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CHAPTER 1: MECHANICAL PROPERTIES OF MATTER

Test Your Concepts-I
(Based on Young’s Modulus, Longitudinal Stress

and Strain)
1. Since the wire is uniform so the weight of wire below point
3w
P is T
W
Total force at point P is F=W, + ST
3W
Force 17T
At point P, Stress = = —
Area S
2. 2T +Ts=mg
Tl _ T
AY:  AY:
Since, Y5 =2Y
Ie 1
T, 2
Solving these two equations, we get
TC = @ and Ts = B
4 2
3. Increment in the wire of length AB is
AL - MsLap _ 10x10x01
AT AY 107 x25x10°
= AL,y =4x107 m=4mm
So, displacement of point B is
Alp=ALyp=4%x107 m=4 mm
Increment in the wire of length BC is
AL - MsLsc _ 10x10x02
T AY 107 xax10”
= ALy =5x10° m=5mm
So, displacement of the point C is
ALe = ALy +ALp- =4 mm+5 mm =9 mm
Increment in the wire of length CD is
AL - Mslep _ 10x10x0.15
PTAY 107 x4x10"
= AL, =15x107° m=15mm
So, displacement of the point D is
ALp = ALg + ALcp =9 mm + 15 mm
= Alp=24mm
4, Al= Ll
AY
= Al l
Y

@

If the system moves with acceleration @ and T is the ten-

sion in the string W, then by comparing this condition from

mym
standard case T = ——2—
T
- P
i %
m;

In the given example

my=(m+m)=2m and m,=m

CHAPTER 1

(m)(Zm)g:Zm

= Tension = <
m+2m 3

T 2
= Stress =—=_—mg
a 3a

Stress _2mg

and Strain=————— = —=
Young's modulus  3aY

At first sight, it looks that rod B is stronger as it supports a
larger load. But we cannot compare strengths without hav-
ing a common basis of comparison. Since the rods have dif-
ferent cross-sectional area, therefore, the strengths can be
compared by determining the load capacity per unit area.
Forrod A

W, _ 600N _ 600

o, = =
A 10mm? 10x107
0, =60x10° Nm™
Forrod B
W, 6000N 6000

27 A, 1000 mm®  1000x 107

0, =6x10° Nm™

Since 0, > 0,, therefore, the material of rod A is stronger
than that of rod B.

Since elongation in the wire is directly proportional to the
tension in the wire

In first case T; =W and in second case

WX W
T, = Thrust = ———— = W
W+W
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Since, 5L =1

= L=L=1mm
8. Normal force F, = Fsin®

Area A= i
sin@

F, Fsin F

= g,=-1Lt= —sin%6
" A T A/sind A,
F, . sin’@
—_— G
A, ’
_ 04y
= fmax = sin’@
. FL . .
9. Since, Al = A so for a given stretching force, we have
Al o< L
AY

Let three wires have young’s moduli 2Y, 2Y, Y and cross
sectional areas A, 2A and 3A respectively, so we have
11 1
AlYl .AZYZ . A3Y3
111
A(2Y) (24)(2Y) (BA)Y

Al Al Al =

= Al:AL:AL =

= Al:AlL:AL =

I\J\»—-
rP-\»—-
(.AJ\»—I

= Al:AL:AL=6:3:4
10. The maximum load that can be hung from a copper wire of

diameter 0.42 mm is given by
Frax = (o-max)A

= Foax (3X]08 )(%)(0.42)(10_3)2

=416 N

The percentage of length of wire that will stretch is given by
Al %100 = I %100
! 2YA

= anx

41.6 x 100

= ﬁxlOD: 5
2(1.1x 10" )( %)(o.uxlo-?')

= % %x100% = 0.136%

11. The cross-sectional area of column is

A=nmr?=7(0.045m)

= A=636x107 m?

w154

FL mgL
AY AY
(8x10*)(9.8 N)(4 m)

" (636x10° m2)(1.9x10" Nm2)
= AL=26%x10°m=26mm

_ B (5000)(4)
AAL (05x104)(0.2x102)

= Y=20x10" Nm?

12,

13. Stress is defined as

F
o=—
A
Since both F and A are same, hence the ratio of stresses is 1.
Strain is given by
Strain = Stress s
Y
(Strain )stccl _ Ymppcr _ E

{ Strain )cnpper Ystecl 20

14. Free body diagram of AB is shown in Figure.

M—X—s  —dy —a)

T B S e S

A c B A C
Tension T at C is given by

T =(mac )ag=(x5p)a
T

= Stress= i pxag
At x:£ , Stress = PLay
2 2

Total elongation is

.[ Stress )d

o Al pxaﬂ )dx Pﬂu

o'—.w o

15. (a) Acceleration of the rod, a=

— ™

F-T, =(mpM)a=(Tx

- o)

F T, F X
b st :—:—1:—(1—7)
(b) Stress o 1A%
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(c) Change inlength Al =J.
0

1F(1—£]dx

T dx
AY

AY 2AY
0
Al F
d) Strain, 2= ——
(@ Strain, == 7
o @ ooEo SIS
AT (15x107)
4
6
(b) E:E:ﬂwn:mxm*i
Y 2.0x10

(©0 Al=Le=30x22x10"=66%x10"m

17. Increase in circumference of the ring is
Al=2r(R-r)

 2m(R-7r) R-r
= Strain=———=
2rr r

Since, we know that

Stress = Y (Strain) = Y( Rer )
.

= Tension = (Stress) A = Ybd ( E)
¥

Test Your Concepts-ll
(Based on Elastic Energy, Energy Density
and Poisson’s Ratio)

1. The elastic energy is given by

U= % x Y x (strain )* x volume

1

2
= U:Exleonx(lo_?') ><ﬂ

7800
= U=39.74]

2. Thetension T inthe string at a distance x from its free end
is given as

1)

Hence the stress is
o=1-F,
A Al
Since we know that
(Stress)*
2y
where dV = Adx

2
= U=LJUZdV=ij(ix) Adx
2y 2vJl Al

du = av

Hints and Explanations H.5

!
2
U:i F—xZAdx
2v ) AP
0
_Fl

T 6AY
Energy stored

1
U= E (stress) (strain) (volume)

= ui(f](ﬂ)m!)
2V A |
1

= U=—-FAl
2

o U= %(100)(0.3 x107%)
= U=0015]

The stress in steel wire,
F
6=—=L_?=3x108 Nm™
A 12x10
Stress
Strain

As Young's modulus of elasticity, ¥ =

Strain = Stress _ 3 ><10811 _ 5 107
Y 1.8x10" 3
Increase of length is

Al = I(strain) = 2(1.67x10)
= Al=334x107 m =334 mm

Work done is given by

W= %(st‘ress )(strain ) (volume)

5

= W= (3><108)(gx10*3)(2x1.2><10*7)

1
2
= W=6x1072]=60m]

Work done = Potential energy stored
= W= %k( Aly?

Since, k = YI—A

w%(#)(m)z

Substituting the values, we get

11 —6
w1 (2x100)(10) )(0.1><10‘3 y
2 (2)

= W=5x10"]
By Law of Conservation of Energy, we have
Loss in Gain in Elastic
Gravitational |=| Potential Energy
Potential Energy in Both Leg Bones

1 .
= mgh=2x Estress x strain x volume

Since we have, m=45kg, h=2m, L=050m and
A=5x10"m’, so we get
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mgh=(45)(10)(2)=900 ]
= 900= 2[%(0.9 x10° )e(25% 10‘4)]

= Strain=¢=0.04
y o Stress _ 09 10°
Strain 0.04

=225%10° Nm™

7. Astretched catapult has elastic potential energy stored in it.
So, elastic potential energy stored in both the rubber strings

is
]x2

This energy U, when imparted to the stone, will make it rise
through a vertical height h so that the energy possessed by
the stone is
U =mgh
By Law of Conservation of Energy, we get
2

2
uz(wm
2 L

=mgh

y = MM 100107 x10x25x 107"
AP 10x10% x(5%x102)
= Y=1x10° Nm™

8. Given that, [=40m, Al=2x10" m, A=20x10"° m?,
Y =2.0x10" Nm™
The energy density of stretched wire

1 .
u,= E X stress X strain

1
= u, :Ex)fx(s’crain)2

()

= uf=%x2.0x10“ X

= u,=025%x10°=25x10* Jm™

Elastic ener
Now, | potential =( densﬁy )X(volume)
energy y

= U=25x10*x(20x10%)x4.0]
= U=20x102=020]

Test Your Concepts-lll

(Based on Shear Modulus, Tangential Stress,
Shear Strain)

Tangential Force

1. Shear Stress =
Area of Face

S0 N
= Shear Stress = L” =333 Pa
15x10 " m
Displacement of Upper Face
B wrt Lower Fixed Face

(Shear ) _
Strain (Separation between Faces)

0.4 cm 0133
m

= Shear Strain =

Shear modulus is given by
_ Tangential Stress
" Shear strain
~ 333 Pa

=013

=25kPa

2. If the top face moves a distance Ax relative to the bottom
face, then magnitude of the force required to produce this

change in shape is given by

F:r]Ag
0
_H,

= AAx

where, A=(0.07)(0.07) m” is the area of the top surface,
and L, =0.03 m is the separation between the top surface

and bottom surface.
n_&_ (0.49)(0.03)
AAx  (0.07)(0.07)(6x107)

= 1=500Nm?

This is a small value for modulus of rigidity and so the but-

ter block can be deformed easily.

3. Since, Stress = 1)(Strain)

1 X F
= a=£=n(£) " F
A h :6
oh 1
= X=— X

n

Since force changes linearly with x, we can write its work

done as
W= lF.vc = 1(0’!12 )(G—h]
2 2 n

21,3
wooh
2n

4, The shear stress,
F_mg _(160)(10)
A A 32x107
= £=5><1D6 Nm™
A

The vertical deflection Al of the right end of the bar is

_(EF\k
m_(A)n
(5%10°)(0.10)

T 6.25x10° m
X

Al =
Test Your Concepts-IV
(Based on Bulk’s Modulus, Normal Stress and
Volumetric Strain)

1. Volume of the spherical body V = %nRS
AV AR

- 3=
v R

AR_14V
R 3V

(1)
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Now Bulk modulus is defined as
AP

B=-V—_
AV

. mg
S AP=—2
ince 2

v
V

AP _mg
B AB

(2)

Substituting the value of Av from equation (2) in equation
(1) we get 4

ﬁ _mg
R 3AB
_ 6
Since, B= P _L8x10° _ 4.8%10° Nm™
av)v ( 03 )
800
Compressibility k is given by
oL ik miN
B 48x10
_Ap _ _pgh
AV ( AV )
% %
5 (10°)(9.8)(180)

(i)

= B=176x10° Nm™

_AP
Ty
v
- ‘£x100‘=£x100=wx102
v B 4x10

= ‘%xmo‘ =2525%107*%

Pressure increases with depth of a liquid. Ata depth h below
the water surface increase in pressure is given by
AP = pgh

Using the equation, Ap= pA'TP

p(pgh) _p’gh
t Ap=—tol_FoT
we get Ap B B
Substituting the values, we have
3)? 3
. (10%) (10)(910 )_ 133 kg
23x10

The changed density is given by

;P
P

B

8. Since, | =

Hints and Explanations

Substituting the value, we have

, 114
_2><103
8x10°

= p'=1169 gem™

7. Here, B=2.3x10° Nm™

~23x10’
1.01x10°

= B=227x10* atm

(a) Compressibility k is
1
"B 227x10*

(b) Here, % =-0.1%=-0.001

=44x107 atm™

Required increase in pressure,
AV
AP=Bx ( -— )
Vv

= AP =227x10* x0.001
= AP =227 atm

~ (Stress)’
2B
(pgh)

u=-""
2B

1

1
Here, B compressibility =4.9x107% m*N~

(10* x9.8x10°)’

U= x49x107°

= U=235x10*Jm™ =235km™
9. Since Bulk’s modulus is

-AP

Substituting the values, we get

g (1165-1.01)x10°
()
100
Test Your Concepts-V

(Based on Fluid Properties, Pressure and
Pascal’s Law)

=1.55x10° Nm™

H.7

1. Density of oil in CGS units is numerically equal to the rela-

tive density. So, we have
Pegs =(RD) gem™ = 0.8 gem ™
= pg =800 kgm™
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Volume of fat in 1000 ¢m? of milk is
V = 4%x1000 cm” = 40 em?
Mass of 40 cm® fat is
m=pV
= m= (865 l<grn'3 )(40 x10% m?)
= m=0.0346 kg
Density of skimmed milk is

_ mass _ (1.032-0.0346 kg
volume  (1000-40)x107° m’

= p=1039 kgm™

F
Since, P=—
A

= F=PA=(1.01x10° Nm2)(2x10™* m?)
= F=20N

Pressure (and hence force) on the two equal base areas are
identical. Since force is exerted by water on the sides of the
vessels also, which has a non-zero vertical component when
the sides of the vessel are not perfectly normal to the base.
This net vertical component of force by water on the sides
of the vessel is greater for the first vessel than the second.
Hence, the vessels weigh different whereas force on the base
is the same in the two cases.

The pressure at the surface is equal to the atmospheric pres-
sure P, =10° Nm ™.
The pressure at the bottom of the beaker is
P=F,+hpg, where
hpg =(0.1)(13600)(10) = 13600 Nm ™
= P=10> Nm™+13600 Nm™

= P=114x10° Nm™

So, force exerted by the mercury at the bottom of the beaker
is
F=PA

2
where, A= n:( i) =5%x107 m?
100

= F=(1.14x10°)(5x10?%)=570 N

Absolute pressure P =P, + pgh

where P,=1.01x10° Pa

p=1.03x10° kgm™

P=1.01x10° Pa+1.03x10° x10x 500 Pa

=
= P=1.01x10°> Pa+51.5x10° Pa
= P=525x10° Pa

= P=D52atm

Since the bell is brought gradually to the surface of the lake,
so the pressure volume relation for air inside the bell is iso-
thermal. So according to Boyle’s law, we have

PV =PV,

10.

PV,
= (R+hp, gV =FV, T B
= V2=[1+—hp””gJV1 h
F
“ l
- o
Since P, =F, =70 cm of Hg , so we PV,

have
P, =70x13.6x1000 Nm™

47.6x10% x 1x 1000 J
Vi

= V,=|1+
70 x13.6 x 1000
= V,=(1+5)50=300 cm’

Force at the bottom of vessel equals the weight of liquid. So,
we have

Fhﬂtiorn = (ERz )hpg
Force on side walls of vessel

Fcurvcd = ( gpg)(anh]

According to the problem, we have
nR*pg = ( gpg )( 2mRh)

= h=R

Difference of pressure between sea level and the top of hill is
AP =(hy=hy )X pye X g

= AP=(75-50)x107 x py, x g (1)

and pressure difference due to h meter of air is
AP=thm-ng (2)
Equating (1) and (2), we get

hx p,. ><g=(75—50)><10’2 X Py X§
PHg
Pair
= h=2500 m=25km

= :::25><102( ):25><102x10“‘

Since pressure at same level in the liquid should be the
same, so we must have

P]arger piston + hpg = Psmallcr piston . (])

where h=15m and p=750 kgm'3

nllo

1.5m 20 kg

If P, be the atmospheric pressure, then pressure on the
smaller piston is

20x9.8 _
ller =Patm t+——————5 Nm :

F 2
rzx(leO"z)

sma
piston
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13.
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and pressure on the larger piston is
R S
-2
X (17.5 x10 )
Substituting these values in equation (1), we get

2098 F
2(5x102)  z(175x102)

Plargcr = Pah'n

piston

~=(15)(750)(9.8)

= F=13x10° N=13 kN

Let p, be the air pressure above the piston and p, be the
atmospheric pressure. Then by applying Pascal’s Law at
points A and B, we get

Air
T & Piston
5m A? Kerasene
|~ [AB0__§=08

A wWater B

Datum

Po+Pug(5)=p, + peg(1.73)sin60°

3

p. =(10°)(10)(5) +10% - (800)(10)(1.73) 5

= p,=138kPa

The situation is shown in Figure.

If water depresses the mercury by x, the mercury in the
other limb will rise by x above its initial level (as fluids are

incompressible), so we have
(27.2)p,,g = (2¢) pyyeg

= 272=2(13.6)x

= x=lcm

Also, from the diagram, we see that
y+2x=272 cm

= y=252cm

The pressure at depth y = pgy
Force on small element step = 3pgy dy
Torque about O due to this force

dr=3pgydy(1-y)

T y Iy
Tm| dy*
i (1-y)m
2m Yoo O--f--mmmmmmmmmmm oo --
Side View Front View

14.

15.

16.

17.

18.

Hints and Explanations H.9

2
Total torque 7= .[d"-' = 3pgj(y -y )dy
0

2

2 3
-

= f=3pg(2—§)=—2pg=—2x104 Nm™

0

Negative sign indicates that gate tends to rotate in clock-
wise direction.

In equilibrium

600x10 _ F
800x107t 25%107* &

= F 4=@x104—8x(0.7’5x]03)x10
25% 10 8

F

= ——=15x10*
25%107

= F=375N

Let P be the pressure in C. Then
P+ hlpwrgr =P+ hZPg

I (10) 3
= — pp=| = |(1.0)=0.83
= p [hz]pu 1 (1.0) gcm

Pressure at A is

Py =P, —p.glsind (D)
Pressure at B is

Pﬁzpatm+p2gh (2)
Also, we can say that pressure at B is

Py =P, +psgisinf ..(3)

= Py, +pagh=Py+psglsing
= Py +pagh =Py, —piglsin®+ pyglsing

poh

= sinf=
(ps—p1)t

Let the pressure of the liquid just below the piston be P. The
forces acting on the piston are
(a) itsweight, mg (downward)

(b) force due to the air above it, F;A (downward)
(c) force due to the liquid below it, PA (upward).

For the piston to be in equilibrium, we have
PA=PRA+mg

= P=R+2%
A

The force exerted by liquid on the gate is equal to the prod-
uct of the average pressure acting on the gate with the verti-
cal projected area of the gate.
E =P [Vertical Projected]
H™"av}  Area of the Gate

P,+ P

= F =( )(2R£)

= I =(M](2Rﬁ)=4pﬂ}{z



ICON

H.10 JEE Advanced Physics: Waves and Thermodynamics

Test Your Concepts-VI
(Based on Pressure in Accelerating Fluids)

1. For liquid not to spill out of the tube, we have
hpg =lpa
hg
l
2. Let us assume that the water does not spill when the cylin-

der rotates with an angular speed of 10 rad s™, so the rise
(1) in the level of water given by

= a=

r’o?
h=
28
2.2 2 2
h:mr :M:l(}cm
2¢  2x1000

Therefore, rise in the liquid level at the periphery is 10 cm .
For water to just spill over the sides, the maximum available
height (k. ) is

B = (50=30) cm =20 cm .

7’ 2 2
Since, h,,, = M
2
22 -2 2
. mwaZQH(mxw )
2x10
= (&) =100

= @ =10rads™”’
Hence, frequency of rotation is
’ o’ 5 -1
=—=—85
f 2r &

3. Pressure difference due to horizontal length of liquid is
L
AP = j po’xdx
0

Since the liquid is at rest w.rt. the frame attached to the
tube, so we have
272
AP = .szL  hpg

w’l?
h=——
28

4. The level of liquid should rise by 1 m on the left side and
hence fallby 1 m on the right side.

3m
= E=tar16=£=E
g 5 5
= a=04g

Since the tank is closed, so we do not need to take the atmo-
spheric pressure into account inside the tank. Applying
Pascal’s equation, we get

Py +hpg+lpa=PFy
= Py-Py=(hg+la)p

In the figure shown, suppose the coordi- y
nates of point M are (x, y) with respect
to the coordinate axes. Then, Points M
and O are open to atmosphere.

=[>. =

—> X
= PM =P0 = Patm 0

Now, py —pn =-p8Y

pw’x’
2

pw*x?

2

Also, due to rotation of the fluid we have

= Po-PN=~

=  Patm ~Pn=—

2.2
WX
F"N‘PO:p

2.2
pwx
= PN~ Pam = )

On adding equations (1) and (2), we get

po’x?
2

0=-pgy+

w’x?

2g

This is the required equation of free surface of the liquid and
we can see that this is an equation of a parabola.

= y=

Test Your Concepts-VIl
(Based on Archimedes’ Principle and Buoyancy)

Let V' be the total volume and V; the volume of ice piece
immersed in water. For equilibrium of ice piece, we have
Weight = Upthrust

= Vpiccg = Vimmpiug
Substituting in above equation, we get
Vimm _ 900 _
Vo100
i.e., the fraction of volume outside the water,
f=1-09=01

If V' be the volume of the block, then

W =Vpg (1)
When completely immersed in water, it weighs W’, so we
have

W =W-U .(2)
where, U=Vp, ¢

szw—qupg—VpR,gzl_&

wo W Vpg p
= &:1-&
p W
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o P _W-W
p W
W
= p= Ww’ Pw

Let the mass of the metal of specific gravity 11.4 be m, then
the mass of the second metal of specific gravity 7.4 should
be (96 —n1).

Volume of first metal is V, = % cm?

96 —m 3
cm
74

Volume of second metal is V, =

96 —m
74
Buoyancy force on the alloy piece when immersed in water is

U=Vimmeg=(i+ 96—m)

Total volume of the alloy is V = % +

114 74
Apparent weight in water is

Vvappzw_u

—_— :96_(1+M)
PP 114 74

According to the given problem, W,,, =86 gwt

= 96—(£+%"”)=86

11.4 74
m 96—-m -10
11.4 7.4
Solving we get
m=627 g

So, mass of second metal is
m'=9%6-m=96-627=333¢g

The density of the sphere is
p=05p, =500 kgm™

If m be the mass of the sphere, V be the volume of the sphere
immersed in water is

V= 7}?’! U= prgeff
(05)p,
The upthrust U acting on the sphere is
m
U=Vp,Gei =| 7= |Pues = 218
Pu8ett [(0_5)'% ]Pag ff Seff .
where, ¢4 =g+a and =2 ms™. M

= U=2m(g+a)=(2)(2)(10+2)=48N

Since the arrangement is in equilibrium with respect to the
tank, so we have

U=T+mg.« U=Vpg,,
= T=U-mg;=48-2(10+2)=24N
When the thread snaps, tension T disap-
pears and let the sphere now starts acceler- Ta'

ating upwards with an acceleration 4’ with
respect to the tank as in the free body dia-
gram shown in Figure. Mg,

Hints and Explanations H.11

= U-mg=ma
= 48-2(10+2)=24

= a'=12ms?

. ) 10 2 3
Density of ball is =—=—gcm
y Prall 5 3 g

At a depth 10 m, acceleration of ball is

d= u- mg _ pratcrg - Vp‘tn.ll]égr
i V Ppan

= a:(Mng[pwatm _1]3

Prall Prall
3 2
= a=10 E_l =5ms

Time taken to reach the surface is

t\/@ [2x10 _,
a 5

Let m be the mass of block. Initially for the equilibrium of
block, we have

U=T,+mg (1)
Let U be the upthrust acting on the block. The free body

diagrams for the initial and final situation of the block are
shown in Figure.

u U
r
fa
mg mg
Ty T
Initially Finally

When the lift is accelerated upwards, then we have
U'-T-mg=ma .(2)

where U'_pr(gm)_u(n“] (3
8
Solving equations (1), (2) and (3), we get

T-To(l+ﬂ]
g

Average pressure at bottom of vessel is
W,
P =Py +hpg+—

where, A=16x10"* m? and
7

e

g=mg-U

3
= wcff=(o.1)(10)—[%) (1000)(10)

= Wy=1-064=036N

0.36

= P=10"+(0.04)(1000)(10) + ——
(0.04)(1000)(10) ex10°

= P=10"+400+225
= P=1.00625x10° Pa
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Let G be the centre of gravity of the rod PQ, then G is the
mid-point of PQ and B be the mid-point of the immersed
portion PR of the rod. This point B is called the Centre of
Buoyancy as shown in Figure.

Since the hinge is 1.6 m below the free surface of water, so
we have

PR =1.6 cosecex
Volume of PR is

Vpg = (1.6x95x10™)cosecar

Weight of water displaced by PR is
Wpp = (1.6)(9.5x107)(10%)(9.8)cosec ox
Whpp = 14.896coseca

Hence, the buoyant force is 14.896cosec acting vertically
upwards at B.

The weight of the rod is 25 N acting vertically downwards
at G. For equilibrium of the rod, net torque due to forces
acting on the rod about the point A is zero. Hence, we have

(14.896 coseca ) PB cos@ ) = (25)( PG cos@ )

Since, PB= PR

, 80 we get

(14.896 cosecer)( 0.8 cosecr) = (25)(1.5)
= sin‘a=0.32
= sino=0.56
= a=343°

Further, let N, be the reaction at hinge in vertically down-
ward direction (because no horizontal component of any
force exists). Then considering the translatory equilibrium
of rod in vertical direction, we get

Ny +W=U
= Ny =U-W
= N, =14.89cosec(34.3°) - 25
= N,J, =26.6-25
= N,=16N (downwards)

If cavity volume is V, then the loss in weight of the piece of
copper must be equal to the upthrust experienced by it. So,
we have

264
(gw)pa,i:(zm—zzl)g=433/

= V=43—@=13 cm?®
8.8

10.

11.

Assuming the density of water tobe p,, and that of block to
be ¢ . Initially, when beaker is at rest and when the block is
floating with its length [ inside water, then

U=mg

= (1)p,g=(Lo)g
- 1_1{3] (1)
Puw

Now, when beaker is accelerating upwards with an accel-
eration a, then let the length of the cube inside water is I’
as shown in Figure.

LT'F = wmmpliqgeﬂ

P

Consider the frame attached to the beaker, then in this frame
the block is in equilibrium, so we have

U’ = mg
= (Lzl’)pi[JLg;t/afz (1 )O’M

= 1'_,5(2}
pn‘

= Al=I'-1=0
If container is at rest, let tension in string be T. Then, we
have

T+mg=U
= T=U-mg=V(p-p,)g
= T=(12-0.8)x1000x 980
= T=392x10° dyne=3.92N

When the container accelerates upwards, let the tension in
the thread be T” and the upthrust acting on the block be U" .
In the frame attached to the beaker, the block is in equilib-
rium, so we have

T +mgy=U"
where, U'=Vpg4 and g4 =g +a
= T'=Vp/(g+a)-m(g+a)
T'=Vp/(g+a)-Vp,(g+a)
T'=V(p-p:)(g+a)
T =(1000)(1.2-0.8)(980+520)
T=6x10" dyne=6 N

L

Test Your Concepts-VIiI
(Based on Viscosity and Terminal Speed)

1.

The velocity gradient in vertical direction is

@:Ezlsﬁl
dx 5
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The magnitude of the force of viscosity is
dv

dx

The shearing stress is

%: ﬂj—v= (107 poise)(15™) =107 Nm™
X

F=nA

If r be the radius of small rain drop, then the terminal
speed of the small drop is

vp e 1? (1)
If R be the radius of large drop, then equating the initial
and the final volumes, we get

én:R3 :27(57:#)
3 3

= R=3r

, 2
- (-
Ur r

= 0p=9ms”

The free body diagram of the ball is shown in Figure.
At v=1v; , the net force acting on the drop is zero.

= mg = JFair + Fviscous Fair Fviscous
= Enmg = KRoy + 6anRoy
3 lVT
o AnR'gd
' 3(6m+K)
mg

The speed gradient is given by

E:—2_0 =2ms 'm™’
Ax 1-0

-1
v=2ms
T F

im

l

From, Newton's law of viscous force,

Av
Fl=nA—
IInAx

= |F|=(0.01x10"1)(2)(2)
= |Fl=4x107° N

So, to keep the plate moving, a force of 4x10™ N must be
applied.

Terminal velocity of the largest particle which is just about
to settle at the bottom of the vessel is

10x1072 1 4
v = =——ms
3600 36000
If r be the radius of that particle, then

2
o = %(p—a)g (1)

Hints and Explanations H.13

Substituting p=4x10* kgm™, n= % Nsm™ and
Up = ! ms! in equation (1), we get
"~ 36000 a e
r=2x10°m
Velocity of ball just before striking the water surface is
v=./2¢h (1)
Terminal velocity of ball inside water is
2 -1
=—7f2gM ..(2)
9 n

Equating (1) and (2), we get

Area of each square metal plate is
A=(10 cm)x (10 cm) =100 em” = 0.01 m*
The viscous force is
F=150 dyne=150x10" N
Relative speed between the plates is
Av=5cms ™ =0.05ms™
Let the separation between the plates be Ax, then magni-
tude if the viscous force is

Av
F=nA—, whi =0.001P1
n ™ where 7

0.001x0.01x0.05
Ax

= 150x10° N=

Ax:g m:im=0.033cm
150 3000

d
Since, R=2%
where, =30 cms ' =03 ms™’, p=1060 kgm_3
d=2x1.0cm=0.02 m
n=4mPas=4x10" Pas=4x10" Nsm™

R = 1060)(0.3)(0.02) _ 50

(4x107)
Since R <2000, so this flow will be laminar.

Since the rate of flow of liquid through the tubes is the same,
so we have

arip

Q= 8—1]1‘ = constant

n(r/2)'P, n(r/3)' Py

=
8n(21)  8n(l/2)
P, 64

= ==—
P, 8l
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10. According to Poiseuille equation, we have

TR*AP

8nl

Q=

= constant

Also, according to the problem, the pressure gradient main-
tained is also constant, so we have

AP
T = constant

= R'« 1
R} 12.9

- B 1290
Rf m 001

= R (1296 =6
R

1

Test Your Concepts-1X
(Based on Equation of Continuity, Bernoulli’s
Theorem and Applications)

1.

The liquid will not flow through the tubes. There is no speed
of the liquid inside tubes. Let us take two points 1 (just out-
side the tube A) and 2 (just inside the tube B) as shown in
Figure.

B

hy

i
Sify

2

The speed of liquid at a point 2 is zero.
Using Bernoulli’s equation between point 1 and 2 give

P1+%pv-12:P2+0

1
= Pz‘Pl=EPUZ

{>v,=vand v, =0}
[
= pghy - pgh = >Pv
2
= h-h= z
28
The maximum height to which the water rises will corre-
spond to the height of the liquid when the inflow of water
per second in the bucket equals the outflow of the water per
second from the orifice.

13x107* = av =a,/2gh,,

(13x104)_ (13x104)
Too2wg (1) (98)
= h, =0.086 m

= h,=86cm

Let P, be pressure of airat 1and P, be the pressure of air at
2 as shown in Figure.

f

o] b

-

Since relative density of alcohol is 0.8, so density of alco-
hol is 0.8 gem™ =800 kgm™ . Also, we are given that
P, =P, =40 cm of alcohol, so we have

PZ - Pl = (04 m)palcnholg
= P,— P, =(0.4)(800)(10) = 3200 Nm™

If v, is velocity of air at the nozzle and v, , at the other end
of the tube, then according to Bernoulli’s Theorem, we have
P1+1P012=P2*EPU§
2 2
Just when the air enters the tube at 2, its velocity becomes
zero,s0 v, =0 and v, =70.

1
= P-P=—po’
2
1 5
= —pv°=3200
2
= 0% =6400

= 1=80ms™

CASE-1: For h, =4H
If I be the height of the free surface above the ground, then
h=h+6H=4H+6H=10H
Maximum range will be obtained when
h
’12 = E =5H
and this maximum range will be,
Ry =h=10H

CASE-2: For h, =8H
Here, h=h,+6H =8H +6H =14H

Since, g ie. 7H lies inside the platform. So, maximum
range will be obtained from the bottommost point lying in
the liquid container.

= ’12 = 6H
and this maximum range will be

Rmax = 2\,lh2(h _h2)
= Ry, =2V6H x8H =83H

Given that, h, —h; =051 m
Since, we know that the thrust due to liquid of density p
emerging with a speed v from an orifice of area A is

F=U(@)=U(A(dx)p]=fwzp
dt dt
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This thrust is opposite to the velocity of the liquid emerging
from the orifice.

So, F, = Avip=A(2gh, )p , opposite to v

and F, = Avsp = A(2gh, ) p, opposite to v,

= Fo=E-F=2gpA(h,-h)

= F, =2x98x10°x05x107*(0.51)

= Fu=05N

The force of thrust acting on the slider is

F,:v,[d’") (0-V ) (4p)

dt
= F=(20-10)*(0.005)(1000) = 500 N
So, acceleration of the slider is

_ E —wmg

m
_ 500-(025)(40)(10) _ 10 ms?
40
At terminal velocity (v; ) of slider, we have
'anct = 0
= FK=fi= ﬂkm&'
= (v-v;)"(Ap)=pymg
(0.25)(40)(10)

= =p— /ukmg

= v;=20-45=155 ms™

(0.005)(1000)

Applying Bernoulli’s Theorem, we get

% (1)

where, 1=1.0-0.5=0.5 m and area of pistonis A =0.5 m”.
From equation (1), we get

v= /2qh +—= Zmg
pA

= vz\/2x10x05+

1 5
—po”=pgh+
ZPU P&

2x20x10
10°x05
= 0=33ms’
So, the speed with which it hits the surface is

o = Jo? + 2gh" = (3251 +(2x9.8x 0.5)

= ' =451ms"

At any instant £, let the level of lig- y
uid in the clock jug be y as shown
in Figure. After time t+ dt, the level
of water in the jug be y-dy. Let
the water exit the drain hole with
a speed v, then from Torricelli’s
Theorem, we have

=28y
Also, the rate of flow of liquid
through the drain hole is

Q:%:av:a 2gy

10.

Hints and Explanations H.15
dy
e 8t 4]
where, — (2?) o
dy
= ay2qy = xz(——] (1
v . )
According to the problem, we have
-2
My 07 ) 11%10% ms™
dt 3600
a=mr?=n(2x107 )2
= a=126x10"°m’
Substituting these values in equation (1), we get
(126x107°) 2x98xy = 2(1.11x107) - 22
= y=04x*
From continuity equation,
Ay = Ay,
o o m () (0047 4 o
v, Al Jrrl n 0.1 25
From Bernoulli’s equation, Ay, Py
P
P1+%P012=P2+%PU% forf2
V2
2(P =P
& -p-ABh)
p
2x10 - =
= -0 =————==16%x10" m’" (2
* 125107 ?
Solving equations (1) and (2), we get
v, ~0.128 ms™

Rate of volume flow through the tube
Q=Ap, = (7“'22 )Uz

= Q=r(0.04)(0.128)

= Q=643x10" m’s™

Since, Q=av= —A( dy )

dt

= a Zg =—A(‘;—1{)
A d

R df:_(_)_v
a /28y

4002

V2x9.8

When the water level in tank is maintained always at a level
of 1 m above the orifice, then
Total Volume _  Ah

a Zg
h \/T
4 2 2x9

= t=90s=1.5 minute

t= =180 s = 3 minute

t=




11. Applying Bernoulli’s equation between points (1) and (2),

12.

13.
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we get
1, 1 5
P+ 5 poy + pghy = Py + 5 pus + pgh,

Since, area of reservoir > area of pipe, so we have
v, =0

Also P, =P, =P,

= 0,=428(ly—hy) =2x10x5=10 ms™

The minimum pressure in the bend will be at A. Therefore,
applying Bernoulli’s equation between 1 and A, we get

1 1
B+ EPUIZ +pghy =Py + EP’Ui +pghy
Since, ;=0 and from equation of continuity, we have
Up =0y

1
= PA=P1+P3('F'1‘}1A)‘EPU§

Substituting the values, we get
5 1
P, = (10°)+(1000)(10)(-1)—5(1000)(10)2
= P,=4x10* Nm™

Let v, be the speed of liquid at section 2 and v, at section
3 as shown in Figure.

>

1
1
L R |1
1

|—rb|
1
_ i H1

T

Using Equation of Continuity at 2 and 3, we get
Ayvy = Ay

= (27rt)v, =(27Rt o,
v, R

= 2=-1 (1)
vy T

If t is the thickness of clearance, then on applying the
Bernoulli’s equation at 1, 2 and 3, we get

Pﬂ+0+pgh=P+%pv§+0=Pﬂ+%pv§+0 .(2)
From equation (1) and (2), we get
2
P=P0+pgh(]—R—;}
T
Time taken for the level to fall from h to I’ is

A ,
= g[ﬁ—ﬁ]

So, the time taken for the level to fall from H to g is

48[

14.

15.

16.

and the time taken for the level to fall from H to zero is

In this problem, we note that the level of water in the can
will rise as much as the can sinks in water. At any instant,
let the can sink in water through y as shown in Figure.

Wl v

‘2

Just above the bottom of can, at the point 1, pressure is

P =Fy+pgy
Just below the bottom of can, at the point 2, pressure is

P, =Py+pg(hy+y)
= AP=P,-P =pgh
Due to this difference in pressure, water will start flowing
inside the can, such that

1,

AP =_po
= v= E=J2ghn
\ p
So, the time taken to sink completely is
_A(h=hy)  A(h-hy)

av aJZghO

1
Epﬂyz = pwgh

o oo |28hee _ [2x9.8x1072 x10°
2. 1.3

= v=123ms™"

Considering ZPEL at the ground, then on applying
Bernoulli’s Theorem, we get

1
pagh+pig(li-y) =2 p®

= U= ’2g(&h+h—y)
P

600
= v= JZD[(%)(O.GHG.G —0.2}

= v=4ms’
Due to this velocity, the thrust force acting on the tank is

F=av’p,
= F=(900)(5x10")(4)*=72N



17.

18.

19.

20.
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The normal reaction force is given by
N =mg=Ah(p+p,)g
= N=(05)(0.6)(900+600)(10)
= N=4500N
So, the limiting friction is
fo=uN=(0.01)(4500)= 45N
Since, f; >I, so the minimum force required to keep the
tank in equilibrium is
F min — 0
and the maximum force required to keep the tank in equilib-
rium is
F,. =45+72=522N

Now let at some time t the level of liquid inside the
container be y . The speed of the liquid coming out of the

hole will be /2gy
Applying equation of continuity

= (Jgv)a=-a2
t 0 i
= —EJ'dt=J‘ Y
Ay sy

A [H
ay 8

At depth y, the velocity of effluxis v=,/2gy
Force acting on small cross-sectional area dA =bdy is

dF =(dA)v*p=(bdy)(2gy)p

—— T —p
[ )
11
[ )
1
!
—_—

= dF = pb(2gy)dy = 2bgpydy

0.75

0.75 2
= F= J. 2pgbydy=2pgb(%]
0.25
= F=(10%)(9.8)(102)[ (0.75)* = (0.25)* ]
—~ F=49N

0.25

The volume flow rate in the line is
Q= ‘i—‘: - Av=n(65x102)"(12)

= Q=16x10"m’"
When water flows out through the shower head with a
speed 7", then Q remains the same.

Vo
=—=Hnav

Q=

o dvydt 1.6x10™

m xrx(46x10*)

= v'=20ms"

Applying Bernoulli’s equation at points 1 and 2, we get
1 1
Pi+5(20)07 +(2p)ghy = p2 + 2 (2p)02 +(2p) ghy

where, v, =0, v,=v, hy=h,, p, =py

21.

22,

23.

Hints and Explanations H.17

and py = po + pgH +2pgH = py +3pgH

Substituting these values in the Bernoulli’s equation, we get
po +3pgH = py + po’

= v=,/3gH

Since this velocity is horizontal, so time taken by the liquid
to fall to the ground is

tJ@JE
g g

So, the required range of the liquid is

et

= R=+6H

{~h=H}

The speed v with which liquid comes out of the orifice is

e \/23 ( depth of orifice below]

free surface of liquid

= ©v=,/2¢h ,along the horizontal

Let t be the time taken by the liquid to hit the ground,
thensince v is horizontal, so we have

2,

&
The range is given by

R—Ut—(\/Zg_h]][\/%)—Z Iy,

The arrangement discussed in problem is shown in Figure.

=

}
'h2 pz
hy P

Assuming the atmospheric pressure to be P, , then on apply-
ing the Bernoulli’s Theorem, we get

1
F, *’EPlU2 =B, +pigh + poghy

= U= /Zg( hy + thz}
P

0.2x600 )
1000

= vz\/2x9.8(0.3+
1

= v=287 ms"

Time taken to empty the complete tank is

A [
e

Since, ty_, =t y+iy
H—a— ——
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- é/_szé/ﬁ_fo
a 8 ay g
A/ZH
= ty == |"—-t
E_)O a g

Test Your Concepts-X
(Based on Surface Tension, Surface Energy,
Excess Pressure and Capillarity)

1. Since, h= 2T cos6 , 50 the surface tension of the liquid is
I‘pg
T = ?’J"ng { HZOG}
2
e (0.025)(3)(1.5)(980)

2
= T=>55dynem’”’
Hence excess pressure inside a spherical bubble is

Ap 2 4T _ (4)(55)
P=R ™ (05)

=440 dynecm™

2. When the ring is about to leave the water surface, surface
tension force on it is

For =2aRT + 2mrT = 2n(R+ )T
Spring force F, = kx
= kx=2n(R+7r)T+mg

kx —mg
211‘(R+ r)
3. e 2T cos®
rpg

Substituting the proper values, we have

-2 o
- (2)(7x1072)cos0 —286x10% m

(05%102)(10%)(9.8)

= h=2.86cn

4. Ingeneral, 22T cos8=(mr?h'p)g
= 2Tcosf=h"rpg
Now r = Rcos8

2T 2x0.07
Wpg 1x1072x1000%x9.8

= R=14x10"° m=14 mm

AT
5. Excess pressure inside first bubble is AP, = —
Excess pressure inside second bubble is
AT

AR =—

So, excess of pressure on the two sides of the separating film is

AP:API—AP2=4T(1—1) (1)
r R
If R’ be the radius of the interface film, then we have
AT
AP=—"— (2
® 2

From equations (1) and (2), we get

4T
_4T[1_l)
R’ r R

1 1 1

= —=-=-=
R r R
= R'= Rr
R-r

Let the mass of the needle be m. Since the liquid surface gets
distorted, so the force due to surface tension acting on both
sides of the needle makes an angle ¢ with the horizontal.
The forces acting on the needle are F, F and mg as shown

in Figure.
2Fsin0

Cross-sectional View

On resolving the forces, the horizontal components cancel.
However, for vertical equilibrium, we have

2Fsin®=mg , where F=TI
2Fsin@ _ 2Tlsin6

= m=

g 8
For m to be maximum, sinf=MAX=1
271
Mpax =
8
he 2T cos@
rpg
2T cos@
hr = cosy _ constant
P8

= Iy =hn
hyr,
_mh
= hy=—
)

Substituting h_ l , we get
n 3
hy=(2)(3)=6cm

Let R be the radius of the big drop formed by the combina-
tion of 8 small droplets. Since volume of the big drop equals
the total volume of 8 small droplets, so we have

LR _8(4” 3)
3 3

= R3=8/

= R=2r=2(5x10"m)=10"m



10.

11.
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Final surface area of the big drop is
Ay =47R? = 47(107 m)’
= A;=4rx10° m’
Total initial surface area of 8 small droplets is
A =8(amr?) =8xan(5%x10* m)’
= A =87x10°m?
Decrease in surface area is
Ai-Ap= 8rx10° m” -4 x10™° m’
= A-A;=|AAl=47x10° m®
Energy evolved is
W=Tl|aA|=(72x107)(47x107¢)
= W=9x107]

Since pressure on concave side is greater than that on con-
vex side, so pressure at A and B is

P, =Pn—£ and Py =P, e
h f
So, the pressure difference between A and B is
AP = ZT( 1 l]
h n
If this pressure difference corresponds to a height equal to
h units of the liquid, then we have

1 1
2T| === |=h
("1 ”2] P
2T[1 1)
h=—|———
pg\n n
- 2><0.07( 11 )
1000x9.8\ 1x10° 15%10°°

= h=476 mm

Since a soap bubble has two free surfaces, so the initial sur-
face area of the soap bubble is

A = 2(4m ) = 2(47)(0.1)° m?
Final surface area of the soap bubble is
Agna =2(4m72 ) = 2(47)(0.2)" m?
So, change in surface area of the soap bubble is
a=8z[ (027 - (0.0 ]=0247 m’
Hence the work done W is given by
W=TaA =(25x107)(0.247)

= W=6rx107]
= W=19m]

initial

Since a film has two free surfaces, so initial surface area of
the film is

A;=2(Ixb)=2(10x0.5) em* =107 m?
Final surface area of the film is

Ar=2[10 x(05+0.1)] em®

= A;=12x10" m’

12,

13.

14.

Hints and Explanations H.19

So, the required work done is
W=TAA=(72x107)(12-1)x107 |

= W=72x107x2x10"* =144x107 ]

Let 1, and 7, be the radii of two given soap bubbles and r
be that of the coalesced bubble.
Since a soap bubble has two free surfaces, so if W, and W,
are the potential energies of the two given bubbles, then we
have

W, =2(4772 )T and W, =2(47r2)T
Potential energy of the bubble formed due to coalescing of
the two bubbles is

W =2(4nr)T
Since total energy of system is conserved, so we have

87r’T = 87rlT + 873 T
= r2=r12+r22=(6)2+(8)2:100
= r=10ecm

The depth of the water column, when the water just enters
the hollow sphere through the hole is /1= 40 cm. Let R be
the radius of the hole in the hollow sphere, then on immers-
ing the hollow sphere (having hole) in water, an air bubble
is formed at the hole. The radius of this air bubble is approx-
imately equal to the radius of the hole.

The pressure corresponding to water depth of 40 cm will
try to push water into the hollow sphere, whereas the excess
pressure inside the air bubble opposes the entry of water.
So, water will enter the hollow sphere just when the excess
of pressure inside the air bubble becomes equal to the pres-
sure exerted by 40 cm column of water.

= P,——PozAP:% (1)
Also, P, —P, = hpg = (0.40)(10%)(10)

= P -Py=AP=4x10°> Nm™ .(2)
Substituting in equation (2), we get

_or2(75x107)

Y ReeTs =375x10° m
X

R

Total initial surface energy of 1000 droplets is
2
U, = (1000)] 4x(05x10° ) J(0.475)

= U =15x107]
When the drops combine, then volume remains the same.
So, we have

= 1000[4—”(0.5)3]= A g3
3 3
= R=10(0.5mm)=5mm
Final surface energy of the bigger drop is
U;=4r(5x107) (0475) = 0.15x107 |
Loss in surface energy is
U;-U; =15x10" -0.15x 107

= U-U;=135x10"]
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Single Correct Choice Type Questions

Equating the rate of flow of liquid
arP
8nfl
= Q=0
x(r)'P,_n(2r)' PR,
8¢ 8n(2¢)

Q=

Hence, the correct answer is (C).

Increase in tension of wire is
F=YAoAB

= F=8x10"°x22x10"x107x10*x5=88 N
Hence, the correct answer is (D).
Let R, and R, are the radii of soap bubbles before and after
collapsing. Then
4 4
v:z(gan)—ng; (1)

=2(87R} ) - 87R} 2)
Since, PV, =PV,

= 2(571:12?) P+4T = P+4T (417:122)
3 R Ry, \3

AT T
= 2R$(P+—)=R3( —)
Rl 2

= P(2R} - R} )=4T(R3 - 2R}
From equation (1), 41‘:(2Rl )

From equation (2), 87(R? ~2R} )= -S

Substituting in equation (3), we get
3PV +4ST =0

Hence, the correct answer is (A).

F/A
Since Y =——
x/L

FL

= Y=—
Ax

For wires of same material Y is the same.

FL
= — =constant
A

X
L
= Xo<—
A
o h_L4
X LA
X 1(1)
= —=— -
X, 2\4
n 1
= 1 -_
X, 8

Hence, the correct answer is (B).

Forces acting on the ball are u

Upthrust, U =2Vpg

Viscous drag, F .y =617 TV

and weight of ball W =Vpg

Net force acting on ball in the upward direc- Fuiscous

tion is w
F.=U-W-FE,

viscous

Since U and W are constants whereas F . increases
with increase in v. Hence, acceleration of the ball will go on
decreasing.

Hence, the correct answer is (B).

For constant temperature,

EV;=PV;
3
= (Pﬁg)(émﬁ): P2+£ [En(i]}
r \3 213"\ 2
24T

= P2=8P1+_
r

Hence, the correct answer is (A).

1
Since, W = E(Tension)(Extension)
Further
T =YAat and
Al =Tlat

1
= W= E()(Acst)(mct)
Hence, the correct answer is (B).

Relative density of ice is 0.9 ie., 90% volume of ice is
immersed in water. When ice melts completely level of
water does not change.

1cm
G!
9cm B!
i
0]

OB=45cm, OG =5¢cm

Since, GB=h=0.5 cm
= AU=-mgh
= AU=-(0.1)*(900)(10)(0.5%x102) ]

= AU=-0.045]
Hence, the correct answer is (D).

The pressure at the interface must be same, calculated via
either tube. Since, both tubes are open to the atmosphere,
we must have

hpg = hopag
= hpy=lp,
= hp=constant
= Jo l
P

Hence, the correct answer is (B).



10.

11.

12,

13.

14.

15.

16.

17.

W=2r(n+n)T
oW  7.48x10x107
2n(n+n) 21x17x107

= T=70x10"° Nm'
Hence, the correct answer is (D).

l(ﬁ)(Af)z = 1mv2
2\ L 2

_ mv’L0.02x400x0.42x4
A(ArY mx36x107° x0.04
= Y=23x10°Nm”

So, order is 10°.
Hence, the correct answer is (D).

2T(cos@=mg = nr’ipg
2T
r= |—
g
Hence, the correct answer is (A).

AT 4T 4T 4T 4T 4T

R n n r 2r 2r
= R=2r
Hence, the correct answer is (C).
aL=tL
YA
Ly Lp
= v 2y
Yary  Yprp
L, Y,
= rA:rB _A_B
Ly Yy
2x2x4
= r,=(2mm) xox
3x7

rA=i><2=1.7mm
4.

Hence, the correct answer is (D).

Since _Adt _ 7(hpg)r”
dt 8n/
t Hj2 A
F?
P L
npgr
0
/4
8T o)
pgr

Hence, the correct answer is (C).

1 (stress)’

U=-x x volume = — x
2 2

1 FL_1_ (50°x02

= U=—-x——

= e —
2 AY 27 1x10™ x1x10"

= U=25x107]
Hence, the correct answer is (B).

Given that, hpg = 10° Pa

= Pr=(h—§)pg=0-8hpg

1 F2xAxL
Arxy

ICON

18.

19.

Hints and Explanations H.21

= P,=08x10° Pa

Hence, the correct answer is (B).

When ice melts into water its volume decreases. Hence,
over all level should decrease. Now suppose m is the mass

of ice, V| is volume immersed in water and V, the volume
immersed in oil. For floating condition, we have

Weight = Upthrust
= mg=Vip,g+Vopeg

v, = m=V,p,
Puw
v, =Yk ()
pfl' pw

When ice melts, m mass of ice converts into m mass of
water. Volume of water so formed is

m
Vy=— .-(2)

From equations (1) and (2), V3 >V,

So, the interface level will rise.

Hence, the correct answer is (A).

Since pressure at A due to the left column and the right
column of the liquid should be the same, so we have

( PA )dun to left column ( PA )duc to right calumn ces (l)

Rsind
T
hy=R(1 - sind)

y

Due to left column
Pressure at A is given by

(Py)q =R(1-sinB)p,g

Due to right column
Pressure at A is given by

(P4 )right =R(sinf+cosf) p,g + (1-cosb)pig
Substitution these both in equation (1), we get
p1(1-cosB)+ p,(sinf+cosh) = p,(1-sin@)

cosf+sinf _ p;

= -
cosf@-sin® p,
= tan@:u
PLtp;
= tan30°=2LP2
pPitpa
. py_3+1
P2 V3-1

Hence, the correct answer is (D).
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20. The free body diagram for the first case is shown in Figure.

Ut Friscous=F

w

If U is the upthrust, F is the viscous force and W is the

weight of the body, then at terminal velocity, we have
U+F=W
= F=V(p-o)g=Voyg

absent) is shown in Figure.
F

viscous =

F

‘|

In this case, only the viscous drag F acts on the body. So,

initial retardation of the ball is
. £ B Vog _8
m 20V 2

This retardation with gradually decrease as the speed of the

ball decreases and finally the ball will stop.
Hence, the correct answer is (D).

21. E(dissipated )= %kAx2

1 2x2 1
= fXSDOX[;)=—6}
2 100x100/ 100
16 1
= —=—x400xAT +1x 4184 x AT
100 2

= % =(200+4184) AT = 4384AT

1

o 16
4384 x100

Hence, the correct answer is (A).

=36x10" K

22. Retardation of the ball inside the water is
poU-W_v(g-vioslg g

m v(0.8) 4
O

h=2m
Q
lv? =\2gh

QO w=0

hv

Since, v; = v - 2ah’
where, v3 =0 and v =2gh, so

= h'=8m
Hence, the correct answer is (A).

23. According to Pascal’s Law, for an incompressible liquid
confined to a closed rigid container, the excess pressure is

transmitted equally in all the directions.

{~p=20}
The free body diagram for the second case (when gravity is

24,

25.

26.

27.

28.

. . . F
So, the increment in pressure at each point is AP = 2

Hence, the correct answer is (A).

V= aPbrt _ rPrt B nPr
TP Y A T T
1
and V:ﬂ-Pr
8nt

Since, V=V, +V,+V;

Substituting the values, we get

, A

_ (1D(2)(3) 6
- (D2)+(M)(3)+(2)(3) 11
Hence, the correct answer is (A).

4ER3=106(EM3)
3 3

=

= R=(10?r)
Now, U;=10°(477*)T and U, = (47R?)T
u_,( 1

u, 10*
Hence, the correct answer is (B).

Acceleration of container is given to be

a=ay(i—]+F)
Since there is no gravity, so the pressure difference will be
only due to the acceleration of container. All points other
than point H, are acted upon by a pseudo force. Hence, at
point H pressure developed is zero.
Hence, the correct answer is (D).

F=Ma
. a:i X b
M (fm T H>T F—F
—>, —
= T:nza:(ﬁ)x£=£x dx [M=¥X]
L) M L
(1)
—x |dx
Since, Y = /A =AL
fdx Adl
T F ot FI? FL
= jdﬁ:—jxdx: =—
ALY 2ALY 2AY
0 0
AL__F
L 24Y

Hence, the correct answer is (C).
Since stress is shown on x-axis and strain on y-axis, so we
have
YﬁStressi 1 1
Strain tanf slope

So, elasticity of wire P isminimum and of wire R is maximum
Hence, the correct answer is (D).
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30.

31.

32.
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34,

35.

36.
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Upthrust acting on cylinder is

m
u={=le
(5 )

According to Newton's Third Law, force exerted by the
cylinder on the liquid is also (m )Jg

p
mog

ps
Hence, the correct answer is (C).

So, increase in pressure is AP =

Stress = ﬂg <379%10° Nm
r

25 400
379x10°x
= 2r>1.15mm
Hence, the correct answer is (B).

In steady flow the viscous force is balanced by the force due to
the pressure difference at the back and front ends. So, we have

Prr® - Pynr? = 4nnlo,,

(AP)r*
Uy = 47]L { Pl —P2 = AP}
Hence, the correct answer is (B).
U= (Normal Stress)’
2K

= U= p(udg)
Hence, the correct answer is (A).
Mass of liquid in capillary is

m=mr’hp , where h= 2r
rpg
= Mass e<r

When r is doubled, then mass of water in capillary will also
become two times.
Hence, the correct answer is (C).

AV AL
—=(1-20)—
v L

= %:(1-0.4}%10*3

= ﬂ=1.2><10'3
v

So, percentage value is 0.12%
Hence, the correct answer is (A).

F=YAaAt =(2x10")(3x10)(10°)(20-10)
= F=60N
Hence, the correct answer is (C).

Maximum stress on the wire will be at highest point (at
point of suspension).

W Al
= Stress=g=—=—F%

A A

Hence, the correct answer is (D).

37.

38.

39.

40.

Hints and Explanations H.23

FL
Since Y=——
A|AL
a-FL
AY
Since AL=LaT
F
o =—
AYT
= ¥= 3&*—3F
YT

Hence, the correct answer is (B).

For a freely falling vessel, we have g, =0
= Upthrust =0
Therefore, the volume of block immersed in the liquid can

be any arbitrary value.
Hence, the correct answer is (C).

Let 1 height of float submerged in water as shown in
Figure.

For equilibrium, we have
mg = a-0
= (AHd)g=(Ahp)g h U
h= H—d
o

Now when force F is applied, then for minimum work, the
float is slowly pulled out. When submerged length of float
is x, then

(F+pAxg)-mg=0
= F=mg-pAxg

= W:JFdx:J(mg—prg)dx

h
= W= mgj‘dx - pAgjxdx
0

2

= W=mgh- pAfh

pAgh2 pAgl12
W=(pAh)gh—-——="—"2—
= (pAR)gh === 5

2 2772
- W=P_AS'(H_d] JAsdH
2\ p 2p

Hence, the correct answer is (C).

Volume of ballis V = m
p

v=0y
Acceleration of ball inside the liquid is gl H
_ F  upthrust — weight !
T om m
m
(2] (o)) -ms

= a= =2¢, upwards

m

Velocity of ball while reaching at surface is

o=k = figh
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42,

43,
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The ball will jump to a height, so we have
2

_v _ 4gh -
23 2
Hence, the correct answer is (C).
Let area of ice-cuboid excluding hole be A, then for floating,
we have
Weight of Ice | _ ( Weight of Liquid
Block - Displaced

{

=  Wiebloa =U

= Apicelg = Ap(u (1- h)g

= o =1-h
10
h=1- ot = 1
10 10
Hence, the correct answer is (D).
AR _00_1
AP, 002 2
AT/, 1
= Ll=—
AT/, 2
= h_ 2
5}
V 3
- A_[h])_g
v, b

Hence, the correct answer is (A).
Let y be the height of liquid at some instant. Then
dy

—— =constant iven
” {given}

From Equation of Continuity, we get

(ﬂxz)(—%)=a\/2@ (1)

where, a is area of hole

d .
Since, 7, ( —d—gJ , o and g are constants. Hence, squaring
equation (1), we get
y=kx*
Hence, the correct answer is (A).

Let I be the height of water inside the capillary.
Total upward force tending to pull the water up supports
the weight of the water.

= T(2mn+21n,)=h(m -7t pg
2T
(r-n)pg
2x7x1072
(1x107)(10°)(10)

= h=

h=

= h=14x10°m=14cm

Hence, the correct answer is (A).

45,

47,

48.

(ZQ)inﬂow = (EQ)outﬂow
= (4x10%)+Q+(4x10)=(8x10)+

(2x107%)+(5x107%) + (6x107)
= Q=13x10° m’™

Hence, the correct answer is (C).

Net force on the free surface of the liq-

uid in equilibrium (from accelerated P/
frame) should be perpendicular to it.
Forces on a water particle P on the
free surfaces have been shown in
Figure. In the figure ma is the pseudo
force.

Hence, the correct answer is (C).

mar+ 90’

net mg

Area of wire is A = rr?

F

; _A
Since Y = Al

ly
Mg _ At

P £y

Mg ( 4x107 J

= —_—= Y e l
- > D
Mass of load of volume V' is given by

MZV(Bpm]

Now when load is immersed in liquid, then

BVng—ZVng _ A—WY

(2
nrt fo @
= —6Vp;“g :&Y
r ﬁg
¢ Vp,
= A - — 6 pd.’g
4x107  8Vp,g
6

= A=—=x4x10"m
= A=3x10"° m=3mm
Hence, the correct answer is (D).

Let m; be the mass of concrete and m, be the mass of wood
From Law of Floatation, we have

W=Uu
= (m1+mz)g=(;1—é+;%)(l)(g)
= m‘+1=2(’”1]+2
m, 5\ m,
= 3[]?11]:]
5\ m,
m 5
= —=—
m, 3

Hence, the correct answer is (A).
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50.
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If W, be the effective weight, then we have

tkv }ow,
1Q
WQ
vV kv
kv=W, ..(1)
In equilibrium, we have
2W,-W, =k’ .(2)

From equations (1) and (2), we get
v=0v=1ms"

Hence, the correct answer is (A).

Since, AP =P, - P, = pgAH

= 3.03x10°=10° x10x AH

= AH =300 m

Hence, the correct answer is (C).

Since P, =P,

= DBy+p,gh=F +pgh

= P=Pw
Hence, the correct answer is (A).

Energy of satellite at radius r is
GMm

2r
Due to friction losses (due to air) energy of the satellite goes
on decreasing i.e. 7 goes on increasing. Since, orbital speed
1
Uy < —

Jr

or it goes on increasing till it finally falls back on the earth.
Hence, the correct answer is (A).

E=-

weightof | [ magnitude of
Reading =| bucket of |+| upthrustof
water block
1 72
Reading =(10g )+ = )
€a ]I\g ( g) [ 7 2,0“, ]pttg

Reading =10.5¢ =10.5 kg

Hence, the correct answer is (B).
Volume flow rate is Q=av=—

Vo 120x107
At 5x107 x2x 60
= A0,

U1=

Since, Ay

55.

56.

57.

58.

59.

Hints and Explanations H.25

and A, = A
5
= U= 57,:1 =10 ms™
Now, f, = 2x1
10
= t,=0447s

= R=uf,=447m
Hence, the correct answer is (C).

For the given situation, liquid of
density 2p should be behind that of
p as both liquids are at same level
as shown in Figure. Pressure in right
limb at point A is given by

PA m'n + pgh

C 2pB P A

I I
Since, Pz =P, + pas= Py +pgh+ pa

Pressure in left limb at point C is given by
PC_ atm (ZP)gh (])

Also, P =Py + (2p)aé

= F=Fm +P£h+%Pa[ --(2)
From (1) and (2), we get

Py +pgh+— pa Py +2pgh

= h= sa )
28
Hence, the correct answer is (B).
The mercury will not come out from this hole as the pressure
outside the tube is equal to atmospheric pressure which is
greater than the pressure inside the tube which is F, — pgH.
Hence, the correct answer is (D).
Applying continuity equation, we get
VAl = Vgl
Since a, =ap s0 v, =1y
Applying Bernoulli’s equation, we get
1 1
Py +pghy +EW§. =Dy + pghy +EW§
Since v, =vy and h, = hy, so we get
PA - PB
Hence, the correct answer is (C).
To measure the atmospheric pressure, same length of tubes

containing mercury are required, no matter how many
tubes are used as

Pym = Prig8h
Hence, the correct answer is (D).

W =2(T)(AA) = 2T (477?)

2
= W=8x3x102x3.14x(1072)

= W=7536x10"°J=75.36 uJ
Hence, the correct answer is (C).



60.

61.
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The required pressure should exceed the atmospheric pres-
sure by an amount that can balance the hydrostatic pressure
of the water column and the capillary pressure in the air
bubble with a radius r.
2T
= P=pgh+—
;

-2
P=(10%)10)(2x102) 2x7x10 ~
- T 00s)(10%)

= P =200+280 =480 Nm™
Hence, the correct answer is (A).

Let L, be the unstretched length and L, be the length
under a tension of 9N .

4L, 5L, 9L
? T A1) All-Ty) A1) 0
. A, 5l

ALi-Ly) AL -Ly)
= Ly=5L 4L, .(2)

Also, from (1), we get
4 9
(Li-Ly) (Ls-Io)
4L, 4L, =9L, 9L,
4L, =9L, - 5L,
41, =9I, - 251, +20L,
Ly = 5L, —4L,
Hence, the correct answer is (B).

LU

Since, Strain =107

1
and Work done = E(Tension )(Extension)

= W:lFx
2

= W:l(—YAx)x
20 L

1(2x10")(107)(107)
= W=-=
2 (1)

= W=01]
Hence, the correct answer is (A).

P=V

ap_ AV

p v

g = —01%;
Vv

AP

= AP:(ZXIDQ)[E)

Since, B=

= AP=2x10° Nm™
Hence, the correct answer is (C).

64.

65.

66.

67.

L (0-8) 8
2 16
8
6,=—-06
= b 9

Hence, the correct answer is (D).
Let F be tension in the thread, then

2Fsin@=T(AB)

= 2F9=T(2R0)

= F=RT

Hence, the correct answer is (C).

Velocity of body just before touching the lake surface is,

v=,/2¢h
Retardation in the lake,
. upthrust — weight
- mass

e Vpg-Vpg _[G—p]g
Vp P

So, maximum depth is

=

o> hp

£=J—p

max —
Hence, the correct answer is (A).

From the ideal gas equation

RV, BV,

T
For a gas the more the Bulk’s modulus, the more is elasticity.
Since

BeP

E,
= 2==
B, E

B

9|

V, T, (1) (400] 1
=—X—==| —|X|] — |=—
v, T, \4)7\300) 3

= 3223

So, elasticity will become % times.

Hence, the correct answer is (D).
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69.
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Inside the satellite, we have g, =0

So, there will be no pressure difference inside the mercury.
Hence, the mercury wil rise to full length of the tube, ie.,
90 cm because air pressure outside the tube is 76 cm of
mercury, while pressure above the tube is zero.

Hence, the correct answer is (B).

When value of Poisson’s ratio is 0.5, then AV =0 (always).
Otherwise, this can be shown as follows.

v Alw’L)
1% nr’l
AV AL 2Ar
\% L r
Ar/
Since, 6 =— T",r
AL/L
Ar (AL)
= —=-0|—
r L
AV AL
—=—(1-20)
V L
For 0=05
AV
1%

Hence, the correct answer is (D).

U= %Y (Strain)*

2
= U=1(2x10“)(£)
2 100

= U=25x10°Jm™
Hence, the correct answer is (A).

YA
Force constant is k= T

= kY
ke Y,
kg Vg
Hence, the correct answer is (B).
pgh = pal.
h= oL
8

Hence, the correct answer is (B).
Flow rate of water (Q)=100 ltmin™"

-3
0 100x10% 5 s s
60

Since Q= Av

-3
So, velocity of flow is z;:Q_L
A 2\
3xrx(5%1072)
0 2
P=—=—1mSs
157 3rm

= v=02ms"

D
Reynold’s number 1, = i

74.

75.

76.

77.

78.

79.
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(10x1072) x -2 %1000

n 3 =2x%10*

Order of ny, is 10*
Hence, the correct answer is (B).

= Ng=

Liquid cannot be stretched as a wire. Therefore, young's
modulus is not defined for a liquid. Similarly, the free sur-
face of a liquid cannot sustain the shear stress. Hence, shear
modulus is also not defined for a liquid. Only bulk modulus
is defined for a liquid.

Hence, the correct answer is (A).

Volume Flow Rate = % m’s!

ms = @

0.74x10*
60xmx4

= 9.82=2x10xh

= h=48m
Hence, the correct answer is (C).

R
AY

(L

- we oG-

Hence, the correct answer is (B).

Speed of efflux =

Al

According to Law of Floatation, W=U

= Vo= Jous )
Also, Vog = %pmg + %pnng )
- enlt i

3
= Pl = gpm = 06pﬂ]
Hence, the correct answer is (D).

Since, decrease in weight equals the decrease in upthrust.
= mg=Vp,g
= m=Vp,
If A is area of the base, then
(0.2)=(2x102)(A)(10%)
= A=107m?=100 cm® = ¢*
= (=10cm
Hence, the correct answer is (D).

2 R3:27(5m3)
3 3

= R}=27/%
= R=3r
Since v 2
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R\
(1)
v, r

Hence, the correct answer is (B).

According to Law of Floatation, W = U

N (d.l+d2}=%d

Since, d, <d,
= d1<§a’
4

Hence, the correct answer is (A).

Upthrustis U =V,ymPiq8es

Since value of g will decrease, so upthrust will also
decrease.
Hence, the correct answer is (C).

At any point of contact the forces of surface tension balance
each other. Therefore, 6=120°.

Hence, the correct answer is (D).

Weight of rod is
W =(0.012)(1)(2x10%)(10) = 240 N
Buoyancy force on rod is
=(0.012)(1)(10*)(10) =120 N
For equilibrium, E7,=0
The free body diagram of rod is shown in Figure.

sino

= 1= (240 -120 )( ) = 45((:050(} P —

90 3
= ftano=——=—
120 4

= o=37°

Hence, the correct answer is (B).

Since, fcos60°=h =76 cm

Hence, the correct answer is (A).

85.

86.

87.

For floating, W=U

= W, + Wi = U

phere hain

W:mg+(lh)g

Now U= Vsphcrcpwafcrg + Vc]minp water&

pc i

1
= U=3mg+ ;(mdmng)

= U:3mg+$

Since W=U
= mg+Ahg=3mg+ %
= 2mg= bhg
7
h= 7m
31

Hence, the correct answer is (B).
The centre of gravity of liquid in the first column is %1 and

that in the second column is %2 .

Let Initial Potential Energy be UI;

= U= (Ahlp)g(h—;;)+ (Ath)g(%?J

= U :%Apg(hhh%)

When the water column in the two equavalises then equiva-

lent height is fh;zhz and the centre of gravity in both the
hy+h,

columns is JIf U f be the final potential energy of

liquid in both the columns then

hy+h h+h
U,=2 A 1 2) ( 1 2) :|
! [ ( 2 U B

1
= U =ZApg(hl+h2)2

Since work done is equal to the decrease in potential energy,
)

h—h, Y
= wedps( ")
Hence, the correct answer is (B).

t
Y- Stress

~ Strain i

ALDg jL/2

Stress = S CMle CMi

Strain = AL = L Mg
Ly (L,-‘Z]

LDg

y=—"%
= T
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2 Dg 94,

(=—=

2y

Hence, the correct answer is (B).

Area enclosed by hysterisis loop gives the energy loss in the
process of stretching and unstretching of rubber band and
this loss will appear in the form of heating.

Hence, the correct answer is (A).

Range becomes twice if speed of efflux becomes twice.

Since, v=/2gh
95.
Therefore, h should become 4 times or 40 m

So, an extra pressure equivalent to 30 m of water should be
applied.

10m] 9.

Since, 1 atm =0.76 x13.6 m of water
= latm=10.336 m of water

= 30 m of water =3 atm

Hence, the correct answer is (D). 97.

_ AP hpg  200x10°x10
AVV  AVV 0.1/100
Hence, the correct answer is (D).

=2x10°

98.

F=2000N,L=6m, f=05cm, A=10"°m?®
FL 2000 x 6
Y="r =% 2
Al 107 x05x%10
= Y=235x102 Nm™
Hence, the correct answer is (A).

1 YA??
==X
27 L

u

2
1 2x10"%x3x10° x(1x107)
= u:ix 1

= U=0075]
Hence, the correct answer is (C).

Change in pressure AP = pgh 99.
By definition, Bulk modulus is

AP
TAVV
But for a fixed mass, we have Am =0
0=Am=pAV+VAp

LAV
14 P
_pAP _p(pgh) _p'gh
B B B
Hence, the correct answer is (C).

=

= Ap

100.

101.

Hints and Explanations H.29

Let area of hose pipe be A, then F = Anzp
The thrust force will be due to the liquid whose momentum
changes.

= F=(%)U2 +(%](202)
4 4
So, pressure P is given by
o SPAUZ _ 3_pvz
4A 4
Hence, the correct answer is (A).
AP = poilghoil + pﬂ,’ghﬂ!
= AP=(600)(10)(10x1072)+(1000)(10)(2x102)

= AP=800 Nm =800 Pa
Hence, the correct answer is (D).

(1)
Let m be the mass placed on block for just submerging it, then
(50)° x(1)x g = (Mepe +m)g ..(2)

Given (50}3x%x(])xg=Mmbeg

CHAPTER 1

Subtracting (1) from (2), we get
mg =(50)> x g(1-03)=125x0.7x10° g

= m=875kg
Hence, the correct answer is (C).

Inside the water, weight is equal to upthrust.
So, apparent weight is zero.
Hence, the correct answer is (D).

Fraction of volume immersed is

Ps
=t
P
= facl
Pi
Lopy
f (Vg)
_| L _
= Prz—(—z]Ph—ﬁPh
3
= p,=2p,

Hence, the correct answer is (B).

(2)(20x107*)(1072)
1073

F= nAd—U =
dy

= F=4x10°N

Hence, the correct answer is (D).

Since, . =0, so pressure inside and pressure outside the
hole will be same.
Hence, the correct answer is (D).

Since EFupwards = ZFx:lnt«'nwards
= N+kr=mg

= N=20-1=19N
Hence, the correct answer is (B).



102 Since, AP - - po’

2
- = @z IIM=3].5ms_l
P 1000

Hence, the correct answer is (B).

103. Torque about C of rod is

ICON
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I
(mg),=1le ;b cM
= Ia=(m2)(1)(P)(g)(é) ¢ fjgj
A
T4l

Hence, the correct answer is (B).

104. Pressure in a liquid at same level is same, so using Pascal’s

equation from open end, we get

Py +ydyg +xd,g =P
In C.G.S. units, we have

Py +(13.6%2)(25)g + (13.6)(26)g = P

= P, +136g(50+26)=P
Since, P, =76 x13.6x g
= 2P,,=P

= szE

Hence, the correct answer is (C).

105. Weight of wireis A/pg
= W=Alpg

>|=

Breaking Stress =

= Breaking Stress = /pg

10
3x10°(10)
= ﬁ:lxl(](l
3
= [(=34m

Hence, the correct answer is (B).

106. Let m be the mass of block and a its acceleration in

upward direction. Then
. upthrust — weight U -W

m m

i (LJ(103)(g+ao)—mg

0.5%10°

=
m

g 1
L

= a=2(g+%)—g=2g
Acceleration of block relative to water is

ar=a—ao=2g—§=37g

1
Since, h= Eartz

2h 2k \/T
t: — —:2—
43, V38
2(.
= t:ziz(}fls
V3><]0

Hence, the correct answer is (B).
In a freely falling system, g.4 =0 and since
U= Vimmp]iquidgeff

So, upthrust U =0
Hence, the correct answer is (A).

_FL
oty

1
= rzoc? (F, L and ¢ are constant)

1 1/2
no (Y2 (7><10“’}
= _—=] —= =
nolY 12x10'

1/2
= r2=1.5x(ﬁ) =1145mm

= Diameter = 2r, = 2.29 mm
Hence, the correct answer is (C).
AP
TAV/V

(1.165-1.01)x10° _ 0.155x10°
10/100 T110

= B=155x10°Pa
Hence, the correct answer is (D).

Shearing strain

¢_£_0.02cm
"L 10em
= ¢=0.002

Hence, the correct answer is (D).

According to Newton’s Second Law, we have
F=%=(A—m]mn)
At At
AV
= F=p|— |(20)
o)
= F=p(Av)(20)=2pAv*

Hence, the correct answer is (C).



112.

113.

114.

115.

116.

117.

Since, F = YAaAT

h_o_3
E a 2
Hence, the correct answer is (A).
o 2 (p-0)g
T 7971
= vpoecr?

Let R be the radius of bigger drop, then by equating the
volumes, we get

4R = 2(ém3)
3 3

= R=(2)"r

Hence, the terminal velocity of big drop
v=(2%r=(0)"0

Hence, the correct answer is (D).

For 6=0°,height I to which liquid rises in the capillary is

_r

= "

h

RN
= AU=mg—=|\mrhp)g—
mg =(mrhp)g

2 2 2
TN pg[ 241; 2]_21:1"
2 \rpg P8

Hence, the correct answer is (B).
Speed of efflux at a depth 1 is given by
v=,/2gh
Since volume of water flowing out per second from both

the holes are equal, so According to Equation of Continuity,
we get

MUy = 450,
= (Lz}\/Zg[y)::rRZ\/Zg(ély)
= R= i

J2n

Hence, the correct answer is (A).

AP, = pgh = pal
Hence, the correct answer is (B).

Length of rod inside the water is
£ =1sect = sech

2 1
Upthrust U —(E)(secﬂ)(%](lODO)(lo)

= U=20sect

Weight of rod is W=mg=2x10=20 N

For rotational equilibrium of rod net torque about O
should be zero, ie. Z1,=0

118.

119.

120.

121.

122,

Hints and Explanations H.31

= F(%)(sinﬂ):W(lsinB)

= Esecz 60=20
2
= 0=45°

= F=20sec45°=20+2 N

For vertical equilibrium of rod, force exerted by the
hinge on the rod will be (20\5 —20) N downwards or
8.28 N=8.3 N downwards.

Hence, the correct answer is (C).

1
For a capillary tube, h e —
r

Also, M e 1r’h
= Mer
Hence, the correct answer is (A).

Let p, be the density of sugar solution, so

pS > pI('
If m be the mass of ice, then for floating condition we have,
W=Uu
= mg = Vinitialpsg
m m
= Vinitial = = (1)
sugar pS

When ice melts, m mass of ice becomes m mass of water,
so volume of this water formed is
Viinal = = -(2)
w
Since, p,, < p;
= Vinal > Vinitial - Hence, level will increase.
Hence, the correct answer is (A).

Density of liquid decrease with increase in temperature

and level of liquid and hence, o !

p
= h>h "~ Puo-c <psooc}
Hence, the correct answer is (C).

The liquid is in equilibrium with respect to container, if
6 be the angle made
by liquid surface with
horizontal as shown in
Figure, then given as

tar1|9=£=l

§
Depth of water at point A is
hy=1-15tanf=05m
Depth of water at point B is

hg=1+15tan6=1.5m
Hence, the correct answer is (C).

1m}

F=YAoAT
= F=(10")(10*)(10)(100)
= F=10"N

Hence, the correct answer is (B).
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123. Applying Bernoulli’s theorem at 1 and 2, we get

[Im, A

h
1(2
el v
mg 1 5
= pgh+7=5pv

= v-‘j2gh+2]£-\/2(gh+@]
pA pA

Hence, the correct answer is (B).

124. If coefficient of volume expansion is o and rise in tem-
peratureis AT then AV =VaAT
AV
= —=0AT
Vv
Volume elasticity i.e., Bulk’s Modulus is defined as
P
B
AV/V
P
AT

= AT:i

op

Hence, the correct answer is (A).

= B

125. xoc—

= :ch:(S)L

1\
(3)

= X =3x4=12mm

Hence, the correct answer is (D).

126. Equivalent spring constant of a wire is given by
YA
/
Since, k., =k +k,

k:

LA A

Y(24)_YA YA
AN

Y:n+n

Hence, the correct answer is (B).

127.  According to Law of Floatation, we have
W=Uu

128.

129.

130.

131.

= Mg:(%f )pg

1

AM\3

= a=|—
(%)

Hence, the correct answer is (D).

For equilibrium, the net torque (7) about hinge is zero.
Let us calculate torque on the gate due to liquid. Consider
a section of gate at distance x from water surface, hav-
ing a cross-sectional
width dx as shown X
in Figure. If dF bethe {4 (x+dx)

infinitesimal force act- -
“TmdFE

" I(x—0.5)

ing on this element,
then

dF = PdA = pgx)(1dx)
Torque on this element is
dr=(dF)r =(pgx)(x-0.5)dx

So, net anticlockwise torque is

1
Jo()
12
0

Net clockwise torque due to external applied force is

r=F(05)=1
2
Equating the two torques, we get
p=P8
6

Hence, the correct answer is (C).

Work done against gravity
W, =mgh=(Vp)gh
Work done against pressure difference is
W, =(AP)V = (hpg)V
= Total work done W =W, + W, =2hpgV
P w _ 2hpgV
t t
(2)(6)(10°)(10)(300x10°*)
) 60
Hence, the correct answer is (A).

P =600 W

Y=10* Nm™?, A=2x10" m?,
F=2x10" dyne=2N
FL__ 2xL
AY 2x10*x10*
So, final length is the sum of initial length and increment
ie.
Lgina =2L

Hence, the correct answer is (C).

Since, /=

Let p be the density of liquid. Then

F =(AP)a=hpga (1)
In the second case, for the liquid striking the disc elastically,
we have
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132.

133.

134.

135.

_Ap_2(Am)v _ 2(paAx)o
At At At

2

= E-= 2avp( %) =2a0°p

136.
where, v=/2¢h {due to Torricelli’s Theorem}
= kK =2avzp=2a(«ﬂ2gh )2p=4hpga .(2)
From equations (1) and (2), we get
h_1
E, 4

Hence, the correct answer is (D).

By definition, Bulk’s modulus is given by

For a sphere
=g
3

= de%rd(Rg)

= dV= 4?”(31{%1()

dv (dR)
= —=3—
Vv R

_ 3(d_R]=ﬂ
R/} AK
dR  mg

R 34K
Hence, the correct answer is (B).
If length of the wire is doubled then strain =1
= Y =Stress— Force _ 2x10
Area 2
Hence, the correct answer is (B).

=10 dynecm

P_ﬁ_‘)xlomxnxtlxlo’éxo.l
L 100

Hence, the correct answer is (A).

!?
Since, Al = — |W
e 0-( )

=3607 N

ie. Af vs W graph is a straight line passing through origin

(as shown in questions also). The slope of A/ vs W graph
15 ﬂ .

!
Slope=—
= Slope=7

- Y_(Zf)(slolpe}

137.

138.

139.

Hints and Explanations H.33

1 (80-20)
= Y| — |7
107 J(4-1)x10
Hence, the correct answer is (A).

=2x10" Nm™

Increase in length due to own weight is

L
M:J'(L—x}mgdx _mglL
LAY

0

2AY
Since, m= AL
yomal _Agl’
A0 2A¢

Hence, the correct answer is (B).

For cylindrical surface AP:I [n{)t E] Lo
r r m
Ll
o2 lF =
rI [ i m
3e d <
i o
d fF @)
Here, r=—
2
= AP:E
d
= B-P=2loap
d
- F=(AP)A=(AP)(K)=(AP)m { A:K}
d)” o d
pd

Hence, the correct answer is (C).

When two parallel plates with the spacing ‘d” are placed
in water reservoir, then liquid will rise till force due to sur-
face tension balances the weight of liquid, so we have
2Tlcos(0°) = (plhd ) g
h= 2
pgd

Hence, the correct answer is (B).

According to Newton’s Second Law, we have

F:%:(i—ﬂ(m})

AV
= F:p[g)(vl+vz)=pV(vl+vz)

Hence, the correct answer is (D).



140.

141.

142.

143.

144.

ICON
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o= g
= af2gh=Q

= 107 2gh =107
1

"%

= h=5lcm

= h

Hence, the correct answer is (A).

=75, 2% _136 and

water w

Ty

Since,

cosfy, cos135° 1

cosfy  cos0°® 2
. Ry, _[SHQ} P [COSQHg)
Rwater SW pHg Cos 6W
R
o g5y 1 w1422
Ry, er 136 2 5

Hence, the correct answer is (D).

When a fluid (gas or liquid) is accelerated in positive x
direction, then pressure decreases in positive x direction.
Change in pressure has differential relation given by

P

dx P !
when p is the density of | .5 T_. X
fluid.

Therefore, pressure is lower
in front side.

Hence, the correct answer is (B).

According to Bernoulli’s Theorem

1 5
AP ==
2.UU
oo 24P _ 2><0.5;<10 ~10 ms™
p 10

Hence, the correct answer is (D).
Pressure at point A is
Py =Py +pg(2h)
Applying Bernoulli’s theorem between points A and B,

we get

P, +2pgh+pg(2h) =P, + %(2,0)02

2h

= v=2gh

Hence, the correct answer is (B).

145.

146.

147.

148.

149.

P=Fy+hpg
_P-5
P3
ie, h dependson P and p. So, we cannot conclude any-
thing by seeing I only.
Hence, the correct answer is (D).

h

W
Since P = T we have

1 2

P:—:
At At
o pol A(g)p v?
2 At
Since,£=v
At
= P«xv’

Hence, the correct answer is (C).

Along x and y directions along in momentum of water is
| AP, | = mosin60° = ? o

P

60° v

N

L.

Ap, | = %+JHU= %mv

= Aﬁnct|=\/m:mv\/ﬁ

= ‘Aﬁnct | = ﬁmv

Force on bend is rate of change of momentum, so we get

I e

dr

Hence, the correct answer is (A).

2 —
Since’ Up = EM
9 n
2x(0.003)° (1260 x2-1260) x 10
= vp=
9x1.26
= 0;,=002ms"
d 10x107
= —= = 5 S
or 002
Hence, the correct answer is (D).
dv dL
—=(1-20)—
Vv L

oo

So, percentage change in volume is 4 X 107 =0.4%
Hence, the correct answer is (B).

dv
= 7=2><2><10‘3=4><10‘3



150.

151.

152.

153.

154.

ICON

Let P, and P, be the pressures at the bottom of the left end
and right end of the tube respectively. Then

F=(P -P)A=pghA
when A is the cross section of tube N ]
The mass of the liquid in the horizon-
tal portion is

m= pLA h
Since, F=ma

= pghA=pLAa
Cal 1le 212

&

Hence, the correct answer is (D).

h

Bulk’s Modulus B is
. (100)(10%)(10)
0.1
100
= B=10’ Nm™
Hence, the correct answer is (B).

When the vessel is stationary, then
Weight = Upthrust

= Vpg=Vipg
( p, = density of wood and p; = density of liquid)
Vi Po (1)
Voop
When the vessel moves upwards, then
(upthrust ) - (weight ) = (mass ) (acceleration )
= U-W=nma
Vp,g
= V/ +§]—V g = e
iPL ( g 2 P 8 2
Vi bu Q)
Vop
From equation (1) and (2), we get
i %
VoV

i.e., fraction (or percentage) of volume immersed in liquid
remains unchanged and is independent of value of g.
Hence, the correct answer is (C).

YA/
F=——
L
= Feocy? [~ Y, 7 and L are constants)

If diameter is made four times, then force required will
become 16 times. i.e., 16x10° N
Hence, the correct answer is (B).

Let I be the height of the hill, then pressure difference
equals the pressure due to h metre of air.

= (75-50)(107)p,e8 = hpg

o h=(25x102)x P

pair
= h=(25x107)(10") m=25km
Hence, the correct answer is (B).

155.

156.

157.

158.

159.

Hints and Explanations H.35

Thermal Stress = YoAT
= YjouAT = Y,0,AT
h o 3
Y, o 2
Hence, the correct answer is (C).

The tension on heavier sphere is upwards and on lighter
sphere is downwards. So, we have

(250x107)(800) g +T = (250x10 ) p, g (1)

and (250107 )(1200)g + T = (250x10®) p, g (2
From equations (1) and (2), we get

T'=05N
Hence, the correct answer is (B).

Torque due to hydrostatic force about centre of sphere is
zero because hydrostatic force passes through the centre.
So, horizontal force on the cylinder due to two liquids
must cancel out.

=  Fus = Fs
If L be the length of cylinder, then
(Pavg )]eft hL= (P"“’g )right RL

= %(Zpgh}(th%[SpgR}(RL)

3
= h= J:R
2
Hence, the correct answer is (B).

By Law of Conservation of Energy, we get

v%:vf+23k ..(1)
This can also be found by applying Bernoulli’s theorem
between 1 and 2 as shown in Figure.

From continuity equation

Ay = Ay,
A
UZ:[A_i]Ul ...(2)

Substituting value of v, from equation (2) in equation (1),

we get :

A2 2 A
(A_g]vl =0y +2gh N 1
= Ag:—;lfv]z i
vy +2gh J
= A= Ay Ay

Vot +2gh Va

Substituting the given values, we get

4
A, = (o)) =5x10"° m?
J7 +2(10)(0.15)
Hence, the correct answer is (C).
2 2
Since y = L
28

2
260

r
At x=r,weget y=
28



160.

161.
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Since @ =4 rads™, r’:i m
100

_16n° x25x 107
2x10
Hence, the correct answer is (D).

=19cm=20cm

Initially P, =F, = P,

40cm P
P P.
’ ! ’ 2 60 cm
‘ . 20 cm
Initially Finally
Since temperature is constant, so
RV, =RV,
= P2=Pl h :IJU(@)=EPU
V, 60/ 3

Finally, when top of tube is closed, then
P, +(20 ecm of Hg )= B,

= %Pﬂ+(20 cm of Hg)=F,

= %:(ZO cm ong)

= F;=60cmof Hg
Hence, the correct answer is (C).

The velocity of fluid at the hole when the level of liquid in
the container be y(< /) at any instant is

2
ﬁ ()
1+| —
AZ

Using continuity equation at the two cross-sections 1 and
2, we get

Uy =

= Ay =ay, 1
= o=(4)
=7 y
So, acceleration a; of top surface is 2
do, _dv, dy
dt dt dy
dv, do,
= h=——=01—
dt dy
= a =£(U )i(iv )
1=\ dy\ A 2
@ d

= o= Evzd—y(vz)

2
1
= =-%J28}N28m

Hence, the correct answer is (D).

162.

163.

164.

165.

166.

Since area of cross-section is 1cm’, so height to which
water should rise is 60 cm .

Hence, g = 0,8

= x(4)=(60)(1)

1cm 1cm
— —
Water
60 cm
xcm ~—
—
X Gm3 60 Cms
C,
20 cm
= x=15cm
So, total volume of liquid required is
V =(20+15) cm® =35 em?
Hence, the correct answer is (D).
Thrust force F = F, - F, = pav — pav3
h.

= F=pa(2gh)-pa(2gh,) vy 2 ; ;

1 2
= F=2pag(h,-h

pag (hy = hy ) Fre]

= F=2pagh Y1

Hence, the correct answer is (C).

Figure shows the limiting state of oil surface in the tank at
the instant when just spilling begins to start from rear end

2,
0.5m
B R 1m
15m
im
‘ 0m ~
Since, tanf = I _ 0
g &t

Also, tanf = L
10

t 20s

10%20
10
Hence, the correct answer is (A).

Viscous force F=mgsinf

= n(a2)$= mgsin(37°) = %mg

= [ 2)=2(e)s

5
_ 3pagt
= 50
Hence, the correct answer is (A).

Total force at height % from its lower end is

F=Weight suspended + Weight of % of the chain

3W
= rem ()



167.

168.

169.

170.

171.
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w+(’f)
Hence, Stress = —= ———=
A S
Hence, the correct answer is (C).
Y = 3B(1-20)
3B-Y
oO=—""———
6K
3x11x10" -=7.25x10"
o= 10
6x11x10
= 0=0.39
Hence, the correct answer is (C).
F
; _A
Since n= x
L
Ax
F=-n—=
1 L

(Negative sign indicates that restoring force is directed
towards the mean position)

Ax
= Mi=-n—
i nL

= jc'+ﬁx=0
ML

Comparing with
i+ex=0

nA
weget o=, [—
ML

= T=2n ML
\ nA

Since A ="
= T=2mw M
nL
Hence, the correct answer is (D).

For points to lie on same stream line
1
P+ 3 pv* + pgh = constant

Sum of all three terms are different at three points A, B
and C.
Hence, the correct answer is (D).

2
W=1YA£
2 L

-6 2\
0.4=%><YX10 ><(10.2><10 )

= Y=2x10" Nm™

Hence, the correct answer is (C).

Since, v, = 2g(§)=JgT1 (1)

According to Bernoulli’s theorem, we have

172.

173.

174.

175.

176.

177.

Hints and Explanations H.37

= Vy

— Vz

AN
pgh+2pg(5):5(29}v§

= vy=.2¢gh ..(2)
v 1
= —=—

o 2

Hence, the correct answer is (D).

T2 £:2n M(YA+KL)
Ko YAK

Hence, the correct answer is (B).

As the air is pumped out buoyancy due to air will become
zero. Hence, V, >V,
Hence, the correct answer is (C).

P—Pﬂz£
R
= P:%H’D
vodard ok
3
13
- o)
4

13
4T ar
= P=F+—=F +4T(—)
R 3kT
B 1
= P=m F +C
Hence, the correct answer is (D).

F, will decrease and F, will increase. So f; may or may
not be greater than f, .

Total weight of system in both conditions will remain same.
Hence,

h+fi=R+h
Hence, the correct answer is (A).

Since F=PA=(pgh)A

= F=(10%)(10)(99+1)x102x 102

= F=100N
Hence, the correct answer is (D).

Since, z =ysecH

= dz=dysecd



178.

179.

180.
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Also, P=pgy and
dA = bdz = bdysecf
= dF=PdA=(pgbsecO)ydy

h
= F :JdF = %pbhzgsecﬂ
0

Hence, the correct answer is (C).
For floating of sphere, we have
W=Uu

Vv Vv
= meg = EIDHgSJr Epm'l

A -

Qil
‘//

&

|_~Mercury

AN

~

PHe T Poit 13.6+0.8
pm = 2 = 2
Lo, 1

pm - 2 -

Hence, the correct answer is (C).

=

7.2

Let my =2m, my=3m, density of liquid be p and den-
sity of block B tobe 2p
Acceleration of system, when block B isinside the liquid is

_ m g —(mpg - upthrust on B)

e mA+mB
3m 1
ng-(3mg-5-ipg]
= a.lz

5m

g

= a; =——=constant

10
However, when the block is outside the liquid, then the
acceleration of system (in opposite direction) is

_mpg—mug 3mg-2mg g
Comu+my  5m 5

a

Since, a; and a, are constants, motion is periodic but not
simple harmonic.
Hence, the correct answer is (A).

Area of bottom is A, = 71

If » is radius of the exposed %
bottom, then An
_ ﬁ \ !
= \ i
H hO \l '.'
1 2 ‘_{.. l"
= art=Znar a8
2 H- 'hO \\ /
AN 4 L~ X
I
= r=-0
J2

181.

182.

183.

184.

185.

Due to rotation of cylinder, the liquid surface has an equa-
tion given by
o’
28
Aty=H, x=r

7
andat y=H-h,, x=—=
2

2( 2
= !10-%(%)

8hy

o
~ 2410x0.1
0.02
= =100 rads™
Hence, the correct answer is (C).

Rate of flow Q:i

(%)
R*

= Qe(AP)(R*)

= w=2

Since, AP isincreased two times, whereas radius is reduced
g 1 .

to half, so rate of flow of liquid will become — times.

Hence, the correct answer is (D).

For wires of same material, we have

F/
— = constant
Ax

For same tension applied on all, we have

Extension produced x is maximum for dimensions given

in OPTION (A).

Hence, the correct answer is (C).

Acceleration a of body is
. upthrust — weight , upwards

mass

M = ( E -1 )g , upwards
Vp p

Hence, the correct answer is (A).

= a=

go AP _ hpg 200x10° x9.8
CAV/V O 0.4/100 1/1000

= B=19.6x10° Nm™
Hence, the correct answer is (A).

Thermal stress o = %YaAT

Given, 0, =0,

= Y4 AT = Y,0,AT 2




186.

187.

188.

189.

190.

191.
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h_ o 3
Y, o 2
Hence, the correct answer is (C).

2T
Since P =F, + pgh+—
r

2x7x1072

= P=(10°)+(10*)(10)(10)+ =

= P=20014x10° Nm™

Hence, the correct answer is (D).

According to Archimedes Principle, we have
Loss in Weight = Upthrust.

= (382-362 )g = (Vgold + Vcavity )pwg

38.2
2= (— ) + Vca\'ity

193 1 pu=tgec’

= V__. =002cm’

cavity
Hence, the correct answer is (C).

Using Pascal’s equation from first to second tank surface,
we get

B, +Iypg —40p g +40pg = P, + hypg
= hpg-hpg=40pg-40p,g

as p;=09p

(hy —hy) pg = 40pg - 36pg
= h-h=4cm
Hence, the correct answer is (B).

¢ will decrease because the block moves up, 1 will decrease
because the coin will displace the volume of water (V)
equal to its own volume, when it is in the water whereas
when it is on the block it will displace the volume of water
(V,), whose weight is equal to weight of coin and since,
density of coin is greater than the density of water V; <V;.
Hence, the correct answer is (D).

Y, tan6, tan60 7£7
Y, tanf; tan30 1

J3
= Y,=3Y,
Hence, the correct answer is (D).
2= E
Af

5% 10°

2
( E) 0.001
100

192.

193.

194.

Hints and Explanations H.39

= 1=5%10" Nm™

Hence, the correct answer is (C).

For maximum range, orifice should be at the middle of
ground and free surface of liquid i.e.,

po 2l oy

Since, this point lies in the tank. So, hole should be made at
this point.

Hence, the correct answer is (C).

L

f=——
AY

L
= (e<— (Fand Y are constant)
r

2 2
4
= _Zzhx r_l :2)((1] :l
(, L \n 2) 2
{
= {,= -1
275 f
i.e., the change in the length of other wire is —
Hence, the correct answer is (C).

If H is the height of the liquid surface, then for same
range, we have h, = H—-h; and for maximum range, we

have h:%:M

Hence, the correct answer is (D).

1 .
195. Since, Ppiok = 3 Puater » 50 50% of its volume is immersed

in water

[w

:

Finally

3/21
af? I
a

Initially

When weight is put over the block, then half of the volume
of block is further immersed in water. Therefore,

W = (Extra Upthrust ) + (Spring Force)
= W= (a)(a)(%)(z,o)(ghk(g)

= W:a(ﬂng+§]

Hence, the correct answer is (D).
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196. Considering vertical equilibrium of cylinder, we get

197.

198.

199.

d
3L/4
L/4
2d
Weight Upthrust due ) ( Upthrust due
of =| toupper [+| tolower
cylinder liquid liquid

- (B[22 e

- ool

= D:Ed
1

Hence, the correct answer is (A).

Since, W=U

= (Ax05x900)g+(100)g=Ax0.5x1000x g
= A=2m’

Hence, the correct answer is (D).

When the vessel is at rest, then for equilibrium of block, we
have

U+kx, =mg (1)
where, 1, is the compression in the spring. Also, if ; is the
length of the spring in the first case, then
~(2)
When the vessel accelerates vertically downwards with an

acceleration a, then from the reference frame attached to
the vessel, the block is in equilibrium, so

U+kx,=m(g—a) ..(3)

where, x, is the new extension in the spring. Also, if I, is
the length of the spring in the second case, then

xy=ly =1 (4

From equations (1) and (3), we conclude that

xn=h-1

X<y
So, from equations (2) and (4), we get
I, >1
Hence the spring length will increase.
Hence, the correct answer is (D).
Since, viscous force F is proportional to area A, so let
F=kA
v =constant (i.e.a=0)
Fd T AR
F2
So, T=T, =kA, (1)
E,=T+E =kA, +kA,
= FK=k(A+A4,) (2)

200.

201.

202.

203.

Dividing equation (2) by equation (1), we get

Tr__ 4
B A+A4A
T= I:‘(]141

A+ A,

Hence, the correct answer is (C).
Buoyant force is
us= Vimmp]iqg

Since, Viympyq and g all are same wort. O; and O, s0 U
is same.
Hence, the correct answer is (A).

= — ...]
P=v (0
M
+Ap= 2
prap=g—o 2
M M
= p= -—
V-AV V
M[ 1 ]
= Ap Vll_ﬂ_l
v o
1 i P
N A"'*’@‘l f)
K %
pP
Ap=—"—o
Pex-p

Hence, the correct answer is (C).

Since mercury meniscus is convex, so the pressure just
inside the hole will be less than the outside pressure by
2T

r

2T
= hpg=—

P
2T

rpg
Hence, the correct answer is (C).

h

1 . .
Since, W = E(Tensmn)(Extensmn)

= W:lFx
2
- Mk
W, K
W, /
- _1=YA1I.“L1
W, YA,ux/L,
W,

- _1=A1Lz
W, AL,
= W, =(4)(2)(2)

= W,=16]

Hence, the correct answer is (A).
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205.

206.

207.
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For an isothermal process
PV = constant
= PAV+VdP=0

ar _ (E)
v \v

Since bulk modulus is

=)L)

e[

= B=P
Similarly, adiabatic bulk modulus is given by B =yP
Hence, the correct answer is (B).
Let x be the fraction of its volume which is hollow. Then
weight of shell is

W=(V-xV)(5x1000)g

Weight of water displaced is equal to upthrust i.e.

Vx1000x g
Si Weight of water | ( Lossin
nee, displaced ~ | weight

= V(1000)g = %(V—xV)(5><1000)g

3
= x==
5

Hence, the correct answer is (A).
M:hpg=2r[l-l)=2r(u]
non nr

pghrry
2(rn-n)
Hence, the correct answer is (A).

= T=

Let the spring constant be k. When the piece is hanging in
air, then for equilibrium, we have
kx =mg

= k(0.01)=(0.01)(10)
= k=10Nm™
The volume of the copper piece is
_ 0.01 kg_3 =1><10_5 e

9000 kgm 9
This is also the volume of water displaced when the piece
is immersed in water. Since the force of buoyancy is equal
to the weight of the liquid displaced. So,

Cu

U= (%XlD_S )(1000)(]0): 0.0I1 N

If the elongation of the spring is x” when the piece is
immersed in water, then for equilibrium condition of the
piece, we have

kx’=01N-0.011N=0.089 N
Since k=10 Nm™

~ 0.089

X m = 0.0089 m=10.89 cm

Hence, the correct answer is (B).

208.

209.

210.

211

212.

213.

214.

Hints and Explanations H.41

P1 = Pz
= P{] + Pogho = P[J +nghiu
= pohg = pwhw
Qil
I 25 cm
I Original level
25 cml N of water

Water

= (08)(1h+50)=(1)(50)
= h=125m
Hence, the correct answer is (B).

Given that compressibility k is 5x107 per unit atmo-
spheric pressure

-5
k=200 51070 NIm?
10
= B=1-1410" Nm?
k 5
Since, AV = vap
B
av = Q0000) s
—x10"
5
Hence, the correct answer is (A).
2T
AP =hpg=—
r
2T
h=—
I’pg

Hence, the correct answer is (C).

,_ Ddg _ (10)"x1500x10
% 2x5x10®
Hence, the correct answer is (A).

=15x10" m

Let a be the length of each side of the cube, then
200x g =(2)x(a?)x1x g
= a=10cm
Hence, the correct answer is (C).
At terminal speed, net force on the ball is zero, so F=0.
= (Weight)=(Upthrust)+(Viscous force)
= W=U+F

= ganplg = %frr3ng + krop

Hence, the correct answer is (A).

Let density of material of sphere (in gem™ ) be p
Applying the condition of floatation, we get

Weight = Upthrust

Vv vV
= Vpg = Epoilg + EpHgg
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@Jrp}ﬁz%+@=7.2gﬂﬂ_3
2 2 2 2

Hence, the correct answer is (C).
F 4x31n

Stress=—=————
xx(2x10’3)

=  Stress=3.1x10° Nm™
Hence, the correct answer is (B).

= p=

215.

216. Since, h= 21 cos6
f’pg
10 = Hacos0” (D)
rplg
2T 135°
o _34p= ZhCos1S’ .(2)
P28

From these two equations, we get

) (10}(-%](1)

T, 10(cos135°)

T, (-342)(cos0°)p, (-3.42)(1)(13.6)
= 5:1:6.5

T

2
Hence, the correct answer is (D).

217.  For equilibrium, we have

Surface Tension Force + Upthrust = Weight

= (2mT)+(%zr3 )pwg :(%nr3 )psg

Substituting the values, we get
r=12mm
Hence, the correct answer is (C).

218. Efflux speed at holes X and Y respectively is

Zg(h_TH] and v, =,/2gh

Applying equation of continuity at top surface and holes,
we get

'Ul=

Hr2

—

219.

220.

221.

222,

223.

224,

= =2(po) B
3a g

Hence, the correct answer is (B).

When the water reaches the lower end of the tube a convex
meniscus will be formed such that

AP:ZxE:£
r r
= E:pgh
r

Also, AP = pgh’

= h=2h

Hence, the correct answer is (D).

Since, F= YA( %) =YAoAT {

= F=(2x10")(10°)(1.1x107)(20)
= [=4N
Hence, the correct answer is (D).

Let tension in the thread be F
Surface tension force is acting radially outwards.
T(AB)

On section AB, we have
2Fsin(d@)=T(AB)=T(2Rd6)

Since, sindf =~ df

= 2Fd0=2TRd40

= F=2IR
Hence, the correct answer is (D).

Surface area decreases and hence, the surface energy also
decreases.
Hence, the correct answer is (B).

Since, P, =P,

= B+pgh=F+pgh
= =P
Hence, the correct answer is (B).

Steel »F

Brass

Corresponding to the stress (o), total elongation is

L oL
A, =21, %2
i %
o o-af A
Yi+Y,
= 0'=0.2><10'3X(M)x109
180
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226.

227.

228.

229.

230.

231.
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= 0=8x10° Nm™

Hence, the correct answer is (A).

We know that, = 21 cost
Rpg
= hoe—
R
Since, M = (zR%1)p
= MR
= M«<R

Radius is doubled, so mass in the capillary tube will also
become two times.
Hence, the correct answer is (A).

2T cosB
rpg

For a freely falling lift ¢,z =0, s0 h— e or it will fill the
entire length of the tube.
Hence, the correct answer is (B).

Since, h=

Surface tension force on liquid is downwards, but on the
disc it is upwards as shown in Figure.

{.:'z W F U T(2rr)coso
w w

For equilibrium of disc, we have
W=U+F=w+2nTrcos0

Hence, the correct answer is (C).

The average velocity in the first half of the distance <v,

while in the second half the average velocity is .
Therefore, t, >t,. The work done against gravity in both

mg/l

halves is

Hence, the correct answer is (D).

Since P, = B,

= (PD—EJ+pgh—(PD—E} 1
n Lj)

o oTo pghnt,
2(r,—-n)

Hence, the correct answer is (A).

_FL_ P _FC
TAY (ALY VY

If volume is fixed then / e< [
Hence, the correct answer is (C).

Since loss in weight equals the upthrust, so we get
(10-101)=Vpug
(w-w,)=Vpg

232.

233.

234.

235.

236.

Hints and Explanations H.43

Dividing equation (2) by (1), we get

PL_07W_ Relative Density of liquid
Puw

w-w,
Hence, the correct answer is (B).

Since’ wapp = Wactual ~ U=W- VSpLg
At higher temperature, we have
= Vipig

- SR
u \vs \p.
U (1+ysAT)

U (1+7,AT)
Since, ys <y,
= U~<U
= Wopp > Wapp

Hence, the correct answer is (C).

Mgt
AN

Y

Mgt

= Ay =—o
Mechanical AY

Since Alqpmal = LOAT = o x 20

Mg?
= 2800
AY
20x107° x Tx1x 107 x 10"
= M=
10
= M=628kg

Hence, the correct answer is (C).
Since AP = 4T and r, >y
r

= P,<P

So, the air rushes from B to A

Hence, the correct answer is (A).

Speed of efflux is given by
v=./2¢h

av

—=av=a,/2¢h

it $
This is independent of pyq ;g -
Hence, the correct answer is (C).

Let L be the width of plates (perpendicular to paper
inwards), then surface tension force in upward direction
equals weight of liquid that rises to a height h

2k =W Fr Fr
= 2(TLcos®)=Vpg
= 2TLcosf=(Lxh)pg I h
2T cos® W
o gy 2lcos —
xpg
Hence, the correct answer is (B).
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237. Let the velocity at A be v, and that at B be vg, then by

Equation of Continuity, we get

w_30_,
v, 15
Applying Bernoulli’s equation, we get

1 5 1 5
P,+= =P+—
A 2PUA B ZPUB

= Py-F =%P(ZUA )2 ‘%PU,ZA =§P0i

3

2

= 0v,=04=063ms"

The rate of flow is
Q=(30)(0.63)=1800 cm’s™"

Hence, the correct answer is (C).

= 600==(1000)v%

Multiple Correct Choice Type Questions

1.

2ms™! ~
ms :251

Av
Speed gradientis — =
peed gradient is ™

1m
and F= nA%: (107)(10)(2)=0.02 N
= F=002N
Hence, (A) and (C) are correct.

We _ 20 _,
Wair - Wwater 210-180

Since, loss in weight of the body immersed in liquid is equal
to the upthrust, so we get

210
TJ(RD Diquid

(RD )mctal =

(210—120):(

= (RD )[jqujd =3
Hence, (B) and (C) are correct.

For a tube with uniform cross-sectional area, speed will
remain same and hence pressure will be the same if both the
points lie at the same horizontal level.

However, if the cross-sectional area is different, then too
pressure may be same at points lying on different heights
(i.e. points not on the same level).

Hence, (B) and (D) are correct.

When stress in both wires are equal, then Is = I

Ag Ay
-3
= E:ﬂz ]0 3:l ...(1)
T, Ap 2x10™ 2
Steel Brass
Ts.ll A TB
x P 2-x

.

For, system to be in equilibrium, conserving moments about
P, we get

Tox=Ty(2-x)

372—3:
TB_ X

=

.(2)
From Equations (1) and (2), we get
x=133m

So x=1.33 m, if stress is equal in both wires.
Stress

Since, Strain =
T /A:  T,/A
If strain in both wires is equal, then ———> = -£—F
Y, Y
T AY, (10%)(2x10")
T Ay (2x107)(10")
From Equations (2) and (3), we get

.3)

x=1m
So x=1m, if strain is equal in both wires.
Hence, (A) and (C) are correct.

When the second ball having p<p; falls from the same
height and hits the liquid surface, then we see that the buoy-
ant force acting on the ball is more than its weight due to
which the ball experiences a constant retardation up to a
certain depth and then starts rising. So, it will return to its
original position, i.e. at the same height, in a time t, > ;.
When p; =p, then net force on the ball inside the liquid is
zero and hence it continues to move with the constant veloc-
ity independent of its depth.

The acceleration of the ball inside and outside the liquid is
constant, so the motion of the ball cannot be simple harmonic.
Hence, (B), (C) and (D) are correct.

According to continuity equation, Av = constant
Since A, < A, so > 7

According to Bernoulli’s equation, we have

P+ % pv’ = constant {-s h = constant }
Since v, >v,,50 P, <P

The volume of liquid flowing per second or the mass of liq-
uid flowing per second through both the sections of tube is
constant.

Hence, (A), (C) and (D) are correct.

The more is the modulus of elasticity, the more is the resis-
tance offered to external deforming forces.
Hence, (B) and (C) are correct.

2
. T
Area of cross-sectionis A= =

FL FL
Since, AL=—— =
AY  (d?/4)Y
1
= ALOCd—Z
ALy (24
= —= 5
AL,  (d)
= ALy =4AL,
Also, Strain:ﬁz 45
L mdY
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11.

12.

13.
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1
= Strain = d_2

= (Strain)p = 4(Strain) 4

Hence, (B) and (D) are correct.

For the siphon to work, the pressure inside the lower face of
the tube should be more than the atmospheric pressure for
which the condition 1, >}, must be obeyed. The height h;
should be less than the height of corresponding liquid barom-

eter, because otherwise the liquid will not rise to that level.
Hence, (A) and (D) are correct.

According to Equation of Continuity, the rate of flow of lig-
uid or volume of liquid flowing per second through both
the sections of the tube is the same, i.e.

Ay = Ay,

According to Bernoulli’s Theorem, we have
1
Sple2 =01 )=pgh

= U% - Ulz =2gh

Also, as a consequence of Bernoulli’s Theorem, the energy per
unit mass of the liquid is the same in both sections of the tube.
Hence, (A), (B) and (D) are correct.

The speed of efflux of the liquid coming out of the orifice is

v=4/28Yy
The range x of the liquid is

R=x=2\y(H-y)

So, as y is increased, x increases, becomes maximum and
then decreases.

H
x is maximum for y = > and x,, =H
Hence, (B), (C) and (D) are correct.
Since the elastic potential energy is (] = % kx?.

So U-x graph is a parabola symmetric about U axis.
From the graph, we see thatat x=02mm, U=02]

2
= 0.2:%k(2x10“")
= k=10" Nm™!

. .. YA
Also, the spring constant of a wire is k = T

A k107 5

—_—=—= :5)(10_ ...1

L Y 2x10" @
Given that the volume of the wire is

AL=200x%10"° m? ..(2)

Solving Equations (1) and (2), we get
A=10"m? and L=2m
Hence, (B) and (C) are correct.

At the level of interface between p, and p;, pressures will
be equal from both sides. Hence,

h
pigh + Pag( 2 ) =p,gh

14.

15.

16.

17.

18.

19.

Hints and Explanations H.45

= p3=2(p-p)
From this expression, we conclude that p, > p;.
Hence, (B) and (D) are correct.

The fraction of volume of body immersed inside liquid is
given by

p
f==
P
Since p, and p, are same, s0
fi=h=f

Also, we note that base area in the third case is uniform, so
hy is minimum.
Hence, (B), (C) and (D) are correct.

The work done in slowly stretching the wire through [ is

W=mgl.
So, loss in gravitational potential energy of the wire is mgl .
Since, 1= "8 (1)
AY

1 1( YA
and Uemﬁc ZEKIZ 25[7)12 (2)
From Equations (1) and (2), we get

1

Uo]asiic =3 mgf
)

= AH=W- uelastic = E

So, half of work done is stored as elastic energy and the
remaining is lost as heat.
Hence, (B), (C) and (D) are correct.

The reaction force exerted by the liquid on the tube is
F=Av’p
Hence, (A), (B) and (C) are correct.

As we move up from the base of the vessels, the vessel C
is narrowing and hence the height of liquid in vessel C is
maximum. So, pressure at base of vessel C is maximum.
Therefore, force on the base of vessel C is maximum and is
given by

F = (Pﬂ + hapg]A .
In equilibrium, net force on all the three vessels equals the
weight of liquid, which is same for all the three vessels.
Hence, (B) and (C) are correct.

Viscosity of a liquid decreases with increase in temperature,
whereas the viscosity of a gas increases with increase in tem-
perature. The surface tension of the liquid decreases with an
increase in temperature and for a contact angle 6=90° the
liquid neither rises nor falls.

Hence, (B) and (C) are correct.

Elastic forces are not always conservative. Elastic forces are
conservative as long as the loading and deloading curves
are coincident even if the curves are not linear.

Hence, elastic forces may be conservative even when
Hooke’s law is not obeyed if loading and deloading curves
are coincident.

Hence, (B) and (D) are correct.
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Area of steel rod, A =16 cm®

Collective area of two brass rods is
Ap=2x10=20 cm®

Also, F=5000 kgf

If o4 be the stress in steel and o be the stress in brass, then
of steel rod of brass rod
Os O
= — |L.=| — |L
(5 )=-(5 )
Y, \( L [2x10”][20)
= os=| || = |os= — | = |os
v, )\ L 10° )\ 30

( Decrease in length ) B ( Decrease in length)

4
= 05=20; (1)
Since, F=03A5+03Ap
= 5000 =160, + 200, (2)

From Equations (1) and (2), we get
05 =120.9 kgfem ™ and o = 161.2 kgfem ™
Hence, (C) and (D) are correct.

Since, AL = WL
AY

So, AL can be increased by making W two times or by
making L two times or by making A half.
Hence, (A), (B) and (C) are correct.

The pressure at the base of the vessel is I}, = (2h)pg and
so the force exerted by the liquid at the base of container is
Foase = Praselp = 2hpgA; .

The weight is in the beaker is
W = (A, + A, )hpg < 2hpgA,
The force on the vertical walls of the vessel cancel. So, for
equilibrium, we have
F,+W=H,.
= Fx=Foe-W=2hApg - (A + A, )hpg
= Fy=(A,- A )hpg, downwards
Hence the force on the wall at X is downwards.
Hence, (A), (B), (C) and (D) are correct.

. , Fl
Since extension Ax = —

AY
(A
L

ie. F versus Ax graph is a straight line of slope YA pass-
. - L
ing through the origin.

Since (Slope), >(Slope) ,

SRty

= (A)B>(A)A

24,

25.

26.

27.

28.

Since the wires are of same material, so
Y, =Y;
Hence, the correct answer is (C).
Since F = 6nnro
So, Fecv and Fecr or Foc AY? or Foc VY3
Hence, (B), (C) and (D) are correct.
Since the liquid in which the block is immersed applies
an upthrust on the block, so an equal force will be exerted
(from Newton's Third Law) on the liquid. Hence, A will

read less than 2 kg and B more than 5 kg .
Hence, (B) and (C) are correct.

Since, loss in weight equals the upthrust, so we have
(27 - 18)3 = Vimmpliqg = prg

V= i m?® =9000 cm?
1000

Let V- be the volume of the cavity inside the iron casting, then
(27000) % = (V = V¢ ) Piron .

= Ve =9000- 2% _ 5538 cm?
7.8

Hence, (A) and (C) are correct.

Inan accelerated container, weight remains unchanged (appar-
ent weight changes) while pressure and upthrust increases.
If m is mass of block and a be its acceleration, then the
equation motion of block in new situation is

U'-W=ma
Hence, (B) and (C) are correct.

The situation discussed in the problem is shown in Figure.

Y

4h h

R, R,

Since v=.,/2¢h , where h is the depth of the orifice below
the free surface of the liquid. So, we have

v, = [2gh and v, = \[2¢(4h) =2,[2¢h

Uy 1

v, 2

Also, t= ,2h ,where k" is the height of the orifice.
g

= %:E:J%T:Z

The range of the liquid is
R=ot=2JhxI’

R, (h)(4h)_1

R, \(4h)(h)
Hence, (A), (C) and (D) are correct.
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30.

31.

32.

33.
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Since the liquid will be in equilibrium, so the side walls of
the conical flask will exert a downward force on the liquid
due to which net force on the base of the conical flask will
increase and hence W, > W, .
If F be the force exerted by the liquid on the walls of the
flask, then for the flask we have

F+W, =W,
= F=W,-W,
Hence, (B) and (D) are correct.

When F= ? , then tension in the wire Q and P respec-

tively are

mg

4
ng? and szmg+mg=ﬂ

3 3

. . T
Since stress is g = —
Tr

2
)
When 7, =1, , then 6 =40, and hence P breaks.

When 7, <21, then 6 >0, and hence P breaks.

When 1, =21, then 0, =0; and hence either P or Q
may break.

Hence, (A), (B) and (C) are correct.

The level of water in beaker will fall if initially the impurity
pieces plus ice system was floating and on the melting of ice
the impurities sink.

The level of water in beaker will remain unchanged if ini-
tially the impurities plus ice system was floating and on
melting the impurities also float.

Hence, (C) and (D) are correct.

In air, a; = g, downwards

upthrust — weight  U-W

In liquid, a, =
mass m

_(M(2p)(8)-(V)(p)(8)

(Vp)
= @, =g,upwards

L)

So, a, #a, because the balls have accelerations of same
value but different directions.

On entering the non-viscous liquid, the ball will be retarded
to zero velocity and then will be accelerated upwards towards
the surface. It comes out of the surface with the same accel-
eration and will rise to the same height from which it had
started falling and in this process the motion becomes peri-
odic but not harmonic (because acceleration is constant).
Hence, (A), (C) and (D) are correct.

Work done against the elastic force is
W= tk(an?= 1k - l(ﬁ]ﬂ _xar
2 2 20 L 2L
This work done against the elastic force equals the elastic
potential energy stored in the wire, so
YA

elastic — T

Hence, (A) and (C) are correct.

34.

35.

36.

37.

38.

39.

Hints and Explanations H.47

This is similar to the case as if a tank is filled with a liquid up
to a height of 2h.

h IV-”
= 2h ..

h

—»

Xp=2h

In that case, range becomes maximum when hole is punched
at the middle of the tank i.e. at y=h and the maximum
range is equal to the level of liquid in the tank.

Hence, (A) and (C) are correct.

Initial rate of flow of volume through holes 1 and 2 respec-
tively is

<Ql=d—L;1=aIv-l =n(2R)2J2gh (1)
dv, 2
Q;_:Wzazvz::r}{ J2g(16h) ..(2)
From Equations (1) and (2), we can see that
Q=0

After some time, v; and v, both will decrease, but decrease
in the value of v; will be more rapid compared to v, . So,
Q1<Q

Hence, (B) and (D) are correct.

Since v=/2gh , where I is the depth of the orifice from the
h

free surface. Since h, = Zl ,80 Uy = %‘

= 1,=20

Further Q = Av

Given that A, =24, and v, =20,

= A=A,

= Q=Q

Hence, (B) and (C) are correct.

If ice floating on water melts, then the level of liquid (if the
liquid is water) will remain the same. However, if the lig-
uid is denser than water then the level of liquid will rise on
melting of ice and vice versa.

Hence, (A), (C) and (D) are correct.

Since, pressure increases with depth in vertical direction
and in horizontal direction it increases in the direction
opposite to acceleration. So, pressure is maximum at point
D and minimum at B.

Hence, (B) and (D) are correct.

Level of water in the vessel will be maximum when the rate
of inflow of water in the vessel equals the rate of outflow of
water from the vessel

= a=av=a,2gh

E o ms™

N Zg.az

So, hec o and he<a™>

Hence, (B) and (C) are correct.
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40. The liquid is incompressible and the area of cross-section of
the tube is same at both the points, so
Ua=Tp
However, the pressure at the point B will be more than the
pressure at the point A.
Hence, (B) and (C) are correct.

41. The siphon will work when the atmospheric pressure helps
the liquid to flow out of the vessel.
Hence, (B) and (C) are correct.

42. Since viscous force equals the weight, so
6mnro= %mﬁpg (1)

Substituting the values, we can find r. Also

U°<T2

Hence, (B) and (C) are correct.

43. Since the terminal velocity is

2 e
9 n Poil ~ Pair g 9 n Poil

vp ==

2
= 5x107= g[ri](goo)
911.8x107°
= r=67x10°%m
When r is halved, terminal velocity will become one fourth
the initial value.
Hence, (A) and (C) are correct.

44, For translational equilibrium of the rod, we have

T+U=W,+W, =360 N (1)
v 1%
Since, U=(E)ng=(3)(103)(10)
= U=05x10'V .2
T
U P
T C i2
4 74
o M
W,=240N
W,=120 N

For rotational equilibrium of the rod, we have

ET«.\bOthM =0
) ) l
= 120(—)+T[3—]:Z40(—)
4 4 4
T 240-120 AN

So, from equations (1) and (2), we get
V=64x10" m’
The point of application of the buoyant force is passing
through the centre of the immersed part of the rod.
Hence, (A), (B) and (C) are correct.

45. U= Vimmersedpliquidg

Since, g is different on moon and on the earth.

46.

Hence only (C) is a correct statement and all others incorrect.
Hence, (A), (B) and (D) are correct.

. . ; R
Radius of meniscus is r= ——

cos@

. 20

Due to spherical surface AP =—
r

o AP= 20cosf

R
— B -P,=AP- 20 cosf

R
2 7]

= P=p - 0 cos

20cosf
Since Pg=F, ,s0 Py =Py ————

Also, P, =Py —hpg=F,—hpg
Hence, (A), (B) and (C) are correct.

Reasoning Based Questions

1.

When a rain drop falls in air (viscous medium) then after
falling through same height, the viscous drag balances the
weight of the drop and then through rest height its velocity
is constant or it attains a terminal velocity.

Hence, the correct answer is (A).

2T .
From the formula, excess pressure = — Here, T is surface
r

tension, r is the radius of liquid drop. Hence, excess pressure
is inversely proportional to radius and hence, the surface area.
Therefore, the excess pressure inside a smaller drop is large
as compared to the larger drop due to which smaller drop of
liquid resists deforming forces better than a larger drop.
Hence, the correct answer is (C).

The barometer has to measure the atmospheric pressure
which has a constant value, so when it accelerates upwards,
then g, (= g +a) increases and hence i decreases. Also, due
to the increase in value of g, upthrust U also increases. So,
both are true but Statement-2 is not the reason to Statement-1.
Hence, the correct answer is (B).

Usually the air will not strike the wings of the aeroplane
with large velocity, so to get the lift, the aeroplane runs for
some distances on the runway before taking off. Due to the
special shape of wings, the velocity of the layers of air above
the wings increases and hence pressure decreases. Due to
this aeroplane gets an uplift.

Hence, the correct answer is (A).

As we go deeper in the lake, the density of water increases
due to pressure.
Hence, the correct answer is (A).

Since, the particle of dust is like spheres of very small radii and
when it acquires the terminal velocity they begin to settle down.
As from the definition the terminal velocity of dust particles
is directly proportional to the square of its radii. Thus, the
terminal velocity of dust particle is very small and so, they
settle down in a closed room after sometime.

Hence, the correct answer is (C).
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16.

17.
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Area of cross-section is different. So, heights are different. In
pressure height is more important.
Hence, the correct answer is (D).

A body much displace as much amount of liquid greater
than the actual weight of the body to float in it. In case of
floating, no net downward force acts on the body.

Hence, the correct answer is (B).

When the ball enters the liquid it may accelerate or retard
depending on the density of ball and the density of lig-
uid, because if Py > pyqua, then W>U and the ball will
accelerate and if Py, < Pjiquiq, then W< U and the ball will
decelerate.

Hence, the correct answer is (A).

Bulk modulus of elasticity measures how good the body is to
regain its original volume on being compressed. Therefore,
it represents incompressibility of the material.

AP (AP)V
AV/V AV
Where AP = change in pressure, AV = change in volume
Here, negative signimplies that when the pressure increases,
volume decreases and vice-versa.
Hence, the correct answer is (B).

Bulk modulus B=-

Speed will also depend on h.
Hence, the correct answer is (D).

With increase in depth the pressure increases from the for-
mula P o< h. Therefore the force perpendicular to the walls
of dam increases. Hence, the dam must have greater strength
at base than at top. Due to this dam are made thicker at the
base than at the top.

Hence, the correct answer is (A).

If length is doubled, Al will also become double but Y will
remain the same as it is the property of the material, i.e. it
changes only when the material changes.

Hence, the correct answer is (D).

Ahydraulic lift is an arrangement used to multiply the force.
When a force is applied hydraulic pressure is transmitted in
all directions. This is the working principle of Pascal’s laws.
Hence, the correct answer is (B).

When a needle is placed carefully on the surface of water, if
floats on the surface of water due to surface tension of water
which does not allow the needle to sink. On the other hand, if
the ball is placed on the surface of water, the surface tension
of water is not sufficient to keep it floating so it sinks down.
Hence, the correct answer is (C).

Excess pressure is inversely proportional to radius of the
bubble.
Hence, the correct answer is (A).

Ina small drop, the force due to surface tension is very large
as compared to its weight and hence it is spherical shape.
A big drop becomes oval in shape due to its large weight.
The surface tension of liquid decreases with increase of
temperature.

Hence, the correct answer is (B).

18.

19.

20.

21.

22,

23.

24,

25.

27.

28.

29,

Hints and Explanations H.49

Bulk modulusis related to volume change and volume change
is possible in all three states, however Young’s modulus is
related to length change, which is possible only in solids.
Hence, the correct answer is (B).

From definition, elasticity is the measure of tendency of
the body to regain its original configuration. Since, steel is
deformed less than rubber hence, steel is more elastic.
Hence, the correct answer is (A).

Force of buoyancy,
U= Vpaircgr
Since, p,;, is negligible. Hence, U is negligible

Hence, the correct answer is (C).

Stress is the internal force per unit area of body. If the same
force is applied to the rubber and steel, then strain in rubber
is more. It means the steel is more elastic than rubber.
Hence, the correct answer is (C).

p1=po+pgh
pa=po+pg(2h) # 2p,

Hence, the correct answer is (D).

Breaking load depends on the area of cross-section and is
independent of length of rod. Hence,

breaking ] § ( cross—sectionalJ

Breaking load = (
stress area

Hence, the correct answer is (C).

Since there is no atmosphere on moon, so atmospheric pres-
sure is zero. Hence barometer height is zero.
Hence, the correct answer is (D).

On applying load on lead and rubber wires of same cross-
sectional area, the strain produced in lead is much less than
rubber wires. Now from the relation, ¥ = Young’s modulus

_ Stress
Strain

Y

The Young's modulus of elasticity is greater for lead wires.
Hence, lead is elastic than rubber.
Hence, the correct answer is (A).

2T cos@

According to the ascent formula h =
rpg

1
= he—
r

From the relation if radius is less then, height h to which
the liquid will rise is greater.
Hence, the correct answer is (A).

Pressure at P is less. As liquid is flowing at P while liquid
isatrestat Q.
Hence, the correct answer is (D).

As the temperature decreases in winter. So, on decreasing
temperature, the coefficient of viscosity of engine oil and
the lubricants increases due to which the machine parts get
jammed in winter.

Hence, the correct answer is (A).
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Linked Comprehension Type Questions

1.

Mass of water = (Volume)(density)

= m,=(AH)p
m
= H = - sea 1
7 )
Velocity of efflux

m 2m,g
V=J2¢H= [2¢- 2= [
& gAp Ap

Hence, the correct answer is (D).

Thrust force on the container due to draining out of liquid
from the bottom is given by,

Fe ( density of )(area of )( velocity ]2

liquid hole )\ of efflux
= F= paV2
N F:p(i Vz:p(i) 2m,g
100 100 Ap
= F= Mg
50 A
So, acceleration of the
container is
F h
a=—= £ AM00
m, 50 l —
8 .
= a==
=50 —F

Hence, the correct answer is (B).

Velocity of efflux when 75% liquid has been drained outi.e.,

height of liquid,
H m,
h=—=—2
4 4Ap
m
= V'=,2¢h= |2 = H
§ g(ﬁlAp] “:4[ v

= V’ Mod.
2Ap

Hence, the correct answer is (B).

Unless the upthrust becomes equal to weight of the cube, it
will be in contact with vessel and normal reaction between
the two will be

N=mg-U
As liquid starts collecting in the vessel at a constant rate, U
increases linearly with time and hence N decreases linearly
with time. Once, the upthrust equals the weight of the cube,
then N =0.
Hence, the correct answer is (A).

When contact between the cube and the vessel breaks, then
W = Upthrust

= (10x10x10)x0.5xg=10x10xhx1xg

= h=5cm

Now, Qxt=(20x20-10x10)xh

_300x5

="

Hence, the correct answer is (B).

t

30s

10.

Let A, = Area of cross-section of cylinder = 47r”

A, = Area of base of cylinder in air = 7r”
and A; = Area of base of cylinder in water
= A=A -A,=3m"
Drawing free body diagram of cylinder
(Po+ hipg)A; l

l h(p/3)gA,

POAzI I [Py + (hy + h)pglA,

Equating the net downward forces and net upward forces,
5

we get = 5h

Hence, the correct answer is (C).

Again, equating the forces, we get

FoAs
l h(p/3)gA,
RoAo (B +pghy)Ag

hzzg

Hence, the correct answer is (A).

For h, < %, buoyant force will further decrease.

Hence the cylinder remains at its original position.
Hence, the correct answer is (A).

For the orifice (i.e. hole) at a depth h, we have

1
APlzipU%
L o
= hpe=—
Pé 29”1
= v=,2gh

Similarly, for the orifice at a depth 2h, we have
1
AP, = 3 (2p)v3

= (pgh+2pgh)=pvj

= v,=.3gh
v, V3

Hence, the correct answer is (C).

For the orifice at a depth I, the speed v; will not change,
because speed of efflux does not depend on the density of
liquid below the orifice. When the density of lower liquid is
increased and made 2np , where n>1, then for orifice at a
depth 2h, we have

1
AP, = E(2np)v§
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= pgh+2(np)gh=npv;

= Uz_\/m_\/z'gh*_&
n

n

Since, n>1
= 0,<,/3gh

Hence, the correct answer is (B).

Considering vertical equilibrium of cylinder:

Weight upthrust due upthrust due
of = +
cylinder

to upper to lower
H
Note that h and h, # 2

liquid liquid
- (Bpome( A () ko
= D:[%]d+(%)(2d)

= D:Ed
4

Hence, the correct answer is (C).
Considering vertical equilibrium of two liquids and the
cylinder.

_( weight of weight of
(P-F)A= ( two liquids ] +( cylinder

weight of N weight of
two liquids cylinder

= P=P0+(
A

Now, weight of cylinder

we( 5 frioie=( 3 | 4 -5

Weight of upper liquid = ( EAdg ] and

=

Weight of lower liquid = —A(2d) g = HAgd

|

Total weight of two liquids = %HAgd

From equation (1) pressure at the bottom of the container

will be
(i)HAgr,H ALgd

P=P+ 2 4
A

d
= P=P0+%(L+6H)
Hence, the correct answer is (B).

Young's modulus is property of material of the wire, so the
ratio of the Young's moduli is 1
Hence, the correct answer is (C).

On crossing the yield region, the material will experience
the breaking stress and further elongation causes reduction
in stress and breaking of the wire.
Hence, the correct answer is (C).

15.

16.

17.

18.

19.

Hints and Explanations H.51

Since the stress-strain curve flattens on crossing the elastic
region, so x>y

Hence, the correct answer is (D).

Liquid A is applying the hydrostatic force on cylinder from
all the sides. So, net force is zero.

Hence, the correct answer is (A).

In equilibrium:
Weight of cylinder = Net upthrust on the cylinder.
Let s be the area of cross-section of the cylinder, then

TUEI‘ght = (5 )( h+ h,q + hB )pcylinderg

and upthrust on the cylinder = upthrust due to liquid A +
upthrust due to liquid B = shyp g+ shyppg

R i
Air h
r
.
A fy
A
.
h
B L J§°

Equating these two
S(h+ g+l ) PeytindesS = SMapag = haPa + Mppy

= (hthy+hg)peytinger = hapPa +hepp
Substituting,
hy=102cm, hy=08 cm and p, =07 gem™
pp=1.02 gc:m_3 and Peylinger = 0.8 gcm_3
In the above equation, we get
h=0.25 cm

Hence, the correct answer is (C).

Net upward force = Extra Upthrust = (sh)ppg

. Force
= Net acceleration 1= ——————
mass of cylinder

B shpgg
S(h + hA + hB )pcylindcr
hogg
(h + hA + hH )pcylindnr

= a=

Substituting the values of 1, Iy, iz, py and pyjinger We
get a :% (upwards)
Hence, the correct answer is (B).

When the vessel is tilted such that no liquid spills, then the
volume of liquid should remain unchanged in both the con-
figurations of the vessel. Hence, we have

V=V,
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From the figures, we observe that

1 2
(z)(z)(z)_(z)[i[ﬁ(ﬂﬁ]](z)]

= x=142m
Since, h=xsin(60°)=1.23 m

= 0=,2¢h=42x10x1.23 =4.96=5ms™"

Hence, the correct answer is (C).

Since, H=2sin30°=1m
1
g 5
Hence, the correct answer is (C).
Since OA =2c0s30°=+3 m
1
and AB=vt=(5) _]_ﬁ m
(5

= OB=0A+AB=(3+v5)m
Hence, the correct answer is (C).

t

Force on small element of length dx
dF = dmxe®

where, dm is the mass of the small element given by
dm = ( Adxp)xa®

[0}
1

Qo

f
hy | A —ndxh—B }

L L
Total force, F = J‘Amexdx = Apmzjxdx

0 0
2
F=pr2 i _ APQ}ZLZ
21,7 2

Hence, the correct answer is (C).

From the left side, point B receives atmospheric pressure,
pressure from column of height ;; and pressure from cen-
trifugal force.

Hence, the correct answer is (D).

24,

25.

26.

27.

28.

29.

272

Py +hypg =Py +hypg + P

272
oL
= (hz—hl)pgzpz
w*l?
= hy=
28

Hence, the correct answer is (B).

v=[2gh =y2x10x(4+1) =10 ms™

Hence, the correct answer is (C).
Applying Bernoulli’s theorem at A and B, we get

1
P0+0+0:PB+Epvz+pg(1.5)

= Py=1.01x10° -%(900)(10)2 ~(900)(10)(1.5)

= P;=425x10* Nm™
Hence, the correct answer is (C).

Applying Bernoulli’s theorem at B and C
P+ %pg(2.5}= Pe+ %pvz
= P-=425x10*+(900)(10)(2.5)

= P-=65x10" Nm™
Hence, the correct answer is (B).

When the string is cut, tension becomes zero i.e., net upward
force on the block becomes % ,1.e. net upward acceleration
experienced by the block % or 5ms™.
oo \/Z _[x2_ 27

a 5 J5
Hence, the correct answer is (D).

If weight is doubled, then upthrust will also be doubled
because weight can be increased only by doubling the vol-
ume of the block.

u 2U=3W

]
b

Before, U=W + % =

M‘E ISR

’

After, 2U =3W =2W +
= T'=W=2T
When string is cut in the second case, then net upward
acceleration will be

Fo 3W-2W g

~

’

o (2W/g) 2

So, time taken by block to reach the liquid surface will be
same in both the cases.
Hence, x=2 and y=1
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u

= z =2

Y
Hence, the correct answer is (B).

. Given: A, =4x107° m?, A, =8x107m?,

h=2m, hh=5m

o,=1ms ' and p=10° kgrrf3
From continuity equation, we have T mg

Aoy = Ay,

For, equilibrium, we have
= v,= A v U=T+mg
Ay

= Vpg=T+mg

= U= 4x107 (1 ms"')
8x107 = T=(Vp-m)g
Hence, the correct answer is (A).

36. In this case too, when the weight mg is added, the weight
Vpg of liquid is overflowed.
Hence, the correct answer is (C).

37. Applying Bernoulli’s theorem at 1 and 2
H H 1
P,+dg| = |+2dg| —-h |=P,+=(2d)o"
) g(z) 8(2 ) »+5(2d)0

Here, v is velocity of efflux at 2.

1 -

= U= 3 ms ' =05ms™ Solving this, we get
Applying Bernoulli’s equation at section 1 and 2 g 34
Hence, the correct answer is (A). v=/(3H-4h )E = ( BN 2h )g

1, 1, Hence, the correct answer is (A).
P+ 2 poi + pghy = Py + = pv; + pghy (1)

2 2 38. Time taken to reach the liquid to the bottom will be

1

= P]—Pzng(hz—h1]+5p(vg—vlz] e . 2h
Work done per unit volume by the pressure as the fluid 8

flows from P to Q
1
W1=P1—P2=pg(h2—h1)+5p(v%—vlz)
{from equation (1))

> W= {(103 )(9.8)(5-2)+ %(103 )G—l)} Jm

= W, =(29400-375) Jm™ =29025 Jm™ M X
Hence, the correct answer is (C). Horizontal distance x travelled by the liquid is
. Work done per unit volume by the gravity as the fluid flows o
from P to Q = x=opt= (3H—4h)§[\/:]
W2=pg(hz—h-l)=[(103 )(9.8)(5-2)] Jm™ 8
= W, =29400 Jm~ = x=,h(3H-4h)
Hence, the correct answer is (B). Hence, the correct answer is (B).

. Volume of liquid displaced equals the volume of theball, i.e. 59
V', so mass of liquid that overflows is pV.

. For x to be maximum

Hence, the correct answer is (A). dx _ 0
dh
. When the weight mg is added, the weight Vpg of liquid is 1
overflowed. = ————(3H-8h)=0
Hence, the correct answer is (C). 2 h(3H - 4h)
. The free body diagram of the forces acting on the sphere is = h= 3H

shown in Figure. 8
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Therefore, x will be maximum at /= % .

Hence, the correct answer is (B).

40. The maximum value of x will be

SO R

3

X =

Hence, the correct answer is (C).

41. Initially, AL = E
AY
~10x1
T 10°x2x10°
= AL=0.05m=5cm
Hence, the correct answer is (B).

=

42. Force constant of string is

_ Force  F
Elongation FL
AY

_ YA 1x10°x107

k =200 Nm

L
Initial elastic potential energy of string
u, = %k(D.OS)Z = %(200}(25x104) =25%x107]

FF

10N 10N
10N

Let after force F=10N is applied extra elongation is x,
then

0.25+30x = %(200)(::2 +25%10* +0.1x)

0.25+30x = 100x? + 0.25 + 10x

= 100x% =20x
2

= x=—0=1m=0.2m
100 5

= x=20cm
= Xy =20+5=25cm
Hence, the correct answer is (C).
43. When the displacement of the pulley is 25 cm , the string
gets loosened on both the sides. So, point A moves down

by 50 cm .
Hence, the correct answer is (D).

Matrix Match/Column Match Type Questions

C—(r)
D—(s)

Since i = ayi +ayf + gk , sO

.

a,=ay, a,=ay, 4, =a
E F
i D
c , 2
1
1
L
i G a
1’ a
B A 0

Assuming the cube to be of side length ¢, we observe that in
the gravity free space, we get

Py —Pp=tpa, =tpag

P -P, =tpa, =tpa,
Similarly,

Py =Py =tpay, P —Fp=tpa

Pp—Fp =fpay, Py—Pp=tpay

Pr—Fc={pay, Pr —Pr={pay

Py - Py =1tpay, Py —Fg=1pa

P, - P =pa,

From these equations, we can also, see that
Py=Pp, =Py

A=(tr)

B—(p,1)

C—(q,r)

D—(s)

1
From, Q= Av, = Ay, or vee 2

Atapoint where area of cross-section is less, volume of liquid
flowing per second, i.e. the rate of flow of liquid is same but
speed is more and vice-versa. Also, when area is less, then v
is more and consequently due to Bernoulli’s Theorem pres-
sure is less and hence P00 < Poroad » 50 AP <0 . The rate of
flow of liquid and the speed are also positive.

A=(q)

B—(r)

C—o(s)

D= (p)

Stoke’s law gives viscous force acting on a spherical body
falling through a liquid column of infinite length.

Equation of continuity i.e. a;p; =a,0, is based on Law of
Conservation of Mass

Bernoulli’s Theorem is based on Law of Conservation of
Energy

Surface tension is the phenomenon in which the free surface
of the liquid behaves like a stretched elastic membrane.
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In case of solid, all three elastic constants are found. In case
of liquid and gas only bulk modulus is defined. The concept

Hints and Explanations H.55

The pressure per unit speed gradient equals the viscosity 7,
so we have

of surface tension is also applicable for liquids. [1]'] =ML
= (p, 1,51 [Surface Tension]= MT™
((’t) | [El=ML'T?
Rl A “ip2
MILIT
- (p. st {”]] 07070
ng | = MCL°T
Since k——AandT 2z JE
L k 10. A—(q)
Also, work done W = %kx2 (( ’)q’ rs)
wol(YA) D—>(p,q,r,s)
Sl ) Conceptual
Thermal stress = YoAT 1. A= (p)
i.e. thermal stress depends upon coefficient of linear expan- B—(q,1)
sion, Young’s modulus of wire and rise in temperature AT. C—(s)
Stress = Y (strain) = YoAT D= (s)
A= (s) E-F=U=W
g = (p) For liquid-1, the horizontal pair of forces cancel out.
= (p) So, net force is zero.
D - (p)
Contact angle between silver and water is 90°,so h=0 12. A>(r)
Capillary rise in glass tube is h = 2r B0
praty & Cpg g_) (@
Capillary rise in parallel glass plate with separation At is Co;)cglj:!)mal
= 2T¢
(fpg)At 13. A= (p)
o —(q 1s)
h = —_— — ( N S)
e camil D (q1)
e capillary rise in co-axial cylinder is When cohesive forces are greater than adhesive forces, then
h= _22r shape of meniscus is concave from the liquid side and pres-
24 ( h-n ) pg sure is greater on concave side due to surface tension.
A—=(r) 14. A— (1)
B—(q) - (p)
C—(p) = (r)
D= (s) D= (p)
Conceptual According to Torricelli’s Theorem, we have
= qs) v=,/2gh; and R=2\/l4h,
= (p,1s)
>(p,q ) where, h, is the depth of the orifice from the free surface
> (p) and h, is the height of the orifice from the ground.
For a liquid drop and air bubble, the excess pressure is 15. A— (1)
ap=2L B—(s)
R C—(p)
For a soap bubble, the excess pressure is D—=(qg
AP = 4T Conceptual
» 16. A= (p) —1
Also, surface tension decreases with increase in temperature = (D)
h
A= (r) —(q,s)
B (1) D = (p,1) _—
C— (p) SiDCE, u= Vimmpliqgcff = Vimmpliq (g + H}f ) !
D—-
) AP, =hp(g+a,) (1)
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AP, = fpa, .2

In both equations (1) and (2), pressure increases opposite to
the acceleration of the container.

If the orifice be at a depth / below the free surface of the
liquid filled to a height H , then we have

v=,/2gh

t=\/E and
g

R=2Jh(H-h)

At the mountain, value of ¢ will be less than its value at the
surface of the earth, so v will decrease, t will increase and
R will remain the same.

Range will be maximum when the orifice is at the middle of
the liquid level that fills the beaker and not at the middle of
the beaker.

A=(q)

B—(p)

C—(r)

D - (q)

Let the cube be of length L, density p; be floating in a lig-
uid of density p,

Since the cube is floating, so weight of cube is balanced by
upthrust. Hence

pALg = p,Axg

= xz(&]L
Pr

So, if p, is increased, x decreases and vice-versa.

When base area and density of cube remain same, then on
increasing the length of cube, x also increases

Since x is independent of g, so when the whole system is
accelerated upwards, then value of x will remain the same.
Also, when cube is replaced by another cube of same size
but lesser density, then x decreases.

Integer/Numerical Answer Type Questions

1.

Consider a small element of length dr ata distance r from the
axis of rotation. Considering the equilibrium of this element.
(P +dP)-p=paw’rdr

= dP=pw’rdr

=)

I

1

I

I

|

i

I

drie—L o

117 : 2
PidP P 1
———»l—>|

On integrating between 1 and 2, we get
n
F-P= pw’ j. rdr

n
= Pl—Pzszmz(rlz—rf)

Also, we note that P, - P, = (h, - h, )pg

2
W2 2
= hl‘hzz_(r‘l‘rz)

s

2
= hl-hf%[(o.sf-(o.ﬁﬂ

= h-h=037m=37cm

We know change in pressure,

ap=_g2V
VO
-10 3
= AP=-(26x10" Nm?)x10_m
1.0x10™ m

= AP=26x10° Nm™
where we have expressed the volume V), of the cube at the
ocean’s surface as

V,=(10x10% m)’ =1.0x107 m.

Since the pressure increases by 1.0x10* Nm ™ per meter of
depth, the depth is

B AP 26x10° Nm™
Pressure Gradient

h

)
1.0x10 N
m

= h=260m

mgl pl rrrzl)g[

Since, Al = =
24Y 2wy

_gPp_ (9.8)(5)*(8000)
T2y 2x2x10”
= Al=49x10° m=49 ym
1YA

1 2 2
U=—k(A)" =———(Al
- 2( 21()

= Al

(2x10")(3.14)(6x107 ) (49x 107 )’
2x5

= U=543x10"]=543 uJ

= U=

Work done in stretching the wire from its initial length
through 0.61 1?(11‘r1(=0.61><1073 m) when the stretching
force is 3 kgwt(=3x9.8 N), ie,

1 . .
W, = 3 x Stretching force x extension

- Wl=%x(3x9.8)x(0.61x10'3)=0.9x10'2I
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Work done in stretching the wire from its initial length
through 1.02 mm(:l.DleO"3 m) when the stretching
force is 5 kgwt(=5x9.8 N), ie.,

W2=%x(5x9.8)x(1.02x10"3)=2.5><10"2]

Work done in stretching the wire from 0.61 mm to 1.02 mm
is
W=(W, =W, )=25x107J-09x107 ]
= W=16x107]=16m]
Velocity of flow is

v=2¢h=42x10x3.6 = 62 =85ms™

Rate of flow is

-2 2
Q_Av_n(4>i/1£ ](8.5)

= Q=(16x10")(8.5)=13.6 x10 m3s™
= Q=136x10° em’s™ =13600 cm’s™

Applying Bernoulli’s theorem between surface and A, we get

Pmn=P+%pvz+pgh
L 2
= P= Py = po’ - pgh

= P:105—%(103)(6@2—(103)(10)(1.8)

= P=46x10* Nm%=46 kNm?

The excess of pressure inside the air bubble blown at the
lower end of the tube is
2T
P-K= R
Given that, Ty, =0.465 Nm ™, py, =13600 kgm™ and the
radius of the tube is

R:% mm=05mm=5x10"* m

I R
R 5x10

= P,——Pozﬂ=0.014m0ng
13600 x 9.8

= P -F =14 mm of Hg

Writing equation of motion for the block

T —mgsin30° = ma (1)
For the sphere
Weight — Buoyant force — T = ma ~(2)

mg

= mg—?—sza

Solving, we get
a=0

For steel wire:
Total force on steel wire F, =(4+6)x10=100 N

Radius of steel wire r = (%) em =0.125x107 m

10.

11.

12.

Hints and Explanations H.57

Young’s modulus of steel ¥; =2.0x 10" Pa

F x1 F %1
Since, ¥, =11 __fixh
Ay x Al mrf x Al
. o F x1,
Elongation of the steel wire is Al; = —
mr XY

100x1.5x7

= 2
22x(0.125%102) x2x 10"

= Al =149x10" m~0.15 mm

For brass wire:
Total force on brass wire F, =6x10=60 N

= Al

Radius of brass wire r, = (%) em =0.125x 10 m

Y,=9x10" Pa, ,=1.0m, Al,=?
Exl,
i xY,

Elongation of the brass wire is Al, =

60x1.0x7

2x(0.125x102) x (0.9x 10™)
= Al=13x10" m=0.13 mm

= A=

According to Bernoulli’s Theorem, we have

1 5 1 5,
Pi+=pol=P+=
1 2137’1 2 2P""2

= PI-P2:5(1.3)(1202-902)

= P, -P,=4095 Nm™ = 4.1kPa
Lift force is given by
F=A(R-P)

= F=(41x10*)(10x2)=82x10* N
= F=82KkN

The distance Ax that the top surface of the disc moves rela-
tive to the bottom surface is given by

peeFlo

nA

where F is the magnitude of the shearing force, L; is the
thickness of the cartilage, A is the cross-sectional area and
n is the shear modulus. Since the cross-section is circular,
so A=nr’, where r is the radius.

(11N)(7.0%10° m)
(12x10” Nm2)7(30x102 m)’

= Ax=23x10°"m=23um

Fl Fl
Since, Al=—=———
AY  (nd*/a)y

\/ 4FI J 4x400x3
a(ADY V3.14x02x1072%%x2.1x10"

= d=191%10° m=191 mm

Change in pressure, AP =501 atm -1 atm
= AP =500 atm =500 x 1.01x 10° Pa



ICON

H.58 JEE Advanced Physics: Waves and Thermodynamics

Let p" be the density of water at the given depth, then

p, = p = p
1-(AV/V) 1-(AP/B)

i 1.0x10°

S asmxi? P kgm

13. The horizontal reaction force on vessel due to ejection of lig-
uid is
F = Av’p, where v* = 2gh
For the vessel to slide, we must have
F= flimiting
= szp = pmg

5 Mg
p(28h)
. (0.4)(100)
~2(2)(1000)
If d is the diameter of the hole, then

.

!
V7~V 314

= d=113cm

=0.01m?

14. Consider an element as shown in the figure.

XApg

I

Force xApg .
Area A
Now, elastic potential energy stored in the wire is

Stress in the element = pg

= %(Stress}(Strain )(Volume)

_ 1(Stress )?

du (Volume)

2 2.2
>y 1SN 1PEA
2y 2 Y

L
2 2
Total elastic potential energy is U = %%J‘xzdx
pz gz AL 0
6y
= p=6

U:

15y FL_1000x100

AY  4x2x10°
= A/=0.0125cm =0.125 mm

16. Since, the terminal velocity is given by

2* (p-0)g
SR

5
Also, we know v= 7

2
o, s_2r(p-o)g
t 9 n
2.9 1
r'=— (1)
2t (p-0)g

Giventhat, s=2x107% m, t=1h=23600 s

n=1x 10" poise =1x107 kgm™'s ™!
Substituting these given values, we get

rz_g{zxw‘z] 1x10°
20 3600 J(1.8x10%-1x10°)x10
rzzixlxlo-m:ixm'm

8 32

100 %
r=,—x10" m=177
V32 pm

So, the diameter is
D=2r=2x177 ym = 3.54 um

17. Maximum stress on the upper string is
_ (my+my+m)g
" 0.006x 107
(10420 m)x10

= 8x10%= =
0.006 x10
= m=18kg
Maximum stress on the upper string is
_(my+m')g
0.003x107*
(10+m’) %10
0.003x10™"
= m'=1l4kg
So, answer is 14 kg and lower string will break earlier.

max

= 8x10%=

18. The action of forces on each part of rod is shown in Figure.

A B
BON—T—————T—>60N

B C
70 N<+—{ —=70N

C D
S0N—_—"—""TD—50N

We know that the extension due to external force F is given

by,

_FL

T AY

(60x10*)x1.5
1x2x10"

(70x10°)x

Alpe=-——""" "1 -35%107 m and
BE ™ 1x2x101

3
(50x10°)x, )ffz =50%x107 m
1x2x10

AL

AB = =45x107 m

ALep =



19.

20.

21.

22.
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The total extension is given by

AL=AL, g+ ALg- + AL
= AL=45x107+35x107 +5.0x107
= AL=13x107 m=13 ym

F =0,
Amin "
F
= 2 =0y
( Edmin )
4
4F
= dmin = E
i

4x10x9.8
= din :1/073 =9.1x10" m=0.91 mm
314x15x10

Using equation of continuity, Ao, = A0,

2
A ;11:1'12 n
UZ = A_ 'U] or Uz = — Ul =| — Ul
2 ) b

Substituting the values, we get

10x102 Y
Uz:('i_z} (2)
2.0x10

= ©v,=05ms™ =50 cms™

Taking the subscript G for ground floor and F for first
floor, then according to Bernoulli’s theorem, we have

1 1
P + pghe +5pvé =Pf+pgh+5pvi

Assuming zero potential energy level (ZPEL) at the ground
floor, then fi; =0.

1 1
= PG+Epvé=PF+pgh+E,m)§ (1)

According to Equation of Continuity, we have
Apvp = Agrg

. AGUG o 3(25)2 X 3 _
Ar n(125)
From equation (1), we get

= U 2ms "

1
P =Pg = p(0f -0t ) - pgh
144 -9

= PF:317600—(]03)( +(1o)(25)]
= P =317600- 317500 = 100 Nm >

The stress should not exceed the elastic limit otherwise the
wire will suffer permanent deformation. So,

L 2.48x10° Pa
A

Area of cross section of the wire is
2
A=mr?=314x(1x107) =3.14x10° m?
= F=779N

Stress 2.48x10°
Y o 2x10"

Also, Strain = =1.24x107°

23.

24,

25.

Hints and Explanations H.59
o AL jo4x10°
= AL=124x107°x10m=124cm
The stress should not exceed the ultimate strength.
%: 4.89x10° Pa {Takeb<r}

= F=489x10°%x3.14x10°=1535 N = 1.5 kN

P ap

Pear (HBJ
B

p(dP)

= Ap=pi-p=—p—

p(pgh)
dp="
~(1030)” x9.8 X 400
- 2x10°
= Ap=20 kgm_3

Ap

Let the atmospheric pressure be F . Then, pressure at A is

P, =P, +h(1000)g (D
Similarly, pressure at B is

Py =P, +(0.02m)(13600) ¢ ..2)
Since these pressures are equal as A and B because these
points are at the same horizontal level, so equating (1) and
(2), we get

h=(0.02m)(13.6)=27 cm

If surface tension is ignored, then according to the Laws of
Floatation, the upthrust acting on the cube must balance its
weight. So, if x be the length of the cube immersed inside
the water, then

W=U
= (800x102)g=[(0.1)x]p,g
= x=008m (1)
Now, we know that since water wets the cube and the angle
of contact is zero, so the force due to surface tension acts
vertically downwards as shown in Figure and hence the
cube is buoyed down due to surface tension.

U

!

guﬁaoe l Fsurface
mg

Let x” be the new immersed length at which the cube is in
equilibrium, then we have

..(2)
where, F is the force due to surface tension acting on the
four edges of the cube. So

F=4TL=4(0.07)(0.1) N=0.028 N

mg+F=U"

So, from equation (2) we get

(800x107)g+0.028 =[ (0.1)*x ] p,g



ICON

H.60 JEE Advanced Physics: Waves and Thermodynamics

w2 30028 _ 8028 m

Therefore, the additional distance is
x"—x=0.00028 m =280 um

26. Force constant of the wire is

_F_F _YA
AL FL L

AY
\/? [YA
= |—= |—
M Lm
YA

= — =140
m

Yx4.9%x107
1x0.1
140x 140
Y: = =
49x10
= x=4

k

=140x140

4x10°

27. The stress in either cable is

Stress = F_E
TA ol
Now, for equal stresses in the cables, we have
h_5
:m':,_2 mlz
2
2 -3
- =F]%= (270 N)(5.1x10 2m) 50N
n (3.5)(10_3 m)
28. The velocity attained by the sphere in falling freely from a
height h is
v=,/2gh (1)

This is the terminal velocity of the sphere in water. Hence by

Stokes law, we get

v—w—%{%}(o—a)g

- _2(10x10°) (10x10* ~10x10°)x10
"9 1.0x107°

= ovp=20ms™
So, from Equation (1), we get

LE_ G0
2g 2¢ 2(10)
F F
29, 0=—=———
A g(R*-+?)
= R=|—+1"
or

6
R= ‘j—m’:w +(0.1)?
90x10° x3.14
= R=0.1251 m=125.1 mm
So, diameter d = 2R =250.2 mm

30.

31.

32.

According to the Equation of Continuity, we have
a0, +ay0, = av
= (12)(20)+(8)(16)=(16)v
240 +128
V= —
16

Al=521-500-20=1cm=0.01 m

=23 kmh™

T
500 cm
v
I20cm
[M mg
2
mo
T-mg=——o
mg 2
02] v?
T: +—|= + —
» enf {5
2
ﬂ_m[g+!]l
- AY 7
(5
4
- Mzwﬁ
=)
4
md*AlY
= v= -gl
4m
\/(3.14)(4)(10'3}2(0.01)(2x10“)
= V= —9.8X5
4x25

= v=31ms’?

We are given that
(Stress )im =0.9%10°* Nm 2, Y=14x10" Nm™
Length of two bones in a leg is
L=2x50ecm =100 cm=1.0m
Area of cross-section of the bone is
A=5cm?=5%x10"* m?
r
Since, Stress = Y so F =(Stress)A
= F=(09%x10°)(5x10*)=450x10* N
F/A
AL/L
t
Stress ) .

Further, Y =

= AL:(
Y

8
M:(%]Uhﬁ.%mwm
1.4x10

Elastic potential energy is U = %FAL

= U= %(4.50x104)(6.43x10'3)=145]
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34.

35.

36.
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1 5 mg
— - h+ —<
2PU pg A

where, 1=1.0-05=05m,

A= Area of piston = 0.5 m’

2x20%9.8

= U=J2x9.8><0.5+ - =325ms™
10" x0.5

Speed with which it hits the surface is
= v=\o"+24l

= o' =4(325) +(2x9.8x0.5)
= o' =451ms™"

Applying Bernoulli’s theorem for a horizontal pipe, we get
P+ pu? =Py + L pod
1+ pry =5 297)2
1
o B-B-dpli-o)

So, kinetic energy per unit mass is

K.E. 1 2 2 PI_P2 8 -1
== - = = — k

Mass 5 (03 =o1) 500 1 °8
1 1 _ _
= E(v%—vf)zﬁ]kgl:l()m]kgl

Since, T - mg = mlo® = ml(2xf )’
= T=mg+ 4n2m!f2

= T=6x9.8+472(6)(0.6)(2)

= T=628N
Now, Al = 1
AY
- (628)(0.6)
(0.05%107*)(2x10™)

= Al=38x10* m=038 mm

Given that 7 =100 g=0.100 kg

Refer figure, let x be the depression at the mid-point i.e.,
CD=x

In figure, AC=CB={=05m

AD=BD=(P+x*)2
Increase in length, Al= AD+ DB~ AB=2AD - AB

1 22
= Af=2(12+x2)2-21=21(1+’:—2] -2

2 2
- M_21[1+x—2]—21_x—
2 I

37.

38.

Hints and Explanations

2

Strain =x—2
2]
If T is the tension in the wire, then
2T cosB=mg
= TIT= 3
2cos@
x x x
Here, cosf = = = 12
(Raxti ( 2F f1415)
N1+ 21
!
2 2

Since x <, so x—2<<1 and l+x—2=1
21 21

= cosﬂ:%
Hence, T = g =migl
2 _
l
T mgl
Stress = — = —°—
ress yREY?

y o Stress _mgl  2* _ mgl’
strain  2Ax  x*  Ax’

1 1
3 0.1x10 3
= x=1(%)3=0.5( ]
YA 2x 101 x05x107

= x=1077x102 m=10.8 mm

Given that, m((g;;a) = !

max

_o-maxA_

- 3m
(3x10%)(4x107*)
a=2X REX T g4
3%900

= a=3464 ms>

According to Equation of Continuity, we have
Ay = Ay,

(303
= n=-|y=n1=|07
2 2

= Uy,=—0
279"
The pressure at the cross-sections are
P, =20x1x980 = 19600 dynecm ™

and P, =15x1x980 = 14700 dynecm *
Using Bernoulli’s theorem, we get

2
v%—v%=;(1’1—Pz)

(16%) —o= %(19600 —14700)

= 0,=674cms™
Now discharge rate is
Q=Aw, =n(2)’(674)~ 847 cm’s™!

= (=847 cm’s™ =847 em’s™

H.61



ICON

H.62 )EE Advanced Physics: Waves and Thermodynamics

Fl

39. Since, Al=— 2Tsindd = (dm) Re?
1nce AY

nd* Tcos(dd) do do  Tcos(de)
Here, F = Upthrust=V,p,g, A:T - -
P\ QT
A1 AVipgl T \ dF/r
ﬂ'd2Y \\ : ‘I

vl
-3 L

Al (4)(10 )(800):(29.8)(3) a7 0o

(314)(0.4x107°) (8x10") v

= Ar=234x10"° m=234mm
For small angles, sindf = d6

40. The vol f the blood given to the patient di
e volume of the blood given to the patient per second is - 2T(d6)=(2Rd9)(m2)(p)(R)(2nf)

given by Poiseuille Equation according to which

v oxf ) AP = T=(42FR%?p)
o3l A7) & .
1 Now Al=——
Given that, length of the needle is /=5 cm, radius of the AY
needleis r =0.03 cm , viscosity of blood is, n=0.017 poise , Al T T
density of blood is p=1.02gem™ and height at which I AY Y
blood bag hangs is /1= 85 cm . So, the pressure difference is Also, | = 27R
AP = hpg = (85)(1.02)(980) dynecm —  Al=27(AR)
Q_E_E((O.03}4](85><l.02><980] A AR T
t 8\ 0017 5 IR ary
= 0=032cm’™ N Al 4’ f’R’r’p _ 41*.:2( fZRZP]
So, time for which transfusion takes place is I Y Y

_ Total Volume of Blood _ V' _ 500 cm’
Rate of Flow of Blood Q 0.32 cm’s™
= t=1562.5s=26 min =

2p2
- Q::}[)(fﬂ]
l Y
a=40

41. The component of tension force radially inwards provides
the necessary centripetal force dF to the element to revolve
in a circle, so

ARCHIVE: JEE MAIN
1. Applying pressure equation between A and B, we get 2. Letr be radius of capillary and R be radius of meniscus
I
10}
: \\ Hqi II
! Ne30° '
1 r
i I j'\\\ 1/
30°| /
Ro’ \60°
L e 2 \vi
: Ger =
: ’I \\
: g / \
! From figure, we see that angle of contact 8 = 30°
2
B+ pRﬂR -pgh=F = L =cos30°
2 R
PR2? Height of liquid in capillary is
= = pgh
= 2T cos@
R20? 2 95 rpg
= h="Y (5% - o ;
23 2 2x0.05x(+/3/2)

Hence, the correct answer is (A). T 0.15x1073 x 667 x 10



= h=0.087 m
Hence, the correct answer is (C).

AT AT
Since, AP, =0.01=—— and AP, = 0.02= —
Rl RZ

ICON

L
Ry
Vi RS8R

= =—=—7=8
V, R R

= 2

Hence, the correct answer is (A).

i

Since,V=?r3=4—nx

(17 =419 em®
=98 cms™
Since, U - mg =ma
u (prg) — pr

= m= =
g+a g+a 1+£
8

= m= 7(4'199);] = ﬂ= 415¢
14298 1.01

980
Hence, the correct answer is (C).
Since,B:——.
AV/V
‘AV AP 4x10° 1
= —_— s — =
VI B 8x10"° 20
N1 AV 1
I 3 V 60
100

Percentage change is AT[ x100% = a% =

Hence, the correct answer is (B).

. 1 4
Smce, EE(RS - ]"3 )pmg = §”R3Pw8

3
= 1—(L] =E
R 27

113 13
Lo(2) -Eoss-S
R \27 3 9

Hence, the correct answer is (B).

mg

10.

11.

1.67%

12.

After falling through h, the velocity be equal to terminal

velocity, so

= her!
Hence, the correct answer is (B).

Applying Bernoulli’s Equation, we get

1 1
Py +EPU12+P8y1=Pz+EF’U;21+PSyz

)

Py

Hints and Explanations

1 P ’
= Pt+-pvi=—+—-pV

va 2 Zp
= —+v°=V?

P
= V= [+

Hence, the correct answer is (B).

Capillary rise
h:ZTCOSQ
rpg
o T= pgrh
2cosf
(900)(10)(15x 107 )(15x102)
= T=

2
= T=10125x10" Nm™
= T=101.25x10" =101.25 mNm "
In question closest integer is asked
So closest integer is 101.00
Hence, the correct answer is 101.
Since, Ay, = Ay,
2

Uin — Amin =(ﬁ) :i

Umax Amax 6'4 16

Hence, the correct answer is (D).

H.63

In case of minimum density of liquid, sphere will be floating

while completely submerged, so

mg=U

R
= mg= J.p(tlmzdr) g=Uu
0

R 5
pogj( 1- %Jélmzdr = §ER3p,g
0
2

Hence, the correct answer is (D).
For equilibrium, mg = U

= m=pyA(80)

20 ch

80 cm

Similarly, m = pA(79)

P 80 _
79

Dividing, we get 1.01
p

Hence, the correct answer is (A).
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13. Since, F, = ( pgh ]A

Force F; on MN

N

F; | Force F, on NO

= k= (pgh+%}ﬁ
E 4
Hence, the correct answer is (A).
14. Rate of flow of wateris Q= A,V, = A3V,
= (40)V, =(20)V,
= V=2V, (1)

According to Bernoulli’s theorem, we have
1 > 1
P, +—=pVi=P,+—=pV
A 2.0 A=rlp 2P B
1
= PA‘PB=5P(V§"V§)

= 700=%x1000(4vj -v})

= V,=068 ms' =68 cms
Rate of flow Q= A,V = (40)(68) = 2720 cm’s ™
Hence, the correct answer is (C).

15. FBD of droplet is shown in Figure.
U

3

F

Y
mg
Since, U+ F=mg

where,u:(%ﬂi‘-’)pg,F=T(29rR),m=d(%ftR3)
2 53 4 3

= ng pg+T(2zR)=d gn'R g

= T(2ﬁR)=(§nR3]g(2d—p)

3T
(2d-p)g

Hence, the correct answer is (B).

16.

17.

18.

19.

20.

Energy stored _ 1 (Stress)”
Volume 2 Y

u, 1
= —==
u, 4

Since,

= 4du=u, Ly

1(Way 1(way
¥\ nd? | 2v| nd2

1

LY

B

= d—l =42:1
d,
Hence, the correct answer is (D).

Since, T = ma*l
el
A

o 48x107x(107 x10)
- 10x03

. T
Breaking stress is 1

=16

= w=4
Hence, the correct answer is 4.00.

Flow rate of water (Q) =100 lit/min

100107 5
Q:i:—
60

Since Q = Av

%107 m®

So, velocity of flow is v =

Q_ 5x107

A 3><:1:x(5><10"?}2
U=£=£ ms ' =02 ms™
157 3w

D
Reynold’s number 1y, = il

(10x1072) x 2= x 1000

= = 13” =2x10*

Order of 1y is 10*
Hence, the correct answer is (B).

Jroe L and M e 7%
r

So, Mecr
Hence, the correct answer is (A).

Since, Vog = évpmg (1)

When oil is poured in it, then
v v
Vg ==Pu8 + =P8

Po P |_4
- (2+2) 5P

_  Pai _ (é_l)_i
2 Pel57 5 ) 0P



21.

22,

23.

24,

25.

26.

ICON

3
= P = gpw = 0'6pcu

Hence, the correct answer is (D).

2T cosé
Since, h = €os
rpg
. 2T cos®
hpg
R Tig n_ & Pw cosBHg
Tvater 1) TW P Hg Cos BW
= i:7l5xixi=0,4=g
n 136 2 5
Hence, the correct answer is (D).
. 3 30
Given (50) xﬁx(l}xg=Mmbeg (1)
Let m mass should be placed
Hence(50)3x(l)xg:(Mmblﬁm)g (@
From (1) and (2), we get

= mg=(50)"xg(1-03)=125x07x10° g
= m=875kg

Hence, the correct answer is (C).
Using Bernoullies equation, we get

v, =0} +2gh

According to equation of continuity, we have
AV = AV,

= (1)(1)=(A2)[ (1)2+2x10x£]
100

= Az:% em? =5x107 m?
Hence, the correct answer is (B).
Since, AP=P, - P, = pgAH

= 3.03x10°=10°x10x AH

= AH=300m
Hence, the correct answer is (C).

4 R3=27(5m3)
3 3

= R3=27¢°
= R=3r

Since v o 1

%_(R]z_g
Uy ¥

Hence, the correct answer is (B).

Volume Flow Rate Q = 06% m’s™!

074x10*
Speed of efflux v = ————— = [2¢h
pee o1 ermux v 60 %7 x4 ms g

27.

28.

29.

30.

Hints and Explanations

= 982=+2x10xh

= h=48m
Hence, the correct answer is (C).

dh
A

= Q=a/2¢h=Q
= 107"=10"2gh=10"
1

= h=—
28

= h=51cm
Hence, the correct answer is (A).

If area be A, then thrust force is F = Av*p
LS IR

= F=—pAv" +—pAv
2 P 4 P

So, pressure P is given by

P 3pAv* _ 3—pz;2
4A 4
Hence, the correct answer is (A).

Area of wire is A = 1r?

Since Y = FA
AlfL,
/
L Mg_ar
are Iy
Mg [4x107°
= —‘E = ( a )Y
r 2
Mass of load of volume V' is given by
M = V (Spﬂ’ )

Now when load is immersed in liquid, then
SVng - ZVng — A_ﬁ’

Y
mr’ o
- 6Vp;g _AC
nr I
v v
= Al _ 6 pwg

4x107  8Vp,g
= A!”:gx4x10"3 m

= A’=3x10" m=3mm
Hence, the correct answer is (D).

45
P-P = i when S is surface tension

45

= P=—+F
R
1
N P=45(4—”)3+P0
3v
1
= 1):45(4—”)3“)U
3kt

H.65

(1)

..(2)
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Also, V = §ER3

13
R=[£) _R
4

Given that, V =kt
So, correct formis P = m( Hiﬂa)Jr ¢

*No given option is correct.

31. Given that @ = 47 rads™

d 2
Since, tan@ = ay _ex
dx g
M : - S~
I Mo
1 A
10, 0) l '
| g
h x 5x1072
2 2.2
= y:jdy:‘[%dx:mzx
0 0 8 8 o
2 4
16X g m <20 em
2x10

Hence, the correct answer is (D).

Vol tric st
32. Bulk modulus = — HETIC STES

Volumetric strain

F
_|AP|_ 4
tlar v
v v
Here, F =mg, d—V = Sﬁ
V r
mg
—_4a
= K_3ﬂ
r
d
| dr_mg
r 3Ka

Hence, the correct answer is (C).

33. Atdepthh, AP= £
r

4T
= P.I:P0+pgh+T

At the surface of lake, AP’ = i _ 16T
5r/4  br
= P=L+ ﬂ
5r

Also, PV, = BV,

3
h_n

= —_
3
B on

34,

35.

36.

Py +pgh+(4T/r) (5r/4)

P, +(16T/5r) r
125 _10+h
64 10

= h=95um

(Excess pressure is very small so we can neglect it).
Hence, the correct answer is (C).

For a given material, shear modulus is constant, so

P L (E) L
Al Ax'l - AZ sz
Since, [, = 2L, Ay = I3 = 411 =4A,, Ax, =0.5 cm

1 L, 1 2L
= —X—=—X—
A 05 44, Ax,

= Ax,=025cm
Hence, the correct answer is (A).

Excess pressure inside the inner bubble,

4T
P,-P=— (1)
h
Excess pressure inside the outer bubble,
4T
P-Py=— -(2)
i

From equation (1) and (2), we get

P,-R, =4T[l+l}=£

where, r is required radius of a soap

bubble. So
_ nh :4X6:E:2.4cm
n+r, 4+6 10

Hence, the correct answer is (C).

Given that, i =9’ { V oe 03 }
V.

i

Since density remains same, so

mass o< volume

m
- L=¢
m;
Area
= (Area); _ 9
(Area);
Weight of
—  Stress = —ogtorman
Area
o O _[Mf A
0-1 ?71}‘ Af
o, 9
= 2= = 9

Hence, the correct answer is (A).



37.

38.

39.
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Rate of flow of liquid (Q) through narrow tube is

dv nPrt
Q=45
né

Since both the given tubes are connected in series so rate of
flow of liquid is same.

xPrt  mbr)
8nfy  8nly

o o[ )
2 Pz ﬁ.] 1

Given P, =4P, {, =
N 1
1p, )\ 42,

Hence, the correct answer is (B).

- | o=

\.._/
=
S
1l
— s
C‘\lH-h-
1l
—

Consider a uniform cross-section of wire of length dx and
radius r at a vertical distance of x from the lower end. Here,

r=3R- Ex
L
- . . . H
Extension in wire of length dx is | C:E«\
g Fdx__ Mgdx / \
AY 2R B | —
(SR—TIJ Y ,l' l \dx [L
! 1
) \
Hence total extension in wire is {X \
1 1
L ; - =
Je S
(SR_&) po
L
M [ MgL
AL= _gj. 7= 32
b4 37R°Y
0| 3R- —x

So, extended length of wire is

MgL M
Ly=L+—5 =L(]+ g )
3nR°Y 3nRY

Hence, the correct answer is (C).

Let v; and v, be the velocities of water when it leaks out
through the hole and when it hits the ground respectively.
Then, applying Bernoulli’s theorem, we get

'012 +2gh= U%
Also, v, = 2¢H (1)
= 2gH+2gh=0v] (2

According to continuity Equation, 2,7, = 2,0,

mr? J2gH = nx* 2¢ (H+h) {using (1) and (2)}
o 2= H

H+h

40.

41.

42,

Hints and Explanations

1
(i)
= X=r
H+h

Hence, the correct answer is (A).

Equation of motion for the point mass

ma = mg —ko
_, o _mg-kv
dt m
do dt
ﬁ [—
mg - kv m
Integrating j. = —J‘dt
mg - kv

= —E[f.n(mg—kv)];:;

= P.n[ mg—kv]_—_kf

mg m
—kt
= l-——=pgm
mg
K
5 e
mg
—kt
= U=ﬂ[l—67)
k

Substituting (2) in (1), we get

Kt
ma = mg—kx%(l—e ”‘ ]
—kt
= a=ge™
Hence, the correct answer is (C).

Normal stress
Bulk modulus, B=—————
Volumetric strain

N N
Pressure, P=—=
A (27ma)b

AV Zn:aAa xb 2Ma
Volumetric strain — = ————

ma’xb 4
N a
=X —
2mab  2Aa
= N=(47bAa)B
So, required force equals the frictional force
= F required — f ‘UN {4anb)M
Hence, the correct answer is (D).

Given that time t=5min=300s,

V=15 ltr=15x10" m® and diameter, D = 2z cm

Iz

So, cross sectional area of tap is

1 PR
A=n| —=x10 =10"m
(\‘ﬂ: )

H.67

(2)

volume,



43,

44,

45,

46.
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Velocity of water is

b Q_V_ 15%107°

= =05ms"
A At 1x107 %300

10° x 0.5 % 2. 1072

_poD_ Jr
n 107

Hence, the correct answer is (A).

= 5642 = 5500

For cylindrical shape, excess pressure is given by AP =

*None of the given options is correct. 47.
For air trapped in the tube, we have

PV =R,
where, P, = P, =76(p,,g) and

Py=P,, -(54-x)p,¢
= P,=76p,g-54p,8 +xp,g=(22+x)p,¢
where, p,, =Density of mercury

4 54 cm Py 11
8 cm (54 - x)
48.

Also, V; =8A and V, = Ax
= (76p,g)(84)=(22+x)p, g Ax
= 608=22x+x’
= 27 +22x-608=0
= 1 +38x-16x-608=0
= x(x+38)-16(x+38)=0 19,
= (x-16)(x+38)=0
= x=16cm

Hence, the correct answer is (A).

(Rsina)d, +(Rcoso)dy + R(1-cosar)d, =
R(1-sina)d,

= (sina+cosa)d, =(cosa—sina)d,

d, sino+coso

: .
d, coso—sina
d, l+tane

= —_=
d, 1-tane

Hence, the correct answer is (C).

The bubble will detach when
(Buoyant Force) > (Surface Tension Force)

= (%mﬁ )pwg >T(27r)sinf

Since, sinf = r
R

4 ] 27r’T
= —nR’ |p,,¢ =
( 3 Pu8 2

?’2 — 2R4F’m£’
3T
208
—p2 we
= =Ry T(22r)sin

Hence, the correct answer is (A).

For equilibrium, we have

| T%Acg f

kxg
Mg = %Acrg +kx,

= xo:&(l_ul]
k 2M

Hence, the correct answer is (C).

The force due to the surface tension will balance the weight, so

F=w

= 2TL=w
7=
2L
Substituting the given values, we get
15x10% N
1= X0 N 6005 Nm!
2x30x10™ m

Hence, the correct answer is (C).

According to equation of motion,
9y =02 +2¢h =(04) +2x10%02 =2 ms™

a

Vo

According to equation of continuity

vy = 4,0,

332 2
nx(axm ] x0.4=n:><(d—2] x2
2 2

dy=3.6x10" m

Hence, the correct answer is (D).
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50. Here, surface tension, T = 0.03 Nm™

n=3 am=3x10"m, r‘2=5c1:r1=5><10_2 m

Since bubble has two surfaces, so, initial surface area of the

bubble

A, =2x4nr} =2x4rx(3x102)" =727 %10 m?
Final surface area of the bubble is

A; =24 =2x4x(5x107) = 200210 m?
Increase in surface is

AA =200 %107 - 7227 x107* = 1287 x10* m?
Since work done W is

W =TAA
= W=003x128x7x107" =3.847x10~*
= W=4rx10"]=047 m]

Hence, the correct answer is (D).

a b
51. GiventhatlU=—-—
iven tha el
So,forceF:—d—u:—i(%—%)
dx dx\ x X
S
- JRE M - ¥ 7
At equilibrium, F =0
12a  6b
= —-—==0
JRER
S -2
b
a b
u *uiiriumzuc = - ;
et T (2ab) (2a/b)
ARCHIVE: JEE ADVANCED

Hints and Explanations H.69

L S
99742 22 4a 20 4a

Since, U, =U|_,_=0

= D=[Um‘ueq]=[0_(_£]]=g

Hence, the correct answer is (D).

=

. Since p; < Pyaters S0 0il should be above the water. Also,

P> poi» hence the ball will sink in the oil but p<p, ..., S0
ball will float in the water.

Hence, the correct answer is (C).

. For the same material, Young’s modulus is the same and it

is given that the volume is the same and the area of cross-
section for the wire /; is A and that of 7, is 3A.

V=V =V,
= V=Ax/=3Ax/,

f’l
= fz =?
_HA
A
Al Al
So, F, = YATland E= Y(3A)T2
8 ly

For the same extension A/} = A/, = Ax

N PZ_Y(aA)ﬁ_e»(YAM)_%l

//3 /
= E=9F

Hence, the correct answer is (D).

Single Correct Choice Type Problems
1. Let water level fall by x m due to oil, so we have

(800)(g)(0.1)=(1000)(g)(2x)

x=i=l=0.04m
200 25

So, i, =0.04+029=033mand XI
hy =0.29-0.04+0.1=0.35

b _35

h, 33
Hence, the correct answer is (B).

2. Using geometry, we get

b
—:c05(9+g)
R 2

Applying pressure equation along path MNTK

25
Pt hpg = pq

Substituting the value of R, we get

2§ 2§ ( a)
h=——=—-cos| 8+—
Rpg  bpg 2

Hence, the correct answer is (D).

Since, 1= FL__FL_
AY (ﬂfr )Y
L

= Alocc—
r2
A LR
Al, 2L/(2R)

Hence, the correct answer is (C).

Let V; be the total material volume of shell, V, be the total
inside volume of shell and x be the fraction of V, volume
filled with water.
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For floating condition, we have

Total weight = Upthrust

= Vipg+(xV, ](l)gz(@)(l)g

V
= :c:().5+(0.5—,0f)v1
2

From here we can see that

x>05if p. <05
Hence, the correct answer is (A).
5. Since, Ap, = ar and Ap, = i
" )
= n<n
= Ap;>Ap,

So, air will flow from 1 to 2 and volume of bubble at end 1
will decrease.
Hence, the correct answer is (B).

6.  Force from right hand side liquid on left hand side liquid
(i) due to surface tension is F; = 2RT, towards right
(ii) due to liquid pressure is
x=h
E= j (po+ pgh)(2Rx )dx
x=0
=  F=(2p,Rl+Rpgh® ), towards left
So, net force is
|Fy ~ F |=|2p,Rh + Rogh? — 2RT |
Hence, the correct answer is (B).

7. Applying continuity equation at 1 and 2, we get

A=A, (1)
Further applying Bernoulli’s equation at these two points,
we get

L L

Pn+,ogh+5pt;1:PO+D+E,OU2 (2
Solving equations (1) and (2), we have

oo 2gh

P-(az/A2)
Substituting the values, we have
U'% _ 2)(10)(2%75 ~50 mZSQ
1-(0.1)

Hence, the correct answer is (A).

8. From the definition of bulk modulus,

Since, B=

dv/v
Substituting the values, we get

_(1165-1.01)x10°
~ (10/100)

Hence, the correct answer is (D).

Pa=1.55x10°Pa

10.

11.

12

13.

14.

From the graph / = 10*m,F=20N

A=10°"m% L=1m

= Y:E
Al
20x1 10
= =———=20x10
10°x10*

= Y=2x10" Nm~
Hence, the correct answer is (A).
As the block moves up with the fall of coin, ¢ decreases,
similarly h will also decrease because when the coin is in
water, it displaces water equal to its own volume only.
Hence, the correct answer is (D).
Net force F, - F| equals the upthrust (U)

F.
= E-F=U |7

= E=FR+U

= FE= p(gnh(:mR2 )+ Vpg

= Fzng(v+zR2h) A

Hence, the correct answer is (D).

Velocity of efflux when the hole is at depth h, v = /2¢h
Rate of flow of water from square hole

Q =ap, = J2gy
Rate of flow of water from circular hole
Q, =0, = IrRz,ﬂZg(ély)
According to problem Q; =Q,
~ o =R ()
L
NeTs

Hence, the correct answer is (A).

= R=

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

P . L.
dx_ p — X

where, p is the density of the fluid.
Therefore, pressure is lower in front side.
Hence, the correct answer is (B).

M0 = a0y
where v3 = v} + 2gh

03 =1+2x10x0.15
= ©vy;=2ms"
= 10*x1=a,x2
= 2,=5x10"m?

Hence, the correct answer is (C).



15.

16.

17.

18.
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Considering vertical equilibrium of cylinder, we get

W= utntal

d

[D]8L/4
Ll L/4

- (BJoro-{Afpeo(2) e
|

Hence, the correct answer is (A).

As the sphere floats in the liquid. Therefore, its weight will
be equal to the upthrust force on it.

Qil

Mercury

Weight of sphere is

w%xﬁpg (1)
Upthrust due to oil and mercury is

2 2

5:'rR3 X 0,8+ §ER3O'Hgg (2
Equating (1) and (2)
%xR3pg = §ER3O.8g + §ER3 x13.6g

= 2p=08+13.6=144
= p=72
Hence, the correct answer is (C).

Since, P, = P,

= Fy+pigh=Fy+pygh

= P=Pu

Hence, the correct answer is (B).

For a freely falling system g.; =0 and since, upthrust U is

U= Vimmpliqgcff

19.

20.

H.71

Hints and Explanations

= U=0
Hence, the correct answer is (A).
¢
SiI'lCE Al = F— = f—!
AY  (md®/4)Y
f
= A« d_2

[
z is maximum in (A)
Hence, the correct answer is (A).

Net force on the free surface of the liq-
uid in equilibrium (from accelerated
frame) should be perpendicular to it.
Forces on a water particle P on the
free surfaces have been shown in the
figure. In the figure ma is the pseudo
force.

Hence, the correct answer is (C).

Multiple Correct Choice Type Problems

1.

2T cos(60°)
P8

B 2x0.075x1

T10°x10x2x107 x2

2T cos(0°)
P8

For C, angle of contact will adjust so as to make =5 cm

For A, we have h=

x100 cm = 3.75 cm

For B, we have 1 = =75¢cm

For D, the shape of meniscus will be different in the two cases

\_/

0=0° 0 =60°

So, correction is different for both cases.
Hence, (A), (B) and (D) are correct.

For floating, W =U
= (p+p;)Vg=(0y+0,)Vg

Since string is taut, so, p; <, and p, >0,

2 2
Up|= %(Gz - py ), upward terminal velocity
2
2 2
bg|= ‘;Tlg( p, -0, ), downward terminal velocity
AN}
|

Further, 7, - 7, will be negative as they are opposite to each
other.
Hence, (A) and (D) are correct.



ICON

H.72 )EE Advanced Physics: Waves and Thermodynamics

. Stress Strain
3. Since, Y = - 4
Strain
= Yee -
Strain

For same stress, say o

(Strain)g < (Strain)p

= Yup>Y

So, P is more ductile than Q. Further, from the given figure 6.
we can also see that breaking stress of P is more than Q. So,

it has more tensile strength.

Strain
X

Stress
Hence, (A) and (B) are correct.

4.  Onsmall spherei.e., sphere 1

ng3(p)g+kx= %:rR“”(Zp)g

—_

On large sphere i.e., sphere 2

§RR3(3p)g = %RR3(Zp)g+ kx

Solving equations (1) and (2), we get
3
Lo 47R°pg
3k
Hence, (A) and (D) are correct.

5. Upthrust U= Vd;g

We
For equilibrium of A, U=T+W,

= Vig=T+W,
= Vdpg=T+Vd,g

Stress

For equilibrium of B, T + U = Wy

T+Vdpg=Vidgg -..(2)
Adding equations (1) and (2), we get

2dp=d,+dy
From equation (1), we see that d, > d,, { T>0}

From equation (2), we see that, d; > dy
Hence, (A), (B) and (D) are correct.

Liquid will apply an upthrust on m. An equal force will be
exerted (from Newton's third law) on the liquid. Hence, A
will read less than 2 kg and B more than 5 kg.

Hence, (B) and (C) are correct.

Reasoning Based Questions

1. From continuity equation, Av = constant
1
= As—
v

Hence, the correct answer is (A).

Matrix Match/Column Match Type Questions
1L A-(p;B—=(p)C—=()D—s)

d=2\hh, =/4hh,
L1
hy
3 _
2% ——=2v= 2gh,
h,
v E—
d
This is independent of the value of g.
ForA, gy >gd=\fd4hh, =12m

(2)

ForB, g.g < g d=4hh, =12 m
ForC, gy =gd=4hh, =12m
FOr D, geff = 0

No water leaks out of jar. As there will be no pressure differ-
ence between top of the container and any other point.

Pi=P2=P3=Po

Linked Comprehension Type Questions
1. From continuity equation, we have
A, = Ay,
where, A; = 4004,
Also, 1, = 20r, and A = 7
A

- (4

JUI = 4000,
2

= 0,=400(5) mms™ =2000 mms™ =2 ms™

Hence, the correct answer is (C).
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According to Bernoulli equation, we have

1
pl_P2=Ean§ (1)
1 5
Ps=P2= 5 P -(2)
Since, p3 = py
1 5, 1 4
—PIU = P,
2 2 D 1 2 %
3
I G
Py
= Volume flow rate = Pa
Py

Hence, the correct answer is (A).
Vertical force due to surface tension
F, = Fsinf= [(T)(Zm)]( é)

_omr'T
R
Hence, the correct answer is (C).

Fy

2
2L g = %ﬁR‘*Pg

Since, F;, = R

. 37T 3x(5x10%)"(0.11)

2pg 2x10° x10

= R'=4125x10"2m*
= R=1425x10" m=14%x10"m

R

Hence, the correct answer is (A).
Surface energy is E= (4zR?)T
o E=(4m)(14x107) (0.11)

= E=27x10"]
Hence, the correct answer is (B).

Let A, = Area of cross-section of cylinder = amr?

A, = Area of base of cylinder in air = 7r?

(Po+ hipg)A,

| b

P

PA2 [P+ pg(hy + H)A,

and A; = Area of base of cylinder in water = A, - A, = 3ar’

Drawing free body diagram of cylinder:
Equating the net downward forces and net upward forces,
we get

h = EH
3

Hence, the correct answer is (C).

Hints and Explanations H.73

Again, equating the forces, we get

l PA,
24
| 59HA
FoAz (Po+ pgho)Ay

Hence, the correct answer is (A).

For I, < %, buoyant force will further decrease.

Hence, the cylinder remains at its original position.
No solution is required.
Hence, the correct answer is (A).

Integer/Numerical Answer Type Questions

1.

Taking the velocity w.rt. train, from equation of continuity,
we get

45,0, = (45, -5, )v
= v=—7
3
According to Bernoulli’s equation, we get
= pytapl=pes (Ezﬂ)
Po 3 po; =p > P g Ut

_7»07’92_ 7 2
Po=P =18 " 2(9)™™
= N=9

Water surface will break, when
T

By+hpg 2Py +— ( )
o thpg 2k, 12

= hzzg

P8

= .Fftz\/E
P

Since sin@, T, sin(30°) = T, sin(60°)

T, _T,\3
2 2
= T,=+31

F?
Since Al = —
AY

= Al [ Tty (AN
Ay LAY, T

/
hz\/g]ﬂzxzzz
A, T, 1

=

From mass conservation, we have

4 5 4 3
—nR’p=K—nar
3 P 3 P
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1
= R=K3r

= AU =TAA=T(Kanr? - 42R?)

2
= AU:T(KAIJrRZK 3 —411:R2)

1
= AU= T[4rrR2T(K3 -1)]

Putting the values, we get

-1 1
107 :&lenxlﬂ"i[Kf* -1]
A
1
= 100=K3-1

1
= K3=100=10%

Given that K =10”
o

= 103 =10?

= E:2
3

= a=6

5. Terminal velocity is given by

242
UT:gg(d—P)S
vpzﬁxn_gx(d—pp)

UQ Té T]p (d—pQ)

vp (1) (2) (8-08)
= =l — |X| = |X

v \05/)\3) (8-16)
o, 2 72

=4x=x—=3

assume that temperatures of A and B are same.

Mg _ PsVa/RT _ PsVs
ng  PaVa/RT  paVy

Although not given in the question, but we will have to

1If S be the surface tension of bubble, then

45 48
Pa=p+— pPp=p+—
T r

’

_ —2
( 45)(4,”5] p=8Nm
ng _ g J\3

- 45\( 4
o)
A

Substituting the values, we get

=
Il

"y _g

My

Assuming that the temperature of enclosed air is constant
i.e., pV = constant

= pVo=pV
p=po—pgh (1)
py[A(500-H)]=p[A(300)] .2)

where, p=p, - pghand h=H -200

500-H
Po 300 mm

200mm=h

Initially Finally Po

Solving these two equations, we get H = 206 mm

So, level fall is

h=H-200=(206-200) mm =6 mm



