Properties of Solids and Liquids

Questionl

A Spherical ball of radius 1 mm and density 10.5¢g / cc is dropped in
glycerine of coefficient of viscosity 9.8 poise and density 1.5g / cc.
Viscous force on the ball when it attains constant velocity is

3696 x 10" *N. The value of x is

(Given, g =9.8m/ s’andn = %)

[24-]Jan-2023 Shift 2]

[(WAVFRVEVRAVEY Y]

When the ball attain terminal velocity
Fv = (mg - FB)(a = 0)
=Vo.o — Vplg

. . 'pg)
4

= §11(10‘3)3 X 9.8(10.5 — 1.5) x 10°

= 3696 x 10”'N
So, x=7

Question?2

A spherical drop of liquid splits into 1000 identical spherical drops. If u,
is the surface energy of the original drop and u; is the total surface

energy of the resulting drops, the (ignoring evaporation). %f = ( 1—XO .
Then value of x is
[25-]Jan-2023 Shift 2]

Answer: 1

Solution:

Surface Tension =T
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R : Radius of bigger drop
r : Radius of smaller drop
Volume will remain same
%HRB = 1000 %HrB
R=10r

u =T- 4nR?

u, = T-4nr’ x 1000

Y _ 1000r?

u; R?

Y _ 10

U, 1

Question3

Surface tension of a soap bubble is 2.0 x 10" °Nm™L.

1

Work done to increase the radius of soap bubble
from 3.5 cm to 7 cm will be : [Take m = 2 ]

[29-]Jan-2023 Shift 1]

Options:
A.0.72x 10794
B.5.76 x 1074
C.18.48 x 107Y
D.9.24 x 1074

Answer: C

Solution:

Solution:

Surface area of soap bubble = 2 x 4nR?
Work done = change in surface energy xTg

=T x 8m X (R, = R,%)

=2x10‘2x8x¥x49x%x10‘4
=18.48x107Y
Question4

A fully loaded boeing aircraft has a mass of 5.4 x 10°kg. Its total wing
area is 500m?. It is in level flight with a speed of 1080 km / h. If the

density of air p is 1.2kgm™3, the fractional increase in the speed of the
air on the upper surface of the wing relative to the lower surface in

percentage will be (g = 10m / s)
[29-]Jan-2023 Shift 2]
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A. 16

B. 6

C.8

D. 10

Answer: D

Solution:

Solution:

P,A-PA=54x10"xg

P,—P, = 5'4530106 =54x2x10%x 10

1 2 _ 1 2
P2+0+§p\/2—P1+0+ Ep\/l
P~ P, = 2p(V,> = V,%) = 2p(V, = V,)(V, +V,)
2T F1 T 5PV, 2 )= 5PV = Vo)V TV,

10.8 x 10° = 2 x 1.2(V, = V,) x 2 X 3 X 10?

10.8 x 10 = 3.6(V, — V)

V, -V, =30
( Vl\_/VZ) x 100 = %xwo: 10%
Questionb

A metal block of base area 0.20m? is placed on a table, as shown in
figure. A liquid film of thickness 0.25 mm is inserted between the block
and the table. The block is pushed by a horizontal force of 0.1N and
moves with a constant speed. If the viscosity of the liquid is

5.0 x 10'3Pl, the speed of block is x103m / s.

01N
S film

Table

[29-Jan-2023 Shift 2]

Solution:
Solution:
Av -3 v
Fl=nA2Y:01=5%x103%x02x — YV
| "% an 25x 1073

v=20.025m/ s or v=25x10"m/ s
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Question6

The height of liquid column raised in a capillary tube of certain radius
when dipped in liquid A vertically is, 5 cm. If the tube is dipped in a
similar manner in another liquid B of surface tension and density
double the values of liquid A, the height of liquid column raised in
liquid B would be m.

[30-Jan-2023 Shift 1]

Options:
A. 0.20
B. 0.5

C. 0.05
D. 0.10

Answer: C
Solution:

Solution:
_ 2Scos6

5
h2
\{Info about angle of contact not there so most appropriate is 3}

= [ %][%] =h, = 5cm = 0.05m

Question7

If 1000 droplets of water of surface tension 0.07N / m. having same
radius 1 mm each, combine to from a single drop. In the process the
released surface energy is-

(. Take 1 = %

[31-Jan-2023 Shift 1]
Options:

A.7.92x 1079

B. 7.92 x 1074

C.9.68x 107%]

D.8.8x 1077]
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Solution:

Solution:

4m .3 _ 4nn3
1000 x 3(1) = 3R
R=10mm

T x 1000 x 4(107%)% = T x 41m(10 x 1073)? = AE
AE=4xmx7x1072[1000 —100] x 10~°

AE=7.92x10"%Y
Option 2.

Question8

A 100m long wire having cross-sectional area 6.25 x 10 *m? and Young's

modulus is 10'°Nm™
in the wire will be :
[24-Jan-2023 Shift 1]

Options:
A.6.25x 107°m
B.4 x 10" *m
C.6.25 x 10™°%m
D.4x 10 %m
Answer: D

Solution:

Solution:

Elongation in wire 6 = EL

AY
_ 250 x 100
6.25 x 107% x 10*°
6§=4x%x10"°m

Question9

Given below are two statements: one is labelled as
Assertion A and the other is labelled as Reason R

is subjected to a load of 250N, then the elongation

Assertion A: Steel is used in the construction of buildings and bridges.
Reason R: Steel is more elastic and its elastic limit is high.
In the light of above statements, choose the most appropriate answer

from the options given below
[24-Jan-2023 Shift 2]

Options:
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B. A is not correct but R is correct
C. Both A and R are correct and R is the correct explanation of A
D. A is correct but R is not correct

Answer: C

Solution:

Solution:
Concept based

Questionl10

As shown in the figure, in an experiment to determine Young's modulus
of a wire, the extension-load curve is plotted. The curve is a straight line
passing through the origin and makes an angle of 45° with the load axis.
The length of wire is 62.8 cm and its diameter is 4 mm. The Young's
modulus is found to be xx 10*Nm™2.

The value of x is

450

Load (N)
[25-Jan-2023 Shift 1]

Iixtension (m)

Solution:

Solution:

AL

45°

From graph:

F = AL
_FL

Y= 3aL

Y =

>

_ 62.8x107°
n(2 x 107°%)?
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Y =5x 10*N / m?

Questionll

An electric bulb is rated as 200W. What will be the peak magnetic field
at 4m distance produced by the radiations coming from this bulb?

Consider this bulb as a point source with 3.5% efficiency.
[24-Jun-2022-Shift-2]

Options:

A.1.19x 107%T
B.1.71 x 1078T
C.0.84 x 107%T
D. 3.36 x 107°T

Answer: B

Solution:

Solution:
2
1. 35_5
4nx 16 100 21,
B, =4nx10""Tm /A
C=3x10°m/sec
=B, =1.71x 107°T

200 x

Questionl2

Choose the correct relationship between Poisson ratio (o). bulk modulus
(K) and modulus of rigidity (n) of a given solid object:
[30-Jan-2023 Shift 1]

Options:

_ 3K -2n
A0 = Gx o

_ 6K +2n
B.o= 3K =21

_ 3K +2n€
C.o= &k+m

_ 6K-—2n
D.o= 3K — o

Answer: A

Solution:
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Y =3n(1 + o)

Y = 3K (1 —o0)

= 2n(1 + o) = 3K (1 — 20)
3K — 21

6K + 2n

~o= |

Questionl3

A force is applied to a steel wire ' A ', rigidly clamped at one end. As a
result elongation in the wire is 0.2 mm. If same force is applied to
another steel wire ' B ' of double the length and a diameter 2.4 times
that of the wire ' A’, the elongation in the wire ' B ' will be (wires having
uniform circular cross sections)

[30-Jan-2023 Shift 2]

Options:

A.6.06 x 10"*mm
B.2.77 x 10™*mm
C.3.0 x 10"*mm
D. 6.9 x 10" *mm

Answer: D

Solution:

Solution:

A, _ 1 2

02 24x24°1
=Al,=6.9x10"*mm

Questionl4

A thin rod having a length of 1m and area of cross-section 3 x 10" °m? is

suspended vertically from one end. The rod is cooled from 210°C to

160°C. After cooling, a mass M is attached at the lower end of the rod
such that the length of rod again becomes 1m. Young's modulus and
coefficient of linear expansion of the rod are 2 x 10"'Nm™2 and

7" v 109w nnn $ivraler Tha sralian ~f AT $c Tree £Talrn
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[31-Jan-2023 Shift 1]

Solution:

Solution:

If Al is decease in length of rod due to decease in temperature

Al =IlaAT
a=2x10"°K"!, AT = (210 — 160)
= 50K
Al=1x2x10"°x50=10"%m

_v_ F/IA , _ 6.2
Young Modulus =Y = WA—SXIO m
2 x 10! = Mg/3x10™°

1073/1
Mg=2x10"x3x10"=6x10"2
M =60kg

Ans is 60 .

Questionl5

For a solid rod, the Young's modulus of elasticity is 3.2 x 10" 'Nm™

2 and

density is 8 x 10> kgm™>. The velocity of longitudinal wave in the rod

will be.
[31-Jan-2023 Shift 2]

Options:

A.145.75 x 10°ms™?
B. 3.65 x 10°ms™!
C.18.96 x 10°ms™!
D. 6.32 x 10°ms™!

Answer: D

Solution:

Solution:

rox7 I »n . 1nll
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= 0.4 x 10°
= {40 x 10°
=6.32x10°m/ s

Questionl6

Under the same load, wire A having length 5.0m and cross section
2.5 x 10" °m? stretches uniformly by the same amount as another wire B

of length 6.0m and a cross section of 3.0 x 10~ °>m?” stretches. The ratio
of the Young's modulus of wire A to that of wire B will be:

[31-Jan-2023 Shift 2]
Options:

A.1:4

B.1:1

C.1:10

D.1:2

Answer: B

Solution:

Solution:

_ Ft
M_SY

F is same for both wire and A/ is also same
Al Ji

F

SY

L

Questionl?7

A hole is drilled in a metal sheet. At 27°C, the diameter of hole is 5 cm.
When the sheet is heated to 177°C, the change in the diameter of hole is
if coefficient of linear

dx 10 3cm. The value of d will be

expansion of the metal is 1.6 x 10>/ °C.

[24-Jan-2023 Shift 1]
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Solution:

A at 27°0gd, at 177°C

up = ougue aAT)
d,—d,=5x1.6x10"°x 150cm
=12 x10"%cm

Questionl18

A faulty thermometer reads 5°C in melting ice and 95°C in steam. The
correct temperature on absolute scale will be . K when the faulty

thermometer reads 41°C.
[30-Jan-2023 Shift 2]

ALIDWEL: O1LD

Solution:

Solution:
41°-5"_ C-0°

95° - 5° 100° - 0°

- C= %x1oo=4o°c=3131<

Questionl19

A water heater of power 2000W is used to heat water. The specific heat
capacity of water is 4200] kg_lK_l. The efficiency of heater is 70%. Time

required to heat 2 kg of water from 10°C to 60°C is S.
(Assume that the specific heat capacity of water remains constant over

the temperature range of the water).
[31-Jan-2023 Shift 2]

Solution:

Solution:
The amount of heat energy required to raise the temperature of a substance can be calculated as:
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in temperature.
The time required to heat a substance can be calculated as :
e!

P
where t is the time required, and P is the power of the heating device.
The actual power output of the heating device can be calculated as:
Powal = Pinput x efficiency
where P_input is the input power to the device and efficiency is the fraction of input power that is actually converted to
useful power output.
Substituting the given values:
Q =2kg x4200] / kg /K x (60 —10) = 2kg x 4200] / kg / K x 50K = 4200 x 50 x 2] = 420, 000]
Pipue = 2000W =2000]/ s
P wa = 2000 % 0.7 =1400]/ s

Q 420, 000

t= = J/ s=300s

P actual 1400

So, the time required to heat 2 kg of water from 10°C to 60°C is approximately 300 s.

Question20

A mercury drop of radius 10 3m is broken into 125 equal size droplets.

Surface tension of mercury is 0.45Nm™'. The gain in surface energy is:
[1-Feb-2023 Shift 1]

Options:
A.2.26x 1077
B.28 x 1077
C.17.5%x 1077
D.5x 107
Answer: A

Solution:

Solution:
Sol. Initial surface energy = 0.45 x 4m(1073)?

%11(10'3)3 =125x %Rnew 3
10_3 = 5Rnew
: 107°
t Rnew = 5 m
10—3 2
So, final surface energy = 0.45 X 125 X 41‘[( 5 )
Increase in energy = 0.45 x 4m x (107°%)? 12255 -1 ]

=4x%0.45x 41 x 1076
=2.26x%x107%

Question21

The surface of water in a water tank of cross section area 750cm? on the

[ I L P P P ~e e Bl B T a1 T nh e A A F i B nes el e B
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through the tap of cross section area 500mm? is 30cm / s. At that

instant, % is x X 107 3m / s. The value of x will be

[1-Feb-2023 Shift 2]

Solution:

AV, =AV,
750 x 107*V, = 500 x 107° x 0.3

~°° 3x107°
750
=2x%x10"°m/ s
dh _

ah _ _ -3
T 2x10°m/ s

m/ s

Question22

A certain pressure P is applied to 1 litre of water and 2 litre of a liquid
separately. Water gets compressed to 0.01% whereas the liquid gets

compressed to 0.03%. The ratio of Bulk modulus of water to that of the

liquid is 2. The value of x is

[1-Feb-2023 Shift 1]

Answer: 1
B . —AP _ -—aP
water ( ﬂ) 0.01
\Y% 100
- AP
Bliquid = 0.03
100
water _ 3
Bliquid
X =
Question23

The Young's modulus of a steel wire of length 6m and cross-sectional
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area 3mm?, is 2 x 11''N / m?. The wire is suspended from its support on
a given planet. A block of mass 4 kg is attached to the free end of the
wire. The acceleration due to gravity on the planet is % of its value on

the earth. The elongation of wire is (Take g on the earth = 10 m / sz)

[1-Feb-2023 Shift 2]
Options:

A.1lcm

B. 1mm

C. 0.1 mm

D.0.1cm

Answer: C

Solution:

Solution:
Tension (F) = mg
10

=4x x= 10N
FL
AY

10 x 6
3x10%x2x 10"

=10"*m = 0.1 mm

AL=

Question24

A small ball of mass M and density p is dropped in a viscous liquid of
density p,. After some time, the ball falls with a constant velocity. What

is the viscous force on the ball?

[6-Apr-2023 shift 1]

Options:

A F =Mg(1+%

B. F =Mg(1+ B)
Po

C.F =Mg(1—%

D.F = Mg(1 % pp,)
Answer: C

Solution:
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At terminal velocity, net force on the ball is Zero.

r A f

v

Mg
Mg=f+B
>Mg=f +Vba11 P9 ... (1)
Volume of ball = %
From eq (i),

M
Mg=f + ?pog

M
=0 =Mg= P9

=>f=Mg(1— %)

Question25

Given below are two statements: one is labelled as Assertion A and the
other is labelled as Reason R

Assertion A : When you squeeze one end of a tube to get toothpaste out
from the other end. Pascal's principle is observed.

Reason R : A change in the pressure applied to an enclosed
incompressible fluid is transmitted undiminished to every portion of the
fluid and to the walls of its container.

In the light of the above statements, choose the most appropriate
answer from the options given below

[6-Apr-2023 shift 2]

Options:

A. A is correct but R is not correct

B. Both A and R are correct and R is the correct explanation of A

C. A is not correct but R is correct

D. Both A and R are correct but R is NOT the correct explanation of A

Answer: B
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As per pascal's law, when we apply pressure to an ideal liquid it is equally distributed in the entire liquid and to the walls

as well.

Since due to applied pressure, every morning, the tooth paste does not get compressed and we can safely consider it on

incompressible liquid.

Therefore both statements are true and R is correct explanation of A.

Question26

An air bubble of volume 1cm? rises from the bottom of a lake 40m deep
to the surface at a temperature of 12°C. The atmospheric pressure is

1 x 10° Pa, the density of water is 1000 kg / m> and g=10m / s°. There
is no difference of the temperature of water at the depth of 40m and on
the surface. The volume of air bubble when it reaches the surface will

be:
[8-Apr-2023 shift 1]

Options:

A. 3cm®

B. 4cm’
C.2cm®

D. 5cm®
Answer: D
Solution:

Pracciira gt surface = Patm =1X 105 Pa
= ?

Pressure at h = 40m depth

P=P, +pgh
P=10"+10%x 10 x 40
P=5x 10°Pa

V = 1cm?®

Temp. is constant

PV, = P,V,
10°xv=5x%x10"x1

v = 5cm®
Question27

A hydraulic automobile lift is designed to lift vehicles of mass 5000 kg.

The area of cross section of the cylinder carrying the load is 250cm~.

2

The maximum pressure the smaller piston would have to bear is

[Assume g = 10m / s* ] :
[8-Apr-2023 shift 2]
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A.2x10"°Pa
B.20 x 10*°%Pa
C.200 x 107%Pa

D.2x10"%Pa

Answer: D

Solution:
Solution:
5000 kg
4/
/777777,
A=250 cm’

From pascal law same AP transmitted through out liquid
AP = F _ 5000x10
A 250%x107*
=2x10°Pa

Question238

Given below are two statements :

Statements I : Pressure in a reservoir of water is same at all points at
the same level of water.

Statements II : The pressure applied to enclosed water is transmitted in
all directions equally.

In the light of the above statements, choose the correct answer from the
options given below :

[10-Apr-2023 shift 1]

Options:

A. Both Statements I and Statements II are false
B. Both Statements I and Statements II are true
C. Statements I is true but Statements II is false
D. Statements I is false but Statements II is true
Answer: B

Solution:

Path Ck~tammants | and Statements Il are true
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By Pascal law, pressure is equally transmitted to in enclosed water in all direction.

Question29

Figure below shows a liquid being pushed out of the tube by a piston
having area of cross section 2.0cm”. The area of cross section at the
outlet is 10mm?. If the piston is pushed at a speed of 4cm s~ ! the

speed of outgoing fluid is cm s~ !
() B::::}:i
U ——————— o S

[10-Apr-2023 shift 2]

Solution:

By equation of continuity
AV = AV,
(2cm?)(4cm / s) = (10 x 10™%cm?)(v)
3
8cm” _ 4 0-1em2(v)

V=80cm/ s

Question30

Eight equal drops of water are falling through air with a steady speed of
10cm / s. If the drops collapse, the new velocity is :-
[11-Apr-2023 shift 2]

Options:

A.10cm/ s
B.40cm/ s
C.16cm/ s
D.5cm/ s

Answer: B

Solution:

Solution:
4 3 _ 4 -3
8% 3rIr = 3HR
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V,=V, x4=10x4=40km/ s™'

Question31

The surface tension of soap solution is 3.5 x 10 °Nm~'. The amount of
work done required to increase the radius of soap bubble from 10cm to
20 cm is x10™Y. (take m =22/7)

[11-Apr-2023 shift 2]

W =AU
W =25x(A;—A)
=2x%xh x4n(rf2—r12)

=2X35%X1072x%x4x % x 10~%4(300)
=264 x 107Y
Question32

64 identical drops each charged upto potential of 10 mV are combined
to form a bigger drop. The potential of the bigger drop will be

mV.

[12-Apr-2023 shift 1]

Answer: 160

Solution:
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We know V = 1%, q = 64q

Voulme remain const so

%Hr3 X 64 = %HR3
R=4r
Now new potential V = X049 _ 16kq
4r r

V =16.V and V = %:10111\/

V =16%x10x%x10"°
V =0.16V
ORV =160mV

Question33

Glycerin of density 1.25 x 10> kgm™? is flowing through the conical
section of pipe. The area of cross-section of the pipe at its ends are

10cm? and 5c¢m? and pressure drop across its length is 3Nm™ 2. The rate

of flow of glycerin through the pipe is x x 10°m

[12-Apr-2023 shift 1]

Solution:

A, = 10cm?

P

AP =P, - P, =3N/m" (given)
By continuity equation
AV = Ay,

By bernoulli's equation
P, + 1 v,2=P, + 1 v,?
1T 5PV 2T 5PV
1
P,-P,= Ep(v22 - V12)
2
1 2 Ay
AP = —p(v2 - 5V, )
2 A,

Boli-(3)]
AP 5P 1 A, v,
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3= 2x1.25x10°[1- 7]v?

3= 1x125%10°x 2v,?

~v, = 8 X 10™°m/ s

So discharge rate = A,V,
=5x10"*x8x107°
=4x10°m%/ s

Question34

The figure shows a liquid of given density flowing steadily in horizontal
tube of varying cross - section. Cross sectional areas at A is 1.5cm?, and
B is 25mm?, if the speed of liquid at B is 60cm / s then (P, — P;) is:
(Given P, and Py are liquid pressures at A and B points)

Density p = 1000 kg m™3

A and B are on the axis of tube

[13-Apr-2023 shift 1]
Options:

A.175Pa

B. 36 Pa

C. 27Pa

D. 135Pa

Answer: A

Solution:

By equation of continuity,

AV, = AV,

(1.5 x 107V, = (25 x 10~%)60cm / s
V,=10cm/ s

By Bernoulli's theorem.

Py + 20V, =Py + 2pVy?

P,— P, = %(VB2 ~-Vv,%
P, — Py = 1202(60% - 10%) x 107
P,— P, =175Pa
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Question35

Given below are two statements : one is labelled as Assertion A and the
other is labelled as Reason R

Assertion A : A spherical body of radius (5 £ 0.1) mm having a particular
density is falling through a liquid of constant density. The percentage
error in the calculation of its terminal velocity is 4%

Reason R : The terminal velocity of the spherical body falling through
the liquid is inversely proportional to its radius.

In the light of the above statements, choose the correct answer from the
options given below

[13-Apr-2023 shift 2]

Options:

A. Both A and R are true but R is NOT the correct explanation of A
B. Both A and R true and R is the correct explanation of A

C. A is false but R is true

D. Ais true but R is false

Answer: D

on:

Terminal velocity of a spherical body in liquid

Vtocr2
AVt=2£
Vt r
Vv
tx 100% = 2x 2L x 100 = 4%
Vv, 5
Also, Vtocr2

Reason (R) is false

Question36

There is an air bubble of radius 1. Omm in a liquid of surface te

- - and density 1000 kgm at a depth of 10 cm below t
, ie amount by which the pressure inside the bubble i
than the atmospheric pressure is Pa(g = 10ms"™ %)
[15-Apr-2023 shift 1]

Answer: 1150
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2T
Pin=P0+pgh+ T

—————————————————————————
—————————————————————————
—————————————————————————
—————————————————————————
_________________________
—————————————————————————

i el e T I e —————

———————————
__________
__________
__________

_ 2 x0.075
P. P0—1000><10x0.1+ 0001
= 1000 + 150

P, —P,=1150Pa

m

Question37

A metal block of mass m is suspended from a rigid support through a
metal wire of diameter 14 mm. The tensile stress developed in the wire

under equilibrium state is 7 X 10°Nm™2. The value of mass m is
kg.

(Take, g = 9.8ms % and u = 2)

[6-Apr-2023 shift 2]

Solution:

Solution:
force _ mg
area A
_ SxA _ 7x10°x nR?
g g
7 x 10° x = x (7 % 1073)2
= (Note: 14mm is diameter)

Using stress =

Question38

An aluminium rod with Young's modulus Y = 7.0 x 10'°N / m”? undergoes
elastic strain of 0.04%. The energy per unit volume stored in the rod in
SI unit is:

[8-Apr-2023 shift 1]
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Options:
A. 5600
B. 2800
C. 11200
D. 8400

Answer: A
Solution:

1 rod Young's modulus
10 N
s - 107 =
m
strain 0.04%
0.04

100

Energy per unit volume =

strain =

stress X strain

N|—

= %y strain X strain

= %y( strain )2

1

2
= E><7><101°>< ( 0.04

100

Energy per unit volume = 5600 Ls
m

Question39

Two wires each of radius 0.2 cm and negligible mass, one made of steel
and the other made of brass are loaded as shown in the figure. The

elongation of the steel wire is x10" °m. [Young's modulus for steel
=2x 10""Nm™2 and g= 10ms™?

_LLLJ_ZLAT
1.6 m -.|l'l'|

|

L 2 kg

1 m brass

[ 1.14 kg
[10-Apr-2023 shift 1]

S01UL10I1L:
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T,=T,+20=20+11.4

T,=314
. Elongation in steel wire
T,L
_ 31.4x1.6
m(0.2 x 107%)% x 2 x 10"
=2x107°

AL=120x10"°%m

Question40

Young's moduli of the material of wires A and B are in the ratio of 1 : 4,
while its area of cross sections are in the ratio of 1 : 3. If the same
amount of load is applied to both the wires, the amount of elongation
produced in the wires A and B will be in the ratio of [Assume length of
wires A and B are same]

[10-Apr-2023 shift 2]

Options:
A.12:1
B.1:36
C.1:12
D.36:1

Answer: A

Solution:

Solution:
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A 3A
va “r
W_yv. 8L w_ 80
A~V T 3T
\\Z \\Z
A= 2y AL = T3ay
AL _ 12
AL, 1
Question41l

The length of a wire becomes 1, and 1, when 100N and 120N tensions
are applied respectively. If 101, = 111,, the natural length of wire will

be 11,. Here the value of x is
[11-Apr-2023 shift 1]

Answer: 2

Solution:

E |
fo = natural length

F = kx
A

F = 3;—0

Sol when F = 100N

100 = k(£; —£,) ... (1)

When F = 120N

120 = K( (£, — £,).

Given that

10, =114,

L, =1.14,

So 120 =K(1.14; = £,) ... (2)

Now (2) \(1)

120 _ K(1.1Z, - 1)

100 K(, —1,)

X.

oo L1k

1, -1,
1.20, —1.24, = 1.14, — I,
0.14. = 0.24.
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Zl
£0= §Sox=2Ans.

Question42

Under isothermal condition, the pressure of a gas is given by P = aV"™ 3,
where a is a constant and V is the volume of the gas. The bulk modulus
at constant temperature is equal to

[13-Apr-2023 shift 1]

Options:
P
A. 5

B. 2P
C.P
D. 3P

Answer: D

Solution:

d_\/= —JaVv -~
dPp

Bulk modulus, B = -V —

=[]

o,

Question43

The elastic potential energy stored in a steel wire of length 20m
stretched through 2 cm is 80]. The cross sectional area of the wire is

(. Given, y = 2.0 x 10''Nm™? ) mm?.
[13-Apr-2023 shift 1]

ANswer: 4V

Solution:
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Energy, U = %kx2

80 = %k(z x 1072)2

_ 160

4x107*

k=4x%x10°N/m
% = 4 x 10°

_ 4x10°x20

2 x 10"

A =40 x 10 °m?
A = 40mm>

Question44

A wire of length ' L ' and radius ' r ' is clamped rigidly at one end. When
the other end of the wire is pulled by a force f{, its length increases by '1
'. Another wire of same material of length ' 2L ' and radius ' 2r ' is pulled

by a force ' 2f. Then the increase in its length will be :
[15-Apr-2023 shift 1]

Options:
Al/2
B. 4l

C.1

D. 21

Answer: C

Solution:

By hooke's law,

=L]'
Y= AAl

Fl
Ale =

A, _ Fl, A

AL FL T A,

2
_ 2fx2L m(r)

fxL = n(2r)?
Al = Al
Al =1
Question45

A body cools in 7 minutes from 60°C to 40°C. The temperature of the
surrounding is 10°C. The temperature of the body after the next 7

minutes
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Options:
A. 30°C

B. 34°C

C. 32°C

D. 28°C
Answer: D

Solution:

Method-1
cooling

L= 1 .=y~ )€
Case-I: (40 —10) = (60 — 10)e”’¥
30 = 507K

Case-II: (T —=10) = (40 —10)e""™® or T—10 = 30e™ ¥

Dividing (2) by (1)
T-10_ 30

30 50
~T—10= 30x30_

50 18
or T=28°C
Methode-2
Using newton's average law of cooling
Ti—Tf_k( Ti+Tf_T )
t 2 s

Case-I.- 00— 40 =R[ 60+40—10] 5 ¥=k[40] .

2
20 +T
- ]...(2)

7
40-T
7

Case-II:- = R[

Dividing (2) by (1)
40-T _ 20+T
20 80
160 —4T=20+T
5T = 140
T =28°C

Question46

. ()

A steel rod of length 1m and cross sectional area 10" *m? is heated from
0°C to 200°C without being allowed to extend or bend. The compressive

tension produced in the rod is

of steel =2 x 1011Nm'2,

coefficient of linear expansion = 10°°K™ 1! ) X 10*N. (Given Young's

modulus
[8-Apr-2023 shift 2]

S01ution:
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Thermal stress = Ya AT
F=YAaAT

=2x10"x107*%x 107> x 200
=4 x 10*
x=4

Question47

1 kg of water at 100°C is converted into steam at 100°C by boiling at

atmospheric pressure. The volume of water changes from 1.00 x 10 3m
as steam. The change in internal energy of the

as a liquid to 1.671m?>

system during the process will be

3

(Given latent heat of vaporisation = 2257 k] / kg, Atmospheric pressure

=1x 10°Pa)
[11-Apr-2023 shift 1]

Options:

A. +2476K]
B. —2426K]
C. —2090k]J
D. +2090Kk]

Answer: D

Solution:

Change in volume at constant pressure and temp -
AV =YV,-V, =1.671-0.001
AV = 1.67m° ..... (1)
AQ= AU+w
mL, = AU+ (1.013 x 10°)(1.67)
AU = (2257 — 170)10°
AU = 2090k] (approx.) Ans. Option -4

Question48

On a temperature scale ' X', the boiling point of water is 65°X and the
freezing point is —15°X. Assume that the X scale is linear. The
equivalent temperature corresponding to —95°X on the Farenheit scale

would be :
[11-Apr-2023 shift 1]

Options:

A. -63°F
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C. —48°F

D. -112°F

Answer: C

Solution:
b b L _ Tp—32

ey g 212 — 32
—-95° — (—15°) TF—32
65° — (—15°) 180
-80° T —-32
80° 180°

— 180 = Ty — 32

Tp.=—-180+ 32 = —148°F

Ans. option = (2)

Question49

A body cools from 80°C to 60°C in 5 minutes. The temperature of the
surrounding is 20°C. The time it takes to cool from 60°C to 40°C is:

[12-Apr-2023 shift 1]
Options:
A. 450 s
B. 500 s
C.420s

25
D. ? S
Answer: B

Solution:

Body cools from 80°C to 60°C in 5 min

suroumding = ZOOC
Time taken to cool from 60°C to 40°C ?
we know newton's law of cooling is

do _ _

€T b(6 —-96,)
surrounding temp.
We take approx value of v as 802;60 =

2_50=b[70—20]...(1)

¥=b[50—20]...(2)
After solving t = 2?5min

In second t = é X 60
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= 500 sec.

Question50

Two plates A and B have thermal conductivities 84Wm 'K~ ! and

126Wm'K™! respectively. They have same surface area and same
thickness. They are placed in contact along their surfaces. If the

temperatures of the outer surfaces of A and B are kept at 100°C and 0°C
respectively, then the temperature of the surface of contact in steady

state is °C.
[13-Apr-2023 shift 2]

Solution:

Tﬁ — 100°C T TH - UOC

Let the temperature of contact surface is T then,
KA(T, - T)  KgA(T - Tp)

L B L
84(100—-T) =126(T - 0)
T =40°C
Questionb51

The terminal velocity (v,) of the spherical rain drop depends on the

radius (r) of the spherical rain drop as :
[25-Jun-2022-Shift-1]

Options:
A rl/2
B.r

C. r?
D.r’

Answer: C
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Solution:

p—0)g=v, = Cr* where C is a constant or Vv, « r’

Questionb52

The velocity of upper layer of water in a river is 36kmh™'. Shearing
stress between horizontal layers of water is 10 3Nm™2. Depth of the

river is m. (Co-efficient of viscosity of water is 10"%Pa.s )
[25-Jun-2022-Shift-1]

Answer: 100

— _nadu
F= nAdX

-3 _ 10-2 10
=107 =10""x 3
-1
h= 1% m=100m
10

=(100)
Questionb3

An ideal fluid of density 800kgm 3 flows smoothly through a bent pipe

(as shown in figure) that tapers in cross-sectional area from a to % The
pressure difference between the wide and narrow sections of pipe is

4100 Pa. At wider section, the velocity of fluid is %Ems'1 for x = (Given
g = 10ms™?)

[26-Jun-2022-Shift-1]
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Answer: 363

Solution:

[ IR - Y

“1lli's equation
1
vyt 5PVt pgh, =P, + EpV22 + pgh,

P, =P, +pg(h, = h,) = 2p(v,> = v,)...... ()

Also, from equation of continuity
AV, = Ay,

=2V, (ii)
put equation (ii) in (i),

4100 x 800 x 10 x 1 = % x 800 x (4v,* — v,
4100 + 8000 = 400 x 3v,>

2 _ 12100 121

Vi T 3%200 12

121
w1z

vk _ [ 121
Now, 5=V 13
x _ 121
36 12
x =121 x 3 =363
~x = 363

[ ]

Question54

If p is the density and n is coefficient of viscosity of fluid which flows
with a speed v in the pipe of diameter d, the correct formula for
Reynolds number R_ is :

[26-Jun-2022-Shift-2]

Options:
AR =21
R =T34
= v
B.R, = &
C.R = 24
e n
= _n_
D.R,= o
Answer: C
Solution:
R = pvd

€ n
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Questionb5

The velocity of a small ball of mass ' m ' and density d ;, when dropped
in a container filled with glycerin, becomes constant after some time. If
the density of glycerin is d,, then the viscous force acting on the ball,

will be :
[27-Jun-2022-Shift-1]

Options:

A.mg|1- g—:
B.mg({1l- g—j
C. mg g—: -1
D. mg g—j -1

Answer: B

Solution:

Solution:
Viscous force acting on the ball will be equal and opposite to net of weight and buoyant force

=F,= %nre’dlg - %and 29

= dnrag(1- 2
3nrd1g 1 a,
d

=ma(1-3)
1

Question56

The area of cross-section of a large tank is 0.5m?’. It has a narrow
opening near the bottom having area of cross-section 1 cm. A load of
25 kg is applied on the water at the top in the tank. Neglecting the
speed of water in the tank, the velocity of the water, coming out of the
opening at the time when the height of water level in the tank is 40 cm
above the bottom, will be _cms'1 -[. Take g = 10ms ™2 ]
[27-Jun-2022-Shift-1]
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Solution:

By Bernoulli's theorem:
250 _ 1 2

05 TPIR= PV
=2v=3m/ s

=>v=300cm/ s

Questionb7

When a ball is dropped into a lake from a height 4.9m above the water
level, it hits the water with a velocity v and then sinks to the bottom
with the constant velocity v. It reaches the bottom of the lake 4.0s after
it is dropped. The approximate depth of the lake is :
[27-Jun-2022-Shift-2]

Options:
A.19.6m
B. 29.4m
C. 39.2m
D. 73.5m

Answer: B

Solution:

t1=

n
g

_ \/ 2x4.9
9.8

At=4-1=3s,

v=v2gh =v2x9.8%x49=98m/ s
s depth =9.8 x 3 =29.4m

=1s

Question58

Given below are two statements : One is labelled as Assertion A and the
other is labelled as Reason R.

Assertion A : Product of Pressure (P) and time (t) has the same
dimension as that of coefficient of viscosity.

Reason R : Coefficient of viscosity = Veloci;rgfa Sort

Choose the correct answer from the options given below :
[28-Jun-2022-Shift-1]
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A. Both A and R are true, and R is the correct explanation of A.

B. Both A and R are true but R is NOT the correct explanation of A.

C. A is true but R is false.

D. A is false but R is true.

Answer: C
Solution:
. , _ Force distance
[ Time ] B Area ] Area ]
- , , _ Force distance
[Coefficient of viscosity ] = [ Area ] Aren ]

Statement ' A ' is true
But Statement ' R ' is false are coefficient of viscosity
Force
Area X Velocity gradient

Questionb9

A water drop of diameter 2 cm is broken into 64 equal droplets. The
surface tension of water is 0.075N / m. In this process the gain in

surface energy will be :
[28-Jun-2022-Shift-1]

Options:

A.2.8x107Y
B.1.5x 1077
C.1.9x107Y
D.9.4 x 1077]

Answer: A

Solution:

SAE =0.075 x 4 x 3.142(3) x 1074
=2.8x107Y

Get More Learning Materials Here : & m

@ www.studentbro.in



A water drop of radius 1um falls in a situation where the effect of
buoyant force is negligible. Co-efficient of viscosity of air is

1.8 x 10"°Nsm ™2 and its density is negligible as compared to that of
water 10°gm™>. Terminal velocity of the water drop is

(Take acceleration due to gravity = 10ms > )
[28-Jun-2022-Shift-2]

Options:

A.145.4 x 10" %ms™?
B.118.0 x 10" ®ms™?
C.132.6 x 10 %ms™?
D. 123.4 x 10" °ms™!

Answer: D

Solution:

onnrv = —Hr3pg

SIS

103 x (107%? x 10
1.8x107°

_2prg _ 2
OFV—9 n 9)(

=123.4x10%m/ s

Question61

A liquid of density 750kgm_3 flows smoothly through a horizontal pipe
that tapers in cross-sectional area from A; = 1.2 x 10 —2m? to A, = %.

The pressure difference between the wide and narrow sections of the

pipe is 4500 Pa. The rate of flow of liquid is x1073m3s™!
[28-Jun-2022-Shift-2]

[(GAVIRERVAVEN NI

P,

P2
v 2v
Az
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Using Bernoulli's equation

1 2 1 .2
P1+ sz = P2+ §p4:V

%pv2=P P,

\/ZP -P,)
=2V =

2 x 4500 4500
3 x 750

SoQ=Av=24x10"m?/ sec

=2m/ sec

Question62

A small spherical ball of radius 0.1 mm and density 10* kg m~3 falls
freely under gravity through a distance h before entering a tank of
water. If, after entering the water the velocity of ball does not change
and it continue to fall with same constant velocity inside water, then the
value of h will be m.

(Given g = 10ms ™2, viscosity of water = 1.0 x 10"°N —sm™?).
[29-Jun-2022-Shift-2]

Answer: 20

Solution:

v2gh = terminal speed
= _ 21r°glp—p)

=vV2gh = 9 n

2 1078 x 10 x 9000

— X

9 107°

Question63

The bulk modulus of a liquid is 3 x 10'°Nm™2. The pressure required to
reduce the volume of liquid by 2% is :
[24-Jun-2022-Shift-1]
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Options:

A.3 x 10°Nm™
B. 9 x 10°Nm ™2
C. 6 x 10°Nm™?
D. 12 x 10°Nm ™2

Answer: C

Solution:

Solution:

\%
=>AP=3x10"x(0.02)
=6 x 10N / m?

Question64

The elastic behaviour of material for linear stress and linear strain, is
shown in the figure. The energy density for a linear strain of 5 x 1074
is K]/ m>. Assume that material is elastic upto the linear strain of

5x 104,
[26-Jun-2022-Shift-1]

oguvliLuulivil,.

slope of strain - stress curve given by =

for strain of 5 x 10~ % stress is given by
4 10710

5%x10 * = 20

stress = 10°N / m?

Energy density = %x strain x stress
= %><5><10"4><108
= 25000] / m®

=25k] / m?

X stress

10710
20

Question65
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Two metallic blocks M 1 and M > of same area of cross-section are

connected to each other (as shown in figure). If the thermal
conductivity of M, is K then the thermal conductivity of M, will be :

[Assume steady state heat conduction]

80°C

o)}/ \\

«—16cm —»-<«—8cm—»

[24-Jun-2022-Shift-1]

Options:
A. 10K
B. 8K
C.12.5K
D. 2K

Answer: B
Solution:

Thermal current is same so
dQ _ AT, AT,

dt I, = I,

0°C

K,A K,A
20 _ .- _ 80
or, 1—6><K =3 X K
=K = 8K
Question66

A 100g of iron nail is hit by a 1.5 kg hammer striking at a velocity ol

60ms™'. What will be the rise in the temperature of the nail if one
fourth of energy of the hammer goes into heating the nail?

[Specific heat capacity of iron = O.42Jg'1°C_1 |

[24-Jun-2022-Shift-2]

Options:
A. 675°C
B. 1600°C
C.16.07°C

D.6.75°C

Answer: C
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L 15x60°xL=100x%x042x AT

2 4

1.5 X 602 .
AT = g% 100 x 0.4z — 16:07C
Question67

In an experiment to verify Newton's law of cooling, a graph is plotted
between the temperature difference (AT ) of the water and surroundings
and time as shown in figure. The initial temperature of water is taken as

80°C. The value of t, as mentioned in the graph will be

AT(YC)

Time (minute)

[24-Jun-2022-Shift-2]

JuliLuulivll,.

Temperature of surrounding = 20°C

For 0 - 6 minutes, average temp. = 70°C
- Rate of cooling «70°C — 20°C = 50°C
For 6 - t, minutes, average temp. = 50°C
- Rate of cooling «30°C

=t,—6 = %( 6 minutes )

=t, = 16 minutes

Question68

A steam engine intakes 50g of steam at 100°C per minute and cools it
down to 20°C. If latent heat of vaporization of steam is 540 calg™’, then

the heat rejected by the steam engine per minute is
(Given : specific heat capacity of water : 1 cal g_1 °c~! )

[25-Jun-2022-Shift-1]

Get More Learning Materials Here : &

x 103 cal

@g www.studentbro.in



Answer: 31
Solution:

AQ,, = 50 x 540 + 50 x 1 x (100 — 20)
= 50 x [540 + 80]

= 50 x 620

= 31000 cal

=31 x 10°cal

Question69

A solid metallic cube having total surface area 24m? is uniformly
heated. If its temperature is increased by 10°C, calculate the increase in

volume of the cube. (. Given .a = 5.0 x 10~*°C™!)
[25-Jun-2022-Shift-2]

Options:

A.2.4 x 10%cm?
B. 1.2 x 10°cm®
C. 6.0 x 10%*cm?
D. 4.8 x 10°cm®

Answer: B

Solution:

6x1%2=124
=] =2m

S>AV =3x(aAT)XV
=3x5x%x107*x 10 x (8)
=120 x 10 3m?

=120 x 1073 x 10%cm?
=1.2 x 10°cm®

Question70

A copper block of mass 5.0Kkg is heated to a temperature of 500°C and is
placed on a large ice block. What is the maximum amount of ice that
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can melt? [Specific heat of copper : O.39Jg'1°C_1 and latent heat of

fusion of water : 335]g_1 1
[25-Jun-2022-Shift-2]

Options:
A. 1.5kg
B. 5.8kg
C.2.9kg
D. 3.8kg
Answer: C

Solution:

- T msAT
1.39 x 103 x 500
335

=m =

= 2.9kg

Question71

A geyser heats water flowing at a rate of 2.0 kg per minute from 30°C to
70°C. If geyser operates on a gas burner, the rate of combustion of fuel

will be gmin !

[Heat of combustion = 8 x 103]9_ 1 Specific heat of water = 4.2Jg_1°C

]
[26-Jun-2022-Shift-2]

Answer: 42

Solution:
Q=msAT
dQ _ [dm _ [ dm
dt_( dt waterSAT_( dt)oilC
=2x42x10°x40 = ( M) 8 x10°
dt oil

dm)| _ 8x4.2x10* .
=>( T 8 % 100 kg / minute
= 42g / min
Question72
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A lead bullet penetrates into a solid object and melts. Assuming that
40% of its kinetic energy is used to heat it, the initial speed of bullet is :

(Given : initial temperature of the bullet = 127°C, Melting point of the

bullet = 327°C, Latent heat of fusion of lead = 2.5 x 10%] kg 1 Specific
heat capacity of lead . = 125] / kg K))
[27-Jun-2022-Shift-2]

Options:

A.125ms™*
B. 500ms™!
C. 250ms™*
D. 600ms ™"
Answer: B

Solution:

Solution:

2,1 o2
5><2mv =mL+msAT

=2.5x 10%* + 125 + 200

=

=5x 10*
=2v=500m/ s

=

SRS

Question73

Resistance of the wire is measured as 20 and 3Q at 10°C and 30°C
respectively. Temperature co-efficient of resistance of the material of
the wire is :

[28-Jun-2022-Shift-2]

Options:
A.0.033°C™!
B. —0.033°C™*
C.0.011°C™*
D. 0.055°C™*

Answer: A

Solution:

Solution:
R,n=2=R,(1+ax10)
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On solving
a=0.033/°C

Question74

As per the given figure, two plates A and B of thermal conductivity K

and 2K are joined together to form a compound plate.

The thickness of plates are 4.0 cm and 2.5 cm respectively and the area
of cross-section is 120cm? for each plate. The equivalent thermal

conductivity of the compound plate is ( 1+ g ) K, then the value of a will

be

+—— 4. 0cm—>»<«25cm—»

AT
10, ///f'%lfu

g};”{

M

N

\\\\
"\\\\

N

[29-Jun-2022-Shift-1]

Answer: 21

0°C

L, N L, L,+L,
KjA; KA, K otf A st
4 2.5 6.5
= — 4+ === =
K 2K K
10.5 _ 6.5
2K K &

_ 13K _ 5
:Keff_ﬁ_(l-i- ﬁ)K
=>a =21
Question75

At what temperature a gold ring of diameter 6.230 cm be heated so that
it can be fitted on a wooden bangle of diameter 6.241 cm ? Both the

diameters have been measured at room temperature (27°C).
(Given : coefficient of linear thermal expansion of gold

o =1.4x107°K™ ')
[29-Jun-2022-Shift-2]

Options:

A. 125.7°C

B.91.7°C
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C.425.7°C

D. 152.7°C

Answer: D

Solution:

..011
6.230 x 1.4 x 107°
=126.11°C
=T, =T+AT
= (27 + 126.11)°C
=153.11°C

Al =

Question76

A drop of liquid of density p is floating half immersed in a liquid of
density boldsymbol ¢ and surface tension 7.5 x 10" *N cm™!. The radius

of drop in cm will be :

(g = 10ms~?)
[25-Jul-2022-Shift-2]

Options:

A. 15

B. 15

Cc. 3

D. 3

Answer: A

Solution:

Balancing the forces on drop
2nRT + %HRE’pg = %HR30'g

2
=22T = ZTR(O —2p) x 10

_15x107x3 _

pz
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3 1
R= 2><10\/ (0 — 2p)

20V 5-2p
o 3x100 1 1
(R) incm = 20 0—2p_15x\/0—2p

- __15

Now if2p>0(Rin om Voo —o

Question77

A water drop of radius 1 cm is broken into 729 equal droplets. If surface
tension of water is 75 dyne\/ cm, then the gain in surface energy upto

first decimal place will be :
(Given 1 = 3.14)
[26-Jul-2022-Shift-1]

Options:

A.85x107Y
B.8.2x107Y
C.7.5x107Y

D.53x107%Y

Answer: C

Solution:

Solution:

729 % %mﬁ - %HRB

=R =09r..... (1)

AU =SxAA......(2)

>AU =S x {-40R? + 729 x 4nr’}
=S x 4n{729r* — 81r%}
=75%107Y

Question78

Two cylindrical vessels of equal cross-sectional area 16cm? contain
water upto heights 100 cm and 150 cm respectively. The vessels are
interconnected so that the water levels in them become equal. The work
done by the force of gravity during the process, is [Take, density of

water = 10°kg / m> and .g = 10ms™?1]:

[27-Jul-2022-Shift-1]
Options:
A. 0.251
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B. 1]
C. 8]
D. 12]

Answer: B

Solution:

Solution:
A =16 % 10"*m?
H 1 H2
B = Mg +myg 57
A A
= pg 5(H C+H?) =pg 5(12 +1.5%)

E, =pg ‘%(21{ 2) = pg %(2 x 1.252%)

W = pg %(3.25 _3.125)
= ]_J

Question79

A spherical soap bubble of radius 3 cm is formed inside another
spherical soap bubble of radius 6 cm. If the internal pressure of the
smaller bubble of radius 3 cm in the above system is equal to the
internal pressure of the another single soap bubble of radius rcm. The

value of r is .
[27-Jul-2022-Shift-2]

Solution:

Solution:

] . .
H H H
H : H
. .
g 5 a

A
P,~Py= &P, - P, =

4T
3
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Question80

The diameter of an air bubble which was initially 2 mm, rises steadily
through a solution of density 1750 kg m~> at the rate of 0.35cms™!. The

coefficient of viscosity of the solution is
integer). (the density of air is negligible).

[28-Jul-2022-Shift-1]

JuiLuulivll,.

As the bubble is rising steadily the net force acting on it will be zero

B
v

m
F = 6inRv

(Because of density of air the value of mg can be neglected)

SoB=F = %“R?’pg — 6mnRv

aQ

Putting R=1mm = 10"°m
cp = 1.75 x 10°kg / m>
g=10m/ s
v=0.35%10"2m/ s

10

n= ?zl-ll ST unit = 11 poise (CGS)

Question81

poise (in nearest

A pressure-pump has a horizontal tube of cross sectional area 10cm? for
the outflow of water at a speed of 20m / s. The force exerted on the
vertical wall just in front of the tube which stops water horizontally

flowing out of the tube, is :

[given: density of water = 1000kg / m? ]
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[28-Jul-2022-Shift-2]
Options:
A. 300N
B. 500N
C. 250N
D. 400N

Answer: D

Solution:

=10°%x10x 107%x 20 x 20
= 400N

Question82

Consider a cylindrical tank of radius 1m is filled with water. The top
surface of water is at 15m from the bottom of the cylinder. There is a
hole on the wall of cylinder at a height of 5m from the bottom. A force

of 5 x 10°N is applied an the top surface of water using a piston. The
speed of ifflux from the hole will be : (given atmospheric pressure
P, =1.01 x 10° Pa, density of water p,, = 1000kg / m? and gravitational

acceleration g = 10m / s2 )

[28-]Jul-2022-Shift-2]
Options:

A.11.6m/s

B.10.8m/s

C.17.8m/s

D.14.4m/s

Answer: C

Get More Learning Materials Here : & m @) www.studentbro.in



Solution:

Solution:
By Bernoulli's theorem,

5x 10° 5., 1 , 2
+pg(10) =1.01 x 10° + =
(1) pg(10) 5Pv)
108

2 = —_
=2v° =200+ 10000

=>v=17.8m/ s

202

Question83

Given below are two statements : One is labelled as Assertion (A) and
the other is labelled as Reason (R)

Assertion (A): Clothes containing oil or grease stains cannot be cleaned
by water wash.

Reason (R): Because the angle of contact between the oil/grease and
water is obtuse.

In the light of the above statements, choose the correct answer from the

option given below.
[29-Jul-2022-Shift-1]

Options:

A. Both (A) and (R) are true and (R) is the correct explanation of (A)

B. Both (A) and (R) are true but (R) is not the correct explanation of (A)
C. (A) is true but (R) is false

D. (A) is false but (R) is true

Answer: A
Solution:
Solution:

Due to obtuse angle of contact the water doesn't wet the oiled surface properly and cannot wash it also.
= Assertion is correct and Reason given is a correct explanation.

Question84

The velocity of a small ball of mass 0.3g and density 8g / cc when
dropped in a container filled with glycerine becomes constant after
some time. If the density of glycerine is 1.3g / cc, then the value of

viscous force acting on the ball will be x x 10~ *N, The value of x is
i luseg= 10m / s? ]
[29-Jul-2022-Shift-2]

Get More Learning Materials Here : & m @) www.studentbro.in



Answer: 25

Solution:

Solution:
F,+ F, = mg(v = constant)
Fy=mg-Fj
= pBVg - pLVg
= (pB - pL) Vg
-3
= (8-1.3)x10"3x &3x10 7, 19

8 x 10°
67 X 3

= 2% 107*=25.125 x 107*

Question85

A wire of length L and radius r is clamped rigidly at one end. When the
other end of the wire is pulled by a force F, its length increases by 5cm.
Another wire of the same material of length 4L and radius 4r is pulled
by a force 4F under same conditions. The increase in length of this wire
is cm

[25-Jul-2022-Shift-1]

Answer: 5

Solution:

Solution:
F /A _
AL/ L

~aL= EL

AY
S (fz)x(2) x (2)
AL, Fy L, 2

- 1 _
=4 x4x 16 1

AL, = AL; = 5cm.

Question86

In an experiment to determine the Young's modulus of wire of a length
exactly 1m, the extension in the length of the wire is measured as
0.4 mm with an uncertainty of +0.02 mm when a load of 1 kg is applied.

Get More Learning Materials Here : & m @) www.studentbro.in



+0.01 mm. The error in the measurement of Young's modulus (AY) is

found to be x x 10'°Nm~2. The value of x is (. take .g = 10ms~2)
[26-Jul-2022-Shift-1]

Answer: 2
Solution:
Solution:
Wi Y,A=muD
AY _ AF , 2AD Al , AL
Y - F D Tt T
B 0.01 , 0.02
=2X354 7.
- 004 _ 1
0.4 10
_ Fl
Y= AAl
10x 1
H(O.lmm)2 X 0.4mm
=1.988 x 10*!
~2 x 10"
Ay _ 1
y 1
- v _ 10
Ay 10 2x10
(]
Question87

The area of cross section of the rope used to lift a load by a crane is

2.5 x 10~*m?. The maximum lifting capacity of the crane is 10 metric
tons. To increase the lifting capacity of the crane to 25 metric tons, the
required area of cross section of the rope should be :

(. take .g = 10ms™?)
[26-Jul-2022-Shift-2]

Options:

A. 6.25 x 10"*m?
B. 10 x 10~ *m?
C.1x 10 *m?

D. 1.67 x 10™*m?

Answer: A

Solution:
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Since breaking stress (Maximum lifting capacity) is the property of material so it will remain same.
Maximum lifting capacity
Area of cross section of rope

breaking stress =

10 _ 25
25x107* A
A= =625%x10"°
= 6.25 X 10 *m?

Question338

A uniform heavy rod of mass 20 kg, cross sectional area 0.4m? and
length 20m is hanging from a fixed support. Neglecting the lateral
contraction, the elongation in the rod due to its own weight is

x x 10™"m. The value of x is .
(Given, young modulus Y = 2 x 10''Nm™2 and g = 10ms™?)
[26-Jul-2022-Shift-2]

Answer: 25

Solution:

Solution:

I 5
T d=
= 1 dx
Y= Ady
m = 20kg
A = mathbf0 . 4 mathrm m?
1 =20m
Y = stre;s
strain
T
vy A_T &
dy A dy
dx
_ Tdx
dy = Ay
Tension at a distance x from lower end = 29y

Al _ ¢t mg_ dx
So.g dy g_lXAY
27 1
=£<1[x_]
= LAY L 2 19
mg/

D AV

Get More Learning Materials Here : & m @) www.studentbro.in
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20 x 10 x 20
2x0.4x2x10"
2500 x 107!

A =25%x10"°
=xx107°

x =25

Al =

Question89

A square aluminum (shear modulus is 25 % 10°Nm ™2 ) slab of side 60 cm
and thickness 15 cm is subjected to a shearing force (on its narrow face)
of 18.0 x 10*N. The lower edge is riveted to the floor. The displacement
of the upper edge is pm.

[27-Jul-2022-Shift-1]

Answer: 48

Solution:

Solution:
F X FI
- = n - — =
A I An
18 x 10* x 60 x 1072
60 x 1072 x 15 x 1072 x 25 x 10°

=48 x 10™°m = 48pm

=X =

Question90

A steel wire of length 3.2m(Y_ = 2.0 x 10''"Nm™2) and a copper wire of
length 4.4m(Y_ = 1.1 X 10"'Nm™?), both of radius 1.4 mm are connected
end to end. When stretched by a load, the net elongation is found to be
1.4 mm. The load applied, in Newton, will be: ( Given .1 = %
[27-Jul-2022-Shift-2]

Options:

A. 360

B. 180

C. 1080

D. 154

Answer: D
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A S S S S 4

3.2m Yoo = 2 % 1011

44m Vern = 1.1 x 101!

AL+ AL, =D
Ft, Bl _,,
Ay, Ay,
Al

F= — ="  =-154x10%=154
ll 12

+
Ay, Ay,

Question9l

In an experiment to determine the Young's modulus, steel wires of five
different lengths (1, 2, 3, 4, and 5m ) but of same cross section (2mm?)
were taken and curves between extension and load were obtained. The
slope (extension/load) of the curves were plotted with the wire length
and the following graph is obtained. If the Young's modulus of given

steel wires is x x 10 'Nm~ 2, then the value of x is

1]
]
1]
1]
]
"
]
1]
"
[]
[}
[}
[]
'
1]

5
)

Wire length (m
[27-Jul-2022-Shift-2]

gvuvliLulivilL.

_ Al/w_ Al/L _ 1
Slope = I = W YA
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1
( slope )A
1

=>Y=

T 2x107%0.25 x 1079)
Y =2x10"'N/m?

Question92

The force required to stretch a wire of cross-section 1cm? to double its

length will be : (Given Yong's modulus of the wire —2 x 10''N / m?)
[28-Jul-2022-Shift-1]

Options:
A.1x10'N
B. 1.5 x 10'N
C.2x10'N
D.2.5x 10'N

Answer: C

Solution:

Solution:

F=yAAT[

_ 11 -4 20 -1
=2x10"x10 (T)
=2x10'N

Question93

A string of area of cross-section Amm? and length 0.5m is connected

with a rigid body of mass 2 kg. The body is rotated in a vertical circular
path of radius 0.5m. The body acquires a speed of 5m / s at the bottom
of the circular path. Strain produced in the string when the body is at

the bottom of the circle is x107°

(use Young's modulus 10N / m? and g=10m / s2 )
[28-Jul-2022-Shift-2]

Answer: 30

Solution:
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Strain = F/AY
2

g + 27
= Ay
2
et
= 3x10°x o 0x10
Question94

If the length of a wire is made double and radius is halved of its
respective values. Then, the Young's modulus of the material of the wire
will:

[29-Jul-2022-Shift-1]

Options:
A. remain same

B. become 8 times its initial value

C. become i of its initial value

D. become 4 times its initial value

Answer: A
Solution:
Solution:

Young's modulus of matter depends on material of wire and is independent of the dimensions of the wire. As the material
remains same so Young's modulus also remain same.

Question95

A metal wire of length 0.5m and cross-sectional area 10" *m? has
breaking stress 5 X 105Nm™2. A block of 10 kg is attached at one end of
the string and is rotating in a horizontal circle. The maximum linear

velocity of block will be ms~!
[29-Jul-2022-Shift-2]
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Solution:

mv: 10 x v*

_ — — (2
T= 7 05 20v

T .« = Breaking stress x Area
=5x108%x10"*=5x10*
20V% =5 x 10*

V= \/ ix104=50m/ s

Question96

A unit scale is to be prepared whose length does not change with
temperature and remains 20cm, using a bimetallic strip made of brass
and iron each of different length. The length of both components would
change in such a way that difference between their lengths remains
constant. If length of brass is 40cm and length of iron will be

cm.(a; , =12x10°K 'anda,_ =18%x107°K™")
[25-Jul-2022-Shift-1]

Answer: 60

Solution:

Solution:

AL, = oL, AT

AL, = o,L, AT

oLy = a,L,

1.2x107°xL, =1.8x107°x L,
1.8

L= ﬁ><40=600m

Question97

A block of ice of mass 120g at temperature 0°C is put in 300g of water
at 25°C. The xg of ice melts as the temperature of the water reaches
0°C. The value of x is____

[Use specific heat capacity of water = 4200] kg_lK ~1 Latent heat of ice
=3.5x10°Tkg ' 1]

[25-Jul-2022-Shift-2]
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Answer: 90

Solution:

Solution:
Heat lost by water = Heat gained by ice
0.3 x 4200 x 25 = x x 3.5 x 10°
0.3 x 4200 x 25
3.5 x 10°
=90 x 100 x 10° x 10%gram = 90gm

X =

Question938

An ice cube of dimensions 60cm X 50cm X 20 cm is placed in an
insulation box of wall thickness 1 cm. The box keeping the ice cube at

0°C of temperature is brought to a room of temperature 40°C The rate

of melting of ice is approximately :

(Latent heat of fusion of ice is 3.4 x 105Jkg_1 and thermal conducting of

insulation wall is .0.05Wm~'°'C™ ')

[26-Jul-2022-Shift-2]
Options:

A. 61 x 10 %kgs™*

B.61 x 10 %kgs™?
C.208kgs™!

D.30 x 107 °kgS™?
Answer: B

Solution:

-

-~ -
Z P g

dQ _ KAAT

dt ¢/

A=2(0.6x%x0.5+0.5x0.2+0.2x0.6)

=2(0.3+0.1+0.12)

|

4 A\
AL A

A% Y

=2(0.4+0.12)
= 2(0.52)
= 1.04m?

I} 1% 1072 1072

Rn= A~ 0.05x1.04 " 0.052

dQ _ AT _ 40x0.052 _, 5 o8 x 10?7/
= = _ e . S
dt Rin 1072 ]
2.08%10°=m x 3.4 x 10°

2.08

m= —22° - 50.61x107°kg/s
234x10
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Question99

If K, and K, are the thermal conductivities, L, and L, are the lengths
and A, and A, are the cross sectional areas of steel and copper rods

respectively such that % =9, % = 2, % = 2. Then, for the arrangement
2 2

1

as shown in the figure, the value of temperature T of the steel - copper

junction in the steady state will be:

S SR
Fumace g7eq] lie 5
450°C o Topper | 0°C
Insulating
material

[27-Jul-2022-Shift-1]

Options:
A.18°C
B. 14°C
C.45°C
D. 150°C

Answer: C

ouviuuIll?

K,

T,=450°C
A L ] A,
a0 _ KA K,A,
dt N 1,
450 - T _ KA, 1
STro0 T RAL D X2%?
=450 -T=9T=>T = 45°C

HT,—T) =

(T - Tz)

Steel I T,=0°C

Questionl100

Read the following statements :

A wATE T1E = LN o ol
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time by P and Q are in the ratio 1 : 1.15.

C. A Carnot Engine working between 100K and 400K has an efficiency of
75%.

D. When small temperature difference between a liquid and its
surrounding is quadrupled, the rate of loss of heat of the liquid becomes
twice.

Choose the correct answer from the options given below :
[27-Jul-2022-Shift-1]

Options:

A. A, B, C only
B. A, B only

C. A, Conly

D. B, C, D only

Answer: A

Solution:
. de
low of colling F i AT
_ do_ 1 E_(E)‘*_ 283)*
B.H = Gp=0eATT' > = [ ) - 293)

Hp: Hy = 1(1.03)* = 1:(1.03)* = 1: 1.15
=B is correct
—1-100_ 3 _ 95
Cn=1-255=7=75%
D. is wrong as @ocAT

dt

Question101

Two metallic wires of identical dimensions are connected in series. If 0,
and o, are the conductivities of the these wires respectively, the
effective conductivity of the combination is :

[29-Jul-2022-Shift-1]

Options:

0,0,
o, + 0,

A.

20,0,

0'1+0'2

o, +0,
20,0,
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Answer: B

Solution:

Solution:

U O«

A d 0 2 ) =

Let length of wirebe ' '

Area of wire as 'A'

For equivalent wire length = 2/& area will be A
Thermal resistance

7

Req =R, +R,

crqu 0,A oA

20 _ 4 0, 20,0,

Ocq o, g, eq o, +0,
[ ]

Question102

Nearly 10% of the power of a 110W light bulb is converted to visible
radiation. The change in average intensities of visible radiation, at a
distance of 1m from the bulb to a distance of 5m is a x 10">W / m?. The

value of 'a' will be .
[29-Jul-2022-Shift-2]

Answer: 84

Solution:

Splution:
P =10% of 110W
_ 10
= 100 X 110W
=11W

P P
I, -1I,= —s —
b 41'[1112 4mm,

2

171 _ 1

aml 17 25

11_ 24

an " 25

= % %1072 = 84 x 10~2W / m?

Question103

A uniform metallic wire is elongated by 0.04m when subjected to a

Tinmnnanr Faren T Thn alanantinn if itc lanath and Ainmntnar ic dnsshlad and
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[24 Feb 2021 Shift 2]

Solution:

Solution:
Let initial length and diameter bel, and d,,

whereas final length and diameter be I, and d .
Given,1,=2I,,d,=2d,, Al, = 0.04m

By using formula of Young's modulus of elasticity,

_F-l

ANl
Yl =Y2

FI, FI,
= =
AXAT, A,xAT,

FI, F2I,
= =
m(d,/2)*x0.04 m((2d,/2)°Al,

1 2
= — = —
1/4x0.04 AI,
= Al,=0.02m = 2cm

Question104

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

[26 Feb 2021 Shift 1]

Options:
A. X
p
PP
B. 2
c. K
" pp
D. BK
P

Answer: B

Solution:

Solution:

Given, density of material =p
Bulk modulus of elasticity =K
and applied pressure =p

Let change in volume and density be AV and Ap respectively and initial volume and density be V and p.

—. — n
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. _ mass(m)
and denSIty (p) = m
. BAp_ _ AV

el v

Substituting it in Eq. (i), we get

—AV _ p_ Ap

\Y K p

Ap = %
Question105

The length of metallic wire is I ; when tension in it is T ;. It is I , when
the tension is T ,. The original length of the wire will be

[26 Feb 2021 Shift 2]

Options:

A.

B.

Tlll_TZIZ

D. T, =T,

Answer: C

Solution:

Solution:

Let I, be the original length, A be the area of cross-section, a be the coefficient of linear expansion,
Al be the change in length and Y be the Young's modulus of elasticity.

As, I, =1,1+aAT)
=1, -I,=1,aAT=AI =1,0AT
Stress T/A

nitially, Y = ~girain = AT /1,
T,/7A
Y= —"L
- (11_10)/10 (I)
Finally, Y To/4 (ii)
inally, Y = ——=——— ... (ii
Y (I, =1 /1,

Now, from Egs. (i) and (ii), we get
T,/A _ T,/A
I,-1)/1, (@I,-1)/1,

T, T,
= —

I,-1, I,-1,

=T112—T110 =T211—T210
=T,I,-T,I, =(T1—T2)I0
o T,I,-T,I,
0 Tl_TZ
T,I1,-T,I
or 1.= 211 112
0 Tz_T1
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Question106

Given below are two statements: one is labelled as Assertion A and the
other is labelled as Reason R.

Assertion (A) When a rod lying freely is heated, no thermal stress is
developed in it.

Reason (R) On heating, the length of the rod increases.

In the light of the above statements, choose the correct answer from the
options given below

[25 Feb 2021 Shift 1]

Options:

A. Both A and R are true but R is not the correct explanation of A.
B. A is false but R is true

C. Ais true but R is false.

D. Both A and R are true and R is the correct explanation of A.

Answer: A

Solution:

Solution:

Thermal stress is defined as the stress, experienced by any rod on heating between two fixed rigid supports. On heating,
the size of the rod increases but, if the two ends are free, rod will not experience any stress. i.e, there is no thermal
stress will be produced in it.

Hence, option (a) is the correct.

Questionl107

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 J, the rise in heat energy per unit volume will be

[26 Feb 2021 Shift 1]

Options:

2T | 1 1
A. ]_( - 1)
B. &L

c. 3L

D. 3;[—T(

==

|

el

Answer: D

Qnlinitinn.
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Given, radius of small drop =r

Radius of big drop =R

Surface tension =T

and mechanical equivalent of heat =]

As, small drops combine to form big drop.

- Volume of big drop (V ;) = nx Volume of small drop (V ()

= %HR3=D' %nr3
= nr’ = R
R .
=>r1r= —/——...()
nl’3

Surface energy of small drop (E () = Surface tension (T )x Area (A)
= E,=nx4mr’T and E ; = 4nR°T

Now, change in energy will be

AE =E_-E  =4nT (nr’ - R?)

. Heat energy per unit volume = =

JX§HR3
S (nP 1) _ar(, R 1)
JVR R/ T PR R
- ??]_T[ n;/s_ %] [from Eq. (i)]
= 3T[1_1]
] r R
Question108

If Y, K and n are the values of Young's modulus, bulk modulus and
modulus of rigidity of any material respectively. Choose the correct

relation for these parameters.
[24feb2021shift1]

Options:

_ 9Kn 2
AY = —SK—nN / m

9K +Y
_ 9K n 2
C.Y = 2n+3KN / m
_ Yn 2
D.K = g—5¢N /m

Answer: D
Solution:
We know that Y = 3K (1 — 20)

- - -..son's ratio
o= 1{1-X)

2 3K
Also,
Y =2n(1 + o)
o= X _ 1

2n

Crarm Aniiatian (i) AanA (i) A hAavA
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1 Y \_ Y
ﬂ“ﬁ)—z—n 1

Y _ Y _ Y _,_ Y
LY
n—-Y
:%=3H—Y

_ _nY
=K = -3
Question109

A hydraulic press can lift 100kg 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.

[24feb2021shift1]
Solution:
100 kg m
1y A,
Hydraulic Lift

100 g mg

% f . eel)
Let m mass can lift M , in second case then
Mg mg ( _ Hd2)

== (A= —
16A, A 4
16

From equation (i) and (ii), we get
Mo ___ 16
16 x 100
M , = 25600kg
Questionl110

Each side of a box made of metal sheet in cubic shape is ' a ' at room
temperature ' T ', the coefficient of linear expansion of the metal sheet
is ' a '. The metal sheet is heated uniformly, by a small temperature AT,
so that its new temperature is T + A T . Calculate the increase in the

volume of the metal box.
[24feb2021shift1]
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Options:
A.3a%« AT
B.4a3« AT

C.3maa AT

D. %Ha3a AT

Answer: A

Solution:

Solution:

AV =VyAT

Since, V = a° and y = 3a
ZAV =3aa AT

Questionll1l

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

AV

fractional compression <~

is 1.36%, the ratio of hydraulic stress to the
corresponding hydraulic strain will be ...............

(Take, density of water is IOOOkgm'3 and g = 9.81ms 2 )

[17 Mar 2021 Shift 2]
Options:

A.1.96 x 10’'Nm™?

B.1.44 x 10'Nm ™2

C.2.26 x 10°Nm™*

D.1.44 x 10°N m™2

Answer: D

Solution:

Solution:
Given, The volumetric strain is % = 1.36%
The depth beneath the water surface, h = 2km
The pressure inside the water surface up to 2km,
p = pgh
Substituting the values in the above equation, we get
p = 1000 x 9.81 x 2000
p = 19.62 x 10°Pa
The bulk modulus of the object,

= _P_
b= av

\Y

Substitutina the values in the above eauation. we aet
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19.62 x 10°
1.36
100
B =1.44 x10°N /m?
Hence, the ratio of the hydraulic stress to the corresponding hydraulic strain will be 1.44 x 10°N / m?.

B =

Questionl12

Two separate wires A and B are stretched by 2Zmm and 4mm
respectively, when they are subjected to a force of 2N . Assume that both
the wires are made up of same material and the radius of wire B is 4
times that of the radius of wire A. The length of the wires A and B are in

the ratio of a : b. Then, % can be expressed as %, where x is
[18 Mar 2021 Shift 1]

Answer: 32

Solution:

Solution:
Given,
The change in the length of the wire A, AL, = 2mm = 0.002m

The change in the length of the wire B, AL; = 4mm = 0.004m
The force subjected to the wire, F = 2N

r
The radius of the wire B is 4 times the radius of the wire A, i.e., r—B = %

A
Since, the wire is made of the same material, so the Young's modulus of the elasticity of the wire is same.

= Y,=Yg
Using Hooke's law,
Stress =Y (Strain)

F_ (AL
K‘Y(T)
- 1= YALA
L L Ya By Ay Fp
LB YB AB B FA
L La_ Ya 0002 1 2
L, ¥,70002  qr2°2
L La_ 0002 T
L, 0.004 16r,2
L Lha_a_ 1
L,” b~ 32

Comparing this equation with 1 / x, we get the value of the x is 32 .

Questionl113

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
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1 x 105Pa, density of water is 103kgm_3, g= 10ms 2 )
[16 Mar 2021 Shift 1]

Options:

A. %%
B. %%

S50
C. 200 0

30
D. 200 %

Answer: A

Solution:

Solution:

Given, pressure on submarine at a certain depth,

p, = 3 x 10°Pa

Since, we know that at a certain depth or below the surface of a liquid of density p, pressure is given as
p; = Py + pgh

= 3x105=p0+pgh

= 3x10°=1x10°+pgh (~p,=1x 10°Pa)

= 3x10° -1 x 10° = pgh

= 2 x 10° = pgh....(I)

When the depth is doubled, then final pressure will be
Ps =Py +pg2h =1 x 10° + 2(pgh)
=1x10°+2(2x10% [using Eq. (i)]
=1x10°+4x10°

= p; =5x 10°Pa

.. Percentage increase in pressure

= PPy g0 = (523)1X107, 400 - 200,
p; 3x 10 3
Questionl14

Consider a water tank as shown in the figure. It's cross-sectional area is
0.4m?. The tank has an opening B near the bottom whose cross-section

area is 1cm?”. A load of 24Kkg is applied on the water at the top when the
height of the water level is 40cm above the bottom, the velocity of water

coming out the opening B is vims™'. The value of v, to the nearest
integer, is (Take value of g to be 10ms 2 )
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24 kg
MHM A

B

[18 Mar 2021 Shift 2]

Answer: 3

Solution:

Solution:

Given, cross-sectional area of the tank, A = 0.4m?>
Cross-sectional area of the opening at B,

A =4cm? =1 x 10 *m?

Load applied on the top of the tank,

m = 24kg

Height of the water level, h = 40cm

From the figure,

24 kg

40 cm

B ":.'-.I-".
Using the Bernoulli's principle equation,

2
mg PVa _ PVp
Py + A+pgh+ 5 Py + 5
2 1000 x v2
o0+ 2810 4 000 x10x 04+ 2O g 21 VE
0.4 2 2
vy = 3m/s

Hence, the value of v to the nearest integeris 3.

Questionl15

What will be the nature of flow of water from a circular tap, when its
flow rate increased from 0.18L/min to 0.48L/min ? The radius of the tap

and viscosity of water are 0.5cm and 107 3Pa - s, respectively.

(Density of water = 103kg/m3 )
[16 Mar 2021 Shift 2]

Options:

A TTnctaandxr tn ctaadxr flawnr
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B. Remains steady flow
C. Remains turbulent flow
D. Steady flow to unsteady flow

Answer: D

Solution:

Solution:
As we know that the nature of flow of water is determined by Reynold's number,
R = pvD
© n
Here, p = 10°%kgm™3, r = 0.5cm = 0.5 x 10™*m
D=2r=1x10""m
n= 107%Pa—s
0.18 x 1073

_ s 3
Q1 = 0.18L/min = 60 m-/s
: 0.48x107% 3
02 = 0.48L/min = — 60 m-/s
. Q
Also, v = %--Vl = —12
r ar

Also, v = %V = Q_

IIr IIr
v,D D

‘R, = pviD _ pQé
initial n T n

II
10°x 0.18 x 1073 o 1 x 1072
m % (0.5 % 1072) x 60 1073
= 381.97 ~ eq382
D
andR, = pvD _ pQ,D
final ]'] Han

_ 10°x0.48x10°x1x107?
mx (0.5x107%)%x60x 1073
=1019.09
We know that,
When R, < 1000, the flow of water is considered to be steady.
When 1000 < R, < 2000, the flow of water becomes unsteady.
When R, > 2000, the flow of water becomes turbulent.
As the Ref value lies in between 1000 and 2000 and

inal

R, value is less than 1000 , so the nature of flow of water will be steady flow to the unsteady one.

initial

Questionl16

When two soap bubbles of radii a and b(b > a) coalesce, the radius of
curvature of common surface is
[17 Mar 2021 Shift 1]

Options:

A. ab

B a+b

C b—a
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ab
D. a+b

Answer: A

Solution:

Solution:

When two soap bubbles of radii a and b(b > a) coalesce, it can be shown as follows

Pressure inside the bubble 1, p, = p, + %

where, p, is the initial pressure,

T is the surface tension
and a is the radius of the bubble 1.

Similarly, pressure inside the bubble 2, p, = p, + 4T

b
where, b is the radius of the bubble 2 .
Excess pressure at common surface is given by
pex = pl - p2
Let, r be the radius of common surface, then

< A (o 5T, T

r 0 a 0 b
AT _ 4T 4T 1_1 1 1_b-a
= V= - 2 = = = ==
r a b r a b r a
=r = ba—ba' which is the required expression for radius of curvature at common surface.
[ ]
Questionl117

Two wires of same length and radius are joined end to end and loaded.
The Young's modulii of the materials of the two wires are Y, and Y ,.

The combination behaves as a single wire then its Young's modulus is :

[25 Jul 2021 Shift 1]

Options:
__2Y.Y,
AY = 3(Y,+Y,)
— 2Y1Y2
B.Y T Y, +Y,
— Y1Y2
C.Y = 2(Y, +Y,)
— Y1Y2
D.Y Y, +Y,
Answer: B
Solution:
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In series combination Al =1, +1,

_F/A _Fl
=AM T ay
]
:A]a?

Equivalent length of rod after joing is = 21
As, lengths are same and force is also same in series
Al = Al +Al,

le 1 .1 21 1 .1
Y., Y, 'Y, 7Y TV Y,
_2Y1Y2
Y, +Y,
Questionl118

The length of a metal wire is 1, when the tension initis T, andis 1,
when the tension is T ,. The natural length of the wire is :

[20 Jul 2021 Shift 2]
Options:
AVIL,

B 11T2_12T1
' TZ_Tl
C 1,T,+1,T,
T2+T1
1, +1,
2

Answer: B

Solution:

Questionl119

The value of tension in a long thin metal wire has been changed from T ,
to T ,. The lengths of the metal wire at two different values of tension
T, andT , are 1, and 1, respectively. The actual length of the metal wire

is :
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Options:

A T112_T211
TI_TZ
T1, —-T.1
1M1 212
B'—T —

1 2

D.VT 1T 21 11 2
Answer: A

Solution:

Solution:

_ FL
Y_AAL

Tly, _ T,

M, -1, AQ,-1,
=T1(12_10)
T,0,-1,)

T, =T,ly=T1,-T,1,

(T, =T, =T,1,-T,l,

1. = (T112_T211)

0 T,-T,

=>Y=A

Questionl120

A stone of mass 20g is projected from a rubber catapult of length 0.1m
and area of cross section10~°m? stretched by an amount 0.04m. The

velocity of the projected stone is
(Young's modulus of rubber = 0.5 x 10°N / m? )

[27 Jul 2021 Shift 1]

By energy conservation
1 YA »2_1 »

E . T . X EmV

0.5x10°x 107°x (0.04)> _ 20
0.1 ~ 1000

~v: =400

v=20m/s
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Questionl21

The area of cross-section of a railway track is 0.01m?2. The temperature
variation is 10°C. Coefficient of linear expansion of material of track is

107>/ °C. The energy stored per meter in the track is J /m.

(Young's modulus of material of track is 10'1'Nm™2)

[22 Jul 2021 Shift 2]

Answer: 5

Solution:

Solution:
Elastic energy = %( strain )?x Area x length

= Elastic energy per unit length = %( strain)®x Area
(strain = 2L = aAT =107 x 10 = 107*)

1
11
= 13 x (1074?x 1072 =5] /m

Questionl122

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) :

----------
---------
__________

[27 Jul 2021 Shift 1]

Options:
A
A. 52

B. None of these

2a
C. N

n a
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Answer: C

Solution:

For no sliding

f = pav2

umg = pav’

ppAhg = pa2gh
2a

n= N

Option (3)

Questionl123

A raindrop with radius R = 0.2mm falls from a cloud at a height

h = 2000m 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 :

[Density of water f , = 1000kgm 3 and Density of air

f,=1.2kgm™? g = 10m /s>

Coefficient of viscosity of air = 1.8 x 10"°Nsm™? ]

[27 Jul 2021 Shift 2]
Options:

A. 250.6ms™*

B. 43.56ms ™!
C.4.94ms™!

D. 14.4ms™!

Answer: C

Solution:

At terminal speed
a=20
F net =0
mg = F , = 6nnRv
= Mg
onnRv
4113
_ Pv3 RY
6onR
_ 2p,R%g 400
~ 9n T~ 81
=4.94m /s

m/s
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Questionl124

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 stream of water

strikes the ground at the maximum range is ___ m.

[27 Jul 2021 Shift 2]

Answer: 6

Solution:

Solution:

R C Ll TR T
Bl il i Ty Mgl il

Pl | [—> v=1/2gh
e Iuw

W

— (12 —-h) x 2
R=V X | ===
2gh \/ g

Vv4h(12 -h) =R

For maximum R

dR _p

dh ~
=h = 6m

Questionl125

Two spherical soap bubbles of radii r; and r, in vacuum combine under
isothermal conditions. The resulting bubble has a radius equal to :

[25 Jul 2021 Shift 2]
Options:

o
r, +r,

A.

B. \/1“1r2

C. \/1‘12 + 1"22

r,+r,

D. —
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Solution:

no. of moles is conserved
Il1 + Il2 = I13
PV, +PV,=PV

%(%Hrf)_'_éls 4] = 45|

— | =or
2

r, '3
2 2 .2
r“+r,” =r,

T2
Iy = yr’+r,

Questionl126

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 :

[20 Jul 2021 Shift 2]

Options:

W=
—

A 2

Wl

B.1:2
C.2:1
D.1:2

Answer: A

Solution:

Solution:

4 o34 o3 _4 o3
3HR +3nR—3nR

1
R =23R....... (i)
A, = 2[4nR?]
A; = 4nR”

Ui A 2R i

TT A T A2/3n2
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Questionl127

A uniform heavy rod of weight 10 kg ms~?2, cross-sectional area 100cm?

and length 20 cm is hanging from a fixed support. Young's modulus of
the material of the rod is 2 x 10''Nm™2. Neglecting the lateral

contraction, find the elongation of rod due to its own weight.
[31 Aug 2021 Shift 1]

Options:
A.2x10°m
B.5x 10 °m
C.4x10 %m
D.5x 107 m
Answer: D
Solution:

2

—~oo -

=i~-+ of rod, w = 10 kgms~
section, A = 100cm? = 100 x 10™*m?
Length of rod, I = 20cm = 20 x 10™*m

" oix
X

Young's modulus (Y) = 2 x 10''Nm~
Let, elongation = Al

2

dmgx
AAI

Mass of element dx at distance x, dm = %dx

(Z9)

I xd x

AY
mgx-, 1
m2|o
=>Al=gﬁ

ATY 2

_mgl _ wl

T 2AY 2AY

_ 10 x20x 1077

2%x100x%x107*x 2 x 10"
=5x10""m

Since, Young's modulus, Y =

Questionl128

Section B : Numerical Type Questions

AT - - L. . __ 171 &_ a_T1_ . __ a_. . A _.__al. _C L]

_— 2 W e . - 2 . W
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decreases by 0.5%. (The bulk modulus of rubber
Density of sea water = 103 kg m~3, g=9.8m/ s%)

[31 Aug 2021 Shift 1]

Answer: 500

Solution:

05
100
Bulk modulus of rubber, B = 9.8 x 10°Nm ™2
Density of sea water, p = 10°%kgm ™

Acceleration due to gravity, g = 9.8ms™
Let h be the depth at which ball is dipped.

Since, B = Ap_

Given, decrease in volume (AV/V) = —

2

Y

where, Ap is change in pressure = pgh
~pgh = -BLY

~h = —pl—gB%/

Sh = —10319.8 x 9.8 x 10° x (—%

=05x%x10%"3"2=0.5x%x10°=500m

Question129

= 9.8 x 108Nm2.

Four identical hollow cylindrical columns of mild steel support a big
structure of mass 50 x 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.

[Use, Y = 2.0 x 10" Pa, g = 9.8m / s?].

[31 Aug 2021 Shift 2]
Options:

A.3.60x 1078

B.2.60 x 1077
C.1.87x1073

D.7.07 x 1074

Answer: B

Solution:
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Given that, r=50cm, R =100 cm
Mass supported on four columns, M = 50 x 103kg

Mass supported on each column, m = %
3
—m = w — 12.5 x 10°kg

Now, weight, w = mg = 12.5 x 9.8 x 10°N = 1225 x 10°N
Area of cross-section of each column

A=naR*-r1?

= 3.14{(100)* = (50)*} x 10™*m? = 2.35m”

Young's modulus, Y = 2.0 x 10! Pa

By using Hooke’s law,

Stress = Y x Strain

. : . _ Stress _ W
. Compressive strain = = " Ay
Substituting the values, we get
5
Compressive strain = 1.225x 10 =2.60x 107"

2.35 % 2.0 x 10!

Question130

Wires W, and W, are made of same material having the breaking stress
of 1.25 x 10°N / m?. W, and W, have cross-sectional area of 8 x 10™"m?

and 4 x 10~ "m?, respectively. Masses of 20kg 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 = 10m / sz)

LA
W;
[ 20k
W
[ ]10kg

—

__S Pan

[27 Aug 2021 Shift 2]

Answer: 40

Solution:

Solution:

Given, breaking stress of wires 1 and 2 are 0, = 0, = 1.25 x 10°N / m*
Cross-sectional area of wire 1,

A, =8x10""m?

Cross-sectional area of wire 2,

A,=4x10""m?

Mass hanging from first wire, m, = 20kg Mass hanging from second wire,
m, = 10kg

Acceleration due to gravity, g = 10ms™
Let m be the maximum mass placed in pan without breakina the wire.

2
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Ty
20 kg
[F]
10 kg

mg

. _ Tension (T)
Since, stress(o) = Area(d)
T1 = crA1

=1.25%x10°x8x 107"
=10.00 x 10 = 1000N

and T, = 0A,

=1.25x10°x4x 107"

=5.00 x 10°> = 500N

By using concept of tension in string
T2 = (10 + m)g

= 500 =(10+m)10

= m =50-10 = 40kg

Questionl131

Two blocks of masses 3 kg and 5 kg are connected by a metal wire going
over a smooth pulley. The breaking stress of the metal is

( % ) x 10°Nm™ . What is the minimum radius of the wire?
(Take, g = 10ms™2)

/!

[26 Aug 2021 Shift 2]
Options:

A. 125 cm

B. 1250 cm

C.125cm

D. 1.25 cm

Answer: C

Solution:

Solution:
_. ) .. o 24 . o _ _o
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E

where, a is common acceleration.

Value of acceleration due to gravity, g = 10ms™
From free body diagram of block of mass 5 kg
59 - T = 5a

=25x10-T=>5a

=50 - T =5a...()

Free body diagram of 3 kg block is given as

T
L—.
3g
From free body diagram of block of mass 3 kg,
T—-3g=3a
=T-3x10 = 3a
=T - 30 = 3a ...(ii)
Add Egs. (i) and (ii), we get
50-T+T—-30=5a+ 3a
=20 = 8a
=a=2.5ms"
Substituting the value of a in Eq. (i), we get
50-T=5x%x25
=>T=375N
Let us assume the minimum radius of wire is r.

The breaking stress is expressed as
_ T

1'[1'2

%x102=
I ar
2_ 375 _ 1

T 24x 10> 64
_1__100 _
=>r= 8m 8 cm=12.5cm

Thus, the minimum radius of wire should be 12.5 cm.

2

2

37.5
2

=T

Questionl132

In Millikan's oil drop experiment, what is viscous force acting on an
uncharged drop of radius 2.0 x 10 °>m and density 1.2 x 103kgm_3 ?

Take viscosity of liquid = 1.8 x 10" °Nsm 2. (Neglect buoyancy due to
air).
[27 Aug 2021 Shift 1]

Options:

A.3.8x 107N
B. 3.9 x 1071°N
C.1.8x 107N

D. 5.8 x 107N
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Solution:

Solution:

Given, radius of oil drop, r = 2.0 x 10™°m

Density of oil drop, p = 1.2 x 10°%kgm ™3

Viscosity of liquid, n = 1.8 x 10"°Nsm"~

To neglect buoyancy, consider the density of air, pa =0

Viscous force acting on drop can be given as

F = 6mnrv ...(i)

Here, v is terminal velocity.

The terminal velocity of drop can be given as
_2r’(p-p,)g

v = —9n

_2x(2.0x107°)%1.2x10°-0) x 9.8

9x1.8x107°

=5.807 x 10" %ms™!

Substituting all values in Eq. (i), we get

F=6mx1.8x107°%x2.0x107°x5.807x 107>

=3.94 x 107N

=3.9x 107N

2

=V

Questionl133

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 10'2Nm'1, angle of contact
= 0, g = 10ms~? and density of water = 1.0 x 10°kgm™> ]
[26 Aug 2021 Shift 1]

Options:

A. 3.62mm
B. 2.19mm
C. 5.34 mm
D. 4.97 mm

Answer: B

Solution:

Solution:
The given situation can be shown as below.
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P Pl T T REE RS S
iy A

el x o

(h+y) | =2z e

B R orr et ny -~ Pg_]

o SRR e b gt

Points A and B are at same horizontal level.
So, the pressure at A and B will be equal

i.e. Py =Dg:---- (i)

If p, is the atmospheric pressure, then from Bernoulli's theorem,

2T
pA=po—r—A+(h+y)pg

_ 2T
Pg =Py~ 1~ + pgy
B
Substituting the value of p, and p; in Eq. (i), we get

2T 2T
P~ t(h+ylpg =p, — = +pgy

A B
1_1

ﬁZT(r——r—) = pgy — (h +y)pg
B A
1_1y__

:ZT(g r—A) = —pgh

or2T(l - l) = cgh ...(ii)
rA I«B

Here, r, = 2.5mm = 2.5 x 10°m,

and T=7.3x10"°N/m,

r,=4mm=4x10"’m,g=10m/s*and p =1 x 10°kgm"

Substituting the given value in Eq. (ii), we get
o 2%7.3x1072 1 1
1x10°x10 '25x107% 4x107°
ho2x73x107%( 1 1
1073 x10* '25 4

h=2.19%x10"m = 2.19mm

3

Questionl134

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.
[26 Aug 2021 Shift 1]

Answer: 2

Solution:

Solution:
The given situation is shown below
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<

r, =6cm

r, =3cm

Excess pressure inside the soap bubble is given by
4S | 4S

(Ap)excess = r_A + g

According to the given question,

Question135

A steel rod with Y = 2.0 x 10''Nm ™2

and a = 10°°C™! of length 4m and area of cross-section 10cm? is heated
from 0°C to 400°C without being allowed to extend. The tension

produced in the rod is x x 10°N, where the value of x is .......... .

[1 Sep 2021 Shift 2]

Answer: 8

Solution:

Solution:

Given, the Young’s modulus of the steel rod, Y = 2 x10!! Pa
Thermal coefficient of the steel rod, a = 107°2C

The length of the steel rod, | =4 m

The area of the cross-section, A = 10 cm?

The temperature difference, AT = 400°C

As we know that,

Thermal strain = a AT

Using the Hooke’s law

F
_ Thermalstress _ A

" Thermalstrain  aAT
Thermal stress, F = YA o AT

Substitute the values in the above equation, we get
F=2%10lv 10« 1074 % 107% % (4nn\

Young's modulus (Y)
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Comparing with, F = x x 10°N
The value of the x = 8.

Questionl136

A body of mass m = 10kg is attached to one end of a wire of length
0.3m. The maximum angular speed (in rad s~! ) with which it can be
rotated about its other end in space station is (Breaking stress of wire
= 4.8 x 10’N m~2 and area of cross section of the wire = 10~ %cm? ) is

[9 Jan 2020 I]

Answer: 4

Solution:

Solution:

Given : Wire length, 1 = 0.3m
Mass of the body, m = 10kg
Breaking stress 0 = 4.8 x 10’N m™
Area of cross-section, a = 10™%cm?
Maximum angular speed w = ?

T =Mlw?

2

, (48 x107)(1079)
Swh = 10 x 3

=16 2w, =4rad/s

Question137

Two steel wires having same length are suspended from a ceiling under
the same load. If the ratio of their energy stored per unit volume is

1 : 4, the ratio of their diameters is:

[9 Jan 2020 II]

Options:
AvV2:1
B.1:2
C.2:1
D.1:V2

Answer: A
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Solution:
If force F acts along the length L of the wire of crosssection A, then energy stored in unit volume of wire is given by

Energy density = % stress times strain

—2XAXAY(. stress Aand strain AY)
_1F®> 1F*x16 _1F*x16

T2A%Y  2(md?)?y 2 mdYv

y : u, d,\*_d, 1/4
If u, and u, are the densities of two wires, thenu— = I = I = (4) =
2 1

Questionl138

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)

¢le el

11| 2| — | 60°C
— 17 | 21 | 30°C
2l || == 17 | 60°C

L 1/ 7] 86

The value of 0 (in °C to the nearest integer) is .
[8 Jan. 2020 II]

Answer: 50

Solution:

Solution:
Let Q;, Q,, Q; be the temperatures of container C,, C, and C, respectively.

Using principle of calorimetry in container C,, we have (8, — 60) = 2ms(60 — 6)
=06, — 60 =120 -26

=6, =180 —20...... (i)

For container C,

ms(6, — 30) = 2ms(30 — 0)

=0, =90 —263 ....... (i)

For container C,

2ms(6; — 60) = ms(60 — 0)

=20, —120=60-06

=20, + 6 = 180

Adding (i), (ii) and (iii)
30, + 36, + 36, = 450
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=30 = 150 = 0 = 50°C

Question139

A leak proof cylinder of length 1m, made of a metal which has very low
coefficient of expansion is floating vertically in water at 0°C such that
its height above the water surface is 20cm. When the temperature of
water is increased to 4°C, the height of the cylinder above the water
surface becomes 21cm. The density of water at T = 4°C, relative to the
density at T = 0°C is close to:

[8 Jan 2020 (I)]

Options:
A.1.26
B. 1.04
C.1.01
D.1.03

Answer: C

Solution:

Solution:
When cylinder is floating in water at 0°C

Net thrust =A(h, — h )p,-.g

= A(100 - 80)p,-.&

100 cml '
0=C

When cylinder is floating in water at 4°C

Net thrust =A(h, —h,)p,-.g

= A(100-21)p,. g

ﬁizlcm
i

4°C

& _80_ 1.01
P 79

Question140

N _ __ _* T _ __ — _We ® _ W _ __ _ - £~ W w _ T
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densityp(r) = p, ( 1 - ;—22 ) y 0 <r = R. The minimum density of a liquid in

which it will float is:
[8 Jan 2020 (I)]

Options:

A =
B. =
C. =

D. =+
Answer: C

Solution:

Solution:
For minimum density of liquid, solid sphere has to float (completely immersed) in the liquid.
mg = F ;(alsoV =V

immersed total )

4
orfpdV = §HR3p1

2
[p(r)=p0(1—%)0<rngiven

R an (1 r’ 24 _4R3
:>£p011 Y .ridr = ZnR’p,

3 5 1 R

r_r_ 4R
=4np0[3 5R2]0 3HRpl
41‘[p0R3 2 4 _;
T3 X573

2p
P=5

[ ]

Questionl41

______________ 5m

g "

Two liquids of densities p, and p,(p, = 2p,) are filled up behind a square

wall of side 10m as shown in figure. Each liquid has a height of 5m. The
ratio of the forces due to these liquids exerted on upper part M N to
that at the lower part N O is (Assume that the liquids are not mixing):
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Options:
A.1/3
B.2/3
C.1/2
D.1/4

Answer: D

Solution:

Solution:

=
NN

(9]
Let P,, P, and P, be the pressure at points M, N and O respectively.
Pressure is given by P = pgh
Now, P, = 0("h = 0)
P, = pg(5)P, = pg(15)
= 15pg

(P, +P,)
Force on upper part, F | = TA
(P, +P,)
Force on lower part, F, = 5 A
i Spg 5 1
F, 20pg 20 4
[ ]
Question142

Water flows in a horizontal tube (see figure). The pressure of water
changes by 700N m~2 between A and B where the area of cross section
are 40cm? and ZOcmz, respectively. Find the rate of flow of water
through the tube. (density of water = 1000kgm“3)

A

[9 Jan. 2020 (I)]
Options:

A.3020cm® /s

B. 2720cm>/ s

C. 2420cm>/ s

D.1810cm?/s
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Solution:

Solution:

According to question, area of cross-section at A aA = 40cm? and at B, aB = 20cm?

Let velocity of liquid flow at A, =V ,andatB, =V,

Using equation of continuity a,V , = a,V 4

40V, =20V

=2V, =V,

Now, using Bernoulli's equation

P, +1pv,2=P, +1pv 2sp, P =1pv -V 2

2 A B 2 B A B 2 B A

2

( 2 VB) 3V
1000 {V* =~ | =AP =500 x —

2
1

_ [ (AP) x4 _ [(700) x 4 _ 2
B—\/ 1500 — 1500 m/s =1.37x%x10°cm /s

Volume flow rate Q = a; X v
=20 x 100 x V= 2732cm’ / s =2720cm®/ s

=V

Question143

An ideal fluid flows (laminar flow) through a pipe of nonuniform
diameter. The maximum and minimum diameters of the pipes are 6.4cm
and 4.8cm, respectively. The ratio of the minimum and the maximum

velocities of fluid in this pipe is:
[7 Jan. 2020 (I1)]

Options:

A.

>l

N|5o|

B.

C.

~lwW

81
D. ﬁ

Answer: A

Solution:

Solution:

From the equation of continuity

Ay = Ay,

Here, v; and v, are the velocities at two ends of pipe.
A, and A, are the area of pipe at two ends

Ouestion1414
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A small spherical droplet of density d is floating exactly halfimmersed
in a liquid of density p and surface tension T. The radius of the droplet
is (take note that the surface tension applies an upward force on the

droplet):

[9 Jan. 2020 (ID)]

Options:

A r= 2T

B.r= T

_ T
C.r= YV Ta+0g

D.r=\/ 3T

(2d - p)g

Answer: D

Solution:

Solution:

For the drops to be in equilibrium upward force on drop = downward force on drop

2

T .2nR = %HR3d g-2

3

~T (2nR) = 20R3(2d — p)g

3
R2

_ 3
=T = 3(2d _p)gﬁR_ \/(Zd

Question145

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
[NA 7 Jan. 2020 I]

Answer: 60
Solution:
Solution:

Volume, V = Ibh
.y= AV _ AL Ab

+ ==+ 5=

\% 1 b
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=60x10°%/°C

. Value of C = 60.00

Questionl146

M grams of steam at 100°C is mixed with 200 g of ice 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 II]

Answer: 40

Solution:

Solution:

Using the principal of calorimetry
L; + m,; (40 — 0)C,,
100 — 40)C,,

Mice ice
=m L.+m

stream v stream (

=>M (540)+ M x 1 x (100 — 40)
=200 x 80+ 200 x 1 x40

=600M = 24000
=>M =40g

Questionl147

If the potential energy between two molecules is given by U = -2 + B
r

120
1‘12

then at equilibrium, separation between molecules, and the potential

energy are:

[Sep. 06, 2020 (I)]

Options:
1

A (%)%~
1

5. (2)%.0

Answer: C
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A, B

Given: U = =2 +
rﬁ r12
For equilibrium,
F =98 - —(a-6r) + B(-12r7) = 0

~0=06A_12B_ 6A _ 1
r 13 12B ~ ;6

i 2B\1/6

.. Separation between molecules, r = (T)

Potential energy,
_(2B\'/¢) _ A B
U(r—(A) )_ 2B/A+4B2/A2
-A*  A*  —A?

2B T1B "~ 4B

Question148

A hollow spherical shell at outer radius R floats just submerged under
the water surface. The inner radius of the shell is r. If the specific

gravity of the shell material is % w.r.t water, the value of r is:

[5 Sep. 2020 (I)]

Options:
A SR
B. ZR
C.£R

D. 3R

1
3
Answer: A

Solution:

Solution:
In equilibrium, mg = F
F g = Vp,g and mass = volume x density

éH(R3 —r)pyg = érIR3pwg

3 3
Given, relative density, Po _ 27
w 8
r\3127_  _
~[1- () [5ea=o.
-9 4 1l 2_ 1
327 3 R3 3 3
:E_(E)US _r_3=£
R 3 327
R’ 27~ 27
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Question149

An air bubble of radius 1cm in water has an upward acceleration
9.8cms 2. The density of water is 1gm cm™> and water offers negligible

drag force on the bubble. The mass of the bubble is (g = 980cm / s?)
[4 Sep. 2020 (I)]

Options:

A. 4.51gm
B. 3.15gm
C.4.15gm
D. 1.52gm

Answer: C

Solution:

E

oy ant
Ta
mg

(c) Given:
Radius of air bubble = 1cm,

Upward acceleration of bubble, a = 9.8cm / s*
-3

pwater = lgcm
Volume V = 4?Hr3 = A%H ><(1)3 =4.19cm>
F —mg =ma=m= F buoyant
buoyant g +a
\% A%
me VP9 _ Vo, _ (4.19)x1 _4.19 _ 4.15¢
gt+a 148 14398 1.01
980
[ ]
Question150

Two identical cylindrical vessels are kept on the ground and each
contain the same liquid of density d . The area of the base of both
vessels is S but the height of liquid in one vessel is x, and in the other,

X,. When both cylinders are connected through a pipe of negligible

volume very close to the bottom, the liquid flows from one vessel to the
other until it comes to equilibrium at a new height. The change in
energy of the system in the process is:

[4 Sep. 2020 (II)]

Options:
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A. gd S(x,” +x,%)
B. gd S(x, + x,)°
C. 2gd S(x, — x,)?
D. 1gd S(x, — x;)
Answer: D

Solution:

Solution:

..........

v

Initial potential energy,

X )
U, = (pSx,)g . 5t (pSx,)g . 5
Final potential energy,

X
U, = (prf)g.7f X 2

By volume conservation,
Sx, + Sx, = S(2x;)

When valve is opened loss in potentail energy occur till water level become same.

_X1-|'X2
=T
AU =U, -U,
XZ 2
AU=pSg[(%+% xfz]
2 2
X X X, +x, |2
=oso[ Y+ - (252
X2

Questionl151

A fluid is flowing through a horizontal pipe of varying crosssection, with
speed vins ! at a point where the pressure is P Pascal. At another point
where pressure is g Pascal its speed is Vms™'. If the density of the fluid

is pkgm_3 and the flow is streamline, then V is equal to :

[6 Sep. 2020 (II)]

Options:

A. \/£+V
p
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B. \/z—pp+v2

C. \/£+V2
2p

D. \/B+v2
p

Answer: D

Solution:

Solution:
Using Bernoulli's equation
1
P, + 12pv12 +pgh, =P, + EpV22 + pgh,
For horizontal pipe, h, = 0 and h, = 0 and taking

P
P, =P P, =§,we get

1 2_P_ 142

:>P+2pv—2+2pV
Pl o 1o
2y TPV =PV

P

=SV = | vi 4=

(v

Question152

In an experiment to verify Stokes law, a small spherical ball of radius r
and density p falls under gravity through a distance h in air before
entering a tank of water. If the terminal velocity of the ball inside water
is same as its velocity just before entering the water surface, then the

value of h is proportional to :
(ignore viscosity of air)
[5 Sep. 2020 (ID)]

Options:
A rt
B.r
c.r’
D. r’

Answer: A

Solution:

Using, v* — u® = 2gh
=v? — 0% = 2gh = v = v2gh
Terminal velocity,
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2 —
v, = 2ol
9 n
. . . Lo = _2r(p—o)g
After falling through h the velocity should be equal to terminal velocity..v2gh = 3 1
_4r'g’(p-o0)’
=2gh = 81 T]Z
=h = ZIAL_ZU)Z =h «rt
8leta
[ ]
Question153

When a long glass capillary tube of radius 0.015cm is dipped in a liquid,
the liquid rises to a height of 15cm within it. If the contact angle
between the liquid and glass to close to 0°, the surface tension of the
liquid, in milli Newton m™", is [py;quiq) = 900kgm™, g = 10ms™?]

(Give answer in closest integer)

[NA 3 Sep. 2020 (I)]

Solution:

Given : Radius of capillary tube,
r=0.015cm = 15 x 10"°mm
h=15cm = 15 x 10 ?mm

Using, h = 2T;Os’e[cose = co0s0° =1]
Surface tension,
-5 -2
T = rthg _15x10 "x15 ><210 X900 x 10 _ 101 milli newton m-"

Questionl154

Pressure inside two soap bubbles are 1.01 and 1.02 atmosphere,
respectively. The ratio of their volumes is :
[3 Sep. 2020 ()]

Options:
A.4:1
B.0.8:1
C.8:1

D.2:1

A nncxarnwe. M

Get More Learning Materials Here : & m @) www.studentbro.in



Solution:

Solution:

According to question, pressure inside, 1 st soap bubble,
4T .

AP, =P, —P,=10.01 = R (i)

1

4T .
And AP, = P — P = 0.02 = T~ ....ii)

Dividing, equation (ii) by (i),

1_R,
§=R_1$R1=2R2
Volume V = % < nR3
v, RZ? 8RrR?

Question155

A capillary tube made of glass of radius 0.15mm is dipped vertically in a

-1

beaker filled with methylene iodide (surface tension = 0.05Nm -,
density left. = 667kgm'3) which rises to height h in the tube . It is
observed that the two tangents drawn from liquid-glass interfaces (from
opp. sides of the capillary) make an angle of 60° with one another. Then

h is close to (g = 10ms?).
[2 Sep. 2020 (II)]

Options:

A. 0.049m
B. 0.087m
C.0.137m
D. 0.172m

Answer: B

Solution:

Given, Angle of contact® = 30°
1sion, T = 0.05N m™*

nauius vl \_api”ary tUbe, r=0.15mm = 0.15 x 10_3m

Density of methylene iodide, p = 667kgm_3

U
L} &
--III'I .l

#*

30° " y
% 60°/
‘_:‘_:r

2T cos©

naorTr

Capillaryrise, h =
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2xo.05x‘/2—3

= = 0.087m
667 X 10 x 0.15 x 1073

Question156

Two different wires having lengths L, and L,, and respective
temperature coefficient of linear expansion a,; and a,, are joined end-to-
end. Then the effective temperature coefficient of linear expansion is :
[Sep. 05,2020 (II)]

Options:

A oL + oL,
©O L +L,

B. 2\/0(10(2

o+ o,

C. -5

o065 L)L,

D. 4
o + 04 (L, + L)

Answer: A

Solution:

Solution:
Let L'; and L', be the lengths of the wire when temperature is changed by AT °C.

AtT°CL,, =L, +L,

AtT + A°C

Ly =L+ Ly

SLeg(1 + @ AT) = Li(1 + 0yAT) +L,(1 + 0,AT) L= L(1 + aAT) ]
=(L; + L)1 + a,,AT) =L; + L, +L;ayAT + L,0,AT

_ oLy + oL,

=50 =
e« T L +L,

Questionl57

A bakelite beaker has volume capacity of 500cc 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. If y ;. 1en) = 6% 10~ %C~! and Y(mercury) = 1:3 X 10~ *°C™!, where

gamma is the coefficient of volume expansion, then V_  (in cc) is close

to .
[NA Sep. 03,2020 (I)]
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Answer: 20

Solution:

Solution:
Volume capacity of beaker, V ; = 500cc

\ b \ 0 +V OybeakerAT

When beaker is partially filled with V _ volume of mercury,
1_

V. =V _+V y AT

Unfilled volume (V -V ) =(V, -V 1)

=V Ovbeaker = meM
Vo = 4 Oyheaker
m yM )
or, Vm = % = 20cc.
0 X
o
Question158

When the temperature of a metal wire is increased from 0°C to 10°C, its
length increased by 0.02%. The percentage change in its mass density

will be closest to :
[Sep. 02, 2020 (ID)]

Options:
A. 0.06
B. 2.3

C. 0.008
D.0.8

Answer: A

Solution:

Solution:

Change in length of the metal wire (Al ) when its temperature is changed by AT is given by

Al =1aAT
Here, a = Coefficient of linear expansion
Here, Al = 0.02%, AT = 10°C
e = Al _ _ 0.02
IAT 100 x 10
sa=2x10"°
Volume coefficient of expansion, y = 3 = 6 x 107>
. M
p = v

AV—Vx100=yAT =(6x107°x 10 x 100) = 6 x 102

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

Questionl159
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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). If the 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 3 is:

K, K, K

100°C

70°C  20°C

[Sep. 06, 2020 (II)]

Options:

A K;:K;=2:3,K;<K;=2:5
B.K, <K, <K,
C.K,:K,=5:2,K,:K;=3:5
D.K,>K,>K,

Answer: A

Solution:

Solution:

As the rods are identical, so they have same length (I) and area of cross-section (A). They are connected in series.
So, heat current will be same for all rods.
- (2Q) _ (AQ - (AQ
Heat current = ( At | an ( At ( At | ep
(100 -70)K;A  (70-20)K,A (20-0)K;A
= = =

| | 1

=K ,(100 — 70) = K (70 — 20) = K 4(20 — 0)
=K ,(30) = K ,(50) = K 4(20)

K, K, K,

10 6 15

=>K,:K,:K; =10:6:15
=»K,:K;=2:3

Question160

A bullet of mass 5 g, travelling with a speed of 210 m/s, strikes a fixed
wooden target. One half of its kinetics energy is converted into heat in
the bullet while the other half is converted into heat in the wood. The
rise of temperature of the bullet if the specific heat of its material is
0.030 cal/(g-2C) (1 cal =4.2 x 10’ ergs) close to :

[Sep. 05, 2020 (I)]

Options:
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B. 83.3°C
C. 119.2°C
D. 38.4°C

Answer: A

Solution:

Solution:

According to question, one half of its kinetic energy is converted into heat in the wood.

1 2.1 _
2mv ><2—msAT

2
AT =V 210 x 210

4xs 4x4.2x0.3%x1000

Questionl161

The specific heat of water = 4200] kg_lK ~1 and the latent heat of ice

=3.4 X 105J kg_1.100 grams of ice at 0°C is placed in 200g 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 (I)]
Options:

A. 61.7

B. 63.8

C. 69.3

D. 64.6

Answer: A

Solution:

Solution:
Here ice melts due to water.

Let the amount of ice melts = m,,

I‘anWAe = mice Lice

m = m,s, A0
" ce Lice
0.2 x 4200 x 25
= = 0.0617kg = 61.7
3.4 x 10° g g
Questionl162

A calorimter of water equivalent 20g contains 180g of water at 25°C. ' m

I remvmnmaace nfF cbnanma A+ 1TNNON
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=540 cal g 1, specific heat of water = 1 cal g_1°C_1)
[Sep. 03, 2020 (ID)]

Options:
A 2

B.4

C. 3.2
D.2.6

Answer: A

Solution:
HAaat+ Aivian by Water = mew(T mix — TW)
x (31 — 25)
Heat taken by steam =mL,  +mC (T ,—T )

=m X 540 + m(1) x (100 — 31)

=m X 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

Questionl1l63

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 (I1)]

Options:
A. 31°C
B. 33°C
C. 28°C
D. 35°C

Answer: B

Solution:

Solution:
From Newton's Law of cooling,
T,-T t—K[T1+T2—T ]
1 2v T 2 0
Here ,T, = 50°C, T, = 40°C
andT =20°C, t=600S = 5minutes

-~ an i~ . an
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Let T be the temperature of sphere after next 5 minutes.

Then

40-T _ 40+ T .
: =k - ~20) .....(ii
Dividing eqn. (ii) by (i), we get
40-T _ 40+T -40 _ T
10 50+40-40 50
=>4O—T=T§=>200—5T=T

T =28 =333°C

Questionl164

A load of mass M kg is suspended from a steel wire of length 2m and
radius 1.0mm in Searle's apparatus experiment. The increase in length
produced in the wire is 4.0mm. Now the load is fully immersed in a
liquid of relative density 2 . The relative density of the material of load
is 8 . The new value of increase in length of the steel wire is :

[12 Jan. 2019 (I1)]
Options:

A. 3.0mm

B. 4.0mm

C. 5.0mm

D. Zero

Answer: A

Solution:

F_y Al

lleinA = — v
T Ty T f

L, i

l Mg 15-1g

=AlproptoF ...... (i)
T =Mg

M
T =Mg—fB=Mg—p—.p1.g
b

= (1—5—;)Mg= (1—%)Mg
3

From eqn (i)

Al _T"_3 . ] _
ALCT —4[ Given: Al = 4mm ]
Al=3 Al=3xa=
..A1—4.Al—4><4 3mm
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Question165

A soap bubble, blown by a mechanical pump at the mouth of a tube,
increases in volume, with time, at a constant rate. The graph that
correctly depicts the time dependence of pressure inside the bubble is

given by:

[12 Jan. 2019 (IT)]

Options:
A.

)

P

= =>

N\

log(t)—>

! ;

o —>

-k
|

Answer: D

Solution:

Solution:

V =ctor,2m = ct

3
1

=1 = kt§

AT
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_ 1
P—P0+c(t1/3)

Question166

A liquid of density p is coming out of a hose pipe of radius a with
horizontal speed v and hits a mesh. 50% of the liquid passes through the
mesh unaffected. 25% looses all of its momentum and 25% comes back

with the
[11 Jan. 2019 (I)]

Options:
1 2
A. ZpV
3 .2
B. va

C. %pv2

D. pv2

Answer: B

Solution:

Solution:

Mass per unit time of the liquid = pav

Momentum per second carried by liquid = \pav xv
Net force due to bounced back liquid,

F,=2x [ipavz]

Net force due to stopped liquid, F , = i pav 2

Total force,

F=F,+F,= %pav2 + %pav2 = %pav2

Net pressure = %pv2

Question167

Water flows into a large tank with flat bottom at the rate of 10 *m3s

—-(1)

Water is also leaking out of a hole of area 1cm?” at its bottom. If the
height of the water in the tank remains steady, then this height is:

[10 Jan. 2019 I]
Options:
A.5.1cm

B. 7cm
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D. 9cm

Answer: A

Solution:

Solution:

2 4

Ya

oul

Since height of water column is constant therefore, water inflow rate (Qm)
= water outflow rate

Q,, = 10"*m’™"

Q,, =Au=10""xv2gh

210 =10"*xv20 x h

h=-L
*h=5

m = 5cm

Question168

The top of a water tank is open to air and its water lavel is maintained.

It is giving out 0.74m> water per minute through a circular opening of 2
cm radius in its wall. The depth of the centre of the opening from the
level of water in the tank is close to:

[9 Jan. 2019 (ID]

Options:
A.6.0m
B.4.8m
C.9.6m
D.29m

Answer: B

Solution:

Solution:
Here, volume tric flow rate
= % = r®v = (m x 4 x 10™%) xv2gh

A _74%x100 | 50 740
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740X 740 ..o

=20h = o i x o0 ™ = 10)
_ 74x74

~h = oaxgg =480

i.e., The depth of the centre of the opening from the level of water in the tank is close to 4.8 m

Question169

Two rods A and B of identical dimensions are at temperature 30°C. If A
is heated upto 180°C and B upto T°C, then the new lengths are the
same. If the ratio of the coefficients of linear expansion of Aand Bis 4 :

3, then the value of T is :
[11 Jan. 2019 II]

Options:
A. 230°C
B. 270°C
C. 200°C
D. 250°C

Answer: A

Solution:

Solution:

Change in length in both rods are same i.e.

Al = Al,
lo; AB; = la,AB,
o, A8, ..0‘1_4]

a, A8, ‘a, 3
4_ 08-30

3 180-30

[0 = 230°C]

Questionl170

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]
Options:

A. 25

B. 60
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D. 35

Answer: A

Solution:

Solution:
Let required temperature = T°C
M.P. B.P

(4]

o'c T 100°C
Xy X
3
.
2
: . :
6
oc=X0_*_%
ST C=5-3"%

Questionl71

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

a / °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 I]
Options:
F

* AaAT

F
B. Aa(AT —273)

F
C. 2A0AT

2F
* AaAT

Answer: A

Solution:

Solution:
NS S T stress F/A
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Al Al

o= AT = 1= oAT

_ F

Y = K(aaT)
Questionl72

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]
Options:

K,+K,
’ 2

B.K,+K,

2K, + 3K,

C. 5

K, +3K,
4

Answer: D

Solution:

Solution:

Effective thermal conductivity of system

= KA+ KA,
eq A, +A,

_ K,nR® + K,[n(2R)? - nR?]

- m(2R)?

_ K,(mR) +K,(3nR?) K, +3K,

- AnR? 4

Questionl73

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.

Tho amnint nf ira addad tn thaoa watar wrac clanca Fn
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Specific heat of Ice = 2.1 J/g/°C

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

[11 Jan. 2019 I]
Options:

A. 50g

B.100 g

C.60g

D.40g

Answer: D

Solution:

Solution:

Let m gram of ice is added.

From principal of calorimeter

heat gained (by ice) = heat lost (by water)
520 % 2.1 Xxm + (m — 20) x 334

=50 x%x4.2 x40

376m = 8400 + 6680

m = 40.1

Questionl74

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 II]
Options:

A. 85°C

B. 60°C

C. 80°C

D. 70°C

Answer: C

Solution:

Solution:

Heat loss = Heat gain = mSA®©

So, m,S,A0, = myS;AB,

=100 X S, X (100 —90) =50 x S; x (90 — 75)

25,=158; =S, = 35,

ann ~ RN N -~ ~ i~ -~
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2 % (%) x (100 — 0) = (0 — 50)
300 — 30 = 26 — 100

400 = 50 = 6 = 80°C

Questionl75

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 'K ! and 400

Jkg-l K—l ]
[11 Jan. 2019 II]

Options:
A. 15%
B. 30%
C. 25%
D. 20%

Answer: D

Solution:

Assume final temperature =T °C

= Heat gain = msAT
=mpSpnl g = m S AT
0.1 x400 x (500 —-T)
= 0.5%x4200 x (T — 30) +800(T — 30)
=40(500 —-T) = (T — 30) (2100 + 800)
=20000 — 40T = 2900T — 30 x2900
=20000 + 30 x 2900 = T (2940)
T =30.4°C
AT _ 6.4 — ~10
T x 100 = 30 x 100 = 21%
so the closest answer is 20%.

Questionl76

A heat source at T = 10°K is connected to another heat reservoir at
T = 10°K by a copper slab which is 1m thick. Given that the thermal
conductivity of copper is 0.1WK “Im~!, the energy flux through it in the

steady state is:
[10 Jan. 2019 I]

Options:
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B. 120W m ™2
C. 65Wm™?

D. 200W m™?

Answer: A

Solution:

Termn of Temp. of
- ¢e heat reservorr

1. [e—lm—»
]l"lK 107K

S

( kAAT

kAT

Energy flux, —(

_ (0.1)(900)

1 =90W/m

Questionl77

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_lK -1)

[10 Jan. 2019 II]

Options:

A. 458] kg™ 'K 7!
B. 1232] kg 'K 7!
C.916] kg™ 'K 7!
D. 654] kg~ 'K ~*
Answer: C

Solution:

Solution:

Let specific heat of unknown metal be ‘s’ According to principle of calorimetry, Heat lost
= Heat gain m X sA® = m,s, .. (A0, + m,S + AO,)

=192 x S x (100 — 21.5)

=128 x 394 x (21.5 — 8.4)

Solving we get, +240 x 4200 x (21.5 — 8.4)

S =916] kg 'k*

water
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Questionl78

Temperature difference of 120°C is maintained between two ends of a
uniform rod AB of length 21.. Another bent rod PQ, of same cross-

section as AB and length 32—L , is connected across AB (See figure). In

steady state, temperature difference between P and Q will be close to:
AL L L L LS L

L7 Z
4 |H .

L]
PN Ao o o o A A A AL S A A A | ¥
— s p L » ()

-

[9 Jan. 2019 1]
Options:

A. 45°C

B. 75°C

C. 60°C

D. 35°C

Answer: A

Solution:

Solution:
AT ,; 120 _ 120 x5

R,, 85R B8R

L
MW

L4ZER4 R RAZ LM
120 -
—AW . M- —MWW—s

¥

A Rp P Q RA2 B

In steady state temperature difference between P and Q,
_120%x5 35 _ 360 _ 40
AT p, = 8R X 5R 3 45°C

Questionl179

A uniform cylindrical rod of length L and radius r, is made from a
material whose Young’s modulus of Elasticity equals Y. When this 1
heated by temperature T and simultaneously subjected to a net
longitudinal compressional force F, its length remains unchanged.
coefficient of volume expansion, of the material of the rod, is (near
equal to :

[12 April 2019 II]
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B. 6F / (ur’YT)
C.3F / (ur’YT)

D.F /(3ur’YT)

Answer: C

Solution:
Solution:
Atemp = Aforce
_FL.,_FL _ F

or La(AT) = Y S AT ——
Coefficient of volume expression
r=3a= EF .

ar’Y T

(]

Question180

In an environment, brass and steel wires of length 1m each with areas

of cross section 1mm? are used. The wires are connected in series and
one end of the combined wire is connected to a rigid support and other
end is subjected to elongation. The stress required to produce a net
elongation of 0.2mm is,

[Given, the Young's modulus for steel and brass are, respectively,

120 x 10°N / m? and 60 x 10°N m?]
[10 April 2019 II]

Options:

A. 1.2 x 10°N / m?
B. 4.0 x 10°N / m?
C.1.8 x 10°N / m?
D. 8 x 10°N / m?

Answer: D

Solution:

Solution:

Brass Steel —>

RN

Stress
(T)

oL, oL,

Young modulus, Y =

Let o be the stress

T _r_ 1 _1_ . _._1'_._ A1
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A, =o[ -+ |01, =L, = 1m]

net Yl Y2
Y Y
— 1- 2
U_AI(Y1+Y2
_ 3. (120 x 60 o 6N
—0.2x10 x( Too ) X 10° =8x10°2
]
Question181

The elastic limit of brass is 379 MPa. What should be the minimum
diameter of a brass rod if it is to support a 400 N load without

exceeding its elastic limit?
[10 April 2019 II]

Options:

A.1.00 mm
B.1.16 mm
C. 0.90 mm
D. 1.36 mm

Answer: B

Solution:

Solution:

F _ 400 x4
nd 2

=d? =400 x 4379 x 10°n

d =1.15mm

Stress = =379 x 10°N / m?

Question182

A steel wire having a radius of 2.0mm, carrying a load of 4kg, is hanging
from a ceiling. Given that g = 3.1Ams™ 2, what will be the tensile stress

that would be developed in the wire?
[9 April 2019 I]

Options:

A.6.2 x 10°Nm™
B.5.2 x 10°N m™2
C.3.1 x 10°Nm™
D. 4.8 x 10°N m™2

Answer: C
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Solution:

Solution:
Given,
Radius of wire, r = 2mm
Mass of the load m = 4kg
Stress = E _ mg2

(r)

_ _ 4x3.1m
ox(2x107%)?2

=3.1 x 10°N / m?

Question183

A steel wire having a radius of 2.0mm, carrying a load of 4kg, is hanging

from a ceiling. Given that g = 3.1Ams™ %, what will be the tensile stress
that would be developed in the wire?
[8 April 2019 I]

Options:

A.6.2 x 10°Nm™
B.5.2 x 10°N m™?
C.3.1 x 10°Nm™
D. 4.8 x 10°Nm™?

Answer: C

Solution:

Solution:

Given,

Radius of wire, r = 2mm
Mass of the load m = 4kg

Stress =L = 2d = 4X3'1H32 =3.1 x 10°N / m?
A nr? omx((2x107?

Questionl184

Young’s moduli of two wires A and B are in the ratio 7 : 4.

Wire A is 2 m long and has radius R. Wire B is 1.5 m long and has radius
2 mm. If the two wires stretch by the same length for a given load, then
the value of R is close to :

[8 April 2019 II]

Options:
A. 1.5 mm
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C.1.7 mm
D. 1.3 mm

Answer: C

Solution:

Solution:

Ay =4,

or Fl, _ Fl, or_2 __15
r[rlzy1 Hr22y2 R'x7 2°x4

SR =1.75mm

Question185

A boy’s catapult is made of rubber cord which is 42 cm long, with 6 mm
diameter of cross-section and of negligible mass. The boy keeps a stone
weighing 0.02 kg on it and stretches the cord by 20 cm by applying a
constant force.

When released, the stone flies off with a velocity of 20 ms™' . Neglect the
change in the area of cross-section of the cord while stretched. The
Young’s modulus of rubber is closest to :

[8 April 2019 I]

Options:

A.10°N /m™?
B. 10*N /m™?
C.10°N /m™?
D.10°N /m™

Answer: A

Solution:

When a catapult is stretched up to length 1, then the stored energy init = Ak.E =
1 5 mv’L

(A1) = zmv? =y =

PR 2 RNTNEE

m = 0.02kg

v =20ms™!

L =0.42m

A=(ud?/(4)

d =6x10m

Al = 0.2m

_ 0.02 x 400 x 0.42 x 4
nx36x%x10°%x%x0.04
So, order is 10°.

=2.3x 10°N /m?
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Question186

A cubical block of side 0.5m floats on water with 30% of its volume
under water. What is the maximum weight that can be put on the block
without fully submerging it under water? [Take, density of water

left. = 10°kg / m>1
[10 April 2019(ID)]

Options:
A. 46.3kg
B. 87.5kg
C. 65.4kg
D. 30.1kg

Answer: B

Solution:

Solution:

When a body floats then the weight of the body =upthrust
. 3, 30 _

~(50)° % 100 Xx(1)xg =M _,.9

Let m mass should be placed, then

(50)° x (1) x g = (M, + m)g ......(i)
Subtracting equation (i) from equation (ii), we get
=mg = (50)°> x g(1 — 0.3) = 125 x 0.7 x 10°g

=>m = 87.5kg

Question187

A submarine experiences a pressure of 5.05 x 10°Pa at depth of d ; in a
sea. When it goes further to a depth of d ,, it experiences a pressure of

8.08 times 10° Pa. Then d ; — d, is approximately (density of water

= 103kg / m> and acceleration due to gravity = 10ms™2):

[10 April 2019 (I1)]
Options:
A. 300m
B. 400m
C. 600m
D. 500m

Answer: A

Solution:
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Solution:

P, =P, +pgd,

P, =P, +pgd,

AP =P, - P, = pgAd
3.03x10°=10°x 10 x Ad
=Ad = 300m

Question188

A wooden block floating in a bucket of water has % of its volume

submerged. When certain amount of an oil poured into the bucket, it is
found that the block is just under the oil surface with half of its volume
under water and half in oil. The density of oil relative to that of water is:

[9 April 2019 (ID]
Options:

A. 0.5

B. 0.8

C.0.6

D. 0.7

Answer: C

Solution:

Solution:
Mg = (%)pwg

vV 5 75
When block floats fully in water and oil, then
Mg = Fbl +F b,

A\ A\
(pV)g = ( 5 ) Poid + Epwg

w

or Py = gpw = 0.6pw

Question189

Water from a tap emerges vertically downwards with an initial speed of
1.0ms™'. The cross-sectional area of the tap is 10" *m?. Assume that the
pressure is constant throughout the stream of water and that the flow is
streamlined. The cross-sectional area of the stream, 0.15m below the

tap would be : [Take g = 10ms™ > )]

[10 April 2019 (1I)]

Options:
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B.5 x 10™°m?
C.5x 10™*m?

D.1x 10 °m?

Answer: B

Solution:

Solution:
Using Bernoullie’s equation

P+ %(vf ~v,%) +pgh = P
=>v22 = V12 + 2gh

=V, = \/V12 + 2gh
Equation of continuity
Avy = Ay,

(Llom?)(1m /5) = (A,) ( J (17 +2x10 % 1%)
107 x1=A,x2

“A, = 1(;_4 =5x 107 °m?
Question190

Water from a pipe is coming at a rate of 100 liters per minute. If the
radius of the pipe is 5cm, the Reynolds number for the flow is of the
order of: ( density of water = 1000kg / m>, coefficient of viscosity of
water = 1mPas)

[8 April 2019 I]

Options:
A.10°
B. 10*
C. 10?

D. 10°

Answer: B

Solution:

Solution:
Rate of flow of water (V) = 100 lit / min
_100x107% _ 5 3 3
=60 X 3 X 10" "m

- \Y% 5% 1073
. Velocity of flow of water (v) = — = ———————
Y A 3x(5x107%?
10 _ 2

=1—5H—3—Hm/s
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Dvp
n
(10 x 1072) x =2 x 1000
30

— — 4
= 1 2x10

Order of N, = 10*

. Reynold number (N ) =

Question191

A solid sphere, of radius R acquires a terminal velocity v when falling

(due to gravity) through a viscous fluid having a coefficient of viscosity
n. The sphere is broken into 27 identical solid spheres. If each of these
spheres acquires a terminal velocity, v,, when falling through the same

fluid, the ratio (v, / v,) equals:
[12 April 2019 (II)]

Options:
A.9

B. 1/27
C.1/9
D. 27

Answer: A

Solution:
~ 4 3 _ 4 3

Question192

The ratio of surface tensions of mercury and water is given to be 7.5
while the ratio of their densities is 13.6 . Their contact angles, with
glass, are close to 135° and 0°, respectively. It is observed that mercury
gets depressed by an amount h in a capillary tube of radius r,, while

water rises by the same amount h in a capillary tube of radius r,. The
ratio, (r, / r,), is then close to :
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Options:
A.4/5
B.2/5
C.3/5
D.2/3

Answer: B

Solution:

Solution:
As we know that
2T cos® _ R

rpg b

cose °
R

(—9)( ) (G

11 2
136 V3 04‘5

Water

=7.5X%

Question193

If ' M 'is the mass of water that rises in a capillary tube of radius 'r’,
then mass of water which will rise in a capillary tube of radius '2r' is:
[9 April 2019 I]

Options:
A.M

M
B. =

C.4M
D. 2M

Answer: D

Solution:

Solution:

We have, h = 2T cos@

rpg
Mass of the water in the capillary
2T cos©

m = pV = p X or’h = p x or? x
P P o] T0g
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Question194

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:

(Coefficient of linear expansion and Young's modulus of brass are

1072/ °C and 10N /mz, respectively ;g = 10ms 2 )

[12 April 2019 I]

Options:
A.9kg

B. 6.28 kg
C.1.5kg
D. 0.9 kg

Answer: B

Solution:

Solution:

A Ayqand A =1r’* =m(107°)* = x 107°
FL
AY

or0.2x107°x20 =

temp =

L« AT =

F x0.2

(mx 107 x 10!

F =20nN ~m = f_ 2m = 6.28kg

g

Question195

When M ; gram of ice at —10°C (Specific heat = 0.5 cal g~ 1OC_l) 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'1 is:
[12 April 2019 I]

Options:

50M

A. -5
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5M

2 _
i 5

D.

1

Answer: A

Solution:

Solution:
M,C,.x(10)+M L =M,C (50)
oerxC. (=0.5)x10+M1L =M2><1 X 50

ice

50M,

M -5

=>L=

1

Question196

A massless spring (K = 800N / m), attached with a mass (500g) 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] / kgK
specific heat of water = 4184] / kgK )

[9 April 2019 II]

Options:
A. 107K
B. 107°K
C.107'K
D.107°K
Answer: B

Solution:

Solution:
% I = mC(AT) + m, CAT

or% x 800 x 0.02%2 = 0.5 x 400 XAT + 1 x 4184 x AT
~AT =1x107°K

Question197

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., '
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and ' 0, ' respectively, (0, > 0,). The temperature at the interface is:

d ad
6, 3K K 8,

[9 April 2019 II]

Options:

0 96,
A. 10 + 10

N

O
w| P
+

3
Answer: A

Solution:

Solution:
H,=H,

0, -0 )

d )=kA(
91+992)
10

or (3k)A( 3—d91 )

ore=(

Question198

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 103 kg m>and specific heat of 4000 ]
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 I]

Options:
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T Aand B

t—>
Answer: B

Solution:

Solution:
Rate of Heat loss = mS ( %—F{) = ecgAT*

_dT _ eo xAXT* dT 1

dt pxVol.xS __dt . pS

( dt) pB SB_ 10° ., 4000

( T) Sy, 8x10% 2000
B

~(-%5),> (—EB

So, A cools down at faster rate

Question199

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]

Options:
A. 43°C
B. 47°C
C.41°C
D. 45°C

Answer: A
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According to Newton’s law of cooling,
0,—0 ) (9 +0 )
1 2| _ 1 2
( t K 2 60

(601_050)=K(602;50—25) ........ 0)
and, 50169) - K (502+e ~25) e (ii)

Dividing eq. (i) by (ii),

10 60 o =~ An0
Go—g) = p "0 = 4285°C=43C
Question200

As shown in the figure, forces of 10°N each are applied in opposite
directions, on the upper and lower faces of a cube of side 10cm, shifting
the upper face parallel to itself by 0.5cm. If the side of another cube of
the same material is, 20cm, then under similar conditions as above, the

displacement will be:
P

L%

Y

[Online April 15, 2018]

Options:
A. 1.00cm
B. 0.25cm
C. 0.37cm
D. 0.75cm
Answer: B
Solution:
Solution:
' . o . force 10°
For same material the ratio of stress to strain is same For first cube Stress ;= = —"
rea; (0.1%)
Strai _change inlength; 0.5 x 1072
rain 1= riginal length, =~ 0.1

For second block,

force 5
stress ,= 2 = 102

area, (0.2%)

. change in length , ¢

strain, = =

original length , 0.2

x is the displacement for second block.

. stress, stress,
For same material, =

strain , ~ strain,

10.5 10°

(0.1)>  _ (0.2)?
"0.5x 1072 X
N1 0.2
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Question201

A solid sphere of radius r made of a soft material of bulk modulus K is
surrounded by a liquid in a cylindrical container. A massless piston of
area a floats on the surface of the liquid, covering entire cross-section
of cylindrical container. When a mass m is placed on the surface of the
piston to compress the liquid, the fractional decrement in the radius of

the sphere ( dr ) , is:
[2018]
Options:

A Ka
mg

Ka
B. 3mg

C. 23

" 3Ka
mg
D. Ka
Answer: C
Solution:
Solution:

Bulk modulus, K = Yolumetric stress
volumetric strain

=g
dv
a(T
dV _mg
vV S Ra (i)
volume of sphere, V = %HRB
Fractional change in volume dTV = ﬁrr ....... (i)
Using eq. (i) &(ii)
3dr _ mg
r Ka
Sdr_ mg (fractional decrement in radius)
r 3Ka
Question202

A thin uniform tube is bent into a circle of radius r in the vertical plane.
Equal volumes of two immiscible liquids, whose densities are p, and

p,(p; > p,) fill half the circle. The angle 0 between the radius vector
passing through the common interface and the vertical is
[Online April 15, 20181
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Options:

= -1 i pl_p2)]
A. 0 =tan [2(—p1+p2

— —1E pl_pz)
B. 6 = tan 2(—p1+p2

C.0 =tan 'm ( &)
Py

D. None of above

Answer: D

Solution:

Solution:
Pressure at interface A must be same from both the sides to be in equilibrium.

Rsing - Rsin 6
d”
~(Rcos6 + RsinB)p,g = (Rcos6 — Rsin0)p,g

$=cose+sin6=1+tan6
d, cos6-sin6 1-tan6
=p, —p,tan6 = p, + p,tan6
=(p; +p,)tan® =p, —p,

.0 = tan_l ( u )
P+ P,

Question203

When an air bubble of radius r rises from the bottom to the surface of a
lake, its radius becomes %. Taking the atmospheric pressure to be equal

to 10m height of water column, the depth of the lake would
approximately be (ignore the surface tension and the effect of
temperature):

[Online April 15, 2018]

Options:
A.10.5m
B. 8.7m
C.11.2m
D. 9.5m
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Solution:

Solution:
Using P,V, =PV, ;
4_ 3 _ 4 _125r
(Pl)gnr = (P2)§H 64
pg(10) + pgh _ 125
pg(10) 64
640 + 64h = 1250
On solving we get h = 9.5m

Question204

Two tubes of radii r, and r,, and lengths 1, and 1,, respectively, are

connected in series and a liquid flows through each of them in
streamline conditions. P, and P, are pressure differences across the two

tubes. If P, is 4P, and 1, is %, then the radius r, will be equal to:
[Online April 9, 2017]

Options:

A. r
B. 21"1

C.4r,

ry

D. 5
Answer: D

Solution:

The volume of liquid flowing through both the tubes i.e., rate of flow of liquid is same.
V=V, =V,
nP1r14 B HP21‘24
8nl, ~ 8ml,
P1r14 ]-:)21"24
11 12
“P,=4P;andl,=1,/4
4 4
Py _ 4Py, S
1, 1,74 2 1
r,=r,/2

i.e.,

Or

—
N

Question205

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
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cube and alpha 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]

Options:
3a
A. ﬁ

B. 3PK«

Answer: C

Solution:

Solution:

y=3a

As we know, Bulk modulus
AP__ AV _ P

NESA R

V = V,(1 + yAt)

V_ = YAt
% = YAt =2At = yiK = %
Question206

A steel rail of length 5m 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

1.2x10°K'and 2 x 10''Nm™2 respectively, the force developed in the

rail is approximately:
[Online April 9,2017]

Options:

A.2x10'N
B.1 x 10°N
C.2 x 10°N

D.3x 107°N
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Answer: B

Solution:

Solution:

. _ Thermal stress _ F /A
Young's modulus = Strain S AL/L

- F (AL _
Y _A.cx.Ae(Q L a0
Force developed in the rail F = Y AaAt

=2x10"%x40x107* x1.2x107°% 10
=96x10*=1x10°N

Question207

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 1 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]
Options:

A.1%Y oAT

B.1AY aAT

C. AY AT

AY
D. aAT

Answer: C

Solution:

Solution:

Due to thermal exp., change in length (Al) = 1 ¢AT ...... (i)
Normal stress

Longitudinal strain

Young's modulus (Y) =

v FI/A_AN _F

AL/ 1 T AY
_Fl
Al = AT
ny F1 o_
From eq (i), N 1 AT
F = AY aAT
Question208

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
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be 75°C. T is given by (Given : room temperature = 30° C, specific heat

of copper = 0.1 cal/gm°C
[2017]

Options:
A. 1250°C
B. 825°C
C. 800°C
D. 885° C

Answer: D

Solution:

Solution:

According to principle of calorimetry,

Heat lost = Heat gain

100 x 0.1(T —75) =100 %x 0.1 x45 +170 x 1 x 45
10T — 750 =450+ 7650 = 8100

=T —75 =810

T =885°C

Question209

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]

Options:

A. 378 J/kg - °C
B. 315 J/kg - °C
C.476 J/kg - °C
D. 434 J/kg - °C
Answer: D

Solution:

Solution:
According to principle of calorimetry,

Qgiven = Qused

0.2 xS x (150 —40) = 150 x 1x (40 —27) + 25 x (40 — 27)

0.2xSx110=150x13+25x13
Specific heat of aluminium
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Question210

A thin 1m long rod has a radius of 5mm. A force of 50nkN is applied at
one end to determine its Young's modulus. Assume that the force is
exactly known. If the least count in the measurement of all lengths is
0.01mm, which of the following statements is false ?

[Online April 10, 2016]

Options:
A. The maximum value of Y that can be determined is 2 x 10N / m?

B. AY gets minimum contribution from the uncertainty in the length

C. AT gets its maximum contribution from the uncertainty in strain

D. The figure of merit is the largest for the length of the rod.

Answer: A

Solution:

Solution:
Al

T

2|

Young's modulus Y =
Fl

nr’Al

Given, radius r = bmm, force F = 50nkN ,

1 _
N 0.01mm
F 1

2 = e =2 10N / m?
IIr

Question211

A uniformly tapering conical wire is made from a material of Young's
modulus Y and has a normal, unextended length L. The radii, at the
upper and lower ends of this conical wire, have values R and 3R,
respectively. The upper end of the wire is fixed to a rigid support and a
mass M is suspended from its lower end. The equilibrium extended
length, of this wire, would equal :

[Online April 9, 2016]

Options:

2 Mg
A. L(1+9H RZ)

B. L(1+ 1Mg
91y R?
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C.L(1+ 2)
nY R

2 M
D. L(1+§

Answer: C

Solution:

Solution:
Consider a small element dx of radius r,
2R

=285 4+ R
r LX

¥ Mg
At equilibrium change in length of the wire
de I_qux_

[—X+R] y
Taking limit from O to L
_Mgp__ 1 L7 _MgL
ny [%+R] " 2R 3HR2Y
0

The equilibrium extended length of wire = L + AL
MgL _ L( 1+ 1 Mg )

=L+
3nR%Y 3y R?

Question212

A bottle has an opening of radius a and length b. A cork of length b and
radius (a + Aa) where (Aa < < a) is compressed to fit into the opening
completely (see figure). If the bulk modulus of cork is B and frictional
coefficient between the bottle and cork is m then the force needed to
push the cork into the bottle is :

T
b
¢

NS
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Options:

A. (mpBb)a
B. (2mpBb)Aa
C. (mpBb)Aa
D. (4opuBb)Aa

Answer: D

Solution:

Solution:
_ Normal force _ __N
Stress = — Area NA 2na)b
Stress = BX strain
N _ BZHaAa X b

(2mma)b ma’b
(2ma)*Aab?
na’b
Force needed to push the cork.
f = uN = p4nbAaB = (4nuBb)Aa

=N =B

Question213

Consider a water jar of radius R that has water filled up to height H and
is kept on a stand of height h (see figure). Through a hole of radius r (r
< < R) at its bottom, the water leaks out and the stream of water
coming down towards the ground has a shape like a funnel as shown in
the figure. If the radius of the cross-section of water stream when it hits

the ground is x. Then :

— X €—

[Online April 9, 2016]

Options:

A= )

_ H
B’X_r(H +h

C‘X=T(HP-I|-h)2
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N|+—

D'X=F(H}ih)

Answer: A

Solution:

Solution:
According to Bernoulli's Principle,
1

5V, + pgh = %pvz2
V12 + 2gh = V22

2gH +2gh = v,” ......(J)
vy = vy

nr’v2gh = nx’v,

r’

P\/Zgh =V,

Substituting the value of v, in equation (i)

=

e

4
= —r =
2gH +2gh—x42ghor,x r[H h

Question214

Which of the following option correctly describes the variation of the
speed v and acceleration 'a' of a point mass falling vertically in a viscous
medium that applies a force F = -kv, where 'k' is a constant, on the
body? (Graphs are schematic and not drawn to scale)

[Online April 9, 2016]

Options:
A.
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| t
Answer: C

Solution:

Solution:

When a point mass is falling vertically in a viscous medium, the medium or viscous fluid exerts drag force on the body to

oppose its motion and at one stage body falling with constant terminal velocity.

Question215

If it takes 5 minutes to fill a 15 litre bucket from a water tap of

2

diameter
v

cm then the Reynolds number for the flow is (density of

water = 103kg / m3) and viscosity of water = 1073 Pa.s) close to:

[Online April 10, 2015]
Options:

A. 11,000

B. 1100

C. 550

D. 5500

Answer: D

Solution:

Solution:
Given: Diameter of water tap = %cm
II
. . _ 1 )
s Radius, r=—-—=x10""m
Vo
dm _
it~ pAV
15
5 % 60
=2V =0.05m /s

- 1O3xn(%)2x10_4v

Get More Learning Materials Here :

@ www.studentbro.in



10% x 0.5 x 22102

= = = 5500
10

Question216

If two glass plates have water between them and are separated by very
small distance (see figure), it is very difficult to pull them apart. It is
because the water in between forms cylindrical surface on the side that
gives rise to lower pressure in the water in comparison to atmosphere.
If the radius of the cylindrical surface is R and surface tension of water
is T then the pressure in water between the plates is lower by:

ettt (K0 L}-‘Imdrlcal surface
i e e of water

[Online April 10, 2015]

Options:

A.

B.

C.

g =5 =S

D.

-

Answer: D

Solution:

Solution:

T
Here excess pressure, P =t
1

excess rz

P = I ( rl B R )
excess R r2 — O

Question217

An experiment takes 10 minutes to raise the temperature of water in a
container from 02C to 1002C 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 2C, the heat of vapourization according to this
experiment will come out to be :

[Online April 11, 2015]
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A. 560 cal/ g
B. 550 cal/ g
C.540cal/ g
D. 530 cal/ g

Answer: B

Solution:

Solution:

As Pt = mCAT

So, P x 10 x 60 = mC100 ...... (i)
and P x 55 x 60 =mL ....... (ii)
Dividing equation (i) by (ii) we get
10 _ Cx 100

55 L

~.L. = 550 cal./g.

Question218

The pressure that has to be applied to the ends of a steel wire of length
10 cm to keep its length constant when its temperature is raised by

1002C is:

(For steel Young's modulus is 2 X 10''N m~? and coefficient of thermal

expansion is 1.1 x 107°K 1)
[2014]

Options:

A. 2.2 x 10%Pa
B. 2.2 x 10°Pa
C.2.2 x 10’Pa

D. 2.2 x 10°Pa

Answer: A

Solution:

Solution:
Young's modulus Y = Strﬁ
strain
stress =Y X strain
Stress in steel wire = Applied pressure
Pressure = stress =Y x strain
Strain = % = AT
(As length is constant)

=2x10"%x1.1x1072%x 100 = 2.2 x 10%Pa
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Question219

Steel ruptures when a shear of 3.5 x 103N m~2 is applied. The force
needed to punch a 1cm diameter hole in a steel sheet 0.3cm thick is
nearly:

[Online April 12, 2014]

Options:

A. 1.4 x 10°N
B. 2.7 x 10°N
C.3.3x10'N
D.1.1 x 10’N

Answer: C

Solution:

Solution:

Shearing strain is created along the side surface of the punched disk. Note that the forces exerted on the disk are
exerted along the circumference of the disk, and the total force exerted on its center only.

Let us assume that the shearing stress along the side surface of the disk is uniform, then

F= [ dF = | o, dA=0_ [ dA

max
surface surface surface

A=0max.2n(%)h

= fcmax'

= 3.5x 10° x (% x 10‘2) x0.3 x 1072 x 2m
=3.297 x 10* = 3.3 x 10*N

Question220

The bulk moduli of ethanol, mercury and water are given as 0.9,25 and
2.2 respectively in units of 10°Nm™2. For a given value of pressure, the
fractional compression in volume is AV—V. Which of the following

statements aboutAv—v for these three liquids is correct?
[Online April 11, 2014]

Options:

A. Ethanol > Water > Mercury
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C. Mercury > Ethanol > Water
D. Ethanol > Mercury > Water

Answer: A

Solution:

Solution:
1

Compressibility = m

As bulk modulus is least for ethanol (0.9) and maximum for mercury (25) among ehtanol, mercury and water. Hence

Lo AV
compression in volume v

Ethanol > Water > Mercury

Question221

In materials like aluminium and copper, the correct order of magnitude

of various elastic modului is:
[Online April 9, 2014]

Options:

A. Young’s modulus < shear modulus < bulk modulus.

B. Bulk modulus < shear modulus < Young’s modulus

C. Shear modulus < Young’s modulus < bulk modulus.

D. Bulk modulus < Young’s modulus < shear modulus.

Answer: C

Solution:

Solution:
lateral strain (B)
longitudinal strain ()
For material like copper, 0 = 0.33 And, Y = 3k(1 — 20)

Poisson's ratio, o =

9 _1,3
AIso,?—k+n
Y =2n(1 + o)

Hence,n< Y < k

Question222

There is a circular tube in a vertical plane. Two liquids which do not mix
and of densities d ; and d , are filled in the tube. Each liquid subtends

90° angle at centre. Radius joining their interface makes an angle «

with vertical. Ratio% is:

2
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d,

[2014]

Options:

A. 1+ sm(x
1 —sina

1+
B. COoS &
1 —cosa

1+ tana
C. 1 —tana

D. 1 +sina
1 —cosa

Answer: C

Solution:

Solution:
Pressure at interface A must be same from both the sides to be in equilibrium.

Rsing— Rsina 4 \
o
“(Rcosa + Rsina)d ,g = (Rcosa —Rsina)d ;g

:i_ cosat+sina _ 1+tana
d, cosa-sina 1-tana

Question223

An open glass tube is immersed in mercury in such a way that a length
of 8 cm extends above the mercury level. The open end of the tube is
then closed and sealed and the tube is raised vertically up by additional
46 cm. What will be length of the air column above mercury in the tube
now?

(Atmospheric pressure = 76 cm of Hg)

[2014]

Options:

A. 16 cm

Get More Learning Materials Here : & m @) www.studentbro.in



C. 38 cm
D. 6 cm

Answer: A

Solution:

Solution:

Length of the air column above mercury in the tube is,

P+x= P0

=P = (76 — x)
=28XAX76=(76—-x) XA %x(54 —x)
~x = 38

Thus, length of air column

=54 — 38 = 16cm

Question224

In the diagram shown, the difference in the two tubes of the manometer

is 5cm, the cross section of the tube at A and B is 6mm?” and 10mm?
respectively. The rate at which water flows through the tube is

(g = 10ms™?)

[Online April 19, 2014]

Options:

A. 7.5 cc/s
B. 8.0 cc/s
C. 10.0 cc/s
D. 12.5 cc/s

Answer: A

Solution:
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According to Bernoulli's theorem,
1 1
P1 + Epvlz = P2 + szZZ

wv,? =v,? =2gh ....(1)

According to the equation of continuty
Av, =Ayv, ... (2)

A _ 6mm?

A,  10mm?

From equation(2) ﬁ —_2_6
‘A, v, 10
6
or, V2 = Evl

Putting this value of v, in equation (1)

2
6 ) —(v)?=2x%x10°%x5

101
[“'g=10m/s?=10%cm/s* andh = 5cm]
Solving we getv, = %

Therefore the rate at which water flows through the tube = A v, = Ayv, =

Question225

6 x 10

=7.5cc/s

A cylindrical vessel of cross-section A contains water to a height h.
There is a hole in the bottom of radius ‘a’. The time in which it will be

emptied is:
[Online April 12, 2014]

Options:

A.Z—A\/g

1'[612

B.\/LA\/E
g

na2

C. 2\/22A \/ h

ma g

D._A Jh
" V2ma? g

Answer: B

Solution:

Solution:
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o t=0h=h
Initially at

Then,A(——) =ma’.v

dt=-— 2A_d h [ velocity of efflux of liquid v = v2gh ]
ma“v2gh

Integrating both sides

t 0

[dt=-—2 _[h'/2dn

0 v2gma® h

Question226

Water is flowing at a speed of 1.5ms™ ! through horizontal tube of cross-

sectional area 10™?m? and you are trying to stop the flow by your palm.
Assuming that the water stops immediately after hitting the palm, the

minimum force that you must exert should be

(density of water = 103kgm_3 )
[Online April 9, 2014]

Options:
A.15N
B.225N
C.33.7N
D.45N

Answer: A

Solution:

Solution:

For 1m length of horizontal tube

Mass of water M = density times volume
= 10°x area x length

=10°%x10"?x 1 = 10kg

Therefore minimum force = % (rate of change of momentum)

=10x1.5=15N

Question227

The velocity of water in a river is 18km/ hr near the surface. If the river
is 5m deep, find the shearing stress between the horizontal layers of

water. The co-efficient of viscosity of water = 102 poise.

INnlina Anr<il 10 27N1A11
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Options:
A.107'N / m?
B. 107*N / m?
C.107°N /m?
D.10"*N /m?*
Answer: B

Solution:

Solution:
n = 1072 poise

v=18km/h =

I =5m

18000 _

3600 Sm/s

Strain rate = IX
Coefficient of viscosity, n = w
strain rate

.. Shearing stress = nx strain rate

= 1072 x % = 10"2N m™2
Question228

The average mass of rain drops is 3.0 x 10_5kg and their avarage
terminal velocity is 9m / s. Calculate the energy transferred by rain to
each square metre of the surface at a place which receives 100cm of

rain in a year.
[Online April 11, 2014]

Options:

A. 3.5 x 10°]
B. 4.05 x 10%]
C. 3.0 x 10°]

D. 9.0 x 10%]

Answer: B

Solution:

Solution:

Total volume of rain drops, received 100 cm in a year by area 1m,
_ 2,100  _ 3

=1m” x —100m =1m

As we know, density of water,

d =10%kg / m*

Therefore. mass of this volumeof water
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v =9m /s (given)
Therefore, energy transferred by rain,
12

E =§mv

x 10° x (9)?

x 10° x 81 =4.05 x 10Y

N|— N+~

Question229

A tank with a small hole at the bottom has been filled with water and
kerosene (specific gravity 0.8 ). The height of water is 3m and that of
kerosene 2m. When the hole is opened the velocity of fluid coming out
from it is nearly:

(take g = 10ms~ 2 and density of water = 103kgm_3 )
[Online April 11, 2014]

Options:
A.10.7ms™"
B. 9.6ms™’
C.8.5ms™ !
D. 7.6ms™*

Answer: B

Solution:

Solution:

According to Toricelli's theorem,
Velocity of efflex,

V 5 =V2gh =v2x 9.8x5 =9.8ms™"

Question230

On heating water, bubbles being formed at the bottom of the vessel
detach and rise. Take the bubbles to be spheres of radius R and making
a circular contact of radius r with the bottom of the vessel. If r< < R
and the surface tension of water is T, value of r just before bubbles
detach is: (density of water is p_, )
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Py

[2014]

Options:

2 2p,9
A. R \/ 3T

2
B.R\/6
c.RZ\/

2 3p,9
DRy %

je)
5
«Q

—

jel
'—]‘s
«Q

Answer: A
Solution:
Solution:

When the bubble gets detached,
Buoyant force = force due to surface tension

& Tedl

Force due to excess pressure = upthrust
2T

Access pressure in air bubble =

E(Hrz) = 4HR3 (0]

4
L o 2R%p,g r B2 \/ 2p,9
3T 3T

Question231

Two soap bubbles coalesce to form a single bubble. If V is the
subsequent change in volume of contained air and S change in total
surface area, T is the surface tension and P atmospheric pressure, then
which of the following relation is correct?

TN 12ei A e 2T 1D YN1 A1
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Options:

A.4PV +3ST =0
B. 3PV +4ST =0
C.2PV +3ST =0
D. 3PV +2ST =0

Answer: B

Solution:

Solution:

Question232

An air bubble of radius 0.1cm is in a liquid having surface tension
0.06N / m and density 103kg / m>. The pressure inside the bubble is
1100N m 2 greater than the atmospheric pressure. At what depth is the

bubble below the surface of the liquid? (g = 9.8ms™?)

[Online April 11, 2014]
Options:

A.0.1m

B. 0.15m

C. 0.20m

D. 0.25m

Answer: A

Solution:

Solution:

Given: Radius of air bubble,
r=0.lcm = 10"°m

Surface tension of liquid,
S=0.06N /m=6x10"°N /m
Density of liquid,

p= 103kg / m?

Excess pressure inside the bubble,
Pore = 1100N m~>

Depth of bubble below the liquid surface,
h=7

As we know,

2s
PExcess = hpg + ?

=1100 =h x 10°x 9.8 +

=1100 = 9800h + 120
=9800h = 1100 — 120
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Question233

A capillary tube is immersed vertically in water and the height of the
water column is x. When this arrangement is taken into a mine of depth
d, the height of the water column is y. If R is the radius of earth, the
ratio § is:

[Online April 9, 2014]

Options:

A {1-%)
B.(1-2
C (k¥4

D. (R4
Answer: A
Solution:

Solution:
Acceleration due to gravity changes with the depth,

v-o1-4)
Pressure, P = pgh
Hence ratio, § is ( 1- %)

Question234

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 1002C where as ends of brass and steel are
kept at 02C. 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]

Options:
A. 1.2 cal/s
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C. 4.8 cal/s
D. 6.0 cal/s

Answer: C

Solution:

Solution:
Rate of heat flow is given by,
KA(0, - 6,)
Q="
Where, K = coefficient of thermal conductivity
| = length of rod and A = area of cross-section of rod

100°C

Copper

0°C 0°C
If the junction temperature is T, then

QCopper = QBrass + QSteel

0.92 x4(100—-T)
46

_026x4x (T —-0)

0.12x4 x (T -0)

+

13 12
=2200—-2T =2T + T
=T =40°C
'.'Qcopper = W = 4.8cal /S
[]
Question235

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 aT 3 per unit mass
with the temperature T of the sphere, where a 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]

Options:

A Mein (2)

B. ﬁﬁln(%)

C. M—"‘Zln(E
16nR%0 3

n _Ma 1,.(3)
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Answer: C

Solution:

Solution:

In the given problem, fall in temperature of sphere,
dT =@T,-2T ) =T,

Temperature of surrounding, T, = =T

T 0
Initial temperature of sphere, T =3T,

initial

Specific heat of the material of the sphere varies as,

c=aT? per unit mass (a« = a constant)
Applying formula,

dT _ oA —a_ 4
dt _MCJ(T T sure )
T 2
0 o4nR 4 4
»-0= 2208 __[(3T )* — (T ,)"]
dt  Ma(3T )7 0 0
4
i M a27T %]

~ 04nR® x 80T ,*
Solving we get,

Time taken for the sphere to cool down temperature 2T

te 1é\§gzoln(?)

Question236

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]

Options:

A. 8 min 20 s
B.6min 2 s
C. 7 min

D. 14 min

Answer: A

Solution:

Solution:

From question,

In 1 sec heat gained by water
=1KW-160])/s

= 1000 J/s - 160 J/s

= 840]/s

Total heat required to raise the temperature of water (volume 2L) from 27°c to 77°c

=M, X SP . ht X AO

=2 x10%x 4.2 x 50[ "~ mass = density x volume ]
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2x10%%x 4.2 x50
840
=500 s = 8 min 20s

or,t=

Question237

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]
Options:

A. 25°C

B.10°C

C.15°C

D. 20°C

Answer: B

Solution:

Solution:

By Newton’s law of cooling
6, -6, [ 6, + 6, ]
1 - K=z %

where theta, is the temperature of surrounding.

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

60 — 50 _ 60 + 50
o - K [ 2 60]

Again, it cools from 50°C to 42°C in next 10 minutes.

50—-42 _ 50 + 42

P =K [ 25 0]

Dividing equations (i) by (ii) we get

8 46-9,

460 — 100, = 440 — 80,
26, = 20

0, = 10°C

Question238

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?

(Given In 2 = 0.693, In 5 = 1.609)

[Online April 11, 2014]
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A. 3.75 minutes
B. 8.6 minutes
C. 9.6 minutes
D. 6.5 minutes

Answer: B

Solution:

Solution:
From Newton’s law of cooling,
_1 ( 0, -6, )
t= kloge 5, = 60
From question and above equation,
(40 — 30)

Dividing equation (2) by (1),
llog (32 — 30)
t _ k 7¢(62 —30)
5 llog (40 — 30)
k™ 7¢(80 — 30)
On solving we get, time taken to cool down from 62°C to 32°C, t = 8.6 minutes.

Question239

Two blocks of masses m and M are connected by means of a metal wire
of cross-sectional area A passing over a frictionless fixed pulley as
shown in the figure. The system is then released. If M = 2 m, then the
stress produced in the wire is :

[Online April 25, 2013]
Options:

2m
A =3
B, 4mg
c.m9
D, 3mg

R .

Get More Learning Materials Here : & m @) www.studentbro.in



Answer: B

Solution:
Solution:
Tension in the wire, T = ( 2mM
m+ M
_ Force / Tension _ 2mM

Stress = Ao = Tm )g
_ 2(m x 2m)g _ :
= A+ 2m) (M = 2m given)
_4m® _ 4mg
~3mAY T 3a

[ ]
Question240

A copper wire of length 1.0m and a steel wire of length 0.5m having
equal cross-sectional areas are joined end to end. The composite wire is
stretched by a certain load which stretches the copper wire by 1mm. If

the Young's modulii of copper and steel are respectively 1.0 x 10''Nm™?

and 2.0 x 10''N m™2, the total extension of the composite wire is :
[Online April 23, 2013]

Options:
A.1.75 mm
B. 2.0 mm
C.1.50 mm
D. 1.25 mm

Answer: D

Solution:

Solution:
Y x (AL, /L) =Y x (ALg/Lg)

1x1073 -2 x 10 x A]-'s)

1 0.5
-3
AL, = % = 0.25mm
Therefore, total extension of the composite wire
= AL, + AL,

=1mm + 0.25m = 1.25m

=1x 10" x (

Question241

A uniform wire (Young's modulus 2 x 101'N m~2) is subjected to
longitudinal tensile stress of 5 x 10’N m™2. If the overall volume change
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close to :
[Online April 22, 2013]

Options:
A.1.0x107*
B.1.5x107*
C.0.25 x 10™*
D.5x 1074
Answer: C

Solution:

Solution:
Given,y =2 x 10'"Nm™

F\ _ 7 -2
Stress (K) =5x10'Nm
AV =0.02% =2 x 10" *m?

Ar _,
T
_ stress _ oo ( &) =—Y .3
strain 1, stress

AV = 2mrl Ar — iir®Al ... (i)

From eqgns (i) and (ii) putting the value of Al, 1, and AV and solving we get

% = 0.25x10°%

Question242

If the ratio of lengths, radii and Young's moduli of steel and brass wires
in the figure are a, b and c respectively, then the corresponding ratio of

increase in their lengths is :
Steel

s
/4&1

Brass

7/ M
/i

[Online April 9, 2013]

Options:

A. 3¢
2ab

2a’c
B. b

~ 3a
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2ac
D37

Answer: C

Solution:

Solution:
According to questions,
I Ty Vs Als _

=a, — = —_—=

’ ’ T ?
b Iy Yy AL,

_Fl _ _Fl
Asy=aa AN =g
3mgl
Al = D5 spF = (M +2M)g]
or.” .y,
2M gl
Al = b['F, = 2M g]
or,” .y,
3Mgl,

Al s 1'[1“52 : ys 3a
Al

, 2Mg.1,  2p%C

2
or,” .y,

Question243

A uniform cylinder of length L and mass M having cross sectional area
A is suspended, with its length vertical, from a fixed point by a massless
spring such that it is half submerged in a liquid of density sigma at
equilibrium position. The extension x, of the spring when it is in

equilibrium is:
[2013]

Options:

Mg
A.k

5 o1 4

Mg _ LA
C. k(l 2M

w( @)
D. " 1+ M
Answer: C

Solution:

Solution:
From figure, kx, + F ;= Mg
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Fe

[F

Rip===

kx, + O%Ag =Mg

[ mass = density x volume ]
L
=kx, =Mg— UEAg

_ oLAg
=072 _Mg(;_Lio
0 k k 2M
Hence, extension of the spring when it is in equilibrium is,x, = %( 1- %

Question244

Air of density 1.2kgm'3 is blowing across the horizontal wings of an
aeroplane in such a way that its speeds above and below the wings are
150ms™~ ! and 100ms™?, respectively. The pressure difference between
the upper and lower sides of the wings, is:

[Online April 22, 2013]

Options:

A. 60N m™ 2
B. 180N m ™2
C. 7500N m~*

D. 12500N m ™2

Answer: C

Solution:

Solution:
Pressure difference

P,-P, = %p(VZ2 -v,%)

=L % 1.2(150)2 = (100)?)

= % x 1.2(22500 — 10000)

= 7500N m 2

N

Question245

In an experiment, a small steel ball falls through a liquid at a constant
speed of 10 cm/s. If the steel ball is pulled upward with a force equal to

Fwartnn 2 ~AFFAAFicrn warntalad T Awir FAAE w2 1] 28 mesAwrn ammawarwad D
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Options:
A. 5 cm/s
B. Zero
C.10 cm/s
D. 20 cm/s

Answer: C

Solution:

Solution:
T (upthrust)
l_.'

(wscousT
force)

W(weight)
Weight of the body

W =mg = %nrg‘pg

T = %nr%g
and F = 6mnvr
When the body attains terminal velocity net force acting on the body is zero. i.e.
W-T-F =0
2 —
And terminal velocity v = %w

As in case of upward motion upward force is twice its effective weight, therefore, it will move with same speed 10cm /s

Question246

Wax is coated on the inner wall of a capillary tube and the tube is then
dipped in water. Then, compared to the unwaxed capillary, the angle of
contact 0 and the height h upto which water rises change. These
changes are :

[Online April 23, 2013]

Options:

A. 0 increases and h also increases
B. 6 decreases and h also decreases
C. 0 increases and h decreases

D. 6 decreases and h increases

Answer: C

Solution:

CAluskinn:
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T
cosO =

SA_T

TLA
when water is on a waxy or oily surface
T4, < Tg cosbis negative i.e.
90° < 6 < 180°
i.e., angle of contact 6 increases
And for 8 > 90° liquid level in capillary tube fall.
i.e., h decreases

SL

Question247

A thin tube sealed at both ends is 100cm long. It lies horizontally, the
middle 20cm containing mercury and two equal ends containing air at
standard atmospheric pressure. If the tube is now turned to a vertical
position, by what amount will the mercury be displaced?

C B O

ra ~ £ L
- Cal - ”~

"U

N\

>

20 cm
b 100 cm -

(Given : cross-section of the tube can be assumed to be uniform)

[Online April 23, 2013]

Options:
A. 2.95cm
B. 5.18cm
C. 8.65cm
D. 0.0cm

Answer: B

Solution:

Solution:

Question248

This question has Statement- 1 and Statement-2. Of the four choices
given after the Statements, choose the one that best describes the two
Statements.

Statement-1: A capillary is dipped in a liquid and liquid rises to a height
h in it. As the temperature of the liquid is raised, the height h increases
(if the density of the liquid and the angle of contact remain the same).
Statement-2: Surface tension of a liquid decreases with the rise in its
temperature.

[Online April 9, 2013]
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Options:

A. Statement- 1 is true, Statement- 2 is true; Statement- 2 is not the correct explanation for
Statement-1.

B. Statement- 1 is false, Statement- 2 is true.
C. Statement- 1 is true, Statement- 2 is false.

D. Statement- 1 is true, Statement- 2 is true; Statement- 2 is the correct explanation for
Statement-1.

Answer: B

Solution:

Solution:

Surface tension of a liquid decreases with the rise in temperture. At the boiling point of liquid, surface tension is zero.
. . _ 2T cos®

Capillary rise h = 7rdg

As surface tension T decreases with rise in temperature hence capillary rise also decreases.

Question249

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]

Options:
A.2:5
B.1:4
C.1:64
D.1:8

Answer: B

Solution:

Solution:

When there is no change in liquid level in vessel then v .1 = ¥ ecseal
Change in volume in liquid relative to vessel

AV pp = V¥V app A0 =V (Vieal = Vessel)

Question250

On a linear temperature scale Y, water freezes at - 160° Y and boils at -
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freezes at 273 K and boils at 373 K)
[Online April 9, 2013]

Options:
A.-73.7°Y
B.-233.7°Y
C.-86.3°Y
D.-106.3°Y

Answer: C

Solution:

n any scale — LFP
JFP - LFP
340 — 273 _ °Y —(—160)
373 - 273 —50 — (—160)
_ 67 _y+160
100 110
~Y = —86.3°Y

= constant for all scales

Question251

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]
Options:
A. pL/T

B. VT /pL
C. T/pL

D. 2T/pL

Answer: D

Solution:

Solution:

When radius is decrease by AR,

4nR?*ARpL = 40T [R? — (R — AR)?]

=pR?ARL = T [R? — R* + 2RAR — AR?]

=pR*ARL = T 2RAR [AR is very small ]
2T

ﬁR:—

pL
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Question252

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. A
mass 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]

Options:

A. 2.0 kcal/kg
B. 7 kcal/kg
C. 3 kcal/kg
D. 0.5 kcal/kg

Answer: D

Solution:

Solution:
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

@) = @)
dt /water dt liquid
(m, Cy, + W)AT  (m,;C, + W)AT

t B t

(W = water equivalent of the vessel)
orm C =mC/

or,

c

. Specific heat of liquid ,C, = —W W
my

_50x1 _

=00 0.5kcal / kg

Question253

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 of ice = 80 cal/g, Latent heat of steam =
540 cal/ g)

[Online April 23, 2013]

Options:
A.580¢g
B.590 ¢
C.600¢g

—~ ~Aan
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Answer: B

Solution:

Solution:

As 1g of steam at 100°C melts 8g of ice at 0°C.
10 g of steam will melt 8x 10 g of ice at 0°C
Water in calorimeter = 500 + 80 + 10g = 5909

Question254

Given that 1 g of water in liquid phase has volume 1 cm>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]

Options:
A. 2256
B. 167
C. 2089
D.1

Answer: C

Solution:

Solution:

Question255

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

temperature T of the metal and time twill be closest to
[2013]

Options:
A.

L\
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Ol t—>

Ol 1—

Ol —

Answer: C

Solution:

Solution:
According to Newton’s law of cooling, the temperature goes on decreasing with time non-linearly.

Question256

A steel wire can sustain 100 kg weight without breaking. If the wire is
cut into two equal parts, each part can sustain a weight of
[Online May 19, 2012]

Options:
A. 50 kg

B. 400 kg
C. 100 kg
D. 200 kg

Answer: C

Solution:

Solution:
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Question257

A structural steel rod has a radius of 10 mm and length of 1.0 m. A 100
KN force stretches it along its length. Young’s modulus of structural

steel is 2 x 10''N m™. The percentage strain is about
[Online May 7, 2012]

Options:
A. 0.16%
B. 0.32%
C. 0.08%
D. 0.24%

Answer: A

Solution:

Solution:

Given: F = 100kN = 10°N
Y =2x10"Nm™?
1,=1.0m

radius r = 10mm = 10™%m

From formula, Y = Stress

Strain
. _ Stress _ F
= Strain ==y “ay
10° _ 10° 1

T Y 314x10%x2x 10! 628

Therefore % strain = % x 100 = 0.16%

Question258

The load versus elongation graphs for four wires of same length and
made of the same material are shown in the figure. The thinnest wire is

represented by the line
Load

[

Elongation

[Online May 7, 2012]

Options:

A. OA
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C.OD
D. OB

Answer: A
Solution:
Solution:

From the graph, it is clear that for the same value of load, elongation is maximum for wire OA . Hence OA is the thinnest
wire among the four wires.

Question259

In a cylindrical water tank, there are two small holes A and B on the
wall at a depth of h,, from the surface of water and at a height of h,

from the bottom of water tank. Surface of water is at heigh H from the
bottom of water tank. Water coming out from both holes strikes the
ground at the same point S. Find the ratio of h;, and h,

<

T

H||

[Online Masy 26, 2012]
Options:

A. Depends on H

B.1:1

C.2:2

D.1:2

Answer: B

Solution:

Solution:

H

\ g
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or,vit, =v,t, ... (i)

Where v, = velocity of efflux at A = V(2gh,) and
v, = velocity of efflux at B = vV(2g(H - h,)

1

2

Putting these values is eqn (i) we get

(H —h)h, = (H - hyh,
or [H — (h, + h,)][h, —h,] = 0

t, = time of fall water stream through A = \/ (

2h
t, = time of fall of the water stream through B = \/ ?2

h
Here, H = h, + h, is irrelevant because the holes are at two different heights. Hence h; = h, or, =% =1

Question260

h,

Water is flowing through a horizontal tube having cross sectional areas
of its two ends being A and A’ such that the ratio A/ A’ is 5. If the
pressure difference of water between the two ends is 3 x 10°N m~?, the
velocity of water with which it enters the tube will be (neglect gravity

effects)

[Online May 12, 2012 ]

Options:

A. 5ms™?

B. 10ms™*
C.25ms™*

D. 50v10ms ™"

Answer: A

Solution:

Solution:
According to Bernoulli’'s theorem
1 1 .
P, + Epvl2 =P, + EPVZZ ..... (i)
From question,
— 5 A1 _
Pl—P2—3x10,A—2—5

According to equation of continuity
Av, =Ayv,

A v
or, 2 =-2=5
Ay vy
=V, = 5V,

From equation (i)
1
P,-P,= Ep(vz2 -v,%)

or3x 10° = % x 1000(5v,2 — v,%)

=600 = 6v; X 4v,;
:tovl2 =25

v =HRm /e
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Question261

A square hole of side length 1 is made at a depth of h and a circular hole
of radius r is made at a depth of 4h from the surface of water in a water
tank kept on a horizontal surface.

If]1 < < h, r < < h and the rate of water flow from the holes is the same,

----------
-------
__________
_______

—————————— h

ah|[======]

R

———

-

SN —

NI i St e

C.
D.

Answer: A

Solution:

Solution:

As A v, = A,v, (Principle of continuity)

or, 1?v2gh = nr’v2g x 4h ( Efflux velocity = v2gh)
2 2

217 _ 410

= orr= 20 20

Question262

The terminal velocity of a small sphere of radius a in a viscous liquid is
proportional to
[Online May 26, 2012]

Options:

A. a?
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C.a
D.a !

Answer: A

Solution:

Solution:
Terminal velocity in a viscous medium is given by :
2 —
v, =2a(p=-o0)g
T 9'[']

. 2
"VT x a

Question263

A large number of liquid drops each of radius r coalesce to from a single
drop of radius R. The energy released in the process is converted into
Kinetic energy of the big drop so formed. The speed of the big drop is
(given, surface tension of liquid T, density p )

[Online April 19, 2014, 2012]

Options:

A \/1(1_1
) plr R
B. {2 (1_1
) p \r R

Answer: D

Solution:

Solution:
When drops combine to form a single drop of radius R. Then energy released, E = 4nT R® T %]
If this energy is converted into kinetic energy then
Lov?t=amrdT([1-1
2mv = 4nR"T [ CTR
1 4 3 2 _ 3 1 1
zX[gHRp]V —4HRT[?—§]
2_6T[1 1
Ve [ T R]

o- T2
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Question264

A thin liquid film formed between a U-shaped wire and a light slider
supports a weight of 1.5 x 102N (see figure). The length of the slider is
30cm and its weight is negligible. The surface tension of the liquid film

1S

[
W

[2012]
Options:
A.0.0125Nm™*
B.0.1Nm™!
C.0.05Nm™*
D. 0.025Nm™*

Answer: D

Solution:

Solution:

Let T is the force due to surface tension per unit length,

then

F=21T

1 = length of the slider.

At equilibrium, F =W

~2T1 = mg

p_.mg__15x107 _ 15 _ -1
T ol 7% 30 x 10-2 60 0.025N m

Question265

A wooden wheel of radius R is made of two semicircular part (see
figure). The two parts are held together by a ring made of a metal strip
of cross sectional area S and length L. L is slightly less than 2nR. To fit
the ring on the wheel, it is heated so that its temperature rises by AT
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 a, and its Young's
modulus is Y, the force that one part of the wheel applies on the other

part is:
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[2012]
Options:

A. 20SY AT
B. SY aAT
C. nSY aAT
D. 2SY oAT

Answer: D

Solution:

Solution:
The Young modulus is given as
__ {stress _ F /S
"~ strain  AL/L
Here ,AL = 20ARL = 2nR
F
= SomaR < 2R

Sy = ER )

- : . _ AR
The coefficient of linear expansion a = RAT
AR _ R _ 1
>R =% AT 23R = Gt
From equation (i) and (ii)
-_F -
Y = S oAT =>F =Y .S.aAT
~. The ring is pressing the wheel from both sides, Thus
F et = 2F =2Y SaAT

Question266

A large cylindrical rod of length L is made by joining two identical rods

of copper and steel of length ( 15 ) each.

The rods 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]

Options:
A. 90°C
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C. 10°C
D. 67°C

Answer: A

Solution:

Solution:

€ L >
](HJ:’C{CUppcr I Steel }U’JC

«— ] —>— [/ —>
Let conductivity of steel K = k then from question

steel

Conductivity of copper KCopper = 9k
Bcopper = 100°C
steel =0°C
L
lsteel = 1copper = E

From formula temperature of junction;
K 0 1 +K 6. .1

0= copper _copper " steel steel “steel ~ copper
K copper 1 steel +K steel 1 copper
L L
_ 9k x 100x§+kx0x§
L L
9k x 5 +k x 5
9(2)0kL
= Tort - 00
2
0
Question267

The heat radiated per unit area in 1 hour by a furnace whose

temperature is 3000 K is (s = 5.7 x 10°°Wm™>K )

[Online May 7, 2012]
Options:

A.1.7x10°]

B.1.1 x 10*?]
C.2.8x10%]

D.4.6 x 10°]

Answer: A

Solution:

Solution:
According to Stefan’s law
E =oT*

Haoat radiatad nar 1init araa in 1 hanir { 2RRNN <) ic
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Question268

A liquid in a beaker has temperature 0(t) at time t and 0, is temperature

of surroundings, then according to Newton's law of cooling the correct
graph between log (0 — 0,) and t is :

[2012]
Options:
A.

= —*log, (00

= —=log, (B -8

.

o

o —+log, (0-0)

o —*log, (0-8,)

I

Answer: A

Solution:
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According to newton's law of cooling
do

do
=—-kdt
MCEN
0 t
do
49 __ _krat
lo—ey = 7K

=log(6 — 90) =—-kt+c
Which represents an equation of straight line.
Thus the option (a) is correct.

Question269

Water is flowing continuously from a tap having an internal diameter
8 x 10 >m. The water velocity as it leaves the tap is 0.4ms™'. The
diameter of the water stream at a distance 2 x10™'m below the tap is

close to:
[2011]

Options:

A.7.5%x 10 %m
B. 9.6 x 10™°m
C.3.6 x 10°m
D.5.0 x 10 %m

Answer: C

Solution:

Solution:
Using Bernoulli's theorem, for horizontal flow

P, + %pvl2 +pgh =P, + %pvz2 +0

v,={v,°+2gh =v0.16 +2x10x 0.2 =2.03m /s

According to equation of continuity

Ay, = Ay
D, D,
HT X vy, = nTvl

_ Vi _ -3
=>D2—D1\/— = 3.55x 10~°m
\Z

Question270

If a ball of steel (density p = 7.8gcm'3) attains a terminal velocity of

10cms™!

rlwater

(0 = 1.2acm 3, n = 13.2Pa . s) would be, nearly
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Options:

A.6.25x 10 *cms™!
B. 6.45 x 10 *cms™!
C.1.5x 10 °cms™*

D. 1.6 x 10 °cms ™!

Answer: A

Solution:

Solution:
When the ball attains terminal velocity
Weight of the ball = viscous force + buoyant force
~Vpg = 6mnrv + Vpg
=Vg(p —p) = 6unrv
Also Vg(p — p,) = 6unv’
(p—p))
(p—p)
v = (p—pl)xvn

X V1

v = -
(p - pl) n
_(7.8-12) 10x8.5x107"
(7.8-1) 13.2
.V =6.25x10"%cm /s

Question271

Work done in increasing the size of a soap bubble from a radius of 3cm
to 5cm is nearly (Surface tension of soap solution = 0.03N m™! )

[2011]
Options:
A. 0.2mm]
B. 2]
C. 0.4mm]
D. 4m]

Answer: C

Solution:

Solution:

Work done = increase in surface area X surface tension

=W =2T4n[(5% - (3)*] x 107*
=2x0.03 x 41[25 — 9] x 107%]
= 0.41 x 107% = 0.4mm]
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Question272

Two mercury drops (each of radius ' r ') merge to form bigger drop. The
surface energy of the bigger drop, if T is the surface tension, is:
[2011 RS]

Options:
A. Aur’T
B. 2nr’T
C. 28/3ar’T
D. 2°/3r’T

Answer: C

Solution:

Solution:
As volume remains constant
.. Sum of volumes of 2 smaller drops
= Volume of the bigger drop
4 3 4 __3 _ n1/3
2.31'[r = 3HR =>R=2""r
Surface energy = Surface tension times Surface area =T AnR?

=T4m2?/3? = T .28 3mr?

Question273

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]

Options:
A.8.4Kk]
B. 84 kJ

C.2.1k]
D.4.2 k]

Answer: A

Solution:

Solution:
AU = AQ = mcAT

_ 100 _ -
—1000x4184(50 30) = 8.4k]
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Question274

The specific heat capacity of a metal at low temperature(T) is given as
3
—1y,—1y _ T
C, (KK 'kg™!) = 32( 1)

A 100 gram vessel of this metal is to be cooled from 202K to 42K by a
special refrigerator operating at room temperature (27°C). The amount

of work required to cool the vessel is
[2011 RS]

Options:

A. greater than 0.148 k]

B. between 0.148 kJ and 0.028 k]
C. less than 0.028 k]

D. equal to 0.002 k]

Answer: D
Solution:
Solution:

Required work = energy released
Here, Q = [mcd T

4 TS 4 3.2
=fo.1><32><( 3)dT =[] —>2 _T%T
20 400 2064 x 10

4
=5x10"8 [ T3dT = 0.002k]
20
Therefore, required work = 0.002Kk]

Question275

A ball is made of a material of density rho where p_,, < p < p,_,., With p_;
and p . . represe-nting the densities of oil and water, respectively. The

oil and water are immiscible. If the above ball is in equilibrium in a
mixture of this oil and water, which of the following pictures represents
its equilibrium position?

[2010]

Options:
A.
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Answer: B

Solution:

Solution:
Oil will float on water so, (b) or (d) is the correct option. But density of ball is more than that of oil,, hence it will sink in
oil.

Question276

Two identical charged spheres are suspended by strings of equal
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suspended in a liquid of density O.Sgcm_3, the angle remains the same.
If density of the material of the sphere is 1.6gcm_3, the dielectric

constant of the liquid is
[2010]

Options:
A 4
B.3
C.2
D. 1

Answer: C

Solution:

Solution:

mg

F,=Tsin30°
mg =T cos 30°
F, ,
=tan30° = — ...... (i)
mg
In liquid,
F’'e=T’sin30° ..... (A)
mg = F 5+ T cos30°
But F ; = Buoyant force

T sin 30°

mg
=V(d -p)g=V(1.6-0.8)g =0.8Vg

_nem_ _ 0.8mg _ mg
0-879="76 2

Smg = % + T’"cos 30°

ﬁ% =T cos30° ...... (B)

2F
From (A) and (B), tan 30° =
mg
From (1) and (2)
F 2F
¢ = S (2)
mg mg
=>F _ =2F/
If K be the dielectric constant, then
’ Fe
Fe - f
. 2Fe
~F,= - = K=2
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Question277

Two wires are made of the same material and have the same volume.
However wire 1 has cross-sectional area A and wire 2 has cross-sectional
area 3A. If the length of wire 1 increases by Ax on applying force F, how
much force is needed to stretch wire 2 by the same amount?

[2009]

Options:
A.4F
B.6F
C.9F
D.F

Answer: C

Solution:

Solution:

34 ¥

— ([} —>
Wire (2)
For wire 1
Length, L; =1
Area, A, = A
For wire 2

Length, L, = 1§

Area, A, = 3A
As the wires are made of same material, so they will have same young's modulus.
For wire 1
_F/A
Ax /1
For wire 2,
y=E /3A ........ (ii)
(1 /3)
i) and (ii) we get,

m (
= E sl g _o9F

F
Exl_
A" Ax  3A7 3Ax

Question278

A Tona metallic har i€ carrvina heat from ane of ite endc tn the nther end
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the bar from its hot end is best described by which of the following
figures?
[2009]

Options:

X

Answer: A

Solution:

Solution:

Let Q be the temperature at a distance x from hot end of bar. Let Q is the temperature of hot end.
The heat flow rate is given by

dQ _ kA(6, — 9)

dt X
x d
=0, - 0= o253
x d
~0=0, - 197

Thus, the graph of Q versus x is a straight line with a positive intercept and a negative slope.
The above equation can be graphically represented by option (a).
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Question279

A jar is filled with two non-mixing liquids 1 and 2 having densities p,
and, p, respectively. A solid ball, made of a material of density rho,, is

dropped in the jar. It comes to equilibrium in the position shown in the
figure. Which of the following is true for p,, p, and p; ?

[2008]
Options:

A p;<p;<p,
B.p; >p;>0p,
C.p; <p, <p;
D.p, <p;<p,
Answer: D
Solution:

Solution:
As liquid 1 floats over liquid 2 . The lighter liquid floats over heavier liquid. So, p, < p,

Also p, < p, because the ball of density rho, does not sink to the bottom of the jar.
Also p, > p, otherwise the ball would have floated in liquid 1 . we conclude that

P <P3 <P,

Question280

A spherical solid ball of volume V is made of a material of density p,. It
is falling through a liquid of density p,(p, < p,). Assume that the liquid

applies a viscous force on the ball that is proportional to the square of
its speed v, i.e., F = —kvz(k > (). The terminal speed of the ball is

[2008]

viscous
Options:

Vg(p, —py)
A Lo

\Y
B. gP,

k
Vgp,
c. |

Vglp, —py)
: k

D
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Solution:

Solution:
When the ball attains terminal velocity
Weight of the ball = Buoyant force + Viscous force

F B-1p.g

W=1p g
~Vp,g=Vp,g+kv’=Vglp, —p,)g = kv,

V —
SV, = \/ g(p;{ pz)

Question281

A capillary tube (A) is dipped in water. Another identical tube (B) is
dipped in a soap-water solution. Which of the following shows the
relative nature of the liquid columns in the two tubes?

[2008]
Options:
A.

Get More Learning Materials Here : &

@ www.studentbro.in



Answer: C

Solution:

Solution:

In case of water, the meniscus shape is concave upwards. From ascent formula h =

20 cos 0

The surface tension (o) of soap solution is less than water. Therefore height of capillary rise for soap solution should be
less as compared to water. As in the case of water, the meniscus shape of soap solution is also concave upwards.

Question282

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 length1, and 1,
and thermal conductivities K, and K, respectively. The temperature at

the interface of the two section is

T, | L

K, K,
[2007]
Options:

(K,1,T, +K,1,T,)

(K,1,+K.l,)

A.

(K,1,T, +K,1,T,)
(K I, +K,1,)

B.

(K1, T, +K,1,T,)

C. (K,1,+K,l,)

(K1, T, +K,I1,T,)

D.
(K,1,+K,l,)

Answer: D

Solution:

Solution:

Let T be the temperature of the interface. In the steady state, Q, = Q,

T, ¢ ‘s

75
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KA(T,-T) K,AT-T,)
. 11 = 12
where A is the area of cross-section.
=K ,A(T,-T)l,=K,A(T -T,)I,
=K, T,l,-K,Tl,=K,Tl, -K,T,1,
=(K,l,+K,1 )T =K T,1,+K,T,l,
_ K,T,1,+K,T, I,

K., +K\l,
— K112T1+K211T2

K,l,+K,1,

=T

Question283

A wire elongates by ] mm when a load W is hanged from it. If the wire
goes over a pulley and two weights W each are hung at the two ends, the
elongation of the wire will be (in mm)

[2006]

Options:
Al

B. 2]

C. zero
D. I/2

Answer: A

Solution:

Solution:
Case (i)

I ]‘
I3

At equilibrium, T =W
Young's modules, Y =

ion1=W, L
Elongation, 1 = A X T
Case (ii) At equilibrium T = W
- Young's moduls, Y = M

L

W /A
T7L

~
N

~
N

W /A
1/L
= Elongation is the same.

=Y =

W
=1—A><

==
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Question284

If the terminal speed of a sphere of gold (density = 19.5kg / m3 ) is
0.2m / s in a viscous liquid (density = 1.5 kg / m?3), find the terminal

speed of a sphere of silver (density = 10.5kg / m3 ) of the same size in
the same liquid
[2006]

Options:

A. 0.4 m/s
B. 0.133 m/s
C. 0.1 m/s
D. 0.2 m/s

Answer: C

Solution:

Solution:
Given,
Density of gold, p, = 19.5kg / m®
Density of silver, rho, = 10.5kg / m*
Density of liquid, o = 1.5kg / m®
2 —

Terminal velocity, v, = 2r'{p — 0lg
V1, _ (105 -1.5)
0.2 (19.5-1.5)
SV 0.1m/s

T,

Question285

Assuming the Sun to be a spherical body of radius R at a temperature of
T K, evaluate the total radiant powered incident of Earth at a distance r
from the Sun

[2006]

Options:
4
A. 4mr*R%*0%;
r
4
B. HroszoT—2
r
4
C. ]?02].:{2 UT—2
4nr

4
D. R%oL
r
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Solution:

Solution:

From stefan's law, total power radiated by operatorname Sun, E = oT *x 4nR?

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

_ oT* x 4nR’
4mr?

Total power received by Earth

._ E . . _oT*R?*,__ >
E' = 5% Cross — Section area of earth facing the sun = >—(mr,”)

4nr r
L]

Question286

Two rigid boxes containing different ideal gases are placed on a table.
Box A contains one mole of nitrogen at temperature T ,, while Box

contains one mole of helium at temperature ( % ) 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 the gases, T in terms

of T, is
[2006]
Options:

3
AT, =:T,
B.T, =T,
C.T,=3T,
D.T, =2T,

Answer: C

Solution:

Solution:
When two gases are mixed to gether then
Heat lost by He gas = Heat gained by N , gas

n,C, AT, = n,C, AT,
357 _5
ER[gTO—Tf] = SRIT; T,

7T, - 3T, = 5T, - 5T,
~12T, = 8T, = T, = 22T,
ST = 3T,
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Question287

If ‘S’ is stress and ‘Y’ is young’s modulus of material of a wire, the
energy stored in the wire per unit volume is
[2005]

Options:

SZ
A. W

B. 2S%Y

S
C. W
2Y
D&

Answer: A

Solution:

Solution:
Energystored in the wire per unit volume,
E = %x stress x strain ....... (i)
We know that,
— stress
strain
= strain = stress

On substituting the expression of strain in equation (i) we get

1 stress_lS_2
E—sztressx Y =57

Question288

A 20cm long capillary tube is dipped in water. The water rises up to
8cm. If the entire arrangement is put in a freely falling elevator the
length of water column in the capillary tube will be

[2005]

Options:
A. 10cm
B. 8cm
C. 20cm
D. 4cm

Answer: C

Solution:
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Solution:

Water fills the tube entirely in gravityless condition i.e., 20 cm.

Question2389

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

proportional to

(2

[2005]
Options:
A.ln ( %)

(rZ - rl)
B.
C.(r,—r)

rr
(I'2 - rl)

D.

Answer: D

Solution:

Solution:

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 T and (T - dT) respectively.

The radial rate of flow of heat through this elementary shell will be

dQ _ KA(T —dT)-T] _ —KAdT

dt dr
(A = 4mr?)

- _ 2d T
= —4nKr ar

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

T
d_Q rzl _ 2
(dt [dr=—anK [dT
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) T,
d—Q) fr2dr=—-4nK [dT
T

dt r 1
Qri1_17_
e —r—z]——4nK[T2—T1]
dQ _ —4mK r(T,-T))

t (r2 - rl)

Question290

A wire fixed at the upper end stretches by length 1 by applying a force
F . The work done in stretching is
[2004]

Options:
A.2F1
B.Fl

C.

N

Fl
D. =

Answer: D

Solution:

Solution:
Let A and L be the area and length of the wire. Work done by constant force in displacing the wire by a distance 1
= change in potential energy

= %x stress x strain x volume
1 F 1 Fl
2

xKxExAxL= 5

Question291

Spherical balls of radius ‘R’ are falling in a viscous fluid of viscosity ‘1)’
with a velocity ‘v'. The retarding viscous force acting on the spherical
ball is

[2004]

Options:
A. inversely proportional to both radius ‘R’ and velocity ‘v’
B. directly proportional to both radius ‘R’ and velocity v’

C. directly proportional to ‘R’ but inversely proportional to v’
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Answer: B
Solution:
Solution:

From Stoke's law, force of viscosity acting on a spherical body is F = 6nnrv
hence F is directly proportional to radius & velocity.

Question292

If two soap bubbles of different radii are connected by a tube
[2004]

Options:

A. air flows from the smaller bubble to the bigger

B. air flows from bigger bubble to the smaller bubble till the sizes are interchanged
C. air flows from the bigger bubble to the smaller bubble till the sizes become equal
D. there is no flow of air.

Answer: A

Solution:

Solution:
Let pressure outside be P, and r and R be the radius of smaller bubble and bigger bubble respectively.

. Pressure P, For smaller bubble =P, + %

P, For bigger bubble =P, + %(R >r)
P, >P,
hence air moves from smaller bubble to bigger bubble.

Question293

If the temperature of the sun were to increase from T 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]

Options:
A. 32

B. 16
C.4

D. 64
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Solution:

Solution:
From stefan's law, energy radiated by sun per second
E = oAT*

putR,=2R, R, =R; T,=2T, T, =T
E, _ @R@2T)* _

=—= =

64
1 R*T*

Question294

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,respectively, are T, and T (T, > T ,).

The rate of heat transfer through the slab, in a steady state is

( AT, - T )K
X

) f, with f equal to

X —p (—41 —

Z

+ xK Ty

%

[2004]

Options:

A.

wiN

B.

N| =

C.1

D.

Wl

Answer: D

Solution:

Solution:

The thermal resistance is given by
X 4 _ X 2x _ 3x

KA 2KA KA KA KA
Amount of heat flow per second,
dQ _ AT _ (T,-T)KA

dt ~ 3x 3x
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Question295

The earth radiates in the infra-red region of the spectrum. The

spectrum is correctly given by

[2003]

Options:

A. Rayleigh Jeans law

B. Planck’s law of radiation
C. Stefan’s law of radiation
D. Wien’s law

Answer: D

Solution:

Solution:
Wein’s law correctly explains the spectrum

Question296

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

the body and the surroundings, and n is equal to

[2003]
Options:
A. two
B. three
C. four
D. one

Answer: D

Solution:

Solution:

From Newton's law of cooling —((11—? « (AB)
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Question297

A cylinder of height 20 m is completely filled with water.
The velocity of efflux of water (in ms~ 1) through a small hole on the side

wall of the cylinder near its bottom is
[2002]

Options:
A. 10

B. 20

C. 25.5
D.5

Answer: B

Solution:

Solution:

Given, Height of cylinder, h = 20cm Acceleration due to gravity, g = 10ms™
Velocity of efflux v = v2gh

Where h is the height of the free surface of liquid from the hole
=>v=v2x10x20 =20m/s

2

Question298

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

Options:

A. water equivalent

B. thermal capacity

C. specific heat

D. temperature gradient

Answer: B

Solution:

Solution:
Heat required for raising the temperature of a body through 1°C is called its thermal capacity.

Question299
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[2002]
Options:

A. spectrometer
B. pyrometer

C. nanometer
D. photometer

Answer: B

Solution:

Solution:
Pyrometer is used to detect infra-red radiation

Question300

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

Options:

A. black board paint
B. green leaves

C. black holes

D. red roses

Answer: A
Solution:
Solution:

Black body is one which absorb all incident radiation.
Black board paint is quite approximately equal to black bodies.

Question301

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

Options:

A. increase
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C. decrease
D. first increase then decrease

Answer: C
Solution:
Solution:

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.

Question302

Two spheres of the same material have radii 1 m and 4 m and
temperatures 4000 K and 2000 K respectively. The ratio of the energy
radiated per second by the first sphereto that by the second is

[2002]

Options:
A.l1:1
B.16:1
C.4:1
D.1:9

Answer: A

Solution:

From stefan's law, the energy radiated per second is given by E = eoT ‘A

e ™ “emperature of the body

A = surnace 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. A; and A, be the area of two spheres.

E, T,*A, T,%4or?
E T . Z 2
E, T,°A, T,"umr,
(4000)* x 12
(2000)* x 42

=l
1
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