ICON

CHAPTER 2: HEAT AND THERMODYNAMICS

Test Your Concepts-I
(Based on Thermometry and Thermal
Expansion)

1.

(@) When the temperature decreases, the length of the ruler
also decreases through thermal contraction. Below
20 °C, each centimetre division is actually somewhat
shorter than 1 cm, so the steel ruler gives readings that
are too long.

(b) At 40 °C, the increase in length of the ruler is

Al = (AT
= A=(20)(1.2x107)(40-20)

= AM=048x10" cm
So, the actual length of the ruler is,
=1+ Alf=20.0048 cm

(@) The 88.42 cm mark on aluminium rod is actually at a
greater distance from the zero position than indicated
because of the increase in temperature AT = 30 °C. This
increased length is

Al =00, AT =(2.55x107)(88.42)(30)
= A/=0.068 cm

(b) At 35 °C the measuring rod at 88.42 cm mark is actu-
ally (88.42+0.068) cm = 88.49 cm long, as calculated
from part (a). It thus measures 88.49 cm length of steel
at 35 °C.

At 30 °C, the copper rod will be of length /(1+ ¢, A8), while
adjacent ‘centimetre’ marks on the steel tape will be sepa-
rated by a distance of (1)(1+ z,A6). Therefore, the number
of centimetres reading on the tape is

/(1+ o, AB)

Reading (in cm)= (D(1+ 0.00)

(90)(1+1.7x107° x20)
(1)(1+1.2x107° x20)

1+3.4><104]
1+24x107*

= Reading (in cm)=

= Reading (in cm)= 90[

Since %=(1+x)‘1;l—x for x « 1, so we get
+x

-4
90(1+3.4x10
1+24x107

So, reading (in cm) is =~ 90(1+3.4x 107 - 2.4x10™)
= Reading (in cm) =90+ 0.009 = 90.01 cm

So, the tape will read 90.01 cm

]:90(1+3.4><10“4 J1-2.4x10)

(i) Let Vi be the volume of the container and V; be the
volume of the liquid. According to the condition given,
we have

V C
V—L = constant (i.e., independent of temperature)
c

AV, _ AV,
= Vi W
= AT = yAT = (3a) AT

For container, coefficient of volume expansion is
Yc = 3a. Hence

¥=3a
(ii) If one heating, H does not change, then

vV
H = — = constant
A

= VeA
AV AA
= —=—
V A
= AT =f-AT
= y=2a {0 Be=2a}

(iii) This is exactly same as part (i), so y=3a
At higher temperatures actual reading is more than the
scale reading. The error in the reading is given by
Al =(scale reading) (or)(AT)
= Ar=(60)(1.2x107°)(27 - 15) = 0.00864 cm

Volume expansion of mercury with respect to bulb is
AV =V, (y-3a)t

Find area of cross section of capillary is
As=Ay(1+2at)

Height to which mercury rises in capillary is
h—ﬂ— Vo(r-3a)t

S Ay Ay(1+20t)

The time period of second’s pendulum is 2 second. As the
temperature increases, the length and hence time period
increases and so the clock becomes slow and loses the time.
The change in time period is given by

At = %taAT = (%)(2)(1.2“0-5)(30 -20)

= At=12x10" sec

So, new time period is,
v=t+At=(2+412x10")

= '=2.00012 sec

So, time lost in one week, i.e., 7 days is
1.2x107*
A = y(nzusaoo)
(2.00012)

= At'=36.28s

Due to drop in temperature, tension increment in the
clamped wire is F = YAaAT

= F=21x10"%x05x107x1.1x107 x20

= F=231x10"° dyne
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9. Since, thermal stress is given by

E=Y0r./_\.T
A

= F=YAeAT =(2x10")(0.8x10)(10°)(10)
= F=16x10°N
10. Temperature on Kelvin scale are
Ty =T-+273
For T = 4000 °C, we have
Ty =4000+273=4273 K
and for T- =1.5x 107 °C, we have
T, =(15%107 +273) K
Percentage error is given by

VorTor = Te-Tc ><100%=§x100%
TC TC

For T, = 4000 °C
% Error = 22> x 100 = 6.825%
4000
For T, =15x10" °C

% error = 273

7 % 100=1.82x 107%

1. Angle B’AC:%[E—(E—BH— §+E—ﬂ(say)

3

Since, AB' = L, (1+100a)

L, AC
Also, AB’cosf= ?“ =

2}
= L0(1+100a)c05( += ]:
3 2
9
2

Using approximation, sm( )

]
and cos(a) =1, we get
B3 2}

L
200

12. For an ideal gas, we have PV =nRT
= d(PV)=d(nRT)
Since, P is constant, we get PdV = nRdT
dV  nR
ar ) ? " dv )1
Now, by definition, y = (7 )E
nk  nR 1
PV ART T
-32 T--0
212 32 100-0
For same value on both the scales, we have
Ir=Tc =1,

13. Since

Substituting in equation (1), we get
T, -32=18T,

14.

15.

16.

17.

= —0.8T,=32
= T,=-40 °F

(a) Since L=Iln= [%MRZ )m

= L= %( 0.5)(0.030)* (60) = 0.0135 kgm®s™

(b) When the cylinder is heated without any mechanical
contact, then no external force and hence torque acts on
the cylinder, so angular momentum is conserved. Hence,

Iw=constant

= Allw)=0
do_ AL _2AR {'.'I:%MRZ}

0} I R
AR
Since, - oAT

A® o (eAT)=-2x2x10 x80
w

Ao _ -32x%x107°
(0]

T-0 _150-1245 265
100 0 21.30-1245 8585

T—EXIOO 2994 °C
8.85

T-0 _2295-1245 105
100-0 21.30-1245 885

7=203  100=118.64 °C
885

(b) Since,

By definition, we have
dL 1

(T)—L—E

= dL=Lya(T)dT

L T
= jdL:Lﬂja(T)dT
Ly Ty

T
= L-L, =Lﬂja(T)dT
Ty

T
= L= 1+ja(T)dT

Ty
Since, at all temperatures, we have /, —/_ =5 cm (D)
= A -A_=0
= A=Al
By definition, we have A/, = / o, AT and A/, = { 0 AT

= lo,={.0
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19.

20.

21.
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So, from (1) and (2), we get
/,=1416 cm and /_=9.16 cm

. AV 1 (0.12)1
. Since y=—-—=| — |—
V AT \ 100 /20

= y=6x10"(°C)"

Further, we know that %: g =

W=

4

= = ; =2x107°(°C)™

Let the distance of centre of mass from suspension point O
be h, then I = constant

2 2 [2
= h=l- i = constant

2
= a(2)-a{1)=0

1

1

= 2[2A!2 - 12[11&11 = 0
Since, by definition, Al = [¢AT
= Al =Lo,AT and Al = oy AT
= 20,(loAT) = %( 21, ) (o AT)

= 1%052:%!.120:1
2

= Il=4 &
15 o

1
I ey 5 /18
L=1|ZL_Z [ZZ-5/2=7
aic 2\, 2V9 V227 em

Since, Dy = Dy (1+ @AT)
= D;=254(1+23x107 x100) = 2.54(1.0023)
= Dy=25458 cm

9
Since, Ty =Te +273 and Ty = ETC +32

= T.=Ty-27315and T; = %TC +32
For Neon

Te =Ty -273.15
= T.=2457-273.15=-24858 °C
and Ty = %TC +32= %(—248.58)+32
= Tp=-447.44+32=-41544 °F
For Carbon dioxide

Te =Ty —273.15=216.55-273.15
= T, =-56.60 °C
and Ty = %TC +32= %(—56.60)+32

= T, =-101.88+32=-69.88 °F

Hints and Explanations H.77

22. Method-I
At any temperature f, the lengths of the two bars are
V=0 (1+at), £ =10, (1+ oyt) (1)
From the given conditions,
V—ti=rand {, -1, =1 ..(2)
From equations (1) and (2),
0y ==Ly —y)+LHo0t — {1ont
1o, =10y -(3)
Iy o
p—z =1 (4
1 &
From equations (2) and (4),
Loy Loy
’ pz =
0y =t 0 -0
Method-II
Since, the separation between the mirrors, /, is constant. So,

(=

Al=A(1y=1,)=0

Aly = AL =0

Aly = Al

/,0,AT = /0, AT

Loy =1y ...(5)
Since, { =1, -1, ...(6)

So, from (5) and (6), on solving, we get
Loy
0 =0

U

Loy

[y = and 7/, =

Oy =0

Test Your Concepts-l|
(Based on Calorimetry)

1. LetQ be the heat required to convert 200 g of water at 40 °C
into 100 °C, then
Q=mcAT =(200)(1)(100 - 40) =12000 cal
Now, suppose 1, mass of steam converts into water to liber-
ate this much amount of heat, then
iy = Q _ 12000
L 539

Since this is less than 30 g, so the temperature of the mix-
ture is 100 °C

Mass of steam in the mixture = 30 -22.26 =7.74 g
and mass of water in the mixture =200+22.26 =22226 g

=02%g

2. When the copper cube slides down a rough inclined plane
at constant speed, then f = mgsin 8= mgsin(37°)

mg cos 0
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(Heat gained ) = (Work done against friction )
= mcAT = fAr

= mcAT = mgsin(37° )( ﬂ]
100

= 420AT=(10)(%)(%]

= AT=86x10"°C

After time t, the mass of water inside pitcher is given by

m = (1000 -0.1¢) gram

Ina further time dt, mass of water vapourised is dm = (0.1)dt
and let the temperature of water inside pitcher fall by dT.

So, we get (1000 - 0.1¢)(1)(—dT ) = (0.1t )(540)
t 30
S4dt J T
1000 - 0.1t
0 40

s0dt [
5 t=—.|'T
10000t

0

40
= —540In(10000—t)], =10

( 10000 — ¢ ) 1
= In =—-—
10000 54

= 10000 -t = 10000¢">*
= t=10000(1-¢""*) s =10000(1-098) s
= +=(10000)(0.02)=200s

When inverted, each lead shot falls through an effective
height of (150 —30) cm =120 cm. So,

120
h=120cm=— cm
100
Let the tube has to be inverted n times, then
n(mgh) = mey,q AT
n= I:lcaclAT
gh

150 cm

Lead
Shots

[30 cm

3

where ¢,,q = (0.031)(4200) Jkg'K™" and AT =2 °C
_ (0.031)(4200)(2) _

(9.8)(%) -

So, the number of times the tube has to be inverted end to
end is 23.

Since %( % mo* ) = MGy AT
and 1 calg™ (°C) ™ = 4200 kg™ (°C) " = 4200 Jkg 'K

2
@ =0.030 x 4200 x AT

= AT=20K or AT =20 °C
Heat supplied is
Q=(22)(05)(8)+(22)(80)+(22)(1)(16)
= Q=88+1760+352=2200 cal
Heat capacity of body is
2200 cal
44 °C
Water equivalent of the body is
_ Heat capacity of the body
- Specific heat of water
50 cal°C™
W=——"7_-3
Lcalg™°C

C=l£=(i](@]=zoo Tkg H(°C)™!
maT \01)\ 20

The mixture has 1 kg ice at 0 °C and 1 kg steam at 100 °C.
Heat required to completely melt ice is

Q,=1x336%10°]

Heat Capacity = =50 cal(°C)™

=50g

Heat required to raise temperature of water from 0 °C to
100 °Cis
Q, =1x4200x100 = 4.2x10° ]

So, total heat required to melt 1 kg ice at 0 °C to water at
0 °C and then take it to a temperature of 100 °C is

Qrequircd = Ql + Qz = 756 X 105 ]

If this much entire heat is provided by condensation of
steam, then mass m of steam condensed (to give water)
would be

Qi+ Q, _756x10°
L, 227x10°

= Myater = 1333 g and Mgtoam = 667 g

-0333 kg

Hence, final mixture is at 100 °C. The final mixture has
667 g steam and 1333 g water.

Let t °C be the temperature of the mixture. Then, by Law of
Calorimetry, we have

Heat given by
10 g of water

Heat taken by
5 g of water

= MCyater | Ai-'l ‘ = MyCyater ‘ AtZ |

= (10)(70-£)=5(+-30)
= t=36.67 °C

. By Law of Calorimetry, heat supplied by the block equals

heat gained by calorimeter and liquid. Assuming water
equivalent of the calorimeter to be w, we get
For 200 g of liquid, we have
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(110)(0.1)(82) = (8)[w(1) +(200)c, | ..(1)
For 400 g of liquid, we have
(110)(0.1)(85.5) = (4.5)[ w(1)+(400)c, | (2
Multiply equation (2) by 8, equation (1) by 4.5 and subtract-
ing, we get
110x0.1(85.5x 8 —82x4.5) =¢; (400 x 4.5x8-200x 45x8)
3150
L =—
7200
From equation (1), we get
902 -769.6
w=——

=0.481 -:alg’l oC!

=1655¢

11. Letsy, sz and s- be the specific heats of liquid A, Band C.
When A and B are mixed, then

( Heat Lost] B { Heat Gained )

by B by A
= msz(19-16)=ms, (16-12)
= 3sy=4s, (1)

When B and C are mixed, then
Heat Lost | [ Heat Gained
byC | by B
=  ms-(28-23)=msy(23-19)
= 55 =4dsy ..(2)
When A and C are mixed, let the equilibrium temperature
be T, then

Heat Lost | ( Heat Gained
byC | by A

= msc(28-T)=ms,(T-12) ..(3)

1
From (1) and (2), we get s- = %s 4

= m(%sA )(ZS—T)zrfzsA(T—u)

= 16(28-T)=15(T-12)
= 448-16T=15T - 180
= 31T =628

= T=2025°C

12. 75% of heat is retained by lead and due to this its tempera-
ture first rises from 27 °C to 327 °C and then at 327 °C it
melts. So, we have

3(1
E[ 2 mo* ) = MCload AT + MLjeaq

= %vz:(0.03)(4200)(300)+(6)(4200)

= 0=410ms™
13. Let x kg of water be frozen, then amount of heat released is
Q, =(xx4200%50 + xx 3.36x10°) J
= Q= (546 x10°x) ]

14.

15.

16.

17.

Hints and Explanations H.79

The heat required to vapourise (1-x) kg of water from
50 °Cis
Q,=(1-x)x225x10° |

This heat (), must be provided by the first part of water. So,
we have Q, =Q,

= (1-x)(225x10°) =546 x10°x
= 225-225x=5.46x

x= ﬁ =0.805kg
96

(a) Given Lfi% =0.5°Cs™
_ . dQ ( dr ]
dQ=mcdT ie., — = —
Since, dQ = mcdT i.e ” mc 7

dQ _( 180 -1
“ _( = )(0.10)(4200)(0.5) Is

= @:37.8 A
dt

So, rate of working of drill in watt is 37.8

CHAPTER 2

(b) Since P=twand1lrpm= 2—; rads ™

= 378= I(ISOXZ—E):ZNm
60

11
Since E[ Emvz ) = MCpuetAT
2
v
= I Coutlet AT
where ¢, =(0.03)(4200) Jkg K™

2
@ =(0.03)(4200) AT

= AT=178°C=178K
Heat supplied in 4 min is
Q =100 x 4 x 60 = 24000 cal
= 100x0.215x (T +20)+200x0.5x20 +
200 % 80+ 200 x 1% T = 2400
= 221.5T = 2400 — 16000 — 2000 = 6000
= T=27.08°C

dQ = mcdT

4Q = mc( d—T)
dt dt

If heat lost per second to the surroundings is g, then

5
135=(m]cﬂ,(5)+q (])

10
Also, 240 = —— |c, (5)+ 2
. (1DOU)C S+ @

From (1) and (2), we get

105= ( N ]cu,
1000

= ¢, =4200 kg K™
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19.

20.

ICON

H.80 JEE Advanced Physics: Waves and Thermodynamics

Qy = mciee(Ty = T;)=(8)(0.5)[0~(-15)] = 60 cal
Q, =mL; =(8)(80)= 640 cal
Qs = Meyater ( Ty = T; ) = (8)(1)(100 - 0) = 800 cal
Q, =mL, =(8)(540) = 4320 cal

Ice at lceat Waterat Waterat  Steamat
100 C[->-{100°C
Q4 Q Qg Q4

So, net heat required is
Q:Ql +Q2+Q3 +Q4 :5820 Cal

Heat required to raise temperature of ice to 100 °C is
Q, = myLy + myc, AT, = 5% 80+ 5x1x100

= Q; =400+ 500+ 900 =1800 cal

Heat liberated on condensation of steam is
Q, =myL, = 5x 536 = 2680 cal

Since, Q, > (Q;

This simply means that the entire steam is not condensed
and hence temperature of mixture will remain at 100 °C

Let calorimeter contains x gram of ice and (200 - x ) gram of
water.

By Law of Calorimetry, the heat lost by
330 -(100+200) =30 g of steam equals the heat gained by
100 g calorimeter plus heat gained by x gram ice plus heat

gained by (200 - x) gram of water
= 30L0 + 3055, (100 - 50) = 1005, (50) +

XL, + X851, (50) + (200 - x)s,,,,,,, (50)
= x=884g¢g
So, the desired ratio is
X _ 88.4 -0
200—-x 200-884

Test Your Concepts-lli
(Based on Kinetic Theory of Gases and Ideal Gas
Equation)

1.

Initially let each bulb contain n moles of the gas, so two
bulbs contains 2n moles. If the volume of each bulb is V
then, at NTF, i.e,, P =76 cm of Hg and T =273 K, we have

76XV _ R (1)
273

PV PV
Further, —=m;Rand —=mn,R

373 273
= PV(L+L)—(H +1, )R=2nR )]

373 273) V7

From (1) and (2), we get

P =87.76 cm of Hg

lSRT
Weusev, .=,—
ms M
v _ LM,
Uy LM,

= 1,=7 IM, =300 ZTlM}
T,M, T,(M,/2)

= ©v,=600ms™

Each electron exerts an impulse of n,v when it strikes and
sticks to the surface. This times the number striking in unit
time divided by area is pressure. Hence,
1015
P=—-—Fmyp= 10" myv
(107)

Substituting the given values, we get
P=(9.1x10"')(8x107)(10™) = 0.073 Nm

Since, initial number of moles equals the final number of
moles of the gas, so we have

n1+ﬂ;_=n

AGASRIICE

T, T, T
IR DN
s

The initial and final states of the tube are shown in Figure (a)
and (b) respectively.

76 cm of Hg
/\\ 3 N -
20 cm
]
| @ 10cm
3 y
@ 10 cm 1
N
X
N

76 cm of Hg
(@) (b)
In the initial state, pressure just below the mercury pallet (at

the bottom of pallet) is the atmospheric pressure i.e., 76 cm
of Hgand at top of the pallet, 10 cm above the bottom is

7610 = 66 cm of Hg

Finally, when the tube is inverted with its open end
upwards, then pressure at the top of pallet is atmospheric
pressure i.e., 76 cm of Hgbut at the bottom of the pallet, the
pressure will be

76+10 =86 cm of Hg

If the length of air column is x, then applying Boyle’s Law,
we get

RV, =RV,
= (66)(20A)=(86)(xA)
where, A is the cross-sectional area of tube

= x=1535cm
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P (76 cm of Hg)

When mercury is poured

on the top of the piston, due

to increase in pressure, the

volume of air will decrease X
according to Boyle’s Law.
Since atmospheric pressure
is equivalent to the pressure
due to a mercury column of
height 76 cm, so if final mer-
cury column of height x is poured on the piston, then gas
pressure in equilibrium is given by

P; =(76 +x) cm of Hg

100 - x

If A be the area of cross section of cylinder, then we have
according to Boyle's Law

BV, =RV,
= (76 cm)(100A)=(76+x)(100-x)A
=  7600="7600+24x—x’

= x=24cm

Moment of inertia, [ = 2( mr® )

-3
where m = %023 =581x107 kg
2x6.02x10
-10
and r= 2x10 =1x10" m

= 1=2(581x10%)(1x101)" =1.16 x 10 kgm?
Since, Ky = %Im2 = %><(1.16x10"45)><(2><1012 )Z

= Kzp=232x107"]

At T =300 K, rotational K.E. should be equal to %kT

= KR=%x(1.38x10‘23)><(300)=2.07x10'21j

Approximately the same as calculated above.

10.

Done in Theory.

Since, initial number of moles equals the final number of
moles of the gas, so we have
=M
Pl_Vl _ r.Va

L L
2x10°xV _ px1.02V

293 313

= p=2095x10" Nm™

=

Let A be the area of cross section of the tube at 30 °C, vol-
ume of air be V; =15.2 A cm®. The pressure of air will be
P =76-748=1.2 cm of Hg.

At10°C,V,=14.6 A cm’

11.

12.

13.

Hints and Explanations H.81

i i
A T 15.2cm(” 3 T 14.6 cm~
90 cm 90 cm
l 74.8 cm l 75.4 cm
b
|| ||
~_ @/ ~_ @@/

(a) (b)
and P, =(P-754) cm of Hg
where, P is the true atmospheric pressure
Tl TZ
= P=76.57 cmofHg

Since,

Friction force balances the force due to mercury pressure
that corresponds to

76—-5-69.47 =1.53 cm of Hg
Hence, f, = PA= P(m?)
= fr=(0.0]53)(13600)(10)[3.14(2x10‘3)2]
= f=0026N

Let the initial pressure of the gas be P, and the final tempera-
ture be P,. Then from Ideal Gas Equation, we have

PV =n,RT
B,V =n,RT where, T =273 K

- (P1—P2)V=(n1—nz)RT=(m1A_Am2)RT

= (AP =2"gr (1)
M
In the initial condition (at STP), i.e., at T =273 K, we have
RT F
e 0 (2
p

From equations (1) and (2), we get
~ pVAP  1.2x0.4x0.24

A =0.1152 kg
Pl]
= Am=1152g
Since Py, =( 2 21200
2 30%10

= Py, =12471x10° Pa

Al B, <120, B340
X

= Py, =12471x10° Pa

o 70 8.314 %300
Similarly, Py, = 28 % 20%10°

= Py, =3118x10’ Pa

Hence, P = Py, =12471x10° Pa
Priadie = P, + Po, + Py, = 28.06 X 10° Pa

m

and P,

1

ght = P, + Py, =15589%10° Pa

CHAPTER 2
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The final state of gas after half of k

mercury overflows is shown in  h/4 Hg
Figure. N —
Let this temperature be T, then e et

from ideal gas equation applied
for initial and final state of gas, we
get )
BV, _ BV
R

The initial pressure, volume and temperature of gas are

3h/4 v .C-ia;‘ '

P]:76+§=76+76:152 cm of Hg

m:A[g]:mAmdn:aooK

Similarly after heating, the pressure, volume and tempera-
ture of gas are

P2:76+g:76+38:114 cm of Hg

v, :A(%):IMA and T, =?

(152)(764) _ (114)(1144) (from (1))

300 T,
= T,=3375K

—[ﬂ]h
Since, P = Pye * RT
Since, PV =RT

= P(M)—RT
p

{when T =constant}

= p=—

{~ p>p}

then, h = —ﬂ
M.

_ (8.31)(273)
(28x107)(9.8)
= h=826km

=826x10° m

When, P_ 0.98
Po

= h= -Emgﬂ (0.98)=0.09 km
Mg

j. ydm

an

where dim is mass of a layer of width dy at a height y. If A be

Centre of gravity of gas is given by /. =

the base area of the vessel, then dim = ( Ady )p

17.

18.

19.

Since for uniform g and T, we have p= pne*(Mg /RT)y

where p, is density at base of the vessel

o

= h=L
e
0
E’i( Mg/RT )y ~(Mg/RT )y
Y ; - )
LT (Mg /RT) - (-vg/RT)" ||
‘ ~(vgirryy |7
e
[-Mg.-’RTL
, 2
L O (RTMS)RT
© (-RT/Mg) Mg
Since,%— 3z
Vo 8

= 0, _(\/3;”]% = ( \/3;”}(4.25 x10%)

= Uy =4.613x10% ms™

Average kinetic energy is

%mvz - % x(528%x102)(4.613x102)’

rms

= (KE)=5.62x107"]

If vessel volume is V then partial pressures of N, and CO,
are

REEATEIIE

28 %
11(8.314)(290)
and PCOZ :(ﬂ]iv

Given that P, + P, =10°

8314(290 290\ . 5
—(—+—)=10
v 4 4

= V=1205x10"m’
So, density of mixture is

Cmptmy 18x107°
V. 1205x1072

P=Py, +Py+Py,

(1‘4><0.7 14x03 04
p=| 2L 22 2

28

14

1

)

RT

Vv

=1494 kgm™

(0.035+0.03+0.1)(8.31)(1500)
5x10°°

= P=41x10° Nm™

P=
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20.

21.

22.

23.

SiI'lCE, P1V1 = Psz

= (76+10)x10=76xI'

= ['=11315um

Mass of air is mzw
RT

(1.013x105)(%x1o4](29x10‘3)

= m=
8.314x 300

= m=1332mg

Letv;fori=1,2,..... N represent the various speeds. Then,
N N
1 2 _ 1 2
U = Ezyf and Uims = EZU!‘
i=1 i=1
1 N
. . 2
Let us consider the expression A = EZ(U,— ~ Uy )
i=1

where, A is inherently a non-negative quantity.

N N
1 2 1
Ay 2y L)

i=1 i=1

2 2 2
= A= Vims — 2Uni.‘ Tl
2 2
= A= Urms = Vo

Since, A =0
2 2
= Ups 2 U

= vﬂl!s 2 v{i v

At a distance x from open end of the cylinder, we consider
an elemental layer of gas width dx. If pressure difference
across this layer is dp, then we have

dF = Adp = (dm)x’ = (pAdx)(xm2 )

2

Po P 0
2
- ] P =Mco2r
Po 2RT

Mar?

= p=pe KT

Consider a gas layer of width dx at a height x above the
bottom of container as shown in Figure.

24,

25.

Hints and Explanations H.83

If P is the pressure just below this
layer, then just above this layer, we
can consider pressure to be P-dP,
where dP is the pressure due to the
gas layer of width dx and is given
by

t
dx

dP = —(dx)pg (1)
where, pis the density of gas which is constant.

Since, P = PRT
M
pR
M
From equations (1) and (2), we get

= dp=224r ..(2)

PR
—dT=-(d
v (dx)pg

M,
= Temperature Gradient= ar__Ms
dx R

CHAPTER 2

In equilibrium, net downward force on the tube is F,
(Py+pgh)A, W and upward force is P,A, where P, is the
pressure of air in the tube after submergence.

(Py+pghA | |F pa

I P, A l
£ 1
l

w

= F+(R+pgh)A+W=PA
= F=PA-(Py+pgh)A-W (1)

Since temperature is constant, so according to Boyle’s Law,
we have

Py (tA)=P,(IyA)

(2
.-(3)
Solving the above three equations, for F, P, and h;, we get

F=85x1072N

= P¢=Ph
Further, P, = By + pg(h+h; )

(a) For alayer of width dy at a height 1, we use

_ _ PM)
dp=—(d =—(dy)| —
p=-(y)es (y)[RT g
P h
- Jﬁz_%.[d_y
p RTyJ 1-ay
Po 0

= ln£=£ln(]—ah)
po  RI
= p=p,(1-ah)"8/*h

Above relation is valid if /1 < 1
a
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(b)

Similarly, we have

dp=—(dy)pg = -(dy)(%)g

- J‘dp M%’J‘ dy
1+aj)
Po
= ln£=—Mg In(1+ah)
Po aRT,

_ Po
(1-+ah M8/

Test Your Concepts-IV
(Based on Internal Energy, Degrees of Freedom
and Molar Specific Heats for Ideal Gases)

1.

Since umixturc = u‘l + uZ

=

(m +n2)(%RTJ= nl[%RTl)+n2(%RTz]

anl + nzTZ
1y + My

T=

Let the gas have f degrees of freedom, then three degrees
of freedom are associated with translational motion and
the remaining f —3 degrees of freedom are associated with
rotational motion. So, we have

K,  3(nRT/2) 3

Ky (f-3)(nRT/2) 2

5( o

Since, TKE = U = n(%RT)

1x2 (8.3)(100)=2075]
-(v3)

where, n=2mol and T =293 K, so

TKE=%(2)(8.31)(293)=7.3x103 ]

The average kinetic energy per molecule is %kBT

= %m(z,'Z):%rvzvf,”S:ngT
1 2y _3 -23
= Em(v )=5(1.38x10 )(293)

= %m(vz>=6.07x10'21 ]

An oxygen molecule has three translational degrees of
freedom, thus the average translational kinetic energy
of an oxygen molecule at 27 °C is

Ey = kT =2 x138 %10 x 300
25 7

= E;=621x10"2 Jmole™

7.

An oxygen molecule has total five degrees of freedom,
hence its total kinetic energy is

E - gkgr . g %138 %1072 x 300

= E;=1035x10"" Jmole™

Total kinetic energy of one mole of oxygen is its inter-
nal energy, which can be given as

U=§HRT=§X1XS.314X3DD

= U=62355]mole”’

Helium is a monoatomic gas so, internal energy of 1 moles

of the gasis U = %HRT

=

_3 _(3 _
AU = an(AT)—( 2)(3)(8.31)(2)—74.8]

Since, the number of moles remains constant, so, we have

Einitial = ZNginal

From ideal gas equation, we get

PV pV_pV pY (1)
L L T T

Applying conservation of energy, we get

=

f

f
—p,V+
2P1

_f f
EPZV_

'V +=p,V (2
2?’1 2172 2

Pitpa=pitps

From equations (1) and (2), we get

=

PL P2_Pithr P
T, T Tf
_ LT, (P1 +p)
il +poT

For left and right part of gas, we have

=

PPl pgbP2-p2

and
T Ty L, T;

pT (P + 12 )
nl, +p.Th

_l:Psz(P1+P2) dp,=

T, +poTh

Heat supplied from the left partis Q= U, - U;

=

=

Q=£plv—£p{V =f;/[ 1~

Q= v ( pipaTs - P1P2T2]

nh (P1+Pz)]

L +p T

2 pilh+ Ty

Since the gas is monatomic, so f =3

_ 3P1P2V(T2 - Tl)
2(nTy +p,Th)

Since, Upisture = Us + Uy

=

(m+nmy)Cy, T=mCyT+mnCyT

B n-lel + HZCVZ

Vinix — n] + nz
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Since, for O,, Cy, = % and for CO,, Cy, = % So, we get

(2)(—5R)+3(—7R) 1
C., = 2 2 :(3_)]2
Ve 2+3 12

_CVI)H,\ = R

= G _=(£+1)R=(£)R
mix ‘12 12

CP . 43
So, Ymix = Cvmn = ﬁ ~1.4

mix

Since, Cp .
nux

8. Rotational kinetic energy of a diatomic molecule is

1 1
E=2(EkBT]=51m§ms

2k,T
mrms = I

\jzx 1.38 %1072 x 300
= Oy =

= =2x10" rads™
AX ;

9. The disordered kinetic energy of the gas converts into the
internal energy of its molecules, so

llflv‘j':HCVAT:(ﬂ) R AT CU=i
2 MA y-1 y-1

[2RAT
TTAM(y-1) 0

+K

Kinetic Energy of the system is K = K

gas jar molecules

= K=ime +l(NAm]v2 1o + L2
2 2 2 2

1
= K= E(2M)w2 = Mv*

2RAT
K=——

I (from (1)}

Test Your Concepts-V
(Based on Work Done and First Law of
Thermodynamics)

1. From FLTD, we have Q, = W, + AU, and Q, =W, + AU,
Since, U is a state function so AU depends only on the initial
and final positions. Therefore, AU, = AU,

P P

AAB

Wi

AT\JB

}
1
1
w, !
:
1

'

>V

Now, since the area under 1 is greater than area under 2.
So W, > W, and hence Q, >Q,

Vy 2 2
2, W:IPdV:P(VQ—Vl)zP(a(:fU) —a(?) ]:30&02

Vi

Hints and Explanations H.85

For a cyclic process, no change in internal energy takes
place, so heat supplied is equal to the work done by the gas
in one complete cycle. Hence

Q=AU+W=0+W=W

Also, work done W by the gas equals the positive area
enclosed by the ellipse, so

Q = Area of ellipse = mab

where, @ and b are semi major and semi-minor axis of the
ellipse. From the figure, we have

2a=2x10° Nm~Zand 2b=200x10"° m®
= Q=W=rx1.0x10°x100x107°
= (=314x10=314]

Since work done equals the area enclosed between PV
curve and the V axis, so we have

W, = %(540)(0.3)+ (340)(1) = 421 k]
Similarly, we have

1
Wap = 421+5(440)(O.6)= 553 kJ

According to FLTD, we have Q= AU + W
where, AU = U - U;

For Process 1
Q=35],W=-15]

= 35=AU-15

= AU=U;-U;=50]
= -10-U;=50]

= U=-60]

For Process 2
Q=-15],AU=-20]

= -15=-20+W

= W=5]

Since, AU=U;-U;=-20]
= 60-L,=-20]

= U;=80]

For Process 3
W=-20],AU=40]

= Q=40-20=20]
Since, AU=U;-U;=40]
= U;-80=40]

= U;=120]
Process Q w u; U, AU
1. 35 -15 —60 -10 50
2. -15 5 80 60 -20
3. 20 -20 80 120 40

CHAPTER 2
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According to FLTD, we have Q= AU+ W = (U - U; )+ W

where, U; and U} are the internal energies in the initial and
the final state.

For path [AF, Q=55]and W=25].

= AU=U;-U=Q-W=55-25=30]

Now, we know that the internal energy is path indepen-
dent i.e., it depends only on the initial and final states of the

system. So, internal enerqy between I and F irrespective of the
path followed by the system between I and F is 30 ]

(a) Forpath IBF,Q=35]and AU=30]
= W=Q-AU=35-30=5]
i.e., work is being done by the system.
(b) For path FI, we have

W=-15], AU=U,; -Up=-30]
= Q=W+AU=-15-30=-45]
i.e., heat is lost by the system.

() Given, U, =10] and AU = U} - U,
= Up=AU+U;=30+10=40]

(d) The process BF is isochoric, i.e., the volume is constant,
so W=0.

= Q=AUy=U -Uy=40-20=20]
The process IB isisobaric (constant pressure). Therefore,
Q=0Qpr —Qpr =35-20=15]

Change in internal energy of gas

AU = g(pﬂvﬂ PV,

= AU:%(Sx105x0.8—4x105x0.5)

= AU=66x10"]

Work done by gas is equal to area under the PV diagram, so
we have

1 -
W=5(12x103)(0.3)=1.8x105 ]

By FLTD, we have Q = AU+ W
= (Q=84x10"]
Work done is given by
W =(Area 021)- (Area 043)

Clockwise

W=%(v2 —Vl)(Po—Pl)—%(V:;—Va)(Pz-Pn)

Counter Clockwise

Since by similarity, we have

V4_V3_P2_Pﬂ
V,-V, B-P
P,-P

= V,-Vy=[=2—L|v,-V,

= E ) -w)
5

= V4—V3=[ 10 5}(100x103)m3

2x10

= V,-V;=50x10" m’

10.

W= %(100 x107)(2x10°) - %(50x10'3 )(10°)

= W=10*-25x10%=7500]

Work done on the gas is the area bound by the semi-circle
given by

z(l](l)zzr

W= — atmlt
2

Work done are
W, =8x(3x10°)x107 = 2400 ]
WB—»C =0
We_p =-2x3x10°x10~ =600 ]
Wpa=0

Total work is

W e = 2400 - 600 =1800 J

cycle

Test Your Concepts-VI
(Based on Isochoric, Isobaric and
Isothermal Processes)

1.

Since helium is a monatomic gas. Therefore,

Cvzgande=§
2 2

(a) At constant volume, we have

Q=AU=nC/AT = (2)(%)(100)

= Q=300R
(b) At constant pressure,
Q=nCpAT = (z)(%](mo)
= 0Q=500R
(c) At constant pressure, from FLTD, we have
W=0Q—-AlU =nCpAT —nCyAT
= W =nRAT =(2)(R)(100)
= W=200R
Process AB is an isothermal process with T = constant and
Py>P,.
For P-V graph: P oc% i.e., P-V graph is a hyperbola with
P;>P,and Vy <V,
For V-T graph: T =constant. Therefore, V-T graph is a
straight line parallel to V-axis with V; <V,.

For p-T graph: Since PV = RT where V = %
PM
P=RT
= peP
As T is constant. Therefore, p-T' graph is a straight line par-
allel to p-axis with pp > p, as P; > P,.

Process BC is an isobaric process with P =constant and
TC > TB'
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For P-V graph: As P is constant. Therefore, P-V graph is a
straight line parallel to V-axis with V- > Vj (because V o< T
in an isobaric process).

For V-T graph: In isobaric process V o< T, i.e., V-T graphis a
straight line passing through origin, with T > Tyand V¢ > V.

1
For p-T graph: pe< T (when P =constant), i.e., p-T graph is

a hyperbola with T > T and p, < pg.

Similarly, we can repeat for the processes CD and DA. As
they are opposite to AB and BC respectively. The corre-
sponding three graphs are shown below.

One mole of gas occupies a volume of 22400 cm® at 0 °C
and at pressure of 1 atm. So, the initial volume of the gas is

V; = 22400 cm® =22400 x10™° m®
= V,=0024m’

Since pressure is constant equal to atmospheric pressure
Py =1atm =10 Nm, so the final volume V; is

T, Vi Vi
"(z) 7%
1 1 2

where, T; =0 °C=273 K, 1, =100 °C=373 K

= V,= 0.0224( %) m? =0.0306 m’

Work done in the process is

W=P(V,-V) {-- P = constant }
= W=10%(0.0306 - 0.0224)=10°(0.0082)
— W=820]

i.e., work is done by the gas because the gas is expanding.

The most important thing to be observed here is that tem-
perature of final state C (i.e., T,) is equal to the temperature
of initial state A (i.e., T). So, internal energy AU ;- =0

P
Isochoric R T
APg, Vo, T, 7'-8(—0, Vi, J]
(Po: Vo, To) o Vo, Y A
Isobaric R
ol . | c
. 2| B !
clfe oy 7 : L,y
2 2% T A 2V,

Now for the complete process Q = AU+ W
= Wnct =W + Vvl

= isochoric

net sobaric

But wriso&nric =0

P
and W, 0

isobaric =
2

F\V, nRT,
AV )= 0%0 _ 0
()= e KTy

R Wnmz(2)(8.32)(300)=2490]

Hints and Explanations H.87

W =PAV = nRAT =1x8.31x72 = 600 |
AU=Q-W=(500x4.2-6x10>)=1500

o Al nRAT
r-1
= 1500= @
y-1
= y=14

At constant pressure work done is
W=nRAT =2]

So, heat supplied to diatomic gas is

7 7
AQ="nRAT ==x2=7
Q=7 5 J

(b) For the process AB (Isothermal),

BV _ Py (2Vp)
N T
F
= P= 70
Since, for isothermal process, AU =0

= Q=W+AU=unRTlog,| 2
g[ Vv
A

= (=3RT,log,(2)

2V, V
For the process BC (Isobaric), —0-30
Ty Tec
T,
= T.=-2
€72

For isobaric process,

W:nRATzsR(E_Tﬂ):ERTO
2 2

Q=nCpAT = —%RTO

3
= Wy =3RTylog, (2)- ERT(J

21
(© QTotal =3RT, 10&, (2)- ZRTO

Let spring be displaced by x towards left, then
Py(Aty)=(Py+AP)A(ty-x) [ PpV,=RV,}

Pyx
/

= AP= {as x is small}

0
When the spring is displaced by x, then spring force = —kx
2ExA

0

—kx=-Mao’x

Net, force against displacement = —

M,
2B,A+ki,

CHAPTER 2
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So, net restoring force is
Eo_ Force due to Spring
net = | Excess Pressure | * | Force

= F,=-(AP)A-kx

2P
- F =—[0x)A—kx

net
£y

‘ {"Fee = M}

= MJ‘&+( 2k A
0

+k]x=0

Comparing with standard equation of SHM, i.e., ¥ + w’x=0,
we get

o= | L ZP“AHc
M| 7,

M/
= T=27|—0"
2P,A+Kkt,

9. Given, mass of piston M=5kg, cross-sectional area of

piston A=5x10" m*, g=10 ms ™ and atmospheric pres-
sure Py =10° Nm™.

Initial pressure of gas in the cylinder is P = I}, + Mg
= P=10°+ 210 _11x10° Nm™
5x10

When the piston rises by x=0.1m at constant pressure,
then work done is W = AV = FAAx

= W=(10°)(5x107)(01)=50]
At constant pressure, heat supplied to gas is
Q=AU+W =AU +50

Now the piston is clamped, so volume of the gas remains
constant during cooling. Hence work done during cooling
is zero and AU’ =-AU (because the gas is cooled back to
initial temperature). So by FLTD, we have

Q' = AU+ W’ = -AU +0 = -AlU
i.e., the heat energy lost during the isochoric cooling process
is Qs =|Q'[ = AU
The difference between heat energy added during heating
and heat energy lost during cooling is

AQ=Q-|Q|=(AU+50)-AU=50]

10. Let initial pressure is F, and pressure after first stroke is P,.
Then

P(V+AV)=RV

R
P=—0
)
1+—
Vv
Similarly, if P, be the pressure after n strokes, then
P,
()
Vv

. P
Since, we want that P, = -
x

_
(7
v
Taking log both sides and solving, we get
log, (x)

H=—2
AV

log | 1+ —
Og‘( V)

P(10%) N2
D . A

1. 15:(105) N2 Vire)

132.8 B
44.3 A

\ 33.2 c
8 111 -

vy | P 1w

111 33.244.31328 100 400

A B 3

A i \
D

1 < c 1 cl

3

100 400 Tk

12. Heat absorbed in an isobaric process is
AQ=nCpaT =R AT = (v, v
r-1 y-1
67

167 0P x107 = 2492 ]
0.67

13. Since, (PV), =(PV)c =3PV,
= T,=T:
= AT =0
= AU =0

AQ=

{~- AU =nCyAT}
So, Qpc = Wpc =Area under the graph
= Quasc =Wapc =20V,

So, heat is released during the process.
Since, PV =nRT

{. of compression]}

= @anT
P
nRT
P=| —
(M )p

For AB, P =F, =constantie, Vo< T
: l
p T

Also, volume decreases from 3V}, to V, so temperature
decreases from 37T, to T, and hence p increases from p; to
3pg.

For B to C, V =constant and P increases from F, to 3F,.

14. As the piston is displaced slowly the change in kinetic
energy is zero. From Work Energy Theorem, we have

W + Wy + W,

ext

=AKE=0 (1)
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nVy
where, W, = - j PydV =-FV,(n-1)
Y
nVy nVy
dv
Also, W, = | PdV =RT | — [- PV =nRT)
) %4
Yo Vo

= Wy =RTlog,n

From (1), we get Wi = Wy = Weas

= W,=—-(-PV,(n-1)+RTlog,n)

= W, =RT((n-1)-log,(n))

(a) At constant pressure W = PAV =nRAT (as PV =nRT)
= W=nRAT=2x2x(35-30)=20 cal

(b) AU=Q,-W
= AU=70-20=50 cal

Test Your Concepts-VIl
(Based on Adiabatic Process)

1.

In adiabatic process P -y Ll
av I’A
Vo
When the piston is displaced towards right by a small dis-
tance x, then dV = Ax

So, net restoring force is

F=(2dP)A= —2;{5}&
VO
Since, [ e -x

Hence the motion of piston is simple harmonic in nature
So, acceleration 7 is given by

F_ (2ypA?
Vym

mV)
2yA%P,

X

m
= T=2& =2r

In case of isothermal expansion, the work done is given by

V.
Wl = INisuf = HRTII‘[[—Z)
! v,
where, T=27°C=273+27=300 °K, n=1, %:2 and

; 1
R= 2—35 Jmol 'K

= W, =(25/3)x300x1n(2)
= W, =(1)(25/3)(300)(0.7)=1750 ]

Now the gas is compressed adiabatically to its original
volume. Initially at the beginning of adiabatic compression,
the temperature of the gas is 300 K and at the end of adia-
batic compression, the temperature becomes T, because the
temperature is changed. Now, the initial volume of the gas
is 2V} and after compression it again becomes the original
volume i.e., V}. For an adiabatic process

Hints and Explanations

H.89

Tlvly_l = TEVZ}’_l
= 300(2v;) " =T, (V)"
= 300(2)"* " =11

= T,=300(2)""=(300)(1.3)=390K
Work done during adiabatic process is
Wy =Wy =%(Tz _Tl)
(1)(25/3)
2 (-04)
Total work done is given by
W=W,+W, =1750-1875=-125]

ie., the work is done on the gas.

(390-300) =-1875]

(a) P(10° Nm™2)

(Po Vo)

Py V1)
25

0.44

V(lt.
113.1 )

nRT, _ 2x8.31x300

Vv, 20x107
= P,=25x10" Nm™
= P =P, =25x10° Nm™
Also, V; =2V =40x10° m®
Process AB: V o< T
= T,=2T,=600K

(b) B=

Process BC: Using T,V ' = T,V;), we get
V, =22V, =113.1x107° m*
_nRT, _(2)(8.31)(300)

V,  1131x107
P,=044x10° Nm™

(C) Wfotal = W1 + WZ

and P,

W =B (Vo= Vo )+ (T, T3)
Substituting the values, we get
W,y = 12470 ]
Sudden compression implies adiabatic process, so
Tlvlyil = TzvzH

Vv 0.5
= 300(V;)" =T2(?1)

= T,=300y2=423K

At the end of adiabatic process, pressure is

15
pz_p](%} =242P, =242 x10° Pa
.“4

CHAPTER 2
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Now, for cooling the gas isobarically to 300 K from an initial

temperature of 3002 K, we have
Vi Vi

TZ _TS

- {2

Now the gas is isothermally expanded to its original
volume, so we have V, =V}

Since, PV, = P,P,

- (2fpl)(

= P4 - Pl
Work done by gas in first process is

W _ PZVZ - Plvl (ZJ_Pl )( ) P1V1
adia — 1- ¥ (_05)

= W, =—{%}(105)(10'3)

= W, =-82]

PV

25)

Also, Wy, = PAV = P, (V; - V,)

= Wi = (ZJ_P)(ﬁ‘ZIJ

= W =BVi(1-v2)

= W, =(1-v2)(10°)(107) = —1]

V2)(10
Now, W, =nRT. h{—“ ( )
3

= Wi = (ZJ_H)[T] (Vl,}gﬁ]
V2)=

PV, In(2)"

= Wlsnt - Plvl ln(
= W, =15(10°)(107)(0.7)=105]
NOW’ Wtofal = Wadia + Vvisob + Vvlsot

= W

tota

1 =-82-41+105=-18]

For Isothermal process, AL, =0

v
= Q =W, =RTlog, [ %J = RTlog, (2)

= (Q,=300Rlog,(2) (1)
For Isochoric process, W, =0
= Q,=AU,=CyAT = %RAT ~.(2)

Since it is given that Q; = Q,
So, from (1) and (2), we get
2
AT = (E)BDO)(IO& 2)=1386K
That is, final temperature of second vessel is
(300+138.6)K = 438.6 K

Let Fy and Tj, be the final pressure and temperature of the
mixture and since, same mass of the same gas is being
mixed, so we have

438.
T, = M =369.3K
nRTy 2x8.3x369.3
V.  3x83x107°
For an adiabatic process, we have

PYIT? = constant

=246%10° Nm™

= P[J:

1-

2
= 1-1(a)” =300[l)7=300(10)2’7
P, 10

= T,=300(14)" =300(1.96) = 588 K

Also, W, = 1"Ry(T -T,)

(83

(588 —300) = 5976 |

Wad

Negative sign 1mplles that work is being done on the system.

(@ P
(Po Vo) 1 1 - Isobaric
2 - Isothermal
H 3 - Adiabatic
1
1
1
1
i
| 1
! 1
A o,

Area under graph 3 is least. Therefore, work done is
least in adiabatic process

(b) For 1, an Isobaric process, pressure remains constant,
5o V o< T, so when V, becomes 2V}, T, also becomes 2T,

For 2, an Isothermal process, T is constant while pres-

F,
sure goes from F, to EO

For 3, an Adiabatic equation, the P-T equation is given by
(%)
PT'"" "/ = constant

. 5
For a monatomic gas, y= 5

= BV’ =P(2v,)"

= P=0314F,
N
1 1 - Isobaric
Pc _______ 2 - Isothermal
' 3 - Adiabatic
i
pel. s
0.314R,* ! |
1 1 | T
0.628 Tu Tu 2Tg

Also, for an adiabatic process, we have

PV7 = constant and TV"™" = constant

T
= ——=constant
PV



=

ICON

T o< PV

v (a)w)

T=(0314)(2)T, = 0.628T,

For an adiabatic process, Q=0 1i.e., W=-AlU
Given that AU =-100 ], so W =100 ]

(a) Let T be the final temperature in both the compart-
ments, then from First Law of Thermodynamics applied

to the cylinder, we have

Q=AU+W

* P T VIR

P TV

Since the cylinder wall is adiabatic and fixed, so
Q=W=0
= AU=0
So, there is no change in internal energy of the system
= mCy(T-T)=mCy(T,-T)
RV BV

I'-T)= T,-T

ZRTI( 1) 2RT2(2 )
Solving, we gethm
PT, + BT,

For the left compartment, % A
1
where, P} is the final pressure in the left compartment
= Pll — Pl (Pl + PZ )TZ
PT, +BT,

P, (P1 +P, )Tl

PTL, +PRT,
Since, P,T, > PT,, it follows that Py > /. Therefore, the
piston moves to the left. Let AV be the change in vol-
ume of any compartment, then on applying the Ideal
Gas Equation, we get

1%
@(E'Av)_ﬁz

Similarly, we get P, =

(1)
Ty 20
1%
P (— + AV)
f PV
and 2 J_"2" 2)
Tf 2T,

On dividing equation (2) by (1), we get

v
—+ AV
(2 ),Ple

(K_AV) AT,
2

Hints and Explanations

H.91

So, volume of left compartment is

14 PT,
Vi=—-AV=V| —2—
2 PT,+PT,

and volume of right compartment is

VR=K+AV=V L
2 BT, +PT,

10. Since, PV = P,V

11.

1.

o hB_(nmy
Pl V2
3/2 3/2
S SE R FL e
P \12 3
Also, T,V =T,

1 1
r-1 > >
L_(n =(E)2=[5)2=1.153
T, \v, 12 3

For an adiabatic process, we have

TV7! =constant

Differentiating with respect to T,

vV‘1(1)+(T)(y—1)W‘2d—V=0

T
av Vv
= —=——
dr  T(y-1)
But from the graph, we have slope = tan(7—6)
v =tan(7—-6)=-tan@
aT T, Vo
Vi
= —% _—tan@
Ty(7-1)
= y-1= Yo
T tan®
= y= Yo _
T,tan@
Vy - T, tan@)R
= CP:—}’R :—{ 0 0 an ) Total‘le

y-1 (T tan6)V,
T,
= Cp=[1—vntan9)R
0

R RT,tan®
and CV=—=07an
-1

Vo

Test Your Concepts-VliI
(Based on Polytropic Process)

Given equation is VT? = constant
Since, PV =nRT

= PV¥*=constant
Comparing with PV* = constant, we get x = g

Since,C:CV+i=i+iand },zz
1-x y-1 1-x 5

CHAPTER 2
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Now, Q=nCAT

= Q:(S)(g)(ZT—T}:%RT

2. (a) Heat supplied to raise the temperature of one mole of
gas from T, to 7l

nly

QZJCde J; %dT=a1n(ﬂ)

Increase in internal energy of gas is
RT,
AUZCV(WTO —Tn)=y—_”1(n—1)

From FLTD, work done is
RTy(n-1)

W=Q-AU=aln(n)- (7-1)

PdV
Since, C=Cy +——
(b) vtooaT

RT dV

e_R
T y-1 VdT

- Jd_sziz,ﬂ_Ljd_T
V. JRT y-1'T
ol 1

= InV=-=—-——InT+C
RT y-1

a(y-1)
RT

+C

= (y-1)nV+InT=-

= mlrvr)=—A ¢
RT

o(y-1)
= TV7"'e RT = constant

a(y-1)
= PV’ PV =constant
3. Equation of the process is P= P, — oV?
Using ideal gas equation PV = RT, we get
(P,-aV?)V=RT

_RV_av’
"R R
. dT
For maximum value of T, we have v =0
dT P 2
S ALK 3aV_,
dvV R R
= V= Ji
3u
2 B
"X 3R V3

4.  Equation for first thermodynamic process is

T=Tye® (1)

Since, we know that for any process

Cil(@)il[dUerW)
" u\dT ) n dT

1(du] P(dV)

C=—| — |[+—| —
n\ dT n\ dT
P(dv

= C=Cy+—| — (2

v n(dT) @
From gas law, the pressure and volume relation is

_nRT _ nR(Toe“v)

P ..(3
v v )

Differentiating equation (1) w.r.t. V, we get

aT

— =T,e™

av

av 1
= —= % ...(4)

dT  Tyoe”

Substituting equations (3) and (4) in equation (2), we get

aV
C_Cv+(nRTue }[ 1 v]
nV Tyoe”

= C=Cy+ R

oV
Since, the molar specific heat of the gas undergoing this given pro-
cess is not constant and is a function of volume, so this process is
a non-polytropic process.

Equation for second thermodynamic process is

P=Pe? ...(5)
= % = Pe™
P
T=—2(ve®) .6
" (6)
Differentiate equation (6), w.r.t. V/, we get
al
9T _ D (o 4y ) = B (14 o) .(7)
dv nR nR

Substituting equations (7) and (5) in equation (2), we get

Pe™ nR
C=C +[ 0 ]
YU (Poea‘v(l+oﬂ/)]

R
1+oV
Again, we note that the molar specific heat of the gas undergoing
this given process is not constant and is a function of volume, so
this process is a non-polytropic process.

= C=Cy+

Given that TV = constant
Compare with TV* -1 = constant, we getx-1=1

= x=2

R
= C=Ci+—=C+—
-x TV 1-2

= C=Cy-R
Since, Q = nCAT = (1)CAT
= Q=(Cy-R)AT =C,AT - RAT
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= Q:RAT—RATzRAT(l—l)
y-1 1

RAT(1-y+1) _ YRAT

Q= y-1 11—y

Since the rate of collisions with wall of vessel

1
Ne= gnuvms = constant

where, 1, is the number density of molecules.

1(N] 3RT
= —| — |,/]—— =constant
6\VJN m

T
= ——=constant
v

= T=kV’
= ar =2kV
av
Molar specific of the gas is given by
C=Cy+ Pj where Cy = R
( ]dV 3R R(V?) 1
2 Voo2kV
C= R + R =3R
2 2

Let the initial volume of the gas is V and it is expanded to
volume nV. The work done in the process is given by
v v 2
W= Ipdv = janv = ﬂ(nz -1)
4 2
The pressure of the gas as a function of volume is P = aV'.

The initial and final values of pressure would be V; = aV/
and V; = noV respectively.
From Ideal Gas Equation, we get
_BY, av2 Pfo oV’
" nR nR nR nR
nR nR

Since, AU = nCyAT = — AT = —(T; - T;)
y-1 y-1""

_( R a_vz] Vo
o au=( 22 1) -2 )
Since, P = oV

= PV !'=constant

Compare with PV* = constant, we getx=-1
= C=Cy+— R =Cy+ R
1- 2
For a given polytropic process PV* = constant and molar
specific heat is given by
c=Cyr—r= R K (1)
1-x y-1 1-x

The given equation can be re-written as

PV™% = k = constant

Hints and Explanations H.93

So, comparison of the two equations gives
X=-o

According to the problem, we should have C =0

= C=i+ R =0
y-1 1-(-a)
R R
: —_——
1-v 1
= a=-y

We could have given this answer directly, because for an adiabatic

process, Q = 0 and hence C =0.

9. (a) Given that PT™Y2 = constant (1)

For a polytropic process, we have
X

PT'-* = constant ..(2)
Comparing equations (1) and (2), we get

= 2x=1-x

CHAPTER 2

= x=-1

Work done by a gas in a polytropic process is

nRk
Woaly = = (T2 T;), where x = -1

nRk nR
= WPO]SFE(B‘E):?AT
(2)(25/3
= Wy = (#‘)(60) =500]
. R 3R
S C=Cy +—— where, (C ic- 5
(b) mce v 1—-+ Wi EI'E( V)monatnmm 2
S5 =R R g
2 1-(-1)

Test Your Concepts-1X
(Based on Cyclic Process, Heat Engine and
Refrigerator)

1. For process AB we use

PT = constant
RT
( — )T = constant
1%

= T*«V

= T =kJV OR Py/V = constant
2 1
= PVZ=constanti.e., x= 5

Thus, molar specific heat of gas is

R
C=Cy+—=Cy+2R
1-x

R 7R
= C= 3—+ 2R=—
2 2
Work done by gas in process AB is
nR
an]y = 1—I(T2 _Tl)
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2R
= Wy, = m(rn —2T, )= —4RT,
= W, =—4RT, =-1200R

7R
Qup =2C(T0 —2T0]= —2(?)]"0

= Q. =-7RT,=-2100R
Qpc =2Cp (2T, -T,)) = z(%)m =1500R
Qca =2R(2T;)In(2)

=  Qea =1200R x0.693 = 831.6R

Done in Theory

Let P and V be the initial pressure and volume respectively,
then for process 1 — 2

P, P .
—==— {"> volume remains constant}
TZ Tl
T.
= P=P2 (1)
I
For process 2— 3
BV
L T
T
= V= V% e

2
For process 3 — 4 (temperature at points 3 and 4 is the
same), sO

I
2 (3
3 ®)

Since work done by the gas is area of the trapezium 12341

V,=V

= W:%[(Va‘V2)+(V4—V1)](P2‘Pl)

= W=1[V£+V£—2V][P%—P]

2 TZ Tl 1
1 (T, T
= W==PV|2+2-2(Ty-Ty)
2 |\, T
But PV =nRT,

= w=imr[LZ+lo)1,-1)
2 I

ForA—B, VT

= P =constant

So, V and T both are increasing.
Hence we get a straight line parallel to V axis as P is
constant.

For B—= C, V is constant
= Pe«T
So, T is decreasing and P is also decreasing.

Hence we get a straight line parallel to P axis, as V is
constant.

For C = A, T is constant

1
= P« v So, if V is decreasing, then P should increase

Hence, we get a rectangular hyperbola because
PV = constant

The corresponding graph is shown in figure given below.

P

A B
:
1
i ]c
1 1
1 1
1 1

Vi Va

'

For process CA, volume remains constant, so no work is
done in this process.

For process AB, since T =V so gas pressure remains con-
stant and hence work done by the gas in this process is

W, =nR(Ty =T,)
= W, =2x8314x(500-300)
= W, =2x8.314x200=13325.6]
For the cyclic process, we have AU =0, so
Q=W=Wyp+Wyc +Wey
According to the problem a total 1200 ] of heat is rejected by
the gas, so we have
Q=-1200]
=  -1200=Q 5 +Wpe + Wy
= -1200=3325.6+ Wye +0
= Wyo=-4525.6]

For isothermal process AB, we have
Qap =2R(500)In(2)
For isothermal process CD, we have
Qcp =-2R(300)In(2)
For isochoric process BC, we have
Qpc =2C,, (-200) = —400C,,
Similarly, for isochoric process DA, we have
Qpa =2Cy,(200) = 400Cy,
Total heat supplied to gas is
Q=0 +Qsc +Qcp +Qpa
= Q=400RIn2=(400)(8.314)(0.693)
= Q=230464]

Since the process is cyclic, i.e., AU =0, so

Q=W +Wpc +Wey (1)
For process AB, volume of gas remains constant, so work
done is zero.
= Wy=0
For process BC, temperature is constant at 500 K and vol-
ume of gas changes from V; =2 m” to V, = 5 m’, so we have

_ V) (§)
WBC—nRTln(V] (1)R(500)In 5

1
For process CA, we observe that VV «< T and the line passes
through the origin, so the pressure is constant

Wey = PAV = nRAT = nR(T, - T )
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= Weu= (1)R(300-500) = -200R
This is negative as gas is being compressed from volume

5m? to 2 m® or work is done on the gas.
Substituting these values in equation (1), we get

Q= D+500R1n(g)—200R

= Q= 8.3[500(0.9) - 200] =2075]
Q‘l =0
Q, =Cf’(T3 ‘Tz)

Further, ﬁ = E P
I, T I
nv v
T

= TQ:%% c B
(Pa, V3, Ta)  (Pp, Vo, Ty)

Since,CP=(y)R v
y-1

{adiabatic}

{isobaric}

APLVLTY  poop,
V2 = nVB

V1 ZVB

LA B B RO
= Qz_y—l(n Tz] n(}’—l)(l "

So, heat rejected in isobaric process is
RYT,
=——12 (y-1
Q== =D
At constant volume,
R
=Cy (T -T;)=—
Q3 % ( 1 3 ) y- 1

R Tz)
=—yT -—=
= & }‘—](l 7]

(L-T)

Further, T,V =T, (nV, )H

= T,=Tn""

RTZ( - 1)

=—H _——=
Q=2 (W

So, WTl)tal:Q'l+Q2+Q3
RT

W -2

Total n('}’—l)

[(ny—])— y(n —1)]
WTotal — WTotal
Q+f?)(‘ Q3
(0" -1)-y(n-1)

(n?-1)

= n=1- n-l
=N

Now, efficiency nis n=

= 1=

Given that U, =0, U =50] and Qp- =90 ].
Also, P, = Py =10 Nm™, P- =30 Nm™
Vy=1m’and V; =V =3m’.

For process BC, volume of gas remains constant, so work
done by gas in this process is zero i.e., Wy =0

10.

Hints and Explanations H.95

Since heat absorbed by the gas is Q- =90 ], so from FLTD,
we have

Alpe =Ue =Up =Qpe =Wy =90] -0
= Alpe=Uc-Uz=90]
= Uc=AlUpc+Uz=90]+50]=140]
For process AB, we have
AUy =Uy U, =50-0=50]
Wy = PAV =P, (V; =V, )=10(3-1)=20]
Thus, heat absorbed by the system is
Qup =(AU) 45 + W, =504+20=70]
For process CA
AUg, =U, ~Us=0-140=-140]

Work done is equal to the negative area under the curve CA
(a compression process)

W, = —(Area ACED)

CHAPTER 2

= Wey=-| 210430)(3-1) |- 40)

So, by FLTD, we have

Negative sign shows that heat is being rejected in the
process CA.

Net work done in the counter clockwise cyclic process ABCA
is equal to the negative of the area of triangle ABCi.e,,

W pca = —(Area AABC)

= WABCAz—%x2x20=—2DI

Negative sign indicates that the work is being done on the
system.

If T is the temperature of state A we use
T,=T;Ty=Tp=nT; To=n’T

Total work done by gas in cycle for n; moles of gas
W=(P-P)(V,-V;)
nR(n®T =nT -nT +T)=nRT(n-1)"

Heat supplied to gas is Qg = AQ 5 + AQpc

= qupp = Hl(%]T(ﬂ—])+H-l(y—Rl]T(HZ—H)

mRT
= qupp= ;_](n_lJr}’nz_}ln)

mRT

= qupp :ﬁ(n—l}(]'l' '}"f’l)

Cycle efficiency is
N mRT(n-1)"
Quupp %(n—l)(H m)

N I
n—[ler)(n 1)
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Test Your Concepts-X
(Based on Conduction)

1. (a) Thermal resistance of aluminium cube R; = —

-2
= R = &)2 =0.14 KW

(237)(3x1072)

!
and thermal resistance of copper cube R, = A

(3x107)

i (401)(3x1072)°

As these two resistances are in parallel, their equiva-
lent resistance is given by

=0.08 KW

_ Rl R2
TR +R,

~(0.14)(0.08)
(0.14)+(0.08)
= R=005KW™
So, thermal current

Temperature difference

Thermal resistance
B (100-20)
0.05

= H=16x10* watt

(b) In parallel thermal current distributes in the inverse
ratio of resistance, so

He, _ RA, R1 014

=——=175
HA! RC" Rz 0.08
2. (a) Since HC:.' = HSteel + HBrass
100°C 80°C
Cu Brass

Steel

60°C
If T be the temperature of the junction, then
ke, A(100-T) kBA(T—80)+ ksA(T - 60)

46 13 12
= %(100 T) —%(T 80)+ 0122(T 60°)
= 200-2T=2T-160+T -60

= 5T=420

= T=84°C

ke, A(100-T)
(b) HC:r L /
“Cu
(0.92)(4)(100-84)
= HCu 16

= Hg, =128 cals™

Consider a differential cylindrical element

H=99 AT _ (o)L
it dr dr
d 50
J” I dT
27kl
n 0
o Hojog,[ )50
2kt n
- H= 1007k s

- .
(i
h

Since, Q= Ht =mL

.

mLlog | 2
" g[]
T H  1007ks

Since, — 4Q = kA—
dt ¢

daQ dm
d —==1|— o dQ=(dm)L

pr (dt) { Q=(dm) }
(7))

at ) L L

e X . 15-x —»

1 [ 2
100°C 200°C 0°C

Let the desired point be at a distance x from water at 100 °C.
Since

Rate of Melting | ( Rate of Production
of Ice - of Steam

(%))
dt ), \dt ),
(ﬂ] (AT) fas A, = Ayand k, = ky)

L¢ Lf

200-100  100-0

(540)(x) ~ (80)(1.5-x)
Solving this, we get

x=0.1034 m =10.34 cm

So, the temperature of 200 °C must be maintained at a dis-
tance 10.34 cm from water at 100 °C.

Thermal resistance %

Ty T

200°C 100°C
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ae

1.1
2°3
Soif, R, = 6R, R, = 3R and Ry = 2R

= R:R,: R3—% =6:3:2

then, H = AT __200-100 __ 100
R, 6R+3R+2R 1IR

Now, 200-T, = HR,

= T,=200- (;5’2)(61{) 1455 °C

Also, T, ~100 = HR,
= T,=100+HR,

= T2-100+( 00)(213)
11R
= T,=1182°C

Let Ty and T, (< T, ) be the temperatures of the two chunks at
time t and T be their temperature difference. Then

T=T,-T,
() ()
dt dt dt
da
N dt
T‘l :: TZ
At time t
dQ  KAT (dT) (dT)
Since, =C C T, =Ty =T
I T | (e 2 dt {rh-T=T}

(_ﬂ) (5
dt c,
d (‘&) [y
dt C,
Substituting these values in Equation (1), we get

()= r-am where o225

at ) 1| CG, /C,C,
[ e
(AT )y

= T=(AT)(|E'_

. @_D.OOMXAx(lOO—Tl)

Since, = (1
dt 0.01 M
dQ 104xAx(T,-T,) )
at 100
0014 x Ax(T, -0
and  4Q_ 000X AX(T,-0) e
dt 0.01
T1 TZ
100°c| | —Q | oc
0.01 cm 100 cm 0.01 cm

9.

Hints and Explanations H.97

From Equations (1) and (3), we get

100-T, =T, .(4)
Solving above four equation, we get

T,=935°Cand T, =6.5 °C

So, ternperature gradient in the bar

AT T, -
Lol 087 («C)em
f 100
Since,@=mcd—T=MWE have
dt /
S—
N
&
dQ
04m J'd_f |_
<
ST >
att=0

m(dT) KA(400-T)

dt 0.4

dT (10)(0.04)(400-?)
dt 04

( dT ] 1
400-T /) 240

350

t
= J.df =240 j. 4T
400-T

300

= (0.4)(600)—

Solving this, we get t = 166 s
(a) Since, Q=

kA(Ts-T
= ( S )dt= POVO (ﬁ)dT
a RT, \ 2

nCpAT {-- P =constant}

kA(Ts _T)dt: 5F,V, AT
a 2T,

t
= EJ.dfz
a

T
50V, ( dT

2T, J T-T
0 38

where, o= Tpkd
0Voa
Since P = constant, i
(b) Since P = constan so Tf Tf
oA _hA
T, T
- h_(i]hﬂ
Ty
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10. Let @be the temperature difference at time ¢, then

dQ _ kA®
de
c _2]
VZ( dt

it ¢
. dQ ( a6, )
S = C -—— =
ince, — = =nCy | -—
3R 5R
where, C, = > and Cy, = >

ae 2kAB
Since, ( —1 ) =

dt 3nR¢

(d& ) _ 2kA®
dt 5nR¢

Also, 8=6,-6,

(-5)-a ) (%)
at )\ at dt
( @]Jeme
dt ] 15nR¢
hL-T,
2
15nRe [ d6
16kA r}

T-T,

= dt=-

15nR¢
16kA

t=

log,(2)

Test Your Concepts-XI
(Based on Radiation)

Rate of Average Excess
Cooling Temperature

T-T, (T+T
f_k[ f_%]
t 2
8050

1. Since, (

=k

80 + 50 ~20 ]

Slmllarly
60-30 k( 60+ 30 _20]

D1v1d1ng (1) by (2), we get

b _65-20
5 45-20

= t=—5x5=9minute
25

2. Since temperature of surrounding is very low as compared
to that of heating element, so we can ignore the amount of
radiant energy absorbed by the filament from its surround-

ings. So, according to Stefan’s Law, we get
P=cAT*
= 1000=5.67x107° x0.02x T*

= Ti=882x10"
= T=9693K

Since the curved surface of the rod is insulated, so in steady
state, the heat conducted from end A to end B of the rod is
lost from the end B of rod by radiation.
The energy received through conduction at end B of rod per
unit time is
. ‘@ _KA(T,-T)
P at !

where, T, Ty are absolute temperatures of end Aand B, / is
the length and k is thermal conductivity of rod.
Energy radiated per unit time from end B is
dQ
Uy =|—

270 dt
where T is room temperature, ¢ is Stefan’s constant.
In the steady state, we have 1, = u,

k(T,-T,
A=) o(rg-1y)

ol(Ti - T;)
T,-Ty

(1)

=oA(T} - Ty (2)

= k=

Substituting the values, we get

k=366 Wm™'K™

Since, — @ = mc( —d—T] =oAT?
dt dt

300 K T A
J i P
Tj‘ mc
800 K 0

- 4 . .
Substituting A = 47r°, m = gm‘ap, so integrating the above
equation, we get

t=1.01x10% s
dQ

Since, - — = ge( 7d? )14
dt

3
p(4 d ch—— ~oend’T*
3 8/ dt

i tar |
= ﬁ: —4:—J.df
6oe T

To
pdc[n 1] pdc(n’-1)

“18oe\ T2 T ) 180eTy

The rate of loss of heat by sphere is given by
dQ PR—
—=0A(T" -T
dt ( /)

where, A=4nrr? is the surface area of the sphere of
radius r=10cm=01m, T=327°C=600K and
Ty =27 °C=300 K, So, we get

dQ = (5.67x10%)47(0.1)*[ (600)* - (300)* ]

dQ g
o 2L g6
dt Js
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Since, dQ =msdT, where dT is the fall in temperature in
time dt, hence a9 = msd—T
dt dt
= 866= 10><420><d—Flr
dt
dT _ 866

dt 4200

=0.206 °Cs!

Since, 4, Tz =b
b

= T,=—
! lm

2.9x107°
145x%107 A
= T,=2000K X T
dQ kAdT

=P=-
dt dx

ko (1+ ax) AdT
dx

dx koA j T
1+ax

fo
Solving this equahon, we get
P 1+al
P [ aly )+ I,
kqaA 1+ax
Substituting the values, we get

4560 (1+D.2x5
114x02 °°\ 1+02x

B=

Since, —

= P=-

T=

] + 2000

= T=2000 log(,( 2 )+1}
L 1+0.2x

= T=2000 log(,( 20 )+1}
L 10+ 2x

= T=2000 logﬂ( ]+0 )+1}
x

In this case, rate of heat lost by the block is

@_ 4_md
dt—crA(T T#)

where, A is the total surface area of cube given by
6a” =150 cm® =150 x10~* m?

‘@‘=(5.67x10-8)[150)((500) ~(300)*)
dt 10*

dT .
If — 1s rate of cooling of block, then

‘ = ]ﬂb —_

= dl:i@z( ! )38.556
dt  ms dt 1400
= ‘ZT_DHS °Cs™

9.

10.

11.

12,

Hints and Explanations H.99

If emissivity of body is ¢, the power required equals the rate
of emission of radiation.

P=coA(T*-T¢) (1)
For a black body
Py =cA(T'-T¢) (2)

Dividing, we get E =e
Py

_210 -03
" 700

Since temperature difference of water with its surrounding
is not large, so according to Newton’s Law of Cooling, we

have
T.-T, T.+T
‘szk(’Tf_To]’wh e k=

46AT;
mc
4(5.67 x10%)6(10/100)* (300)’
1x 4200
= k=875x10"

= 307;29= 8.75%107(29.5-27)

So, k=

= t= o =4571.43 s =76.2 min

(8.75x107°)(2.5)

Using average from of Newton’s Law of Cooling, we use
For water, we have

40—35= k (4D+35—T5) (1)
5 0.1x 4200 2
For liquid, we have
40—35: k (40+35—T5) e
2 mx2100\ 2

Dividing (1) by (2), we get
g _ mx2100
5 0.1x4200
_2x420
"~ 5x2100

As the volume of liquid is same that of water 100 em’, then
density of liquid is

=0.08 kg =80 gm

_m_ 80x107°

Vo 100x107°
In the bulb filament given, the energy radiated per sec per
square metre of its surface area is given as

Do B 45910t Jsim?

A 025x10™*
If T is the temperature of the filament then according to
Stefan’s law, we have

E=oT*

=800 kgm’z'

= 459x104=(gx10*)T4

CHAPTER 2
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. 459x10°

(17/3)x10° 110"

1

= T=(81x102)% =3000K

Single Correct Choice Type Questions

1.

If temperature of the source is increased by o Kand tem-
perature of the sink is decreased by the same amount i.e.
o K then efficiency increases more in the second case.

T.
Since n,=1--2
Mo T,

According to the problem 1, =1 _[ L-oa ]

o
T, o
= m=|1-=|+=
Tl Tl

= Mm>n
I, T+a-T,
I +a T +a

Further, n,=1-

T +a
= = o T =T, =n,T,
U3 T+a { 1 ’701}
= Ih<TM

= Mm>Mm=>1

Hence, the correct answer is (B).

Tlvly_1 =LV, .

5
8 V!

= 300= TZ( )
27

= T,=300x[— z —300x2 =075 K
8 1

= AT =375°C
Hence, the correct answer is (B).
o
AtV=V, P=-1
2
(&)
2
wn=1
=R { }
andatV:ZVO,Pz%
47,
. v @) s,
7 uR R 5R
1\PV, 11FV,
. AT:Tf_Tr_z(ﬁ__]Mzﬁ
5 2) R 10R
Hence, the correct answer is (B).
aT 4
—-mc—=0oTl
dt

= —mcTdT=0odt

o gmefl 1
36 T, T’

Hence, the correct answer is (C).

SRT /
and o Usound = s Urms = 2 Vsound

ie, y= E =ratio of = Cp for the mixture
v

mCy, +n,Cy,

v:
ny+ny

n]CP + Hch
and Cp= R TIER
Hy + 1,

Cp mCp +1,Cp,

= y= —1 -2
Cy mCy, +mCy,

37(2)(31{]“@(%@

= —=
D
2 2
3_10+7n
2 6+5n
= n=2

Hence, the correct answer is (C).

For gas A, we have
PV =n,RT (1)
When another gas B is also added, then
3PV =(n, +ng)RT (2
= fy+ng=3ny {from (1) and (2))
= ng=2ny,
Since masses of both the gases are same, so
ngMp =n,M,
Hence, molecular weights are in the ratio
My _mp
My ny
Hence, the correct answer is (B).
o - [RT
UV M

= Uy o< NT

;s 15 to reduce to time i.e., temperature of the gas will have
no reduce four times or

T 1

T 4

=2
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During adiabatic process

TV =1yt
1

Co(L ) =@ =ar s
Vv T

= V=16V
Hence, the correct answer is (B).

LR o1t ot)
A dt

—mcd—T = gAT*
dt
THT = -ﬁdt

mc
A t
oA .[df
mc

100K

j THT =~

=]
=]
S
~
o

12.

1 1

3 3- 74
(100)" (200) gmapc

t:lﬂxm’ﬁ S
72 ©

Hence, the correct answer is (B).

As two arms of U-tube are maintained at different tempera-
tures, densities in two arms will be different but pressure at
the bottom is same. So, we have

ool

hy
1+70 I+71,
= 49[ Po_|_50[ Po__
1+50y 1+60y
49+49(60y)=50+50(507)
(2940 - 2500) =1

=

= y= 44%0 ~23x107 °C™!

Hence, the correct answer is (C).
Mass of P =2(Mass of Q)
4 ( 4 4 ]
= —mapp=2| -
3 P 3 oP
L
= =2

- 1dQ
2 T-T
SmceAdt (T-T,)

11.

13.

14.

Hints and Explanations H.101

ar 4m?

a4 s
—nr
3P

dr 1

—_— —

dt r

Rate of cooling of P _ 75~ 1

= - 21_;3

Rate of coolingof Q 7,
Hence, the correct answer is (C).

Process AB is isothermal, so its V-T b
curve will remain a vertical straight
line. Process BC isisochoric (because 5
it is a straight line passing through
origin) hence its V-T curve will be a
horizontal straight line. Process CD
is again isothermal, so it will be rep-
resented by a vertical straight line on V-T curve and hence
the V-T curve is shown in Figure.
Hence, the correct answer is (D).
mL kA (Tl -T, )
t
mLd

= E_TEZE

~( 1)(540)(0.2)
= E_Tz_[ﬁ)(o':))(so'o)

= T,-T,=0012°C
Hence, the correct answer is (D).

e E—————————

CHAPTER 2

From First Law of Thermodynamics,
dQ=dU+dw

= dQ=dUifdW=0

Since dQ < 0 therefore, dU <0

= Ugna <Uipitial

= Temperature will decrease.

Internal energy U of an ideal gas depends only on the
temperature of the gas. Internal energy of n moles of
an ideal gas is given by

U= ( nf )RT
2
UeT
Here, f is the degree of freedom of the gas.
Hence, the correct answer is (A).
Heat released when 5 kg of water cools from 20 °Cto 0 °C is

Ql = mwatcrcwatcrAT = (5){ 1)(20 ) =100 kcal

Heat required to raise temperature of 2 kg of ice from
-20°Cto0°Cis
QZ = mioecimAT = (2)( 0.5 )(20) =20 kcal



15.

16.

17.

18.

19.
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Heat required to melt 2 kg of ice at 0 °C is
Q; = my L, =(2)(80) =160 kcal

1ce1ce

Since Q;>Q,, so temperature of ice will reach 0 °C.
However we observe that Q; <Q, +Q,, therefore the com-
plete ice will not melt and final mixture will have both ice

and water. The amount of ice melted m is
Available Heat (100 -20) kcal
m= = =1 kg
Latent Heat 80 calg

So in equilibrium, the vessel will have water given by

Miyarer =0 +1=06kg
Hence, the correct answer is (C).

Let the initial pressure and volume be " and V' respectively.

= PJ,:P.{.L:EP
100 100
For Boyle's Law
RV, =PV,
o1m
= AV:LV
101
= ﬂxll)():@%
Vv 101

Hence, the correct answer is (B).

Work done(W) = fx = umg(vt)
Since half the heat produced is absorbed by body, so

%umg(vt):mmT

= %,ug(vt):cAT

1
2
= AT=11.6°C

Hence, the correct answer is (D).

= —=(0.5)(9.8)(2000) = (0.1x 4200 )AT

To double rms speed, temperature must be raised to four
times the initial temperature, i.e.

Ty =4x300=1200 K.
Heat required for doing this is

Q=AU =m(Cy), AT +ny(Cy ), AT,
= Q=[(1)(3R/2)+(1)(5R/2)](1200-300)
- (Q=3600R
Hence, the correct answer is (D).
U=nC,T= n(%RJT

U_3nRT_3,
v 2V 2
Hence, the correct answer is (B).

Let M be the mass of the sphere and R its radius before
increasing the temperature. Then From Conservation of
Angular Momentum:

20.

21.

22,

23.

I&)=IOO)D
I
= w:(—o)wo
I
gMcho0 o
= 0=2 =

%MR2(1+2aAT) 1+20AT

0= @y _
1+2(20x10° )(100)
Hence, the correct answer is (C).

277
300-277
= f=12
Further fi= & =12
W

= Q,=12(1))
= Q=12]
Since by Law of Conservation of Energy, we have

Qi=Q+W
= Q=12+1
= Q=13]
Hence, the correct answer is (D).

=

0.996w,

Since =

In a cyclic process, AU =0 i.e. U = constant.
Free expansion is an irreversible process.
In a cyclic process, AL=0,s0 W=0Q #0.

Efficiency of Carnot engine is 100% if temperature of sink is
0K (not 0 °C).
Hence, the correct answer is (C).

Since Q = AU = U - U;, where
AU = ( Us mole

monatomic

+ UZ mole ) - u4 mole

diatomic diatomic
= AU=(4X%RT+2X%RT)—(4X%RT)

= AU=(6RT+5RT)-(10RT)=RT

(a) Two moles of diatomic gas become 4 moles of a
monatomic gas when get dissociated into atoms.

(b) Internal energy of n moles of an ideal gas of
degrees of freedom f is given by

U=(%f)RT

f =3 for a monatomic gas and f =5 for diatomic
gas

Hence, the correct answer is (B).

Heat Heat Heat
conducted generated conducted
inatA by source out at B
per second per second per second
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24,

25.

26.

27.

28.

(0.5)(12)(100-T) (05)(12)(T-4)
+36=
8 8
Solving the above equation for T, we have

T=76"°C
Hence, the correct answer is (C).
Since, V =< T, the process is isobaric

g,nCIJAT,&,E

W nRAT R 2
Hence, the correct answer is (A).

Q_ AT
t

1
= ke

Temperature Gradient
Since, K- > Ky, > K
= Xe<Xy<Xg
Hence, the correct answer is (C).

Let initially n be the total number of moles of O,. Then after
dissociation

(0.6)(2)(n)C,, +(04)(n)C,,

C,, (mixt =
o (mixture) (0.6)(2)n+(0.4)n
(1.2x%xR]+(0.4x%xR}
C . =
= ( V)rmx 16
1.8R+R 7
Cy) . = =—R
= (O ) 16 4

Hence, the correct answer is (C).
Since gas is undergoing a process given by
PT = constant

= %n=%r

= T=2T,

Applying Ideal Gas Equation, we get
BV, =2RT,

So, change in internal energy of the gas is

AU = nCVAT=2(%)(T—TO)=3RTO =%

Hence, the correct answer is (B).

_URT
Vv
where, 1 is the number of molecules of the gas

R=kN,

p

where N, is Avogadro’s Number.

p= MkgN T =(UNA )kBT
V Vv

29,

30.

31.

32.

33.

34.

Hints and Explanations H.103

% = number of molecules per unit volume (n)
= P=nkgT

Hence, the correct answer is (B).

KA(Tl —T2)+ KA(T.l —TQ) 4

3/ / =§KA(T1‘T2)

H,+H,=

In later case

7KA
Hy=2H - Hy=—=(T, -

= K’:ZK
3

Hence, the correct answer is (A).
20 20
Q= ijdT = Im(AT3 )dT = 4x10* mA
0 0
Hence, the correct answer is (A).
Since the given graph is a straight line, so we have

P =P, +CT, where C is a constant

CHAPTER 2

Applying Ideal Gas Equation PV = nRT, we get
Ve z
Py +CT

lx(&+C)
Vv T

. 1 .
So, as T increases, 7 decreases. Hence, volume increases.

Hence, the correct answer is (C).

e e (17

I
= BT-T.=T.-T
= (V3+1)T=2T,
T _Te_\3+1

T T, 2
Hence, the correct answer is (A).

PV = constant
= T =constant
PM
Now, p=—
RT
= poc P for T = constant
Hence, P-p graph is a straight line passing through origin.
Hence, the correct answer is (C).

By Laws of Calorimetry

Total heat lost | _ [ Total heat gained
by steam )7 | by water + ice

Let m gram of steam be required for the purpose. Then,
+m(1)(100-5)

heat liberated due
to decrease in

temperature from
100 °Cto5 °C

540m
2xJm

heat liberated due

to condensation of
m gram steam at
100 °C to water

Qa\'nilable =



35.

36.

37.

38.

39.
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and Qyequirea = 100(1)(5-0)+10(80) +10(1)(5-0)

heat required to
raise temperature
of 100 g of water
from0°Cto5°C

heat required to convert 10
of ice to 10 g of water at 0 °C
and then raise temperature of
10 g water from 0 “Cto 5 °C
By Law of Calorlmetry, Qavailable = Qrequired

= m=21g

Hence, the correct answer is (A).

By FLID, Q=AU+ W. Since AU is same for both as it
depends upon initial and final state, so AU, = AU,. Also,
work done for process A is more than that for B because
area under the P-V' graph for the process A is more than
that for process B and hence Q; > Q,.
Hence, the correct answer is (D).
AT 8020 g9 ecm

¢ 1

AT, =(0.60)(80) = 48 °C

Decrease in temperature after a distance of 60 cm is 48 °C
and hence actual temperature is 80 - 48 = 32 °C
Hence, the correct answer is (B).

On Mixing A and C
Heat lost by A = Heat gained by C

= (4)s,(60-55)=(3)s:(55-50)
= 45, =35 (1)

On Mixing A and B

Heat lost by A =Heat gained by B
25, (60-57) = 35, (57 - 55)

= 65, =65y

I e

On mixing equal masses of B and C, let equilibrium

temperature be T.

Heat lost by B = Heat gained by C

msy(55-T)=ms-(T-50) 0
= L= 2 {-of (1) and (2)}
5c 4
So, equation (3) becomes 3_I=%
4 5-T

= 165-3T=4T-200

= 7T =365
T:@:SZ.l
7

Hence, the correct answer is (A).

For the given process Q = AU + W

= 200-100=AU-50

= AU=150k]

So for the adiabatic process which restores original state,
AU must be —150 k] and hence work done in the process
will be +150 kJ

Hence, the correct answer is (C).

Wiy =-307], Qs =0

= Alg, =-Wg, =30]

40.

41.

42,

43,

4.

45,

NOW, AUAS - _uBA - —30]

Hence, the correct answer is (B).

Since air bubble doubles in radius. Hence its volume
becomes 8 times. Further since the bubble rises slowly,

hence the rising process can be regarded as an isothermal
process. So according to Boyle’s Law.

(PV )t deptnn = (PV )t surtace

If P, be the atmospheric pressure then
(B, +hpg )V =P,(8V) {where P, = Hpg }

= P +hpg=8F,

= hpg=7PF,=7(Hpg)

= h=7H

Hence, the correct answer is (C).

Since, PV =nRT,so T = PV

= :T:Ty=1:4:4

Also, average molecular speed i.e. v, = v =< JT

= Ui0:0y=1:2:2

Hence, the correct answer is (A).

L

nR:(E)R
T M
PV (R)
PV (R},
T \M

ie., ? versus m graph is a straight line passing through
origin with slope % i.e.,, the slope depends on molecular

mass of the gas M and is different for different gases.
Hence, the correct answer is (C).

Rate of flow of heat % or H is equal throughout the rod.
Temperature difference is given by
Since, AT = HRyy

/
where, Ry, = a

1
= RTh‘xz

Area across CD is less. Therefore, temperature difference
across CD will be more.
Hence, the correct answer is (C).

By FLTD, Q=AU+W

Since U is a state function i.e. AU is same for all processes
carried between same points.

For process a — ¢ — ¢, net work done is negative

For process 1 — d — ¢, net work done is zero.

For process a — b — ¢, net work done is positive. Therefore
Q is minimum for the process a = c—e.

Hence, the correct answer is (D).

T. T.
n=1-| =% |and = —2—
T -T,
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[ ] ]

= ”‘B'rl

= np=1-n

= n(p+1)=

IS
n_ﬁ+1

46.

47.

48.

49,

50.

51.

Hence, the correct answer is (C).

1 is maximum, when f§ is minimum i.e., 1

1
= NMhax =7 50%
2
Hence, the correct answer is (B).
Since, PV =nRT ie. T o< PV
= T:T,=2x2:1x1=4:1

Also, Uy == JT

2 i f

Hence, the correct answer is (C).

For the two sheets if H = is rate of heat transfer, then

H,=H,
6,-0_6-6,
R1 . RZ
Solving this we get, 6= iRy * O,
Ri+R,

Hence, the correct answer is (D).
Since PV =mRT; and BV = mp,RT,
After joining the vessels we have

P(2V)=(n;+n,y)RT

= P(V)= [PV+PVJRT

RT, RT,
P:l i+& T
oA

Hence, the correct answer is (B).

Gas in cylinder A will undergo an isobaric process and gas
in cylinder B will undergo an isochoric process. Since,

Qa=Qs
= nCpATA = HCVATB

= (ER]UQ=(%R]AQ

= ATB = 25 K
Hence, the correct answer is (B).
PM 1
=——and pec—
p= RT p

During AB, pand hence V' is constant.
Therefore, work done is zero.

52.

53.

54.

55.

Hints and Explanations H.105

During BC, P« pi.e., T and hence, LI is constant.
Hence, the correct answer is (D).

P AT*
Hence, the correct answer is (C).
dQ Cp
C=—==0, so process is adiabatic, i.e., n = y=—L
it P s

Hence, the correct answer is (A).

Since the wall is conducting, temperature of both the gases
is same. For rms speed of molecule of A to be equal to mean
speed of molecules of B, we have

3RT _ |8RT MA 3z
MA My 8

Hence, the correct answer is (D).

Method I: Heat transferred to the gas is
Q=AU+W, where AU=(1)C, (T,-T)
= AU=(1)Cy[T,+ oV, -T, - aV]
= AU=oCy(V,-V,) ..(1)

CHAPTER 2

Since, dW = PdV =Ii/—TdV =R( Ty ;av)dV

= W:JdW:RT —+a-|'dV

= W‘RTDM(VZ)+C€R(V2—V1} ..2)
1
So,Q=0aCy(V, )+RT[n(¥]+aR(V -v)
1
= Qza(vl_vl)(Cv+R)+RTDfn(I;ZJ
1

= 0= RTFn(z

1}+aq4v -Vi)

Method II: Since T =T + oV

(@) Think a=0, then (b)  Think T; =0, then

T=aV
where, ¢ris a constant

T =T, = constant

(Isothermal process) i
-  AU=0 (Isobarric process)

v = Q=(C(T,-T))
= Q= RT{J”[{/?] Since, T, = T + @V, and
T =T, +aV;
= Q=0aCp(V,-V)

M
g \N?,@é

R
MPOgING THE TWO!

Q= mq]m(z }mcp( )

Hence, the correct answer is (C).
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56.

57.

58.

59.

60.

Process A is an isobaric expansion process, as V' increases,
T also increases.

Process B is an isothermal process, so temperature is
constant.

Process C is an adiabatic expansion process, so as V
increases, T decreases.

Process D is an isochoric process in which P is decreasing,
so T is also decreasing.

Hence, the correct answer is (C).

When the temperature of the gas is same as that of the wall
there is no exchange of energy. Hence, molecules return
with same average speed whether the collision is elastic or
inelastic. Hence, the temperature and pressure would not
change.

Hence, the correct answer is (C).

Since T = KV?, so dT = 2KVdV

_dT
T 2KV

Further, P = nRT
v

- (4 35)

Hence, the correct answer is (C).

In this problem two concepts are used:
(i) When a solid floats in a liquid, then fraction of volume
submerged is

k= psnlid
pliquid
This result comes from the fact that

Weight = Upthrust

Vpsolidg = Vsubmcrgedpliquidc

V.

Jsubmerged _ Peolid
Vv p]iquid
(ii) pT DC = 1
P[I oC 1+ }’T
k, =(PH} k, = (pF“} and p = density
PHg PHg Jgo oc

ki _ (Pre)yc X(%}z (1+607, )
k, (pHg )0 c \Pre (1+60TH3)

Hence, the correct answer is (A).

R
When 6=180°, then thermal resistance of each branch is 7

. . R
So, net thermal resistance is T Further

61.

62,

63.

[ ] ]
R
2
A B
R
2
Thermal Current =1.2= AT = AT
Rt (E)
4
= AT=03R ..(1)

When 6=90°, then thermal resistance of one branch is %

and that of other is % and both are in parallel.

= R= E_'_ﬁ _16
4 4
= AT =(0.3R}16=1.6W
(N
16

Hence, the correct answer is (C).
Net rate of absorption of heat by water is
=  840At = mcAT =2 x 4200 x (77 - 27)

2420050

At =500s=8 min20s

Hence, the correct answer is (A).

CP=[L]R
y-1

dQ =nCpdT ..(1)
and dU =nCydT
Using FLTID, we get

dW =dQ —dU = n(Cp - Cy, )dT =nRdT (2
Given dQ=100]
_100

P

ndT {from equation (1))

Substituting this in equation (2), we get

aw=r[ 1) _r 7'1]100
Cp ¥R

14-1

= dW:( )x100=28.57]

Hence, the correct answer is (D).
For the process shown, 32V, = RT, and 8F)V,, = RT}

= TB—TA=(8—32)%=—%
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64.

65.

66.

67.

68.

69.

= AU=15R(T;-T,)=-36FY,

Also W = %(321’0 +B)(8Vy =V, )=1155(R,V;)
Applying FLTD, we get
Q=AU +W =-36PR)V, +115.5( RV, ) =79.5R,V,,
The molar specific heat C of the gas is
_Q 79.5(PVy)
AT —(24PV,/R)
Hence, the correct answer is (B).

=-3.3R

In Ingen Hausz experiment

k < (length )°

bo(3)1
k, \10) 4
Hence, the correct answer is (B).

Since,(P+iz](V—b)=RT
v

= P+i_£
V2 Vb
_RT _a
V-b V?
Vy
Further, W = IdW = .[PdV
Vi
vy Va
= W:RTI 4V —aJ.V’ZdV
V-b
Vi W

o WeRTm| 22, Lo L
V,-b v, V,
Hence, the correct answer is (D).

Thermal expansion for both is the same, but in the hollow
sphere the air inside it also expands, thus exerting an extra
thrust on the walls of the hollow sphere.

Hence, the correct answer is (C).

For Process 1, W =0, so process is isochoric.

For Process 2, the positive work done increases linearly with
temperature, so process is isobaric.

For Process 3, the gas heats a linearly with compression i.e.
negative work is done and hence process is adiabatic.
Hence, the correct answer is (D).

We observe that W, is negative (volume is decreasing) and

Wyc is positive (volumeisincreasing) and since| Wyc | > | W5

so net work doneﬂis positive and area between semicircle
which is equal to > atmlt.

Hence, the correct answer is (B).
W =-0V
Wy =0 and W, =4V,
= WABCU = —PUV(] +0+4:P0V0 =3PUVD

Hence, the correct answer is (C).

70.

71.

72.

73.

74.

75.

Hints and Explanations H.107

Net rate of absorption of heat by water is

8Q _1000-160= 840 Js !
At
= 840At =mcAT =2 x 4200 % (77 -27)
= At:w=500 s=8min20s
840
Hence, the correct answer is (A).
W 300
Since, n=—=1-——=05
Q, 600
800
—=05
Q
= Q,=1600]

Hence, the correct answer is (C).

Since, radius or volume of all the four spheres are equal, the
ratio of their masses willbe 2:3:5:1.

Heat capacity = (mass) x (specific heat)
So, ratio of heat capacities will be 6:18:10: 4. The sphere
having the maximum heat capacity will show the fastest

rate of cooling.
Hence, the correct answer is (B).

CHAPTER 2

Efficiency of heat engine,

Total Heat Rejected
Total Heat Absorbed

100+50 _500 _

T 500+150 650
Hence, the correct answer is (A).

= n=1

Internal energy of n moles of an ideal gas having f degrees
of freedom at temperature T is given by U = gnRT

Since, U, =U,

= fimh=fmT,

n f;_iTQ _ (3)(2)7 6
= _—— - =
1) f]Tl (5)(1) 5

where f, =degrees of freedom of He =3
and f, =degrees of freedom of He =5
Hence, the correct answer is (C).

For A— B
VT (ie, P=constant =P, (say)) i.e. A to B is Isobaric
expansion, as T is increasing. Since PV = RT

vV R
= —(s.lope)M—Pl (1)
ForB—>C
T = constant (say Tj) and V is increasing ie. P must be
decreasing. So B — C is Isothermal expansion.
ForC—D
Again Ve T with greater slope for this process (i.e.
P = constant = P, (say)) i.e. C — D is Isobaric compression
as T is decreasing. Since PV = RT

v R
= ?=(s.10pe)w=P—2 (2



76.

77.
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ForD— A

T = constant (say T,) and V is decreasing, so P must be
increasing. So D — A is Isothermal compression.

Also (slope),, > (slope) ,,

= P>h
g
Pyr- A —
Y
Felr- D ] iC
! i
: »T
Hence, the correct answer is (A).
dQ

Change in entropy is given by dS = T

Therefore, heat exchange Q in a process is

Q= J'dQ = .[TdS = Area under T-S graph

1 3
= Q=TS+ ETOSD = ETOSU

T

r

2T, -~

= Q,=-T;Sjand Q;=0
So, total work done in this cyclic process is

W= ZQ = Q‘l + QZ + QS { Aucyclic = 0}

o W=IT,S,-T,S, = ~T,5,
2 2
W TS2 1
Q, 3T,5/2 3

Hence, the correct answer is (A).

Since }'=1+%,so for f=6,we get

}’zg

Also, dW=25]
By First Law of Thermodynamics dQ =dU +dW
where, dQ =nCpdT, dU =nCydT, AW = PdV =nRdT

Also, % = de;Qdu {Using First Law)
dW du

= “T=1-
dQ dQ

_ dw 1o nCydT
daQ nCpdT

78.

79.

80.

81.

82.

83.

= d—w=1-CV =[1-l}
dQ Cp 4

= dQ=25x4=100]
Hence, the correct answer is (B).

(Q;"‘I‘t}[ _ k_lﬁf_p_
4 ky 1} {;

() v

Hence, the correct answer is (A).

Since,

50-40 Y -(-30)

Since, =
120-40 130-(-30)
10 Y+30
= —_—=
80 160
1 Y+30
= —_—=
8 160
= Y+30=20
= Y=-10°

Hence, the correct answer is (C).

For AB, an isothermal process, pressure is increasing, so
volume is decreasing and hence

Q=W =NEGATIVE
Also for AB, AU =0 and for BC, AU = NEGATIVE

Hence, the correct answer is (B).

For adiabatic process BV} = B,V

¥ ¥
(L)
P P2

P P
- e
Pi Pa
v 7/5
L A (m :(i)
B \p 32
A 1 1
= —_—=—=—
p, 27 128

Hence, the correct answer is (B).
PV =nRT ie,n= ﬂ
RT
= Mo —
T

Number of molecules are directly proportional to the num-
ber of moles of the gas. (number of molecules = nN)

Here, P and T are doubled while volume is halved.
Therefore, number of moles and hence, number of mol-
ecules will become half.

Hence, the correct answer is (B).

Condition for a balanced Wheatstone Bridge.

b _k
kZ - k4
= kk, =k,

Hence, the correct answer is (A).
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84,

85.

86.

87.

88.

Coefficient of performance is = % =6
= Q,=6x4x10°=24x10°]

So, mass of water converted to ice is

aoQ_ x10°
L 80x4.2x1000

Hence, the correct answer is (D).

72kg

Heat rejected by 100 g of water at 80 °C when its tempera-
ture becomes 0 °C is

Q=msA0=(100)(1)(80)=8000 cal
But this heat can melt

1=Q—%=100goficeonly

Hence, the temperature of the mixture is 0 °C.
Hence, the correct answer is (A).

We have seen in the above question that only 100 gm ice
melts. Therefore, mass of water in the mixture is

100+100=200 g

and mass of ice =120-100=20 g and temperature of the
mixture is 0 °C.
Hence, the correct answer is (C).

Since, AQ = nC,AT
= 25R=(1)(Cy )(310-300)

= Cy= gR ie., gas is diatomic

= y=14
Now work done in adiabatic process

w o R(T-Tr) _ (1(R)(310-300)

= =25R
y-1 14-1
Alternate Solution:
Q:nCVAT=CV(31O—3OO)
= Q=10C, (1)

In adiabatic process, Q=0
= W=¢(,(310-300)

= W=10C, -(2)
From equations (1) and (2), we see that
W=Q=25R

Hence, the correct answer is (C).

PV P
—— = —=constant
T pr

P (T)(R) (T )(25R)_5
oo \n)p )3l B ) 6

Hence, the correct answer is (A).

89.

90.

91.

92.

93.

94,

95.

Hints and Explanations H.109

. 4
Since, 4,,T = constant, so T = ETD

Also, P o< T* (from Stefan’s Law)

256
= Pnew = E
Hence, the correct answer is (A).

P

Wicop = —Area of triangle BCO = — %

PV
W, 0p4 =+ Area of triangle AOD = + %
= Wnet =0
Hence, the correct answer is (D).

Since distance OR remains unchanged, the expanded
triangle on heating is shown above.

CHAPTER 2

MQ’" =QQ’cos60°

MQ’ = Lo, AT and QQ’ = 0.5Lo;, AT
Therefore Lo, AT = 0.5Loyy AT cos60°
= do,=0
Hence, the correct answer is (D).

o4 _20U_2CAT o
ndT  ndT ndT
Hence, the correct answer is (B).

Due to thermal expansion, all x, r and d would increase.
Hence, the correct answer is (C).

Energy released in isochoric process 2 — 3 is

Qs =nCy (T3 -T,)=nCy (T, -T)

1

e

»T

T, T,
Work done during isobaric process 1— 2 is
Wi, =nR(T, - T)

@=_C_V=_E=Q5

W, R R

Therefore, ratio of energy released in process 2 — 3 to work
done in process 1 — 2is 2.5

Hence, the correct answer is (B).

Hence,

Since, o= Y
3

(Stress )

1
= —Y(Strain)*
2Y 2

Energy Density =
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/

Strain = i= oAT = (xT:y—T

! 3
= Stress = Y (Strain) = r { Y= streiqs }

3 strain
2,22
yo YT - Lpry
2 9y 18

Hence, the correct answer is (D).

96. Let, m gram of water whose temperature is T; (> 30 °C)
and specific heat is 1calg™ °C added to 20 g of water at
30 °C and let T be the final temperature of the mixture.

Heat given by the | [ heat gained by
mgofwater | | 20 g of water

= m(1)(T,-T)=(20)(1)(T-30)

600+ mT,

20+m

The right hand side is maximum for OPTION (D). Therefore,
the correct answer is (D).
Hence, the correct answer is (D).

Solving this we get, T =

97. When temperature is increased all 4, b, x and { should
increase.
Hence, the correct answer is (D).

o (3A5), ),

5:@4%%@%

= kcA

= ke=k,+kg
Hence, the correct answer is (A).

99. Letlength of each portion of cylinder be L. Since final pressure
on both sides of the movable piston must be same, therefore

Va_Vs
T, Ty
L+5 L-5
= — ==
373 273
= L=323cm

So, length of the cylinder is
Lcylinder =2L=64.6 cm

Hence, the correct answer is (D).

T,-T T-T,
100. k.lA( ! ):sz( 2)
d, d,
T kT, + k,T,d,
kyd, + kyd,
Hence, the correct answer is (B).

%
101. smce,w1=e(vf-14)=gl4(7”-1]

i

= W, =nRT(2-1)=nRT

v
and W, = nRTlog, [ Vf} = nRTlog, (2) = W,log, (2)

1

Hence, the correct answer is (A).

102.

103.

104.

105.

106.

107.

108.

At 30 °C, the copper rod will be of length L,(1+ &, A0)
while adjacent centimetre marks on the steel tape will be
separated by a distance of (1 cm)(1+ a,A8). Therefore, the
number of centimetres read on the tape will be

Lo(1+0.A8)  (90)[1+1.7x10°](20)
(lem)(1+e,08)  (1[1+1.2x10°](20)
Hence, the correct answer is (D).

=90.01 cm

Heat exchanged, AQ =nC,AT = NﬂCVAT
A

where N is number of molecules of the gas and N, is
Avogadro’s number.

In the given situation, let T be the final temperature of the
mixture. Then, by Law of Calorimetry, we have

Heat lost = Heat gained
N.Cy(T,-T) _ N,Cy(T-T,)
Ny Ny
= N;T,-N,T=N,T-N,T,

_ N +N,T,
T Ny+N,
Hence, the correct answer is (C).

= T

Equivalent electrical circuit will be as shown in figure.
Temperature difference between Aand D is 180 °C whichis
equally distributed in all the rods. Therefore, temperature
difference between A and B will be 60 °C or temperature
of B should be 140 °C.

A R R R D
—— MM— AW — W ——
200°C 20°C
Hence, the correct answer is (C).
From A to B, the process is isobaric i.e., V = T. From B to
C and D to A, the process is isothermal but temperature
from B to C is higher than that from D to A. From C to D,
the process is isochoric.
Hence, the correct answer is (B).
Given that, PT = constant (1)
According to Ideal Gas Equation, we have PV =nRT
v
nR
. PV
So, equation (1) becomes P R constant
n

T

= PV = constant

This is best represented by graph in OPTION (C).
Hence, the correct answer is (C).

Temperature decays exponentially with time.
Hence, the correct answer is (A).

1 g of water equals 1 cc of water
Volume of liquid is V, =1 cc = 10° m?
Volume of vapours is V, = 1671 cc = 1671x 10 m’

= AV=V, -V,=1670x10"° m’

= W=PAV=10°(1670x10")=167]
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109.

110.

111.

112.

113.

W:ﬁ cal =40 cal
418

Further Q =mL
= Q=(1g)(540 calg™)=540 cal
According to First Law of Thermodynamics
Q=AU+W
= 540=AU+40
= AU =500 cal
Hence, the correct answer is (B).
_ Stress _F /A
Strain AL/L,
_F/A
aAT
= F=YAcoAT
Hence, the correct answer is (A).

Y {-AL/Ly=0AT}

Since, PV = nRT
For isobaric process, V o< T, hence slope of the graph is
given by
dv. nmR 1 -
— = — o< — (if mass remains constant)
dr P P
Hence, the correct answer is (C).

d
Rate of melting of ice o rate of heat transfer (d—?)

Further @ - temperature difference

—
KA
dQ (temperature difference ) A

dt /
If temperature difference, A and / are all doubled then 4
and hence, rate of melting of ice will be doubled.

Hence, the correct answer is (D).

Let the piston get compressed by x. Then for mechanical
equilibrium, we have P'A = RyA + kx
k
= P=P+—
A 4
= 3x10°=1x10°+ 0%
0.005
= x=0Im
So, work done is

W =P,AV + %kxz

= W=(10°)(0.005x0.1) + %(104 )(0.1)?

= W=50+50=100]
Hence, the correct answer is (A).

( Rate of ] (Average Excess]

Cooling Temperature
AT (Ti+Ty
E o P ~ Toure

Lets denote T, .. by T, then

114.

115.

116.

Hints and Explanations H.111

Ii-T (T+T,
r T e

. @x(a)wo_%)
10 2
= 1s55-T, (1)
50-42 (50+42
10 M( 2 _T")
0.8 46T, .(2)
08 _46-T
1 55-T,
4 46-T,
5 55-T,
= 220-4T,=230-5T,
= T,=10°C
Hence, the correct answer is (B).
ry o< (600)" —(300)*
re<(900)* - (300)*

r(900)" - (300)°
= —_—_

o (600)* -(300)*

9t _34
- r"“(@)
= =37
2* -1
80
r=(5)

r=—Tn

3
Hence, the correct answer is (A).

AQ

Molar heat capacity C = —

AT
AU+ AW
CdT
AU is same in both the paths but

AW, > AW,

= 6>

Also,

=

CHAPTER 2

C

= &<1

G
Hence, the correct answer is (B).

After first stroke, we have PV = P, (V +v)

1%
Vi+o

After second stroke, we have P,V = P, (V +2)

2
- PZ:P](VV ):P( : )
+v V+o

and so on for n strokes, we have

n
Pnzpn—'l( v )=P( v )
V+o V+o

Hence, the correct answer is (D).




117.

118.

119.

120.

121.

122
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Let A be the cross sectional area of silica cylinder, A, be
the cross-sectional area of the mercury in the glass cylinder,
then (A, + A, ) is cross sectional area of glass cylinder and
h is the height of silica cylinder, then

h(A;+ A, )(20) AT = hAy AT

hA, _ Xy
hA, 'V, 20

mercury

Vsi]im _

Hence, the correct answer is (C).
50-49.9 ( 50+49.9
5 2

40 —f39.9 M( 40 +239.9 B 30)

t_999-60 399 ,
5 799-60 199
= [=10s

—30)and (D)

..(2)

Hence, the correct answer is (C).

3RT
Utms = Y

Room temperature T = 300 K

3x8.31x10° x 300

= 1930= \/
M

= M=2gmol™

So, the gas is H,

Hence, the correct answer is (A).

For processes ab and cd, P T so V = constant and hence
processes ab and cd are isochoric, work done in these pro-
cesses is zero. So, net work done in cyclic process is

W=W, +W,
= W=nR(T,-T,)+nR(T,-Ty) {isobaric}
= W=(2)(8.31)(1600-800)+(2)(8.31)(400 - 800)
= W=66k

Hence, the correct answer is (C).

Since all P, V and T are changing simultaneously and the
work is being done at the expense of the internal energy
of the gas so this must be an adiabatic process because
for an adiabatic process dQ=0 and by First Law of
Thermodynamics

dl =-dw

d
Hence C = —Q=0
dT

Hence, the correct answer is (A).

Hence, the correct answer is (C).

123.

124.

125.

126.

127.

128.

mc(d—T)ocA
dt
dT A
= e
dt  mc

(d_T 4 3
it _Aymy _4nRi| 3P| R
(dT) Ay my 47R3

2

4 3 B R,
— — 1R 1
dt 3P
Hence, the correct answer is (B).

When cooled isochorically (i.e. V = constant)

P_Pn

T T

T

= T'=—
n

Heat exchanged is Q, = C, ;AT
= 0 =CV(Z—T)= -CVT(1-1]
n n

Whenheated isobarically (i.e. P = constant) heat exchanged

15
o=c(1-T)-caf1-2)
n n

Net heat exchanged is

0=0,+0, =C,,T(1-%)‘CVT(1_%]

= Q=(C-G)1(1-1)=rr(1-1]

n
Hence, the correct answer is (A).

Let M be the molecular mass of the gas. Then

So, M(Cp-Cy)=R

= M(525-315)=831

= M=0.0392

Now let pbe the density of the gas at NTP. Then it implies that
So, mass of 224 L or (224x107)m® of gas should be

(px22.4x107 ) kg which should be equal to its molecular
mass i.e.,

px22.4x107° =0.0392
= p=175kgm™
Hence, the correct answer is (D).
For equilibrium F, —=F, =0
= Yla‘lAAT - YzazAAT = 0
= Yo=Y
Hence, the correct answer is (C).
Two molecules have a speed of 1.6 kms ™, so most probable

speed is also 1.6 kms ™.
Hence, the correct answer is (C).

We use (1+ o, )xR=L(1+ )

1+a5

Hence, the correct answer is (C).
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129.

130.

131.

132.

133.

134

From First Law of Thermodynamics AU =Q-W
Here Q=mL=L {m=1}

and W=PRy(V, -V, )=PRy(V,-V,)
= AU=L-B(V,-V)

Hence, the correct answer is (C).

n,Cy. +n,C
Cv(mixture)zM
Hy + 1y
Here, Cy, 5R n, = 10 =5 {for H,}
2 2
3 40
Cyp. ==R,n,=—=10 for He
e ffor He)

= Cy (mixture)=%R

= Q=nCyAT =2750 cal
Hence, the correct answer is (B).

dQ =dU +dW

= dQ= du-MTu—du—l C,dT

nRdT
2

1 (3
= dQ=—n| =RdT |=
Q= juar)
1dQ R

ndl 2 5R
which is not equal to 0, infinity or 5

Hence, the correct answer is (D).
Given that P\T = constant (1)
Also, for a polytropic process, we have

P T* = constant
X

= PT'"* = constant (2
1
Comparing equations (1) and (2), we get ]L ==
-x
= 2x=1-x

1
= x==
3

R
— = =3R
y-1 1- (5,‘-‘-‘3)—1+1-(1,«'3)

Hence, the correct answer is (C).

C:

R R R
1

PV =nRT

= PdV =nRdT {~ P =constant}

= dV=(ﬁJdT
P

= dV:(K)dT (1)
T

Further dV = yVdT ..(2)

From equations (1) and (2), we get y= %

Hence, the correct answer is (C).

PV*? = constant

pv33 _ constant

= =
PV RT

135.

136.

137.

138.

139.

140.

Hints and Explanations H.113

1 _ constant
V'l;‘3 RT
= VeT?

Temperature increases with increase in volume.
Hence, the correct answer is (A).

=

T
ATC!I — & <1
AT, K.
= AT, <AT,

i.e. fall in temperature for copper is less than brass and
hence temperature at junction is greater than 50 °C.
Hence, the correct answer is (A).

For the isochoric process ab, W =0, so we have
Q=AU =nC,AT =5000

= n(%)(SOD—SOO):SDOO

CHAPTER 2

= nR=4

Now, for isobaric process ca, we have

Q. =nCpAT = n(if )(Tn -T,)

Since process be is isothermal, so T, = T, and hence ALl =0.
For process ca, P = constant

= Qu _n(?)(n-m: (4)(%)(300—800)

= Q,=-7000]

Hence, the correct answer is (C).

R N s GO
100~ 20

AV
VAT
= a:% =2x107°(°C)™

Hence, the correct answer is (A).
4 4
Since, Ey ( 727 + 273 ) :( 1000) 16
E, \227+273 500

= E,=16x5=80cals 'em™

Hence, the correct answer is (B).

dQ=+35] and dW=-15]

By First Law, we have dQ =dU +dW
= 35=dlU-15

= dU=+50]

Hence, the correct answer is (D).

Internal energy of n mole of gas having f degrees of free-
domis U = n(%RT)f.
For 1 mole of helium at 600 K, f =3

= (l)[ xRxéOO]() 900R



141.

142.

143.

144.
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For 56 g of nitrogen at 300 K, f =5

U2=(§)[1XRX3OO:|(5)=1500R
28 /12
For 32 g of oxygen at 300 K, f =5 and

u3:(3)[1x11x300](5):750ﬂ
22

For 12x10* molecules of argon at 450 K, f =3

23
= Ur[%]BRx%D](S)—l%OR
X

Hence U is maximum for 56 g of nitrogen at 300 K
Hence, the correct answer is (B).

Since, T,V = T,V ™!
5 5 .
= T (AL )3 ' =Ty(AL)™

2
L_(LY
TZ L1

Hence, the correct answer is (D).

PV uRT

5

Hence, the correct answer is (C).

=nN = (Number of molecules in the gas)

V-T graph is a straight line passing through origin
Hence, V =< T or P = constant

= dQ=nCpdT and dU =nC,dT

Since, dW =dQ —-dU =n(Cp - Cy )dT

_, 40 nCuT
AW n(Cp-Cy)dT
L o#Q_ & 1

W C-C, _Cv
P
Since, S = 3 for helium gas
o
aQ 1 5
AW 1-3/5 2
Hence, the correct answer is (B).

AT, + AT, = 36 (1)

Also, the slabs are in series. So, same thermal current ( %]

— AT, —>t— AT,—>

A B
Q Q
T, 1r,
2k k

Flows through both. Hence

w52

145.

146.

147.

148.

149.

150.

151.

= AT, =2AT, (2)
= AT, =12°C and AT, =24 °C
Hence, the correct answer is (B).
Apparent weight (w, )=actual weight (w) - upthrust (F)
Here, F=Vp,g {p,, =density of water]
i€, Fyoc =Voec(Po)sy o &
and Fy oc = Vspoc (P )50 8

Fo-c _Vagec (Pu)sgec _ (1+74AT)
Voo (Po )0 o (1+7,AT)

Given that ¥, < ¥,,,50 Fyoc <F o

{AT =50°C}

F0°C

Hence apparent weight at 50 °C will be more.
Hence, the correct answer is (B).

Since A, = Ay[1+ AT ]
Let diameter at 0 °C is d, cm and at dry ice (—60 °C) is d cm

2
MT'O:”:%%[1+(4><10‘5)(40—0)] (1)
%:%é[uuxm*f’)(—eo—o)] .(2)

Dividing (1) by (2), we get
(10.02)° _ 1.0016
d? 0.9976

= d=9.99997 cm =10 cm
Hence, the correct answer is (D).

By First Law of Thermodynamics

Qu+(-Wy)=Qy +(-Wy ) =Uy - U,
Hence, the correct answer is (D).

Cooling must lead to a decrease in volume of the system
which is possible only if the piston moves to the right.
Hence, the correct answer is (B).

For both graphs, work done is same because area under
the curve is same.

However, according to Ideal Gas Equation, PV = nRT, we
see that the increase in temperature is more in CASE-1.
Therefore, increase in internal energy is also more in
CASE-1. Hence heat added is more in CASE-1.

Hence, the correct answer is (A).

For a cyclic process AU =0,s0 Q=W
= (100-20)=20+W,

= W,=60]

Hence, the correct answer is (A).

Let h be the distance of the apex from the middle of the
base. Further by Pythagoras theorem

5
3- . h* = constant

= A(h2)=A(L22)—A(LZ'21)



ICON

= 0=2L,AL,- %(ZLIALI )

Since, o, = = and o, = AL 1

L, AT L, AT

S LZ(LZaZAT)=%Ll(L1a1AT)

L o
= 1=22
L, 0
Hence, the correct answer is (D).

152. 1 g of steam at 100 °C liberates 540 cal to convert to 1 g of
water at 100 °C.

Further 1g of ice at 0 “C melts and converts to water at
0 °C. For this purpose 80 cal of heat is required by it.

This 1 g of water at 0 “C requires 100 cal of heat to convert
to 1 g of water at 100 °C.

i, a total of (80+100) cal = 180 cal of heat is required by
ice at 0 °C to convert to water at 100 °C which is much
less than the heat liberated by steam at 100 °C to convert
to water at 100 °C i.e. 540 cal. Hence equilibrium tempera-
ture will just be 100 °C.

Hence, the correct answer is (D).

153. Evenif 3 g of ice at 0 °C is taken then total heat required
by 3 g of ice at 0 °C to convert to 3 g of water at 100 "C
equals 3(180 cal) =540 cal, which is the amount of heat
liberated by steam at 100 °C to convert to water at
100 °C.

Hence, the correct answer is (C).

154. A refrigerator is reverse of heat engine and heat pump is
same as refrigerator. The coefficient of performance of a
refrigerator cannot be infinity and a heat engine cannot
convert the heat input fully to work done.

Hence, the correct answer is (B).

kA( 1-0 )=3m[“'(‘4)]
10-x X

‘\ _4 nC
.

155.

4°C
= x=75m

Hence, the correct answer is (A).

156. Temperature of liquid oxygen will first increase in the
same phase. Then, phase change (liquid to gas) will take
place. During which temperature will remain constant.
After that temperature of oxygen n gaseous state will fur-
ther increase.

Hence, the correct answer is (C).

157. The process carried on an ideal monatomic gas is shown in

Figure.

158.

159.

160.

Hints and Explanations H.115

2P,

>V

v, 4Y,

Applying Ideal Gas Equation at points A and B, we get
2BV =nRT, and 4B,V = nRTy

= AU=n(15R)(T;-T4)=3RV,

Also W = %(2130 £B))(4V, ~V, )= 45RY,

= Q=AU+W=3DV,+45RV,=75DV,

= Q=75x(05x10°)x0.1=375%10° ]

Hence, the correct answer is (B).

For an adiabatic process PV’ = constant (1)

CHAPTER 2

Also, density p= % ie, poc V7!

So, equation (1) can be written as Pp~7 = constant

Hence, the correct answer is (B).

Volume of the gas is constant V = constant

= P«T
ie., pressure will be doubled if tem-

: F
perature is doubled —|
Now let T be the tension in the wire.

Then equilibrium of any one piston
gives

F=(P-F))A=(2F-F))A=FRA
Hence, the correct answer is (B).

Processes 1 — 2 and 3 — 4 are isochoric, so work done is
Zero.

= W =Wy +Wy

= anml=P2(V3‘V2)+P4(V1‘V4]

= W =1R(T3-T,)+nR(T; - Ty)
= Wga = ”R(Ta -T+T - T4)

= W,y =8001R = 2400R
Hence, the correct answer is (C).
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162.

163.

164.

165.

166.

167.
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PV = uRT, where V =
p
= P(ﬂ){ﬂ)m
D M

M
= p=|—=|P
o~{ar)
Therefore, slope of p-P graph is
M 1

—_— —

RT T
So, for lesser slope, temperature has to be more.

= T;>T,

Hence, the correct answer is (B).

Let T be the temperature of the mixture. Then
U=Uu,+U,

= Limrm)RT=Ln)RT, + L () (RO(21,)

= (244)T=2T,+8T, (n.1:2, n2:4)
= T=§T0
3

Hence, the correct answer is (A).

To 80 cm mark on the aluminium rod is really at a greater
distance from the zero position than indicated because
of the increase in temperature AT =40 °C. The increased
length is

AL= ¢,y AT =(25%10)(80)(40) = 0.08 cm
So, the correct length of the line is

L=80+0.08=80.08 cm

Hence, the correct answer is (A).

Since (Q";t)l =(r1)2ﬂ2
(Qf’;;t)g 1 [1

= Ratio=l><l=1
4 2 8

Hence, the correct answer is (C).

Due to Kirchhoff’s Laws
Hence, the correct answer is (A).

Since, dP = gpdy
:J')

jor e

P RT

B
H
Also, H = de
0

Ho BT
Mg PZ

Hence, the correct answer is (A).

AT 4
Since Q =kA—,s0 t < —
t / A

168.

169.

170.

171.

t, /A
- G Ay
t, fy A
t, 4 .
= t2=—1=7=1mm
4 4

Hence, the correct answer is (A).

du:Cvde(gR)dT

. dT:z(du) o
5R

From First Law of Thermodynamics, we have

dU = dQ - dW

= du:gg-Q:g
4 4 40 0
Now molar heat capacity is C = E = m
5RQ 10
C:T:—
%)
4

Hence, the correct answer is (C).

Since volume is constant, so we have
P 2 b 1
LT
When temperature of gas is doubled, then we get
P, =2P, =2P,
Now, tension F in the wire is equal to net force on the
piston given by
F=(2B-B)A=(1.013x10°)(1)=10° N

Hence, the correct answer is (B).

Since, L _ o(T)dT
I,

L T
= JdL: LOJU(T)G'T
Ly Ty

T

= L-I =L0JQ(THT
Ty
Ty

Ja(T)dT

T

= L=L|1-

Hence, the correct answer is (B).

Since f o< x; - X7

= t= ,8( x—x} )

where f3 is just a constant of proportionality
f _4-1
L, 1-0

= t, =21 hour > 14 hour

Hence, the correct answer is (D).
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172.

173.

174.

175.

176.

177.

Since all have same k (as they are made of same material)

Q

So, the rod which has maximum " will conduct the most.
Here

Q. r

t /
Hence, the correct answer is (A).
Since both the slabs are in series and hence Q is same
through both. Hence, required ratiois 1:1.

Hence, the correct answetr is (D).

Average KE of each moleculeis E,, =E = %kBT

If N, is the number of molecules of hydrogen and N, is the
number of molecules of oxygen, then

Total KE of hydrogen is E; = N, ( %kBT]

Total KE of oxygenis E, = Nz(%kBT)
E_N_
E, N,

Hence, the correct answer is (B).

2

Under steady state condition, heat released to the room =
heat dissipated out of the room.
Let 8be the temperature of heater. Then

6-20=c[20-(-20)] (1)
and 6-10=¢[10-(-40)] (2
Solving equations (1) and (2), we get

=060 °C

Hence, the correct answer is (D).

Upthrust, W, =V,p, ¢
where, V, is volume of
solid at 0 °C, p; is density

of liquid at 0°C. As the
temperature increases, V,
increases and p; decreases.

Since, W, < V,p;

W _Vp_ (Vo+AV,) pu(1+7AT)"
Wo  Vipr Vi PL

s

= % =(1+ y,AT)(1- y,AT) (Using binomial)

0
= W=W,(1+yAT -y AT) =W, [ 1+(ys -7, )AT |

Hence, the correct answer is (B).

Since, & = E
Q L
T, ( 300 )
=l = =| — |600 = 450 cal
= Q& ( T, )Ql 200 ca

Hence, the correct answer is (D).

178.

179.

180.

182.

183.

Hints and Explanations H.117

Since PV =nRT
P nR

Slope = — = —
= ope T v

The more the volume, the lesser the slope and vice-versa.
Hence, the correct answer is (B).

Given that, n=40%and T, =47 +273 =320 K

T 40 320
Since n=1--2,s0 —=1-——
7,100 T

n:%:ssabzéo °C

Hence, the correct answer is (A).
Since P, =P,
= oAT =cA,T)

= 4m{T} = 4T}

2
T.
rn \T

Hence, the correct answer is (B).

Since, AU = nC,AT
R nRT; —nRT,

= ALI—H[—)(T,F—TI-)_if :
y=1)"~ r-1

_PQVv)-P(V) PV

om0y

Hence, the correct answer is (C).

AU

3

Mean KE of each molecule, E; = %kBT = Ekﬂ (t+273)

At 0 °C or 273 K, the molecules will possess some kinetic
energy. So, the graph does not start from origin.

E

(0} t°C)
Hence, the correct answer is (C).

Let R be radius of sphere, V its volume and p its density,
then AR = ReAT. So, percentage change is

%x]OD:]ODaAT (1)
Also, AV = V)AT = V(3a) AT, so percentage change is

%xlODzSODaAT -(2)
Since, p' = P P

1+ AT 1+30AT
= Ap=p-p

CHAPTER 2
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185.

186.

187.

188.
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R Ap:p[l— 1 J:{saAT}p
1+30AT J 1+30AT
. .. Ap
So, percentage change in density is " %100
= @xwo: 3000AT ..(3)
P 1+30AT

From equations (1), (2) and (3), we see that percentage
change is maximum in volume.
Hence, the correct answer is (B).

Since, dQ = ndeT

Cuzﬂ

ndT
-0 7
P7(2)(5) 2

ie., the gas is diatomic or it may be H,.
Hence, the correct answer is (A).

We use Al = oAT

For rod A, 0.075=20a, (100-0)
= a,=375x107 °C"

For rod B, 0.045 = 200, (100 - 0)

= 0;=225x107°°C"!
Let portion of metal A is I cm and that of metal B is
(20-1) em

Al, + Al =0.06 cm
a,41(100) + 03 (20 - 1)(100) = 0.06
3.75x10°1+45%x10™ = 2.25x 101 =6 x 10"

15%10°1=15x107"
=10 cm
Hence, the correct answer is (B).

0.1 0+499
Smce,Tx(S hl —30]

L A

4 2
andgm(40+39'9—30)
ty 2
= ft,=10s

Hence, the correct answer is (B).

Let temperature of the junction be T, then in steady state,
thermal current through steel equals the thermal current
through copper, so we have

300-T T-0
Kstccl(ZA)(T):KCOPPcr(A)(_)

10
300-T) T
(50.2}(2)(T]—385( 10)

= T=44°C
Hence, the correct answer is (A).

Let m gram of steam be required for the purpose.
By Law of Calorimetry

189.

190.

191.

192.

193.

Total heat lost Total heat gained
by steam to become |=| by ice to become
water at 0 °C water at 0 °C
= 540m+m(1)(100-0)=3200(0.5)(10)+3200(80)

= 640m = 272000
= m=425¢
Hence, the correct answer is (C).

(7R?)

Energy received per second by the planet is4i‘2
m

where P is power radiated by the sun and R is the radius
of the planet.
Further, energy radiated per second by the planet

(according to Stefan’s Law) is 0'(4IL‘R2)T04. For thermal
equilibrium to exist, we get

4:;2 (nR?) = o(47R?)T;

= T ed?
= TD o< dﬁlﬁz

Hence, the correct answer is (D).

{OPTION (D)}

Since V = kT ,50 TV™? = constant
For a polytropic process TV = constant
3

= x-1=->
2

= x=--

Work done in a polytropic process is
nK 1
W=——(T,-T,),where x=——
1oy h) 2
_ nR
T 14(12)

Hence, the correct answer is (B).

(30)=20R

2(E
From Kinetic Theory of Gases, p = g( ?]
3

= E=—pV
7 p
Hence, the correct answer is (D).

Efficiency of generator is,
n=09=-= Four
P, 1000
= P, =9%00W
900 = mcAT + mL
= 900=m(4200)(100-20)+ m(2250x10°)
900
"= 336000 + 2250000

= m=035g

U

=0.00035 kg

Hence, the correct answer is (C).
Internal energy of an ideal gas depends on temperature
only and change in internal energy.
AU =nCy,AT is applicable for all processes.
Hence, the correct answer is (B).
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[ ] |
Vs Vy
194. W:IPdV :a.[dvv+b.[dv
v, v,

= W:alog(,(%]+b(V2—Vl)
1

Hence, the correct answer is (D).

195. According to FLTD, we have
AU=Q-W
Also, work done W equals area under the curve
Area of Half Area of
= = +
Ellipse i.e. mb/2 ] | Rectangle
i
= W:[Ex(7—4.2)><10’3 ><(500-300)><103]+
[(7-14)x107 x300x10%] J
= W=256x10%]
= AU=576x10>-256x10°=3.2x10° ]
Hence, the correct answer is (A).
. [ 3RT
196. SIIICQ Vims = W
T is doubled and M is halved. Therefore, r.m.s. speed will
become two times or 600 ms™.
Hence, the correct answer is (C).
197. Wein's Displacement Law is
A,T=b {b =Wein's constant}
b 288x10° nm-K
= Am S
T 2880 K
= A=1000 nm
Energy distribution with wavelength will be as follows
E,
U1 U2 k
=) Y] oY) > Anm)
o O DO (o)} =]
Am=1000 nm
From the graph it is clear that
U, >, {In fact U, is maximum]|
Hence, the correct answer is (D).
1og. KA(200-T,) 2HA(T,-T,) 15kA(T,-18)
’ ¢ N ‘ - ¢
A B C
k 2k 1.5k

200Cc T, T, 18°C

199.

200.

201.

202.

203.

Hints and Explanations H.119
= 200-T,=2T,-2T,
= 3T,-2T,=200 (1)
Further, 200-T, = %( T,-18)
= 2T, +3T, =454 ..(2)

Solving (1) and (2), we get
T, =116 °C

Hence, the correct answer is (D).

The change in internal energy for any process is
AU =nCyAT

(Do not develop a MISCONCEPTION that AU =nC,AT
only for an isochoric process)
Hence, the correct answer is (D).

Let the initial pressure of the three samples be P,, P and
P, then

P (V)" =(2v)"p
= K=P

CHAPTER 2

P-(V)=P(2V)
= P,:P:P-=(2)":1:2=2J2:1:2
Hence, the correct answer is (B).

KA(T, -T.
Since, we know that % = (+2)

In case of sphere A, we get

4 3
37200 X Pice X Lie Ky x4rx(200°(T, - T)

= (1
80 x 60 0.2 @
In case of sphere B, we get
! 3
ER(SO) Xpi““XLi“e_KBX4”X(30)2(91‘92) 2

tx 60 0.1
Dividing (1) by (2), we get
(20/80) K, 1
(30/t)

2K, 4
= t=230 minutes
Hence, the correct answer is (A).

PV 2x10°x107

n=-—-= =(0.080
RT 8.3 x300

= n=—=0.080

n
M
= m=(0.080)(4g)=032g

Hence, the correct answer is (B).

Since, (3L) 04A8= LaA+2L(2a)(AB)

e

5
= aeff-E‘x

Hence, the correct answer is (C).
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By Law of Calorimetry, heat lost by steam must be equal
to heat gained by water. Since, find temperature of water is
60 °C, so we have

(8) Lyteam + (8) Cppater (100 —60) = (80) ¢, (60— 10)
= (8) Ly +(8)(1)(100-60)=(80)(1)(60-10)
= (8)Lyeum = 4000320 = 3680

= Lyeam = 460 calg™

‘steam

Hence, the correct answer is (A).

Conceptual
Hence, the correct answer is (B).

A, T = constant
= 510T; = 350T,

= Do
TZ

Hence, the correct answer is (B).
du nCp,dT

%hage = "= x100 =
TS nCpdT

%100

v 100 =2 x100 = 60%
Cy 5
Remaining %age = (100 - 60)% = 40%

= Yoage=

Hence, the correct answer is (C).

The ratio of rms speeds of molecules of gas A to that of
molecules of gas B is

ba_ My _ 3
Up My

- 2 2
Since vy =v; + 0
v, =0, =0,

; +0- and by postulates of KTG, we have

¥

v 1
= =od=vP=24o—(30})

3 3
= U_% : Z)é =1:1
2
v
= W =1
Hence, the correct answer is (D).
Since, P o<V [ P=aV}

Therefore, pressure and volume both are doubled or tem-
perature becomes four times (as T e PV') or 1200 K. So,
change in temperature is 900 K.

Hence, the correct answer is (A).

Heat released when 20 g of water cools from 20 °C to 0 °C
is

Q1 = MyaierCater AT = (20)(1)(20) = 400 cal
Heat required to raise temperature of 20 g of ice from
-10°Cto0°Cis

Q, =m0, AT =(20)(0.5)(10) = 100 cal

wcerice

Heat required to melt 20 g of ice at 0 °C is
Q; = iy, Ly, = (20)(80) = 1600 cal

Since Q;>Q,, so temperature of ice will reach 0 °C.
However, we observe that Q, <(Q,+(Q;, therefore the

211

212,

213.

214.

215.

complete ice will not melt and final mixture will have both

ice and water. The amount of ice melted m is
Available Heat 400 -100
m= = =375¢g
Latent Heat 80
So in equilibrium, the calorimeter will have the mass of ice

and water given by
My, =20-375=1625¢g

M er = 204+3.75=23.75 g
Hence, the correct answer is (A).

Hence, the correct answer is (C).

Since % = kch( LT )

I
Q:%A(ﬂ) (1)
t o ky+kg 20
Q ¢ I Q /
LA 8] A
T, T, Ts T, Ta
Also,%:kCA(¥) .(2)
kAkB

From (1) and (2), we get k. = ok
A tKg

Hence, the correct answer is (B).

For Isobaric Process
Wi =P(V, -V )=P(2V -V)=PV

X

For Isothermal Process

W,

isot

= nRTln( %]: nRTIn(2)=PVIn(2)
1

For Adiabatic Process
— P’lvl - PZVZ
y-1
Since PV? = P,(2V)" ,s0 P, = P/27

_Pv—(P/2)2v) pv(1-2"7)
B -1 -l
Hence, the correct answer is (C).

ad

ad

Coefficient of performance
B Heat Extracted (Q,) FromSink T,
~ External Work Input (W)  T,-T,

L Q_(g)(s0clg™) 273

W W 27
= W=79cal

Hence, the correct answer is (A).

When the vessel is suddenly stopped the ordered motion
of gas is converted into its disordered motion i.e., internal
energy of the gas is increased. Hence,
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AU = %mvz { m= HM}

= nC,AT = %(J’IM)UZ

where 1 is the number of moles of the gas.
B Mo*
2C,

2
L oaTo Mo {...Csz}
2[ R ) y-1

y-1

AT

Mo? (y-1)
2R
Hence, the correct answer is (B).

Since dQ = medT

= AT =

216.
3

= Q= J‘a'Q = maJ.T'%a'T

1

43

- Q:(m)TI =al3*-1*)=80c

1
Hence, the correct answer is (C).

217. Given that, U =a+bPV =a+b(nRT) {-- PV =nRT}

= Cp=Cy+R=bR+R

_Cp_bi1
Cy b

Hence, the correct answer is (A).

218. Solar power received by earth is 1400 Wm ™

Solar power received by 0.2 m? area of earth is
P=(1400 Wm™)(0.2m?) =280 W

Mass of ice =280 g = 0.28 kg

Heat required to melt ice is
Q=(0.28)(33x10%)

= (=924x10*]

{+Q=mL}

9.28x10*
t=L=331523305
280
Hence, the correct answer is (B).
Cp R
219. Si.nce C!’_CV:Rf S0 ! —1:—
c, Gy
= Cy =ianch'p=y—R
-1 y-1
Hence, the correct answer is (B).
vV, VW
220. At constant pressure, — = —=
L I
1 _V
400 300

= V,=075L

221.

222.

223.

224,

225.

226.

Hints and Explanations H.121

= AV =075-1=-0.25L=-250 mL
Hence, the correct answer is (D).
Since, PV =uRT

= (2P)V=n'RT

= n'=2n

Hence, the correct answer is (B).

T 0 0
‘Silnze&:—l,suﬂ:ﬂ

Q L' 150 T,
= T,=250K

Hence, the correct answer is (C).

Rate of flow of heat through the cork is

Q_KA(T-T,)

t L

Q _0.008x100x(30-0)

t i
Therefore, time taken to melt 200 g of ice is
_mL, (200)(80) 8000 .

Q/t 6 3

=6 cals™

CHAPTER 2

t

= t=45min

Hence, the correct answer is (A).

According to Newton’s Law of Cooling Rate of Cooling
R e<Temperature Difference

Hence, R=K(6-6,)

This is an equation of a straight line.
Hence, the correct answer is (B).

Work done in the cycle is

W = Area of rectangle ABCD))
= W=(2B-B)(2V,-V,)=RY,
Heat added in the process A to B is

3R 3

Qup = nCyAT = n(?]AT =2 (2RVo-RV)

= Qu= gPoVn
Heat added in the process B to C is
Qpe =nCpAT = n( %)AT = 3(41301/0 -2RV;)
= Qpc=5kY
Efficiency nis
w BV, _2

rf: =
Qinput %POVOJrSPﬂVO 13

= % n= % =15.4%

Hence, the correct answer is (A).
100 °C =150 of the thermometer

= 1°C=1.5° of the thermometer
= 34 °C =51 °C of the thermometer
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So, thermometer will read —20° + 51° = 31°

Hence, the correct answer is (A).

Since E = 6(673)" and 2E = oT*

1
= T=24(673)=1.18(673) =800 K
Hence, the correct answer is (D).

Since, the gas is expanding isobarically, so Q = nCxAT
= 35RT, _10(7R](:r-:r0)

= T,=10T-10T,

= T=11T,
V
According to Charle’s Law, we have =L
11T, T,
= V=11V,

Hence, the correct answer is (A).
P o< T (at constant volume)

Hence, the correct answer is (D).

. 1
Smce, 002 = EUHQ

JE,TT 1

=2
T 273
32 8

= T=4(273)=1092K =819 °C

Hence, the correct answer is (D).

3R(273)

A cooking pot must conduct more. Also, it must absorb
less heat itself. Hence a good cooking pot has low specific
heat and high conductivity.

Hence, the correct answer is (D).

Smceg—kA( a7 ), mL_ kA(dT)
t dx t dx
kl tZ

ko b

Hence, the correct answer is (B).

1
= ke—ie,—

Since Q 45 = nCpAT = ngR(ZTU -Ty)and
Qpc =Wpe = NR- 2T log,, 2

Qs __ 5
Wye  4log,2

Hence, the correct answer is (C).

Let the length of the part of metal A be L (in cm). Then
length of part of metal B will be (20-L) cm. Since the
change in length is proportional to original length, so we
have
0.02
20

= 0.02L+08-0.04L=0.5

= L=15aum

0.04

—L+—(20-1)=0.025
20

Hence, the correct answer is (C).

235.

236.

237.

238.

239.

240.

4Q

The molar specific heat of an ideal gas C=—= can have
; T

any value lying between —eo and o

Hence, the correct answer is (D).

Adiabatic constant for the mixture is

m(Cp), +1m,(Cp),

™ (Cy ), +ma(Cy),
(0125( ]+(05)(§R)
- J/m_(D125( )+ 05)(%1{)
_ 04375+1.25 27

03125+075 17
For an adiabatic process, we have
Tzvzy_l = Tlvly_l
1
= T, :390(%)” K

Hence, the correct answer is (A).

Since the length of the liquid column does not alter in the
tube, hence we have superficial expansion and so y=2¢,
instead of y=3a.

Hence, the correct answer is (B).

. . . 1 .
Process A-B is an isothermal processi.e., P o v and since,

pes %, p-V graph will be a rectangular hyperbola. Pressure

is increasing. Therefore, volume will decrease and hence,
density will increase.
Process B-C is an isochoric process. Therefore,

V =constant and since p= E, density is also constant i.e.,
p-V graphis a dot.

Process C-D is inverse of A-B and D-A is inverse of B-C.
Hence, the correct answer is (B).

Let Ty, ,,, be the reading of faulty thermometer and T;- be
the correct reading on Centigrade scale, then

Tﬁ\ulty -10 _ TC -0

90-10  100-0
Given that T, =Tc =T (say)
T-10 T-0
90-10 100-0
= 100(T-10)=80T
= 20T =1000
= T=50°C

Hence, the correct answer is (C).

Using Tl_T?:a(THTQ—BO)
t 2
In the first case
75— 7!
5 65=a( 5+65_30] (1)
2 2
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In the second case

-4 +45
55 5=a(55 _30) 0
‘ 2 t 245,
Dividing equations (1) by (2), we get 5" 2
= t=4min
Hence, the correct answer is (C).
. 3R
241. Since, H=(1) > (10)=15R {~- H=nCyAT}
’ 7R ’ ’
Also, H'=(2) > (5)=35R {- H'=nC,AT"}
T ey 7
= H—3(15R)—3H 216,
Hence, the correct answer is (D).

242. Let (P,V,,Ty) be the initial pressure, volume and
temperature of the gas. When the gas is first expanded
isothermally, then V increases and P decreases, such that

(Pl ’Vl ;Tl ) isothermal (sz Vz;]-:l )
When the gas is compressed adiabatically to its origi-
nal volume, then V decreases and hence P and T both
increase, such that
. 247.
(B, Vy, T} ) (P, V,, T
To restore the gas to its original state, the simplest opera-
tion is
(P3 rvlng) isochoric (Pl prTl )
This simplest operation should decrease both pressure and
temperature and hence it can be an isochoric cooling process.
Hence, the correct answer is (B).
243. Since 2 =(2) +[9)
t \t ) Ut
248.
T+AT T
\ 2R ke f
. @ _____ Al . (‘?{f_’l_.f‘_‘_._[_ }
((elly]
@n), \
l« I4 >
= keqx(ZR)‘?g = kl(nRz)g +h,[ 2(2R) - mﬂ%
= 4k =k +3k;
Ky + 3k, 249,
= k= 1
Hence, the correct answer is (C). 250.

244, dQ=mcdT =0.1(100T +500)dT

400 40

2
= Q= J(lDT+50)dT=[10(T7)+50T]
20

20

Hints and Explanations H.123

= Q=5(1600-400)+50(40-20)=7000J

Hence, the correct answer is (C).

P-V diagram of the gas is a straight line passing through
origin. Hence, P o<V

= PV !=constant

Molar heat capacity in process PV* = constant is

C= R + i, where y=1.4 for diatomic gas
y-1 1-x
= C=L+i=3R
14-1 1+1

Hence, the correct answer is (C).

Given that, L; - L, = 0.1 m e N
= AL,—AL =0 E
L 12 2 2

- & 12 2 o <
L o 18 3 T
v

Solving (1) and (2), we get
L;=03mand L,=02m
Hence, the correct answer is (C).
Since, Q = nCAT (1)
By FLTD, we have

AU:Q—W:Q—%:%

= %:nCVAT (2)

Dividing (1) by (2), we get
Lo, 43

C:—C:—
3V 7302 3

Hence, the correct answer is (C).

Process 2 is an isothermal process

Hence, AU, =0

Process 1 is an isobaric ( P, = constant ) expansion
Hence, temperature of the gas will increase

= AU, = positive

Process 3 is an adiabatic expansion. Hence, temperature
will decrease

= AlUj; =negative
Therefore, AL, > AU, > All; is the correct option
Hence, the correct answer is (A).

Conceptual
Hence, the correct answer is (C).

Since, PV =nRT = %RT, where m is mass of the gas of

molar mass M. The slope of T-P graph is

Hence, the correct answer is (B).
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251. A is free to move, therefore, heat will be supplied at con-

stant pressure.

dQ, =nCpdT, (1)
B is held fixed, therefore, heat will be supplied at constant
volume.

dQy =nC,dTy (2
But dQ, =dQp {given)

= nCpdT, =nCydTy

= dTy= ( gf’ ]dTA
Vv

= dTy=y(dT,)
Since, ¥gitomic = 1.4 and dT, =30 K
= dT;=(14)(30K)=42K

Hence, the correct answer is (D).

252. Specific heat C = AQ_ i(Au +W)=Cy + w
AT AT AT
. 9Pﬂ
For the given process, W =4V, 5 )7 18F,V;
68 )(5V, 35V, 27PV.
AISO,AT:TZ_TI:( ﬂ)( “)_( 0) 0: 0'0
R R
3
and C, =—R
2
3R 2R _I3R
2 3 6
Hence, the correct answer is (B).
253. Since work is being done at the expense of internal energy
s0 it must be an adiabatic process i.e., dQ =0
= n=y
Hence, the correct answer is (C).
254, Since V = constant, so W=0
= Q=nCyAT
Now, PV =nRT
= VAP =nRAT {V =constant}
= Al'= ( L]AP
nR
For both processes AP and number of moles are same.
Since V' is more for process CD, hence AT is more for pro-
cess CD. So, Qcp > Qup
Hence, the correct answer is (C).
255. Since, no heat flows through AB, so
by =20 °C 20, 20°C 0.0
Since, Hpp = Hp 2
(90°-20°) (20°-0°)
{pp/KA fpc /KA
¢ 7
o _7
e D
Hence, the correct answer is (B). 90°C

256.

257.

258.

259.

260.

Since p—@ S0 ,cJocE
RT’ T

o £) (2]
T)y T, T)y \2)T,
(7),25)
T)y 2\T)/,
= P _EP _EP
3= 5Pa=5P
Hence, the correct answer is (B).
According to Ideal Gas Equation, we have PV =nRT
_PV
" RT

Given that P, V, T are same, so, 1, =11, =13

Also v, = [ﬂ
M

Since, M., < M,

= U >0,>0

= N

M

neon chlorine < Muranium hexafluoride

Hence, the correct answer is (D).
AL
Since, T = 0AT

1.1x107°
X 1x1075AT

= AT=T;-T,=-10
= T;=27-10=17 °C
Hence, the correct answer is (C).

In isochoric process V' = constant and P e T

Therefore, P-T graph is a straight line passing through
origin. But since

p-(2)r
Vv
Slope of the straight line o %

(Slope),, <(Slope),,
= V,>V;
Also V=V, and V, =V,
Hence, the correct answer is (A).

METHOD I
Let resistance at 0 °C be R;,. Then

2=R,(1+ a(20)) (1)
4=R,(1+a(100)) .(2)
Dividing (2) by (1), we get
- 1+100¢
1+ 20«
= 2+400=1+100cx

= o= 1 oC!
60

If resistance is 2.2 Q at T °C, then we have



ae
22=Ry(1+eaTl) ...(3)
Dividing equation (3) by (1), we get
1T
22 1+l i
2 1+20T 20
60
= (1.1}(é)=1+£
3 60
= T=60(1463-1)=28°C
METHOD II
T-20 Rp-Ry 22-2
100-20 Ry —Ry 4-2

= T:(%x80)+20=28 °C

Hence, the correct answer is (D).

261. Conceptual

Hence, the correct answer is (B).

262. (Rate of Loss of Heat ) =< (Temperature Difference)

= @xT—TO
dt

= 10=p(50-20)

= fB= % (where f is just a constant of proportionality)

At average temperature of 35 °C we have

4Q _ g(35-20)= L(15) =5 Is!
dt-ﬁ(35 20) 3(15) 57s

So, heat lost in a time of one minute (= 60 second) is
Qiora = 5x60=300 ]
By definition, heat capacity is

c= Qtotal = @ = 1500 ](OC )_l
AT 02

Hence, the correct answer is (B).

KE= H(ERTJ
2

= n-l(%RTl)znz(%RTQJ

Since 1, =2n;, s0 T, = 2T,

263.

Also PV = nRT and since, V = constant, so P o< nT

P2 My TZ 2
Hence, the correct answer is (B).

264. Since dS= %

dS:d—quPdV
T T

nRT d_V

= ds=nc, T "RT
T V T

265.

266.

267.

268.

269.

Hints and Explanations H.125

= dS:nCvd—TJran—V
T vV

5, T, v,
= JdS:nCV-[d—T+nR v
T Vv

5 I Y

T. V.
= S,-8=AS=nCyin| -2 |+nRin| -2

Tl Vl
Hence, the correct answer is (A).

Since dlI =0, so by First Law of Thermodynamics
dQCyclic =d WCyclic

Process B — C is isochoric, so

= dWy,=0 [-dv=0}

= 5=dW, p+dWy_ +dW._,

= 5=10(2-1)+0+dW__,

= dWq,,=-5]

CHAPTER 2

Hence, the correct answer is (A).

The volume of the liquid that overflows is AV = Vy AT

v
—=Vy,(80)
= 100 T

Ya =125x107* °C™!

~ 8000
Hence, the correct answer is (A).

W, =0 as V = constant

= Qup=AU,=50] {given)
U, =1500]

= Up=(1500+50)J=1550]
Wpe =-Alp- =-40] {given)

= AlUg-=40]
= U-=(1550+40)] =1590 ]
Hence, the correct answer is (A).

Since, Q=mcpayAT, where cpqy =1 calg’l"C’] and
AT =(103-98.4) °F = 4.6 °F

Also we know that AC = gAF

So, a temperature increment of 4.6 °F equals a temperature

increment of (4.6 }( g OC) =256 °C

= Q=(60000g)(1calg™(°C)™)(256 °C)
= Q=153600 cal = 154 keal

Hence, the correct answer is (B).

Given that, & = E
Cy ). 2
mix

n,Cp +n,C

. 1Lp TLp

SinceC, =—7T-—"+ »
n+ 1, :



270.

271.

272.

273.

274.
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nlel +1V12CP2 _ é
mCy, +m,Cy, 2
. m(5R/2)+m(7R/2) 3
m (3R/2)+n,(5R/2) 2

= 10n, +14n, = 9n, +15n,

= ny =n,

Hence, the correct answer is (C).

Since Q =nC,AT = %HRAT {

and AU =nCAT = gnRAT

= W=Q-AlU=nRAT

= Q:AU:AW=7:5:2

Hence, the correct answer is (C).

For the first process, we have Q; = AU+ W,

= 8x10°=AU+65x10°

= AU=15x10"]

For the second process, AU is same, therefore,
Q, =AU, +W, =AU+ W,

= 10°=15x10" +W,

= W,=-05x10"]

Hence, the correct answer is (A).

. PM
Since, p= —
RT

. . P .
Den51ty P remains constant, when — or volume remains
constant T
In graph (i) volume is decreasing hence, density is increasing
while in graphs (i) and (iii) volume is increasing hence, den-
sity is decreasing. Note that volume would had been constant
in case the straight line in graph (iii) had passed through origin.
Hence, the correct answer is (C).

Since CP=%R

= C,=-R {-Cp-Cy =R}

= y=3
2
Since y=1+~—
f
= f=1
Possible for a monatomic gas molecule moving in a straight

fixed line (one degrees of freedom).
Hence, the correct answer is (B).

Temperature Difference

Thermal Resistance=R =
Thermal Current

K
( MI’T™ )
T
= [RI=M?T°K

Hence, the correct answer is (B).

= [Thermal Resistance] =

275.

276.

277.

278.

279.

Efficiency of an ideal heat engine is n=1- %
60 . 300 !

1=
100 T,

= T,=750K=477 °C

Hence, the correct answer is (C).

2
Since,P=% (P = constant)
2
= V:ﬂ
P
2T
N dV:(i]dT
P

2Ty 2Ty
= W= _[ PdV = j (P)(%)d:r:aarg
Ty Ty

Hence, the correct answer is (D).
For an adiabatic process

dQ=0=dU+dW
= 0=dU+PdV
From the given equation

dU =3(PdV +VdP)
= 0=3(PdV +VdP)+PdV
= 4P(dV)+3V(dP)=0
= (T )=l7)
On integrating, we get

In(V*) +1n(P?) = constant
= PV*?® = constant
= y= 4

3

i.e., gas is polyatomic.
Hence, the correct answer is (C).
For a cyclic process, ALl = 0 and hence Q =W
= Qu+Que+Qup =Wy + W, + W,
Since the process ab is isochoric, so W, =0
Also, it is given that W,, =-50 ]
= 100+0+Q, =0+(-50)+W,
= Qu-W,=-150]
= AU,=Q,-W,=-150]
Hence, the correct answer is (B).

Volume of the gas is constant

L_ b

T, P
T,+1)_ 101R,
Tl Pl

= 001T;=1
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280.

281.

282.

283.

284.

285.

286.

= T,=100K
Hence, the correct answer is (A).
Since, P,V =mRT, and P,V =n,RT,
MR OB hqR B
T, vV T,
When the vessels are joined, then we have
P(V+V)=(n+n,)RT
P R
- 7=(n1+f12) _1 i+&
T 2V 20T, T,

Hence, the correct answer is (A).

W_Q-du {> From First Law dQ = dU + dW)
Q Q
ﬂ: _d£= _”Cvdel_Cv
aw_,_1
aQ Y
Hence, the correct answer is (B).
. 1 mn
Since, P=§7vr2mS (1)

= Pemetl,

Now, m is halved and v, is doubled, so P will become
two times.

In equation (1) m is the mass of one gas molecule and 1 the
total number of gas molecules.

Hence, the correct answer is (B).

Pressure is exerted on the wall due to collisions of mol-
ecules with the walls of the container. It is independent of
the velocity of container and the frame of reference.
Hence, the correct answer is (A).

Since, U-0=nC,(T-0)

= U=nC,T
JMRT_ IV, [+ PV = nRT)
y-1 y-1

Hence, the correct answer is (C).

According to Stefan’s Law E = eoT*
where e is the emissivity of body and 0 <e <1
00
F= o0
60x5x10"

= 10*=e(5.67x107)(1000)*

=10000 Wm™

= 10°%=¢(567)

L = (.18
67

€=
Hence, the correct answer is (B).
In process ABC, work done is

V\/’:PO(ZV(J —VO)=P0V0

287.

288.

289.

290.

291.

292.

293.

294,

Hints and Explanations H.127
According to Ideal Gas Equation, we have
PyVy PV

Ty Te
o RV (0.5R,)(2V;)

Ty Te
= TI.=T,=T,

3R

= AU=nCyAT=(1)| == |(Te - T,)=0
and Q=AU +W =0+P,V, =RT,
Hence, the correct answer is (C).
For an Isotherm T = constant
= PV =constant
= PVvsV isa straight line. {OPTION (A)}
Similarly, S vs T is a straight line. {OPTION (B)}

V and P plotted together must give a rectangular hyper-
bola (PV = constant). P vs T will again be a straight line.
{OPTION (D))

CHAPTER 2

Hence, the correct answer is (C).
Cp—-Cy =2 calmol™ (°C)™

Hence, the correct answer is (A).

5
For ideal monatomic gas Cp = ER
2
= R= ECP =04C,

= n=04

Hence, the correct answer is (C).

_|2RT
P =\
= 1600= /2x8.31x300
M

= M=2x10"kg=2g¢g

Hence the gas is H,

Hence, the correct answer is (C).

When, external work done equals heat supplied, then
dl=0

= T =constant i.e., Isothermal process

Hence, the correct answer is (C).

F=YAoAT =E(1)(a)(1) = Ecx

Hence, the correct answer is (A).

Initial and final temperatures are same in the both the

graphs. Therefore, AU is same. Also area under P-V

graphs is same. Therefore, work done is same and hence

heat exchanged is also same.
Hence, the correct answer is (A).

Area of the shell is A = 47R?

Rate of flow of heat is P = k(47R? )g
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_4nR’Tk
P
Hence, the correct answer is (B).

d

Ey_327+273_,
E, 274273

Hence, the correct answer is (D).

Multiple Correct Choice Type Questions

1.

Potential energy of an ideal gas is zero because inter-
molecular forces between them is zero. Degree of freedom of
an ideal diatomic gas is 5. In this 2 is rotational and 3 is trans-
lational. According to Law of Equipartition of Energy inter-
nal energy is equally distributed in all degrees of freedom.

Therefore, rotational kinetic energy = ( % ) x100=40]

and translational kinetic energy = (%) x100=60].

Hence, (A), (B) and (C) are correct.

Internal energy (U) depends only on the initial and final
status. Hence, AU will be same in all the three paths. In all
the three paths work done by the gas is positive (volume
is increasing) and the product PV or temperature. T is
increasing. Therefore, internal energy is also increasing so,
from First Law of Thermodynamics heat will be absorbed by
the gas. Further area under P-V graph is maximum in path 1
while AU is same for all three paths. Therefore, heat absorbed
by the gas is maximum in path 1. For temperature of the gas
we can see the product PV which first increases in path 1 but
whether it is decreasing or increasing later on we cannot say
anything about it unless the exact values are known to us.
Hence, (A), (B) and (C) are correct.

P(in watt) = %(in joule per second)

= P(inwatt)= mc(d—T)
dt

_(180
P _( 1000 )(0.10)(4200)(0.5)

= P=378 watt
Further P = 1@

= 378= r(]BOxE)
60

= 1=2Nm

Hence, (A) and (C) are correct.

Since Cy, = Z—;I {at constant volume}
cr=(%) { 1
= T at constant pressure
Pt ),
Ce dU +dW for any process other
Tar than an adiabatic process

_du pv
" dT  dT
Hence, (A), (B) and (C) are correct.

C {"- work done dW = PdV }

In 1 mole of all the gases there are N (Avagadro’s number)
number of molecules which are independent of the nature
of gas. Hence, OPTION (A) is correct. The translational

kinetic energy of 1 mole of any gas at temperature T is %
Therefore, OPTION (C) is also correct.
Hence, (A) and (C) are correct.

Let C, and Cy be their heat capacities. Both the spheres have
the same surface area. At any given temperature 6 they lose
heat at the same rate.

a6 de
cl-Z =c,|-Z
- A[ dt)A E( df]g

-%)
dt/, C

=Y
(_ﬁ) Ca
dat Jp

ie., rate of cooling of B is fast, but their ratio is constant.
Hence, (C) and (D) are correct.

= constant

Speed of a gas molecules, v o< VT

Change in momentum of a molecule on hitting a wall and
then rebounding is Ap e v o< JT

Since, pressure of a gas is equal to change in momentum of a
molecule colliding with the wall ( Ap ) multiplied by number
of collisions per unit area per second (11). So, for

OPTION (A): If temperature and volume are doubled,
pressure remains same. Therefore, n decreases since Ap
increases. Thus, OPTION (A) is wrong.

OPTION (B): If temperature and volume are halved, n
increases since Ap decreases. Therefore OPTION (B) is
correct.

OPTION (C): If pressure and temperature are doubled, 1
increases because pressure doubles whereas Ap increases
only /2 times.

Hence, (B) and (C) are correct.

g-u(5:1)

Ts = Temperature of steam

Ty, = Temperature of room

T, increase Q either A is increased or ¢ is decreased or Ty is
decreased.
Hence, (A) and (D) are correct.

900

H =rate of heat flow = ;

Now 1000-T =H o
KA
900 iy
Ao, f KA
KA KA

= T=1000-



10.

11.

12.

900
1+ LK

Ko 44
We also observe that T can be decreased by increasing ther-
mal conductivity of outer layer (K ) and thickness of inner
layer (/).
Hence, (A) and (D) are correct.

= T=1000-

Since, 1kg ice at 0 °C needs 80000 cal to get converted to
water at 0 °C and 1.5 kg water at 45 °C gives out 67500 cal
to get converted to water at 0 °C.

So, entire ice cannot be converted to water and the equilib-
rium temperature will be 0 °C. So mixture contains both ice
and water. Amount of ice left unmelted due to insufficiency
of available heat is

- 80000 - 67500
ice = 80
Hence, (A) and (B) are correct.

=156.25 g

L, — L, = constant

= AL -AL,=0

= AL, =AL

= Lo,=Lo

Hence, (B) and (C) are correct.

F,V, = nyRTj (for container 1) (1)

Initially
BV, = 1yRT; (for container 2) .(2)

Total number of moles = N = n, +n, = 2n,

Since, even on heating the total number of moles is con-
served, hence

Finally

ny + 1, =2, ..(3)
Further if P be the common pressure, then

PV, =n,R(2T, {in container 1}
0= 0

= n= PV (4
2RT,

Also, PV, = n,RT, {in container 2}
PV,

= n=—2L ...(5)
RT,

Since, my +11, = 2n,

PVy (PVy BV [ of (1)}
2RT, RT, ' RT,
4

= P=-F
3 0

13.

14.

15.

16.

Hints and Explanations H.129

Also,n, = 4 A0 _ 2By
""1"32RT, 3 RI,

Hence, (B) and (C) are correct.

During expansion an isotherm lies above an adiabat, so
greater work is done in isothermal process than in adiabatic

Pprocess. {OPTION (A)}
Let both expand to a final volume V, then
RVy =PV and RV =PV’
= Ro=n(2) and ny-n(B)
Since % <land y>1
= Byo>Pa |OPTION (B)]

Finally, since we know that adiabatic expansion always
leads to cooling, so we have final temperature of adiabatic
process less than the constant temperature of isothermal
process. {OPTION (C)}
Hence, (A), (B) and (C) are correct.

Refer to SOLUTION of PROBLEM 13.
Hence, (A), (B) and (C) are correct.

Since, Q; =W +Q,
= W=Q-0Q,>0

= ;>0,>00R Q;<Q,<0
Hence, (A) and (C) are correct.

Process DA is isothermal

= Ty=T,

Further T o PV

From the graph we can see that (PV )¢ > (PV)p
= T->Ty

Further process BC is an adiabatic expansion. So, Tj, > T¢.
Therefore, maximum temperature is at B and minimum
temperature at D or A. Hence,

Ty=4T,and T, =T, =T,

In process CD:
W=0
= Q=AU {~» of FLTD}

Volume of the gas is constant and pressure is decreasing.
Therefore, temperature and hence, internal energy will
decrease i.e., Q is negative or heat is released by the gas in
the process CD.

In process AB:

Q=nC,AT {process is isobaric]

Pressure is constant and volume is increasing. Therefore,
temperature will also increase or () is positive. Thus, heat
is supplied to the gas only in process AB

and Q:n[%)(TB—TA)

CHAPTER 2
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= Q:n(%)(é}T(]—TU):%nRTO

Hence, (A), (B) and (C) are correct.

17. Power radiated by the sun is P = (47R?)oT*

18.

19.

20.

21.

22.

Sun
2R
dy Jd
\“\ lf
“E,*
\,’
L]
Earth (E)
Further,
Solar constant = Energy recelve_zd Per ) _ i =5
second per unit area | 442
= P=4mi’S
For equilibrium 47R*6T* = 474°S
2
= S:lch*l[E) :lch"lE?2 { B-B}
4 d 4 d
= SeT*
= S<@

Hence, (B) and (D) are correct.

Conceptual
Hence, (B) and (D) are correct.

A refrigerator is reverse of heat engine and heat pump is
same as refrigerator. The coefficient of performance of a
refrigerator cannot be infinity and a heat engine cannot con-
vert the heat input fully to work done.

Hence, (C) and (D) are correct.

Water equivalent (w) of a body of mass m, gram specific
heat ¢ is just the product of m and ci.e., w = mc. Similarly,
heat capacity of a body of mass m, gram specific heat c is
also product of m and c. The major difference between both
is that w is expressed in the units of mass and heat capacity
is expressed in the units of energy (calorie or joule).

Hence, (A) and (C) are correct.

Since, p*V = constant

2

RT

( —) V = constant
v

= T'«<V
So, when volume becomes 3V, then temperature also

becomes \/§TO. Since temperature has increased, so internal
energy of the gas will increase.
Hence, (A) and (B) are correct.

P-T graphisastraight line passing through origin. Therefore,

V = constant

So, work done on the gas is zero.

23.

24,

25.

26.

Further density of the gas p= % = %

Volume of the gas is constant. Therefore, density of gas is
also constant.

PV =nRT
= P= (ﬂ )T
v
ie., slope of P-T line o<

Hence, (A), (B) and (D) are correct.

For n moles of gas with f degrees of freedom at tempera-
ture T, we have

U=inRT
2

Since, temperature T is same at A and B, so

Uy=Uy
%4
£ =nRT;log, il
Vi Vo

W, =nRT,log,(4) = PV, log,(4)

Also, W, =nRT, logt,[

Hence, (A) and (B) are correct.

Conceptual
Hence, (A), (B), (C) and (D) are correct.

Since work done is area under the graph, OPTION (A) is
incorrect.

Since net work done in the cyclic clockwise process is posi-
tive and for cyclic process Q = W, so OPTION (B) is correct.
Since PV =nRT, so temperature is maximum at C and
hence OPTION (C) is incorrect.

Process C to A is isochoric and pressure is falling. Therefore,
temperature also falls i.e. AUl and () are negative. Therefore
OPTION (D) is correct.

Hence, (B) and (D) are correct.

Vibrational kinetic energy of a monatomic gas = 0 at all tem-

peratures. So, Cy, = %R for a monatomic gas even at high

temperatures also.
In case of a diatomic gas

Cy= gR at low temperatures, while

Cy> ;R at high temperature due to vibrational kinetic

energy

Hence, (A) and (D) are correct.
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[ ] ]
27. Equilibrium of piston gives BS
PS=PS+mg +kx,
where, P is the final pressure of the gas
mg  kx,
= P=Pg+?g+?0 PS mg kx()

28.

29.

Work done by the gas (W) equals the sum of work done
against atmospheric pressure (Ww ], elastic potential energy

storied in the spring (AU, ) and the increase in gravita-

tional potential energy (AU, ) of the piston.
= W=W, +AlU, +Al,

1
where, W,, = RAV, AU, = Ekxé, AU, = mox,

1
= W=FAV+ Ekxé +mgxg

1
= W=PSx;+ Ekx% +1mgxg

This is also the decrease in internal energy of the gas.
Because the gas in thermally insulated and this work is
done in the expense of internal energy of the gas.

Hence, (A) and (C) are correct.

Equilibrium of piston gives
PS= kxo

= P=ki
S

Since, the chamber is thermally insulated
AQ=0
Elastic Potential Energy | ( Work Done
of Spring | byGas
= Work done by gas = %kxé

This work is done in the expense of internal energy of the
gas. Therefore, internal energy of the gas is deceased by

1
—kx3.
P

Internal energy of an ideal gas depends on its temperature
only. Internal energy of the gas is decreasing. Therefore,
temperature of the gas will decrease.

Hence, (A), (B), (C) and (D) are correct.

Since TP’ = constant, so comparing it with equation of a
polytropic process in which

1-x
TP * =constant
1-x 2
= —=-=
X 5
= b5-5x=-2x
5
= x=

= = Ymonatomic
3

So, this represents an adiabatic process, for which Q=0 i.e.,
C=0

30.

31

32.

Hints and Explanations H.131

So, Au=nCVAT=(2)(%)(2T)=6RT

For an adiabatic process, Q = ~AU = -6RT
Hence, (B), (C) and (D) are correct.
(A) Itis incorrect because isothermal process is graphically
represented like as shown.
P

3

B ————— A

(B) ForB>C—D, AU=-ve and W =-ve
= Q=-ve

(C) W =shaded area =+ve

(D) Since the P-V cycle is clockwise, so
W=+ve

CHAPTER 2

Hence, (B) and (D) are correct.
3R
Since U, - U, = (1)(7](2 -T,)
ot 28)($AB )2y,
2 R R 2

= U, -U,=105RT,

and similarly it can be done for others.
Hence, (A), (B), (C) and (D) are correct.

Internal energy of n moles of an ideal gas is

U= ( g ](nRT) f =degrees of freedom

ie., U depends on number of moles 1 and temperature T.
Similarly, PV =nRT
ie., PV dependsonnand T
P RT
But —=—
p M

P
ie., the ratio — depends on T only
p

3RT

M

i.e., Uy also depends on T only.

Similarly, v, =

ms

Hence, (C) and (D) are correct.
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Heat required to raise the temperature of a solid to its melt-
ing point is
Q, = meAT = (0.1)(0.5%107 )(100-0) = 5000 cal

Therefore, rate of supply of heat is 5000 calmin™

Since the solid takes one minute to melt, heat required for
making the solid is Q, = 5000 x 1= 5000 cal

Heat required to raise the temperature of liquid formed to
boiling point is Q5 = 5000 x 4 = 20000 cal

If ¢ is the specific heat of the liquid, then
20000 = (0.1)c(300-100)

= ¢=1000 calkg '°C™" =1 kcalkg '°C""

Hence, (A), (B) and (C) are correct.

{~Cp-Cy=R}

Hence, (A) and (B) are correct.

When heat is supplied to the gas under Isobarric, Isochorric,
Adiabatic conditions then

AU =nC,(T,-T,) (OPTION (A)}
For an Adiabatic process dQ =0
= dW=-dU
Work is being done at the expense of internal energy and
both have equal value. {OPTION (B)}
For an Isothermal process AT =0
= AU=0 [OPTION (C)}
For an Adiabatic process, since dQ =0

c=19Q_ {OPTION (D)}

ndT
Hence, (A), (B), (C) and (D) are correct.
Cc=0
1 dQ]

dQ=0 v C=—=
= 4 { ndT
= Adiabatic process
Hence, (A) and (B) are correct.
T = constant
= PV =constant {Boyle’s Law}
= P« l

Vv

Pressure of the gas is increasing. Therefore, volume should
decrease. Work done by the gas is negative or work done on
the gas will be positive. Further temperature of the gas is
constant. Therefore, internal energy will remain constant.
Hence, (A), (C) and (D) are correct.

38.

39.

40.

Process AB: P = constant
= VT

= T,=2T,=2T,

= Wy =EFV,=RT,

Since, QAB = C;JAT =(§R)(2TO —To)

= Q= gRTo
So, from FLTD, we have
Qup =AU+ Wy
= AUpp=Qap~Wap = %RTO

Process BC: V = constant
= P«T

= DP.=2P,
= T.=2T,=4T,
Since, WBC =0
= QBC = AUBC = CVAT
3
= Qe =| SR |(4Ty-2T)=3RT,
11
= Wnet = RT[J»’ Qnet = ERTO
and AU, = %RTO

Hence, (A) and (C) are correct.

Conceptual
Hence, (A) and (B) are correct.

For isobaric process, we have

W =nRAT and Q = nCpAT
From the graph, we see that

W R
Slope= —=—
*7o7g
For Graph 1
W_w 1 R
Q 8 4 G
= Cp=4R
Therefore, gas is polyatomic
For Graph 2
w_» 2 R
Q 8 5 G
= Cp= ﬁ
2
Therefore, gas is monatomic
For Graph 3
W_s_ R
Q0 8 = G

= (p=R
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which is not possible because Cy, # 0 for isobaric process

Hence, the correct answer is (D).

P AT* [ T,«T}
ie, Pocr’ {wA=am?}
. 1
Rate of cooling < —
r
Hence, (B), (C) and (D) are correct.
Rate of cooling = R = 4T
dt
Since, 192 olT*-T)) (By Stefan’s Law)
A dt
—%i—f: (T4—TO4) [~ dQ=mcdT}
T oA 4 1
SN Sl
dt mc( ‘ )

For T comparable to T, we have

T -Ty =4T; (T-T,)

 40AT;
mc

R=20 (1 1,)

A1
Roec—oc—
m

and Re< (T -Tp)

{ A=4m? and m= %m‘%p}

Hence, (A) and (C) are correct.

@ = Thermal Current [ = kA( d—T)
dt dar

Hence, (A) and (B) are correct.

Tension

Thermal Stress = =YoAT

rea
= Tension = YA0AT
Hence, (C) and (D) are correct.

During process A to B, pressure and volume both are
decreasing. Therefore, temperature and hence, inter-
nal energy of the gas will decrease (T =« PV) or AU, _,; =
negative. Further AW, _; is also negative as the volume is
increasing. Hence, temperature should increase or AUj_,~ =
positive. During C to A volume is constant while pressure
is increasing. Therefore, temperature and hence, internal
energy of the gas should increase or Al , =positive.
During process CAB volume of the gas is decreasing. hence,
work done by the gas is negative.

Hence, (A), (B) and (D) are correct.

m=nM
n =number of moles, M =molecular mass of gas
mkT _ nMkT _ HM( %)T
v 1% %
Since, PV =nRT
mkT _PVM _PM

% NV N

47,

48.

49,

50.

51.

52.

Hints and Explanations H.133

ie., the given quantity depends on P and M of the gas.
Hence, (C) and (D) are correct.

For adiabat bc

TV =T,V ! (1)
For adiabat da

v/t =TV .(2)

Multiplying both (1) and (2)
= TL(VV,)  =ThL(VV.)"
= VVy=V,V.
Since adiabatic expansion leads to cooling,
so T1>T,
Hence, (B) and (C) are correct.
Since, net change in internal energy in one cycle of a cyclic
process is zero, therefore,
AU, + Al =0

Also, for the complete cycle, Q=W
Hence, (A) and (C) are correct.
T, . 2 1

n=1-2=1--=-=033
T, 3 3

CHAPTER 2

Further n= w
1
1 W

3 1000 cal

1000 x 4.2
3
= W=1400]

Hence, (B) and (D) are correct.

W=

Conceptual
Hence, (C) and (D) are correct.

Since for any cyclic process dU = 0

= U =constant {OPTION (A)}

For an Isothermal process dT =0 i.e., dU =0

= U =constant {OPTION (B)}

Further according to First Law of Thermodynamics
dQ=dU+dwW

For constant U, dU =0

= dQ=dW {OPTION (D))

Hence, (A), (B) and (D) are correct.

Let the process start from initial pressure P, volume V, and
temperature T),.

P
aeu v T 5% 2 7

C (P_A, vy, EJ
2 2

I
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I: Isothermal expansion (PV = constant) at temperature
T, to twice the initial volume V4
Pa

II: Compression at constant pressure
volume V, (i.e.V e T)
III: Isochoric process (at volume V) to initial conditions

(ie.PeT)
Hence, (A) and (C) are correct.

to original

Since work done is area under the graph, OPTION (A) is
incorrect.

Since net work done in the cyclic clockwise process is posi-
tive and for cyclic process Q =W, so OPTION (B) is correct.
Since PV =nRT, so temperature is maximum at C and
hence OPTION (C) is incorrect.

Process C to A isisochoric and pressure is falling. Therefore,
temperature also falls i.e. AU and Q are negative. Therefore
OPTION (D) is correct.

Hence, (B) and (D) are correct.

On heating, a bimetallic strip always bends towards the
metal with low « and the reverse process takes place when
the bimetallic strip is cooled.

Hence, (B) and (C) are correct.

Container is thermally insulated, so we have
Q=0
The gas expands against vacuum, then
W=0
From First Law of Thermodynamics, we have
Q=AU+W
= AU=0
ie, internal energy and hence, temperature of the gas is

constant

1

= P v {Boyle’s Law}

Hence, (A), (B), (C) and (D) are correct.
Since T = KV?, so we have TV 2 = constant
Comparing this with equation of a polytropic process i.e.,
TV*! = constant, we get

x-1=-2
= x=-1
So, molar specific heat of the gas is

C=Cy +L=E+E=ZR

1-x 2 2

= Q=nCAT =n(2R)(3T})=6nRT]

R(3T,
R _IROT) 3
1-x 2 2

Hence, (B) and (C) are correct.

W=

Since no mechanical contact is there, so angular momentum
is conserved.

= Iw=constant
= Allo)=0

58.

59.

60.

61.

= Ao+ wAl=0

Aw Al

= —=-—
0] I

L do_ AT oo {.,gzﬁzzm]
W, I I R

Hence, (A), (B) and (C) are correct.
For isothermal process

T = constant

. 3RT
Since, v, = ,[—
M

= V

ms 15 also constant

Hence, (B) and (C) are correct.

During free expansion, gas is allowed to expand in vacuum.
This happens so quickly that there is no heat transferred. Since
the gas does not displace anything, so no work is also done by
the gas and hence by FLTD, change in internal energy of the
gas is also zero. So, there is no change in temperature of the gas.
Hence, (A) and (C) are correct.

W

cyclic
¥

()
Q h
Aucyclie: =0
Hence, (A), (B) and (C) are correct.

=nR(T,-T,)log,

During expansion an isotherm lies above an adiabat

SinCE, ( Slope )adil\bat = '}I( slope )isnfhen'n

Since y>1
= my >y

Hence, (C) and (D) are correct.

Reasoning Based Questions

1.

Since, for an adiabatic process, TV =1 = constant
= d(Tvr)=0
= T(y-1)V'do+V7dT =0

= %(y—l)dV+dT:0
aT T

= —=—-—(7-1
av- vy

. dT
Slope is negative, so — <0
dv

Hence, the correct answer is (C).

Since, C = AQ
nAT
In adiabatic process, AQ =0

= C=0
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In isothermal process, AT =0

= (C—oo

Hence, the correct answer is (A).

Statement-1 is true and Statement-2 is false.

We can change the temperature of a body without giving
(or taking) heat to (or from) it. For example, in an adiabatic
compression temperature rises and in an adiabatic expan-
sion temperature falls, although no heat is given (or taken)
from the system in the respective changes.

Hence, the correct answer is (C).

Coefficient of thermal conductivity is the property of the
material and changes only when the material changes.
Hence, the correct answer is (D).

Since, V-T graph is a rectangular hyperbola, so
VT = constant

= PV?=constant

P
= 5= constant
T

Hence, the correct answer is (B).

A gas have may values of specific heat capacity depending
on the process used.
Hence, the correct answer is (D).

Statement-1 is incorrect, because two isothermal curves can
never intersect each other but Statement-2 is correct.
Hence, the correct answer is (D).

In a constant pressure process, the heat supplied has two
jobs to do
(i) increase the internal energy of the gas by ALl and
(ii) to push the piston to maintain the pressure.
Hence Cp > Cy,

Hence, the correct answer is (A).

If V increases temperature of gas decreases.
Hence, the correct answer is (A).

Coefficient of volume expansion d = ld_V
VdT
Since, PV =nRT
= V= (ﬂ ]T
P
dV nR
= —=—
dT P

_ldv_nR_ R 1
VdT PV uRT T
Hence, the correct answer is (D).

Conceptual and discussed in Theory.
Hence, the correct answer is (A).

Upon increasing pressure, the ice melts so as to decrease
the volume and thereby pressure. To freeze the melted ice
one needs to decrease the temperature down and hence the
melting point decreases.

Hence, the correct answer is (A).

Hints and Explanations H.135

13. Internal energy increases in the melting process.

Linked Comprehension
Hence, the correct answer is (D).

Linked Comprehension Type Questions

1.

Since W = Q
2
From FLTD, we have dQ =dU +dW

= dQ:dUJr%

= du:dW=Q

2
= CydT=PdV o~
R x

—— |dT =PdV
-~ [7) &
, , : , -
Since, for a monatomic gas y = Y so on integrating, we get o
P°V = constant <
Hence, the correct answer is (C). 5
Also,C:CV+Pd—V=3R
dT

Hence, the correct answer is (C).

Since, PV =nRT

3
(ﬂ) V = constant
1%

= T'eV?
3 3
- bV
TS VS
= V=8V, [ T=4T}

Hence, the correct answer is (B).

AB is an isobaric process. In B— C magnitude of Z—T
increases and O — A is an isochoric process. ¢
Hence (C) OPTION is correct.

Hence, the correct answer is (C).

For a cyclic process, we have

AU =0

Waet = Qpet =—1000 ]

Wp +Wge + W, =-1000 ]
(4)(R)(200)+ Wy +0=-1000 ]
Wye =-7640

Hence, the correct answer is (C).

LUl

The volume of gas at state C is given by
_ nRT,

Py
= V:=00332m’

Hence, the correct answer is (A).

VC:VA

The force due to pressure of liquid is Buoyant force. Besides
this, gravity and viscous force act on the bubble.
Hence, the correct answer is (D).



10.

11.

12.

13.

14.

ICON

H.136 )EE Advanced Physics: Waves and Thermodynamics

Since, no heat exchange takes place, so the gas expands
adiabatically.

PYTTY = constant
-y

= TZ=T1[§] !
2

where, T,=T,, P,=F+p,gH, P,=F+p,g(H-y) and

T=§
1-2
P H Tg
= T2=T0[ 0t P8 );
Ry+pg(H-y)
2
P +pe(H-y))5
- Tz—To[ 0+ P8 y))
Fy+p,gH

Hence, the correct answer is (B).

Buoyant Force F; =Vp, g

RT RT.
Since, V = 1~ = ek

P (R+pg(H-y))
Substituting the value of T,, V, we get

PmRgTy
(130+,9&th)§(130 +pg(H-y))

Hence, the correct answer is (B).

Fp =

W

Since, o, > o, therefore, tube tries to expand more than the
bolt when assembly is heated. But the tube is tightened by
the bolt, therefore, its expansion cannot be more than that of
the bolt. Due to this a compressive stress is developed in the
tube and a tensile stress in bolt.
Let initial length of the assembly be / and let its elongation
be Af. Elongation of tube if it were free to expand would be
7oy, AT . But its actual elongation is A/, therefore elongation
prevented in it is equal to (/o AT — A/ )
So, compressive strain in tube is

(¢, AT - AY) .
E = B 5x10

t

Hence, the correct answer is (B).

Compressive stress in tube

0, =EY,=5x10° Nm™ { Y= Stre_ss }
Strain
Hence, the correct answer is (A).
Y, (Al —{oy, AT
Tensile stress in bolt g, = Y(Al- oy AT) 107 Nm™

A?
Hence, the correct answer is (B).

Since it is open from top, pressure will be F.
Hence, the correct answer is (A).

Let P be the pressure in equilibrium.

PA
[ l ]
v
Mg RA

15.

16.

17.

Then, PA=F,A-Mg
M

= P=R--S-
A

Applying PV, = BV,

Mg

B -
O 2R

= B(24L)=(P)(AL")

2P L P
Lr=="2"- 0 (2L)
P |p_ Mg

O aRr?

2
L'= fﬂi (2L)
R°Fy - Mg

Hence, the correct answer is (D).

Since we observe, P, = P,

= P+pg(L,-H)=P (1)
Now, applying PV, = P,V,, for the air inside the cylinder, we
have
R(Ly)=P(L -H)
Pl
L,-H

Substituting in equation (1), we have

= P=

B,L
R +pg(1y-H)=
0

2
= pg(Ly-H) +PR(Ly-H)-RL,=0
Hence, the correct answer is (C).

The given network forms a Wheatstone’s bridge. There will
be no heat flow through bd, if the bridge is balanced.

Ry _ Ry
Rbr.‘ Rdf
Since, R
2
= —==
3 x
= x=6/
Hence, the correct answer is (C).
SiDCE, Hbd = O
= H,=H,
= H3 = H4
200-T, T,-0

() ()
KA KA
Solving this equation, we get

T, =150 °C
Hence, the correct answer is (D).
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18. The correct answer is (D).
19. The correct answer is (C).

Combined solution to 18 and 19

Let m be the mass of ice and g be the rate by which the heat
is supplied to it. If T; and T; be the initial and final tempera-
ture of the ice, then

Q =gx1=mx05x(-T;)
Q,=gx4=mx80

and Q3 =qx2=mx1xTy

Solving these three equations, we get
T, =40 °C

and T;=-40 °C

20. Since, Cp—Cy =R

R

Cy=—-

= v ’y—l
R 3R
So,CVﬂz =—
(5-1) °

3

5R

= Cpﬂ=?

Similarly, C,, = _R_R

[

19 nACPA +nBCPB

7R
= CPH = ?

Also, Vyisture = —=———-
Pt 13 ntACV{1 +}13CVB

where n, =1
= ngp=2mole

Hence, the correct answer is (D).

21. Since, Bulk Modulus of the gas under adiabatic conditions is

B=yP
- 1 1
Compressibility, K= —=—
B yP
So, change in adiabatic compressibility is

AK=K,-K,

- AK:L_Lzl[l_l]
v ovR \B B

Since, the process is adiabatic, so we have

szzyzplvzy

v Y v, \'

= P2=P1 _] :Pl —1 =P15?’
V, Vi/5

o Akt L _1 =L(i_1)

}’ P15y Pl }’P1 5)’
RT
where, Pli(n,,‘+n5)

22,
23.
24,

25.

26.

Hints and Explanations H.137

(1+2)x831xT _2493T
v %

1 1
(%)(24.93)(%)(5%_1]

= AK= —(0.025)%

P =

= AK=

Hence, the correct answer is (A).
The correct answer is (B).
The correct answer is (A).
The correct answer is (B).

Combined solution to 22, 23 and 24
Let P} and P, be the initial pressure in lower chamber of gas
and upper chamber of gas, then

PQ=PD+%=2P[J and V, = Ax12x 1072 m?

If P; and V5 are final pressure and volume in upper chamber,
then we have

V;=Ax(28-1)x107 m®
Since, BV, = PV

CHAPTER 2

DV _ 4B
P p 28-1
New consider lower chamber, then
2
P =P+ ’f =3P, and V, = Ax8x107% m®

Also, P{=P5+¥=PO(;§:$)

and V/=Ax(8+1)x102 m?
Since, PV, = PV}

= (3P0A)(8x10-2)=PD(EE'DA[(SH)MO'Z]
= 24=(E)(8+1)
28-1
= [|=4cm
So, P/ =2P, =2x10° Am™
and Py = 24F, =B, =1x10° Nm™
281
V;_28-1_ 24
v, 8+l 12

W = Area under the curve = %Plvl
Since, IV, =nRT,
3

W 9

AR
nRT, RV, 2

Hence, the correct answer is (A).

From FLTD, we have
Q=dUu+w
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Since, dU = nC,dT
For final state, we have
PV, =(2P,)(2V;) = 4PV, = nR(4T,)
Hence final temperature is 4T;
= du= n(%)(?ﬂj): gnRT]

9
= Q = SHRTI + EHRT[ = 6HRT1

Q _,
nRT,

Hence, the correct answer is (D).
Since, Q = 6nRT, (1)
Also, we know that
Q=nCAT
= Q=nC(3T;) ..(2)
Equating (1) and (2), we get
6nRT, = nC(3T)
= —=2
R
Hence, the correct answer is (B).

ABCA s a clockwise cyclic process, so work done by the gas is

W = Area of triangle ABC = %(base)( height)

= W:%(zv0 -V, )(3B - By)) =RV,

P
apt----3
P -2 c
1 1
Vo 2V, >V

Hence, the correct answer is (B).

Number of moles 1 =1 and gas is monatomic, therefore
Cy= ER and Cp = §R
2 2

Cy_3_.Cp_5

R 2 R 2

Heat rejected in path CA: (process is isobaric)
= C—-D:

= dQcx= %(vaf - Pr'Vi)

Substituting the values

dQca = g(Povo - 2RV, ) = ‘%Povo

Hence, the correct answer is (C).

30.

31.

32

Heat rejected in the process AB (process is isochoric) is
dQ 5 =CydT =Cy (T, - T,

Also, Qcp = —900R (released )

= dUu=0
dQ 5 =30V,

Heat absorbed in the process AB is 3RV,

Hence, the correct answer is (B).

Let dQpc be the heat absorbed in the process BC:

Total heat absorbed,

dQ =dQcy +dQup +dQpc

dQ =(—§POVU ]+3(POVO)+dQBC

BV,
1Q=dQsc +-22

Change in internal energy, dU =0
= dQ=dW

BV,
= dQBC + % = PUVO

BV,
= dQp-= %

Heat absorbed in the process BC is %

Hence, the correct answer is (C).

Maximum temperature of the gas will be somewhere
between B and C. Line BC is a straight line. Therefore, P-V
equation for the process BC can be written as

P=-mV+c (y: mx+c)

Here, m= 2L and c=5P,
v

o]

P-—[%}V+5PD

Multiplying the equation by V,
zpn 2
PV=-| " |V2+5RV (PV=RT for n=1)

[

+

RT= —(ﬁ}vz +5PV
%

o

2P, ,
SV ] ..(1)

0

1
or T= R[513‘,1/-

dT
For T to be maximum, — =10
av

4p,

= 5P - V=0
VO
v
4



33.

34.

35.

36.

37.
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5V,

ie at V= 1 (on line BC), temperature of the gas is

maximum. From equation (1) this maximum temperature
will be

2
Tonex = %[EP"[%)_%(%] }
Hence, the correct answer is (A).
nVy 3
W:deV:aJ. vav = 20 (2 1)
Vo 2
Hence, the correct answer is (A).

R
Since, dU = Cp,dT = —]dT
}/_

R
AU=—|dT

y-1
Since, PV = RT = aV?
= RdT =2aVdV

nVy
Al =22 JVdV:ivO?(nz—l)
(r-1) y-1

Yo

=

Hence, the correct answer is (B).
Since, Q=AU+ W

and Q= (1)CAT

- c=| 2 LR
y-1)2

Hence, the correct answer is (B).

At constant pressure, we have

W =PAV =P\ (2V, -V, ) =RV,
= AU=3R)(2Vy)-3R(Vp)=3RV,
So, from FLTD, we get

Q=AU+W =4RV,
Hence, the correct answer is (D).

Also, for n moles of gas with f degrees of freedom, at tem-
perature T, we have

u=Lurr=L(pv)
2 2

Since U =3PV

So, comparing, we get

= f=6

2
Since, y=1+=

= y=1+§

38.

39.

40.

Hints and Explanations H.139

4
= =-=133
Y 3
Hence, the correct answer is (A).

Process AB: PT = constant
Since, PV =(1)RT

RT
= 7 T = constant

2
—— = constant
Vv

g B
Since, W = I PdV = J'M

A A

B A

av

{ PT = COnstant}

=

SIS

1
3
= T,F%:loo

CHAPTER 2

From (1), we get

d_V _2RT
dT  constant

100 ( ) ZRT
W= j con;tant gt

=
(constant)
300
= W =2R(100-300)
= WAB = —400 R

Hence, the correct answer is (B).

Since, the process CA is isochoric

P
So, T = constant

T
o L P
T. P
o L b1
T. P 3
= T.=3T,=900K

Since, AU =nC,AT

= Au:(l)%Rx(TA—TC)

= AU:%RX(E‘:OO—QOO)

= AU= —%RX 600 =-900R
Hence, the correct answer is (D).

Since, process BC is isobaric, so we have

Q=nCpAT

= Q=(1)§R(TC -T;) =2 R(900-100)

2
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42,

43.

44,

45,
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= Q= gR(SDO) =2000R

Hence, the correct answer is (C).
LetTy=Tyand V. =V =V}

Then, T, =T, = 4T, and V, = (82)V,

V
Now, Vj = [ T—"‘ ]TB =242V,
A

v\
and T = TB(—B) = 2T,
VC

= T.=2T,
Hence, the correct answer is (B).
Since, we have

W:WAB+WBC +WCU+WUA

1%
= W=R(Ty-T,)+nCy (T~ T¢ )+O+RTDlogE(V—A}
D

= W=-3RT,- %RTO +0+14RT, log, 2
= W=52RT,
Hence, the correct answer is (A).
Qabsorbcd = QCD + QDA

= Quosorbed = 3RTy +14RT,log, 2=12.7T,

%100 = 41%

So, efficiency, 17=
Qabsorbcd
Hence, the correct answer is (B).

Wy, =W, =0as V = constant

W,, =nRT,log, [ ﬂ]
Vi

v, v,
be = ﬂRTb log(,( Ifb] = —TIRTb l()g(, { {/d]
Ve
= Wy =nRlog, | |(T,-T,)

Vd

Since T, -T, >0 andﬂﬂ
Vi

= W, =NEGATIVE
Hence, the correct answer is (C).
d—a:T = constant
= AU=0
= Q=W
Since, volume of the gas is increasing. Hence, W is positive,
so Q is positive.
a—b:V = constant
= W=0
= Q=AU
Since, temperature is increasing. Therefore, AU will increase,
so ( is positive.

46.

47,

48,

Hence, in processes d — a and @ — b heat is supplied to the
gas while in processes b — ¢ and ¢ — d heat is taken from
the gas.

Hence, the correct answer is (B).

From ideal gas equation, we have

PV = nRT

pMRT _ nR(T, +av*?)
v %

p="RTo . rav?

dpP
For P to be minimum, we have o 0

MRy 4 2anRV =0
v

T
= V—g=2av

= 1/3=E
2a

1
- (2

2a
Hence, the correct answer is (A).

From ideal gas equation, we get

_nRT _nR(Ty +aV?)
vV

P

p="Rl o Ry?
v

2
1 3
P="R0(20)5 + anR 10
T[]E (2a)3
For n=1, we get
) 1z
= 11 g3RTS
= P, =RTP(2)3(a)3 +—2
23
21 1 2
3RTja® 3( 3 —) 1
P = 2 =3 a’RT} )(2)3
3
3R 1/3
Prnin = ?(ZQTUE )

Hence, the correct answer is (D).

In adiabatic process TV? "' = constant

= v = L(seev)
2

= (566V) =2

= (y-1)In(5.66)=1In(2)
= y-1=04

= y=14
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49,

50.

51.

52.

53.

54,

2
Since, y=1+=
f

= f=5
Hence, the correct answer is (D).

{for y=1.4}

Using PV = constant
= PV =P, (566V)"

= P;=009P
Since, work done in adiabatic process is given by
wo FVimPVy _(PV)-(0.09P)(566V)
r-1 14-1
= W=123PV
Hence, the correct answer is (B).

Since, U=U, +2PV
= AU =2A(PV)=2RAT

= Cy,=2R 57.

= (Cp=3R

Hence, the correct answer is (B).

WzRTlngf[%]zPVlogf(2)=u]%logl,(2)
0

Hence, the correct answer is (D).

Cy =2R, which lies between C;, value of a monatomic and a
diatomic gas.
Hence, the correct answer is (C).

Let at any instant { temperature is T'. The net rate at which
heat is absorbed by the gas is

dQ _ KA(T-T,)
g — (1)

Since, dQ = nCpdT = n(% JdT

2 {

T

-[ aT 2 j
= dt
gt —KA(T-Ty) 7nR¢

Ty 0

Solving, we get

, ( _2KAt )
T=T, s 15\ Tare
KA
Hence, the correct answer is (A).

At maximum temperature, we have

49
dt

So, from (1), we get
KA

qu(Tmax _TO)

qt

= T..=T+-—

KA

Hence, the correct answer is (B).

55.

56.

58.

59.
H(B]‘;_Tz _KA(T-T) 60.
t

Hints and Explanations H.141

Since, the process is isobaric, so we have
ﬁ - Vmax
T, T

max

Vv, T

max _ ~ max
= —_—=

VD TD
Hence, the correct answer is (D).

In process @ — ¢, we observe that

Ve T ie., P = constant

= Q=nC,AT= 2(%13)(600 -300) = 1500R

AU =nCyAT = 2( gR)(éOO— 300)=900R

N
From FLTD, we have Q =AU +W (4
= W=Q-AU=600R E
Hence, the correct answer is (C). &
The corresponding P-V graph is shown in figure. I
P U
d
a c
1
1
| b
| |
Va VC g V

Since, area under the P-V graph gives the work done.
Hence, W,;. >W,. >W,,,

= W;>W,>W,

Hence, the correct answer is (D).

The correct answer is (C).

The correct answer is (B).

The correct answer is (D).

Combined solution to 58, 59 and 60

For AB:P = constant

= VT

So, if V is doubled, T also
becomes two times.

A B
T, =300K 24T
| 1
= Ty=600K e
! Lo
V,=20L ! P
' VL)
o vy —40L 20 40 113
RT, (2)(831)(30
py= A el )(3; 0) 5 49%10° Nm™
V, 20%10"

Process 2: Process is adiabatic. So, applying T7P"7 =constant.

5
(@]3/3 249x10° b (249x10° )"
30) | R R



61.

62.

63.

64.
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= Po=(249x 105)(2%8)5/2

= P-=044x10° Nm™=44x10° Nm™

Similarly using PV” = constant we can find that V- = 113 litre
W, = Area under P-V graph

= Wy =(249x10°)(40-20)x107 = 4980 ]

Also, Wy =-AU =nCy, (TB ‘Tc)
= Wye= (2)[%x8.31](600—300): 7479
= Wfotal =12459 ]

Since, P1A+KX=P2A

RT R(T+AT
o R g PRUT+AT) {~* PV =nRT)
(L-x) L+x
nRT L _nR(T+AT)
)
4 4 x=L/4
2 Kx
5 ar=Z 2K
3 16 nR

Hence, the correct answer is (C).

Since, AU = nCy AT

2
. Au_n(%)(ai&)
2 3 16 nR

= AlU= nRT+(E)KL2
32

Hence, the correct answer is (A).

Using FLTD, we get
Q=AU+W
2
where W = lez = lK(E)
2 2 \4
_IKE K
216 32

2
= Q:AU+W=nRT+%

Hence, the correct answer is (B).
Since, T =T, + oV?

For an Ideal Gas, we have

PV =nRT
= TZE
nR

PV
= —=T+aV®
nR

nRT,

= P= +(nRe)V?

Now P is minimum, when j—i =0

R0 4 nRa(2V)=0
v

65.

66.

67.

68.

= % =20V
= vV L
20

1
- {2}
2u

Hence, the correct answer is (C).

Since, C=Cy, + E(d—v)
n

dT
= C:CV+L {'.‘d—vzi'vavz}
n(3av?) dT
RT;
But P = -2 + (nRa) V>
= C:Cv+[HRT”+(nRa)V2) L
3noV
RT, Rol/?
= C=Cp+— +na2
v(3nav?)  3naV
= C:CV+E+ RT°3
3 3aV
Hence, the correct answer is (A).
Since, P =10, (4R V2
This P is minimum, when
1
2
20
2
= P,.= HRT‘]I +nRoc[i)3
Z 2a
(22
20
1 21 2 21

= P, =23nRT{03 +23nRT) o3

12 1( 1]
= Py =23nRTPa? \1+23

1 1
= 713’“;“ - =23(1+23)
nRT3 o
12
P 2 z
= —T :(23 +23)
nRT o
Hence, the correct answer is (B).

o

E= .[E 2dA

0
The area under the curve represents the total intensity (energy
per unit area per second) radiated at a particular temperature.
Hence, the correct answer is (C).

According to the Stefan’s Law, the intensity of each wave-
length increases by increasing the temperature and the area
under the curve increases in fourth power of temperature.



69.

70.

71.

72.

73.

74.

75.

76.
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According to Wein’s Law,

1

T

Hence, the correct answer is (D).

""l'm oc

While answering, we must keep in mind that the curve at
higher temperature

(i) lies above the curve at lower temperature.

(ii) never intersects with the curve at lower temperature.
(iii) the maximum occurs at a lower wavelength.
Hence, the correct answer is (B).

Initially, we have U; =m, ( ngTl )Jr mn ( %kBT2 )

= U= %kg(anl +1,T))

Hence, the correct answer is (B).
Finally, we have U; = %kﬁT(nl +11)
Hence, the correct answer is (B).

Heat lost by one equals the heat gained by the other gas, so
we have

Ty S e

mTy +ny15
ny+ 1,

= T=

Hence, the correct answer is (D).

c= R R o+ R

y-1 1-x 1-x
Since it is given that P o< V
= PV

= x=-1

= constant

R_5R R
2
Hence, the correct answer is (A).

Urms > ﬁ

Since, rms speed has doubled. Therefore, temperature must
have become four times.

= C=Cy+ =3R

= Q=nCAT

= Q=nC(4T,-Ty)

= Q=3n(3RT,)

= Q=9RV, [~ nRT, =PV, }

Hence, the correct answer is (C).

Since, T;, = Ty, therefore net change in internal energy, dU = 0.

Hence, the correct answer is (C).

Given number of moles n =2
Process AB and CD are isobaric.

Hence, Qx5 = —Qcp
[Because (AT) ,, = +100K

whereas (AT, = -100K and Qi = nCpAT]

77.

Hints and Explanations H.143
or Qup+Qcp=0
Process BC is isothermal (dU =0)
= Qpc =Wy =nRTy ln[P_E]
Pe
V4 =10 m®, Qpc = 4608 ]
Similarly, process DA is also isothermal hence
Qpa =Wy, =nRT, ln( i” ]
S Qpu=(2)(831 (SOD)In( ]
Qpa =3456] o~
(a) Net heat in the process o
Q=Qup+Qpc +Qcp +Qpa = (4608 - 3456) ] [T
Q=1152] E
(b) From First Law of Thermodynamics, dU=0 (in <
complete cycle) dQ = dW T
Hence, net work done in the cycle @)
W=Q=1152]
W=1152]

Hence, the correct answer is (D).

Since entropy is a state function, so 5, = 5; and hence dS for
one complete cycle is zero.
Hence, the correct answer is (D).

Matrix Match/Column Match Type Questions

1.

2,

A= (qt),B=(@),C—(s)D—=(p)
For a cyclic process, AU =0

By FLTD, we get Q=W

For Isobaric process, W = nRAT

For Isochoric process W =0, so Q = AU
Since, adiabatic expansion is accompanied by decrease in
temperature, so a decrease in internal energy.

A= (p,s);B—=(p,1;C—(qs);D—(qr1)
Process a — b:

T = constant

= AT=0
= AU=0
= Pocl

1%

.. . . . . 1
pis increasing. Therefore, V' is decreasing. Since, V e — or P
will increase. p

Process b — ¢:

p= constant

=V =constant

Therefore, P o< T
Since, temperature is increasing. Hence pressure should
also increase.
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A—(p,s);B—=(q1);,C—(pr1s;D-(ps)

A->(1);B—=(6);,C=({(p);D—(q)
Since, Isothermal Bulk modulus is
RT
Biso = P = 7 and

Adiabatic Bulk modulus is

5RT 5

B = P:— " —

ad =V 3V [ Ymonatomic 3 }
dP P RT
siope),,,=(20) =-2--KT
( p )mot av isot %4 V2

dP P 5P
s {2), A2

A= (@);B=(p);C—>(s)D-(q)
A—=(p,s);B=(s);C—(pthD—(qt)
M — N is an Isochoric Process

= V =constant i.e,, P<T

= Wg,.=0

Since, P is increasing, so T is also increasing and hence
AU >0

N — O is an Isobaric Process
= P=constant ie, Vo T

Since, V is increasing, so T is also increasing and hence
AU >0

Also, W > 0 for isobaric expansion.

O — P is an Isochoric Process

= V =constant i.e.,, PecT

= Wg,.=0

Since, P is decreasing, so T is also decreasing and hence
AU <0
P — M is an Isobaric Process

= P=constant ie., Vo T

Since, V' is decreasing, so T is also decreasing and hence
AU <0
Furthermore, for isobaric compression W <0

A->(w);B->(p,qt)C—o(s)D—(r)

Since W,; = %(Tf ~T; ) for 1 mole of gas

-7
Wisnchoric =0

All,

isothermal —

0
Cadiabatic =0

Wisobaric = (1)RAT = R(Tf _Tr)

Since,U:nCVT:ﬂ { C, = R }
r-1 y-1
e 2V
y-1
Conceptual

A=(s);B-o(@);C=(q:D—=(p)

10.

11.

A= (s);B=();,C—(q;D—(p)
For an ideal monatomic gas PV = constant, where y = g

= PVP= constant(for an Adiabatic process)

= C 0

adiabatic =

Since, for a polytropic process, TV*™! = constant

= x-1=2
= x=3
Als;o,CzCV+i
-X
R
= C=CV—E
c-3R_R [oc-2
2 2 2
= C(C=R

When V = constant, then C=C, = %

When P = constant, then C=Cp = %

Conceptual
A=, qr;B-(prs);,C=({pqr1);D-=(pqr)

A=(s);B=(1);,C=(q:;D=>(1)
When A and B are mixed
(m)(e)(T-20)=(2m)(c)(40-T)

T:%zS&S °C

When A and C are mixed
(m)(c)(T-20)=(3m)(c)(60-T)

= T=50°°C

When B and C are mixed
(2m)(c)(T - 40) = (3m)(c)(60-T)

= T=52°C

When A, B and C are mixed

Heat Gained by | ( Heat Lost by
A+B - C

= mc(T-20)+(2m)c(T-40)=(3m)c(60-T)
= (T-20)+2(T-40)=3(60-T)

= 3T-100=180-3T

= 6T=280

= T=46.67 °C

Integer/Numerical Answer Type Questions

1.

Let m be the mass of the container
Initial temperature of container is

T.=(227+273)=500 K
And final temperature of container is

Ty =(27+273)=300 K
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N (Heat Gained by ) B ( Heat Lost by ]

the Ice Cube the Container
Iy
michicc + micn_‘cwaterAT = _mj. cdT

T,

= (01)(8x10*)+(01)(10°)(27)
=—mj (A+BT)dT

500

2
= 10700 = —m[ AT+%)

500

After substituting the values of A and B and the proper lim-
its, we get

m=0.495 kg
= m=49%g

/!
Thermal resistance R = —
kA

= {~t,=t,and A, =4}

If R, =R then R, = 2R

CEDB forms a balanced Wheatstone bridge, ie., To =1p
and no heat flows through CD, so
1 1 1

+

Ry R+R 2R+2R

4
= RBE =§R

The total resistance between A and E will be,

41
Rue = Ryp+ Ry =2R+§R=£R

Now, heat current between A and E is

(AT)s:  (60-10) 15

H= = ==
Re ™ () R
3
If Ty is the temperature at B, then
(AT )4
Hyp= TB
AB
15_60-T,
R 2R
= T;=30°C

Further, H 43 = Hy + Hpp
15_30-T  30-Ty
R~ R 2R

(30-T)

{Tc =T, =T(say)}

= 15=(30-T)+

Hints and Explanations H.145

Solving this, we get
T=20°C
= TC = TD = 20 OC

For an adiabatic process, we have

14
pfz(vi;] P )

Further, C, = %

= Cp=Cy+R=2R
2

CFI 75

Cy, 3
5/3
= Pr=|2| (10)°=624x10° Nm?
2

Now, work done in adiabatic process is given by
We BV, =PV
y-1
10°x6x107° -6.24x10° x2x 10>
= W= 5
()
3
= W=-972]
= Work done on the gas is 972 ]
o _ Y

L I

- ne(B) 0
171

CHAPTER 2

(a) Since,

NERR Y

—P,

Here, P, =1x10° Nm™, V; =24x107 m’, T, =300 K
Since the piston is light and moves out slowly, so we have
PA=PA+kx

= B=p B (a0) o 050

8§x107°
= P=2x10° Nm~
and V, =V, + Ax=24x107+8x107 x0.1

= V,=32x10"m’

Substituting in equation (1), we get
T, =800 K

(b) Heat supplied by the heater, using the FLTD is
Q=W+AU

where, AU = nC,AT = (1;1—;1)( %R)(SOD -300)

(1x10°)(2.4%107)(1.5)(500)

= AlU=
(300)
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= AU=600]

Further, W = %kx?‘ +PAV

- W= %x(sooo)(m)2 +(1x10°)(0.1)(8x10°)

= W=(40+80)]

= W=120]

= Q=600+120=720]

Initially when only one sphere is there

P

source — GAT; { (TD =1000 K)}

After enveloping, let temperature of the inner sphere is T,

and that of the outer sphere is T,

OAT} =P 1o = OATY T2
T, =T, =1000 K

Further, AT, - 6AT;' = P.

4
source — O—ATO
= T}=2T)

= T,=(2)"*(1000)
= T,=(1.19)(1000)

= T,=1190K

For the given case AT = 30 °C
Expansion of girders is Al = [aAT

= Al=12x1.1x107x30=0.00396 m
= Al=3.96 mm

For a cyclic process, ALl =0

= cycle = "Veycle (1)
where, chclc =Waspt WH—)C + WC—)A (2)

Process C — A is isochoric, hence W, , =0
Process A — B is isobaric, as its T-V graph is a straight line
passing through origin.
In an isobaric process, work done is
W, g =P(VB —VA) = nR(TB —TA)
= W, ,;=1x83(400-300)=830] ..(3)
W,_,p is positive, so expansion of gas takes place.
From equations (1), (2) and (3), we get
-1000 =830+ Wp_, +0
= Wy, =-1830]

Negative work done implies that compression of the gas
takes place or work is done on the system/gas.

Since:‘=2:r\/E
8

For a pendulum to give correct time, its period must be 2 5.

¢
2=27,|-L .1
= ey 1)

10.

11.

12.

. zzzﬁ\/Po[lJr]leD'(’(T—SZ)]
9.788
Equating (1) and (2), we get
o Iy
9.8 9.788
= T-32=-102
= T=-102+32

(2)

[1+12x10°(T -32)]

= T=-70°C
Since process is a cyclic process, so we have
So, we have
AU =0 {Answer to Part (c))

Applying FLTD, we get
Qnet = Whet = Wyp + Wie + Wep +Wpy
Now W, =nRAT =(2)R(100) = 400 cal
Wye =(2)R(400)1og, (2) =1120 cal
Wep = nRAT =(2)R(-100) = —400 cal

WDA = (Z)R(B!OO}IOgL,(%]i -840 cal

S0, W, , = 400 +1120 - 400 - 840

= Wy =280cal
= Qne =280 cal

{Answer to Part (b)}
[Answer to Part (a))

Thermal expansion in rod is Al = [cAT
Due to clamps, the elastic strain developed in the rod is

Al

= oAT =(1.2x107)(30)=36x107°

Since, in steady state, rate of heat flow is

o AmKnnAT _ (4)(x)(0.002)(11)(9)(100-0)
- - (11-9)

n=n

H= 90 _ 124.4 cals™
dt

This rate should be equal to L( %]

dQ
dm\ g 1244 a
dm)_dt 1252 o
( dt ) L 80 &

Total mass of ice is m = p;, (47:;32)

= m=(09)(4)(x)(9) =916 g
So, time taken for the ice to melt completely is

t=L=£=589 sec.
(d_m) 1.555
dt
@) P=oT
1

= PT 2= constant

1 1

= P2V 2 =constant

= PV =constant
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13.

14.

Compare with PV* = constant, we get
x=-1
= W= [ . )( AT)

1-x

- w:§(50)=251<

= *=25
R 3, R
Since, C=Cy+-——=_R+_=2R
® "Ti-x 2 2
= (C=2R
= *:2

Consider one-half of the bar, with original length
L

(=20
)

The length after temperature increase is
{=1{y+ ol AT

From Pythagoras theorem, we have
=3 = A (1+0AT) - 73

= 1% =(3(1+20AT)- (3 =2030AT

= x=/yN20AT

= x= 2(25%107)(32)

= x=2x40x107°

= x=80mm

Since it is given that, initially the separator is in equilibrium,
so pressures on both sides of gas are equal say P. If A be the
area of cross-section of cylinder, then number of moles of
gas in left and right part are n, and n, given by

P.(10A) P.(20A)

R(100) R(400)
Finally, when separator is displaced to right through a dis-
tance x, then we have

P, (10+x)A
n=———andn, =
RT;

m 113

P (20-x)A

RT;
where, P; and T, be the final pressure and temperature on
both sides after a long time.
Equating the ratio of number of moles ™ in initial and final
state, we get 1y

n _ (10A/100)

(10+x)A
m, (20A/400) (20-x)A

= 2(20-x)=10+x

15.

16.

17.

18.

Hints and Explanations H.147

= x=10com

Hence in final state, when gases in both parts are in thermal
equilibrium, the piston is displaced 10 cm to the right from
its initial position.

When the temperature is increased, volume of the cube will
increase while density of liquid will decrease. The depth
upto which the cube is submerged in the liquid remains the
same, hence the upthrust will not change.

F=F'
= Vipg=Vi'rLg
= (Al)(p)(8)= A(1+2aSAT)(h,)[ P_L]g

Solving this equation, we get y, = 2,

{where V; is the volume immersed)

= I 2
as
Dy = % =7,=11.2kms™ =112x10° ms™
3RT

= |/ =112x10°
M

3(8.314)T
(i)
1000
= T =20000K
7

1’121, ’yzg

~(11.2x10°)°

= y—]:E

Qap=Qcp =0
LetT,=T,and T =T, with T, > T
For the process AB, we have

TV = constant

(S RT]

= TV5 =constant

2 2
= Ta(10V )5 =Tg(Vo Js
= Ty=T,(10)" =25T;
Similarly, T = 2.5T,

Now, Qg = C,AT
= Qpc= (SR)(TC -Tg)= (6.25)(T2 ~T;)and
QDA = —25(T2 _Tl )
S0, Wit = Qpet = 3'75(T2 -T )
pe Mot
heat absorbed

{~ AU=0}
X100 = 222 X100 = 60%
6.25

Under steady state conditions the net rate of heat flow per
unit area is the same everywhere.

H=o(T-T4)

CHAPTER 2
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T, T,
Adding these three equations, we get
3H=0o(T} -T})=H,
Here H;, = 0'( Tf - Tf ]is the rate of heat flow per unit area in

the absence of the shields.
So, the desired fraction is

Piston A is free to move, so gas will expand isobarically and
piston B is fixed, so the process is isochoric.

Given that, Q4 = Qp
= nCpATA = HCVATB
7R 5R
= | — [(30)=| — |AT,
( 2 )( : ( 2 ) !
= AT, =42K

Density of a liquid varies with temperature as

_| Po=c
4 °‘_(1+yt]

where, y is the coefficient of volume expansion of
temperature.

In the figure,
hy=528 cm, h=49 cm, h; =51 cm
I °
h, B C 5C h
l 95C|| 5°C 95°C 2

Now, (Pressure at B) = (Pressure at C)
= P+ ipgseg = hpsg = By + hopseg = hipgs-g
= pose (b +h)=ps(hy+h)

o @:hzﬂz
Pse  h+h
[12%)
1
. +95y :h2+h
Poe h1+h
145y
1+5y 51+49 100
- _ _

1495y 528+49 1018

21.

22.

23.

24,

25.

Solving this equation, we get

y=2x10"*(°C)"
= x=2

For an isobaric process, we have
Wieon = PAV = nRAT

X

= Wy, =(02)(83)(100) =166 ]

Thermal resistance of the rod,
/ 1

KA~ (401)(4x107)
100°C

=623 KW

0°C

——H

Temperature difference

= Heat current H = -
Thermal resistance

(100-0)
6.23
Heat transferred in 1 hr. is Q = Ht { H= %}
= Q=(16)(3600) = 57600 ]
Now, if m mass of ice melts in 1 hr., then Q =mL
_Q _ 57600

L 3.35x10°

= m=0172kg=172g

H= =16 watt

Force by rod on wall is F = YAQAT
= F=(2x10")(2x10%)(1.2x107°)(80) =384 N

In both the cases, the weight of the body is balanced by the
buoyant force acting on it. At f, =0 °C, we have buoyant
force given by

Fb:(Wu )PUS' (D
where 6 is the fraction of volume submerged in the liquid,
Vj is the volume of body and p; is the density of liquid at
t, =0°C.

At t=50°C, the volume of the body now becomes
V=Vy(1+74)

Further, the density of the liquid at 1 =50 °C is p; = - il t
+ ¥

So, the buoyant force is now given by
L= Vopeg (1+ 7:t)
= pel i)
1+ y,t
From (1) and (2), we get %d=96%

.(2)

For an adiabatic process TV?™' = constant

= v = L(seev)
2

= (566V)' =2

= (y-1)log,(5.66)=log,(2)
= y-1=04

= y=14

Since, y= 1+% =14
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2
= —=04
f

2
= f=0—4:5

26. W = Area Enclosed =(10)(4-1)(3-1)x10°> Nm™
= W=6x10°]J=6M]

If the net work is done by the gas, then direction of traversal
around the cycle is clockwise.

27. Let m be the mass of the steam required to raise the tem-
perature of 100 g of water from 24 °C to 90 °C. Then

Heat Lost | [ Heat Gained
by Steam )~ { by Water

= m(L+cAT;)=100cAT,
_ (100)(c)(AT,)
L+c(AT,)
where, ¢ =specific heat of water =1 calg™ °C
L = Latent heat of vaporization = 540 calg '
AT; =(100-90)=10 °C
and AT, =(90-24)=66 °C
Substituting the values, we get
__(00)(1)(66) )

(540)+(1)(10)
= m=12g
28. Since the boiling process is an isobaric process, so
W, = PAV =(10°)(1671-1)x10* Nm

= Wy, =167 ] =40 cal
Now, according to FLTD we have Q = AU+ W

where Q = mL=(1)(540) = 540 cal
= 540=AU+40
= AU =500 cal

29. A constant pressure, VV o< T

- 2 0
Vg
L A T
Aby T,
= h=h L} =(1)(@)m=ém
T 300)" 3

As there is no heat loss, process is adiabatic.
For adiabatic process,

Ty =Ty

v 7-1 } 14-1 24
= T,=T, f} =(400)(1f =400()
- Vf hf 3

= T; =(400)(1.12)=448 K

Hints and Explanations H.149

30. If after time ¢, temperature of water inside the pitcher drops
to 15 °C, then by law of calorimetry, we have

0.2 _( 02t 6
(10—mt)(4200)(5)—(1000 )(2.27><10 )

Here 02t <« 10, so we have 210000 = 454t
1000

= t=462s

31 (a) UV

Since, U o< T
1

= T«V2
1

= TV 2= constant
1

= P‘VE = constant

Comparing with PV" = constant, we get x =
Since, molar specific heat is
R R R

CHAPTER 2

R
= C=—+—:—+—
y-1 1-x 7 1
5 2

1 1-

= C=2Rrs+2r=R
2 2

= *=0
(b) Further Q =nCAT and AU =nCyAT
= W=Q-AU=n(C-Cy)AT

W C-Cy
= —_—
AU G,
9.5
- W=(ﬂ]AU= 2_2 |(100)=80]
Cy 5
2

32. According to Newton's Law of Cooling

(525

For the given conditions,

60—40=a(60+40_10) )
10 2
Let T be the temperature after next 10 minutes. Then,
4D—T=a(40+T_1D) 0
10 2
Solving equations (1) and (2), we get
T=28°C

33. Number of moles (1) is n = %
Since the masses of two gases is same, therefore the ratio of
number of moles is
m_M 287
n, M, 32 8
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Also, pressure and temperature of both gases is same, so
from Ideal Gas Equation, we get V o< #n therefore their vol-

umes are in the ratio.
Wi m 7 360-0

V, n, 8 7]
= 0=192°

34. Since, mgh = mcAT +mL

L=gh-cAT

1.=(10)(6x10%) - (125)(200 - 40)
L = 60000 — 20000

L = 40000 Jkg ™"

L=40kJkg™

L

35. Number of moles, n=2

Cy= %R and Cp = gR (Monatomic)
T, =27 °C=300 K
b €
W W
| B-2g D4y
Va Va
172 N B
Valzo%x Ly
Ta Ts

Let V, =V, then Vy; =2V, and V|, = V. = 4V,
(a) Process A — B, we have
VeT
s _ Vs
Ty Va
Vi
= Ty=T,| —% [=(300)(2)=600 K
Va
= Ty=600K
(b) Process A — B,wehave VT
= P =constant

= Qup=nCpdT =nCp(Ty-T,)

= Qu= (2)(§R](600—300)= 1500R, absorbed

= Q,p =23000 cal, absorbed
Process B — C, we have T = constant

= dU=0
V.
= Qpc= BcanTBIDgE{V_C]
B

> Q=R o)os, 31 |

= Qe =(1200R)log, (2)=(1200)(2)(0.7)
= Qg = 1680 cal, absorbed

Process C — D, we have V = constant

=  Qcp=nCydT =nCy (T, -T¢)

3
= QCD=n[2R)(TA—TB} [ Tp=Ty and Tc =Ty}

= QCD—(Z)(%RJ(SOO—&)O)

= Qcp =—900R (released)

=  Qgp =-1800 cal, released
Process D — A, we have T = constant
= du=0

= QDAzquanTnloge(Z—z]

Vi
> Qo= (2)R)00)og | 31
Since, log(,(%] =-2log,(2)

= QDA = 600R10g,3( 1)

= Qps =-1680 cal, released
(c) Inthe complete cycle, AU =0
Therefore, from FLTD, we have
Wiet = Qup + Qe +Qcp +Upa
= W, =3000+1680-1800 -1680
= Wy = Wigta = 1200 cal

ARCHIVE: JEE MAIN
1 Since,U;ﬂ_,_”zf%
U= (S}Q(S)RTJf(S}z(S)RT:lSRT

Hence, the correct answer is (B).

2. The mean free path of molecules of an ideal gas is

4. V. _ RT
J2rNd?  \22NP&2

where, V is the volume of container, N is number of
molecules and d is the diameter of the molecule.
Since volume of container does not change (closed container)

. T .
ie, F=constant, so mean free path is unchanged. Hence

with increasing temp, mean free path does not change if gas is
confined to a closed container. Also, average collision time is
Average collision time
. Mean Free Path _ 4
Average Speed 7,
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Since, average speed v,,, =< VT
S llision time © !
0, average colision ime 7 e ——
s N

Hence with increase in temperature the average collision
time decreases.
Hence, the correct answer is (D).

Given that, % =0.02%
Since, AL = LaAT

= % =0AT =0.02%

Also, f=2u
= BAT =20AT =0.04%
. M M
Since, p=—=—
vV AL

p M A L
Due to heating, mass remains constant, so we have

Ap %+£=ﬁAT+D{AT
p A L

=

ap ‘ =0.04%+0.02% =0.06%
P

Hence, the correct answer is (B).
Unfilled volume V' of the beaker is constant, so
V=V, -V, = constant

After increasing temperature, V remains same.

= AV=0 v
0

= AV, -AV, =0 v

= VOYBAT = Vm}’mAT v

Vors  (500)(6x107¢)

= Vm == = T (A e and)
Ym (15 x10 )

Hence, the correct answer is 20.

=20cc

At constant pressure, nCp (50) =160
At constant volume, nC,, (100) =240
C, 160 7y

2C, 240 2

= y=l+—=—=

f 3

2
f-ﬁ-ﬁ

Hence, the correct answer is (C).

Initially, we have

Calorimeter, Water , Steam
—_— —_—— —_—
0g,25°C  Wg,25°C m, 100°C

Finally, due to condensation of steam, we have

Calorimeter, Water , Water
—_— =
20g,31°C  20g,31°C  m, 100 °C

10.

Hints and Explanations H.151

By law of calorimetry, we have
(180+20)(1)(31-25)=540m +m(1)(100-31)

= m=197g=2g

Hence, the correct answer is (B).

&1

where, f the is degrees of freedom of a gas.

Since, ¥ =

(A) For monatomic gas molecule, we have

(D) For triatomic rigid molecules, we have

2 5

=3, y=1+—-==

f=3y=1+2=2

(B) For diatomic rigid molecules, we have

2 7 N

= 5'_ =14+—=—
f=or=1+3=5 [+ 4
(C) For diatomic non-rigid molecules, we have E
2 9 Q.

=7, y=1+-=2
f 4 77 <
L
v

2 4
=6, y=1+—=—
f=6v c73

Hence, the correct answer is (A).

Here the water will provide heat for ice to melt therefore
m,, ¢, AT = n, . L

ce1ce

0.2x4200%25
Myee = T A A
3.4x10
= m,=6l7g

=0.0617 kg

Remaining ice will remain unmelted
Hence, the correct answer is (A).

As work done on gas and heat supplied to the gas are zero,
total internal energy of gases remains same

U, +U, =Uj + U,
= (0.1)Cy, (200) +(0.05)Cy (400) = (0.1+0.05)C, T

= T:? K=266.67 K

Or, we could have simply said that internal energy lost by
one gas equals the internal energy gained by other i.e.,
(0.05)Cy (400-T)=(0.1)C,, (T -200)

= 400-T=2(T-200)

= 3T=800
= T:?=266.67 K

Hence, the correct answer is 266.67.

For an ideal gas, we have PV =nRT
= A(PV)=A(nRT)
Since volume is constant, so we have
VAP =nRAT
AT VT

=—=— {~-PV=nRT}
AP nR P
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AT

2130150

AP 2

Hence, the correct answer is 150.

Since, 1( 1 mv* ) =mcAT
2\2

)
4c  4(0.030x4200)

Hence, the correct answer is (B).

= 87.5°C

Mean kinetic energy of a molecule at T is

%kBT=4><10‘“ (1)
. PV .
Since n = T and if N be the number of molecules. then we

have n= ﬂ
A

N =[ ﬂJN
RT
= N=399x10"
Hence, the correct answer is (C).

Since, L=L, +L,
= AL=AL +AL,
= (L + Ly )0 AT = Lioy AT + Lyop AT

_ PV _2x13.6x980x4
kT (8/3)x107

_Loy+Lo,
q L+1,

Hence, the correct answer is (D).

3RT
S‘ =,|— d =
iINce vy M and vy, = vy,
3RTy, [3RT,,
= _—= —
My, \ My,

573 _ I,
28 2
= Ty, =4093K=41K

=

Hence, the correct answer is 41.

Total degree of freedom =3+2=5
WRT _SRT

U= n=1

5 > {on=1}
= Y= Cr 1329427

Cy f 55

Hence, the correct answer is (D).
For an ideal gas, we have PV =nRT
So, P,V; =nR(250) (1)
and P2(2V1)=(%”)R(2000) )

Dividing equation (2) by (1), we get

2P, _ 52000
P 4x250

17.

18.

19.

20.

21.

22,

B_
Pl

= 5

Hence, the correct answer is (5).

Average collision time
e Mean Free Path 4

~ Average Speed  7,,
Since, average speed v,, o T

. 1
So, average collision time 7 o ﬁ

Hence, the correct answer is (C).

Work done W

Since, 1= =—
e Heat Input  ZQg
1 1915-40+125-Q
= == r" =_——
2 1915+125
- 1_2000-Q
2 2040
= 2040=4000-2Q
= 20=1960
= Q=980]

Hence, the correct answer is (C).

Bursting of helium balloon is an irreversible and adiabatic
process.
Hence, the correct answer is (B).

Since Q_ L, where, Q, =mL; , = 8000 cal
W T,-

1 2
Also, T, =273 K and T, = 300 K

8000 273 273

W 300-273 27
= W=791.2cal
Also Q; =Q, +W, sowe get

Q; =791.2+8000 = 8791.2 cal = 8791 cal
Hence, the correct answer is 8791.

For an adiabatic process,
AQ=0

For an isothermal process, carried on an ideal gas
AU =0

For an isochoric process volume remains constant, so
W=0

For an isobaric process, AU #0, AW #0, AQ#0

Hence, the correct answer is (A).

Since AU =nCyAT, so internal energy change remains the
same in all the cases. Along path AB volume is increasing,
so W>0. Along path AD volume is decreasing, so W <0
and along AC volume is constant, so W =0

Hence, the correct answer is (A).
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24,
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. In adiabatic process

PV7 = constant

Y
= P[ﬂ) = constant
p

26.
As mass is constant
Pep’
P y 7
o S| PE) C(3)5=27 =128
F R
Hence, the correct answer is (D).
Since, Wpepa =2RV,
f 3
B C
3F 1 »
A
A
Fot <
°l A D
Vp 2V,
Also, Qy, = Qap +Qpc
Along path AB, volume is constant, so
3R
Qup=nCy (Tz-T, }:H(TJ(TB -Ty)
3 27.
= Qup= E(PBVB _PAVA)
3
= Qup= E(3P0Vn -RVy)=3RV,
Along path BC, pressure is constant, 50
5R
Qpc =nCp(Te - Tp )= ”(TJ(TC -Tz)
5
= QBC:E(PCVC_PBVB} 28.
5 15
= Q= E(6PUV0 -3FV, }: ?PUVD
The percentage efficiency is given by
n:ﬂxloo: 2P0;/g %100
in 3BV +~RVo
4
n=ﬂ=19.04 ~19
21
Hence, the correct answer is 19.
29,

According to Newton’s Law of Cooling, we have the rate of
cooling to be proportional to the average excess tempera-
ture, so

50+40

50-40
300 "B( 2 _20] -0
40-T 40+T
imilarly, ——= -2 (2
Similarly, 300 ,B( 5 0) (2

Hints and Explanations H.153

Solving equations (1) and (2), we get
T-1DC-3C

Hence, the correct answer is (A).

Rods are identical have same length (/) and area of cross
section (A ), so for series combination of rods heat current is
same, hence

[+ ‘ K2 KS | 0
100 C{ H 10 C
70°C 20°C
(Q] =(g) =(9) = Heat current
t Jap \tJpc \tJep o~
(100-70)K,A _ (70-20)K,A _ (20-0)K,A o
I B I T L
-
= 30K, =50K, = 20K, o
So, 3K, =2K; §
ﬁ=2=2:3 v
K; 3
Also, 5K, = 2K,
&—2—2:5
Ky 5
Hence, the correct answer is (A).
1
Since, n=——
ince, 1 1+ 8
1_ 1
10 1+p
)
= ====9
h W

= Q=9W=90]

Hence, the correct answer is (C).

In process 2 to 3 pressure is constant and in process 3 to 1
volume is constant which is correct only in option 4. So, cor-
rect graph is

A1

Vv
Hence, the correct answer is (D).

Since PV" = constant

= Trl=C
7
z_] 371
= 300xV5 =T2(1)
16
2
4x—
= 1,=300x2 5
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In an isobaric process, we have

V:nRT
P

= V,=kl,

= 2V,=KT;
8
= Ty=2x300x2°=1818.85

Hence, the correct answer is 1818.15.
Since,T,;=T=273+20=293 K
1£V,=V, then V, = —

10
For adiabatic process, we have TV"™' = constant

Tlvly_l = TZVZ},_I

7 T4
1 5
= TVs =T, ( 1)
10

2 2
= T,=T(10)5=293(10)5 K

2
= AU=nC,AT= 5( %)(105 —1)T

_25(8.314)(293)(25-1)
2
Hence, the correct answer is 46.

= AU =46 k]

_mCy, +m,Cy,  2(3R/2)+3(3R)

Since, (Cv o mm 2+3
12R
= (Cv)misz
12R 17R
= (Cp)mixz( V)mix+R=?+R=?
= Yo =%=E:1.42
mix (Cv)mix 12

Hence, the correct answer is (B).
Since, Y=o, +@, + @,
= y=5x10"+5x10°+5x10"
= y=(50+5+5)x10°=60x10"° °C"
= C=60
Hence, the correct answer is 60.
Applying Law of Calorimetry, we get
540M + M (1)60 = (200)(80)+200(1)(40-0)
= M=40g
Hence, the correct answer is 40.

_mCy +mCy, _n(3R/2)+2n(5R/2)

ince, (C,)_. =
SlI'lCe ( V)mlx n1+l’12 o
13R
= (Cv)misz
13R 19R
= (Cf’)mix:(cv)mix+R=—+ -

35.

36.

37.

38.

39.

= _ (CP )mix _E
Ymix - (CV )mix - 13

Hence, the correct answer is (B).

According to table and applying law of calorimetry
1T, +2T, =(1+2)60° =180
1T, + 2T, = (1+2)30° =90
2T, +1T, = (1+2)60 = 180
Adding (1)+(2)+(3)
3(Ty+T,+T;)=450
= T +T,+T;=150°
Also, we have
1T +15,+1T, = (1+1+1)T

= 150=3T

= T=0=50°C
Hence, the correct answer is 50.

(1)
.(2)
..(3)

Degree of freedom of a diatomic molecule if vibration is

absent is 5

Degree of freedom of a diatomic molecule if vibration is

present is 7

Cv _faR2_fa_5
CS fBRI‘;z fB 7

Hence, the correct answer is (B).

N
, where n, =—
e v

SiI'lCE, A= ﬁ;

Tty
L _ 1 _ 1 M
Urms \/Efmgdzvrms \/Efmodz 3RT

L oh. M
- 2
T M, dy

5 [40 (017

= 1=

= 120 T ?
T, 140 (0.07)
= H_109
Ty

Nearest possible answer is 1.83
Hence, the correct answer is (C).

Let amount of water evaporated be m gram.

= mL,=(150-m)L,

= m(2.1x10°)=(150—m)(336x10°)

m:@=20g
7.25

Hence, the correct answer is (C).

Between the isothermal and the adiabatic processes, P-V

graph for adiabatic is steeper.
Hence, the correct answer is (C).
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41.

42,

43.

44,

45,

Since, v o< \T

= v_l = ﬂ
&) T,
200 400

= —=,—
U2 500

= 0,= 200\/2 =100v/5 ms™

Hence, the correct answer is (A).

Since, AW, > AW; and AU, = AU =U; - U,

So from FLTD, we have
AQ =AU+ AW
= AQ, >AQ

Hence, the correct answer is (A).

RT
Since, v, =7 = 3

_ /3RT [SkB
=

NIZ?
3ky

Hence, the correct answer is (D).

T=

According to Stefan’s Law, we have
dT ,
mc( —E)= eO'A(T4 - T[f)

dT _ecA(T*-T})

Cdt pVe
dT 1
T pc

Since, p,c4 < PpCy

£)(5)
So, A cools down at faster rate
Hence, the correct answer is (B).
Forgas A, Cp=29,C, =22

For gas B, C, =30, Cy, =21

ICON

{rm=pV}

Cp, 29
= =—4=—=131
Ta C, 22
When A has vibrational degree of freedom, then
9
=-=1.29
Ya 7
C 2l
'}lB = iE = @ = 142
CVB 21

So, B has no vibrational degree of freedom

Hence, the correct answer is (B).

3KA KA

H=——(6,-0)= 3d —;(0-6;)

46.

47,

48.

49,

50.

51.

Hints and Explanations H.155

%, 6
10 10
Hence, the correct answer is (B).

f=

For isobaric process, work done W =nRAT and heat given
Q=nCpAT, so we have

W R R

Q TC, P Cv +R

Number of moles of He at STPis n = % =3

Since the volume is constant, so process is isochoric and
hence, we have

Q=nCyAT = 3( )(20) 90R =90(8.31)

= Q=748]
Hence, the correct answer is (D).

CHAPTER 2

When V| =V, then P, = (1_,)2%
When V, =2V, then P, _p0{1 %(%H_@

Since, T = v
nR

aT=|EVL_BV)
nR  nR
= AT:‘((HVFPZVﬂ):LP0V0_7P0V0
nR nR| 2 4
= ar=2th
4nR

Hence, the correct answer is (B).

Heat supplied at constant volume Q=nCyAT and heat
supplied at constant pressure is Q; =nC,AT

a_ %
Q¢
= Ql=rQ=?

Hence, the correct answer is (C).

For the process ca, AU, =-180 ]

For process be, isochoric Wy, =0

= AU=60]

Heat absorbed along abis Q,, =250

Since AUy, =0, 50 AU, =120 ]

So by FLTD, W,_,;, =130 ]

Total work done from (a —b—c)

W=W,+W, =130]

Hence, the correct answer is (A).

Applying law of calorimetry, we get
5M, + M,L=50M,



52.

53.

54,

55.

56.
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Hence, the correct answer is (A).
Since, (2+3)Cy = Z(g)‘l“ 3( ﬁ)
2 2
21R
"0
Hence, the correct answer is (D).

Cy

Since,n=l= —T—C
6 Ty
— == (1
o (1)
T--62
Now n':zn:l:l_m
3 Ty
T.-62_2 2
Ty 3

Substituting equation (1) in (2), we get
Tc-62 2x6 4
T. 3x5 5

= T-=310K=37°Cand T;; =372K=99 °C
Hence, the correct answer is (A).

Since, W,

1

b =MRAT =10]

andQ:nC;;AT:n(%)ATz%(nRAT)
7

= AQ=E(1O)=35]

Hence, the correct answer is (B).

Since, v, = /?’;—T =11.2x10° ms™

2 2x107°

= T=M,(112x10°) = x125.44 x10°
3R 3% 83

= T=10*K
Hence, the correct answer is (A).

Given that V =25x10"° m?, n=1 mole of O,

T=300K, 0, =200 ms !, d=0.3 nm
N N
Since, A =  where n, = —=—424
V2rnyd? vy

e A 1
Urms ﬁﬂnodzvrms
The average collision rate (per second) is

1 v N
;:%: \/Eﬂ'(vA)dZUrms

=

6.023x10%

= 1_\5(3.14)( =
T 25x%10

](o.ogxm"“)(zoo)

Average number of collisions = 10"
Hence, the correct answer is (B).

4
. Since, n=mnge”™

= N-= J‘a’N = ]:(”n‘-’a# )4nr2dr
0

4
= N=47rn0j‘rze o dr
0

Substitute vorr® =z, we get

\/E(Zrdr)zdz

L. 2
 Azn, ZY2e72

2 \/E al_;‘.i
0
3
= Neno*

N

4rn 12 22
dz=—1 J.zl-'fze iz
207

Hence, the correct answer is (A).

. For path ACB, applying FLTD, we get

Qacs =Wacg +Uxcs

= 60=30+U,e

= Upep=Uupp=30]

Similarly, for path ADB, we get from FLTD
Qupe =Wyps+Upp =(10+30) ]

= Qupp=40]
Hence, the correct answer is (D).

. Applying Kirchhoff’s Junction Law (K]JL) for heat currents

at P and Q respectively, we get
n_n_n—%+ﬂ—%
L2 L 3L/2

= Z(TA—Tp)zg(]},—TQ) (1)

At P,

Tp-To, Tp-To _To-Ty

AtQ, .
Q L 3L/2 L2

= z(TQ-TB)zg(TP—TQ) (2

From equations (1) and (2), we get

10
2Ty =Ty)=2(Tp~To )+ 5 (Tr-To)

16
= 2><120=3(T,,—TQ)

2x120x3

= L;—TQZ =45 OC

Hence, the correct answer is (B).

(Urms)He — %ﬂj@afﬁ%ﬂé’
(Urms)Ar MHe 4

Hence, the correct answer is (C).

. For no change in length of the rod, we have

ALThr:rrmt] - A‘medwanical =0

FLy

AT =
= L AY
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F

Y =
AcAT
Hence, the correct answer is (B).

Q_ DB Q&
T’l TZ T3

Also, W, =0, -Q, and W, =Q, - Q;
Given W, =W,

= Q1 - Qz = QZ - Q3

= 2Q0,=Q;+0Q;

= 2LL,=T\+T;

:%:500]{

62. Since,

= T,

Hence, the correct answer is (D).

T.
63. Since, % 2= \/z
U T

= T,=1200K
For a closed vessel, volume is constant, so

Q=nCV(Tz—Tl)z(g)(%)(%D):lO ]

Hence, the correct answer is (C).
L_ L

64. Since,nzl—gzl— =1-=
Tl TZ T3
> L. LT (1)
Tl TQ T3

= T,=JT|T, and T, = [T,T,
Substituting value of T, in equation (1), we get

VhT; :E

T
LT, ,T_42
T2 T}
= =TI

2\1/3
= L= (T1T4 ) )
Similarly, we get T, = (T12T4 )5
Hence, the correct answer is (D).

65. Since, W, = PAV =nRAT

isob

Hence, the correct answer is (A).
66. Applying law of calorimetry, we get
192c(100-21.5) = (128)(0.394)(21.5-8.4) +

(240)(4.18)(21.5-8.4)

. 660.65+13142
15072

Hence, the correct answer is (A).

67. Smce,V=E=g=1m3
p 8 4

=916 Jkg 'K

68.

69.

70.

71.

72.

73.

Hints and Explanations H.157

From ideal gas equation, we have PV =nRT
= 4x10* xi:nRT

= nRT=10*

Internal Energy U = %nRT = % x10* =1.5x10* |
So internal energy is of order of 10*

Hence, the correct answer is (C).

Q_K(T,-T) _0.1x900
A L 1
Hence, the correct answer is (D).

=90 Wm™

U:S(§JT+5(E)T o~

2 2 o
= U =15RT [TT)
Hence, the correct answer is (C). -
For adiabatic process, TV’ = constant &
= x=y-1 I

2 v
= x==

5

Hence, the correct answer is (A).
Let m gram of ice be added, then heat lost by water is
Quost =50(1)(40-0) = 2000 cal
Similarly, heat gained by ice is
Qgained = m(0.5)(20)+(m—~20)(80)
By law of calorimetry, we have
Quost = anincd
= m(0.5)(20)+(m-20)(80)=2000
= 90m=23600
= m=40g
Hence, the correct answer is (B).

Let final temperature be T'. Since, heat lost equals the heat
gained, so we have

(0.1)(500-T)(400)=(800+0.5x4200)(T -30)

R (500-1"):%@-30)

= T=36.39°C

36.39-30

% increase = =20%

Hence, the correct answer is (B).

Since, 100c, (100 —90) =50c, (90 -75)

= 205,=155,

= 45,=35,

Let final temperature be T, then we have
100¢, (100 -T) =50c, (T -50)

= 75¢,(100-T)=50c,(T -50)

= 3(100-T)=2T-100
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= T=80°C 81. Average collision time
Hence, the correct answer is (B). _MeanFreePath _ 4
74, Since, Al = faAT Average Speed 7,
= ,(180-30)=a,(T-30) The mean free path of molecules of an ideal gas is
= 4(180-30)=3(T-30) ot Vv __RT
o T=230°C V2mngd®  2aNd? 2nNPd?
Hence, the correct answer is (B). where, V is the volume of container, N is number of
. . ) molecules and d is the diameter of the molecule.
75. Since, for a polytropic process, TV = constant
A RT
= X— 1 = 1 IT=—= B
o U ~27NPd*v,,
Since, average speed v o JT
= C=Cv+i=ﬁ+i=5 g p av
1l-x 2 1-2 2 JT
R T
S0,Q=nCAT = AT
Hence, the correct answer is (B). N \E X % x6x10°=3.87x10"% s
. 5]
2)—(x,/3 _
76. Since, (%/2) (xo )=T 0 .
xg—(xy/3) 100 = L1=4x10"°s
. T
X6 T :
2x,/3 100 Hence, the correct answer is (D).
T 1 82. Asp;=ps
= —==
100 4 p; sin 45°
= T=25°C )
Hence, the correct answer is (D). p;cos 45°
77. Work done, W = Area under PV graph . oY
45°
1
= W:ExﬁLxS:lD] p; sin 45°
p.
Hence, the correct answer is (B). I
p; cos 45°
78. Since K, = Kidy + K4y Wall
A+ A,
R , Net force on the wall,
- ch=K]ER +K223rzR F,dF’,z N )
7R = =20y c0545° = 2nmuvcos 45
- K = K +3K, Here, # is the number of hydrogen molecules striking per
*1 4 second.
Hence, the correct answer is (B). F 2nmucos45°

Pressure P=—=
. 3 ] A Area
79. Since U= EHRT' for a monatomic gas

2x107-3x3.32x10-27x103x(i)
3 3 ¢ B V2
= U=—PV=—x3x10"x2 = P= =
2 2 2x10
= U=9x10°] = P=235x10° Nm™
Hence, the correct answer is (B). Hence, the correct answer is (A).
80. Since, (P,~P)A=mg . ... 83. Since, %k,ﬂ":%mvz
L] L] f
nRT _nRTY, Ly
A, A )08 3k, T J3><1.4><10"23x300
. . . = = =
AT m 7x107%
nRT( ¢,-1, N K
= Mm=——= . e s 5 1 3
g i, D = 0v=+1.8x10°" ms™ =1.3x10" ms

Hence, the correct answer is (A). Hence, the correct answer is (A).



84,

85.

86.

87.

88.

89.

=2R

. 3 R
Given 7,,;, = 2’ 50 (CV )rnix - Yomix — 1
n'lCV + nZCV~n
= (CV )mix - #
1+ 1y

_ 2(3R/2)+n(5R/2)
- 2+n

= 2R

= B8+4n=6+5n
= n=2
Hence, the correct answer is (C).

For an adiabatic process TV? ™" = constant
= LV =TV

y-1
= TZ—T1($}
2

Here, T, =27 °C=300K, V, =V, V2=2V,y=§ 90.

v 3 1)

= T2=300(—) =300(—) =189 K

2V 2
Change in internal energy, AU = nC,, AT
= Al= n(ﬁ)(Tz ~T,)=2x 2% 2 (189-300)

2 2 3
= AU=-25x111=-2775]=-27k]
Hence, the correct answer is (C).

P
Work done on gas W, =nRT In ( Ff]
i

= W_,=R(300)/n(2)=300Rin2

isot

Hence, the correct answer is (B).

For a refrigerator,
500 _ 250
W 50

= W=100cal=(100)(4.2) J=420]

Hence, the correct answer is (D).

L-T

Assuming equal works to be done by both the engines
(should have been mentioned in the question for solving it),
we have
T, +T, 600+100
S22
|30
My~ 600 _250/600 350 7
= L= = =2 =
M q_ 100 250/350 600 12
350

T =350 K

Hence, the correct answer is (C). 93,

Equation of line BC is given by

p:po_zvﬁ(v_zvn)
0

2

= PV=RV-=
0

(V-2V,)V

% _ T, 91.

92.

Hints and Explanations H.159
2
RV - 21:(;1/ +4P)V
= T= 0 {+ PV=nRT}
1xR
2
= T= K 5V - el
R Vo
For maximum value of T, d—T =0
dv
4v
= 5-—=0
Vo
= V= §‘Vn
4
= mezi 5[%)-1(%1/02) =E% (o
Rl '\ ) v\ 8 R o
Hence, the correct answer is (B). Il.l_.l
Let molar heat capacity at constant pressure be X, and W
molar heat capacity at constant volume be X, <
X,-X, =R L
v
= MC,-MC, =R
R
= Cp-Cy=—
Y,

For hydrogen, we have a= %
R

For N,, we have b= —
28

= =14

S =

= a=14b
Hence, the correct answer is (C).

An ideal gas has molecules with 5 degrees of freedom, then

5
C,=>
)
Cp _7TR2_ 7
Cy 5R2 5

Hence, the correct answer is (D).

Rand Cp =§R

Initial kinetic energy of the system K; = gRTN

Final kinetic energy of the system
5 3

K;==RT(N-n)+=-RT(2n)
2 2

—~ AK=K,-K-=nRT[3-2)=LnrT
fo 2) 2

Hence, the correct answer is (C).
Let 1, be initial number of moles, so

_PV,_10°x30

= ~1.24%10°
RT, 8.3x290

1
Let 1, be final number of moles, so

PV, 10°x30
RT, 83x300

M, ~1.20x10°
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96.
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Change of number of molecules is
An=ng—n;=(ny—ny )x6.023x107

= An=-25x10"
Hence, the correct answer is (D).

Work done by engine equals the area enclosed by the PV
diagram, so W =FVj;
Heat given to the system is

Q=Qup +Qpc =nCyAT 5 +nCpATye

P
4
S — B C
For---- A: -+ :D
! 1
! 1
v, 2V, v

= Q= g(nRTB -nRT, )+§(?‘IRTC —nRTy)

= Q= %(ZPUVO -FV )+g(4POV0 —ZPOVO)
= Q= %POVn

W W BV,
ZQ@ Qinput 13R UVU .‘"‘I‘Iz

Thermal efficiency, 1=
2
= n=—=015
1713

Hence, the correct answer is (A).

Here, PV = constant, so given process is isothermal i.e., tem-
perature is constant. Pressure at point 1 is higher than that
at point 2. So, correct OPTION is (C).

Hence, the correct answer is (C).

Ideal gas equation, PV = nRT
As temperature is constant.

PV =constant

= P[ n ) = constant
p

= P p (for given m)

Hence, the correct answer is (D).

Specific heat of a polytropic process is

C=Cp+-2

1-n

= i+CV-C
1-n

= i:C—CV
-1

= R =1-n
c-Cy

Since, R=C,-C,,

98.

99.

C - C!J
n=—-
C-Cy

Hence, the correct answer is (C).

Method-I

I
I
I
4
I
I
1
-
I
I
I
I
1

. >V
Vo 3y 2V
2

Since initial and final temperature are equal hence maximum
temperature is at middle of line.

PV =nRT
3P,/2)(3V,/2
N (37/2)(3V0/2) _9RV,
nR 4nR
Method-II
Equation of line
P= -[ b ]V +3P,
Y
B Y.,
= PV=- — |V +3FV=x (say)
0
P
r
2P, |- “n
|
1
|
PyF--r

For temperature to be maximum, the product PV = x should

also be the maximum, so we have :—; =0.

v=Y angp=3h
2 2
PPV _9RV,
nR 4 nR

Hence, the correct answer is (B).
For an ideal gas in an isobaric process,
Heat supplied, Q = nC,AT
Work done, W = PAV = nRAT
W nRAT R 2

Q nCAT 5R2 5
Hence, the correct answer is (A).

100. For isochoric process, AU =Q = mcAT

where, m =200 g =02 kg, c= 4184 Jkg 'K’
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101.

102.

103.

104.

AT=60-40=20°C=20K
= AU=02x4184x20=16736 =167 k]
Hence, the correct answer is (D).

For a refrigerator, we have
©Q__T
W T,-T,
So, energy consumed by the freezer is given by
welr)
where, T} =27 °C=300 K, T, =0 °C=273 K and
Q, =mL=5x336x10" ]

= w:5x336x103(@-1):1.67x105]
273

Hence, the correct answer is (D).

Since, average time (7) is given by

T ! h N
=———>5——,wheren;=—
\Eﬂmodzvrms Vv

T
= Toe— (1)

N

Now, for an adiabatic process,

. 1
Now, since 1, o= — and v,

TV?™ = constant ..(2)

So, from (1) and (2), we get
i+l
TV 2
Hence, the correct answer is (C).

Average force applied on the walls by a molecule,

po2mo
t
-
v
¢
= fo—
v
= Fep? (1)
Since, v? o T ..(2)
From (1) and (2), we get
FeeT

Hence, the correct answer is (B).

For metals, there is no free motion but rather oscillation
about mean position. Thus, these have kinetic energy and
potential energy, which are almost equal.

(P'E')a\'g = (K'E‘)avg = %kBT

Energy per molecule is E=K.E.+ P.E.=3k,T
Energy per mole is E=3RT

Also, E= MCT
= 3RT=MCT
c=3ks _3R

m

105.

106.

107.

108.

Hints and Explanations H.161

_ 3x8.314
27x107
Hence, the correct answer is (C).

C =925 Jkg™ K™

Since, entropy is a state function, so it does not depends
upon the path and only depends on the initial and final
state of the system. So, we have

d5=@= mc(d—T)
T T

Ty
= AS =jds = ch.d—T
T

T

1y
= AS=umclog, ?

1
Now, mc=1]°C™*

527 +273 )
127 +273

Hence, the correct answer is (B).

= AS:log[,( =log,(2)

CHAPTER 2

Since, p= %( %) and pV =nRT

, #r [ L)
v 3 v
= VT? = constant
= (% R® ]T3 = constant
= TR =constant
= T« l
R

Hence, the correct answer is (C).

For a cyclic process, AU =0

So, OPTION (A) is incorrect.

For process CA, AU = (1}( % J( -200)
= AU, =-500R

So, OPTION (B) is incorrect.

For process AB, AU = (1}( % J( 400)
= AU, =1000R

So, OPTION (C) is incorrect.

For process BC, AU = (l}( %)(—200)
- AU, =-500R

So, OPTION (D) is correct.
Hence, the correct answer is (D).

Heat is extracted from source in AB and DA

In AB, Q4 :nCpATzn(%)AT

5
= Qu= 5(4%% =2pqvg ): 5pyvy
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110.
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p
opy L A B
Pop===p——°
A
Vo 2V0

In DA, Qps =nCyAT = n( % )AT = %pnvo

Total heat extracted from source i.e., absorbed is
Q=Qup+Qpa= %Po“o

Hence, the correct answer is (B).

Efficiency of Carnot engine, =1 —%

where T is the temperature of the so:m:e and T, is the tem-

perature of the sink?

For 1 case n=40%, T, = 500 K

0 _, 5
100~ 500
T 40 3
= —=]-—=—
500 100 5
3

T =5x500=300K

For 2™ case =60%, T, =300 K

60 _,_ 30
100 T
300 . 60 2
= —=1-—==
T, 100 5
5

T =EXSDO=75O K
Hence, the correct answer is (B).

In case of a cyclic process, work done is equal to the area
under the cycle and is taken to be positive if the cycle is
clockwise, so work done is

W = Area of Rectangle ABCD = F,V,
Since, helium gas is a monatomic gas, so
_3R andc, =R

2 2

Along the path AB, heat is supplied to the gas at constant
volume, so

Cy

AQ,; =nCyAT = n( ﬁ)ﬂ 3pw,
2 2
Along the path BC, heat is supplied to the gas at constant
pressure, S0

AQ, = nCpAT = n(% )AT = ;( 2PV, )=5R)Y,
Along the path CD and DA, heat is rejected by the gas, so
efficiency of the cycle is

Work done by the gas %100%

= Heat supplied to the gas

111.

112.

113.

114.

BV

= N=g5F—
! E'P[’V“+5Pov0

%100 = 200 =154%

Hence, the correct answer is (D).

Kinetic energy of vessel K = %mv2

Increase in internal energy is AU =nCyAT

where, 11 is the number of moles of the gas in vessel. When
the vessel is stopped suddenly, its kinetic energy is used to
increase temperature of the gas, so

lmvz =AU=nC,AT = ﬂCVAT
2 M

2

= AT:M_U
2 —

o ar=MCUr=D) Sop=R
2R (7-1)

Hence, the correct answer is (D).

The efficiency of Carnot engine, n=1- %
1

%= —% (Given,n:%)
o L5
N n:% ()

As per question, when T, is lowered by 62 K, then its effi-

ciency becomes 21 = 2( % ) -1

3

1:1—T2_62

3 T
- T2—62=]_l=g

T 3 3

T,-62 2 . .
= == using equation (1

53 (using equation (1)
- 5(-62) 2

615 3
= 5T,-310=4T,

T1=6X310=3721(

Hence, the correct answer is (A).

Since Q = mcAT

where, m =100 g =100x10" kg
c=4184 Jkg 'K and AT =(50-30)=20 °C

= Q=100x107x4184x20=8.4x10"]

By FLTD, we have Q=AU +W

Since we are ignoring the slight expansion of water, so we

have W = 0. Hence change in internal energy is
U=Q=84x10° =84k

Hence, the correct answer is (B).

For an adiabatic process TV’ ™" = constant

~ ~ 7
= LV '=TV] ", wherey= 5
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2 2
=z = 2
V, )5 32V s 5\s
= T1=T2(72] = 2(7] =T,(2°)5 =41,
1

Efficiency of the engine, n=1 —% =1 —%
1

3
= n===075
1 4
Hence, the correct answer is (C).

115.  For path AB, pressure is constant and AT =200 K
= W,y = PAV=nRAT = 2R(200) = 400R

is0l
Hence, the correct answer is (C).

116. For path DA, temperature is constant

Hints and Explanations H.163

117. Total work done on the gas when taking from A to B is
400R and from C to D is equal and opposite, so they cancel
each other.

SiI'ICE WD—)A =—414R and

Wi_c =(2)R(500)In(2) = 690R
= W=-414R+690R =276R
Hence, the correct answer is (B).

118. The internal energy is the energy due to thermal motion,
so we have

(-3

m 1kg 1 4

= NSOt_HRTDm[E_AJ_nRTDln(i_D] SinCEPV:HRT,V:;:4kgm_3Zim and
! A P=8x10" Nm?, so we get
= W= 2R(300)1n(1/2) =-600R(0.69)=-414R
5 i1 1
So work done on the gas is W = +414R UZEX8X10 XZ=5X1O J
Hence, the correct answer is (B). Hence, the correct answer is (B).
ARCHIVE: JEE ADVANCED
Single Correct Choice Type Questions 3. Rate of heat flow from P to Q is
. dQ 2KA(T-10)
1. Rate of heat transfer through metal rod is 1
d dT
d—?:CazP(constant} (1) 140°
: o P an S P oxanR S
Since temperature variation is given by 10°cl 2k | K ladooc 10°C | | | K400 °C
1 _ > > __**  Junction
T=T0(1+ﬂt4 2) tmom X
5 Rate of heat flow from Q to S is
ar _TB
T dd_Q:KA(:mlOO—T)
So from equation (1), we get ! .
5 At steady state, rate of heat flow is same
P 4P -
= = —t4 —_
aT/dt . BT, wz KA(400-T)
Substituting the valgle of f from equation (2), we get — 2T-20=400-T
C:‘lP(T-Tf) = 3T=420
(ATo) = T=140°

Hence, the correct answer is (C).

2. Heat generated in devicein 3 h is
W =Pt =3x3600x3x10" =324 %10’
Heat used to heat water
Q=mcAT =120x1x4.2x10°x20 ]
= Q=1008x10"]
So, heat absorbed by coolant is
H=324x10"-120x1x42x10* x20 ]
= H=P't=(325-100.8)x10° ]

pr_ 2232 10°
3600
Hence, the correct answer is (B).

=2067 W

Temperature of junction is 140 °C
Temperature at a distance x from end P is
T, = (130x+10°)
Change in length of dx is supposed to be dy, then
dy = audx (T, -10) {"Al=laAT}
Ay 1
S j dy = _[adx(130x+1o-1o}
0

0
1

2
= Ay _130(‘%) = (65)(1.2x10°)=78.0%10° m

0
=  Ay=0.78 mm

Hence, the correct answer is (A).
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4. For the first process, p,V/ = p;V/

(v Y
at
rr \ Vi

10. Since, T,V =,y

y-1
= T2=T1(£)

VZ
5
= 32=8 = h=4h 13
561t 1
o 25-9% n =Number of moles of gas = oAl 1
nR
= 7=§ (1) = Wextzﬁ(TZ_Tl)
9

For the two-step process, we have

W=p,(V;-V;)=10°(7x10")

= Wy =+§RTl

Hence, the correct answer is (A).

= W=7x10?] 11. Since ML= Pt
Pt
Also, AU %(P_fV_f -rVi) L=—
Hence, the correct answer is (C).
1 (1 2 5 9 2
= AU=——| —x10"-10" [==-=x10"] . . )
y-1\4 8 12. Areal gas behaves like an ideal gas at low pressure and high
temperature.
By FLTD, we h =AU+W .
y wehave Q Hence, the correct answer is (D).
= Q=7x10%- J %10 = 47 %102 J=588 ] 13. It cracks due to low thermal conductivity.
8 8 Hence, the correct answer is (A).
Hence, the correct answer is (C). 5
14. PT* =constant
InCASE-l,R[=R1+R2:(i]+(L):§(i) Since, PV =nRT
KA 2KAJ 2\KA
T2
= | — |T° =constant
ncasea 111K 24 +)
1 KKy o VT3
S Ry=— =R AV _3AT
3KA 45 % T
Since thermal resistance R;; in 4.5 times less than thermal AV 3
resistance R;. ATT
- H_9 =25 Hence, the correct answer is (C).
| 4545 15. 1 calorie is the h ired to raise th f1
. . calorie 1s the heat required to raise the temperatureof 1 g
Hence’ the correct answer Is (A)- Of water from 145 OC to 155 OC at 760 mm Of Hg
. . pM .
From ideal gas equation, we have p= T Hence, the correct answer is (A).
= poepM 16. A,T = constant
L p(n M) (2)(4)_8 From the graph T, > T, > T
P B P, )\ M, REVIEVA) Temperature of sun will be maximum. Therefore, (C) is the
Hence, the correct answer is (D). correct OPTION. .
Hence, the correct answer is (C).
Q=nCpAT=208] . o
) 17. Glass of bulb heats due to filament by radiation.
Hence, the correct answer is (D). Hence, the correct answer is (C).
At equilibrium, (Heat Absorbed ) = (Heat Radiated ) 18. Energy gained by water (in 1) is

= AGT) +AQT)! = 24T}

1/4
= T =(%) T

Hence, the correct answer is (C).

e - Mar _ fl5-316
Var My,

Hence, the correct answer is (D).

% =1000-160 =840 W

Total heat required to raise the temperature of water from
27 °C to 77 °C is mcAT.
Hence, the required time
f= mcAT
Rate at which energy is gained by water
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3
- (2)(4.2;4100 )(50)2500 8 min 20

Hence, the correct answer is (A).

19. Qe AT*and A, T = constant. Hence,

= QA=QB:QC—@ @ 6F
> QuiQsiQc=yricioy

= Qu:Qp:Qc=005:00625:0.0576

= Qg is maximum.

Hence, the correct answer is (B).

20. @ = L( dﬂ)
dt dt
Temperature difference L( dm )
Thermal resistance ~ \ df

dm 1
— CC
dt  Thermal resistance

1

"R
In the first case rode are in parallel and thermal resistance
is % while in second case rods are in series and thermal

resistance is 2R.
n_2R_4
7 R2 1
Hence, the correct answer is (C).
21. Slope of adiabatic process a given state (P, V, T) is more

than the slope of isothermal process. The corresponding P-V
graph for the two processes is as shown in figure.

P
b
¢
P |
1
I
P, "7\:
| 5
| I
\ 1
| [}
. Y
V1 V2

In the graph, AB is isothermal and BC is adiabatic.

W,z =positive (as volume is increasing)
and Wy =negative (as volume is decreasing) plus,
|Wic|>| W3, as area under P-V graph gives the work done.
Hence, Wy + Wy =W <0

From the graph itself, it is clear that P; > P;.

22,

23.

24.

25.

Hints and Explanations H.165

At point B, slope of adiabatic (process BC) is greater
than the slope of isothermal (process AB).

Hence, the correct answer is (C).

Temperature of liquid oxygen will first increase in the same
phase. Then, phase change (liquid to gas) will take place.
During which temperature will remain constant. After that
temperature of oxygen n gaseous state will further increase.
Hence, the correct answer is (C).

Out of the alternative provided, none appears completely
correct.
AB is an isothermal process.

( T = constant, p o %] So, p-V graph should be rectangular

hyperbola with p decreasing and V increasing.

BC is an isobaric process.

(p = constant, V e T). Temperature is increasing. Hence,
volume should also increase.

CA is an adiabatic process (pW = constant). Pressure is
increasing. So, volume should decrease. At point 4, an isotherm
ABand an adiabatic curve AC are meeting. We know that
(slope of an adiabatic graph in p-V diagram) =y (slope
of an isothermal graph in the same diagram) with y>1 or
(Slope) > (Slope)

adiabatic isothermal

None of the given examples fulfill all the above
requirements.
Hence, the correct answer is (None).

Heat released by 5 kg of water when its temperature falls
from 20 °C to 0 °C is,

Q, =meAd=(5)(10°)(20-0)=10° cal

when 2 kg ice at =20 °C comes to a temperature of 0 °C, it
takes an energy.

Q, =mcA8=(2)(500)(20)=0.2x10° cal
The remaining heat

Q=0,-Q,=08x10 cal
will melt a mass m of the ice, where

e Q_08x10°

L 80x10°

So, the temperature of the mixture will be 0 °C, mass of

water in it is 5+1=6 kg and mass of iceis 2-1=1kg.
Hence, the correct answer is (B).

Given Al = Al,
= [ot=0ot
I
)

£ o

S

=

= =
hLh+ly o, +a,

Hence, the correct answer is (C).
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27.

28.

29.

30.
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Rate of cooling ( —‘Z—j ) o emissivity (E)

aT dT
From th h, [ —— | >| -—
rom the graph, (-1 ) >( % L
= E>E,
Further emissivity (E)e absorptive power (a) (good
absorbers are good emitters also)

= a,>a,

Emissivity is a pure ratio (dimensionless) while the
emissive power has a unit Js~' or watt.

Hence, the correct answer is (C).

Black body radiates maximum number of wavelength and
maximum energy if all other conditions (e.g., temperature
surface area etc.) are same. So, when the temperature of
black body becomes equal to the temperature of the furnace,
the black body will radiate maximum energy and it will be
brightest of all. Initially it will absorb all the radient energy
incident on it, so, it is the darkest one.
Hence, the correct answer is (A).
B=- % =compressibility of gas

1

~ Bulk modulus of elasticity

B

1 . .
= f= 7 under isothermal conditions

Thus, B versus P graph will be a rectangular hyperbola.
Hence, the correct answer is (A).

AW, =PAV =(10)(20-1)=10]

AW =0
From First Law of Thermodynamics
AQ =AW+ AU
AU=0 |- process ABCA is cyclic}

= AWq, =AQ—AW,; - AW, =5-10-0=-5]
Hence, the correct answer is (A).

In adiabatic process

dP
S f P-V h, —=-y—
ope o graph, —=—y

Slope o<y {with negative sign]
From the given graph, (slope), > (slope),

= Th>h

Therefore, 1 should correspond to O, (7 =1.4) and 2 should
correspond to He(y=1.67).

Hence, the correct answer is (B).

31

32,

33.

34,

dW=0
= Isochoric process

= dQ=dU (by First Law of Thermodynamics)

Since dQ <0
= dU<0

There must be a fall in temperature.
Hence, the correct answer is (A).

Let 8 be the temperature of the junction (say B). Thermal
resistance of all the three rods is equal.

Rate of Rate of Rate of
heat flow heat flow | | heat flow
through through through
AB CB BD
90-T 90-T T-0 A
R TR R 90°C
Here, R =Thermal resistance 2 B
3T =180° re T
= 2= 90° C
= T=60°C C
\)/ Conceptual Note(s)
Rate of heat flow
()= Temperature difference (TD)
Thermal resistnace (R)
L
where R=—
KA

K =Thermal conductivity of the rod.
This is similar to the current flow through a resistance
(R) where current (i) =Rate of flow of charge

_ Potential difference (PD)

"~ Electrical resistance (R)

( . -
Here, R= = where ¢ =Electrical conductivity
o

Hence, the correct answer is (B).

Ve ——

Jm
Hence, the correct answer is (B).
At constant pressure
V=kT
= AV =kAT
AV_aT
Vv T

= Plotof 6 vs T must represent a rectangular hyperbola.
Hence, the correct answer is (C).

=
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35.

36.

37.

38.

39.

40.

The work done equals area under the curve

P
2
I 1
1 1
I 1
1 1
i .3
1 1
I Ly
Ol v, v,

= W,>W,>W,
Hence, the correct answer is (A).

Following steps are involved in this process
(a) Iceat-10°C will converttoiceat( °C and will absorb
heat in accordance with formula dQ = mc;..dT i.e. Q vs

T must be a straight line with slope =5, (say) (for

ice

T on y-axis and Q on x-axis)

(b) Iceat 0°C will melt to water at 0 °C (at constant tem-
perature) by absorbing a heat Q, = mL,;

1ce

(c) Water at 0°C will convert to water at 100 °C and
will again absorb heat in accordance with formula
dQ =me AT ie. Q vs T is again a straight line with

water

slope =s, (say) (s, <s;)

water

(d) Water at 100 °C will vapourise to steam at 100 °C (at
constant temperature) by absorbing heat Q, = mL, .,
Hence, the correct answer is (A).

According to Wien's Displacement Law
A,,T = constant

Since, A} < A3 < 4,

= TN>T;>T,

Hence, the correct answer is (B).

T1V1y_1 = Tzvzy_l

e}
=T,(AL,)3

2

= T (AL )

2
o L (L)
L, L
Hence, the correct answer is (D).

u= quygen + urAr‘gnn

- u:(z)(@)ﬂa;(ﬁ]r
2 2

= U=1IRT

Hence, the correct answer is (D).
Speed of sound in an ideal gas is given by

YRT
M

v o
M

{T is same for both the gases}

41.

42,

43.

Hints and Explanations H.167
Ny (TN My _\/7-’5(4)
One  \Yue My, V53128
. 7 . .
Since, yy, = 5 {Diatomic}
5 .
and yp, = 3 [Monatomic}
= 7= g ms™

Hence, the correct answer is (C).
Wein's Displacement Law is
AnT=b {b=Wein's constant}
_b_288x10° nm-K
"T 2880 K
= A=1000 nm

=

Energy distribution with wavelength will be as follows
E,

A
3

U; U, U
o X=) D0 oY) > 2nm)
o X=] [o Y= DO
< 0 o ¥ =] <10
Am= 1000 nm

From the graph it is clear that

U, >, {In fact U, is maximum}
Hence, the correct answer is (D).
_nRT _mRT {_‘H_ﬂ}
V. MV M

So, at constant volume pressure versus temperature graph
. . . . S mR
is a straight line passing through origin with slope MV

As the mass is doubled and volume is halved slope becomes
four times. Therefore, pressure versus temperature graph
will be shown by the line B.

Hence, the correct answer is (B).

For gas in container A

B _ nuRT n,RT
AP = (PA )ﬁnal _(PA )iniﬁal Y - %
Ap=-TaRT (1)

2v
For gas in containerB
npRT  nyRT
L5AP = ( PB )final - (PB )init—ial = Bzv - BV
1.5ap = "RE 2
2v

From (1) and (2), we get

ng=15mn,
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44,

45,

46.

47.

48.
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= 2ng=3n,
= 2my=3mny, {OPTION (C)}
Hence, the correct answer is (C).

A diatomic molecule has 5 degrees of freedom out of which
3 are translational degrees of freedom and remaining 2 are
rotational degrees of freedom. According to Theorem of
Equipartition of Energy, the energy associated with each
degree of freedom per molecule of a gas in thermal equi-

librium is %kBT, where kj is the Boltzmann constant. So,
the average rotational kinetic energy associated with each
O,molecule is 2(%5(51"): kyT. Similarly, average rota-
tional kinetic energy associated with each N, molecule is

2( lkBT ) =kyT'. So, the ratio amounts to 1:1.
2 [OPTION (&)}
However, if we are asked to compare the total rotational
kinetic energy associated with 1 mole O, gas to that with 2
mole of N, gas, then our answer would have been 1:2.
Hence, the correct answer is (A).

Power radiated < (surface area) (T)*. The radius is halved,
hence, surface area will become % times. Temperature
is doubled, therefore, T* becomes 16 times. New power
2(450)(%)(16):1800 W.

Hence, the correct answer is (D).

PV =nRT
= P:ﬂ
1%
h_mh
P mT
P 12
—S ==X
P 11
= PB=2P

Hence, the correct answer is (C).
Average translational kinetic energy of an ideal gas mole-

culeis % KT which depends on temperature only. Therefore,

if temperature is same, translational kinetic energy of O,
and N, both will be equal.
Hence, the correct answer is (C).

From Wein's Displacement Law

A,,T = constant

1
= T=—
A}H
= Tsun — ( A’” }north star
Tnnrth star ( ‘a'm )
o T 3046

Tnnrth star 510

Hence, the correct answer is (B).

49. The average translational KE:%kT which is directly

proportional to T, while rms speed molecules is given by

,3RT .
Utms = W LE., Vs = ﬁ

When temperature of gas is increased from 300 Kto 600 K
(i.e., 2 times), the average translational KE will increase to 2

times and rms speed to v/2 or 1.414 times.

So, average translational KE=2x6.21x 107 ]
(KE),, =12.42x1072! J and
Dy = (1.414)(484) ms™

= Uy = 684 ms!

Hence, the correct answer is (D).

3RT
50. Uims = 7

e, Uy o< JT
When temperature is increased from 120 K to 480 K (i.e.,

four times), the root mean square speed will become v/4 or
2 times i.e., 20.
Hence, the correct answer is (B).

51. The rate at which energy leaves the object is % =egAT*

Since, AQ = mCAT, we get

AT _ecAT*
At mC

Also, since m = %;ﬂ:r‘3 p for a sphere, we get

For the given two bodies

Hence, the correct answer is (D).

52. As Ty >T),, heat flows from B to A through both paths

A(M)
b

= c
B(2T)

Rate of heat flow in BC =Rate of heat flow in CA

KA(N2T-T.) KA(T.-T)
¢ R




53.

54,

55.

56.

57.

58.
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ae
Solving this we get, 5
3T '
Tr=—
€2+
Hence, the correct answer is (A).
8k, T
The average speed of a gas molecule is (v) = E—B, where
m
m is the mass of the molecule. Since, all the three vessels 60

have same temperature, so average speed of O, molecule in
the vessel C is also v;.
Hence, the correct answer is (B).

The desired fraction is
oAU _nCAT _Cy 1
AQ nCpAT Cp
5 7 1
= = — = —
=7 {as 4 5}

Hence, the correct answer is (D).

In the process PV = constant
Molar heat capacity is given by
c= R R
y-1 1-x
Here the process is PV ™" = constant
ie, x=-1
and gas is monatomic. Therefore, y = g

R R

= C= 5—_] + T—l) =2R

=  AQ=nCAT {~n=1}

= AQ=(1(2R)(2T,-T,)

= AQ=2RT,

Hence, the correct answer is (A). 2,
) _ mCy, +1,Cy,

mixture

n +n,

B mCp +m,Cp,
Hence, the correct answer is (B).

Heat required Q = (1.1+0.02) x 10* x1x (80 -15)
- Q=72800 cal

Therefore, mass of steam condensed (in kg)

= 2 = @ X 10_2 =0.135 kg
L 540

Hence, the correct answer is (D).
Since 70 =(2)C, (45-40)
= Cp=7 calmol 'k
= Cy=5calmol™k  {Since C, - C, =2 calmol k' }
= Q=(2)(5)(5)=50 cal

Hence, the correct answer is (C).

Multiple Correct Choice Type Questions

Hints and Explanations H.169

Utms =
M
M:%—Tzwzz (for H, gas)
Vs (1930)

Hence, the correct answer is (A).

Work done in a ) B ( Positive area enclosed)

Since, ( cyclic process by the cycle

= W=ABxBC=(2P-P)x(2V-V)=PV

Hence, the correct answer is (A).

N
Since, P = cAT* o
= P=567x10"° x64x10°x(2500)" E
= P=14175W o
Also, I = %:Lﬁfl.mxlo‘?’ Wm™ T
dmr™ 47 x(100)
, v
= AEL\S,'::fX(R‘rP]
= AL, =Ix(7x9x10)
= AE,,=32x10"° W
According to Wein’s Law, we have
b 290x107
=0 20T 1160 m
T 2500
AE  32x107° x1740x10”
= Nphotons= = 31 3
(E) 6.63x107* x3x10
A
= Nppotons = 2.8x10"

Hence, (B), (C) and (D) are correct.
Since, P, = mk,T and P, = nyk,T

/-—_-.\ /-__-—\.._‘
Me— Pe—
n, n,

S
I
P, P,
— ——

= AF=(R-B)S
= AF=(n;—n, )kyTS = Ank,TS (1)
For balancing of force, we have
Box(S)n, = AnkgTS
m,fol = AnkyT

Bl
Number of molecules per second is

AN (odt)xSxm
— = Loy
At dt

=

..(2)

v
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AN Ank,T An \( kT
T x5n1=(T)(57]5 )

So, An decreases with time, so rate of transfer decreases

with time.

Hence, (A), (B) and (C) are correct.
R/2)+1(7R/2
SinCQ, Ymixture = 5(5 - )+ ( _f, )=§= 6
5(3R/2)+1(5R12) 5

For adiabatic process, PV" = constant
Vo Y 8
= P:PO(VU) =(4)5 Py =9.2P,

o BVo—9.28 (Vo/4) _ 13RY,

y-1 6
From ideal gas equation, we have PV, =6RT;
W% oy

Final temperature after compression is

r=1,[ 2V |-2ar,
BV
mCy +m,Cy,  5R
AlSO, {CV )mixture = 7}111 n " 2 — ?

So, average kinetic energy of gas is

U =nC,T =6(%)(2.3T0)=23RT0

Hence, (A), (B) and (C) are correct.

Q12 |= ”CPdT=H(%)T _ SI;TO

5R( T, 5RT
|Q3->4‘=HCPdT=n(?](?U)= ; 0

|Q1—)2 | =2
|Q3—)4‘

3
Also|Q,_;|= SR

=

Qi _ 5RTy /2 - S
Qy,; 3RT;2 3

Since, W=Wy_5 + Wy 3+ Ws_, + W,

= W=(1)R(2TD—TO)+D+(1)R(%—TO)+O

= W:ﬂ
2

Hence, (C) and (D) are correct.

In Process II, T is constant, so V' is increasing. HenceQ is
positive i.e., gas absorbs heat. Similarly, in process IV, gas
releases heat. For an isobaric process, V o< T.

Hence, (B), (C) and (D) are correct.

Assumption e=11.e., body is a black body, so
P=cA(T*-T})

= P, =0AT*=01(T,+10)*

1
= Prad=0'T04[1+;P) [T) =300 K given]|

0

40 17
= Pgy=0 3004(1+—)z460x—z520
ra =0(300) 300 15 J

= P, =520-460=60 W

So, energy radiated in 1s=60 ]

Since, P=0A(T* -T}')

= dP=0A(0-4T;dT) and dT = -AT

= dP=40AT;AT

If surface area decreases, then energy radiation also
decreases.

While giving answer (B) and (C) it is assumed that
energy radiated refers the net radiation. If energy radi-
ated is taken as only emission, then (B) and (C) will not
include in answer.

Hence, (B), (C) and (D) are correct.
(A) Total internal energy U = %nRT + %HRT

u

(Uye) Y _lsRr43RT]=2RT
per mole m 4

7R 5
mCpy +1,Cp5 ) (1)?+(1)— 3
2

(B) Ymix =

2
mCy, +mCy,  (1)9R , (1)3R
2 2

_H1M1+ﬂ2M2 _ M, +M, _2+4_

= My =
i 1y +1, 2 2

3

Speed of sound v = YRT

= o= (L
M

. . 2
= vmlxz‘jyrmxxMHc =\/3f’x4= E

UHe YHe Mrnix 5-;3 3 5
3RT
D = |—
(D) Tums = || 37
= vrmsmi
M

Ve | My \F 1
= —= = |—=—
vy My V4 2
Hence, (A), (B) and (D) are correct.

Please note that this question can be solved if right hand
side hand side chamber is assumed open, so that its pres-
sure remains constant even if the piston shifts towards right.
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Po
P1=Py

Po= Py

g

kx

(A) Since pV =nRT,so pe< %

When temperature is made three times and volume is

doubled, then
_3
P2 2!’1
Furtherx=ﬂ=u=2V1-V1=ﬁ
A A A A
3n kx
= =—= +—
P2 ’ n )
= kx:ﬁ
2

So, energy stored in the spring is
1(k.vc):!c = Mx = A0
2 4 4
(B) Since, AU =nC AT = n( %)AT

lkx2 =
2

3 3/(3
= AU=5(P2V2‘P1V1}=E[(5!’1)(2‘/1)‘!’1‘/1]
= AU=3pV,

4
(C) When V, =3V,, T, =4T}, then p, = %

4 kx
= Pz=§P1=P1+Z

= kx:M
3

LAV 2,
A A

. 1
Since, Wy, = ( PoAV + Wepring )= ( piAx + E(kx )x )
= W:+(P1A£+1M&)

A 23 A
7PV

3
(D) By FLTD, we have Q=AU+ W

= W:Zpﬂ/ﬁp'TVl:

7V 3
Q:£+E(P2VZ‘P1V1)

7pV, 3[4
=%+5(5P13V"_p‘vl)
7p,V, 9 41p V.
QzLJrE 1Vl=%

Hence, (A), (B) and (C) are correct.

Q

10.

11.

Hints and Explanations H.171

dQ=mCdT
4Q

= —=mC
dT
For 0<T <100 graph is approximately linear
AQ= ijdT =m(area under C-T graph )
For 400-500 K area is more than for 0-100 K, so
dQ

T increases for 200 < T'< 300 K as C increases in this region.

Hence, (A), (B), (C) and (D) are correct.

In steady state: (Heat In) = (Heat Out ). So, A is true

B 4R N

AMAV m

A |c Re Ri24 [T

— A A —— Ao -
R/8 E 0.
4R/5 <

b L

U

—WWM————— MM ————— AW —e
R/8 R/4 R/24

OPTION (B) is also true because total heat is flowing
through E.

AT
(Heat current)=Q = =
Since, heat current (Q ) is the same and

R is minimum. So, AT is minimum

Hence, OPTION (C) is true
AT AT AT
SO,QB—E.QC-EMMQD—E
3 2 5
= Q+0p=0Qc

So, (D) is also true.
Hence, (A), (B), (C) and (D) are correct.

For monatomic gas, C, = gR, Cy= %R, Cp-Cy =R

For diatomic gas Cp = %R, Cy= %R, Cp-Cy =R

So, (Cp —Cy ) is same for both
Cp+Cy=6R {for diatomic)
Cp+Cy=4R {for monatomic}

So, (Cp+Cy )y, >(Cr+Cy)

mono

Cp _ 7 -14 {for diatomic}
Cy 5
Cp =2 1.66 {for monatomic}
C, 3

35

(Cp)(Cy)= TR2 =8.75R* {for diatomic}
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(Co)(Cy)=2R?

1 {for monatomic}

So, (Cp-Cy) >(Cp-Cy)

diatomic monatomic

Hence, (B) and (D) are correct.

Since, the temperature of black body is constant, total heat
absorbed = total heat radiated.
Hence, the correct answer is (D).

Let ¢, be the initial length of each strip before heating.

N
\m,
‘/\’/f

R+d [ 1+0zAT N /R
R 1+ a AT

Length after heating will be
lp="Lo(1+aAT)=(R+d)6

and (¢ = (o (1+0cAT)=RE

=

d
= 1+ R 1+(og -0 )AT  {From binomial expansion}

= R:;
(o —ac )AT

Ree L andee— 1

AT oy — o |

Hence, (B) and (D) are correct.

There is a decrease in volume during melting on 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, dLI will be

positive or internal energy will increase.
Hence, (B) and (C) are correct.

8RT
oM

RMS speed =v,,,,, = /% and

2RT

M

Average speed={v)=

v

Most probable speed =vp =
From these we have
Up <{0) < Uy

Also, the average kinetic energy of the gaseous molecules is
1 5 1 (3,) 3
(E)= 2 MVims = Em( S0 ): 2o
Hence, (C) and (D) are correct.

For one mole of an ideal gas PV = RT
The coefficient of volume expansion at constant pressure is
given by

17.

18.

( Av ) = %: constant {OPTION (A))
11

AT
The average translational kinetic energy per molecule is

%kT and not 3kT. With decrease of pressure, collisions

between molecules will be less frequent, hence mean free
path will increase.

The average translational kinetic energy of the molecules
is independent of their nature, so each component of the
gaseous mixture will have the same value of average trans-
lational kinetic energy.

Hence, (A) and (C) are correct.

Since both bodies emit total radiant power at the same rate.
= e0(T})=ep0(T5)
= 001(T;)=081(Ty)
= T,=3Ty
= Ty=iT *1(5802 K)
P33

= T,=1934K

Ay = %lg (due to Wien’s Law)
Since, Az -4, =1um

= lg—%:l,um

= Eig =1um
3
= Ap=15um
Hence, (A) and (B) are correct.

(a) Work done = Area under P-V graph
P P

3 3

A A,

v a4

Given process Isothermal process

(b) In the given process P-V equation will be a straight
line with negative slope and positive intercept
ie, P=-aV+p (Here, o and f3 are positive constant)
= PV=-aVi+pV
= nRT=-aV?+pV

1
= T:E(—(xvﬂﬁv) ..(1)

This is an equation of parabolain T and V.

dT
—=0=0-2aV
@ —;=0=p
- Vzi
20

2
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i.e., T has some maximum value.
Now, T < PV
and (PA)A :(PV)B
= T,=1;
We conclude that temperatures are same at A and B and
temperature has a maximum value. Therefore, in going
from A to B, T will first increase to a maximum value and
then decrease.
Hence, (A), (B) and (D) are correct.
19. (a) AU=nCyAT =nCy (T, -T,)in all processes
(b) For an adiabatic process Q=0

= AU=-W
= |AU|=|W]
(c) Inisothermal process AT =0
= AU=0 {~ AU=nC,AT}

(d) Inadiabatic process Q=0

Hence, all options are correct.
Hence, (A), (B), (C) and (D) are correct.

Reasoning Based Questions

1.  Total translational kinetic energy
3 3
K;==nRT==pV =15pV
T=5 2 P P
Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

1. A-(qrsu;B-(qsrnu;Co(sr5qt);D-(qrnpuw

1
(A) Wi =RV = ERT(J

3| ( 3F,
(B) Aul—)l—ﬂ=5|:(70)(2V0)—P0VD:|=RTO

i
(©) Quzs=AU+W=_RT,

1 3 5
D) Q= ERTD + E(ZPOVO -RVy)= gRTo

2. A-(prts;B-(ptqtCoprtp;D—(stqu
T 2V,
Since, W5 53 = Win + Wy 5= R( 2 )ln —0 140
3 ) v,
= Wips= %an
Ty
AU 53 =AU, + AU, 4 :0+”CV T,-=2

3
3R( 2T,
= AUI_,E_,3 =(1) ? T ZRTO

Along the path 1— 2, we have dT =0, so

3R R
Q1—>2 =.[de =jT(EdT+EdV]

Hints and Explanations H.173

2V,
Ops= j %dvzommz
Yo

Similarly, along the path 2— 3, we have dV =0, so

Ty
3R 3R\ 2T,
Q2*3=.[TdX=2JdT=(2)(3>O)+O
Ty

3
= ;3 =RT

= Q1,3 =RTIn2+RT;= %RT0(3+ln2)

A-@;B-(6);C—-(p);D—-(q)

dpP dP

Since (—) = y( —) , so process [ is adiabatic and
dv adia dv isot P

hence Q=0

Process 11 is isobaric, so work done is

W, = PAV =3B, (3V, -V, )= 6PV,

X

CHAPTER 2

Process 111 is isochoric, so Wi, =0

Process IV is isothermal, so temperature is constant.

RT
Since, Ugyung = % As the sound wave propagates, the

air in a chamber undergoes compression and rarefaction
very fastly, hence undergo a adiabatic process. So, curves
are steeper than isothermal.

(ﬁ]/\diz_y(s) (1)
(ﬁ]}snz_(s) )

Graph Q satisfied Equation (1)
Hence, the correct answer is (C).
By FLTD, we have Q=AU + pAV

Since, AU#0, W=0, AQ#0. The process represents,
isobaric process, so

Wgas =—pAV = —p(V2 -V ): -pVy +pVy
Graph P satisfies isochoric process.
Hence, the correct answer is (B).
Work done in isochoric process is zero.
Wj,=0as AV =0
Graph S represents isochoric process.
Hence, the correct answer is (B).
A= (s)B-@);C—(q;D—(p)

FG is isothermal and FH is adiabatic, so we have

5

5
PGVG:} = 32P0Vﬂ3 { Y monatomic = 5/3}

3
= V.=(32)5V,=8V,
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P
3
2R 7
E
P
0 TH :
' Ly
V, 8Y, 32,
So, W = By (V, - 32V, )= -31R,V,
Wayy = Py (8Vy 32V, ) = ~24R)V,
P,(8V,)-32DV, -
Wiy = 0(8V0)=32RVy _ 24P”V“:36POVO

1-(5/3)

Wi = 32RT, log, 32 = 32RT; log, 2°
Hence, Wi =160RT, log, 2

~2/3

A-prLthBo(p,C—(qshD—-(rb

In AB temperature and volume are decreasing

In BC temperature decreases, volume does not change
In CD temperature and volume increase

In DA final temperature equals initial temperature. Also,
volume decreases
For all processes, we have

AU =nCyAT, W:J.PdV, Q=AU+W

A->(q);B=>(p,;Co(ps);D->(qs)
(A) in free expansion, we have
W=AU=Q=0
For a polytropic process, we have
PV* = constant if x<y, Q>0
x>y,0<0
x=y,0=0
x=1, T =constant
x>1, T =decreases
x <1, T =increases
Conceptual
A->G);B—(g;C—>(p,q;D—(q,1
A->@6);B-(p,1);,Co(p);D—(q,s)
In process | =K V is constant whereas p is decreasing.
Therefore, T should also decrease.
= W=0,AU=-veand Q<0

In process K—L p is constant while V is increasing.
Therefore, temperature should also increase.

= W>0,AU>0and Q>0
In process . — M This is inverse of process | = K.
= W=0,AU>0and Q>0

In process M — ]
V is decreasing. Therefore, W <0

(PV), <(pV),,

= T;<Ty
= AlU<0
Therefore, Q <0

Linked Comprehension Type Questions

1.

Let final equilibrium temperature of gases is T
Heat rejected by gas in lower compartment is

Qlower = HCVAT = 2X%R(700 - T)

Heat received by the gas in above compartment

Qupper =nCpAT=2x%R(T—400)
Equating the two, we get
2100-3T =7T -2800
= T=490K
Hence, the correct answer is (D).
By FLTD, we get
Q=AU +W, (1)
Also, Q, = AU, + W, .(2)
Since, Q; +Q, =0

= (nC;,AT )1 +(nCpAT )2 =0
Since, 1y =1, =2

= gR(T—700)+%R(T—4DO):O

Solving, we get T =525 K

From equations (1) and (2), we get
AW, + W, = AU, - AU, [~ AQ +AQ, =0}

= W+ W,=-[(nCyAT), +(nCyAT), |

= W:—[2(%)(525—700%2(%)(525—400)]

= W=-100R

Hence, the correct answer is (D).

Since it is open from top, pressure will be F;.
Hence, the correct answer is (A).

Let P be the pressure in equilibrium
PA

!
vt

Mg RA
Then PA=PA-Mg
Mg Mg
P=P-—2=P-—= .. (1
v- = p (1
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Applyi.ng P‘lvl = PZVZ
= PB(2AL)=(P)(AL")

2P.L P

Lr==0o 0 2L

A [P " ]( )
) — S

nR?

2
L'= fﬂi (2L)
R’y - Mg

Hence, the correct answer is (D).

5. Since we observe, P, =P,

= PR+pg(Ly-H)=P (1)
Now, applying PV, = BV, for the air inside the cylinder, we
have
Po(Iy)=P(1~H) i
P
P= h 1‘ > L,
L,-H l
Substituting in equation (1), we have
Rl
Fy+ H
pe(lo=H)=1 =

= pg(Ly-H) +R(Ly-H)-Rly =0

Hence, the correct answer is (C).
Integer/Numerical Answer Type Questions

1. Inanisothermal process, work done is

Wit =RTIn4

isot

In an adiabatic process, we have
2 2
T(4V,)3 =T'(32V;)3

= T’=I
4

adla 3 8
= wl“’f ln4 = El 2
ad
16
= =—=178
f 9

2. Assuming the gas to be an ideal monoatomic gas

= Cv=%R

S —
)

Let area of cross section of the cylinder be A.

Hints and Explanations H.175

Initially, we have PV =nRT
= P, (4A4)=0.1Rx300 (For both)
Let partition shifts by x meter and final temperature be T,
then we have (for lower portion)
PA(4-x)=0.1RT
0IRT __RT
4-xy 10(4-x)
Similarly, for upper portion, we have
RT
10(4+x)
But finally, in equilibrium, we have
PA+mg=PA
= PRA-PA=mg=83

RI1 1)

PA=

10V4-x 4+x
RT( 2x
= — =83 (1
0(16—x2) @
Also, we have
0.2Cy x300+mgx =0.2C, T

[ e Jomsse- ()

CHAPTER 2

L ()
10
300R 83 RT
—t—x=—
10 3 10

Using equation (1), we get

(30R+83—x)( z )*83
3 16 -x*

G

(9+x) (2x

=1
3 (16-x)
= 18x+2x?=48-3x"
= 5x2+18x—48=0

= x=178=2
So, the distance from top is 6 m.

For an adiabatic process, we have

AP = —( i )AV
4
where, P=p, and AV = —(47R?)a
= ap=| 70 NanR?)a= 3ot
2R R
3
Work done in the process is
W =-(AP),, AV

Since the change is small, so (AP),, equals the arithmetic

mean and hence (AP ), = ap
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= w=-("\‘zp)(-4 7R%) = (3;p°a)(4 7R%)
= W=(4EpﬂRa2)(%)

(341
- (33
= W=(4zp,Ra?)(2.05)
= X=205

In steady state, heat lost per second equals the heat gained
per second.

(%) A%)... o

d
Since, (—Q) =(700)(0.05) W
d gained
Also, according to Newton’s Law of cooling, we have

14Q 3
o =(40eTy )AT

dt

Given that the constant of proportionality for Newton’s
Law of cooling is 0.001 5™

Also, - 1L =[ doed )Tg’AT
dt me

= (@)l f=(4creT03]AAT 2)

So, constant of proportionality for Newton’s Law of cooling

is k:( doeA )T03

mc

= 4doelyA=k(mc)
Substituting in (2), we get

(%)m =k(mc)AT

= 700x0.05=1(0.001)(4200) AT

= AT-%K

= AT=833K
CASE-1: 5¢(50)+5L =¢,(30) (1)
CASE-2: 80c(50-30) =, (80-50) ..(2)
From equations (1) and (2), we get

1600c = 250c + 5L

LB e
¢ 5
In steady state, the rate of flow of heat through both the

conducting cylinders will be equal. So, we have

200K
300 K 100K
K, A K, 4A (Radius of bigger
cylinder is twice that
e of smaller cylinder)
—

4

K,A(300-200) K,4A(200-100)
¢ ¢

= K440
K2

For an adiabatic process, TV, =TV,
5
3

2

-1 =

= T2=T1[%] =100(%]3
2

= T,=25K

where Y = Ymonatomic =

Since, AU =nC,AT = 1(3212)(]"2—]"1)

AU = ](SXS)(ZS 100)=-900 ]
Hence, decrease in internal energy is 900 ]

For reading of sensor to be 1, we have
P
= log,-1=1
&2 P,

P,
= L1=2
Pﬂ

According to Stefan’s law, we have

PeT?

4 4
L B (B :(2767+273) g
p T 487 +273

B_P
P 2P
= B_ 2x 4%
Pﬂ
So, new reading is

logz[P] log, 2+ log, 4*
Ey

logz[ ] 1+log2(28)=9
K

Power, P,y geq = P = 0T*A=0T*(47R?)
= Po«T'R? ..(1)

If A is the wavelength at which peak occurs, then according
to Wien's law, we have

P
T
So, equation (1) becomes

2
Pk
A

2 \4
- ofxf
P
A_A (R, 12 By 1_;4_
Ag Ry P,



10. Since, Wy = W, + Wy =50]+100] =150 ]
Similarly, W, = W, + W,; =0+200 =200
Also, Q;r =500 ]

So, by FLTD, we have AU, = Qs — Wiy
= Al =500]-200]=300]
= U;-U;=300]
= U= Uy +U; =300 ] +100 J =400
Similarly, AU, = U, U, =200 ] -100 ] =100 ]
By FLTD, we have Q,, = AU, + W,
= Q,=100]+50]=150]
Similarly by FLTD, we have

Qip = AUy + Wi = AUy, + Wy

Quy =300]+150 =450 ]
So, the required ratio is

Qi _ Qirr = Qi _450-150 _

2
Qi Qip 150
. . FL  mgL
11. Increasein lengthis A, = —=
§ YTAY  mrtY

On cooling, the decrease in length is Al, = LaAT

To regain its original length, we must have Al} = Al,

L
M&~ _ 1 oAT

r*YoAT
8
Substituting the values, we get
m=3kg

= m=

12. §=2100 Jkg™' °C™'
L=336x10° Jkg™
420=meAT+(1x107 )L

= 420=mc(5)+3.36x10%
= 420-336=m(2100)(5)

100
— 0=8

m=—-—
125
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13.

14.

15.

Hints and Explanations

H.177

Given that, (4, ), =3(4x),,
= T,=3T}
So, Ey = 47(6)° oT4 = 4n(6)* (3T, )’
and E, =47(18) o7
El

= —=9
EZ

For adiabatic process,

TV’ = constant

r-1
= Tzzl"l(:f)

2
)
= T,=T(32);

= T,=4T,

= a=4

e 10x -

0°C
U ; U
A 4OOE°C B

e— AX —»
1

400-0 _dm,
E - ? X Lice
KA
400-100 _dm,
O 0x—Ax dt
KA

400(10-4) _ L, 80 4

Ax300  Lyum 540 27
= 9(10-1)=4
= 90=101
= A=9

Al xL

steant
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