Heat and Thermodynamics ALLEN

Heat and Thermodynamics

SOLUTIONS
EXERCISE - O
1. Ans. (B)
Here T-g=a (1)
2g-T=2a (2)
= 29-T=2(T-g)
49
T=—7
= 3 T T
For minimum radius r :- Tz = Stress = r = /L a kg 2kgla
r T X Stress
__J 49 J 40x3n 1
= r=,|—< = = m=1mm
3mx stress 3nx40x10° 1000
2. Ans. (B)
The strain developed in A is comparatively less as compared to B.
3. Ans. (A)

The area enclosed between deformation and restoration curve gives us the mechanical energy
dissipated per unit volume of the given material.
4. Ans. (D)

V=mnrz/

AV Ar A?
— X 100 =2— x 100 + — x 100
1% T £

Stress = YATf)
5. Ans. (B)
Ts =3mg
3mg Abg
as %57 es
2mg Aty
a0 ey

. . Fl
Elongation in wire d=—
AY
_ 250%x100
6.25x107* x10"
0=4%x103m
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7.

10.

11.

Ans. (A)

Elongation in first part with area A = ——
2AY

F
Elongation in second part with area 24 = AT
3 FL

Thus, total elongation =——

4 AY
Ans. (C)
Fnet =ma

{ dx

£ AY
44
Al Vi
Ans. (A)

The action of forces on each part of rod is shown in figure

50kN

=5.0x10"m

A B B C C
10kN |  20kN
< —>
60kN 60kN < — <+
60kN 50kN 50kN
A B B C C
< —> - — <«
60kN 60kN 70kN 70kN 50kN
We know that the extension due to external force Fis given by
Ft
e=—o
AY
3
€ _(60x10°)x15 )><111.5 —45x10"m
1x2x10
(70x10%)x1 (50x10%)x2
e, =———————-=35x10"mand e, =—— — =
P 1x2x10t P 1x2x10M

The total extension e = esp + epc + ecp
Ans. (A)

o oc Toc (L2-x2)

Ans. (B)

4
= — 1R’
3

AV AR
v "R
P AV mg 3AR
B:K:—:) —_—= =
AV )V Vv  AK R

[2]
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12. Ans. (C)

. (F/bc)
Modulus of rigidity (n) = s
_F
= =g

13. Ans. (D)
Heat produced = Wr- E.P.E.
Ft F¢
= g -——
2 2
14. Ans. (A)
Y=7x10"N/m’
_ 0.04
Strain =——
100
1(YA
Energy ==| = |Ax®
w=2{2)

2
1 Ax
Energy = EYA(TJ x/

E:1><Y><stfrain2
V 2

=1><7><1010><w=56x102
2 1
15. Ans. (D)
Ar/r Ar T A?
W="aee T 7=_(1_0)X7
A? F
? Ay

Ar=-5x10->mm
rp—ri=-5x10-5
rg=ri—-0.00005
=1-0.00005
=0.99995 mm
16. Ans. (A)

Let the original length be '/’

When Ty = 100 N, Extension = (, —{
When T2 = 120 N, Extension = (,—(
Then 100=K((, —(,) ...(1)

And 120=K((,—(,) ..(2)

15 6t

26 (,—1,
5(,-50,=6(, -6/,
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0, =60, =50,

11¢
l,=60,-5 !
=6t -5 115t

1

17. Ans. (D)

AQ "~ mS  Heat capacity
18. Ans. (D)
Q=10x80+20x1x100+ 10 x540=28200
19. Ans. (C)

40 .
| d@=] 100x107(100T+500)dT

1600—400

:10[ 2

20. Ans. (C)

+5x 20] =7000 ]

kj
(5kg) x L=42

min

21. Ans. (C)
mi81=mz S .(A)
misi+mzsz=(m+mz)s ..(B)
mqS1+mqSy 2mq51

x (10 min)

= (m151 = mzsz)
mq+mo, mq+mo,

Zmlsl _ 25152
= —mysq; "
m1+—3121 S1+52
22. Ans. (A)

P = Power of heater = (1)XSwx30

10min.7(3)xst0><30

(SW = 250)

t =15 min.
23. Ans. (A)
CA(TA - T) + CB(TB— T) + Cc(Tc— T) =0
CATp+CBTB+CcTc
- Cpq+Cp+Cc

=
24. Ans. (B)

dQ 80
—=2x103x —
dt 100

= AT=38°C
So, Tr=13.8°C
25. Ans. (B)
Heat liberated by water to attain 0°C = msAT =10 x 1 x 40 =400 cal

- C;—T x SAT = (100 x 107°) (4200)AT

_ 400
Amount of ice melted=—— =5g
800

Total amount of water =10 +5 =15 gm
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26. Ans. (C)
Vi-Vr=1cm3
m m 3

— ——=1cm
0.9 1

m=9gm
Q=mL=9x80=720 cal
27. Ans. (A)
Let the total amount be = 100 unit
Let m solidity
m x Lg= (100 - m)Ly
m = 86.2
28. Ans. (D)
The initial gravitational potential energy of the ball = mgh
=m x (10 ms-2) x (6.2 x 103 m)
=mx (6.2x10*m2s2)=mx (6.2 x 10*] kg-1).
All this energy is used to heat the ball as it reaches the ground with a small velocity. Energy required
to take the ball from 30°C to 330°C is
m x (126 ] kg-1°C-1) x (300°C)
=m x 37800 Jkg-!
and energy required to melt the ball at 330°C = mL
where L = latent heat of fusion of lead.
Thus,
m x (6.2 x 10* ] kg-1) = m x 37800 J kg-1 + mL
or, L=2.4x10%] kg

29. Ans. (D)
Volume of liquid = 500 cm3
pVSAT =mgh
he 1000x5x10* x4.2x10% x15 _315m
10x10
30. Ans. (B)
Isotropic photographic enlargement
31. Ans. (B)
LoaqAT  104—100 4 a2
(=(,(1+0AT) = (-l =(,0aAT = = =— =D ===
foagAT  106—100 6 ag 3

32. Ans. (A)
The length of each rod increases by the same amount

Aly=Als
L0, AT =L, a AT
t2 Aq
1 as
a
- 24+1=-"241
t1 as
191 as

€1+€2 B 0.’a+(ls
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33. Ans. (C)
Take element of length dx at distance x from one end. dx _
Let dL is the expansion of length dx then dL = dxoaAT [ l_
Integrate from x = 0 to x = 2 for net expansion.
Length of the rod at 20°C X
dL

— =aAT
dx

dL=0aATdx =(3x+2)x107° x ATdx
LLD dL:IOLO(Bx+2)dxx10’6 < AT

3L
L-L, z(—°+2L0j><106 x AT
2

L, =2m=200cm,AT =20°C

2

3L
L:L0+(—°+2L0j><AT><106
2

L=200+(3x40000

+2><200j><20><106
L=200+1.2=201.2cm
L=2.012m
34. Ans. (B)
Stress = Y (strain) = Ys(ow—0s)AT = (2 x 1011) (0.6 x 10-5) (100) = 1.2 x 108 Nm2
35. Ans. (A)
Thermal Stress x Area = pMg.
(Y o< AT)S =pMG

_ uMg
AT =vs
36. Ans. (C)

4 4
AV =Tyt =§nr3yt= gx 3.14 x (10)3x 5.4 x 10-5 x 100 = 22.6 cm3.
37. Ans. (B)

B = AV

P .

AV .
v - yAT = 3aAT .(ii)

38. Ans. (C)
C= YL —Yc [1)
S= YL —Ys [11)
Vs = 3(15 ...(iii)
C + 'YC = S + ’YS

_tve=S

Ys= 3

39. Ans. (D)

pP1—P2 _ (10-9.7)

_ -4
pAT ~ Tox(100-0) — 5 <10

Coefficient of volume expansion y =

Hence, coefficient of linear expansion o =§ =10-%/°C
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40. Ans. (B)
When length of the liquid column remains constant, then the level of liquid moves down with
respect to the container, thus y must be less than 3o

Now we can write V= V(1 + AT). Since V= Aly = [Ao(1 + 2aAT)]lo = Vo(1 + 20AT) = vy = 20

41. Ans. (A)
dQ _aT
dt R

eq

AT AT
=—\dt,) = — (dt
S Reql( 1) Reqz( 2)

42. Ans. (B)

¢
Reeq), =1z

?
Reeq), = 252

dm AT

dty R(eq)4
am AT
bl
dtz R(eq),
at; _Repy
dti  Reeq),
43. Ans. (A)
Reg=Ri+R2+Rs
3L 2L L L
toad " ka 5a T Ha
15k
16

1
4

= ke =

44, Ans. (B)

1
AToc?

K same = AT same

45. Ans. (D)

X 4x 3x
RH2 =R, +R, =k_A + _ZkA = k_A

dQ AT  (T,—TkA 1 [A(Tz—Tl)k]

=55 =
dt == 3x 3
kA

46. Ans. (C)
dm AT
(W),CQ xL=T%
'3
R=ra
47. Ans. (D)
dQ kA

dt L

X

www.allen.in [7]
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48.

49,

50.

51.

52.

Ans. (A)

Both the rods are at steady state and temperature gradient constant and temperature drops

linearly with the distance.
+Tpg

Ta
Temperature at P = = 50°C=Tp

+Tp

T
Temperature at Q = = 45°C=Ty

Since temperature at P more than at Q. So, heat flow from P to Q.
Ans. (A)

Slope « %
Ans. (B)

90°C
0°C T

90°C

Let temperature of junction is T

kA(90-T kA(90-T _
( ) ( )_I_kA(O T _y
L Y t
T =60°C
Ans. (C)
dm|  _1dm
dt Steam - 16 dt ice
dQ| _T-100 _ d_mj L
dt Steam ZK dt steam '
34k
aQ :T__O:16(d_m) L
dt Ice f dt steam
34k
T-100
2 __L
T 16L,
1
(T—lOO)_ 540 _T—100_540 _ T-100 540
2T  16x80 T 640 = 2T  8x80
Ans. (B)
-10C 'y
X 4K ice
0C '
20-x K water
4C ¥

The rate of heat flow is the same through water and ice in the steady state so
KA(4-0) _4KkA[o-(-10)] 200
20-x X 11

[8]
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53. Ans. (C)
using average rate of Newton’s law of cooling

T-T o T+T .
t 2 g

60-40

Given =K (50-10) e ()

& 407_T:K(402+T—10j ... (i)

From (i) & (ii)
T=128°C
54. Ans. (A)
Rate of cooling o Temperature difference
80-60

=k{70-20} ... (i)

60— 40
— =k[50-20] ... (i)

50
20 30

t:Z—Smin =500sec

= t=500 seconds
55. Ans. (A)
The energy radiated per sec is given by
E =ecAT*
For same material e is same
E, T'A Ti(4nr) (4000)'x1* 1
E, T4, T'(4m7) (2000)'x4? 1
56. Ans. (B)

dQ 4 4
—<=ceA(T*-T;)Z
It (7" -T,))

mscé—: =ceA(T*-T}) ..(1)

m=1kg,A=6x25x10+%,e=1
§$=400]/kg-k
T=227+273=500k
To=300k
Put values in eq. (1)
d—T=O.12'°C/S
dt

57. Ans. (B)

www.allen.in [9]
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58. Ans. (A)

—Eoce (1)

From graph

Skl

So,e,>ey; Ay > Ay

59. Ans. (B)
dT oceA; ., ..
—=—(T"-T.
dt ms ( 5)
dT A
—_C — m:
i m (m=pV)

dT
for disc (pizzas) m < A  so I is same for both

Small (A, m)

Gulab jamuns

for
(sphere)
Big (44, 8m)
dr > dr (for Gulab j )
— — or Gulab jamun
dt small dt big ! ] !
60. Ans. (C)
Let temperature of middle plate = T" 2T T 3T
k(2T)* + k(3T)* = 2k(T')* . -
1/4 — -
(7] JE
2 — -«
61. Ans. (D)

i _ c5‘427"24 _ Rzsz4
E, cAT! RT!
R;=2R Ri=R
Tz = ZT, T1 = T
2 4
_, E _ (2R)2(2T4) 64
B (R)(T)

62. Ans. (C)

(dT /dt), 3r,
(dT /dt), T,
63. Ans. (B)

(Tl _TZ):k L +T, _T
t 2 0

[10] www.allen.in
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According to Newtons law of cooling, the temp goes on decreasing with time non-linearly.

64. Ans. (D)
10 = k(50 - 20)
02 k
—=—(35-20 (i
60 ms( ) (i)
from (i) and (ii)
ms = heat capacity = 1500 J/ °C
65. Ans. (B)
Newtons law of cooling
do
—=-k(0-6
dt ( 0)
do
———=—kdt
~ (0-6,)
Integrating
(n(0-06,)=—kt+C
66. Ans. (C)
dT
—=—k(T-T.
" k(r-1)
| qar__ [~k
(T_Ts)

= T=T,+(T-T,)e™
67. Ans. (C)

Star B emit more power

P = (ceAT*)

So, it look more brighter.

68. Ans. (B)
PxV= i><RxT
40

PxV=>2R(T+50)
40
T=0.8 (T +50)
2T = 400
T =200
69. Ans. (C)
P—2P

(_q
PoA | | 2PoA
L

70. Ans. (C)
AB — isobaric

BC — May be isothermal

www.allen.in
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71.

72.

73.

74.

75.

Ans. (C)
(0.054)76 (PxxA)

RT RT
0.05 x 76 = Px (1)
P+(48-x)=76
P=76-48 +x
P=28+x -(ii)

Now 3.80 = (28 + x)x
x2+28x-38=0
x=0.135and -28.13
x=0.135cm.

Ans. (A)

Po. 75 rg =105

P+50xrg=75rg

P=25rg
5
107 33.3 x 103 Pa
Ans. (D)
AS Cp_ CV=R

For above equation, we can say that both C, and C, increase by same amount.

Ans. (B)

The pressure of the gas = atmospheric pressure + the pressure due to the difference in mercury
levels. At 27°C, the pressure is 75 cm + 5 cm = 80 cm of mercury. At the liquid temperature, the

pressure is 75 cm + 45 cm = 120 cm of mercury. Using T, :&T1 the temperature of the liquid is
p

120
T= 80 x (27.0 + 273.15) K=450.22 K. = 177.07°C=177°C
Ans. (A)

Let /1 and /; be the lengths of the upper part and the lower part of the cylinder respectively. Clearly,

¢1=50 cm and /2 = 40 cm. Let the pressures in the upper and lower parts be p1 and p: respectively.

Let the area of cross section of the cylinder be A. The temperature in both parts is T= 300 K.
Consider the equilibrium of the piston. The forces acting on the piston are

(a) its weight mg

(b) p1A downward, by the upper part of the gas and

() p2A upward, by the lower part of the gas.

Thus, p2A = p1A + mg (1)

Using pV = nRT for the upper and the lower parts
p1f1A =nRT (11)

and p202A = nRT ...(iii)

[12]
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76.

77.

78.

79.

80.

Putting p14 and p.A from (ii) and (iii) into (i),

nRT nRT
KZ ﬁl
nRT| 1 1
Thus m= —| ———
g L 4
-1 -1
_(0.1mol)(8.3JK rzol )(300K) [ 11 }12_7 ko
9.8ms 0.4m 0.5m
Ans. (C)
The rms speed of a gas molecule is
3RT
Vews = 7
VRMS o \/?
Ans. (A)
c= [1RT
M
1
Coc——
N
C
S 32 4 0q
Co, 2
Ans. (D)
n+n, |\(3
ﬁiRTl +&§fRT2 = L2 (—fRJTf
N, 2 N, 2 N, 2
Ans. (D)
For an ideal gas
Cr-Cv=R

If Cp-Cv=1.09R.
or pa>pp; Ta<Tg

Then gas will be real. Thus, pressure is high and temperature is low for real gas.

Ans. (C)
W=w,+(-W,)

W,>W, =>W<0

. B

: -V
E(V1) D(V2)

www.allen.in
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81.

82.

83.

84.

85.

86.

87.

Ans. (C)
Process AB':

T = constant

PT, Vs< Vi, so work done is negative
Process BC:

Tr> T;, so AT is negative

AU = nCyAT = increasing
Process CD:

T = constant

Isothermal process.

PV = constant

P ocl

|4

= Vy> V;=work done is positive
Ans. (C)

If temperature is constant then change in internal energy is zero.

Ans. (D)
AQ msAT
AW PAV
Ans. (D)

Isobaric process

(A) RToln Vi/V;

(B) PAV=P(n-1)Vo=1RTo(n-1)

(C) No change in temperature

(D) Initial and final pressure are same
Ans. (C)

Work done = Area under the curve
= _I:%XVO x 2P, + P, XV0:| =-2PyVo

Ans. (C)

W.D. = © x Pressure Radius x volume Radius (area of ellipse)

W= (Hj [HJ = (Py-P) (V2 V1)

2 2 ) 4

Ans. (A)
dW =25 =nRdT
dU =3nRdT =75

[14]
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88.

89.

90.

91.

92.

93.

Ans. (B)

PV-1 = constant

P—2P
AU=2x3Rx900=2700R

900
Aw=2 xR x =2700R

Ans. (B)
PV-2 = constant
_R(T,-T,)

- 1-(-2)

Ans. (C)
dU =nCyvdT dTss =300 B
= 1><%R(AT) dTsc=- 150 I

Tea=-150 A C

dUcycIe: 0 3/00 V—
Ans. (A)
WApc > WABC
Ans. (A)
1
For AB : Pressure constant V increases so V decreases

so PV — decreases
Temperature decreases
For BC:
V constant = P increases so
PVincreases = Temp increase
For CA:

p="24c
v

PV=m+CV
nRT=m+ CV

1
v decreases so Vincrease

T increase, work done by the gas.
Ans. (B)
%nRAT =100
dQ=dU+dW

For isobaric dQ =n %RAT + RndT
= E(nRAT):Sﬂ
2 3
5

0
dQ=dU=——
¢ 3

www.allen.in
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94. Ans. (A)
In case of free expansion work done by gas is zero.
95. Ans. (B)
AQ=-1200]
AU=0 [Cyclic process]
AQ=AU+W
WAB + WBC + WCA = —1200]
Wea=0
Process AB isobaric hence
Was = nRAT
NRAT + Wpe+0=-1200]
2x83x200+ Wp:=-1200]

Wge=-4520]
96. Ans. (A)
Here T1 =400 K, Q1= 100 kcal, Q> = 70 kcal
70
=L - 1,2% 7= x 400 = 280 K
Q, T, Q, 100
. T, 280
({i)n=1-=2=1-—=1-07=03 or %n=03x100=30%
T, 400
97. Ans. (B)
W
TC QH
LW
T Qy
= 2x106cal=W
98. Ans. (B)
p=_T __ 283 _ 283
T,—-T, 293-283 10
99. Ans. (D)
po—rz %
T,-T, W
Q:=mL=5x103x80x4.2
we &
B
Q=0+ W
P1 = &
t
100. Ans. (A)
cop=_ 1 _ xx10%%x80
373 | 1x10°x540-xx10°x80
273
101. Ans. (C)

303
Max. possible efficiency n=1 T 0.28=28%

So, Engine violet the second law of thermodynamics

[16] www.allen.in
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102. Ans. (A)

Heat energy cannot be completely converted to work
103. Ans. (A)

Isochoric

TZ
AS =nCyln| —=
T,

Isobaric

T2
AS =nCpln| —=
Tl

104. Ans. (A)
Randomness of the system increases
105. Ans. (A)
Entropy is state function.
From 1 to 2,  is positive so, entropy will increase.
Hence, S1< 52

Similarly S, < §3 <S4 < Ss
106. Ans. (A)
40 _ 44T
dt dt
dQ MS
Change in entropy = | —=—-+dT
g py .[ T T

- : AS (na+bT?
Specific change in entropy = v J'Tl T

pT2 1" T,) b
:|:a€nT+ 5 } :aﬁn[%J+E[T;—Tf}

T 1

dT

107. Ans. (A)

K:% For Carnot Cycle

AQ
AQ
W=="AT =1x10x 4.2 x 100 =420 i

108. Ans. (A)
Heat engine absorbs heat & produces work
W= QH - QL

(j)dQ:QH ~Q, (for 1 cycle)

@dQ>0

109. Ans. (AB)

Let x gm of steam at 100°C is converted to water at 100°C
=50x0.5x10+50x80+51.5x1x100
=9400

Heat lost = Heat gain
540 x=9400
x=17.4gm

Water remaining = (50+17.4) = 67.4 gm

Steam remaining =20 -17.4 = 2.6 gm

www.allen.in [17]
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110. Ans. (BD)
L1 = Lo(l + OL1AT)

(R+3)d=Lo(l+adT)  .(0)
(R-3) ¢ =Lo(l+aAT) (i)
Solving

R

t
-~ (a1—ap)AT

o1 = OB

Q2 = Olc
111. Ans. (BC)

Ay Aty

E =F (1
1{’1[1+a1t] 2€1[1+a1t] ( )

£1[1 + aat] + £2[1 + ait] _[Ml "'Mz]:ﬁ +{; .(2)

112. Ans. (ACD or ABCD)
Qa=Q+Qc+Qp=0Q¢

R=t @

kA
Let width of slabs be W

L 1 @

® ®®
® & @

_ _ D
Ra = 2x@nw = sew
po_ A _ 4
B = 3kLW = 3kW
P
¢ = ZRELW) = 2kW
R AL _ 4
D = SR(LW) — SkW
R, L 1

~ 6k(ALW) — 24kW

AT
as Q= ?and ATg=ATc=ATp

1 1 1
Qs :QC:Qng:R_C:g
113. Ans. (AD)
[st combination :-
Rea = Rle;?
1T
= Lx4 R, = Lx4 _ 4L
knd*""" 3kn|4d’~d*| 9knd®
Sknd

[18] www.allen.in
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114.

115.

[Ind combination
Req = Rl + RZ

L
Ri= —
kA

R= L
4kA
Req = L|:1+l:|=5_L
kA 4] 4kA
Ans. (AC)
m=0.5Kg
P=12N

12=msd—T+K(T—15)
dt

at T—45°C :>d—T=0
dt

rate of heat lass = K(45 - 15) = 12N
12 2

K=—==-N/°C
30 5 /
2
at T =20°C, rate of heat lass ZE(ZO_IS)ZZN
25 300 2 5dT
ms [ = [ ms[ g
$12-(T-15) 0 15

0.5xsx5

= sfn(%j=240 g 240

()

No condition for greater and least speed
Ve>V.>Vp

Ans. (CD)

=300

[£n(90-2T)]2; =120 =—s€n(%j =240

www.allen.in
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116. Ans. (BC)

1
Vav a0 ﬁ

nitrogen molecule hits the wall with smaller average speed

Degree of freedom of N is 5 and He is 3.
therefore nitrogen molecule hits the wall with greater average kinetic energy.
117. Ans. (BD)
Temp increases from A to C then decrease from C to B
118. Ans. (ACD)
RV =RV, &V, +V, =V,
= AV =R, -1,)

1 1

1 = sl
R (ijyzn—vlzﬁ_ljw:&

Pz Vl Vl Pj Vl
1 1
PV PV
V=&Y =
P’ +P/ P’ +P/

(C) since whole chamber & separator wall is adiabatic so heat given to left part is zero
(D) Let final common pressure be 'P' at equilibrium

PV +BV) =PV

V
At equilibrium: Vi =V, = ?0

1 1
— Pj + PZ;
2
119. Ans. (B(C)
(1) AU does not depends on path
(2) Work done depends area of PV graph
120. Ans. (ABC)

P

P
To
a
y
>V

121. Ans. (B)

Material which is most ductile is easy to expand is used for making wire.
122. Ans. (C)

Material which breaks just after proportional point.

[20] www.allen.in
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123. Ans. (D)
Material which retains permanent deformation.
124. Ans. (AB)
125. Ans. (ABCD)
Solution for Question No. 124 and 125
Explained by Plank’s radiation law
forall &, if TT = ET

area of curve = IEd?u =oT* (Stefan's Iaw)

= Total intensity of radiation at a particular time
126. Ans. (B)

For right chamber

PV" = constant

PoVo3/3 = (32Pg) (V5)5/3
Vo _V,

(32)3/5 - E

V. 15V
Viee = 2V, —EOZ 3 .

Vr=

127. Ans. (A)
W =-nCyAT

3 v 9
- E[gvo—(npo)[g‘)ﬂ = —EPOVO

9
on the gas EPOVO

128. Ans. (B)
3 3 15V, 3
AU = nCyAT = EnR(Tf ~T)) = E{(32130)(70}130%} = E[59100V0]
177 1
= TP"VO (POVO =5RT0j
AU:%U?T0
129. Ans. (D)
p h
B
9P,
1
3Pa ¢
AT A
Va 7N
8P, )(2V,
Area = (8P)(2V, =8PV,
2

www.allen.in [21]
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130.

131.

Ans. (D)

AB s isochoric
AC is general process

BC — is general process

Ans. (A-P,S,T), (B-P,S,T), (C-Q,R), (D-Q,S)
(A) avg. force=F = %

Mg _y AL, no= Mok
2A L 24y
T MgL
Stress = — > varies => Al = 29~
A YA
stress is non uniform.
2 2
U= M gL
6AY

M
(B) Average force = 7‘9
all answers of (A) are valid
F+F
(C) Average force = — =F=Mg

Mg _y AL - MdL
L YA

AW

Same case

_dT = (dM)o2x
-dT = [dejwzx
L

0 L
—IdeIMmzxdx
T L

X

M IF —x* 2
T="—o X = T= M—w[Lz—sz
L 2 2L

T .
o= Z not uniform

[22]
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2
M_(DZ[LZ _ijzyﬁ
2L L
Mo’
o 1]

132. Ans. (A-R), (B-P), (C-S), (D-Q)
4Q _ s aT
dt dx
Thick cylindrical shell along the axis:
A=n(2R)" ~R* =3nR*
Length: L = 3R

d T,-T,
d—f=k0 x3nR? ( 13R :) =nk,R(T, - T,)

Thick spherical shell, radial flow:
dq —=—k,x4n r? : T
dt dr

3R
_dQ jdr—4k dT
dt r

R
dQ 3R-R
dt 3RxR

aQ
de

=4k, (T, -T,)

=6mk,R(T, ~T,)

Thick cylindrical shell radial flow:
Q. k, «2nr (2R) 4L
dt dr

dQ
— jr ~2n (2R)kj dT

R

dt

dQ 4nk,R

e e
dt In2 (1 2)

Q. (Rj 2n(2R)k, (T, - T,)

Solid along the axis:

A=7(2R)" —R* =37R*

Length: L = 3R

T, —T.

d—Q=k0(1+ijx3nR2 (1, -T:)

dt 3R dx

3R
d_QXI dx
dt X

014+ —
3R

=3nR’k, (T, - T,)
Z—fx3Rln2=3nk0R2(Tl—T2)

dQ nk,R

T, —T
dt an( )

www.allen.in [23]
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133. Ans. (A-P), (B-Q), (C-Q)
For (A)
A — C from circle AQ >0
between A — C direct adiabatic
W (A — Ccircle) > Wa _, cdirect
For (B)
B—>C
W < 0 (compresion)
AU < 0 (PV product decreases)
For (C)
C—>D
W < 0 (compresion)
AU < 0 (PV product decreases)
134. Ans. (I-P), (II-R), (ITI-T), (IV-Q)
() AU = AQ-AW

5 -3 —6
10°(10% —10 )}k]

= 103 x2250)—
{( < 2250) -

= (2.25 - 0.0999) kJ
= (2.1501) kJ
(II) AU=nCy AT

:EnRAT
2

g(o.z)(s)usoo-soo)] = 4Kk]
(I AV, =RV
5/3 5/3
L o) op(2)
3 24

= P, =64 kPa

3
AU =nC,AT = E'(PZVZ _P1V1)

3 11
_3eaxt _2x iy =3k
2( 24 X3)] J

(IV) AU = nCy AT
7 7

= n.-RAT = —AQ =7k
5 g2 =7k

EXERCISE - S

1. Ans. /

Same material = Y same

Yi=Y,
f/mr? 3 2f/Amr? oot
/L r1)2L B

[24] www.allen.in
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2. Ans.(a) 0= g (b) 6 = /4.

Fsin26
TA
F
SS=—sin26
2A

F
T.Smax = Z ; (9 = %)

F T
S.Smax = , ( = _)
2A 4

3. Ans. Strain in wire A = 10-4 and strain in wire B =2 x 10-4

The block R will descend vertically and the blocks P and Q will move on the frictionless horizontal
table. Let the common magnitude of the acceleration be a. Let the tensions in the wires A and B be

T4 and Tp respectively.

Writing the equations of motion of the blocks P, Q and R, we get,

T4 = (3kg)a (1)

Ts- Ta= (3kg)a (i)
and (3kg)g - Tz = (3kg)a .. (iii)
By (i) and (ii),

Tp=2Ta.

By (i) and (iii),

Ta+ Ts=(3kg)g =30 N.
or, 3T4=30N
or, Ta=10 Nand Tz =20 N.

Longitudinal strain = Longitudinal stress

Young's modulus
10N /0.005cm’

Straininwire A= — /""" —10™*
2x10" N /m’
2
and strain in wire B= 20N /0:005cm” _, 5
2x10" N / m?
4.  Ans. (i) 1.67, (ii) 2.4
(1) F.B.D of the figure
[1 [2
> " le—> Y2
Al Aly
Afl = Ft, Af2= F,
AY, AY,
F((, (¢
Net elongation = LA W e W]
Ay, Ay, AlY, Y,
Now substituting the values = 2 1 + 1
1\2x10"  3x10"
10
=g 3F2 |- = =167x101m
6x10" 6x10
Hence x = 1.67
www.allen.in [25]
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(2) Now using the same (M)eq. =Al,+Al,

U=y

F20( F( F( _2

_ 1.1
AY AY, AY, Y Y Y,
2YY,

Y +7,

2x2x10" x3x10"

Y=

5><1011
Y=2.4x1011
Hencex=2.4
_ 3MgL
2AY

d
I dx

T:%xg+Mg T

Y=

5. Ans. AL

AN
>

>

A
AY

(ng+ng T
jszIL—dx = AL:%I[%+1jdx

AL AL,

AY

L L
Asz Iidx+j‘1dx = Asz[£+L}
AY |\ L 0 AY 2
_Mg 3L
AY 2
6. Ans. (i) 50 N, (ii) 0.045 ], 1.8 x 10-3 m (iii) 8.4 x 10-*m, (iv) x=0.12 m
()2T=100=T=50
i)Y I/4 U : t trai 1
= =X X X
(i) rese U2 stress x strain x volume
T/A
(iii) Y=——
AL/P
(iv) T + Ts=mg
TBX = Ts(L —X)
Tp/AB
Yp=—"—
AL)E
7. Ans. 25.5°C

Q= (100 CT‘”) (2405) = 24000 cal

Q = maISaI(zo) + micesice(zo) + miceLice + maISal(T) + mWSW T
= T=255°C

AL

[26] www.allen.in
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8. Ans. 1:1.26
Letice=xgm
water = (200 - x)gm
Heat lost = Heat gain

i(22.5x105)+ 30 50x4200 = 229 «50x4200+ 129 «50%420 +
1000 1000 1000 1000

00 x(3.36><105)

9. Ans. 50/3
Lo AT+ (2L)(20)AT = 3Lo'AT
. 5
o'=—a
3
10. Ans. 5 sec slow

T:21T\/z
g

AT 1A?
T 2¢
AT

1
- = EaAQ = time(lost/gained) per sec

11. Ans. 10,000 N
F=YA o AT
12. Ans. 5.8 x 108 Pa
P

—-AV
%4

Or P= B[%): ByAO

Or we know thaty = 3a
P=0(3a)A0
P=16x101x10°6x3x12x10-¢x 100
P=5.8x108 Pa
13. Ans. 4 x10-m/°C

Ay = l[ﬁﬂ)aAG
3( 2

g_z(ﬁ gja

A0 3| 2

14. Ans. 10cm, 40cm
2501 x 100 = 0.05
4002 x 100 = 0.04

(V101 + L202) x 50 =0.03

l1+ 02=50

www.allen.in [27]
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(o, L, +o,L, )t

15. Ans. I'=7—""+
L, L,
7+7
Y4, Y4

Let the first rod expand slightly (say by length 6! ) and the second rod get compressed by the same
amount (since net elongation / compression of the rods is zero.)

Natural increase in length of the first rod (after being heated) when free to expand would have

been o, Lt . The expansion allowed is just 8/ (where ol <o Lt).

Amount of elongation restricted = oLt 0l

Strain = elongation restricted _ a,L;t—3dl

original length L (1+oa,t)

Since ot <<1

1+oyt=1
Strain = M
1
Lt-3l
Stress = strain x ¥ = [0‘12—)1/1 :
1

(a,L,t—38I) v a
L

1

or F = stress X A=

.. (i)

(o, Lt +81)
Similarly, F =L—y2t2

2

or 61=oc1L1t—&: FL,
YA, YL,

1

-, Lt

_ (oL, +o,L, )t

or
Lo L
YlAl YlAZ
16. Ans.7/2
Temp of B = 20°C
aQ kA

kA
E:g(% —20)=a(20 - 0°)

YBD 7

YBC 2
17. Ans. (a) - 100°C (b) 1000/

(T,=T1) _ (0-100)
1
(b) Steady state temp of element dxis =T =100 (1 - x)

(a) Temperature gradient = = —100°C/m

Heat absorbed by the element to reach steady state is dQ

[28] www.allen.in



Heat and Thermodynamics

ALLEN’

dQ = (dm)sAT = (Adx)s(T - 0)
= dQ=20[100 (1 - x)]dx
Total heat absorbed by the rod

Q= [dQ=2000] (1-x)dx=1000]

18. Ans. 4/30
1 1 1
Casel— = —+ —
Req 2R 2R
=Re=R
AT Ti-T,
Rate of heat flow =—— =
= (1)
1 1 1 4
Caseli— =—=+—=R,, = —
Req R 3R " 3R
AT T;-T, 4
Rate of heat flow=—"=—"""— = —
Req (3R/4) 3
19. Ans. 9
For ice melting at 0°C
godma _ k4400 _ A P B
it Ax - () l® o o]
_ 0°C 400°C  100°C
For water evaporation at 100°C « > >
540 4m2 _ KA(400-100) y Ax o (10x-2x)
dt ~ (10-2)x (i)
dmq _ dm,
dt  dt
Divide equation (i) by (ii)
540 300 A
= X =A=9
80 400 100-A7
20. Ans.10.34cm
M(2000—00):80[‘;—':] (1) (L5-x)  x
X e 100°C - = - 0°C
t - X 1
kA (2000_1000)2540(d_mj (11) water P ce
(1.5-x) dt ) epour Temp = 200°C
dm) _(dm
dt ice dt vapour
kAxZOOZ kA=x100 x=139.66¢m
80x  540(105-x)
Distance from steam end = (150 - x) cm
= (150 - 139.66)
=10.34cm
www.allen.in [29]
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Knrr,(6,-6,)
L

21. Ans.

(Y—r1
X Q
= Xn,—Xr,=yL-rL I \

do

~~—

!

r_
Tanp= 2—1=
¢ L

(112-11)12

Differentiating wr to ‘X’

e

ﬂ_o 0;

= -1 =
dx X—

dx L (r,—n)

2
Now, QzKLde:Q—dxzknyzde ) L ;
T dx T

—, Qldy _ Kny*de  from (i)
rZrl

- Y_n-n_ g YL (D)

= de%2
(r,—r)Kny
Integrating both side

= Td@zLJer—y
0,

(rz—rl)Kn Yy
QL -1
0,-0, )=——F—x| —
= (2 1) (rz_rl)Kﬂ:X|:yll
QL 1 1
0,-0, )=——— x| ———
= (2 1) (rz—rl)l(nx[r1 rj
QL r,—n
0,-0,)=
= (2 1) (rz—rl)Knx[r1+r2
N Q:Knrlrz(ez—el)
L
22. Ans. 1800/
ﬁz 60 =0.1°C / sec
dt 10x60
dQ KA
—=—(0,-6
dt d( 1=0:)
KAx0.1 KAxO0.2 KAx060
= + [ +—
d d d
=E(0.1+0.2+ ..... +60)=%xi;0x(2x0.1+599x0.1)

200x107%x300x60.1
20

~200x1x10™"
20x10°
3x10x60.1= 1803/ 1800/

x300x(0.2+59.9)=

[30] www.allen.in
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23.

24.

m;S;m,s,

Ans. (T,-T, )ei t

Q/t=KA(T,~T,)/L
Fall in temp. in Ty = KA (T1-T2)/Lmas:
Rise in temp.in T2 => KA (T1 - T2) /Lmisi
KA(T,-T,)

Lms,
KA(T,-T,)

Lm,

M_T KA(Tl_Tz) T KA(Tl_Tz)

I(A[mlsﬁmzs2 jt

Final temp. T1=T1 -

Final temp. T> = T2 +

S

1 2
dt Lms, Lm,s,

dT KA(Tl_TZ)[ 1,1 ]

ms, S,

= —=
dt L

:(Tl_m{mL(Tl—TZUM(n —Tz)}
m;s, Lm,s,

N dT _ KA[ mys,+ms, dt
(T1 _Tz) L m;s,m,s,

KA m,s,+m,s
= InAt=——| 2211 d+(C
mlslmZSZ
Attimet=0,T=To
AT E(mzsz +m,s, ]t
L\ msm,s,

A
ATZATO 3C=lnA’1}) = —e L\ mys;mys,
AT,

0

my sy +m,s,

I(A(mﬁ1 +m,s, )t I(A[mls1 +m,s, ]t

_ L\ mys;m,s, _ _ _L m;s;mys,
= AT=ATe =(T,~-T,)e

Ans. In, Lms
2KA

A_Q — KA(Tl _Tz)

At L

Rise in temperature in T, = > (KA(t:-t2) /Lms
KA(Tl _Tz)

Lms
KA(T,-T,)

Lms

Fall in temperature in T1 =

Final temperature in Ty = T1 -

KA(T1 _Tz)

Final temperature T; = T> +
Lms

www.allen.in
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Final AT g _KA(L-T) . KA(T-T:)
dt Lms Lms
=(7; —T)_MJII_T:M
b Lms dt Lms
= n(Tl—7})/2:—2KAt:>ln(1/2):—2KAt
(Tl_Tz) Lms Lms
N (1,-13) dt Z_ZI(Adt — In —21{At:>t—ln @
oy (hi=T)  Lms 2 Lms * 2KA

25. Ans. 3w /m-°C
a=ri=5cm=0.05m
b=r;=20cm=0.2m
01=T1=50°C, 6, =T, =10°C
Now, considering a small strip of thickness ‘dr’ at a distance ‘r.

A=4nr

do
H=-4 nr’K ar [(-)ve because with increase of r, 6 decrease]
r

= Hb% = _A;T;K J.:lz d® On integration,
_dQ_, 4mab(6,-0,)
“dt  (b-a)

Putting the values we get

Kx4x3.14x5x20x40x1073

- =100
15x10

= K=17rsx3.14><4><101=2.985z3w/m—°C

26. Ans. 166.3 sec
0 = temp of disc
0o = constant temp Constant temp = 400 k

kA(6,-6
Heat input to disc = % 0o

<— Block

do
Heat utilised by disc = msa

S = Specific heat of disc
kA(6,-0
ms@:—( »=9)

é «— Disc

dt L
N I350 do kA TN tzmsL n 6,—-300
300 (90 _9) " msL o0 kA 6,350

= t=166.32 sec

[32] www.allen.in
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27. Ans.2:1
d_Q ms dT

]
U

as =same
(”J
dt 1_ pl 1:P151 :§X1:Z
d£ Pz S, PSS, 1 41
dt
28. Ans. (—]
T
m — same
e — same
p — same
= volume same
1/3
4
YR —a® = a- (—nj R ()
3 3

(4nR?)R = 6> [gj from (i)

d—TocA
dt

(de A, 4nR? 4n \ 3 n
sphare

dt
29. Ans. 9

dl
dt ) .pe _A1 B 6a° 6 X(4RJ2/3_(6JU3

Energy radiated = E = cAT*
A = 4nR?

4 2 2
ﬂ= ﬂ & =3 i =9
E, \T,)\R, 18

www.allen.in [33]
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30. Ans. 1000/ (C°)!

do dT

= ems—

dt dt

ms = Heat capacity

e =(4+ 1.7 -5.2) kw=0.5

dt
ar =0.5°Cs™
dt
_ 0.5kw
~0.5°Cs™
31. Ans. 3025 K

AmT = constant

= (4753 x6050) =T (9506)

T=3025k

32. Ans. 887]

A=1.6m?

T=37°C=310K

6 =6.0x 108 w/m2-k*

energy radiated per second is:

AcT*=1.6x6x10-8 (310)4 = 8865801x10-4= 886.58 =887 J s

2
33.  Ans. [AT:mVO j

ms =10°j/°C

3R
lMVO2 =§(MJRAT
2 2\ m
34. Ans. 7
Y= 1+ E
f
Lo f=7
3
35. Ans. —
2
7
c 1x—R+1x—R 3
Ymixz Pmix — 2 = —,
C 2

36. Ans. 327°C

F=PA=mg+ PoA lPOXA
Px0.1x104=100x103x10+105x104x0.1 [ |
P=2x105 l TpxaA

P nR

TV
P 10°
T 300
T=600
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37. Ans. 40
The molar mass of the gas is 40 gm, the number of degrees of freedom of the gas molecules is 6
(02-0.15)M=2
= M= 2 40
.05

Cv=0.15x40=6

38. Ans. 32°C
Both are diatomic.

16 1
No.ofmolesof02=n1=m= — =
M 32 2
m 14 1
No.of molesof Ny =nz= — = — = —
M 28 2
2. (n1+n2) Cv. T=n1 Cy T1 + n2 Cy T2 [By energy conservation]
—T= n, T, +n,T,
I’I1 +n2
1 310+ 1 300
_\2 2
- 11
i_i_i
2 2
=305 K=32°C
39.  Ans. (e _ 21840 ij
673

At equilibrium pressure on both side is same, for initial condition PV =ni RT and PV = n, RT
here Un1 =n1"and nz = ny’
pAx40  p'Axx

forni=n = = (1
T T OR300 Rx273 (1)
A% 40 "Ax(80-
fornz=n;’= e gy al X) -(2)
Rx300 Rx400
from (1) and (2)
x  80-x 80x273 21840
— = —=>X= = cm
273 400 673 673
10 10500
40. Ans.P= 3 105 N/mz2, T = K~338.71K
From PV =nRT
PV A B
"TRT
2 lit 4 lit
_ 2x10°x2x10° _ 4
= M= =25 4 x 105N /m2
25 200 25 2 x 105N/m?2
3
_ 4x10°x4x1072 _ 96
T T 175
—x350
3
Ul + UZ = Umix

www.allen.in [35]
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= naCy T1+ngCyT2= (na+ng) CyT
= T= nATl+nBTZ
n,+n,
Putting values
p= (n, +ny)RT
V,+V,

Putting values

10
P= 3 x 105 N/mz2

41. Ans.(a) T, = %(po /RWp, /30.1(b) T, =P, /PR

(a) pV=RT
_RT
p
p =po-oal?

7
p=po-a|—
p
1 2 .3
T= — -
PN PP =P

for maximum value T, «[ pop2 —p3 should be maximum

d
—_ 2-p3)=0
aP (pop? - p)

2p,
P="3
1
T=—— \pp’ -’
R~/a
2p,
P="3
Trax = g p_o Py
3 R \3a
(b) p = poeV

_BRT
or p=poe ’
for maximum value of T

ar _g
dp

_BRT
p=poe ’

Un(p) =Lnpo- BRT
b
/n (ﬁ} =-B RT
Do p

[36] www.allen.in
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for Timax,

Py
eBR

After solving p = P = Tmax=
e

42. Ans. m = (1 - e Mah/RT) poS/g
Barametric formula
P:R)e—Mgh/RT
_PM
P Rr
at constant temperature.
%e—Mgh/RT
RT
Let us consider a mass element of the gas Contained in the column

p:

mp, Mo
dn=p(sdh)=—=%e * Sdh
n p(s ) RTe
MPS
m=—-—
RT
_PS
g
43.  Ans.(a) 600 K,900 K; (b) 10J; (c) 14.9J,24.9; (d) 29.8)

h
J‘e—Mgh/erh
0

m

(1 _ e—Mgh/RT )

(a) As the process ab is isochoric.
V = constant

P
= —constant
T

So, when pressure is double, temperature will be doubled.
= T,=2x300k=600k

. . |4
bc is isobaric = ? =constant

= T.=1.5T, =900 k
(b) AW =AW, +AW,,
=0+(200x10°N /m’*) (50x10°m*)
= 105
(©) AQ, =AU, =§nRAT=§V(AP)

=%><(100><10_6m3) 100><103N/m2) =15J
Ach = Al]bc +AVVbc

=E(zoox103)(5ox1o6)+(200x103)(50x106 )}]

=15/+10J=25]
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44,

45.

46.

47.

(d) AU, =§nR(AT)

=£(Apv) =§[PCVC -PV,]
2 2
_ 3 +3 -6 3 -6
_E[(zooxm x150x10°°)~(100x10° x100x 10 )]]
3
=—x20=30
5 J
Ans. 1.5
CrAT = 2500
100 x 8.31 x —— = 2500
y—1
—_—3=y=3y-3=3=2y
vy—1
y=1.5
Ans. -1007/
work done = area under P - V curve = Area of ellipse =  x Pressure radius x volume radius
e M x 103 x w x 10-3=-100 7t J.
Ans. 01 < Q:

According to the first law of thermodynamics, the amount of heat AQ:
received by a gas going over from state 1 (po, Vo) to state 2 (p1, V1) is

AQ1 =AU+ W1
where AU, is the change in its internal energy, and Wi is the work done
by the gas,
Py + Dy )(Vl _Vo)

2

As the gas goes over from state 1 to state 3 (pz, V) (points 2 and 3 lie on
the same isotherm), the following relations are fulfilled :

L

1

AQz = AUz + Wz,
W, = (po+p.)(V, Vo)
2

Since the final temperature of the gas in states 2 and 3 is the same, AU; = AU;. In order to find out
in which process the gas receives a larger amount of heat, we must compare the works Wi and W>:

W -W. _(p0+p1)(V1—V0)_(po+p2)(V2—VO) _ (P0V1_pon)+(PzVo—P1Vo)<
1 2

0
2 2 2

Ans.R/2

74 2
—— = VT = constant = PV
1/T
3py R R
2 1-2 2

[38]
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T,
48. Ans. (a) 2T, pz—o in the vessel A and 2“’(']2 , Po/ 2" in vessel B, (b) 2T, Po/2

(a) For vessel A, Temperature is constant due to diathermic wall. For vessel B, no heat exchange
due to adiabatically.
For vessel A

P V=PV, ( T= CODSt)
p,= b /2) _ K
v, 2

P
Final temperature and pressure of vessel A is 2Ty and ?O

For vessel B adiabatic process.
P R /2) R

0

v,y 2

TV 2L, /2T,
N AT
Final temperature and pressure of vessel B is

T P

¢ and —%.

27 27
(b) After valve is open heat is flown to atmosphere from vessel A. So common temperature of both
vessel is 2Ty.

From mole conservation.

2

i+ ny = n'l_|_n'2= PO(V0/2)+PO(VO/2)= PV, + PV, 3P:i
R2T, R2T, R2T,  R2T, 2
3P, 3P, _ 3T, 3PV,
49. Ans. (a) zero (b) = on the left and - on the right (c) - (d) 4
P,T,V, 2P, 2TV, P/, T Vo P2, T Vo
Initially finally

(a) As change in volume AV =0
Work done by gas on right part = J'pdv =0

(b) and (c) Due to adiabatic walls, no heat transfer from cylindrical tube.
U1 + Uz = U1 + Uz
3 3 3 3

E I’I1RT1+ E I’IzRT2= E l’llRT+ 5 anT

T= n, T, +n,T,
n, +n,
(RV)T, , 2B,(V,)21,
RT, R(2T,) 3T,
POVO + 2POVO 2
RT, R(2T,)

From mole conservation

www.allen.in [39]
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PO(VO) = - pl' = 3&
RT, 2

' 3P

= similarlyM p2'=—L

2
(d) Heat flow from the gas right to left.
Q=AU+W (.. W=0)

3
Q=AU= > mR(T-T))

= i POVOR (37'0 Tj: %
5 " to

2 RT, \ 2 4
Zpl/vV Zpl/YV
50. Ans. (a) 1A o, ZA 9, (b) zero, (c) (A/2)" where A = p11/" +p, 1/
P, Ts P, T
P, T, V, P,T,V, Vi=V Vaz Voo V
() Initially finally
for left part Py (Vo) = PV (1)
for right part P, (Vo)" = P (2V, - V)" (2)
from eq. (1) and (2), we get
2V, P!
2V, B,
Ve=2Vo-V= — 2

Pll/“/ + P21/v
(b) heat given to the gas in left part is zero [As process is adiabatic ]
(c) from eq (1)

Py (Vo) ={

B
2

2v,P '
P11/V +le/‘/

nR _2KAt
51. Ans.ﬁ(TS—TO)+(1—e 5”’*"]

a

gt X dt 5nRx t
= 4T __ 2KAdt_ (g _2KAdC
(T.-T,)  5nRx © SnRx
T _T _ZKAt M
= In= :—ZKAdtﬁTS—T:(TS_TO)e e i
T, T, 5nRx
2KAL 2KAt

= T=T; _(Ts _To)e_m =T +(Ts +To)e+ﬁ

+ZKAt +2KA£
= AT=T-T,=(T;-T,)+(T; -T,)e > =(TS—T0)+(1+e st

[40] www.allen.in
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[padv=nRdt] [paAl=nRdt] [dT _ Pa‘;‘ﬂ
n

PaAL
nR

2KAt
=(T, —T0)+[1+e+ R J

a

T'IR _2KAt
= Lzﬂ(TS—TO)+(1—e sm]

1
52 Ans.(a) Pi= Py (b) Pr=Pat k(V-V)/A2 Vo = (A (¢) AQ = Pa(V = Vo) + 5 K(V-vo)2+ C(T-To) A=1

Po
" $
P1
A=1
lPoA

|
(B) Tpr Tkx
P = Po+ K (Vi Vo)
A

(C) W= PO(Vl—l/())+%1f<(1/1—vo)2

2 V-V v-v Y
W:pOAXOJ,kﬁ:pOA o |, K f
2 A 2\ 4

53. Ans.1.6 m,364 K

Py = P0+k—1;(=Po+ﬂ

Y
10° (h4)' = 105+—3700Xh_4 h
16x27x10~ || 16

64 370xh

—=1+

27 16x27

37 370xh 16

—= = h=—

27 16x27 10

PV =nRT

PohA =nR x 273 (initial)

{Po+ﬂ}{P—hA}:nRT (final)
164 (16
divide
kh 9 T
1+ —_—=—
16AxP, |16 273

T= 273><i 1+ﬂ
16 270

T= 273x§:364k

www.allen.in [41]
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54.

55.

56.

57.

58.

59.

Ans. 2
Q,

Given : =1 =(0.20) of max cop
T, 300

=—-10
T,-T, 30

cop =

9 _920x10=2

Wa=1/50
Ans. (A) 12-5% (B) 14-3%
For A engine T1 =400 K; T- =350 K
350 50 1 1
m=l-22 =1-202 25 2= o gmu= = x 100 = 12:5%
T, 400 400 8 8

For Bengine T1 =350 K; T,=300 K

c1-L o1 390 o L i 100=14.3%
YT R A °
Ans. 2400
W=1200/,T1=800K, T =400 K
n=1- L_w _ 1_400 _ 1200 — 0.5 = 1200
T, @ 800 @ Q,
. 1200 _
Heat energy supplied by source Q, = o5 = 2400 joule per cycle.
Ans.5.7 ]
T.=260K,T1=315K, W=1joule
Coefficient of performance of Carnot refrigerator p= &__ L
W T,-T,
Q, 260 260 260
=== Q,=—— =4.7]
1 315-260 55 55
Qz + W= 57]
Ans. 3.36 x 10¢]
T, 273 273

Coefficient of performance (COP) = = =
T,-T, 300-273 27

. Q, _mL 100x3.4x10° _100x3.4x10°x27
coP cop  273/27 273

Ans. (a) 19 J/K.mol); (b) 25 J/(K.mol)
For isochoric process

T
AS=C, In| —
T

AS =C, In(n)= iln[n)
y—1

=3.36 x 106

8.314
AS :WIH(Z) =19.2 ]/k—mole

~19 J/k-mole
For isobaric process

[42]
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60.

61.

Ty
ASszln —
T

AS =" )
y—1

J

k—mole

J

k—mole

AS =24.96

AS =25

Ans. 4.4 J/K

Heat rejected by copper piece = Heat taken by water

m1c1(T1—T) = m2C2(T—T2)
mic1T1 + mzc2To= (Mici+ mac2) T
_mc, Ty +my,T,

T
m,c, +m,c,

AS=mc, In r +m,c,In T
T T,

Here c1 & c; = Specific heat capacity of copper & water.

Ans. Approx. 4 J/K
_dQ _du+Ww
T T

ds=nC,In L +nRIn Y,
T Vi

(Ti=T2)

ds

AQ=W =nRT,In [%j

1
AQ=(0.7)RxT,In (%j

% —0.7RIn(2)=4.03] / k

1

4]/k

EXERCISE - JEE (Main) PYQ

Ans. (3)
Thermal strain = aAT
(by /=40 (1 +a AT))

=  Thermal stress in Rod (Pressure due to Thermal strain) = Y o AT

=2x101x1.1x10-5x100
=2.2x108 Pa

www.allen.in
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2. Ans. (1)
100-6_6-0 6-0
RC RB RS
14
Where, R= —
KA

On solving we get 6 = 40
Heat flow per unit time through copper rod
_ (100-40)

60
/ (K. A) = Ex 0.92 x4 =48 cal/s

c

3. Ans. (1)

p-1(Y)
3\V
Poc T
using PV =nRT
1

—oT?

= Toc1

4. Ans. (2)

T=ZTE\/Z
g

AT _1AC
T 2¢
When clock loses 12 sec
12 1
—==-a(40-0 (1
T3 ( ) (1)
When clock gain 4 sec.
4 1
—==a(0-20 (2
75 ( ) (2)
From equation (1) and (2)
40 -6
3 =
60— 20
30-60=40-6
46 =100
From equation (1)

12_1,40-25)
T 2

12 1ix1s
24x3600 2

o- 24
24 x 3600 x 15

o=1.85x10"/°C

(100)C B(0)

S(0)

[44]
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5. Ans. (2)

T will be max where product of PV is max. P

equation of line

2Po
p="toy 3p
Vs Py
_p >V
PV = TOVZ +3PV =x (says)
0
3V,
d—x = 0: V = 70
v here PV product is max. — 7= PV _9 KWy
3P, nR 4 nR
>P=—
2
PA
Alternate 2P,
Since initial and final temperature are equal hence maximum 3%
2
temperature is at middle of line. Po
PV = nRT >V
)%
5 N SRV,
2 2 0”0
= ~&e/ s/ 17 = ——==T
nR max. 4nR max
6. Ans. (4)

Heat given = Heat taken
(100) (0.1)(T-75) = (100)(0.1)(45) + (170)(1)(45)
10(T-75) =450 + 7650 = 8100
T-75=810
T =885°C
7. Ans. (1)
Cr-Cv=R

where Cpand Cyare molar specific heat capacities

As per the question
R
a=— b=—
2 28
a=14b

www.allen.in [45]
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8. Ans. (2)

In an adiabatic process

PVY = constant
and, PV = nRT, gives

= V'« 1
T

V" (L
v, [
v-1
T,=T. | /o
VZ
monoatomic gas : y = §

21
= T:=(300K) (%T =189 K (final temperature)

change in internal energy

aU=nLR AT - Z(EJ(EJ(—111)=—2.7 k]
2 2 3

9. Ans. (4) L
AN
AT _1_(120)5_120><5 R
- 120 0
——AAMN g AN AN
ATPQ:HOXSX%R:@Z%OC A R/2 P R= 2L Q R/2 B
8R 5 8 T a
10. Ans. (2) M.P. . B.P.
ooc L€ 100°C
:>T°C=ﬁ&[x0 —ﬁ)=(100—0°6)
6 3
X
300 5 Xo
X0 =— ﬁ
: 2
= 1oc=20 250 5 5
6 X
%o
11. Ans. (4)
_ KA +K,A,
4 A +A,
K - K,(nR*)+K,(3nR*)
“ 47tR?
K, +3K,
eq _T
www.allen.in
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12. Ans. (2)
1

~mv? ><1 =msAT
2 2

2 2
AT= Y - 210
4x5 4x30x4.200
=87.5°C
13. Ans. (20)

Vo
AV <

Vi

After increasing temperature
AV' = (Vo= V'm)
AV = AV
Vo= Vi = Vo(1+ybAT) - Vi (1+ymAT)
Voyb = Vin¥Ym
Vov,  (500)(6x107%)
v, (15x107%)
=20CC
14. Ans. (1)
toe (1)

N

TV*" = constant -(2)

y+1

tocyz
15. Ans. (3)

Vo=

m

T_Zmlng _ 2x3x5x10

m, +m, 8

75

2

T
Stress = —
A

www.allen.in
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16.

17.

18.

ﬁ><102= 75 >
b 2XTmR
2 75 3

2x24x100  8x24
= R=0.125m
R=125cm
Ans. (57)
By newton's law of cooling (with approximation)

AT

A_t:_C(Tan _Ts)

. -10°C _
S5min

1s

C(70°C -25°C)

= C=—min*!
45

ond T—65=_C T+65_25 - (2 T+15)
5min 2 45 2

= 9(T-65)=-(T+15)

= 10T=570

= T=57°C

Alternate Solution :

Newton's law of cooling (without approximation)
T,~Ty =(T,~ Ty )e ™

4
I 65-25=(75-25)e %= e = _

20d  T-25 = (65 - 25)e-5C = 40 x g =32

T=57°C
Ans. (1)
3RT
Veus = M_

w

1
At the same temperature Vs « W

= V>V, >V
Option (1)

Ans. (3)

B=3x 1010

_ﬂ:O_OZ
|4

AP AV
ety
1%
=(3x10")(0.02)
=6x10°N /m’

[48]
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19.

20.

21.

22,

23.

24.

Ans. (3)
_ WD

"o,

T
-  WD=Q, {1—T—L] =5x103[1—%J ~3000 kcal =3000 x 103x 4.18 ] = 12.6 x 106

H
Ans. (2)
AQ=AE+WD:>Q=AE+%

= nRar—ap=3¢
2 4

nAT = Q9
2R
C=2R
Ans. (3)
Using average rate of Newton’s law of cooling

T-T o T+T .
t 2 ¢

60-40

Given =K(50—10) (1)

And 407_T=K(402+T—10j ...(if)

From (i) and (ii)
T=128°C
Ans. (40)

1 .
Energy per unit volume = EStress x Strain
1 .
Energy :E Stress x Strain x Volume

80=%><Y>< Strain® Ax(

2

2x1072 +7
80=1><2><1011 XuXAXZO = 20= 10
2 400 20

A=40mm’
Ans. (4)
dQ =dU + dw
dU _dQ dw
dt de dt
U _ 1000-200=800 W
dt
Ans. (1)
P=P,+pgh=10°Pa+10*x10x40=5x10°Pa
At T is constant
PV =PV, = 5x10° Pax1cm’ =10° PaxV, =V, =5cnt’

xA = 40x10°m’=A

www.allen.in
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EXERCISE - JEE (Advanced) PYQ

1. Ans. (A)
Energy incident = InR2 = 912 x nR?2
Energy emitted, assuming temp of the sphere at steady state to be T,
o x 4nR2 (T*-3004)
At equilibrium,

o x 41R2 (T* - 3004) = 912 x nR2 Pincident — * | R
912 '
= T+-300%= —————— =40x 108
5.7x10° x4 >

T4= (40 + 81) x 108
T=331.66~330K
2. Ans. (2)
P =ecAT*
AT = constant

P, ecAT, AT, 1)k

P, ecAT, A, TP ri A}

4
104=4002 [X—Bj
A

A

3. Ans. (AB)
Slope of this graph represents the reciprocal of Young's modulus.
Since, Slope of P > Slope of Q.
Hence, Yof P < Y of Q.

4. Ans. (B)

dT
3000 - P= (120 x 1)(42 % 10%) _-

ar 20
dt  60x60x3
P=2067W
5. Ans. (9)
P =eAcT*where T is in kelvin

eAc (487 +273)' o

log, P (i)
eAc (2767 +273)" )
log, =X -(ii)
PO
(i) - (1)
4
3040
log,| —— | =x-1
gz(%oj
x=9.

[50] www.allen.in
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6. Ans. (A)

Heat flow from P to Q P— 0
dQ 2KA(T-10) 10°C|__2K | K ]400°C
a1 , T

Heat flow from Rto S
dQ KA(400-T)
a1

At steady state heat flow is same in whole combination
2KA(T -10)

1

2T-20=400-T
3T=420
T =140°C

Temp of junction is 140°C 140°

Temp at a distance x from end P is P 1 QR —S
T, = (130x + 10) 10q A k\K__?mC

Change in length dx is dy X Junction
dy = adx(Tx -10)

= KA(400-T)

Ay 1
quzjadxuaox+10—10)
0 0

2 1

Ay:[ax x130}
2 0
Ay=1.2x10-5x 65
Ay=78.0x%x10->m=0.78 mm
7. Ans. (C)
In adiabatic process P(Pa)

P3V5 = constant 105

=  PV5/3=constant

5

3 . 1/32%05 [+
= =3 =C=SRad (=R i

V(m3)

103 8x103
In another process
AQ = nCpAT+ I’ICVAT

= EI’IR(TB —TA)+§nR(TC —TB)
2 2
5 3
AQ:E(PBVB_PAVA)"'E(PCVC _PBVB)

Putting values
AQ =587.5 ]~ 588/

www.allen.in [51]
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8. Ans. (C)
Assumption : e = 1 (Black body radiation)
P=0cA(TY)
(A) Praa=0AT*=0.1(To+ 10)*

4
= G-T04(1+$j (To =300 gives) = G-(300)4-[1+%]z460x%z520]

0
= Energylostin 1 second = 520 Joule
(B) P=cA (T
Since T = constant
Pradiated = constant
Surface area decrease = Energy radiation decreases
9. Ans. (ABD)

v \%
u —
L g RRAR V2

Just before the collision Just after the collision
vi=u+2v v2=(u-2v)
Avi = (2u + 2v) Ave = (2u - 2v)

=Fl=ﬂ=pA(U+V)(ZU+2v) =FZ=%=pA(u—v)(zu-zv)

dt dt
=2pA (u +v)? =2pA (u -v)?

F;
F1

AF=F-F (AF net force due to the air molecules on the plate)
= 2pA (4uv) = 8pAuv
AF
P= 7 =8p(uv)
Fret= (F- AF) =ma (m is mass of the plate)
F - (8pAuv) = ma
10. Ans. (B)
Work (Column-I), process (Column-II) & corresponding graph (Column-III) are in this sequence.
[ >IV-> Q
II ->1I—> P
[ -1 - S
IV>I—>R
Only "B" option follow the sequence.
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11.

12.

13.

14.

15.

Ans. (A)
Only option "A" follow the sequence.
Ans. (D)
It is for an adiabatic process. Only option (D).
Ans. (4)
We have in steady state, o
200-300), (2001001 _ Ir
L L BOOkO I T e— 100k
k,r? k21t(2r)2 p : ’
- kymr? 100 _ 100k, mx 4r L p "
L L L

S

kZ
Ans. (BCD)
(A) Process-1 is not isochoric, Vis decreasing. T4
(B) Process-Il is isothermal expansion

AU=O,W>0 I

AQ>0 I 111
(C) Process-1V is isothermal compression,

AU=0,W<O T v

AQ <0 >V
(D) Process-I and Il are NOT isobaric because in isobaric

process T o« V hence isobaric T-V graph will be linear.

Ans. (C)

Process -1 is an adiabatic process
AQ=AU+WwW AQ=0
W=-AU

Volume of gas is decreasing = W< 0
AU>0

=  Temperature of gas increases.

=  No heat is exchanged between the gas and surrounding.

Process - Il is an isobaric process

(Pressure remain constant)

W =P AV =3P[3Vy- Vo] = 6PV

Process - 11l is an isochoric process

(Volume remain constant)

AQ=AU+W
W=0
AQ =AU

Process - 1V is an isothermal process
(Temperature remains constant)
AQ=AU+W
AU=0

www.allen.in [53]
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16.

17.

Ans. (2.00)
Let Ts= tension in steel wire
T¢ = Tension in copper wire
In x direction

Tc cos 30° = Ts cos 60°

NG} 1 .
T.x—=T.x— (1
s

In y direction
Tcsin 30° + Tssin 60°=100

%+¥=100 (i)
Solving equation (i) and (ii)
Tc=50N
Ts= 5053 N
We know,
_FL
S AY
AL, _T.L,  AY,
AL, AY, T,L,

AL

On solving above equation
AL _,
AL,

Ans. (270.00)

Let m = mass of calorimeter

x = specific heat of calorimeter
s = specific heat of liquid
L =latent heat of liquid

1
\\\\\\\\\\\\\\\i\\\\\\\\\\\\\\\\\\\\\\\\

60° o
21T
%G
Ts S
60° <
(SRR W A N ———
Tscos60° l Tcsin30° X

First 5g of liquid at 30° is poured to calorimeter at 110°C

mxxx(110-80)=5xsx(80-30)+5L

Now, 80g of liquid at 30° is poured into calorimeter at 80°C, the equilibrium temperature reaches

= mxx30=250s+5L (1)
to 50°C.

mxxx(80-50)=80xsx(50-30)
= mxx30=1600s -(ii)

From (i) and (ii)
2505+ 5L =1600s
= 5L=1350s

= £=270
S

[54]

www.allen.in



Heat and Thermodynamics

ALLEN

18. Ans. (ACD)
ni1 =5 moles, Cy1 = ﬁ
2
nz =1 mole, Cy; = S—R
2
5><3—R+ IXS—R
(CV)m: nlel +HZCV2 _ 2 2 - =5_R
n, +n, 6 3
5R 8R
(CP)m=—+R=—
3 3
Ym = (<), _8 . Option 4 is correct
(cv), 5
V Y
PV = P[Z(’j = P=P,(4)°°
3 o
(A) ERT = 9.2 Py which is between 9P; and 10P,
RT 5RT
(B) AverageKE.=5x SXT +1x > = 10RT
To calculate T
Ao _gap, Y
o 4xT
9.2
so T= TTO
TO
Now average KE =10 R x 9.2 2 =23RTo
PV, —9.2P ><E
© w=hW=hV, 00 T4 g3y
vy—1 3/5
19. Ans. (D)
Process 1 — 2 is isothermal (temperature constant)
Process 2 — 3 is isochoric (volume constant)
() Workdoneinl —»2—3
W= W1_>2 + W2_>3
Vf
=nRTIn 7 +W, .,
A 2],
3 0
RT,
W=T°lr12 = (P)
www.allen.in [55]



ALLEN

JEE (Main + Advanced) : Physics

() AUin1-—2—3

wet
2

T,
y—

nR (Tf - Tx )
s)

2 3

3 o 2L

2 3

= ®)
For any system, first law of thermodynamics

forl—>2-—-3
AQ=AU+W

(111)

RT,
AQ =RTo + Tolnz

RT,
AQ = 3 B3+In2)=(T)
For process 1 — 2 (isothermal)
AQ=AU+W

f

(v)

5 nR(T; -T)+nRTIn (V. /V})
i

s

AQz%an

2v,

Vo

= (P)

20.  Ans. (1.77 to 1.78)
i(4V1 Y =P,(32v,)*"*
4 P
5/3
_R(1Y"_ A i
2 4.8 128 g
P T S ,
PV, ——1(32V. ! :
L BAViZRV, T 128°%) P, 5 ;
v-1 Sy T T T
3 | i i v
A I Vi 4V, 32V,
2/3 g '’
Wio= PV, In (ﬂj:zplvl In2
1
VViso — 2P(;1V1 lnz =Eln2 =fln2
VVadia gf)l‘/l
f=1—96=1.7778z1.78
www.allen.in
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21.  Ans. (BCD)

A =64 mm? T=2500 K (A = surface area of filament, T = temperature of filament, d is distance of
bulb from observer, R. = radius of pupil of eye)

Point source, d =100 m

Re=3mm
(A) P=ocAeT*
=5.67 x 10-8x 64 x 10-6 x 1 x (2500)* (e = 1 black body)
=141.75w
Option (A) is wrong
(B) Power reaching to the eye

:#X(RR:)

14175
* 4mx(100)°
=3.189375 x 10-8 W
Option (B) is correct
(C) AmT=b
Amx 2500 =2.9 x 10-3
= An=116x10°6
=1160 nm
Option (C) is correct

xmx(3x107%)?

(D) Power received by one eye of observer = [%j x N

N = Number of photons entering into eye per second
= 3.189375x 10-8
6.63x107°* x3x10° _ -
= x N
1740x107°

-~ N =279x101
22. Ans. (8.33)

%gzmmaﬂ—m) (1)

4
fgl:ch;+ATf-Jﬁ)=ecn4 14871 4
Adt T,

- oT? [[MMH
T,

fgl:cen?4AT (i)
Adt

Now from equation (i)

dT
ms—=ceA(T*-T}
it ( o)
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dT _ceA
=2, +ATY -1, = % x
t ms ms

T _oeArs 4ar
dt  ms

d—T—KAT [
dt

4GeAT? ]

ms

=  4ceAT, = % (ms)

From equation (i)

d—Q:ecT03-4AT
dt
700 = (K/A) (ms) AT
700><5><10‘ 50 25
10°x4200 6 3
AT =8.33
23. Ans. (9)

dT
=-ms—
dt

cAT*

100 dT _ _J. kdt

200

1

L S S
31100° 200° !

50
1
Ty
200

1 L_Lj_kt
3(50° 200° g
200% —50° jwo3

L_ _
t, \200°-100° ) 50°
Ans. (A)

100

24.

Finally, V, =

For adiabatic process,

. v T
’I;)V()leTR(?O) :>FR:\/§

o

{e-

AT

?T ‘1]

0

[58]
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25. Ans. (B)

. 3V, |4
Finally V, :TO'VR :EO
1 3
Cvzi =2R=>y-1===y==
v-1 2 2

T _ f2
0
v\ , 3
Pl =PV, = P=P,x2
3
’;_V:POVO :>TL:22><§T0:3\/§TO

L 0

Q=nC, AT, +nC,AT, =1x2Rx (32 ~1)T, +1x2Rx(V2 -1)T,

0
Q — 4= _
RT =2(3v2-1)+2(v2-1) =82 4_4(2J§ 1)

26. Ans. (B)
dm
EZP1A1V1 =0.8kg/s
0.8

v, =

0.2x0.1
g=10m/s?
v=2

=40m/s

Gas undergoes adiabatic expansion, P1= 600 Pa

p1~" T' = Constant A1=0.1 m?
T1=300K

P, T,

1 2

L —>
P, _[7‘1 Jl—y P1=0.2 kg/m?3

2
p, =321 600
150

P =%0=150Pa

Now —ﬂj ocg
p RT p

T
P, B

7,)_(150)(300)_1
T, 600 /\ 150 ) 2
Py

P, =5 =0.1 kg/m3
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0.1x0.4

Now p242v2=0.8 = v, = =20m/s
Now Won gas = AK + AU + (Internal energy)

P1A1AX1 - P2ArAx; = %Aszz —%Ame +Amgh +£(P2AV2 ~PAV,)

22
= 2P, AV, —2P, AV, = v, W +gh
Am Am 2
2102
2><600_2><150:20 40 +10h
0.2 0.1
h=360m

27. Ans. (BCD)
For adiabatic process (A — B)

PV, =PV,

5

5
10°x(0.8)3 =3x10°(V, )3

1 0.6
- VB:O.Sx[g] =0.4 m3

Work done in process A - B

_PAVA_PBVB

w
AB y—1

5 5
-~ W :10 x0.8—3x10"x0.4

AB
54
3

= WAB=—60k]=:>|WAB|=60k]

Work done in process B — C (Isothermal process)

Wy = nRTﬂn& = PBVBfni
VB VB

o W, =3x10°x0.40n 28
0.4

= Wpc=84k

Work done in process C — A
Wea=PAV=0 (" AV =0)

So total work done in the process A—B—C
Wapc= Wap + Wpc+ Wea=-60+84+0
Wapc= 24 k]

So correct options are (B,C,D)
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28. Ans. (A)
Y = c*hBGY
ML T2 = (LT "H*MLPT " HBM~LL3T-2)Y
1=B-y (1)
-1=a+2B+3y «(2)
-2=-a-B-2y -(3)
—3=p+y
1=B-v
-2=2B =B=-1,y=-2
-1=a-2-6 .. a=7
29. Ans. (A)
p 4 (Ta 5Vo)
(Ts, 5V0) (Tg, 5Vo)
>V

TV ™ =T (5Ve)" !
Ty Ty
T T
30. Ans. (121)
At constant pressure

5v-1

W = nRAT = 66
AU = H(Cv)mixAT

n,Cy. +n,Cy,
(C)mix = —t—

n; +n,
2x§R+1x§R
_ 2 2

(CV)mix - 3

11
(C)mix = ?R

11
AU = — (nRAT)

11
AU =?x 66 = 121]
31. Ans. (C)

U=%fan=frT

2
.. A and B are wrong.

YRT 2 RT
ouna = 5= [(7+1) 37

=  More'f’, less V'
14 > U5
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32. Ans. (2)
W, _ 4PV, +8PV,(n2—6P,V, -0
w, 4PV, (n2—0—P,V, +0
_8(n2-2 ’
4/n2-1

JEE (Main) Practice Paper
SECTION-A
1. Ans. (1)

mgh:%L

2. Ans. (2)

s 2 15a
Q=[do= [ msdT [ aTde==2
T=1K ! 4
3. Ans. (3)
yo W/A
AL/
w_vA
Al L
Slope < A
4. Ans. (1)
> 100 mm

Since the coefficient of thermal expansion of steel is greater then metal X.

5. Ans. (3)
Bcpen = o + Oy
6. Ans. (1)

Let m kg of steam condenses
1.12x1x65=540xm+mx1x 20
Heat gain = Heat lost

7. Ans. (4)
do_,dT
dt dx
dr 1 1
— o —=slopex—
dx kA k

8. Ans. (3)
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Heat and Thermodynamics ALLEN
9. Ans. (4)

o)y 27

dt R

10. Ans. (1)
E =cA(546)* (1)
Eooc=cA(273)* ..(ii)
E

E
—2* = Eoc= —
0°C 16

11. Ans. (4)

3 4 _
ML=ohT = T=2T ()

P, =cAT; (i)

P, =cAT; ..(iii)

4
4
P1 :GA(ETOJ

12. Ans. (4)
E, _oAT, RT;
E, cAT' RT}
R2=2R Ri=R
Tz = ZT, T1 = T
E, _(2R)(2T)'
vl L
Ev (R)(T)
13. Ans. (1)
PxV=2/mixRx298

1.5PV=(2/mi+3/m) Rx298 =1+ My
mZ

N W
N W

14. Ans. (2)

: Tl Vl
— =constant, +-= |+
V 2 VZ

15. Ans. (1)
For point (i)
PoVo = nRT:
For point (ii)
Vo x 4Py = nRT>
For point (iii)
4V x Py = nRT3
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16. Ans. (3)
P(2V-V)
= PV =nRT

17. Ans. (3)

PV' = constant

dPV' + (yv'-1dv)P =0

dP —yP
= @ —=—
dav %
18. Ans. (1)
v v, Vv
Wi=n RT2/n|—= _1_"2 P
vl Tl TZ
15
o of3) }
1
AR
T ;
W> = nRAT = nR(T> - T1) = nRT (1__1J 1 ;
T, v
VZ
Wz = I’IRTMH —
Vl
19. Ans. (1)
AUCycl=0=U1_2+U2_3+U3_1:O “AUz_1=W5_4
0+(-40)+Us-1=0 Ws-1=-40
20. Ans. (4)
For gas A For gas B
._1(3RT 2 _3RT
3\ M 2M
v_2
o 3
SECTION-B
1. Ans. (3)
_F/A
AL [0

Identical wires means (Y, 4, L) same

= Fox A/

Al, F,
Al, F,

B

Ala=Algx Fa_ 1.5><10—g= 3mm
F, 59
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2. Ans. (12)

100 Sw(90 - 24) = msLy + msSw(100 - 90)

100 x1x66=msx 540+ msgx 1 x 10

ms=12gm
3. Ans. (65)
dQ _KkA \p
a (
4. Ans. (5)

d
d—f =const. at steady state

kA 20°-10°)= 24 (10— o)
L l
0=>5°C
5. Ans. (80)
il =e<5A(T4 —TS4)=msd—T
dt dt

6. Ans. (10)

(Tz_Tl):k L+T5 g
t 2

7. Ans. (125)

Kzﬂ=tan533

T P

p_ 2x0.0821
tan53

=

8. Ans. (30)
T— 4T

(%R}rl(gRJ (4 x 300 - 300)

9. Ans. (126)

6300
6300 =nCy x 150 nCy 300 = EX300:12600]

8000 = nCr150
10.  Ans. (416)

2CV = %RzSR
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Ans. (A)
Heat lost = Heat gain
2kgIce at -20°C — 2kglceat0°C

1
Heat gain = 2x103 x > x20=20 Kcal

5 Kg water a 20°C — 5 Kg water at 0°C

heat loss = 100 Kcal

Extra heatloss = 100 - 20 = 80 Kcal

Suppose x kg ice is melts upon supplying 80 Kcal heat

80 Kcal =x x 80 cal/gm

x=1Kg

Final amount of water=5+1 =6 kg

Ans. (B)

Volume exp. = AV = Vo(ym - 30) T
AV=Arx L=Ao(1+ 204T)L

_ V,T(V,, —3a,)

4,(1+2a,T)

Ans. (A)
2
4 kA

a 14
Ans. (D)

= L

AmT=b = A= §=1000nm

E
2
500 1000 1500 A(nm)
Uz2>U1, Uz2>Us
Ans. (C)
= -0, :1_&
nl Ql Q1
Q
Q=4
1 1-n,
_0-0_, 0
nz QZ Qz
Q3=0Q2(1-m2)
Q-0 . 0 _q1 %(-m)
NOWT’I: gzl_i: 1- = =7 1—n
Ql Ql Qz ( 1)

[66]
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6. Ans. (D)
PV =C
(nP+y(nV =(nC

InP =—ylnV + (nC

y=mx+C
m=-y
Slop of B > slope A
7. Ans. (D)
AU same
16-20=9-w
w=9+4=13
8. Ans. (C)
PV =nRT
5 x4 =nRT
4 x 4 =n,RT
Now - volume of vessel remain same.
Now - Temperature is same so KE same.

leakage =1 "2 . 100 — 4 100=20%
n; 20

9. Ans. (AQ)

YS: Ycu =2:1

ie.You=Y

Ys=2Y

Al F

(s 2AY,

= Al :izl
24Y, 2A(2Y)
F(2¢

<)
AY

F
& Stress in steel = _A

) F
Stress in Cu = —
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10. Ans. (ACD)
PE = Mgl
EPE =2 Mgl
as energy is conserved
PE = Heat energy + EPE
Heat energy = Mgl - ¥ Mgl
=%, Mgl
11. Ans. (AB)
ea=0.01,e;=0.81
Area = same for both

dQ

o ecAT* = same for both

cseAA TA4 = GGBA TB4

4
Ta| _8 _g1-3t =
T, e, T,

B

[

also ApTs=AaTa
A x 1934 = (Aa - 1)5802
Ag=3Ag-3
2hg=3 = Ag=1.5um
12. Ans. (AC)

mocV
—nr}
A
—mA:3 :4:22 :}—rA:22/3
m r,
B fnrs B

e & o is same for both

4 o Area oc 1
dt

i

dt a_|Ta 2:24/3
il

dt ),

B
dT Area
——
dt mass

)
dt Al_ ﬁ —223

ar) |7
de ),

=3=T, :7:;—":1934

[68]
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13.

14.

15.

16.

Ans. (AB)
A—>B

TP =T}P)"

3 -2/5
Tp = 1000 (—]

2

3
Wi = -nCvAT = —ZXExR[TB -T,]

forB— C

Py, _F
T,

B C B

p -2/5
=T, =TBx—f=2000[§j
P 2

-2/5
3 3
AQsc = nCiAT = 2% R(T, =T, )= 31{1000{5] J

Ans. (AB)

A — Bisobaric

C — D isochoric

in PT graph CD will be the line passing from origin
in VT graph AB will be the line passing from origin
Ans. (B)

Po[(A; + (A1] = nRT; (D)

PoVo = nRT ..(ii)
final

Po[(¢ + X)Az + (¢ - x)A1] = nRT; ...(iii)

from equation (iii) - (i)
PoX[Az —A1] = I’IR(Tf— Ti)
Now

Q= Poldo-Ar]x+ SR(T, 1) (V)

7
0= Jor(r,-1)
from (ii)

7 PV
0=, LT

Ans. (A)

from (iv)

Pt= %PO(AZ—AI)X

www.allen.in
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17.

18.

19.

20.

Ans. (27)
For (A)

mwSw(22 - 20) =5 Sx (40 - 22)
For (B)

mwSw (23 - 20) =5 Sy (40 - 23)

equation(ii) 3 s 17 27

equation (i) 2 _EE: "85

Ans. (0.75)

_F /A _F/A

CACJC AL,

A _Ye L 7 A5 45

A Y, (., 12" 35

Ans. (91)

dQ mL dT

—= —=ms—

dt  (30min) dt
S 1 1

L 30x3 90

S

Ans. (10)
do
——=k(0-0
dt ( 0)
o dO
80 9—0,
50-20
80-20

k= _@ ()

:—k_[()sdt

In

] o2

= t=10min

...(ii)
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