Thermal Properties
of Matter

Numerical

Q.1 A steel rod with y = 2.0 x 10 Nm2 and aa = 10-5 0oC-1 of length 4 m and area of
cross-section 10 cm? is heated from 0ooC to 40000C without being allowed to
extend. The tension produced in the rod is x x 105> N where the value of x is

1st Sep Evening Shift 2021

Q.2 When a rubber ball is taken to a depth of m in deep sea, its volume
decreases by 0.5%. (The bulk modulus of rubber = 9.8 xx 108 Nm-2, Density of sea
water = 103 kgm-3, g = 9.8 m/s?)

31st Aug Morning Shift 2021

Q.3 Wires W1 and W; are made of same material having the breaking stress of

1.25 x 109 N/m2. W1 and W> have cross-sectional area of 8 x 10-7 m? and

4 x 10-7 m2, respectively. Masses of 20 kg and 10 kg hang from them as shown in the
figure. The maximum mass that can be placed in the pan without breaking the wires
is kg. (Use g=10 m/s2)

27st Aug Evening Shift 2021

Q.4 A soap bubble of radius 3 cm is formed inside the another soap bubble of radius
6 cm. The radius of an equivalent soap bubble which has the same excess pressure
as inside the smaller bubble with respect to the atmospheric pressure is ............... cm.

26st Aug Morning Shift 2021



Q.5 The water is filled upto height of 12 m in a tank having vertical sidewalls. A hole
is made in one of the walls at a depth 'h' below the water level. The value of 'h’ for
which the emerging steam of water strikes the ground at the maximum range is

m.

27th July Evening Shift 2021

Q.6 A stone of mass 20 g is projected from a rubber catapult of length 0.1 m and
area of cross section 10-¢ m? stretched by an amount 0.04 m. The velocity of the
projected stone is m/s.

(Young's modulus of rubber = 0.5 x 109 N/m?2)
27th July Morning Shift 2021

Q.7 The area of cross-section of a railway track is 0.01 m2. The temperature
variation is 100C. Coefficient of liner expansion of material of track is 10-5/0C. The
energy stored per meter in the track is J/m.

(Young's modulus of material of track is 1011 Nm-2)

22th July Evening Shift 2021

Q.8 Consider a water tank as shown in the figure. It's cross-sectional area is 0.4 m2.
The tank has an opening B near the bottom whose cross-section area is 1 cm?. A load
of 24 kg is applied on the water at the top when the height of the water level is 40
cm above the bottom, the velocity of water coming out the opening B is v ms-1.

The value of v, to the nearest integer, is . [Take value of g to be 10 ms-2]

B

18th Mar Evening Shift 2021

Q.9 Suppose you have taken a dilute solution of oleic acid in such a way that its



concentration becomes 0.01 cm3 of oleic acid per cm3 of the solution. Then you
make a thin film of this solution (monomolecular thickness) of area 4 cm? by
considering 100 spherical drops of radius

3 \? 3
Then the thickness of oleic acid layer will be x x 10-14 m. Where x is

17th Mar Evening Shift 2021

Q.10 A hydraulic press can lift 100 kg when a mass 'm' is placed on the smaller
piston. It can lift kg when the diameter of the larger piston is increased by
4 times and that of the smaller piston is decreased by 4 times keeping the same
mass 'm' on the smaller piston.

24th Feb Morning Shift 2021

Numerical Answer Key
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Numerical Explanation

Ans 1. Given, the Young's modulus of the steel rod, Y = 2 xx 1011 Pa

Thermal coefficient of the steel rod, oot = 10-50C



The length of the steel rod,1 =4 m

The area of the cross-section, A = 10 cm?
The temperature difference, AT = 4000C
As we know that,

Thermal strain = a AT

Using the Hooke's law

. T . FjA
Young's modulus (Y) = Thermal stress /

Thermal strain =~ o AT
Thermal stress, F=YAa AT

Substitute the values in the above equation, we get

F=2x10" %10 x 10 * x 10 ° x (400)
— 8 x 10°N
Comparing with, F = = x 10°N

The value of the x = 8.

Ans 2.
B pr— ji‘ pu— l”g;h
() (%)
pay
Y —h

9.8210°x0.5 _
100 10" 0.8



Timax _ -
B.3y= B;:m = = T{max =92 % 1.25 x 100 =1000 N

i Y— ) _ —
B.S;= =% = T o, =4 X 125 X 100 =500 N

500100
m=—5— = 40kg

Ans 4. Excess pressure inside the smaller soap bubble

AP=2% 135 )

ry T

The excess pressure inside equivalent soap bubble

45 _ a5 | a5
Ry T 2

1 |b
:I%F\p?h

3 qu—h}

12m




J (12— h)=2

R = \/2gh x

VIR(1Z—h) =R

For maximum R

dR _
o =0
=h=6m

Ans 6. By energy conservation

1¥4 2 1.9
R 7 BT = ETH,'U
0.5x10°%10 °x(0.04)° a9 2
0.1 = 7000
a
v =400
v=20m's

Ans 7. As the tracks won't be allowed to expand linearly, the rise in temperature
would lead to developing thermal stress in track.

(Stress) AT or o = YaAT

Energy stored per unit volume = %%

=+ Energy stored per unit length = ’;;f

x Yol AT?

|...1-| b

2 1 10
_ 107==10 ;l{l x 100 — 5 .J/m

Ans 8.



40 cm

Azoym” B

Force at point A,
mg + poA = pA

_ mi
= P=Pot+

Given, area of A= 0.4 m2 = 0.4 x 104 cm? and area of B =1 cm?
applying continuity equation

AV = av [V1 = velocity at point A]



—
= "'v.l'r-1 A'U
AS A ===350 % very small

SV =<y
So we can neglect V4 by assuming V4 =0

On applying Bernoulli's theorem at points A and B,

V2 2
pu-l-?—l-ﬁTl-l-pgh:pu-l-pﬂT—l-D

:-pg+¥+u+pgh=pn+§
i
2

g o
=>-T-|—pgh—

= 210 41000 x 10 x 0.4 = 10097

=V ~ 3 mfs

Ans 9.

4ty =100 x g’

— 4 3 9
—].DDXE?TXE Xlﬂ
3

=10% cm

— tr=25 x 10710 cm



=25 x 10712 m

tg=0.01tr=25 % 1074 m

LX=25

Ans 10. According to Pascal's law,

h _FK
AT A
. g  myg .
Initially, A A (n
) Mg  mg
Finally, A, Ly e (i}

on dividing Egs. (i) by (i), we get

100=16 1

M 16

*. M = 25600 kg



MCQ (Single Correct Answer)

Q.1 Abob of mass 'm' suspended by a thread of length | undergoes simple harmonic

oscillations with time period T. If the bob is immersed in a liquid that has densityi

times that of the bob and the length of the thread is increased by 1/3rd of the
original length, then the time period of the simple harmonic oscillations will be:-

Q-
B
O
O3

31st Aug Evening Shift 2021

b | e
|

Q.2 Four identical hollow cylindrical columns of mild steel support a big structure of
mass 50 xx 103 kg. The inner and outer radii of each column are 50 cm and 100 cm
respectively. Assuming uniform local distribution, calculate the compression strain
of each column.

[UseY = 2.0 xx 1011 Pa, g =9.8 m/s?]
@ 360 x 1078
© 260 x 1077
©® 1387 x 1073
©® 707 x 107

31st Aug Evening Shift 2021

Q.3 A uniform heavy rod of weight 10 kg ms-2, cross-sectional area 100 cm?2 and
length 20 cm is hanging from a fixed support. Young modulus of the material of the



rod is 2 xx 1011 Nm-2, Neglecting the lateral contraction, find the elongation of rod
due to its own weight.

Q:2x10m
©s5x10tm
0 1x10%m

®sx10 0

31st Aug Morning Shift 2021

Q.4 In Millikan's oil drop experiment, what is viscous force acting on an uncharged
drop of radius 2.0 x 10-5 m and density 1.2 xx 103 kgm-3 ? Take viscosity of liquid =
1.8 xx 10-5> Nsm-2. (Neglect buoyancy due to air).

Q3510 1N
©z9x1070N
© 13x10 10N

®s53x1010N

27st Aug Morning Shift 2021

Q.5 Two blocks of masses 3 kg and 5 kg are connected by a metal wire going over a
24 2 -2
= x 10° Nm™.
smooth pulley. The breaking stress of the metal is ™ What is the
minimum radius of the wire ? (Take g = 10 ms-2)




Q 125¢cm

@ 1250cm

26st Aug Evening Shift 2021

Q.6 Two narrow bores of diameter 5.0 mm and 8.0 mm are joined together to form a
U-shaped tube open at both ends. If this U-tube contains water, what is the
difference in the level of two limbs of the tube. [Take surface tension of water T =

7.3 x 107 2Nm~ _
angle of contact = 0, g = 10 ms? and density of water =

1.0 xx 103 kg m-3]

Q 352mm
G 219mm
©® 534mm
@ 497 mm

26st Aug Morning Shift 2021

Q.7 A raindrop with radius R = 0.2 mm falls from a cloud at a height h = 2000 m
above the ground. Assume that the drop is spherical throughout its fall and the force
of buoyance may be neglected, then the terminal speed attained by the raindrop is:

[DE‘HSit'_-.-' of water f'.‘.-' = 1000 Kg m_3 and DEHS”}’ of air fEI =12 kg m_a_ g= 10 m.-"sz: Coefficient of "."iSE.CSit}" of
air=1.8 x 1072 Nsm~—J

Q 2506 ms

© 1356 ms



© 194ms?
© 124msT

27th July Evening Shift 2021

Q.8 A light cylindrical vessel is kept on a horizontal surface. Area of base is A. A hole
of cross-sectional area 'a’ is made just at its bottom side. The minimum coefficient of
friction necessary to prevent sliding the vessel due to the impact force of the
emerging liquid is (a<<A):

a

A
Q-
@ None of these
C
@ :
A
27th July Morning Shift 2021

Q.9 Two series of same length and radius are joined end to end and loaded. The
Young's modulii of the materials of the two wires are Y1 and Yz. The combination
behaves as a single wire then its Young's modulus is:



r 2Y, Y,
OY-575

- 2Y Y,
OY=yy

- Y15
©Y-mwwm

r Y Ya
G Y ¥ I| ¥a

25th July Morning Shift 2021

Q. 10 Two small drops of mercury each of radius R coalesce to form a single large
drop. The ratio of total surface energy before and after the change is :

02:1
Q1:2
O
Q1>

20th July Evening Shift 2021

Q. 11 The value of tension in a long thin metal wire has been changed from T1 to To.
The lengths of the metal wire at two different values of tension T1 and Tz are 11 and
I respectively. The actual length of the metal wire is :

[
Q-
© VTIILL
Ty T3l
©
Tl, Taly
Q<=

20th July Morning Shift 2021



Q.12 An object is located at 2 km beneath the surface of the water. If the fractional

AV
compression v is 1.36%, the ratio of hydraulic stress to the corresponding
hydraulic strain will be . [Given : density of water is 1000 kgm-3 and g =
9.8 ms-2]

-

Q 144 % 107 Nm—2
Q 144 % 109 Nm—2
G 196 % 107 Nm—2
Q 296 % 109 Nm—2

17th Mar Evening Shift 2021

Q.13 When two soap bubbles of radii a and b (b > a) coalesce, the radius of
curvature of common surface is :

b a
Q-
athb
& B
ab
 C B
ab
0
17th Mar Morning Shift 2021

Q.14 What will be the nature of flow of water from a circular tap, when its flow rate
increased from 0.18 L/min to 0.48 L /min? The radius of the tap and viscosity of
water are 0.5 cm and 10-3 Pa s, respectively. (Density of water: 103 kg/m3)



@) steady flow to unsteady flow
@ Unsteady to steady flow
@® Remains turbulent flow

© Remains steady flow

16th Mar Evening Shift 2021

Q.15 The pressure acting on a submarine is 3 x 10> Pa at a certain depth. If the
depth is doubled, the percentage increase in the pressure acting on the submarine
would be :

(Assume that atmospheric pressure is 1 x 105 Pa density of water is 103 kgm-3, g =
10 ms-2)

[A] %%
(B %%

16th Mar Morning Shift 2021

Q.16 The length of metallic wire is 11 when tension in it is T1. It is 12 when the tension
is T2. The original length of the wire will be :

0 Tl Taly
-1

1+l

2

Tl +Thly
Ti+T35

e & ©

Tl Tl
-1




26th Feb Evening Shift 2021

Q.17 The normal density of a material is p and its bulk modulus of elasticity is K.
The magnitude of increase in density of material, when a pressure P is applied
uniformly on all sides, will be :

K

Q7

PK
0

P
Cle
K
© i
26th Feb Morning Shift 2021

Q.18 A large number of water drops, each of radius r, combine to have a drop of
radius R. If the surface tension is T and mechanical equivalent of heat is ], the rise in
heat energy per unit volume will be:

©F(L3%)
0 (i-1)

T

7
0

26th Feb Morning Shift 2021

Q.19 On the basis of kinetic theory of gases, the gas exerts pressure because its
molecules :



@) continuously lose their energy till it reaches wall

@ are attracted by the walls of container.

@® suffer change in momentum when impinge on the walls of container.
@ continuously stick to the walls of container.

24th Feb Evening Shift 2021

Q.20 If Y, K and nn are the values of Young's modulus, bulk modulus and modulus of
rigidity of any material respectively. Choose the correct relation for these
parameters.

- 9K ;o
{/
@ Y = .;,.N- m

- 9Kn (9
@Y=5xgN/m

3YE arf...2
©®n sk v V/m

};ﬂ 'l 2
0K sy V/m

24th Feb Morning Shift 2021

MCQ Answer Key
1. Ans. (d) 10. Ans. (A) 19. Ans. ()
2. Ans. (b) 11. Ans. (c) 20. Ans. (d)
3. Ans. (d) 12. Ans. (b)
4. Ans. (b) 13. Ans. (d)
5. Ans. () 14. Ans. (A)
6. Ans. (b) 15. Ans. (b)
7. Ans. (c) 16. Ans. (d)
8. Ans. () 17. Ans. (c)
9. Ans. (b) 18. Ans. (b)



MCQ Explanation

Ans 1.
T =2m\/l/g

When bob is immersed in liquid

Mdeq = M3 — Buoyant force

Mgesf = MY — Vog (o = density of liquid)

1]
=mg —vyg

3
=mg— =
. 3g
S Qeff =

T, = 2%!‘—1

ey

By solving

Ty = 32m\/1/g

Ans 2.



Force on each column = =2
my

Strain = m

_ 50 10" %9.8
axa(1-0.25) 210"

=26 %107

Ans 3.

Py rrryryy)

We know,
_ WL
Al = Ay

Al =221 100 % 10 * % 2 % 101!

Ixh

Al=3x10 "=5x10 "m

Option (d)

Ans 4. Viscous force = Weight

=px (%m‘?’) g

=39 x10 10

Ans 5.



T
T

2mymag _ 2mdxb5x10
mytma B

T =

_T
Stress = 1

75
B2

2o 10% =
m

2 75 - 1
R = 2x24x100 ~ Ex24

= R=0.125m

R=125cm

Ans 6. We have, P5 = Pg. [Points A & B at same horizontal level]

E"‘Pg(Iﬂ-ﬂh}:Pﬂim—r_zT_'_ng

L

Pﬂim o

;. pgAR =2T [ril _ L]

Tl

=2><?.3><1n2[ L 12]

[ 3 T
AR = 27210 0 [LF -
107 =10 25

|
—_

=219 % 10 °m=2.19 mm

Hence, option (b).



Ans 7. At terminal speed

a=10

Fnet=0

mg = F, = 6w nRv

_ _mg
T GmmRuv

L
- Ry

U= i

2, Rg
Oy

400 .
= I M5

=494 mis
Ans 8. For no sliding

f= pav?

pmg > pav?

ppAhg = paZgh

=~
|5
- |8

Ans 9.



In series combination Al =14 + 13

_ FjA _F
Y= AlT = Al = Ay
—= Al ox =

Y

Equivalent length of rod after joining is = 21

As, lengths are same and force is also same in series

Al = Al + Als

Ans 10.

4 4 14 3
i?ng' + i:rrR‘ = iﬂR

R=2R__()

A, = 247 R?]
A; = 47R?

L R _ 1y

Uy Ag - 9ifipa -
Ans 11. Suppose, lo be the actual length of metal wire and Y be its Young's modulus.

From Hooke's law,



T

Y= AAT

where, AT =T — I

__Th _ Th
;‘-Y—A{I o or T I_A},

Li-Iy Ty A _ TN
LIy T AY Taly — T

= LT — IyTs = LTy — I

LTy LT,  Tih-Tf

=h="7F73 = (Ti T3
Ans 12,
Ap
A==
v
_ Apgh  1000x0.8x2:10"
,ﬁ — AV - 126

v 100

= B=1.44 x 109 N/m2

Ans 13.



Ans 14. The nature of flow is determined by reynolds no

gV
R= Ll

If R = 1000 — flow is steady
1000 < R < 2000 — flow becomes unsteady

R = 2000 — flow is turbulent

R — 410720182107 4x10° =018
! Gl xr 10 2 =10 Gilkr

= 0.0038 x 10° = 380

D48 -
Ry = 7 >~ 380 = 1018

Ans 15.

P=Py+hpg =3 x10° Pa

= hpg =3 x 10° — 1 x 10°



= hpg =2 x 10°
- 2hpg = 4 x 10°
SP'=Pg+4 %107

S P'=5%107Pa

. . P-pP
.. % increase in pressure = —— x 100

_(5-3pan’
G

% 100
200 4
=3 %

Ans 16. Assuming Hooke's law to be valid.

T o (Al

T = k(Al)

Let, Iy = natural length (original length)
= T = k(I — L)

50, Ty = k(ly —In) & Th = k(la — In)

nn_ hbh

= T L]
_ -l

= !En = "hT



- AP APy
Bulk modulus K = —/— = ——
v

We know, p = 2

50.#=%
K-rE e
ﬂnp=$
ﬂ.p:p—;

Ans 18. R is the radius of bigger drop.

r is the radius of n water drops.

Water drops are combined to make bigger drop.
So,

Volume of n drops = volume of bigger drop

n (%Tf!‘:;) = %TFR:!

— R =rn'/*

y

Loss in surface energy, AU =T x (Change in surface area)

-

B

AU =T (ndnr? — 47R?)




Ans 19. On the basis of kinetic theory of gases, the gas exerts pressure because its
molecules contain uniform speed, random motion and perform elastic collision with
each other, as well as with the walls of container. As a result of which gaseous
molecules suffer change in momentum when impinge on the walls of container

Ans 20. We know that,
Y = EK[I 2a)

Y
= ag=——1_._ (i)
2y R

On comparing Egs. (i) and (ii), we get

¥ V1 _ ¥
(1 ﬁ)i_jﬂ 1

On solving, we get

— " w2
K= O 3Y N/m



1.

Two different wires having lengths L, and L,, and
respective temperature coefficient of linear expansion a,
and o, are joined end-to-end. Then the effective
temperature coefficient of linear expansion is :

[Sep. 05, 2020 (ID)]

oL +a,L
(@) ﬁ (b) 2yoya;
(c) o+, ) 4 o0,y L,L,

oy + 0y (L, + L )’

A bakelite beaker has volume capacity of 500 cc at 30°C.
When it is partially filled with V volume (at 30°C) of
mercury, it is found that the unfilled volume of the beaker
remains constant as temperature is varied. Ify (beaker) =6x
10%°C"and Vimereury) = 1-3 % 10 4 oC- where v is the
coefficient of Vofume expansion, then V,, (1n cc) is close to
[NA Sep. 03, 2020 ()]
When the temperature of a metal wire is increased from
0°Cto 10°C, its length increased by 0.02%. The percentage
change in its mass density will be closest to :
[Sep. 02, 2020 (II)]
(a) 0.06 (b) 2.3
(c) 0.008 (d) 08
A non-isotropic solid metal cube has coefficients of linear
expansion as: 5 x 10-%/°C along the x-axis and 5 x 10-%/°C
along the y and the z-axis. If the coefficient of volume
expansion of the solid is C x 10-%/°C then the value of C is
[INA 7 Jan. 2020 I]
At 40°C a brass wire of 1 mm radius is hung from the
ceiling. A small mass, M is hung from the free end of the
wire. When the wire is cooled down from 40°C to 20°C it
regains its original length of 0.2 m. The value of M is close
to: [12 April 2019 1]
(Coefficient of linear expansion and Young’s modulus of
brass are 107%/°C and 10" N/m?, respectively; g= 10 ms=)
(@ 9kg (b) 05kg (c) 1.5kg (d) 09kg
Two rods A and B of identical dimensions are at
temperature 30°C. If A is heated upto 180°C and B upto

10.

T°C, then the new lengths are the same. If the ratio of the
coefficients of linear expansion of A and B is 4 : 3, then
the value of T is : [11 Jan. 2019 II]
(a) 230°C (b) 270°C

(c) 200°C (d) 250°C

A thermometer graduated according to a linear scale reads
a value x, when in contact with boiling water, and x,/3
when in contact with ice. What is the temperature of an
object in °C, if this thermometer in the contact with the
object reads x/2? [11 Jan. 2019 II]
(a) 25 (b) 60 (c) 40 (d) 35

A rod, of length L at room temperature and uniform area
of cross section A, is made of a metal having coefficient
of linear expansion o/°C. It is observed that an external
compressive force F, is applied on each of its ends,
prevents any change in the length of the rod, when its
temperature rises by AT K. Young’s modulus, Y, for this

metal is: [9 Jan. 2019 1]
F F

@ AGAT ® Ao (aT-273)
F oF

© 2AGAT @ AoaT

An external pressure P is applied on a cube at 0°C so that
it is equally compressed from all sides. K is the bulk
modulus of the material of the cube and a is its
coefficient of linear expansion. Suppose we want to bring
the cube to its original size by heating. The temperature

should be raised by : [2017]
3a

(a) 1% (b) 3PKo
P P

©) 3.k @ ~x

A steel rail of length 5 m and area of cross-section 40
cm? is prevented from expanding along its length while
the temperature rises by 10°C. If coefficient of linear
expansion and Young’s modulus of steel are 1.2 x 10 K
and 2 x 10" Nm™ respectively, the force developed in
the rail is approximately: [Online April 9, 2017]
(a) 2x10"N (b)) 1x10°N

(¢) 2x10°N (d 3 x10°N



P-156

11.

12.

13.

14.

A compressive force, F is applied at the two ends of a
long thin steel rod. It is heated, simultaneously, such that
its temperature increases by AT. The net change in its
length is zero. Let / be the length of the rod, A its area of
cross—section, Y its Young’s modulus, and a its
coefficient of linear expansion. Then, F is equal to :
[Online April 8, 2017]

(@) BPYoAT (b) IAYoAT
AY
(c) AYaAT (d) oAT

The ratio of the coefficient of volume expansion of a glass
container to that of a viscous liquid kept inside the
container is 1 : 4. What fraction of the inner volume of the
container should the liquid occupy so that the volume of
the remaining vacant space will be same at all temperatures ?
[Online April 23, 2013]
@ 2:5 (b) 1:4 (0 1:64 (d) 1:8
On a linear temperature scale Y, water freezes at— 160° Y
and boils at—50°Y. On this Y scale, a temperature of 340 K
would be read as : (water freezes at273 K and boils at 373 K)

[Online April 9,2013]
@ -73.7°Y (b) —233.7°Y
() —-863°Y (d) -106.3°Y

A wooden wheel of radius R is made of two semicircular
part (see figure). The two parts are held together by aring
made of a metal strip of cross sectional area S and length
L. Lisslightly less than 2nR. To fit the ring on the wheel, it
is heated so that its temperature rises by A7 and it just
steps over the wheel. As it cools down to surrounding
temperature, it presses the semicircular parts together. If
the coefficient of linear expansion of the metal is o, and its
Young's modulus is 7, the force that one part of the wheel

applies on the other part is : JPTE N . [2012]
@ 2nSYaAT N
ll R “
(b) SYaAT
(©) nSYaAT U
(d) 2SYaAT et ”
Calorimetry and Heat Y02
TOPIC Y
H Transfer =

15.

Three rods of identical cross-section and lengths are made
of three different materials of thermal conductivity K , K,
and K, respectively. They are joined together at their ends
to make a long rod (see figure). One end of the long rod is
maintained at 100°C and the other at 0°C (see figure). Ifthe
joints of the rod are at 70°C and 20°C in steady state and
there is no loss of energy from the surface of the rod,
the correct relationship between K, K, and K| is:

[Sep. 06, 2020 (II)]

16.

17.

18.

19.

20.

21.

K3
___jo0C

I<1

100°C
70°C  20°C
(@ K, :K;=2:3,K <K,=2:5
(b) K, <K, <K,
() K:K=5:2,K:K,=3:5
@ K,>K,>K,

A bullet of mass 5 g, travelling with a speed of 210 m/s,
strikes a fixed wooden target. One half of its kinetics en-
ergy is converted into heat in the bullet while the other
half is converted into heat in the wood. The rise of tem-
perature of the bullet if the specific heat of its material is
0.030 cal/(g —°C) (1 cal=4.2 x 107 ergs) close to :

[Sep. 05,2020 (D]
(a) 87.5°C (b) 83.3°C
(c) 119.2°C (d) 384°C
The specific heat of water = 4200 J kg~! K™! and the latent
heat of ice = 3.4 x 10° J kg~'. 100 grams of ice at 0°C is
placed in 200 g of water at 25°C. The amount of ice that will
melt as the temperature of water reaches 0°C is close to (in

grams) : [Sep. 04,2020 ()]
(@) 61.7 (b) 63.8
(c) 693 (d) 646

A calorimter of water equivalent 20 g contains 180 g of
water at 25°C. 'm' grams of steam at 100°C is mixed in it till
the temperature of the mixture is 31°C. The value of 'm' is
close to (Latent heat of water = 540 cal g, specific heat of
water =1 cal g~ °C1) [Sep. 03,2020 (ID)]
@ 2 (b) 4

(c) 32 d) 26

Three containers C,, C,and C, have water at different
temperatures. The table below shows the final temperature
T'when different amounts of water (given in liters) are taken
from each container and mixed (assume no loss of heat
during the process) [8 Jan. 2020 1]

G G G T
1/ 21 — 60°C
- 11 21 30°C
21 — 1/ 60°C
1/ 11 1/ 0

The value of 0 (in °C to the nearest integer) is

M grams of steam at 100°C is mixed with 200 g ofice at its
melting point in a thermally insulated container. If it
produces liquid water at 40°C [heat of vaporization of water
is 540 cal/ g and heat of fusion of ice is 80 cal/g], the value
of M is [NA 7 Jan. 2020 I1]
When M, gram of’ice at—10 °C (Specific heat=0.5 cal g'°C™")
is added to M, gram of water at 50°C, finally no ice is
left and the water is at 0°C. The value of latent heat of

ice, in cal g is: [12 April 2019 1]
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24,
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50M, SM,
-5 b -50
(a) M, (b) :
50M, SM,
2 d -5
(© M, (d) :

A massless spring (K = 800 N/m), attached with a mass
(500 g) is completely immersed in 1kg of water. The spring
is stretched by 2cm and released so that it starts vibrating.
What would be the order of magnitude of the change in
the temperature of water when the vibrations stop
completely? (Assume that the water container and spring
receive negligible heat and specific heat of mass =400 J/kg K,
specific heat of water = 4184 J/kg K) [9 April 2019 IT]
(@) 10*K (b) 10°K (c) 10'K (d 10°K

Two materials having coefficients of thermal conductivity
‘3K’ and ‘K’ and thickness ‘d” and ‘3d’, respectively, are
joined to form a slab as shown in the figure. The
temperatures of the outer surfaces are ‘0,” and ‘0’
respectively, (0,> 0,). The temperature at the interface is:

[9 April 2019 1]
d 3d
8,| 3K K |8

0, 90, 0, +0,

_+_ —_—
@ To* 10 ®) =

0, 50, 0, 20,
© 2+ @ 5

A cylinder of radius R is surrounded by a cylindrical shell
of inner radius R and outer radius 2R. The thermal
conductivity of the material of the inner cylinder is K and
that of the outer cylinder is K,. Assuming no loss of
heat, the effective thermal conductivity of the system for
heat flowing along the length of the cylinder is:

[12 Jan. 2019 I]

K, +K,
@ — b) K +K,
2K, +3K, d K, +3K,
© —5 @ ——

Ice at —20°C is added to 50 g of water at 40°C, When the
temperature of the mixture reaches 0°C, it is found that 20
g of ice is still unmelted. The amount of ice added to the
water was close to [11Jan. 20191]
(Specific heat of water =4.2J/g/°C

Specific heat of Ice = 2.1 J/g/°C

Heat of fusion of water at 0°C = 334J/g)

(@) 50g (b) 100 g

(c) 60g (d 40g

When 100 g of a liquid A at 100°C is added to 50 g of a
liquid B at temperature 75°C, the temperature of the mixture
becomes 90°C. The temperature of the mixture, if 100 g of

liquid A at 100°C is added to 50 g of liquid B at 50°C, will

be : [11 Jan. 2019 I1]
(a) 85°C (b) 60°C
(c) 80°C d) 70°C

27.

28.

29.

30.

31.

32.

A metal ball of mass 0.1 kg is heated upto 500°C and
dropped into a vessel of heat capacity 800 JK~! and
containing 0.5 kg water. The initial temperature of water
and vessel is 30°C. What is the approximate percentage
increment in the temperature of the water? [Specific Heat
Capacities of water and metal are, respectively, 4200 Jkg™
IK-1and 400 Jkg ' K1 ] [11 Jan. 2019 1I]
@ 15% (b) 30%

(© 25% (d) 20%

A heat source at T = 10° K is connected to another heat
reservoir at T = 10> K by a copper slab which is 1 m
thick. Given that the thermal conductivity of copper is
0.1 WK ' m™!, the energy flux through it in the steady

state is: [10 Jan. 2019 1]
(@ 90Wm? (b) 120 Wm™
(c) 65Wm? (d) 200Wm?

An unknown metal of mass 192 g heated to a temperature
of 100°C was immersed into a brass calorimeter of mass
128 g containing 240 g of water at a temperature of 8.4°C.
Calculate the specific heat of the unknown metal if water
temperature stablizes at 21.5°C. (Specific heat of brass is
394 kg ' K [10 Jan. 2019 1I]
(@) 458Jkg'K! (b) 1232Jkg'K™

© 916Jkg 'K d) 654Jkg 'K

Temperature difference of 120°C is maintained between
two ends of a uniform rod AB of length 2L. Another bent

3
rod PQ, of same cross-section as AB and length ——, is

connected across AB (See figure). In steady state,
temperature difference between P and Q will be close to:

[9 Jan. 2019 1]
L A3
4 1

A B

-
T e

2

@ 45C  (b) 75°C () 60°C (d) 35°C

A copper ball of mass 100 gm is at a temperature T. It is
dropped in a copper calorimeter of mass 100 gm, filled with
170 gm of water at room temperature. Subsequently, the
temperature of the system is found to be 75°C. T is given
by (Given : room temperature = 30° C, specific heat of
copper = 0.1 cal/gm°C [2017]
(a) 1250°C (b) 825°C (c)800°C (d)885° C
In an experiment a sphere of aluminium of mass 0.20 kg
is heated upto 150°C. Immediately, it is put into water of
volume 150 cc at 27°C kept in a calorimeter of water
equivalent to 0.025 kg. Final temperature of the system
is 40°C. The specific heat of aluminium is :

(take 4.2 Joule=1 calorie) [Online April 8, 2017]
(a) 378 J/kg--°C (b) 315J/kg-°C
(c) 476 J/kg-°C (d) 434J/kg-°C
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33.

34.

3s.

36.

37.

An experiment takes 10 minutes to raise the temperature
of water in a container from 0°C to 100°C and another 55
minutes to convert it totally into steam by a heater
supplying heat at a uniform rate. Neglecting the specific
heat of the container and taking specific heat of water
to be 1 cal / g °C, the heat of vapourization according
to this experiment will come out to be :

[Online April 11, 2015]
(a) 560 cal/ g (b) 550 cal/ g
(c) 540 cal/ g (d) 530 cal/ g
Three rods of Copper, Brass and Steel are welded together
to form a Y shaped structure. Area of cross - section of
each rod = 4 cm?. End of copper rod is maintained at 100°C
where as ends of brass and steel are kept at 0°C. Lengths
of the copper, brass and steel rods are 46, 13 and 12 cms
respectively. The rods are thermally insulated from
surroundings excepts at ends. Thermal conductivities of
copper, brass and steel are 0.92, 0.26 and 0.12 CGS units
respectively. Rate of heat flow through copper rod is:[2014]
(@ 1.2cal/s (b) 2.4cal/s
(c) 4.8cal/s (d) 6.0cal/s
A black coloured solid sphere of radius R and mass M is
inside a cavity with vacuum inside. The walls of the cavity
are maintained at temperature T ,. The initial temperature
of the sphere is 3T,,. If the specific heat of the material of
the sphere varies as oT> per unit mass with the temperature
T ofthe sphere, where o is a constant, then the time taken
for the sphere to cool down to temperature 2T, will be (o is
Stefan Boltzmann constant) ~ [Online April 19, 2014]

PIER
@ 4nR3%s \2 ®) 41R %6 3

) 2l
© ler2s 3 @ Ter?e 2

Water of volume 2 L in a closed container is heated with a
coil of 1 kW. While water is heated, the container loses
energy at a rate of 160 J/s. In how much time will the
temperature of water rise from 27°C to 77°C? (Specific heat
of water is 4.2 kJ/kg and that of the container is negligible).

[Online April 9,2014]
(@ 8min20s (b) 6min2s
(c) 7min (d) 14min

Assume that a drop of liquid evaporates by decrease in its
surface energy, so that its temperature remains
unchanged.What should be the minimum radius of the
drop for this to be possible? The surface tension is T,
density of liquid is p and L is its latent heat of
vaporization. [2013]

(a) pLT  (b) JT/pL (¢) T/pL  (d) 2T/pL

38.

39.

40.

41.

42,

43.

44.

A mass of 50g of water in a closed vessel, with
surroundings at a constant temperature takes 2 minutes to
cool from 30°C to 25°C. Amass of 100g of another liquid in
an identical vessel with identical surroundings takes the
same time to cool from 30° C to 25° C. The specific heat of
the liquid is :
(The water equivalent of the vessel is 30g.)

[Online April 25, 2013]
(a) 2.0 kcal/kg (b) 7 kcal/kg
(c) 3kcal/kg (d) 0.5 kcal’kg
500 g of water and 100 g of ice at 0°C are in a calorimeter
whose water equivalent is 40 g. 10 g of steam at 100°C is
added to it. Then water in the calorimeter is : (Latent heat
ofiice = 80 cal/g, Latent heat of steam = 540 cal/ g)

[Online April 23, 2013]

(@ 580g (b) 59g (¢) 600g (d) 610g
Given that 1 g of water in liquid phase has volume 1 cm3
and in vapour phase 1671 cm? at atmospheric pressure
and the latent heat of vaporization of water is 2256 J/g; the
change in the internal energy in joules for 1 g of water at
373 K when it changes from liquid phase to vapour phase
at the same temperature is : [Online April 22,2013]
(@) 2256 (b) 167 (c) 2089 d 1
A large cylindrical rod of length L is made by joining two

identical rods of copper and steel of length (%j each.

Therods are completely insulated from the surroundings.
If the free end of copper rod is maintained at 100°C and
that of steel at 0°C then the temperature of junction is
(Thermal conductivity of copper is 9 times that of steel)
[Online May 19, 2012]
(@ 90°C (b) 50°C (c) 10°C (d) 67°C
The heat radiated per unit area in 1 hour by a furnace
whose temperature is 3000 K is (6= 5.7 x 10 8 Wm 2 K %)
[Online May 7, 2012]
(@ 1.7x10107 (b) 1.1x10!27]
(c) 2.8x1087 (d) 4.6x10°7
100g of water is heated from 30°C to 50°C. Ignoring the
slight expansion of the water, the change in its internal
energy is (specific heat of water is 4184 J/kg/K): [2011]
(@ 84kl (b) 84kJ (c) 2.1kJ] (d) 4.2kJ
The specific heat capacity of a metal at low temperature
(T) is given as

I o—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 [2011 RS]
(a) greater than 0.148 kJ
(b) between 0.148 kJ and 0.028 kJ
(c) less than 0.028 kJ
(d) equal to 0.002 kJ
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A long metallic bar is carrying heat from one of its ends
to the other end under steady—state. The variation of
temperature 6 along the length x of the bar from its hot end
is best described by which of the following figures?[2009]

0 0
(a) (b)
X X
0 0
(© (d)
X X
One end of a thermally insulated rod is kept at a temperature
T, and the other at T’,. The rod is composed of two sections

of length /, and /, and thermal conductivities K, and K,
respectively. The temperature at the interface of the two

section is [2007]
Tl ll 12 TZ
Kl K2
@ EAL+KLD) ) EKbh+KhDh)
(Kih + Krly) (Kihy + Krly)
K5 T+ K, T (KL T + K54 T5)
© (Kohh +K\hTh) ) 1L+ KohTh

(K + Klp) (Kilp + Kohy)

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 r from the Sun [2006]

202 T 252 T
(a) 4TEI"0R Gr—z (b) TU"()R Gr—z

4
202 T 2 T
c N R'o—— d) Ro—
© 4mr? @ 2
where 7, is the radius of the Earth and o is Stefan's constant.
Two rigid boxes containing different ideal gases are placed

on a table. Box A contains one mole of nitrogen at

temperature 7, while Box contains one mole of helium at

3j T . The boxes are then put into thermal

contact with each other, and heat flows between them until
the gases reach a common final temperature (ignore the
heat capacity of boxes). Then, the final temperature of

temperature (

the gases, Tf in terms of T} is [2006]
3 7

(a) Tf=7To (b) Tf=§To
3 5

(© Tr=-Tp ) Ty =5T

49.

50.

51.

52.

53.

The figure shows a system of two concentric spheres of
radii »; and r, are kept at temperatures 7, and T,
respectively. The radial rate of flow of heat in a substance
between the two concentric spheres is proportional to

[2005]

(1) (n —n)
(@ Gz ) (b) i)
nn
(r,=n)
If the temperature of the sun were to increase from 7 to

2T and its radius from R to 2R, then the ratio of the radiant
energy received on earth to what it was previously will
be [2004]
(a) 32 (b) 16 (c) 4 (d) 64

The temperature of the two outer surfaces of a composite
slab, consisting of two materials having coefficients of
thermal conductivity K and 2K and thickness x and 4x,

(¢) (2=n) (d)

respectively, are 7, and T{(T, > T}) . The rate of heat
transfer through the slab, in a steady state is

AT, -T))K
(%} / with fequal to [2004]
—x—> «—— X —
< 2K T,
2w o= L@ =
@35 ®5 © @ 5

The earth radiates in the infra-red region of the spectrum.
The spectrum is correctly given by [2003]
(@) Rayleigh Jeans law

(b) Planck’slaw ofradiation

(c) Stefan’slaw ofradiation

(d) Wien’s law

Heat given to a body which raises its temperature by 1°C
is [2002]
(a) water equivalent

(b) thermal capacity

(c) specific heat

(d) temperature gradient
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54.

55.

56.

57.

58.

59.

60.

61.

Infrared radiation is detected by
(a) spectrometer (b) pyrometer
(c) nanometer (d) photometer

Which of the following is more close to a black body?
[2002]

[2002]

(@) black board paint (b) green leaves

(c) black holes (d) red roses

If mass-energy equivalence is taken into account, when
water is cooled to form ice, the mass of water should[2002]
(@) increase

(b) remain unchanged

(c) decrease

(d) first increase then decrease

Two spheres of the same material have radii | m and4 m
and temperatures 4000 K and 2000 K respectively. The
ratio of the energy radiated per second by the first sphere
to that by the second is [2002]

@ 1:1
(c) 4:1

b) 16:1
d 1:9.

A metallic sphere cools from 50°C to 40°C in 300 s. If
atmospheric temperature around is 20°C, then the sphere's
temperature after the next 5 minutes will be close to :
[Sep. 03,2020 (ID)]
(@ 31°C (b) 33°C (c) 28°C  (d) 35°C
Two identical beakers A and B contain equal volumes of
two different liquids at 60°C each and left to cool down.
Liquid in A has density of 8 x 10? kg/m* and specific heat of
2000 J kg ' K! while liquid in B has density of 10° kg m*
and specific heat of 4000 J kg K-'. Which of'the following
best describes their temperature versus time graph
schematically ? (assume the emissivity of both the beakers
to be the same) [8 April 2019 1]

60°CT 60°C—
B
A

t—»
60°C 1 O°C
T Aand B

© 1 & @ T

=S t—»
A body takes 10 minutes to cool from 60°C to 50°C. The
temperature of surroundings is constant at 25°C. Then,
the temperature of the body after next 10 minutes will
be approximately [Online April 15, 2018]
(a) 43°C (b) 47°C (c) 41°C (d) 45°C
Hot water cools from 60°C to 50°C in the first 10 minutes
and to 42°C in the next 10 minutes. The temperature of

the surroundings is: [Online April 12, 2014]
(a) 25°C (b) 10°C (c) 15°C (d) 20°C

62.

63.

64.

65.

A hot body, obeying Newton’s law of cooling is cooling
down from its peak value 80°C to an ambient temperature
of 30°C. It takes 5 minutes in cooling down from 80°C to
40°C. How much time will it take to cool down from 62°C to
32°C?

(GivenIn2=0.693,In5=1.609) [Online April 11,2014]
(@) 3.75 minutes (b) 8.6 minutes

(c) 9.6 minutes (d) 6.5minutes

If a piece of metal is heated to temperature 6 and then
allowed to cool in a room which is at temperature 0, the
graph between the temperature T of the metal and time t

will be closest to [2013]
T T \_
(a) ® [
ol t—> O t—>
' K ' \;
I = 1 A
© @
O t—> O t—>

Aliquid in a beaker has temperature 0(¢) at time ¢ and 0,
is temperature of surroundings, then according to
Newton's law of cooling the correct graph between

log,(0—0,) and #is : [2012]
2 2
e e
(@) ¢ (b)
0 —¢ 0 —>¢ \
S S
e e
(©) E (d) E:
t f
0 —>¢ 0 —>!

According to Newton’s law of cooling, the rate of cooling
of a body is proportional to (A0)", where AO is the
difference of the temperature of the body and the

surroundings, and n is equal to [2003]
(a) two (b) three
(c) four (d) one
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@ Let L'l and L'2 be the lengths of the wire when
temperature is changed by AT°C .
AtT°C,

Leq = Ll + LZ
At T+ A°C
Ly, =Li+L)
L L, (1+ 0 g AT) = Li(1+ oy AT) + Ly (1+ a,AT)
[ L'= L(1+0AT)]
= (L + Ly)(1+ 0 AT) = Ly + Ly + Loy AT + Lyoi, AT
oyl to,l
e L+L,
(20.00)
Volume capacity of beaker, ;=500 cc
Vb = VO + I/()YbeakerAT
When beaker is partially filled with } | volume of mercury,

=

Vi=v +V v, AT
Unfilled volume (V, =V, )= (V, V)
= V()Ybeaker = VmYM

V= I/E)'Ybeaker

* m
Ym

500%x6x107°
NS
(@ Change in length of the metal wire (A/) when its
temperature is changed by AT is given by
Al = loAT
Here, a.= Coefficient of linear expansion
Here, Al=0.02%,AT=10°C

Al 0.02

Ag=—=
[IAT 100x10

=20 cc.

=oa=2x107

Volume coeflicient of expansion, y = 3a. = 6 x 107

. p=7

%xloo =yAT = (6x107° x10x100) = 6x 102

bl

Volume increase by 0.06% therefore density decrease by
0.06%.

(60.00) Volume, V'=Ibh

AV Al Ab AR
Vv ¢ b h
(y = coefficient of volume expansion)
=y=5x10"+5x10°+5x10°
=60x10°/°C
Value of C=60.00
(Bonus) A=A andA=mw?=mn(10°)=nx10°

temp load
Lo AT= FL
“AT gy
Fx0.2
-5 .
or 0.2x10°x20 (1'c><1076)><1011

F=20nN .. m :1:21126.28 kg
g

(a) Changein length in both rods are samei.e.
Al =AY,
Lo, AB, ={0,AD,

o _ A9, o4
o, A6 “o, 3
4_0-30
3 180-30

0=230°C
(@) Letrequired temperature =T°C
M.P. B.P.
o (8] 0
0C TC 100C

X Xy

3
X,
= 2
6
Xo_%Xo
36
&[xo—%jz(IOO—OC’C)

—Tec=20_
2
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=20 100 x, =20 340-273 _ °Y ~(~160)
373-273 -50-(-160)
o X0 150 o
=T C=?=?=25 C ﬂ_y+160
’ stress CF/A 100 1_10 ]
8. (@ Young’smodulusY= srain A(AE/E) Y=-86.3°Y o
Using, coefficient of linear expansion, 14. @ The Young modulus is given as
A AL _stress  F/S
o= r= AT strain AL/L
) . ) Here, AL=21 ARL=2nR
~ A(aAT) = 27R
AlaaT) S2AR
9. (¢) Asweknow, Bulk modulus FR
=— .
__ap o AV P SAR 0
N VoK
(7j The coefficient of linear expansion o= ——
4 m— RAT
V="V,(1+yA1) AR AT - R )
—=o —=—
AV = R AR~ oAT ()
Vo From equation (i) and (ii)
P P P F
—=YAt > At=—=—— = = F=Y.SaAT
K YK 30K S.oAT *
10. (® Young'smodulus Thermal stress _ F/A The ring is pressing the wheel from both sides, Thus
Strain AL/L F, =2F=2YSoAT
F AL 15. (a) Astherodsareidentical, so they have same length (/)
= Ao AD (QT =aA 6) and area of cross-section (4). They are connected in series.
o So, heat current will be same for all rods.
Force developed in the rail F = YA o At
=2 10" x40 10-4x 12 x 10°x 10 Heat current — (&j _ (&] _ (&J
=9.6x10'=1x10°N At ) g \ At Jpc At Jop
11. (f)c) Due to thermal exp., change in length (A))=/a AT ... _ (100-70)K, 4 (70-20)K,4 (20— 0)K, 4
Young’s modulus (Y) = Normal stress / / /
s ~ Longitudinal strain = K,;(100-70) = K, (70 -20) = K5(20-0)
F/A Al F
Y="->>—=—o = K,(30) = K,(50) = K;(20
AL T T AY 130) = K, (50) = K5(20)
FI K_K_K
Al=-5 10 6 15
=K;:K,:K;=10:6:15
From eq" (i), il =[o AT brmae s
AY =K :K;=2:3
F=AY o AT T o
12. () When there is no change in liquid level in vessel 16. (a) According to question, one half of its kinetic energy
then v, =7 veseel is converted into heat in the wood.
Change in volume in liquid relative to vessel 1 5, 1
—mv° x—=msAT
AVapp = VY 'app A0 = V(¥ 'real = ¥ 'vessel) 2 2 )
v 210x210
i — = AT = = =87.5°C
3. © Reading on any scale — LFP Axs 4x42x03x1000
UFP - LFP 17. (a) Hereice melts due to water.

= constant for all scales

Let the amount of ice melts = m.,

mwswAe = miceLice
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m,,s, A0
Miee =————
Lice
_0.2x4200%25
3.4x10°

18. (a) Heat given by water =m, C, (T, —T,)

=0.0617 kg=617¢g

=200x1x(31-25)
Heat taken by steam=m L, +mC (T —T_ .)
=mx540+m (1) x(100-31)
=mXx 540+ m(1) x (69)
From the principal of calorimeter,
Heat lost = Heat gained

. (200)(31—25) = m x 540 + m(1)(69)

= 1200 =m(609) = m = 2.
19. (50.00)
Let Q,, O,, O, be the temperatures of container C,,C, and
C, respectively.
Using principle of calorimetry in container C , we have
(06, —60) =2 ms(60 -0)
=0,-60=120-20
=0,=180-20 ()
For container C,
ms (0,-30)=2ms (30 -0)

=0,=90-203 ..(i1)
For container C,

2ms (0, —60) = ms (60 - 0)
=20-120=60-0

=20,+6=180 ...(iif)
Also,0,+0,+0,=30 (1v)

Adding (1), (i) and (iii)
30,+30,+30,=450
= 0,+0,+0,=150
= 30=150 = 6=50°C
20. (40) Using the principal of calorimetry
M L+m, (40-0)C,
wream Ly T (100—-40) C
= M (540) + M x 1 x (100 —40)
=200x 80+200 x 1 x40
= 600 M=24000
= M=40g
21. @ M,C_*x(10)+ML=M,C (50)

=m

stream

or M, xC, (=0.5)x 10+M,L =M, x 1 x50

50M,
L=""2_5
= ]\/[1

22. () %.kxz = mC(AT)+myC, AT

1
or Exsooxo.ozz = 0.5x400 x AT +1x4184x AT

AT =1x107°K
d 0 3d

23. (@ H =H,9, 91
eWCTRE)

3d
or 0 = (61 +962j
10

24. (d) Effective thermal conductivity of system

(},

Ky (mR?) +K,(3nR%) K +3K,
4nR? 4
25. (@d) Letm gram ofice is added.
From principal of calorimeter

_ KlAl + K2A2
e Al +A,
_ KymR? + K,[n(2R)* - 7R?]
m(2R)?

heat gained (by ice) = heat lost (by water)

2o 20x 2.1 xm+(m—20) x 334
=50x4.2x40

376 m= 8400+ 6680

m=40.1

Heat loss = Heat gain = mSAO
So,m,S,A0,=m,S;A0,

=100x S, x(100-90) =50 x S, x (90 -75)

26. (o

3
25,=1.58,=5,= S,

Now, 100 x S, x (100—8)=50x S, x (6—50)

2x (%) x (100 0)= (08— 50)

300-306=20-100
400=56=06=80°C
27. (d) Assume final temperature =T°C
Heat lass = Heat gain = msAT
>my s AT =m_ s AT
0.1 x400x% (500-T)
=0.5x4200 x (T —30)+ 800 (T-30)
=40 (500-T)=(T-30) (2100 + 800)
=20000—-40T =2900 T—30 x 2900
= 20000 + 30 x 2900 =T(2940)
T=304°C
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—x100=—-x100=21%, P L e
T 30 Dividing equation (i) by (ii) we get
so the closest answer is 20%. 10 _ Cx100
Temp. of Temp. of 55 L
heat source  heat reservoir - L =550 cal./g.
28. (@ 10°K +—1m—» 10K 34. (c) Rateofheat flow is given by,
N _ KA(6; —6,)
(40)_kaat ==
dt ¢ Where, K = coefficient of thermal conductivity
| (dQ) KAT [ =length of rod and A = area of cross-section of rod
Energyflux, | 70, | = ——
A\ dt ! 100°C
0.1)(900
_(ODO00)_ 54y Copper
29. (c¢) Letspecific heat of unknown metal be ‘s’ According
to principle of calorimetry, Heat lost
=Heat gainm xsAO=m,s, . (AO, +m,s_  +A0,)) 0°C 0°C
=192xSx(100-21.5) ) ] )
=128 x394x(21.5-8.4) Ifthe junction temperature is T, then
Solving we get,+ 240 x 4200 x (21.5 — 8.4) Qeopper = Lrass T Lsteel
S=916Jkg 'k! 0.92x4(100-T)
ATAB _g_lz()XS 46
30. (@ Rap §R 8R 20.26><4><(T—0) +0.12><4><(T—0)
5 13 12
= 200-2T=2T+T
= T=40°C
0.92x4x 60
QCopper = 4—6 =4.8cal/s
A Rp2 P Q R2 B 35. (c¢) Inthegiven problem, fall in temperature of sphere,

31.

32.

33.

In steady state temperature difference between P and

Q’

SR 58
(d According to principle of calorimetry,
Heat lost = Heat gain
100 x 0.1(T—75)=100% 0.1 x45+170 x 1 x 45
10 7-750=450+7650=8100
=T-75=810
T=885°C
(d According to principle of calorimetry,
Quven = Quica
0.2 xS x(150-40)=150% 1 x (40—27) +25 x (40—-27)
02xSx110=150%x13+25x13
Specific heat of aluminium

_13x25x7
~0.2x110
®) As Pt = mCAT
So, P x 10 x 60 = mC 100 ...(>J)

= 434]/kg-°C

dT = (3TO —2T0) = TO
Temperature of surrounding, T T,

initial =3 L0
Specific heat of the material of the sphere varies as,

surr =
Initial temperature of sphere, T

c=aT> per unit mass (o= a constant)

Applying formula,
dT oA (4 4
dt McJ (T TS““)

T,  oc4nR? [ 4 4}
=07 1(3T,) (T
dt Ma(3T0)3J( o) ~(%)
Ma.27TyJ
c4nR% x 80Ty

Solving we get,

= dt=

Time taken for the sphere to cool down temperature 2T,

Mo 16
t= 2 ln(—)
16tR“c \ 3
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36.

37.

38.

39.

40.
41.
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(@ From question,
In 1 sec heat gained by water

=1KW-1601J/s
=10001J/s—1601J/s
=8401J/s

Total heat required to raise the temperature of water (vol-
ume 2L) from 27°cto 77°c

m,... XSp. ht X AQ
=2x103x4.2 x50[ -+ mass= density x volume]
And, 840 xt=2x103x4.2 x50

_ 2x10° x4.2x50

- 840

= 500s=8 min 20s
(d When radius is decrease by AR,
47R%ARpL = 4nT[R? — (R — AR)?]
= pRZARL = T[R? —R? + 2RAR — AR?]

or,

= pRZARL = T2RAR [ AR is very small]
2T

=>R=—
pL

(d As the surrounding is identical, vessel is identical
time taken to cool both water and liquid (from 30°C to 25°C)
is same 2 minutes, therefore

(&5

(my,Cy + WAT _ (m,C, + W)AT
t t
(W = water equivalent of the vessel)

water

or,

or, m,C, =m,C,
my Cw
.. Specific heat of liquid , C,=
_ 3065 keal / kg
100

(b) Aslgofsteamat 100°C melts 8g ofiice at 0°C.
10 g of steam will melt 8 10 g ofice at 0°C
Water in calorimeter = 500 + 80 + 10g = 590g

(©)
~ L L
100°C {Copper I Steel } 0°C

(@

— [2—><— L2 —>
Let conductivity of steel K ., = k then from question
Conductivity of copper K

copper

L
2

steel copper

From formula temperature of junction;

Kcopperecopper lsteel + Ksteel esteel lcopper

Kcopper Zsteel +K steel lcopper

9k><100><£+k><0><£
2 2

9k><£+k><£
2 2

900,

-2 _gpo
~ O 10kL =90°C

2
42. (a) According to Stefan’s law
E=cT
Heat radiated per unit area in 1 hour (3600s) is
=5.7x 1078 x (300)* x 3600=1.7 x 1010
43. (@ AU=AQ=mcAT

x 4184 4
= To0p <4184(50-30)~84kJ

44. (d) Required work =energyreleased
Here, O — j medT

4
=10.1x32
5[) X xk

) dr = I ) 64 x 106
4

=5x107 [ 7°dT = 0.002%
20

Therefore, required work = 0.002 kJ

45. (a) Let Qbe thetemperatureata distance x from hot end
of bar. Let QO is the temperature of hot end.

The heat flow rate is given by

dQ KA, -0)
dt X

x dO x dQ

0,-0 kA dt U k4 ar

Thus, the graph of O versus x is a straight line with a positive
intercept and a negative slope.
The above equation can be graphically represented by
option (a).

46. (d) Let T be the temperature of the interface.
In the steady state, Q, = Q,

., £y T,
K, K,
. KA -T) K,AT-T;)
. (1 (2 b
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where A is the area of cross-section.
= KA -T), =K, AT-1,)¢,
= Kl,-KTl, =KTl-K,Tt4
= Kyl + K0T =K1ty + Ky Th4

_ K1Tl£2 +K2T2f1

T
= Kyl + K0y

_ K1£2Tl +K2f1T2 '
Klfz +K2£1
47. (b) From stefan's law, total power radiated by Sun, E = T* x
4nR?

The intensity of power Per unit area incident on earth's
surface

ol x4nR?

47rr2

Total power received by Earth

E
E = A2 x Cross — Section area of earth facing the
g
47,2
cT'R
sun = —2(7%2 )
p

48. (c¢) When two gases are mixed to gether then
Heat lost by He gas = Heat gained by N, gas

nlcleTi :n2CV2AT2
317 5
ER[ETO—Tf}zgR[Tf—TOJ
7TO _3Tf = 5Tf —STO

12
:12T0 =8Tf2Tf :ETO

3
:>Tf =5T0”

49. (d)

Consider a thin concentric shell of thickness (dr) and of
radius (r) and let the temperature of inner and outer
surfaces of this shell be Tand (7 — d7) respectively.

The radial rate of flow of heat through this elementary

shell will be
d_Q _ KA(T—-dT)-T] —KAdT
dt dr dr
dT
= —AnKr? = A= 4
nKr o (- A=4nrv)

Since the area of the surface through which heat will
flow is not constant. Integrating both sides between the
limits of radii and temperatures of the two shells, we get

) h
(d—Q] | L= —ank [ ar
dt /) 2
n h

n T
(d—Q] [r2dr = -4nk [ ar
dt

1 n

a1 1
- 4k, -T
del Vz} w{nn]

40 _ —4nKnn (T) — 1)
dt (r,=1)

49, _nn
di(n=1)

50. (d) From stefan's law, energy radiated by sun per second
E=ocAT*;
o Ao R?
- E o R*T*
B _RT
B RT

putR,=2R,R,=R;T,=2T,T,=T

E, @QR?*en)?
3—2=%=64
E R°T

51. (d) The thermal resistance is given by

X dx x  2x  3x
KA 2KA KA KA KA
Amount of heat flow per second,
d9 AT (T, -T))KA

dt  3x 3x
KA

_l{A(Tz —TI)K}
3 X
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52. (d) Wein’s law correctly explains the spectrum

53. (b) Heat required for raising the temperature of a body
through 1°C is called its thermal capacity.

54. (b) Pyrometer is used to detect infra-red radiation.

55. (a) Blackbodyis one which absorb all incident radiation.
Black board paint is quite approximately equal to black
bodies.

56. (c) When water is cooled at 0°C to form ice, energy is
released from water in the form of heat. As energy is
equivalent to mass, therefore, when water is cooled to
ice, its mass decreases.

57. (a) From stefan's law, the energy radiated per second is
given by E = ecT* 4

Here, T = temperature of the body

A = surface area of the body

For same material e is same. o is stefan's constant

Let T, and T, be the temperature of two spheres. 4, and

A, be the area of two spheres.
4 4, 2
E _T*4 4w
E2 T24A2 T24 47'[]"22
(4000 x1® 1
(2000)* x4% 1
58. (b) From Newton's Law of cooling,

T, + T
:K[lzz_%}

Here, T, = 50°C, T, = 40°C
and T =20°C, t= 600S = 5 minutes

:50_-40=K[50+40_20j i
5SMin 2

L -1
t

Let 7 be the temperature of sphere after next 5 minutes.
Then

...(ii)
Dividing eqn. (ii) by (i), we get

40-T 40+T-40 T
10 50+40-40 50

:>40—ng =200-5T=T

~T = lgo =33.3°C

dT
59. (b) Rate of Heat loss = mS (E) = ecAT*

_dT _eoxAxT* _ dT 1

=
dt  pxVol.xS dt pS
%)
dit) 4 _pg S __10° 4000
(_dT) ps Sy 8x10% 2000
B

dt

( de ( dT)
> -] >

So, A cools down at faster rate.
60. (a) According to Newton’s law of cooling,

(el—ezj :K(61+62 _0 j
t 2 0

(601_050) :K(60;50—25) ..... (i)

and, (%) =K (50; o 25) ..... (ii)

Dividing eq. (i) by (ii),

_10__©0 = 0=42.85°C=43°C
(50-6) 0
61. (b) By Newton’s law of cooling
t 2
where 0, is the temperature of surrounding.

Now, hot water cools from 60°C to 50°C in 10 minutes,

60-50  [60+50

10

-K

-6 ()
Again, it cools from 50°C to 42°C in next 10 minutes.

50-42 _ K 50+42
10 L 2

(i)

_60

Dividing equations (i) by (ii) we get

1 55-8,
08 46-0,
10 55-6,
8 46-0,

460—100, = 44086,
20, =20
0o =10°C
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62. (b) From Newton’s law of cooling, 63. (c¢) According to Newton’s law of cooling, the
temperature goes on decreasing with time non-linearly.
t= %bge [%j 64. (a) According to newton's law of cooling
—Y
1 9 _ k(0-6
From question and above equation, a (0-069)
1 40—
5= —logeM (D) do = —kdt
k¢ (80-30) (0-0)
And, 1= Llog, 32730 ) = ? a9 kjdt
nd, = —log, ——— =-
1T 5 62-30) 5,000
Dividing equation (2) by (1), = log(B—0y)=—ki+c
l1og (32-30) Which represents an equation of straight line.
t kT (62-30)

5 1 (40-30)
—log, ——=
k (80-30)

On solving we get, time taken to cool down from 62°C

to 32°C, ¢ = 8.6 minutes.

Thus the option (a) is correct.

d
65. (d) From Newton’s law of cooling _d_? o (AB)
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