Properties of Matter

Topic 1 Elasticity

Objective Questions I (Only one correct option)

1.

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

areas of cross-section | mm? 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 requires to produce a net elongation of 0.2 mm is

[Take, the Young’s modulus for steel and brass are respectively
120 x 109 N/rn2 and 60 x 109 N/mz] (2019 Main, 10 April 11)

(a) 12x10° N/ m? (b) 02x10° N/ m?
(c) 18x10° N/ m? (d) 4.0x10° N/ m?

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? (2019 Main, 10 April 11)
(a) 0.90 mm (b) 1.00 mm
(¢) .16 mm (d) 1.36 mm

Young’s moduli of two wires 4 and B are in the ratio 7 : 4.
Wire A4 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
(2019 Main, 8 April II)

(a) 1.3 mm (b) 1.5 mm
(¢) 1.9 mm (d) 1.7 mm

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

is hanging from a ceiling. Given that g = 3.17 ms ™2, what will

be the tensile stress that would be developed in the wire?
(2019 Main, 8 April I)

(a) 62x10°Nm™ (b) 52x10°Nm ™

(¢) 3.1x10°Nm™> (d) 4.8x10°Nm™

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  (Main 2019, 8 April 1)
(a) 10°Nm ™ (b) 10*'Nm™

(c) 10°Nm™ (d) 10°Nm™

. A load of mass M kg is suspended from a steel wire of

length 2 m and radius 1.0 mm in Searle’s apparatus
experiment. The increase in length produced in the wire is
4.0 mm. 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 (2019 Main, 12 Jan II)
(a) zero (b) 5.0 mm
(c) 4.0 mm (d) 3.0 mm

. Arod of length L at room temperature and uniform area of

cross-section A4, is made of a metal having coefficient of
linear expansion o /°C. It is observed that an external
compressive force F, is applied on each of its ends,
prevents any change in the length of the rod, when its
temperature rises by AT K. Young’s modulus, Y for this

metal is (2019 Main, 9 Jan |)
F F
@ ——— ® ———
240, AT Ao (AT - 273)
2F F
c d
© AoAT @ AoAT

. A solid sphere of radius » 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, (drj is

r (2018 Main)
m Ka
(a) & (b) ==
Ka mg
(c) K@ Tt
3mg 3Ka

. A pendulum made of a uniform wire of cross-sectional

area 4 has time period 7. When an additional mass M is
added to its bob, the time period changes to 7,,. If the

Young’s modulus of the material of the wire is Y, then v is

equal to (g = gravitational acceleration) (2015 Main)
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One end of a horizontal thick copper wire of length 2L and
radius 2R is welded to an end of another horizontal thin copper
wire of length L and radius R. When the arrangement is

stretched by applying forces at two ends, the ratio of the

elongation in the thin wire to that in the thick wire is
(2013 Adv.)
(a) 0.25 (b) 0.50 (c) 2.00 (d) 4.00

The pressure of a medium is changed from 1.01 x 10° Pa to
1.165% 10° Pa and change in volume is 10% keeping

temperature constant. The bulk modulus of the medium is
(a) 204.8 x 10° Pa (b)102.4 x 10° Pa (2005, 2m)

(c) 51.2% 10° Pa (d)1.55% 10° Pa

The adjacent graph shows the extension (A/l) of a wire of
length 1 m suspended from the top of a roof at one end and
with a load w connected to the other end. If the
cross-sectional area of the wire is 10™® m?, calculate from the
graph the Young’s modulus of the material of the wire.

(2003, 2M)
N(x10"4 m)

4
3
2

1

20 40 60 80 wN)

(b)2x 107" N/m?
(d) 2x 10" N/'m?

(a) 2% 10'" N/m?
(c) 3% 10 N'm?

A given quantity of an ideal gas is at pressure p and absolute

temperature 7. The isothermal bulk modulus of the gas is
(1998, 2M)

@ O ©@p @

Two rods of different materials having coefficients of thermal
expansion o, 0., and Young’s moduli ¥}, Y, respectively are
fixed between two rigid massive walls. The rods are heated
such that they undergo the same increase in temperature.
There is no bending of the rods. If o, 10, = 2: 3, the thermal
stresses developed in the two rods are equal provided Y, : Y, is
equal to (1989, 2M)

(a)2:3 b)1:1 (©)3:2 (d)4:9

The following four wires are made of the same material.
Which of these will have the largest extension when the same
tension is applied ? (1981, 2M)
(a) Length = 50 cm, diameter = 0.5 mm

(b) Length = 100 cm, diameter = I mm

(c) Length = 200 cm, diameter = 2 mm

(d) Length = 300 cm, diameter = 3 mm

Objective Question II (One or more correct option)

16.

In plotting stress versus strain curves
for two materials P and Q, a student by

mistake puts strain on the Y-axis and 5 p
stress on the X-axis as shown in the & Q
figure. Then the correct statements
is/are (2015 Adv.)

Stress

(a) P has more tensile strength than O

(b) P is more ductile than Q

(c) P is more brittle than Q

(d) The Young’s modulus of P is more than that of O

Fill in the Blanks

17.

18.

19.

A uniform rod of length L and density p is being pulled along

a smooth floor with a horizontal acceleration o (see figure).

The magnitude of the stress at the transverse cross-section

through the mid-point of the rod is ......... . (1993, 1M)
| )

A solid sphere of radius R made of a material of bulk
modulus k& is surrounded by a liquid in a cylindrical
container. A massless piston of area 4 floats on the surface of
the liquid. When a mass M is placed on the piston to
compress the liquid the fractional change in the radius of the
sphere, SR/R, is ...... . (1988, 2M)

A wire of length L and cross-sectional area 4 is made of a
material of Young’s modulus Y. If the wire is stretched by an
amount x, the work done is ...... . (1987, 2m)

Analytical & Descriptive Questions

20.

21.

In Searle’s experiment, which is used to find Young’s
modulus of elasticity, the diameter of experimental wire is
D = 0.05 cm (measured by a scale of least count 0.001 cm)
and length is L = 110 cm (measured by a scale of least count
0.1 cm). A weight of 50 N causes an extension of
/=0.125cm (measured by a micrometer of least count
0.001 cm). Find maximum possible error in the values of
Young’s modulus. Screw gauge and meter scale are free
from error. (2004, 2M)

A thin rod of negligible mass and area of cross-section

4 x 10"°m?, suspended vertically from one end, has a length

of 0.5 m at 100°C. The rod is cooled to 0°C, but prevented
from contracting by attaching a mass at the lower end. Find

(a) this mass and
(b) the energy stored in the rod, given for the rod. Young’s
modulus = 10'"N/m?, coefficient of linear expansion

=10°K 'andg = 10m/s>. (1997 C, 5M)



Topic 2 Ideal Fluids at Rest

Objective Questions I (Only one correct option)

1.

A submarine experience a pressure of 5.05x 10° Pa at a

depth of d| in a sea. When it goes further to a depth of d,, it
experiences a pressure of 8.08x 10° Pa, then d, —d, is

approximately (density of water =10° kg/ m® and

acceleration due to gravity = 10 ms™ ?) (2019 Main, 10 Apr II)
(a) 500m (b) 400m (c) 600m  (d) 300 m

A wooden block floating in a bucket of water has % of its

volume submerged. When certain amount of an oil is 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 (2019 Main, 9 April 11)

(a) 0.6 (b) 0.8 (c) 0.7 (d) 0.5

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 7

interface makes an angle oo with vertical. Ratio d, / d, is
(2014 Main)

1+sino 1+ cosa 1+ tano 1+sino

(a) — (b)
l—sina

1-cosa 1-tana 1—-cosa

A wooden block, with a coin placed on its top, floats in water
as shown in figure. The distance / and 4 are shown there.

After sometime the coin falls into the water. Then (2002,2M) 9.

(a) [ decreases and 4 increases
(b) l increases and % decreases
(c) Both [ and / increase
(d) Both / and /4 decrease

A hemispherical portion of radius R is
removed from the bottom of a cylinder
of radius R. The volume of the
remaining cylinder is /" and mass M. It is
suspended by a string in a liquid of
density p, where it stays vertical.The
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upper surface of the cylinder is at a depth / below the liquid
surface. The force on the bottom of the cylinder by the
liquid is (2001, 2M)
(a) Mg

(c) Mg + TLthpg

(b) Mg —Vpg
(d)pg (V + mR*h)

A homogeneous solid cylinder of
length L and cross-sectional area
A/S is immersed such that it floats
with its axis vertical at the
liquid-liquid interface with length
L/4 in the denser liquid as shown in
the figure. The lower density liquid
is open to atmosphere having 2d
pressure p.

Then, density D of solid is given by
(1995, 2M)

5 4 d
(@) Zd (b) gd (c) 4d (d) 3

. A vessel contains oil (density = 0.8 g/cm®) over mercury

(density = 13.6g/cm®). A homogeneous sphere floats with
half its volume immersed in mercury and the other half'in oil.
The density of the material of the sphere in g/cm? is

(1988, 2M)
(a)3.3 (d)12.8

(b) 6.4 ©) 7.2

. A U-tube of uniform cross-section is partially filled with a

liquid I. Another liquid II which does not mix with liquid I is
poured into one side. It is found that the liquid levels of the two
sides of the tube are the same, while the level of liquid I has
risen by 2 cm. If the specific gravity of liquid I is 1.1, the
specific gravity of liquid IT must be (1983, 1M)
(a) 1.12 (b) 1.1 (c) 1.05 (d) 1.0

A body floats in a liquid contained in a beaker. The whole
system as shown in figure falls freely under gravity. The
upthrust on the body is (1982, 3M)

(a) zero

(b) equal to the weight of liquid displaced

(c) equal to the weight of the body in air

(d) equal to the weight of the immersed portion of the body

. A metal ball immersed in alcohol weighs w; at 0°C and w, at

50°C. The coefficient of cubical expansion of the metal is
less than that of the alcohol. Assuming that the density of the
metal is large compared to that of alcohol, it can be shown

that (1980, 2M)
@ w >w, (b)wy = w,
©)w <w, (d) All of these
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Passage Based Questions

11.

12

13.

Passage
A wooden cylinder of diameter 4 r, height / and density p/3
is kept on a hole of diameter 2 of tank, filled with liquid of
density p as shown in the figure.

i 1/71

2r

Now level of the liquid starts decreasing slowly. When
the level of liquid is at a height 4, above the cylinder the
block starts moving up. At what value of /;, will the block

rise ? (2006, 5M)
(a) 4h/9 (b) 54/9
(c)5h/3 (d) Remains same

The block in the above question is maintained at the position
by external means and the level of liquid is lowered. The

height /2, when this external force reduces to zero is
(2006, 5M)

p/3

4h 5h
(@) ? (b) j

(c) Remains same (d)2h/3

If height £, of water level is further decreased, then
(2006, 5M)
(a) cylinder will not move up and remains at its
original position
(b) for i, = h/3, cylinder again starts moving up
(c) for h, = h/4,cylinder again starts moving up
(d) for h, = h/5, cylinder again starts moving up

Objective Questions II (One or more correct option)

14.

A solid sphere of radius R and density p is attached to one end
of a massless spring of force constant £. The other end of the
spring is connected to another solid sphere of radius R and
density 3p. The complete arrangement is placed in a liquid of
density 2p and is allowed to reach equilibrium. The correct

statement(s) is (are) (2013 Adv.)
Rpg
3k

R’pg

(a) the net elongation of the spring is

(b) the net elongation of the spring is 8n

(c) the light sphere is partially submerged
(d) the light sphere is completely submerged

15.

16.

Two solid spheres 4 and B of equal
volumes but of different densities d 4
and dj are connected by a string. They
are fully immersed in a fluid of density
dp. They get arranged
equilibrium state as shown in the figure
with a tension in the string. The
arrangement is possible only if (2011)
(a) d, <dp
(b) dy > dp
(c) d,>dp
(d) dy +dg =2d,
The spring balance 4 reads 2 kg with a
block m suspended from it. A balance B
reads 5 kg when a beaker with liquid is put
on the pan of the balance. The two
balances are now so arranged that the
hanging mass is inside the liquid in the
beaker as shown in the figure. In this
situation (1985, 2M)
(a) the balance 4 will read more than 2 kg
(b) the balance B will read more than 5 kg
(c) the balance A will read less than 2 kg and B will read
more than 5 kg

into an

(d) thebalances 4 and B will read 2 kg and 5 kg respectively

True / False

17.

18.

A block of ice with a lead shot embedded in it is floating on
water contained in a vessel. The temperature of the system is
maintained at 0°C as the ice melts. When the ice melts
completely the level of water in the vessel rises. (1986, 3M)

A barometer made of a very narrow tube (see figure) is
placed at normal temperature and pressure. The coefficient
of volume expansion of mercury is 0.00018/°C and that of
the tube is negligible. The temperature of mercury in the
barometer is now raised by 1°C but the temperature of the
atmosphere does not change. Then, the mercury height in the
tube remains unchanged. (1983, 2M)
Vacuum

Hg

Analytical & Descriptive Questions

19.

A uniform solid cylinder of density 0.8 g/cm® floats in
equilibrium in a combination of two non-mixing liquids
A and B with its axis vertical. The densities of the liquids 4
and B are 0.7 g/em’ and 1.2 g/em®, respectively. The height of
liquid A is A, = 1.2 cm. The length of the part of the cylinder
immersed in liquid B is h; = 0.8 cm. (2002, 5M)



20.

21.

Air h

hg

- ~

(a) Find the total force exerted by liquid 4 on the cylinder.

(b) Find £, the length of the part of the cylinder in air.

(c) The cylinder is depressed in such a way that its top
surface is just below the upper surface of liquid 4 and is
then released. Find the acceleration of the cylinder
immediately after it is released.

A wooden stick of length L, radius R and density p has a small

metal piece of mass m (of negligible volume) attached to its

one end. Find the minimum value for the mass m (in terms of
given parameters) that would make the stick float vertically
in equilibrium in a liquid of density s ( >p). (1999, 10M)

A wooden plank of length 1 m and uniform cross-section is
hinged at one end to the bottom of a tank as shown in figure.
The tank is filled with water upto a height 0.5 m. The specific

Topic 3 Ideal Fluids in Motion

Objective Questions I (Only one correct option)

1 A solid sphere of radius R acquires a terminal velocity v,

when falling (due to gravity) through a viscous fluid having a
coefficient of viscosityn. 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 (2019 Main, 12 April 11)
(@ 9 (b) 1727 (c) 1/9 (d) 27

Water from a tap emerges vertically downwards with an
initial speed of 10 ms™'. 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, 0.15 m below the tap
would be [Take, g = 10 ms™*] (2019 Main, 10 April I1)

(@) 2x 10" °m? (b) 1x10 °m?
(¢) 5x10 *m? (d) 5% 10" °m?

A long cylindrical vessel is half-filled with a liquid. When
the vessel is rotated about its own vertical axis, the liquid
rises up near the wall. If the radius of vessel is

5 cm and its rotational speed is 2 rotations per second, then
the difference in the heights between the centre and the sides
(in cm) will be (2019 Main, 12 Jan 11)
(a) 0.1 (b) 1.2 (c) 0.4 (d) 2.0

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% losses all of its

22,

23.
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gravity of the plank is 0.5. Find the angle 6 that the plank
makes with the vertical in the equilibrium position (exclude
the case 6 = (°). (1984, 8M)

N 4

A boat floating in a water tank is carrying a number of large
stones. If the stones are unloaded into water, what will
happen to the water level? (1979)

A column of mercury of length 10 cm is contained in the
middle of a horizontal tube of length 1 m which is closed at
both the ends. The two equal lengths contain air at standard
atmospheric pressure of 0.76 m of mercury. The tube is now
turned to vertical position. By what distance will the column
of mercury be displaced ? Assume temperature to be
constant. (1978)

momentum and, 25% comes back with the same speed. The
resultant pressure on the mesh will be (2019 Main, 11 Jan I)

2 1 5 1.2 3 2
(@) pv (b) 2pv (©) 4pv (d) 4pv

Water flows into a large tank with flat bottom at the rate of
107" m’s™". Water is also leaking out of a hole of area 1 cm?
at its bottom. If the height of the water in the tank remains
steady, then this height is (2019 Main, 10 Jan 1)
(a) 4cm (b) 29cm (c) 5.1em  (d) 1.7cm

The top of a water tank is open to air and its water level is
maintained. It is giving out 0.74 m® water per minute through
a circular opening of 2 cm radius is its wall. The depth of the
centre of the opening from the level of water in the tank is
close to (2019 Main, 9 Jan 1)
(a) 48m  (b) 6.0m () 29m (d) 9.6m
Water is filled in a cylindrical container to a height of 3 m.
The ratio of the cross-sectional area of the orifice and the
beaker is 0.1. The square of the speed of the liquid coming
out from the orifice is (g = 10m/s?) (2005, 2M)

52.5,0m

(b) 50.5m*/s?
(d) 52m?/s?

(a) 50m*/s>
(c) 51m?/s?
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8. A large open tank has two holes in the wall. One is a square

hole of side L at a depth y from the top and the other is a
circular hole of radius R at a depth 4y from the top. When the
tank is completely filled with water, the quantities of water
flowing out per second from both holes are the same. Then, R

is equal to (2000, 2M)
(@) L/\2n  (b)2nL ()L (d)L/2n

9. Water from a tap emerges vertically downwards with an

initial speed of 1.0 m/s. The cross-sectional area of tap is
10~* m?. Assume that the pressure is constant throughout the
steam of water and that the flow is steady, the cross-sectional
area of stream 0.15 m below the tap is (1998, 2M)
(a) 5.0x 10°* m? (b)1.0x 107 m?

(¢) 5.0x 1075 m? (d)2.0x 107 m?

Fill in the Blank

10.

A horizontal pipeline carries water in a streamline flow. At a
point along the pipe, where the cross-sectional area is 10 cm?,
the water velocity is Ims~' and the pressure is 2000 Pa. The
pressure of water at another point where the cross-sectional

area is 5 cm?, is ......Pa. (Density of water = 10° kg-m®)
(1994, 2M)

Analytical & Descriptive Questions

1.

12

Consider a horizontally oriented syringe containing water
located at a height of 1.25m above the ground. The diameter
of the plunger is 8mm and the diameter of the nozzle is 2mm.
The plunger is pushed with a constant speed of 0.25m/s. Find
the horizontal range of water stream on the ground.

(Take g = 10m/s?). (2004, 2M)

[o-2mm
.

D = 8 mm ===

1.25m

A non-viscous liquid of constant Q
density 1000kg/m’® flows in

streamline motion along a tube of
variable cross-section. The tube is
kept inclined in the vertical plane 5m
as shown in the figure. The area of o

cross-section of the tube at two
points P and Q at heights of 2 m

13.

14.

and 5 m are respectively 4x 107> m* and 8x 107> m?. The

velocity of the liquid at point P is 1 m/s. Find the work done
per unit volume by the pressure and the gravity forces as the
fluid flows from point P to Q. (1997, 5M )

A large open top container of negligible mass and uniform
cross-sectional area 4 has a small hole of cross-sectional area
A/100 in its side wall near the bottom. The container is kept
on a smooth horizontal floor and contains a liquid of density
p and mass m,. Assuming that the liquid starts flowing out
horizontally through the hole at # = 0. Calculate (1997 C, 5M)
(a) the acceleration of the container and

(b) velocity of efflux when 75% of the liquid has drained

out.

A container of large uniform cross-sectional area A resting
on a horizontal surface, holds two immiscible, non-viscous
and incompressible liquids of densities d and 2d, each of
height H/2 as shown in figure. The lower density liquid is
open to the atmosphere having pressure p,. (1995, 5+5 M)

H
2

.

H
2

N

“TH

(a) A homogeneous solid cylinder of length L(L < H/2),
cross-sectional area A4/5 is immersed such that it floats
with its axis vertical at the liquid-liquid interface with
length L/4 in the denser liquid. Determine
(i) the density D of the solid,

(i1) the total pressure at the bottom of the container.

(b) The cylinder is removed and the original arrangement is
restored. A tiny hole of area s (s < < 4) is punched on
the vertical side of the container ata height 2 (h < H / 2).
Determine :
(i) the initial speed of efflux of the liquid at the hole,
(ii) the horizontal distance x travelled by the liquid
initially, and
(iii) the height A,, at which the hole should be punched so
that the liquid travels the maximum distance x,,
initially. Also calculate x,,,.
(Neglect the air resistance in these calculations)
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Topic4 Surface Tension and Viscosity
Objective Questions I (Only one correct option) 6. Assume that a drop of liquid evaporates by decrease in its

1 The ratio of surface tensions of mercury and water is given to surface energy, so that its temperature remains unchanged.

. On heating water, bubbles beings formed at

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 /4 in a
capillary tube of radius 7, while water rises by the same
amount / in a capillary tube of radius 7. The ratio (5 / ), is
then close to (2019 Main, 10 April I)
(a)3/5 (b) 2/3 (c)2/5 (d) 4/5

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 (2019 Main, 9 April 1)

(a) 2M (b) 4M ©) % d) M

. The following observations were taken for determining
surface tension 7' of water by capillary method. Diameter of
capillary, d = 125 x 1072 m rise of water, 4 = 145 x 10~*m

Using g=980 m/s> and the simplified relation

h
T= r2g x 10°N/m, the possible error in surface tension is
closest to (2017 Main)

(@)1.5%  (6)24% () 10% (d) 0.15%

. A glass capillary tube is of the shape of truncated cone with

an apex angle o so that its two ends have cross-sections of
different radii. When dipped in water vertically, water rises
in it to a height /2, where the radius of its cross-section is b. If
the surface tension of water is S, its density is p, and its
contact angle with glass is 0, the value of / will be ( g is the
acceleration due to gravity) (2014 Adv.)

I

(b)ﬁcos ®+a)
bpg

W

(a)gcos ©®-a)
bpg

(c)ﬁcos ©®-0/2) (d)gcos ©O®+a/2)
bpg bpg

the bottom of the vessel detach and rise. Take ey
the bubbles to be spheres of radius R and
(V]

making a circular contact of radius » with the
bottom of the vessel. If » <<R and the surface
tension of water is 7, value of r just before S
bubbles detach is (density of water is p,,)

(2014 Main)

(a) RZ p:;}g (b) 2 pwg (C) RZ pwg (d) R2 3pwg

. Water is filled up to a height /4 in a beaker

What should be the minimum radius of the drop for this to be
possible? The surface tension is 7', denstiy of liquid isp and L
is its latent heat of vaporisation (2013 Main)

pL T T 2T
(@) ra (b) \E () oL (d) oL

. A glass tube of uniform internal

radius (7) has a valve separating the

two identical ends. Initially, the valve

is in a tightly closed position. End 1~ 2 1

has a hemispherial soap bubble of radius ». End 2 has

sub-hemispherical soap bubble as shown in figure.

Just after opening the valve. (2008, 3M)

(a) air from end 1 flows towards end 2. No change in the
volume of the soap bubbles

(b) air from end 1 flows towards end 2. Volume of the soap
bubble at end 1 decreases

(c) no change occurs

(d) air from end 2 flows towards end 1. Volume of the soap
bubble at end 1 increases

of radius R as shown in the figure. The
density of water is p, the surface tension
of water is T and the atmospheric pressure
is p,. Consider a vertical section ABCD
of the water column through a diameter of

/ o
the beaker. The force on water on one side // //// //
of this section by water on the other side

of this section has magnitude (2007, 3M)
(a) |2 poRh + nR*0gh — 2RT |

(b) 12poRh + Rpgh® — 2RT |
(¢) |pomR* + Rpgh® — 2RT |
(d) | pymR* + Rpgh* + 2RT |

7

&\

Objective Questions IT (Only one correct option)

9. A uniform capillary tube of inner radius ris dipped vertically

into a beaker filled with water. The water rises to a height /2 in

the capillary tube above the water surface in the beaker. The

surface tension of water is 6. The angle of contact between

water and the wall of the capillary tube is 6. Ignore the mass

of water in the meniscus. Which of the following statements

is (are) true ? (2018 Adv.)

(a) For a given material of the capillary tube, & decreases
with increase in r

(b) For a given material of the capillary tube, 4 is
independent ofc

(c) If this experiment is performed in a lift going up with a
constant acceleration, then / decreases

(d) & is proportional to contact angle 6
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Passage Based Question

10.

1.

12

Passage 1
When liquid medicine of density p is to be put in the eye, it is
done with the help of a dropper. As the bulb on the top of the
dropper is pressed, a drop forms at the opening of the
dropper. We wish to estimate the size of the drop.We first
assume that the drop formed at the opening is spherical
because that requires a minimum increase in its surface
energy. To determine the size, we calculate the net vertical
force due to the surface tension 7 when the radius of the drop
is R. When this force becomes smaller than the weight of the
drop, the drop gets detached from the dropper. (2010)

If the radius of the opening of the dropper is r, the vertical
force due to the surface tension on the drop of radius R
(assuming r << R) is

2nR*T

7

22T

(@) 2T (b) 2iRT  (c)

(d)

2

If r=5x10"m, g=10ms™2,

T =0.11 Nm™", the radius of the drop when it detaches from

p=100kgm™,

the dropper is approximately

(@) 1.4x 10° m (b) 3.3%x10° m
(c) 20x 107 m (d) 4.1x10° m
After the drop detaches, its surface energy is

(@) 1.4x107°J (b) 2.7x10°J

(c) 5.4%x10°J (d) 8.1x107°J

Integer Answer Type Questions

13.

14.

15.

A drop of liquid of radius R = 1072 m having surface tension
S = % Nm™' divides itself into K identical drops. In this
i

process the total change in the surface energy AU = 107 J. If

K = 1()“, then the value of o is (2017 Adv.)

Consider two solid spheres P and Q each of density
8 gmem™ and diameters 1 cm and 0.5 cm, respectively.
Sphere P is dropped into a liquid of density 0.8 gm cm™ and
viscositym =3 poiseulles. Sphere Q is dropped into a liquid of
density 1.6 gm cm™ and viscosity ) = 2 poiseulles. The ratio

of the terminal velocities of P and Q is (2016 Adv.)

Two soap bubbles 4 and B are kept in a closed chamber

where the air is maintained at pressure 8 Nm™2. The radii of

bubbles 4 and B are 2 cm, respectively. Surface tension of

the soap-water used to make bubbles is 0.04 Nm™". Find the

ratio n—B, where n 4 and n, are the number of moles of air in
y

bubbles 4 and B, respectively. [Neglect the effect of gravity]
(2009)

Analytical & Descriptive Questions

16.

17.

18.

19.

A small sphere falls from rest in a viscous liquid. Due to
friction, heat is produced. Find the relation between the rate
of production of heat and the radius of the sphere at terminal

velocity. (2004, 2M)

A container of width 2« is filled with a liquid. A thin wire of
weight per unit length A is gently placed over the liquid
surface in the middle of the surface as shown in the figure.
As a result, the liquid surface is depressed by a distance

vy (y < < a). Determine the surface tension of the liquid.
(2004, 2M)
A (

A soap bubble is being blown at the end of very narrow tube
of radius b. Air (density p) moves with a velocity v inside the
tube and comes to rest inside the bubble. The surface tension
of the soap solution is 7. After sometime the bubble, having
grown to radius rseparates from the tube. Find the value of 7.
Assume that » > > b so, that you can consider the air to be
falling normally on the bubble’s surface. (2003, 4M)

A liquid of density 900kg/m? is filled in a cylindrical tank of
upper radius 0.9 m and lower radius 0.3 m. A capillary tube of
length [ is attached at the bottom of the tank as shown in the
figure. The capillary has outer radius 0.002 m and inner
radius a. When pressure p is applied at the top of the tank
volume flow rate of the liquid is 8 x 10® m*/s and if capillary
tube is detached, the liquid comes out from the tank with a
velocity 10 m/s.

Determine the coefficient of viscosity of the liquid .

[Given, 7'[612 = 1076 m2 and az/l =2X 107611]] (2003, 4M)

09m

0.3m

—/1—



Topic5 Miscellaneous Problems

Objective Questions I (Only one correct option)

1 Water from a pipe is coming at a rate of 100 liters per minute.

If the radius of the pipe is 5 cm, the Reynolds number for the
flow is of the order of (density of water = 1000kg/m>,

coefficient of viscosity of water = 1 mPa s)
(2109 Main, 8 April 1)

(a) 10° (b) 10* (c) 10 (d) 10°

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 (2019 Main, 12 Jan 11)

T g
P
(@)

11— N
3 t
f !
p p
(c) (d)
t— log (t) —

. A man grows into a giant such that his linear dimensions

increase by a factor of 9. Assuming that his density remains

same, the stress in the leg will change by a factor of
(2017 Main)

1 1

(a) 5 (b) 81 (c) 81 (d9

. A person in a lift is holding a water jar, which has a small
hole at the lower end of its side. When the lift is at rest, the
water jet coming out of the hole hits the floor of the lift at a
distance d of 1.2 m from the person. In the following, state of
the lift’s motion is given in List I and the distance where the
water jet hits the floor of the lift is given in List II. Match the
statements from List I with those in List II and select the

correct answer using the code given below the lists.

(2014 Adv.)

List I List IT
Lift is accelerating vertically up. p d=12m
Lift is accelerating vertically
down with an acceleration less q d>12m
than the gravitational acceleration.
Lift is moving vertically up with d<l12m
constant speed.

No water

leaks out of
the jar

Lift is falling freely. S

10.
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Codes

(a) A-q, B-1, C-q, D-s (b) A-q, B-r, C-p, D-s

(¢) A-p, B-p, C-p, D-s (d) A-q, B-r, C-p, D-p

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 100°C is (For steel, Young’s modulus is
2% 10'"Nm™ and coefficient of thermal expansion is

1.1x 107 K™
(a) 22x10° Pa
(c) 22x107 Pa

(2014 Main)
(b) 22x10° Pa

(d) 22x10° Pa

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 Main)
(@) 16cm  (b) 22cm  (c) 38cm  (d) 6¢cm

A uniform cylinder of length L and mass M having
cross-sectional area 4 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 ¢ at equilibrium position.
The extensition x,, of the spring when it is in equilibrium is

(2013 Main)
Mg Mg Lch
a) —< b) —=|1-——
@ = (b) k( I
© Mg[l_LAGJ @ Mg(l_l_LAG]
k 2M k M

A thin uniform cylindrical shell, closed at both ends, is
partially filled with water. It is floating vertically in water in
half-submerged state. If p, is the relative density of the
material of the shell with respect to water, then the correct
statement is that the shell is (2012)

(a) more than half-filled if p . is less than 0.5

(b) more than half-filled if p,. is more than 1.0

(c) half-filled ifp, is more than 0.5

(d) less than half-filled if p is less than 0.5

When a block of iron floats in mercury at 0°C, fraction k; ofits
volume is submerged, while at the temperature 60°C, a
fraction k, is seen to be submerged. If the coefficient of

volume expansion of iron is Y, and that of mercury is vy,,
then the ratio k,/k, can be expressed as (2001, 2m)

1+ 60 1- 60 1+ 60 1+ 60y
(a) YFe (b) YFe (C) YFe (d) Hg
1+ 60y, 1+ 60y, 1- 60y, 1+ 60y,

A closed compartment containing gas is moving with some
acceleration in horizontal direction. Neglect effect of gravity.
Then, the pressure in the compartment is (1999, 2M)
(a) same everywhere (b) lower in front side
(c) lower in rear side (d) lower in upper side
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11.

A vessel containing water is given a constant acceleration a

towards the right along a straight horizontal path. Which of

the following diagrams represents the surface of the liquid ?
(1981, 2M)

a (d) None of these

Objective Questions II (One or more correct options)

12

13.

14.

Consider a thin square plate floating on a viscous liquid in a

large tank. The height 4 of the liquid in the tank is much less

than the width of the tank. The floating plate is pulled

horizontally with a constant velocity u,. Which of the

following statements is (are) true? (2018 Adv.)

(a) The resistive force of liquid on the plate is inversely
proportional to %

(b) The resistive force of liquid on the plate is independent
of the area of the plate

(c) The tangential (shear) stress on the floor of the tank
increases with i

(d) The tangential (shear) stress on the plate varies linearly
with the viscosity 1 of the liquid

A flat plane is moving normal to its plane through a gas under

the action of a constant force /. The gas is kept at a very low

pressure. The speed of the plate v is much less than the

average speed u of the gas molecules. Which of the following

options is/are true? (2017 Adv.)

(a) Atalater time the external force F' balances the resistive
force

(b) The plate will continue to move with constant non-zero
acceleration, at all times

(¢) The resistive force experienced by the plate is
proportioal to v

(d) The pressure difference between the leading and trailing
faces of the plate is proportional to uv

Two spheres P and Q for equal radii have

densities p, and p,, respectively. The
spheres are connected by a massless string
and placed in liquids Z; and L, of densities
o0, and o, and viscosities m; and 1,,
respectively. They float in equilibrium
with the sphere P in ; and sphere Q in L,
and the string being taut (see figure). If
sphere P alone in L, has terminal velocity v, and Q alone in

L, has terminal velocity v, then (2015 Adv.)
(@) Vel =M (by Yol _ M2

Vol M Vol M
©) vp-vy >0 (d) vp-vy <0

Assertion and Reason

15.

Mark your answer as

(a) If Statement I is true, Statement I is true, Statement II is
the correct explanation for Statement [

(b) If Statement I is true, Statement II is true, Statement II is
not a correct explanation for Statement 1

(¢) If Statement I is true; Statement I1 is false

(d) If Statement 1 is false; Statement II is true

Statement I The stream of water flowing at high speed from
a garden hose pipe tends to spread like a fountain when held
vertically up, but tends to narrow down when held vertically
down.

Statement II In any steady flow of an incompressible fluid,

the volume flow rate of the fluid remains constant.
(2008, 3M)

Passage Based Questions

16.

17.

18.

Passage 1

A spray gun is shown in the figure where a piston pushes air
out of nozzle. A thin tube of uniform cross-section is
connected to the nozzle. The other end of the tube is in a
small liquid container. As the piston pushes air through the
nozzle, the liquid

from the container D

ises into th 1 =
rises into the nozzle
and is sprayed out. ’E\

For the spray gun shown, the radii of the piston and the
nozzle are 20 mm and 1 mm respectively. The upper end of
the container is open to the atmosphere. (2014 Adv.)

If the piston is pushed at a speed of 5 mms™, the air comes
out of the nozzle with a speed of

@01ms™" (b)Ims™ ()2ms”  (d)8ms™

If the density of air is p, and that of the liquid p,, then for a
given piston speed the rate (volume per unit time) at which
the liquid is sprayed will be proportional to

ORI \/ST (d)p,

Passage 2

A small spherical monoatomic ideal gas bubble (y = 5/3)is
trapped inside a liquid of density p, (see figure). Assume that
the bubble does not exchange any heat with the liquid. The
bubble contains » moles of gas. The temperature of the gas
when the bubble is at the bottom is 7}, the height of the liquid
is H and the atmospheric pressure is p, (Neglect surface
tension) (2008, 4M)

o
P

As the bubble moves upwards, besides the buoyancy force
the following forces are acting on it. (2008, 4M)

(a) Only the force of gravity



(b) The force due to gravity and the force due to the pressure
of the liquid

(c) The force due to gravity, the force due to the pressure of
the liquid and the force due to viscosity of the liquid

(d) The force due to gravity and the force due to viscosity of
the liquid

19. When the gas bubble is at a height y from the bottom, its

temperature is (2008, 4M)
2/5 2/5
(a)TO(p0+plgHj (b) To(p0+plg(H_y)]
Potp1gy po+p;8H
3/5 3/5
(C)To(po-{—plgHj (d)To(p0+plg(H_y)j
PotpP & po+p, gH
20. The buoyancy force acting on the gas bubble is (Assume R is
the universal gas constant) (2008, 4M)
2/5
(a)p]nRgTo (pO +p/gH)2/5
(Po+p18Y)
(b) plnRgTO
(po+p gH ) [Py +p, 8 (H =y
3/5
(C)pﬂ’leTo (pO +plgH)8/5
(Po+P;8Y)
pnRgTy

(d)

(po+p,gH)" [ py+p,g(H=- )

Fill in the Blank

21. A piece of metal floats on mercury. The coefficients of
volume expansion of the metal and mercury are y, and vy,
respectively. If the temperatures of both mercury and the
metal are increased by an amount AT, the fraction of the
volume of the metal submerged in mercury changes by the
factor ...... . (1991, 2M)

True / False

22. Water in a closed tube (see figure) is heated with one arm
vertically placed above a lamp. Water will begin to circulate
along the tube in counter-clockwise direction. (1983, 2M)
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Integer Answer Type Question

23. A cylindrical vessel of height 500 mm has an orifice
(small hole) at its bottom. The orifice is initially closed and
water is filled in it upto height H. Now, the top is completely
sealed with a cap and the orifice at the bottom is opened.
Some water comes out from the orifice and the water level in
the vessel becomes steady with height of water column
being 200 mm. Find the fall in height (in mm) of water level
due to opening of the orifice. (2009)
[Take atmospheric pressure = 10x 10°Nm™, density of
water = 1000kg m ™ and g = 10 ms ™. Neglect any effect of
surface tension. ]

Analytical & Descriptive Questions

24. A U-shaped tube contains a liquid of density p and it is
rotated about the line as shown in the figure. Find the
difference in the levels of liquid column. (2005, 2M)

S

L

25. A ball of density d is dropped on to a horizontal solid
surface. It bounces elastically from the surface and returns to
its original position in a time #,. Next, the ball is released and
it falls through the same height before striking the surface of
a liquid of density d; . (1992, 8 M)
(a) Ifd < d,, obtain an expression (in terms of d, ¢, and d; )

for the time ¢, the ball takes to come back to the position
from which it was released.

(b) Isthe motion of the ball simple harmonic ?

(c) If d = d;, how does the speed of the ball depend on its
depth inside the liquid? Neglect all frictional and other
dissipative forces. Assume the depth of the liquid to be
large.

26. Two identical cylindrical vessels with their bases at the same
level each contain a liquid of density p . The height of the
liquid in one vessel is /; and in the other is /,. The area of
either base is 4. What is the work done by gravity in
equalising the levels when the two vessels are connected ?

(1981, 4 M)
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Topic 1

1. (%) 2. (¢) 3. (d) 4. (c)

5. (a) 6. (d) 7. (a) 8. (d)

9. (d) 10. (¢) 11. (d) 12. (a)
13. (b) 14. (¢) 15. (a) 16. (a, b)
17.PL% 18. M8 19. 1 (ﬁ)xz

2 34K

20.1.09 x 10" N/m? 21. (a)40kg (b)0.17
Topic 2

1. (d) 2. (a)

3. (¢) 4. (d) 5. Most appropriate option is (d)

6. (a) 7. (c) 8. (b) 9. (a)
10. (¢) 11. (¢) 12. (a) 13. (a)
14. (a, d) 15. (a, b, d) 16. (b, ¢) 17.F
18. F 19. (a) Zero (b) 0.25cm (c) g/6
20. TR’L(y/pc —p) 21. 45°
22. Level will come down. 23.2.95 cm
Topic 3

1. (a) 2. (d) 3. (d) 4. (d)

5. (¢) 6. (2)

7. (a) 8. (a) 9. (¢) 10. 500
11.2m 12. 29025 J/m?, — 29400 J/m*

g gmy . 5d dg(6H + L)

13. (a) =0 (b) 2p 14. (a) (1) 2 (i) p=p, + B

(b) () ,|3H - 4h)% (i) h(3H — 4h) (iii) Ath= %; % H

Topic 4

1. (¢) 2. (a)

3. (a)

4. (d) 5. (%) 6. (d) 7. (b)

8. (b) 9. (a, ¢)
10. (c) 11. (a) 12. (b) 13.6
14.3 15.6 16.99 o 5

dt
17. 2 18. 4—T2 19. -1 Nosm?
2y pv 720

Topic 5

1. (b) 2. (b)

3. (d) 4. (c) 5. (a) 6. (a)

7.(c) 8. (a) 9. (a) 10. (b)
11. (¢) 12. (a,c,d) 13. (a, c, d) 14. (a, d)
15. (a) 16. (c) 17. (a) 18. (d)
19. (b) 20. (b) 91, 1AL 9o i

1+ y,AT
272
23.6 24,17 = 9L
2g

25. (a) _hdy (b) no (c) remains same
d,—d

Y
26. 225 ()’

Hints & Solutions

Topic 1 Elasticity

1. Ingiven experiment, a composite wire is stretched by a force F'.

Brass | Steel }—> Force (F)

Net elongation in the wire = elongation in brass wire +
elongation in steel wire ...(1)

Now, Young’s modulus of a wire of cross-section (4) when

Fl
some force (F)is applied, Y = ——
(F)is app Al

We have,
Al = elongation = R
AY

So, from relation (i), we have

Al = Alb]rass + Alsteel
Fl Fl
= Al — —

net — + ( j
AY )brass AY steel

As wires are connected in series and they are of same area
of cross-section, length and subjected to same force, so

Alnet =F( l + l )
A Ybrass Y,

steel

Here,
Al

o =02mm=02x10"m

and /=1m
Yirass = 60 x logNm72 s Yteel = 120 x 109Nm’2
On putting the values, we have

02x10° = £ 19+ 19
A1 60x10°  120% 10




= Stress = S = 8% 10°Nm ™2

No options matches.

. Letd,;, =minimum diameter of brass.
Then, stress in brass rod is given by

F _ 4F nd*
0=—=—1— A= —
A nd?nin 4
For stress not to exceed elastic limit, we have
6 < 379MPa
= < 379% 106
ndzmin
Here, F =400N
I 1600
™ x379%10°
= d, =1.16x10°m =1.16 mm
. When a wire is stretched, then change in length of wire is
Al = i , where Y is its Young’s modulus.
Y

Here, for wires 4 and B,
ly=2m,[; =15m,

Y—Az—,rB=2mm=2><10_3mandF—A=l
Y, 4 Fy
As, it is given that Al, = Al
Fyly _ Fply

=

2 2
Y, TmpY,
2 Fa la Yp 2

= 7y = . . o
! Fy lp Y, ’
2. 4 -6 -6
=IX—x=%x4x10"m=304x10"m
L5 7
or Ty = L7x107° m
or 7y =17mm

. Given, radius of wire, 7 = 2mm=2x 10" m Weight of load,

m=4kg, g =31nms>

Force(F) mg

Area (A4) ol

_ 4x31xm
Tx(2x107 )

Tensile stress =
=31x10°Nm™

. When rubber cord is stretched, then it stores potential energy
and when released, this potential energy is given to the stone

as kinetic energy.
m
| v

So, potential energy of stretched cord
= kinetic energy of stone

Rubber
cord |L

Properties of Matter

2
= Ly(ALY =Ly

2 \ L 2
Here, AL=20cm=02m,L=42cm=042m,

v=20ms", m= 0.02kg, d = 6mm = 6x 103 m

2 _ 2
. Aznrzzn(dj =7{6X103J
2 2

=n(3%x10° ) =91 x10° m?

On substituting values, we get
_ omv*L 0.02x (20)* x 042
CAALY 9mx 107 x (0.2)?

A = M8
AY

where, Y is the Young’s modulus of the wire.

Mg

203

~30x10°Nm™

So, the closest value of Young’s modulus is 10° Nm ™.

. When load M is attached to wire, extension in length of wire is

..

when load is immersed in liquid of relative density 2,

increase in length of wire as shown in the figure is

LI

A, = Mg =)l
AY
where, Iz = Buoyant force
Mg — Mg .pljl r v
Py g
Al =V A F = V = —
2 R L B ="pP.g ,
Here given that, Pr_ 2 = !
p, 8 4
(1)
So, AL, =~—~
AY
Dividing Egs. (ii) by (i), we get
AL _3
AL 4
3
= AL == x A
4
3
= 2 X 4 mm = 3mm

ng}

..
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7. Ifarod of length L and coefficient of linear expansiono./°C,
then with the rise in temperature by AT K, its change in

length is given as,
AL .
AL=Lo AT2>7=0L AT ..(0)

Also, when a rod is subjected to some compressive force
(F), then its” Young’s modulus is given as

F
¥ = Stress 4
Strain AL
L
AL F ..
—=— (i
L Y4 )

Since, it is given that the length of the rod does not change.
So, from Egs. (i) and (ii), we get

ocAT:£=> Y = r
YA Ao AT
8. ap=F_me
A a
Bulk modulus, K =L~
AV IV
4_;
Here, V=§nr
and AV or  dV =(4n )dr
mg
A4 dr__ mg
= K=- or —=——2
Amtdy r 3Ka
A
3
9 r=om |k )
g
T, =2 L+AL
g
Here, _ L _ Mgl
AY  AY
L+ Met
T, =2m|—AY ..(ii)
g

Solving Egs. (i) and (ii), we get
1oAY
Y Mg|\T

FL FL

10. Al=——=—"" = Al < —
AY  (mt)yY ”
Ay LUR
AL, 2L/(2R)
11. From the definition of bulk modulus, B = —dp
@vm)
Substituting the values, we have
_ 5
p o (L165- 10X 107 oo s

(10/100)

12. Al= (l) w
YA

ie. graph is a straight line passing through origin

(as shown in question also), the slope of which is é .

/
Slope =| —
P (YAJ

_(1)( 1 j_(l.o) (80— 20)
Y =|— S L
A )\slope) (107°) (4-1)x107*

=2.0x10" N/m?

13. Inisothermal process
pV = constant

dp p)

dV +Vdp=0 or |—|=—|+
par s vip=0 or ()=
v

B=p
NOTE Adiabatic bulk modulus is given by B = y P.

14. Thermal stressc =Y o AO

Given, 6,=0,
Y,00,A0 = V0,40 or 1L=%2 23
Y, o 2
15. Al=ﬂ=7Fl or (Al)oci
AY  (nd? d?
— Y
4

I . . . .
Now, ? is maximum in option (a).

stress
16. Y="—0 Strain
strain
or Y oc
strain Q

(for same stress say G)
(strain ), < (strain )p
=Y >Y
So, P is more ductile than Q. Further, from the given figure
we can also see that breaking stress of P is more than Q. So, it
has more tensile strength.

S Stress

P
Q

Strain

Stress



17. Let A4 be the area of cross-section of the rod. FBD of rod at
mid-point

k——L—

—— a

Mass m = volume x density

=(§.Ajp

—L/2—f
m — a
L
T'=ma =|—Apa
(2 g )
1
Stress = — = —pa L
18, ap-Me _ |AV|_tp_ Mg
| v | &k 4k
Now as, V=%TI:R3 orV <R3
AV_3(AR)
V R
or AR _ I(AV) )
R 3LV
*. From Eq. (1)
AR _ Mg
R 34k
19. w= Lk
2
Here, K =ﬁ
L

W = l(msz
2\ L
20. Young’s modulus of elasticity is given by
y = Stress F/A FL  FL

" Strain /L 14 l(ndz]
4

Substituting the values, we get
50x1.1x4
Y= 3 L)
(1.25x107°)xmx (5.0x107")
=224 x 10" N/m?
AY AL AL Ad

-+ 22—
Y L / d

_ (0.1){0.001)”(0.001}: 0.0489
110) 10.125 0.05
AY = (0.0489)Y = (0.0489) x (2.24 x 10'" ) N/m?
=1.09x 10" N'm*

Now,
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21. (a) The change in length due to decrease in temperature,
Al =Lo AB = (0.5)(107) (0 - 100)
Al =-05x10"m ...(0)

Negative sign implies that length is decreasing. Now, let
M be the mass attached to the lower end. Then, change in
length due to suspension of load is

_ (Mg)L _ (M)(10)(0.5)

AbL= - 6 11

AY  (4x107%)0')

Al =125x107)M

AL+AL=0

or (1.25x10°)M =(0.5x107)
-3

v [ 0:5%10 ke
125%x107°

or M =40kg
(b) Energy stored,

...(ii)

At 0°C the natural length of the wire is less than its actual
length; but since a mass is attached at its lower end, an
elastic potential energy is stored in it. This is given by

1 AY 2
U=—-|—|Al ...(iil

1ar)y, ()

Here, Al=|AL|=AL =05%10"m

Substituting the values,

—6 11
U= 1[4x107 x10
2 0.5

NOTE Comparing the equation

Y=m or F=(£)Al
Al'JL L

with the spring equation F = K - Ax, we find that equivalent

](0.5 x 102y =017

spring constant of a wire is k = (ATY)

Therefore, potential energy stored in it should be

-1 2 _ 1AV
U= Jkia 2( : ](A/)

Topic 2 Ideal Fluids at Rest

1. Pressure inside a fluid volume open to atmosphere is
P=po+hpg
where, p = pressure at depth 4, i = depth,
p = density of fluid
and g = acceleration due to gravity.

In problem given,
when & = d,, pressure p; = 5.05x 10° Pa and when % = d,,
pressure p, = 8.08 X 10° Pa
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So, we have
P = po +dpg = 5.05x10°

and Py = po +dypg = 8.08x10°
= Py = p = (d, —d, pg =303 x10°
6
= d,—d = 303107
pg

Given, p =10’ kgm™

and g=10ms™
_303x10°

2 0 x 10
=303m=300m

. (a) For a floating body,

upthrust = weight of the part of object, i.e. submerged in the
fluid.
In first situation,

So, weight of block of volume V' = weight of
water of volume % V=7Tp,g= %prg

where, p,, = density of block
and p,, = density of water.

= Py _ i .. ()
Py 5
In second situation,
v
2

So, weight of block of volume V' = weight of oil of volume

% + weight of water of volume %

V V
= Vpyg = SP8 T oPug
where, p, = density of oil.
= 20, =P, +Py
= 2p7h:p7”+ 1
Pw  Pw
- axd_Po [using Eq. (i)]
P
= Po/p, =8/5-1

=3/5=06

3.

4.

5.

Equating pressure at 4, we get
Rsino d, + Rcosal d, + R(1—coso) d,
=R(l-sina)d,

(sino +cosa) d, = d,(cosa —sina)
d; 1+ tano

= =
d, 1-tano

[ will decrease, because the block moves up and /# will
decrease, because the coin will displace the volume of water
(7} ) equal to its own volume when it is in the water whereas
when it is on the block it will displace the volume of water
(V,) whose weight is equal to weight of coin and since
density of coin is greater than the density of water, V] <V;.

F, — F, = upthrust F
F, = F} + upthrust
Upthrust
Fy = (py +pgh) TR* +Vpg T
= pomR? +pg (MR*h + V)
.. Most appropriate option is (d). Fa

D [3L/4

L /4=

Considering vertical equilibrium of cylinder
Weight of cylinder = Upthrust due to upper liquid
+ upthrust due to lower liquid
(A/5)(L)Dg = (A/5)(3L/4)(d) g
+(A4/5)(L/4) (2d)(g)

_(3 1
D_(4)d+(4)(zd)
5

D==-d
4

7. Let density of material of sphere (in g/cm®) be p.

Applying the condition of floatation,
Weight = Upthrust

V V
or Vpg =—Poil& + 7pHgg

2 2
0.8 13.6

=24 22 = 72g/km’
5 g



10.

11.

12.

13.

P =D
Po +P18h = py +pygh
Pr =Py =py =11
In a freely falling system g .4 = 0 and since,

Upthrust =V;p;g.x
(V; = immersed volume, p,; = density of liquid)
: Upthrust = 0
— Upthrust

Wapp = Wactual

Upthrust F' =Vsp; g

Here, Vg = volume of solid, p; = density of liquid

At higher temperature F" =V{p; g

F?_Vs pp _ (1+v5A0)

F Vs p, (1+7,A0)

Since, (given)

Ys <Y.

F'<F or w, >w

pp app

Let 4, = Area of cross-section of cylinder = 47r?

A, = Area of base of cylinder in air = 7/
and A; = Area of base of cylinder in water

=4, - 4, =30
Drawing free body diagram of cylinder
(Poth1pg)A;
1
l %QhA1
PoA2 {potpg (hi+h)}A,

Equating the net downward forces and net upward forces, we
5
get, h = 3 h.

Again equating the forces, we get

4h
hz = ?
lPoA1
l %QhA1
PA2 (Po+pPghy)As

For h, < 4h/ 9, buoyant force will further decrease. Hence,

the cylinder remains at its original position.

14.

15.

16.

17.

18.
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On small sphere
%nR3(p)g+kx=§TcR3(2p)g -..(0)
On second sphere (large)
%nR3(3p)g:%nR3(2p)g+kx ..(ii)
By Egs. (i) and (ii), we get
- 4n§;pg
F =Upthrust =Vd,g

Equilibrium of 4,
Vdpg =T+ W,=T+Vd,g ...(1)
Equilibrium of B,
T+Vdeg =Vdgg ...(ii)
Adding Egs. (i) and (i), we get

2d,=d, +dg
.. Option (d) is correct
From Eq. (i) we can see that d > d 4
.. Option (a) is correct.

From Eq. (ii) we can see that, d > dp

*. Option (b) is correct.
-, Correct options are (a), (b) and (d).
Liquid will apply an upthrust on m. An equal force will be
exerted (from Newton’s third law) on the liquid. Hence, 4
will read less than 2 kg and B more than 5 kg. Therefore, the
correct options are (b) and (c).

(asT > 0)

When ice melts level of water does not change. In case of
lead, it was initially floating i.e. it would had displaced the
water equal to the weight of lead. So, volume of water
displaced would be,

V= m (m = mass of lead)
Now, when ice melts lead will sink and it would displace the
water equal to the volume of lead itself. So, volume of water
displaced in this case would be,

Vv, = mn Now, asp; >p,,,V, <V or level will fall.
Py

On increasing the temperature of mercury its density will
decrease. Hence, level of mercury in barometer tube will
increase.
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19. (a) Liquid 4 is applying the hydrostatic force on cylinder
from all the sides. So, net force is zero.

Ar 1 Th
A ha
B )(hB

(b) In equilibrium
Weight of cylinder = Net upthrust on the cylinder
Let s be the area of cross-section of the cylinder, then
Weight = (S) (h + hA + hB )pcylinderg
and upthrust on the cylinder
= upthrust due to liquid 4 + upthrust due to liquid B
=sh,p 48 + shgppg
Equating these two,
S(h+hy + hg)Poyiinger€ =58P 4 + hpPp)

or (h + hA + hB )pcylindcr = hApA + thB
Substituting,

h, =12cmhy =08cmandp, = 0.7g/m’
pp =1.2 glem® andp cylinder = 08 glem®
In the above equation, we get 7 = 0.25cm

(c) Net upward force = extra upthrust = shp z g

. Force
.. Net accelerationa = ——————
Massof cylinder
h
or a= shppg
S(h + hA + hB )pcylinder
or hppg

- (h + hA + hB )pcylinder
Substituting the values of &, b hy,pp and P yingers

g

we get, a = (upwards)

20. Let M = Mass of stick =7 R? pL

= —

21.

/ = Immersed length of the rod

G =CM of rod

B = Centre of buoyant force (F)

C = CM of rod + mass (m)

You = Distance of C from bottom of the rod

Mass m should be attached to the lower end because
otherwise B will be below G and C will be above G and the
torque of the couple of two equal and opposite forces F and
(M + m) g will be counter clockwise on displacing the rod
leftwards. Therefore, the rod cannot be in rotational
equilibrium. See the figure (iii).
Now, refer figures (i) and (ii).
For vertical equilibrium Mg + mg = F (upthrust )
or (nRzL)pg +mg = (1‘LR2 o g

- T R*Lp + m
n R’

Position of CM (of rod + m) from bottom
L 5 L

M.— TRLp)—
5 ( P) 5

Y = =
M M+m (mRLp)+m

Centre of buoyancy (B) is at a height of é from the bottom.

We can see from figure (ii) that for rotational equilibrium of
the rod , B should either lie above C or at the same level of B.
/

Therefore, 3 = Youm
L
2
o nRLp+m_ (R
2nR%c (nR*Lp)+m
or m+ nRsz = TCRzLJpG
or m=7 R*L(yJpo - p)

. Minimum value of m is © R*L Wpo —p)

Submerged length = 0.5sec 0, F = Upthrust, w = Weight
Three forces will act on the plank.

(a) Weight which will act at centre of plank.

1

o)

w

(b) Upthrust which will act at centre of submerged portion.
(c) Force from the hinge at O.

Taking moments of all three forces about point O. Moment of

hinge force will be zero.



.. Moment of w (clockwise)

= Moment of F' (anti-clockwise)

(Algp)ésin 0=4(0.5scO)(p,) (g)( 0'5;“9) sin®

0526 = (05 ()

() (p)
_©05° 1 (as /= 1m)
0.5) 2
cos O = %
or 0 =45°

22. When stones were floating with boat, they will be displacing
water of volume (say /;) whose weight should be equal to
weight of stones. When the stones sink, they will displace
water of volume (say ¥7,) whose volume is equal to the
volume of stones. But since density of water is less than the
density of stones.

Vi >V, or level will fall.

23. Let area of cross-section of the tube be 4.
N\T

B |P2 || @5 +xcm

A 10cm
(n
“Zsom

45 cm

50 )0 10cm %

(@) A (45 -x) cm

(o)

Applying p,V; = p,V, in 4 and B we have,
Po(45) (4)= py (45-x) 4
or 76x45= p,(45—x) ...(1)
Po(45) (4)= p,y (45+x) 4
76 x 45= p,(45+ x)

...(ih)
From Egs. (i) and (ii), we get

1 1
- =76x 45 -
(Pr=p2) (45—x 45+x]
From figure (b),
(p; — py) A = Weight of 10 cm of Hg column
or p, — p, = Pressure equivalent to 10 cm of Hg column

1 3
45-x 45+ x] -
Solving this equation, we get

x=295cm

76X 45(
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Topic 3 Ideal Fluids in Motion

1. Key Idea Terminal speed of a sphere falling in a viscous fluid is
2

2r
Vr==—(po —PFg
9
where, n = coefficient of viscosity of fluid,

po = density of falling sphere
and p; = density of fluid.

As we know, if other parameters remains constant, terminal
velocity is proportional to square of radius of falling sphere.
ie. vy o< ..()
Now, when sphere of radius R is broken into 27 identical
solid sphere of radius 7, then Volume of sphere of radius
R = 27 x Volume of sphere of radius

= 4R 2 27x A
3 3
= R =73r
R
= r=
3

So, from Eq. (i), we have

v R?

o

2 Given situation is as shown in the figure below

-

Aqvy

wslo

AxVp

From equation of continuity,

Aot

v

where, A = area of flow
and v =velocity of flow.
.~.Increase in speed of flow causes a decrease in area of flow.
Here given that height of fall, 2 = 0.15 m
Area, A=10"*m?

1

Initial speed, v=1ms"
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Velocity of water stream below / height is

vy = \/vlz + 2gh [ov? — u® = 2gh]

Substituting the given values, we get

=P +2%x10% 015=+/4 =2 ms™'

Now, from equation of continuity, we have

Ay, = A4,v,
or A, =M
V2
—4
Ay = 107" x 1
2
=0.5x10™
=5%107° m?

3 When liquid filled vessel is rotated the liquid profile
becomes a paraboloid due to centripetal force, as shown in
the figure below

Pressure at any point P due to rotation is
L 29
=—pro

Pr ZP
Gauge pressure at depth yis p; = — pgy
If p, is atmospheric pressure, then total pressure at point P is
1
p=potprw’ - pgy

For any point on surface of rotating fluid,

P=DPo
Hence, for any surface point;

_ I 55
Po—Po"‘Ep”w - pgy

or %przuﬁ = pgy
2 2
rw .
or = o1
y 2 (1)

In the given case,

Angular speed, = 2rps = 2 2 = 4 rad s~

Radius of vessel, r=5cm = 0.05m

and g = 10ms™

Hence, substituting these values in Eq. (i), we get
Ve o’ (4m)*(0.05)

=002m=2cm
2g 2x 10
4 Mass per unit time of a liquid flow is given by
@ = pAV
dt

where, p is density of liquid, A4 is area through which it is
flowing and v is velocity.

. Rate of change in momentum of the 25% of liquid which
loses all momentum is

dp, 1(dm 1 2 .
—_— = —|y=— AV .1
dt 4(01;) 4" @

and the rate of change in momentum of the 25% of the liquid
which comes back with same speed.

dp, 1(dm 1 2 .
dt_4(dtj ZV—EpAv ...(i1)
[ Net change in velocity is = 2v]
.. Net pressure on the mesh is
_ Free _ (dp/ dt +dp, [ dt) [...dep}
A A dt
~.From Egs. (i) and (ii), we get

3 5 3 5
=—pv'A4/4=—pv
p 4p 4p

5 As, level of water in tank remains constant with time, so

(water inflow rate) = (outflow rate of water)
=10 * m®~! = Area of orifice

x Velocity of outflow
=10 m’s™ ' =10"* x \2gh

where, i = Height of water above the orifice or hole.

= 4J2¢h =1
or 2x98x h=1
1 100
h=——m=—cm
19.6 19.6
or h=51cm

6 For the given condition, a water tank is open to air and its

water level maintained.
7 7

1
l

e

; . Water tank
Circular opening

of radius 'r’

Suppose the depth of the centre of the opening from level of
water in tank is 4 and the radius of opening is r.



According to question, the water per minute through a
circular opening flow rate (Q) = 0.74 m*/min
0.74
=——m
60
r = radius of circular opening = 2cm

3s

Here, the area of circular opening = 7(7*)
a=mx(2x1072) =4nx 10 m?
Now flow rate through an area is given by
O = Area of circular opening x Velocity of water
O=axv=n(?)xv
0.74 4 .
E—(47t><10 )X v ...()

According to Torricelli’s law (velocity of efflux)

v =/2gh ...(11)
Equation value of ‘v’ from (i) and (ii) we get,
4
\/@ _ 0.74 x 10
60 x 47
4N\2
074 x 10 1
= h=|—~——""" X —
60 x 47 2g
h=48m
. Applying continuity equation at 1 and 2, we have
Ay = A, ...(1)
h[
2—>

Further applying Bernoulli’s equation at these two points, we
have

1 1 ..
Po +Pgh + Epvl2 =py+0+ Epvg ...(i1)
Solving Egs. (i) and (ii), we have v; = 3
1- 22
A7

Substituting the values, we have
V; _ 2x10x 2?75 _ 50m2/52
1-(0.1)

. Velocity of efflux at a depth £ is given by v = /2gh. Volume
of water flowing out per second from both the holes are
equal.

gV = a0

or () 2g(y)=nR>\/2g (4y) or R =

Von

9. From conservation of energy

v; = vi + 2gh ()
[can also be found by applying Bernoulli’s theorem]

10.

11.

211
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From continuity equation
Aivy=4,v,

A, .
v, =| —|» (il
(4 .
Substituting value of v, from Eq. (ii) "
. . A,
in Eq. (1),
2 2 2
A—lz.vlz:v12+2ghorA22=;117‘}1 T
A5 vi + 2gh ;
A, = A4, v
Vi + 2gh .
Substituting the given values z Vo
(1074)(1.0)
A4, =
JL.0 +2(10) (0.15)
A, =50x107 m?
From continuity equation
Ay = Ay,
1 2
—— —V,
A4, 10
v=—|y=|—|1
2 ( Az) I ( 5 ) M
=2m/s
Applying Bernoulli’s theorem at 1 and 2
+ 1pv2 = + 1pv2
P S P LM
1
P2 =D +EP(V12_V§)
= (2000+;>< 10° (1- 4))
P, = 500Pa
From equation of continuity (4v = constant )
T i .
" (8)? (0'25)=Z (2)* (v) (D)

Here, v is the velocity of water with which water comes out
of the syringe (Horizontally).
v=4m/s

The path of water after leaving the syringe will be a parabola.

Substituting proper values in equation of trajectory.

g’

2u? cos?0

According to question, we have,

Solving Eq. (i), we get

y=xtan 6 —

15— Rne - DR
(2) (4)* cos? (°

(R = horizontal range)
Solving this equation, we get R =2m
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12. Given, 4, =4x107m?, 4, =8x107 m?,
h=2m, h,=5m,
v, = Im/s and p = 10° kg/m’
From continuity equation, we have

A
Ay = Ay, or vy, =| |y
4,

-3
or v, = 4X103 (1 m/s)
8x 10~
1
= v, =—m/s
2

Applying Bernoulli’s equation at sections 1 and 2

1 1
12 +Epv12+pgh1 =ptop v; +pgh,

1 .
or Pl_Pz=pg(h2_h1)+EP(V§_V12) ()
Ag
Vo
Aq
2
ES h2
h 1

(a) Work done per unit volume by the pressure as the fluid
flows from P to Q.
Wi=p~-p |
=pg(hy =)+ p (7 =) [From Eq. (i)]

_Jam v Lo Lo
_{(10 )(98)(5=2)+ _ (10 )(4 1)}
=[29400 - 375]= 29025J/m’

(b) Work done per unit volume by the gravity as the fluid
flows from P to Q.
Wy =pg (hy = hy)
={(10°)(9.8) (2= 5)}
or W, = —29400 J/m’
13. (a) Mass of water = (Volume ) (density)
: my = (AH)p
my .
=—> @
Ap )

Velocity of efflux,

v=.42gH = 2gﬂ
Ap
_ [Pmg
Ap
Thrust force on the container due to draining out of liquid
from the bottom is given by,

< F
F = (density of liquid) (area of hole)(velocity of efflux)
F = pav2
F =p(A/100)?
= p(A/lOO)(szg]
Ap

F o Mg
50
. Acceleration of the container, a = F'/my, = g/50
(b) Velocity of efflux when 75% liquid has been drained out

i.c. height of liquid, h = 1 = Mo_
4 44p

v
v=,/2gh= Zg(;:fﬁj
v= Mg

2A4p

14. (a) (i) Considering vertical equilibrium of cylinder
Weight of cylinder = upthrust due to upper liquid
+ upthrust due to lower liquid

(/;j(m.g - (/51) ﬁj(d)g + (i) @ (24) ()
oo o

= Dzéd
4

(i1) Considering vertical equilibrium of two liquids and the
cylinder.
(p = py)A4 = weight of two liquids
+ weight of cylinder
. weight of two liquids + weight of cylinder )
A
Now, weight of cylinder

(4 (A1) (5] ALde
(4w =4 e (34]

4

Weight of upper liquid = (IZ Adgj and



Weight of lower liquid = %A (2d)g

= HAgd
*. Total weight of two liquids = %HAdg

*. From Eq. (i) pressure at the bottom of the container

will be
Gj Hadg + L%
P=pyt 1
or  p=p,+BOAFD)

4
(b) (i) Applying Bernoulli’s theorem,

H H
+dg| = |+ 2dg| = - h
o+ de[ |+ 205 5 )

=po+ %(Zd)vz

Here, v is velocity of efflux at 2.
Solving this, we get

y= /(3H—4h)%

H
2
@_’b x v
| ——
X

(ii) Time taken to reach the liquid to the bottom will be

t=42hlg

.. Horizontal distance x travelled by the liquid is

x=vt= (3H—4h)gj[ 2}‘}
2 g
x=1Jh (3H - 4h)

(iii) For x to be maximum % =0

1

—(3H-8h)=0
2. h(3H — 4h)( )
3H
or h=—
8

Therefore, x will be maximum at 4 = %

The maximum value of x will be

]
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Topic4 Surface Tension and Viscosity

1. Given,
T
Ty _ g5 PHe 36
Ty Pw
cos 0 °
and Hg _cos135° 1
cos Oy cos (° V2
Height of the fluid inside capillary tube is given by
h= 2T cos 0
pgr

According to given situation, %, = hy,
. 2 Tw cos ew B ZTHg Ccos SHg

Pw &1y pHg g ng

Tg _ [ Tg | [0S Ong [ Py,
he  \T, )\ cosO, J{pug

Given, iy, =5 and ;, = 15, then

Substituting the given values, we get

Me _ i _ 45 1.
T, n V2136
=04=2/5
2. Height of liquid rise in capillary tube,
2T cos0,
h="—7—"2%
prg
= h o< 1

r
So, when radius is doubled, height becomes half.

h=h/2
Now, density (p) = _mass (M)
volume (V')

= M =p x h

M’ = pnr/2 W

MR () (h]2) 5

M h h
= M’ =2M

Alternate Solution

213

According to the given figure, force inside the capillary tube

is
2T =Mg = M o< r
When #’ = 2r,then M’ =2M
3. By ascent formula, we have surface tension,
r="% 10N
2 m
= dhg % 10° N
m
AT _ad | Ah
T d h

So, percentage = AT x 100 = Ad +A—h x 100
T d h

2T

Mg

[given, g is constant]
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125% 1072 145x 1072
=15%
AT

— x100=15%
T

—2 —2
=(0.01>< 107 001x10 jx 100

4. Let R be the radius of the meniscus

formed with a contact angle 0. By B
geometry, this radius makes an angle o+ g
P
0+ % with the horizontal and, p(: g eIh
P\ |2
cos(e +°2°J =b/R .() "\ |2

Let P, be the atmospheric pressure and P, be the pressure just
below the meniscus. Excess pressure on the concave side of
meniscus of radius R is,

P,—P =2S/R ...(i1)
The hydrostatic pressure gives,
Py— P, = hpg ...(1ii)

Eliminate (P, — P ) from second and third equations and
substitute R from first equation to get,

28 28 a
h=—=—"—cos|0+—
pgR  bpg 2

5. The bubble will detach if,

Isin 0T x dl = T(2mr)sin 6
Buoyant force > Surface tension force

%nR3pwg > [T x disin®
(py) (inRSJg > (T) (2mr)sin®
sin@ = r

=
R
4
Solving, r= 20.R'g :Rz,/prg
T 3T

No option matches with the correct answer.

6. Decrease in surface energy = heat required in vaporisation.
S =4m’
ds =2(4nr) dr
T(dS )= L(dm)
T(2) (4nr)dr = L(4mrdr) p

2T

r==—
pL

7.

10.

11.

12.

13.

Ap, _ AT and Ap, _Ar

i 1)
i <n = Ap >Ap
.. Air will flow from 1 to 2 and volume of bubble at end 1
will decrease.
Therefore, correct option is (b).

Force from right hand side liquid on left hand side liquid.
(1) Due to surface tension force = 2RT (towards right)
(i1) Due to liquid pressure force

x=h
[ (po+pgh)(2R - x) dx
x=0
(2poRh + Rpgh*) (towards left)
. Net force is [2p,Rh + Rpgh® — 2RT |

e 20cos0
g
(a) > hoe 1
r
(b) & depends upon G.
(c) If lift is going up with constant acceleration.
g = (g+a) = h= 26 cosO
eff = =
rp(g+a)

It means / decreases.
(d) A is proportional to cos©.

Vertical force due to surface tension,

2
F, = Fsin® = (T2w) (/R)= 2T

.. Correct option is (c).

22T 4
=mg =—TnR"-p-
R g 3 pP-g

3T 3x (5% 10742 (011)
g 2x10°x 10
=4125%x 10" m*
~ R=1425x10"m=14%x10">m
.. Correct option is (a).
E = (4nR*)T
= (4m) (14 x 107 %) (011)
=27%x10°%]J

*. Correct option is (b).

R4

Surface energy,

From mass conservation,
4 4
p~§nR3 =p'K-§nr3 = R=K"’r

AU =TAA =T (K -4m* — 4nR?)
=T(K -4nR*K ™3 — 4mR?)
AU = 4nR’T[K"3 - 1]

Putting the values, we get
—1

1070 =19 s w10k - 1]
4n



100=K"3 —1
= k'3 =100= 10
Given that K =10"
1073 =107
= Y2 a=6
3
14, Terminal velocity is given by
277
vp =—~—(d-p)g
9n

v _ % Mo (d=pp)

Vo - Vé Ny (d=py)

_( 1} (2} (8-0.8)
=|—[X| = |X
05) \3) (8-16)

=4x=x——==3
3 64
15. Although not given in the question, but we
will have to assume that temperatures of A .
and B are same. o= 8Nm?2

np _ PgVs/RT _ PV

ng p4/RT  py,
_ p+AS/r x4/3m(r, )
(p+4S/n)x4/31 (1, )

(S = surface tension)

Substituting the values, we get
Ny _ 6
ny

2
16. Terminal velocity v, = z;ﬂig (Ps —Pr)
mn

and viscous force F' = 6nnrv,

Rate of production of heat (power) : as viscous force is the
only dissipative force.

Hence,
d
7? = Fvp = (6mnrvy )(vp ) = 6mnmvi

8ng’ 25 dg s
= - P oor —= e
m Ps —PL) ar

17. Free body diagram of the wire is as shown in figure.

a

" S

W= Ag
T = surface tension
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Considering the equilibrium of wire in vertical direction, we

have
2Tl cos 6 = Alg .0
For y<<a,cos9::Z
a
Substituting the values in Eq. (i), we get
rote
2y

18. Surface Tension force
= 2mh X 2T'sin O

Mass of the air per second entering
the bubble = pA4v

Momentum of air per second
= Force due to air = p41v”

The bubble will separate from the
tube when force due to moving air becomes equal to the
surface tension force inside the bubble.

2mb % 2T'sin @ = pArv?
putting sin@ = é, A =nb* and solving, we get
ar
o
19. When the tube is not there,

1 1
P+Po+§pr+ng=EpV§+Po

1
: p+ng=Ep(v22—V12)

A = 4yvy

A,V
or v = 2272
4,

1 ) 1
=—xpx(10)"]1-—
5 %P ( ){ 81}

_4x10°p
8l

_ 4% 10° x 900
- 81

= % x 10° N/m?

This is also the excess pressure Ap.

By Poiseuille’s equation, the rate of flow of liquid in the
capillary tube

_n(dp)d

Q &/
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8n I
2
m#xmnt?j

8Mﬁ=mmmTﬂ

8§x 8% 107°

Substituting the values, we have
(10°° )[‘9‘ X 105)(2 x107%)

8x 8x 107°

n:

= ! N-s/m?
720

Topic5 Miscellaneous Problems

1. Reynolds’ number for flow of a liquid is given by
Yo
n

where, velocity of flow,
b volume flow rate V/t

area of flow A
_pVD _ pV2r 20V

nAt _nxnrzxt_‘rmrt

So, R

e

Here, p = density of water = 1000 kgm
yoo100x10° 4
Y 60 °
where, 1) = viscosity of water = 1x 107 Pa-s
and = radius of pipe = 5x 10 m
_ 2x1000x 100 107
I 107 x 60% 3.14 x 5% 1072
=2123x10°~20x10*

So, order of Reynolds’ number is of 10*.

R

e

2 When soap bubble is being inflated and its temperature

remains constant, then it follows Boyle’s law, so
pV = constant (k)
k

=p=—
pV

Differentiating above equation with time,

we get
ﬁﬁzkd(l):‘@:kf4)dV
dt dar\v dt y2 ) dt

It is given that, i{—V = ¢ (aconstant )
t

dl_—kc

So, —_— (@
a2 »
Now, from d—V = c; we get
dt
dV = cdt
or de:jcdt otV = ct .. (ii)

From Egs. (i) and (ii), we get

. Stress =

d—p:_z—kz or dp:—(k)t_z =dp= —E.t_zdt
dt  c°t dt c c

Integrating both sides, we get
jdp =- E.[l_zdt
c

k t—2+1
P —2+J
k -1 &k 1
=——.—=—0r poc—
c 1 ct t

1 . . . S
Hence, p versus — graph is a straight line, which is
t

correctly represented in option (b).

Weight _9° x W, _of Mo
Area 9% x A, A,

Hence, the stress increases by a factor of 9.

. d=2hh, =\[Ahh,

hy
3
2 v =[2gh4
ha
L
—ad—

This is independent of the value of g.
A gy>g d=4hh,=12m

B)gar<g d=44hh, =12m
O gyr=g d=+4hh, =12m

(D) gerr =0
No water leaks out of jar. As there will be no pressure
difference between top of the container and any other point.
Pr=DP2=DP3= Py
If the deformation is small, then the stress in a body is
directly proportional to the corresponding strain.

According to Hooke's law i.e.

Young’s modulus (Y)= M
Tensile strain

y_ P4 _ FL

So, L2
AL/L  AAL

If the rod is compressed, then compressive stress and strain
appear. Their ratio Y is same as that for tensile case.
Given, length of a steel wire (L) = 10cm

Temperature (6 )= 100°C

As length is constant.
', Strain :ﬂz o AO
L
Now,  pressure = stress =Y X strain
[Given, ¥ =2x10""N/m* ando = 1.1x 107 K™']
=2x10" x1.1x107° x 100 =2.2x 10° Pa



6. Key Idea In this question, the system is accelerating
horizontally i.e. no component of acceleration in vertical
direction. Hence, the pressure in the vertical direction will
remain unaffected.

ie. P = po +pgh
Again, we have to use the concept that the pressure in the
same level will be same.

For air trapped in tube, p,V] = p,V,

D1 = Pam =Pg76
Vi =A4-8 [A = area of cross-section]

D2 = Pam —Pg(54 —x)=pg(22+x)
Vy,=A-x pg76x84=pg(22+x)Ax
x> +22x-78x8=0 = x=16cm
7. In equilibrium, Upward force = Downward force

kxg + Fp = mg

I
il

Here, kx, is restoring force of spring and Fj; is buoyancy
force.

kx +G%Ag = Mg

Mg - OLAg
k&
8. Let)] = total material volume of shell
V, = total inside volume of shell and
x = fraction of V/, volume filled with water.

In floating condition,
Total weight = Upthrust

Vi + V-
lecg+(xV2)(1)g=( ! 5 2j(l)g
or x=0.5+(0.5—pc);—1

2
From here we can see that, x> 0.5 ifp,. < 0.5

9. Kk =("Fe] and kzz(pFeJ :
Pug 0°C Pg 60°C
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Here, p = Density
ki _ Predoc (pm, J _ (1+60y,)
ky  (Pugloc  \Pre Jggoe (146071, )
NOTE In this problem two concepts are used
(i) When a solid floats in a liquid, then

Fraction of volume submerged (k) = Polia.
Pliquid
This result comes from the fact that
Weight = Upthrust

Vp solid g= Vsubmerged p liquid g

submerged — pso/id
14 P liquia
(”) Pec = 1
Poc 1+v-6
Thisis becausep o< (mass remaining constant)
Volume
Pe°C:V0°c _ Viec _ Voec _ 1
Poc Voo Voo + AV Viee+Vipcy 8 1+ 70

10. Ifa fluid (gas or liquid) is accelerated in positive x-direction,
then pressure decreases in positive x-direction. Change in
pressure has following differential equation.

y
L
X
dp

L __ 5,
dx P

where, p is the density of the fluid. Therefore, pressure is
lower in front side.

11. Net force on the free surface of the liquid in equilibrium
(from accelerated frame) should be perpendicular to it.

Forces on a water particle P on the free surfaces have been
shown in the figure. In the figure ma is the pseudo force.

12.

/-

Plate

o
dy

Since, height 4 of the liquid in tank is very small.

d":A":(”O) ﬁFV:_(n)A(”OJ
dy Ay h h



218 Properties of Matter

v

F oc(}ll),Fv oc 14y, F o< A, F, o)

Statement a, ¢ and are correct.

2 FA v FA
13 Y Y
JTEN Uy, - -
vy Vo

La LA

Just before the collision Just after the collision

v =u+2v
Av, = (2u + 2v)
F=%
dt
—pA(u+v)u+2v) 2
=204 (u+ v) F
vy, = (u—2v)
Av, = (2u - 2v)
F, =
dt

=pA(u—v)(2u—2v)=2p4(u - v)*
[AF is the net force due to the air molecules on the plate]
AF =2p A(4uv)= 8p Auv
AF
P=—=8p(uv
y P (uv)
Fnet =(F_AF)=ma
[m is mass of the plate]
F — (8p Au)v =ma
14. For floating, net weight of system = net upthrust

= (p; +p Vg = (0, +0,)lg
Since string is taut, p; <o, andp, >0,

Vp = zrz—g (c,—p;) (upward terminal velocity)
n,
2r°g . .
Vo = on (p, — 0, ) (downward terminal velocity)
1
Vel
Vo| M2
Further, v, - v, will be negative as they are opposite to each
other.

15. From continuity equation, 4v = constant
1
or A o —
v
16. From continuity equation,
Ay = Aymy
Here, A, =4004,

because 5 =20n and 4 =m-

4,
v, = — (v, ) =400v,
27, ) I
= 400(5)mm/s = 2000 mm/s = 2m/s
1 1
17. pl_p2=EpaV2 = P3‘P2=§pzvzz

P3 =D

I 5 1 5 Py

—PV =PV, = V=%

2p11 2paa ! P, a
’741

. Volume flow rate o

Pa
Py
18. As the bubble moves upwards, besides the buoyancy force

(cause of which is pressure difference) only force of gravity
and force of viscosity will act.

.. Correct option is (d).
19. As there is no exhange of heat. Therefore, process is
adiabatic. Applying,
1-y Iy I
Tp ¥ =constant = T2p2Y :TlplY
1-y v-1

o Tz:]i(p]JY :E(pzjy
P2 P

Substituting the values, we have
5/3-1

po+p g(H - y)} 5/3

T, =T,
{ pot+p gl

2/5
PotpPg(H - y)
= TO _—
Po+p;8H
.. Correct option is (b).

20. Buoyancy force

F = (volume of bubble) (p, )g = [”RT 2 )p s
P>

Pot+P gh

and Py = po+pig(H=y)
Substituting the values, we get
P nRgT,

2/5
Hete, T, = To{ Po+P. & (H - y)}

(o +pigH ) [pg +p1g(H = )]
.. Correct option is (b)

3/5

21. The condition of floating is,
Weight = Upthrust
Vpig =Vipag
(p; = density of metal, p, = density of mercury)



Vi_po
Voops
= fraction of volume of metal submerged in mercury
= x (say)
Now, when the temperature is increased by AT
’ Py an ’ P2

= d = =
o= Ty ar P Ty AT

= [ 1+ v,AT _P1 1+ v,AT
1+vy,AT P, P, \ 1+ v,AT

. 1+v, AT :£=1+YZAT
I+vy, AT x 14y, AT

22. When tube is heated the density of water at 4 will decrease,
hence the water will rise up or it will circulate in clockwise
direction.

23. In this question, we will have to assume that temperature of
enclosed air about water is constant (or pJ = constant)

500—HI

Po P 300 mm

200 mm = h

|

je]

0
pP=Dpo—pgh (1)
polA(500—H)]= p[A(300)] ...(i1)
Solving these two equations, we get # = 206 mm
Level fall = (206 — 200) mm = 6 mm

24. For circular motion of small element dx, we have

dF = (dm)x o’
s (dp) A = (pAdx)-x o or dp=p o x-dx
2.2
. 123 oL _ _poL
o J.pldp—pmj.oxdx:pz p = 5
<Sw
272 272
ngzme :>H=(DL
2 2g

25. In elastic collision with the surface, direction of velocity is
reversed but its magnitude remains the same. Therefore,

time of fall = time of rise or time of fall = b
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Hence, velocity of the ball just before it collides with liquid is
4

v=g? (D)

Retardation inside the liquid,
. upthrust — weight _ Vd, g - Vdg _ (dL -d

mass Vd d

j g ... (1)
Time taken to come to rest under this retardation will be
=¥ gl _ gt B dt,
a 2a Z(dL_d)g 2(d;, - d)
d

Same will be the time to come back on the liquid surface.
Therefore,

(a) t, = time the ball takes to came back to the position from
where it was released
t,d
} or t, =—1-L

d, —d

(b) The motion of the ball is periodic but not simple
harmonic because the acceleration of the ball is g in air

and (de_d) g inside the liquid which is not

dt
=4 +2=t, +——=1|1+
d

proportional to the displacement, which is necessary and
sufficient condition for SHM.

(c) When d, =d, retardation or acceleration inside the
liquid becomes zero (upthrust = weight). Therefore, the
ball will continue to move with constant velocity
v = gt,/2 inside the liquid.

26. Let & be the level in equilibrium. Equating the volumes, we
have

Ahy + Ahy =24h
h= h+h,
2
Work done by gravity =U; — U,
h h h
W= (m1g21+ng22J—(m1 tmy)gs

— Ahlgghl +Ah2ggh2 _[Ahlp + Ah2p]g(hl ZhZ)

Simplifying this, we get
A
W= pTg(hl —hy)




	Cover
	Title
	Contents
	General Physics
	Kinematics
	Laws of Motion
	Work, Power and Energy
	Centre of Mass
	Rotation
	Gravitation
	Simple Harmonic Motion
	Properties of Matter
	Wave Motion
	Heat and Thermodynamics
	Optics
	Current Electricity
	Electrostatics
	Magnetics
	Electromagnetic Induction and Alternating Current
	Modern Physics



