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CHAPTER 9 Mechanics of Rotational Motion 43

Solved Examples
Level 1

Example 1 ifthe mff”m of the earth contracts to half of its present value without change in its mass, what
will be the new duration of the day?

Solution Present angular momentum of earth

2

3
'r‘] =-Irw:‘_; JHR_UJ

New angular momentum because of change in radius

~ Z
LZZ:J‘J[R] (0
5

2

o

s haaa. g . o e B

If external torque is zero then angular momentum must be conserved
| L =L

2 2 s 2

—MR "t =—x—- MR o

5 4 5
| ie, o =40

P=tp=Loo4-6n
4 4

e

Example 2 A particle of mass m is projected with velocity v at an angle 0 with the horizontal. Find its
angular momentum about the point of projection when it is at the highest poini of its trajectory.

Solution At the highest point it has only horizontal velocity v, =vcos 0

l Length of the perpendicular to the horizontal velocity from “0" is the maximum y
height, where

e I S B £ :

' *“ sin” 0 :
Hm“ = : :H

: 2 e ey
| H.I"I-’s sin 5 8 cos 0 Fig. 9.86
| = Angular momentum L = %

| : o i ction between
. ' ntal force F acts on the sphere at its centre as shown. Cagg??cmnl o fiferin
Example 3 A horizontal f of F, for which there is no slipping ?

ground and sphere is p. Whal is maximum value

Fig. 9.87
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44 Mechanics-ll

Solution ey ‘:’r" 5
A 2. d == Ma
B V- e o et
s R 5 |
2 F
=% f o
A T
= | o {i_unq - 1" - pung
7 2

at the top of a thin spherical shell of

tial force F acts :
Example 4 A tangential forc if" it rolls without

mass m and radius R. Find the acceleration of the shell

slipping.

Solution Let f be the force of friction between the shell and the horizontal surface.

For translational motion,

F+ f=ma .- (1)
For rotational motion, Fig. 9.89
FR- R=Io=I % [ @ = Ro. for pure rolling
a *
= F—f=-'R:_ .. (ii)
Adding Eqgs. (i) and (i1), we get
s
F =\ m+— |la=|m+=m|a==ma
R* 3 3 _
or Fes ma " _2 R
6 el | ihell = _5 mR
= g =—
Sm
B Lol cylimder of mass mand radivs v statsrolling down an inclined pllan of cination &
height h POVt SIppie. Tind hevpeed a1 s contre oAy Wl s ecnitetlmaiin il
&

Solution Considering the two shown positions of the cylinder. As it does not
slip hence total mechanical energy will be conserved.

Energy at postion 1 is E, =mgh
E o : ds 1 3 1
nergy at position 2 is E, =5 Mveom + > Tooy ©°
feom _ mr®
: =0 and .. ______2_ Fig. 9.90
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CHAPTER 9 Mechanics of Rotational Motion 45

3

= 4 L8
From COE, E, =E,
4
= Veom =5 &R
]

Example 6 A disc starts rotaiing with constant angular acceleration of © rad/s® about a fixed axis
perpendicular to its plane and through its centre. Find :

(a) the angular velocity of the disc after 4 s.

(b) the angular displacement of the disc afier 4 5 and

Solution Here o=nrads’, ©,=0 1=4s
(a) ©uq =0+ (mrad/s”)x 45 = dnrad/s.

(b) By = ﬂ-i-—;{nradfs:}x (1657 )=8m1ad

Example 7 A small solid cylinder of radius r is released coaxially from point A
inside the fixed large cylindrical bowl of radius R as shown in figure. If the friction
between the small and the large cylinder is sufficient enough to prevent any slipping,
then find :

(@) What fractions of the total energy are translational and rotational, when the Fig. 9.91

small eylinder reaches the bottom of the larger one?
(b) The normal force exerted by the small cylinder on the larger one when it is at the botton.

)
Solution (a) Kmn,=;mv“
1 2 ] il
=— o~ =—mv~
Koo 5 (0] i
K=K et K == v’
K i 2 Fig. 9.92
£ 3
Koo 1
K03
(b) From conservation of energy, -
R-r)==mv’
mg (R-r) i
mv* '-img
R-r 3
2
my
Now, N —mg S
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o rotation angle 8 varies with fimg 25

he magnitude of net acceleration of the point A at the rim at the momey,
e I,

46 Mechanics-li

; '« so that th
Example 8 4 wheel rotafes around a stationary axis

O=at" ,wherea _02rads’. Find

of the point A at this moment is v=0.65 Hi/s.

t = 2,55 if the linear velocity

Solution  Instantancous angular velocity at uime 715 1
[

0 2
m:f— -‘—‘E: fat”)

or w=2at =0.4t (as a=0.2 radis?)
Further, instantaneous angular acceleration is,
n d
a=20_ 2 ihar)
dr i

or a=04 rad/s*

F=2.55 is
w=04%25=1.0 rads

-- E ={.65m

Angular velocity at

Further, radius of the wheel R=— or R
)

Mow, magnitude of total acceleration is,
a= -“I'a,f + a,:
Here, a, =Ro® =(0.65)1.0)> =0.65 m/s>
and a, = Ro.=(0.65)(0.4)=0.26 m#>

a=+/(0.65)° + (0.26)°
L &= 007 w2

l::xzmple 9 4 solid ball of radius 0.2 m and mass 1 kg is given an instantaneous
impulse of S0 N-s at point P as shown. Find the number of rotations made by the ball

about its diameter before hitting th ;
ity o ng the ground. The ball is kept on smooth surface

Solution  Impulse gives translational velocity Fig. 9.93

_ Impulse

i .
MHSS alnng |mpu|5¢ =50 mis

I' = time of flight of projectile
= 2usin O _ 2% 50x sin 60°
e = '_-—-———_______

& 1 0 =5/3 Sec
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Impulse give angular impulse also
Impulse = R

0=
I
or e Impulse x R
‘% mR*
5
Number of rotations, = ol _ 3125V3
2n 2n
Level 2
Example 1 A solid ball rolls down a parabolic path ABC from a height A

h as shown in figure. Portion AB of the path is rough while BC is smooth.
How high will the ball climb in BC?

Hint In case of pure rolling mechanical energy is conserved.

Fig. 9.94

Solution At B, total kinetic energy = mgh
m=mass of ball

Here,

The ratio of rotational to translational kinetic energy would be,
Kp 2
i S

2 5
Kp==mgh and K, == mgh
7 7
In portion BC, friction is absent. Therefore, rotational kinetic energy will remain constant and
translational kinetic energy will convert into potential energy. Hence, if H be the height to which ball climbs n

BC, then
mgH =K
5 5
or mgH =§ mgh or H 27,' h

Example 2 A thread is wound around two dises on either sides. The pulley and the
two discs have the same mass and radius. There is no slipping at the pulley and no
ﬁiﬂmﬁ:m- the hinge. Find out the accelerations of the two discs and the angular

acceleration of the pulley.
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n the left and right segments of

481 Meckoipies ¥ and 7 be the tensions 1

Solution Let R be the radius of the discs and 4

Tope.

Acceleration of disc 1, _
mg — 1, )

Acceleration of disc 2,
P ”
s = ms L)
' m
IR 2T
Angular aceeleration of disc 1, (o =St L1 -« {iii}
sl > mR
— mi
2
W - ‘} ]
Similarly, angular acceleration of disc 2, a, = aby
= mR

Both o) and e, are clockwise.
Angular acceleration of pulley,

(T =T\R AT, -T,
o= i '1 =2{2R]J AV)
E FHR = i
For no slipping, Ra; —a =a, - Ra, =Ra cea(¥1)

Solving these equations, we get

Alternate Solution

As both the discs are in identical situation. 7- T
: 7 3 + =i and ¢ = [ -
ndependently and identically. Therefore, this isl exs::;l}r g,imﬂgr‘:*?-- ¢ach of the discs falls
figure. 0 the problem shown in

Example 3 4 thin massless thread is wound eel of

2 : onareel ke
mioment of iertia 0.6 kg-nr’. The hub radius is R - mﬂfﬁﬁf
{-an’:m lﬁn =20ecm i:'?ne reel is placed on a rough table and rj.g_} ,ﬁ;::
Is enough to prevent slipping. Find the ace e e
and of hanging mass of 1 kg. e e
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ti n L" - 5 £ .
Solutio el, @, =acceleration of centre of mass of reel

@, =acceleration of 1 kg block
o =angular acceleration of reel (clockwise)
I =tension in the string
and [ = force of friction
Free body diagram of reel is as shown below: (only horizontal forces are shown).
e

Equations of motion are
2 i
T"’f:_!ﬂ. ) @ e
_X_J@R)-T.R_02f-0T f T . T

= ; A ....(ii)
0.6 376 Fig. 9.100
Free body diagram of mass is,
Equation of motion is, T
10-T=a, ...(iii) T
For no slipping condition, St \a’
a; =2Ra or ay, =0.2a (V)
and a, =a; —Ra or a, =a; —0.lx v) 10N
Fig. 9.101

Solving the above five equations, we get
a; =027 m/s®
and ay =0.135 m/s*
Example 4 A solid sphere of radius r is gently p!&ced on a rough
horizontal ground with an initial angular speed o, and no linear velocity.
If the coefficient of friction is p, find the time  when the slipping stops. In
addition, state the linear velocity v and angular velocity o at the end of

slipping.

Solution Let m be the mass of the sphere. Ny
Since, it is a case of backward slipping, force of friction is

in forward direction. Limiting friction will act in this case.

S gme =pug Fig. 9.103

Linear acceleration a=;l= =
o i o e
Angul tardation =—= =2
ot | Emrz 20
5
Slipping is ceased when. V=ro
or (at)=r(mg —or)
TS uiﬂﬂ;]
or Hel = 0757,
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2
or 5 pE!
2 ?'m“
pm——
7T Hg
2
yv=af =gl = ']-r Fithy
vl 2 m
=—=— 0
and =25
Alternate Solution | .
s zero. Theretore, angular mome

Net torque on the sphere about the bottommost puirnl 1
sphere will remain conserved about the bottommosl point.

L= LI
Ieng = Iy + mrv
O
or Smreog==mr-o+ mr{wor)
3 =
2 2
== 0, and V=ro=—ro,

7 7

Example 5 A billiard bail. initially at rest, is given a sharp imipulse by a
cue. The cue is held horizontally a distance h above the centre line as
shown in figure. The ball leaves the cue with a speed v, and because of its
Jorward english (backward slipping) eventually acquires a final speed

%} vo. Show that

. Fig. 9.104
h==R
5 \
where R is the radius of the ball.

Solution Let w, be the angular speed of the ball just after it leaves the cue. The maximum friction acts in
forward direction till the slipping continues. Let v be the linear speed and mthe angular speed when slipping is

ceased.
Given, T v
7 (1)
(= -9_ E |
TR )
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Applying, Linear impulse = change in linear momentum
: F dt =my,
Angular impulse = change in angular momentum
tdt = In,

‘} “»
or Fhdt :i mR = o,

Angular momentum about bottommost point will remain conserved.
Le, L =L,
ot leyg + mRvy = Io+ mRy

2 o) 2 a9y 9
—mR” oy + mRvy ==mR*| =L |+Z mRy
5 J T [ 7R ] oy ==

Solving Eqgs. (i1), (iv) and (v), we get

h=2R
>

Example 6 Determine the maximum horizontal force F that may be
applied to the plank of mass m for which the solid sphere does not slip as it
begins to roll on the plank. The sphere has a mass M and radius R. The
coefficient of static and kinetic friction between the sphere and the plank

are, and ., respectively.

.. (i)

(1Y)

V)

Proved.

M

m. L=
m

Fig. 9.106

Solution The free body diagrams of the sphere and the plank are as shown below:

[i3

|—Il-F

i aﬂ - Cy \
Hs Mg '“Smnlq“w

Fig. 9.107
Writing equations of motion :
. n Mg
For sphere : Linear acceleration ap = JM =H.g
. (uMgIR 518
Angular acceleration ===
— MR~
P . P F-p £ Mg
For plank : Linear acceleration a, = =

For no slipping : a, =a, + Ra

7
Solving the above four equations, we get F=p.g [M + 5 m]

0 7
Thus, maximum value of F canbe W2 {M+E m]
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52  Mechanics-1l = |
izontal plane. A similar disc spinning with the

=3 a 5 . . h o
Example 7 A4 uniform disc of radius 1, lies on a smooth o
angular velocity o, is carefully lowered onto the first disc. How su:n do both discs spin wilhi ame
angular-velocity if the friction coefficient between them is equal to L :

Solution From the law of conservation of angular momentum.
lo, =2[o
Here, I =moment of inertia of each disc relative to common rotation axis
o= MT“ = steady state angular velocity

The angular velocity of each disc varies due to the torque tof the friction forces. To calcu‘late"r, let us take
an elementary ring with radii » and r + dr. The torque of the friction forces acting on the given ring is equal to.

dt ZM"[&E} E:rrrdr=[2”T r dr

iﬂh' rn'
where m is the mass of each disc. Integrating this with respect to » between 0 and r;, we get
2
b= 3 HimgTy

The angular velocity of the lower disc increases by dwover the time interval

dt =[£J do=| =2 |do
i dug

Integrating this equation with respect to @ between 0 and m—; .we find the desired time

il 3 0
Sug

'
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E XERCISES

1.

| 2.

AILEEE Corner

Subjective Questions (Level 1)
Moment of Inertia

Four thin rods each of mass m and length  are joined to make a square. Find moment of inertia of all the

four rods about any side of the square.
A mass of 1 kg is placed at (1 m, 2 m, 0). Another mass of 2 kg is placed at (3 m, 4 m, 0). Find moment of
inertia of both the masses about z-axis.

Moment of inertia of a uniform rod of mass m and length [ is T.; mi” about a line perpendicular to the rod.

Find the distance of this line from the middle point of the rod.
Find the moment of inertia of a uniform square plate of mass M and edge a about one of its diagonals.

Radius of gyration of a body about an axis at a distance 6 cm from its centre of mass is 10 cm. Find its
radius of gyration about a parallel axis through its centre of mass.
Two point masses m; and m, are joined by a weightless rod of length . Calculate the moment of inertia

of the system about an axis passing through its centre of mass and perpendicular to the rod.

Linear mass density (mass/length) of a rod depends on the distance from one end (say A) as
A, =(ox+ B) Here, a and P are constants. Find the moment of inertia of this rod about an axis passing

through A and perpendicular to the rod. Length of the rod is /.

Angular Velocity
8. Find angular speed of second’s clock.

9.

10.

= m el :
A particle is located at (3 m, 4 m) and moving with v =(4i - 3))m/s. Find its angular velocity about

origin at this instant.
Particle P shown in figure is moving in a c:rcle of radius R = 10¢m with linear speed v =2m/s. Find the

angular speed of particle about point O.

An evaluation version of novaPDFE was used to create this PDF file.
> Purchase a license to generate PDF files without this notice.


http://www.novapdf.com/

c o l‘chub HA = It llldk va # as s

54 Mechanics-ll

11. Two points P and O, diametrically uppusi_xc ona dis
in ficure. Find the angular speed of the dmc.v
——

= Q
; e o = 2m/s. Find angular speed of
12. Point A ofrod AR (I = 2m)is moved upwards against a wall with velocity v = =1

the rod at an instant when 6 = 60°

¥ A

Torgque
—»
13. Aforce F =(2i + 3j - 2k ) Nis acting on a body at point (2 m. 4 m. -2 m). Find torque of this force about

origin.
14. A particle of mass m = Ikg is projected with speed # = 2042 m/s at angle 0 = 45° with horizontal. Find the

torque of the weight of the particle about the point of projection when the particle is at the highest point.
15. Point Cis the centre of mass of the rigid body shown in figure. Find the total torque acting on the body

about point C.

30N

16. Find the nei torque on the wheel inflgure abo point O if g = Oem and
b=25cm. gl ¥ ke i
12N
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Rotation of a Rigid Body About a Fixed Axis
Uniform angular acceleration

17.

18.

19

20.

21,

22.

A wheel rotating with uniform angular acceleration covers 50 rev in the first five seconds afier the start.
Find the angular acceleration and the angular velocity at the end of five seconds.

A wheel starting from rest is uniformly accelerated with o =2 rad/ 52 for 5 s. It is then allowed to rotate

uniformly for the next two seconds and is finally brought to rest in the next 5 s. Find the total angle
rotated by the wheel. f

A whee_i whose moment of inertia is 0.03 kg m”, is accelerated from rest to 20 rad/s in 5 5. When the external
torque 15 removed, the wheel stops in 1 min. Find :

(a) the frictional torque, (b) the external torque.
A body rotating at 20 rad/s is acted upon by a constant torque providing it a deceleration of 2rad/ s, At
what time will the body have kinetic energy same as the initial value if the torque continues to acl 2

A uniform disc of mass 20 kg and radius 0.5 m can turn about a smooth axis through its centre and

perpendicular to the disc. A constant torque is applied to the disc for 3 s from rest and the angular velocity
s re 24 ot :
at the end of that time is —— rev/min. Find the magnitude of the torque. If the torque 1s then removed and

m
the disc is brought to rest in # seconds by a constant force of 10 N applied tangentially at a point on the rim
of the dise, find 1.

A uniform disc of mass m and radius R is rotated about an axis passing through its centre and
perpendicular to its plane with an angular velocity mg. It is placed on a rough horizontal plane with the
axis of the disc keeping vertical. Coefficient of friction between the disc and the surface is p. Find :
(a) the time when disc stops rotating,

(b) the angle rotated by the disc before stopping.

Non-uniform angular acceleration
23. A flywheel whose moment of inertia about its axis of rotation is 16 kg-m” is rotating freely in its own

24.

25.

26. A solid body rotates about a stationary axis according to the law 6=af —b

plane about a smooth axis through its centre. Its angular velocity is 9 rads ™' when a torque is applied to

bring it to rest in 7, seconds. Find £, if :

(a) the torque is constant and of magnitude of 4 Nm,

(b) the magnitude of the torque after r seconds is given by At

A shaft is turning at 65 rad/s at time zero. Thereafter, angular acceleration is given by

o =—10rad/s® —5Strad/s’

where 1 is the elapsed time.

(a) Find its angular speed at 7 = 3.0s.

(b) How far does it turn in these 3s 7

The angular velocity of a gear is controlled according to
positive in the clockwise sense and / is the time in seconds
time ¢ = Oto 7 = 3s. Also, find the number of revolutions N

=12 31* where @ in radian per second, is
Find the net angular displacement A8 from the
through which the gear tumns during the 3 5.

t*, where a=6rad/s and

acceleration over the time interval

b=2rad/s®. Find the mean values of the angular velocity and
between ¢ = 0and the time, when the body comes to rest.

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

metres. Velocity of

56 Mechanics-Il
ar Momentum s
= along a straight line ¥

_ x4+ 4 Bothxand ::m: ;r:-igin
the particle abou A
o el shown. Find angular

hrough point O 23

27. A particle of mass 1 kg1s moving omentum

the particle is 2 m/s. Find magnitu
28. A uniform rod of mass m is l'ﬂﬂ_l'[l;‘d abu:ut
momentum of the rod about rotational axis.

de of angular m 5
an axis passing |

o
2

o
wn in figure. Find angular

z : el sho
A solid sphere of mass m and radius R 1s rolling without slipping as 2

momenium of the sphere aboul z-axis.
b ¥

29.

X

ﬂu—

30. Arodofmass mand length 2R is fixed along the diameter of aring of same mass and radius
in figure. The combined body is rolling without slipping along x-axis. Find the angular momentum about

R as shown

Z-AXiS.
¥

o

Conservation of Angular Momentum
31. If radius of earth is increased, without change in its mass, will the length of day u

increase; decrease or remain same? i
32. The figure shows a thin ring of mass M =1kg and radius R = 0.4 m spinning about a
vertical diameter, (Take ;=-25 MR? ). A small bead of mass m=0.2 kg can slide

M

without friction along the ring. When the bead is at the top of the ring, the angular .
velocity is 5 rad/s. What is the angular velocity when the bead slips halfway to § = 45°. 3

33. A horizontal disc rotating freely about a vertical axis makes 100 rpm. A small piece of wax of mass 10 g
falls vertically on the disc and adheres to it at a distance of 9 cm from the axis. If the number of

revolutions per minute is thereby reduced to 90. C alculate the moment of inertia of disc.
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34. A man stands at the centre of a circular platform holding his arms extended horizontally with 4 kg block
in each hand. He is Si.‘:l rotating about a vertical axis at 0.5 rev/s. The moment of inertia of the man plus
platform is 1.6 kg-m*, assumed constant. The blocks are 90 ¢cm from the axis of rotation. He now pulls
the blocks in toward his body until they are 15 em from the axis of rotation. Find (a) his new angular
velocity and (b) the initial and final Kinetic energy of the man and platform. (¢) how much work must
the man do to pull in the blocks ?

35. A horizontally oriented uniform disc of mass Mand radius R rotates freely about a stationary vertical axis
passing through its centre. The disc has a radial guide along which can slide without friction a small body
of mass m. A light thread running down through the hollow axle of the disc is tied to the body. Initially
the body was located at the edge of the disc and the whole system rotated with an angular velocity o;.
Then, by means of a force F applied to the lower end of the thread the body was slowly pulled to the
rotation axis. Find :

(a) the angular velocity of the system in its final state,
(b) the work performed by the force F.

Pure Rolling

36. Consider a eylinder of mass M and radius R lying on a rough horizontal plane. It has a plank lying on its
top as shown in figure. A force F is applied on the plank such that the plank moves and causes the
eylinder to roll. The plank always remains horizontal. There is no slipping at any point of contact.
Calculate the acceleration of the cylinder and the frictional forces at the two contacts.

37. Find the acceleration of the cylinder of mass m and radius R and that of plank of mass M placed on
smooth surface if pulled with a force F as shown in figure. Given that sufficient friction is present

between cylinder and the plank surface to prevent sliding of eylinder.

38. In the figure shown a force F is applied at the .tep.af a dis¢ of mass 4 kg and
radius 0.25 m. Find maximum value of ' for no slipping
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58  Mechanics-Il 4 kg and radius 0.25 m is placed on a rough surface. Fip, .
ass '

39, In the figure shown a solid sphere of m
(g=10 ms’)

(a) minimum coefficient of friction for pure rolling to take place.
(b) Ifp > ., . find linear acceleration of sphere.

(c) Ifp :E-’;“—“ _find linear acceleration of cylinder.

Here, pt ., is the value obtained in part (2).

Angular Impulse
40. A uniform rod 4B of length 2/ and mass m is rotating in a horizontal plane about a vertical axis through 4,

with angular velocity e when the mid-point of the rod strikes a fixed nail and is brought immediately to

rest. Find the impulse exerted by the nail.
A uniform rod of length L rests on a frictionless horizontal surface. The rod is pivoted about a fixed

41.
frictionless al:ui:-; atone end. The rod is initially at rest. A bullet travelling parallel to the horizontal surface
and perpendicular to the rod with speed v strikes the rod at its centre and becomes embedded in it. The

mass of the bullet is one-sixth the mass of the rod.
(a) What is the final angular velocity of the rod ?
(b) What is the ratio of the kinetic energy of the s isi ineti
: z ystem after the collision t
bullet before the collision ? SRR g
42. A :I.'iiﬁ;:lrmlmﬂ AB gif ::ass 3m and length 2/ is lying at rest on a smooth horizontal table with a smooth
Vvertical axis through the end 4. A particle of mass 2m moves with peed
the rod at its mid-point C. If the impact i ic. Fi > e 261085 the table and strikes
od ai ; pact s perfectly elastic. F - . .
(a) it strikes the rod normnally, Y ind the speed of the particle aftor impact if ;
(b) its path before impact was inclined at 60° to AC.

Objective Questions (Level 1)

Single Correct Option
1. The moment of inertia of a body does not depend on
() e s o o 0 (@ None o 053 in the oy
Pt ':";e :asd'fm of gyration of a disc of radius 25 ¢m is =
cm (b) 12.5 em (c) 36 cm (d) 50 cm

3. A shaft initially rotatin 5 1
2 at 1725 rpm is brought to rest uniformly i
¥ 1n 20s. The number of i
revolutions that

the shaft will make during this time is
(a) 1680 (b) 575 (c) 287 (d) 627

4. A man standing on a : QS
platform holds weights in his outstretched

: , arms, Th o

central vertical axis. If the man now pulls the weights inwards close to his hens_; ,Stﬁ::nls ted about a

(a) the angular velocity of the system will increase
(b) the angular momentum of the system will remain constant
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(c) the kinetic energy of the system will increase
(d) All of the above

The moment i‘-'flﬂFﬂIE ofa uniform semicircular disc of mass M and radius rabout a line perpendicular to
the plane of the disc through the centre is

2 I. -
(@) Mr (b) L ag° (©) § M (@ % M’

Two bodies A and B made of same material have the moment of inertial in the ratio [ :0g =16:18 The

ratio of the masses m , : my is given by
(a) cannot be obtained (b) 2:3
(c) 1:1 (d) 4:9

When a sphere rolls down an inclined plane, then identity the correct statement related to the work done
by friction force

(a) The friction force does positive translational work

(b) The friction force does negative rotational work

(¢) The net work done by friction is zero

(d) All of the above

A circular table rotates about a vertical axis with a constant angular speed @ A circular pan rests on the
turn table (with the centre coinciding with centre of table) and rotates with the table. The bottom of the
pan is covered with a uniform thick layer of ice which also rotates with the pan. The ice starts melting.
The angular speed of the turn table

(a) remains the same

(b) decreases

(c) increases
(d) may increase or decrease depending on the thickness of ice layer

If R is the radius of gyration of a body of mass M and radius », then the ratio of its rotational to
translational kinetic energy in the rolling condition is

R* R- e
R s By S e d) 1
(a) e (b) 3 (c) = (d)

A solid sphere rolls down two different inclined planes of the same height but of different inclinations

(a) in both cases the speeds and time of descend will be same
(b) the speeds will be same but time of descend will be different

(c) the speeds will be different but time of descend will be same

(d) speeds and time of descend both will be different

For the same total mass which of the following will have the largest moment of inertia about an axis
passing through the centre of mass and perpendicular to the plane of the body

(a) adisc of radius R (b) aring of radius R .
(¢) asquare lamina of side 2R (d) four rods forming a square of side 2R

A disc and a solid sphere of same mass and radius roll down an inclined plane. The ratio of the friction

force acting on the disc and sphere is

7 5
@ - ®)
(¢) E (d) depends on angle of inclination
2
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through its centre. A

.eptical axes :
vert the disc. After some tjp.

ity © aboy cally on
I[};:ﬂﬂ}' jaced coax1alia
W

13, A hor m
paving the same mmon angt

the 1w rotate wil

i L
on exists be ! .
lar momenium of the :,;-,_ 20
gular velocity 15 >

(b) the angu

final common 40 : o
ok b horizontal curface, partly rolling and partly sliding
gh nor&

hove
(d) All of the A - o
14. A solid homogeneous :,]_:nhere;[shr:::; ]:I;i 0
cine this kind of motion © e rved |
Du E:al el o e point on the horizontal s
i i et e i ire of mass Is conserve
::.: z::i t;:; rotational kinetic enerEy about the cen

(d) None of the above

urface is conserved

line 4y —3x=2 where x and y are in metre, with

about the origin 1s
(d) 8.0kg m°s”

oving with a speed v. It makes an

15. A particle of mass m=3 ke moves along a Sll'fllghi -
elocity v=S5ms . The magnitude of angular momentum
constant velocity o % S
(a) 12kg m’s™ (b) 6.0kg m’s :
T , &
16. A solid sphere rolls without shpping on a rough hf:lnznnlal floor,
elastic collision with a smooth vertical wall. After impact,
a) it will move with a speed vinitially _ . ¢ , |
Eb,?r its motion will be rolling with slipping initially and its rotational motion will stop momentarily at

some instant : :
(c) its motion will be rolling without slipping only after some time

{d) All of the above
The figure shows a square plate of uniform mass distribution. 44" and BB B

are the two axes lying in the plane of the plate and passing through its 5 2

Yi:

centre of'mass. [t/ is the moment of inertia of the plate about A4’ then its

moment of inertia about the BB’ axis is —
@l (b) 1,cos B 8
(c) I, cos 8 (d) None of these

18, A spool ? pulled horizontally on rough surface by two equal and
opposite forces as shown in i i
o the figure. Which of the following
(a) The centre of mass moves towards left
(b) The centre of mass moves towards right
(¢) The centre of mass remains statio
(d) The net torque about the centre of mass of the spool is 7810

19. Two identical discs are ositioned o :
dm:rs rotating at angtﬁa]: velocity m;l ;\;ﬁ ::!Etli:s:hf}wn in the figure. The bottom
is initially at rest. It then falls and sticks to the botto d _kmetl
kinetic energy of the system is mdisc. The change in the rotational
(a) K,/2
(c) ~K,/4 E:; ;{KF ; 2

Lo
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20. The moment of inertia of hollow sphere (mass M) of inner radius R and outer radius 2R, having material

of uniform ::hf:rmil:.r~ about a diametric axis is
(a) 31 MR™/70 (b) 43 MR* /90 (c) 19 MR* /80 (d) None of these

21. Arodofuniform f.'rm_:s-scc;tiun of mass M and length Lis hinged about an end to swing freely in a vertical
PIHI‘E- However, its density is non uniform and varies linearly from hinged end to the free end doubling
its value. The moment of inertia of the rod, about the rotation axis passing through the hinge point i=

. : - d 2
(a) "&:— (b) 1?::: (c) ?T;‘L (d) None of these
22. Let/, and I, be the moment of inertia of a uniform square plate about axes 1
shown iln the figure. Then the ratio S ST > S
(a) 13; (b) |:£‘i \
© 1: (d) 1:7 =
12 :

23. Moment of inertia of a uniform rod of len gth L and mass M, about an axis passing through L/4 from one

end and perpendicular to its length is
ML*

? 2 ? ] ]] ']
a) — ML by — ML" — ML~ d) —
()3e (}43 Ec}43 (}]2

24. A uniform rod of length Lis free to rorate in a vertical plane about a fixed horizontal
axis through B. The rod begins rotating from rest. The angular velocity wat angle 81is

given as

(a) ‘(-ﬁf‘g)sing (b) %]Cﬂﬁg
(c) (%)sinﬂ (d) (%]E%B

25. Two particles of masses m and m, are connected by a light rod of length rto constitute a dumb-bell. The
moment of inertia of the dumb-bell about an axis perpendicular to the rod passing through the centre of

mass of the two particles is :
’"l ?"2}' 2 fity L F {d) { i ] rl

e s (b) (my +ma )1 (e ——c my — s
my + m my — niy

26. Find moment of inertia of a thin sheet of mass M in the shape ui: an equilateral

triangle about an axis as shown in figure. The length of eact; side is L

(a) MI*/8 (b) 3ML*/8

(c) TML*/8 (d) None of these

27. A square is made by joining four rods each of mass M and length L Its moment of inertia
about an axis PQ, in its plane and passing through one of its corner 1s

(a) 6 ML (b) % ML
,, 10 =9
ORI (il
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62 Mechanics-1l

28. A‘lhin rod of length 4/, mass 4 m is bent at the points as shown in the figure, What is the moment of inerti,
of the rod about the axis passing through © and perpendicular to the plane of the paper?

(8]
90° I gp
7 f
12 10m? ml” jé
3 BF=3 P %

(b) A has greater moment of inertia
(c) B has greater moment of inertia

29. The figure shows two cones A and B with the conditions : h, <hgz: p, >p,; : :.
R, =Rg m; =my. Identify the correct statement about their axis of symmetry.
(a) Both have same moment of inertia
.
(A) :
(d) Nothing can be said ®)

30. Linearmass density of the two rods system, AC and CB is x. Moment of inerlia A
of two rods about an axis passing through 4B is
x : S
(@ ) 2
43 V2 = T
xl’ -
(@) 2L @)= =
4 62 B

JEE Corner

Assertion and Reason
Directions : Choose the correct option.

(a) If both Assertion and Reason are true and the Reason is correct explanation of the Assertion
(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion
(c) If Assertion is irue, but the Reason is false. ) ‘

(d) If Assertion is false but the Reason is true.
1. Assertion : Moment of inertia of a rieid bod i i : :
it g y about any axis passing through its centre of mass is
Reason : From theorem of parallel axis,
I=I_ + Mr?
2. Assertion : A ball is released on a rough i
; : : ground in the condition s i
::EII start pure rolling after some time towards left side e e
ason : Friction will convert the ure rotati i
t "
P ational motion of the ball into pure rolling,

ing on ground with same total kinetic energies. If
should be greater than & translational kinetic energy of hollow é.pher'e_.
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Assertion : A smalj ball is released from rest from point 4 as shown. If bowlis' A
smooth than ball will exert more pressure at point B, compared to the situation if
bowl is rough.

Reason : Linear velocity and hence, centripetal force in smooth situation is B

more.

Assertion : A cubical block is moving on a rough ground with velocity v,

During motion net normal reaction on the block from ground will not pass "2
through centre of cube. It will shift towards right.

Reason : It is to keep the block in rotational equilibrium,

Assertion : A ring is rolling without slipping on a rough ground. It strikes =

elastically with a smooth wall as shown in figure. Ring will stop after some

time while travelling in opposite direction.

Reason : Net angular momentum about an axis passing through bottommost

point and perpendicular to plane of paper is zero.

Assertion : There is a thin rod A8 and a dotted line CD. All the axes we are talking about are
perpendicularto plane of paper. As we take different axes moving from A to D, moment of inertia of the

rod may first decrease then increase.

Reason : Theorem of perpendicular axis cannot be applied here.
Assertion : If linear momentum of a particle is constant, then its angular momentum about any axis will

also remain constant.
pet
Reason : Linear momentum remain constant, if F__, =0and angular momentum remains constant if

—

tﬂ!l = ﬂ
Assertion : In the figure shown, A, B and C are three points on the circumference

of adisc. Let v, , vz and v are speeds of these three points, then
Ve = Vg > l-rd

Reason : In case of rotational plus translational motion of a rigid body, net speed of any point (other than
centre of mass) is greater than, less than or equal to the speed of centre of mass.

Assertion : There is a triangular plate as shown. A dotted axis is lying in the plane of slab. As the axis is
moved downwards, moment of inertia of slab will first decrease then increase.

e

Reason : Axis is first moving towards its centre of mass and then it is receding from it.
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ics-1l : . centre of soll T -
g - force F is applied at the f'"hﬂw_.ecn plank and 5'-P.hi"‘3 - F
ption : A hu-nmn':al L {Ticient of friction S when Pm“i‘ can
11. AssE The i COFeE . Lentat pest and p 2
i p]i:ﬂk- i [ling is#y when plaﬂk i e ] 1-
required 1% st -phere i poth cases 15 Z&15
move; thenjpta <Hi- oot force on the SP
Reason : Work done by frction? =1
Objective Questions (Level 2)
Singie cnrrect ﬂptiﬂn - Iiﬁ kcp‘f ond hﬂrii‘:ﬂnlﬂl Surf;ﬂ_ﬂ
jven figure a ring of mass 7 ing, which1s
i :jhlsl;: f“h{:';v ﬁ‘c.:;.m‘: mass mis attached t.h mlligi';: ;trth fri“ g rolls 8
5 i f > 8¥5 15 It € 2 i g
: the ring. When the SYStert = d choose o
T:::Zﬁiﬁ:ﬂi;g L‘iﬂsidur the following statement an ..m!
3 e
the correct oplion. .
(i) acceleration of the centre of mass of ring 15 =

) S B
{ii) acceleration of hanging particle 15—;

ring) acts in forward direction |

(iii} frictional force (on the Ectio
in backward direction

(iv) frictional force (on the ring) acts 2 ol
(a) statement (i) and (ii) only are correct (b) statement (ii) and (iii) only are co

(c¢) statement (iii) and (iv) only are correct (d) None of these :

2. A solid sphere of mass 10 kg is placed on rough surface having coeflicient of r.
friction = 0.L A constant force F =7N is applied along a line passing
through the centre of the sphere as shown in the figure, The value of frictional
force on the sphere is

@ IN (b) 2N i
{c) 3N (d) TN
- A[—-— B
3. From a uniform square plate of side 2 and mass m, a square portion DEFG of side = l
F
is removed. Then, the moment ofinertia of remaining portion about the axis A8 is E
Tima- 2
@) (L (b) 3ma \
16 : 16 b5 68 C
(c) il (d) 9ma’
16

4. A smallsolid sphere of mass mand radius rstarting from rest from the rim ofa
fixed hemispherical bowl of radius R(>> r) rolls inside it without slidin
The normal reaction exerted by the sphere on the hemisphere o
the bottom of hemisphere is

(a) (3/7)mg (b) (9/7)
mg
(c) (13/7)mg (d) (17/7)ymg
5. A uniform solid cylinder of mass mand radius R is -
] placed on a
surface. A horizontal constant force £ is applied at the top puimr}gi%z,l hﬂr_xi.un;al
so that it starts pure rolling. The acceleration of the eylinder is e
(a) F/ ;l.rf (b) 2F/3m
{c) 4F/3m (d) 5F/3m

when it reaches
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In the above question, the frictional force on the cylinder is
(a) F/3 towards right (b) F/3 towards left
(c) 2F/31owards right (d) 2F/3towards left
£ - - - :
A small pulley of radius 20 cm and moment of inertia 0.32kg-m" isused tohanga 2 kg
mass with the help of massless string. If the block is released, for no slipping condition
acceleration of the block will be
(a) 2m/s”
(b) 4 mr’!:::
(c) 1 m/s” =
(d) 3 m/s’ gl
A uniform circular dise of radius R is placed on a smooth horizontal surface with Q
its plane horizontal and hinged at circumference through point O as shown. An
impulse P is applied at a perpendicular distance /i from its centre C. The value of

J1 so that the impulse due to hinge is zero, is

L ——

(a) R (b) R/2 P
(c) R/3 (d) R/4
A rod is supported horizontally by means of two strings of equal length as g coceipoces
shown in figure. If one of the string is cut. Then tension in other string at
the same instant will
(a) remain unaffected l
Mg

(b) increase

(¢) decrease

(d) become equal to weight of the rod
The figure represents two cases. In first case a block of mass M is attached toa
string which is tightly wound on a disc of mass M and radius R. In second case
F = Mg. Initially, the disc is stationary in each case. If the same length of siring
is unwound from the disc, then

(a) same amount of work is done on both discs

(b) angular velocities of both the discs are equal

(c) both the discs have unequal angular accelerations

(d) All of the above

A uniform cylinder of mass M and radi
inclined surface of inclination 6 with the
cylinder rolls down the inclined surface, the max

us R is released from rest on a rough
horizontal as shown in figure. As the
imum elongation in the spring

of stiffness & is
i 2 Mgsin B

4 k k

(c) M (d) None of these
k
2. A uniform rod of mass m and length /rotates in a horizontal plane with an angular w:l_or.:ily oabout a

vertical axis passing through one end. The tension in the rod at a distgnm x from the axis is

12 1ol i L .'mzr[l-‘]
(a) S mo'x (b) - mo (1 T] (©) 5 mo 1(! f,] @ - f
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g6 Mechanics-! oz
- in the xy¥ Pm"e d ‘here i
f length I m rotates 1n ; . itv (pn=d + bi W i A
L ,  shown in figure with VEOsIIA, fthepoint o= =
anticlockwise Sense, & > The velocity and acceleration © x

a:Iﬂmdeﬂﬂdb:Smdsn s % _a
! and (~100i+ 5))ms =

Aatt=0is 2 (b) + 10jms g
(a) +10i ms ™ andﬂ-ﬁilﬂs ' = @ _m]ms'[and-ﬁjmﬁ_l
(c) —10jms " and (100i + 5j)ms ~ B it
: 3 : ith constant accelcratio i W
14. A ring of radius R rolls on 2 horizontal surface w ctantaneous angular @:_; —-

3 in fig f @ is the 1 : :
the cenire of mass as shown in ﬁgure.l | e = .
velocity of the ring, then the net acceleration of the point of contact of thefing oo
2 2 e
(b) @ R (c) a (d) \/ﬂ' +(@°R)

from A to B. Its midpoint is Qand its centre of massisatC
endicular to the length of the rod. The moments of

with ground 15
{a) zéro

15. The density of arod ABincreases linearly
Four axes pass through 4, B, 0 and (., all perp !
inertia of the rod about these axes are [ , ./, [, and I~ respectively. Then

(a) 1, =1y (b) I <ly (€) Iy >1¢ (d) All of these

16. The figure shows a spool placed at rest on a horizontal rough surface. A tightly would
string on the inner cylinder is pulled horizontally with a force F. Identity the correct
alternative related to the friction force f acting on the spool
(a) facts lefiwards with f <F
(b) facts lefiwards but nothing can be said about its magnitude
(€) f <F but nothing can be said about its magnitude
(d) None of the above

17. A u:f:r:.:ula{ ring of mass mand radius R rests flat on a horizontal smooth surface
as ﬁhﬂ":‘rﬂ in figure. A particle of mass », and movin g with a velocity v, collides
inelastically (e = 0) with the ring. The angular velocity with which 1[-:.3 t
rotates after the particle strikes the ring is Y

V
“ o v >
5 3R

i
®) =5 (d) 2
3R AR

18.
A stationary uniform rod in the upright position is allowed

: ] | owed to fall on a o
surface. The figure shows the instantaneous position of the rod ldﬁn?oth oriZontal
statement. v e St
(a) normal reaction  is equal to Me
(b) N does pu:_:iljn: rotational work about the centre of mass
(¢) a couple of equal and opposite forces acts on the rod
(d) All of the above

19. A thin uniform rod of mass mand len i
| ‘ gth /is free to rotate about its uppe iti
receives an impulse J at its lowest point, normal to its length immegi!::tr IﬂFdi.iWI:mn Bl
(a) the angular momentum of the rod is Jj T =Y SN
(b) the angular velocity of the rod is 3.//ml
(c) the kinetic energy of the rod is 372 /2m

(d) All of the above
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CHAPTER 9 Mechanics of Rotational Motion 7
20. A rectangular block of size (bx &) moving with velocity v_ enters on a rough :
surface where the coefficient of friction js i as shown in figure. Identify the E £
comecl statement. Smooth Rough (u)

(a) The net torque acting on the block about its COM is n mg A (clockwise)
2

(b) The net torque autjng on the block about its COM is zero
(¢) The net torque acting on the block about its COM is in the anticlockwise sense

(d) None of the above

21. A uniform rod of length L and mass m s free to rotate about a frictionless pivot at
one end as shown in figure. The rod is held at rest in the horizontal position and a L
coin of mass mis placed at the free end. Now the rod is released. The reaction on the 2
coin i:ra:nediately after the rod starts falling is C I
3mg
(a) = (b) 2 mg J
(c) zero (@) f’f

22. A spool is pulled at an angle 0 with the horizontal on a rough horizontal
surface as shown in the figure. If the spool remains at rest, the angle 0 is

equal to
(a) cos [E] (b) sin™" [ 1- -ff]
r R
o -1 r =1
(€) m—cos [RJ (d) sin [R]

23. Uniform rod 4B is hinged at end A4 in horizontal position as shown in the
figure. The other end is connected to a block through a massless string as
shown. The pulley is smooth and massless. Mass of block and rod is same
and is equal to m. Then acceleration of block just after release from this

position is
(b) g/4

(a) 6g/13
(c) 3g/8 (d) None of these
24. A cylinder having radius 0.4 m, initially rotating (at 7 =0) with o, =54 rad/sec is

placed on a rough inclined plane with 8 = 37° having friction coefficientp =0.5. The
time taken by the cylinder to start pure rolling is (g =10m/s~ )

(a) 5.4s (b) 1.25
(c) 1.4s (d) 1.8s
25. A disc of mass M and radius R is rolling purely with center’s velocity v, on a flat horizontal floor
when it hits a step in the floor of height R/4. The corner of the step is sufficiently rough to prevent
any slipping of the disc against itself. What is the velocity of the centre of the disc just after impact?

=y
L
(a) 4vo/5 (b) 4vy/7
(c) 5vy/6 (d) None of these
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astically with 2
n being

i gh horizontal St
i .re is rolling purely on a FOUEH s gt |
= ﬁ:f:l:f ;ﬂ]:::}fm — ) with speed of centn: ;h:: :ij?ﬁ -:Tiem e
1 sriain moment,
smooth vertical wall ata certain .
1 The sphere will begin pure rolling after a time "y
— (b) — -
“ T Tug 5ug

i iqui When the sphere
+th non viscous liquid of mass n :
"mﬂ? :‘:ziocit_v v kinetic energy of the system is equal to
(d) None of these

ely fi

i »w sphere of mass mis complet :
A thin hollow sp e

27.
roll-on horizontal ground such that centre m

2 LA g = v’
(a) mv* (b) Emv (c) 5 e o
oni ; ced incline ank w n
28. A solid uniform disc of mass m rolls without slipping down a ﬁ:xﬂnde ;:Ll P
acceleration a. The frictional force on the disc due to surface of the pla
3 (c) ma (d) .i i

{a) Elma (b) ,;;f"ﬂ'
A unifﬂl‘l‘l‘t S!Eﬂdﬂf I"Dd 01’ mass m and h‘:ng{h L i_S, ]'ulEHSE‘d ﬁ'ﬂm I'ESL “ith |t.3 ]ﬂwﬁr f-rnd. I{)I.lchlng a
frictionless horizontal floor. At the initial moment, the rod is inclined at an angle 8 = 30°with the vertical.

Then the value of normal reaction from the floor just after release will be
(d) None of these

29,

(a) 4mg/7 (b) 5mg/9 (c) 2mg/5
30. In the above problem, the initial acceleration of the lower end of the rod will be
(a) gV3/4 (b) gV3/5 () 3V3/7 (d) None of these

A disc of radius R is rolling purely on a flat horizontal surface, with a constant angular

velocity. The angle between the velocity and acceleration vectors of point P is
(a) zero (b) 45°
(c) tan~'(2) (d) tan~" (1/2)

A straight rod 4B of mass M and length L is placed on a frictionless horizontal surface. A force having

31.

32.
constant magnitude F and a fixed direction starts acting at the end 4. The rod is initially perpendicular to
the force. The initial acceleration of end B is
(a) zero (b) 2F/M (¢) 4F/M (d) None of these
33. Inthe figure shown, the instantaneous speed of end A of the rod is vio the left The angular ity of
rod of length Z, must be . 3 g At
(a) v/2L (b) v/L (c) é (d) 2
2L L

34. A particle moves parallel to x-axis with constant velocity v as shown in
the figure. The angular velocity of the particle about the origin O i)
(a) remains constant
(b) continuously increases
(c) continuously decreases X
(d) oscillates g
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37.

38.

39.

40.
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A thin uniform rod of mass M and length L is hinged at its upper end, and released from rest from a
horizontal position. The tension at a point located at a distance £/ 3 from the hinge point, when the rod
becomes vertical, will be

(a) 22 Mg/27 (b) 11 Mg/13 () 6 Mg/l1 (@) 2 Mg
A uniform rod 48 of length L and mass mis suspended freely at A and hangs vertically at
rest when a particle of same mass mis fired horizontally with speed v o strike the rod at
its mid point. If the particle is brought to rest after the impact. Then the impulsive
reaction at A in horizontal direction 15

(a) mvi4 (b) mv2

(c) my (d) 2 my

A child with mass m is standing at the edge of a merry go round having moment of
inertia /,radius R and initial angular velocity eas shown in the figure. The child jumps
off the edge of the merry go round with tangential velocity vwith respect to the ground.
The new angular velocity of the merry go round is

I —mv® (I + mR* Yoo —nv*
(a) 1'—'—‘_,"— (b) J :

— R ] R: Yo —mvR
© foo—mn @ (f +mR~ Yo—m
! I

A disc of radius R is spun to an angular speed m; aboul its axis and then

: wyR =N,
imparted a horizontal velocity of magnitude . The coefficient of

friction is . The sense of rotation and direction of linear velocity are shown _—

in the figure. The disc will return to its initial position :
(a) if the value of p <0.5 (b) irrespective of the value of p

(c) ifthe value of 0.5 <p <1 (d) ifp=>1

A racing car is travelling along a straight track at a constant velocity of e

40 m/s. A fixed TV camera is recording the event as shown in figure. In order - o oF =
to keep the car in view, in the position shown, the angular velocity of camera ‘ 7 40m/s
should be o J

(a) 3 rad/s 30/

(b) 2 radfs 1--,’

(¢) 4 rad/s s

(d) 1 rad/s =

A uniform rod OA of length / resting on smooth surface is slightly distributed A
from its vertical position. P is a point on the rod whose locus is a circle during the T L
subsequent motion of the rod. Then the distance OP is equal to ;
(a) 112 il B
(b) I3 LP

(c) /4 r
(d) there is no such point ‘ ; E—
In the above question, the velocity of end O when end 4 hits the ground is

(a) zero
(b) along the horizontal

(c) along the vertical
(d) at some inclination to the ground (+ 90°)
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70 Mechanics-1! i 8
42. In the above question, the velocity of end A at the nstan (d) None of these
i (a) 3l (b) 128/ (©) V! belt moving with constant velocity
e onveyer
ids and radius R is gently placed on a ¢ S veled by the centre of the
2 :q?:‘lgggr:;iﬁ: e etion between belt and sphere is 2/7, the distance {13
sphere before it starts pure rolling is
.
2 2vs
b Sam it d) <A
% 23 o e (
(2) E {b) 19 (c) 52 7

A uniform rod of mass mand length [ is pivoted at point O. The rod is
initially in vertical position and touching a block of mass M which is at
rest on a horizontal surface. The rod is given a slight jerk and it starts
rotating about point 0. This causes the block to move forward as shown.
The rod loses contact with the block at 8 = 30° All surfaces are smooth.

Now answer the following questions.

Passage : (0. No. 44 to 47)
Ay
i
i
[}

44. The value of ratio M/m is
(2) 2:3 (b) 3:2 (c) 4:3 (d) 3:4
45. The velocity of block when the rod loses contact with the block is
J3el el 3
W ) 5 Ch @
4
46. The acceleration of centre of mass of rod, when it loses contact with the block is
(a) Sg/4 (b) 5¢/2 (c) 3g/2 (d) 3g/4
47. The 21nge reaction at O on the rod when it loses contact with the block is
Mg 2 w Y
4 (b) 4 il {ﬂ] —;1— 1 (d] -’%'g.{i-'-j}

Passage : (0. No. 48 to 50)

Consider a uniform disc of mass m radius r i i i
; » rolling without slippi .

acceleration a and angular accelerati T PPIng on a rough surface with |

Siilon it ton a due to an external force F as shown in the figure. Coeff cie:: :;

.
u- -~
e ——— :
48. The work done b icli
one by the frictional force at the j s
o Sy = :.:z ¢ nstant of pure mil'l‘ng is
Wmgar - (c) um ar-
g — -
= (d) zero

49. The magnitude of frictional force acting on the disc s

_2‘ (d) zero
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50. Angular momentum of the disc will be conserved about
(a) centre of mass
(b) point of contact
(¢) a point at a distance 3R/2 vertically above the point of contact
(d) a point at a distance 4R/ 3 vertically above the point of contact

passage : (Q. No. 31 to 33)
A tennis ball, starting from rest, rolls down the hill in the drawing. At the end of the hill the ball becmpes
airborne, leaving at an angle of 37° with respect to the ground. Treat the ball as a thin-walled spherical

shell.

51. The velocity of projection vis

f ’ ‘5 6
(a) 2gh (b) I—;],i:fr (c) Egﬁ (d) 3 h

. Maximum height reached by ball / above ground is
5 ﬂgﬁ:u i {h} £ (c) 1% (d) 27h
@35 ) 55 25 125
53. Range xof the ball is N
144 43 48 h () 24 h
@ 15" ®) 5" St 7

More than One Correct Options
1. A mass m of radius ris rolling horizontally without any slip with a linear speed v. It then rolls up to a
3 v
ight given by — —
height given by iz | '
(a) the body 1s identified to be a disc or a solid cylinder

(b) the body is a solid sphere ,,
(¢) moment of inertia of the body about instantaneous axis of rotation is > mr

- - . : - re s 2
(d) moment of inertia of the body about instantaneous axis of rotation is - r

i joi { igid square frame. The frame lies in
i al rods each of mass mand length /are joined to form a rigi 'he frame lies §
& Exiu;iﬁf with its centre at the origin and the sides parallel to the xand y axes. Its moment of inertia

about 5
(a) the x-axis is = mi*

.4
(b) the z-axis is - ml*

- Bl o . 102
(c) an axis parallel to the z-axis and passing through a comner is - ml

3
(d) one side is = ml*
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12 Mechanics-1I
. athou
3. A uniform circular nng zulffnm::}:hc
: i ition 15 a5 Show
instant, its posinon 1> A% 5 s
{a) section ABC has grealer EIHI'II?[IL :.:m:,- Sos
(b) section BC has greater Kinetic €n=is
sect - . same kinet
¢) section BC has the sa ik
EdJ the sections CD and DA have the mmﬂ.
i 1 ¥
A cylinder of radius R 15 10 roll without shpping
in the figure. Then

(a) angular veloc ity of

1‘ r |r oLl
the cylinder is — counter clockwise
: I

F'" ~
ity of /i is — clockwise
(b) angular velocity of the cylinder 1s R v
H e T g « g
(¢) velocity of centre of mass of the cylinder is v tow ards le
(d) velocity of centre of mass of the cylinder is 2v

5. A uniform rod of mass m =
mutually perpendicular smooth walls with the two ends P
velocities v, =4 m/s and v, =3 m/s as shown. Then
(a) The angular velocity of rod,
{b) The angular velocity of rod, ©
(c) The velocity of centre of mass ut‘m:i._ Vg = 20 IS

: ;—_?juuic

2

(d) The total kinetic energy of rod, K =

(a) A is vertically upwards

{b) B may be vertically downwards

{c) C cannot be horizontal

(d) a point on the im may be horizontal leftwards

zontal surface. At

towards right
2 kgand length/=0.5m is sliding along two
and O having Q

— 10 rad/s, counter clockwise
— 5.0rad/s, counter clockwise

A wheel is rolling without slipping on a horizontal plane with velocity v and
acceleration a of centre of mass as shown in figure. Acceleration at SR
Lt M -;-': iy

B
any ("

i
i
1
o
A"‘"'TE-h-G
|

ks as shown

Vo =3 mis

7. A uniform rod of length { and mass 2 m rests on a smooth horizontal table. A
point mass 7 moving horizontally at right angles to the rod with velocity v collides with one end of the

rod and sticks it. Then
(a) angular velocity of the system after collision is -
[

(b) angular velocity of the svstem after collision is >
2

(c) the loss in kinetic energy of the system as a whole as a result of the collision is my*
6

frictionless surface. The geometric centre Coingi : i
hofizontally with a sharp impulse = J. The poing nfappt?qumﬂiln? ¢ centre of mass. The ball is struck

surface. Then

(a) the ball with slip on surface for all cases b ol
(c) the ball will roll purely if h = 3R/2 gd% ﬁ:r:“ﬂi:‘:’“b;’“" purely if 4 = SR/4
: No rotation ifh =R
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CHAPTER 9  Mechanics of Rotational Motion 73

A hollow spherical ball is given an mitial push up an incline of inclination angle o. The ball rolls purely.
Coefficient of static friction between ball and incline = . During its upwards journey

(a) friction acts up along the incline (b) p =21an a/s

(c) friction acts down along the incline (d) p =22tan a/7

A uniform disc of mass m and radius R rotates about a fixed vertical axis passing through its centre with
angular velocity @. A particle of same mass m and having velocity of 2oR towards centre of the disc
collides with the disc moving horizontally and sticks to its rim.

(a) The angular velocity of the disc will become w/3

(b) The angular velocity of the disc will become Sw/3

=

mnf

(¢) The impulse on the particle due to disc is

-

4
(d) The impulse on the particle due to disc is 2maR

The end B of the rod A8 which makes angle 8 with the floor is being pulled v
with a constant velocity v, as shown. The length of the rod is /. A
(a) At 0 =37°velocity of end A is %1'“ downwards
(b) At B =37°angular velocity of rod is ‘5;_’?
Fh K, o 8o
(c) Angular velocity of rod is constant o =

(d) Velocity of end A is constant

Match the Columns
1. A solid sphere, a hollow sphere and a disc of same mass and same radius are released from a rough

2.

inclined plane. All of them rolls down without slipping. On reaching the bottom of the plane, match the
two columns.

Cn!umndl 5 Column 11
{a) time taken to reach the bottom ?{p} maximum for solid sphere
(b) total kinetic energy \(q) maximum for hollow sphere
{¢) rotational kinetic energy i(r} maximum for disc
(d)_translational kineticenergy _|(s) same forall LEShs
A solid sphere is placed on a rough ground as shown. £ is the centre of e

sphere and DE > EF. We have to apply a linear impulse either at point
A, B or C. Match the following two columns.
Column I

T

Column 11

(a) Sphere will acquirc maximum (p). A
angular speed it impulse isappliadi
At
(b) Sphere will acquire maximumi.{q'j B
linear speed it impulse is appli&dj!
at |
(c) Sphere can roll without slipping if (r) C
 impulse is applied at
(d) Sphere can roll with forward|(s) atany pointA,B
slipping if impulse is applied at l orC
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: olumn
. <ufficiently rough. In¢
3. Theinclined surfaces shown in column Loy gufﬁhﬁ':“:;
" oot forces are mentioned. Matchithe WOCO™ e e
frictiona i e Column II

-{!nlumu 1 i
o

: upwards
(a) 4—— @)\

Rolling upwards

Eb}' f [q] dﬂﬁ'ﬁl?ﬂl‘ds

Kept in rotating position
7

(<) i (r) maximum friction will act

Kept in translational position

o
id) _L \(s) required value of friction will

act
Kept in translational position

4. Arectangularslab ABCDhave dimensions a x 2aas shown in fi gure. Match the following two columns,

J 1 2:
A : 2a B
el bWV ! 8
b
o ;
30D Ei
] 1
'l I
~ Column1 l Column 1 ‘
(a) Radius of gyration about axis-1 | (p) —4
12
: |
(b) Radius of gyration about axis2 () 22
Y3
(¢) Radius of gyration about axis-3 (r) ?ﬂ=
- . I 3
;_-:?}_Radms of gyration about axis-4 (s} None

5. A small solid ball rolls down along sufficiently rough surface from

| to 3 as shown n ﬁgm Fro ;
' - F'Tom point-3 onwards
gravity. Match the following two e It moves under
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Column I Column 1T

(a) Rotational kinetic energy (p) lmgh
i of ball at point-2 el

(b) Translational kinetic (q) -z-mgh
energy of ball at point-3

(c) Rotational Kinetic energy (r) Emgh
of ball at point-4 7

(d) Translational kinetic (s) None
___energy of ball at point-4 |

6. A uniform disc of mass 10 kg, radius 1 m is placed on a rough horizontal surface. The co-efficient of
friction between the disc and the surface is 0.2. A horizontal time varying force is applied on the centre of
the disc whose variation with time is shown in graph.

F(N)

t(s)

—_————————

Column I ‘ Colamn 11

(a) Disc rolls without slipping |(p) atr=7Ts
(b) Disc rolls with slipping |{q} atr=3s
(¢) Disc starts slipping at i{r} atr=4s

(d) Friction force is 10 N at [(s) None

7. Match the columns.

Column 1 | Column 11

MR’
(a) Moment of inertia of a circular | (p) s
disc of mass M and radius R about

a tangent parallel to plane of disc

L y

(b) Moment of inertia of a Sﬂlld\(q} —SMR‘
sphere of mass M and radius R|
about a tangent

(¢) Moment of inertia of a circular|(r)
disc of mass M and radius R about
a tangent perpendicular to plane of
disc

|
S

(d) Moment of inertia of a cylinder of (s)
mass M and radius R about its axis
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Subljective il Goee =L a horizontal surface. For each yo-yo ﬂ‘; Slr:iljl g1
- identi -yos initially at rest O & T27 % s the yo-yo to roll without
1. Flfiue? ?: l::rs ::::E:ifmﬁ“;f::viﬂ irn cach case there IS suf‘hcjc:::_ fr:(:il;a!]ﬂ“ifilr cachyyn-yn i
pulied m the 2 : . .vo. In what dire
S . ' for each yo-yo.
slipping. Draw the free-body diagram
F

F

2. A uniform rod of mass m and length [ is held horizontally by two vertical e
strings of negligible mass, as shown in the figure. :
(a) Immediately after the right string is cut, what is the linear acceleration

of the free end of the rod ?

{b) Of the middle of the rod ?
(c) Determine the tension in the left string immediately after the right string

E

is cul.
A solid disk is rolling without slipping on a level surface at a constant speed of 2.00 m/s. How far can it

roll up a 30° ramp before it stops? (Take g =9.8m/s”)

A lawn roller in the form of a thin-walled hollow cylinder of mass M is pulled horizontally with a
constant horizontal force F applied by a handle attached to the axle. If it rolls without slipping, find the

acceleration and the friction force.
9. Due toslipping, points 4 and B on the rim of the disk have the velocities shown. Determine the velocities

of the centre point C and point F at this instant.

6. Auniform cylinder of mass Mand radius R has a strin ]
unif g wrapped around it. Th
smnsghzs held fixed and the cylinder falls vertically, as in figure 2
g i : - : E :
(a) a _ﬂ;; at the acceleration of the cylinder is downward with magnitude
5
(b) Find the tension in the string.

7. Auniform disc of mass M and radius R is pi i
: : ¢ pivoted about the horizontal axi
;;fﬂﬂs;ﬂ’; C'-IA asgdmitiglass m is glued to the disc at its rim, as shown in ?mﬁ
rele m i - '
e hotlomo i 7 rest, find the angular velocity of the disc when m reaches
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. A disc of radius R a e e )
8 : i spe&dr::l :TI ::dm is plrujt:cled on to a horizontal floor with a backward spin such that its
bt angular velocity is @, . e . 2
disc eventually returns back? Y1500 Whatmust be the minimum value of o, so that the
i1 hﬂI.I 3 mal.ﬁ m and radius r rolls along a circular path of radius R_ Its speed at the bottom (8 = 0° Jof the
path i1s v,;. Find the force of the path on the ball as a function of 6.

10. A heavy homogeneous cylinder has mass m and radius R. It is
accelerated by a force F, which is applied through a rope wound
Hmu"d.a light drum of radius r attached to the cylinder (figure). The
coefficient of static friction is sufficient for the cylinder to . ull without
slipping.

(a) Find the friction force.

(b) Find the acceleration a of the centre of the cylinder.

(c) Is it possible to choose r, so that a is greater than ik ? How ?
m

(d) What is the direction of the friction force in the circumstances of part (c) ?
11. A man pushes a cylinder of mass m, with the help of a plank of mass m, as shown. There is no slipping at
any contact. The horizontal component of the force applied by the man is F. Find :

(a) the acceleration of the plank and the centre of mass of the cylinder and
(b) the magnitudes and directions of frictional forces at contact points.

12. For the system shown in figure, M =1kg, m=0.2kg, r=02m.

Caleulate : (g =10m/s*)

(a) the linear acceleration of hoop,
(b) the angular acceleration of the hoop of mass M and

(c) the tension in the rope.
Note Treat hoop as the ring. Assume no slipping between string and

hoop.
13. A cylinder of mass m is kept on the edge of a plank of mass 2m and
length 12 m, which in turn is kept on smooth ground. Coefficient of

friction between the plank and the cylinder is 0.1. The cylinder is given
an impulse, which imparts it a velocity 7 m/s but no angular velocity.

Find the time after which the cylinder falls off the plank. (g =10m/s*)
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et SH?PMM asshosvs B [E']i;u?]::;?of each disk 15
¢ : -

T':li? klgslidimz at all surfaces ﬂilcm_ﬂm:l. 5 e 5 e o

. ti .:: and tI:c radius of each disk1sr= m c;ﬂh;: it R

o mgic initially at rest, determine the velocity

sy sTem IS

has moved 230 mm.

ut slipping at A and B.

The dise of the radius Ris ccnl’:nedlw roll witho

eloc Fthe disc.
shown, determine the angular velocity of the

A thin uniform rod AB of mass mi=1kg mov

antiparallel forces F, and F,. The distance betwe _
10/ =20cm. Besides, it is known that 7, = 5N. Find the length of the rod.

Fy

The assembly of two discs as shown in figure is placed on a rough
horizontal surface and the front disc is given an initial angular velocity
- Determine the final linear and angular velocity when both the discs
start rolling. It is given that friction is sufficient to sustain rolling in the
rear wheel from the starting of motion.

A horizontal plank having mass m lies on a smooth horizontal surface. A
sphere of same mass and radius r is spined to an angular frequency o
and gently placed on the plank as shown in the figure. If coefficient of
friction between the plank and the sphere is . Find the distance moved
by the plank till the sphere starts pure rolling on the plank. The oA
long enough,

A ball rolls without sliding over a rough horizontal floor with elocity
vertical wall. If coeflicient of restitution between the wall and the ball is ;—

the ball long after the collision.
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A sphu%':‘:. a disk and a hoop made of homogeneous materials have the same radius (10 cm) and mass
(3 kg). They are released from rest at the top of a 30° incline and roll down without slipping through a
vertical distance of 2 m. (g =98m/s?)

{a) What are their speeds at the botiom ?

(b) Find the frictional force fin each case

(¢) Ifthey start together at r = (), at what time does each reach the bottom ?

ABC s a triangular framework of three uniform rods each of mass m and length 2/. It is free to rotate in its
own plane nbttnut a smooth horizontal axis through 4 which is perpendicular to ABC. Ifit is released from
rest when 4B 1s horizontal and C is above AB. Find the maximum velocity of C in the subsequent motion.
A uniform stick of length I and mass M hinged at one end is released from rest at an angle 8, with the

vertical. Show that when the angle with the vertical is 8, the hinge exerts a force /. along the stick and F,
perpendicular to the stick given by
| E ;

F, =5 Mg (5cos B —-3cos 0,) and F, =El Mgsin 0
A uniform rod A8 of mass 3m and length 4/, which is free to turn in a vertical plane about a smooth
horizontal axis through 4, is released from rest when horizontal. When the rod first becomes vertical, a
point C of the rod, where AC =3/, strikes a fixed peg. Find the linear impulse exerted by the peg on the
rod if :

(a) the rod is brought to rest by the peg,
(b) the rod rebounds and next comes to instantaneous rest inclined to the downward vertical at an angle

E radian.
3

A uniform rod of length 4/ and mass m is free to rotate about a horizontal axis passing through a point
distant / from its one end. When the rod is horizontal, its angular velocity is @ as shown in figure.

Calculate :

o

(a) reaction of axis at this instant,
(b) acceleration of centre of mass of the rod at this instant,
(c) reaction of axis and acceleration of centre mass of the rod when rod becomes vertical for the first

time,
(d) minimum value of @, so that centre of rod can complete circular motion.

A stick of length / lies on horizontal table. It has a mass Mand is free to move in any way on the table. A
ball of mass m, moving perpendicularly to the stick at a distance d from its centre with speed v collides
elastically with it as shown in figure. What quantities are conserved in the collision ? What must be the

mass of the ball. so that it remains at rest immediately after collision?
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o : with its centre of
i | strikes a frictionless floor at A - Find th
e horizontal 5 : < pcrﬁl' ctly elastic. Fin 2

at the impact at A

80 Mechanics-ll

formi sJe O with tl
27. A rod of length / forming an ang. . :
mass velocity v, and no angular velocity. Assun'flng, th
l mediately after the impact.

angular velocity of the rod im
/

r .. m
AF 0

connected to each ntherl
iangular body of
riang ¥ A )

28. Three particles A4, B and C, each ﬂt‘maszf m, are
by three massless rigid rods to form a rigid, ::q_unilﬂterai 1 e
side /. This body is placed on a horizontal r‘nctmnlclﬁﬁ tahlf._(.tl-_l P e
and is hinged to it at the point A, so that it can move n"uhﬂut_ friction a u;
the vertical axis through A (see figure). The body is set |_nm rotationa qﬁ
motion on the table about A with a constant angular velocity @ .
(a) Find the magnitude of the horizontal force exerted by the hinge on

the body. : ‘ _
(b) At time T, when the side BC is parallel to the x-axis, a force Fis

applied m'; B along BC (as shown). Obtain the x-component and the
v-component of the force exerted by the hinge on the body,

immediately after time T.
29, A semicircular track of radius R = 62.5¢cm is cut in a block. Mass of block,

having track, is M =1kg and rests over a smooth horizontal floor. A
cylinder of radius » = 10cm and mass m = 0.5kg is hanging by thread such
that axes of cylinder and track are in same level and surface of cylinder is
in contact with the track as shown in figure. When the thread is bumnt,

cylinder starts to move down the track. Sufficient friction exists between
surface of eylinder and track, so that cylinder does not slip.

Calculate velocity of axis of cylinder and velocity of the block when it
reaches bottom of the track. Also find force applied by block on the floor at

that moment. (g = 10nvs 2 )

1+ 3sin® g
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horizontal when it is about to slide on the edge. The coefficient of friction between the rod and the
surface is L.

4

33. In figure the cylinder of mass 10 kg and radius 10 cm has a tape wrapped round it. The pulley weighs

100 N ?Lnd h“‘? r::_dius 5 cm. When the system is released, the 5 kg mass comes down and the cylinder
rolls without slipping. Calculate the acceleration and velocity of the mass as a function of time.

34. A cylinder is sandwiched between two planks. Two constant horizontal forces F and 2F are applied on

the planks as shown. Determine the acceleration of the centre of mass of cylinder and the top plank, if
there is no slipping at the top and bottom of cylinder.

35. A ring of mass m and radius r has a particle of mass m attached to it at a point A. The ring can rotate

about a smooth horizontal axis which is tangential to the ring at a point B diametrically opposite to
A. The ring is released from rest when 4B is horizontal. Find the angular velocity and the angular

acceleration of the body when 48 has turned through an angle —E

.

36. A hoop is placed on the rough surface such that it has an angular velocity =4 rad/s and an angular

deceleration o = 5 rad/s>. Also, its centre has a velocity of v, = 5 m/s and a deceleration ay =2 m/s*.
Determine the magnitude of acceleration of point B at this instant. .
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37. A boy of mass m runs on ice with velocit y v, and steps on the end of a plank of length [ and mass M whic
is perpendicular to his path.

(@) Describe quantitatively the motion of :
) the system aft 3
i iis ystem after the boy is on the plank. Neglect fri ction will

(b) One point on the plank is at rest immediatel

38. A thin plank of mass Mand length
What is the magnitude and directi

y after the collision. Where is it?

lis pivﬂlﬂ:d atone end. The plank is released at 60°
on of the force on the pivot when the plank is h

. frﬂrﬂ lh& Vertiﬂal_
Oorizonta]?
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ANSWERs B!

yductory Exercise 9.1

s : : 2
']. About a diagonal, because the mass is more concentrated about a diagonal 2. 3‘.3. 3. e |

2 2+ ma® 5, (a) 2Mi2 (b) % M2 6. 2 Ma?

i |
T 05kgm® 8.043kgm’ 9. ?Rge 10. The one having the smaller density

: 8
4. .{ﬁ;.g mré + 2ma® (i) 5 mr

Introductory Exercise 9.2
1. 100rad 2.800rad 3.5N-m 4.0.87N 5. (a) 4rads’) - 6rad-s? (b) - 12rad-s™*

6. 75

ductory Exercise 9.3

: mi? cos a sin® o

By 3.2050v 4 5. No
2 2g

. il,. d{uﬂnw EIEI"BESE 9-4
) }M__

2. Duration of day-night incerease 3. True

1 y“- = [%‘;a] X o2 J%ﬁ (1 - sin )

ductory Exercise 9.6
2 L V= V¥a
?mgh z.tcos‘[mj 3'—"2.#?

juctory Exercise 9.7

' 2
. 5 pg cos @ I+ 2Mr
a) gsinB-pgcos® (b) 3R 2. False 3. Leftwards 4. False 5. TV

‘6, lim can make the body move 7. False
~ F>0

uctory Exercise 9.8

1 (@p<l ()p>l 2 2p

5

AIEEE Corner

Subjective Questions (Level 1) e
1. %mz 2. 55 kg_m‘! 3. :?E 4. —E 5. Bcm

6. I=w? wherep = ™+ m is called the reduced mass of two masses.

7. 1= at B =L radst 9. 3{-’&,}'de'5“ 10. 10rad-s”? 1l.o=—- 12 2 rad/s
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16, 33

echa - 15. 2.71 N-m s
g4 M pics-I! ar to the plane of motion) 55 Nm
g 20. 20 s
i - 2k 00 Mo (PRIPET 0.13N-m
oi _ k) N-m 14. 4 o1 Nom ®)
53 * (40s)rad b 18.70 cad 19 (2)0:
e (0= - 2
17. (8x)rad-s S IR 23, (2)365 (b) 12 p 2
2 Bymes 2055 O s 26, o= 4T85 G = C0 e
. 9rad, 1. wSLAN
Ao e ?25 Kk 30 [1':' mﬁf)i 31. Increase 32. %rad~s-:
: {gmvk 3973
27. aJikg-m’s? 28 mife 29 [ m ]
- - -1 (b) £, =399, £, =181J (c) 141.1J

33, 729: 10 kgm? 34, (a)14.3rads "= 2.27 MZF
C
2m 1 2o
35 @lwn= {I + ?] wy (D) 5 maw g m
2 23 - -3 30 2 40 4
38. 72N 39. (3) ST {b}Tms (c) 5 ms 3

42, |:s::}53"~f I{b)%

Objective Questions (Level 1)
1@ 2@ 3@ 4@ 5® 6@

e 0s0 3MFcos@ MFcos@
l“_"J 36. 5, 8m' 3M + 8m ' 3M + 8m

37

F

"M+ 3m

2v 1
= (b)=

7. ()

11. (d) 12. (@ 13. () 1a. (b} 15.(b) 16,(d) 17.(a)

2L.(c) 22.(d) 23.(b) 24.(a) 25 (3) 26 (b)

JEE Corner

Assertion and Reason

27. (c)

=@ 20 3@ 4@ 5@ e @ 7.

11. (¢}

Objective Questions (Level 2)

1
(d) 2, (b) 3. (b) 4. (d) 3. (©) 6. (a) 7. (a)

11. (b 12, (c) 13. (b) 14. (b) 15.(d)y 1g (a)

17. (b)

21, 7
) 22, (b) 23. (¢) 24, {d) 25. (c) 26. (a) 27. (b
L }

31,
L®) 32.0) 33.0) 24 ©  35.(d) 36, (a)

41.
1. (a) 42 (3) 43. (a) 4. (c) 45, (a) 46 (d}

51.(d) 52.() 53 (2)

More than One Correct Options

1. (a.c) 2. (all
B0 9en pond & b
Hatm? the Columns |
a)—q (B) »s (€)= g
;— ;}: P (b)os (€) - p :j;jf
o Ps  (b)—p,r ©-qr (4 p.r
5. @5 2T @ ) sp
iR TRmSs e P (s
s P s
- r {bjw;q (€) > s e
(d) - p
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9. (b)
19. (b)
29. (a)

10. (b)
20. (d)
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4 F
in each case in clockwise direction 2. (a) 3g/2, (b) 3g/4 (c) me/4 3. 06l2m 4. YT

i iy -1 1 4mg 2vg
1 o f.___.._._. Badd
5, 0.75ms ", 1.98 ms 6. (b) 5 Mg 7. Gmns 8. 5

2

S 2 : ”"'-E v,

g f==mgsing N= (17 cos @ - 10) + —2—
== mg er

l
10. (3 f= g{l = “'}F assuming fopposite to F (b) a= {3 = |(F? + 1) (c)yes, if ris greater than 5 R.

o

(d) fin same dnreﬁhon as F.
4aF

1. G 555, 3m - 8m
' -.-(hj ——”f—— (between plank and cylinder) —-—n-{-— {between cylinder and ground)
: ,}_'1 43 rns“" (b) 7.15rad-s 2 (c) 1.43N 13 2.25 s 14. 0.745 ms * (rightwards)

2o 9 m
(anticlockwise) 16, 1m  17. Eﬁ;ﬂ 18. 5=%‘-’i~f§ 19.v=15ms? 20. 2
,;-af «:Sphere 5.29 ms | disk 5.11 ms™’, hoop 4.43 ms™ (b) Sphere 4.2 N, disk 4.9 N, hoop 7.36 N
‘lﬁ} Sphere 1.51s dlsk 1.56 5 hoop 1.81 s

:g:J 24, {a:l ]@. (b) Em 68l (V2 + 1)

3 13 3] &
_[a}.—;mg 1+ [?:“ ] (b) J[—E] + (w2 () [? mg + m!m‘?] .[—?g + Imz) (d) J_TH;E
2

U6ty flE08 8 2 B il (B == =3 iR
27. w = [m’é—ﬂ] 8. (a) V3 m (b) F, v Py m

!

s

rfwi( cos « - sina) r® of (u cos a — sin a)
Ohrig =
2g(3u cos a - sina)*’ 4g sina (3u cos o - sin a)

N 2 4gt F 2IF 6gV3 38 .. 2
8 [13] 33.36ms? 28 34 o 3. J 8228 36.621ms

'_'%—'r'frumthebuy 38. —M L; = tan” ( )

20ms! 1.5ms? 1667N  30.d-
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CHAPTER 10 Gravitation 115 i
Level 1 ]

Example 1 Ifthe radius of the earth contracis to half o e o e e S
will be the new duration of the day? If of its pres W @ :

Solution Present angular momentum of earth
j‘ ¥ s
L, = fﬁ}:'—; MR w

New angular momentum because of change in radius

L, =EM[E]" of
5 )

If external torque is zero then angular momentum must be conserved

L =L,
EMleleMRIm ie, =4
5 4 5

T'=—iT=—lx 24 =8h
4 4

Example 2 The minimum and maximum distances of a satellite from the centre of the earth are 2R and 4R
respectively, where R is the radius of earth and M is the mass of the earth. Find :

(a) its minimum and maximum speeds,

(b) radius of curvature at the point of minimum distance.

Solution (a) Applying conservation of angular momentum

2R)=mv,(4R)
il o) (B N\e—3n

v =2v A P B
: | : 4 v
From conservation of energy !
i) GMm ‘1.

o GMHI= 1 (i)

S R R A T Fig. 10.38

Solving Egs. (i) and (ii), we get
GM 2GM

(b) If r s the radius of curvature at point 4

mvi _ GMm
r(2R)
,=4"’FR.2 =E (putting value of v, )
GM 3
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116 Mechanics-li

1 an
Exam ' 1 located at the vertices .af
Xamp s particles each of mass m are | 2o
: dft:*a? rrg:gﬁ:*iﬂ;sﬁe a. At what speed must they move *.f g’iﬂ;_’ﬂ‘f”f;r ot
?iqnl:fer the influence of their gravitational force of atiract :"}:’ :::! o ?
I"Eil'cunmcrfb?ng the triangle while still preserving the equilate

Fig. 10.39
n)
= GM? o GM~ ﬁ:\
= 7= os 30° = 3
Solution F,=Fup +Fic "2{ = ]c [ 7
Iﬂl': -
A now ——=F
3 r
—— ) =G’HI NE
or

Example 4 Two concentric shells of mass M, and M, are concentric as shown.

Calculate the gravitational force on mdiie [0 M, and M at points P,0 and R.

Fig. 10.40
Solution AtPFP, F=0
GMm
atQ, F= =
F _G(M, + M;)m
at R, = =

Example 5 What is the fractional decrease in the value of free-fall acceleration g for a particle when if 1§
lifted from the surface to an elevation h ?.(h < < R)

M
; .
Solution =
d_g it “w;'lff
dR R
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iﬁ;_ i : 2(.;:1".' i

-

E‘E.._ ik
g

Example 6 Three concentric shells of masses M

1 1+ M and M having radii a,b and ¢ respectively are
situated as shown in figure. Find the force on a pariicle of mass m

bt

My

1)

18

Fig. 10.41
(a) When the particle is located at Q.

(b) When the particle is located ar P.

. : : . . [ GM 3 : ;
Solution Adttraction at an external point due to spherical shell of mass M 1::[ - }\\'hli:‘: at an internal point

o

!
15 ZEero.

(a) Point is external to shell M|, M, and M ;.
So, force at O will be

Fo= GM,m s G,-Hfm 5 G."‘rfj m

¥

v L P
=-(if[.’r’.‘, + M, + M)
5
GM,m GM.m
(b) Force at P will be = r"l = +0
=E? (M; + M3)
2

Example 7 A planet of mass mrevolves in elliptical orbit around the sun so that its maximum and minimum

distances from the sun are equal tor, and r respectively. Find the angular momentum of this planet relative
10 the sun,

Solution Using conservation of angular momentum
my,r, =mv,r,

PP |
As velocities are perpendicular to the radius vectors at apogee and perigee.
= Vol =Val,
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1| 118 Mechanics-1I

Using conservation of energy,

' Mm |
| —- G fr = ﬂ”rﬂ' — = ‘-"',I" HIV”,
r, ) 8 =

— Eali‘fru
o \‘rP(r,, +r,)

WMr,r,
L=mv r,=m

: (r, +1,)

2 —GMm 1 __ 3

Ry solving, the above equations,

Level 2

Example 1 A planet of mass m; revolves round the sun of mass m,. The distance between the sun and g

planet is r. Considering the motion of the sun find the total energy of the system assuming the orbits 1o be
circular.

Solution  Both the planet and the sun revolve around their centre of mass with same angular velocity (say )
Sl (1)

2 Gmym,
a

my n 2 m
2 2 - =
!qum =m3_n',m ',:'

.-(ii) coM
Fig. 10.42

-

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

and o2 = Zlm +m)

Now, total energy of the system is
E=PE+KE

_Gmmy, 1,

2 1
o E= +—mitet = mars o
r = ki

Substituting the values of r; ,; and ©°, we get
e Gm,m,
2r
Examp.le 2 Two masses my and m, at an infinite distance Jrom each mﬁwﬁmm Mﬂ? at rest, start
interacting gravitationally. Find their velocity of approach when they are at a distance r apart.
Solution Let v, be their velocity of approach. From conservation of energy:

Increase in kinetic energy = decrease in gravitational potential energy
L] m'll -l
_1}”" _Gmym, i)
T 2 ¥ r

£ @ 3 o m

] '-_‘
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CHAPTER 10 Gravitation 119
Here,
K =reduced magg = ™M™
f"l -+ f”:

Substituting in Eq. (i), we get

T —
r

Example 3 Ifaplanet was suddenly stopped in ity orbit supposed to he cireular, show that it would fall onto

2
I time —— finie
the sl 5 es the period of the Planet's revolution,

Solution  Consider an imaginary planet moy ing along a strongly ST &

f which
planet’s orbit and at the centre of the sun. Th s loeion the

, extended flat ellipse, the extreme points o
? | ¢ semi-major axis of the orbit 3 k

of such a planet would apparently be half the semimaj i :
Jor axis of the ' 3
~  planet’s orbit. So the time period of the imaginary planet 7" according 1o v Eu?E? Ptanet

n Kepler's law will be given by : 8 i

= -

2
B i
T r r
Fig. 10.43

— r=£
8

Example 4 A mrsﬂne is rewfwng round the earth in a circular brbit of radius r and wfa-:ny v,,.A particle
is projected Jrom the satellite in forward direction with relative velocity v= =(«/ 5/4 ~ 1) v,. Calculate its
mﬁrﬁmuﬂ and maximum distances from earth’s centre during subsequent motion af the par.rmfe

Solution v, =M _ orbital speed of satellite )

r
where M = mass of earth
Absolute velocity of particle would be:

'pp. =y+ 1, =J:-§ vV, =-Jl.25'l-i'9 '[I.E]

Since, v, lies between orbital velocity and escape velocity, path of the particle would be an ellipse with
being ¢ ﬁﬂ:mmmlm distance.
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I i i ] ity at that moment.
be the maximum distance and v, 115 velocity

vp=.|"g“1"a

CEQ
Vi

Fig. 10.44

Particle

Then from conservation of angular momentum
mv,r=m v, ¥

(o e R 1 GMm
aﬂd E ”ﬂlﬂ = X —E ””’.F* __?J

Solving the above Egs. (i), (ii). (iii) and (iv), we get
r= E.f and r

3

. . m - o
Hence, the maximum and minimum distance are — and r respectively

and conservation of mechanical energy, we get

e

A1)

Example 5 n earth satellite is revolving in a circular orbit of radius a with velocity v, A gun is in the

satellite and is aimed directly towards the earth. A bullet is fired from the gun with muzzle velocity -E’*‘

Neglecting resistance offered by cosmic dust and recoil of gun, calculate maximum and mininum distance

bullet from the centre of earth during its subsequent motion,

Solution  Orbital speed of satellite is
GM :
—_ ...(1)

i

From conservation of angular momentum at P and 0, we have
mav, = mvr
mr
= o fi s
y=—"= i)

or
r
From conservation of mechanical energy at P and O, we have
-y ——

or Vv, —
8 a 2 r
Substituting values of v and v, from Eqgs. (i) and (ii), we get

S5GM GM _a* (GM) GM

it - s R
i

3 —a"—— ar —3}'2 =4g2 —

or
Ea‘?zr
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i 3rt —8ar+ da* =0
» o 8a +/64a% — 484>
[§
._Batda =
or r=— or Py = 2
: 3

Hence, the maximum and minimum distances are 2q and 2 respectively

Example 6 Binary stars of comparable masses s n, andms

with a time period T, If they are stop t
collide with each other. The radii of the
g_mvim.'fon.

rotate under the influence of each other 's gravity

suddenly in their motions, find their relative velacity when they
stars are R, and R, respectively. G is the wuniversal constant of

Solution  Both the stars rotate about their centre of mass (COM),

iy
@

h

2

& v

i ;

=
gt

4 4

Fig. 10.46

K o
For the position of COM Al ol wle it S oo

ﬂ.i'z ".i'l fﬂl + ﬂ‘.iz -"Hl =+ mz

Gmym Gm, 5
A]sﬂ, my 5 l::}z = L 2 or Wz = H=—
2

(r=r +n)

s

h
mEr

But, n=

my + my
e G{HI’1 M ]

; (1]
- rj

i {G{m, +m )}”’ E

2

or o

Applvine conservation of mechanical energy we have
ppiying ; G.l'ﬂ-i {{i5] == Gm1 miy o _i |,I.'IFE _[i]}
~ 7 (R +Ry) 2

m, iy

= reduced mass =

Hﬂe’ ml + M ]

and v, =relative velocity between the two stars.
From Eq. (i), we find that | |
Eq. (i), z_mmln&( 1 _1]

i H Ry +R; 7
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1 4__;‘1‘_._#}
2G(m; +my) R, + R 1 Gomy +ma i

‘Example 7 Find the maximon and minimum distances of the P"‘mfn‘; A5 ”
sun S, if at a certain moment of time it was at dzsi::;ﬂﬂ ;ﬂ@c A
travelling with the velocity v, with the angle between the radius
and velocity vecior being equal 10 ¢
e Fig. 10.47

: . : v anele of 90° with radius vector.
Solution Atminimum and maximum distances velocity vector ('v)makes anang

Hence, from conservation of angular momentum,

i okl
nivyr sin g=mrv (i)

Here, m is the mass of the planet.
From energy conservation law it follows that.

mvg _GMm _ mv* _ GMm i)
2 i 2 r

Here, M is the mass of the sun. : _
Solving Eqs. (i) and (ii) for 7, we get two values of r, On€ 18 7y, and another 18 r,;, - S0,

o =
= 1+4/1-K(2-K)sin" ¢)
P =5 (1 {1=K(
=10 (j—Ji-E(@=K)sin”
and Tmin __(l_ II= ( )Em ¢r]
2-K
2.9
o Yo
ETe, E—
& GM
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E XERCISES|

AIEEE Corner
~ subjective Questions (Level 1)

Newton's Law of Gravitation

1. ;]_-“'“ pm':,ﬂes oL "::55‘35 1.0 kg and 2.0 kg are placed at a separation of 50 cm. Assuming that the only
Orces acting on the particles are their mutual gravitation, find the initial aceelerations of the two
particles.

2. Three particles 4, B and C, each of mass m, are placed in a line with AB = BC = d. Find the gravitational
force on a fourth particle P of same mass, placed at a distance d from the particle B on the perpendicular
bisector of the line AC.

3. Four particles having masses m, 2m, 3m and 4m are placed at the four comers of a square of edge a. Find
the gravitational force acting on a particle of mass m placed at the cenire.

4. Three uniform spheres each having a mass M and radius a are kept in such a way that each touches the
other two. Find the magnitude of the gravitational force on any of the spheres due to the other two.

5. The figure shows a uniform rod of length / whose mass per unit length is 4. What is the gravitational
force of the rod on a particle of mass m located a distance o from one end of the rod?

- I Me——d—
®

—

Acceleration due to Gravity
6. Value of g on the surface of earth is 9.8 m/s”. Find its value on the surface of a planet whose mass and

radius both are two times that of earth.
7. Value of g on the surface of earth is 9.8 m/s”. Find its value :

{a) at height / = R from the surface,
(b) atdepth A =g from the surface. (R =radius of carth)

8. Calculate the distance from the surface of the earth at which the acceleration due to gravity is the

same below and above the surface of the earth. Biwn =,
9. Abody is weighed by a spring balance to be 1000 N at the north pole. How much willit weightat the

equator. Account for the earth’s rotation only. '
10. Atwhat rate should the earth rotate so that the apparent g at the equator becomes zero 7 What will be

the length of the day in this situation ? |
1. Asﬂlfmﬂg earth to be spherical, at what height above the north pole, value of g is same as that on the

earth’s surface at equator ?
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14.
15.

16.

19.

20.

21.

22,
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124 Mechanics-1l
Gravitational Field Str

12. Two concentric spherical

ength and potential

nr. and radii R, JRA(Ry <R3). Calculate the force :

shells have masses i, (R, +Ry)
5

it is placed at a distance from the centre.

em on a particle of mass m, if
nother sphere has mass 4M and radius 2R. The centre ¢,
m the centre of smaller sphere where :

exerted by this syst
« M has radius R. Anot 1
hem is 12R. Find the distance fro
If the potential on the surface of larger sphere.

d mass M. Find the gravitational field at i CHELE Ot e cicle,
etrically by a uniform thin sphericy|
) :

Twao spheres one of mas
centre distance between t
{a) net gravitational field is Zer0,

(b) net gravitational potential 1s ha
A semicircular wire has a length L an
A uniform solid sphere of mass M and radius a is surrounded symm

Fo <
- thec =
shell of equal mass and radius e (a) a0 trom the centre, (b) =~ 4

2. Find the gravitational field ata distanc:

from the centre. : . ; -
The density inside a solid sphere of radius a is given by p =p gal rywherepg 18 the density at the surface

and rdenotes the distance from the centre. Find the gravitationa

from its centre. :
A particle of mass m is placed at the centre of a uniform spherical shell of same mass and radius R. Find

| field due to this sphere at a distance 25

the gravitational pofential at a distance — from the centre.

g

Gravitational Potential Energy
18. A rocket is accelerated to speed v =2,/gR near earth’s surface (R =radius of earth). Show that very

far from earth its speed will be v=4/2¢R.
Two neutron stars are separated by a distance of 10'” m. They each have a mass of 10" kg and a radius of
10° m. They are initially at rest with respect to each ‘other.

As measured from the rest frame, how fast are they moving when :

(a) their separation has decreased to one-half its initial value,

(h) they are about to collide.

A projectile is fired vertically from earth’s surface with an initial speed of 10 km/s. Neglecting air drag,
how far above the surface of earth will it go 7

A mass m is taken to a height R from the surface of the earth and then is given a vertical velocity v. Find
the minimum value of v, so that mass never returns to the surface of the earth.

(Radius of earth is R and mass of the earth M ).

In the figure masses 400 kg and 100 kg are fixed.

-2 '

. -1-2 =
* 10m

(a) How much work must be done to move a | kg mass from point A to point B ?
(b) What is the minimum kinetic energy with which the 1 kg mass must be projected from 4

to reach the point B ?

o the right
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i CHAPTER 10 - Gravitation 125
planets and Satellites : Kepler's Law
23. Asky labofmass 25 10° kg is first launcheq from the surface

then it is shifted from this circular orbi to another cireul
required : —
(a) to place the lab in the first orbit.

(b) to shifi the lab from first orbit to the second orbit. (R

of earth in a circular orbit of radius 28 and
orbit of radius 3R. Calculate the energy

i | =6400km, g = 10m/s?)
24, Twoidentical stars of mass M orbit around their centre of mass
that the two stars are always on opposite sides of the circle,
(a) Find the gravitational force of one star on the other.
(b) Find the orbital speed of each star and the period of the orbit
(¢) What minimum energy would be required 1o separate the two stars to infinity ?
25 Consider ‘m-o satu!lltef: A and B of equal mass, moving in the same circular orbit of radius r around the
earth but in the opposite sense and therefore a collision occurs.
(a) Find the total mechanical energy £, + E of the two satellite-plus-earth system before collision.

(b) Ifthe Futhsmn Is completely inelastic, find the total mechanical energy immediately after collision.
Describe the subsequent motion of the combined satellite.

Each orbit is circular and has radius R, so

26. Two satellites 4 and B revolve around a planet in two coplanar circular orbits in the same sense with radii
10° km and 2x 10 km respectively. Time period of A is 28 hours, What is time period of another
satellite. Find the speed of B with respect to A4 when A and B are at farthest distance from each other.

27. Asatellite of mass 1000 kg is supposed to orbit the earth at a height of 2000 km above the earth’s surface.
Find (a) its speed in the orbit, (b) its kinetic energy, (c) the potential energy of the earth-satellite sysiem
and (d) its time period. Mass of the earth = 6 10™ kg.

E Purchase a license to generate PDF files without this notice.

28. Inacertain binary star system, each star has the same mass as our sun. They revolve about their centre of
mass. The distance between them is the same as the distance between earth and the sun. What is their

period of revolution in years 7
29. (a) Does it take more energy to get a satellite upto 1500 km above earth than to put it in circular
orbit once it is there.
(b) What about 3185 km?
(¢) What about 4500 km? (Take R, = 6370km)

Objective Questions (Level 1)

Single Correct Option
L A satellite orbiting close to the surface of earth does not fall down because the gravitational pull of earth

(a) is balanced by the gravitational pull of moon
(b) is balanced by the gravitational pull of sun
(¢) provides the necessary acceleration for its motion along the circular path
(d) makes it weightless

2 Fi?i"ﬂw.]lianﬂ-sun x;,rstem identify the correct statement
(a) the angular momentum of the planet is conserved
(b) the total energy of the system is conserved
(¢) the momentum of the planet is conserved
(@) All of the above |

An evaluation version of novaPDFE was used to create this PDF file.
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126 Mechanics-lI
3. Ifthe earth stops rotating about its axis, then the magnitude of gravity z
(a) increases everywhere on the surface of earth

(b) will increase only at the poles
(¢) will not change at the poles

(d) All of the above i _
4. For a body to escape from earth, angle from horizontal at which it should be fired is
(a) 45° (b) 0° (c) 90° (d) any angle
5. The correct variation of gravitational potential /" with radius rmeasured from the centre of earth of radjy,
R is given by
Vi Vi
ta) | (b)
| i
o r=R rh 5] r=R s
'.-"Jr,
© (d) None of the above

6. The Gauss’ theorem for gravitational field may be written as
@) §z-d5=2 @ -{g-dS=4mnG (c) {g-d8="" (4 -dg.483=-"
d G g Ie et | G

7. In the earth-moon system, if 7} and T, are period of revolution of earth and moon respectively about the
centre of mass of the system then
(@ 5, >T; (b) I =T (€) L <T, (d) Insufficient data
8. The figure shows a spherical shell of mass M. The point A is not at the centre but away M
from the centre of the shell. If a particle of mass mis placed at A, then
(a) it remains at rest .
(b) it experiences a net force towards the centre
(c) it experiences a net force away from the centre
(d) None of the above
9. Ifthe distance between the earth and the sun were reduced to half f
s oné o voU T alt its present value, then the number 0
(a) 65 (b) 129 (c) 183 (@) 730
10. The figure represents an elliptical orbit of a planet around sun, The planet takes
time 7, to travel from A to B and it takes time T, to travel from C to D. If the area
CSD is double that of area ASB, then
@G =0 (b) T; =21,
(c) T, =0.57, (d) Data insufficient

An evaluation version of novaPDFE was used to create this PDF file.
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11, Atwhat depth from the surface of earth the time period of 4 sj
d S

|i 12. If M is the mass of the earth angd R

CHAPTER 10 Gravitation 1217

the surface of the Earth? (Radius of earth 5 6400 km) 'Ple pendulum is 0.5% more than that on

(a) 32 km (b) 64 km :
(€) 96 km (d) 128 km

(ke 5 its radius - i
gravitational constant is + the ratio of the gravitational acceleration and the

R:
®) M

(H} .F RE {G} JHRE {d] E
R

13. The height above the surface of earth at wh Fel A

value on the surface of earth is
(a) 100R, (b) 10R, (c) 99R, (d) 9R

14. Forasatellite orbiting close to the surface of carth the period of revolution is 84 minute. The time period

of another sntelli.t-.: orbiting at a height three times the radius of earth from its surface will be
(@) (84) 22 minute (b) (84) 8 minute () (84)3V3 minute  (d) (84) 3 minute

15. The angular speed of rotation of earth about its axis at which the weight of man standing on the equator

becomes half of its weight at the poles is given by
(a) 0.034 rads " (b) 8.75%10°* rads™

(€) 1.23%10*rad s~ (d) 7.65x10 7 rad ™

16. The height from the surface of earth at which the gravitational potential energy of a ball of mass mis half

of that at the centre of earth is (where R is the radius of earth)
R R 3R 4R
eyt b) & = i
(a) 3 (b) 3 (c) % (d) -

17. Abody of mass mis lifted up from the surface of earth to a height three times the radius of the earth R. The

change in potential energy of the body is

(a) 3mgR (b) %ng ©) %ng (d) 2mgR

18. A satellite is revolving around earth in its equatorial plane with a period T. If the radius of earth suddenly

shrinks to half its radius without change in the mass. Then, the new period of revolution will be
(a) 8T (b) 242 T (c) 2T (d) T

19. If the radius of moon is 1.7 10® m and its mass is 7.34 x 10 kg. Then its escape velocity is

(@) 24x10° ms~'  (b) 24x10°ms™  (c) 34x10°ms™'  (d) 3.4x10% ms”’

20. A planet has twice the density of earth but the acceleration due to gravity on its surface is exactly the

21. The speed of earth’s rotation about its axis is @. Its speed i

22. A satellite is seen every 6 hours over the equator. It

same as on the surface of earth. Its radius in terms of earth’s radius R will be o
(d) R

(a) R/4 (b) R/2 (c) RI3 _
s increased to x times to make the effective

=2 e .
equator, then xis around (g =10ms ~; R = 6400 km)

(c) 17 (d) 34

s known that it rotates opposite to that of earth’s
of satellite about the centre of earth will be

4
(d) 3

acceleration due to gravity equal to zero at the
(a) 1 (b) 8.5

direction. Then the angular velocity (in radian per 11-::uu1'1i]rr
(@) X E (c) —
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23.

24,

4

26.

e

28.

e

Minicsull

For a planet revolving around sun,
square of its time period 18 pmpnmmms! 10

(a) [ ﬂ]s (b) [5'—;”} () b° (d) @’
2

2
: i 2 1A55C
The figure represents two concentrnc shells of radii ®, and R, and n

M, and M, respectively. The gravitational field intensity at the point 4

faand bare the respective semi-major and Semi-minor axes, then iy,

at distance

a(R, <a<R, )is A
= ]{-':{-"HI -I'-.'l-'ﬂrj:l {b} _%_9_13_

a’ a R5
(c) Gl (d) Zero

2
o

A straight tunnel is dug into the earth as shown in figure at
centre. A ball of mass mis dopped from one of its ends. The
the other end is approximately

a distance b from its
time it takes to reach

(a) 42 min (b) 84 min
b :
(c) Ed{%]min (d) 42(;]“11"

Three identical particles cach of mass mare placed at the corners of an equilateral trniangle of side /. The
work done by external force to increase the side of triangle from /to 2is

3 GM? ~3GM*> 3 GM? @ 3GM*
lsE e = ®5= ,

A particle is thrown vertically upwards from the surface of earth and it reaches to a maximum height
equal to the radius of earth. The ratio of the velocity of projection to the escape velocity on the surface o

garth 15

| 1 1 1
e b) — = d
(alﬁ {}2 {G]¢ HE\E

The gravitational potential energy of a body at a distance r from the centre of carth isU. Its weightd!
a distance 2rfrom the centre of earth is

U E E _U_
@ = (B = © o (d) 5

r

JEE Corner

Assertion and Reason
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Directions : Choose the correct option.
. s : i
(a) If both Assertion and Reason are true and the Reason is correct explanation of F}M{ *'jﬂjm.rm
3 - - i1
(b) If both Assertion and Reason are true but Reason is not the correct explanation of AS:

(¢) If Assertion is (rue, but the Reason is false.

(d) If Assertion is false but the Reason is true.

Assertion : When two masses come closer, their gravitational potential energy decreases:
Reason : Two masses attract each other.
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CHAPTER 1D Gravitation 129

Assertion : In moving from cent i .
2 G - re of a solid sphere 1o it surface itati ial i
Reason : Gravitational field strength Increases e L

ssertion : There are two identic s i
3. A e centical spherical bodies fixed i two positions as sh : ;
A to B gravitational potential first increases then decreases s asshown. While moving from

- e

Reason : Al centre of 4 and B field strength will be zero
4, Assertion : If we plot potential versys x coordi :
x-coordinate graph : i i -
e e te graph along the x-axis, then field strength is
Reason : If poiential is function of x-only then

ey dl

dx

5. Assertion : A particle is projected upwards with speed vand it o . :
then it will move to height 4/. HERE B Ggoeeicg it A 1T e doubli e speed
Reason : In case of earth, acceleration due to gravity @ varies as

50—

s
6. Assertion : In planetary motion angular momentum of s i
: system remains constant. ine
T e But linear momentum
Reason : Net torque on a system about any point is zero,
7. Assertion : Plane of space satellite is always equitorial plane.
Reason : On the equator value of g is minimum,
8. M_.?eﬂiun : On satellites we feel weightlessness. Moon is also a satellite of earth. But we do not feel
weightlessness on moon.
Reason : Mass of moon is considerable.
3. Assertion : Plane of geostationary satellites always passes through equator,
Reason : Geostationary satellites always lies above Moscow.
10. Assertion : It we double the circular radius of satellite, then its potential energy, kinelic energy and

total mechanical energy will become half.
Reason : Orbital speed of a satellite,

(forr=R)

Yo ——

Jr
Wwhere ris its radius of orbit.
L1, Assertion : Ifthe radius of earth is decreased keeping its mass constant, effective value of g may increase
or decrease at pole.
Reason : Value of g on the surface of earth is given by & = e

| %hwve Questions (Level 2)
Single Correct Option

L An artificial satellite of mass mis moving in a circular orbit at a height equal to the radius R of the earth.
Suddent}-m to internal explosion the satellite breaks into two parts of equal pieces. One part of the

An evaluation version of novaPDFE was used to create this PDF file.
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rease in the mechanical energy of the system due g
inc

face of earth is g)
the surface @ ek '-!ng

-~ =0T

.GMm1 (b) GimM -f—-i-—- e
(a+0)° a(l+a) ~
(©) 'Gﬂfm () GmM :

a” 2(l+a)

ST — )

4. A uniform ring of mass mis lying at a distance v/3 @ from the centre of a sphere of
mass M just over the sphere (where ais the radius of the ring as well as that of the M @
sphere). Then magnitude of gravitational force between them is = |

(a) {'}Mm (b) GM!:: 4
8a’ Va d

© ﬁGﬂi’m ) B GMm E
8a’ |
5. Four particles, each of mass M, move along a circle of radius R under the action of their mutual l

grmtauﬁna[ attraction. The speed of each particle is

GM + |
@) (b) (242 (©) J @A+ (@ JSM 22 |
R R AERL ‘

6. A projectile is fired from the surface of earth of radius R with a velocity kv, (where v, is the escape

velocity from surface of earth and & < I). Neglecting air resistance, the maximum height of rise from the
cenire nfaﬂh Is

(a)

(b) k*R (c)

k: I T (d) kR

uniform mass density p. Ifa bod:,r of mass mis thrown in thls tunnel, its acceleration at a

7. Suppose a vertical tunnel is along the diameter of earth, assumed to be a sphete of Y
e
djstacnce yfrom the centre is given by é_

?T- )
(a) ?prm (b) % oy =
(c) E“P}' (d) Eﬂﬁpy
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CHAPTER 10 - Gravitation 131

. Atrain of mass nrmoves with a velocity v on

; : ; the equat
carth about its axis and R is the radius of the & o foms

SL1o west, If mis the angular speed of

SR e carth then the normal reaction acting on “he train is
(a) mg 1——g '_E[; (b) mg |_3M_i
L : R
|- (OR+2V)© V2 : - =]
S e - (@) mg|1-2 R =)o _v*
3 > i 4 Rg_

g, The figure represents a solid uniform s
distance a from the centre of the sphe
(a) non-uniform
(b) towards the centre of the cavity
(c) directly proportional to a
(d) All of the above

10. Ifv, is the escape velocity

here of mass i i
r[; ‘:r ﬁ of mass ’u.f and radius R. A spherical cavity of radius ris ata
- e gravitational field inside the cavity is

. : tor earth when a projectile is fired from the surface of earth. Then the escape
velocity if the same projectile is fired from its centre is

(a) ,Eﬂ- (b) Sv. © ‘En

11. Ifthe gravitational ficld intensity at a point is given by g = ‘:"_..f"j'_ Then the potential at distance ris
o

3 )
(dy v,

-2GM -GM ~ g
& —5- e @ (@)
3r = Fo :;rl.j r#-i

12. Three identical particles each of mass M move along a common circular path of radius R under the
mutual interaction of each other. The velocity of each particle is

GM |2 M M 2 GM
— = b) [— (¢) |[— (d) ,|=—
@ | 7 \/; { UJER ) 3R 3 R

13. If7 be the period of revolution of a planet revolving around sun in an orbit of mean radius R. then identify

the incorrect graph.
T2 T2k
(a) (b)
| RS R
724
(c) (d) None of these

TR
14. A person brings a mass of 1 kg from infinity toa p _
speed of 3 m/s as it reaches A. The work done by the person on the Mass

potential at A4 is .
(a) -1 J/kg (b) —4.5 kg (c) — 5.5 lkg

1 4. Initially, the mass was at rest but it moves ata
s 4 is — 5.5 . The gravitational

(d) —10 J/ke
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i 1 1 14 » f {H.J
15. With what minimum speed should m be projected from i e m,/j{

16. Consider two configurations of a system of three particles of am

two fixed masses M each at 4 and B as shown in the figure such that mass m i

should escape the gravitational attraction of 4 and 57
GM b) 232GM 7
(a) \|— ( R ;

— GM A R =
[Gm Gt 3

massés m. 2nrand 3m The work done by gravity in chan_%;it:}g 2m
the configuration of the system from figure (i) to figure (i1) 1s » ;
z a
6 lrm™ l
b I+—
[Rene 42 a { \E} 2m A\
- : O —
© 6Gm~ 1_.,.|_ @) 6 Gm™ 2__I_ i g »
(4] \rz' a \Jr‘-_'.l

17. A wumnel is dug along the diameter of the earth. There is a particle of mass s at the centre of the tunne].

Find the minimum velocity given to the particle so that is just reaches to the surface of the earth.
(R = radius of earth)

GM
(a) _H
GM
b
(b) %
2GM
V%

(d) it will reach with the help of negligible velocity

18. A body is projected horizontally from the surface of the Earth (radius = R) with a velocity equal to s times

19.

20.

21.

An evaluation version of novaPDFE was used to create this PDF file.
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the escape velocity. Neglect rotational effects of the earth, The maximum height attained by the body
from the earth’s surface i1s R/2. Then n must be :

(a) V0.6 (b) (\3)12 (c) 0.4 ) 12

A tunnel is dug in the earth across one of its diameter. Two masses mand 2m are dropped from the two
ends of the tunnel. The masses collide and stick each other. They perform SHM. the amplitude of which
is (R = radius of earth) ‘
(a) R (b) R/2 (¢) R/3 (d) 2R/3
There are two planets. The ratio of radius of the two planets is k but ratio of acceleration due to gravity of
both planets is g. What will be the ratio of their escape velocity? gravih)
(a) (kg)""” (b) (kg)™" (©) (ke) (d) (ke)™
A body of mass 2 kg is moving under the influence of a central force whose potential energy is given by
U=2" ) If the body is moving in a circular orbit of 5 m, its energy will be ;
(a) 6251 (b) 2501 (c) 5001 (d) 1251

|
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22, A research satellite of mass 200 ke circles the ¢

radius of the earth. Assuming the gravitationa]
the pull on the satellite will be

(a) 1212 N (b) 889 N

arth in an orbit

24, A solid sphere of uniform density and radius & applies a gravitational
force of attraction equal to £, on a particle placed at P, distance 2R from

the centre O of the sphete. A spherical cavity of radius R/2is now made e

in the Sj?hﬂl'ﬂ as shown in figure. The sphere with ¢ avity now applics a
gravitational force F, on same particle placed at P. The ratio F, / £y will

- =D

be
(a) 172 (b) 79
(c) 3 (d) 7

More than One Correct Options
1. Three planets of same density have radii R, , R, and R, such that R, = 2R, =3R . The gravitational field
at their respective surfaces are g, , g, and g and escape velocities from their surfaces are v, , v, and v,

then
(a) g /g, =2 (b) 2,/g; =3 (c) v;/va =14 (d) v fv; =3
2. For a geostationary satellite orbiting around the earth identify the necessary condition.

(a) it must lie in the equatorial plane of earth
(b) its height from the surface of earth must be 36000 km

{c) it period of revolution must be 2n JE- where R 15 the radius of earth
g

(d) its period of revolution must be 24 hrs e
3. Aball of mass mis dropped from a height /requal to the radius of the earth above the h

tunnel dug through the earth as shown in the figure. Choose the correct options.

(a) Particle will oscillate through the earth to a height /: on both sides

(b) Particle will execute simple harmonic motion

(c) Motion of the particle is periodic

) 3 2GM
(d) Particle passes the centre of earth with a speed v= =

4. Two point masses m and 2m are kept at points A and B as shown. E represents magnitude of

gravitational field strength and ¥ the gravitational potential. As we move from Ato B
(a) E will first decrease then increases n
(b) E will first increase then decrease e
(€) ¥ will first decrease then increase A
(d) ¥ will first increase then decrease

m¢'§“

= An evaluation version of novaPDF was used to create this PDF file.
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134 Mechanics-1l

5. Two spherical shells have mass m and 2m as shown. Choose the correct
options. .
(a) Between A and B gravitational field strength is zero

(b) Between A and B gravitational potential is constant .
(¢) There will be two points one lying between Band € and other lying

between ( and infinity where gravitational field strength are same
(d) There will be a point between B and C where gravitational potential will
be zero
6. Four point masses are placed at four comers of a square as shown. When positions of mand 2, 4,

interchanged

dm am

m 2m

(a) gravitational field strength at centre will increase

(b) gravitational field strength at centre will decrease

(c) gravitational potential at centre will remain unchanged
(d) gravitational potential at centre will decrease

7 Two idgmical particles 1 and 2 are projected from surface of earth with same velocities 1I
in the directions shown in figure.
(a) B_mh the particles will stop momentarily (before striking with ground) at
different times
(b) Pa[rtfcle-z will rise upto lesser height compared to particle-2
(¢) Minimum speed of particle-2 is more than that of particle-1
(d) Particle-1 will strike the ground earlier

8. A pl::'_met is m_uving round the sun in an elliptical orbit as shown. As the planet moves from A4 to B
(a) its kinetic energy will decrease

(b) its potential energy will remain unchanged
(c) its angular momentum about centre of sun will remain unchanged
(d) its speed is minimum at A4
9. A salt?liit.c of mass m IS just placed over the surface of earth. In this position mechanical energy of
statellite is £, . Now it starts orbiting round the earth in a circular path at height 4 = radius of earth. In this

position, kinetic energy, potential energy and total mechanical energy of satellite are K, U, and :
respectively. Then [

E
() Uy=—L (b) £, =— ©) K, =-E, (d) Ky =——=
B

An evaluation version of novaPDFE was used to create this PDF file.
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10. A satellite is revolving round the e CHAPTER 10 - Gravitation 135

(a) if mass of earth is m
become two times

(b) comesponding to change in part (a), times period of satellite it v

(c) when value of G is made two times ﬁrhimlze;zg ;;i::;cl!uc will remain half

(d) G has no effect on orbital speed and time period ses and time period decreases

Match the Columns

1. Thereis asmall hole in a spherical shell of mass
mis dropped from point A as shown. Match the 1y

in circular orhit

ﬂde ﬁ:‘lur ti[“ci k i A
aly CEp - -
.p “g l.’“h‘nr rc'll.,tl.}l'ﬁ uﬂmiaﬂi, ﬂrh{l-ﬂl Sp(','t_"d uf sa'le"ile “-\"i.!.l

M and radius R. A particle of mass A
Vo columns for the situation shown

1
in figure. l
Colma T | SO :
ia) i‘m;jcnlial energy from 4 |(p) Continuously increases :*
to 3 /
1 ) L]
by Pn;?nllﬂ| encrgy from B (q) Continuously decreases
1o :
(c) Speed of particle from B (r) First increases then
toC remains constant
(d) Acceleration of particle |(s) None of these
from AtoC

2. Five point masses m cach are placed at five comers of a regular pentagon, Distance of any comer from
centre is ». Match the following two columns.

Column 1 Column 1T

(a) Gravitational field  (p) Gm/r"
strength al centre

{b) Gravitational
potential at centre |

(c) When one mass is (r) zero
removed gravitational

{(gq) 4Gm/r

field strength at centre |
(d) When one massis (s} None of thesc
removed gravitational
potential at centre 3
3. | Potential | on the surface of a solid sphere is xand radius s . Match the following two columns.
Column T | Columu 11
8 X
(a) Field strength at distance |(p) ;I
2 y from centre ‘ -
& - .].c' 1 E
(b) | Potential | at distance = (qQ) ;
from centre !
(c) Field strength at (r) r
distance /2 from cenlre
(d) | Potential | at distance (s) None
‘2 yfrom centre
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4. Maich the following two columns.

------ - Column 1 . | Column 11
|
(a) Work done is raising a mass m (0 a (r) % mgR
height A= R
(b} Kinetic energy of a satellite of mass mat | (g) mgR
height f = R

(¢] Difference in energies of two satellites (1) L mgR
each of mass m but one at height i = R
and another of height /i, = 2R

(d) Kinetic energy required to raise a particle (s) None
of mass m to a height i = R if projected
vertically from surface of earth.

5. Maich the following two columns. - iy -

Column I- . Coluomn 1T
(a) Gravitational field strength is (pyr=20
maximuom at
{b) Gravitational field strength is zeroat  (q) r=R
R

{c) Gravitational potential is minimumat ((r) "= TI'

(d) Gravitational potential is zero at ((s) None of these

Here ris distance from centre of a solid sphere or distance from centre of a ring along its axis.

Subjective Questions (Level 2)
1. Three particles of mass m each are placed at the three comers of an equilateral triangle of side a. Find the
work which should be done on this system to increase the side of the triangle to 2a.

2. A man can jump vertically to a height of 1.5 m on the earth. Calculate the radius of a planet of the same
mean density as that of the earth from whose gravitational field he could escape by jumping. Radius of

earth is 6.41% 10°% m.

3. An artificial satellite is moving in a circular orbit around the earth with a speed equal to half the
magnitude of escape velocity from the surface of earth, (Radius of earth = 6400 km)
(a) Determine the height of the satellite above the earth’s surface.
(b) If the satellite is stopped suddenly in its orbit and allowed to fall freely on the earth, find the speed
with which it hits the surface of earth.

4. A uniform metal sphere of radius R and mass m is surrounded by a thin uniform spherical shell of same
mass and radius 4R. The centre of the shell C falls on the surface of the inner sphere. Find the
gravitational ficlds at points 4 and B.

AC=3R, BC=5R
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5. Figure shows a spherical cavity inside 4 lead s

: 4d sphere. The surfa.

passes through the centre of the sphere and touches the I:.L L s eckihec —d—»
- mml:ﬂl!therzshem before hollowing was 11 With '.'l-'fa.l[ side of the sphere. .

df&es the hoflowed out lead sphere attract 4 particle of g’.mwmm“l 0Ee

distance d from the centre of the Jead sphere on the s mass m that lies at g

centres of the spheres and of the cavity. traight line connecting the
The density of the core of a planet i

6. i r Planctisp, and that of the outer shellisp,, the radii of the -
planet are £ an respectively. The acceleration dye '. e

: L0 gravity at the surf 3 .
a depth R. Find the ratio of Pi » e surtace of the planet is same as at
P2

CHAPTER 10 Gravitation 137
avity

——u [T}

7. Ifasatellite is revolving around a planet of mass Min an ell;

; tical orbit of semi-major axis a. ;
the orbital speed of the satellite wh : el

en it is at a distance r from the focus will be given by
L’E = G;H ..2. — _I:|
r (4

8. A uniform ring of mass » and radius & is placed directly above a uniform sphere of mass M and of equal
radius. The centre of the ring is at a distance v/3a from the centre of the sphere. Find the gravitational
force exerted by the sphere on the ring.

9. Distance between the centres of two stars is 10a. The masses of these stars are M and 16M and their radii
a and 2a respectively. A body of mass m is fired straight from the surface of the larger star towards the
smaller star. What should be its minimum initial speed to reach the surface of the smaller star? Obtain the
expression in terms of G, M and a.

10. A smooth tunnel is dug along the radius of earth that ends at centre. A ball is released frnm the surface of

earth along tunnel. Coefficient of restitution for collision between soil at centre and ball is 0.5. i?al-:ul:ue

the distance travelled by ball just before second collision at centre. Given mass of the earth is M and

radius of the earth is R.

TS T R
11. Inside a fixed sphere of radius R and uniform density p, there is spherical cavity of radius = such that

i hown in figure. A particle of mass my is
surface of the cavit ses through the centre of the sphere‘: as st . : 1
released from rest a}:;f:uﬁ B ufﬂ%: cavity. Calculate velocity with which particle strikes the centre A of

the sphere. Neglect earth’s gravity. Initially sphere and particle arc atest
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138 Mechanics-ll ¥
d from the surface of the earth atan angle o = 60° from the vertical, Ty,

12. A projectile of mass m is fire
GM. jow high
R

€
|

does the projectile rise ? Neglect air resistance and i, |

i

initial speed v, is equal to

earth's rotation.

13. A ring of radius R =4 m is made of a highly dense material. Mass of the ring is i =5.4x 10" kg
. - & " 4
distributed uniformly over its circumference. A highly dense particle of mass m, = 6x 10 kg is placed .

on the axis of the ring at a distance x, =3m from the centre. Neglecting all other forces, except mutual

gravitational interaction of the two. Calculate : o
(i) displacement of the ring when particle is at the centre of ring, and |

(i1) speed of the particle at that instant.

14. Two planets of equal mass orbit a much more massive star (figure). Planet m moves ina circular orbitof |

radius 1 10* km with period 2 yr. Planet m, moves in an elliptical orbit with closest distance r; =15 10°

km and farthest distance 5 = 1.8 10° km, as shown.

(a) Using the fact that the mean radius of an elliptical orbit is the length of the semi-major axis, find the |
|

period of m,'s orbil.
(b) Which planet has the greater speed at point P ? Which has the greater total energy 7

(c) Compare the speed of planet m. at P with that at A.

15. Inadouble star, two stars one of mass m; and another of mass m,, with a separation d, rotate about their

common centre of mass. Find :
(a) an expression for their time period of revolution,

(b) the ratio of their kinetic energies,

(¢) the ratio of their angular momenta about the centre of mass, and
(d) the total angular momentum of the system,

() the kinetic energy of the system
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ANswers B

ntroductory Exercise 10.1

1. - 0.0168ms £ 2.78x10%radss 3, 1600 km g4 2 2nGMm
s 5. =

introductory Exercise 10.2
et

5, 10JZN' 6. Zero

2. 200 Mg ﬂ'Dﬂg pPositive ﬂ-dif&ttiﬁlﬂ i e [Ex;,.i i {3:2 -3_:;"2.‘{)" int] 4. F
T 1+ . False

introductory Exercise 10.3

1. True 2. mgﬁ' 3. 2 1= lﬂ“ﬁ ms'll 4.2% 105 ms | 4. 10 kme-!

Introductory Exercise 10.4
1. 112kmst 2. Angular momentum, mechanical energy 3. 2:1.2:1
5. (a) Orbit will become elliptical (b) The satellite will eseape

AIEEE Corner
Subjective Questions (Level 1)

1. =53 107 10 g = =10 o JE + 1} G-mz #\I'WEGME
& % ms™, 3 = 2.65x 107" ms 2. {u—\@ J 7= {along PEY" 3. T
J3GM2 Gm :

4. E 5. T 6. 49ms® 7.(@)245ms % (B)4.9ms?

W5- 1R o
8. 5. Where Ristheradius of earth 9. 997 N 10.1.237 10 rads ™", 84.6 min

11. a i | . F= AGmm . (a4 ; ' ==

A RARUALARA T AT AT S A

W T TR

16. E‘%Ef 17,2350

15. (a) i‘g‘; {towards the centre) (b) % {tﬂwards:ﬂie centre) A

19, @)82km/s (0)1.8x10%kms" 20, 26x10%km 21 v= [
22. (@)7.5x10°) (b)8.17x107) 23.(a) 9.6x 10 (6)1.07x 10

: 2 372 GM? -GMm -2GMm

H. a F — EM A ﬂ i "1.“E 5- b k
(2) 2z D= W'T_ T (e 25 (a)—— (B)— }

26. 562 h, 38844 kmh!

27. (3)6.90 krms-! (b) 2.38% 10° J (c) - 4.76x 10" J with usual reference (d) 2.1 h
8. on yi 29, lfa}hfn (b) Same (c) Yes
Objective Questions (Level 1) |
1 (0 33:'/'{';:} 3@ 4@ 5@ 6@ 70 &@ 99O 109 j
1.1-. (b) 12.()  13.(d) 14.(b) 15 (by 16.(0) 17.(c) 18. (dy 19.(2) 20.(b)
.2-1;{'._:}' 2.() 2. 24 25@ 260 2.@ 2 (c) i
r il
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JEE Corner
Assertion and Reason
L 2:(5) 3. (b 4. (d) 5. (d) 6. () 7. (d) 8. (2) 9.(c) 10.(m
11. (d)
Objective Questions (Level 2)
9. (c) 10. (a)

5.(d) 6. 7.0 8@

1. (c 2. (d 3. (b) 4, {d)
7 3 16. () 17.(a) 18.(a) 19.(c) 20.(3)

11.(a) 12 (6) 13.(d) 14.(d) 15.(b)
21.(a) 22.(b) 23.(d) 24 (D)

More than One Correct Options
1l(abd) 2.(abd) 3(@cd 4(d 5. (2:b,€) 6. (2,0) FHR.Gd)
B. (c.d); 9. (all) 10. {a,b.c)
Match the Columns
1. (@8 —=+q {b)—>s s (d)—r
2 (A1 T (b) »s cy=p (d)-+s
3 (a»r (b)—s (&)= p (d)—+q
4 = (b) »p {c) s (d)y—>r
5 @-=ar MM->p (©->p (s
Subjective Questions (Level 2)
3Gm* - = Gm  B61Gm
L ==  2.31x 10°m 3. (2) 6400 km (b)7.92 kms 4. TERE oot
GMm| . 1  J/36Mm 3 rsa-m 2
5. —» [1 sci-mzcrf] 6. 7/3 a.—@— 9.3 - 0.d=22 1. E.‘:Gpﬁ;“
12. % 13. ()03 m (i) 18/ems1

14. (2)3.31 yr (b) m, has greater speed and greater total energy (Cyvo = 1.8v,

_( & M ey e 2
15. (a) 2z Ehin (b) ™ wﬂ'& (d) peod

(e) %umzaj{ where u is the reduced mass and « the angular velocity.
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vﬂli

Mm time period and maximum velocity v
Sﬂhﬁ“" Comparing the above equation with

X = Asin (of +¢), we get
A=10m

o=ns"' and ¢=

'=— = T=2s

x =0A=10nm/s

M from its mean position to half of its amp! itude.

Solution x=Asin (of +¢)
At t=0, x=0 = Asing=0 or =0
Hence, x = Asin (wf)
or %=Asin (tor)

?H—l'
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Solved Examples

Simple Harmonic Motion 171

Wplﬂ" 1lfa SHM is represented by the equation x =10 sm{m‘-l-ﬁ] in Sl units determine its

Ans.

Anms,

Ans.

mmple 2 4 parﬁcie executes SHM with a time permd of 4 s. Find the time taken by the particle to go

e
—
Yogm

-
—
=
-
-
3
1

I
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Solution We know that

and

{a) When

Ate==;
2

—

(b) Since,

or

K_E:Emm"-—- e R Ang,

Alls,

1
lmmz (42=x")=- me’x’
2 2

or Xx= i =0.7074 Ans,

V2

2’ =A%

Example 4 Two particles move parallel to x-axis about the origin with the same amplitude and
Jfrequency. Al a certain instant they are found at -dfgrqme_r_f;;ﬁam the origin on opposite sides but their

velocities are found to be in the same.ﬂiracffm; What is the phase difference between the two ?
Solution Let equations of two SHM be

Give that
and

Which gives

From Eq. (iv),

x; = Asin of (i)
x; = Asin (wf +¢) .. (1)
£ = A sin ot
3
—-'; = Asin (of +¢)
sinof =~ ... (i)
3
sin (m.f+¢-]=—-% ()

sin of cos ¢ +cos i sing = - 1
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1
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ng this equation, we get

Simple Harmonie Motion 173

Solvi
7
cosdp=—1 =
* 9
$=mn or -:05"(3
i 9

pifferentiating Eqs. (i) and (ii), we obtain
v; = Awcos ot and v, = Awcos (of +§)
ifwe put$ =7 we find v; and v, are of opposite signs. Hence, = eis not acceptable,

L
$ =cos [E} Ans.

Example 5 A parff&!‘e executes simple harmonic motion about the point x =0. At time t =0 it has
isplacement x =2 cm and zero velocity. If the frequency of motion is 025 s, find (a) the period,

() angular frequency, (c) the amplitude, (d) maximum speed. (e) the displacement at t =3 s and (f) the
velocity at t =35
: | |
Slilllﬁﬂll (a} Period = ? = 0—2-5-3? =45 Ans:
: -zn-z—nzfmdfsﬂﬂ?radfs Ans.
(b) Angular frequency m-?— T 5
(c) Amplitude is the maximum displacement from mean position. Hence, A=2-0=2cm.
Ans.
(d) Maximum speed ~ Vpax =Am=2vg=ﬂcnﬂs=3.l4cnﬂs o
(¢) The displacement is given by x = Asin (of +¢)
Initially at 1 =0, x =2 cm, then
2=2sind
or sing =1=sin90°
¢ =90°
or
: T . 3 & E] = ﬂ Ans.
Now, at £ =3s A | RS Kus
1t - = e " c].nl,fs‘. _ o : Es
J Jf) Keimty_ atx = 0is Vnay € 314 R below m_:; . ; :!fm .
Xample 6 S ‘*&# iod of 0s illation of S eg?‘;ﬂﬁ Find out the time period of a secor
bl 2L S s o 5 X

e T e SR
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Solution At earth’s surface the value of time period is given by

1
T:EHJE or Toc—
g Je

h
At a depth & below the surface, g =g(l -EJ
(A [ 1 B R
T Jid I——h- R-h
R
=T i
R-h
or T o)
Ri=F
Flll'lhﬁ:l‘, TRFE =2 "_-R_ =2 _?,SEC
R—R/

Example 7 A spring mass system is hanging from the ceiling of an elevator in

;qujfbrium. The elevator suddenly starts accelerating upwards with acceleration a
ind : : %

(a) the frequency and
(b) the amplitude of the resulting SHM.

Solution (a) Frequency = 2::\/E
k

(b) Extension in spring in equilibrium

(Frequency is independent of £ in spring)

initial = &
k

Extension in spring in equilibrium in accelerating lift = 7 (g +a)
k
Amplitude =& +a) mg mqg

e E—

S
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Example 8 A ring of radius r is suspended from a point on i
circumference. Determine its angular frequency of small ol

Simple Harmonic Motion 175

=
Fig. 11.30
Solution It is a physical pendulum, the time period of which is,
T=2n L
q mgl
Here, ] = moment of inertia of the ring about point of suspension
= mr® +mr*
=2mr?
and /= distance of point of suspension from centre of gravity
=7
T=2n F""’" =2ﬂJE
mgr g
2n
. Angular frequency =
St Ans.
m=_—
oF 2r

Level 2
Example 1 For the arrangement shown in figure, the spring is

m=1kg
initially compressed by 3 cm. When the spring is released the block i k =10 Nim ﬁ ’l
collides with the wall '&ndreﬁaundﬂﬂcamprlfess the spring again. —
- . | / /i 4cm
(@) If the coefficient of restitution is —=, find the maximum oo
(@) If the coefficient of ik _—
veleased, find the minimum fime afier which the

3 R ik o . ion'
compression in the spring after mm:s S
(b) If the time starts at the instant when spring is

olution (a) Velocity of the block just before c:xllisinn,l
1 2 1.2
—2- mvg +§ k- = 2 hﬂ
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’.i: : 2
or Vo= ;l‘{-rﬂz'-x }

Here, x,=003m, x=00lm, &=10°N/m, m=1kg

vo =242 m/s
1
lision, V=éev, =——2a-"l_'=2-r.rb"s
After collision 0 B

‘Maximum compression in the spring is
I
2 m

y? :J{ﬂ.ﬂi}“ +11{% m

V=Ll o Lpy?
2 )

or X ==

m
k

=223cm A

(b) In the case of spring-mass system, since the time period is independent of the amplitude
oscillation.

Fig. 11.32

Time=1,p +21p0 +1,

Tﬂ I ). 1Y T
— 42 2 F ) B
4 [z::]sm (3}' 4

e T =:2?IJE
; k

Substituting the values, we get
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CHAPTER 11

Solution (a) T=2q [M+6

600

or 0.75 =2 46
600

2
m= w _ﬁ
2m)*
=2.55kg

(b) Maximum acceleration of SHM is.
Uinax =0 A

i.e., maximum force on mass m’ is mw> A which is bei
the mass and the cart. Therefore,

W mg = mo’ A

2
or ”‘gi"_"!
or H,R[Z—ﬂ:] ,"i
LI
21 Y (0.05
or o | A ) et
Ho [0.75] [9.3)
or B, =0.358

Thus, the minimum value of it should be 0.338.

Example 3 A long uniform rod of length L and mass M is free fo rotate in a
Miﬂﬂiﬂmdbomﬂ horizontal axis through its one end‘ O’ A spring of force
constant k is connected vertically between one end of the rod and ground
When the rod is in equilibrium it is paraliel to the ground.

(a) What is the period of small oscillation that result when the rod is
rotated slightly and released? _, _ s oy
(b) What will be the maximum speed of the displaced end of the rod, if the
_ mﬂpﬁmds'- of motion is 0,7
Solution (a) Restoring torque about ‘O’ due to elastic force of the spring
r=-FL=—kL
t=—kL*0
2
1, .2d9
== = - _.-'lﬂ: o
t=la 3 %
2
l Aﬂ,z E_E = kLIﬂ
3 de’*
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(=)

Ans,

(A = amplitude)

ng provided by the force of friction between

(A =50 mm)

Ans.

Fig. 11.34

(F =ky)

F
f
i

/]

Wi

wmiminEr e,
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d*0 _ 3k,
dt* M
M
wm= % =] T=21 E; &ﬁgl
(b) In angular SHM maximum angular velocity
’3!;
[Q—B-J =ﬂom =E'.;| —
dal ) M
@)
v=r] —
dt
do 3k
=L| — =10, .|— A
Sﬂ, Vimax [df ]max 0 M ns,

Example 4 A block with a mass of 2 kg hangs without vibrating at the end of a spring of spring
constant 500 N/m, which is attached to the ceiling of an elevator. The elevator is moving upwards with

an acceleration g At time t =0, the acceleration suddenly ceases.

(@) What is the angular frequency of oscillation of the block after the acceleration ceases?

(b) By what amount is the spring streiched during the time when the elevator is accelerating?

(c) What is the amplitude of oscillation and initial phase angle observed by a rider in the elevator!
Take the upward direction to be positive. Take g =10.0 m/s”.

T.lnf
mg

Solution (a) Angular frequency

or ®=1581rad/s
(b) Equation of motion of the block (while elevator is accelerating) s,

ﬁ:rwmg=ma=m§

L dmg _(9@)00)

% @)s0n) o
or x¥=353cm
(¢) (i) In equilibrium when the elevator has zero acceleration, the equation of motion is,
ab:u = mg | Im
_mg _ ()10
or i Sm)=ﬁ.{]4m
=4cm mg
. Amplitude A=x—-x3=53-40 Fig. 11.39
=1.3em An*
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(ii) At time 1 =0, block is at x = — A. Therefore, substituting x = — 4 and ; g iy S

]
H

+
I

Mean position

ST

x==4
Fig. 11.37
x=Asin(wf +¢)

We get initial phase ¢ = 5 Ans,

Example 5 Figure shows a system consisting of
‘a massless pulley, a spring of force constant k and
a block of mass m. If the block is slightly displaced
vertically down from its equilibrium position and
released, find the period of its vertical oscillation
in cases (a), (b) and (c).

(@) {b) (c)
Fig. 11.38

Solution (a) In equilibrium, kx, = mg ..()
When further depressed by an amount x, net restoring force (upwards) is,
— {k(x +x9) — mg}

F=—kx (as kxg =mg)
D m
T=2n{—
a

: o _Ans.
or D=crdy
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. i +am its equilibrium position, then N
(b) In this case if the mass m moves down distance .‘r.:'t'l:' q S F ‘ pulley Will
: 7 i i i k = . Now, as the pulley 1s
move down by =. So, the extra force in spring will be > p T ke

kx . ke —
massless, this force 53 is equal to extra2T or T’ = v . This is also the restoring force

of the mass. Hence,

kx
F=——
4
a—-—ix
o dm

or =21 Bk
U a
or r =2ﬂ1’1fm Ang,

(¢) In this situation if the mass m moves down a distance x from its 2kx Sk
equilibrium position, the pulley will also move by x and so the spring will
stretch by 2x. Therefore, the spring force will be 2kx. The restoring force on the
block will be 4kx. Hence,

F=—4kx A
or — -—ﬁ. L T
m _f'_‘
T=2r | X Fig. 11.41
o

or T =2n1#—ﬂ
ak Ans.

Example 6 Calculate the angular frequency of the system shown

in figure. Friction is absent everywhere and the threads, spring and
pulleys are massless. Given that m =g =m, '

Fig. 11.42

Solution Let x;, be the extension in the spring in equilibrium. Then equilibrium of A and B give:

T =kxy +mgsin ol

and 2T = mg i
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Here, 7 is the tension in the string. Now, suppose 4

I position and v be its speed at this moment, Then

is i i
further displaced by a distance x from its mean

: X
o B lowers by 5 and speed of B at this instant wil] be *
Total energy of the system in this position will be, 2

l ; 4
E=—kix+x }‘:'+1 2,1 2 - T
0 —m -
5 AV + 5 Mg +mygh, My g hy
3 E=—k(x+x)? 1 * —1 2 i :
o) + 3 my- 4 3 mv™ + mgxsin 0 — mg;

or E=

B | = b3 | =

praea :
k(X +x0)" += my? 4 Mgy sin B — mg =
R =2

Since, £ is constant,
df

— =0
dt
- dx 5 P
or ﬂ—k(x+x ]—-+—rm].l[_j e o ﬁ _EEE_ dx
L 4 dt Erg(emg) di 2\ dr
Sl e
Substituting, — =V
5 dt
dv
s a
dt
and kx, +mg sin 0 =-’3‘5%' [From Egs. (i) and (i)]
5
We get, T ma=-kx
Since, g %=X

Motion is simple harmonie, time period of which is,

X S

= el | e e

r 2“1‘I =l e 7
4k

=T \sm
1 X - j ] (i i 7 SR -
Example 7 A4 solid sphere (radius = R) rolls without slipping in a eylindrical through (radius )

Ans.

Fig. 11.43
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Solution For pure rolling to take place,
v=Ro

of =angular velocity of COM of sphere C about O

_Vv _FRo_o
4R 4R 4
do_1do
dr 4 dr
H gl
or o =—
4
a -
A== for pure rolling
where, o8 SIn;H _3gsin @
1+ = 7
mR -~
B 1=2mR?
5
= 5¢ sin B
28R
For small 8, sin 8 =~ 8, being restoring in nature,
o =— —S.g-_
28R
T=2 El _oq 28R e
a Sg

Example 8 Consider the earth as a uniform sphere of mass Mand radius R. Tmeeive a <tvi

: : : el - : ‘and radius R. Imagine a straight smooth

m’;m hrough the earth which connects any two points on its surface. Show that the motion of ¢

ﬂi s eqﬁ::rs malong this runr;ai Hﬂde?' the action of gravitation would be simple harmonic. Hence,
ermine the time that a particle would take to go from one end to the other through the tunnel.

Solution Suppose at some instant the particle is at radial distance

from centre of earth G Since, the particle is constrained to move along
the tunnel, we define its position as distance x from C. Hence, equation

of motion of the particle is,
ma, = F,

The gravitational force on mass m at distance r is,

_ GMmr
= (towards 0)

F
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Therefore, F.=-Fsin0=- GMmr [f_ }
R \r
GMm
== e
R 3
Since, F, o —x, motion is simple harmonic in nature. Further,
' PLi =_Gﬁ{m'x or a, My
R” R3
. Time period of oscillation is,

3
T=2x |2 =2x ’,R_
d, GM
; W &
The time taken by particle to go from one end to the other 1s —

RJ-

I=£:TI: Ans.
2 GM
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E XERCISESE

AIEEE Corner

Subjective Questions (Level 1)

Kinematics of SHM
1. A 50 g mass hangs at the end of a massless spring. When 20 g more are added to the end of the

spring, it stretches 7.0 cm more.
(a) Find the spring constant. : .
(b) If the 20 g are now removed, what will be the period of the motion ?

2. A body of weight 27 N hangs on a long spring of such stiffness that an extra force pfl} N stretches :
the spring by 0.05 m. If the body is pulled downward and released, what is the period ?

3. A 0.5 kg body performs simple harmonic motion with a frequency of 2 Hz and an amplitude of ‘
J 8 mm. Find the maximum velocity of the body, its maximum acceleration and the maximum
restoring force to which the body is subjected.
4. A body describing SHM has a maximum acceleration of 87m/s” and a maximum speed of 1.6 m's, |
R Find the period T and the amplitude 4.
' 5. Given that the equation of motion of a mass is x =0.20 sin(2.0¢) m. Find the velocity and
| acceleration of the mass when the object is 5 em from its equilibrium position. Repeat forx =0,
6. A particle executes simple harmonic motion of amplitude 4 along the x-axis. At ¢ = 0. the positionof
the particle is x = 4 / 2 and it moves along the positive x-direction. Find the phase constant 8, if the
equation is written as x = Asin (o +3).
7. A body makes angular simple harmonic motion of amplitude 7t/ 10 rad and time period 0.05 s. Ifthe
body is at a displacement 8 = /10 rad at 1 =0, write the equation giving angular displacement asd
function of time.

Jas SRR

B aEl i Ll

8. The equation of motion of a particle started at 7 = 0is given by x = 5sin [2[}; + f], where x is in ¢
3 )

and 1 in sec. When does the particle
(a) first come to rest, (b) first have zero acceleration,
{¢) first have maximum speed.

9. A particle executes simple harmonic motion of period 16 5. Two seconds later after it pass®
through the centre of oscillation its velocity is found to be 2 m/s. Find the amplitude.
10. The period of a particle in SHM is 8 s. At r =0it is in its equilibrium position.
(a) How much the distance it travels in the first 4 s, Compare with the distance it travels m

second 4 57
(b) Compare the distance travelled in the first 2 s and the second 2 s.

the
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1. An object of mass 0.8 kg is attached to

12. (a) The motion of the particle in simple harmonic motion

one end of a spri
" ) F u 1]
and the system is set into simple harmonic mulinnp‘j'hi

displacement x of the object as a function of time : m
the figure. With the aid of the data. dcterm:-t:::"m Sy
(a) the amplitude A of the motion,

(b) the angular frequency m,

(c) the spring constant k,

(d) the speed of the object at r =10 s and

(e) the magnitude of the object’s acceleration 4t ¢ =1.0s

[Fits speed is &, when the displaceme

CHAPTER 11
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x(m)

is given by x = asin o,

: ntisx, an saed e v i ;
that the amplitude of the motion is 1 and speedis v, when the displacement IS ¥, show

3 ) 93 -1'1.!
=3 VX —u ‘:EJ
!

(b) A particle is moving with simple harmonic motion i
particle from the equilibrium position has the valy

N a straight line. When the distance of the

: es x; and x,, the co i
velocity are #, and u,, show that the period is : 2 HroscE values of

- ~ 1:
X5 —Xi
T =2n[ S
2 2
up — u;

Energy in SHM
13. A spring-mass oscillator has a total energy £, and an amplitude x,,.

(a) How large will K and U be for it when x = %.1:{, 2

(b) For what value of x will K =U' ?

equilibrium position.

15. The masses in figure slide on a frictionless table. m, butnot i, 1s
fastened to the spring. If now m; and m; are pushed to the l;:t‘ ﬂiﬂ
that the spring is compressed a distance d, what will k

amplitude of the oscillation of m; after the spring system 13
released ?

16. The spring shown in figure is unstl‘ﬂlﬂhifd when a man ;:::2
pulling on the cord, The mass of the block is M. [f the man
d constant force F, find 2 k
(8) the amplitude and the time period of the motioD {;i;:: :Jl:?guéh

the energy stored in the spring when the blockp

the equilibrium position and M

() the kinetic Energl;? of the block at this position:

An evaluation version of novaPDFE was used to create this PDF file.
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14. Show that the combined spring energy and gravitational energy for a mass m hanging from a light
3 1 - . "
spring of force constant k can be expressed as Eky‘, where y is the distance above or below the

1
I
i

I
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18.

19.

Time period of SHM
20. A pendulum has a period 7 for small oscillations. An obstacle is placed directly beneath the pivot, so

21. An object suspended from a spring exhibits oscillations of period 7. Now. the spring is
cut in half and the two halves are used to support the same object, as shown in figure.
Show that the new period of oscillation is 7/2.

An evaluation version of novaPDFE was used to create this PDF file.
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186 Mechanics-1l
17. In figure, k =100N/m, M =1kgand ' =10N.

/|

(a) Find the compression of the spring in the equilibrium

position. : 1
(b) A sharp blow by some external agent imparts a speed of 2m/s K B .

to the block towards left. Find the sum of the potenu_al_emfrg}f : g l

of the spring and the kinetic energy of the block at this instant. —

(¢) Find the time period of the resulting simple harmonic motion.

(d) Find the amplitude. !
(e) Write the potential energy of the spring when the block is at the left extreme.

(f) Write the potential energy of the spring when the block is at the right extreme.

The answers of (b), (e) and (f) are different. Explain why this does not violate the principje .
conservation of energy? '
A point particle of mass 0.1 kg is executing SHM of amplitude 0.1 m. When the particle pasg.
through the mean position, its kinetic energy is 8 x 10~ J. Write down the equation of motion of this

particle when the initial phase of oscillation is 45°.

Potential energy of a particle in SHM along x-axis is given by :
U =10+(x—-2)*

Here, U is in joule and x in metre. Total mechanical energy of the particle is 26 J. Mass of the
particle is 2 kg. Find :

(a) angular frequency of SHM,

(b) potential energy and kinetic energy at mean position and extreme position,

(¢) amplitude of oscillation,

(d) x-coordinates between which particle oscillates,

that only the [UWF?‘I one-quarter of '(hﬁ: string can follow the pendulum bob when it swings to the left
of its resting position. The pendulum is released from rest at a certain point. How long will it take 0

return to that p-nin[‘? In answering this question, youmay assume that the angle between the moving
string and the vertical stays small throughout the motion.

O
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25.

2. Assume that a narrow tunnel is dug between two diam etrically o

23. A simple pendulum is taken at a place where its St

. The string, the spring and the pulley shown in figure are light. Find

CHAPTER 11 Simple Hamtunil:llnﬁnn 187

; ; SRz PPosite points of the earth T

earth as a solid sphere -:nt"‘umt‘m:m density. Show that if a particle is mfms e:j i?l t‘r:e_mnh_ 1@1 the
execute a simple harmonic motion. Calculate the time period of this etion N this wnnel, jt will
from the earth’s surface

TR is equal
oscillations if the length of the qual to the

radius of the earth. Calculate the time period of small |
string is 1.0 m.,

Take g = n° m/s” at the surface of the earth.

MAass m. the time period of the

A solid cylinder of mass M =10kg and cross-sectional area A =20cm” is suspended by a spring of
force constant k =100 N/m and hangs partially immersed in water. Calculate the period of small
oscillations of the cylinder.

26. Pendulum A is a physical pendulum made from a thin, rigid and uniform rod whose length is d. One

27. A solid cylinder of m

28. A cord is attached betweenther e e g

Combination of two or mﬂrf si sz
29. Two linear SHM of equal amplitude fference between

An evaluation version of novaPDFE was used to create this PDF file.

end of this rod is attached to the ceiling by a frictionless hinge, so that the rod is free to swing back

D e
1 i i i £ of their
and forth. Pendulum B is a simple pendulum whose length is also 4. Obtain the ratio T of thei

periods for small angle oscillations. ‘
ass m is attached toa horizontal spring wn]:- h:n‘i.:l.':]I
constant k. The cylinder can roll without slipping along the horizonta

plane. (See the accompanying figure.) Sh:::w that fhe EET{}T n:rEfIl m;:; :
the cylinder executes simple harmonic motion wi

r=2 3m ¢ displaced from mean position.

—
¥

spring with force
is attached to the
60 MR?) of mass

figure). Assuming __1
tions when

a 0.50 kg block and a

constant k =20 N/m. The 0 S
wall and the cord is placed over @ pulley (/

5.0 kg and radius 0.50 m. (See the accompanying

he oscilla
no slipping occurs, what is the frequency of t

- r * q
the body is set into motion - = |
y mntlﬂ Pmss,gd ona Pﬂﬂlﬂlﬂ

harmonic :
mpke and 2ware 1M /2. Find the resultant path

s A and frequencies

g dl
and y-axes respectively {f the initial phase

followed by the particle-
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30. Three simple harmonic motions of equal amplitudes 4 and equal time periods in the same directicy,
combine. The phase of the second motion is 60° ahead of the first and the phase of the third Motigy,
is 60° ahead of the second. Find the amplitude of the resultant motion.

31. A particle is subjected to two simple harmonic motions in the same direction having equa]
amplitudes and equal frequency. If the resultant amplitude is equal to the amplitude of 4,
individual motions. Find the phase difference between the individual motions.

32. A particle is subjected to two simple harmonic motions given by
x; =2.0sin (100 nr)
and x; =2.0sin (120 s + m/ 3)

where x is in ¢m and £ in second. Find the displacement of the particle at
(a) 1=0.0125, (b) r=0.025.

Objective Questions (Level 1)

Single Correct Option
1. A simple harmonic oscillation has an amplitude 4 and time period 7. The time required to travel

ﬁ‘mn_x=dtpx=§is
T T T T
(a) — (b) — c) — &
6 4 ©) = @ =

2. The potential energy of a particle executing SHM varies sinusoidally with frequency f. The
frequency of oscillation of the particle will be

4 S
(a) 5 | (b) i (c) f (d) 21
3. :]::E:u a; p\:::]ml:: undergoing simple harmonic motion, the velocity is plotted against displacement. The
(a) a straight line (b) a parabola (c) a circle (d) an ellipse

4. A simple pendulum is made of bob which is a hollow sphere full
- » % f‘
wire. If all the sand is drained out, the period of the e l?dut wiﬁ sand suspended by means of 2

(a) increase (b) decrease (¢) remain same (d) become erratic
5. Two simple harmonic motions are given by y, = a sin [[E]; + 4,]31“1 ¥, = bsin [[3_“], + ¢} The
2 3

phase difference between these after 1 s is
(a) zero (b) m2 (c) w4 (d) w6

6. A particle starts performing simple harmonic motion. [ts amplitude is 4. At Sl s g
that of the maximum speed. At this moment the displacement is -4t Ol ImE S Spe

24 V3 4

(a) 2 (b) —— (o el @34

3 2 A 5

7. The length of a simple pendulum ir: decreased by 21%. The percentage change in its time periodis
(a) 11% decrease (b) 11% increase () 21% decrease (d) 21% increase

An evaluation version of novaPDFE was used to create this PDF file.
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CHAPTER 11
8. Which of the following is not simple harmonic function?
(a) y=asin 20 + beos® ot

Simple Harmonic Motion 189

(b) y=asinwr + beos2ur

PP P =
(c) y=1=-23sin" wof (d) P=(la +b2) sinws ot

9. A mass M, attached to a spring, oscillates with a period of 2 5. If the mass is |
time period increases by one second. Assuming that Hooke's law is obtyed.!t:::ﬁ?:? ﬁm:.:sdb};i:ize
(a) 3.2 kg (b) lkg (c) 2kg (d) & ke

10. Three masses of 500 g, 300 g and 100 g are suspended at the end of a spring as
shown and are in equilibrium. When the 500 g mass is removed suddenly. the
system oscillates with a period of 2 seconds. When the 300 £ mass is also
removed, it will oscillate with period
(a) 2s
(b) 1.25s
€) 1.5s
(d) 1s

11. The displacement of a particle varies according to the relation v=4 (cos 7t +sin mr). The
amplitude of the particle is

{a) 8 umts {b) 2 units (c) 4 units

12. A mass is suspended separately by two springs of spring constant
k) and &, in successive order. The time periods of oscillations in the two
cases are T) and 7, respectively. If the same mass be suspended by

connecting the two springs in parallel (as shown in figure) then the time
period of oscillations is T.

The correct relation is
2 2 3 =
(o) P =T 17" ®) T~ # =172 4T,>

(d) 442 units

@ =1 +7;" d) T=T, +T;

Particle executes simple harmonic motion. Its instantaneous acceleration is given by a = — px
here pis a positive constant and x is the displacement from the mean position. Angular frequency
f the particle is given by
: Lo | 1
Y () p © VP (&) —
Jr
Wo pendulums X and ¥ of time periods 4 s and 4.2 s are made to vibrate simultaneously. They are
ially in same phase. After how many vibrations of X, they will be in the same phase again?
a) 30 (b) 25 (¢) 21 (d) 26

‘mass M is suspended from a massless spring. An additional mass m stretches the spring further
y a distance x. The combined mass will oscillate with a period

) 2::1H @%} (b) 2 {{?}-:gTLr}
megx 7 {M =+ m] X

An evaluation version of novaPDFE was used to create this PDF file.
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190 Mechanics-II

16. Two bodies P and O of equal masses are suspended fror
constants k; and k, respectively. If the two bodies osci

a velocities are equal. The ratio of the amplitude of P to ;rhﬂl of 0 is
| [ | k k 3
5 : 1 by (c) .|[—=

# V£, 2 ks V ki

period of oscillation is
2n

dn Sn LT
(a}—ﬁns (h}?s (e) 5

1o the plane of disc is
(@) :nJE (b) 27 ’3‘3 (©) 27 /E
g g 3g

positioin of a harmonic oscillator (I at mean position =0)

n two separate massless SPrings of fo
llate vertically such that their Max

My

3 e,
17. A simple harmonic oscillator has an acceleration of 1.25m/s” at 5 em from the equilibrium_,

21
d) —s
{}25

18. A disc of radius R is pivoted at its rim. The period for small oscillations about an axis perpendicy;

3R
(d) 2n J;_;

19. Identify the correct variation of potential energy [/ as a function of displacement x from mes

La'l. Ly
(a) (b)
o S 0 o)
u
(c) =2 (d) None of these

20. If the length of a simple pendulum is equal to the radius of the earth, its time period will be

b (a) 2n/R/g () 2rJRI2g (¢) 2n2R/zg

21. f’l_‘he dis’ll_:]:acsmml-time (x-r) graph of a particle executing simple harmonic motion is shown it
i . The correct variation of net F acting . g :
EhLE LR ﬂ“? F acting on the particle as a function of time is

i

U i
WrlEEms

An evaluation version of novaPDFE was used to create this PDF file.
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[

22. A mass M is suspended from a spring of negligible mass. The spring is pulled a little then released,
so that the mass executes simple harmonic motion of time period T. If the mass is increased by m.

: ST ) ?
the time period becomes ,.; The ratio of m/ M is
- |

- By 2 16 2
5 5 (d) =
i 2 5 © 9 )

.
Fs

23. In the figure shown the time period and the amplitude respectively, when m
i< left from rest when spring is relaxed are (the inclined plane is smooth)

L mg sin &
) 'HJ: k

msin® 2mgsin0 -
() 2m|———

m mgcos0
2 EEJ:’ k

(d) None of the above Y :

If:.\.' s k
i e =1k ,
24. The equation of motion of a particle of mass 1 215 - + ] 1 |

o E
where x is displacement (in m) from mean position. The frequency 0
nscilllj;:-:m is (in Hz) 0 o

: position with extension x W

25. The spring as shown in figure is kept - i
released. Assuming the horizontal sur

Fined

() V510

Ve hed hen the system is
in a stretc

face to be frictionless, the

1 mM ]
®) Sl k(p+m)

Gl k{M+m}]

2 Mm

1 [ kM {d,_,J_ __E’."_.]
{}_2_ m+M] ZR |

I

Il

il

I

m
1T

- nlr-

£

|

i
¥
I

Il |
e e e e

B T | i o

I
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b, F1 Fhk
@ : (b) <
U ; j \
!
L A Fi
(©) /\ - @
& Nk ¢
22. A mass M is suspended from a spring of negligible mass. The spring is pulled a little then released,
so that the mass executes simple harmonic motion of time period 7. If the mass is increased by m,
] the time period becomes % The ratio of m/ M 1s
; : 2 @ =
(a) E (b) 3 (€) 5 x E
23. In the figure shown the time period and the amplitude respectively, when m 1'

is left from rest when spring is relaxed are (the inclined plane is smooth)

! in©
(@) 21 %? mg im

msin® 2 mgsin@
(b) Zn,‘ T

m mgcost
(c) 2 J: T

(d) None of the above

m
0 e
3

e )
cieof’massigm:f—-_;-fn.t— |

sition. The frequency of

24. The equation of motion of a parti

where x is displacement (in m) from mean po
Tc;mla;m shiiid ®) 2 () 5310 (@ 115410
2L

l 25. The spring as shown in figure is kept ina
released. Assuming the horizontal surface

1 FH'.:H ]
{IE}LJik{M+m}] (b]ET-I k(M +m)
2n Mm

tched position with extension x when the system 15

stre e the ¢
to be frictionless, the frequency of oscillation is

1 kM @ 1 [ km ‘j
pye P M +m
) 2n )| m+ M] 2n
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26. A particle executes SHM on a straight line path. The ﬂlmp]m::: ::; ;i-;:il;hs; ; i:::; ::I:EE the
" i osition 1s 1 cm, Mitude

Hiplsmentofihe P O de of velocity. The frequency of SHy {?: |

acceleration is equal to the numerical value of magnitu

Hz) is A |
3
2 i (d)
(@) = (b) % ©) o 23
T

27 The mass and diameter of a planet are twice those of earth. What will be the period of oscillation of,

pendulum on this planet. Itis a second’s pendulum unleanh? [
— d) —=s
(@) V2 (b) 242 s © 2+ @ =

28. The resultant amplitude due to superposition of three simple harmonic motions x; =3sin g

x, =5sin (@f +37°) and x; =—15cos @t is
(a) 18 (b) 10 (c) 12
29. Two SHMs s, =asin of and s, = bsinar are superimposed on a particle. The s, and s, are along

(d) None of these

the directions which makes 37° to each other
(a) the particle will perform SHM
(c) Both (a) and (b) are correct

30. The amplitude of a particle executing SHM about O is 10 cm. Then
(a) when the KE is 0.64 times of its maximum KE, its displacement is 6 cm from O
(b) its speed is half the maximum speed when its displacement is half the maximum displacement
(c) Both (a) and (b) are correct
(d) Both (a) and (b) are wrong

31. A particle is attached to a vertical spring and is pulled down a distance 4 cm below its equilibrium
and is released from rest. The initial u}pward acceleration is 0.5 ms ™ >. The angular frequency of

(b) the path of particle is straight line
(d) Both (a) and (b) are wrong

oscillation is
(a) 3.53 rad/s (b) 0.28 rad/s (c) 1.25rad/s (d) 0.08 rad/s

32. A block of mass 1 kg is kept on smooth floor of a truck. One end of a spring of force constant
100 N/m is attached to the block and other end is attached to the body of truck as shown in the
figure. At 7=0, truck begins to move with constant acceleration 2 m /s>, The amplitude of

oscillation of block relative to the floor of truck is

(a) 0.06 m (b) 0.02m (c) 0.04m (d) 0.03 m

An evaluation version of novaPDFE was used to create this PDF file.
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JEE Corner

on and Reason
pirections : Choose the correct aption.

(a) Ifboth Assertion and Reason are true and the Reason is correct explanation of the Assertion.
(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
(c) If Assertion is true, but the Reason is false.

d If Assertion is false but the Reason is true.

Assertion : Inx = A cos w1, x is the displacement measured from extreme position.

Reason : In the above equation x = 4 at time 7 =0.

Assertion : A particle is under SHM along the x-axis. Its mean position is x =2, amplitude is 4 =2

and angular frequency ®. At 1 =0, particle is at origin, then x-co-ordinate versus time equation of the
particle will be x = -2 cos wr + 2.
Reason : At f =0, particle is at rest.

Assertion : A spring block system is kept over a smooth surface as shown in figure. If a constant
horizontal force F is applied on the block it will start oscillating simple harmonically.

s

Reason : Time period of oscillation is less than En\{% :

is same as the time

Assertion : Time taken by a particle in SHM to move from x = 4 to x =

V34 A

taken by the particle to move from x = 5 tox = =

Reason : Corresponding angles rotated in the reference circle are same in the given time intervals.

- Assertion : Path of a particle in SHM is always a straight line.

Reason : All straight line motions are not simple harmonic.
Assertion : In spring block system if length of spring and mass of block both are halved, then
angular frequency of oscillations will remain unchanged.

Reason : Angular frequency is given by © = £
m

+ Assertion : All small oscillations are simple harmonic in nature.

Reason : Oscillations of spring block system are always simple harmonic whether amplitude is
small or large.

- Assertion : Inx = A cos at, the dot product of acceleration and velocity is positive for time interval

O<t< ;“__
20

Reason : Angle between them is 0°.
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9. Assertion : Insimple harmonic motion displacement and acceleration always have a constant ratig:

displacement |

Reason : T =2n -
1 acceleration |

motion.

10. Assertion : We can call circular motion also as simple harmonic T
ar frequency in simple harmonjg

Reason : Angular velocity in uniform circular motion and angul
motion have the same meanings.

Objective Questions (Level 2)

Single Correct Option

1. A particle of mass 2 kg moves in simple harmonic motion and its potential
energy U varies with position x as shown. The period of oscillation of the

particle is o
2n 242m
= b s

(a) - S (b) s
2% 4
g gy

(c) : s (d) - s

2. Inthe figure shown, a spring mass system is placed on a horizontal smooth
surface in between two vertical rigid walls ¥, and W,. One end of spring is
fixed with wall ] and other end is attached with mass m which is free to
move. Initially, spring is tension free and having natural length /,. Mass m
is compressed through a distance a and released. Taking the collision
between wall W, and mass m as elastic and K as spring constant, the
average force exerted by mass m on wall #; in one oscillation of block is

_'2 -
@) 2ak (b) Hid ©) ﬂ d) 2ak
19 T n

il

3. Two simple harmonic motions are represented by the following equations y=40sin of and
v, =10 (sin o + ccos wt). If their displacement amplitudes are equal, then the value of ¢ (in
appropriate units) is :

(a) V13 (b) V15 () V17 (d) 4
4. A particle executes simple harmonic motion with frequency 2.5 Hz and amplitude 2 m. The speed ﬂ:
the particle 0.3 s after crossing, the equilibrium position is
(a) zero (b) 2nm/s (c) 4mm/s (d) mm/s

5. A particle oscillates simple harmonically with a period of 16 s. Two second after crossing the
equilibrium position its velocity becomes I m/s. The amplitude is
82 8
(a) m (b) —m (c) —m (d) 4—"@"1
4 1T n T

6. A seconds pendulum is suspended from the ceiling of a trolley moving horizontally with

acceleration of 4 m/s . Its period of oscillation is
(a) 1.90s (b) 1.70's (c) 2305 (d) 140's
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velocity of the particle are g and v respectively
relation between a and v Ys

2

identify the graph
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: and
which correctly represents the

=l
: ‘(a) (b)
Q a2 o =
: 2
s (d) i
J o = - -

8. Ina vertical U-tube a column of mercury oscillates simple harm onically. If the tube contains 1 kg of
mercury and | cm of mercury column weighs 20 g, then the period of oscillation is

(a) 1s (b) 2s (c) ¥2s (d) Insufficient data
9. A solid cube of side a and density p, floats on the surface of a liquid of density p. If the cube is
slightly pushed downward, then it oscillates simple harmonically with a period of

(a) 2m i&E (b) 2n i g
P g Po &

0. A particle of mass m is attached with three springs A, B and C of equal force

constants & as shown in figure. The particle is pushed slightly against the spring

C and released, the time period of oscillation will be
M

Ll e [t
(a) sz; (b) 2m [

"
(c) Zl\j% (d) E“J%

. : . izontal axis perpendicular to the
11. A uniform stick of length /is mounted so as to rotate about a horizon e
o~ :j-l:" a:;d 5 ::di'; ce d from the centre of mass. The time period of small oscillations has a

minimum value when 4// is 1
@) ®) = © - @
s 2 a
= s are shown in figures
12. Three arrangements of spring-mass system pective periods k&

(A), (B) and (C). If T, T, and T; represent the res
of oscillation, then correct relation is

@ I, >T,>T;

(b) I;>T,>T,

() I,>T,>T; .
@ L>T>T 7 s
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13. Three arrangements are shown in figure.

m £
(A) (8}

(A) A spring of mass m and stiffness k ; _
(B) A block of mass mattached to massless spring of stiffness &

(C) A block of mass ? attached to a spring of mass ;—" and stiffness &

2

2l
(©)

If T, T, and T represent the period of oscillation in the three cases respectively, then identify the
correct relation
(a) T<T,<T; b) 1 <T1<T; (¢) 1 >T:>T, (d) ;< <T;

14. A block of mass M is kept on a smooth surface and touches the two
springs as shown in the figure but not attached to the springs. Initially
springs are in their natural length. Now, the block is shified (/,/2) from
the given position in such a way that it compresses a spring and released.
The time-period of oscillation of mass will be

n (M M
(a) Vr (b) 2'!:1’5

in |M M
© V% (d) "'JE,;

15. A particle moving on x-axis has potential energy U =2 — 20x +5x° Joule along x-axis. The particle
is released at x = — 3. The maximum value of x will be (x is in metre)
(a) Sm (b) 3m (c) 7m (d) 8m
16. A block of mass m, when attached to a uniform ideal spring with force constant k and free length L
executes SHM. The spring is then cut in two pieces, one with free length n L and other with free
length (1 - ) L. The block is also divided in the same fraction. The smaller part of the block attached

to longer part of the spring executes SHM with frequency f; . The bigee
to smaller part of the spring executes SHM with frequen C;:r Ifz- Tho fa%i{l; ,;;'T?EfiTe block attached

(@) 1 ) == © X1 n
I-n n {d} m
17. A body performs simple harmonic oscillations alon i i
. & A g the straight

ABCDE with C as the midpoint of AE. Its kinetic energies at B ang&l.tﬂhat:: | o |
each one fourth of its maximum value. If AE =2R, the distance between L (R
B and D is

V3 R

il b)
OF (b) 7 (©) V3R () V2R

18. In the given figure, two elastic rods P and Q are rigidly joined to end supports. A small mass mis
moving with velocity v between the rods. All collisions are assumed to be elastic and the surface IS
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given to be smooth. The time period of small

11 E: 1 at
y = Young's modulus, L = length of each rod) ass m will be; (A4

= area of cross seclion,

19. A block of mass 100 g attached to a spring of stiffness 100 N/m is
lying on a frictionless floor as shown. The block is moved to

compress the spring by 10 ¢cm and released. If the collision with the
wall is elastic the time period of motion is

(a) 0.2s (b) 0.166 s (¢) 0.155s (d) 0.133 s

20. A particle executes SHM of period 1.2 s and amplitude 8 cm. Find the time it takes to travel 3 cm
from the positive extremity of its oscillation. [cos ' (5/8) =0.9 rad]
(a) 028 s (b) 0.32s (c) 0.17 s (d) 0425

21. A wire frame in the shape of an equilateral triangle is hinged at one vertex so that it can swing freely
in a vertical plane, with the plane of the triangle always remaining w:ni—::fll, The side of Lhejhame is
1/+/3 m. The time period in seconds of small oscillations of the frame will be (g =10 m/s™)

(@) W2 (b) W3 (c) W6 d) w5

22. A particle moves along the v-axis according to x = A [1 +sin a¢]. What distance does is travel in
time interval from 1 =0to f =2.5 W@ ?
{la} 44 (b) 64 (c) 54 (d) 34

23. A small bob attached to a light inextensible thread of length / h_as a periodic tiéng |
; T when allowed to vibrate as a simple pendulum. Thhefﬁrﬁ‘d 15 ‘;u::Es;:EESI L::m 4|’
: ical rigi length 3//4. If no
fixed end O of a vertical rigid rod of [ now ‘
]’;I;It]‘::fms periodic oscillations in this arrangement, the periodic time will be

A
b) 4T/5
F‘; ;ﬁ; Ed% 5T/6
Cc

: i istant light causes a
24. A stone is swinging in a horizontal circle of diameter 0.8 m at 30 rev/min. A distan gh

ly wall. The amplitude and period of the SHM for the shadow of the

shadow of the stone on a near -
0.8 m, 2s =
s{t:)n%‘a;e m, 4s (b) 0.2 m, 2s (c) 0.4m,2s (d) —

ition. The correct
25, part of SHM is graphed in the figure. Here y is displacement from mean position

equation describing the SHM is

v; ylcm)
B = Ak
. i \ oen 19
o +—— "
|/ o3x\ !
-2

10T AL
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0
(b) }.-slsin[!— = E]
3 2

(d) y= ?,Cﬂﬁ(ﬂ.{'i i g]

riod 7 and amplitude a. The mean velocity of particle oyer the

time interval during which it travels a distance a/2 from the extreme posm{;n 15!2;?
(a) 6a/T (b) 2al/T (c) 3alT | (d) a L. 8

27. A man of mass 60 kg is standing on a platform executing SHM in the vertical plane. The dlSplaFﬁnmt
from the mean position varies as y=0.5sin (2nft). The value of £, for which the man wil fee|
weightlessness at the highest point, is (yin metre)

(a) y=4cos(0.61)

3

(c) ,1'=25in{§—-|:q f]

26. A particle performs SHM with a pe

Vg
(a) gl4n (b) 4rg O (d) 2n42¢

time period T and amplitude 4. The average speeg

28. A particle performs SHM on a straight line with A1
e ol gl hen potential energy and kinetic energy becomg

of the particle between two successive instants, w
same is
A 424 24 @ 2424
fa) = (b} ——— (o)== T
T T T
29. The time taken by a particle performing SHM to pass from point 4 to B \.whf:rf: its_ velocities are
same is 2 s. After another 2 s it returns to B, The ratio of distance OB to its amplitude (where 0

is the mean position) is
() 1:42 (b) (2 -1):1 ) 1:2 (d) 1:242

30. A particle is executing SHM according to the equation x = A cos wz. Average speed of the particle

during the interval 0 < 1 < s

60 :
NEV ) eV © 240 L
o 4 n n

Passage : (031to032)
A 2 kg block hangs without vibrating at the bottom end of a spring with a force constant of 400 N/m.
The top end of the spring is attached to the ceiling of an elevator car. The car is rising with an
upward acceleration of 5 m/s* when the acceleration suddenly ceases at time 7 =0 and the car

moves upward with constant speed (g =10 m/s”)

(a)

31. What is the angular frequency of oscillation of the block after the acceleration ceases?

(a) 1032 rad/s (b) 20 rad/s (¢) 202 rad/s (d) 32 rad/s
32. The amplitude of the oscillation is
(a) 7.5 em (b) 5cm (¢) 2.5¢em (d) 1em

More than One Correct Options

1. A simple pendulum with a bob of mass mis suspended from the roof of a car moving with horizonta!

acceleration a
(a) The string makes an angle of tan ' (a/g) with the vertical
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: : e ilea N
(b) The string makes an angle of sin [E }wllh the vertical

(¢) The tension in the string is ’"\"‘—*l_*:‘f
(d) The tension in the string is m ’J{?—T

2. A particle starts from a point P at a distance of A/2 from the mean posit;
@ and travels towards left as shown in the fizure: IF the tins ps : dlm: - Az
is : g - perio A,
SHh:d, c:m:utej:i al::-::-ut O is T and amplitude A then the equation of iu >
motion of particle is the

2]
h[‘h L 4

s 2“}'+n 2 )
(a) x=Asl 7' 7% (b) x=4 sin[}jr+iﬁ]
6
: 2n. =
(c}x=Acus[Fr+E] (d) x=f1cns[2—;:+§]

3. A spring has natural length 40 cm and spring constant 500 N/m
: ( 3 - A block of mass 1 kg is at
one end of the spring and other end of the spring is attached to a ceiling. The block isgr:.:'i:ulsi{:ihsriﬁ:

the position, where the spring has length 45 cm
(a) the block will perform SHM of amplitude 5 cm
(b) the block will have maximum velocity 305 em/s
(c) the block will have maximum acceleration 15 m/s>
(d) the minimum elastic potential energy of the spring will be zero
4. The system shown in the figure can move on a smooth surface. They are initially compressed by 6

¢m and then released
_ k=80ON/m
3kg. “Bkg

(a) The system performs, SHM with time period I% $

- (b) The block of mass 3 kg perform SHM with amplitude 4 cm
(c) The block of mass 6 kg will have maximum momentum of 2.40 kg m/s

(d) The time periods of two blocks are in the ratio of | 2

5. The displacement-time graph of a particle executing SHM is shown in 1“‘
figure. Which of the following statements is/are true? ; :
(a) The velocity is maximum at 1 =7/2 5 \ Hiide
(b) The acceleration is maximum at ¢ =T T4 er ==t

(c) The force is zero at r =37 /4 :
(d) The kinetic energy equals the total oscillation energy at7 = T2

6. For a particle executing SHM, x = displacement from mean position, v = velocity and

a = acceleration at any instant, then + :

(a) v-x graphis a circle (b) v-x graph is an_elllipse

(c) a-x graph is a straight line (d) a-x graph is a circle gy
. The acceleration of a particle is @ = —100x + 50.It s released from x =2.Here a and.xate

(a) the particle will perform SHM of amplitude 2 m

(b) the particle will perform SHM of amplitude 1.5 m
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(¢) the particle will perform SHM of time period 0.63 s
(d) the particle will have a maximum velocity of 15 m/s

8. Two particles are performing SHM in same phase. [t means that =
(a) the two particles must have same distance from the mean position simultaneously

(b) two particles may have same distance from the mean position simultaneously

(c) the two particles must have maximum speed simultaneously
(d) the two particles may have maximum speed simultaneously

9. A particle moves along y-axis according to the equation
y(in ¢m) =3 sin 1007z + 8sin” 50ntr — 6
(a) the particle performs SHM
(b) the amplitude of the particle’s oscillation is 5 cm
(c) the mean position of the particle is at y=—2c¢m
(d) the particle does not perform SHM
Match the Columns
1. For the x-7 equation of a particle in SHM along x-axis, match the following two columns.

x=2+2coswml

Column I Column 11
(a) Mean position prx=0
(b) Extreme position (@ x=2
(¢) Maximum potential r) x=4
energy at

(d) Zero potential energy at |(s) Can’ttell

2. Potential energy of a particle at mean position i ition i '
] of a position is 4 ] and at extreme position is 20 J. Given thi
amplitude of oscillation is 4. Match the following two columns. i Is t

'ﬁolnmn‘-} SEN | Column I
(a) Potential energy at x ='_~:;F (p) 18]
b) Kineti =2 -
(b) Kinetic energy at x = 7 (q) 167
(¢) Kinetic energy atx =0 (r) 81
e ol
(d) Kinetic energy atx = = (s) None

3. Acceleration-time graph of a particle in SHM is as shown in figure. Match the followin L

\ B
ViR
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_ Column [1
(a) Dfﬁplac-:mcm of particle at ¢, (p} zero
(b) Displacement of particle at £ (g} positive

(¢} Velocity of particle at f

(r) negative
{d) Velocity of particle at 1, Bt

As) maximum
4. Mass of a particle is 2 kg. Its displacement-time equation in SHM is
x =2sin (4mr)

L F i
Match the following two columns for 1 second time interval AN,
Column | f_.:'l:l!l-i.l_!llﬂl iI :
{28} Speed becomes 30 m/s (p) two times
(b) Velocity becomes + 10.m/s (q) four times
{c) Kinetic energy becomes 400 ] {r) one time

e —

(d) Acceleration becomes — 100 m/s {5} Mone

5. x-fequation of a particle in SHM is,

x=4+6sin s
Match the following tables corresponding to time taken in moving from

Column | Column 11

(a) x=10mtox=4m (p) %sc:and

(b) x=10mtox=7Tm (q) ésﬁ:nnd

(¢} x=Tmtox=1m (r) 1| second
{d) .Jil?mmx:—lm-{s} None

ubjective Questions (Level 2)

- A | kg block is executing simple harmonic motion of amplitude 0.1 m on a smooth horizontal

surface under the restoring force of a spring of spring constant 100 N/m. A block of mass 3 kg is

gently placed on it at the instant it passes through the mean position. Assuming that the two blocks
move together. Find the frequency and the amplitude of the motion.

- Two particles are in SHM along same line. Time period of each is T and amplitude is 4. After how
much time will they collide if at time ¢ =0,

(a) first particle is at x; =+ — and moving towards positive x-axis and second particle is at
2
A - L ' » <
Xy =— :’FE and moving towards negative x-axis,

(b) rest information are same as mentioned in part (a) except that particle first is also moving
towards negative x-axis.

. A particle that hangs from a spring oscillates with an angular frequency of 2 rads. The spring
particle system is suspended from the ceiling of an elevator car and hangs motionless (relative to the
elevator car) as the car descends at a constant speed of 1.5 m/s. The car then stops suddenly.

(a) With what amplitude does the particle oscillate 7
(b) What is the equation of motion for the particle ?
(Choose upward as the positive direction)

o
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4. A 2 kg mass is attached to a spring of force constant 600 N/m and rests on a smooth hurimma]
surface. A second mass of 1 kg slides along the surface toward the first at 6m/s.
(a) Find the amplitude of oscillation if the masses make 2 p.erfectly inelastic collision and remajy
together on the spring. What is the period of oscillation _? . :
(b) Find the amplitude and period of oscillation if the cq:fthsmn 1S perfectly elastic.
(c) For each case, write down the position x as a function of time fmj the mass attached to p,
spring, assuming that the collision occurs at time 1 =0. What is the impulse given to the 2 ke
mass in each case 7
5. A block of mass 4 kg hangs from a spring of force constant k = 400 N/m. The block is pulled doyy,

15 em below equilibrium and released. How long does it take the block to go from 12 em belgy
equilibrium (on the way up) to 9 cm above equilibrium?
6. A plank with a body of mass m placed on it starts moving straight up according to the lay
v=a(l - cos of), where y is the displacement from the initial position, m =11rad/s. Find :
(a) The time dependence of the force that the body exerts on the plank.
(b) The minimum amplitude of oscillation of the plank at which the body starts falling behind the
plank.

7. A particle of mass m free to move in the x-y plane is subjected to a force whose components are
F, =—kxand F, =— ky, where k is a constant. The particle is released when 1 =0 at the point (2, 3),
Prove that the subsequent motion is simple harmonic along the straight line 2 y —3x =0.

8. Determine the natural frequency of vibration of the 100 N disk. Assume the disk does not slip on the
inclined surface.

9. The difk has a }ve_ight of lj]]] N and rolls without slipping on the horizontal surface as it oscillates
about its equilibrium position. If the disk is displaced, by rolling it counterclockwise 0.4 rad,
determine the equation which describes its oscillatory motion when it is released.

10. A solid uniform cylinder of mass m performs small oscillations d i o of
] i : -due 5 0
stiffness & each (figure). Find the period of these oscillations in the ;Est::cic;?;i?ignt‘; 0 Spring
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ﬁa wall at origin O and axis of Spring
SR e : e¢ end of the spring and it is performing SHM. Equation of

11. One end of an ideal spring is fixed to

block of mass m =1kg is attached to is parallel to x-axis. A

is ¥ =10+ 3sin (10¢). Here, ¢ is in }Sfﬁh:::z":]igg;:f
‘q‘t.m,IhET !Jluck of mass M =3 kg, moving tm-.-rards lhf;
origin with velocity 30 cm/s collides with the block
performing SHM at r =0 and gets stuck to it. Caleulate -
(a) new amplitude of oscillations, -

(b) new equation for position of the combined body,
(¢) loss of energy during collision. Neglect friction.

12. A block of mass m is attached to one end of a light inextensible string passing over a smooth light

pulley B and under another smooth light pulley A as shown in the figure. The other end of the string

1s fixed to a ceiling. A an‘d B are held by springs of spring constants k, and k,. Find angular
frequency of small oscillations of the system. g

. In the shown arrangement, both the springs are in their natural
lengths. The coefficient of friction between m, and m, isj.. There
is no friction between m, and the surface. If the blocks are
displaced slightly, they together perform simple harmonic
motion. Obtain

(a) Frequency of such oscillations. _ =0 b
(b) The condition if the frictional force on block m is to act in the direction of its displacement

from mean position. : : 3 i
(c) If the condition obtained in (b) is met, what can be maximum amplitude of their oscillations:

14. Two blocks A4 and B of masses m; =3 kg and m, = 6 kg respectively are connected with each a{:;rﬂ hy:
spring of force constant & =200 N/m as shown in figure. Blocks are pulled away from each y
3:9 —3 cm and then released. When spring is in its natural length .

and blocks are moving towards each other, another block C of mass
m=3kg moving with velocity vo =04m/s (towards right)

: it N i icti late
ides wi ts stuck to it. Neglecting friction, calcula : s ir angular
.F:)" wlut:ti::n :ngde v, of the blocks 4 and B respectively just before collision and ther
: I 2

(b) mﬁ;ﬁgf centre of mass of the system, after collision,
(c) amplitude of oscillations of combined body,
(d) loss of energy during collision.
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15. A rod oflength [ and mass m, pivoted at one end, is held by a spring
at its mid-point and a spring at far end. The springs have spring
constant k. Find the frequency of small oscillations about the

equilibrium position.

16. In the arrangement shown in figure, pulleys are light and springs are ideal. k;. £, &, and ¢, are |

force constants of the springs. Calculate period of small vertical oscillations of block of mass ,,

g-‘& %h

17. A light pulley is suspended at the lower end of a spring of constant &, , as shown
in ﬁgun?. An inextensible string passes over the pulley. At one end of string a
mass m is suspended, the other end of the string is attached to another spring of
constant k. The other ends of both the springs are attached to rigid supports, as
shown. N_eglecting masses of springs and any friction, find the time period of
small oscillations of mass m about equilibrium position.

18. Figure shows a solid uniform cylinder of radius R and mass Af which
is free to rotate about a fixed horizontal axis O and passes t'hmugh
centre of the cylinder. One end of an ideal spring of force constant & is
fixed and the other end is higned to the cylinder at 4. Distance 04 is

R ; : : ;
equal to = - An inextensible thread is wrapped round the cylinder and

passes over a smooth, small pulley. A block of e

having cross sectional area A is su:gcndaﬂ from ﬁ'&?el:la;: :; aﬂi ;:;:.ani
The block is partially immersed in a non-viscous liquid of density p.
If in equilibrium, spring is horizontal and line 04 is vertical cal-.-;mﬂ'te
frequency of small oscillations of the system. ' ’

19. Find the natural frequency of the system shown in fieure.
smooth and massless. S e
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ANswers B0

Introductory Exercise 11.1

1. 3 R
o i = ol
1. 6.0N/M 2. 7' 3. 10.0 cm 6 ra
4. (a) 15.0cm (b) 0.726s (c) 1.38Hz (d) 1.69J () 1.30 m/s 5. 1.4x 103«

6. (2)1.391 (b) 1.1s 7. (a) 0.28s (b) 0.4%
Introductory Exercise 11.2

{

; e ; 2
3. Ox \(f - and inclined to the vertical at an angle 6 = tan™ L:—g} away from the centre

.rv,?ﬂzll"
2+ik_
F ] |
{

! [} ;
am \(E (6)infinite-i(d) 2 ul{h”?_'_i_l.-"f

2, (a) 2n

3. The clock will lose 10.37 s 4. [ @] T

Y9
Introductory Exercise 11.3
1. T=2n E 2. 0.314 s ﬁg%‘m i :}2 Hrras
Introductory Exercise 11.4
R

e fp —

1. T=2a —E—gﬁ 2. 1.4% 10° gem?

Introductory Exercise 11.5
1. (3) 7.0cm (b) 6.1cm (c) 5.0cm (d) 1.0 cm

2. (2) %unit (b) 100x/37 units (c) (1007)? /37 units.

AIEEE Corner

Subjective Questions (Level 1)
1 (3)28N/m (b)0.84s 2.078s 3. 0.101 m/s, 12Erf1mfsz,ﬂn.632N d] T eeie
& 04s.0102m 5. 058m/s ~045m/s? 060m/s% zero 6.5 1.0% (—ara co

. (a) — sec {b} 5 5€¢ {c}ﬂsec 9. 72m 10. (a) equal (b)equal
o 0.197 m/s*
11. (a) 0.08m (b) 1.5? rad/s (c)l,":?? N/s (d)zero (e)0. g2
Ll 16. {a]- zn‘{: th} . @3

X, o
18. @U=E,/4,K=3E,/4 (b}x=J-—-9_ 15. A=d A

18. y=(0.1m sin[td-s"‘)! -3

(@ 10cm (b)2.5) (cJ sec (d) o oum (d) x = 6mandx=-2m

9. @1rad/s (b) Upesn = mJ Knean = 16J; Uetrome = 253 Kestreme

28. 0.38Hz
18s 260816
20. 37 /4 22_]'__.2,;’% 23. 45 28.T=2n|— 25
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242 E ; 241 cm (bY0.27 cm
29, Parabola, y= A[i— -F—] 30. 2A 31. 3 32. (a)

Dbjective Questions (Level 1)

1. (a) 2. (a) 3. (d) 4. (c) 5. (d) 6. (b) 7. (a) 8. (b) 9. (@) 10. (g
1. () 12.() 13.(c) 14.( 15 16.( 17.(9 18. (d) 19.(c) 20 (y
21 () 22.() 23.(a) 24.(a) 25.(a) 26.(c) 27.() 28.(9 29. (¢)  30. (3)
31. (a) 32.(b)

JEE Corner

Assertion and Reason
L@ 20 3 46 5@ 6Ed L@ 8@ 5@ 0@

Objective Questions (Level 2)

L@ Ziw e &@ 56 6@ 2o 8@ 206 100
11. (b) 12.(c) 13.(b) 14.(c) 15.(c) 16.(a) 17.(c) 18.(a) 19.(d) 20.(q
21.¢(d) 22.(c) 23.(a) 24.(c) 25.(b) 26.(c) 27.(c) 28.(b) 29.(2a) 30.(d)
31. (a) 32. ()

More than One Correct Options

1. (a,c) 2. (b,d) 3. (bcd) 4 (abe) 5. (b,c) 6. (b,c) 7. (bicd)
B. (b;c) 9. (a,b,c)

Match the Columns

(a)—=q (B)—=pr (@©-—-pr (s
(@a)—=r (b)—=+s {c)-q (d) —»s
(@)— r (by->p {c)—>r (dy—=>r.s
(a) = s (b)—=p {c) =>s (dy—p
(a) > g (b)—>p (c)—»p (d)—>r

v BN

Subjective Questions (Level 2)
1. 0.8Hz 0.05m 2. (a) % T (b) -i—é TR 3 @) A=0.75m (b)x=-0.75sin2t

. (a)14.1cm, 0.445s (b)23cm, 0.36s (c)x = £ (14.1cm) sin(10J2 t), x = + (23 cm) sin (1043 1), 4 N-s, BN

5., E{-}s-ﬂlﬁ?s 6. (a)N=mig+an’coswt) (B)81lcm 8. 056Hz 9. 6=0.4cos(16.161)

3m 10 -3 <in5T
10. T = 2 =2 11 @)3cm (®)x=10-3sin5t ()0135) 12, '__ELﬂmﬂukz)

ktl K m.l oy M+ me)m,g
m + s i *z -2 Mk, — Myl
14. (2) 0.2 m/s, 0.1 m/s, 10 radfs (b) 0.1 m/s (towards right) (¢) 4.8cm (d) 0.03J

k+ 4ApE
1 [15k T=4 m[~31+-1—+L+l] o P W B S S o L
15 5:4am 0 T RR kK “J ko 2z | oM

1 [

13. (a) P
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CHAPTER 12  Elasticity 219

Solved Examples

Level 1

its length, if the Young’s modulus of steel is 2.4 10" dynefem”.

Solution Here, /=4m = 400cm, 2r=

5> mm
2 r=2.5mm =0.25cm
I =5 kg-wt = 5000 g-wt = 5000 = 980 dyne
Al=? Y =24x10" dynefem*
.AS }’ = )L o i
art Al
o A= Fi = (5000 =< 980) x 400

rlY  (22/7)x (0.25)% x2.4x10"
=0.0041cm Ans.

Example 2  The bulk modulus of water is 2.3 % 107 Nim>.
fa) Find its compressibility. i
(b} How much pressure in atmospheres is needed to compress a sample of water by 0.1% ?

Solution Here, B =23x10° N/m?

9
_23x10° _557x10" atm
1.01x10°
P 1 1 X -1 A
(a) Compressibility = = W =4.4x107" atm
(b) Here, % ——0.1% =—0.001
Required increase in pressure, .
ﬂP:Bx[—£J=2.2TxIG4xﬂ.{](}i:?l.?atm ns.
4

. el of the
Bample 3 4 steel wire 4.0 m in length is streiched rfarlslmgh Ziﬂ mi. The cross-sectional area f
Wireis 2.0 mm?>. If Young s modulus of steel is 2.0 x 107 N/m™. Find :
(@ the energy density of wire.
() fﬁeefamf}poreﬁnal energy stored in the wire.

2 o —g0x10" Nm’
lion Here, j—40m, AI=2x107m, A=20x107m>, o

=
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220 Mechanics-1I
(a) The energy density of stretched wire

1 - 1 < v2
U= E X stress x strain = 414 x ¥ x (strain) :

= 2
(zxm"}]

= 2.0%10" x
2 4

=025x10° =2.5%10" J/m’ Ans,

(b) Elastic potential energy = energy density x volume
=2.5%10" x (2.0x107%)x4.0J
=20x107* =0.20J Ans,
Example 4 Find the greatest Iengm of steel wire that can har;g vertically without breaking. Breaking
stress of steel =8.0x10% N/m*. Density of steel = 8.0 x 10° ke/m’. Take g =10 m/s". hg

Solution Let / be the length of the wire that can hang vertically without breaking. Then the stretching
force on it is equal to its own weight. If therefore, 4 is the area of cross-section and p the density, then

Maximum stress (¢, ) = e [Stress = r—ﬂﬁ]
(4lp)g
or —— y
I’ . U m
PE
0x10° .
Substituting the values I= il : =10 m Ans.
(8.0x10°)}10)

Example 5 (a) A wire4mlongand0.3 mmin diameter is stretched by a force of 100 N If extensi
in the wire is 0.3 mm, calculate the potential energy stored in the wrm
(b) Find the work done in stretching a wire af cross-section| mm® and length2 m through0.1

Young's modulus for the material of wire is 2.0 x 10" Nim?.

Solution (a) Energy stored U =% (stress)(strain)(volume)

1( F ) Al
z v G F)e

F-A

1l

1
>
% (100)(0.3x107)
-0

01517
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CHAPTER 12 - Elasticity 221

Work done = Potential energy stored

| 2
——k
5 (A)
LT a2 [ "f=E]
_1(¥A) as
2[ : ].: ) f
Substituting the values, we have
i1 ] el
= L Q0x107)(107) (4 11032
2 (2)
=50x107 ] it

Example 6 A rubber cord has a cross-sectional areal mm’ and total unstretched length10.0 em It is

streiched t012.0 cmand then released to project a missile of mass 5.0 g. Taking Young's modulus ¥ for
rubber as5.0x10° N/m?. Calculate the velocity of projection.

Solution Equivalent force constant of rubber cord.

B (5.0%10%)(1.0x107°)
/ (0.1)

k

=5.0x10° N/m

Now, from conservation of mechanical energy, elastic potential energy of cord
= kinetic energy of missile

l 5 1 2
— k(AN =—my™
2 G 2

,j=[ i}y

Ll

_| [30X107 115 0-10.0)x1072
50%107°

—20 m/s Ans.

Note Following assumptions have been made in this }.’mhfem :
(i) k has been assumed constant, even though it depends on the length 1}.

(i) The whole Uf the elastic Pmenﬁﬂj energy is converting into kinetic energy of missile.

Example 7 Wit is the density of lead under a pressure of 2.0x 10" N/m %, i the bulk modilus of lead

- ! : 3
i$8.0x10° N/m® and initially the density of lead is 11.4 glem™?
; P

Solution  The changed density, T dp
1 e T
B

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

e

""'ﬁubstitming the value, we have

, 11.4
Y =—
S 20x10°
8.0x10”
or p'=11.69 g/cm’

Level 2

Example 1 4 light rod of length 2.00 m is suspended from the ceiling horizontally by means of i

vertical wires of equal length tied to its ends, One of the w:'mf is made of steel afu_rf is of cross-sect .
12 Find out the position along the m;j'!

s : d -3
107 m” and the other is of brass of cross-section2 107" m

which a weight may be hung to produce,
(a) equal stresses in both wires
(b) equal strains on both wires. s s a2
Young's modulus for steel is2x10"" N/m" and for brass is10°" N/m".

Solution (a) Given,

Stress in steel = stress in brass —— |
g Ty Steel
Ay Ap
I
Tgos s =
TB AB e ....l._.
= lﬂ" :l ‘{ITI ok = i T
2x107™ : Fig. 12.18
As the system is in equilibrium, taking moments about D, we have
TS <X :TH {2 "'.\.']
TH A
From Eqgs. (i) and (i), we get ¥ =133m
. stress

(b) Strain =

strain in steel =strain in brass
Tgldy Tgldg
Ys Yg
Te _As¥s _(1x10°)2x10")
T, AzYz (@x107)0")

Given,

From Eqs. (i) and (iii), we have x=10m
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mple 2 A4 steel rod of length 6.0 m and diameter 20 mm is fixed between iwo rigid supporis.
Determine the stress in the rod, when the temperature increases by 80°C if

e —— — -
B e e e i g e R
.

i 6.0m
Fig. 12.19

(a) the ends do not yield
(b) the ends yield by 1 mm
Take ¥ =2.0x10° kg/em® and o =12x107 per°C.
golution Given, length of therod /=6m = 600 cm
Diameter of the rod d =20 mm =2c¢m
Increase in temperature £ =80°C ;
Young's modulus ¥ =2.0x 10° kg/om”

d thermal coefficient of linear expansion
3 o =12x107° per°C
When the ends do not yield

Let,
Using the relationc =@ tY

o, =stress in the rod

5, = (12x107)(80)2x10°)

2 Ans.
= 192{] kg:"cm”
& eld by | mm
: When the ends yield by & : S
" ' due to increase in tempe
(W Increase in length iy o
. 0.1 cm is allowed to expand. Therefore, net comp
of this 1 mm or U. AL _ (it ~0.)
or compressive strain in the rod, .1
; Mo (g0
E= '_T_ I
) u.l]
stress 0, =16 =T [ﬂ I
Substituting the values, S ggpi}i]
. b
G, =2x%10 [' 600 .
2
~1587 kg/em
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Example 3 A steel rod of cross-sectional area’16 r"m  5000kg
and two brass rods each of cross-sectional area 10 cm’® . i 1 ]
together support a load of 5000 kg as shown in figure. & % 5 | |30 cm
Find the stress in the rods. Take 1’ for steel e !
—2.0x10° kg/em® and for brass =1.0x10° kg/em”. { |
{ I
Fig. 12.20
Solution Given area of steel rod
Ag =16em”
Area of two brass rods Ap =2x%10=20cm”
Load, F =5000kg
Y for steel ¥ =2.0x10° kg/em”
Y for brass Yy =1.0x10% kg/em*
Length of steel rod [; =30cm
Length of brass rod [ =20cm
Let O ¢ =stress in steel
and G g =stress in brass

Decrease in length of steel rod = decrease in length of brass rod

or —=xlg =—=x g

ar Fo == X=X Op

_20x10° 20

1.0x10° *30°°8

4
O =—0
Y5 =a08

Now, using the relation,
F=054; +o,4,
or 5000=c x16+0, x20
Solving Egs. (1) and (ii), we get
ap =120.9 kg/cm =

and o =161.2 kg/cm?
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mple 4 4 sphere of radius 0.1 m and mass 8x kg js altached o 4 I
elower eng

1 5.0 mi and diameter 107 m. The wire is suspended from 5.5
af a ropm. H

£ made 1o swing as a yimple pendulum, it just grazesihe flogr ar ;
Eloclly of the sphere at the lowest position. Young's maodulus of s at its lowper
; £e

1}}—“ .'.I]‘.lﬁ'J W ¥ ﬂj

2 s -
N ;.H E JJ {4 N o Jﬂ I .f,il -
L5

i Paing. Cale
; _ l i£1.994 x 1! N!m:f-u.’aff: ihe
Solution  Let A/ be the extension of wire whe :

i n the sphere ;
sition. Then, we have phere i3 a1

mean

|
P

[+Al+2r=527
o Al=522_}_ Y
=320_¢% 201 522m AT
=0.02m

: -
the wire at mean position during oscillations -q_'ﬁ
i N

Let T be the tension in
then

|

Al

.'. T = l.i!ug = rﬂrjdf
{ I

Y= Fig. 1221

Substituting the values, we have

7= (1.994x10") x % (0.5x107)2 x 0,02
5

=626.43 N
The equation of motion at mean position s,

T—mg=£:§i ()

Here, R=522-r=522-0.1=5.12m
and m=38nkg =25.13 kg

Substituting the proper values in Eq. (i), we have
(25.13)v7

3.12

Solving this equation, we get v=8.8m/s AU
E“"Fli- S Athin ring of radius R is made of a material of density p and Young's modulus Y. 1f

e : ' e
:T:ﬁf rotated about its centre in its own plane with angular velocity find the small incréas
s,

%:lﬂﬂ Consider an element PO of length dl. Let T be the tension and

(626.43) — (25.13x9.8) =

A the areaof cross-section of the

Mass of element dm = volume X density

_ A(dlp
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The component of T, towards the centre provides the necessary

centripetal force
2T sin (g ] = (dm)Ro”
. 0 (dl/R
For small angles sin g o= ( . )

Substituting in Eq. (i), we have
T ffg = A(dlpRe>*

...(1)

or T = Apw’R*
Let AR be the increase in radius,
| itudinal strain = Al A@aR) "E
PPREES = Uik R
Now, = T/ A
AR/R
A ik _(4pe’R*)R
AY AY
23

Example 6 A member ABCD is subjecied fo point loads Fy, F,, F5 and F, as shown in
Calculate the force F, for eguilibrium if F| = 4500 kg, F; = 45000 kg and F, =13000 kg. Determint
the total elongation of the member, assuming modulus of elasticity to be2.1x10° kglem”.

6.25 cm? Bi . €

A '

Fi T L. P2 F3el |- Fs
t
f 12,5 cm?
i 120 em i 60 cm iy a0 cm &
Fig. 12.23

Solution Given
Area of part AB, A, =6.25¢m’

Areaof part BC, A4, =25cm’
Areaofpart CD, A4y =12.5cm”’

Length of part AB.  /; =120cm
Length of part BC,  /, =60cm

An evaluation version of novaPDF was used to create this PDF file.
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Length of part CD, I =90 cm

Young’s modulus of elasticity ¥ =2.1x10° kg /cm?

Magnitude of the force F, for Equilibrium

The magnitude of force F 2

AR 1oR may be found by equating the forces acting towards right to those acting

Fy, +F,=F, +F,
F; +13000 = 4500 + 45000
F5 =36500 kg Ans.
Total Elongation of the Member
For the sake of simplicity, the force of 36500 kg (acting at B) may be split up into two forces of
4500 kg and 32000 kg. The force of 45000 kg acting at C may be split into two forces of 32000 kg and

13000 kg. Now, it will be seen that the part AB of the member is subjected to a tension of 4500 kg, part BC

is subjected to a compression of 32000 kg and part CD is subjected to a tension of 13,000 kg. Using the
relation,

Al= % [ Fih, Fob + Fsls ] with usual notations

G i [451}Dx12ﬂ_32D[}I}x6D+13ﬂﬂﬂx9ﬂ]cm
2.1x10°\ 625 25 12.5
=0.049¢cm
or A =049 mm Ans.
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AIEEE Corner

Subjective Questions

1. A cylindrical steel wire of 3 m length is to stretch no more than 0.2 cm when a tensile force of 400 .
is applied to each end of the wire. What minimum diameter is required for the wire ?

Yoo =2.1%10"" N/m?
The elastic limit of a steel cable is 30 x 10° N/m? and the cross-section area is 4 cm”. Find the:
maximum upward acceleration that can be given to a 900 kg elevator supported by the cable if
the stress is not to exceed one-third of the elastic limit.

If the elastic limit of copper is 1.5 x 10*N/m?, determine the minimum diameter a copper wire can

have under a load of 10.0 kg, if its elastic limit is not to be exceeded.
4. Find the increment in the length of a steel wire of length 5 m and radius 6 mm under its own weight.
Density of steel =8000 kg/m* and Young's modulus of steel =2 x10'" N/m?. What is the energy

stored in the wire ? (Take g =9.8m/s°)

5. Two wires shown in figure are made of the same material which has a breaking stress of
8x10® N/m?. The area of cross-section of the upper wire is 0.006 cm” and that of the lowet

wire is 0.003 cm’. The mass my =10kg, my =20 kg and the hanger is light. Find the maximum
load that can be put on the hanger without breaking a wire. Which wire will break first if the
load is increased ? (Take g =10m/s°)
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B. A steel wire and a copper wire of equal length and equal cross-sectional area are joined end to end
and the combination is subjected to a tension. Find the ratio of :

[copper | sieel |
(a) the stresses developed in the two wires,

(b) the strains developed. (¥ of steel =2 x10'" N/m* and ¥ of copper =1.3 % 10" N/m?)

F i e all:lllatn:_ the approximate change in den sity of water in a lake at a depth 0f 400 m below the surEact:,
The density of water at the surface is 1030 kg/m* and bulk modulus of water is 2 x 10° N/m".

8. A wire of length 3 m, diameter 0.4 mm and Young’s modulus § x 10" N/m® is suspended from a

point and supports a heavy cylinder of volume 10~ m® at its lower end. Find the decrease in length
when the metal cylinder is immersed in a liquid of density 800 kg/m”.

9. Intaking a solid ball of rubber from the surface to the bottom of a lake of 180 m depth, reduction in
the volume of the ball is 0.1%. The density of water of the lake is 1x10° ke/m°. Determine the
value of the bulk modulus of elasticity of rubber. ( 2=9.8m/s)

10. A sphere of radius 10 cm and mass 25 kg is attached to the lower end of a steel wire of length 5 m
and diameter 4 mm which is suspended from the ceiling of a room. The point of support is 521 em

above the floor. When the sphere is set swinging as a simple pendulum, its lowest point just grazes

the floor. Calculate the velocity of the ball at its lowest position. (¥, =2% 10" N/m?)

A uniform ring of radius R and made up of a wire of cross-sectional radius r is rotated about its axis

with a frequency v. If density of the wire is p and Young’s modulus is Y. Find the fractional change
in radius of the ring.

11.

12. A 6 kg weight is fastened to the end of a steel wire of unstretched length 60 em. It is whirled in a
vertical circle and has an angular velocity of 2 rev/s at the bottom of the circle. The area of
cross-section of the wire is 0.05 cm ?_(Calculate the elongation of the wire when the weight is at the
lowest point of the path. Young’s modulus of steel =2 x 10" N/m*.

13. A homogeneous block with a mass m hangs on three vertical wires of equal length arranged
symmetrically. Find the tension of the wires if the middle wire is of steel and the other two are of

copper. All the wires have the same cross-section. Consider the modulus of elasticity of steel to be
double than that of copper.

s e b s adgcabisei

h —_— e ‘I T -
e, e e, L WSO, )
:J-f":.Ll.i- s =Y m P s LS

i 2 lus ¥ 1s
14. A uniform copper bar of density p, length L, cross-sectional alrea fﬂin: Y;L::lg: s modulu
moving horizontally on a frictionless surface with constant acceleration do-

(a) the stress at the centre of the wire,
(b) total elongation of the wire.
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15. A 5m long cylindrical steel wire with radius 2 x 107 m is suspended Vemf”ﬂ tmm ATigid g, Pony
and carries a bob of mass 100 kg at the other end. If the bob gelsfsn;}]i'lﬁ » calculate the Chang,.
temperature of the wire ignoring radiation losses. :{;l"ake g; Iﬂm_s L n
(For the steel wire : Young's modulus =2.1 x10" N/m"; Density = E/M 3 Specifi heyy |

=4201/kg-*C).
Objective Questions (Level 1)
Single Correct Option
1. The bulk modulus for an incompressible liquid is i
(a) zero (b) unity (c) infinity (d) between 0.and |

2. The Young’s modulus of a wire of length (L) and radius (r)is Y. If the length is reduced tu.i: and.
radius g then its Young’s modulus will be

@) % ) ¥ (c) 2¥ (d) 4Y

3. The maximum load that a wire can sustain is . If the wire is cut to half its value, the maximum load
it can sustain is |

W W
(a) W (b) = (c) 7 (d) 2W

4. Identify the case when an elastic metal rod does not undergo elongation
(a) 1t is pulled with a constant acceleration on a smooth horizontal surface
(b) itis pulled with constant velocity on a rough horizontal surface
(c) itis allowed to fall freely
(d) All of the above

5. Vessel of1x10 °m? volume contains an oil. If a pressure of 1.2x10° N/m? is applied on it, then”
volume decreases by 0.3 x 10 m*. The bulk modulus of oil is -
(@) 6x10"" N/m?  (b) 4x10° N/m? () 2x107 N/m? (d) 1x10° N/m’

6. Abobofmass 10kgis attached to a wire 0.3 m long. Its breaking stressis 4.8 x10” N/m*. Thearea

of cross-section of the wire is10™° m *. What is the maximum an gular velocity with which it can b&
rotated in a horizontal circle? -
(a) 8 rad/s (b) 4 rad/s (¢) 2rad/s (d) 1 rad/s

7. A uniform steel rod of cross-sectional area 4 and length L is sus ! ricallya
The stress at the middle point of the rod is pended so that it hangs verticatly

i |
OB (b} st (¢) pgL (d) None of these

8. The bulk modulus of water is 2.0x10° N/m?. The pressure required to increase the density of Watet
by 0.1% is
(a) 20x10° N/m*  (b) 20x10°N/m?  (c) 2.0x10°N/m? (d) 2.0x10"N/m’

9. The potential energy U of diatomic molecules as a function of s ion 7 is shown in figu®
Identify the correct statement. EpAt
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(a) The atoms are in equilibrium if — OA

(b) The force is repulsive only if ; Jjes betwee

() The force is attractive if r lies between 4 an ;14 ; e
(d) The atoms are in equilibrium ifr = 05

10. The length of a steel wire is /; when the stretchin

The natural length of the wire is gforceisT, and J, when the stretching force is T
W1 + LT, 21
)t () 2L t4T (c) 20 —hT, LT, - T
T, +T, T, +T, Tt (d) L_22
[i=45 =7

11. A mass m is suspended from a wire. Change
. : g¢ 1n length of the wire ; S
str'etched to double its lf::ngth and the same mass js suspended from t?fe ::’::r ;ffhﬂw I:he same wire is
this case will become (it is assumed that elongation in the wire is within the fﬂ ange in length in
{3} Al (b) 2AI (c) 4Al [d)pﬂz?ﬂnlﬁnal limit)
12. A uniform metal rod fixed at its ends of 2 mm? cross-section is cooled from 40°C to 20°C. Th
» a 5 s L
coefficient of the linear expansion of the rod is 12 x 10~ per degree celsius and its Young’s modulus
of elasticity is 10" N/m?. The energy stored per unit volume of the rod is

- 4
(a) 28804/m (b) 1500 J/m° (c) 5760 J/m? (d) 1440 J/m?

A rod of length 1000 mm and coefficient of linear expansionc =107 per degree celsius is placed in

horizontal smooth surface sy_jmmetrica]] y between fixed walls separated by 1001 mm. The Young's
modulus of rod is 10"" N/m?>. If the temperature is increased by 20°C, then the stress developed in

the rod is (in N/m?)
(a) 10° (b) 10° (¢) 107 (d) 10

- A uniform elastic plank moves due to a constant force F, distributed uniformly over the end face
whose area is S. The Young’s modulus of the plank is Y. The strain produced in the direction of

force is B

ﬁ.. FU ﬂ d EFﬂ
® 28Y (b) SY © SY @ <7

JEE Corner

Assertion and Reason
Directions : Choose the correct oplion.

(a) Ifboth Assertion and Reason are frue and the :
(b) If both Assertion and Reason are true but Reason is no
(¢) If Assertion is true, but the Reason is false.

(d) If Assertion is false but the Reason is frue.
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1. Assertion: Steel is more elastic than rubber. - Hicedinit
Reason : For same strain, steel requires more stress to be prodt -
Irease.

2. Assertion : If pressure is increased, bulk modulus of gases will inc

€5,
Reason : With increase in pressure, temperature of gas also increas |
3 : : Fi -flencth of a wire is doubled, its -
3. Assertion: Fromtherelationt = A7 we can say that, ifleng 1S Youngrg

modulus of elasticity will also becomes two times.

Reason : Modulus of elasticity is a material property.
4. Assertion: Bulk modulus of elasticity can be defined for all three states of matter, solid liquig

and gas.
Reason :
5. Assertion :

Young’s modulus is not defined for liquids and gases.
Every wire is like a spring, whose spring constant,

Kﬁcl
!

where /is length of wire.
Reason : [t follows from the relation
YA

K=—
/
6. Assertion : Ratio of stress and strain is always constant for a substance.
Reason : This ratio is called modulus of elasticity.

7. Assertion : Ratio of isothermal bulk modulus and adiabatic bulk modulus for a monoatomic gas

at a given pressure is =

4
Reason : This ratio is equal to y = C—F.
F

More than One Correct Options
1. A metal wire of length L, area of cross-section 4 and Young’s modulus Y is stretched by a variabk
force F' suc_h that F* is always slightly greater than the elastic forces of resistance in the wire. When
the elongation of the wire is /
2
(a) the work done by F is —— L

FAF

(b) the work done by F is

(¢) the elastic potential energy stored in the wire is —— PAT*
2L

(d) the elastic potential energy stored in the wire is AL
4L

2. Two wires A and B of same length are mad if
e of sam Th - Joad
versus extension Ax graph for the two wires, Then Sl presstis B¢

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

CHAPTER 12 Elasticity 233

) o Ax

i
(a) The cross sectional area of A is greater than that of B
(b) The elasticity of B is greater than that of A

==
§
(c) The cmss,_-sectional area of B is greater than that of A
i (d) The elasticity of 4 is greater than that of B
A body of mass M is attached to the lower end of a metal wire, whose upper end is fixed. The
elongation of the wire is [. !
=
s
=
E
-
s
5
:
g
i
|
[
|

(a) Loss in gravitational potential energy of M is Mgl
(b) The elastic potential energy stored in the wire is Mgl

(c) The elastic potential energy stored in the wire is % Mal

(d) Heat produced is% Ml

Match the Columns

1. Match the following two columns. (dimension wise)

—_

Column I ! Colummn 1T

(a) Stress (p) coefficient of friction
(b) Strain (q) relative density
{c) Modulus of elasticity :{r] energy density
(d) Force constant of a wire (s) None

A wire of length /, area of cross section A and Young's modulus of elasticity ¥ is stretched by a
longitudinal force F. The change in length is Al Match the following two columns.

ote Incolumnl, corresponding to every option, other factors remain constant.

Column | Column 1
(a) Fis increased ::(p} Af will increase
(b) [is increased (q) stress will increase
(c) A is increased \(r) Af will decrease
(d) ¥ is increased I{S‘} stress will decrease

An evaluation version of novaPDFE was used to create this PDF file. |
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Answers Bl

Introductory Exercise 12.1
1. Wire 8 2. 0.0125cm 3. 250.2 mm
AIEEE Corner
Subjective Questions ” _
1.j 191 mm 2. 34.64 m/s® 3. Diameter, d = 0.912 mm 4 Al=49x10"m, U=543x103

W L < 103
5. Load=14kg, lowerstring 6. ()1 (b)Ratio = =5 Zi2.0 ke/or S BU Al = 24 10Em

4.- 22 Ea o
9, B=176x10°N/m? 10.v=3123m/s 11 _“’T‘"’— 12. Al=38x10%m

2
1 ﬁ}cﬁ_ 15. 4.568 = 103°C

1
13, T,_,J;_E,Tszzrf 14. ()5 lpay (0)5

Objective Questions
1.(cy 2 3@ 4@ 5. (b) 6. (b) 7. () 8. (b) 9.(d) 10. ()
11. (¢) 12.(a) 13.(b) 14 (a)

IEE Corner |

Assertion and Reason
1. (a) 2. (¢) 3. (d) 4. (b) 5. (a) 6. (d) 7. (c)

More than One Correct Options
1. (a,c) 2. (c) 3. (a,c,d)

Match the Columns
1. (@)—r (b)—=>pg (C)-r (d)—>s
2. @->pg ((B)op (©-=>rs  (d)-r
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Fluid Mechanics

Chapter Cu'ntd{nt'g}

13.1 Definition of a Fluid

13.7 Bernoulli's Equation
13.8 Applications based on

13.2 Densityofa Liquid Bernoulli’s Equation

13.3 Pressure in a Fluid 139 Viscosity

134 Prossurs Difforengs &2 13710 Stoke's Law and
Accelerating Fluids ~ Terminal Velocity

135 Archime des' Principle 13.11 Surface Tension

13.6 Flow of Fluids
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Solved Examples
Level 1

Example 1 For the arrangement shown in the figure, what s the density of oil ?

C

Il:iSﬁmm
B

E/Wﬁ\lﬂr

Fig. 13.63

d=123mp|
L

oil

LU UL PP
IIl'|II.|I|‘|II']I|'JI|IlI

Solution P, +p,gl=F, +p, U+d)g
P,/ _ 1000.(135)

—

il

Example 2 A solid floats in a liquid of different material. Carry out an analysis to see whether the
level of liguid in the container will rise or fall when the solid mells.

Solution Let M = Mass of the floating solid

p, =density of liquid formed by the melting of the solid
p, =density of the liquid in which the solid is floating

Ak o A . A
The mass of liquid displaced by the solid is M Hence, the volume of liquid displaced is —f
P2

When the solid melts, the volume occupied by it is E Hence, the level of liquid in container will

1
rise or fall according as

—> OoF <— ie., py< or >p;
P P2 :
There will be nio change in the level ifp, =p,. In case of ice floating in waterp; =p, and hence, the
level of water remains unchanged when ice melts.
Example 3 4n iron casting containing a number of cavities weighs 6000 N in ai: and 4000 N in
water. What is the volume of the cavities in the casting? Density of iron is 1.87 glcm”.
Td"".& =9.8 m/s® and density of water = 10° kgfm3.

Solution Let v be the volume of cavities and ¥ the volume of solid iron. Then,

o mass _ 6000/9.8 ]:ﬂ,ﬂ'fﬂ e
density | 7.87x10°

An evaluation version of novaPDFE was used to create this PDF file.
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Further decrease in weight = upthrust
(6000 — 4000) = ¥V +vIPug ;
2000 = (0.078 + V) % 10° x9.8
or
0.078 + v =02
o y=0.12m"
E led A boat floating in a water rank is carrving a number of stones. If the stones were un
xamp .

into water. what will happen fo the water level?

Solution Let weight of boat =H and weight of stone =W
Assuming density of water =1 glec
Volume of water displaced initially = (w+ W)

w |3 : L
Later, volume displaced ={ W+ E] (p = density of s ongs)

— Water level comes down.

Example 5 Water rises in a capillary tube fo a height of 2.0 cm. In another capillary tube whose
radius is one third of it, how much the water will rise?

. 2T cos B
Solution h=
reg
hr = alicos o = gconstant
pg
yn =hr, or h, = il
L5
Lo
Substituting the values hy, =(2.0)(3) [-‘—
n B
=6.0cm

Example 8 Mercury has an angle of contact of 120°with glass. A narrow tube of radius 1.0 mm ma

Elf this gfm“g d’pp-‘-’d-.fﬂ.ﬂ froug'h eanminf@»mermﬁy.. By Wkﬁ'!' amount does the mercu r dip'dﬂﬁ"ﬂ
the tube relative to the Ir'gfuid-_mﬁ@;?ﬂﬂ&; Surface tension of mercury at the temperature
the experiment is 0.5 N/m and density of mercury is 13.6x 10° kg/m’. (Take g =9.8 m/ i2).

2T cos B
pg
e 2x0.5xc0s120°

107 %13.6x10% x9.8
or h=-3.75mm

Solution P

Substituting the values, we get - 375x10° m

Note Here, negative sign implies that mercury suffers capillary depression.

An evaluation version of novaPDFE was used to create this PDF file.
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gxample 7 Two narrow bores of radius 3.0 mm and 6.0 ;
nm are 5
fube open at both ends. If the U-tube contains H’arer what is ﬁw'{jj;:*:::iéﬂﬁtﬂler ‘0 forma . shaped

of the tube? Snrfm:'e fension of water is 7.3 x 1072 Nim. Take in its levels in the fwo limbs

the angle
of water to be 10° kg/n®. (g =9.8 m/s?) 8¢ of contact o be zero and density

olution hpg=A P = 2T cos B _ 2T cos B
4 r
o s
or p=21c0s0(n—p
PE nr

Substituting the values, we have
e 2% 73x107% x cos 0° 6.0 — 30\
10° x 98 ﬁuxjn; TE
=248x10"° m
=248 mm T

Example 8 With whaf terminal velocity will an aiv bubble 0.8 mm in d;amrfrer rise in a liquid of
viscosity 0.15 N-slm* and specific gravity 0.9? Density of air is 1.293 kg/m’ .

olution The terminal velocity of the bubble is given by,

22 (p-o)g

9 N

Here, r=04x10"m, 0=09x10° kg/m>, p=1293 kg/m?, n=0.15, N-s/m?
and g=98m/s”

:'$uhstimting the values, we have

2 {04;:10-3}1(1 293-0.9%x10°)x9.8
Vo =—
Z 0.15

PT =

=—0.0021 m/s

gk vy =—0.21 cm/s Ans.

te Here negative sign implies that the bubble will rise up.

ample 8 A spherical ball of radius 3.0x10™ m and density 10* kg/m’ falls freely under gravity
ough adﬁ#@ﬂd‘e h before entering a tank of water. If after entering the water the velocity of the ball
-m__l !!- ﬁ’i&'ﬂﬂﬁ@ afwafgr is 9. E %10 N—-sfm

\[2gh. If after entering the water this velocity

“ﬁﬂﬂ B-efure entering the water the velocity of ball is
Therefore,

s not change then this value should be equal to the terminal velocity.

_2r’(p-o)e
Jrr&? 1
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5

Eﬁy:ﬂ&}'
9 n
R

o 2
2,628
81 n
2 @x107H*a0' -=10%)* x98
==X 652
81 (9.8x1077)
— 1.65x10° m

Level 2

Example 1 A solid ball of density half that of water falls freely Mmfer grfm:{}? Jrom a height of 195 g
and then enters water. Upto what depth will the ball go. How much time will it take to co e again io the
water surface? Neglect air resistance and viscosity effects in water. (Take g =9.8 m/s")

Solution v =.2gh=2x9.8x19.6=19.6 m/s
Let p be the density of ball and 2p the density of water. Net
retardation inside the water,
e upthrust — weight
mass
_Vp)g-Vp)g)
Viplg

=g=98m/s’

(V' = volume of ball)

Hence, the ball will go upto the same depth 19.6 m below the water
surface.

Further, time taken by the ball to come back to water surface is,

=2 L - -]_9'_.6 }—-—

[HJ 2{ R
Example 2 A4 block of mass | kg and density 0.8 e/em? i I
stationary with the help of a srri:gfas" .Tkmp’:f'j?; ﬁ,;mfﬂ?he :Z:f I::
accelerating vertically upwards with an acceleration a =1 m/s?
Find : i '

fa) the tension in the string,

(b) if the string is now cut find the acceleration of block,

(Take g =10 m/s* and density of water =103 kgﬁ}ﬁﬁj_ ’
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Solution (a) Free body diagram of the block

| CHAPTER 13 Fluid Mechapigs 281
n o 15 shown in Fig. 13.66

F
F = upthrust force T ia
=Vp, (g +a)
mass of block WsT
density of block |P» (& +4) Fig. 13.66

i
_[EE{;J(IDUBJ{I{]H]:H.?SN

W=mg=10N
Equation of motion of the block is,

F-T-W=ma
lj.TS“T—]{}zl}(I

= T'=275N
(b) When the string is cut T =0 Ans.

_13.75-10
1
=3.75 m/s?

e ——— T A -fli.ll.lllufﬂuuyj”’} '

Ans.

Xam IE 3 A fresh water on a reservoir is 10m deep. A
; _"v,' ontal pipe 4.0 cm in diameter passes through the reservoir
6.0 m below the water surface as shown in figure. A plug secures
the pipe opening. :
(a) Find the friction force between the plug and pipe wall.
(B) The plug is removed. What volume of water flows out of
 thepipein | h? Assume area of reservoir to be too large.

B s
¥
'J‘I
&

Fig. 13.67

Solution (a) Force of friction |
& = pressure difference on the sides of the plug x area of cross section of the plug

— (pgh) A= (10° JOBY6.0)@2X 10 )’

Ans.
=73.9N
(b) Assuming the area of the reservoir to be 100 large,
Velocity of efflux y = «J2gh =constant

: y= [2x98x6=1084 m/s

An evaluation version of novaPDFE was used to create this PDF file.
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Volume of water coming out per scc.
i—{[.i = Av

dt !
_a@x1072)2(10.84)
_1.36x107 m"/s

The volume of water flowing through the ;Jiped l; 1h
1 el
ol )
— (1.36x1077)(36.00)
—48.96m°

Example4 The U-tube acts as awater siphon. The bend
in the tube is | m above the water surface. The fube outlet
is 7 m below the water surface. The water issues from the
bottom of the siphon as a free jet at afmospheric
pressure. Determine the speed of the free jet and the
minimum absolute pressure of the water in the bend,
Given atmospheric  pressure =1.01x 10°N/m®,
2=9.8m/s* and density of water =10° kg/m’.

Fig. 13.68
Solution (a) Applying Bernoulli’s equation between points (1) and (2)
Py "‘_%P"“’l2 +pgh =P, "‘%I:”"z2 +pgh,
Since, area of reservoir >> area of pipe
v; =0, also P =P, =atmospheric pressure
So, v =220l —h) = \2x98x 7 =11.7 m/s

(b) The minimum pressure in the bend will be at : = :
between (1) and (4) A. Therefore, applying Bernoulli’s equation

Ans.

L 3 1
A +:.2'P"'i +pgh =P, +Epvf,- +pgh,
Again, v; =0 and from conservation of mass v A=V
or Py :ﬁ"‘pg{k]‘kﬂ)—%pvg‘

Therefore, substituting the values, we have
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1 5
P,=(1.01x10 }+[10DD}|(9.E]{—]]~%x{]{}[]{}]{11,7131

=2.27%10* N/m?2
Ans,

grample 5 A wooden rod weighing 25 N is mounted on a hinge
pelow the free .s'urface:_ of water as shown. The rod is 3 m long and
uniform in cross section and the support is 1.6 m below the Jree
surface. At what angle o will it come to rest when allowed to drop

m a vertical position. The cross-section of the rod is
9.5% 107 m* in area. Density of water is 1000 kg/m? . Assume

buoyaney fo act at centre of immersion. g =9.8m/s>. Also find the
reaction on the hinge in this position.

18m

Fig. 13.69
Solution Let G be the mid-point of 4B and E the mid point of AC (i.e., the centre of buoyancy)

AC =1.6coseca
Volume of AC =(1.6x9.5x10 ") cosec a
Weight of water displaced by AC
=(1.6x9.5%107* x 10° x9.8) cosec a
=14.896 cosec o

Hence, the buoyant force is 14.896 cosec a acting vertically
upwards at £. While the weight of the rod is 25 N acting vertically
downwards at G. Taking moments about 4,

(14.896 cosec o) (4E cos o) = (25)(AGcos )

1.6 cosec @. 3
or {lé.ﬁ%msecu][——z——*]:ﬁxi
& sin® a =0.32
sina =0.56
= o =343° i

Su iderine the
Further, let F be the reaction at hinge in vertically downward direction. Bhen, conslderiie

translatory equilibrium of rod in vertical direction we have,
F + weight of the rod = upthrust
F = upthrust — weight of the rod
=14.896 cosec (34.3°)-25
=26.6-25 ren
F =1.6N (downwards)
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- st o RS ; i 0.004 m and 0.002 ) fo::med of the same liguid (surfied
ﬁeﬁ; g?-mmmﬂiﬁﬁfﬂiﬁﬁ;ﬁe bubble. Find the radius and the sense of ¢ u,-._.m:;
the internal film surface common fo both the bubbles.

4T

Solution P =F +_"|_

Bh<h
P> P
Fig. 1371
i.e., pressure inside the smaller bubble will be more. The excess pressurc

P=P,-P, =4T["‘ "3)
hh

This excess pressure acts from concave to convex side, the interface will be concave towards smaller
bubble and convex towards larger bubble. Let R be the radius of interface then,

_ 4T

From Egs. (i) and (ii)

nr (0.004)(0.002)
n—ry  (0.004-0.002)
=0.004 m Ans,
,E!_'_B.,_.I_lll'll.ﬂ'? Under isothermal condition two soap bubbles of radii r, and r, coalesce to form a single
bubble of radius r. The external pressure is Py. Find the surface tension of the soap in terms of the given
parameters.
Solution As mass of the air is conserved,

=

oty = (as PV =nRT) §

+.=

Fig. 13.72

PIVI+P2V3=PV
RTy, RT, RT
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As temperature 1s constant,

T =1,=T
Pli'.'l +P:V1 "—:I‘F"‘I'Il

(o )50 ) ()

Solving, this we get

{r g

P

3:‘00[’3 —n =n)

&

A

2 4
+r3 —r?)

Note To avoid confusion with the temperature surface tension here is represented by S.

tap starts fo

CHEPTER 13 Fluid Mechanics 285

Ans.

Example 8 A cylindrical tank of base area A has a small hole of area ‘a’ at the bottom. At time 1 =0,a

supply water into the tank at a constani rate o m’ /5.

(a) what
®) fi
Solution (a) Level will be maximum when

Rate of inflow of water = rate of outflow of water

] o =av
LE.,
or

is the maximum level of water h,., in the tank?
ind the time when level of water becomes h(< h_, ):

o = aﬁ,llghm

+

(L
ﬁ- =
max Egﬂ' )

(b) Letat time 1, the level of water be A. Then,

b

(4
a-afigh 4

Solving this, we get

ag o

An evaluation version of novaPDF was used to create this PDF fil
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7]

Fig. 13.73

Ans.
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AIEEE Corner

Subjective Questions (Level 1)

Upthrust
1. A block of material has a density p, and floats three-fourth submerged in a liquid of unknown

b s 4
density. Show that the density p, of the unknown liquid is given by p, = 2 Pi:

2. A metal ball weighs 0.096 N. When suspended in water it has an apparent weight of 0.071 N. 'ﬁ
the density of the metal. e

3. A block of wood has a mass of 25 g. When a 5 g metal piece with a volume of 2em* is attach . 1o
the bottom of the block, the wood barely floats in water. What is the volume ¥ of the wood?

4. A block of wood weighing 71.2 N and of specific gravity 0.75 1s tied by a string to the bottom of 2

tank of water in order to have the block totally immersed. What is the tension in the string? -

5. What is the minimum volume of a block of wood (density =830kg/m? ) if it is to hold a 50 ke

woman entirely above the water when she stands on it ?

6. An irregular piece of metal weighs 10.00 g in air and 8.00 g when submerged in water.
(a) Find the volume of the metal and its density.

(b) :;:hzs:me piece of metal weighs 8.50 g when immersed in a particular oil, what is the density n

oil % )

7. A beaker when partly filled with water has total mass 20.00 g. If a piece of metal with dens

3 :
3.00 g&nn. and volume 1.00em* is su;pen.;]ed by a thin string, so that it is submerged in the w:
but does not rest on the bottom of the beaker, how much does the beaker then appear to weigh if iti§
resting on a scale? 4

8. A l;ank.{fun.tainsrwaiﬂ c.:n nap of mercury. A cube of'iron, 60 mm along each edge, is sitting upright
in equilibrium in the liquids. Find how much of it is in each liquid. The densities of iron and
mercury are 7.7x10° kg/m* and 13.6 x 10° ke/m? respectively.
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9, A small block of wood, of density 0.4 x10* kg/m?, is submerged in water at a depth of 2.9 m
Find : 9 m,

(a) the acceleration of the block toward the surface when the block is released and
(b) the time for the block to reach the surface. Ignore viscosity.

10. AuniformrodAB, 4m long and weighing 12 ke, is supported at end 4, with a 6 kg lead weight at B.
The rod floats as shown in figure with one-half of its length submerged. The buoyant force on the

lead mass is negligible as it is of negligible volume. Find the tension in the cord and the total
volume of the rod.

11. A solid sphere of mass m =2 kg and density p=500kg/m * is held
stationary relative to a tank filled with water. The tank is accelerating ;
upward with acceleration 2 m /s*. Calculate : a=2mis
(a) Tension in the thread connected between the sphere and the
bottom of the tank. _
(b) If the thread snaps, calculate the acce:leraﬁmj; of sphere with respect to the tank.
(Density of water =1000 kg/m*, g =10m/s"]

Pressure and Pascal’s Law

12. The pressure gauge shown in figure has a spring for which k =60 N/m and the area of the plﬁtgn !S.
0.50cm . 1ts right end is connected to a closed container of gas at a gauge pressure of E;I[I 1;[:'1 ::::,
farwill the spring be compressed if the region containing the spring is (a) In vacuum an (b) ope
the atmosphere ? Atmospheric pressure is 101 kPa.

/Pistm
| Spring 2
| W e
B

A}ea=.ﬁ

13. A small uniform tube is bent into a circle of ra.d.ius r wh{ssa:l ;alan: (;S)
vertical. Equal volumes of two fluids whusg dEI‘I:S-IllﬁS ar¢ p'a:;w : ;&h %
fill half the circle. Find the angle that the radius passing

interface makes with the vertical.

l An evaluation version of novaPDF was used to create this PDF file.
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14. For the system shown in figure, the cylinder on _'hf' left, at L, has a mass of 600 kg 4 .
cross-sectional area of 800 cm *. The piston on the right, at S, hﬁﬁfmﬁs*s&fillﬂnal area 25 ¢y 2. 18
negligible weight. If the apparatus is filled with oil (p=0.78 g/em "), what is the force F reqy. 3

hold the system in equilibrium ?
f

mercury. Water is then poured into both arms. If the equilibrium configuration of the tube
+  shown in figure with &, =1.0 cm, determine the value of /; . '

16. Water stands at a depth / behind the vertical face of a dam. It exerts a resultant horizontal force on

the dam tending to slide it along its foundation and a torque tending to overturn the dam about the
point O. Find - ’

(a) horizontal force,

(b) torque about O,

(c) the height at which the resultant force would have to act to

= cross-sectional length and p = density of water, '
17. A U-shaped tube open to the air at both ends contains some mercury. A quantity of water

carefully poured into the left arm of the U-shaped tube until the vertical height of the water colum?
is 15.0 cm.

produce the same torque,
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€ Water mercury interface 7
from the top of the merc

(a) What is the gauge pressure at th
(b) Calculate the vertical distance /;

the top oF the water in the I o ury in the right hand arm of the tube to

and arm.
= 1_ 5
h
Water | |15.0 cm 1
Mercury

18. Water and oil are Poured into the two limbs of a U-tube containing mercury. The interfaces of the
mercury and the liquids are at the same height in both limbs.

Determine the height of the water column /; if that of the oil A, =20 cm. The density of the il
is 0.9. :

. Mercury is poured into a U-tube in which the cross-sectional area of the left-hand limb is three
times smaller than that of the right one. The level of the mercury in the narrow limb is a distance
/=30 cm from the upper end of the tube. How much will the mercury level rise in the right-hand
limb if the left one is filled to the top with water ?

Fluids in Motion
Vater i i -pi int the speed of the water is
20. Water is flowing smoothly through a closed-pipe s}’ste.rni At one point ‘
3.0 m/s, while at another point 1.0 m higher the speed is 4.0 m/s. If the pressure is 20 kPa at the
lower point, what is the pressure at the upper point ? What would t_he: pressure at the upper point be
if the water were to stop flowing and the pressure at the lower point were 18 kPa ? |
21. A water barrel stands on a table of height /. If a small hole is punched in thef side of l.hc barrel at its
. base. it is found that the resultant stream of water strikes the ground at a horizontal distance R from
: - in the barrel ?
the barrel. What is the depth of water in t |
22. A pump is designed as a horizontal cylinder with a piston of area Ah ar;fi avdarflrtlet nt;;ﬁ:z;; air;tah .:
. i is. Fi locity of out flow of the liqud from !
near the cylinder axis. Find the ve : 2
;:::fﬁuves with ;’ constant velocity under the action of a constant force F. The density 0

liquid is p-
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290 Mechanics-Il
the top of the tube shown in the atﬁﬂmpan}.ing ]

. itv 1.3 ke/m* flows across :
23. When air of density 1.3 kg What is the speed of the air ?

waler rises in the tube to a height of 1.0 em.

e I

24. The area of cross-section of a large tank is 0.5 m % It has an opening near the bottom having ares 3
cross-section 1 ¢m 2. A load of 20 kg is applied on the water at the top. Find the velocity of the y yyer.
coming out of the opening at the time when the height of water level is 50 cm above the botiop

(Take g =10m/s”)

25. Water flows through a horizontal tube as shown in figure . If the
difference of heights of water column in the vertical tubes is 2 cm
and the areas of cross-section at 4 and B are 4 cm” and 2em?
respectively. Find the rate of flow of water across any section.

26. Water flows through the tube as shown in figure. The areas of
cross-section of the wide and the narrow portions of the tube are 5cm >
and 2cm” respectively. The rate of flow of water through the tube is

500cm */s. Find the difference of mercury levels in the U-tube.

Viscosity and Surface Tension
Note | Poise = 0.1N-s/m®and 1 Pl = 1.0 N-s/m”.

27. Atypical riverborne silt particle has a radius of 20 um and a density of2 x10* kg/m . The viscosity
of water is 1.0 mPl. Find the terminal speed with which such a particle will settle to the bottom of
motionless volume of water. .

28. What .is the pressure drop (in mm Hg) in the blood as it passes through a capillary | mm long 2 d
2um in radius if the speed of the blood through the centre of the capillary is 0.6 mas !
(The viscosity of whole blood is 4x 10 PI),

29. Two equal drops of water are falling through air with a stead ; drons coatesceds
what will be the new velocity ? y velocity v. If the drops .

30. A long cylinder of radius R is displaced along its axis with a constant velocity u, inside a statio
co-axial cylinder of radius R, The space between the cylinders is filled with viscous liquid- 72
the velocity of the liquid as a function of the distance r from the axis of the cylinders. The flow 18
laminar.
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uaun‘g, on the surface of g river is
ngential
find the tangent
viscosity of water at the tem perature of t}

31. A large wooden plate of area 10 m 2 g
with a speed of 2 m/s by applying a ta
with the bed is stationary,

made to move horizontally
eep and the water in contact
plate moving. Coefficient of

| foree. Ifthe river s | md
1al force needed 1o keep the

1€ river =102 poise,
32. The velocity of water in a river is 18 ki

n/h near the surf; e
hearing st ; s hoe surtace. If the river is 5 m deep.
= Eaf-: £ _SIESE between the horizontal layers of water, The coefficient of vi i 2o foe
=10"" poise. o viscosity of water
33. Water rises up in a glass capillary upto a height of 9.0 em, while
the same capillary. Assume angles of contact for
respectively. Determine the ratio of surface tension

mercury falls down by 3.4 em in
water glass and mercury glass 0° and 135°
of mercury and water (cos 135°= — 0.71).

34. Two equal spherical bubbles of radius a each coalesce to form a spherical bubble of radius b. If Pis

the atmospheric pressure, show that the surface tension of the bubble is - (2a° - b’ )
4(b* —2a%)
35. A tube of insufficient length is immersed in water (surface tension =0.07 N/m) with 1 em of it

projecting vertically upwards outside the water. What is the radius of meniscus ? Radius of
, tube =1 mm.

36. A glass capillary sealed at the upper end is of length 0.11 m and internal diameter 2 » 10~ m. The
tube is immersed vertically into  liquid of surface tension 5,06 x 107> N/m.

To what length has the capillary to be immersed so that the liquid levels inside and outside the
capillary become the same ? What will happen to the water levels inside the capillary if the seal is
now broken ?

bjective Questions (Level 1)

Single Correct Option

1. When a sphere falling in a viscous fluid attains a terminal velocity, then
(a) the net force acting on the sphere is zero
(b) the drag force balances the buoyant force
(c) the drag force balances the weight of the sphere
(d) the buoyant force balances the weight and drag force

- n
. . - uantity @ x=—, where
2. Which one of the following represenis the correct dimensions of the g ty 5

— coefficient of viscosity and p = the density of a liquid? 0y 21
Pa') F::Lf'f‘i;rli?}n : (13 [ML™*T ] () ML T ] () M'LT™]
3. Viscosity of liquids (b) is independent of temperature

a) increases with increase in temperature i
Eﬁg decreases with decrease in temperature  (d) dmm::esce 3
4. Two soap bubbles in vacuum of radius 3 cm and 4 cm

isothermal conditions. Then the radius of bigger bubble is

increase in temperature
form a single bubble under
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(a) 7cm (b) 12 em (¢c) 12cm (d) 5em
7

i iqui 1 A, Band C

5. A capillary tube is dipped In a liquid. Let pressures at points and C be P P i h

respectively then

(@) Py =By =P (b) P, =Py <Fe (c) Py=F-<PFp (d) Py =P.>p,
6. A small ball (mass m) falling under gravity in a viscous medium experiernces a drag fore
proportional to the instantaneous speed u such that Fy,, = ku. Then the terminal speed of by

within viscous medium is

@ (b) T8 © |2 () None of thess
mg k k

A thread is tied slightly loose to a wire frame as in figure and the frame is

dipped into a soap solution and taken out. The frame is completely
covered with the film. When the portion 4 is punctured with a pin, the

thread
(a) becomes concave towards A

(b) becomes convex towards A
(c) either (a) or (b) depending on the size of 4 with respect to B
(d) remains in the initial position

8. There is a small hole at the bottom of tank filled with water. If total pressure at the bottom is 3 atm

(1 atm =10° Nm "), then velocity of water flowing from hole is

(a) +/400 ms™ (b) V600 ms ™ (c) V60 ms™! (d) None of these
9. A steel ball of mass m falls in a viscous liquid with terminal veloeity v, then the steel ball of mass

8 m will fall in the same liquid with terminal velocity

(a) v (b) 4v (c) 8v (d) 16v2v

A liquid flows between two parallel plates along the x-axis. The difference between the velocity ®
two layers separated by the distance dyis dv. If A is the area of each plate, then Newton’s 1a% of

viscosity may be written as

% dv dv dv ;
a) F=—nd — b = 7 e o = =
(a) n ; (b) F=+n7 {{:}F.__nAdy {d)F_-EﬁAﬂhJ

11. The work done to split a liquid drop of radius R into N identical drops is (take o as the surface

tension of the liquid)
(ﬂ] 4KR3{N”3 _l)ﬂ- (h] 4ﬂRINﬁ (c) 4“3(};”2 —t} {d} None ﬂfthEﬁﬂ

10.
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12. Two soap bubbles of different radii R, and p_¢
& R X - '
radius R as shown in figure. The Ci}r;m vah;;{ni:f :l;ﬁalesue to form an interface of

(@) R=R, - R, ®) R=FuitR ‘R
TR 2
()= — Lo wilase il
(¢ ey B8 1N
R RI RI }R RI+RE

13. A viscous liquid flows through a horizontal pj -
. i PIpe of varying cross-sectional area. ldentify th i
which correctly represents the variation of height of rise of liguid i eschovedical ::111:3 ¢ option

i

(d) None of these

14. The terminal velocity of a rain drop is 30 cm/s. If the viscosity of air is 1.8x 107 Nsm ™. The

radius of rain drop is
(a) lpm (b) 0.5 mm (¢) 0.05 mm (d) 1 mm
15. Ifa capillary tube is dipped and the liquid levels inside and outside the tube are same, then the angle
?ﬂgﬁﬂm i (b) 90° (c) 45° (d) Cannot be obtained
16. Uniform speed of 2 cm diameter ball is 20em/s in a viscous liquid. Then, the speed of 1 cm
diameter ball in the same liquid is . 2
(a) S5cms™ (b) 10cms™ (c) 40cms™’ (d) 80cms
i is10° Pa.
17. The height of mercury barometer is Awhen the atmospheric pressure
The pressure at x in the shown diagram 1S
(2) 10° Pa

(b) 0.8x10° Pa
(c) 0.2x10° Pa
(d) 120x10° Pa
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s one-third volume above the surface. The same body floats in lig

18. A body floats in water with it s
; : : : e liquid 18
with one third volume immersed. The density “ig‘) 5 ?imes e than that of water

' t of water _
EE; g ::E:: ::gx 1[hh$ :]!::: :{ water (ehyik R GRIROLE than that waalelr
19. A piece of ice is floating in a beaker containing thick sugar solution of water. As the ice melts, tha
Eg;alhﬁ::;;:f; the liquid (5, decreases (c) remains unchanged (d) insufficient das
on in water as shown in figure. As

20. A body floats in completely immersed conditi
the whole system is allowed to slide down free
magnitude of buoyant force
(a) remains unchanged
(b) increases
(c) decreases
(d) becomes zero

21. The figure represents a U-tube of uniform cross-section filled W ith two 0
immiscible liquids. One is water with density p,, and the other hquu:] is
of density p. The liquid interface lies 2 cm above the base. The relation

between pand p,, is
(@) p=p,
(b) p=1.02p,

(¢) p=1.2p,
(d) None of the above

22. For the arrangement shown in figure, initially the balance
Aand B reads F; and F, respectively and F, > F,. Finally
when the block is immersed in the liquid then the readings of
balance Aand B are f, and f, respectively. Identify the
statement which is not always (where F is some force) correct

statement

(@) f,>1;
(b) F, —-F>F, +F

(d) None of the above

23. When a tap is closed, the manometer attached to the pipe reads 3.5 x 10° Nm 2. When the t@ap 1§
opened, the reading of manometer falls to 3.0 x10° Nm 2. The velocity of water in the pipe 15
(a) 0.1ms™"' (b) Ims™' (¢) Sms™ (d) 10 ms

24. A balloon of mass Mdescends with an acceleration a,,. The mass that must be thrown out in order @
give the balloon an equal upward acceleration will be

ly along the inclined surface, the

ol e e e

2 M,
@ = CE (©) 2Maq @ M+a)
2+ dy dg

25. The hydraulic press shown in the figure is used to raise the mass M through a height of 0.5 cm .
performing 500 J of work at the small piston. The diameter of the | arge piston is 10 cm, while that
the smaller one is 2 em. The mass M is
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W= 500, e

R ik (¢) 10° k :
26. When equal volumes of two substances are e s & 5 : (d) ]U"kg

equal weights of the same substances are mixed, the ;pm‘ifc ETavity of the mixture is 4. When

specific gravities of the two substances could be Specilic gravity of the mixture is 3. The
27. Ablock ofice oftotal area 4 and thickness 0.5 m i« floating in water. In ord i

of mass 100 kg, the area 4 should be (the specific S {fr.s:; rder to just support a man

2 r.
(a) 2.2m (b) 20 m (c) 2222 m* (d) 20x10* m?2

it. It weights 38.2 g in air and 36.2 g in water, The

28. A piece of gold (p =19.3 g/cm ) has a cavity in
volume of the cavity in gold is
(a) 0.2em’ (b) 0.04cm’ (¢) 0.02cm’

. Water stands at a depth D behind the vertical upstream face of

dam as shown in the figure. The force exerted on the dam by water
per unit width is

I 2 1 3
(a) EPED (b) > pgD?

(d) 0.01em?

I i
(¢) —pgD d)= 2
5 (@) > (pgD)

30. The volume of a liquid flowing per second out of an orifice at the bottom of a tank does not depend

upon
(a) the height of the liquid above the orifice  (b) the acceleration due to gravity
(c) the density of the liquid (d) the area of the orifice

31. A human heart pumps out 60 mL of blood at an average pressure of 100 mm of mercury and makes
72 heart beats per minute. [ts pumping power is
(a) 0.98 W (b) 1.96 W (c) 0.49 W (d) 1.47W

32. The pipe shows the volume flow rate of an ideal liquid at certain time and its direction. What is the
value of @ in m? /s (Assume steady state and equal area of cross section at each opening)
2x10-8m¥s  5x107°ms

& x 107 %m?/s
4 x 10~ °ms
4 x 10-5m?/s 8x 10-%m%s Q 3
(a) 10x107° (b) 11x107 (c) 13x107° (d) 18x10
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fa liquid with three

- 1 i surface o
33. A uniform cube of mass M is floating on the ST Iexiath of the

fourth of its volume immersed in the liquid (density =p
ide of the cube is equal to

;} {iM:Bp}m % @) (MBo) - et _:

(c) (M/4p)™” (d) None of these ==l

34. Waterrisesto aheight of 10 cm in a certain capillary tube. A‘n another ident_iﬁa!‘tubc when dippﬂ_
mercury the level of mercury is depressed by 3.42 cm. Density of mercury 1S 13.6 gfﬂﬂ; The angle
contact for water in contact with glass is 0° and mercury in contact with glass is 135°. The ratio of

surface tension of water to that of Hg is .
(a) 1:3 (b) 1:4 (c) 1:5.5 (d) 1:6.5

35. A capillary glass tube records arise of 20 cm when dipped in v:rater. Whe.n the area of ::rq}sz;,,sgm'.
of the tube is reduced to half of the former value, water will rise to a height of 5
(a) 10v2 em (b) 10cm (¢c) 20 cm (d) 20v2 cm

36. A cylindrical vessel open at the top is 20 cm high an
sectional arealcm is cut at the centre of the bottom 0
into the vessel at the rate of 10em* /s. The height of water in the vessel under steady state is

d 10 cm in diameter. A circular hole of cross”
fthe vessel. Water flows from a tube ahm.rj

(Take g =10 m/s*)

(a) 20 cm (b) 15cm (c) 10em (d) 5cm
37. A horizontal pipeline carries water in a streamline flow. At a point along the tube where the -

sectional area is 1072 m* , the water velocity is 2 m/s and the pressure is 8000 Pa. The pressure of

water at another point where cross sectional area is 0.5 x 107 m? is

(a) 4000 Pa (b) 1000 Pa (c) 2000 Pa (d) 3000 Pa !
38. Eight spherical rain drops of the same mass and radius are falling down with a terminal speed of

Gems !, If they coalesce to form one big drop, what will be its terminal speed? Neglect the

buoyancy due to air
(a) 1.5cms™ (b) 6ems™ (¢) 24cms™ (d) 32cms™
JEE Corner
Assertion and Reason

Directions : Choaose the correct option.

(a) Ifboth Assertion and Reason are true and tr- Reason is correct explanation of the Assertion.
(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
(¢) If Assertion is true, but the Reason is false.
(d) If Assertion is false but the Reason is true.

1. Assertion : Pressure is a vector quantity.

Reason : Pressure P = i:— Here F, the force is a vector quantity.
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2. Assertion : Surface tension| 7 - ¥ |

Reason : Direction of force is specified

3. Assertion : Atdepth ‘/ below the water surfac i
: a _ " 4 Y i
2P. (Ignore density variation), cepressure is P. Then at depth 2/ pressure will be

Reason : With depth pressure increase

e —— T | 1 ".",'}l

§ linearly.

= - . = - Cre ; : - 1 F
4. Assertion : Weight of solid in air is ¥ and in water is % Then relative density of solid is 3.0.

Reason : Relative density of any solid is given by :
RD = — Weight in air
Change in weight in water

5, Assertion: Water is filled inia U-tube of different cross-sectional area on two sides as shown in

figure. Now equal amount of oil (RD = 0.5) is poured on two sides. Level of water on both sides will
remain unchanged.

7

Reason : Same weight of oil poured on two sides will produce different pressures.
6. Assertion : An ideal fluid is flowing through a pipe. Speed of fluid particles is more at places
where pressure is low.
Reason : Bernoulli’s theorem can be derived from work-energy theorem. |
7. Assertion : In the figure shown v and R will increase if pressures above the liquid surface inside
the chamber is increased.

45 »f density of liquid. 3
Reason : Value of v or:R is independent 0 ML d.When
48. Assertion : °A ballis dropped froma certain height above the free sutface of an ideal flul

the ball enters the liquid it may accelerate or Letard.
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Reason : Ball accelerates or retards it all depends on the density of ball and the density of liquig
9. Assertion: On moon barometer height will be six times compared to the height or earth, ==

3 ] 3 ¥
Reason : Value of ‘g’ on moon’s surface is 2 the value of ‘g’ on earth’s surface. I

10. Assertion: In the siphon shown in figure, pressure at  is equal to atmospheric pressure.”
_________ : A

o am e wm — am
= ===
A e ey g o
S i i

P
Ty e et e

LI R L L R

Reason : Pressure at  is atmospheric pressure and points P and O are at same levels.
11. Assertion: Force of buoyancy due to atmosphere on a small body is almost zero (or neglig
Reason : Ifa body is completely submerged in a fluid, then buoyant force is zerc.

Objective Questions (Level 2)
Single Correct Option

1. A cubical open vessel of side 5 m filled with a liquid is accelerated with an
acceleration a. The value of a so that pressure at mid point of AC is equal to

pressure at point pis
(@) g (b) 2¢
(c) g/2 (d) 2g/5
2. Anice cube is floating in water above which a layer of lighter oil is poured. As
the ice melts completely, the level of interface and the upper most level of oil
will respectively
(a) rise and fall
(b) fallEndrise: . - S NEREY D RSt - e e T
(c) not change and no change
(d) not change and fall mmzzaos
3. Anopen vessel full of water is falling freely under gravity. There is a FEIzIs
small hole in one face of the vessel as shown in the figure. The water TTIEiiia
which comes out from the hole at the instant when hole is at height H A
above the ground, strikes the ground at a distance of x from P.

Which of the following is correct for the situation described?

.~ |2hH
(a) The value of x is = —

. [4hH
(b) The value of x is =

(c) The value of x can’t be computed from information provided
(d) The question is irrevalent as no water comes out from the hole

el
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4. A uniform rod 4B, 12 m long weighin
flexible light string and a lead weight (o
end A.

The rod floats in water with one-half of its length
situation, mark out the correct statement.

[Take g =10 m/s *, density of water = 1000 kg/m’]
(a) The tension in the string is 36 g
(b) The tension in the string is 12 g
(c) The volume of the rod is 6.4x 1072 m°
(d) The point of application of the buoyancy force i passing through C (centre of mass of rod)
5. A water hose pipe of cross-section area S cm * is used to fill a tank of 120 L. It has been observed
that it takes 2 min to fill the tank. Now, a nozzle with an opening of cross-section area lcm? is
attached to the hose, The nozzle is held so that water is projected horizontally from a point 1 m
above the ground. The horizontal distance over which the water can be projected is
(Take g=10m/s’}
LA (b) 3m (c) 447 m (d) 8.64m
6. The height of water in a vessel is A The vessel wall of width bis at an angle 8
to the vertical. The net force exerted by the water on the wall is

1
(a) El—pbhig cos 0 (b) 3 bhpg

224 kg is Supported at end B by 3
fvery small size) of 12 kg attached a

submerged. For this

(c) -ZI—pbhzg sec O (d) zero

7. A body of density p is dropped from rest from a height & iE\m a lake of detrlsit;r ¢ (o >p) The
maximum depth the body sinks inside the liquid is (neglect viscous effect of }Iquld}
h ho hp d ha
(@) —- (b) (©) ~ -
c-p o —p
8. A liquid stands at the plane level in the U-tube when at rest. [f areas n:-:
cross-section of both the limbs are equal, what will be the imffe::e;iﬁ ]is ‘f _ £
heights A of the liquid in the two limbs uf_ U-tube, when I':l e;;;nwh
given an acceleration @ in horizontal direction towards right 2 : T

La ._ |
z e e e
@E= : L
a H 5
= (d) —
T ; le of
it ary tube of inner radius R. The ang

the meniscus in the tube

G risesina capill
figure. The pressure i

9. A liguid of density p and surface tensinn' - lies just below
:ml:gtl:ltdbgtw:en Eé} liquid and the glass 1 P ."n{E f;;n;e}:k;r a,Js shown in
and the pbiﬁl B' lies at the outside level of liquid in

15
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20 cos6 = 2"";’55 (d) All of these

(@) pg —pgh (b) ps -

10. A large open tank has two holes in the wall. One is a square hole of side L at a depth h‘ from the 0p.
and the other is a circular hole of radius R at a depth 4/ from the top. When the tank is completely
filled with water, quantities of water flowing out per second from both holes are the same. Then Ris

equal to [
L 4y =
{a}-E (b) 2nlL (c) L (d) =

11. Two identical cylindrical vessels with their bases at the same level each contain a liquid of densi
p. The area of either base is A but in one vessel the liquid height is /4 and in the other liquid heightis
hs (B, < hy ). If the two vessels are connected, the work done by gravity in equalizing the levelsis

(a) é(h] —hy) dpg  (b) zi[hl +h)Apg  (0) %(ff —h2)dpg  (d) iu’l _hy)? Apd

12. A cubical block of side 10 cm floats at the interface of an oil and water as
shown in the figure. The density of 0il is 0.6 gem ~ and the lower face of
ice cube is 2 cm below ‘the interface. The pressure above that of the | e
atmosphere at the lower face of the block is AT s sssash)
FEIFFIFEdTH
(a) 200 Pa (b) 620Pa T ey
(M0 s (d) 800Pa el
13. A leakage begins in water tank at position P as shown in the figure. The initial =———————=

T -

gauage pressure (pressure above that of the atmosphere) at P was ====—==

— omw omm omm
S T
T~ s

5x10° N/m?>. If the density of water is 1000 kg/m? the initial velocity with =======
which water gushes out is TEETEET
(a) 32ms™" (b) 32ms™"
(c) 28ms™ (d) 2.8 ms™
14. The figureshows a pipe of uniform cross-section inclined in a vertical
plane. A'U-tube manometer is connected between the points 4 and B. T
H

If the liquid of density p, flows with velocity v, in the pipe. Then the
reading / of the manometer is

2
= b) h=20
(a) h=0 (b) %
2 1.
() h=Lo[ 22 @ h=2o
p |2 P= Py
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15. A horizontal tube of uniform cross-sectional i -
R ; area A is bent
the liquid of density p enters and leaves the tube wit-:n ntin the form of U as s
hold the bend stationary is

hown in figure. If
required to

velocity v then the external force F

[

ey

(a) F=0 (b) pAv? (c) 2pAv? (d) %p»w*

16. A rectangular cnnta‘iner moves with an acceleration a along the i
e o ﬁgure, The pressure at the point A4 in excess of the
atmospheric pressure p; is (take p as the density of liquid)

(a) pgh (b) pal
(c) p(gh+al) (d) Both (a) and (c) A

17. A candle of diameter d is floating on a liquid in a cylindrical container of
diameter D (D >> d) as shown in figure. It it is bumning at the rate of 2 cm/h.
Then the top of the candle will
(a) remain at the same height
(b) fall at the rate of 1 cm/h
(c) fall at the rate of 2 cm/h
(d) goup at the rate of | cm/h

18. A square gate of size | mx 1 m is hinged at its mid point. A fluid of densityp ===== =1
fills the space to the left of the gate. The force F¥ required to hold the gate
stationary is :

(a) -pf—— (b) P8

Nt l bl

bl ittt ety

—
o

— -
T |

(©) E'ﬁﬁ (d) None of these

in a vertical plane. Equal volumes of
ties are p, and p fill half of the tube
through the interface makes
/p, ) is equal to

19. A thin uniform circular tube is kt:pt'
two immiscible liquids whose densi

as shown. In equilibrium the radius passing throl
L cal. The ratio of densitics (P

® with verti
an ang_l_e of 30% wi e
V3-1 L)
(a) J— 2443
= J3+1
el @B
: : £ uniform area of
o : towards a horizontal et 00 WERL L ob v, The

0. A plat {ly with the speed ¥, _ s
20. A _Plale nll'avﬂs'l'r;:;[;: di’scharges water at the rate of v;luzit:f :cgffthe ot gt angles tothe
cross-section. = . :
ﬂenéity of water is p. Assume that water splashes a]ﬂ:E the plate due 1o the jet of water 1S

e e The magnitude of the force acting
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(a) pPy, (h};{iJ{u,wz}:’ (c) 1l () (d) pV (v; +v,)

Vs L Bl

21. A spherical ball of density p and radius 0.003 m is dropped into a tube
containing a viscous fluid up to the 0 cm mark as shown in the figure.

Viscosity of the fluid = 1.26 N-s/m * and its density p; =§ =1260 kg/m".

Assume the ball reaches a terminal speed at 10 cm mark. The time taken by
the ball to travel the distance between the 10 cm and 20 cm mark is

(g =10m/s?)
(@) 2s (b) 1s
(c) 055 (d) 5s

s

22. In the figure shown, the heavy cylinder (radius R) resting on a smooth surface separates two lig
of densities 2p and 3p. The height & for the equilibrium of cylinder must be

(a) 3R/2 (b) R‘E (c) R2 (d) None of these

23. A U-tube having horizontal arm of length 20 em, has uniform cross-sectional area =1em>. Ttis.
filled with water of volume 60 cc. What volume of a liquid of density 4g/cc should be poured from

one side into the U-tube so that no water is left in the horizontal arm of the tube? 1

(a) 60 cc (b) 45 cc (c) 50 cc (d) 35¢cc

24. A cubical block of side @ and density p slides over a fixed inclined plane with constant velocity ¥
There is a thin film of viscous fluid of thickness ¢ between the plane and the block. Then: rb
coefficient of viscosity of the film will be | i

3pagt dpagt
@ = de (©) -"-"%“ () None of these

25. A water barrel stands on a table of height 4. If a small hole is punched in the side of the barrel atits
base, it is found that the stream of water strikes the ground at a horizontal distance R from the

barrel. The depth of water in the barrel is
R R* R? h
o, b) — o

(a) 5 (b) 3 (c) > () 5
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30. Two boats of base areas 4, and 4,, connected by a .strin
pulled by an external force F. The viscosity of water is nand depth of

the water body is /. When the system attains a

26.

27.

CHAPTER |2 Fluid Mechanics 03

?ﬂg‘-ziﬂer 15 suspended from it. What will be the reaq;
*& Kg suspended by a sirig is i Ty i =
e density ofiron is =3 & 15 1mmersed with half js

(c) 13.6kg (d) 17.2 kg

A spring balance reads 10 kg when 4 bucket

of the balance when an iron piece of mass

volume inside the water in the bucket? Re

(a) 10kg (b) 10.5ke

Three ponts 4, B and C on a steady : :
y flow of a - :

e pressure; velocity snd Hendeug pﬂi:m Viscous and incompressible fluid are observed.

3 : S oIts A, Band C are (2,3,1), (1. 2.2
respectively. Density of the fluid is | kgm ™ and all other Parameters are giy: ¢ e *H. )
which of the following is correct? (g=10ms2) given in SI units, Then

(a) points A and B lie on the same stream line
(b) point B and C lie on same stream line

(c) point C and A lie on same stream line

(d) None of the above

A body of dEﬂEit}' P is L']!'CPppﬂd from rest from height ‘I (from the surface of water)
density of water ¢ (o > p). Neglecting all dissipative effects

into a lake of
, the acceleration of body while it is in

the lake is

(a) g[.l;..l]upwards ] (b) g[E - I]dnwnwards
p

(c) & (g-Jupwards < (d) g [E Jdawnwards
p

A tank is filed up to a height 2/ with a liquid and is placed on a
platform of height H from the ground. The distance x from the e
ground where a small hole is punched to get the maximum range 4| E=2=
Ris s
(a) H

(b) 1.25 H %
() 1.5H

(d) 2H

g are being

constant speed, the =

tension in the thread will be ,
(a) zero (b) Fy (4 +43)
© F A (d) None of these

(4 +4) ‘or is next poured into one

31. A U-tube is partially filled with wat
side, until water rises by 25 cm on the

er. Oil which does not mix with wa

sther side. If the density of oil is0.8 g/cm’ , the oil level will
0 .

stand higher than the water leve! b (c) 3175 ¢m (d) 25 cm
(a) 6.25cm (b) 12.50 cm
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Passage: (032to0Q34)
|,

The spouting can is something used to demonstrate the variation
of pressure with depth. When the corks are removed from the
tubes in the side of the can, water flows out with a speed that
depends on the depth. In a certain can, three tubes 7}, 75 and T3
are set at equal distances a above the base of the can. When
water contained in this can is allowed to come out of the tubes the
distances on the horizontal surface are measured asx;, x, and x.

T
= o o
o o o L
o i e

1T
Pl hyhghygn

= T
- -
e

g e s

32. Speed of efflux is

(a) \3gh (b) \2gh (©) Jeh @ = P

33. Distance x; is given by
@ VB a ) V2 a (©) %\Ea ) 2¥3 a

34. The correct sketch is

L

E

! X

[ X | X2

(c) [ (d) None of these
| X2 .y
= X1=X3
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passage: (Q135to038)

A container of large uniform crose_cmn:
a hnrizonta! surface, holds, tw?;:;?if:;?t?izl ?:::-friiﬂmg g
mmmprcsmbl.e liquids of densities o and i;r ﬂﬂch1 L;:-.l;ls. :md J;f
H/2as shown in the figure. The lower density |; il :1 u::ght 2
the atmosphere having pressure p,. A h.:,;nnge“m;uzm"?ﬂ *‘
,;}.r]mdm of length L(L< H/2), cross-sectional areg Aiitslllld L
immersed such that it floats with s axis vertical ﬂ; s 1
liquid-liquid interface with length /4 in (he denser liquid "
The cvlinder is then l‘t‘-.'r[mved and the original arrangem ;:2] is In:sln d
[gpﬂMhEd on the vertical side ‘uf' the container at g height A F:-:r:! ;'-1; As o
starts flowing out of the hole with a range x on the horizontal suri‘aceu - A5 a result of this, liquid :
35, The density D of the material of the floating cylinder is - =
(a) 5d/4 (b) 3d/4 (c) 4d/s (d) 4d/3
36. The total pressure with cylinder, at the bottom of the container is n:
@ P+ ) g G ) ,

L+3H >,
®) 2 +=de (o) p, ) g pil *f”] & A=

LA R
AR
ARAL AL AR ALY

the

A tiny hole of area s(s< < A )

L L

,:L§? The initial speed of efflux without cylinder is =

] 5 b E > E e 3 =
(a) P-.Js [3H + 4h) (b) v L‘JZ [4H —3h] =

(c) v= /E [3H — 44] (d) None of these -

38. The horizontal distance traveled by the liquid, initially, is

H
(a) (GH +4h)h (b) Bh+4H)h (c) JOH -4 h () JGH -3h)h e
More than One Correct Options -

1. A large wooden plate of areal0m 2 floating on the surface of a river is made to move horizontally
with aspeed of 2 m/s by applying a tangential force.
the bed is stationary. Then choose correct s_l:atetnem,
(coefficient of viscosity of water ~107* N-s/m”)
(a) velocity gradient is 25~
(b) velocity gradient is1s ™"

(¢) force required to keep the pl ng W1
(d) force required to keep the plate moving Wi
2. Chmse the correct options

; : T S LY - LE 2 - ; mm

(a) viscosity of liquids increases :r.f:th tempﬁ‘:u ’

(b) viscosity of gases increases With fﬂm?““mm s | =

Ul e .dfﬂeii&f;i:her rises nor falls on capillary

o _ _ _n° liqui

(d) for angle of contact 6 =0 14 =
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3. A plank is floating in a non-viscous liquid as shown. Choose the correct options.

.
L

(a) Equilibrium of plank is stable in vertical direction e _
(b) For small oscillations of plank in vertical direction motion is simple harmonic

(¢) Even if oscillations are large, motion is simple hannﬂ'nic :
(d) On vertical displacement motion is periodic but not simple harmonic

4. A non-viscous incompressible liquid is flowing from a horizontal pipe of nan—unit"nnn-'-'
section as shown. Choose the correct options.

H!

|
|

(a) speed of liguid at section-2 is more
(b) volume of liquid flowing per second from section-2 is more
(c¢) mass of liquid flowing per second at both the sections is same
(d) pressure at section-2 is less

S. A plank is floating in a liquid as shown. Fraction f of its volume is immersed. Choose the comee

options.

il

(a) Ifthe system is taken to a place where atmospheric pressure is more, * £” will increase

(b) In above condition f will remain unchanged
(¢) Iftemperature is increased and expansion of only liquid is considered £ will increase
(d) If temperature is increased and expansion of only plank is considered £ will decrease

6. In two figures

(a) v;/v; =1/2 (b) /1, =2/1 (©) Ry/R> =1 (d) v, /v, =1/4
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CHAPTER 13 Fluid Mechanics 307

7. A liquid is filled in a container as shown in figure. Container is accelerated

towards right. There are four points 4, B , C and D in the liquid. Choose the
correct options.

(a) Py >Pg (b) P->F, _ =
(¢) Pp > Py (d) P, > P =

8. Aball cff density p is dropped from a height on the surface of a non-viscous liquid i
of density 2p. Choose the correct options. :
(a) Motion of ball is periodic but not simple harmonic

(b} Acceleration of ball in air and in liquid are equal H? =
(¢) Magnitude of upthrust in the liquid is two times the weight of ball /4 5 —
(d) Net force on ball in air and in liquid are equal and opposite e

9. Two holes 1 and 2 are made at depths /1 and 16h respectively. Both the holes are
circular but radius of hole-1 is two times. eyt

(a) Initially equal volumes of ligquid will flow from both the hol-?s in unit time 3 =

(b) Initially more volume of liquid will flow from hole-2 per unit time ==

(c) After some time more volume of liquid will flow from hole-1 per unit time

(d) After some time more volume of liquid will flow from hole-2 per unit ime _ :

10. A solid sphere, a cone and a cylinder are floating in water. All have same mass, density ::111.:S radluds

Let f;, f> and f; are the fraction of their volumes inside the water and fy, i, and h1; depths inside

water. Then

L - == A

@ fi=rl:=13 () f3 >fa>h (c) hy<hy (d) hy<h,

atch the Columns

Three holes A, B and ¢ are made at depths lm._ 2 mand 5m as sh?r;. {:"n::i
4 height of I':qui’d in the container is 8 m. Let v is the speed E:I}T; .;.: ! qiwu
f.;:nes out of the hole and R the range on ground. Match 0 g

columns.
Column I Column 11
(a) vis maximum for (p) hole A
(b) vis minimum for (q) hole B
(c) Ris maximum for (r) holeC
is mini will on
(d) R is minimum for (s) dens?;rp:ﬁiqu'ld

i
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2. Match the following two columns.

I

Column I

(2} When temperature is increased

(b) When density of liquid is increased |(q) Upthrust on a floating solid of

(c) When density of solid is increased () Viscosity of gas will decrease

{d) When atmospheric pressure 15
increased

;{p] Upthrust on a floating solid of

Colamn 11

constant volume will increase

canstant volume will decrease

{5) None

p;=ah
Here a is a positive constant. Match the followi

ng two columns. (liquid is ideal)

Column I | Column 11
- |
{a) Upthrust on ball {(p) will continuously decrease
(b) Speed of ball (q) will continuously increase
{¢) Net force on ball (r) first increase then decrease

(d) Gravitational potential energy E(s] first decrease then increase

of ball

4. Match the following two columns.

Column I
{a) Surface tension
{b) Coefficient of viscosity
(c) Energy density
(d) Volume flow rate

E Column I1
(p) [ML'T7)
@ [T

(© MT?

) MLIT)

5. A cylinder of weight /¥ is floating in two liquids as shown in figure. Net
force on cylinder from top is Fy and force on cylinder from the bottom is F,.

Match the following two columns.

Column I
(a) Net force on cylinder from liquid-1
(b) K-F
(c) Net force on cylinder from liquid-2

(d) Net force on cylinder from
atmosphere

An evaluation version of novaPDFE was used to create this PDF
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1. A wooden plank of length | m and uniform cross-section is hinged at one end

tank as shown in figure. The tank is filled with water u :
: : pto a height of . oo
the plank is 0.5. Find the angle 0 that the plank m ght of 0.5 m. The

akes with the vertical ; |
(Exclude the case 6 =0). € vertical in the eq

= ID.E m

2. A cubical block of wood of edge 3 cm floats in water. The lower surface of the cube just touches the
free end of'a vertical spring fixed at the bottom of the pot. Find the maximum weight that can be put

on the block without wetting the new weight. Density of wood =800 ke/m ® and spring constant of
the spring = 50 N/m. (Take g =10 mis?)

1o the bottom of a
specific gravity of
uilibrium position.

3. Figure shows a container having liquid of variable density. The density of liquid varies as

p =pn[ 4 - EJ . Here, k, and p, are constants and A is measured from bottom of the container. A

solid block of small dimensions whose density is %pﬂ and mass m is released from bottom of the

tank. Prove that the block will execute simple harmonic motion. Find the frequency of oscillation.

4. A cylindrical tank I m in radius rests on a platform 5 m high. Initially the tank is ﬁl]ed with water to
a height of 5 m. A plug whose area is 10~ m? is removed from an orifice on the side of the tank at
the bottom. Calculate (5) initial speed with which the water flows from the an!ice, {b} mmallsp:ed
with which water strikes the ground, (c) time taken to empty the tank to half its original value.
(g=10m/s’)
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5. A block of mass m is kept over a fixed smooth wedge. Block is attached to a sphere of same
through fixed massless pullies 7, and P,. Sphere is dipped inside the water as shown. If specif;;
gravity of material of sphere is 2. Find the acceleration of sphere.

6. A cubic body floats on mercury with 0.25 fraction of its volume below the surface. What fraction of
the volume of the body will be immersed in the mercury if a layer of water poured on top of the
mercury covers the body completely ?

7. A siphon tube is discharging a liquid of specific gravity 0.9 from a reservoir as shown in the figure.
8

1.5m

1m

4m
D

o

(a) Find the velocity of the liquid through the siphon.
(b) Find the pressure at the highest point B.
(c) Find the pressure at point C.

8. A long cylindrical tank of cross-sectional area 0.5 m? is filled with water. It has a small hole ata
height 50 cm from the bottom. A movable piston of cross-sectional area almost equal to 0.5 m ®is
fitted on the top of the tank suct that it can slide in the tank freely. A load of 20 kg is applied on the
top of the water by piston, as shown in the figure. Calculate the speed of the water jet with which it

hits the surface when piston is 1 m above the bottom. (Ignore the mass of the piston).
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9, 'I:he shape of an ancient water clock jug is such that
times. If the water level falls byd4cm every hour, det
function of y. The radius of drain holeis 2 mm amli ca

water level descends at a constant rate at all
ermine the shape of the jar, i e, specify xasa
n be assumed to be very small compared to x.

10. Aspringis attached to the bottom of an empty swimming pool, with the axis of the spring oriented

vertically. An 8.00 kg block of wood (p=2840 ke/m”) is fixed to the top of the spring and

compresses it. Then the pool is filled with water, completely covering the block. The spring is now

observed to be stretched twice as much as it had been compressed. Determine the percentage of the
block's total volume that is hollow. Ignore any air in the hollow space.

‘11. A rectangular tank of height 10 m filled with water, is placed near the bottom of a plane inclined at
an angle 30° with horizontal. At height /& from bottom a small hole is made (as shown in figure)
such that the stream coming out from hole, strikes the inclined plane normally. Caleulate /.

12. A ball of ¢ dis drc ' ' i lastically from the surface
A ball of density dis dropped onto a horizontal solid surface: Itbounces elastically
1 :n:ﬂmig original position ina time ;. Next, the ball is released and it falls through the same
height before striking the surface of a liquid of density d; . |
(@) Ifd<d, _ obtain an expression (in terms of d, 1, and d, ) for the time 1 the ball takes to come
" back to the position from which it was released.

(b) Ts the motion of the ball simple harmonic ?
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(€) If d =d, , how does the speed of the ball depend on its depth inside the liquid 2 Negloct 4t

frictional and other dissipative forces. Assume the depth of the liquid to be large, i

13. There is an air bubble of radius 1.0 mm in a liquid of surface tension 0.075 N/m and denda

1000 kg/m . The bubble is at a depth of 10 cm below the free surface. By what amount ie 1
pressure inside the bubble greater than the atmospheric pressure ? (Take g =9.8 m/s*)

14. A metal sphere of radius | mm and mass 50 mg falls vertically in glycerine. Find (a) the viscg "
force exerted by the glycerine on the sphere when the speed of the sphere is 1 cmys, (b) 1
hydrostatic force exerted by the glycerine on the sphere and (c) the terminal velocity with which
sphere will move down without acceleration. Density of glycerine =1260kg/m * and its coefficieny

of viscosity at room temperature = 8.0 poise.

I15. A wire forming a loop is dipped into soap solution and taken out, so that a film of soap solution js
formed. A loop of 6.28 ¢m long thread is gently put on the film and the film is pricked with a needle
inside the loop. The thread loop takes the shape of a circle. Find the tension in the thread. Surface
tension of soap solution = 0.030 N/m. ki

16. A cylindrical vessel is filled with water upto a height of 1 m. The cross-sectional area of the ori uh,-._;.
at the bottom is (1/400) that of the vessel. i

(a) What is the time required to empty the tank through the orifice at the bottom?

{b) What is the time required for the same amount of water to flow out if the water level in TL
maintained always at a height of | m from orifice? “

! .
e

17. A tank having a small circular hole contains oil on top of water. It is
immersed in a large tank of the same oil. Water flows through the
hole. What is the velocity of this flow initially? When the flow stops,
what would be the position of the oil-water interface in the tank from
the bottom. The specific gravity of oil is 0.5.

18. What work should be done in order to squeeze all water from a
horizontally located cylinder (figure) during the time ¢ by means of
a constant force acting on the piston? The volume of water in the
cylinder is equal to ¥, the cross-sectional area of the orifice is s,
with s being considerably less than the piston area. The friction and
viscosity are negligibly small. Density of water is p.

19. A cylinder is fitted with a piston, beneath which is a spring, as in the figure. The
cylinder is open at the top. Friction is absent. The spring constant of the spring is
3600 N/m. The piston has a negligible mass and a radius of 0.025 m. (a) When
air beneath the piston is completely pumped out, how much does the

atmospheric pressure cause the spring to compress? (b) How much work does

the atmospheric pressure do in compressing the spring?
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i l-'ll_l'l'l-Vismus liquid of constant density 1000 kg/m” flows in a streamline
mation along a tube of variable cross-section. The tube is kept inclined in the
vemca? plane as shown in the figure. The area of cross-section of the tube at
two points P and Q at heights of 2 m and 5 m are respectively 4x 10~ m? and

3. 3 : S :
8x10™ m".The velocity of the liquid at point P is 1 m/s. Find the work done

per unit volume by the pressure and the gravity forces as the fluid flows from point P to 0. Take
g=98m/s’.

21.

A uniform solid cylinder of density 0.8 g/em” floats in equilibrium in a
combination of two non-mixing liquids A and B with its axis vertical. The
densities of the liquids A and B are 0.7 gem® and 1.2 glm’,
respectively. The height of liquid 4 is i, = 1.2 em.The length of the part
of the cylinder immersed in liquid B is iy =0.8 em.

(a) Find the total force exerted by liquid A4 on the cylinder.

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

(¢) The cylinder is depressed in such a way that its top surface is just belo:w the upper surfam? ":‘f
liquid A and is then released. Find the acceleration of the cylinder immediately after it is
released.
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A NSWERS

Introductory Exercise 13.1 ;
1.8 2.692x10°Pa 3.08 4
4. Mercury will rise in the arm containing sprit. The difference in level is 0.221 cm
5. (i) Absolute pressure = 96cm of Hg, Gauge pressure = 20.cm of Hg for (2),

absolute pressure = 58 cm of Hg, gauge pressure = — 18 cm of Hg for (b)
(i) Mercury would rise in the left limb such that the difference in the levels in the two limbs becomes 19em.

Introductory Exercise 13.2
1. 35x 100 kg/m® 2. 7glem®, Bglom® 3. It will float at the same level 4. Zero 5. False
6.80kg 7. itwillremainsame 8. 17cm 9. 600 kg/m’,705kg/m’  10. 6.03 g

Introductory Exercise 13.3 1
1.148x10° ) 2.8zR*T 3. Itwill increase by Bar’T 4. The capillaries formed in threads disappears

5.(a) 225m/s (b) zero 6. (a) 7.0= 107 m¥/s (b) 2.24x10* Pa (c) 0.5« 1073 nrfs

]
-

AIEEE Corner

Subjective Questions (Level 1) E
2. 3840 kg/n® 3. 28cn®  4.237N 5 033m° 6. (a)2x 10°m’, 5000 kg/nv  (b) 750 kg/r

7. 0206 N B. 32 mm in mercury.and 28 mm in water 9. (a) 14.7 m/s® (b)0.63s
10. T=196N,V=32x10"m 1L (@24N (B)12m/s?2 12 (2)109cm (b) 2.5 cm

13. tana="—2 14, 31N
pto

15. 126cm 16, {a}%{b}%(ﬂ}g 17. () 1470Pa (&) 139cm  18. 18cm

19. 0.58cm  20. 6.7 kPa,B2kPa 21. R%/4h 22. ‘*nﬂg 23. 12.3m/s
']

24.y;=33m/s 25. 146cm’/s 26, 2.13cm  27. 0.87 mm/s 28, 19.5 mm of Hg

(225 o H0I00ES V) = 3 Y m2 =
29. vi=(2)*%  30. v inGR5 77 81. F=002N 32 10°N/m® 33. T, /T, =723

35. L4mm 36 h=1cm
Objective Questions (Level 1)

1.{(@ 2 3.() 4@ 5@ 6@ 7@ 8() 9.0 10
11.(a) 12.(c) 13.(c) 14.(c) 15.(b) 16.(z) 17.(p) 18.(b) 19.(a) 20.(c)
21.(a) 22.(a) 23.(d) 24.(c) 25.(b) 26.(a) 27.(b) 28.(c) 29.(b) 30.(9
31. (a) 32.(c) 33.(d) 34.(d) 35.(d) 36.(d) 37.(c) 38 (0

JEE Corner

Assertion and Reason

11. (c)
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Objective Questions (Leve| 2) PHAPTER 13 Flid Mechanics 315
1. .(B) 2. (a) 3. (d)

4, (c)
11. (@) 12, (d) 13, () SRS CIOE
21. (d) 22.(b) 23 M) a8y qe (d) S 20 i
S O TR T (b) 7.0) 18.() 19.(d) 20.(4)

31. (b 32.
.: J !: ) 3. {d) « ) 35. I:EI:I 36 b) 37 (€) 38. (c
b 3 d 34 1 . - ()

More than One Correct Options

1. (a,0) 2, (b.c) 3. (ab,c) 4, |
e S R (a.c.d) S. (b.c,d) 6. (a,b.c) 7..(a,c)
Match the Columns

1. (@)—r () > p (€)—>r (d) = p
2. (8)—>s (b) »s (c)—=p (d) =5
3. @—=>r M-o>r (©->s5 (@d-os
4 (@)—>r {b) »s (c)-=>p (d)=q
5. (a)—>p (by—=>9qr (c)—s (di—=s

Subjective Questions (Level 2)
: 1 [6g
1. 45 2. 0.354N 3. 2% \5h
5. zero 6. 0.19 7.(8) 99m/s (b) 4.36x10%°Pa (¢c) 6.6x10°Pa 8. 4.51m/s
9, y=04x* 10. 60.41% 11. 833 m
12. (a) e (b) No (c) The ball will continue to move with constant velocity v = %n'

d-d
13. 1130Pa 14. (2)1.5x10°N (b)5.2x 105N (c)325m/s 15. 3.0x10°*N
16. (a) 3 min (b) 1.5 min 17. 9.8 m/5, 5.0m

18 z %HI;' 19. (a) 5.5cm (b) 5.445) 20. 29025 J/n7', 29400 Jfnt
L 2 t A

4. (a) 10m/s (b) 14.1m/s (c) 9200s

inside the liguid,

21. (a) zero (b) 0.25¢m () g—{upwardﬂ}
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Class XI-XIl of CBSE & all other State Boards in India by the renowned author,
the Mechanics Part 2 deals with the foundations of Mechanics in an effective
and easily understandable way. Starting with a brief review of the basic math
and the system of measurement in physics, the book takes up the indepth
discussion of the motion in one and two dimensions, the laws of motion, wgrk, |
energy and power and at last the centre of mass, conversation of linear :
momentum, impulse and collision. -

Without deviating to superficialities, the book focuses on the concept building
and the application of the concepts in solving the varied physical problems. The
exposition of the subject matter is simple and leads completely to the direct

means of solving problems in Physics where the application of the concepts
from Mechanics is essentially required.

by DC Pandey i
The second of the best selling series of books in Physics for at the Level of 1y
.
!
1

A must have book for anyone desiring to be firm-footed in Concepts of Physics
as well as their applications in Problem-Solving...
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