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Chapter 1. Rotational Dynamics

EXERCISES [PAGES 23 - 25

Exercises | Q 1.1 | Page 23
Choosethe correct option.
When seen from below, the blades of a ceiling fan are seen to be revolving
anticlockwise and their speed is decreasing. Select the correct statement abouitthe
directions of its angular velocity and angular acceleration.

1. Angular velocity upwards, angular acceleration downwards.

2. Angularvelocity downwards, angular acceleration upwards.

3. Both, angularvelocity and angular acceleration, upwards.

4. Both, angularvelocity and angular acceleration, downwardsf

SOLUTION
Angular velocity upwards, angular acceleration downwards.

Exercises | Q 1.2 | Page 23
Choosethe correct option.
A particle of mass 1 kg, tied to a 1.2 m long string iS\whirled to perform vertical circular
motion, under gravity. Minimum speed of a‘particleyis 5 m/s. Consider following
statements.
P) Maximum speed must be 55 m/s.
Q) Difference between maximum angsminimuim tensions along the string is 60 N.
Select the correct option.

1. Onlythe statement P is cofrect.

2. Onlythe statement Q is correct.

3. Both the statemendsy24e cg¥rect.

4. Both the statemenfts aregincorrect.

Both the statements,are correct.

Exercises | @1.3yPage 23
Choosethe correct option.
Select correct statement about the formula (expression) of moment of inertia (M.1.) in
terms ofimass M of the object and some of its distance parameter/s, such asR, L, etc.
1. Differentobjects must have differentexpressions for their M.I.
2% \/hen rotating about their central axis, a hollow right circular cone and a
disc have the same expression for the M.I.
3. Expression for the M.I. for a parallelepiped rotating about the transverse axis
passing through its centre includes its depth.
4. Expression for M.l. of arod andthat of a plane sheetis the same abouta
transverse axis.
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SOLUTION

When rotating about their central axis, a hollow right circular cone and a disc have the
same expression for the M.1.

In a certain unit, the radius of gyration of a uniform disc about its central and trans
axis is V2.5. Its radius of gyration about a tangentin its plane (in the same uni%

Exercises | Q 1.4 | Page 23
Choosethe correct option.

st
V5

2.5 @
2v2.5 \
Jizs O

SOLUTION

25 *
Exercises | Q 1.5 | Page 23 \
Choosethe correct option.

Considerthe following cases:

(P) A planetrevolvingin an elliptical orbiQQ

(Q) A planetrevolvingin a circular orhit.
Principle of conservation of angul m comes in force in which of these?

Only for (P)
Only for (Q)
For both, (P) and

Neither for (P), norfor (Q)

PoNPE

For both, (P Q)
Xercis

6\6 Page 24
> orrect option.

E
C

IIed hollow cylinderis rolling down an incline, without slipping. Atany instant,
itheut'slipping. At any instant, the ratio "Rotational K.E.: Translational K.E.: Total K.E."

R\’
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SOLUTION
2:1: 3

Exercises | Q 2.1 | Page 24
Answer in brief:
Why are curved roads banked?

A car while taking a turn performs circular motion. If the road is level (or horizantal
road), the necessary centripetal force is the force of static friction betweendhe car tyres
and the road surface.

The friction depends upon the nature of the surfaces in contact ang@the presence of oil
and water on the road. If the friction isinadequate, a speeding carimay $kid off the road.
Since the friction changes with circumstances, itcannotbe relied upenfo provide the
necessary centripetal force. Moreover, friction results in fastwear and tear of the tyres.
To avoid the risk of skidding as well as to reduce the wear and tear of the car tyres, the
road surface at a bend is tilted inward, i.e., the outer sideofthe’road is raised above its
inner side.

This is called banking of road. On a bankedyroadjtheesultant of the normal reaction
and the gravitational force can act as the necessaryieentripetal force. Thus, every car
can be safely driven on such a banked cdrve at'eertain optimum speed, without
depending on friction. Hence, aroad should be properly banked at a bend.

The angle of banking is the angle ofin¢clination of the surface of a banked road at a
bend with the horizontal.

Exercises | Q 2.2 | Page 24
Answer in brief:
Do we need a banked road forfa two-wheeler? Explain.

When a two-wheelertakes a turn along an unbanked road, the force of friction provides
the centripetal force, The two-wheelerleans inward to counteract a torque that tends to
topple it @@tward. Firstly, friction cannotbe relied upon to provide the necessary
centripetal foree on all road conditions. Secondly, the friction results in the wear and
teap@fithemyres. On a banked road at a turn, any vehicle can negotiate the turn without
depending on friction and without straining the tyres.

ERerCiSes | Q 2.3 | Page 24

Answer in brief:

On whatfactors does the frequency of a conical pendulum depend? Is it independent of
some factors?

SOLUTION
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The frequency of a conical pendulum, of string

length L and semi-vertical angle 0 is

1 /| g 6
N =

2w \{ L cos# @
where g is the acceleration due to gravity at the place. E 6

From the above expression, we can see that

(i(fnay/g \@
. 1

(i) n ot —— 0

VL

1

(iil) n o Q
v cosf * Q

(if 8 increases, cos G decreases and n incr x

(iv) The frequency is independent of %sof the bob.

Exercises | Q 2.4 | Page 24
Answer in brief:

Why s it useful to define the rO ation?
SOLUTION

Definition: The radius of n of a body rotating about an axis is defined as the
distance between the axis of rotation and the pointat which the entire mass of the body
concentrated so as to give the same moment of inertia as th at of
axis.

Rotation < % i
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The moment of inertia (MI) of a body about a given rotation axis depends upon (i) the
mass of the body and (ii) the distribution of mass aboutthe axis of rotation. These two
factors can be separated by expressing the Ml as the product of the mass (M) and the
square of a particular distance (k) from the axis of rotation. This distance is called the
radius of gyration and is defined as given above. Thus,

=) myrf = MK’
i

—

o] L
Y

Physical significance: The radius of gyration is less if | is less, i.e., ifthe'mass’is
distributed close to the axis; and it is more if | is more, i.e., if the mass issdistributed

away from the axis. Thus, it gives an idea about the distribution of mass'aboutthe axis
of rotation.

Exercises | Q 2.5 | Page 24

Answer in brief:

A uniformdisc and a hollow right circular cone Have the same férmula for their M.I.
when rotating abouttheir central axes. Why is it SO%

SOLUTION

A uniformdisc and a hollow right circularcone have the same formula for their moment
of inertia.

MI = mr3/2

This is because when a hollow rightcircular coneis cut along its slanting side and the
metal is stretched out, yod will fimd‘that the surface of the cone will form a circle. This
shape is the same as theshape of a disc, which is also a circle. Hence they both have
the same formula for MI.

Exercises | Q 3wRade 24

While drivingalong aniunbanked circular road, a two-wheelerrider has to lean with the
vertical. Whyais it's@? With what angle the rider has to lean? Derive the relevant
expression. Why,such aleaning is notnecessary for a fourwheeler?

SOLUTION

—
(i(fWhen a bicyclist takes a turn along an unbanked road, the force of friction f g provides the centripetal force; the

—}
normal reaction of the road N is vertically up. If the bicyclist does not lean inward, there will be an unbalanced
outward torque about the centre of gravity, f s -h, due to the friction force that will topple the bicyclist outward. The

bicyclist must lean inward to counteract this torque (and not to generate a centripetal force) such that the opposite

ﬁ
inward torque of the couple formed by N and the weight E mg.a = fs.hq
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Q‘b

W @
{a) L] \
A bicyclist taking a tum to his left on a level road 0

(ii) Since the force of friction provides the centrpeta%
2
mv
fi= o Q
—

Mormal
reaction N

I

T

_:,,
If the cyclist leans from the vertical by@ , the angle between N and F
fi, mv’/r v° O

tan 8 = — —

N mg - er @
Hence, the cyclist must IeaG gle
2
v
8 =tan! = (—) O
gr

(iii) When a car turn along a level road, apart from the risk of skidding off
outward, ipal as ndency to roll outward due to an outward torque aboutthe
Centre of grawvi to the friction force. Buta car is an extended object with four

wheels.

iInnerwheels just get lifted above the ground, it can be counterbalanced
ring torque of the couple formed by the normal reaction (on the outer wheels)

eight.

ertial frame of reference, the forces acting on the car are:

: @Jnsidera car of mass m taking a turn of radiusr along a level road. As seen from an
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—
(1) the lateral limiting force of static friction f ; on the wheels — acting along the axis of the wheels and towards the

center of the circular path which provides the necessary centripetal force.

(2) the weight r_n)g acting vertically downwards at the centre of gravity (C.G.)

_}.
(3) the normal reaction N of the road on the wheels, upwards effectively at the C.G. Since maximum cent rce

= limiting force of static friction,

]II.VQ

ma, = —— =f5 ..(1)
I

In a simplified rigid-body vehicle model, we consider only two parameters — the height e bove the

ground and the average distance b between the left and right wheels called the t

=)

Hiiinet - 1
wliged 4 -’"K |
" Track width, & '

1a)

Tendency
tor il /

-

bt

Rolling tendency of a

The fricticm? C

wheel in O\
v
T

Tt =

wheels produces a torque 7 that tends to overturn/rollover the car about the outer

. Rotation about the front-to-back axis is called roll.

)h -(2)

_}
inner wheel just gets lifted above the ground, the normal reaction N of the road acts on the outer wheels
e weight continues to act at the C.G. Then, the couple formed by the normal reaction and the weight produces
opposite torque 77 which tends to restore the car back on all four wheels in the above figure (b).

b
7 = mg. E )
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The car does not topple as long as the restoring torque 7, counterbalances the toppling torque 7.
Thus, to avoid the risk of rollover, the maximum speed that the car can have is given by

mv? b
h = . —
(%) S
rb
c Viax = |/ 2—hg (4)

Thus, vehicle tends to roll when the radial acceleration reaches a pointwhere@g

wheels of the four-wheeler are lifted off of the ground and the vehicle is rotate rd.
—

A rollover occurs when the gravitational force & passes through t i of the
outer wheels, i.e., the C.G. is above the line of contact of the outer w ation (3)
shows that this maximum speed is high for a car with larger track lower center

of gravity.
Exercises | Q 4.1 | Page 24

Using energy conservation, derive the expressions fo
locations along a vertical circular motion controlied ravity?

SOLUTION \
Consider a particle of mass m attached to a stri% volved in a vertical circle of radius r. At every instant of its
_}

motion, the particle is acted upan by its wejght anld the tension T' in the string. The particle may not complete
the circle if the string slackens before th%eaches the top. This requires that the particle must have some

minimum speed.
. —
At the top (point A): Let v¢ b f the particle and Tq the tension in the string. Here, both T ; and weight
ce, t

mg is vertically downward. net force on the particle towards the centre O is Ty + mg, which is the

speeds at different

necessary centripetal fagce.
=T+ mgi= L

To find tm value of v; that the particle must have at the top, we consider the limiting case when the
st

tensi comes zero.

mg

at'is, the particle’s weight alone is the necessary centripetal force at point A.
vf = gr

R/ )
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— Top: I(E=l:.-n't:'|2

PE =mg(2r) 6
C —— Midway:
KE = L mu; 6

2 PE = mgr

= —— Bottom : KE = JE-:.'r;i:':3
B E’-.r': PE=1( O

ng

N
&

Vertical circular motion (schematic)

rence level for zero potential energy to

At the bottom (point B): Let v, be the speed at the boﬁc&i
b

be the bottom of the circle, the particle has only kineti —mv% at the lowest point.

Total energy at the bottom = KE + PE
1 1
= Enm.% +0= Emvg (3

As the particle goes from the botto th @ of the circle, it rises through a height h = 2r. Therefore, its potential
energy at the top is

mgh = mg(2r) Q

and, from Eq. (2), its minimum c energy there is
1 1

2 ¢

Minimum tot& t top = KE + PE

1
= —mgr+ 2mgr

o

)]
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Assuming that the total energy of the particle is conserved, total energy at the bottom = total energy at the top.
Then, from Egs. (4) and (5),

1 , 5

—mv, = —mgr

22T e

The minimum speed the particle must have at the lowest position is @
vy = 4/ Dgr ..(6)

1
At the midway (point C): Let v be the speed at point C, so that its kinetic energy is Emvg h ticleis at a

height r from the bottom of the circle. Therefore, its potential energy at C is mgr. Total y

= %mv% +mgr .(7)

From the law of conservation of energy, total energy at C = total energy at B 0\

1 N 5
S —1mv T — —IMgFEr
> 3 T Mg 5 g

V% = hgr — 2gr = 3gr

~. The minimum speed the particle must have midway uf is Q
vy = +/3gr  ..(8) \
Exercises | Q 4.2 | Page 24 §

Is a zero speed possible at the upp int? Underwhat condition/s?
SOLUTION @

In a non-uniform vertical ci on, e.g., those of a small body attached to a string
or the loop-the-loop manguver n aircraft or motorcycle or skateboard, the body
must have some minimum,speed to reach the top and complete the circle.

In this case, the mot
possible. ﬂo e

is controlled only by gravity and zero speed at the top is not
controlled vertical circular motion, e.g., those of a small body
lantwheel (Ferris wheel) ride, the body or the passenger seat

attached toa.r rth
can hav@ d at the top, i.e., the motion can be broughtto a stop.
|

Exercis 4.3 | Page 24

I e that the difference between the extreme tensions (or normal forces) depends

E n the weightof the objects.
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SOLUTION

Consider a small body (or particle) of mass m tied to a string and revolved in a vertical circle of radius r at a place

where the acceleration due to gravity is g. At every instant of its motion, the body is acted upon by two forces,%

—_— —
namely, its weight mg and the tension T' in the string.
Let vo be the speed of the body and Ty be the tension in the string at the lowest point B. We take the re celevel

1
for zero potential energy to be the bottom of the circle. Then, the body has only kinetic energy — e lowest

point.
mvg
nTy=—=+mg ..(1) \
r
oy O

i = — Top:KE =iﬂ'.r1'?;:rfl
/”f Tr'l ™ PE = mg(2

| . ol 1 ‘\Q

s
— Bottom : KE = L mov;

@ PE=0

V‘ex ar motion (schematic)
and tht& gy at the bottom = KE + PE
1
mev% -(2)

A Let vi1 be the speed and T1 the tension in the string at the highestpoint A. As the body
goes from B to A, it rises through a heighth = 2r.

mg \
A

-
{
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2
mvy

Ty = —mg .. (3)
T

and the total energy at A = KE + PE 6
1
- En:wﬂ1 + mg(2r) ..(4) @

Then, from Egs. (1) and (3), 6
mv? ( mv? )

To—-Ti=—+mg— | — —mg
r r

= m (V% — V%} + 2mg ..(5) Q
T

Assuming thatthe total energy of the body is conserved, t
= total energy at the top
Then, from Egs. (2) and (4), ¢

1 1 \
Emv% = Emv% + mg(2r) Q

energy at the bottom

LVE—vi—=dgr .6

)
Substituting this in Eq. (5),
m
Ty —T) = ?(451') Q

= 4dmg + 2mg

=6mge x

Therefore? N encein thetensionsin the string at the highestand the lowest
pointsis 6 times'the weightof the body.

E»@s 5 | Page 24

N\ the necessity of radius of gyration. Define it. On what factors does it depend
does notdepend? Can you locate come similarity between the center of mass

d radius of gyration? What can you inferif a uniformring and a uniformdisc have the
same radius of gyration?
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Definition: The radius of gyration of a body rotating about an axis is defined as the
distance between the axis of rotation and the pointat which the entire mass of the body
can be supposed to be concentrated so as to give the same moment of inertia as that of
the body aboutthe given axis.

Rotation C [

Rotation <D @

» M

The moment of inertia (MI) of a body about a given rotationtaxis depends upon (i) the
mass of the body and (ii) the distribution of mass,abeut theyaxis,@f rotation. These two
factors can be separated by expressing the Ml asthe product of the mass (M) and the
square of a particular distance (k) from theaxissef rotation. This distance is called the
radius of gyration and is defined as given abeve. Thus,

=) myr] = MK’
1

1
A
M

Physical significance: Thewadius of gyration is lessifl is less, i.e., if the mass is
distributed close to the axis; and it is more if | is more, i.e., if the mass is distributed
away from thie axisyThus, it gives an idea about the distribution of mass aboutthe axis
of rotation:

The centré“of mass (CM) coordinates locates a pointwhere if the entire mass M of a
system of parficles or that of a rigid body can be thoughtto be concentrated such that
theg@ceeleration of this point mass obeys Newton’s second law of motion, viz.,
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- —

F et = M?CM, where F et is the sum of all the external forces acting on the body or on the individual particles of

the system of particles.

Similarly, radius of gyration locates a point from the axis of rotation where the entire mass M can be thought %
ion

concentrated such that the angular acceleration of that point mass about the axis of rotation obeys the r

?net = ME}, where ?Mt is the sum of all the external torques acting on the body or on the individua

the system of particles.

The radius of gyration of a thin ring of radius R; about its transverse symmetry axis is 66

kr=1XICM/MI=\/§=RI @

The radius of gyration of a thin disc of radius Rq about its transverse symmetry ax

\/ MgR2/2
kg = ¢/Icm/Mq = I:Idd = ‘;ERd 0

Given k; = kg

1 ,
R, = E or, equivalently, Ry = \/ER;- ¢

Exercises | Q 6 | Page 24

Answer in brief:

State the conditions under which the the sof parallel axes and perpendicular axes
are applicable. State the respective mathematical expressions.

SOLUTION

The theorem of the parallel a % oplicable to anybody of arbitrary shape. The
moment of inertia (MI) of ody.@aboutan axis through the center mass should be
known, say, lcm. Then, the thedrem can be usedto find the Ml, |, of the body about an

axis parallel to the above f the distance between the two axes is h,

| = Ioy + Mh

The theore% r axes is applicable to a plane lamina only. The moment of inertia 1z of a plane lamina

;2
@erciseg | Q 7| Page 24
nswer in brief:

Derive an expression which relates angular momentum with the angular velocity of a
rigid body.
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SOLUTION

_}.
Consider a rigid body rotating with a constant angular velocity o about an axis through the point O and
perpendicular to the plane of the figure. All the particles of the body perform uniform circular motion about t@

il

my, situated at perpendicular distances ry, ry,..., i, respectively from the axis of rotation.
Rt jom T‘b o
of 74 {5\ 6
5 N
R ¥
\m .’ :
A b Sl T

—
of rotation with the same angular velocity o . Suppose that the body consists of N particles of masses a@

A rigid body rotating with a eniform angular velocity about
an axis through O

The particle of mass m revolves along a circle of radius rq, with a li @ ity of magnitude vq = ryw. The

magnitude of the linear momentum of the particle is

L 4

pl =mvy =Imnw

The angular momentum of the particle about the @'s‘ by definition,
O c

Li=r11xp;

. L]_ = I]plﬂiﬂg @

where 6 is the smaller of angles between ?1 and F]-
In this case, 6 = 90°

ssinB =1

sy =1y %11 W= mlr%w
Simila@z moriw, Ly = mariw, etc.
Tular momentum of the body about the given axis is

@ Li +Ls+ ...+ Ly

= mlrgw + mgr%w + ...+ mNr%,w

= (mlr% + m:;r% + ... + mnrﬁl]w
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N
= m;r? |w
S
= lw @
N

where | = Z mir?‘ = moment of inertia of the body about the given axis.
i—1

FEE
In vector form, L = Iw
Thus, angular momentum = moment of inertia x angular véloci

Exercises | Q 8 | Page 24

Obtain an expression for torque acting on a rotating bo tantangular
acceleration. Hence state the dimensions and S‘u nj

SOLUTION \

a. Suppose a rigid body consists of n particlesiof masses mi1, mz, ms, ...... , mnwhich
are situated at distancesrz, rz, r3, ..., rn reéspe ly, from the axis of rotation as shown
in the figure.

b. Each particle revolves with an @Ieraﬁon a.

tial force acting on particles of masses, mi1, mz,

s of masses m1, m2,..., mn are given by, a1 =riq, a2 =

http://cracknta.com/
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e. Magnitude of force acting on particle of mass m1 is given by,
F{ = mja; = mirjo . a =ra]

Magnitude of torque on particle of mass m1 is given by, 6

71 = Fyrysinf @
But,# = 90° [ Radius vector is Lar to tangential force 6

71 — Fyrysin 90° 6

= mjar Q
_ 2

T = mIjc

similarly
_ 2

Ty = MylHQ \ 4 Q
" mar? N\

o Q
_ 2

Tp = My o < '

Total torque acting on the boc@

. n

. Unit: Nm in 51 system.
h. Dimensions: [MILET_E]
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Exercises | Q 9| Page 24
State and explain the principle of conservation of angular momentum. Use a suitable
illustration. Do we use itin our daily life? When?

SOLUTION
Law (or principle) of conservation of angular momentum:

The angular momentum of a body is conserved if the resultant external torque on the
body is zero.

Explanation: Thislaw (or principle)is used by a figure skater or a ballerinado increase
their speed of rotation for a spin by reducing the body’s moment of inertia. Adiver too
usesit during a somersault for the same reason.

(1) Ice dance: Twizzle and spin are elements of the sport of figurg skatingeln a twizzle
a skater turns several revolutions while travelling on the ice. In a damnce spin, the skater
rotates on the ice skate and centred on a single pointon thedce. The torque due to
friction between the ice skate and the ice is small. Consequently, the angular
momentum of a figure skater remains nearly constant.

For a twizzle of a smaller radius, a figure skater drawsyher [fmbs close to her body to
reduce the moment of inertia and increase the frequency of rotation. For larger rounds,
she stretches outher limbs to increase the momengofinertiawhich reducesthe angular
and linear speeds.

A figure skater usually starts a dancegsspimin a crouch, rotating on one skate with the
other leg and both arms extended.Sheretates relatively slowly because her moment of
inertiais large. She then slowlystands up, pulling the extended leg and arms to her
body. As she does so, her mamentef inertia aboutthe axis of rotation decreases
considerably, and therebyaerangular velocity substantially increases to conserve
angularmomentum.

__A'ﬁgure skater performing a dance spin on the toes (Diagram

for reference only)

(2) Diving: Take-off from a springboard or diving platform determines the diver’s
trajectory and the magnitude of angular momentum. A diver must generate angular
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momentum at take-off by moving the position of the arms and by a slighthollowing of
the back. This allows the diver to change angular speeds for twists and somersaults in
flight by controlling her/his momentof inertia. A compact tucked shape of the body
lowers the moment of inertia for rotation of smaller radius and increased angular speed.
The opening of the body for the vertical entry into water does not stop the rotation but
merely slows it down. The angular momntum remains constantthroughoutthe flight.
Exercises | Q 10 | Page 24

Discuss the interlink between translational, rotation and total kinetic energies of a rigid
object rolls withoutslipping.

Consider a symmetric rigid body, like a sphere or a wheel or a disc, rolling and@ plane
surface with friction along a straight path. Its center of mass (CM) moves i a straight
line and, if the frictional force on the body is large enough, the bodyyrollswithout
slipping. Thus, the rolling motion of the body can be treated as a translation of the CM
and rotation about an axis through the CM. Hence, the kinéticenergy of a rolling body is

E= Etran + Emt (1)
where E¢ran and Eqq¢ are the kinetic energies associatggdhwithythetranslation of the CM and rotation about an axis

through the CM, respectively.

Let M and R be the mass and radius of the body. Let w, kand | be the angular speed, radius of gyration and moment

of inertia for rotation about an axis throughits centigl and v be the translational speed of the centre of mass.

~v=wRandl = MK .02
1 2 1 2
5 Biran = E]VIV and Byt = EI&J L(3)

1. v2
I—

1 1 1
DBz My + ST = M 4=
2 2 2 2 R

9 I
14 3 \ (4)
MR
2
Mv?2 (1 + R )

MR?2
k2
M2 (1 + ?) .(5)

p-X@pcises | Q 11 | Page 24

=
=
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Answer in Brief:

A rigid object is rolling down an inclined plane derive the expression for the acceleration
alongthe track and the speed after falling through a certain vertical distance.
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SOLUTION

Considera circularly symmetric rigid body, like a sphere or a wheel or a disc, rolling with
friction down a planeinclined atan angle to the horizontal. If the frictional force on the
body is large enough, the body rolls without slipping.

Let M and R be the mass and radius of the body. Let | be the moment of inertia of the
body for rotation about an axis through its center. Let the body start from rest at the
of theincline ata

i PE=DVKE=dMr+d i

Rolling without slipping on an inclined plane‘

heighth. Let v be the translational speed of the cenire ‘of mass at the bottom of the
incline. Then, its kinetic energy at the bott ineis

= _MV2 {1 T ] — 1Mv@
I
where 8 = O

MR?
If k is the radius of g tiof of the body,

| MK? aﬂd

Fr{::m e atfon of energy,
m initial — {KE + PE fma] (2)
\ gh——Mvz(1+,3)+D
| 5 . Mgh = —M‘v (1+p5) .03
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5 2gh

1+ 8
o 2gh _ 2gh 6
..v—1.l'—1+ﬁ \/1+(k2/R2) ..... () @

Since h = Lsin 8,

- 2gL sinf ) @E
1+ (k*/R?) \

Let a be the acceleration of the centre of mass of the body along the,ing¢lined plane.
Since the body starts from rest,
v2 = 2alL
2 o IS Q
Sed = ——
2L

s1

2glsind 1  gsinf

1+8 2L 148

Starting from rest, if t is the tin% to travel the distance L,
1

L = —at? O

2 9

2 Kk?

S

1+ —

. -t —_ 2 —_—
T inf R2
\ X
[Note: FQ houtslipping, the contact pointof the rigid body is instantaneously

at rest relative to*the surface of the inclined plane. Hence, the force of friction is static
rathe inetic,and does no work on the body. Thus, the force of static friction

ises | Q 12 | Page 24
mehow, an antis stuck to the rim of a bicycle wheel of diameter 1 m. While the
icycleis on a central stand, the wheel is set into rotation and it attains the frequency of

A 2 rev/s in 10 seconds, with uniform angular acceleration. Calculate:
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(i) The number of revolutions completed by the antin these 10 seconds.
(i) Time is taken by it for first complete revolution and the last complete revolution.

SOLUTION 6
Data:r =05 m,wy, =0, w =2rps, t=10 s @

(i) Angular acceleration (a) being constant, the average angular speed 9
Wo + W 0+ 2

Wy = = = 1rps
a 5 5 p \®'

.. The angular displacement of the wheel in time t, Q

0 =w,,.t=1x10 = 10 revolutions

iya= 2 Yo _ = —rewfs Q
¢ Q
1 l

0=wet+ —at’ = —at® (~wy=0 \
2 2

- For 8 = 1 rev, O

1 — 1/1 2

—2\5

2
L t— =10
1

= v 10s = 3.962s

\Q\/_U — 3v/10 = 3(3.162) = 9.486 s

he time for the last, i.e., the 10th, revolution is
A t-ty=10-9.486 = 0.514s
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Exercises | Q 13 | Page 24
The coefficient of static friction between a coin and a gramophone disc is 0.5. Radius of

the disc is 8 cm. Initially the center of the coin is M cm away from the center of the disc.
At what minimum frequency will it start slipping from there? By what factor will the 6

answer change if the coin is almost at the rim?
(use g = T°m/s?) @

SOLUTION 6
Data: us=05,n=mecm=1mx102m, rz=8cm=8x 102 m, g = T2 m/s? a

To revolve with the disc without slipping, the necessary centripetal force
than or equal to the limiting force of static friction.

L mw?r < L wlr < 0
c < gsmg .. wer < psg

AT T = UG (s W = 271) (1)

s Forr=ry, Q
4
HsE \

f2

= 1 prm—
o, ﬁl:l'tzl'l

(05)(x*) 100 25 C)Q
o

2 (T[ * 11]_2)

) 4 81
25 5

fEuin,l = ‘\f' P &
21 It

The coin will starfislipping when the frequency is

L

1
2

W

cé | and g are constant.
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v fming = Efmi.u,l @

The minimum frequency in the second case will be 4/ % A times that in the fi e.

[Note: The answers given in the textbook are for ry = 2cm|]
Exercises | Q 14 | Page 25 \
n

Answer in Brief:
Part of a racing track is to be designed for curvature of 72 m. We @r commending
the vehicles to drive faster than 216 kmph. With whatangle shoul ad be tilted?
By whatheightwill its outer edge be, with respect to the in dgeifthe track is 10 m
wide?

SOLUTION ¢ Q
Given: \
The radius of curvature of the track =72 mQ
Maximum speed = 216 kmph = 60 m/s O
Width of the track = 10 m
The angle of banking of the ro@%y
Tan @ = V—E O
Ig

6
B =Ta!
2 % 10
Q1 3600
N 720

The height of the outer edge of the road is given by
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h
Sinfg = —
W
h=wsinB

h =10 x sin(78.69)

h =10 x 0.9805

h=9.805m

The angle that the road should be tilted is 78.69°.

The height of the outer edge is 9.805 m. 0

Exercises | Q 15 | Page 25
Answer in Brief:

SOLUTION
Given:

Hs =08

r=472m

0 = 78°4' O

g=10 m/s?

anf — i
1 + pstand

5 —0.8
1+08 x5

@
-~
]
x
H
=
e | .
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3024

5

— /144 % 4.2 6

=12 x 2.049 @
=24.588 m/s 6

= 88.52 km/h 6

This will be the lower limit or minimum speed on this track.

Since the track is heavily banked, 8 > 45 °, there is no upper limit or i peed on

this track.

Exercises | Q 16 | Page 25

Answer in Brief:

During a stunt, a cyclist (considered to be a particle) is undertaking horizontal circles
inside a cylindrical well of radius 6.05 m. If the necess

much minimum speed should the stunt artist maintain” of the artist is 50 kg. If
she/he increases the speed by 20%, how muchk for [ friction be?

SOLUTION Q

Given data:

cylindrical well of radiusr = 6.05 m 0

Coefficientof friction isy = 0.5 @

Mass of the artist is m = 50 kO

What we have to find ou< !
1) how much minimum sp hould the stuntartist maintain Vmin =?

2) How much wilkthetorce of friction be If she/he increases the speed by 20%, f =?

The mini ocity to maintain motion is given by

) §g:’

Vo=
60510 o
Vo5 l9=10m/sl

R

Vimin =11 m/s
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In well of death, the force of friction id depend on weight, you can refer from fig in
textbook, hence we get,

f=fs=mg=50x 10
f=500N
Exercises | Q 17 | Page 25 @

Answer in Brief:

A pendulum consisting of a massless string of length 20 cm and a tiny bob of mass
g is set up as a conical pendulum. Its bob now performs 75 rpm. Calculate kingti
energy and increase in the gravitational potential energy of the bob. (Use 112=

SOLUTION \

7H 5]
Data:L=02m, m=01kg n= — = —rps,
60 4

g = 10 m/s%, m? = 10,
.
1 4
T=— — —s=08s \Q
5

T=2mw
g
T2:47r2LCDSH
g
T? 0)(0.8)>
~h=LcosB= 2 )(0.8) =0.16 m ..(1)
2 4(10)

- 6 :@0.'8 = 36.87° = 36°5'

\Qtan 0 = (L sin 8)(g) tan 36.87°
@ .12)(10)(0.7500)
s
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The KE of the bob = %mvﬂ = %(0.1){0.9)

= 0.045 J 6
The increase in gravitational PE, @

A PE = mg (L - h) 6
- (0.1)(10)(0.2 - 0.16) 6
= 0.04) \@'

Exercises | Q 18 | Page 25 Q
A motorcyclist (as a particle) is undergoing vertical circles inside a sphere of death. The

speed of the motorcycle varies between 6 m/s and 10 m/s late the diameter of the
sphere of death. How much minimum values are possible two speeds?
SOLUTION

*
Data: vigp = 6 M/s, Vot = 10 m/s, g S \
Vhot = Viop + 48T Q:
Voot ~ Viop  (10)% — 4

=1.6m Q
The diameter of the sp of death = 3.2 m.

For this r‘ T at the top.
16 = V16 =4 m/s

". Vnin 35
Th gnding minimum speed at the bottom
\QE = 1/5(10)(1.6) = v/80 = 4v/5 m/s
he required minimum values of the speeds are 4 m/s and 4v'5 m/s.
A Exercises | Q 19 | Page 25
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A metallic ring of mass 1 kg has a moment of inertia 1 kg m? when rotating aboutone of
its diameters. It is molten and remolded into a thin uniform disc of the same radius. How
much will its moment of inertia be, when rotated aboutits own axis.

SOLUTION

mass of ring and disc is M =1 kg

Moment of inertia of ring at diameter (Ir)d = 1 kg m?

Rr=Rd

What we have to find out:-

Moment of inertia of disc aboutown axis = Id =?

Using theorem of perpendicular axes, for a ring M.l aboutits axis passingthrough C.M
and perpendicularto its planeis twice the M.l aboutits any diameter, which is given by,

(INnc =2 (Ind
=2x1

MRr2 =2 kg m?2

Rr? = Rd? = 2 meter
Hence,

Moment of inertia of disc aboutown axis|is given by,

Id == MRd?
:—X1X2
Id = 1 kg m?

Exercises| @0 | Page 25

Answer in Brief®

A big dumb-bellis prepared by using a uniformrod of mass 60 g and length 20 cm. Two
identicalisolid spheres of mass 50 g and radius 10 cm each are at the two ends of the
rodf Calculate the moment of inertia of the dumb-bell when rotated about an axis
passingthrough its centre and perpendicularto the length.
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SOLUTION
Mepn = 50 g, Rgppy = 10 em, Mg = 60 g, Lipg = 20 cm 6
The MI of a solid sphere about its diameter is @
2
Isph,CM 5 Mbthaph

The distance of the rotation axis (transverse symmetry axis of the dumbb @
centre of sphere, h =30 cm.
The MI of a solid sphere about the rotation axis, Q

Isph = Isph,CM + Mﬂph]l2

For the rod, the rotation axis is its transverse symmet rough CM.
The MI of a rod about this axis,
1
Ircrd 12 MTOdLmd
Since there are two solid spheres, the ® dumbbell about the rotation axis is
i = 2|5ph + lrog
= 2(50 (1[]) —(ED (20
=100 {4@ 400)
= 9400
— 2

xv es| Q21| Page 25
erin Brief:

flywheel used to prepare earthenware pots is set into rotation at 100 rpm. It is in the
form of a disc of mass 10 kg and a radius 0.4 m. A lump of clay (to be taken equivalent
to a particle) of mass 1.6 kg fallson it and adheresto it at a certain distance x from the
center. Calculate x if the wheel now rotates at 80 rpm.
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SOLUTION

Data: f; = 100 rpm, f, = 80 rpm, M = 10 kg, R = 0.4 m, m = 1.6 kg 6
B 1 g 1 2 5

l1 = lyheel = EMR = 5(10)(0.4) = 0.8 kg.m

IE = IWhEE| + ml{z @6
By the principle of conservation of angular momentum, 0\

|1UJ1 = |2Ll.}2

|1{2T[f1:| = |2|[2T[f2]| Q
f f *
|2 = |whee| + mx‘j' = f_;:[l - éIWhEEl \Q
f 100
2 1
o (f2 ) el ( 8 Q )

5
=|——1](0.8) =0.2k ®
Vo= X2 o E — l O

1.6 8

The MI of the wheel and the lump of clay is

Thé"object gains a speed of V10 m/s as ittravels a distance of 5/3 m along the
/hatcan be the possible shape/s of the object?
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Given data:

3
1) Incline that rises by 3 in every 5is sin 8 = T 6

2) Object gains a speed of v = V10 m/s @

5
3) It travels a distance along the incline s = 3 m 66

To find out: @
Shape of possible object i.e to find outratio of K2/R2which will determi ossible

rolling object. C
We have,
3
SinB = —
’ o Q
h
And Linear distance travelled along the x -
sin 6
Hence, O

>

3
h=ssinB = — =
s sin 3 X%

The velocity of rolling bo@ven by,

http://cracknta.com/



http://cracknta.com/ fvﬁ@cny

JEE-NEET COACHING

K?
R
Hen

ce object must be Ring or hollow cylinder.
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