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ach of these questions has 4 choices (a), (b), (¢) and (d) for its answer, out of which ONLY ONE is correct.

SINGLE CORRECT CHOICE TYPE
A E

Two solid spherical balls of radii », and r, (< r;) and of
density ¢ are tied up with a long string and released in a
viscous liquid column of lesser density p with the string
just taut as shown. The tension in the string when terminal
velocity is attained, is

&

4 r24—r14
(a) 3T (c-p)g
n—=n

-

n(r5 - )(o-p)g

4 P
@ —x|=2——|c-pg

3 r+n

Drops of liquid of density p are floating half immersed in a
liquid of density ©. If the surface tension of liquid is T, the
radius of the drop will be

3T b 6T
@ \eGo—o) ® \er-o)
3T 3T
- d J—
© \a2p-0) @\ e@p—30)

3.

A container filled with viscous liquid is moving vertically
downwards with constant speed 3v,. At the instant shown,
asphere of radius r is moving vertically downwards (in liquid)
has speed v,,. The coefficient of viscosity is 1. There is no
relative motion between the liquid and the container. Then
at the shown instant, the magnitude of viscous force acting
on sphere is

l 3v,

(@) 6mnrv, (b) 12y,

() 18mmry, (d) 24mmry,

A soap bubble of radius R is surrounded by another soap
bubble of radius 2R, as shown. Take surface tension = S.
Then the pressure inside the smaller soap bubble, in excess
of the atmospheric pressure, will be

Atmosphere
(&) 4S/R (b) 3S/R
(¢) 6S/R (d) None of these

A steel wire is 4.0m long and 2mm in diameter. How much is
it elongated by a suspended body of mass 20 kg ? Young’s
modulus for steel is 1,96,000 Mpa.

(@ 1273mm (b) 1.73mm

(c) 0.123mm (d) 2.124mm

&
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10.

Water is flowing on a horizontal fixed surface, such that its
flow velocity varies with y (vertical direction) as

2 .3
el 2y . . .
v =k | == [. If coefficient of viscosity for water is 1,
a a

what will be shear stress between layers of water at y =a.

Nk n
® a ®) ka
Na
© — (d) None of these

k
A rod of length 1000mm and coefficient of linear expansion
o.= 107* per degree is placed symmetrically between fixed
walls separated by 1001 mm. The Young’s modulus of the
rod is 10! N/m?. If the temperature is increased by 20°C,
then the stress developed in the rod is (in N/m?)

1000mm =
> ;
1001mm g
@ 10 (b) 108

() 2x108 (d) cannot be calculated

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 4 y 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

@ == ® 2  © L @ o
2n T 2n

A rain drop of radius 0.3mm falling vertically downwards

in air has a terminal velocity of 1m/s. The viscosity of air

is 18 x 1073 poise. The viscous force on the drop is

(@ 101.73x10*dyne  (b) 101.73x 107> dyne

(¢) 16.95x107dyne (d) 16.95x 10*dyne

A vertical capillary tube with inside diameter 0.5mm is

submerged into water so that the length of'its part protruding

over the surface of water is equal to 2.5mm. Find the radius

of curvature of the meniscus.

11.

12.

13.

14.

15.

A platform is suspended by four wires at its corners. The
wires are 3m long and have a diameter of 2.0mm. Young’s
modulus for the material ofthe wires is 1,80,000 MPa. How
far will the platform drop (due to elongation of the wires) if
a 50 kg load is placed at the centre of the platform ?

(@ 025mm (b) 0.65mm

(c) 1.65mm (d) 035mm

Two spherical bubbles are in contact with each other
internally as shown. The radius of curvature of the common
surface is R, then

Common
surface

(@ R>R, (b) R,>R>R,

(©) R<R, (d R=R,

The force exerted by a special compression device is given
as function of compression x as £, (x) = kx (x — £) for

0 <x </, where / is maximum possible compression and £ is
a constant. The force exerted by the device under
compression is maximum when compression is —

@ O (b) /4

©) /2 d 2

A steel ball of diameter d = 3.0mm starts sinking with zero
initial velocity in olive oil whose viscosity is 1 =0.90 P. How
soon after the beginning of motion will the velocity of the
ball differ from the steady state velocity by

n=1.0%? Density of steel = 7.8 x 103 kg/m?>.

(a) 0.2sec. (b) 0.8 sec.

(c) 0.6sec. (d) 1.2sec.

The diagram shows bimetallic strip used as a thermostat in
a circuit. The copper expands more than the invar for the
same temperature rise.

signal lamp

JJ Invar  electric bell
Pz, g
T copper

motor W‘
ZJ

Which will be switched on when the bimetallic strip becomes
hot ?

MARK YOUR

(@ 03mm (b) 0.6mm (a) bell only (b) lamp and bell only
() 09mm (d) 12mm (c) motorandbell only  (d) lamp, bell and motor
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PROPERTIES OF MATTER & FLUID MECHANICS

16.

17.

18.

19.

20.

What is the minimum diameter of a brass rod if it is to support
a 400N load without exceeding the elastic limit ? Assume
that the stress for the elastic limit is 379 MPa.

() 1.16mm (b) 2.32mm

(¢) 0.16mm (d) 1.35mm

A wooden block, with a coin placed on its top, floats in
water as shown in figure. The distance ¢ and / are shown
here. After some time the coin falls into the water. Then

(a) ¢ decreases and 4 increases

(b) ¢ increases and /& decreases

(d) both ¢ and & decrease
A conical glass capillary tube 4 of length 0.1m has diameters
103 and 5 x 10~*m at the ends. When it is just immersed in
a liquid at 0°C with larger diameter in contact with it, the
liquid rises to 8 x 10~?m in the tube. If another cylindrical
glass capillary tube B is immersed in the same liquid at 0°C,
the liquid rises to 6 x 10~2m height. The rise of liquid in the
tube B is only 5.5 x 10~2m when the liquid is at 50°C. Find
the rate at which the surface tension changes with
temperature considering the change to be linear. (The density
of the liquid is (1/14) x 10* kg/m? and angle of contact is
zero. Effect of temperature on density of liquid and glass is
negligible).

(@ -14x10*N/m°C (b) —2.4x10*4N/m°C

() —44x10°N/m°C (d) —52x108N/m°C

Four uniform wires of the same material are stretched by the
same force. The dimensions of wire are as given below. The
one which has the minimum elongation has —

(a) radius 3mm, length 3m

(b) radius 0.5mm, length 0.5m

(c) radius 2mm, length 2m

(d) radius 3mm, length 2m

A long cylinder of radius R, is displaced along its axis with
a constant velocity v, inside a stationary co-axial cylinder
of radius R,. The space between the cylinders is filled with
viscous liquid. Find the velocity of the liquid as a function
of the distance r from the axis of the cylinders. The flow is
laminar.

#9

(¢) both ¢ and 4 increase

21.

22.

23.

24.

25.

<

@ 2w, In(r/Ry) Vo In(r/Ry)
In (R /Ry) 2 In(R/Ry)
© In (r/Ry) (d) 2vg In(r/Ry)

" (R /Ry) 3 m(R/Ry)

Following are some statements about buoyant force on a

body of certain shape, immersed completely inside ideal

fluid. Select the correct statement(s) (Liquid is of uniform

density)

(@) Buoyant force depends upon orientation of the
concerned body inside the liquid

(b) Buoyant force depends upon the density of the body
immersed

(¢) Buoyant force depends on the fact whether the system
is on moon or on the earth

(d) Buoyant force depends upon the depth of the body
inside the liquid

Water is filled in a container upto height 3m. A small hole

of area ‘a’ is punched in the wall of the container at a

height 52.5 cm from the bottom. The cross sectional area

of the container is 4. If a/4A = 0.1 then v2 is (where v is the

velocity of water coming out of the hole)

(a) 50 (b) 51

(c) & (d) 515

A capillary tube with inner cross-section in the form of a

square of side ‘a’ is dipped vertically in a liquid of density p

and surface tension ¢ which wet the surface of capillary

tube with angle of contact 6. The approximate height to

which liquid will be raised in the tube is (Neglect the effect

of surface tension at the corners capillary tube)

206 cosO 46 cos6
(@
apg apg
8ccosO
(c) (d) None of these
apg

A U-tube whose ends are open and whose limbs are vertical
contains oil of specific gravity 0.8 and surface tension 28
dyne/cm. If one limb has a diameter of 2.2mm and the other
of 0.8mm, what is the difference in level of the oil in the two
limbs ?

(a) 22.8mm (b) 62mm

(c) 152mm (d) 114mm

The pressure in an explosion chamber is 345 MPa. What
would be the percent change in volume of a piece of copper
subjected to this pressure ? The bulk modulus for copper is
138 Gpa (= 138 x 10° Pa)
(@ 0.1%

() 025%

(b) 05%
@) 02%
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26.

27.

28.

Water of density p in a clean aquarium forms a meniscus, as
illustrated in the figure. Calculate the difference in height
between the centre and the edge of the meniscus. The
surface tension of water is .

«—=—>

(a) oz (b) og
Ly 2 | L
(c) 2\/; (d) 0g

A cube of mass m = 3.2 kg floats on the surface of water.
Water wets it completely. The cube is 0.2m on each edge by
what additional distance is it buoyed up or down by surface
tension ? Surface tension of water = 0.07 Nm!.
(@ 28x10%m (b) 14x10%m
() 32x10%m (d 6.1x102m
For the arrangement shown in the figure, find the time
interval in seconds after which the water jet ceases to cross
the wall. Area of the cross section of the tank A =+/5m?>
and area of the orifice @ =4 cm?. [Assume that the container
remaining fixed]
CC_CC-ZC-ZZZZZ””Z1) 08Im
- ---T”---”-T] \\\
_______________ \
_______________ \
_______________ \
_______________ \
_______________ |
|
: ______
:<—>
: Im
|
(a) 1000s (b) 2000s
(c) 1500s (d) 500s

#9

29. Aright circular cone of density p, floats just immersed with

30.

31.

its vertex downwards in a vessel containing two liquids of
densities 6, and 0, respectively, the planes of separation of
the two liquids cuts off from the axis of the cone a fraction z

of its length. Find z.
/ 1/3
" pP=0,
@ |——= (b) -
0, +0, 01 -63
pP—6,

12 -0,
© [01+52] @ [01—02]

A hemispherical portion of radius R is removed from the
bottom of a cylinder of radius R. The volume of the remaining
cylinder is V and its mass M. It is suspended by a string in
a liquid of density p where it stays vertical. The upper surface
of the cylinder is at a depth /4 below the liquid surface. The
force on the bottom of the cylinder by the liquid is

p+0,

(@) Mg (b) Mg-Vpg

(c) Mg+nR*hpg (d) pg(V+nRh)

The cross-section of a tank full of water under pressure is
shown. Determine the magnitude of the resultant force acting
on the quarter-circle curved surface BC if the tank is 2m

long.
2mI
M
E
(a) 7343kN (b) 55.12kN
(c) 64.12kN (d) 43.14kN
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PROPERTIES OF MATTER & FLUID MECHANICS

32.

33.

34.

A water clock (clepsydra) used in ancient Greece is designed
as a vessel with a small orifice O (figure). The time is
determined according to the level of the water in the vessel.
What should be equation corresponding to the shape of
the vessel for the time scale to be uniform ?

22

(@) y=hot where k="
2ga

22

(b) y=ho where k="
2ga

2.2

© y=h*where ="
ga

2.3

(d) y=kx* where k = T v2
2ga

A cylindrical tumbler, half filled with liquid of density p : is
filled up with a liquid of density p' which does not mix with
the former one. Find the ratio of the pressure on the base of
the tumbler to the whole pressure on its curved surface is
(4 is the height and r the radius of the base of the tumbler)

r(p+p) r(p+p)
@ o3 ® he+i)
© r(p+p’) @ 2r (p+p")
2h (p+2p) h(p+3p")

A hollow wooden cylinder of height /4, inner radius R and
outer radius 2R is placed in a cylindrical container of radius
3R. When water is poured into the container, the minimum
height H of the container for which cylinder can float inside
freely is

&

3s.

36.

=D
H
hpwater Pywood
@ — — (b)
Pyvater T Pwood Pwater
h2
©) h d —

Find the force acting on the blade of an undershot wheel
(figure) if the stream after impinging on the blade continues
to move with the velocity of the blade.

The height of the water head is /4, the radius of the wheel is
R, the angular velocity of the wheel is ® and the cross-
section area of the stream is 4.

() pA(\2gh+oR)?
(d) pA(2gh+oR)

(@) p4(2gh-oR)’
©) pA(J2gh+oR)

A pump is designed as a horizontal cylinder with a piston
having an area of A and an outlet orifice having an area of
‘a’ arranged near the cylinder axis. Determine the velocity
of outflow of a liquid from the pump if the piston moves
with a constant velocity under the action of a force F. The
density of the liquid is p. (a << 4)

2F F

(@ A—p (b) A—p
F 2F
() 24p (d) 34p
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37.

38.

39.

40.

41.

A tank and a trough are placed on a trolley as shown. Water
issues from the tank through a Scm. diameter nozzle at Sm/s
and strikes the trough which turns it by 45° as shown.
Determine the compression of the spring of stiffnes 20N cm.

w —_—
B C %
: \\\ ,Té, u
! K45°
§ I — =, 7 \\\
I : = \\\ —_—
I 1 \\
T (o) (o) --Xp
(@) 1.74cm. (b) 1.12cm.
(c) 0.78cm. (d) 2.12cm.

A right circular cylinder of sp. gr. ¢ floats in water with its
axis vertical, one third begin above the water. If p be the sp.
gr. of air then choose the correct option

(@ 3o0=2+p (b) 3o=1+p

(c) 20=2+p (d 3o0=2+2p

In the figure shown, a light container is kept on a horizontal

Sh
rough surface of coefficient of friction WL = A .Avery small

hole of area S is made at depth /. Water of volume V'is filled
in the container. The friction is not sufficient to keep the
container at rest. The acceleration of the container initially is

42.

43.

(@ 112 (b)y 1.1

(c) 105 d 10

A solid sphere floats just immersed in heterogeneous liquid

composed of three liquids which do not mix and whose

densities are as 1 : 2 : 3. If the thickness of the two upper

liquids be each one-third of the diameter of the sphere, then

choose the correct option

(a) the density of the liquid in the middle is equal to the
density of the sphere

(b) the density of the liquid in the middle is half of the
density of the sphere

(c) the density of the liquid in the middle is double to the
density of the sphere

(d) none of these

A rectangular gate shown should tip automatically when

the water rises above a certain level. Determine that level in

terms of h.

A

=

%4 —=—=—=z=z==
@ o8 EEEEEEEI
b ¢ EEEEEEH)
(c) zero EEEEEEEI_
@ & Y
% g

A cylinder of 1m diameter and 2m length stays in equilibrium
as shown. Calculate the specific gravity of the material of
the cylinder.

)
! OIL (0.7)

[~
@ 0.197 (b) 0797
) 0517 d 0921

A U-tube of uniform cross section (see Fig) 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 II must be

(2 2.123m (b) 1212m
() 1512m (d) 1.732m

44. Anincompressible liquid flows through a horizontal tube as
shown in the figure.

A meterzi,' -—» v,=3.0 m/s

Then the velocity ‘v’ of the fluid is
(& 3.0m/s (b) 1.5m/s
() 1.0m/s (d) 225m/s
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PROPERTIES OF MATTER & FLUID MECHANICS

45.

46.

47.

48.

A fireman must reach a window 40m above the ground with
a water jet, from a nozzle 3cm, diameter discharging 30 kg/s.
Assuming the nozzle height of 2m, determine the greatest
distance from the building where the fireman can stand and
still reach the jet into the window.

(a) 142m. (b) 102m.

() 182m. (d) 120m.

A broad vessel with water stands on a smooth surface. The
level of the water in the vessel is 4. The vessel together with
the water weighs G. The side wall of the vessel has at the
bottom a plugged hole (with rounded edges) with an area A.
At what coefficient of friction between the bottom and the
surface will the vessel begin to move if the plug is removed ?

pghA 2pghA
(a) G (b) G

pghA 2pghA
(c) EYR (d) 3G

A hydraulic jack consists of a handle cum lever of 30cm.
length and an assembly of given dimensions. In order that a
load of 20 kN be supported by the jack, what should be the
force exerted on the handle ? The distance between the
fulcrum of the lever and the point where the plunger is
connected is 25mm.

200kN

4

[e— 50mm —»
% 300mm: >
S 25mm
> Fy
§ Lever Handle
§ > < 15mm
( ___.Flid ________________
Vi
(@) 2000N (b) 2500N
(c) 700N (d) 1500N

A cylindrical bucket with water in it balances a mass M over
apulley. A piece of cork, or mass m and sp. gr. G, is then tied
to the bottom of the bucket with the help of string so as to
be totally immersed. Find the tension in the string

49.

50.

51.

2Mmg (1 Mmg (1
(@) (2M+m)(6 1) (®) (2M+m)(6 1)
2Mmg 2Mmg

2] o 2
© oM+m\o @ r+emlo

A hollow weightless hemisphere, filled with liquid is
suspended freely from a point in the rim of its base, Find the
ratio of the thrust on the plane base to the weight of the
contained liquid.

@) 12:J73 (b) 12:427
© 6:4/73 d 8:~/73

Aniceberg is floating in ocean. What fraction of its volume

is above the water ? (Given : density of ice = 900kg/m? and
density of ocean water = 1030 kg/m?)

90 y 2
@ 703 ® T3
10 9
© 103 @ T3

A multitube manometer is employed to determine the pressure
in a pipe. For the levels in the manometers as shown, compute
the pressure in the pipe. What would be the length of a
single mercury filled U-tube to record this pressure?

Water Sp Gr=1.0 l
Sp Gr=10.00012
N Sy S
50cm.
Y S
Mercury
Sp Gr=13.6
() 193cm (b) 165cm
(¢) 12lem (d) 153cm
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52.

53.

54.

Find the force exerted by the nozzle on the fireman for the

configuration and data in the figure.

(@ 754N (b) 1554N

(c) 1254N (d) 1712N

A vessel in the shape of a hollow hemisphere surmounted
by a cone is held with the axis vertical and vertex uppermost.
If it be filled with a liquid so as to submerge half the axis of
the cone in the liquid, and the height of the cone be double
the radius of its base, the resultant downward thrust of the
liquid on the vessel is x times the weight of the liquid that
the hemisphere can hold. Find the value of x.

(@) 1578 (b) 1/8

(c) 518 (d 152

A homogeneous solid cylinder of length L (L < H/2), cross-
sectional area A/5 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 pressure P,. Then
density D of solid is given by

@ —d (b) %d

(© 4d (d)

O |

55. Two spheres of volume 250cc each but of relative densities
0.8 and 1.2 are connected by a string and the combination is
immersed in a liquid in vertical position as shown in figure.
The tension in the string is (g = 10 m/s?)

Relative
density 0.8
Relative
density 1.2
(&) 50N (b) 05N
(c) 1ON (d 20N

56. A solid hemisphere of radius a and weight ¥ is floating in
liquid, and at a point on the base at a distance ¢ from the
centre rests a weight w, the tangent of the inclination of the
axis of the hemisphere to the vertical for the corresponding
position of equilibrium, assuming the base of the hemisphere
to be entirely out of the fluid, is —

dew w 2EY
@ 3aWw ®) 3aWw
8ew g Sew
© 37w @ oW

57. A closed tube in the form of an equilateral triangle contains
equal volumes of three liquids which do not mix and is placed
with its lowest side horizontal. If the densities of the liquids
are in A.P., their surface of separation will be at the points of
........ of the sides of the triangle.

(@ 12 (b) 1/4
(c) 173 d 16

58. A cone full of water, is placed on its side on a horizontal
table, the thrust on its base is x times the weight of the
contained fluid, where 2. is the vertical angle of the cone.
Find the value of x.

(a 3cosa (b) 3sino
(¢) 2sina (d) 2cosa

59. A balloon of volume V¥, contains a gas whose density is to
that of the air at the earth’s surface as 1 : 15. If the envelope
of the balloon be of weight w but of negligible volume, find
the acceleration with which it will begin to ascend.

(@) (7Vg6—w]xg (b) (2Vg6—w)xg

Vgo +w Vgo +w
© 14Vgo —w x g ) 14Vgo +w X g
Vgo +w Vgo—w
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60.

61.

62.

63.

An non-homogeneous small sphere having average density
same as that of the liquid. It is released from rest, in the
position as shown in figure. C being its centre of mass and
O being the centre of sphere.

p
“— Liquid

(a) O moves up (b) O moves down

(¢) Cmoves left (d) None of these

A sealed glass bulb containing mercury (incompletely filled)
just floats in water at 4°C. If the water and bulb are

(1) cooled to 2°C and (i) warmed to 8°C, the bulb
(@) (i) sinksand (ii) sinks (b) (i) sinks and (ii) floats

(c) (i) floats and (ii) floats (d) (i) floats and (ii) sinks

A uniform wooden stick of length L, cross-section area A4
and density d is immersed in a liquid of density 4d. A small
body of mass m and negligible volume is attached at the
lower end of the rod so that the stick floats vertically in
stable equilibrium then

d

(a) m>dAL (b) m<dAL

(c) m<dAL2 (d) m<dAL/A

A load of 10kN is supported from a pulley which in turn is
supported by a rope of sectional area 1 x 103> mm? and
modulus of elasticity 10> N mm™2, as shown in figure.
Neglecting the friction at the pulley, determine the deflection
of the load.

gl

y

10kN

64.

65.

66.

67.

68.

<~

(a)2.75 mm (b)3.75 mm

(¢)5.25mm (d)6.50 mm

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

(@) 2a’ch (b) 3alb*

(c) 2ac/b? (d) 3ci2ab?

A boat with base area 8m? floating on the surface of a still
river is intended to move with a constant speed of 2 m/s by
the application of a horizontal force. If the river bed is 2m
deep find the force needed, assuming a constant velocity
gradient. Coefficient of viscosity of water is 0.90 x 102 poise.
(a) 720 dyne (b) 620 dyne

(¢) 520dyne (d) 360dyne

Two bodies of masses 2 kg and 3 kg are connected by a
metal wire of cross-section 0.04 mm?. Breaking stress of
metal wire is 2.5 GPa. The maximum force F that can be
applied to 3 kg block so that wire does not break is
(Neglect friction)

0.04 mm? F

2kg 3kg —
@ 100N (b) 150N
(©) 200N ) 250N

The lower end of a capillary tube of radius 2.00mm is dipped
10.00cm below the surface of water in a beaker. Calculate the
pressure within a bubble blown at its end in water, in excess
of atmospheric pressure.

[Surface tension of water 72 x 103 N/m]

(@) 718Nm?2 (b) 912Nm2

() 1160Nm> (d) 1052Nm?

The ice storm in the province of Jammu strained many wires
to the breaking point. In a particular situation, the
transmission pylons are separated by 500 m of wire. The top
grounding wire is 15° from the horizontal at the pylons, and
has a diameter of 1.5 cm. The steel wire has a density of 7860
kg/m3. When ice (density 900 kg/m?) built up on the wire to
a total diameter of 10.0 cm, the wire snapped. What was the
breaking stress (force/unit area) in N/m? in the wire at the
breaking point? You may assume the ice has no strength.
(@) 7.4x10"N/m? (b) 4.5x 108N/m?

(¢) 2.6x10°N/m? (d) 1.15x10"N/m?
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69.

Two identical soap bubbles, each of radius x, coalesce to
form a bubble of radius y. If P be the atmospheric pressure,
and assuming that the process is isothermal, what is the
surface tension of soap solution ?

P23 + 43 P23 — 3
@ Zrty] o =]
4(y°=2x7) 4 (y”+2x7)
PR2x’ —)? Pl —)°
© [;c yz] ) [); y2]
4 (y°—-2x7) 4 (y=—-2x7)

A U-tube is made up of two capillaries of diameters 1.0mm
and 1.5mm respectively. The U-tube is kept vertically and
partially filled with water of surface tension 0.0075 kg/m and

71.

zero contact angle. Calculate the difference in the level of
the mencius caused by the capillarity.

(@) 068mm (b) 0.12mm

(©) 032mm d) 092mm

An iron bar of length L cross section 4 and Young modulus
Yis pulled by a force F,, from both the ends so as to produce
an elongation e. The elastic energy stored in the deformed

rod will be
F’L F*L
- b -
@ iy ® iy
F2
(c) 2427 (d) None of these
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COMPREHENSION TYPE

This section contains groups of questions. Each group is followed by some multiple choice questions
based on a paragraph. Each question has 4 choices (a), (b), (c) and (d) for its answer, out of which ONLY

ONE is correct.

PASSAGE-1

Water is filled in a cylinder vessel upto a height 4h. Three small
orifices O, O, and O, are made on the wall of the vessel.

M=o

A= T .
o, \

h =]

W=

TTT777777777777 77777 777777777777

Let v,, v, and v, be the speed of efflux of water from the

three orifices then
@ v=v<vy, b) v <v,<v,
© vi=v;>v, d vi>v,>v,

Let x; be the horizontal distance of the point at which the
water stream from orifice I strikes the horizontal surface.
The distance x, is

(@ A

© 3v2n

(b) 2h

(CVNEY
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PROPERTIES OF MATTER & FLUID MECHANICS

<

3. The correct diagram showing the trajectories is 4. The cube will
(a) remain in cubical shape and fly up
(b) remain in cubical shape and move down
(c) become flat and water will stay on
(d) become spherical
(a) 5. The surface energy of liquid thus formed will be equal to
@ (6) @)D ®) )@ (D
© () (Ta?) (4m)'? @ (12)(@)(D
6.  Now if this melted liquid is dropped in air, in gravity field
and viscosity of liquid is 1, then
(a) liquid will move down with a constant speed
O 2 2/3
2a°(p-0)g (i)
Oy emesly, 9 7 4n)
(b) | (b) liquid will remain at rest
2
P . 2 -
(c) liquid will move up with speed (%)M
n
(d) None of above
O,
PASSAGE-3
02 Tl
() A tube of length ¢ and radius R carries a steady flow of fluid
O, . whose density is p and viscosity 1. The velocity v of flow is given
WM R%2_;2
by v=yv, T , where 7 is the distance of the flowing fluid
0, | --------- from the axis.
| ~~~~~~~ . 7. Volume of fluid, flowing across the section of the tube, in
@ 0, | ------------- . unit time is
R2
(@ vomR> (b) mg
2 2
(c) TEVOR ( d) TEVOR
PASSAGE-2 3 4
8.  Kinetic energy of the fluid within the volume of the tube is
The property of a surface of liquid to shrink whenever it gets a Iov2R2 252
R lpvy R
chance to do so is because of surface tension. The energy that a (a TP (b) Ttpvot
surface layer has is called as surface energy and is given by product 2 4
of surface tension and surface area. Consider a solid cube of edge ) 9 29
‘a’ made of ice. The cube is kept in a gravity free cabin. Now the © nipvo R %) TPy R
whole cube is melted. Surface tension of water = 7. Viscosity of 6 3
air=n. 9.  The frictional force exerted on the tube by the fluid is
(@) 4mniy, (b) mly,
I a (c) 2mnty, (d) 3mniy,
IR > @O0 | 4 @OOW@ |5 @®OGD| 6. @ROG | 7. @®OW
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PASSAGE-4

A tank of base area 4m? is initially filled with water up to height
2m. An object of uniform cross-section 2m? and height 1m is
now suspended by wire into the tank, keeping distance between
base of tank and that of object 1 m. Density of the object is 2000
kg/m3. Take atmospheric pressure 1 x 103 N/m? ; g =10 m/s?.

L

4=2m’ Ilm

A

A

10. The downwards force exerted by the water on the top surface
of the object is
(@ 2.0x10°N
() 22x10°N
11. The tension in the wire is
(@ 0.1x10°N (b) 02x10°N
() 03x10°N (d) 04x10°N
12. The buoyant force on the object is
(@ 0.1x10°N (b) 02x10°N
() 03x10°N (d 04x10°N

(b) 2.1x10N
d 23x10°N

PASSAGE-5

A syringe is filled with water. Its volume is 20cm?, and the cross-
section of its interior part is 4cm?. The syringe is held vertically
such that its nozzle is at its top, and its 100g piston is pressed by
external agent and it moves with a constant speed. The ejected
water has an initial upward velocity of 2m/s, and the cross-section
of the beam of water at the nozzle is Imm?.

(Neglect the dissipated energy due to friction)

13. Find the speed of the piston

15. Force exerted by external agent on the piston will
(a) continuously increase
(b) continuously decrease
(c) remain constant
(d) first increase then decrease

PASSAGE-6
Water is filled to a height h in a fixed vertical cylinder placed on
horizontal surface. At time 7= 0 a small hole is drilled at a height
h/4 from bottom of cylinder as shown. The cross-section area of
hole is a and the cross-section area of cylinder is 4 such that
A>>a.

Horizontal surface

16. Letthe value of horizontal distance of point where the water
fall on horizontal surface from bottom of cylinder be x as
shown. Then from time #= 0 till water comes out of hole, pick
the correct statement
(a) xincreases with time
(b) x decreases with time
(c) x first increases and then decreases with time
(d) x first decreases and then increases with time

17. As long as water comes out of hole, the time taken by a
water particle starting from hole to reach the horizontal
surface
(a) increases
(b) decreases
(c) remains constant
(d) increases and then decreases

18. The duration of time for which water flows out of hole is

4 |3k a |3k
@ o\ 2g ®) 2

(& Smm/s (b) Scm/s 4 [

(C) 0.5m/s (d) 0.5 mm/s (C) - 3_ (d) None of these
14. What is the total work done by external agent ay2s

@) 0047 (b) 0.045]

©) 0095 d) 45mJ

10.@O®OG | 1. @OOG
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PROPERTIES OF MATTER & FLUID MECHANICS

PASSAGE-7

A cylinder of radius R is kept embedded along the wall of a dam as
shown. Take density of water as p. Take length as L.

19. The vertical force exerted by water on the cylinder is
(a) pnR’Lg (b) prR2Lgl2
(c) zero (d) None of these

20. The net torque exerted by liquid on the cylinder is

3 3
() 2pR°Lg (b) pR3Lg
R3L
© P : g d 0

21. The force exerted by liquid on the cylinder in horizontal
direction is [Neglecting atmospheric pressure]
(a) 2R%pgl (b) RpgL
(c) 4R%pglL (d) 1.61R%pgL

PASSAGE-8

If a body is floating partly immersed in liquid and with a string
attached to a point of'it. Then to find condition of equilibrium use
ZFy:(),ZFX:O,Z‘C:O

22. A uniform rod capable of turning about one end, which is
out of the water, rests inclined to the vertical with one-third
of its length in some water. Find the specific gravity of rod .

(a 59

(b) 2/9
(c) 49 d 19

23. A uniformrod 6 ft. long can move about a fulcrum one foot
above the surface of the water. In the position of equilibrium
four feet of the rod is immersed. Find the specific gravity of

<~

24. A uniform rod rests in position inclined to the vertical, with
halfits length immersed in water, and can turn about a point

1
in it at a distance equal to s th of the length of the rod from

the extremity below the water. Find the specific gravity of

rod.

(a 59 (b) 29

() 1/8 (d 19
PASSAGE-9

One way of measuring a person’s body fat content is by
“weighing” them under water. This works because fat tends to
float on water as it is less dense than water. On the other hand
muscle and bond tend to sink as they are more dense. Knowing
your “weight” under water as well as your real weight out of
water, the percentage of your body’s volume that is made up of fat
can easily be estimated. This is only an estimate since it assumes
that your body is made up of only two substances, fat (low density)
and everything else (high density). The “weight” is measured by
spring balance both inside the outside the water. Quotes are placed
around weight to indicate that the measurement read on the scale
is not your true weight, i.e. the force applied to you body by
gravity, but a measurement of the net downward force on the
scale.

25. Ramand Shyam are having the same weight when measured
outside the water. When measured under water, it is found
that weight of Ram is more than that of Shyam, then we can
say that
(a) Ram is having more fat content than Shyam
(b) Shyam is having more fat content than Ram
(¢) Ram and Shyam both are having the same fat content
(d) None of these

26. A person of mass 165kg having one fourth of his volume
consisting of fat (relative density 0.4) and rest of the volume
consisting of everything else (average relative density 4/3)
is weighed under water by the spring balance. The reading
shown by the spring balance is
(a 15kg (b) 65kg
(c) 150kg (d) None of these

27. Suppose that Ram is floating in water with two-third of his
volume immersed. Now the system is taken in a lift which is
accelerating upward with acceleration g/3. The new fraction

rod . immersed is
(@) 89 (®) 59 (a) one-third (b) half
© 29 d 19 (c) two-third (d) three-fourth

19.@®OW | 20.@BOOW@D
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PASSAGE-10

When viscous liquid flows, adjacent layers oppose their relative
motion by applying a viscous force given by

F=-mA—
n dz

When 1 = coefficient of viscosity, A4 = surface area of adjacent
layers in contact.

dv . :
— = velocity gradient
dz

Now, a viscous liquid having coefficient of viscosity 1 is flowing
through a fixed tube of length ¢ and radius R under a pressure
difference P between the two ends of the tube.

Now, consider a cylindrical volume of liquid of radius ». Due to
steady flow, net force on the liquid in cylindrical volume should
be zero.

—nznrf@ = Pur?
dr

—'(fdvzﬁfr dr

(.. layer in contact with the tube is stationary)

S Y P
R2 | Where Yo e
The volume of the liquid per second through the tube,

R R 2
Q= |v2nrdr=|vy|1——|2nr dr
.([ .[ 0 R2

0

r R
1’2 1”4
_vp2m| -

2 4r* |

= VozTC 5 4

(B2 R*| wnR® apr?
2 8/

This is called Poiseuille's equation

28. Force acting on the tube due to the liquid is

(@ mnly, (b) 2mm Lv,
(© 4nniyv, (d 6rmnlv,
29. The viscous force on the cylindrical volume of the liquid
varies as
(@) Focr? (b) Focr
() Feocllr (d) Fo< 1/

30. The momentum of the liquid confined in the tube is
(@) anz!ivo (b) an%O/z
(c) 2pmR%ty, (d) prR% (v /4

#

29.@®OO
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REASONING TYPE

In the following questions two Statements (1 and 2) are provided. Each question has 4 choices (a), (b), (c) and
(d) forits answer, out of which ONLY ONEis correct. Mark your responses from the following options:

(a)  BothStatement-1and Statement-2 are true and Statement-2is the correct explanationof Statement-1.
(b)  BothStatement-1and Statement-2 are true and Statement-2is not the correctexplanation of Statement-1.

()  Statement-1is true but Statement-2is false.

(d)  Statement-1isfalsebutStatement-2is true.

o
.

There are two needles of same length, same mass, made of 2.  Statement-1: When two soap bubble’s of different radii

same material but having different radii. The lengths are
very large compared to their radii (and radii are not too large)
such that buoyancy does not come into picture.
Statement-1: If one of the needle floats on water due to
surface tension effects, other will also float.
Same material ensures that adhesive forces
are same.

Statement-2 :

are brought into contact, the common
interface of contact bulges into the bubble
of larger radii as shown.

Pressure inside a soap bubble of lesser
radius is more than pressure inside a soap
bubble of larger radius.

Statement-2 :

#

2. @O
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3.

PROPERTIES OF MATTER & FLUID MECHANICS

Statement 1 :

A uniform elastic rod lying on smooth
horizontal surface is pulled by constant
horizontal force of magnitude F as shown
in figure (i). Another identical elastic rod is
pulled vertically upwards by a constant
vertical force of magnitude F (figure ii). The

6.
extension in both rods will be same.
F
Statement-1: During storms, when the velocity of the
wind is very high, it tears off the roofs of
buildings. Two cases can be distinguished
| >F (1) if the roof is fastened more firmly at
Fig. (i) Fig. (i) pc?lnts A and B than at r1(.ige C, the W1.nd
will break the roof along ridge C and raise
both halves up (fig. a) (2) if the roof is
Statement-2: In a uniform elastic rod, the extension secured more firmly at the ridge and less
depends only on forces acting at the ends firmly at points A and B, the wind will first
ofrod. lift the roof up and then carry it aside
4. Statement-1: A wooden cylinder floats horizontally in a (fig. b).
pond of water. By attaching a large cube Statement-2: The pressure of the air streaming over the
ofice on one end of cylinder it can be made roof is less than of air at rest. It is this
to float vertically. surplus pressure of the stationary air under
Statement-2: To float a cylinder vertically in a liquid its the roof that causes the described
centre of gravity should exist below centre phenomena.
of buoyancy of the submerged part of it. 7 Statement-1: A light celluloid ball placed in a stream of
5. Statement-1: A ship gets a large hole in its underwater gas or water issuing at a high velocity from
portion (figure). As a result the motion will a tube with a narrow neck freely hover in
begin to retard. this stream (figure).
\ 9/
M
Statement-2: The gas in the stream has a high velocity,
Statement-2: The force on the wall is slightly greater the pressure inside the stream is above
than 2pA atmospheric.
J75)
MARK YOUR
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8.

Statement-1: The bottom of a broad vessel is provided
with a narrow tube through which the water
can flow out of the vessel (figure). A screen
is placed between the vessel and the tube.
If a light ball is submerged to the bottom
of the vessel the water flows out of it, and
the ball will not rise to the surface. If the
outflow of the water is stopped, the ball
will immediately rise to the surface.

©

Statement-2: The pressure diminishes in a stream of a
flowing liquid with an increase in its
velocity. The velocity with which the water
flows in the vessel is much smaller than in
the tube and, therefore, the pressure of the

water in the vessel is greater than in the
tube. The velocity increases at the
boundary between the vessel and tube,
and the pressure drops. For this reason
the ball is pressed against the screen and
does not rise.

9. Statement-1: In case of motion of an ideal fluid in a
horizontal tube, where the area of cross-
section is minimum, pressure is maximum.

Statement-2: Hydrostatic pressure in different ideal
liquids at points of different depth can be
same.

10. Statement-1: When arod is pulled by a force acting on
one end as shown in diagram then there
will be no longitudinal stress in the rod.

> F

Statement-2: Longitudinal stress is internal normal force
per unit area.

&

3. @000 | 9. @O
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MULTIPLE CORRECT CHOICE TYPE

Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONE OR MORE is/are correct.

A completely filled closed aquarium is kept on a weighing
machine. It can be assumed that the density of the fish is
greater than the density of the water. The total mass of the
aquarium and its contents put together is M. If now all the
fish start accelerating upwards with an acceleration a, then
the incorrect option (s) is/are

(a) the weight recorded will be equal to Mg.

(b) the weight reading will be less than Mg.

(c) the weight reading will be more than Mg.

(d) no conclusion can be drawn from the given information.
Two wires 4 and B have equal lengths and are made of the
same material, but the diameter of 4 is twice that of wire B.
Then, for a given load

(a) the extension of B will be four times that of 4

(b) the extensions of 4 and B will be equal

(c) the strain in B is four times that in 4

(d) the strains in 4 and B will be equal

#9

3. Two light wires A and B shown in the figure are made of the
same material and have radii r, and rj respectively. The
block between them has a mass m.

A

&

B

!
F

When the force F is mg/3, one of the wires breaks

(@) Abreaksifr, =r,

(b) Abreaksifr, <2r,

(c) either 4 or B may break ifr, =2r,

(d) the length of 4 and B must be known to predict which
wire will break.

P———td
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PROPERTIES OF MATTER & FLUID MECHANICS

Fourrods, 4, B, C and D of the same length and material but

of different radii 7,7v/2,7/3 and 2r respectively are held
between two rigid walls. The temperature of all rods is
increased through the same range. If the rods do not bend,
then

(a) the stress in the rods 4, B, C and D are in the ratio

<~

(a) Total torque due to nozzles 4 and B is 0.355 Nm

(b) If held stationary then angular velocity with which it
will rotate freely is 9.72 rad/sec.

(c) If held stationary then angular velocity with which it
will rotate freely is 6.14 rad/sec.

(d) Total torque due to nozzles 4 and Bis 0.0355 Nm

1:2:3:4 9.  The spring balance A4 reads 2 kg with a block m suspended
(b) the forces on them exerted by the wall are in the ratio from it. 4 balance B reads 5 kg when a beaker with liquid is

1:2:3:4 put on the pan of the balance. The two balances are now so
(c) the energy stored in the rods due to elasticity are in the arranged that the hanging mass is inside the liquid in the

ratiol:2:3:4 beaker as shown in the figure. In this situation:
(d) the strains produced in the rods are in the ratio

1:2:3:4
An upright open U-tube, which can contain 0.5m mercury in
each limb has its limbs 20cm. apart. This is used as an
accelerometer in a horizontal flight. From this device
acceleration that can be measured are
(@) 13 m/sec? (b) 12 m/sec?
(c) 24 m/sec? (d) 20m/sec?
Two holes with an area of 4 = 0.2 cm? each are drilled one (a) the balance 4 will read more than 2 kg
above the other in the wall of vessel filled with water. The (b) the balance B will read more than 5 kg
distance between the holes /= 50cm. Every second (c) the balance A will read less than 2 kg and B will read
O = 140cm? of water is poured into the vessel. Find the more than 5 kg
iiler;tse(::t’ y) where the streams flowing out of the holes (d) thebalance 4 and B will read 2 kg and 5 kg respectively
@ x= 1 20 em (b) x=60cm 10. Anupright U-tube manorpeter \.Niﬂjl its limbs. 0.6m high agd

spaced 0.3m apart contains a liquid to a height of 0.4m in
(©) y=130cm ] @) y=75cm ] each limb. If the U-tube is rotated at 10 radians/second about
Anopen rectangular container 2.5m x 1m base and 2m height, a vertical axis at 0.1m from one limb. Choose the correct
half full with water, is accelerated at 4m/s2 up a 15° incline options
along its length. Choose the correct options
(a) Water will not spill for given acceleration. x
(b) Atacceleration 5.04 m/s? the water begin to spill.
(c) At acceleration 5.04 m/s? the water does not spill.
(d) Water will spill for given acceleration.
A lawn sprinkler with two nozzles 0.5 cm. diameter each at =
20cm. and 15cm. radii is connected across a tap capable of 6
litres/minute discharged. The nozzles discharge water T
upwards and outwards from the plane of rotation. Choose Znn
the correct options l
Y
® |_3\0° le—0.1m—>]
PR~y A
/é( (G (@) z,=0.324 (b) z,=0477
/1501 TSom T © z,,=0273 (b) z,+z,=08
£
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MARK YOuURr

RESPONSE

9. @O | 10. OO




11.

12.

A tank which is open at the top, contains a liquid up to a
height H. A small hole is made in the side of the tank at a
distance y below the liquid surface. The liquid emerging
from the hole lands at a distance x from the tank

<
.
.
.,

(a) Ifyisincreased from zero to H, x will first increase and
then decrease

(b) xis maximum for y=H/2
(c) the maximum value of x is H

(d) the maximum value of x will depend on the density of
the liquid

A vertical bar of uniform section is fixed at both of its ends
and a load W= 5000 N is applied axially at an intermediate
section as shown in figure. Choose the correct options.

[

4
20

}
V(1

W3¢

|

(a) Reaction at the top support is 3000 N

(b) Reaction at the bottom support is 2000 N
(c) Reaction at the top support is 1000 N
(d) Reaction at the bottom support is 3000 N

13.

14.

Two identical straight wires PO and RS each of mass m and
length ¢ can move smoothly on a fixed rectangular frame.
Two thin films of a liquid of surface tension 7 are formed
between each wire and the frame. The two wires are
connected by a massless spring of stiffness £ and initially
in natural length position and released then choose the
correct option(s)

(a) maximum elongation of spring, Ax,, = %
. . . 4T?
(b) maximum elongation of spring, Ax,, = -

(c) Each wire executes SHM with time period,

m
T, =2m, [—
0 \ 2k

(d) None of these

A solid shaft 100mm in diameter, transmits 120kW power at
200 rpm. Choose the correct options

(Modulus of rigidity is 8 x 109 N/m., Length = 6m)

(@) The maximum intensity of shear stress is 2.92 x 103 Nm2
(b) The angle of twist is 2°30'

(c) The angle of twist is 1°30'

d) The maximum intensity of shear stress is 2.92 x 107 Nm 2
( ty
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PROPERTIES OF MATTER & FLUID MECHANICS

MATRIX-MATCH TYPE

Each question contains statements given in two columns, which have to be matched. The
statements in Column-I are labeled A, B, C and D, while the statements in Column-II are
labelled p, q, r, s and t. Any given statement in Column -1 can have correct matching with ONE
OR MORE statement(s) in Column-II. The appropriate bubbles corresponding to the
answers to these questions have to be darkened as illustrated in the following example:

If the correct matches are A—p, s and t; B—q and r; C—p and q; and D-s and t; then the correct
darkening of bubbles will look like the given.

o ow»

Column II

Surface tension decreases of liquids
Modulus of increases elasticity of metals
Viscosity of liquid

Viscosity of gas

1. Column I
(A) Temperature increases ...... (p)
(B) Temperature increases....... )
(C) Hooke’slawisrelated to........ (1)
D) ....... is independent of shape and (s)

size of substance (liquid, gas or solid)

2.  Bucket A contains only water, an identical bucket B contains water, but also contains a solid object in the water. Consider the

following four situations. Which bucket weighs more

Column I Column II
(A) The object floats in bucket B, and the buckets have (p) BucketA
the same water level.
(B) The object floats in bucket B, and the buckets have (q9) BucketB

the same volume of water.
(C) The object sinks completely in bucket B, and the ()
buckets have the same water level.

Both buckets have the same weight

(D) The object sinks completely in bucket B, and the buckets  (s) The answer cannot be determined from the information
have the same volume of water. given.
3. Match the columns correctly.
Column I Column I1
(A) Bernoulli’s theorem (p) Elasticity
(B) Stoke’s law (q) Speed of efflux

(C) Torricelli’s theorem (r) Venturimeter
(D) Hooke’s law (s) Viscosity
(t) Conservation of energy
4.  Column II depends on physical quantity/law given in column I. Match the column correctly.

Column I Column II
(A) Stoke’s law (p) radius
(B) Terminal velocity (q) density of the material of body

(C) Excess pressure inside mercury drop (r) coefficient of viscosity
(D) Viscous force (s) surface tension
(t) velocity gradient
5.  Match the columns correctly.

Column I Column IT

(A) With rise in temperature forces that decreases (p) Elastic force
(B) Forces involved in capillary action (q) Force due to surface tension
(C) Water flows in a continuous stream down (r) Frictional force
a vertical pipe whereas it breaks into drops
when falling freely because of
(D) Terminal velocity of rain drop (s) Viscous force

(t) Gravitational force

Padrs o PAdrs 3 pqgrst 4 PAr st 5§ Pgr st
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NUMERIC/INTEGER ANSWER TYPE

The answer to each of the questions is either numeric (eg. 304, 40, 3010, 3 etc.)

or afraction (2/3,23/7) or a decimal (2.35,0.546).

The appropriate bubbles below the respective question numbers in the

response grid have to be darkened.

For example, if the correct answers to question X, Y & Z are 6092, 5/4 & 6.36
respectively then the correct darkening of bubbles will look like the

following.

Forsingle digitinteger answer darken the extreme right bubble only.
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1. A column of mercury of 10 cm length is contained in the
middle of a narrow horizontal 1m long tube which is closed
at both the ends. Both the halves of the tube contain air at
apressure of 76 cm of mercury. By what distance (in cm) will
the column of mercury be displaced if the tube is held
vertically?

2. Acube of wood supporting 200 gm mass just floats in water.
When the mass is removed, the cube rises by 2cm. What is
the side of the cube (in cm)?

3. A wooden plank of length 1m and uniform cross-section is
hinged at one end to the bottom of a tank as shown in fig.
The tank is filled with water upto a height 0.5 m. The specific
gravity of the plank is 0.5. Find the angle 6 (in degree) that the
plank makes with the vertical in the equilibrium position.
(Exclude the case 6 =0°)

A thin tube of uniform cross-section is sealed at both ends.
It lies horizontally, the middle 5 cm containing mercury and
the two equal end containing air at the same pressure P.
When the tube is held at an angle of 60° with the vertical
direction, the length of the air column above and below the
mercury column are 46cm and 44.5 cm respectively. Calculate
the pressure P in centimeters of mercury. (The temperature
of the system is kept at 30°C).

A cubical block of wood has density p; = 500 kg/m?® and
side ¢ =30 cm. It is floating in rectangular tank partially

filled with water of density p, = 1000 kg/m and having base

area, A =45 cm x 60 cm. Calculate the work done (in joule) to
press the block slowly so that it is just immersed in water. (g
=10 m/s?) (Express your answer in J)

MARK

Your
RESPONSE

geeggeeeee olc
ggegeee e e ok

LERCIILLRIOIIO
PRbRRRICIIIO

LRI
RRPPRERERIVIIILO
PRI
geeeggegeees el

QO 4. QO 3. QO
QQQ Q) QQQ Q) QQQ Q)
QIOIOIO) QIOIOIO) QIOIOIO)
QOIOIDID) QOIOIDID) QOIOIDID)

[6)[0)(©) [6)[0)(©) [6)[0)(©)

[6)[©)(©) [6)[©)(©) [6)[©)(©)
O|DIDID O|DIDID O|DIDID
OIOIOIO) OIOIOIO) OIOIOIO)
OIOIOIO) OIOIOIO) OIOIOIO)
OIOIOIO) OIOIOIO) OIOIOIO)
OGO OGO OGO




PROPERTIES OF MATTER & FLUID MECHANICS

[ -] A ”
SINGLE CORRECT CHOICE TYPE

1 (d) 13 (d) 25 (c) 37 (a) 49 (a) (a)
2 (c) 14 (a) 26 (a) 38 (a) 50 (b) (a)
3 (b) 15 (b) 27 (b) 39 (d) 51 (d) (b)
4 (c) 16 (a) 28 (a) 40 (b) 52 (b) (b)
5 (a) 17 (d) 29 (b). 41 (b) 53 (a) (a)
6 (a) 18 (a) 30 (d) 42 (a) 54 (a) (d)
7 (b) 19 (d) 31 (a) 43 (d) 55 (b) (d).
8 (a) 20 (c) 32 (a) 44 (c) 56 (c) (b)
9 (a) 21 (c) 33 (d) 45 (a) 57 (c) (c)
10 (b) 22 (a) 34 (b) 46 (b) 58 (b) (a)
11 (b) 23 (b) 35 (a). 47 (d) 59 (c) (b)
12 (c). 24 (d) 36 (a) 48 (a) 60 (a)
COMPREHENSION TYPE
1 (b) 6 (a) 11 (b) 16 (b) 21 (c) (a)
2 (d) 7 (b) 12 (b) 17 (c) 22 (a) (c)
3 (c) 8 (c) 13 (a) 18 (a) 23 (a) (c)
4 (d) 9 (a) 14 (c) 19 (b) 24 (c) (a)
5 (c) 10 (b) 15 (b) 20 (d) 25 (b) (b)
REASONING TYPE
1 (b) 3 (c) 5 (@ 7 (c) 9 (d)
2 (a) 4 (d) 6 (a) 8 (a) 10 (d)
IEIE MULTIPLE CORRECT CHOICE TYPE
1 (a, b, d) 4 (b, €) 7 (a, b) 10 |(a, b,c,d)| 13 (b, €)
(a, c) 5 [a,b,c,d] 8 (b, d). 11 | (a,b,c) | 14 (b, d)
3 (a, b, ) 6 (a, €) 9 (b,c) 12 (a, b)
IEIE MATRIX-MATCH TYPE
1. A-p,q,r; B-s; C-q; D-p,q,r1, 8 2. A-r; B-q; C-q; D-q
3. A'qa Lt B'S; C'q9 t; D'P 4. A'P, r; B'ps q,r; C'ps S5 D-l‘,t

5. A'P, q,58; B'q, t; C-q; D-S, t

IEIE NUMERIC/INTEGER ANSWER TYPE

1 3 2 10 3 45 4 754 5 6.75




s ﬂ’ [/ t’ﬂﬂ (=5 I
SINGLE CORRECT CHOICE TYPE

4 3 3 7. (M) The change in length of rod due to increase in
1. @ 57'5 (”1 tr )(G - P) g=6mn(n+nr)v temperature in absence of walls is
Al={oc AT=1000 x 10~*x 20mm = 2mm.
4
and —Ttr23 (G —p)g =T +6mv But the rod can expgnd upto 1001 mm only.
3 At that temperature its natural length = 1002 mm.
4 ( 4 4)( | .. Compression=1mm
rn —n (C—p)g
ST=—p-2 127 S . A/l " 1
3 (n+n) . Mechanical stress = ¥ =~ = 10 X100
2 (¢) Balancing the forces acting on the drop, we get
108 2
4 5 14 3 3T , =10"N/m
Ercr pg =2mrT +E.§n ro=r= (Zp—(s) 8. (@ Equating the rate of flow, we have
—0)g
2 2
3. (b Relative to liquid, the velocity of sphere is 2v, upwards. NQ2gy) X L” =/(2g x4y) R
. Viscous force on sphere = 611 r 2v, downwards _ . Lo
— 1270 r v, downwards [Flow = (area) x (velocity), velocity = \/2gx ]
4S where x = height from top
4. (©) B-B=— 6)) = [?=2nR?
2R
48 L
PB-B=— = R=—F—
e ) o
9. (a) Viscous force=6mnrv
=6mx 18x107x0.03x100=101.73 x 10*dyne
10. () Letthe liquid rise to a height 4.
/-
o '
o}%
6S
Add(1)and (2), B — B =? """""""
5 (@ Let AL be the elongation. Then, by Hooke’s law,
F .
— =Y — where Yis Young’s modulus.
A L
1 F mgL
The elongation is v 4 7 . hprg e or
(200 (9-8) (4.0) 2 7 Pg
- (196 x10%) 7 (0.001)* If the tube is of height #; <h
=1.273x10?m=1.273 mm 2T
hyry=hr=—
. . dv pg
6 (a) Newton’s law of viscosity, F' = nAd—
Y 27 2%0.073

25mn1=—2§—m
1000

o

“hpg 25
F dv 4y 3y? 1Pg =2 51000%x9.8
Stress = —=n| 2 |=nk| 2222 1000
ress = — n(dy] n (az B
2x0.073
4 3) nk = X200 0.0006m = 0.6mm
Aty = a, stress = Nk PR 9.8%25



PROPERTIES OF MATTER & FLUID MECHANICS

11. (M)
12. (¢)
13. @
14. (a)
15. )

A= LE
AY

A=1(1.0x103m)*>=3.14 x 105 m?,
and since each wire supports one-quarter of the load,

where L =3m,

F =123 N

_(50kg) 9.8m/s?)
4

B (3m) (123N)
(3.14x107°m?) (1.8 x10''N/m?)

=65x 10 mor 0.65 mm

Pressure difference is largest between atmosphere and
smaller bubbles. Hence radius of curvature (R) is
smallest.

d—F—O t /2
Foiab

Net force on the ball = W — F,-F,
W = weight of ball, F, = upthrust force,
F, = viscous force

dv
m;z W —F, —6nnry

(where m is coefficient of viscosity)

d
md—‘;=A—BV,HereA:W—Fu, B=6mnr

(1-n) vg

t
[ —T—av=[ar  (v,=terminal velocity)
A— By §
0 0
_m A-B(1-n)v, _,
B A

At steady state, the net force is zero.

A
A-Bv =0, VSZE
PSS PR
6mnr Vg ’
ﬂ7tr3p
- m 3
= - In(n) = - In (0.01)
6mnr 6mnr
2 —6 3
2 (1. 1 8x1
:—x( 5)“ %10 ><718>< 0 1100
9 0.9%x10~

_ 2x2.25%78
B 8.1

As copper expands more, it will bend and strip comes
in contact with lamp & bell.

%1072 1n100 = 0.2 sec.

16.

17.

18.

@

@

@

¢~

To find the minimum diameter, and hence minimum
cross-sectional area, we assume that the force F =400
N brings us to the elastic limit. Then from the stress,
F/A=379 x 10° Pa, we get

400N

=——————=1.0554x10""m*
379x10°Pa

D2
Then, 4= TET

_ 44 _4(1.0554x10°m?)
T T

D? =1.344x1076

and D=v1.344x10°m* =116 x 103m=1.16mm
¢ decreases as the block moves up. & will also
decreases because when the coin is in water it will
displace a volume of water, equal to its own volume,
whereas when it is on the block it displaces more volume
than to own volume (because density of coin is greater
than density of water).

In tube A4, the radius of the capillary tube

o)

!

At a height of 8cm,

_ 5-025)x107 _
r=0.5x1073 — 03 0051)>< 0 8x1072
=03x103m

Surface tension of liquid at 0°C

_hrpg  8x1072x0.3x107 x10* x9.8

T =0.084 N/m
2 2x14
In an uniform tube B of radius r' at 0°C , the surface
r/
tension of liquid 7, = p;tog
r'phsog

At50°C, Tso =——

Tsg _hsp _5.5%x107 11

Ty, hy 6x102 12
11 11

T50 =_TO =—x0.084=0.077 N/m
12 12



19.

20.

21.

22.

@

©

©

@

Hence rate of change of surface tension with
temperature

AT _Tso—Ty _7.7x107%-8.4x107

AO A 50
=—1.4x10#N/m°C
Al= Ff :Azx%

nr-y r

Only option radius 3mm, length 2m is satisfying the
given condition.

d
Viscous force F= -1 2mr f)d_: ,

where ¢ = length of the cylinder

@Z_(Zrmf)dv
F

-
Ry 0
R
J‘£=—J‘ 2/ dv=In|=2% =Mvo e (1)
F R F
Ry V0

Suppose velocity of liquid at a distance r is v,

r v
ar_ -f 2L gy L2 L)
r F
Ry V0
In (&) _2ml
r F
On solving eq. (1) and (2),
In (R, /7) In (r/Ry)

0 (| B ——
In (R2 /Rl) In (Rl /R2)

Buoyant force = Effective weight of the displaced liquid
and weight of displaced liquid depends on the
acceleration due to gravity which is different for
different planets.

The square of the velocity of efflux

2gh
2_
\% . >
-(4)

A

h=3-0.525
2x10x2.475

o, V= ——=50m%s?

J1-(0.1)2

|

o |2475=h

0525 m

————————— j

1€
L

23. (b Upward force by capillary tube on top surface of liquid

24.

25.

@

(©)

isfup =40a cos .
If liquid is raised to a height 4 then we use

46 cosO
apg
Pressure just below the meniscus of the left and the

right limbs are P, _2r and R, _2r

Ul n
Given T=28 dynes/cm=28 x 103 N/m
p=0.8 x 103 kg/m3

4ca cos=ha*pg or h=

Hence pressure difference is 27 (l —LJ =pgh

n n
- 2x28x10° ( 1 J
0.8x107°%9.8L04x107° 1.1x107°
=1136x103m
0.8mm 2.2mm

or difference in level of the oil in the two limbs,
h=11.4mm.

Ap
AV IV
the minus sign is inserted because AV is negative when
Ap is positive.
AV Ap 345%10°

=100— =100
V B 138x10°

The bulk modulus is defined as B = — , where

100 =0.25%
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26. (a)

(po - Pg%)fh—>

(Po — pgg)fh—b i

27. (b
28. (a)
29. (b

Balancing forces in horizontal direction

2y

h
—pg— |lh+vyl = pyth = h=
(Po sz) Y= Do og

If surface tension is neglected, by the law of floatation
mg=(a*xp)g
where a is the side of cube, p is the density of water
and m is the mass of cube.
32g=022x(10%g
The height to which the cube is immersed

32

X=————— =
0.2)> x10°
Since water wets the cube, the angle of contact is zero
and the force of surface tension acts vertically
downwards. So it is buoyed down by surface tension
mg +4aT= a’x'pg, where T'is surface tension of water
3.2g+4(0.2)(0.07)=(0.2)>x'(10%) g

4(0.2) (0.07
v =0.084 0D OOD 501 4v104)m

(0.2)%(10%) (9.8)
The additional distance it is buoyed down by surface
tension=1.4 x 10 m
¢ o1

v=,/2gx =—=-
& t t

0.08m.

For vertical motion x = %gt2
=x=025m (i.e.level goes down from 0.8 1mto 0.25m.)
Using equation of continuity

\/g.%Z«/ngAXlO_“

On solving = 1000s

VAB is the given cone. Let its height be /# and semi-
vertical angle o.. Let the base 4B of the cone be in the
surface. CD is the surface of separation of two liquids,
O and O' are the centres of the base 4B and surface of
separation CD.

30.

@

Let VO'=zthen OO'=h—z
.. The weight of the cone = (vol. of the cone) pg

1
=3 nhtanop g
Volume of liquid (of density o) displaced

1
= volume of cone (VCD) = 3 nz3 tan?o
and volume of liquid of density o, displaced = volume of
1 1

the frustum ABDC = (3 r’ tanz—(XJ—(g e tan2—(x)
-~ For equilibrium,

weight of the cone = (weight of liquid of density G,
displaced) + (weight of liquid of density G, displaced)

1 1
or gnh3 tan’ apg = 51523 tan? 00, g
1
+§n (h3 —z3)tan2 00,8

or ip=zc +(h-2%)0,

or h3(p—02)= 23((51 -0,)

s 1/3
or z=h ( P~ % J .
61—-6,
According to Archimedes principle

Upthrust = Wt. of fluid displaced
LLLgLLL

___PI_T Ih

Fbottom - Ftop =Vpg
bottom Ftop + Vpg

:Pl xA+Vpg

= (hpg) * (nR?) + Vpg

=pg[rR?h+ V)




31.

32.

@

@

The horizontal force on the curved surface BC equals
the force on the projected area normal to x-axis, i.e.
OCx2=1x2=2m?

The depth of the centroid of this projected area is 0.5m
below the top edge of water. But the pressure of 19.62
kN/m? is equivalent to a head of

19.62x1000
1000x%9.81

which makes Z tobe (0.5+2),i.e.,2.5m.

The horizontal force is, therefore,

F.=1000x9.81x2.5x2=49050 N=49.05 kN

The vertical force on the curved surface BC equals the
weight of the liquid virtually supported by it.

=2m of water

49.05kN

73.43kN

54.65kN

F_=(mx 12/4+1x2)x 2 x 1000 x 9.81

=(0.785+2)x 19620 =54649.5N

=54.65 kN upwards
The second term in the parenthesis represents the
column of water equivalent to the pressure of 19.62
kN/m? acting on the water.
The resultant force on the curved surface is

F=\F2+F? =\49.05 +54.65" = 7343 kN

indicated at o= tan! (54.65/49.05)

=tan~! (1.114)=48.1° with the horizontal
The resultant force must pass through the centre O
since this is a circular curved surface.
Let us introduce the coordinate system depicted in
figure. According to Torricelli’s formula, the outflow

velocity of a liquid is ¥ =./2gy , where y is the

thickness of the water layer in the upper vessel. Since
water is incompressible, aV’= Av, where v is the velocity
with which the upper layer on the water lowers, 4 is its
area, and «a is the area of the orifice.

A

33.

@

If we assume that the vessel is axially symmetrical, then
A = mx2, where x is the horizontal coordinate of the

w?  a
=—=const.
J2gy v
since in conformity with the initial condition, the water
level should lower with a constant velocity. Hence, the

shape of the vessel can be determined from the equation
y =k,

vessel wall. Therefore,

n?y?

where k = 5
2ga

Pressure at C.G. of the base

1 1
=gp'.—h+gp=h
gp - htepy

Virrres i,

.. Pressure on the base of the cylinder
= (pressure at the C.G. of the base) x area of the base

1 1
—(gP'-Eh + gp-zh)-n’”z = %TCFZ(P' +p) gh

The whole pressure on the curved surface of the
cylinder = the whole pressure on the upper half + the
whole pressure on the lower half of the curved surface.
The whole pressure on the upper half of the curved
surface

= (pressure at the C.G. of the upper half) x area of the
upper half

1 L)1
= (gp'.zh)x(an.Eh) = anhzgp' - (2)

The whole pressure on the lower half of the curved
surface = (pressure at the C.G. of the lower half) x area
of this lower half

1 1 1
"—h+gp.—h|x| 2nr.—h
(gp > gp4 J ( 75”2 J

1 ,
:anh2(2p +p)g . 3)

. From (2) and (3), the whole pressure on the curved
surface
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= %nrth'g + %nrhz(Zp’ +p)g

1
= anh2(3p’+p)g (@)
~. From (1) and (4),

The whole pressure on the base

The whole pressure on the curved surface

1.
—mrh”(p’+p)gh ,
_ 27'5’” (P’ +p)g _ 2r (" +p)
%nrhz(i%p’ tpg "GPP
34. b 2R R
D
(o)
1 =
~————
Mg =yo0d & = (375R2h) Pwood &
(BMRH) s g = BTR*H) p,,g
hpwaod -H
pwater

35. (@) The initial velocity of the water with respect to the

blade is v =./2gh — @R . Therefore, a mass of water
m = pA (yJ2gh — ®R) impinges on the blade in a unit
of time. After the impact, the velocity of the water with
reference to the blade is zero, and for this reason the
change in the momentum of the water in a unit time is
mv. According to Newton’s second law, the sought
force is

F =pA (\[2gh —®R)*.

36. (a) The piston will cover the distance ut during the time ¢
(figure). The force F will perform the work W= Fut. The
mass of the liquid flowing out during the time ¢ is pAut.

i» A a

37.

38.

@

@

<~

The outflow velocity of the liquid v can be found from
the equation Au = av. The change in the kinetic energy
of the liquid during the time # is

2 2
v oou
Aut | ———
i (2 2)

This change should be equal to the work performed by
the force F.

2 2
A4 u
Fut=pdut| —-2

Upon eliminating «, we find that

22

Ifa<<A,then v= E
Ap

Let the control volume be ABCD. The only external
force acting on it is the spring reaction R - and the mass
the momentum leave normal to CD.

T
The mass flow rate m = 1000 x ZX 0.05% x 5

=9.82kg/s
v, =0, v,c0os0 =5cos45°=3.54m/s
Applying the momentum equation in the x-direction,
R .=9.82%3.54=347N
Force acting on the spring = — R, = —34.7 which could
tend to compress it.

. . 34.7
Compression of the spring = >0 =1.74 cm.

Let A4 be the area of the cross-section of the cylinder
and 3/ its height. Let p, be the density of water.
Then the weight of the cylinder = 4.3h0p  g.

Then weight of air displaced = 4h.pp, g, since the length

1
of cylinder in air is 5(3}2) ie. h.

The weight of water displaced = 4.2hp g
For equilibrium, 4.3hop g = Ahp,g+A.2hp,g
or 36=p+2.



39.

40. ()

41.

(d Letthe density of water be p, then the force by escaping

b)

liquid on container = pS(y/2gh)?
‘. Acceleration of container

2pSgh—upVe (2Sh
o = 2pSgh—up gz( —u)g

_Sh Ca=ht
Now,LL—V ..a—Vg
In order to determine its specific gravity we are only
concerned with the vertical force on the cylinder.
On surface AB, the vertical force equals the weight of

the oil actually supported by it.

0 . 7 Z// R

A A A
( A IS

B O I TS D

s

0.7

C

K Z(O.SXO.S—RXIX%)XZng

F,=0.054x2x1000%0.7x9.81=741.64 N downwards.
On surface BCD, the vertical force equals the virtual
weight of oil supported by it

F, =(1><0.5><0.7+7c><1%><0.8)><2><pwtm Xg

F,=0.664x2x1000x9.81 =13027.7N

Net hydrostatic force on the cylinder
F,—F,=13027.7-741.64= 12286 N upwards
This must be equal to the weight of the cylinder

1
P X981 mx 1 x 7 x2=12236,

where, p,=797.3kg/m’

The specific gravity of the material should, therefore,
be 0.797.

The level of liquid is same in both the limbs. Pressure
inlimb [ at B =Pressure in limb II at 4

42.

@

Let ‘a’ be the radius of the sphere and G its density.
Let the densities of three liquids be p, 2p and 3p.

4
. The weight of the sphere = 3 na’og.

The volume of the uppermost liquid displaced = the
volume of the lowermost liquid displaced, by symmetry

1
3

m(dy —dy) [3r* = (df +dyd, +d3)]

[since the distances of the two parallel faces from the
centre are a and /3 in this case]

1 2 3
_ (_n__a)x[wz_ﬁaz]:ﬂ
30 3 9 81

".  The volume of the middle liquid (of density 2p)
displaced
= volume of the whole sphere — 2 (volume of the upper

most liquid displaced)
4
= —nd’ —ﬁna3 = 27&13
3 81 81
.. The weight of liquid of density p displaced
The weight of liquid of density 2p displaced
52 3
=—Ta 2
81 a-pg

and the weight of liquid of density 3p displaced
28 3

=—Ta"3
31 a-spg

For equilibrium, the weight of the sphere = the sum of
the weights of liquids displaced

or iTCa3G _§Ra3
R A T

52 54 28 5
+—ma’.2pg+—ma>.3
31 a-.zpg 31 a.o>pg

or 108c6=8p+104p+84p=216p
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43.

44.

45.

@

©

@

Hoseyf \

or o©=2p.

Consider the forces per unit width of the gate. For the
level of water, h metre above the hinge,

Force on horizontal part OA equals

1000 x 9.81 x h x (1 x 1)=9810h N vertically upwards.
This force acts at a distance of 1/2 m from the hinge.
Force on the vertical part of the gate equals

h W’
1000 x9.81 x — x (hx1)=9810 ER

h
This force acts at 3 from the hinge.

Tipping would occur when the overturning clockwise
moment just exceeds the resisting anticlockwise
moment about the hinge O.

h 9g10n% [€—Im

A
l h/3
@
O A
0.53
9810h
2
9810><h—><ﬁ:9810><h><l
2 3 2
or  h=+3=1732m
Ay, = Ay + A3,
A*x3=A4x1.5+1.5A%v,
= v,=1m/s
V1=ﬂ= 30 2=424m/S
pA  1000x /4% (0.03)
(m — mass flow rate)
e
7 \\ 2
,’/ r 'y
7 Window

g
0
e
| l
/
d o
1 I 2

<

(Note that v 12/2g should be more than the height of the
window)

v12/2g: 92m>40m)

The question requires an optimisation of o for the
maximisation of x to achieve the desired height of
zof38m.

46.

47.

b)

@

<~

981  x?
2% 42.5% cos® o
Differentiating each w.r.t. ot

38 =xtano —

d
0=xsec’ o+ tanocd—x— 0.0027x%.2sec® o tan o
o

0.0027 dx
2x

cos’a  do

. dx
Maximum x for oo demands that E =0

hence x sec? o.— 2 x 0.0027x2 sec?o . tan 0. =0

or xtanol = =18 )
0.0054
Solving (1) and (2) simultaneously
0.0027x"
38=185-—————
cos” o
2 X
=54513 or =233
cos” o cosal
But xtano = TSme 185
cos ol
. 5
So, simo=— a=52.4°andx=142m.

233
The velocity of water outflow fromaholeis v=./2gh .

The impulse of the force acting from the side of the
vessel on the outflowing water FAt = Amv, where Am
= pAvAt is the mass of the water flowing out during the
time At. Hence, F = pv?4 = 2pghA. The pressure at the
bottom p = pgh and therefore F'=2pA. The same force
acts on the vessel from the side of the stream.

Thus, the water acts on the wall with the hole with a
force 2pA smaller than that acting on the opposite wall,
and net with a force smaller by pA as might be expected.
This is due to a reduction in the pressure acting on the
wall with the hole, since the water flows faster at this
wall.

The vessel will begin to move if pnG < 2pA4 or

2pghA

u<

Area of cross section of the large piston

2
_ o (0.09)
4

(n — coefficient of friction)

A =0.00196m?

Pressure of the hydraulic fluid under the piston should
be such as to balance the force applied on the piston

_200x1000

0.00196
By Pascal’s law, pressure is transmitted undiminished
in all directions. The pressure at the bottom of the small
piston must be 10.2 x 10% N/m?2. The force exerted on
the small piston must be

=10.2x10° N/m?



48.

@

()
(i)
(iii)

10.2 x 106 x 7t %

2
@ =18000N

The force desired to be exerted at the handle of the
level should be

25
=1 =1500N
F=18000 x 300 500

Since mass M over the pulley balances the bucket with
water, hence the mass of bucket with water is M, which
becomes (M + m) when a cork of mass m is tied to the
bottom of the bucket.

Mg

Let in this case the acceleration of the system be a,
then for the bucket with cork we have the equation of
motion

(M+m)a=(M+m)g-T

And for the mass M, Ma=T— Mg
where T is the tension in the string round the pulley.

_ms
(m+2M)

The forces acting on the cork are :

its weight mg acting vertically downwards.

the force of buoyancy, acting vertically upwards.

the tension 7" in the string tied to the cork which also
acts downwards in the vertical direction as the other
two forces are vertical.

Now the mass of the cork = m and its sp. gr. =G. Let p be
the density of water, then the mass of the liquid

Adding (1) and (2), a=

m m
displaced by the cork = (its vol Xp=—p=—
isplaced by the cork = (its volume) x p oG p p

But this mass is descending with acceleration a, and if
P be the upwards force on this mass, we have

m m

—a=—g-P Ly

pu Gg or P G(g a)

The upward thrust on the cork = P=ﬂ(g—a)
c

For the motion of the cork in space

m
mxa=mg+T'— g(g_a)

49.

@

T’:ma—mg+ﬂ(g—a)
(¢}

mg

a3l

[using eq. (3)
SEAH
m+2M )\ o

z .
X T
‘ H
5 i
N 1
1
3 H
o' 1
\ H
\
s \d
“ A\
)
Ny
‘@]
i
i
N
30
3
R \
g \
= Y
\
\
G \

Let G be the C.G. of the hemisphere full of liquid (solid
hemisphere) and O the centre of the base of the

hemisphere. Then OG = Ea , where a is the radius of

the hemisphere. Let the hemisphere be suspended
from the point 4. Then the hemisphere (full of liquid)
is in equilibrium under the action of two force viz. wt.
of liquid acting at G and the force at 4. Hence 4 and G
must be in the same vertical line. Let OA i.e. the base
of the hemisphere be inclined to the vertical at an
angle 6.
OG 3a/8 3

Then, tan6 = = —
04 a 8

or tan9=i
8

Also the depth of C.G. of the base = OL = A0
cosQ = acoso .

.. The thrust on the base of the hemisphere
=w.z.S=w.OLna?>=w.acos 9 Ta2,

where w is the weight per unit volume of the liquid.

2
Also the weight of the liquid contained = gna3 w

And from (1),
c0s6 = 1 _ 1 _ 1 8
\/secze \/1+tan26 \/1+9 V73
64
The thrust on the plane base _ w.acos 0.ta” _ 3cosH
" wt. of the contained liquid 2 _ 3 2
—na’w
3x8

2

12
J73

&)
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50. () LetVbethe volume oficeberg and letx be the fraction  53. (a)

51.

52.

@

b)

of volume above water.

Using law of floatation, weight of floating body = weight
of liquid displaced by part of the floating body inside
the liquid.

Therefore, Vp, ,g=(-x)Vp,, &

Using the value of p,,,and p we getx=(13/103).

water’

50
Ps; =50 cm. mercury = m x13.6=6.8mWG

(WG — water gauge)
psz = psl =6.8m WG

Py =6.8-0.5=63mWG

Equating Py, to Psy etc.
p,;=63%x2=12.6mWG

126+ 2 13.6-0.0012% -2 —194mWG
Ppipe = 120 T Tog 20T 00 ™

=19.4x 1000 x 9.81 =190 x 103 N/m?

=190 kN/m? (gauge)
The pressure, 19.4m WG equals 1.43m mercury gauge.
Allowing, say, 10 cm. to stay in the bottom U-space, the
single U-tube mercury manometer would be 153cm. long.
Let the control volume be bounded by a surface
abcd cutting through the hand of the fireman. Take
the x-axis along the flow and neglect the weight of
the nozzle assembly and the water it contains.
Applying the Bernouli equation between stations 1
and 2, neglecting their datum difference,
o _p v

p 2 p 2

Since (p, —p,)=p, gauge = 1 ¢ 9.81 x 100% = 686700 N/m?

PP, 686700
P 1000

= 686.7 m*/s*
vi — v =2x686.7 =1373.4 m?/s’

o 2 -
But by continuity " >
Hence (81-1)v,>=1373.4, v,2=17.17 m%/s?
v, =4.14m/s, v,=37.26 m/s
Mass flow rate,

m=1000><g><0.062 x4.14=11.71kg/s

Applying the momentum equation (i.e. R .= mass flow
rate (v, — v,) — (p, — p,) A) between stations 1 and 2,
reaction R, along the x-direction, 54. (@

T
R, =11.71 x(37.26—4.14)— 686700 x Zx0.062

=—1554N

The force F, exerted by the nozzle on the fireman is
equal and opposite to it.

F_=1554 N along the flow.

¢~

Let » be the radius of the base of the hemisphere or
cone then the height of the base = 27 (given)

ie. VK=2r or VL=LK=r

Also from similar triangles VLF and VKB, we have
LF VL r 1 1 1

X8 VK -3 or LF= EKB = gr

.. The volume of the frustum

T
ABFE=Zh (i +13 +1i73)

2
And the volume of the hemisphere = ETU”3

W
//

S

N

Weight of the liquid contained in the vessel =
(volume of the frustum + volume of the hemisphere) g

p

7 2 5
= (Enr3 +§Ttr3)gp =an3gp , where p is the
density of the liquid.

Now the resultant vertical thrust on the vessel, which
is partly pressed upwards and partly downwards

= weight of the liquid contained

5

15(2
= gng(—nﬁgp) = 185 (the weight of the

4 3

liquid that the hemisphere can hold)
Weight of cylinder = Upthrust due to upper liquid +
Upthrust due to lower liquid.

o) 420 N



55.

56.

57.

®)

(©)

@)
(i)
(iii)

©

B P+o

T+0.8x250x103g=250 dg
T+250d,g=12x250%1073g

Solving, 7=0.5N

The weight w is placed at P, such that OP = ¢ (given)
The fluid thrust at each point of the curved surface
being normal to the surface passes through the centre
O of the base.

A

Hence the resultant fluid thrust / on the curved surface
in contact with the fluid will be passing through O.
The hemisphere is in equilibrium under the action of
the following forces,

Its weight W acting vertically downwards through G,
the C.G. of the hemisphere where OG = 3a/8.

The force of buoyancy V, acting vertically upwards
through O, and

The weight w placed at P, acting vertically downwards.
Let 6 be the inclination of the axis OC of the hemisphere
to the vertical.

Taking moment of these forces about O, we get
W.OG sin 6 =w.OP sin (90° —6)

or W.S?asine = w.c.cos 0

8cw

or tan9=
a

ABC is the given closed tube. Let a be the length of
each side of the tube. P, Q and R are the points on the
surfaces of separation of the liquids. Let the densities
of the liquids be (p — ©), p and (p + ©). The portions
PAQ, OCR and RBP be filled with liquids of densities p
—0, p and p + o respectively.

58. ()

LetAQ=x=CR=BP,

then AP=BR=CQ=a-x

Pressure at B, due to the liquids in the tube
APB=g(p-0)AE+g(p+0).EF
=g(p—0)APcos30°+g(p+0)BPsin 60°

1 1
~2(p-0)(a-2) 7¥3 +g(p+0)x 73
And pressure at C, due to the liquids in the tube AQC
=g(p—0)AQcos30°+gp OCsin 60°
1 1
=g(p-o)x Eﬁ +gp(a—x) Eﬁ
Since B and C are in the same horizontal line, so the

pressure at B = pressure at C

1 1
g(p-0)(@—x) V3 +g(p+o)x 73

=g(p-0)x %ﬁ +gp(a—x) %\B

or(p-o0)(@a-x)+(p+o)x=(p-0)x+p(a—x)
1

x=—-a

3

V is the vertex of the cone and VB is the generator in
contact with the horizontal table.

or 3ox=o0a or

A is the highest point of the cone and the horizontal
plane passing through 4 is the level of the free-surface.
Let o be the semi-vertical angle of the cone, then
Z AOL = o. Let h be the height of the cone, then
the radius of the base of the cone = /4 tan o.

Also the depth of O, the C.G. of the base of the cone
below the free surface

=O0L=A40 cos o.= h tan oL cos 0. = / sin O

Thrust on the base of the cone

=wzs =w.OL.7t (h tan o)?

L 3 -
=nwh sinochztanzoc—3sinoc[§nh tan OC-W:|

= 3 sin o [weight of the liquid contained in the cone]
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59.

60.

61.
62.

63.

64.

65.

©

@

@
@

b)

b)

@

Let o be the density of the gas, then that of the air is
150. Then the weight of the balloon = weight of the gas
+ weight of the envelope = Vgo + w.

If f be the required acceleration of the balloon acting
vertically upward and then from “mass X acceleration
= forces acting in the sense of acceleration” we get

Vgo+w)

g
balloon with gas = V' 156g — (Vgo +w)

(14Vg6—w]
or g=|—="——1Xg
Vgo +w

Xa = force of buoyance — wt. of the

As net force on the sphere is zero therefore centre of
mass does not move. But as there is a torque on sphere
due to mg and buoyant force in clockwise direction
there sphere rotates clockwise and hence equilibrium
is achieved when O comes directly above C.

Density is maximum at 4°C.

For equilibrium

4dAlg=(dAL+m) g

1
and 3 > Y., (forrotational equilibrium)

y o mX0+dAL(L/2) _ dAL?
o m+dAL 2 (m+dAL)
S AL%d m+dAL AL*d
(ALd +m) 4d4 " (ALd +m)
m>ALd

If T be the tension in the rope, then
27=10kN
T=5KkN.
-. Longitudinal stress in the rope
G=Z=5k—N=5 Nmm
4 10’ mm?
- Extension in the rope

5 Nmm ™2
=2 T 1500mm —7 §m

Stress
Y 10° Nmm™

.. Deflection of the load = % =3.75mm

3IMg
A(steel — ASY;‘ ’ =§£_SAbe =§L
Afbrass %[b 2 Eb ASYS 2 b2C
4,

For low velocity, the water layer in contact with the
river bed can be assumed to be stationary.

Since the velocity of water layers, increase from 0 to 2
m/s over a vertical height of 2m so, the velocity gradient

Av_2-0_

= 157!
Ay 2

66.

67.

68.

69.

@

@

b)

©

Av

From viscous drag F'=n4 (A_y) (numerically),

wehave F=0.90 x 102 x 8 x 10*x 1 =720 dyne
To maintain, uniform speed, an external force equal to
the viscous drag F should be applied. So, the required
force is 720 dyne.
F-T=3a; T=2a
T=2.5%x10"x4x108
T=100N, T=2a
100=2a ; a=50N
F=5x50=250N
The pressure at a point just outside the bubble
Py~ Patm t hpg
=P, T10x 102x103%x9.8
=P, 980 Nm™
Now excess pressure within the bubble compared to a
point just outside

2T 2x72x107

= +—=72Nm"
R 2x10™
.. Inside pressure = excess pressure + outside pressure
=P, t980+72

=P, +1052Nm™
.. Pressure within the bubble in excess of atmospheric
pressure = 1052 Nm2.
The vertical component of the tension in the two ends
of the wire, 275in(15°), must equal the total loaded
weight . The volume of the wire is nRWZ L,where R |
is the radius of the wire, and the total volume of ice is
T (Rl.2 fRWZ) L, where R, is the radius of the ice-covered
wire. Multiplying by the respective densities, the total
mass of the 500m-long ice-covered wire is 694.5 +3531.5
=4226 kg, having a total weight of 41415N. The tension
in the wire is thus 41415/(2sin15°) = 80000 N, and
dividing by the cross-sectional area of 1.77 x 10 m3,
the stress is 4.52 x 103 N/m?
Let P, and P, be the internal pressure of air, in the two
identical bubbles and the bubble resulting from the
combination of the two respectively,
P -P= ar and P,—-P= ar
X y
Since, the total number of moles remain constant,
. 2 (no. of moles in bubble of radius x) = (no. of moles
in bubble of radius y)

ie., 2 [ﬂ} = % [where § =temperature]

RO RO

. 4 3 4 3)
1L, 2R | —mx’ |=B | —=
1(3 ) 2(3 Ly



4T
Since P, = P+4—T and P,= P+—
X Y

B _(P+4T/x)
P, (P+4T/y)

Equating eqns. (1) and (2), we get

So,

2 _P+4T/x
2x3 P+4T/y

= Py} +452=2Px3+87Tx?
= 4T[2-2x3]=P[2x3—)?]

For the columns of water in the two vertical limbs of
the U-tube referred to datum.

Surface tension force at 4 = nd, T upwards

and surface tension force at B = nd, T upwards

The difference in the two surface tension forces
supports the weight of the column of water in the
smaller tube above the datum level.

TIZd2

nd,T - nd,T= Tzhpg

whence, h::fLﬁi%?fﬁlZi
dypg

4(1.5-1.0)x 0.0075

= =0.68 mm
(1.5/1000)% x1000x9.81

303
:T=% 71. (b) E:yf; e:ﬂ
4(y"-2x7) 4 7L AY
1
7. @ l Energy stored = 3 X stress X strain X volume
2
R R = Fey Lp FL
- 2AL 2 24Y
21 ___[HD_
3 ] d,

d 2
COMPREHENSION TYPE
1. () The speed of efflux o< \/depth of orifice from free surface 4. @ ;fhe -Cube will become spherical because of surface

ension.
2. (@ The distance x; = vt
3 3
5. (¢ D =a
2.(3h 3
_ J2ehx 280 ) Ay
g 3217 a3
3 The horizontal dist =|— =[—] .
(©) e horizontal distance () A [47:] (a)

2(H -
r= o 2D
g
where H : total height, y : depth of hole

= 2Jy(H-y)

H
Xy fOTy = 5 and same fromy and H—y. 6.

@)

2/3a2

U= (1) () =(T) . 4n
N (475)2/3

U=(D) (42,3 ()

5 3 1/3
_2rip-oe. |3
VT 9 n s> wnere r 4t



7.

8.

PROPERTIES OF MATTER & FLUID MECHANICS

() Volume of fluid crossing the section of the tube of

length ¢ and radius R in unit time

R R2_,2
V= Janvdr = J21tv0r — | dr
RZ
0

2 2 2
R R R

=2y | ———— =TI:—VO
2 4 2

(¢) Kinetic energy of the fluid within the volume of the

tube

= J‘%(dm) v = J.%(andrfp) v?

R 2 2V
= J.Tcr/ipv(% R 2r dr
0 R

2
r dv 2r
9. a = l-—— |, —=—vy| —
() v v()( Rz] dr VO(RZ)

Friction force due to viscosity

= T]Aﬂ =n (2wRY) (ﬂ)
dr dr),._p

2R
=M (ZRRK) ) (—2) = 4TCT]£V0
R

10. (b), 11. (b), 12.(b)

By conservation of volume
4xh=4x2+2x1=10
h=2.5m.
Pressure at top of the object

=Py +0.5x1000 > 10=1.05 x 10° N/m?.
F=PA=105%10°x2=2.1x10°N

- T
PA,

r s
0.5m l
A 4

A=2m? Ilm h

13. ()
14. (0
15. (b)

<~

ByFEB.D.T+P,A=mg=P A
T=mg+ (P, —Py))A=mg—(P,-P))A
=2x2000 % 10— (0.2 x 10°)
=0.4x10°-0.2x10°=0.2x 10N
Fp=V.p,g=2x1000x10=0.2 x 105N
It is also equal to net contact force by the liquid
=PyA—- P4
=02x10°N
Note : Net contact force and buoyant force are same.
AV = 4,1,
4em? x 1= 1mm? x 2m/s
400mm? x V=1mm? x 2m/s
2
400
Height of spring = /4 =5cm
Work done = A KE of water + gain in PE of water
+ gain in PE of piston

zﬁmm/szﬁnm/s

1
= 5 (Vp)vz-~-m1gh1 +m,gh,

1
= [0~ 1076) 1000122 +[20 x 103 x 10 x 2.5 x 1072]

+[0.1 x 10 % 0.05]
=0.04+0.005+0.05=0.0957
As amount of water reduces continuously force also
reduces continuously.

16. (b), 17.(c), 18. (a)

The initial velocity of water coming out of hole is
horizontal and hole is at a height /4 from ground. Hence

time taken by water to reach ground is ¢ = —2(h /4)

g
which remains constant.
. x=vt, where v is velocity of efflux.
Since v decreases with time x will decrease.
Let y be the height of water surface above hole




19. (b), 20. (d), 21. (c).

22.

h
F, = [[pg (2R - Rcos8)]x[Rd6 x L]cos
0

T
F, = pngLJ.cosO (2—cos6) do
0

T
= pngLI(2cos6 —cos? 0) do=— pngLg
0
.. Force = pngLg upwards

As all forces are radial and all pass through axis and
hence torque is zero.

T
F= ng (2R - Rcos0) (RdOx L) sin® = 4R*pgL
0

(@) AB is the rod of length 2a say, with end B fixed and

1
length AC= 3 (2a) immersed in water.

Let o be the area of cross-section of the rod and ¢ its

sp gr.

Let p be the density of water.

The rod 4B is in equilibrium under the action of the

following forces :

(1) The weight 2aacpg acting vertically downwards
through G, the C.G. of the rod.

(i) The force of buoyancy V or the weight of the

1
water displaced = AC.apg = 3 (2a) apg, acting

vertically upwards through G, the centre of
buoyancy or C.G. of the water displaced.

(i) The reaction at the end B, which is fixed.
If 6 be the inclination of the rod with the horizontal,
then taking moment of these forces about B, we
have

1
2a00pg BG cos 6= 3 (2a) opg.BG | cos ©

1
orBGG:EBG1
BC+1(4C
BG, +E( )
or o= = 1
3BG 3 Loy
2
2 1(2
- 2 +—| =
3G9 2(3a)

23.

24.

@

©

Given that the rod AB =6 ft.
The immersed length AC = 4ft.

-+ The length outside the water = BC=6 -4 =2'

.. Ifthe rod makes an angle 0 with the vertical, then

cos9=ﬂ=l or sinezﬁ

BC 2 2

The forces acting on the rod are :

(1) Theweight W ofthe rod =6 x acpg acting through
G, the C.G. of the rod, where ., 6 and p are the area
of cross-section of the rod, sp. gr. of the rod and
density of water respectively.

(i) The force of buoyancy V'=4 x opg, acting vetically
upwards through G|, the C.G. of the water
displaced and

(i) The reaction at the fulcrum at B.

Taking moments of these forces about B, we have
W.BGsin0=V.BG sin 6.

or 600gp.BG=40pg.BG,

or 30 BG=2BG,

1
2| BC+=4C
2 BG, ( 2 )
or o=—. =

50 L)

_202+2) 8
33 9

AB =2a is the rod whose middle point G is in the
surface and the point C on the rod, such that AC

1 1
= 5 (4B) = 3 a, is fixed and the rod can turn about

C.
Let o be the area of cross-section of the rod and G be
its sp. gr. Let p be the density of the water.

The forces acting on the rod are :

(1 itsweight W=2a0cpg, acting downwards through
G, the C.G. of the rod :

(i) the force of buoyancy V= aopg, acting vertically
upwards through G|, the C.G. of the water
displaced and
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(iii) the reaction at C. 27. (¢) Upthrust and effective weight changes by same factor

Let 0 be the inclination of the rod to the vertical. hence fraction immersed remains same.

Taking moments of the forces about C, we have dv 2Rw

W.CGsin6=V.CG,sin®. 28. (c) f= 21]7:R€(d—) = —2nnR/ |: 3 0 ] ; F =4mm/ly,

or W.CG=V.CG, g R

or 2a06pg (4G~ AC) = aopg (AG| - AC) o

29. (a) F=—m2mrl Ol= Foi?
[o=5e)5-5) ¢
or 20(a-=a|=|=-a—=a
3 2 3
30. (b)
4 1 1
or 6| —al|=—a or 6=—
(3 J 6 8
25. (b) Weight of Ram is more than that of Shyam in water
means upthrust on Ram is less hence less volume and
less fat content.
26. (a) LetFatmass=m, Other mass = m,. dm=pdV =pdA.l ; dm=p (2nrdr
Total volume = 7/ so momentum of mass dm
Given : 1 :K, m__ and 4 R
04d, 4 (4/3)d, 4 dp=vdm ; jdp=jvdm
0 0
m1+m2:165 R I’z rz I’4 R
p= 21‘cp€v0_|.r l——dr . p=2nplyy | ———

. 1650 0 R ’ 2 4R 0

Solving, V' =
He, R* R*| 2mplvyR? TR/
: . 1650 = omplyy | — - [= 2R PTR TV

Spring balance reading = 165 — TP d, =15kg 2 4 4 2

w

REASONING TYPE

5. (a) At the first moment the ship will begin to move to the
right, since the pressure on the starboard side
diminishes by 2pA, where p is the pressure at the depth
h of'the hole, and A4 is its area. As soon as the stream of

N water reaches the opposite wall, this wall will be acted

L ® upon by the force F = pAv2, where v is the velocity of
the stream with respect to the ship. The force F is
mg=2T (sin slightly greater than 2pA, since v>./2gh because
Radius does not affect the process. the ship moves towards the stream. As a result, the
2. (@) Since pressure inside bubble of smaller radius is more motion V_ViH begin to retarq.
the common interface should bulge inside bubble of 6. (@ According to Bernoulli’s theorem, the pressure
larger radii. Hence statement-2 is correct explanation decreases in the region where velocity of the wind is
of statement-1. high. The pressure difference is enough to lift the roof
3. (¢) Tension at a point on rod of (length L) at a distance x up and carry it aside.
7. (¢) Since the gas in the stream has a high velocity, the
from point of application of force is 7= F (1 _f) in pressure inside the stream is below atmospheric. The
ball will be supported from the bottom by the thrust of
both cases. Hence weight has no effect on tension in the stream, and on the sides by the static atmospheric
situation of figure (ii). Extension in rod occurs due to pressure. '
force acting at any point on the rod. in certain cases 8. (@) Statement-1is True, Statement-2 is True; Statement-2
when net force acts at the centre of rod like weight, is a correct explanation for Statement-1.
extension due to this force may not occur like the given 9. (d)  Applying Principle of continuity & Bernoullies theorem
case. ALvTPL, hd, =hyd,

4. (d) For stable equilibrium centre of gravity should exist {4 %)
below centre of buoyancy of submerged part. Hence
statement-1 is false. T= £ x

L

At distance x from where force is applied



@E MULTIPLE CORRECT CHOICE TYPE

(a,b,d)

2. (a,¢)

3. (a,b,¢)

4 (o

Since acceleration of centre of mass is upwards
therefore N must be greater than mg.

2
. nd
Area of cross-section, 4= T

where d is the diameter of the wire. Therefore,
_4FL
nd’Y
Since, F, L and Y are the same for wires 4 and B

fot
d
i.e., the extension is inversely proportional to the
square of the diameter.

4F

The strain is £ =—
nd“Y

) 1
. Thus, strain o -

mg mg 4mg
Tp=—=and Tyj=mg+—==—=
B 3 A g 3 3

" T,=4T,

T
Stress, S =—
T

(@) Forr,=rp, S,=45,
- Abreaks
(b)Forr, <2rp S,>S,
*. A breaks
(c)Forr,=2r, S,=5,
-. either may break
Thermal force = Y40 d0 = Yrr?o.d

=71, =}”\/§,I’3 =}”\/§,I’4 =2r,
FiiFy Fy Fy=1:2:3:4

Thermal stress = Yo dO

As Y and o are same for all the rods, hence stress
developed in each rod will be same.

As strain = ot d , so strain will also be same.

1 .
E =Energy stored = EY (s‘[ram)2 XAXL

. El:Ez:E3zE4:1:2:3:4

5. (a,b,c,d) When subjected to horizontal acceleration, the

fluid in one limb rises by the amount equal to the
depression in the other limb. Thus, for maximum
possible acceleration, i.e. for a maximum value of
tan 0, the fluid should be initially filled to 50%
height in the instrument i.e. 0.25m in each limb,
and should be at the average of spilling over when
accelerated.

6.

(a,0)

[e—0.25m—»] 8

[€E——0.2m—>

2 = 0.5m=0.2tan 6 hencetan0=2.5

ax
But,tan0=— =2.5
g

Hence, a =2.5g=24.5 m/s

The range of operation of this accelerometer is
0to0 24.5 m/s%.

Let us denote the distance from the level of the
water to the upper hole by 7, the sought distance
from the vessel to the point where the streams
intersect by x, and the distance from the level of
the water in the vessel to this point by y (figure).
The point of intersection will remain at the same
place if the level of the water in the vessel does
not change. This will occur if Q = 4v, + Av,, where

v =+/2gh and v, =.2g(H+h) are the

outflow velocities of the streams from the holes.
On the basis of the law of kinematics,

2 2
gt t
—h+H+g72

where ¢, and ¢, are the times during which the
water falls from the holes to the point of
intersection.



7.

8.

PROPERTIES OF MATTER & FLUID MECHANICS

(a,b)

(b,d)

1 o2 2g4°
Hence, x =— Q—z— 2 g2
2\ 2g4 0

1 O? 2g4*
yerl L2 2 spem,
2\2¢4 0

Let us compute the slope of the free surface of
the water

J—120cm.

a, 4cosl15°
tan 0 = = -
g+a, 9.81+4sinl5°

whence 0 = 19.8° backwards

The maximum slope which the surface can make
with the horizontal, without spilling, is

6, =tan!(2/2.5)—15°=23.66° backwards

=-0.35

The slope, 19.2°, made by the surface is less than
this value, the water will not spill.

Let the acceleration at which water begins to spill
be ‘a’ then,

acosl5°

= —| ————— | =tan (-23.66)°
an 9, (g+asin15°) ( )

=-0.438

whence a cos 15° —a sin 15° x 0.438
=+0.438 x9.81
and ¢ =5.04 m/s2.
Assume the discharge to be equally divided
between the two nozzles.

x1073 —
QA:QB:3 0 —50x107 m* /s
1 76
vymrpm — 05 samys
n/4x0.005

Vgy = 2.54 cos30°=2.2 m/s
Vop = 2.54 cos45°=1.8 m/s
Assume that the water entering the sprinkler
through a tap does not involve any angular
momentum.
When stationary, the torque due to nozzles action,
fornozzle 4, 1,=1000x 50 x 106%x2.2%0.20
= 0.0220 Nm
fornozzle B, 1,=1000 x50 x 10°x1.8x1.5
= 0.0135Nm
Total torque due to nozzles A and B,
7=0.0355Nm

10.

11.

(b0

(a,b,c,d) Letz

<4

When rotating free, let the angular velocity be .
Now the absolute velocities of the nozzle-
discharge in the circumferential direction are
fornozzle 4, vy, =(2.2-0.2 ®) m/s
fornozzle B, vyp=(1.8-0.15 w)m/s
There being no external moment, the angular
momentum should be conserved,
PO,22-020)x-02+p 0, (1.8-0.15w)
x0.15=0
Cancelling p and using O, = O, ®=9.72 rad/s.
When the block of mass m is arranged as shown
in the figure, an upthrust /7, will act on the mass
which will decrease the reading on 4.

According to Newton's third law, to each and every
action, there is equal and opposite reaction.

So F'; will act on the liquid of the beaker which
will increase the reading in B.

min D€ the minimum reference level of the
dotted parabola and z, and z, the liquid levels
above the base.

Ko’ 0.12 x10?

7 = 2g * Ziin = Toxog] | Emin
rtw? 0.2% x10?

22 = =

2g *+ Zin = 2X—981 + Zinin
Butz, +z,=2x0.4=0.8m

0.2%> x10% +0.1x10%

H , 0.8= +2z, .
enee 2%9.81 Emin
whence, z,, =0.273m
Consequently,
1% %102
220273+ 2209 6 3o4m
2x%9.81
22x10?
2202734+ 222X 6 477
2%9.81

(a,b,c) x = vt =+/2gy @

H
x=2 y(H—y):}Max.wheny:?

H
as yz?:x:H



12.  (a,b) Figure(a)and (b) shows the F.B.D. of two partitions
of the bar. Considering the vertical equilibrium of
the part of length 37.
R, +R,=W=5000N .. (1)
Now, stress in the two portions are
R R
(51 = 1 and (52 = =2
A A
Rl

s}

37
2¢

o Te
(2) (b)
-. Elongation in the portion of length 2/

R
80, = Lxr="Lx2y
Y AY

and comparison in the portion of length 3/

R
80, =22 x30="2 %3
Y AY

Since there is no net change in the length of the
bar so, elongation in the upper portion =
compression in the lower portion.

2R 3Ryl

= =
AY AY 2
Solving eq. (1) and (2),
R,=3000N, R,=2000N

c, 661 852

13. (b0 2><2T/x——k(2)

Fo =2T0=2kx ; Ty =2n /Zk

14. (b,d) Power transmitted is given by P =1®

T‘E M_573X103N
T (200 ) m
60

2n

4 3
From, sz]r 0 , we have 1;=EL re_n
2/ 2

1

But maximum intensity of stress is at the periphery

G, — Shear strain x modulus of rigidity

el

nr3 2T

LT= 5 Omax = Omax =
mr

2%5.73%x10° _
-2 PX 5 90%107 Nm™2

3.14x(5x107%)3
o4 on

Again, from r———
2/

max

We have

2x5.73x10° x 6
3.14x(5%1072)* x8x10'°
2°30"

2t
Tl:}"41”|
=4.37 x 202 radian=

e:

EE MATRIX-MATCH TYPE

A'ps q,r; B-S, C- -q;
A-l’, B- -q5 C'q’ D- -q
InA: Same water level implies

'p9 q,5s

Wt. of fluid displaced is the same as that of object hence
both buckets have equal weight.

In B, C : Mass of water in both buckets is equal and B has
additional mass of solid object hence B is heavier.

In D : Same water level and object sinks p, > p,; i.e. some
volume of p  is replaced by same volume of p, mass
increases.

‘. Bisheavier.
3. A-q,nt; B-s; C-q,t; D-p
Bernoulli’s theorem can be used to calculate speed of efflux;

it is based on conservation of energy and a device
venturimeter works reading on basis of Bernoulli’s theorem.

Stoke’s law is based on viscosity.

Torricelli’s theorem can be used to calculate speed of efflux
and is based on conservation of energy.

Hooke’s law is used to determine elastic limit.



PROPERTIES OF MATTER & FLUID MECHANICS

4. A-p,r; B-p,q,r; C-p,s; D1, t
Stoke’s law :

F =6mrv
Terminal velocity :

2 —
,=21"g(p-9)

A-p,q,5,s; B-q,t; C-q; D-s, t

Elastic force, Force due to surface tension, Frictional force
and Viscous force decrease with rise in temperature.
Forces involved in capillary action are surface tension and
gravitational force.

Water flows in a continuous stream down a vertical pipe

9 n whereas it breaks into drops when falling freely because of
Excess pressure inside mercury drop : surface tension.
T Terminal velocity of rain drop depends on viscous force
P= P and gravitational force.
Viscous force :
dv
F=-mA—
n dx
EE NUMERIC/INTEGER ANSWER TYPE

. 3

M is the mid-point of tube AB at equilibrium
p*A+tmg=p,x4
p;xA+10x4 ><ngg:szA

= p1+10ang><g:p2 (D)

For air present in column AP
px45xA=p, x(45+x) x4

= p= i>< 76ng Xg o ..(i)

45+x
For air present in column OB

pX45xA=p,x(45-x)*x A4

45
= p,= EX T6dpe xg  ...(i)

From (i), (ii) and (iii)

45x76 xd g 45
———=+10dpy, Xg=——X76Xd s, X
45+x HeZ8 =5, Hg 78
45x76 45x76
= +10=
45+ x 45—-x
A A T

v

71 xI“"P[lOcm

M_% ; {10 em MQ__[

1 1
= 10_45><76[45—x_45+x]
45+x—45+x
=45x76 | ——————

(45)" —x

45%76[2x]
O0=——""—"73

2025—-x
= x2+684x-2025=0

= 2025-x2=684x

(684)% — 4x1x (-2025)
2

= x=—-684+ \/

=684+

475956
4

=-342 + 345=3 cm.
10

Let the edge of cube be /. When mass is on the cube of

wood

3 3
200g +/ dwoodg =/ deOg
= 200+07°d, ,=0d
wood H,0

3 3 .
= dyppg =1 deo —200 (D)
when the mass is removed

Cdypoq =(0=2)Cdy 0 ... (i)



From (i) and (ii)
3 2
Py, —200=(0=2)dy 0
But dH20 =1
3 =200=r%(1-2)

P -200=r-2/2 = (=10 cm

45
For equilibrium
Fnet: 0
Tnet: 0
A\ ‘
A%
el g4 iy gl
= ',Q K 0~ :t_:__
S e
A = v—70.5m—-
X6 mg- 4 —|———
oo o =
O

Taking moment about O

mgxgsine = FT(K;x)sinO (1)

Also F';,= weight of fluid displaced.
F,=[({-x)4]xpg ... (ii)
and m= ({ 4)0.5p,, ... (1ii)

where A is the area of cross section of the rod.
From (i), (ii) and (iii)

(—x) .
(£ 4)0.5p,,g xgsine = [(u—-x)4]p,.g X( 5 x)sme

Here, /=1
(1-x)?=0.5
1-x=0.707

= x=0.293m

From the diagram

030 = 0.5 _ 0.5

= 0 =45°
75.4
Let A be the area of cross-section of the tube.

Since temperature is the same, applying Boyle's law on the

side AB
Px(xxA)=P,*(x,*xA) ()
Applying Boyle's law in section CD
Px(xxA)=P; x(x; xA4) ... (1i)
From (i) and (ii)

Py x(x; xA)= P, x (x, x A)

= Px =Py,
where P, = P, + Pressure due to mercury column

Sem
Pressure due to mercury column

_ F _mgsin30° _ Vdgsin30°

P

A A A
(Ax5)xdgsin30° .
y =5sin30° cmof Hg

Py,=P, +55sin30°=P +2.5
Substituting this value in (iii)

Py xx, =[P +2.5] %x,

P, x46=[P,+2.5]x44.5

44.5%x2.5
1T 1s
Substituting this value in (ii)
44.5%x2.5
1.5 8

Pxpr= 46

46

46+44.5 | 44.5%x2.5
= Px = X
2 1.5

+
S = P=75.4cmofHg

6.75

P — ! i.e., in equilibrium, block is half submerged in water.

—>

P2

Let &' be increase in level if block is pressed by an amount /.

Then
(A—1h'=0*h = h'=0.5h
We have to immerse further ¢/2 .

= (/2=h+h'=1.5h
Extra thrust upon depressing block by h

F=(h+h)pyltg=1507p,gh

/3 /3
w= [ Fah= [ (1.50p,gh)dh=6.75]
0 0

S44



