of an ideal gas is taken through an adiabatic process where the
temperature rises from 27° C to 37° C. If the ideal gas is composed of polyatomic
molecule that has 4 vibrational modes, which of the following is true? [R =8.314 ]
mol-1 k-1]

@) work done by the gas is close to 332 J
@ work done on the gas is close to 582 J
@ work done by the gas is close to 582 J

© work done on the gas is close to 332 J



27th July Evening Shift 2021

Q.16 A body takes 4 min. to cool from 61° C to 59 C. If the temperature of the
surroundings is 30° C, the time taken by the body to cool from 510 C to 49° C s :

27th July Morning Shift 2021

Q.17 In the reported figure, there is a cyclic process ABCDA on a sample of 1 mol of
a diatomic gas. The temperature of the gas during the processA—-—- Band C -— D
are T1 and T2 (T1 > T2) respectively.

P

A

A

5P, . 3

@
Py D i '

o' v, 15V, 35V, 55V, V

Choose the correct option out of the following for work done if processes BC and DA
are adiabatic.

Q Wi =VWne
© Wap=Wae
© Wac +Wpa >0
© Wae<Wcp

27th July Morning Shift 2021



Q.18 The number of molecules in one litre of an ideal gas at 300 K and 2
atmospheric pressure with mean kinetic energy 2 x 10-2 ] per molecules is :

Q o075 < 10"

© 3 x 10"
0 15 x 10"
© 5 x 10"

27th July Morning Shift 2021

Q.19 Two spherical soap bubbles of radii r; and r2 in vacuum combine under
isothermal conditions. The resulting bubble has a radius equal to:

r.ra
Q-
© /i

G w?‘f { rg

G r:;rz

25th July Evening Shift 2021

Q.20 A heat engine has an efficiency of %When the temperature of sink is reduced

by 62°C, its efficiency get doubled. The temperature of the source is :

Q 124°C
G 37°c
© s2°c
Q© 99°c



25th July Evening Shift 2021

Q.21 Two different metal bodies A and B of equal mass are heated at a uniform rate
under similar conditions. The variation of temperature of the bodies is graphically
represented as shown in the figure. The ratio of specific heat capacities is :

S

1 2 3 4 5 7 8
> B Time t(s)

ta | oo

\E/
&
o

25th July Morning Shift 2021

o | ea

| L2

Q.22 A monoatomic 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 I and 2 are the lengths of the

gas column, before and after the expansion respectively, then the value of % will be :

2
-

0 (z)



25th July Morning Shift 2021

Q.23 Foragas Cp - Cy=Rinastate Pand Cp - Cy = 1.10 Rin a state Q, Tp and Tq are
the temperatures in two different states P and Q respectively. Then

@ TPZTO
e TpciTO
G Tp:D.BTQ

Q TP}TQ

25th July Morning Shift 2021

Q.24 What will be the average value of energy for a monoatomic gas in thermal
equilibrium at temperature T?

Q SksT
G kgT

© kT
Q@ 1ksT

22th July Evening Shift 2021

Q.25 The correct relation between the degrees of freedom f and the ratio of specific
heatyis:

Q-5
O/
©7
O /=51

_2

T+1

T+1
2
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Q.26 Which of the following graphs represent the behavior of an ideal gas? Symbols
have their usual meaning.

’ N\

N
=

i §
©
!
PV
© /
T
PV
{0J
T

20th July Evening Shift 2021

Q.27 The entropy of any system is given by

5= azﬁln[M + 3] where « and S are the constants. . J. k and R are no. of moles, mechanical

Ja2
equivalent of heat, Boltzmann constant and gas constant respectively.
dQ
[Take 5 = -1

Choose the incorrect option from the following :



@) « and J have the same dimensions.
© < and a have different dimensions
@ <. 8. kand pR have the same dimensions

© o and k have the same dimensions

20th July Morning Shift 2021

Q.28 The amount of heat needed to raise the temperature of 4 moles of rigid
diatomic gas from 0° C to 500° C when no work is done is . (Ris the
universal gas constant).

Q sooR

@ 250R
© 750R

® 175R

20th July Morning Shift 2021

Q.29 Consider a mixture of gas molecule of types A, B and C having masses ma <
mg < mc. The ratio of their root mean square speeds at normal temperature and
pressure is

@ ui=vs#1c
1 . w1
@.Ll>1>1
i1 1
O <w<w

20th July Morning Shift 2021

Q.30 An ideal gas in a cylinder is separated by a piston in such a way that the



entropy of one part is S1 and that of the other part is Sz. Given that S1 > Sy. If the
piston is removed then the total entropy of the system will be:

0 S1- 5

5,
5

GS-]KSE
QS1+52

18th Mar Evening Shift 2021

Q.31 For an adiabatic expansion of an ideal gas, the fractional change in its pressure
is equal to (where vy is the ratio of specific heats) :

18th Mar Evening Shift 2021

Q.32 Consider a sample of oxygen behaving like an ideal gas. At 300 K, the ratio of
root mean square (rms) velocity to the average velocity of gas molecule would be :

(Molecular weight of oxygen is 32g/mol: R = 8.3 JK~ 1 mol™ )



18th Mar Evening Shift 2021

Q.33 What will be the average value of energy along one degree of freedom for an
ideal gas in thermal equilibrium at a temperature T? (kg is Boltzmann constant)

@ LkpT
© ZkpT
[C) gkf;-:r
Q© kpT

18th Mar Morning Shift 2021

Q.34 The P-V diagram of a diatomic ideal gas system going under cyclic process as
shown in figure. The work done during an adiabatic process CD is (use y = 1.4) :

200N/’ frseoeed D
4
LOON/m’ f--=s=rris —~C
T
1 3 4
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Q.35 Which one is the correct option for the two different thermodynamic
processes?

-~
T <« adiabatic
P
isothermal
(a)
v—>
T * isothermal
P
(b) _
adiabatic

>

T—d>



A~
T e— isothermal
\.'
adiabatic

T—>
-
T isothe rmal
P
adiabatic
(d)
T—>

@ (@) only

© (©and (@)
© () and ()
© (©and (a)

17th Mar Evening Shift 2021

Q.36 If one mole of the polyatomic gas is having two vibrational modes and 33 is the

)

-

ratio of molar specific heats for polyatomic gas "7 then the value of Bis:

0Q 1.0
Q 13
Q 12
@ 12

17th Mar Evening Shift 2021



Q.37 A Carnot's engine working between 400 K and 800 K has a work output of

1200 ] per cycle. The amount of heat energy supplied to the engine from the source
in each cycle is :

Q 2400
© 1500
© 1500
@ 32004

17th Mar Evening Shift 2021

Q.38 Two identical metal wires of thermal conductivities K; and K> respectively are
connected in series. The effective thermal conductivity of the combination is :

2K Ko
@ K, :H:
K\ +Ks
@ f:\Hi
K1+ Ka
@ :";;ﬁHi

K Ks
K+ K

17th Mar Morning Shift 2021

Q.39 Two ideal polyatomic gases at temperatures T1 and T2 are mixed so that there
is no loss of energy. If F1 and F2, m; and my, n1 and n; be the degrees of freedom,
masses, number of molecules of the first and second gas respectively, the
temperature of mixture of these two gases is :



G mn, .FI]T| | ﬂ-:.PgT]
F+F

e i'1|f'1]T| ITE-:.F':!TQ
mF4naFy

e T 4naTh
Ty -+Tia

0 n, T T

T -+ TMa

17th Mar Morning Shift 2021

Q.40 A polyatomic ideal gas has 24 vibrational modes. What is the value of y?

Q 137
© 130
© 103
© 103

17th Mar Morning Shift 2021
Q.41 A bimetallic strip consists of metals A and B. It is mounted rigidly as shown.

The metal A has higher coefficient of expansion compared to that of metal B. When
the bimetallic strip is placed in a cold bath, it will :




@ Neither bend nor shrink
© Bend towards the left
@ Not bend but shrink

@ Bend towards the right

16th Mar Evening Shift 2021

Q.42 Calculate the value of mean free path (A) for oxygen molecules at temperature
27°C and pressure 1.01 x 105 Pa. Assume the molecular diameter 0.3 nm and the gas
is ideal.

(k = 1.38 x 10-23 JK-1)

Q 32nm
© 58 nm
© s5nm
@ 102nm

16th Mar Evening Shift 2021

Q.43 The volume V of an enclosure contains a mixture of three gases, 16 g of oxygen,
28 g of nitrogen and 44 g of carbon dioxide at absolute temperature T. Consider R as
universal gas constant. The pressure of the mixture of gases is :

3R
@+
4R
@+
sRT
©
5 BT
2 Vv

16th Mar Morning Shift 2021



Q.44 In thermodynamics, heat and work are :

@ Path functions
@ Point functions
G Extensive thermodynamics state variables

@ Intensive thermodynamic state variables

16th Mar Morning Shift 2021

Q.45 The internal energy (U), pressure (P) and volume (V) of an ideal gas are
related as U = 3PV + 4. The gas is :

@) cither monoatomic or diatomic.
@ monoatomic only.
@© poiyatomic only.

@ diatomic only.
26th Feb Evening Shift 2021
Q.46 The temperature 6 at the junction of two insulating sheets, having thermal

resistances Ri and Rz as well as top and bottom temperatures 681 and 02 (as shown in
figure) is given by :

...... 0,

oo [




ﬂ-| R: { 3:1 H|
G i+
ﬂ-| R] | 31 Hg
G B+
8, Rty 6, R,
e Ra 1y
8.1, 6, R,
@ R R
26th Feb Morning Shift 2021
Q.47 Thermodynamic process is shown below on a P-V diagram for one mole of an
ideal gas. If V2 = 2V then the ratio of temperature T2/T1 is :

P 1(Py, V1, Ty)
1
PVE =constant

2(Py, Vo, Tp)

P et

cb-=---
[S)
<

<
(X

© 6 ©
Sl

ba | =

(D).

25th Feb Evening Shift 2021

Q.48 Given below are two statements :

Statement I : In a diatomic molecule, the rotational energy at a given temperature
obeys Maxwell's distribution.

Statement II : In a diatomic molecule, the rotational energy at a given temperature
equals the translational kinetic energy for each molecule.



In the light of the above statements, choose the correct answer from the options
given below :

@) Both Statement | and Statement 11 are true
© Boinh Statement | and Statement |1 are false
@ statement | is true but Statement Il is false.

@ statement | is false but Statement 11 is true.

25th Feb Evening Shift 2021

Q.49

A diatomic gas, having C}, %R and C), %R. is heated at constant pressure. The ratio dU - dQ © dW :

[ ]

Qs 7
Q37
®s 7
@35

25th Feb Morning Shift 2021

]

[g%]

]

Q.50 Given below are two statements: one is labelled as Assertion A and the other is
labelled as Reason R.

Assertion A: When a rod lying freely is heated, no thermal stress is developed in it.
Reason R: On heating, the length of the rod increases.

In the light of the above statements, choose the correct answer from the options
given below:



@) Aistrue but R is false
@ Ais false but R is true
G Both A and B are true but R is NOT the correct explanation of A

(@) Boih Aand R are frue and R is the correct explanation of A

25th Feb Morning Shift 2021

Q.51 If one mole of an ideal gas at (P1, V1) is allowed to expand reversibly and
isothermally (A to B) its pressure is reduced to one-half of the original pressure (see
figure). This is followed by a constant volume cooling till its pressure is reduced to
one-fourth of the initial value (B — C). Then it is restored to its initial state by a
reversible adiabatic compression (C to A). The net workdone by the gas is equal to :

(A] :r(an
@ 7 (2 )

@ RThn2

Qo

25th Feb Everning Shift 2021

Q.51 Each side of a box made of metal sheet in cubic shape is 'a’ at room
temperature 'T', the coefficient of linear expansion of the metal sheet is 'aa’. The
metal sheet is heated uniformly, by a small temperature AT, so that its new
temperature is T + AT. Calculate the increase in the volume of the metal box.



G 3ataAT
@ AmalaAT

[ C] %Traz"cri‘-T

Q iaaAT

24th Feb Morning Shift 2021

Q.52 n mole of a perfect gas undergoes a cyclic process ABCA (see figure) consisting
of the following processes.

A - B: Isothermal expansion at temperature T so that the volume is doubled from
Vi to V2 = 2V1 and pressure charges from P1 to P

B — C: Isobaric compression at pressure P to initial volume V.
C — A: Isochoric change leading to change of pressure from P> to P.

Total workdone in the complete cycle ABCA is:

® nRT (]11 )

)

© nRT (ln2+ 3)

b | =

24th Feb Morning Shift 2021

Q.53 Match List I with List II.



List | List Il
(&) Isothermal (i) Pressure constant
(b} Isochoric (i) Temperature constant
{c) Adiabatic (i) Volume constant

(d) Isobaric  (iv) Heat content is constant

Choose the correct answer from the options given below :

© (2 - (). (b) - (iii), (c) - (V). (d) - (i)
© (a) - (i), (b) - (iv), (c) - (iii). (d) - (i}
© (a)- (i), (b) - (i), (c) - (i), (d) - (iv)
© @) - (). (b) - (i), (c) - (i), (d) - (iv)

24th Feb Morning Shift 2021

MCQ Answer Key
1. Ans. (C) 10. Ans. (a) 19. Ans. (C) 28. Ans. (a)
2. Ans. (a) 11. Ans. (C) 20. Ans. (D) 29. Ans. (C)
3. Ans. (a) 12. Ans. (a) 21. Ans. (B) 30. Ans. (C)
4. Ans. (a) 13. Ans. (a) 22. Ans. (B) 31. Ans. (C)
5. Ans. (a) 14. Ans. (D) 23. Ans. (D) 32. Ans. (a)
6. Ans. (a) 15. Ans. (B) 24. Ans. (a) 33. Ans. (a)
7. Ans. (C) 16. Ans. (D) 25. Ans. (a) 34. Ans. (a)
8. Ans. (D) 17. Ans. (B) 26. Ans. (C) 35. Ans. (B)
9. Ans. (a) 18. Ans. (C) 27.Ans. (D) 36. Ans. (D)



37.Ans. (a) 38. Ans. (a) 39. Ans. (B) 40. Ans. (C)
41. Ans. (B) 42. Ans. (D) 43. Ans. (D) 44. Ans. (C)
45. Ans. (a) 46. Ans. (a) 47. Ans. (C) 48. Ans. (C)
49. Ans. (C) 50. Ans. (C) 51. Ans. (B) 52. Ans. (a)
53. Ans. (C)
MCQ Explanation
Ans 1.
PV =nRT

400 x 10% x 500 x 10 Ezn(

25

)

Also, M4 + M, = 0.76 gm

My 16
M i

Ans 2.

) (300)

Thermal resistance of spherical sheet of thickness dr and radius r is



- dr
dR =

Thermal current (i) =

'II — 4‘IKF‘1!'2 [32 o Elj

ra—m

Ans 3.

‘F% = —ajl'niu
Py ]
ln(%) — —av
p=pe ©

_ B _ P
T_nR_ E
& =0= Rle " tve "(-a)}=0

1
v=-,00
_m_ m
~ Rae Rae
atwv=oo

b




Ans 4. T = sink temperature

n=1-7
13
2=2_0
%_1_T2T158

T T 2
3 _ 58 , 1
i—T ta
1 58

3
T =5 x 232
T, =174 K

Ans 5. Change in P.E. = Heat energy

mgh = mSAT

_ ah
ﬂuT—?

_ _ 10x63
4200 [kgC

=0.147"C

Ans 6.



(Vrm:;'{;q_. - .ilrfi.li - F
(Voms)g,  \/ Moy 2
{Vrm.e)Hg =4 x [Vrms}ﬂg

= 4 x 160

= 640 m/s

Ans 7.

PT? = constant

)T3 = constant

Ll

(nRT

T4 v 1 = constant

T* = kv

AT AV
=480 = 8% (1)
AV =VyAT ... (2)

comparing (1) and (2), we get

Y=
Ans 8.

Pm = pRT

. B _ mT
] mTh

A BL (76 266
2 BT, — |45 100



m ﬂ _ Thx266

2] My = 45300

. 45300185 9

Ans 9.

Ty

7 = C.0.P.=

B

E_~|'§.j|ﬁ.~|

262
W 35—
bl

% = 263 watls
Ans 10.
V=4x10 m?
n = 3 moles

n = 3 moles

PV =nRT = p = 2

_ dx B 400

T

=249 x 10° Pa

Ans 11.

X X
m;=m

Z
ms; =m
T3 =30°C
S3

mp;=m
T =10°C T,=20°C

S1 S

when x and y are mixed, Tr1 = 16°C
mis1T + mps2T2 = (m1S1 + mzsz)Tf1

s1xx 10 + 52 xx 20 = (s1 +52) xx 16



2 .
51= 3%z (1)

when y and z are mixed, Ty, = 26"C
|T|252T + m353T3 = {m3s3 + [T'I353}|Tf2

52X2D+53X3ﬂ:(52+53]|>(25

when x and z are mixed

|T|151T-1 + m353T3 = {m151 + ['I"I353]|Tf

2 2 2 1
352 w 10 + 552 w 20 = (352 + 552) Tf

T;=23.84°C
Ans 12.
Vems = %

At the same temperature Veurg !
p RMS X Niir

:'VH}VO}VC

Ans 13.



AQ = AU + AW

AQ AU | AW
Af T At At

At =250 sec

Ans 14.

Q3

Wp=1-

(Q2/2)
Now, Wa = Wg

Q- Q=2

20 2,
% Te =8

+ 3 =3

= — + = =T

Ans 15. Since, each vibrational mode, corresponds to two degrees of freedom,
hence, f = 3 (trans.) + 3 (rot.) + 4 x 2 (vib.) = 14



W = % — 582

As W < 0. work is done on the gas.

Ans 16.

AT -
AL _K(T-T.)

¢ = average temp.

T = surrounding temp.

L2 k(52 -30) )

4 2

51t4g :K(m;w _3[') ..... (2)

Divide (1) & (2)
£ 60-30 a0
4~ 5030 0

S0, t =6 minutes.

Ans 17.

Work done in adiabatic process = T“f (Ty — T3)
. - nlt
S Wap = (T - Th)

and Wpe = T’—T{Tg — TIJ

S Wap = Wpe

Ans 18.



- 3.
KE = 3kT
Pv=JLRT
Na
_ PV
N=
=N=15x1011
Ans 19.

G @-(2

no. of moles is conserved
ni + N2 =n3

P1V1 + P2Vz = P3V
£ (3mrd) + 2 (4m) = £ (32)
*.r‘f + T‘% = ?%

2 2
T = 1'.-"{?1 + 13

Ans 20.

n=1-2 ()

_ (T 62 T, 62
m=1-—p—=1-q tx

62 1 __ 62
=;.13=T—H:-E=T—":-TH=E><EE=3T2H

In"C = 372 —273=99"C

Ans 21.



AT
si &)y e 4 g
Er o003 a0 0 B
B {I),, I
Ans 22.
PVr = const.

TVr-1=const.

T(1)7 ! = const

Ans 23. Cp - Cy = R for ideal gas and gas behaves as ideal gas at high temperature, so
Tp > TQ

Ans 24.

| b

Ans 26. PV =nRT
PVxT
Straight line with positive slope (nR)

Ans 27. Since, entropy of the system is given by



S—a B]u[iﬁi, +3] (i)

Q2

As 5= a7 Lgiven]

[ML"T 1

= [8] = . (ii)

»» Dimensions of Q = [ML2T-2]

Dimension of T = [K]

ENETHY

T

Boltzmann constant, k = [.- Dimensions of energy = [ML2T ]

= [K] = % ..... (i

From Egs. (ii) and (iii), we can write,

[MI2T -2

[S] = [k = S W)

|Energy]  [MITY

" Gas constant, [R] = S R v)

and mechanical equivalent of heat
1= MOy vy
As, [ukR] = [JAT°

Using Eqgs. (iii), (v) and (vi), we get

[T -7 IMI*T? o9
1] [mol K] Ly

= [mol] x
= 8] = [ML*T 2K 1] . (vii)

Using Eq. (i), we can write,

IS (MIT K

[a?] = B = pirE] < o= [MOLOTO) . iii)

So, from Eqs. (i) and (viil), we can say that ac and k have different dimensions.



Ans 28. According to first law of thermodynamics,

where, AQ = quantity of heat energy supplied to the system, AU = change in the
internal energy of a closed system and AW = work done by the system on its
surroundings.

As per question, no work is done

From Egs. (i) and (ii), we get

AQ=0+AU==AQ=AU

or AQ = AU = nCvAT

where,

Cv = specific heat capacity at constant volume for diatomic gas = 57R
AT = change in temperature = (50 - 0) = 50°C

n = number of moles = 4

= AQ = nCvAT

=4 x 2 » (50) = 500 R = 500 R

Ans. 29 rms velocity of gas molecules is given as

{ART
Vpms = 4/ S (i)

where, m = molar mass of the gas in kilograms per mole,
R = molar gas constant,

and T = temperature in kelvin.

According to question,

ma <Imgp < IMc¢

From Eq. (i),



Urma X

W T
. We can write,

1 1 1
VA}\’B:‘VCDFTA < o < ?

Ans 30.

Sl SZ

(51>S7)

ONNNNNNNNN

Piston

forgas 1, 84=5sm B

na R

for gas 2, S,

after removal of piston,

S = %{nl +ng)R=5,+ 5

Ans 31. for adiabatic expansion :
PVY = const.
= In P + yln v = const.

= differentiating both sides;

dp du
dp dv
= 5 v



I_-"' e i E R_'E

uﬂg 1"' ;1- A I
1"rl'.'n.': - ,"E
[T

Ans 33. Energy associated with each digress of freedom is % kgT

Ans 34. Adiabatic process is from Cto D

BBV

WD = 2
-

_ PoVp PoVi
- 1y

_ 200(2)-(100)(4)
- 1-1.4

= —500 4

Ans 35. [sothermal process means constant temperature which is only possible in
graph (c) & (d) for adiabatic process

pvY = constant ........... (1)
PV =nRT
poxc i

So, —v7 = constant

™Y~ 1=constant ... (2)
Similarty,

v o %

P(%) " = constant



P1-v Ty = constant ......... (3)

-~ differentiating equation (3) w.rt. temp.

(P)Y Ty 1T + (T)(1 —y)(P)' * 'dP =0

dp _ (TP (1T

T P Tt AP

It gives (+ve) slope.
Ans 36. Degree of freedom of polyatomic gas

f=T+R+V

f=3+3+2=8

Q = 24007

Ans 38.

pa

W
A
-
~

S A D

U U [—(




ch=Rl+RE

= Ry x — A R
R
:\_Kimzf;lljgz

- K= 28

Ans 39. Initial internal energy = Final internal energy

F F F, F
?’anTl + S naRTh = ?lanT - fngRT

_ Fyn T4 Fang Ty
=T= Fyny+ Fang

Ans 40.f=3T + 3R + 24V
=30

=1.066

Nearest Ans. =1.03
Ans 41.

Given, aA>aB



ALy > ALp

So, A will contract more than B, so it will bend towards left.

Ans 42.

RT

1 = ————
MEaT VIrdIN P

138 200=10 "
Vv Ix 314 (0.3 10 f'fml.ulxli]5

— 102 % 10 " m

= 102 nm

Ans 43.
No. of moles of O5 -
Ny = 2 = 0.5 mole

Mo. of moles of N5 -

28
Ny = 5z =1 mole

No. of moles of CO5 :
_ 44 _
ny= 3 = 1mole
Total no. of moles in container : n = n{ + nz + n3

Sn=053+1+1= maoles

pa| tn

Now; PV = nRT
_ nlt
= P=IZ
_ 5 RT
:’ Fl - E?

Ans 44. Heat and work are path function.

Heat and work depends on the path taken to reach the final state from initial state.



Ans 45.
U=3PV+4

= M RT=3pV +4

~ Tpy=3py+4

_ ]
:.T_E_W

Since degree of freedom is more than 6 therefore gas is polyatomic.
Ans 46. Temperature at the junction is 6.
so using the formula

T-T T-T

R, R

a4 [
" TR][HE f) = Ry(6 — 6,)

R8s — B8 = Ha0 — Hath

0+ Baf = B0 + Rath

Ry Bl
0= R+ R

Ans 47. From P-V diagram,
Given PV1/2 = constant ...... (1)
We know that

PV =nRT

P (2)
Put in equation (1)

('*’__) (V)12 = constant

1.-



=T =V
Ty v _
= 2 —,/"

T

Ans 48. The translational kinetic energy & rotational kinetic energy both obey
Maxwell's distribution independent of each other.

T.K_E. of diatomic molecules = %kT

R_K_E. of diatomic molecules = %kT

So statement [ is true but statement Il is false.

Ans 49.

dV = n3 RAT

dQ = niRAT

dW = dQ — dV

= niRAT

~dV :dQ: dW

= n3 RAT : ng RAT : n RAT

=5:7:2

Ans 50. When a rod is free and it is heated then there is no thermal stress produced
in it.



The rod will expand due to increase in temperature.

So both A & R are true.

Ans 51. Let p;, ps, Vi and Vrbe the initial and final pressure and volume.
Given, AB is isothermal (AT = 0),

BC is isochoric (AV = 0) and CA is adiabatic (AQ = 0)

Vi

Since, isothermal work (Wag) = p1 Vi In A

where, Vi and Vrare volume at A and B, respectively.

r r W, 7
S I’i”__-”’_i — p]-l;’]_ lﬂ "r_’] =M I‘rl ].TJZ

Since, at constant volume, work done is zero.
S Wpe=10
Since, Wca is an adiabatic work done, i.e

Wea = 1 (prV; — Vi)

= Wea = 7= (Vi — 2 x 217)

. v
= 5PV PV /2) = 55

. Net work done, Wi = Wap + Whe + Wey

.
=pmViln2+0+4 ﬁ”'z—'

=piVi[ln2+1/2(1 - 5)]



From ideal gas law, pV = nRT

. Whet = RT[]HZ I;Z{qr ]_” (-n=1)

Ans 52. We know that, y = 3a .... (i)

where, aa is the coefficient of linear expansion and v is the coefficient of volume
expansion.

We know that,

= % = 3aAT [from Eq. (i)]

AV = 3a’aAT [ volume of cube = a° |

Ans 53.

PA
L [

| S B

1 S

|
|
|
|
l 7z

A — B =isothermal process
B — C = isobaric process

C — A =isochoric process
also, V2 = 2V,

work done by gas in the complete cycle ABCA is -



= W = WaB + WBc + Wca .....(1)

= wca = 0, as isochoric process

= Wag = 2P4V4 In (T) = 2 NRT In(2)

= Wgp = Pal(Vy Vo) =Ps (V4 2Wq) = —PaVy = —nRT

= Now put the value of was, wec and wca in equation, we get

= w = 2nRT In(2) - nRT + 0

— w = nRT [2In (2) — 1]

— w=nRT[In(2) — 5]

ba| =



1.

é%

A gas can be taken from A to B via two different processes
ACB and 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 s : [9 Jan. 2019 1]
(@ 407J (b) 80J (c) 1007 d 2017
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¢) 42kl (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?. 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]
(a) increases by 25017] (b) decreases by 250 J
(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]

ANn+BILT

LT,(Rh +BY;) ® AN
"Mt 0L

@)
AN, + BT

RUT + BT,

LnL(AN +BV))
© TRy +nY,

RVT; + BV5T,

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

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

(@ 14cal (b) 6cal (c) 16cal (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 II respectively, then  [2005]

p 11

A<>B

I

v
(a) relationbetween AU; and AU, cannot bedetermined
(b) AU, =AU,
() AU, <Al

(d) AU, > AU
7.  Which of the following is incorrect regarding the first law

of thermodynamics? [2005]
(a) Itisarestatement ofthe principle of conservation of
energy

(b) It is not applicable to any cyclic process

(c) It does not introduces the concept of the entropy
It introduces the concept of the internal energy
i [N Specific Heat Capacity and  [Fop
‘Topic 3P Apacity 2%
\ Thermodynamical Processes =4

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



p-170

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<E c<ExpWap>0, Wye>Wy,

(d) Exp>Exc™ Eap Was<=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
(I1T) 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)

(© (-(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
(c) reversible 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]

14.

15.

16.

P
3 2
A\
(a) ) ® | ,
\Y A
3 1 3 1
— T
© 5 @ |,
v \%
3 1 L
T T—

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
@ U AN
vV 4
P P
© | LN @
7 v

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) 10087 (d) 487



Thermodynamics

17.

18.

19.

20.

21.

22.

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 Fp = vy for this

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

[7 Jan. 2020 I

+1

1 1) 3
(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]
(@) 350J (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 ®) ¢, Tnr
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.

(@) 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 1]

(@ 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 :

a [8 Apr. 2019 II]

!
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
~
%)
T

1t B
2 3 4 s

V(1n3)
(@ 30J (b) 10J (¢) 1J d 57
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) 2911 (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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29.

30.

31.

32.

33.

34.

PA
3p 8
P& C
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 Vy 9Py V, 3Py Vg
@ R R © R 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
e 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) Toce3R
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]

Pa Pa
d c a b
b | \__\
(@) Eb ONN INEERN
V= v
PA PAL
d C a b
(© a b (d) dlc
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 m2. 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]

(@) 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 o 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

(@) 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.
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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

(@) 154% 2P, >
(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]
GRS )
© %(m2 —1) ) %(mz —1)

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—>
A 3RV, A 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 is a
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
2x10
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, B C
2P,
Ch D

Vo 2V,

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 Q'is :

[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, 7, 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 II]
(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 Ij

| | T
O

| E
O -

| | ™.
O =

| | ™
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60.

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) 2520J
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°J (b) 1.68x10°]
(¢) 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.
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(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 S500K. It is
desired to have an engine of efficiency 60%. Then, the
intake temperature for the same exhaust (sink) temperature
must be : [2012]
(@) efficiencyof 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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71.

72.

73.

74.

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 is true, 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 7,

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 ® > S
So 2S¢

75.

76.

77.

78.

79.

1

I 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()ACB = A\K]ACB + A[JACB
=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 =2 %4184 x20=16.7 kJ.

(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, 1 +ny C, T, =(n+my)C, T
_ anl + 1’12T2

(Ist law of thermodynamics)

T
n +ny

AN
For first vessel ny = # 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 & Solutions

10.

(b) For path iaf,

0, =50cal, W, =20 cal

By first law of thermodynamics, ¢

AU=Q,—W,=50-20=30cal.

For path ibf 1

0,=36¢cal i

w,=?

AUibf: 0,-W,

Since, the change in internal energy does not depend on the
path, therefore AU, = AUibf

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

Y
~

\%
S

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 (ps)

_fzkp_f (32)"

F Pi

:”_P, _ (25)7/5 — 97
Pi

=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=§;1RAT: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] 0
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 [—1)
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

=

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

y = "RT
P

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

So, during isobaric process

V,= kT, (1)
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

N4
= P2 = Pl X(—j = atm
3 4.6555

A -hBl,
vy—1

.. Work done, W =

1x1- !
_ 4.6555
0.4

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

T o ()

JT

Equation of adiabatic process is
TVt = constant

1
= Toec—-

prl

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

=90.1J
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-1 24.
= Ty 2 using (i)
25.
Ity
= Tol 2
Ty (21 HTY Iy 26
(3 o
(b) AU =—(AU_)=—(-180)=1801J
0=250+60=310J
Now OQ=AU+W 27.
or 310=180+W
or W=1301J
(¢) 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
o W__ nRAT R
Q C,AT+nRAT Cy +nR

(b) We have given,

e [

A 5

AT =Ty =T =~ t-—2
n n

1
AT =‘[—j(PIV1 ~Py)| =
nR

Gl

RVy TRV,
2 4

_ BV _ 5BV |
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 x 10°

=>M-20g

29.

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

(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
P,V - 2RV 4P,V
Temperature, T = 0
IxR
("~ n=1mole given)
P 2
T=29|5v— Al
F Vo
T 4
qr =0=> 5——V=02V=§V0
av Vo 4
7=20)5, M 2 By 23RV
R 4 vV, 16 8 R
_ Py
(d) Work done on gas = nRT /n| —— | = R(300) /n(2)
P
Py )
=300RIn2 | ——=2given
Pi
(¢) The equation for the line is
X
T 3P,
2P0_........9..('.".'::‘...,2
P | 6 (.,
VvV, 2V, v
= _—POV +3P lope = - 3P
=% [slope ="/~ c=3P,]
PV,+P V=3PV, (1)
But pV=nRT
_ DRT ,
BERY; ..(i1)
From (i) & (11) V +P, V=3PV,
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nRT 12. (d) Incyclicprocess, change in total internal energy is zero.
From (i) & (ii) V,+P, V=3PV, AU . =0

cyclic
~NRTV,+PV2=3P V.V  ..(ii)

5R
AUBC= nCvAT =1 XTAT

dT
For temperature to be maximum — =0 .
P dv Where, C_ = molar specific heat at constant volume.

Differentiating e.q. (iii) by ‘V’ we get For BC, AT=-200K
dT . AUg.=-500R
nRVoW +Py(2V) =3PV, 13. (0
dT 14. (¢) Given : work done, W=830J
S nRV,~— = 3P \V,-2 PV No. of moles of gas, =2
dv For diatomic gasy=1.4
ar _ 3Py Vo — 2PV -0 Work done during an adiabatic change
dv
"V _BR(G-T)
3V, B —
V==t - P=21" From (i) vl
2x8.3(AT) 2x83(AT
T 0% from (i) = 8307 X14£1 = oi )
max 4nR . .
8. (a) Efficiency of heat engine is given by 830x 0.4
g Sy _R_R 2 = AT sy K
Q G C, SR 5 15. @
2 16. (¢) P-V indicator diagram for isobaric
(- Cp—Cv:R) PA
5
For monoatomic gas Cp = ER . slope dp _ 0
1
9. (a) t= N BRT
—>
Jond? (j 3RT v
V)V M P-V indicator diagram for isochoric process
PA
tu v slope
JT de
—1 — —_ =00
As, TV =K %

SO, T Ocvy+1/2

—>
+1 A%
Therefore, q = gT P-V indicator diagram for isothermal process
PA
1({U slope
10. (a) As, P=—| —
@ =37 @
dvV vV
But % =KT*
—>
v
So, P=LKT* 17. ®) Volume of the gas
m
uRT 1 V= q and

or = :EKT4 [As PV =uRT] .
Using pVY = constant

4 3.3
EpR T~ = constant P_':l:(ijy
1 P Vv d
Therefore, Toc R or 128 =(32)
11. @) In VT graph -y=z=1.4
ab-process : Isobaric, temperature increases. B 5
bc process : Adiabatic, pressure decreases. 18. (a) The efficiency

cd process : Isobaric, volume decreases.
da process : Adiabatic, pressure increases. n= -
The above processes correctly represented in P-V diagram (b). heat given to the system

output work




Thermodynamics

42.

43.

44.

45.
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3 3 3
— n2RAT =2VoAP = 2
2 20 2 PV

n
W= 5 (Vo) + 5 (2HV0) +2R7,

B

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

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

_W_ R _2

Efficiencyin %
n=2x100=22 _ 1549,

13 13
(d) For isothermal process :
PV="P, 2V
P=2P, (1)
For adiabatic process
PVI=P_ (2V)'
(v for monatomic gas y=5/3)

5

5
or, 2P, V§ =P, (ZV)E [From (i)]
P, 2
= P 22
p 3
= ?i—2
(d) Given P= oV
mV
Work done, w = J‘ PdV
14
mV 2
- janV Ly
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
r PV_3R0y

nR  2nR

(b) In an adiabatic process, 6H= 0
And according to first law of thermodynamics
SH=8U+W
S W=-38U

=

46.

47.

48.

49.

50.

52.

(d)
PT
Vacuum

It is the free expansion
So, T remains constant

= B =50,

= P%sz(V)

()

(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 10g10P_D
A
=2.303x2 Rx300

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

WzWAB +WBC+WCD+WDA

P
=400R+ 2.3O3nRTlog?B +(~400R) —414R

C
5
_ 2303% 2R x 500log = 105 —414R
1x10
=6932R—-414R =279.2R
(a) Work done in adiabatic compression is given by
v - "RAT
I-y
146000 = 1000x8.3x7
1-y
orl—y= —&:y =1+&=1.4
146 146

Hence the gas is diatomic.

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

parameters are state function.
19 AP

3P, e

A\ 4

v
~

Yy 27,
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53.

54.

55.

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

3R n5R
= HT(TB “T)+—— T —Tp)

2
3R 5R
wC, == and C =—j
( L Tt S

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 = —

in %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-T, 300-273
Efficiency= —=——"="-"5=——"—
0, 0, T, 273
0, -8000 27
=2 o2 0 =8791
000 273 9 Cal

Work done K
Heat absorbed XQ

_ O+0,+05+0,
0 +0;
Here, 0,=1915J,0,=-40Jand 0, = 1257
1915-40+125+Q,
- 1915+125
=1915-40+125+Q, =1020

(c) Efficiency, n =

=0.5

=0.5

= 0, =1020-2000
=0,=-0=-9801
=0=980]J

(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,—Q1 9 _ v
O O

1 W
=>—=—

10 Q
= 0,=wx10=100J
SO) QI_QZZW
=0,=0-w

=100-10=0,=90J

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

o nw
Using, )

3001200

900 O
:g=@: 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 Qz_Fz

T T
= 2=_1+_2
T T

=1

using (i)

L+T,

= 2T=0LH+T, = T=

3 L
On solving, we get
T,=99°Cand T,=37°C
(b) According to question, 1, =1, =1,
Ty
T T, T

[ Three engines are equally efficient]
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L _ T T, Thermal efficiency of engine (1) = = % =0.15
T T, T i
L2 03 64. (d) AH=mL=5x336x10°=Q_ °
= T2 =1[T1T3 (1) Qsink B Tsink
T;={T T4 (i) Qsource  Tsource
From (i) and (ii) T,
. 2 Qsource = ;o.urce X Qgink
T,=(T{ Ty )A sink

60.

61.

62.

63.

1

T= (G TH

T -T
(@) my=——2==2

T Q

LT, W,
T, Q,
According to question,
W,=Wp
QT L-T, T

Q T T1 T, T,
Tl +T3
2
600+ 400
2
=500K
(a) Given: Temperature of cold body,
temperature of hot body; T, =300 K
Heat received, O, = 500 cal work done, W =?
o n_w 250w

Efficiency = T, 0+ W = 300 O, +W

and, N =

T2 =

500 4.2
%:T‘] =420J

L-T,

(d) Efficiency ofengine 4, n, = 7
1

T, -T T +T;
2- 5. p G1t0

b

=350K

and ng =

600350

ny_ 600 _ T
O g 350-100 12

350
(b) Work-done (W)=P V,
According to principle of calorimetry
Heat given=Q, . = Q.
=nCdT,,+nCdT .

= %(nRTB —nRTy )+ %(nRTC —nRTg)
3 5
= (2 P()VO - P()VO) + E (4 P()VO - 2 P()V)

==V,
7 0o

T, = 250 K

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° @1]16%@0 I
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,=7?
n="7?
Efficiency of carnot engine,

n =E><100%
1
Q -Qp

1

1000 - 600
or, N= —1000 x100%

or, N=—————x100%

n=40%

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

600 _ T,
1000 400

600x 400
1000

=240K

=240-273

" Ty =-33°C

H =

(b) Heat is extracted from the source in path DA and AB is

BV 2RV
0 °]+§R( 00]

ul
AQ==R
=Rk )" R

—3) B

=S, (!
2OO B 070 )

P-183
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68. (c) The efficiency of the carnot’s heat engine is given as

n= 1—ﬁ x100
Ui

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_@J 300 40

00 | 1 T, 100
100x300
= T2:4—0 = T,=750K

69. (d) In a refrigerator, the heat dissipated in the

atmosphere is more than that taken from the cooling  73-

chamber, therefore the room is heated. If the door of
a refrigerator is kept open.

70. (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
71. (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
=1—§+2=l (ll) 74.

T'i T'i 3 seee
Solving (i) and (ii), we get,
5
T,=372Kand T, = 5 x372=310K
72. (b)
"1 AIENUED
32V, Ty
T,
VvV —>

For adiabatic expansion TlVly_l =T 2V2Y_1
= el =1,y !
5

= —L =(32)!
7, (32)
. . 7
For diatomic gas, ¥ = g
2
Ly—1=2
s 5
2
.4 5 -
S —==(32) =>T,=4T,
V)
)

Now, efficiency = 1— T
1

Sy 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 +5ToSo

0O, =areaunder AC =T, (2S,-5,) = TS,
and 0,=0
9-9

Effici n u
iciency, N=—=—"""+-
Y o) O
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1 %y TS _1
9 ET S 3
2 020
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 —
h
_ 300, 1 2
900 3 3
But n=—

P-185
2
W_2 L y_20-2x3x10°
0 3 3 3
=2 x 10° 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%.
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