Thermal Physics Al-l-‘.

Thermal Physics
SOLUTIONS
Exercise-1I (Conceptual Questions) 8. TFFT
9.  dRrod > OFrame, then rod may touch floor.
C-0° F-32°
100" 180° ¢7F 10. =20
] ' V AT
¢ _C-32 _0'_15><i:> 1
ClOOF ig‘? ! 100 24 3
5 oc:O'—lsxix1 =2.0x10-5/°C
2. C=—(F-32) 100 24 3
9 11. Always increases (Imagine as a photographic
AC = s AF enlargement)
9 Al
9 12. Al=(aAT = a=—
AF = Zx25 = 45°F AT
> a 1 107
C 1 = =
3. C=2F-2x32 T 1>100
9 9 2

=F (],2:—:2><1072
y=mx-C 2 100
4,

Slope of line AB 3 »
o, =——=4x10
_AC_100-0 100 _5 * 1.5x50
CAF 212-32 180 9 __ 5 g 0o .
s C_F-32_ -183 F-32 %= J5xz05 010 (maximum)
> ? > ? 13. Y= Be__EE__F (AL =LaAL)
5[F-32] =-1647 AAl  AlATa  AaAT
F=-329.4+32 F=YA a AT
Fx-297 °F F=10"x10"°x10"°x100=10"N
6. Pyrometer is used to measure a temperature | 14. We known that, when rod is freely expand,
of sun by using radiation stress produce = 0
7.
X-Scale Y-Scale Before Heating
UFP T 75° 125°+ UFP
| | After Heating
T T stress o strain
* y so strain =0
_ mgh 5x9.8x30 .
LEP 15° 250 LFP 15. Heat = ] = 472 cal = 350 cal
T -15 T,-25 1 (1 v?
x = 16. —x|-mv’|= = —
7515 12525 6 2><(2mv ] msd6 = do s
Given Ty=60; Ty="? 17. Q =msieAT + mLr + MSwarerAT + mLy
60-15 T, —25 Q= (1)(0.5)(10) + (1)(80) + (1)(1)(100)
75-15 100 +(1)(540)
75="T,- 25 Q=5+80+100+540.= 725 cal.
T, =100 °Y or 725x4.18=3030 joule.
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18. 2kgiceat-20°C + 5 kg water at 20°C 31. Thermal capacity of a body is the quantity of
Qgain = Quost heat required to raise its temperature by a
2><%><20+Mx80=5><1><20 unit degree.

M=1kg 32. Heatrequiredis=2x103x 1 x 50 x 4.2 joule
Water=5+1=6Kkg Heat supplied per sec = 1000 - 160 =840 ] /s

19. 2mgh=]msAT So, Heat available for unit time (If total time

2x5x10x10=2x1x42x1000 x AT t .
aken is t)
AT =0.12°C ;

20. msAT=m'L P:gj 840 = 2x10° x1x50x4.2
2.5x500x0.1=m x 80 t t
m = 1.56 kg t =500 sec = 8 min 20 sec

21. atlkgiceat-10°C + 4.4 kg of water at 30 °C

AT
Heat gain = Heat loss 33. P =% = P= mst
1000><1><10+1000><80+1000 (T-0) m
2 P=2100]/s; —=20g/s
=44 %1000 x 1 x (30-T) t
= 54T=44x30-85 T, =10°C T,=?
= T=87°C
22. Q=mL¢+ ms A0 + mLy (@)c_al =20x1(T,-10)
=1x80+1x1x100+1x536=716cal 42 /) s
23. 536cal/g:536+4'2] =2.25x 106]/kg T2=35°C
10 kg L Ll Lz Ll Kl 5
24. Heat given by water 20 °C — 0 °C 34. As R=——"= - -7 "k 3
: KA KA KA L, K, 3
Q1=10x1 x (20-0) = 200 cal
2 2
Heat required to melt 10 g ice 35, ror_ N Q I 2L —Q2=2Q
Q2=mL =10 x 80 =800 cal 14 Q, L (Zr)z
Q1< Qz2Hence complete ice will not melt
-. equilibrium temperature = 0 °C 36 Q_ KA(6,-6,)

25. AQ=msd6 Tt L
420]=10g x 4.2 x do 400x100x107* (91_92)
do=10°C 4000= 10102

26. msAT =dQ %
dT 1 1 01-062=100°C
—=—=————— (For vapour)
dQ ms Heatcapacity 37 (9K)(A)(100-6) K(A)(6-0)

27. Heatrequired for vapourisation = Rate x time ' 18 6
=42 x (30-20)=mL=5xL 900 - 90 = 30

L=84K]/k
R 030075
28. mghzm— = h=— 12
5 5g

29. AQ=mL + msAT + mL + WAT 38. —Q = same
=10x80+10x1x100+10x540+10x 100 At
=8200 cal KA(20-10) 2KA(10-6)

30. Qi=msAT=10x0.53x40=212 —(S) So / = 7
Q:=mL=10x80 - (P)

Qs=msAT=10x1x100=1000 — (Q) = 26=10
Qs=mL =10 x 540 = 5400 — (R) =0=5°
[2] www.allen.in
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39. 90°C L
. s1. relopoto [
_ KA KA [ML* T xL]
0°C I3 7@2}
L*To
R=[M'L*T°0]
90°C
I1+i2=13 OR
KA KA KA AT
—(90-T)+—(90-T)=—(T-0 R=——
(90-T)+ = (90-T) = == (T ~0) Q]
180 -2T =T dT
3T=180=T=60°C A
40 Thermal conductivity (K) depend's on - MIAT
material . .
. / 52. Low specific heat means low heat capacity
41. Heatresistance R = Py = Roc " and high conductivity means it will transfer
R is minimum for option IV heat to f_OOd quick.ly. _
So conduction of heat will be more. 53. Convection (density difference)
42. Gravitation force is required for convection 54. Metal has high thermal conductivity
43. Convection (density difference) 2 2
r 2 55. d—roéocr—,&:[gj xi:16:1
5 1 dt ¢ (¢°Q, (1 1
dQ A r R, r,) 49 8
44. =— X —C—=>—= —=— KA (3K)(A)
de ¢ ¢ R, ((/)12 9 56. —(0-0)=-—2"(9—100)
‘, 1 2
45. L1:L2’(e]—62) is same -20=30-300=0=60°C
K,A K,A 57. Mud is a bad conductor of heat
1 1(91_92)2 2 2(61_92)
L, ) 58, KA(T,-T) K,A(T-T,) As [9Q _dQ,
KiA1 = KoA; d, d, dt dt
100-T T-20
46. ( ) :( )KA T= K, T,d, +K,T,d,
10 10 -
T K,d, +K,d,
- S N
2T =120 = E 59. There is a vaccume in the bulb.
T=60°C "~ w— 10 cm —»*—10 cm—> 60. Convection is due to density difference
47. Re=Ri+Ry 61. Convection heat the air molecules which
2L L L 4 move upward, while high density molecule
——=—+—=K =-—K .
Kqu KA 2KA “ 3 comes down for low density (pressure)
48. Under steady state, the temperature ofabody | g2, Q = e:cATH = Q —0.65 AT
does not change with time but is different at t
different point of the body. 63. r1=1m; Ti=4x 103K
29, Q_KA 4 (02)10)(#0-20) r=4m; Tp=2x 103K
dt L 2x10 E, A1T14 E, rfo
=20x103=2x104] e Sl S e
dQ E, AT E, 0T/
50. Given —=10; K=0.5 ) - 24
Adt - E _(1)y#x10°) _(1)4)
dQ _padT_dT_1, 4dQ E, (47@2x10Y)" (4°(2)’
dt dx dx K Adt E 1
dT 10 - —L_=
= —=—=20°C/cm
dx 05 / E, 1
www.allen.in [3]
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64.

65.

66.

67.

68.

69.

R1 o (600)4 - (200)*

Rz o (400)* - (200)*

R, (16+4)(16-4) 20x12

R, (36+4)(36-4) 40x32
3

=—R

‘16

E=0T*

E'=c(1.1T)

E'= (1.1)*c T4= (1.1)4E

E'=1.21x121E = 1.4641E

1

R

(1)

..(ii)

%AE = ———x100% = 0.4641x100%
= 46.41%
E (400) x8x4
E' 5(600)" x4x2
4

E: z x4
E' 3
E=E

64
E_E_(5e6)
E, E, (273

E
E,=—
‘16
Use el—ezzK(el+92 eoj

t 2

|, 9590, (95+90 o

30 2
_, 5550 (55+50

70 2

By dividing equation (i) by (ii),
7 185-20,

3 105-26,
:>735—14eo=555—690
800 =180 = 0o = % =22.5°C
Q=catr = dQ_cdT
dt  dt

‘)=o)
1 2

Here C = thermal capacity.
(dT/dt)1 C, 4

(dT/dt), ¢, 1

70.

71.

72.

73.

74.

75.
76.
77.

78.

79.

80.

81.

82.

83.

Newton's law of cooling is used to calculate
the specific heat of liquid .

7‘m°°1 :>7\’m=E v
T T m
xm:i
v

vm ¢ temperature

Am TTY

wavelength of blue colour is lesser than red
so the temperature of blue star is more.

A T =2, T,
2597 K x 120004 = 48004 x T
T, =6492.5 K =6219.5 °C

Kirchhoff's Law :-
absorber

good emitter is a good

A =E weins law
T

m

Black absorb more, so emit more.

% o (6-6,) (Newton's law)
E _ol E_[moo]“
E, ol 2E | T

1/2
T = 21/4 x 1000 = (JE) x 1000
T=1.19 x 1000 = 1190 K

Qo PT* = &z(lj [Zj _1
Q, \4 1 1

Good emitter is a good absorber

4
E T
ExT¢= —1=(—1J
5 T

2

10) (@j S
E, \600) 16
E,=160]
s o(400)"

100 _ ( 4) (E = oT4]
16x10° ()
T4 = (2 x 400)*
=T=800K=527°C
Solar constant S

S' (d)
Soci2 = —= ( )2
d S (d)
2
S'= 54 > =S'= — =12.5 cal/min cm?
(0.4d) (0.4)

[4]
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4 5 in' th
84. To 1 96. E.oc T4 and Emaxoc T> (wein's 5th power law)
A 97. Kirchhoff's law :-
4 4 2 4
Q_A_[T_] A_(k_J H (%_] ~=E,
QZ AZ TZ AZ 7\’1 I.2 7\’1 ax
_6° 15 1 sy 98. Case..(1) 80;5():1{80;50—20}
18 5* 3
g5 T, _A, 560 _ 28 4 Case ..(2) 60_30:K{60;30—20}
T, A, 420 21 3 t
P AT On solving t = 9 min.
86. —=-Kk(T-6 =—kdt -
(T=6,)= — 0 99 80 60:K(80+60_30j
T 60 2
In(T - 60) =-kt+c 1
T-0,=ekt+c k = §=K(40) (i)
T=0, +ekt+c O T B
0 | st _ 60 50=K[60+50_30j
87. - =-k(0-0,) 06 t 2
fm(0—
40 ’ = 10 k(25) (i)
=—kdt t
(6-6,) Solving equation (i) and (ii), we find
m(6-6,)=-kt+c ‘ t=48 Sec.
- 1
g8. —%:k(e—eo) 100. Wein's Law A, OC?
As difference between body temperature and 101. .Amc.)unt of radiation emitted and absorbed by
surrounding temperature decreases. Rate of it will be equal.
. 8 P 1 ' 102. Ideal black body, totally absorb heat radiation
cooling decreases with time.
1 of all the wavelengths.
89. A oc— 2ered 2 4 E
103. E_1:r12T14 :(gj (@j - 11
90. good absorber is good emitter E, 1T 2 800 E,
91, 80-50_(60+50 104. Wein's Law 2., o~
10 2 T
— 1=K (30) (i) 105. R, < Area(A), so same for both
:>50—T:K£50+T_25] 106, 290 1 E:p2r2:1><2:1:1
10 2 odt pr R, pn  2x1
- (50__Tj - K_I ..(ii) 107. AnT = constant
10 g 108. Spectral energy distribution curve is a
Solving equation (i) and (ii), we find continuous curve for ideal black body (IBB)
T =42.85°C 109. Q=cT*At=56x10-8x 1012x 0.1 x 60
92. good absorber is good emitter 5.67x10* x6
93. Thermal radiation are infrared radiation Q= 42 = 81000 cal
94. . according to weins law 110. E=oT¢+ o E__ T g _E
T E' (1/2) 16
95 & = & _h_ 2 =2:1
RCZ RFZ 1/‘1 r
www.allen.in [5]



ALLEN

NEET : Physics

111.

112.
113.

114. N

115.

116.
117.

118.
119.

120.

121.

122,

123.

Definite  absorption takes place in
chromosphere

E oc T4

For ideal black body (IBB) :
_ PV 13x10°x7x10°

KT 1.38x107%3x273
N =241 x 1023

All real gas behave as an ideal gas at high

temperature, low pressure and low density.
u = constant, T = constant, P,V, = Py,Vy,
At same temperature pressure and volume
(N1=N;=N3) Avogadro law
All temperature and pressure.

p=1( EX vz,
3LV

P o« N (no of molecule)
N — double, so P become double.

p URT
\'%

ﬂxvz/3 =C
\%

PV = uRT =

Pvz/3=C =

TV-1/3=C = Toc V'3

Tt = V7T

A - B = P = constant & B

Tl So Vi = IBC P A
B - C = T = constant &
Pl So VT = ITE

C - A =V =constant & V

PTSoTT = IC
p:uRT

2
T—ZC = o
v >V,
T, =2T

P = constant
V. T
Ve T = _1_ 1
T

2 2

V.
T,=Tix = = T2=300x@
A 250

T2=600K=327°C

124,

125.

126.

127.

128.

129.

130.

131.

1 270

, =—X x 500 m3 =900 m3
0.5 300

Py P,

MT, M,T,
Ex M, T,

P,

1

V = constant =

Final mass M, =
2

300 P
Leak outmass=M;-M;=6-4=2g¢g
High temperature and low density.

_4.g

Note : All real gas behave as an ideal gas at
high temperature, low pressure and low
density.

T = constant

P1V1=P;V;

PV

v,

P

2

5
Pz =0.8x—
8
Pz = 05 m
PV = uRT
P= MLRT = P o p (At const. temp.)

w

PV = uRT = PV = R — p-MRT
M vV M

w w

PM
P=ﬂ = p= Y o= poc—

M pRT T

Closed container = V = constant
AP AT P
o L T=—

P T AP

=%X1K=250K

=AT

T

PV = constant = T = constant
PV/\

[6]
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13. ?x1m’ 140. P
132. N-V__13 8N/2§n ki
KT 1.38x107* ]J/Kx300K \ \2
N = 3.3 x 102t molecule P2
133. Closed contain (V = constant) 2 1T,
Initially, Ty
M; =10 kg V = constant
= 7 2
let M kglgasllgallj/m At point 1 and point 2
Finally M = (10 - M)kg Let V = constant (P « T)
P;=2.5x 106 N/m?2 SO P2>Py
given T = constant for a given gas T,>Tq
py = MRT V =constant | 141- Real gas equation
M, for p=1 mole gas
Po«M My, = constant a
P M [P+—2j(V—b)=RT
So 2=z T =Constant v
i {3RT
By solving. M'=7.5kg 142. v, = ™M
134. Dalton's law of partial pressure w
P V. +P,V )
or P =122 (Atconst. temp.) 143. v, o+T = V_; _n
mix V2 2
M 2
135. PV=pRT=PV= M—RT \% j 600
w ===
0 M = 5gm v/2 T
w=32 1
g o 1600 _i50K= 1230
PV =~ RT 4
32 . 144. v o< JT (Does not depend on pressure)
136. Have same mass but negligible volume.
(Point mass) Vims, [T} 200  [300
P RT v AT v \400
137. —=— rms, 2 rms,
p M,
PM v —4—00 m/s
p: RTW MW - mNA rms, \/§
1
p:P_m izk 145. average speed <C>
KT N, VM,
N = PV <Cy> |4
1 = [—
138, KL N PV T <C, > V1
N. = PV, N, T, PRV, <Cyg>=2<Cqe>
> KT,
T
139. At constant temperature 146. v, o= M

P1V1 = Psz = PV = Pz.

K3P2=4-P v'oc —(T/Z)ocl T
4 (2M,)  z\M,
So, P; =4 atm
Hence vims become half
www.allen.in [7]
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148.

149.

150.

151.

152.

153.

154.

155.

156.

1930

Ji

1930 _Ji> 1930
V2 2
1930

Vy=——=965m/s
== m/

1 (Vr.m.s. )02 \/7
v LC | = —————— =, |— =
o I\/lw (Vr.m.s. )H 32

2

=2

N

Vrms = Same = T o« My,

T, =%><273 =546 K=273°C

Any speed depends on temperature and
molecular weight only so if temperature
constant then mean square velocity will also
constant.

Value of vims of the molecules of gas is more
than escape velocity.

Vi+VE ViV 4V
Vr.m.s =
5

2 2 2 2 2
:\/2 +3°+4°+5°+6 - 4.24m/s

5
Independent of its pressure but directly
proportional to the square root of its kelvin

temperature.

2PV = %x 8.99x107* x(3180)’

=3x10°N/m’= 3 atm

P=2{ 1 |vin
3\V

P(pressure) oc Vs

pressure become four times

158.

159.

160.

161.

162.

163.

164.

/3RT / 3kT

m — mass of molecule

Vrmsoc_
Jm

= f3—P=\/§F=1.71ﬁ

P P P

_[aP :1.59ﬁ
mp P

= /2—P=1.41F
p P

for a given gas P and p = constant
Vrms > Vavg > Vmp

(Vrms )Hz = (Ves

= ?\?T 11.2 x 103 m/s

w

3x8.314xT
= 3
2x10
=T=104K

P=| % |V,
3LV

m — mass of molecule.

)earth

=125 x 106

T
Vrmsoc T
MW
1 1 M
than —= T—x—w
\ M, T
. 2T M,
v'= ><—><v
M, /2
v'=2v

Vims = Same = T oc My

T M,
&z( )02 - T :3—22><320=20K

THz (MW )HZ "

Vrms > Vmp so different.

_ /&mﬁ

p Y

p = f@ :1.41\ﬁ
Y P

For given gas P, p are constant
Vrms > Vavg > Vmp

[8]
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165. We know that total K.E = ng

f — degree of freedom

for diatomic gas

f=fr+fr fr=3
fR=2

=N

(KE)r=-LKT = %kT

(KE)r=

T

2

f—RkT ng
2 2

(KE), 3

(KE), 2

166. gram specific heat difference is

R
Cp—CV —r—m

forH, cp-cv=a :% (M, (H,)=2)
forO; cp-cv=b R (Mw (02)=32)
32
a=B ; bZE
2 32
a=16b

167. U=U1+U;
=G, T+p,C, T

—2x2RT+4x2RT
2 2
= 5RT + 6RT = 11RT
168. E«T
E _T, _ 621x107" 300
E, T, E, 500
5

E; =3 6.21 x 10-21=10.35 x 10-21]

169. Atsame temperature

170.

171.

172.

173.

174.

175.

176.

p_2Er
3V
2 1.52x10°
P=Sx225 "5 x 105 N/m?
3 200x10°
M =u1M1+u2M2 :5x4+2x2:ﬁg
2><§R+5><§R
c = 2 2
Viix 5+2
2><ZR+5><§R
c = 2 2
P 5+2
C
Yomix = e =—39/7 =1.56
Cvle 25/7
OR
v = chpl 'H/lch2
R THORE S TR o
2sz+5><ER
_ 2 2
Ymix - 5 3
2x—R+5x—R
2 2
Emix = E1 + E;
(nl + nZ )fRTmix — nlfRTl + anRTZ
2 2 2
v _uhAnT,
e n, +n,

Total K.E = ;MRT
5
for 1 mole = E RT

=%x2><300=1500cal

Mean K.E Per gram molecule = Molar K.E

Emole :ERT
2
1fR+R
y_C_p_CVJrR_Z _f+2
CV CV lfR f
2
2
>y -f=2=f=—
y—-1

www.allen.in
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178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

E
E= VT energy density

_ !»hcv1 +Hzcv2
o,
Absolute zero temperature is one at which
motion of molecules freeze. Hence K.E. of a

molecules become zero.
5 =0.67
C

v

v 7067 67 2
So, f =3 (Monoatomic)

R _100, 3,

Total K.E = gNkT

Total K.E « N (no. of gas molecule)
KE o« T

El
E,
T2=2x293
T:=586 K=313°C

1

T

2

Avg. Kinetic Energy = %kT

= Avg. KE T
K.E associated with per degree of freedom of

a molecule is %kT

The average of distances travelled between

two successive collisions is mean free path.
The molecules are transferring their
momentum to the wall.
1
AU = nC,AT (always) = 2 = uRAT, AT = same
U 1
U, 1

2
specific heat of an ideal gas is independent
on temperature

Can have any value between 0 to « because
it depends on temperature and process.

190.

191.
192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.
203.
204.
205.

206.

T +6T,

wfy +p,f

Eo T
K.E « T = T = absolute temperature

(K-E)avg= ng [for monoatomic gas f = 3]

(K.E)avg = %kT

A diatomic molecule has 5 degree of
freedom.

,Y _ CPmix _ Mlcpl +MZCP2
" Cymix Mlcv1 + Hzcv2
Ymix = 1.55

1st law of thermodynamics is based on law

of conservation of energy.

Q=500cal =500 x 4.18=2093]

W=-100]

AU=Q-W

=~ 2193]

GivenQ=-20],W=-8]

AU=Us-U; So,Q=AU+W

-20=U¢-U;-8

-20=U;-30-8=Ur=18joule

Q=AU+ W,

Qi=16-20=-4K]

Q2=AU2 + W,

W, =Q2 - AU;

=9-(-4)=13K]

QABC =90 ] and Wagc = 30]
AU=90-30=60]

if Wapc=20]

Qapc = AUapc + Wapc=60]+20]=80]

W = Area of ellipse

W =1 Pz_P1 VZ_Vl
2 2

W = Area of LMNOL = PV

AU = uCvAT =2 x 4.96 x 2 = 19.84 cal
Work done always depends on path.
Change in internal energy is same and
Wa>Wsg SO, QA > QB

FLOT Q=W +AU

Q=+110]

AU=+40]

110=40+W

W=+70]

( AUq = AUz)

[10]
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207. According to FLOT :-
Q=W+AU AU = mCyAT
Q=W + mC,AT

208. W= %x 4P, x3V, =6P,V,

209. For cyclic process
AU=Us-U;=0
Zero in all the four cases.

: Q
210. Heat capacity = —
pacity AT

At constant volume W =20
Q=AU=80]

80
Heat capacity = 20 =4]J/K

211. P4

Mono

13

Tri/poly !
V/2 Vv

Y
P, =P, (ﬂj Vi=V and V,=V/2
VZ

Hence P2 = P1(2)

v P,T

AS YMono > YDia > YTri

then Pumono > Ppia > Prvi
212. At constant temperature

PV = constant

On differentiation B
VdP + PdV =0
P P 4V Vv

—_ = = — =
dv Vv dp P

_(dvj
dp) 1

1 1
=— Hence foc—
b P P P

213. Bzsz%xlOs N/m* = 1.4 x 105 N/m?

214. B =P (for isothermal)
215. Slopeadiabatic o ¥
Slope of 1 < Slope of 2
v1 <yz and Ymono > Ydia
So, 2 is monoatomic & 1 is diatomic

216.

217.

218.

219.

220.

221.

222.

For adiabatic
AP__P_ AP AV

A VTP v
TV-1 = constant

Tz_ Vl o
Tl VZ
5
T, (27y (27)" 3
300 | 8 s ) 22

T, =300><%:675K

S| o

AT=T,-T1=675-300=375K
For adiabatic process
P1~ T'= constant

as per question P « TC

on comparing
y _ 5/3 5

“y-1 5/3-1 2
W_MRAT _R _ R _2Z . 000—400
Q nGAT Cp 5 >

SR

B — Adiabatic »P % VTP | (more steep)

A — Isothermal — P o % VTP (less steep)

(C, D) - positive slope
Slope of adiabatic = y (Slope of isothermal)
I[sothermal for A and C while adiabatic for B
and D

PA
AD—>
IT+—>

vz v Y

In isothermal process T = constant, AT=0
But Vi, PT
In adiabatic process (P, V, T) are variable,

\% i«, W=-ve, AU=+ve (Temp T)
Vi, PT

Option (3) is correct

www.allen.in
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223.

224.

225.

226.

227.

228.

229.

230.

W  uRAT R R 2
E_HCPAT_E_?R_E
2

2
W_EQ
For polytropic process
W _ HRAT

1-x
Here x=-2

:“’R(TZ_Tl)
1-(-2)

W —R(T, -T,)
du pCdT C, 1 5
AQ, nCdT C, v 7

( Y= %j for diatomic gas

Adiabatic relation between pressure and
temperature.
P(-)T'= constant

URT

PV:= constant = —— V"= constant

TV:-1 =constant
V=TI UJ or Vi=TTU?T
May decrease and may also increase

AU = pCyAT =1 x %RX100

AU =1 x % x 8.31 x100=12.48 x 102]

P = constant
W=0

(Q)r = (AU)p + (W)p

V = constant
W=0
(Qv=(aU)y+0
So  (Qr>(Qy
UCpAT > uC AT
Cp>Cy

Work is done in the expansion of the gas at
constant pressure.

So option (1) is correct

In adiabatic process AQ = 0

AU+AW =0

AU = - AW

When gas adiabaticaly compressed, then V{
AV = -ve, So AW = -ve

AU = +ve = UT

uCy(Te-Ti) >0

T¢>T: hence temperature T

231.

232.

233.

234.

235.

236.

237.

v _T

y-1 y-1
Pl Pz

E
P, |
T,=|— xT,
P,

0.5/15 1
T2 Z(Ej XBOOZFXBOO

T,=240 K =-33°C
c-AQ

PAT
for adiabaticAQ =0

Cap=0

Gas suddenly compressed (Vi)
SO
W =-ve and Q = 0 (for adiabatic)
AU = +ve (temperature increase)
P4

P

Py \ —> Isothermal (vessel-1)
P, —> Adiabatic (vessel-2)

>V

\% 2V

Py > P, final pressure in vessel (1) is more
than vessel (2)

W, >W, W oc Area

so, In first vessel, both pressure and work
done are more.

Heat is rejected by gas

Q=W (forisothermal process AU = 0)
when gas compressed Vi, AV = -ve

W =-ve

Q = -ve (heat rejected)

P
slope)ap=- y—
(slope)ap 'y

\%

(slope)ap = y(slope)
Work done in cyclic process is area enclosed.

(slope)an = y[—ij

Area=W=%BH

W,

ABCD —

Wagep = 3P1V3

1
5(3\/1 _Vl)(4pl _P1)

[12]
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R(T,-T
238, w=_HRL-T) 252, n=1-2-W
v-1 T, Q
15-1 900 3x10°
239. According to FLOT 2 Y
6Q=6W+dU §_SX106
Isometric V = Constant AV = 0 W=2x106cal=2x4.2x106]=8.4 x 106]
C
240. W=PAV=10%x0.25 253. COP=———
W=250] 254 (s1ope)ammmc 1 (5]
241. Q=W,when AU =0, T = constant - (s Ope)adiabatic_ - (_S OP€)isothermal
(isothermal process) BC, DA — adiabatic
P «/ AB, CD — isothermal
V . .
242. PV =PV, = P, :[ Vi j <P, 255. Exchange of heat take place in isothermal
V, process
43 A—-B AU=0 (T=constant)
Pz = [LJ xP) =16 Py W = +ve (vh
v/8 Q=W =+ve (Heatabsorbed)
243. Work equals to area under the P-V graph or C—>D AU=0 (T = constant)
curve and V-axis. W = -ve (vi)
244. In adiabatic process Q=0 Q=-ve (Heat rejected)
i T
Total heat content of the system remain 256. n=1--2
constant. T,
245. Isometric V = constant Q
PxT 257. n=1-2=1-2
Ql 1
L_Q
Tl Ql
T, _ 80
400 100
246. Adiabatic equation in terms of P, V = T2=320K=47°C
PV. = constant 258 Work done _w_ T, -T,
247. AU=Q-W=300-0;V=constant; W=0 Heatsupplied Q, T
Change in internal energy per gram N 800 _ 600-300
300 Q, 600
=AU/M=——=6cal
M=y =6cal/s ~ Q:=1600]
248. Tp>Ta=Tc>Tp =  U=pGT 259, W_T-T
UB>UA=UC>UD = UOCT ) Q1 T1
249, Free expansion as Pexx=0=>W =0 A 500—400
_ = = W=1.2x10%cal
250. Heatcannotbe convertedin 100% work, but 6x10* 500
reverse is true. T,
251. Heat can't flow from the body at lower 260. COP= _
. 1 2
temperature to body at higher temperature T,=300K , T,=263K
is a consequences of second law of 263
thermodynamics. ~300-263
www.allen.in [13]
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Exercise-II (Previous Year Questions)

mjLy + miSAO = mySA0
mx540+mx1x20=20x1x70
mi x 560 = 1400
mix25g
Total mass of water =20 +2.5=225g¢g

T, [TAT,
t 2 0

To — surrounding temperature.

1
Mean free path A, =
\/Ercdzn
where d = diameter of molecule
n = molecular density

= kmoci2
r

In isothermal process : P1V1 = P;V;
P

PV=P,(2V) = P, =3
In adiabatic process

(gj (2V)' =P'(16VY'

P 1 P
P = X—=—
2 32 64

1
Weyeic = 5[3130 +P,|xV, -3P,V,
1
Jr5[3p0 +P ]V, -P,V,=0
AU = pCyAT & T=—
1R

PZ 2 Pl vl
uR

uR (PV,-PV, )} PV,-PV,
1R

PV
V., —
so AT=T,-T, =

so AU=

y—1 y—1
_ —8x10’
2/5
From Wein's displacement law
1

A, €=

- AU =-20k

Now from sequence ‘VIBGYOR’
(Am)p < (Am)r < (Am)q
So Tp > TR > TQ

10.

11.

12.

13.

14.

For Engine & refrigerators operating between
two same temperatures

1 1 1

= —=—
1+ 10 1+P
B= % (From the principle of refrigerator)

9=% =Q2=90]

y=1+ 2 (Here degree of freedom — n)
n

In cyclic process ABCA,

AUgyaic =0

QCyclic = chclic

Qas + Qsc + Qca = closed loop area.

400 + 100 +QCA=%X (2x103) x4 x 104

400 + 100 -Qac =40

Qac=460]

Rate of heat flow « temperature difference
between two ends

(;—(3 (T, -T,)
Here temperature difference in both case is
same (i.e. 10 °C)

So, rate of heat flow will also be same

= T1>T;

dQ
So, — =4]/s
i I/
According to ideal gas equation
p_ pRT M, - pRT
M, P
M T, P 1
so —A=Pa "a T8 _ (g5 (—)
M, p; T, P, 2
M, 3
> —=—
M, 4
Molecular mass My =4.0 g
M 2
Vsound = ﬂ = Y ZW—VS =1.6
M RT

So, C,=7Cy=1.6 x 5.0 =8.0 ] K- mol-!
Coefficient of performance of refrigerator
T

L

TH - TL
Where T, —» lower Temperature
and Ty — Higher Temperature

So, 5 =L33:> T, =303.6K=31°C

COP =

H

[14]
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15. 1
i 20. voT = — = @2V:@m/s
0 g 200 \300 N}
P i 21. P
Isobaric i 1
V/2 VV —
work done on the gas
Wisochoric = 0 0 >V
and Wadiabatic > Wlsothermal > Wlsobaric
d Wex: = negative of area with volume-axis
16. d. =—— . . .
£ (1 + yAT) W(adiabatic) > W(isothermal) 5
mgh 4L 4x3.4x10
fractional change 22. D81l oh=2 22000 S 136 km
d -d d 5 10
= - q L=1- d—f 23. Let 0 be the final common temperature.
i i Further, let sc and s, be the average heat
=1-(1+yAT) capacities of the cold and hot (initially)
=1-(1-vAT) bodies respectively (where s¢ < s, given)
v (1+x)" 1+ nx From, principle of calorimetry,
=yAT heat lost = heat gained
=5x10-*x40 sn(100°C - 6) =50
=0.020 0 S, «100°C = 100°C
Q2 (s, +s.) S,
17. PB=—-=—"— (Where Q;is heat removed) 1+-—=<
w T —T S,
600x4.2 277 Sc/sn<1 w1+sc/sn<?2
w 303-277
100°C o
— W =236.5joule 0> 6 > 50°C
= Power = W _2365joule 236.5 watt. OR
t 1sec Body at 100°C has more heat capacity then
18. Maximum amount of emitted radiation body at 0°C so final temperature must be
b o
corresponding to A =~ greater than 50°C.
24. Newton's laws of cooling
6
Xm=2'88X10 an:SOOnm T, -T, 2 T, +T, T
5760K
3T-2T 5T-2T 3T
Uz = =k| 2= i
" ( )= I
Emitted 2T — T' T+T'
(radiation) > s [ j
250nm  500nm 1000nm
2T-T' ' s
From the graph U: < Uz > U3 = k(—j -(ii)
19. Change in length for both rods should be 10 2
same

Al = Aly = 1101AT = (00AT = f104 = L2002

By solving (i) and (ii) T'= %T

www.allen.in
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25.

26.

27.

28.

29,

30.

31.

PVx = constant (Polytropic process)
Heat capacity in polytropic process is given

by I:CICV+ R }
1-x

Given that PV3 =constant=>x=3 ..(1)
also gas is monoatomic so C, =%R -(2)
by formula
C=§R+—R =§R—E=R

2 1-3 2 2
Heat delivered = Q:

-W T
COP(B) - &:(21_:&_1:_2
w w w T, -T,
&=1+t2 +273 _ 4 +273
W t, -t t, -t

1 2 1 2

P_RT (Ideal gas equation)
p M,

PM,, Px(mN,) Pm
RT kN, T kT

1 1 1
In parallel —=—

eq 1
K., (2A) _ K,A N K,A
1 l l
K, +K,
“TT g
Process (1) — volume constant — Isochroic
Process (2) » VT = V{ — adiabatic
(3)

— Isothermal

= p=

R

2

K

Process — Temperature constant

Process (4) — Pressure constant — Isobaric

2 4
POCI'ZT4I> P_lz r_l L
P2 rZ TZ
P, = 1800 watt
1
1+

1 1
—_———
10 1+B

ﬁ:%:wa:% =Q:=90]

n

32.

33.

34.

35.

36.

37.

38.

39.

40.

U=£nRT
2

Utotal = g (Z)RT + % (4)RT

Utotal =11RT

Q=54 cal =54 x 4.18 joule = 225.72 joule
W=P[Vsteam—Vwater] [For water 0.1 gram=0.1 cc]
=1.013 x 105[167.1 x 10-¢ - 0.1 x 10-6] joule
=1.013 x 167 x 10-1=16.917 joule

By FLOT

= AU=Q-W=22572-16.917=208.8joule
P=cAT*=P o« T*

According to Wein's law T o« }%

m

4 N 4
~ pPo| L) o B_[fm
}\’m Pl 7\‘m2

P, (2 ) nP 256 256
= == = —=——>=>n=——
P, |3 P 81 81
i}\lo
4
Vo T = W = PAV = uRAT
Q = uCpAT

for mono atomic gas f =3
C, =(£R+Rj=§R so W _ WRAT _2
2 2 5

Q pC,AT
T, =T
n= (Q}dOO
Tl
where T1 =373, T, =273
100

= n=-——-x100 = 26.8%
373

Ves=Vrms = 11.2x10° = /3k—T
m

(112x10°) m

3k
Putting value of m and k
T=8.360x 104K
Adiabatic process
AQ=0
KE « Temperature
As temperature increases KE also increases
At any temperature
(ADcu= (A)w
(101AT = lp02AT
88 x1.7x105=/;x2.2x105

/2 =68 cm

[16]
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41 dQ (K)A dT 50. Free expansion i.e. expansion against vacuum
"odt dx is adiabatic in nature for all type of gases. It
] , kelvin should be noted that final temperature is
==(K)m . :
S equal to initial temperature for ideal gases.
(K) = watt m-1 K-1 51. Efficiency of cannot engine
T, -T T, +T
42, 2|2t g nol-i2
t 2 T,
80-70 =K(80+70 —25} ) T1 = temperature of source
12 2 T = temperature of sink
— 1 1
70 60:1{70*60—25) -(2) 52. A= o
t 2 \/Endz n d
on solving : t =15 min ) = mean free path
43. KA [0-(=26)] dt = A(dx)pL d = effective diameter of molecule
X n = number density of molecules
dx _ 26K 53. PV=nRT
dt pLx
1(m m \[ RT
44. Hydrogen — 7/5 (diatomic), = P=v v K=V
Helium — 5/3 (monoatomic), X — 9/7 0 0
45. Q=AU+W=mL=AU+P(V,-Vy) p_ PRT
= 1(2256)=AU+1 x105(1670 x 10-6) M,
= AU=2089] m
3 p =— =mass density
46. Average thermal energy=—KgT v
2 & My = molar mass
where 3 is tran.slatlonal degree of freedom 54. P = constant = Isobaric process
For monoatomic gas total degree of freedom 55. By using Wien's law 2T = constant,
f = 3 (translational degree of freedom) 1
47. Mean free path for a gas sample we have T « o
A = ! i
m = m As kB <Ay <Ar (VIBGYOR)
o =Ta>Tc>Ts
where d is diameter of a gas molecule and . . .
) ) 56. According to Newton's law of cooling
n is molecular density
48. Heatsupplied AQ = MSAT T-T, _ K|:T1 +T, _Toi|
For same material 'S' same. t 2
AQxcM and M= % r’p= AQ o« 13 For 1=t cup of cof_fee, -
. 3 90—80=K 90+80_20 (1)
AQ, _fr) (15} _27 oLz
AQ, \r, 1 8 For 2nd cup of coffee,
49. For an ideal gas sample 80—'60 _k| 89+60 5, -(2)
P_RT t L 2 |
p M, Divide (1) by (2)
3 -3 t'" 65 13
p=PMW:249><10 x2x10 - 0.199 L .5 o2t
RT 8.314x300 2t 50 5
p=0.2 kg/m3
www.allen.in [17]
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57. Root mean square speed of gas molecules

’3RT
Urms = 4|~/
M

Pressure exerted by ideal Gas

1
P==pv?
3p

P= 1mm)2
3

p=mn, v} =0
Average kinetic energy of a molecule

KE=§KT
2

Total internal energy of 1 mole of a diatomic

gas

5
U=—uRT
2“

or U= gRT (For 1 mole diatomic gas)

63. Vrmsocﬁ
oL
V2 TZ

= let initial speed is v

As speed is increased by 3 times so final

speed become 4v
\% ’223
=—=,—
4v T
T=3568K
So temp. in °C = 3568 - 273 = 3295°C
64. Efficiency of carnot engine

T,
‘%n:(l——ﬁﬂijIOO

source

Tsource = 327°C=600K

50= 1—TS'Lk x100
600

l_ _ Tsink
2 600
T, . =300K

Sink

So temp. of sink is °C = 300 - 2763 = 27°C

65.

66.

67.

68.

69.

70.

71.

P(N/m2)
A

3x102

2 x102% A

102 4

0 V(m3)

1 2 3

AB is isobaric process
Wag = P(V2-V1)
Wap =3 x 102 (3-1)
Wag=3x100x2
Wag=600]
- _(w +1,)RT,
mix vV
_(0.2+0.3)x8.3x200
200x10°°

~ 0.5x8.3x200
200x10°°

Pmix = 4.15 x 106 P,

For path bc volume is constant

so work done is zero

=W=0

PV = nRT

:T:L.V
nR

comparing with y = mx
m = slope = P ocP
nR

= P;i>P;>P3

Houses made of concrete roofs overlaid with
foam keep the room colder during summer.
Water is a good coolant because of it's high
specific heat capacity.

Equilibrium state of a thermodynamic system
is described by thermodynamic variables

such as pressure, temperature, volume etc.

[18]
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72. Letvibrational degrees of freedom be fyip
Translatory degrees of freedom = 3
Rotatory degrees of freedom = 3
Total degree of freedom = f + 6

1(:1+i = vy=1+

total fvib + 6
= fvib :M
v-1
= Vibrational modes = (4_—31ﬂ
’Y —

Exercise-III (Analytical Questions)

1.  Celsius scale ranges from 0°C to 100°C
Fahrenheit scale ranges from 32°F to 212°F
Kelvin scale ranges from 273.15 K to 373.15

K unknown scale ranges from x to y.

2.  When a bimetallic strip is heated it bends in
the from of an arc with material having
greater temperature expansion co-efficient
going on outer side. It is used in thermostate.

3.  Since the coefficient of linear expansion for
brass is greater than steel so system should
be cooled to take out the disc from the plate.

4. When heat is supplied to the solid its
temperature may increase (phase heating) or

it may remains constant (state change).

5. A good cooking utensil should have low
specific heat, low thermal capacity and high

coefficient of thermal conductivity.
6. In BC temperature remains constant

ice > water

As density of ice is less than water so after

melting volume decreases.

7. During melting temperature of substance

remains constant.

8. Heat — Energy in transit

Internal energy — It is sum of energy due to
attractive force and due to random motion.

Temperature — Degree of hotness or

coldness of a substance.

Specific heat - Amount of heat required to

raise temperature of unit mass by 1°C.

11.

13.

14.

15.

16.

18.

19.

Ift=0
=a(T),r!,e(T) {Here,a+r=1andacxe}
=a(), T, e(})

P= aQ = GAT# oc 12
do oAT* A r’ 1
R=— = o — o€ — o€ —
dt ms vV r r
A, o€ l

(As temperature increases An decreases)

’ T
Vrms ¢ [—
MW
Vrus also depends on nature of gas.
Voo |1
MW
1
= T—>const. = Voo——
MW
= (MW)NZ >(M,, ),..
= Vie > V.

andKE=£kT;KEocf

for N, gas ; fT KET

e el

As ==
P M,
1
at constant temperature = pocv

v7T and P

Remember

y_ [T, _[eRT
M, & \nM,

3RT 2RT

Vems = [ —; V= [—
MW MW

(A) Adiabatic bulk modulus

dp P
= —| — [xV = | -y— [xV=+7vP
(dvj (yvj !

(B) Slope of isothermal curve PV =K
PdV +VdP =0
p

dP
slope)ir= —=——
(slope)ir VoV

www.allen.in
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20.

21.

22.

23.

24,

25.

(C) Cv: £R,Cp: £+1 r, yzc—P
2 2 C,

Therefore y=1+%
So, fzi
vy—1
R
vy—1
v
y—1

(D)Cp =

Q=
AU = -W

Process ab — (Isothermal process)

T = constant = U = constant = AU =0

and p increasing

Process bc = p = constant

then isochoric process

Process cd = (Isothermal process)

T = constant = U = constant = AU =0

and p decreasing.

Process da = (Isothermal process)

p = constant then isochoric process

(i) dU = nC,dT is valid for all types of process.
(ii) Temperature of the system can change in
adiabatic process, polytropic process.

(iii) dQ = dU + dW (First law) is valid for all
types of process.

(iv) The process in which heat exchange does
not occurs is adiabatic process and free
expansion.

Cp-Cv=R

Chr=>Q=W+AU

Cv=Q=AU

(in isobaric process)

In a cyclic process dU = 0 = U — constant

In an isothermal process dU =0

= U — constant

If AQ =AW means dU =0 = U — constant

Q = 0 for adiabatic

(i) nCdT=0=C=0

(i) C= AQ for IT;dT =0
mdT
C=

26.

27.

f f+2
(lll) CV :ER’ CP :(TJR

f dependents on nature of gas

(iv)Q = mSAT (1)
Q =nCAT -(2)
m
n=——
MW
mS =nC

mS=-"2C = C=MyS
M

(A) Adiabatic
decrease so decrease in internal energy

expansion - Temperature
(B) Isobaric expansion - Volume increases and

hence temperature increases since P
— constant (Vo T)
So internal energy increases

(C) Isothermal expansion - T — constant
So, constant internal energy

(D) Isochoric process - V— constant

So, No work done

As®=PAV =0
AP
D
Pz w
C
v
A
P
»VC
Vi P,

For (i):W=0&AT<0=Q<0&AU<0
For (ii): Q=0,W>0=AU<0

For (iii) : AT =0,=AU=0=Q=W>0
For(iv): Ve T=>W>0&AU>0=Q>0
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