Chapter 8. Properties of Matter

Two rods A and B ol

F
fiil't‘urulxt materials Tl / i
are welded together i
as  shown 1n \\m

figure, Their thermal 3 >
conductivities are A

and K, The thermal uunduutwtly ol the
composite rod will be

2
() 2K, +K) (d)

(a)

K1+Kz
2

—_—

(NEET 2017) |

A spherical black body with a radius ol 12 cm |
radiates 450 watt power at 500 K. If the radius |

were halved and the temperature doubled, fhe
power radiated 1 watt would be
(@) 450 (b) 1000 (c) 1800 (d) 235

(NEPT 2017)

The bulk modulus of a sphericalobjeetts “B°. If

it 1s subjected to umlerm pressure “p’. the
[ractional decrease ingradius 18
B 3p P P
a) . By = = d) —
(NEET 2017)

A 1 tubéatith batkrends open to the atmosphere,
is partially filledwith water, O1l, which is imnuscible
with Waler.i$poured mto one side until it stands
at a distance of 10 mm above the water level on
the other side. Meanwhile the water nses by
635 mm from its ongmal level (see diagram). The
density of the oil 1s
P, P

10 mm
-¥ Final water level

=+« Initial water level

i
3
i
i
H
a
"L

N

(@) 425kgm™
(¢) 928kgm™?

(b) 800 kg m™?
(d) 650kg m
(NEET 2017)

A rectangular film of bguid 15 extended from
(4 em = 2 cm)to (5 em® &om). [ the work done
is 3 % 107" J, the value of the surface tension of
the liquid 1s

(a) 0.250Nm"
(¢) 02Nm"

() 0.125Nm™
(d) 8ONm'

(NEET-II 2016)
Thrée liguids of densities p,, p, and p, (with
P> P p,), having the same value of surface
tension 7', rise to the same height in three
identical capillaries. The angles of contact 0,

B, and 0, obey

I
(a) E:\-HI:-E:}H‘EH
1l
(b) U£H1{H:¢H1€E
T
(c) Eﬂﬂlﬂﬂzﬂﬁﬁn
T

) n>6,>6,>0,> (NEET-11 2016)

Two identical bodies are made of a material for
which the heat capacity increases with
temperature. One of these 15 at 100 °C, while
the other one 1s at 0 °C. If the two bodies are
brought into contact, then, assuming no heat
loss, the linal common temperature is

(a) 50°C

(b) more than 50 °C

(¢) less than 50 °C but greater than 0 °C

(dy 0°C (NEET-IT 2016)

A body cools from a temperature 37 to 27" in
10 munutes. The room temperature 1s 7 Assume
that Newton's law ol cooling 1s apphicable. The
temperature of the body at the end of next
10 minutes will be
7 3. M o

(a) y ' (b) 2! (c) 3 I () 7
(NEET-II 2016)
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10.

11.

12.

13.

14.

Coefficient of linear expansion of brass and
steel rods are o and 0., Lengths ol brass and
steel rods are /| and /, respectively. If (/, = 7)) 1s
maintained same at all temperatures, which one
of the following relations holds good?

(a) o), = o7, (b) el = ol

{C‘:I' D:IIZ'- = IL:HI':J"I 12 gl

(NEET-I 2016, 1999)
A prece of ice falls from a height /i so that 1t
melts completely. Only one-quarter of the heat
produced 1s absorbed by the ice and all energy
of 1ce gets converted into heat during its
fall. The value of /i 1s [Latent heat ol 1ce 1s

3.4 % 10" I/ kg and g = 10 N/kg]
(a) 136km (b) 68km
(¢) 3dkm (d) 344 km

(NEET-I 2016)

A black body is at a temperature of 5760 K. The
energy of radiation emitted by the body at
wavelength 250 nm is I/, at wavelength 500 nm is

U: and that at 1000 nm1s UV,, Wien's constant, .

h=2 88 » 10° nm K. Which of the following is correct]
(@) U>U, (b) U,>U,
(¢) U =0 d) U, =0

(NEET:l 201 6)

Two non-mixing liquids of densities p and
np (n > 1) are put in a container Theheight of
each hiquid 1s /1. A solid eyhinder of length L and
density ¢ 1s put in this cemtainer The cylinder
floats with its axis vertical and length pL (p < 1)
in the denser hiquid. The density d 1s equal to
(@) {2+ (n-1Fp &) {1+ (- Lpip
(¢) {1+ Dpip ) {2+ (n+ Dplp

N (NEET-I 2016)

Theeylindrieal tube of a spray pump has radius R,
one endiof which has » fine holes, each of radius 7,
If the speed of the liquud 1n the tube is |, the speed
of the ejection of the hiquid through the holes 15

VR? VR  VR® VR®

(@) —33 (b) () —53 (d) 3

nr nr nr nr
(2015)

Water nises to a height /2 in capillary tube. If

the length of capillary tube above the surface

ol water 1s made less than h. then

(a) water rses upto a point a little below the
top and stays there.

(b) water does not rise at all.

16.

(¢) water nises upto the tip of capillary tube

and then starts overflowmg like a fountain.

(d) water rises upto the top of capillary tube
and stays there without overflowing.

(2013)

. The value of coeflicient of volume expansion

of glycerin 1s 5 x 107K ", The fractional change
in the density of glycern for a nise of 40°C n
its temperature, 15

(a) 0025 (b) 0010 (c) 0015 (d) 0.020

(2015)

The Young's modulus of steel 18 twice that of
brass. Two wires of same [ength and of same
area of cross sectiongong of steel and another
of brass are suspended from the same roof. If
we want the lower ends of the wires to be at
the same Tevel, then the weights added to the
steel amd Brass wirés must be in the ratio of
(a) 411 (W 1:1 (¢ 1:2 (d) 2:1
(20153)

17, The two ends of a metal rod are mamtamed at

18.

19,

temyperatures 100°C and 110°C. The rate of heat
How 1n the rod 1s found to be 4.0 J/s. If the ends
are maintained at temperatures 200°C and
210°C, the rate of heat flow wall be
(a) 8.0 J/s (b) 4.0 /s
(¢) 44.0 /s (d) 16.8 J/s

(2015 Cancelled)

A wind with speed 40 m/s blows parallel to the
roof of a house. The area of the roofl 1s 250 m-~.
Assuming that the pressure mside the house
1s atmospheric pressure. the force exerted by
the wind on the rool and the direction of the
force will be (p = 1.2 kg/m?)

(a) 2.4 = 10° N, upwards

(b) 2.4 = 10° N. downwards

(¢) 4.8 x 10°N. downwards

(d) 4.8 x 10°N, upwards (2015 Cancelled)

On observing hght from three different stars P,
() and K, 1t was found that mtensity of violet
colour 18 maximum 1n the spectrum of P. the
mtensity of green colour 1s maximum in the
spectrum of R and the intensity of red colour 1s
maximum in the spectrum of Q. If 7., I, and 7',
are the respective absolute temperatures of P,
¢ and R, then 1t can be concluded from the
above observations that
(@) T,<T,<T, (b) I, <T,<Ty
() Tp>T1,>Tg (d) T,>T,>1,

(2015 Cancelled)
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20.

21,

22.

23.

24.

The approximate depth of an ocean 1s 2700 m.
The compressibility of water 1s 45.4 = 10711 Pa~!
and density of water 1s 10° kg/m? What
fractional compression of water will be obtained
at the bottom of the ocean?
(a) 1.2x10= (b) 1.4 = 10"
(¢) 0.8 107 (d) 1.0x 102

2015 Cancelled)

Copper of fixed volume 1" 1s drawn nto wire of
length /. When this wire 1s subjected to a
constant force /. the extension produced n
the wire 15 A/, Which of the following graphs 15
a straight line?

(a) A/l versus 1//
(¢) Af versus 1I/F°

(b) Al versus I

(d) Af versus [ (2014)

A certain number of spherical drops of a liquid
of radius » coalesce to form a single drop of
radius R and volume 17 I 7" 1s the surface
tension of the liqud, then

(

(a) energy=4VT l-L) 18 released.
\r

| T ) ) T

(by energy=3VT = +—| 15 absorbed.

(¢) energy= «;W(*l___&l_) 1s released.
r R
(d) energy 1s neither released nop Absorbed.
2014)

Steam at 100°C 1s passed anto 20 g of water al

10°C, When waler acquires a temperature of

80°C, the mass of water present will be

| Take specific heat of water =1 cal g! °C! and

latent heat of steam = 540 cal g']

(a) 24g (b) Bl5g @) 42.5g (d) 22.5¢
(2014)

Certain quantityof water cools from 70°C to
60°C i the Birst 5 minutes and to 54°C in the
next § afinutes. The temperature ol the
surroundings 1s

(a) 45°C (b) 20°C

(c) 42°C (d) 10°C

(2014)

. A piece of iron 1s heated n a flame. It first

becomes dull red then becomes reddish vellow
and finally turns to white hot. The correct
explanation for the above observation 1s
possible by using

(a) Kirchhofl's Law

(b) Newton’s Law of cooling
(¢) Stefan’s Law

(d) Wien's displacement Law

(NEET 2013)

20.

27.

28.

29.

30.

J1.
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The wettability of a surface by a hiqud depends
primarily on

(a) density

(b) angle of contact between the surface and
the hiquid

(€) viscosity

(d) surface tension (NEET 2013)

The following four wires are made of the same

material. Which of these will have the largest
extension when the same tension is applied?
(a) length = 200 cm, diameter= 2 mm
(b) length = 300 em, diaméler=3.mm
(¢) length =50 cm, diamefeér=10.5 mm
(d) length = 100 ¢cm, dimmeéter= 1 mm

(NEET 2013)

The molar specific Ieats of an ideal gas at
constant pressure and volume are denoted by
€

e - Ay ) i
C, and (', respectively. If ¥= C and R 18 the

Ly
umyversal gas constant, then C is equal to

(b) YR

1+ | R |
k) — d) 70— (NEET 2013
c) 1—y (d) (.",_1) (i J
I the ratio of diameters, lengths and s
Young's modulus of steel and atenl
copper wires shown m the figure are .,
p. g and s respectively, then the 7R
corresponding ratio of increase in copper
their lengths would be % -
5
@) —L ) 2L
(75p°) (5sp)
21]' F’q
(c) (d)
(5sp) (5sp)
(Karnataka NEET 2013)
Two metal rods 1 and 2 of same lengths have

same temperature difference between their

ends. Their thermal conductivities are K| and

K, and cross sectional areas A, and A.,

respectively, If the rate of heat conduction 1n |

1s four times that in 2, then

(@) K4, =4K.4, (b) K4, =2KA,

(c) 4K 4, = KA, (d) KA, = KA,
(Karnataka NEET 2013)

A fluid 18 1n streamline flow across a horzontal
pipe of vanable area ol cross section. I'or this
which of the following statements 1s correct?
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32.

33.

34.

(a) The velocity 1s maximum at the narrowest

part of the pipe and pressure 1s maximum

at the widest part of the pipe.

Velocity and pressure both are maximum

at the narrowest part of the pipe.

Velocity and pressure both are maximum

at the widest part of the pipe.

The velocity 1s minimum at the narrowest

part of the pipe and the pressure is

minimum at the widest partl of the pipe.
(Karnataka NEET 2013)

The density of water at 20°C 1s 998 kg/m?* and
at 40°C is 992 kg/m?. The coefficient of volume
expansion ol water 1s
(8) 3 x 107/°C
(¢) 6= 1071°C

(b)
(c)

(d)

(b) 2 = 10-Y°C

(d) 107Y°C
(Karnataka NEET 2013)
If the radius ol a star 18 R and 1t acts as a black

body. what would be the temperature of the star,
in which the rate of energy production 1s Q7

; -2
Q Q
i == 'h e
(a) AnR2G (D) k4ﬂR'ﬂ‘}
/4 . +
[ 4nRrR*Q - Q __”
() (d) >
a  4nR-o)

(2012 )

Liquid oxygen at 50 K 1s heated fa 300 K at
constant pressure ol 1 atm. The rave ofheating
15 constant. Which one of the. follewing graphs
represents the vartatiomof f@mperattire with time?

(o7 stands for Stelan’s constant)

(a)

Temperature
i\ .
lemperature
k’

Time

|/

Time

>

(C)

Temperatuse
\\\"’-
Iemperature

(d)

>

>

(2012)

Time

. A slab of stone of area 0,36 m- and thickness

0.1 m 1s exposed on the lower surface to
steam at 100°C. A block of ice at 0°C rests on
the upper surface of the slab. In one hour 4.8
kg of 1ce 1s melted. The thermal conductivity
of slab 1s
(Griven latent heat of fusion ol 1ce

=336= 107 Jkg™)

30.

37.

38.

39,

40.

(a) 1.24 J/m/s/°C
(¢) 2.05 Jm/s/°C

(by 1.29 J/m/s/°C
(d) 1.02 J/m/s/°C
(Mains 2012)

A cyhindrical metallic rod 1n thermal contact with
two reservoirs ol heat at 1ts two ends conducts an
amount of heat @ in time ¢. The metallic rod is
melted and the matenal 1s formed nto a rod of halfl
the rads ol the ongmal rod. What 1s the amount
of heat conducted by the new rod, when placed in
thermal contact with the two reservorrs in time ¢/

Q  m 2

(a) 1 (b) 6 © 20 (d) 5
(2010)
The total radiant enéfgy Pper unit area, normal

to the direction of ineidence. received at a
distance R froam the centre of a star of radius r,
whose oul€r Sturface tadiates as a black body
at a (émpératire 7' K 1s given by

ErET“‘ (b) or T4
(@) R- AnR?
orir? dnor T?
: gy ——
(e) =i () P

(where o 1s Stefan’s constant) (2010)

Assuming the sun to have a spherical outer
surface of radius r, radiating like a black body
at temperature 1°C, the power received by a
unit surface, (normal to the incident rays) at a
distance R from the centre of the sun 1s

rzn{r + 273]"' b 16 r’or
i]} ~ :'
[ 4mR* R*
2 4 2 .4
1
(&) r rr(:+12T_] (d) 4mr Enr
R R

where @ 15 the Stefan’s constant
(2010, 2007)

A black body at 227°C radiates heat at the rate
of 7 cals/cm’s. At a temperature of 727°C, the
rate of heat radiated m the same units will be
(a) 30 (b) 112 (c) 8O (d) 60
(2009)

The two ends of a rod of length £ and a uniform
cross-sectional area 4 are kept at two
temperatures 7| and 7., (7| > 7). The rate of

dQ

heat transfer, through the rod in a steady

. dt
state 1s given by
) dQ k(1) -T,)
@ Ta T LA
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d()
(b) F_M.A[T. 1)
(¢) 49 kAl -T)
di L
dQ kLT, -T,)
(d) ar A (2009)
41. On a new scale of temperature (which 15 linear)

42,

43.

44.

46.

47.

and called the W scale, the Ireezing and boiling
points ol water are 39°W and 239°W
respectively. What will be the temperature on
the new scale, corresponding to a temperature
of 39°C on the Celsius scale ?

(a) 200°W (b) 139°W
(¢) TR*W (d) 117°W

A black body 1s at 727°C. It enuls energy at a
rate which 1s proportional to

(a) (1000) (h) (1000)°

(c) (721 (d) (727)" (2007)

A black body at 1227°C emuts radiations with
maximuni intensity at a wavelength of 5000 A
I the temperature ol the body 1s increased by
1000°C, the maximum mtensity will be observed
al

(a) 3000 A (b) 4000 A

(c) 5000 A (d) 6000 A 2006 )

Which of the following rods, (givén tadius r

and length /) each made of th¢ same material

and whose ends are mammtained al the same

temperature will conduct most lLieat?

(a) r=rel=1I, th) #= 25, I = I,

) r=rol=2ly (A r=2r, =2,
(20035)

If & denelés the wavelength at which the
radiative enmission from a black body at a
temperature IK1s maxmmum, then

() Mg o B" (b) A, 1s independent of T
(c) A, =T (d) A e I (2004)
Consider a compound slab consisting of two

different materials having equal thicknesses
and thermal conductivities K and 2 K,

(2008)

respectively, The equivalent thermal

conductivity of the slab 1s

(a) %K ) 2K (© 3K @ 3K
(2003)

Unit of Stefan’s constant 1s

(a) walt m= K“ (b) watt m~/K*

(¢) walt/m” K (d) watt/m*K*. (2002)

48.

49.

50.

52.

91

Consider two rods of same length and different
specific heats (), 5,). conductivities (K, K) and
area of cross-sections (4, /,) and both having
temperatures 7' and 77, at their ends. Il rate ol loss
of heat due to conduction 1s equal. then

: g M ! K A KﬂA
F‘l -!-t = ﬁ'h’l" h l 1 i - 1
(a) 1<1] 214 (D) 3 3
i e K‘.ﬁl’l‘l K -"'1.1
(¢) Kady = Kid; (d) 3_: - = !‘?1 -
(2002)

IFor a black body at temperature 727°C, 1ts
radiating power 1s 60 Wwatt and temperature of
surrounding is 227°C. If témperature of black
body 1s changed to 1227°C then its radiating

power will e

(a) 304 W (b) 320 W

(¢) 2400 W (d) 120 W (2002)
Whieh of the following 1s best close to an ideal

black body?

(@) Black lamp

By cavity maimntained at constant temperature

fc) platinum black

(d) a lump of charcoal heated to high
lemperature. (2002)

. The Wien's displacement law express relation

between
(a) wavelength corresponding to maximum
energy and temperature
radhation energy and wavelength
lemperature and wavelength
colour of hght and temperature.

(2002)

(b)
(¢)
(d)

A cylindnical rod having temperature 7', and 7,
at its end. The rate of flow of heat O, cal/sec. If
all the linear dimension are doubled keeping
temperature constant, then rate of low ol heat

(), will be

@40 20 ©2 o

(2001)

. A black body has maximum wavelength A at

2000 K. Its corresponding wavelength at 3000 K
will be

TR, iy
{d]l 'E';l'km lh]’ Tj'l'm
(©) grin @ ghu (2000



92

II'1 g of steam 1s mixed with 1 g ol ce, then
resultant temperature of the mixture 1s
(a) 100°C (b) 230°C

(¢) 270°C (d) 50°C (1999)

. The radiant energy from the sun, mcident

normally at the surface of earth is 20 kcal/m* min.

What would have been the radiant energy,

incident normally on the earth, 1if the sun had

a temperature, twice ol the present one”

(@) 320 kcal/m” nmun (b) 40 keal/m” min

(¢) 160 keal/m” mun (d) 80 kcal/m” min
(1998)

. A black body 1s at a temperature of 500 K, It

emits energy at a rate which 15 proportional to
(a) (500)* (b) (500y* (¢) 300  (d) (500).
(1997)

. A beaker [ull of hot water 15 kept in a room. If 11

cools from 80°C to 75°C in ¢, minutes, [rom 75°C
to 70°C 1n £, minutes and from 70°C to 65°C i
f, minutes. then
@) {H<h<l
(e) H ==K

(b) fy > 1. > 13
(d) 4 <1 =1s
(1995

. Heat 1s flowing through two cylindrical redsof |

the same material. The diameters of the rods
are in the ratio 1 : 2 and the lengthsan the ratio
2 1 1. If the temperature difference betiveen the

59.

60.

6l.

62.

63.

I the temperature of the sun is doubled, the
rate of energy recieved on carth will be
mereased by a factor of

(a) 2 (b) 4

(c) 8 (d) 16 (1993)

Mercury thermometer can be used to measure
lemperature upto

(a)y 260°C (by 100°C

(¢) 360°C (d) 500°C (1992)

A Centigrade and a Fahrenheif thermometer are
dipped 1n boiling water, The watér temperature
15 lowered until the Fahrenheit thermometer
registers 140°F. What1s the fall in temperature
as registered by the gémtigrade thermometer 7
(a) 80°C (b) 60°C

(c) 407 (d) 30°C (1990)
Thermal capacity of 40 g of aluminum
(#=012 eal/g K) 15

W 168 J/K (b) 672 J/K

@ 840 JK (d) 33.6 /K (1990

10 gm of ice cubes at 0°C are released in a
tlumbler (water equivalent 35 g) at 40° C.
Assuming that neghgible heat 15 taken from
the surroundings, the temperature of water n
the tumbler becomes nearely (L = 80 cal/g)

ends 18 same, then ratio.of the rawe of flow of (a) 31°C
heat through them will be (b) 22°C
@ 2:1 ®3:1 Wil " 1:8 (e} 19°C
(1995) (d) 15°C (1988)
{ Answer Key )
1. (d 2. (¢) 3. () 4 (¢) & b) 6. (b)y 7. () 8 (b)) 9. (b) 10. (a)
11. (by 12, (b) 13. (d) 14. (d) 15 (d) 16. (d) 17. (b) 18. (a) 19. (d) 20. (a)
21. (b) 22. (¢) 23. (d) 24. (a) 25. (d) 26. (b) 27. (c) 28. (d) 29. (b) 30. (a)
J1. (&) 32. (&) 33. (d) 34. (a) 35. (a) 36. (b) 37. (a) 38. (¢) 39. (b)Y 40. (¢
41. (d) 42. (a) 43. (a) 44. (b) 45. (d) 46, (a) 47. (d) 48. (a) 49. (b) 50. (b)
51. (a) 52. (b) 53. (b) 54. (a) 55. (a) 56. (b) §57. (a) 58. (d) 59. (d) 60. (c¢)
61. (¢) 62. (d) 63. (b)
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TR DL R EXPLANATIONS ‘|II||IIIIIIIIIIIIIII|IIIIIIII]II[IIIIII|I

1. (d) :Equivalent thermal conductivity of the
composite rod in parallel combination will be,
K= KA+ KA K+ K
A+ A 2

2. (c):According to Stefan-Boltzman law, rate of

energy radiated by a black body 1s given as
K= oAT" = gdnR*T"
Given £ =450 W, T =500 K. R =
— =—=X16 =
1 1

'
2 4
R\ (%
R 1T
L

E,.=E x4=450 x 4= 1800 W
J. (¢) : Bulk modulus B 1s given as

12 em

E; o4nR3To

E,  c4nRl T
ks I

Bl —P¥ .
AV o
The volume of a spherical object of radius » 15 given as
-pV .4 p
=—— A= —n(3
AV AT 3Tl:[_Jr' JAr
L
¥ 3 V r
Tl P
—T3r’Ar 3Ar
3
Put this value i eqn. (1), we'get
r
B = ..'P_
3Ar
Fractional decrease an radws 1s
- Ar P
r BB

4. (c): Pressme gt point ('

Pl:f' = Fn+ pﬂ'rﬁrﬂ '-"-"'rhwmr"
where i, =CE=(65+65)mm= 130 mm
Pressure al pont B, P, =P +p_gh.
where i =AB = (65 -I-i'ﬁ + IU} mm = 14[] mm
In quuid, pressure is same at same Liquid level,

PH = "”E_' = puﬂghuﬂ - pwmi g JII;'u.-ui.nzr
L 10" =928.57kgm™
L= =—XI = ; g m-
Pa™ 40 14 8

5. (b) : Work done = Surface tension of [lm =
Change 1n area of the film

or, W=Tx=AA

Here. 4, =4 cm » 2 em =8 em?®

A,=5em x4 em =20 em*

Ad=2A,-A4)=24em*=24 x 107 m?
H‘?Kl{}‘T T—r?

w 3107t

= -=—=0.125N m~!
AA 24x107
2T cosO
6. (b) : Capillary nise, it
g

0s ()

For given value of 7" and r, fr == Lo
p

costy _cos 0, cosby

Also, h =h,=h, or =
lﬂi 2 3
Since. P, = P, > P, SO cos HI > COS FJ: > COS [-}_,.

T
For0<0-< — 0 <8, <0,

n

Hencey PE 3 <0,<0,< —

7. ) =Since. heat capacity of matenal increases
with merease in temperature so, body at 100 °C has
more heat capacity than body at 0 °C. Hence, final
gommon temperature of the system will be closer to
100 °C.

T >50°C
8. (b): According to Newton's law of cooling,

di" =K(T-T,)

For two cases,

dT, dT.
—IZK(T[ =T,) and ?f‘z K(T, -T)

dt
3
AU s

Here,

dT] IT-2T T
and = =

dt 10 10
2T+T dl, 2T-T'
2 dt 10
T
So. E=K{2.5T—T) (D)
2T =T 2T+ T
10 5 A1)
Dividing eqn. (1) by egn. (1), we gel
T  @5T-T)
2T -1 [2;'";—! —T)

T =
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2T+ T’

3
—T={2T-T")HE

"=327-T") or. 417" =6T .. ?"=§“ T

9. (b) : Linear expansion of brass = o,

Linear expansion of steel = o,

Length of brass rod =/, )

Length of steel rod = /.

On increasing the temperature of the rods by A7
new lengths would be

;= Ill[l + c.-r.lﬂ.T) (1) ii :IZ(I-H’I.ZQT) (1)
Subtracting eqn. (1) from eqn. (11), we get
f:? _F = (jz — l':])‘l'{flfll _Ilﬂ.] }ﬂT
According to question,

L5-I=1 —il (for all temperatures)
Lo,—lo, =0orlo, =1Lo,

10. (a) : Gravitational potential energy ol a piece

of 1ce at a height (/1) = mgh

Heat absorbed by the ice to melt completely

1 (1)
.ﬁQ = E ?th
Also, AQ = mlL (11
From eqns. (1) and (11). mL = Emgh or, h ===—
g
Here L=34x10°Jkg'. g=10Nkg"
4% 34 %10° -

R 10*=136km

I1. (b) : According to Wein's displacement law
b 2.88x10° nni K

A B & K .
alll: T
U o
U b T= 5760 K
A
o
250500 1000 MM
Clearly from graph, U/, < I/, > U,
12. (b) : 7 '
T
i ?55?5???55 (L.-plL)
‘i.._ R R ,_,,J

d = density of cylinder
A = area ol cross-section ol cylinder

Using law of floatation,

Weight of evlinder = Upthrust by two liquids
LxAxdxg=npx(plL xAg+p(l -pl)dg
d=npp+p(l=p)=mp+1-pp
d={l+(n-1)p}p

13. (d) : Let the speed ol the ejection of the haquid

through the holes be v. Then according to the

equation of continuity,

TRV VR’

2 a
nrs  onre
14. (d) : Water will not overflow but will change its
radius ol curvature,
15. (d) :Let r, and r, be densilies pBglycerin at 0°C
and 7°C respectively. Thens
Pr = Pyl —YAT) ‘
where y 1s the coelhiciént of volume expansion ol
glycerine and A¥' is rise in temperature,

R =nmr*v or v=

) o
£=1f“1ﬂT or ?&T=I—p—‘r
Po Fo
fo—Bg =yAT
Mo
there. = 5 x 104Kt and AT=40°C =40 K
w  The fractional change in the density of glycerin

Thus,

SH0TPT _ A7 - (5% 107K )40 K) = 0,020

o
16. (d) : Let L and A be length and area of cross
section of each wire. In order to have the lower
ends ol the wires to be at the same level (i.e. same

elongation 1s produced 1n
OO AR AR ANNY,

both wires), lel weights
W, and W'y are added to .. i
steel and brass wires | , LA
respectively. Then ’ :
By defimition of Young's
modulus, the elongation ﬂ
produced m the steel wire 15
L [as Y:M]
Y. A AL/ L
and that in the brass wire 1s AL, = W, L
F,A
But AL =AL, (grven)
WL WL W, _Y,
}TTA }:;1"4 Wr'i Yh
Y
As —~=2 e
Y, (given)

I

— | 2

W
W,
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17. (b) 18. (a)

19. (d) : According to Wein’s displacement law

A T = constant ()

For star £, mtensity of violet colour 1s maximum
For star ¢J. intensity of red colour 1s maximum.
For star R, ntensity of green colour 1s maximum,
Also, A=A > A,
Using Lqualmn {l) I f <.

L <1, <T,

20. (a) : Depth of ocean d = 2700 m
Density of water, p = 10* kg m™*
Compressibility of water, K =454 = 10" Pa™!
AV
=
v
Excess pressure at the bottom. AP = pgd

=10% x 10 x 2700 =27 x 10° Pa

We know, B= L
(AV/IV)
[ﬁv]=ﬁp=ﬁ.ﬁf’ [ H’=L]
V. B B
=454 % 107" =27 = 10f=1.2 x 107
21. (b) : As I'= Al (1)
where 4 15 the area of cross-section of the wire
i Y_{F:’A}_ Fi
Young's modulus, ¥ = (AITD) ~ AAI
Fl _FI* o
T
Al = VA= YV (ISuag (1))
Al e [P

Hence, the graph between A/'and /=15 a Straight line,
22. (¢) : Let n droplets each offradits r coalesce to
form a big drop of rﬂdiuw o

Volume of n dro = ‘u’ummu. of big drop
4

nX=Tr =4-ﬂ'.{i'3==h H*T A1)
3 F
N 4 "
Volume®lbig drop. V =3 7R (1)
Imual surfaee area ol n droplets,
3
2 R 2 i
Ai=nxdnr: = ~r—3}<4ﬂr (Usmg (1))
. R (4 1)3 3V B
= 47 = _[Emﬂ D (Using (1))
Final surface area of big drop
a4 a3 W g
f’lf =4nR —(:-i-:l‘tﬂ ]E-T (Using (11))
Decrease 1 surface area
v
AA=A - A = ——£=3v(l_l)
R r R
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Energy released = Surface tension
« Decrease in surface area
=T% Ad = 3VT(_I._ 1
r R
23. (d) : Here,
Specific heat of water, s =1 cal g*' °C™*
Latent heat of steam, L., = 540 cal g’
Heat lost by m g ol steam at 100°C to change mto
water at 80°C 18
O, =mL_+ms AT =m»340+m = | = (100 -80)
=340m + 20m = 560m
Heat gamed by 20 g of waiter @ change 1ts
temperature from 10°C to RBO2CHS
O,=m s AT =20x | & 80— [0)= 1400
ﬁLLﬂI‘dlﬂb fo prmu iple Bt calowimetry, O, = O,
560m = 1400 or m=25¢g
Total mass of waler present
=0+ g=(20r+25)g=225¢g
24. (a) :Let T, be the temperature ol the
surroundings.
Accofding o Newton's law of cooling

Ii ""i:"z: T"""Tj
[

)

| For first 5 minutes.

T TORE. T = (0°C. f = 5 minutes

70 - 60 70+ 60

5 K( 7 s

. . :
?—ﬁ_m:,——.-‘_?) (1)

For next 3 minutes,
F', = 60°C, T: = 54°C, t = 5 minutes
60— 54

5 =K

60+54
y— 1

=R(a7=1" (1)
Divide eqn. (1) by eqn. (1), we gel
S _65-T,
3 57-T,
285=5T =195-3T
27 =90 or T, —43""{_,

25. (d) : Accﬂrdmg to Wien's displacement law
A T = constant

constant
i 'I"l
So when a piece of iron is heated, A decreases i.e.
with rise in temperature the maximum intensity of
radiation emitted gets shifted towards the shorter
wavelengths. So the colour of the heated object
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will change that of longer wavelength (red) to that
of shorter (reddish yellow) and when the
temperature 1s sutficiently high and all wavelengths
are emitted, the colour will become white.

26. (b) : The wettability of a surface by a liquid
depends primarily on angle of contact between the
surface and the hquid,

27. (¢) : Young's modulus.

FI.  4FL 4rL

AAL  tDRPAL nD?Y

where /' 1s the force applied, L 1s the length, D is the
chameter and Al 1s the extension of the wire respectively,
As each wire 1s made up of same material therefore
their Young’s modulus 1s same for each wire

For all the four wires, I, F' (= tension) are the same.

Mu—L-

[r
L 200 em

Y= or AlL=

[n (a) == ==5 % 10° em™!
[ (0.2cm)

In(b) =0 _33:10%can™
= (0.3 cm)”

In (¢) L __Slem =20x10° em”™
B (U 05 ecm)”

() = 405107 e

D> (0.1 cm)
Hence. AL 1s maximum in (¢).
28. (d) : For an i1deal gas

C =2 (1)
Divide C, on both sides. we get
5
Pl {—{
L i t A
=
As y=_L, 4 1r--'l=¢'l.—" = (C, = R
g o8 -
. 5 4FL PR
29. (b) : As Y= = —
- AAL  mD-AL steel
4FL -
AL=—— A 2m
nD~Y
O
AL, K L DEY. &

% Bm

where subscripts § and ' refer to copper and steel
respectively.

AL. F.L.D2Y,

Here, F = (5m +2m)g = Tmg
F.=5mg
L D ) §
_hzq.ﬂ'_E:!‘?I_st
L D Y

AL, (7mg (@) : 4 2[1] _7q
AL. | 5mg I plls)] Bp’s
30. (a) : Let L be length of each rod.

Rate of heat flow in rod 1 for the temperature
difference AT 1s
i n K\A AT
: ],
Rate of heat low 1 rod 2 for the same difference AT 1s
K.A AT
H_. e ——
- L
As per questionm, | = 4H:
K,AAT 4!&:’ 2A, ﬂT
i L
31. (a) : According to equation of continuity,
Av = constant
Therefore, velocily is maximum at the narrowest
part and niindmaniat the widest part of the pipe.
According to Bemnoulli's theorem for a horizontal pipe,

e = 4K A

e
P+-—2rp'£?3= constant

Heriee, when a fluid flow across a horizontal pipe
of wanable area of cross-section 1ts velocily 15
maximum and pressure 1s mimimum at the narrowest
part and vice versa.

0 A M om0
(@)ds Py SHOAT) TefT~T)
Here, T\ =20°C, T, =40°C
pﬁ”—‘}{}?ﬁ kgfm P, =992 kg/m’
. 998
1+v(40-20)
997 = 998
1420y
992 (1 +20y) =998
98 998 6
1+20y =— = s
R T
< 2 =3 x [07'/°C
= e e == R
"7992" 0
33. (d) : According to Stefan’s law, O = o4l
1/4 1/4
or T:[Q—] =[—Q—_}
oA o4nR-

34. (a) : Temperature of hiquid oxygen will first
mmerease mn the same phase. Then, the hquid oxygen
will change to gaseous phase during which
temperature will remain constant. After that
temperature of oxygen in gaseous state will
increase.  Hence option (a) represents
corresponding temperature-time graph.
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Ice |O°C

J35. (a) : 0.1 mI A=036m"

1O07C (Steam)
Heat flows through the slab m 7 s 18
0= KA(T -T)t K x036x (100 - 0) x 3600

L 0.1
K x0.36 x100 x 3600 |
0.1 1)
So 1ce melted by this heat 1s
Q

m, =-— 5

ce
© L (11)

or O=m_L=48x3.36x10F
From (1) and (11), we get

K”“'Bﬁ”fllf?‘”]“m - 48x3.36x10°
- 48x336x10°x0.1 i
= 036 x100 X360 - 1.24 Jim/s/?C

36. (b) : The amount of heat [lows m time ¢ through
a cylindrical metallic rod of length L and uniform
area of cross-section A(= nR?*) with its ends
maintained at temperatures ", and 7%, (7', = T)) 15

given by
KA(T, = T5)t

where K 1s the thermal conductivity of the matenal
of the rod.

Area of crgss~sr:clinn of new rod
RY nR* A
Ar = j'[( —_— = _-

2 7 1 cedE)
As the volume of the rod remains unchanged
s AL=AT! .
where L’ is the lengtthenew rod
yi gl
or L =LE,_ (1)
=41 (Using (1))

Now., the amount of heat flows in same time £ 1n the
new rod with its ends maintamed at the same
temperatures 7', and 7, 1s given by
KA(T, = T>)t
o-— 2 (iv)
Substituting the values of A" and L” [rom equations
(n) and (1) in the above equation, we get
Q= KA/ 4 (T, -T5)t = 1 F\fﬁ'l(?"1 ~-T2_)pl =lQ
4L 16 L 16
(Using (1))
37. (a) : According to the Stefan Boltzmann law, the

power radiated by the star whose outer surface radiates
as a black body at temperature 7" K 15 given by

97

P = odnri"
where, r = radius of the star
= Stefan’s constant
The radiant power per uml area received at a
distance R from the centre of a star 1s
P ot o
4nR*  4nR® R*
38. (c) : Power P radiated by the sun with its surface
temperature (f + 273) K 1s given by Stelan’s
Boltzmann law.
» = ge 4nri(t + 273)*
where r 15 the radius of the sun and the sun 18
treated as a black body wherée ¢ = 1
The radiant power per unit area tecetved by the
surface at a distance R Fom the centre of the sun
15 given by
g P odmi® (1+273)°  rlo(t+273)*
AnR? 4nR’ P
39. (b) : Rate ol heat radiated at (227 +273) K
=7 Lalsitm?s)
Let rateol heabradiated at (727 + 273) K = x cals/(em?s)
By Stelan's law, 7 =< (500)" and x =< (1000)*

&

¥

'?: 2 = xy=7%2%=112 cals/(cm? s).
40. (¢): Similarto /=T7R —

dQ kA

— =—(T, =T

dt L =% Ty I

k = conductivity of the rod

New scale

41. (d): 100°C A—239° W

Hlﬂfdivizaiuns : 200 divisions

¥ 39° W
39°C=39%2+39=(78+39)"W=117"W

42. (a) : According to Stefan’s law, rate of energy

radiated F e 7"

where 7'1s the absolute temperature ol a black body.
E o (727 +273)* or E e [1000]".

43. (a) : According to Wein's displacement law.
Amax | = constant

“a{"l "H'"

lm‘ﬂl we TZ
}"uu-m] Ti
M. X1 5000%1500 .
of, Ay, =— 1 =3000 A.
¢ T 2500)

44. (b) : Heat conducted

_ KA =Ty)r _ Knr* (=T )
/ - /
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The rod with the maximum ratio of .1// will conduct
most. Here the rod with r = 2ry and / = [, will
conduct most,
45. (d): Wein's displacement law
A, T'=constant, A, = "
46. (a) : The slabs are 1n series.

Total resistance R = R, + K,

N
~ AK,___ AK @ AK
o1 1. 13 358

“ETIR K o K=t

elfective

47. (d) : Unit of Stefan’s constant 15 watt/m*K",

—

48. (a): 7 al T
«— | —>» < ! >
: . KA(T, - T,)
Rate of heat loss mrod 1 = 0, = ] =

KA (T = T1,)

Rate of heat loss n rod 2 = O,

l>
By problem. O, = 0,
I\ [y
KAy = KA. Y. =t

49. (b) : Radiating power of a black body
= Ey=o(T" -T)")A
where o 1s known as the StefareBoltznann constant.,
A 15 the surface area of a black body, T is the
temperature ol the blaek hody and 7% 1s the
temperature of the sumremiding
60 = o(1000%—500% (1)
(7=T727%= §29 & 273 = 1000 K,
Ty= P27 =500 K|
[n the secomd ease. 7' = 1227°C = 1500 K and let
E’ be the radiating power.
E' = o (1500% - 500%)
From (1) and (1) we have
E’_1500" -500" _15"-5" _ 50000
60 1000* -500* 10* -5t 9375

(1)

50000 =
E= 9375 x60=320W.

50. (b) : An ideal black body 1s one which absorbs
all the mmcident radiation without reflecting or
transmitting any part of it. Black lamp absorbs
approximately 96% of incident radiation.

An 1deal black body can be

realized in practice by a small

hole in the wall of a hollow

body (as shown in figure)

which 1s at uniform temperature.

Any radiation entering the

hollow body through the holes suffers a number of
reflections and ultimately gets completely absorbed.
This can be [acihitated by coating the mterior surface
with black so that about 96% of the radiation 158
absorbed at each reflection. The portion.of the interior
surface opposite to the hole is m#de gonical to avoid
the escape of the reflectedray after one reflection.
51. (a) : Wien's displagement law states that the
product of absolute temperature and the wavelength
at which the emissive power 1s maximum is constant
Le. A T =constant. Therefore it expresses relation
between wavelength corresponding to maximum
energy gmd tEmperature.

dQ _ KA(T, -T,) _ 0
et L
When linear dimensions are double,
Ay ee ."]:* Li=L
Asec dri, Ly=2L so 0> =20,
53. (b) : According to Wein's law,
. A =234,

52, (b): Tleat flow rate

A, T = constant.

54. (a)
55. (a): E=cl'=20. T'=2T

E'=ol2*=16 ol

=16 = 20 = 320 keal/m* min

56. (b) : Temperature of black body (7) = 500 K.
Therefore total energy emutted by the black body
(E) oc T%ec (500)%,
57. (a) : The rate of cooling 1s directly proportional
to the temperature difference of the body and the
surroundings. So, cooling will be fastest in the first
case and slowest in the third case.
58. (d) : Ratio of diameters of rod =1 : 2 and ratio of
their lengths 2 : 1.

KAAT A

O —

/ [

The rate of flow of heat. (R) =
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59. (d) : Amount of energy radiated o= 7,

60. (¢) : Mercury thermometer 1s based on the
principle of change of volume with rise of
temperature and can measure temperatures ranging
[rom —30°C to 337°C

61. (c¢): llere, I = 140°

| F-32 (C

Using 180100
140-32 (C S ———
TR0~ 100 = ('=60°C

we get, fall m temperature = 40°C

99

62. (d) : Thermal capacity =ms =40 = 0.2 =8 cal/K
=33.6 joule/K.

63. (b) : Let the final temperature be T'

Heat required by 1ce =mL +m = s = (I'-0)
=10=80+10x 1 =T
Heat lost by water = 55 = (40 - 1)
By using law of calornmetry,
heat gamed = heat lost
OO+ 107'=35=(40-17)
= [=2154C=22C
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