Chapter 4 (I Year Physics) Circular Motion

CIRCULAR MOTION

Q # 1. What do you know about the circular motion?

Ans. When a body is moving in a circle, its motion iflexh circular motion.

Q # 2. Define the term angular displacement. Alsoascribe the relationship between and radian and
degrees.

Ans. The angle through which a particle moves in a geitsterval of time, while

moving in a circle, is called its angular displaest It is denoted by6°. The

angular displacement is a vector quantity andlitsn@ is radian. The other units of 0 . P Reference
angular displacement are degrees and revolution. e
If a body moves in a circle of radius then the angular displacemeht (a)
covered by the object is described as:
S ]
== e @ . ; A s
whereS is the arc length corresponding the angular digptents. A 0—\”—$—
Reference
The direction of angular displacement is alongdkis of rotation and™i line
S .
given by right hand rule. ‘ ? -

“Grasp the axis of rotation in right hand with figure curling in the directien of rotation, the erected thumb

pointsin the direction of angular d@: t”.

Relation between Radian and Degree \‘(\
If the object complete its one revolution, then.@istance covered by the objecfis 2mr. Thus
the eq. (1) will become: N

Y
ion = 2 — 7 A
1 revolution = —= 21 radian 1\‘(\, @
Thus a body covers the angular (%M\cemenmﬁ*adian during one .‘
complete revolution. Also b

1 revolution = 360° & S
P '
Or 1 radian = - & ' _
Hence 1 radian = 57.3"%

Q # 3. Define the follf@} terms corresponding tthe circular motion

e Angular ty

e Aver ngular Velocity

. Ir%aaqtaneous Angular Velocity

. Q lar Acceleration

. erage Angular Acceleration
A& Instantaneous Angular Acceleration
Ans. Angular Velocity

The rate of change of angular displacement is ¢dle angular velocity. It ®.(
determines how fast or slow a body is rotatingislidenoted byw. The angular
velocity is a vector quantity and its Sl unitriedian/s. The other units of angular S
velocity are revolution per second and degree geors.

Average Angular Velocity

]

The ratio of total angular displacement of the Itatéerval of time during

circular motion is called average angular velocity.

Written and composed by: Prof. Muhammad Ali Malik. (Phil. Physics), Govt. Degree College, Naushera



Chapter 4 (I Year Physics) Circular Motion

Let A6 is the angular displacement during the time irgkf¢, the average angular velocity during this

interval is:
ef—ei _ g
te—t; At

Way =

Instantaneous Angular Velocity

The angular velocity of the body at any instantiofe, when the time interval approaches to zero, is
called instantaneous angular velocity.

If A6 is the angular displacement during the time irgkAt, whenAt approaches to zero, then its

instantaneous angular velocity,, is described by the relation:

_Ag N
Wins = Altlnoo A_t {‘: \'
. v
Angular Acceleration 9-»}
The time rate of change of angular velocity isezhlhngular acceleration. It ii@gte'd &y The SI
unit of angular acceleration is radian per secardspcond. b
Average Angular Acceleration A

o 7
The ratio of the total change in angular velocaythe total interv?i-)g}ti%e is called average dagu

acceleration. Q 7

Let w; and wy are the angular velocities at instamfsand t¢, respectively. The average angular
acceleration during interva} — t; is described as: '\ L
wr —w; Aw \'
Xap= # =t &@
Instantaneous Angular Acceleration N Qy
The angular acceleration of the body a }y instémitne, when the time interval approaches to zero
is called instantaneous angular accelergr%y

If Aw is the angular velocit ing the time intervat, when At approaches to zero, then its

instantaneous angular acceleratia described by the relation:
y Aw
Xine= lIm —
M At—eo At

Q # 4. Derive the rela‘b@ between the angularelocity and linear velocity.

Ans. Consider a obj moving in a circle of radiusf the object covers the distans§ in moving from one

point to the o imat, then the relationship between angular displacéh@rmand distancAdS covered by

the objecgde ribed as:
@
r AG

Q‘Qﬁ;ﬁ both sides of equation ¢, we get:
AS A6
==
At At
Applying the limit whemAt —» 0
I AS y A6
ADOAE | a0 AT
As limp, g % = v (Instantaneous linear velocity)
And Algrr})% = w (Instantaneous angular velocity)

Therefore

V=Trw
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In vector form, the relationship between the lingad angular velocity is described as:
V=wXr
Q # 5. Derive the relationship between the angulaacceleration and linear acceleration.
Ans. Consider a object is moving in a circle of radiudf the change in the linear velocity of objectAi in

time At, then the relationship between angular velosityand linear velocitpv is described as:

Av =71 Aw
Dividing both sides of equation ti\t, we get:
Av  Aw
At At N
Applying the limit whermAt - 0 \
7%
Av Aw P L
Al%rr})Eerlt 0 At A )U
Aslimp,_,q i—: = a (Instantaneous linear accelera:[i(ﬁ\ A
. Aw Q
And lim — = « (Instantaneous angular acce‘q n)
At—0 At
' Nl
Therefore P
™
a=r« Y

In vector form, the relationship between the lingad angular acceleration is described as:

a=axr .\L/?
Q # 6. What do you know about centripetal force? Ao der%& expression.
Ans. The force needed to bend the normally stra@thhe particle into the circular path is called
centripetal force. Yy
Derivation of expression of Centripetal Force \‘(\

Consider a particle is moving in a cifcle of radiusom point4 to
point B. The velocity of the object ch s its directlmurt its magnitude
remains the same.

@5 of the body executing circatetion
is the change in velocity in tim&t, then

Letv; andv, are the v

at point A and B, respecti

a=2 0 .............. @)
At
Since the speed of the object remains the same during circulariomptso the time taken to cover the

d|stance ilt be:

gy puttlng the values in equation (1), we get:

v Av
=5 T @

Let us now draw a triangle PQR such that PQ islighend equal tar; and PR is parallel and equal to

v,. Since the tangent to the circle at point A andyBdndv,) are perpendicular to the radi’

R AV
OA and OB. Therefore the angle AOB equals the a@d&. Therefore the triangles OAE Q
and PQR are similar. Hence we can write: v,
o _4B 3 Vi
v T
P
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If the point B is close to the point A on the o&glthe arc AB is of nearly same length as the dife

Since the linedB = S. Now by putting the values in equation (3), we get

Av S
v T

vS
:AU=T

Now by putting the value afv in equation (2), we get:

2

=2 7S]
T sTr or
This is the expression of centripetal acceleration.
Now by using the Newton’s"2law of motion, \
mv? Y \’
Fc=ma = ,
r A
This equation gives the magnitude of centripetatdo In angular measure, the expregﬁ(\)naz)f theripetl
force will be: / '
m@w)? mrie? b
¢ T r mre . N4

A\
Q # 7. What do you know about the moment of inertidor an object exectﬁﬁj‘ﬁircular motion? Derive tle
relationship between moment of inertia and torqueAlso derive the e@ssion of moment of inertia foa
rigid body.

Ans. The product of mass of the particle and squar&sopa@&ﬁﬂar distance from the axis of rotaf®n

called the moment of inertia. Mathematically, thement of d is described as:

I = mr? ~
Where m is the mass of the particle and r is th &@cﬁ’lar distance from the axis of rotation.
Relationship between Torque and Moment tia

Consider a mass attached to#a light rod, which rcaate about a point. The mass of the rod is
negligible. 6
Let a force F is acting o@nass perpendicuoldéne rod which can be find out by the expression:

F =ma ,@ --------------- 0
Since tangential acceleraﬁ@o s related to angular acceleratigrby the equation:

a=ro«

By putting the va tangential acceleratiorguation (1):
F=mmre e @

Multiplying*both sides of the equation by r, we:get

/‘Q& =mr?o e ®
HererF = t (Torque)
And m 12 =1 (Moment of Inertia)

Thus equation (3) will become:

T=1«x

This is the expression that related the torque Wwithmoment of inertia. The moment of inertia plays
the same role in angular motion as the mass iadinetion.
Moment of Inertia of a Rigid Body

Consider a rigid body which is made up of n sm#&kes of masses,, m,, ... ......, m, at distances

Ty, 1y, - - -, T, from axis of rotation O. Let the body is rotatinglwangular acceleratios, then
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The magnitude of torque acting on mass= 17, = m;r# «;

The magnitude of torque acting on mass= 1, = m,r? «,

The magnitude of torque acting on mass= t,, = m, ;> «,

Now the total torque acting on the rigid body is described as:

T=T,+T+ wieo..+ 7,
=1 =mr? G+ Myr? Lot e+ M2 K
Since the body is rigid, so all the masses wikht@with same angular acceleration \
T=(mr+myr?+ ..+ myr?) « 4 \«
Y
Com,

n
=7= (Z mirf) « (\\v J
i=1 \

This is the expression of torque acting on a rlgddy moving with angular accelelj@ﬂ HereY™, mr? =
I is the moment of inertia of the rigid body. I

Q # 8. What do you know about the angular momentunfor an object /"~

executing circular motion? Derive the relationshipbetween moment [ o
inertia and angular momentum. Also derive the exprssion of angular |
momentum for a rigid body. ‘\i_r') I

Ans. The cross product of position vector and linear @ an object S

is known as angular momentum. ~ d i r/

The angular momenturh of a particl ‘(&mkssn moving with | ////' m; ”
velocity v and momentunp relative to the origi® is"defined as: ’

L=rxp
where r is the position vector of th icle fattinstant relative to the origih. Angular momentum is a
vector quantity and its magnitud@

L=rpsing = mvrs'@v
where@ is the angle betwé@ ndp.
Relationship betwe@ular Momentum and Moment ofnertia

If the par s moving in a circle of radiuswith uniform angular velocityw, then the angle between

position vector ‘and tangential velocity is90°. Hence

é ‘p sin90° = mvr
Sincev = rw
‘Q&: L=mr’w
Asmr? = I (Moment of Inertia)
Hence
L=Iw

This expression gives the relationship betweeratiggilar momentum and moment of inertia.
Angular Momentum of a Rigid Body

Consider a symmetric rigid body which is made um aimall pieces of masses,, m,, ... ... ... ,m, at
distancesy, 1y, ... ... ..., 1, from axis of rotatioro.

We want to find out the expression of angular mamnerfor this rigid body, then

The magnitude of angular momentum for particle asm, = L, = m 1w,

The magnitude of angular momentum for particle asm, = L, = m,riw,
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The magnitude of angular momentum for particle aésm,, = L, = m, 12w,
Now the total angular momentukmacting on the rigid body is described as:

L=Li+Ly+ et Ly,

= L=mriw; + myriwy + e + M,

Since the body is rigid, so all the masses wilht®etwith same angular velociiy,

L=(mr+myr+ ... +m,rH)w
n
= L= (Zmirf)w =lw \(\r
i=1 %
WhereY L, m;r# = I is the moment of inertia of the rigid body. &
Q # 9. State and explain the law of conservation @ingular momentum. \' /
Statement: If no external torque acts on a system, the eglular momentum of the system remains constant.
If a system consist of n particles, which have #mgular momenturly, by, L, ...... ..., Ly, then
according to the law of conservation of angular rantam - (\:Eg v
L=L4 Ly Lg, ... ,L, = constant Q())

wherelL is the total angular momentum of the system.

. )
Explanation \:\\LV

The law of conservation of angular momentu ined by taking the example of a diver.

The diver pushes off the board with a §m’zﬁy guddocity w,. Upon lifting off from the board, the
diver's legs and arms are fully extended WN\Beﬂm&t the diver has a large moment of ineiiaThe
moment of inertia is considerably reduced t%?naluelz, when the legs and arms are drawn into the closed
tuck position. In this case, the valuem@duced thus the value mfr?(moment of inertia) decreases. Hence

the value ofw, must increase to ke e angular momentum cdngtarthe angular momentum is conserved,

11(1)1 = 12(1)2 &

Hence, the O@Jst spin faster when the morémtertia becomes smaller to conserve angular

momentum. 0

Direction of Momentum

SO

T&a}ngular momentum is a vector quantity with aliom along the axis of rotation. The axis of
rotation@ object will not change its orientatiunless an external torque causes it to do so.
Q¢#/10- What do you know about the rotational kindt energy for an object executing circular motion?
Derive the relationship between moment of inertia ad rotational kinetic energy. Also derive the
expression of rotational kinetic energy for a disand hoop moving on an inclined plane.
Ans. Rotational Kinetic Energy

The energy due to spinning of a body about aniaxdalled rotational kinetic energy.
Relationship between Moment of Inertia and Rotatioal Kinetic Energy

If a body is spinning about an axis with constargudar velocityw, each point of the body is moving
in a circular path and, therefore, has some K.E Kihetic energy of an object moving with certaigogity v is

described as:
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K.E.,e = Emv2

As for the case of circular motion, the linear o#lp is related to
angular velocity asy = rw

Therefore
K.E .o = Em(rw)2 = Emrzw2
Asmr? = [ (moment of inertia)
1
K.E .ot = Elwz
This expression relates the rotational kinetic gpevith the moment of inertia.
Rotational Kinetic Energy of a Rigid Body \

Consider a rigid body is spinning along the axigatition with uniform angular velo&m t the

&
object consist of n particles having massgsm,, ... ... ..., m,, which are at distances, r,, A?‘f,%om axis
L 4

of rotation. /\ AY
Ve

The rotational kinetic energy for particle of mass= K.E; = %mlrfw% b

The rotational kinetic energy for particle of mass= K. E, = lmzrf@ ¥
2 A ),

o
Q-
The rotational kinetic energy for particle of mass = K%;‘% myr2w?
Now the total rotational kinetic energy acting e tigid bodaé\;}escribed as:
K.Eror =K.E; + K.E, + ... +K.E, ~

1 . 1
= K.E, ., = Emlrlzwf + Emzrzzwg + zx -kimnrnzw,zl

Since the body is rigid, so all the masses wi%bmith same angular velocity,

1 2 2 2y,.2
= K.Eppr = E(mlr1 + m,ry @ ..... +m,n)w

1 N 2 1 2
=>K.Emt=§ Zmi =§Ia)
i=
WhereY, mir? =11 é(@l’oment of inertia of the rigid body.
of Disc

Rotational Kinetic
The rotationa@ energy of a rotating body te find out by using the expression:

O For a disc the moment of inertia= %mr2

Tﬁ equation (1) will become:

1/1
K.E.o = E(Emrz) w?

= K.E, = Zmrzwz
Asrw =v
1
= K.E,,, = —mv?

4
This is the expression of rotational kinetic enenfjga rotating disc.
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Rotational Kinetic Energy of Hoop

The rotational kinetic energy of a rotating body te find out by using the expression:
K.Epo = 3107 womeemeemeeees W

For a hoop the moment of inerfia= mr?

The equation (1) will become:
1
K.E.,. = E(mrz)wz

= K.E =lmr2w2
rHrot 2

Asrw = v \

1 \/
=>K.Erot=§mv2 ) /\U
This is the expression of rotational kinetic eneofjy rotating hoop. 9‘}
Q # 11. Derive the expression of velocity of a dismd a hoop at the bottom of an incy'\éd bla'ne.
7
Velocity of the Disc at the Bottom of Inclined Plae \b
. . L b
When a disc starts moving down an inclined plane - C\
of height h, their motion consists of both rotatibmand — N\
translational motions. If no energy is lost agaifigttion, ") \J"_/"

the total kinetic energy of the disc on reaching biottom

of inclined plane must be equal to its potentiadrgy at the

top. $
P.E =K.Eyan + K.Eyor

:‘»mgh:%mv2 +%mv2 \.\
2 b?y
%

1gh &(’Q
:v—i @

This is the expressi the disc at the bottoimdfned plane.

3
= mgh = Jmv

= gh =

.mw

Velocity of th at the Bottom of Inclined Plae
n a’hoop starts moving down an inclined plankedght h, their motion consists of both rotational
and tra nal motions. If no energy is lostiagfafriction, the total kinetic energy of the disi reaching the
b/gg fmcllned plane must be equal to its ptisdenergy at the top.
P.E =K.Eygn + K.Eror

= h—1 2+1 2
mgh = Zmv? + S mv

= mgh = mv?

= gh = v?

—v= gk

This is the expression of the hoop at the bottoindined plane.

Q)
O

Written and composed by: Prof. Muhammad Ali Malik. (Phil. Physics), Govt. Degree College, Naushera



Chapter 4 (I Year Physics) Circular Motion

Q # 12. What do you know about satellite? Find outhe expression for velocity and time period for adw
flying satellite orbiting in an orbit.
Ans. Satellites are the objects that orbit around thithe@hey are put into orbit by rockets and arelhielorbits
by the gravitational pull of the earth.
Velocity of satellite

Consider a satellite of mass is moving in a circle of radiuB around the earth. In circular orbit for a

low flying satellite, the centripetal acceleratigrprovided by the gravity.

2

g=r e 1)
wherev it the tangential velocity of the satellite. Solgiequation (1), we have: \,
v=,gR ) C\J-\

&/
Near the surface of the earth, the gravitatione¢kzationg = 9.8 ms~* and R =64x 10°m.

)

@

— v =1/9.8x 6.4 x 10 /\\

= v=79kms™! @
This is the minimum velocity necessary to put @ltig into the orbit and is cay_gc\#gryin al velogi
Time Period YAA\")
The time period T of the satellite orbiting withtizral velocity is given by@ expression

T_2nR_2><3.14><6.4><106

v 7900 ALY
¥

T =5060s = 84 minutes approx.
Q # 13. Distinguish among the real and apparent wgh @
Real Weight. The real weight of the earth is the grﬁW&rmil pf the earth on the object.
Apparent Weight “\

The weight of the object appears to hangdtkibbject moving up and down with an acceleration.
Such a weight is called apparent weigh
Question: Discuss the relationship bé@een the reahd apparent weight for the following cases:

i) The object is at rest &

i) Accelerating in up: direction
iii) Accelerating i @Vnward direction
iv) Falling n& action of gravity
Ans. Conside ject of mass suspended by a string with spring balance insilife. & he lift is capable of

moving inqahwa d and downward. The gravitational péithe earth on the object is called the realght of
the obj
n@ hus the reading of the on the spring badadescribe the apparent weight of the object.

ase 1

'e value of the weight of the objatttlee spring balance seemed to be varied depemngioyg its

C : When the lift is at rest

When the lift is at rest, then according to the ks 2" law of motion, the acceleration of the object

will be equal to zero. lfv is the weight of the object aritis the tension in the string then we have
T-w=ma - Q)

As a = 0, the equation (1) will become:

T=w

Hence when the lift is at rest, then the apparesight of the object is equal to its real weight.
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Case 2: When the lift is moving upward with accelation
When the lift is moving upwards with an accelenat then
T—w=ma
T=w+ma
The object will then weight more than its real weigy an amountna.
Case 3: When the lift is moving downward with accelration
If the lift is moving downward with an acceleratianthen we have
w—T=ma
T=w-—ma

Thus the tension in the string, which is the measirapparent weight, is less than the %Q,Lwaight

by an amountna. g‘,...} ()
Case 4: When the lift falls freely under gravity (\ -
When the lift falls under the action of gravityeththe acceleratiom = g. Hence 6\
T=w-—mg \
' N
As the weight w of the body is equality so f")\\‘)
T=mg—mg=20 7/

The apparent weight of the object will be showrthm/scale to be zero.
Q # 14. Explain why an object, orbiting the earth,is said to%,ﬁ'éely falling. Use your explanatiorno

point out why objects appear weightless under certa circu ces.
Ans. When a satellite is falling freely in space, evhi in this freely falling system will appe&w be
weightless. . Yy

An earth’s satellite is freely falling objewug' its free fall, the velocity of the satellitefast enough
parallel to the earth’s surface, such that the of its path matches the curvature of eantlfadt, the space
ship is falling towards the center of the{earthtladl time but due to spherical shape of eartheven strikes the
surface of the earth. Since the sp %ip imfall, all the objects within it appear to be gliless.

Q # 15. What will be the expr of orbital veldty for an object revolving in a circular orbit?
Ans. Consider a satellite o going round the earth in a circular path of radiwgith orbital velocityv.
Let M the mass of tha&

s A

. The centripetal fdiceequired to hold the satellite in orbit can beatibed as:

FC =
Tﬁce ripetal force is provided by the graviasl force of attraction between the earth andlgate
@
Thus W@a write:
Q) ymsv® _ GmsM
r r?
, GM
= vt =—
r
GM
Sv= |—
r

This is the expression of orbital velocity of aediite for a circular orbit of radius r.

Q # 16. Find out the expression of frequency for mducing the artificial gravity in a satellite equalto that
of earth.

Ans. The weightlessness in satellite may affect thequerdnce of astronaut in it. To overcome this diffig,

an artificial gravity is created in the satellikar this, the satellite is set into rotation aroitscdwn axis.
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Consider a satellite having outer radius R rotatesind its own central axis with angular spegdhen
the angular acceleratian is
a. =R w?

Butw = 2?" where T is the period of the revolution of spagesh

2m\2 42
=a=R(F) =R

As the frequency = % therefore

= q, = R 4n?f?

N

2 e
= f 4m2R ) e \«
1 Jag W/
~2nVR (\\ J
The frequency is increased to such an extent thaequals tqg. Therefore, . /\ '
~ 2n\R e N4

This is the expression of frequency for producimg artificial gravity in sataﬂhq\t?aual to thatedrth.
Q # 17. What is a geostationary satellite? Write den the expression f dius of a geostationary oih
Ans. A geostationary satellite is the one whose orbitation is synchronized with the rotation of theteawe
want to find out the expression of a geostatiomabjt of a sat{g

Xpression

The orbital speed necessary for the circular orbigjven by :f&

GM R
v= [— e Y
T *\
For a geostationary orbit, the orbit ed meseual to the average speed of the satellite én on
day, i.e., t
s 27Tr
vV=-=
t

WhereT is the perlod of revol&d@he satellite, timequal to one day. Thus
27'[7'
T
4m’r?

GMT? 3
Q‘r (o)
This is the expression of a geostationary orbé eétellite.
Q # 18. How a communication system is developed?
Ans. A satellite communication system can be set up lagipg several geostationary satellites in orbierov
different points on the surface of the earth. Onehssatellite covers 120° of longitude. Since ¢hes
geostationary satellites seem to hover over oneepda the earth, continuous communication with glage on

the earth’s surface can be made.
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Microwaves are used because they travel in a napeam, in a straight line and pass easily through
the atmosphere of the earth. The energy needechpbfa and retransmit the signals is provided bygéasolar
cell panels fitted on the satellites.

Q # 19. What do you know about INTELSAT’s communicéion system?

Ans. The world’s largest satellite system is managérnigrnational Telecommunication Satellite Organaat
(INTELSAT). An INTELSAT VI satellite operate at miowave frequencies of 4, 6, 11 and 14 GHz and has a
capacity of 30000 two way telephone circuits phugé TV channels.

Q # 20. Describe the Newton’s and Einstein’s viewf gravitation.

Newton’s View about Gravitation

According to Newton, the gravitation is the intimproperty of matter. It means that e,\(e?xpartimﬂe
matter attracts every other particle with a fordeat tis directly proportional to the product masses and
inversely proportional to the square of the diséabetween them. (\\v J
Einstein’s View about Gravitation { /\ v

According to Einstein’s theory, space time is cdrvi Einstein’s theoW\v@on't speak the forte o
gravity acting on the bodies, instead we say tlwalids and the light rays, @ezalong geodesicsuived
space time. Q”D
Q # 21. Why Einstein’s theory is better than the N@ton’s theory.

Ans. Newton discovered the inverse square law of gyawitt h.e&fLe;eﬁ no explanation of why gravity sldou
follow an inverse square law. ‘\

On the other hand, Einstein’s theory gives théi icture of how gravity works. Einstein’s thgor
also says that gravity follows an inverse squar\e.twﬁ Is us why this should be so. That lsEinstein’s
theory is better than the Newton’s theory. ‘\

Q # 22. Describe the Newton’s and Einstein edaut bending of light due to gravity.
Newton’s idea about bending of light

Newton considered the li (@S a stream of tinytigdas. Thus the tiny particles of light would be
deflected by gravity.

Einstein’s idea about bendi light

Einstein infe %t if gravitational acceleratiand inertial acceleration are precisely equivalen
gravity must ben Ii@%a precise amount tlzat loe calculated precisely.

In Ei theory, the deflection of light iseglicted to be exactly twice as it was predicted by
Newton’s%or . When the bending of starlight eliby the gravity of Sun was measured during thar so

e

@
9, and it was found to match the t€in& prediction rather than the Newton’s.

o o Yoe
é‘. & @%
& 'Q s

District [<hushab

4
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EXERCISE SHORT QUESTIONS

Q # 1. Explain the difference between tangential Vecity and the angular velocity. If one of these igiven
for a wheel of known radius, how will you find theother?
Ans. Tangential velocity is the linear velocity of arfiele moving along a curve or circle. As the difeo of
the linear velocity is always along the tangernthmcircle, that is why it is called tangential aty.

The rate of change of angular displacement isaategular velocity. The direction of angular vetgci
is along the axis of rotation of the body.

If one of these two quantities are given for a Wideknown radiusr, then we can find the other by
using the relation: \,

V=Tw P (:L\\(
Wherev andw are the tangential and angular velocity, respebtiv 9"‘ v
Q # 2. Explain what is meant by centripetal force ad why it must be furnished to aWe&t |f the obgct is
to follow a circular path?
Ans. The force which keeps the body to move in theutancpath and always pxg}@d towards the centé¢nenf
circle is called the centripetal force. fA)'\\ )

The direction of a body moving in a circular pashalways ch@r/. To bend the normally straight

path into circular path, a perpendicular forcededed, called centri;etal force.

Q # 3. What is meant by moment of inertia? Explairits signifi "
Ans. The product of mass of the particle and squaiies cuIar distance from axis of rotatiorcadied
moment of inertia. It is denoted by the symboldiam% ed by the relation:

I=mr?

The moment of inertia plays the same role ﬁ Mion as the mass in linear motion.

Q # 4. What is meant by angular mome&m Explaintte law of conservation of angular momentum.
Ans. The cross product of position vector.and lineantantum of an object is known as angular momentum.

The angular momentuia article of masst moving with velocityv and momentunp relative to

the origin0 is defined as: '&,
L=rxp %

where r is the posmon or of the particlehatttinstant relative to the orig.

Law of Conserva Angular Momentum

Statement: If&temal torque acts on a system, the tatadular

momentum, ofthe system remains constant.

Explq{@n
The law of conservation of angular momentum camained by |

taking the example of a diver.

The diver pushes off the board with a small angukocity w,. . /

Upon lifting off from the board, the diver’s legadharms are fully extended | . < v/

|
which means that the diver has a large momentesfian/,. The moment of ,\/ E
inertia is considerably reduced to a new vdlyavhen the legs and arms are
drawn into the closed tuck position. In this cabe, value ofr is reduced thus the value afr?(moment of
inertia) decreases. Hence the valueygfmust increase to keep the angular momentum cdngtanhe angular

momentum is conserved, so
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Lw, = Lw,

Hence, the diver must spin faster when the moroérertia becomes smaller to conserve angular
momentum.
Q # 5. Show that orbital angular momentumL, = mvr.
Ans. The angular momentuiln of a particle of mass: moving with velocityy and momentunp relative to the
origin O is defined as:

L=rxp

L=rpsinfn

The magnitude of angular momentum will be:

L=rpsinf . C}_\\’\

S p =mv 4
L =mvrsin® /\")
Since the angle between radiuand tangential velocity is 90°, so /\ \
Ve
L = mvr sin 90° = mvr b
Hence proved. (*\\y

. - . , ) :
Q # 6. Describe what should be the minimum velocityfor a satellite, to orb}t.}fose to earth aroundti
Ans. Consider a satellite of massis moving in a circle of radiud arour%]e earth. In circular orbit for a low

flying satellite, the centripetal acceleration isyaded by the gravity,

2 &

g="% () \:\}'}

wherev it the tangential velocity of the satellite. Smigi(ﬁ&n (1), we have:

v=/gR s

Near the surface of the earth, the gravitation }iong =9.8ms~! andR = 6.4 x 10°m.

= v =1/98x 6.4 x 106

= v=79kms™! b
This is the minimum velocity nec to put @lfite into the orbit and is called critical velbgi
Q # 7. State the direction o wing vectors irsimple situations; angular momentum and angular
velocity. &
Ans. The directions oﬁ@%r momentum and angulavoil are used to described by right hand rule:

Grasp the axis ﬁafon in right hand with the figures curling in the direction of rotation, then the erected
&mb will give the direction of angular velocity and angular momentum.
Q # 8. Explain why an object, orbiting the earth, $ said to be freely falling. Use your explanationot point
out )@jects appear weightless under certain ociumstances.
. An object is put into an orbit around the earti wiove in a curved path under the action gravithe

curvature of the path is such that it matches tmwature of the earth, and object does not toueheidrth
surface. As the object continues to fall aroundBheth, so it is said to be freely falling object.

When a body is falling freely, it moves with an elezation g. and the bodies moving with acceleragi@ppear
weightless.
Q # 9. When mud flies off the tyre of a moving bicgle, in what direction does it fly? Explain.

Ans. When the mud flies off the tyre of a moving bigcit always flies along the tangent to the tyrkisTis
due to the reason that the linear velocity is abM@angent to the circle, and the mud will fly iretlirection of

linear velocity.

/]
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Q # 10. A disc and a hoop start moving down from # top of an inclined plane at the same time. Which
one will have greater speed on reaching the bottom?

Ans. The formulae for the velocity of the disc and blw®p are given by:

Vdisc = \/4_gh and Vhoop = \@

So it is clear from the above relations that thee dvill be moving with greater speed on reachirggtibttom.
Q # 11. Why a diver does changes its body posititnefore and after diving in the pool?

Ans. When the diver jumps from the diving board, higslend arm are fully extended. The diver has large

moment of inertia |, but the angular velocityV is small. When the diver curls his body, the mol@n tia
%

reduces to|2. In order to conserve the angular momentum, theevi@ angular velocity increasSes\¥s, .
A/
L 4
L=1,w =1,w,=cond. /\ \

7

In this way, the diver can make more somersaulisrbentering the water. b
Q # 12. A student holds two dumb-bells with stretobd arms while sitting ora turn table. He is givera
push until he is rotating at certain angular velody. The student then fm/‘fﬁe dumb bells towards s

chest. What will be the effect on rate of rotation?
Ans. Initially, the arms of the students are fully exded, so ?@.{arge moment of inertlg but angular
velocity W, is small. When the student curls his body wmmf inertia reduces tol,. In order to
conserve the angular momentum, the value of an y't increases ta\, .

L=1w =1 ,w,=const. ‘\/\
Thus the rate of rotation will increase. YY

Q # 13. Explain how many minimum‘@er of geo-stawnary satellites are required for global coverage

of TV transmission.

Ans. A geostationary satellit 120 of longitude. So the whole earth can be coverethige correctly
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