PHYSICS - MODULE 10 - SINGLE CHOICE SOLUTIONS

THERMAL EXPANSION, CALORIMETRY AND HEAT TRANSFER

(b)

The compressive force in the rod will be same, therefore, compressive stress
will be maximum at this end. Hence, option (b) along is correct.

Key: B

Hint: In cylindrical shell for radial flow
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8. According to Wein’s displacement law

AT = cons tant¢
=> 4T =41,
T, 0.26
> T on
or T,=2T

According to stefan’s law, E=0T"

4 4 4
Thus Elonl :[ﬁ] :(lj _ L

T, 2) 16
. dT L
0. Rate of cooling (_E] o« emissivity (e)

From the graph,
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further emissivity (e) « absorptive power (a) (good absorbers are good
emitters also)

a, >a,

10. According to stefan’s law, the power radiated by a black body at absolute
temperature T is given by

0=cAT* ..(1)
According to wein’s displacement law
AT =b
b
T=— .2
S7=1 )

m

From (1) and (2)

B o Ab*
==
For a sphere of radius r, 4=4zr
4 2 2
Hence 0= UZ’/I# =K ;—4
Where K =4z0b* is a constant.
42
Hence 6 =K —+
(42)
1
_ Kr22

2

- (2’): )2
9 2
.o i 4
S—=—] .4
0, [rzj ( '")2
3V (s500) .,
-(3)-(5) )
=(5/3)
11. The slope of temperature variation is more in inner

40_K4 AT = ATz—l .—dQ

d 1 KA dt
1

slopeax —

[ arg er the conductivity smaller is the slope

12. Equal area means equal power output. “area pertains to highest

wavelength

range, thus photons with minimum range of frequency. Thus maximum
number of photons are required from this segment to keep the power
same.

13. Let temperature of interface is 0

Page No -4 -




0=6(70-6)
70=6x70

14. Heat loosed by water = m s 9, heat gained byice=M S 6 + M L

S Ve
15, +t=—1—
o 1l

16. V=V,(1+/A0)
L=L (1+aA8) L (1+a,A0)
L' =V,
1+VA0 = (1+a,A0)(1+2a,A0)

r=a,+2a,

17. 0=MSt+M,S,t+M,S,+....M St
O=(M+M,+M,+..+M,)St

18. The density of water increases from 0°C to 4°C and then decreases from
4°Ct010°C. The density of wood decreases with temperature.

19.
Ice will not completely melt, so temperature of mixture is o'c

20. Let f be the fraction of water frozen then
m(1=f)L,=mf = f=—1-
! n+l
21. B
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22.

23.
Sol:

24.
Sol:

25.

Sol:

26.
Sol:

(C) P
Net force on the system is zero p e 0
hence displacement of the centre of Lo Lo
mass of the system will be zero. Let a 3o
x be the shift in P, then p :

lo lo Q [ ] : 0]
m(5(1+ocAT)+xj=m(5(1+3aAT)—xj =

[, aAT '
X —
2
(C)

D
Applying Newton's second law to a small section of rod, we get tension at all
points on rod is same.

B

Let x,,x, andx, be the compression in the three springs then

X, +X, +X; = LocAT+%ocAT = %LaAT (1)

kx_>|:|' 2kx,  2kx > 3kx

1 2 3

For equilibrium
X, =2x, =3Xx, (2)

From (1) & (2) x, :%LocAT

.'.=lkx12 =£KL20LZAT2
2 242

C

X-(-125 ¥ —(=70)
500 40

For ¥=35]

X=13750"%
D

Heat released by steam inconversion to water at
100°C is Q) = ml =4 %540 = 2760 cal.

Heat required to raise temperature of water from
467010070 5 Q= m SAG=20x1x54=1080J

¢ =y and 5—12:2

Hence all steam is not converted to water only half steam shall be
converted to water

~.Final mass of water =20+2=22 gm
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PHYSICS MODULE 10 - MULTIPLE CHOICE SOLUTIONS

(), (c)
This problem can be solved like electric current problem.
Let Ri, Ry, R3, R4, Rs, R and Ry be the rates of heat flow through AE, EB, AC, CD, CE, ED and DB,

respectively.

6(‘ ? D eD
k k
k k
Aﬂ g }
k E k GOCB

100°C

Since R; = Ry , O = 50°C
Rs=Rs, R3=Rs + Rs =Ry (1)

R4+ Re =Ry (ii)
R4 + Re = R7
kA (6 -50
M:k_A(ﬁ)_eD)
/ /
kA kA kA kA
7(100—60) :T(GC —50)+T(9C _GD) :TGD
O6c + 6p = 100
20,20, =50 = 0. = 62.5°C
Op = 37.5°C
Oc > 6 > Op
(b), (c), (d)

Resistance of each rod R = k_

B, iﬁ E

(irti2)—(i3-14)

In steady state Tg = Tp and Tt = Tg

Thermal current ((;—?j =i

iR+1,R+i,R=(T -T,)
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T, -T
2il+i3=( IR :) (i)
21, +1, = 2 (ii)
I =i, (idi)

For the path ABCHGF,

iR +(i,—i; ) R+2(i, —i; )R +(i, 1, )R+iR =(T, - T,)

T,-T
6i, —4i, =M= 2i, +i (iv)

4 =51, = i, :%i1 v)

From equations (ii) and (v),

2+ 2, _(4-T)
5 R

ﬂ (TI_TZ)
5 R

(T,-T,) 7

Equivalent internal resistance -——~=—R
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3. From the graph, Temperature gradient decreases from the hot end to the cold end but the bar is in a
steady state.

4.
ms 3L 12 KT —15)
ar

At T==5"C qr/dt=0
= Rate of heat loss = K{45 - 15) =12W
w12 _

12 _2wprc
or 30 5

At T=20C rate of heat loss = (2/5) (20 15) = 2W

25 a5 &0
msf QdT =msfﬂ=fdt
s 12— (T~ 15) s 20—2T 4
On solving, we get
ss=—219 5 kg
In(3/2)
S. The area under the curve is equal to amount of energy radiated per second E = IExdl
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For a block body, wavelength for maximum intensity :

1 4 1
Ack— & FoT = P
T a7t

= F'=16F : FP'T'=32ET = F'=16F
(B) is not possible as temperature can not remain constant as one goes through the material as
in part B of the graph.

(C) is not possible as temperature may keep on decreasing or increasing along one direction. As it is
decreasing inside material A and C then can't increase in B.

If the friction offered by air is neglected, the speed of the bullet on returning to be staring

-1
point will be equal to its initial speed V= 2005~ The kinetic energy of the bullet is.

KE= lmﬁ
2

Page No -4 -




= %(50x]0'3)><{200}2 =1000J

o
Heat lost by bullet for its temperature to fall from 2000t
0°C'=[50x107}xB00x 20 = 800J. . ,
If ¥kg is the mass of ice melted, then

— By —
= x=53x10"kg =53¢ Hence the correct choices are (1) and (3)

10. BC
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11. 6 =M x1x (10 — O) =10M Cal of heat available, when temperature of water decreases.

0, =M x80 ca/ gm =80 m cal, amount of heat required for whole ice to melt §, <6,; hence whole ice

will not melt. And temperature of mixture is 0°C .

12. The degree of hotness or coldness is expressed in temperature. Temperature of steel is greater than

that of charcoal. The heat lost depends on emisivitty of the surface, which is more for charcoal than
the steel.

13. AB,C,D
On heating, every dimension increases
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15. —Q o A for given may

dt
Solid sphere will have lesser area than cube
dT 1
=E; <Es, —o— = E;>E;
d M
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