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The total radiant energy per unit area, normal to the direction
of incidence, received at a distance R from the centre of a
star of radius », whose outer surface radiates as a black
body at a temperature 7 K is given by: (o is Stefan's
constant)

orir? or’r?
(a) Iy (b) )
GI"4T4 41tcr2T4
(©) 4 (d) T

Three rods of same dimensions are arranged as shown in
figure, have thermal conductivities K, K, and K, . The points
P and Q are maintained at different temeratures for the heat
to flow at the same rate along PRQ and PQ. Then which of
the following option is correct?

1
() K3=5(K1+K2)
b) K=K, +K,
_ KK,
© 7K vk,
) K,=-2(K,+K)

The sprinkling of water slightly reduces the temperature
of a closed room because

(@) temperature of water is less than that of the room

(b) specific heat of water is high

(c) water has large latent heat of vaporisation

(d) water is a bad conductor of heat

The value of molar heat capacity at constant temperature is
(@) zero (b) infinity

(¢) unity (d 42

The specific heat capacity of a metal at low temperature (T)
is given as

I -1 T

C,(kJK kg ")=32 ( 400)
A 100 gram vessel of this metal is to be cooled from 20°K to
4°K by a special refrigerator operating at room temperature
(27°C). The amount of work required to cool the vessel is
(a) greater than 0.148kJ
(b) between 0.148 kJ and 0.028 kJ
(c) lessthan 0.028kJ
(d) equalto0.002kJ

1. @@ 2 OC® 3 OO 4+ @®EE 5 OO
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-3} DPP/ CP10
6.  The emissive power of a black body at T=300K is 100 Watt/ 13. A body of mass 5 kg falls from a height of 20 metres on the
m?. Consider a body B of area A = 10m? coefficient of ground and it rebounds to a height of 0.2 m. If the loss in
reflectivity r = 0.3 and coefficient of transmission t= 0.5. Its potential energy is used up by the body, then what will be the
temperature is 300K. Then which ofthe following is incorrect? temperature rise?
(@) The emissive power of B is 20 W/m? (specific heat of material = 0.09 cal gm~! °C ™)
(b) The emissive power of B is 200 W/m? (@ O0C (b)4°C (c)8°C (d) Noneofthese
(c) The power emitted by B is 200 Watts 14. Two straight metallic strips each of thickness t and length ¢
(d) Theemissivity of Bis 0.2 are rivetted together. Their coefficients of linear expansions
7. A solid cube and a solid sphere of the same material have are a,, and o, . If they are heated through temperature AT,
equal surface area. Both are at the same temperture 120°C, the bimetallic strip will bend to form an arc of radius
then (@) t/{a,+a,)AT} (b) t/{(a,— o )AT}
(@) both the cube and the sphere cool down at the same rate (© t(o, —a,)AT (d) t(o,—a)AT
(b) the cube cools down faster than the sphere 15. The figure shows a system of two
(c) the sphere cools down faster than the cube concentric spheres of radii 7 and r, are
(d) whichever is having more mass will cool down faster kept at temperatures T, and T,, 6
8.  The density of water at 20°C is 998 kg/m? and at 40°C 992 respectively. The radial rate of flow of
kg/m?>. The coefficient of volume expansion of water is heat in a substance between the two
(@) 10%°C (b) 3x10%°C concentric spheres is proportional to
(c) 2x10%°C (d) 6x10%°C ( (ry —1)
9. A metallic rod ¢ cm long, A square cm in cross-section is @ LLZ) (b) 22
heated through t°C. If Young’s modulus of elasticity of the n (1)
metal is E and the mean coefficient of linear expansion is o per "
degree celsius, then the compressional force required to () (n-n) (d L2
prevent the rod from expanding along its length is (r,—n) g c
@ EAat (b) EAat/(l+at) 16. A block of steel heated to 100°C is left g \R
(c) EAat/(l-at) (d Eloat ina room to cool. Which of the curves 2 A
10. Ifliquefied oxygen at 1 atmospheric pressure is heated from shown in fig., represents the correct
50K to 300 K by supplying heat at constant rate. The graph behaviour?
of temperature vs time will be @ A (b) B o C (d)None of these
17. Which of the following will expand the most for same rise
in temperature?
(@) Aluminium (b) Glass
T (c) Wood (d) All will expand same
(@) by T 18. The plots of intensity versus T
wavelength for three black bodies 1 3
] T t at temperatures 7', Tyand Ty [| 7 T,
respectively are as shown. Their
temperature are such that S
/—/ @ T\>T,>T; b) T\>T>T, e
(0 T (d) T © T,>T3>T, d) T;>T,>T,
| 19. When the temperature of a rod increases from ttot + At, its
t t moment of inertia increases from I to I + Al If a be the
11. 1If a bar is made of copper whose coefficient of linear coefficient of linear expansion of the rod, then the value of
expansion is one and a half times that of iron, the ratio of Al is
force developed in the copper bar to the iron bar of identical I At At
lengths and cross-sections, when heated through the same aat a
temperature range (Young’s modulus of copper may be taken @ 204t () oAT © 2 @
to be equal to that of iron) is 20. Two rods, one of aluminum and the other made of steel,
(@ 32 (b) 273 (c) 94 (d) 49 having initial length /, and /, are connected together to
12. Apiece ofice falls from a height h so that it melts completely. form a single rod of length £, + /. The coefficients of linear

Only one-quarter of the heat produced is absorbed by the
ice and all energy of ice gets converted into heat during its
fall. The value ofh is :

[Latent heat ofice is 3.4 x 10° J/kg and g = 10 N/kg]

expansion for aluminum and steel are o, and o, and
respectively. If the length of each rod increases by the same
amount when their temperature are raised by °C, then find
the ratio £,/(¢, + (,)

(@) 34km (b) 544km (c) 136km (d) 68km @ oja, b)ojo () ofa+a) (d)a/o,+a)
RESPONSE 6. @OOW@ 7. ®OO@D 8. WOEOW 99 G@OEOW@H 10. ®ZOO@
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21.

22.

23.

24,

25.

26.

27.

RESPONSE

ir-39]

A polished metal plate with a rough black spot on it is heated
to about 1400 K and quickly taken into a dark room. Which
one of the following statements will be true?
(@) The spot will appear brighter than the plate
(b) The spot will appear darker than the plate
(c) The spot and plate will appear equally bright
(d) The spotand the plate will not be visible in the dark room
On observing light from three different stars P, Q and R, it
was found that intensity of violet colour is maximum in the
spectrum of P, the intensity of green colour is maximum in
the spectrum of R and the intensity of red colour is maximum
in the spectrum of Q. If T, T, and T are the respective
absolute temperature of P, Q anc(l) R, then it can be concluded
from the above observations that
@ T,>Ty>T, (b) T,<Tx<T
(©) T <T <Tg (d) Tp>T,>Ty
A partltlon wall has two layers of different materials A and B
in contact with each other. They have the same thickness
but the thermal conductivity of layer A is twice that of layer
B. At steady state the temperature difference across the
layer B is 50 K, then the corresponding difference across
the layer A is
(@ 50K (b) 125K (¢) 25K (d 60K
Which of the following statements is/are false about
mode of heat transfer?
(@) In radiation, heat is transfered from one medium to
another without affecting the intervening medium
(b) Radiation and convection are possible in vaccum
while conduction requires material medium.
(c) Conduction is possible in solids while convection
occurs in liquids and gases.
(d) All are correct
In a vertical U-tube containing a liquid,
the two arms are maintained at
different temperatures ¢, and ¢,. The
liquid columns in the two arms have
heights /, and [, respectively. The ¥ :
coefficient of volume expansion of the h R

Q

liquid is equal to +
h-h h-h L+l L+
(@) - 1. ©
Lty —ht, i —hty 7 Lty +ht, Ly + bty

The top of an insulated cylindrical container is covered by
a disc having emissivity 0.6 and conductivity 0.167 WK~
!'m~! and thickness 1 cm. The temperature is maintained by

circulating oil as shown in figure.

Find the radiation loss to the I
surrounding in Jm~2s7! if Ollgul

temperature of the upper surface ] i
of the disc is 27°C and temperature Oilin

of the surrounding is 27°C.

(@ 595Jm3s! (b) 545Jm %!

() 495Jm ! (d) None of these

Wien's law is concerned with

(a) relation between emissivity and absorptivity of a
radiating surface

28.

29.

30.

31.

32.

33.

(b) total radiation, emitted by a hot surface

(c) an expression for spectral distribution of energy of a
radiation from any source

(d) arelation between the temperature of a black body and
the wavelength at which there is maximum radiant
energy per unit wavelength

Ifa piece of metal is heated to temperature 0 and then allowed

to cool in a room which is at temperature 0, the graph

between the temperature T of the metal and tlme t will be

closest to
(@) () Oop
o t— ol t—
1\ N
(c) Qo @ "
Ol — ol —

)
Two rods of same length and
transfer a given amount of heat

—

12 second, when they are joined 1
as shown in figure (i). But when Fig. (i)
they are joined as shwon in figure a i i

(i1), then they will transfer same
heat in same conditions in Fig. (if)

(@) 24s (b) 13s (c) 15s (d) 48s
Consider a compound slab consisting of two different
materials having equal thicknesses and thermal
conductivities K and 2K, respectively. The equivalent thermal
conductivity of the slab is

@ 3K ® © 3K

The coefficient of thermal conductivity of copper, mercury
and glass are respectively K , K and K such that K >K
>K . Ifthe same quantity of heat is to flow per sec per unit
area of each and corresponding temperature gradients are
X, X and X . then

@ X =X,=X, (b) X >X,>X,

© X <X, <X, d X, <X <X,

The radiation energy density per unit wavelength at a
temperature T has a maximum at a wavelength A,. At
temperature 2T, it will have a maximum wavelength

@ 4, b 20 © X (@ %0

Assuming the Sun to be a spherical body of radius R at a
temperature of 7K, evaluate the total radiant powerd incident
of Earth at a distance » from the Sun

2
SK d 3K

4 4
2 T 2 T
(a) 4TEV0R Gr— (b) TEVOR Gr—z

4
» T

2 p2
() npRo
4
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34. Ametal ball immersed in alcohol weighs W, at0°C and W,at ~ 40. In asurrounding medium of temperature 10°C, a body takes
59°C. The coefficient of cubical expansion ofthe metal is less 7 min for a fall of temperature from 60°C to 40°C. In what time
than that of alcohol. Assuming that the density of the metal is the temperature of the body will fall from 40°C to 28°C?
large compared to that of alcohol, it can be shown that (@ 7min (b) Ilmin (¢) 14min  (d) 2lmin
(@ W,>W, b W, =W, 41. Two rods of same length and area of cross-section A and
© W, <W, (d W, =(W,2) A, have their ends at the same temperature. IfK | and K, are
35. Oneend ofa thermally insulated rod is kept at a temperature their thermal conductivities, ¢, and ¢, are their specific heats
T, and the other at T,. The rod is composed of two sections and d, and d, are their densities, then the rate of flow of
of length /, and /, and thermal L T, heat is the same in both the rods if
conductivities K, and K, - 1 A Kk A ke dg
respectively. The temperature at the (@) A ks (b) As kocads
interface of the two sections is K, K A? K ; ¢ dy A2 k2 242
@ KhL+Kbh) g Kb+ KhD) © A T edik (d) A_l = k_2
(Kl + Kyly) (Kihy + K>ly) 2. A st d2 - 2k 2 510 2
(K LT+ KT ) (Kllle +K2]1T2) : ll en a:es gm Vgax 9\ 2501
(c) ~—ZL1T7I272) (d ~—Ll - —2127 (specific heat = 0.6 kcal/kg°C) < 500
(Kb + Kqily) (Kyly + Kyly) and heats it till it boils. The 5 5|
36. Twospheres of different materials one with double the radius graph between temperature and %; 100
and one-fourth wall thickness of the other are filled with ice. time is as follows. Heat supplied £ 5ot i—
If the time taken for complete melting of ice in the larger to the wax per minute and & o : 2 YR EE R
sphere is 25 minute and for smaller one is 16 minute, the boiling point are respectively Time (Minute)
ratio of thermal conductivities of the materials of larger (@) 500 cal, 50°C (b) 1000 cal, 100°C
spheres to that of smaller sphere is (c) 1500 cal, 200°C (d) 1000 cal, 200°C
@@ 4:5 (b) 5:4 (c) 25:8 (d) 8:25 43. Consider two identical iron spheres, one
37. Ablack body has maximum wavelength A, at temperature which lie on a thermally insulating plate,
2000 K. Its corresponding wavelength at temperature 3000 while the other hangs from an insulatory
Kwill be thread. Equal amount of heat is supplied
3 2 4 9 to the two spheres, then ———
(@) E}"m (b) E}"m (©) 37‘ m o (d) Z}‘ m (a) temperature of A will be greater than B
38. A solid material is supplied with , (b) temperature of B will be greater than A
heat at constant rate and the £ ; (c) their temperature will be equal
temperature of the material changes £ /C—D/ (d) can’t be predicted
as shown. From the graph, the = oa 4 cp=2a  44. Steamat 100°Cis passed into 20 g of water at 10°C. When
FALSE conclusion drawn is K T water acq_uires a temperature of 80°C, the mass of 1vvater1
(@) AB and CD of the graph represent phase changes present will be: [ Teke spedific heet qlwaer =lag'°C
(b) AB represents the change of state from solid to liquid and latent heat of steam =540 cal g ']
(c) latent heat of fusion is twice the latent heat of (@ 24g (b) 315g (¢) 425g (d) 225¢
vaporization 45. Two solid spheres, of radii R, and R, are made of the same
(d) CD represents change of state from liquid to vapour material and have similar surfaces. The spheres are raised to
39. 10 gmof ice cubes at 0°C are released in a tumbler (water the same temperature and then allowed to cool under

equivalent 55 g) at 40°C. Assuming that negligible heat is
taken from the surroundings, the temperature of water in
the tumbler becomes nearly (L = 80 cal/g)

(@ 31°C (b) 22°C  (c) 19°C (d) 15°C

identical conditions. Assuming spheres to be perfect
conductors of heat, their initial rates of loss of heat are

@ RZ/RZ () Ri/Ry () Ry/Ry (d) RZ/R}

M.OOOD 35.@OOW
.@OOD 40.OOW
HEBOEOOD 450000

RESPONSE

GRID
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Total Questions 45 Total Marks 180
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Incorrect Net Score
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3.

5.

DAILY PRACTICE
PROBLEMS

>
< H, o
The given arrangement of rods can be redrawn as
follows
2K,K,
K

TK K,

r'y
~
h 4
A
~
A 4

Itis given that H, = H,

N KA(OI —92) _ KSA(GI _92) :>K3 :Ezﬂ
2[ l 2 K1+K2
(¢) Q=mcAT
Q=mc(T-T)) ... (1)

)

@

Get More Learning Materials Here : &

Q =Kt whereas K is heating rate

o from 50 to boiling temperature, T increases
linearly.

Atvaporization, equation is Q =mL

so, temperature remains constant till vaporisation is

complete

After that, again Eqn (i) is followed and temperature
increases linearly

At constant temperature molar heat capacity

AQ
Cr=ar
Tis const. = AT =0
A

Required work = energy released

Here, O = I mcdT

6.

10.
11.

12.

13.

PHYSICS
SOLUTIONS

)

)

)

@

©
@

©

@

DPP/CP10

:}01><32><( r \dT =~ 0.002kJ
o L200°) S

Therefore, required work =0.002 kJ
Since,e=a=0.2

Sincea= (1 —r—t)=0.2 for the body B
Thus emissive power of B is given by,
E=aE, =(100)(0.2)=20 W/m?

Aec(T* - Ty
Rate of cooling of a body R = ATG = Aeo(T” ~Ty)

mc
A Area
= Roc—« =
m  Volume [m p V]
1
— For the same surface area. R ¢
Volume

-+ Volume of cube < Volume of sphere

= Reuwpe > Rsphere 1.¢., cube, cools down with faster

rate.

From question,

Ap=(998—-992) kg/m>= 6 kg/m>

p= w kg/m’ =995 kg/m’

_n

Pmy

LA A Al [ar
p V p V

.. Coefficient of volume expansion of water,

1AV 1A

AT 286 aa0tec

V At p At 995x20
F/A st

E=—2 oSO ete AC= (£ — £) = fat soF =
Al/l  strain

EAat

F=YatA or Fca
(* Y t A is same for both copper and iron)
or Fo ocac- and Fjocay

Fe 3/2 3

F 1 2
According to question only one-quarter of the heat
produced by falling piece of ice is absorbed in the
melting of ice.

mgh

ie, —— =mL
ie., 4 m

o 4L 4x34x10°
g 10
W =W; - W, =mgh-mgh’" =mg (h—h’)

=5x10 (20-0.2)=5x10x19.8

=136 km.

EBD_71
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=5x%198 = 990 joule 17. (@ Among glass, wood and metals, metals expand more
for same rise in temperature.

This energy is converted into heat when the ball strikes
the earth. Heat produced is 1
990 18. (b) Accordingto Wein’s law A, © T and from the figure
Q = ———calorie

4.2 () < ()3 < (A, ), therefore T > Ty > T,.

AT Q 99 x 100 1, 19. (@ Moment ofinertia ofarod,
Cmc 42x5000 x0.09 32 1= mr2
14. () Let the angle subtended by the arc formed be 6. Then i 12 o
Differentiating w.r.t. to AL, we get
4 Al Ly -1
0=—orf=—=—"—— Al 1
r Ar 1 -1 E_EXZML
f(OLz—OLI)AT / f(OLz—OLI)AT Al AL
=—=—"— or —=—=——— Al=LomraL o =2—
t r t 12 I L
So. I'= v As we know, AL=LaAt or & = oAt
© (ap—ap)AT L

Substituting the value % , we get

15. @
Al =20At
1
20. (c¢) Thelengths of each rod increases by the same amount
Afa = AES = Elaat = Ezast
L _% L %
¢ 1 Ay ¢ 1 Ay
£2+£1:(Xa+(ls . El _ A
Consider a shell of thickness (dr) and of radius (+) and 0 Oy L+l ag+ag
let the temperature of inner anq outer surfaces of this 99, @ According to Kirchhoff law, good absorbers are good
shell be T'and (7 dT) respectively. emitters. Since black spot is good absorber so it is also
g 1 Fheat th hi a good emitter & will be brighter than plate.
dr rate of flow of heat through 1t 22. (@ From Wein’s displacement law
_ KA(T—-dT)-T] —KAdT A, % T=constant
Bl dr ar P —max. intensity is at violet
_ _ank? dr (o A= 4nr2) =A,is m'inimur'n :> temp maximum
dr R — max. intensity is at green
To measure the radial rate of heat flow, integration = \_is moderate = temp moderate
technique is used, since the area ofthe surface through Q- max. intensity s at red = A._is maximum = temp.
which heat will flow is not constant. minimum_ ie.T >T.>T "
T TpT TRTTQ
T
do\'? 1 : T, T T
Then, (E] | —dr =4k [ar 3. © - B
1 i
ol 1 1 A | B
o1 1) ~4nK [T, - T
dt|n »n
40 _ —AnKnn (I ~ 1)) LT LT
dt (n—n) Let T be temperature of the junction
d_QOC H P Here, K, =2Kp, T-Tg =50K
d (n-n) At the steady state,
16. (@) According to Newton’s law of cooling if temperature H, =Hp
difference between body & surrounding is large, then
rate of cooling is also fast hence curve A shows correct . KAA(TA -T) _ KpA(T-Tg)
behaviour. N L L
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2K (Ty ~T) =Kp(T~Tp) | oT xdnk?

TA_T:T_TB 4

2 Total power received by Earth
= % =25K 4 52
2 oT"R D)
=—— (1)

24. () r
25. (@) Suppose, height of liquid in each arm before rising the

26.

27.

28.

29.

30

31.

32.

33.

Get More Learning Materials Here : &

temperature is /.

With temperature rise height of liquid in each arm

increases i.e. [, >/and [, >/

Also [ = _h = _h

1+ Y tl 1+ Y 12
h-h

bty ~hty

The rate of heat loss per unit area due to radiation

=eo (T4—T04)

=0.6 x 5.67 x 10-8 [(400)*<(300)*]=595 Jm 25 1.

(d According to Wein's displacement law, product of
wavelength belonging to maximum intensity and
temperature is constanti.e., A, T'= constant.

(¢) Accordingto Newton’s law of cooling, the temperature
goes on decreasing with time non-linearly.

2/
A/2

= ll+yllt2 :lz"r’\{lztl = Y=

@

/
toc—, t'oc
@ te
t’ 11 A
=4

t 0/A
t'=4xt
3/t'=48s
. (@) Inseries, equivalent thermal conductivity
2K\K,
Keq: K +K,
2x Kx2K 4
. X X _ K

o, K, =—————— ==
T K+2K 3

do

(c) Q= —KA[d—jxt

X
() Using Wein's law, A T = constant
7\.1T1 = 7\.2T2
T
}\.2 = }\.1 —1
T,
AT A
Ay =—2__"0
2T 2

Total power radiated by Sun = oT* x 4nR?
The intensity of power at earth's surface

)

34.

3s.

36.

©

@

@

. 4 53
The upthrust is given by gﬂRt pg

Here Rt3 = RO3(1+ymt) and py = pg /(1+v4t)
So, the upthrust at t°C is given by

4
=R’ L+ 1) x{po (14, D} g

AS Ym < 7a,hence upthrust at t°C <upthrust at 0°C
So, the upthrust is decreased. Hence weight in liquid
gets increased.

Let Tbe the temperature of the interface. As the two
sections are in series, the rate of flow of heat in them

will be equal.
4 h D
K K;
KA -T) _ K AT -T))
. /61 - /62 2

where A is the area of cross-section.

or, KIA(TI —T)Ez = KzA(T—Tz)El

or, KlTlfz_KlTEZ :KZTEI_KZTZEI

or, (K2£1 +K1£2)T = KITIEZ +K2T2£1
KT+ KD KGO+ KT

Radius of small sphere =t
Thickness of small sphere =t
Radius of bigger sphere = 2r
Thickness of bigger sphere = t/4

Mass of ice melted = (volume of sphere) x (density of
ice)

Let K, and K,, be the thermal conductivities of larger
and smaller sphere.

Kl + Kyl

For bigger sphere,
3
K47 (2r)2 x100 320" PL
t/4 ©25%60

For smaller sphere,

4 3
K, x4nr? x100 3™ pL
t ~ 16%60
K8
“K, 25

@g www.studentbro.in



DPP/ CP10

s47]

37. (b) According to Wein's displacement law,
2, T=2.88x1073
When T=2000K,
2,,(2000)=2.88x 1073
When T=3000K,
A (3000)=2.88x 1073
Dividing (1) by (2),

(D)
A2

g}\'_’" = —_m_ 3
3A, A, 2
AB represents latent heat of fusion
Q,=mLg )
Here, Lj; oc length of line AB
CD represents latent heat of vaporization Q, =mL,,

Here, Ly, o« length of line CD
oo Qy=2Q [*- AsCD=2AB]

Let the final temperature be T

=1, _éxm

38. (0

39. ()
Heat gained byice =mL +m X s x (T—0)
=10x80+10x1xT
Heat lost by water =55 x 1x (40— T)
Byusing law of calorimetery,
800+ 10 T=55%(40-T)
=T=21.54°C=22°C

(@ According to Newton's law of cooling,

0, -6, _ K{el +6, _90}
t 2
where 0, is the surrounding temperature.

60—-40 :K[60+40—10)
7 2

40.

Get More Learning Materials Here : &

20 ]
D 4K = K=—
7 =T

K|:40;—28 _10}

12 12x14
24K 24

do
=KjA o KyA,

=

12
= - =24K

40-28
—

=7 min

or

do

@ i

(¢) Since specific heat= 0.6 kcal/g X °C = 0.6 cal/g x °C

From graph it is clear that in a minute, the temperature is
raised from 0°C to 50°C.

= Heat required for a minute =50 x 0.6 x 50 = 1500 cal.

Q

41.

42.

Also from graph, Boiling point of wax is 200°C.
Temperature of B will be higher because, due to expan-
sion centre of mass B will come down same heat is sup-
plied but in B, potential energy is decreased therefore
internal energy gain will be more.
According to the principle of calorimetry.
Heat lost = Heat gained
mL +ms AO=m_s A 0
m x 540+m x 1 x (100—80)
=20x1x%(80—-10)
= m=25g
Therefore total mass of water at 80°C
=(20+2.5)g=225¢g

43. ()

44.

@

=
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45. (a) Initial rate of loss of heat =

cT"xA,xe
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