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Chapter 2 [Force and Motion]

After collision:
Final velocity of lirst trolley v'=0m s *
Final velocity of second trolley va'=10m s !
Check for Momentum Conservation:
Imtial momentum () = myvismove=(10 Ag)(10 m s
(10RO ms =1 0hgms!
Final momentum (PY = myvdesmev=(10 kgl m s
D101 Oms =1 0 kg ms?
Since PP =1, momentum s consenved
Check tor Kinetic Energy Conservation:
Initial Kanetic Energy (K E) = (17 20muv, 3+(1/ 20mav?
=(1/ 21 0T 0F+(1/2)(1 0Y(0)=051
Final Kinetic Energy (KE) = (1/2)muvi 2+ (1 2)move=
=(1/2)(1.0)0)=(1/2N1 OY1 0P=0 51
Since KE1=K E,, kinetsc energy s oo werved
Because both momentum and Kinehic encrgy are
consenvisd, this s an example of an elasac collson
(i1) Inelastic Collision Scenario:
After collision:
The trolleys stick together and move with a common
final velocity vi=0S m s!
The combined mass M=m; +m;: -t [\ Lg-'l 0hg=20kg
Check for M L Conser
Irutial toomentum (M) = mypviemav:=(10kg)(10m s
N+10kg)0msi)=10kgms!
Final momentum (Pf) = Mv;=(20 kg)(05 m s1)=10 kg
ms!
Since Pi=F,, momentum ts conserved
Check for Kinetic Energy Conservation:
Initial Kineoc Energy (KE) = (1/20myvi+(1/2)mavs
=(1/201.0)(1 0y (1/2)(1 O)0)=0 3]
Final Kinetc Energy (KE) = (1/2)Mvi=(1/2)20
k(0Sm s F=(1/ 21200 25)1=035
Since KE=KE, (05 J= 035 J). kinetic energy 1s not
conserved
Because momentum is conserved but kinebic eneryy i1s
not. this 1§ an example of an inelastic collision
railway wagon of mass 4 1(® kg moving with
velocity of 3 m 5! collides with another wagon of
mass 22104 kg which is at rest. They stick tegether
and move off togelher. Find their combined velocity.
(An~ 2ms?)
Solution:
This s an nelaste collision where the wagons stck
together
Giver:
Mass of first wagon m;=3x10% kg
Inital veloaty of first wagon vi=3 m !
Mass of second wagon me=2x10% kg
Irutial velocity of second wagon ve=0 m s (at rest)
Let v be thewr combined veloaty after socking
tog=ther
The  total mass after colision Me=m+m-=4= 10+
R (L) T L
Lsing the law of conservation of momentum:

Initia) momentum = Final momentum
myviemace=(moemzvy
(210 hg)(3 m s )+ 2 10% hgh0 m s 1={o= 108 hgh,
12100 kg mos S+ 0=(o~ 108 kghv
125 W= (px 104y,
12010 et 1) m gt
vie2ms:
ZA A ithmass 55 kg moving at 150 m s
smasi. - ‘nto the rear end of a car with mass
1575 ~x moving at 5 m s' i the same
direction.
(a) What is the final velocity if the wrecked car lock
together?
(b} How much kinetic energy is lost in the collision?
(A (a) ToTmsL (D) 21 IH])
Solution:
This 5 an inclastic collision where the cars lock
together
Giverc
Mass of first car =373 kg
Initaal veloaity of first car vi=130m s
Mass of second car m™=15735 kg
lnutsal velocity of second car va=3 m s (in the same
direction as vi)
(a) What is the final velocity if the wrecked car lock
together?
Let v, be the combined final velocrty
Total mass M=m;+me=375 kg+15735 kg=2"30 kg
Using the law of conservation of momeatum:
myv s meves(myemy,
(375 kg150 m s)=(1573 kgh(3 m/s)=(Z130 kg) v,
8625 hg msi+TES hg m s =2130 v,
16500 kg m s=2130 v,
vi=16500/21530 m s*
vET i msi=T a7 ms!
(b) How much kinetic energy is lost in the collision?
Initial Kinetic Energy (KE):
KE = (1/2)mvi+(1/Jmevs
KE = (1/2)(53N1507+(1/2)157545F
KE, =(1/2)(373§225+(1/ 2K1573)25)
KE =646875]-196875]
KE =84373])
Final Kinetic Energy (KE):
KE= (1/2}{m=m:)v¢
KE = (1/2)210)(7.674156F (Using more precise v;
to munumuze roundmg error Tor KE loss)
KE=(1/2210)(38 8557) |
KE =e33073]
Kinetic energy lost (AKE) = KE~- KE/
AK E=84373 J-633073]
AKE=210677]
AKE=211=1(¢]
(C (et (e (e

CIRCULAR MOTION

STUDENT LEARNING OBJECTIVES
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1 AMerstu d

o Desconbe how .1..9"'......;‘:!::3.5-&.“%:"3.’3&"' erals usm

g thus :.*_g-- er, students will be able to
Express angles mradians.
Define and calculate angular displacerment angularve
cfS=.v=roa=mao=v/r.anda=a/r tosiv
Use equations of angular motSion to solve pro
Discuss qualitatively motion in a curved path dee ioa -w—\.h‘;r_.r torce
Define and calculate centnipetal force [Use Fo=mn=/r a=v/r]
Analvze situations mwolving arcular moton m tarms of centripetal fo
cenmipetal acceleraton 15 caused by 2 tenaon forve, 2 tncbonal force. 2 gravitabonal force, or a normal !
force) :
fime and calculate averag t
average radius of the orixt
Explam why the obyects im
Describe how arnhia
Define and calcu
Denveand 2
applicatons v
eneTgy, by syrocopes inn

Tular acccieraton (Thus mvolves ose

s, by soe shaters to adiost therr angu '.a.- veloaty) .
£ centripetal force

Ameng all possib e"'.:::.'-.s of the matenal bodiss the Crcular mobon 1S one that appearstobe wc-.ri::g 1
in the most of the natunal world Serellites .,\"-_:.:":.: cular orbets around the Earth, orbetal and spin g
motion of the Earth itself, acar cad. and a stone whrried arcend bva string 8
are the familarexamples Whe

. Since veloaty s a vector quanaiy, thus

CIRCULAR MOTION:

"The motion c‘-— obrect along circeomfererce of a circle s &2lled orculay mohon”
In circular sotion, the direction of moten of body contmuously changes

For F_u.mplrs.

-

a stone whirled around by a strmg,
2 <ar turning around a comer
a satellite in an orbit arcund the Earth exetutes the croular motion

Auxis of Rotation:
All the part of body m rotation performs drcular motion about fixed centers The hine joiming their
centars is called aas of rotation.
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3.1 ANGULAR MRASUREMENTS '
/==
Define angular displacement, determine its direction. Give different units of angular
displacement.

LAnd
ANGULAR DISPLACEMENT: e
“Change m angular position of rotating or crculating body 1s called angular
displacenent.” 10s the angle swept by the radius of a rotating body at tie
center of a arcle with the reference axis
» Iis denoted by 0
7 InSlunits, angular displacement is expressed in radian (rad)
~  Angular displacement is dimensionless quantity
# The angular  displacement A0 is  posibve  n counter
clockwise(anticlockwise) motion
# Angular displacement 1s negative in clockwise motion Fig.1
7 For very small value of AD, the angular displacement is a vector
quantity
» The direction of the A0 is oblained by the right-hand rule
7 Itis considered vector quantity if 0< 100
Units of Angular Displacement:
The units of angular displacement which are commonly used are,
i depree i revolution i radian
Right Hand Rule:
According to nght hand rule, he nght-hand lingers are curled in the direction of rotation and the erect thumb s
pointed in the direction of angular displacement If the rotation is in the xy-plane then by the right hand rule, the
direction of angular displacement s along, the axis of rotation. e Z-axis as shown in Figure

'\ L
P ~
i
>y
. P
W
Fig. 3.2(a) X Fig.32(b) Flg. 3.2(c)

Angle A0 defines the angular displacement of OP during the time Interval At. For
very small values of A0, the angular displacement s a veclor quantity.

Define radian, show that 1 rad =573°

1 revolution = 2n rad = 360"
e

DEGREE:

“The 1360 part of angular displacement of a body in complete round trip along arcular path is one degree.”
RADIAN: )

“"One radian 1s the angle subtended at the center of a aircle by an are length equal to the radius of the circle,”
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The vanous Conversions are ;
3 =2xrad =628 rad
180°==rad =314rad

S‘J‘=?rad=!wrad /)

6)* = :-T-rad =105rad
45° = 1ud =(7%rad
4
1°= —=_ rad = 001745 rad = 1745 x 10rad

180
Answer: Relation between radian and degree:

B
- As, 2arad = 360° A

360° o
Irad = —
2x
360°
Irad =
2»3.14 Fig- 21
So, 1 rad = 573°
4
Or 1% = mfﬁd“ﬂﬂl?-‘Sl’dd‘].745110:Iad
Relation between Linear Displacement and Angular Displacement:
The ratio of arc length to the radius of arc 1s the angular displacerment m radian:.
Consider an arc PP has radius r and subtends an angle 6. Its arc lengthis S
According to the above statement,
Arclength P2
T (rad) = 0
radius
S
Or, 6=—(rad)
f : & Py
S=r0 i)
For one complete revolution, arc length is 2ar (length of arcumference), so
§ = E =2xrad
r r

Thus, [l revolution = 2nrad = 360']
Note: Angular displacement is dimensionless quantity.

For Your Information
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MULTIPLE CHOICE QUESTIONS

- —- - — - -— e —— —-

A body h_mmln; with uniform spu-d along a circular irack what will be the ratio of its distance t¢ o

displacement when it has covered ilh part of its time period?
L

(A J2 ) {‘,‘_': (d) 22

LER

T
Explanation: Answer is (d) Tre e in quarter arcle. distance s 2nr/denr/2 and  displacement s
V2

' o1’ w20 =2 Hence ratio of distance 1o displacement m quarter arcle s (nr/2)/( V2i)=n 1242

L

A merny-go-round rotates 45 degrees counter-clockwise. If it continues rotating in the same direction,
what is the angular displacement after a further W-degree rotation?

(2) 45 degroes counter-clockwise (1) 135 degrees counter-clockwise

()45 degrees ¢ loc hwise (d) 90 degrees clochwlise

| Explanation: Angular displacement is the total angle traced out by an object in rotation. Since the merry-go-round
o continues in the same dinxction (counter-clockwise), we add the angles. 45 degrees + 90 degrees = 135 degrees
| counter-clochwise

- — e —— - —— - ——
—— " —— — — —— —

1. A clock hand sweeps across an angle of 60 degrees every hour, What Is the angular displacement of the
hour hand after 2 hours?
() 200 degrees (1) 120 degroes (<) 720 degrees (d) 60 degree
Explanation:

¥ The hour hand rotates a tull curcle (300 degrees) every 12 hours

¥ Therefore, it moves 360 degrees / 12 hours = 30 degrees per hour

¥ In 2 hours, it displaces 2 hours x 30 degrees/ hour = 60 degroes

A fan blade rotates back and forth. If the blade moves 30 degrees counterclockwise followed by 30

degrees clockwise, what is the total angular displacement?

(a) 0 degrees (b) 20 degrees counter-clockwise (¢) 30 degrees clockwise (d) 60 degrees
Explanation: Angular displacement considers the net change inangle Since the fan blade moves in opposite
directions with the same angle, the total displacement is zero (30 degrees counter-clockwise cancels out the

A degrees clochwise) |
. A wheel rotates 10 times. If in one complete rotation, the wheel traces an angle of 360 degrees, what is
the total angular displacement of the wheel? |

() 360 degrees (1) 10 rotations (¢) 3600 degrees (d) none of these
| Salution: Since the wheel rotates 10 times, and each rotation covers 360 degrees, the total angular displacement is l
110 rotations x 360 degrees/ rotation = 3600 degrees 1t should be noted that 10 rotations are incorrect because - !
rotation s not a measure of angle |
i When objects move in circular paths, their velocity is not constant because: ;
. (a) Their speed s changing. (b) Their direction is continuously changing )
| (¢) Their mass ts changing (d) They are at rest. |
» Answer: (b) Their directhion s continuously changing &
| Explanation: Veloity is a vector, so a change in direction, even at constant speed, means the velocity is notconstant |
e A car tuming around a curved road is cited as an example of: '
| (a) Linear motion. (b) Circular motion. (¢) Osaillatory motion. (d) Translational motion only. |
t Answer: (b) Circular motion 4
| Explanation: Turning on a curved road involves motion along an arc of a circle, |
‘e What key aspect of motion is continuously changing for objects In circular paths? !
| (a) Speed (b) Magrutude of velocity. (c) Direction of velocity. (d) Kinetic energy |
l ! Answer () Direction ol velocity y
Explanation: The continuous change i direction is the defining characteristic of circular motion when speed is !
constant
! . For angular displacement to be mm!dercd a vector quantity, it must be: !
<SS japeangle | . [0} Anangle -1

Je indegrees () A very smallangle. _ (d) ) Always positive
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f Amwtr’-(c] A ver) y small angle
! Explanation: Only infinitesimally small angular displacements are considered vector quantities because brgei
I angular displacements do not obey vector addition rules (commutativity)

. Which of these units is NOT used to express angular displacement?
(a) Degrees (b) Revolutions (c) Joules
Answer: (¢) Joules
ixplanation: Joules (J) 1s a umit of erergy, not angular displacement
A particle moves in a circle of radlus r. In half the period of revolution, its displacement and distance
covered are

(d) Radians

(@ 2r,2nr (b) rﬁ-.r ‘() 2r,nr (d) 7

i '
| |
' '
| I
' '
| |
' '
| |
i Solution: In a period of half of revolution, the particle will cover half of the circumference as shown below, i
, So best option is “C" i
R A particle moves in a circle of radius 25cm at two revolutions per second. The acceleration of the particle |
' inms?is: i
| (a) n? (b) 8a (c) 4n* (d) 2x* |
' Solution: r=25cm = [0.25m :
! w=2revs ' =2«2nrads ' = 4nrads’ !
| a =rw' =025x(4n) =025x167° I
L]
l a =4a° ' i
. A rigid body of moment of inertia I has an angular acceleration a. If the power supplied to the body is «
| P, its instantaneous angular velocity is |
! (2) Pla (b) I'/la (Pl (d) Pa/l '
| solution: I' - Tv =» For translational motion |
i When transformed in angular form we get ;
. Pt .
| Pzlaw |
' a =2u P !
T gl
~ SLO BASED SHORT QUESTIONS & ANSWERS
‘e Define anguiar_;!i;;iu::r;;;t;ai:n;nﬁ T L R
| Ans:  The angle subtended by circular moving object at center of circle 1s called angular displacement
’ It is a vector quantity for small angle and its direction can be found by using right hand rule

It1s umit less phy sical quantity
. Show that S = r8 where S = Arc length, r = radius of the circle, 8= angle in radian.
Ans:  Suppose an objecl s moving in arcle from point A te point B by subtending an angle B at center of aurcle
The angle subtended by an arc(s) 1s found as

arclength s

0= -
radius r
0= E -
T
s=r10
. Prove that 2 radian = 114.6°
Ans:  As we know that
1 rad=573*

Then
2rad. =2x 573°
2rad “I'I-I [t
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| Ans, An wi boow thal ‘
1 A7 % =1l '
| Enivishing by 57 % o bath shiles thn we ot |
N 100174 radl '
i 2t i pad !
| . Hivwe tnany vadlans are there bnoone revolutlon? I
y A Phiwrse are 2o gadbians b o revalution A
|* Wihiat unlt of angular displasement s generally used besldes degrees and revolutions? |
s Ane Bestdes degrees and revolutions, radian is generally used to express angular displacement H
| I an sbject completes hall a revolution, what Is its angular displacement in radlans? |
::\u::_ _I'Ia m.,ulu:Il-Ll-_nln_n_nl_l-a_u:-ll.u_n__ _____ . . _-___:

Define angular veloclty, average angular velocity and instantancous velocity, Give unit and
dimension.

ANGULAR VELOCTTY;

10 bs thas e rate of change of angular position of an object * [tis denoted by @ (magnitude by ) Ifa circulating
particle sweeps angular displacement O dn ime Interval £, then mathematically its written as,
. “

=—-
1

e units of angular velocity in 51 are rad s 1
Fhe other units of angular velocity as degree s Yand revolution s ' are also used
Sometime revolution per minute is used
I he dimension of Anglar velocity is 1]
Vor small angular displacements It s a vecton guantity
s dhivection bs determined by tight hand rule
Wight hand rule
The direction ol angular velocity s determined by right hand rule.
According to dght hand eale, of we hold the axis with our pght hand and rotate
the fungers it direc tion of motion of the rolating body then evect thumb anll
Joant the disec ton of the angular veliity,
Average Angular Velocity:
1t us the total ngular displacement divided by total time taken,” Il AD is
the change inangular displacement in the time interval At then average
angular velocity may be expressed an

Y Y YYYY

. w
g = -QE --------- (i)
At
Instantancous Angular Velocity:
1t os the vate of angular displacement at any particular instant of tme interval, 1t
may b expressed inomathematical form as:

li a9 il
"".u"fl'm () Fig. 3.5a)
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ROTATION OF A RIGID BODY
Lill nowe wee have been considenng the motion of a particle on a circular path. The point was fixed at the end of
arotating massless ngid rod. Now consider the rotation of a ngid body as shown in Fig. 34. Imagine a point on
the ngid body. The axis of rotation or reference axis 1s perpendicular to the plane of ngid body Take a reference
line on the ngid body  As the body rotates, ine on the body also rotates with the same angular veloaty and
angular acceleration: Thus, the rotation of 4 ngd body can be described by the rotation of the reference line.
Heneetarth, while dealing wath rotanon of a nigid body, we take its motion by reference hine.
!mpurunl Points Rotation of a Rigid Body:

Fera ngid body, consider o point I and a reference line OP.
5 the body rotates, OF rotates with the same angular veloaty and angular acceleration
o Rigid body rotation can be described by the rotation of the reference line OP.
o Terms defined using rotating line OF are valid for nigid body rotational motion
o Rigid body rotation can be represented by its reference line OP

~ MULTIPLE CHOICE QUESTIONS

ve " Which cqualion is used fo calculate lngulu velocity? '
| (a)v=ra (b) v =r0 (chv=rw (d)v=ra |
' Answer: (c) v = rw !
} Explanation: Angular velocity (w) is related to linear velocity (v) and radius (r) by the equation v = ra. I
| Which of the following is a vector quantity that changes in circular motion? i
: (a) Speed (b) Velocity (c) Distance (d) Tume t

Answer: (b) Velocity I

¢ Explanation: Velocity is a vector quantity, and in circular moton, its direction changes continuously, making it non- |
| constant l
e What is the angular velocity of the hour hand of a clock? '
| (a) 727«10% rad 5! (b) 1.75-10 " rad s () 2904104 rad s (d)1.45«10+ rad s? |
t Answer: (d) 1.45<104 rad s! '
1+ Explanation: u.3§~3 L-HS:]O rads ' R !
ML AL, e i

SLO BASED SHORT QUESTIONS & ANSWERS
. Do all pmnh on a rotating rigid body have the s-am_t ﬂr:a;s;e-dTn:! acceleration? = ‘.
Ans:* No, points at different distances from the axis of rolation have different linear speeds and accelerations. |
Sicev=rwanda=ra

. What quantities are the same for all points on a rigid body rotating about a fixed axis?

Ans:  Angular displacement (0), angular speed (w), and angular acceleration (a).

. State the angular motion equations that are analogous to the linear motion equations.

Ans

®  w=us+al (analogous to v = ve + at)
& 200 = o - w (analogous to 2a5 = vi- vd)
m D=ust+1/2at (analogous toS=vel + 1/2 at?)
. What is the relationship between arc length and the angle sublended at the center of a circle?
Ans:  The arc length (S) is equal to the product of the radius (r) and the angle (8) in radians S =10
. What is the difference between average and instanlaneous angular velocity?
Ans:  Average angular velocaity 1s the angular displacement over a time interval (A9/ At), while instantancous
angular velocity is the limit of this ratio as the time interval approaches zero
Is angular velocity a vector quantity? If so, what is its direction?

-
Ans:  Yes, angular velocity is a vector quantity Its direction is along the axis of rotation, given by the nght-hand |
rule. '

- — - — e — . — - — -
- — - — - — -
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dividing both sides by at,
AS
as_ a0 e (i)
At At b7
For the ime interval approaches to zero, above equation 1s i
AS .. AP .
hm—=limr— —————(in)
u=st Al w0 Ay
Since v=lim .. and © = lim ﬂ
M-=0 Ay u-0 At

Thercfore, the eq (ni) 1s;
V=ro
In vector form, it may be wntten as
V=wxr —_—(iv)
The direction of velocity v at any point P is always along tangent to the circular path. So the linear velocity at
point I’ is called tangential veloaty

TANGENTIAL VELOCITY:

The veloaity with which object is moving on circumference of circle Is called tangentlal
velocaity because the direcion of motion of body is along tangent to circular path when
At =0

m Give relation belween angular and linear acceleration. Or Prove thata=ra

<D
RELATION BETWEEN ANGULAR AND LINEAR ACCELERATION: Y
Consider a body of mass 'm’ 1s rotating, in a circle of radius ‘¢’ with angular
veloaity “w’. Its linear velocity is "v'. The relation between angular and linear
veloabes is,

VErw
or Av=rio
Dividing the above eq By time interval at;
Av Ao
— r—
At At

When the time interval is small then,

Av . Aw . ) Relations between Linear and Angular variabl

lim—=limr— (i1) S=rl verw a=ra

u0 Al a0 Ap These equations express arc length S, velocity v, and
Since, acceleration a, depends on the radius of the

arculating points on a body That is the points on a

Av .
Iim — = linear or tangential acceleration = a rotating, body at different distances from the axis of

V=0 Al rotation do not have the same speed and acceleration
And, but all the points on a rotating body have the same
. Aw angular displacement, speed and acceleration at any
lim 4_ = Angular acceleration =a mstant.
-0 Al
Therefore, eq (1), 1s,
a=ra .
In vector form, itas;
d=axr
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Compare equation of linear and angular motion.
———

ll

EQUATIONS OF ANGULAR MOTION:
The rectilinear equations of motions may be transformed into angular equations of motion if incar displacement
'S is replaced by angular displacement 0, lincar velocity and acccleration”a’ are replaced by angular veloaty o
and acceleration "u’ respectively. These are piven below
Linear Equations Of Maotion

Angular Equation Of Motion
b= pl = il ——» 1
gr= v, +at

o = gy *+ al —p f11)

. |
S=ul+ —af U= al + —al —e 111}
. . ]

N H y
Zas= vy - ¥, 2afl= w; =y’ — 12y

vV +V ¥
Dy = =l [} iy + 1,

W = —p (11}

2 1 2

Ihe angular equations of motion are applicable only when all the angular vectors are in the same direction
along the fixed axis of rotation In ths case all the angular vectors are manipulated as scalars

MULTIPLE CHOICE QUESTIONS

- S ey o W e TR (oo RO, Seraes 0, A ie oy 00/ ko i e . o i 20 g o ot e N TR e e B
e If a rigid body is rotating with angular acceleration g, the linear acceleration a of a point on the body is
| given by: : |
1 (a)a =ra (bya=a/r (c)a=ral (d)a=ar '
| Answer: (a)a=ra |
i Explanation: This equation relates linear acceleration to angular acceleration i
. For arigid body rotating about a fixed axis, which of the following is the same for all points on the body? <
| (a) Lancar speed (b) Linear acceleration  (c) Angular speed (d) Tangential velocity |
Answer : (c) Angular specd

' d '
| Explanation: All points on a nigid body have the same angular speed and angular accelerabon |
'e A body rotates with uniform speed in a circle of radius r and takes time T to complete onerevolution. !
! What are the magnitudes of the angular velocity |, the linear velocity v andthe acceleration a? I
I Angular velodity,w Linear velocity, v Acceleration, 2 i
1 '
| (a} b dar 21 |
' 1 1 I '
! (b 2x 2ar 2 I

l _{_ I .
! (c) 2 2ar i !
I 2n 2mr i='r [

T T |
!
I (d) 21 Ame i i

T I-
[
| Solution: i
L} T
| Angular velocity = o = ? i
1

L]
| Linear velocity =V = rw = “2_1;7 |
1
L]
T 2.1

! Accelerationa, = Yo 4o det o' |
T e S ;
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o N R . e, g 1~ A i~ et o, O S . W Sy . o . o i
2n 4=’ 1
L} E ] el — | == —. ]
I Y |
" i=r ]
| il |
‘e For a rigid body rotating about a fixed axis, all points on the body have the same: '
| ta) Lincar speed (b) Linear acceleration (c) Angular speed. (d) Tangental velocity |
! Answer () Angular specd b
! Explanation: While lincar speed varies with distance from the axis, all points on a rigid body rotate through the !
| sami- angle in the same time, thus having the same angular speed I
y . The linear velocity of a point on a rotating body is also known as: .
| 1a) Radial velocity (b) Centnipetal veloany (c) Tangental veloaity (d) Rotational velocity I
» Answer (¢) Langental veloaily »
| Fxplanation: The direchon of hinear velocity for a point in circular motion 1s always tangent to the circular path |
‘e If the axis of rotation is fixed, the angular velocity can be manipulated as a scalar because: 1
| ra1 Its magnitude s constant (b) Its direction always remams the same (¢) 1t s a dimensionless quantity |
$ td) It has o effest on hnear mouon !
I Answer (b Its dirction alwavs remains the same |
' Faplanation. When the avis 1s fined. the direction of the angular velocity vector does not change. allowing 1t to be !
| treatedd as a scalar in calculabions involving only its magmitude I
i Which statement is true for points at different distances from the axis on a rotating body? i
5 ta) Mhey have the same hinear speed (b) They have the same tangential acceleration (¢) They have the same &
| anpular displacement (d) They have different angular speeds |
v Answer: (<) They have the same angular displacement )
| Explanation: All points ona ngid body rotating about a fined axis undergo the same angular displacement. angular |
1 speed, and angular acceleration f
| = The angular equations of motion hold true only when: |
' fa) The angular veloaity 1s constant. (b) The avas of rotahon s fixed (¢) There 1s no angular acceleration (d) !
| Lincar and angular motions are independent |
' Answer: (b) The axis of rotation is fixed '
! Faxplanation: A fixed axis ensures that all angular vectors have the same direction, allowang them to be manipulated !
| as scalars I
§ If an electric fan rotating at 3 rev s 7 comes to rest in 16.0 s with uniform deceleration, its final angular |
| velocity is: |
i fa)3revs ' (b)0revs ' (¢)-0167 revs © (d) 27 rev i
* Answer (b) O pev s ! |
e e L N O D i s s i

SLO BASED SHORT QUESTIONS & ANSWERS

" What is the relationship between linear vclotnl; (v) and .mgnl.'lr \elocl!y !
{w) for a point on a rotating body?

y Ans.  The relationship is v = 1w, where 115 the perpendicular distance from the '
| axs of rotahion |
‘e Why is the linear velocity of a point in circular motion called tangential '
| velocity? |
t Ans: It as called tangential velocaity because its direction 1s always along the '
I tangent to the aircle at that pont AS the wheel tums Mrough an angle 0 |
'e Do all points on a rigid body rotating about a fixed axis have the same  tisysoutatanganteldatance Surd |
I linear speed? Explain |

]

' Ans No, paints on a ngid body at different distances from the avis have different lincar speeds (v = rw) with
! points further away moving faster lincarly
N _How does uur}z_an&_lar variables simplify the he description of | motion for an entire rigid body?

RS

M Physics -11{5ub|ﬂ‘lwc. Objective and Cnnuplua] Qucsuum] oz

[Ans: By using angul.\r Vanablos, the mulmn of Ilu' entire bmlt can be described m a slmplc \ul\ because all §
points share the same angular displacement, speed, and acceleration 4

! . How can linear equations of motion be transformed into angular equations of motion? I
I Ans:  Linear equations can be transformed into angular equations by replacing incar vanables (S, v, a) with their l
- angular counterparts (0, w, a. respectively)

1* Why is it important for the axis of rotation to be fixed for the angular equations of motion to hold true? |
p Ans: A foved avas of rotation ensures that all angular vectors (displacement, velocity, acceleration) have the same
| direction, allowing them to be treated as scalars in the equations |
's  For a body undergoing uniform angular deccleration, what would be the sign of its angular !
| acceleration?

Ans:  The sign of its angular acceleration would be negative (opposite to the direction of initual angular velocity) .

3.2 CENTRIPETAL FORCE

Define and explain centripetal force. Derive relation for centripetal acceleration and force.
Define Centripetal force. Find the formula for it. (GRW. 2015)
What is centripetal force? Derive relations for centripetal force and centripetal acceleration. (LHR.
2016)

ad .

CENTRIPETAL FORCE:

A force which is needed to move a body along circular patl 1s called centnipetal force.

The force needed to bend the nonnally straight path of the particle into a circular path s

called the centripetal force.

Explanation:

This force is only a cause to change the direction of motion of a rotating, body  The force

at cach point of the crcular path is directed towards the center of aircle Newton's second

law of motion states that when a force acts on a body, 1t produces acceleration in the -
same direction. A force acting on a moving body along the direction of its veloaity will L]
change magnitude of the velocity (speed) keeping the direction unchanged. On the other

hand. a constant torce acting, perpendicular to the velocity of a body moving i a aircular

path wall change the direcion but magnitude of velocity (speed) will remain the same

Such force makes the body move in a circle by producing a radial (or centripetal) B
acceleration and 1s cdlled centrnipetal torce (Centre secking) force

Examples of Centripetal force:

(i) When a ball tied at the end of a string 1s whirled 1n a honzontal circle, the )
tension in the string provides the centripetal force. g seyevsoey )

(i) The plancts moving m nearly aircular orbits around the Sun has a centrnipetal o —
force due to gravitational attraction between Sun and planet /

(1ii) Motion of nuclear particles in accelerators, motion of flywheels, etc 1s due to I \
centripetal torce

(iv) Our Earth s revolving around the sun under the action of gravitational force. \ I’\-\
This gravitational force is a centripetal force \ /

(v) In an atom, coulomb’s force between electron and nucleus compel the electron e
to move in an orbit around the nucleus. Thus, coulomb's force 1s a centripetal  Draction of maton changes
force contnucusly m Croular Mot on

vi) For an abject placed on a tumtable, the tricionas the centripetal toree

{vii) The gravitanonal force is the cause of the Earth orbiting around the Sun. Moon and artiticial satellites
revolving around the Earth
fix) A narmal or perpendicular magnetic force compels a charge particle moving along a straight path mto a
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Centripetal Foree
I ~ma i
Patting eoquation (1) in (1)

mv

I g 11}
1
S v = pon theretore centripetal exgrensed fnterms of angalar velocity as
’
mr '
i ettt (11 ]
I

Digection of Centripetal Foree

Hhe dhires tion of conteapetal force s towardas the conter of ciecle Le opposite o © and in vector form is
L
mv

| r

r
APPLICATIONS OF CENTRIPETAL FORCE
L Centrlfupe
Function: A highly wseful labwoeatory dovice that separates denser and Dighter
prartic des from o misture

(e (v)

e

Mechandsm e mbstune i rotatod at very highospeeda i sample tubes. Denser
particlon, repuining o larper contripetal force o follow the circalar patly, are

fogeed” ontwards to e bottom of the tulwe Lighter particles, requiring less
contripetal force, stay closer to the weds of totation, rising to e top Py ae

2. Washing Machine Diyen

Funatlon: Dol wel o lothies quickly
Mechanison e deyer consists ol acylinder with
oy senadl hodes Wet clothes are |J|m vl inside,

and the cylinder rotates rapidly. Wator, boing  © " ' 4

depser than the fabie and needing o larger Mo dimi o e ”
contripetal Torce, moves onbwards tlowards the

evlinder sall aned s dratiwsd out ionpeh e holes T dom

m Physles <11{Subjective, Objective and Conceptual Questions) 119
3, Cream Separator )
o Function: “eparates cream from milk j

Mechanism: Milk (a misture of lighter cream particles and denser skim milk particles) {
in whirled rapndly. The Lighter cream gathers near the aas of rotation, while the denser "
skitn rmilk prarticlen are “Torced” oubwards, allovaing, fear vasy separalion n

g 213
MULTIPLE CHOICE QUESTIONS
[¢ ™~ Whenaballis “Whirled in a horizontal circle with a nmng, the tenlripﬂal ;WTI'?‘?I;‘VEEd by:
! (a) The weight of the ball (b Air resistance (e) Tension an the string,  (d) The foree of gravity .
| Answeer: (¢) Tension in the string |

:pl.m.llhm Fhe tension an the string nets radially inward, supplying the necessary centripetal force
For an object placed on a turntable, the centripetal force that keeps it moving in a circle is provided by
fa) Mermal foree (b) Graviational foree fe) Friction (d) Air pressure
y Answer: (c) Fniction
| Explanation: The static friction between the objeet and the turntable surface provides the inward force for aircular
1 mohion
| . When a vehicle takes a turn on a road, centripetal force Is provided by:
' (a) The vehicle's engine (bj Air pressure on the sides
| () Vriction between the Ures and the road (d) The steering, wheel
' Answer: (o) Friction between the hires and the road
I Explanation: The sideways frictional force exerted by the road on the tires provides the necessary inward lorce
'
I
'
|

. If friction Is insufficient for a vehicle lurning at high speed on a slippery road, the vehicle may skid or
topple because:
{a) Its upeed Increases (b) It needs more tangential force ’
; () It cannol get enough centripetal force
Amswer: (c) It cannot get enough centripetal force
1 Explanation: Without sufficient centripetal force, the vehicle cannot maintain the curved path and tends 1o move in
astraight line
. ‘The centrifuge functions on the principle that if the applied force falls short of the required centripetal
force, the object will:
fa) Move towards the center
(¢) Move away from the center of the circle
Answer: () Move away [rom the eenter of the arcle

L]
|
L}
|
L]
|
L}
|
L]
|
L]
I
'
|
]
(d) Its mass changes !
|
1
|
L]
|
L}
|
L]
Explanation: The centrifuge separates particles based on their inertia; less dense particles move inward while denser |
L
|
L}
I
L]
I
L]
|
1]
|
'
|
L]
|
]
|
L
r
==

(b) Increase its speed
{d) Remain at rest

ones are pushed outward by insufficient centripetal force
. In a laboratory centrifuge, when a mixture is rotated at high speed, the denser particles will:
(a) Rise to the tup of the sample tubes (b) Gather near the axis of rotation
(c) Settle at the bottom of the sample tubes (d) Remain uniformly distributed
Answer: (¢) Settle at the bottorn of the sample tubes.
1 Explanation: Denser particles have more inertia and experience a greater tendency to move outwards, thus settling
| at the bottom

e The dryer of a washing machine uses the principle of a centrifuge to remove water from clothes by:

| (a) Heating the clothes (b) Spinning them slowly

' {c) Hotating them rapidly, forcing walter outwards through holes

| {d) Using a vacuum

' Answers () Rotating them rapidly, forcing water outwards through holes

: Explanation: Rapid spinning creates an effect similar to artificial gravity, pushing the water out through the

I pertforations

. In a cream separator, when milk is whirled rapidly, cream (lighter particles) gathers near the:

(n) Outer wall (b) Bottom of the container (¢) Axis of rotation (d) Top of the container
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. Whach at th fowing s \.n IT am apphication directly functioning on the Pﬂnnp!c of a centrifuge?

£ vasbeer et drver (5 Cream separator () Laboratory centrifuge (dy A simple pendulym
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SLO SASED SHDRT QUETIONS & ANSWERS
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What s the ect of a farce acting perpendicular to the veloaity of a body in circular motion?
’ ors of the

s velotahy

without changing 1ts spevd

of centnipetal force?

wrce 5 40 G

rrgoushy bend the straight path of a particle 1nto a circyl,

r

e e

fa =l weirled w3 herizonul circle has its string snapped, what path will it take and why?
t wdl § x T * lme path targent o the arcle at that potnt due to inertia (Newton's First Law)
What is the cnderiviog pfn.qi pr-napielha! all centrifoge applications rely on?
g POUCIOONS I = the principle that obpects with groater inertia (denser particles) have 4 |
moer tenderncs & m sway from 1.'» centor if the centmpetal force o insufhcient for they !

el

. Whan wnng s b

4 n S ar ey —R‘.‘ 'f- e
-
. 4 5 AT pLAnes are nit
g ire
K"
sivat tmw safes sarved fLzRt at high speed for | Vertical Circular Motion
g

= reguress a large centpetal

' 23 L * By aorplares

B exireme

Feature

ORMATION' Umlmmv

Uniform Circular Motion (UCM)
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on-Uniform Ch ulAr Mohnn

Non-Unmiform Circular Motion INUCM)

Defirution

Moton of an obypet along o circular
path at constant speed

Motion of an obpst along a crcular path with

varying speed

Speed

Constant

Changes (imreases or di reass )

Veloaty

Changys  contimnuoush  (due 1o

changing dircction)

Changes contmuoush (due to changing magnitude
and dires tion)

Direction of Motion

Changes continuuusly (tangent to the
virche)

Changes continuoush (tangent to the vindle)

Angular Speed (w)

Comstant

Varwes -

Angular Veloaity (w)

Constant (magmitude and  dirextion
along avis af rotation)

Vanes (magnitude and/or Juestion alonp ass of
rolation)

Angular Displacement

Eqqual in eqqual time interyals

Unequal in exqqual ime inten als

Acceleratlon

Only centripetal (radial) acceleration
{a ) present

Both centripetal (radial) acceleration (a) and
tangential acceleration (at) arc prosent

Centripetal Accel

Constant in magnetude (= ?/ rewr)

Vartes in magnitude (as v changes. o changes)

Tangential Accel.

Zero (at=0)

Non-zero (at =0) responsible lor changing spesd

Net Acceleration

Direvted towards the center of the

wirgle

ot dire ted towards the center; has both radwl and
tangental components

Centripetal Foree

Constant n
=m 2/ remwlr)

magnitude (F¢

Vanes in magnitude (as v changes, Fochanges)

Tangential Force Zero (no forve along the tangent) Non-zero, responsible tor changng the obpxts
spoed

Waork Done by Zero  (force s perpendicular o Zero (lorce 1 perpendicular o instantaneous

Centripetal Force displacement) displacement)

Work Done by Lero Non-zero (force acls along  the dinvtion of

Tangential Force Jdusplacement)

Kinetle Energy (KE)

Constant (KF={1/2)nmn?

Vanes (as speed v changes, KE vhanges)

Momentum Changes “continuously (due o Changes continuousiv (due to changing velodiny
changing velocity direction) magnitude and direction)
Examples - Satellite orbiting Earth at constant - Rollercoaster moving through a loop

speed

= A ball ted to a string swung in a vertical ancle

- Tip of a clock’s second hand
= A fan blade spinning at a steady rate

- Car adeeleroung/decelerating while turming o
curve
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MULTIPLE CHOICE QUESTIONS

+ " 1fa CD spins at 210 rpm, its angular velocity inrad s is: -

(a)35n (b) 7 0n (c) 14n (d) 2100
Answer: (b) 7.0n "
Explanation: The angular velocity s calculated by converting rpm to Hz and then using the formula @ = 2nf
. In vertical motion, the tension in the string when the ball is at bottom is ;

()T =mvi/r (5) T=mg () T=mv¥/r-mg (AT =mvi/r+mg

Answer: (d) T = mvi/r+ mg
Explanation: The tension in the stnng must balance both the weight of the ball and provide the centripelal foree
. In vertical motion, the tension in the string will be zero if:
(a)vi=r (b)v=gr (c)vi=gr

Answer (c) vi=gr
Explanation: When v = gr, the centripetal force is just equal to the weight, and the tension in the string becomes zero
The direction of centripetal force is always
(a) Along the tangentual veloaity
(b) Opposite to the tangential veloaity
(c) Perpendicular to the tangennal veloaty and towards the center of the circle
(d) Away from the center of the circle
Answer: (c) Perpendicular to the tangential veloaity and towards the center of the curcle
Explanation: Centripetal force is always directed towards the center of the circular path.
The formula for centripetal force is:
(a) Fe = mvi/r (b) Fc = mrv
| Answer: (a) Fe = mv¥/r

, Explanation: This formula gives the centripetal force requu‘ea to keep an object of mass m moving
l with veloaty v ina curcular path of radius
e The moon revolves around the earth in approximately 27.3 days. If the mean distance
between the centres of the carth and the moon is 3.84x10* m, estimate the centripetal

(dyv=g/r

et R g ——

(¢)Fc=mv/r (d) Fe = mrw

N5

|
[ acceleration experienced by the moon in its revolution around the earth.
| (a) 157ms * (b) 275x107ms= () 024ms? (d) 1.37x10 'ms 2
[ U |
| Solulion: 3, =ru’ = a = ”[21] =M—’:‘4‘—_ 275x107ms *
» T)  (273x24x60x60)’
|- A body of mass “m” is whirled in a gjrcle in a vertical plane while tied to a string. The radius of the circle |
' is r. When the body is at the uppermost position i.e point Q, the angular speed is ©. What is the tension !
I in the string, assuming that it is still touf?
. (a) mro? (b) mg (¢) mg+mru? (d) mro*mg '
f Solution: At the uppermost position at Q, the net force towards “07, the centre of the vertical circle is” mg+T*; |
Using 2™ law of Newton, ) Q p
! T+ mg=ma =mre’=>T=mromg Ll‘/‘ !
I'* The body in previous question passes point R at some later instant of time. PR makes |
' an angle O with vertical. What is the tension in the string, if at point R, the angular speed )
| Is o7 |
3 2 2
i (a) mg cos 0+ mre; (b) mg cosd - mrow] (c) ™re -mgcosﬂ(d] mro] cos0 i
s Solution: Fi=T - mg cos0 .
| mra) = T-mgcos0 |
l' T=mgcos0 + mro’ '
L A turntable rotates at constant speed. A coin is placed on the turntable at P, The I
| frictional force between the coin and the turntable keeps the coin in the same N
' position on the turntable. NG ~ I
| In which direction does the friction force act? i
ST . NSNS . . N . (d) D '
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"l-'“"l turn- hl'l“ S0 I!hllvml force must be prov lului by e nlrlln tal force so best oplion is “A”
towards the centre
Three cars A, B and C are moving in three different bridge straight, concave up and

-
concave down respectively, Which passenger of car will experience maximum tension?

() A (i
) C (o) AN will feed same tension
solution: The option “C™ s the lower portion of a vertical circle which has maximum speed and tension at the

lowest part soatis the best oplion
e A ball tied to a string is swinging along a vertical circle, the tension in the string Is minimum at:
(a) Top (1) Bottom (¢) Mid-way () Same at each point
Solution:
In a vertical arcle at the highest point these is weightlessness so tension will be the lowest at the top
. A particle is acted upon by a force of constant magnitude which Is always perpendicular to the velocity
of the particle. The motion takes place in a plane. It follows that:
(a) Its velocity is constant (b) Its kainetic energy s constant
(c) Itmoves ina circular path (d)} Both D" and “C*
Solution: Along a circular path F & dmake 0 90
v = I'd = Fscos9” = zero
W= AKF = Zero = K E = constant
?Ju‘u.l remains same univ direction of vel luc iy ¢ hanges =

R e e e e I S — = =

3.3 ARTIFICIAL SATELLITES

What are artificial satellites? Derive relation for orbital speed of satellite.

—
ARTIFICIAL SATELLITES:
"Artificial satellite are man-made objects that orbit around the Eartl.” These wre scientific Satellite

laboratories, which are launched by the rockets at a height where atmospheric friction
1s negligible

Uses:

These satellites are communications, weather, spy, war, rescarch satellites and ete.
Orbital Speed of satellite: (Critical value)

If a satellite of mass m is moving around the Earth with a tangential velocity v oata
distance ‘¥’ from the center of Earth then gravitational pull on the satellite is
_ GmM
=
e}
Where M is the mass of Earth.
This gravitational force provides the centripetal force Lo the satellite, whichis;

mv’ s
| = — B~ (1]
r
Equating the (1) and lii);

mv? ~ GmM

r -

2 GM N
v —_—

r
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;“-l':_ The mument you swilch on )um bl P I!ulll your locabion can be tracke d i |n|rru-d|.1ll Iv by lhv (.-Iul.lal 1
shenn (C0"%), wluch relivs on a network of Farth-orbiting satellites .

I 1A Bruce MeCandlioss became the fiest human satellite of the Farth when he stepped into space from a space i

(" Ape (I ol '“.* 000 ke /h

Posatioming,

-hulllr -:l " J_} it of |UU Fony abwave | lavs an isband, moving

- — i — i —_—

— — — — —

[
|
I
-

MULTIPLE CHOICE QUESTIONS

Satellites orbit the Farth in m-.ulyr circular ]l.‘lll‘h “and are held In these orbits by:
(b} Lher own thrust
{d) Mapgnetic hields

- o -

f
'
| {u) Adr prossune
s () The gravitational pull of the Farth
| Answer(x) Ihe gravitational pull of the Farth
o Explanation: Gravily provides the contopetal force necessary 1o keep satellites in orbt
| » Il there were no gravitational pull, a satellite in orbit would:
! fa) Spral iwvards (b) Fly off in a stragght hine tangent to the orbit -
| o) “toprammediately (d) Accelerate towards the sun
P Answer: (b) Fly oft i a strarght line tanpent to the orbat
Explanation: Whout the contrpetal force of gravity, the satelhite would follow its inertial path, which s a straight
o i

e e = —— = —— = — —

: Fhe minimum veloaty required to put a satellite Into orbit, especially near the Earth's surface, is called

I the;

» fa) Favape veluoty (b Permanal velocity () Cntical velocity () Orbatal velocity

| H\rnwir () Cntwal velooity

o Explanation: Cratical velocity s the minimum tangential speed necded for an object to maintain a stable circular

| wrbnt

"o According 1o Newton's prediction, if an object is thrown horizontally with a particular speed from a

| sulficiently high place, it will:

' {a) Fall directly down () Goonto an elhiptical orbn

| () Start revolving around the Farth (1) Move i a parabolic path

b Answer: () Start revolving around the Tarth

! Explanation: This describes the conceptual basis for aclieving orbat by matching the tangential velocity to the rate !
lu[f.‘"(’lll MUBONARY, o e

SLO BASED SHORT QUESTIONS & ANSWERS

G b - — T — — —— ——— T T — " — - ——
I3 “What force holds artificial satellites in their orbils around the Farth? 1
Y Ans The pravitational pull of the Farth holds arhiicial satellites i thelr orbits i
! . What is meant by the celtical velocity of a satellite? .
| Ans: Hhee coptical velocity is the mimimuam velooty necessary to put a satellite mto orbit near the Larth's surface I
.. What happens if a satellite's specd is less than its required orbital speed? "
| Ans: Any specd Beas than the required orbital speed wall cause the satellite to tumble back to the Farth |
. How does the orbital velocity of a satellite depend on ils mass? ¥
| Ans: Theeorbital velocity of a satelhite s mdependent ob its mass |
‘e If a satellite Is at a much greater distance 'h' from the Earth's surface, how does the gravitational
| acceleration chanpe? !
i Anst The gravitational acceleration decreases imversely as the square of the distance trom the center of the !
|-_--I_"_”,L_ - — —————



- Chapter 3 [Circular and Rotational Motion)

For Yolir Information

ORBITAL VELOCITY

What is orbital velocity? Derive its general formula for satellite orbiting in radius 'r’ about Earth,

JRBITAL VELOCITY:

"W @ body 1« movng i an orbit (arcular or dliptical), ts motion 1s called orbital motion and its teloaty orbital
velocity *

Orbital Motion: v
The Earth and all other plancts in our solar svstem revolve around the Sunin nearly

arcular paths. The artificial satellites launched by men also adopt nearly arcular

pethearound the Farth This tvpe of motion s called orbital motion

Equation of Orbital Velocity: \
Consider an artincal satellite 1s carcling around the Earth. Let the mass of satellite 1s u

m, and V' is ts orbital speed. The mass of Earth s N’ and 'r represents the radius

m.v
of the orbat. A centripetal force 15 required 1o hold the satellite in orbit This

force 1s provided by the gravitatonal force of attraction between the
Earth and the satellite 1.e

GMm,

r

Equating the hwo force, we get,
m v’ _ GMm,

in luawl al the height of ll:'O hm above

r r: Hawaii island with ihe speed of 29000
oM kmh' Bruce McCandless stepped into
vi - — ' space from a space shuitle and became
r the firsi human satellite of the Earth
||G.\'l
or v = |—
X
Conclusion:
. The above equation shows that the orbital speed is independent of the mass of a satellite. (@
. I'he above equation shows that the orbital speed depends upon altitude of satellite and radius of planet
MULTIPLE CHOICE QUESTIONS
; o .oas [CM : ks |
. The relation for the orbital speed of an earth satellite is V= J— . if we have satellites orbiting around 1
r

the earth in two different radii of the same period of time then the true relation between the orbital |
‘pu‘d and radius must be:

L

O m mm m — — i ——— e — —— — e ——— — —— — i —
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(@) vz ) Vixl (c) Both “A” & "I @ Var -

Jr ] r |
(]

|

(]

GM

1s not used, here we use

[

Solution: [he relation V

\

V=rw= w=constant > v =g

. An orbital satellite is moving with an orbital speed "V with a radius “r” and it is making 2 revolutions |
in 24 hours around the planet whose satellite it is. How will it effect the frequency of rotation of sucha |
satellite if the radius is quadrupled keeping the orbital speed constant?

1 .
() Will become 3 revolution in 24 hours (1) Will bexome 4 revolutions i 24 hours

(€) Will remain same (d) Cannot be predicted
Solution: Again stmply using

1 1

Varw=v=constant Dwx-x—

ro 1

s w 2rev perday / 24 hours

redrso Iedles S siovpatay s saaean L

1
= S rev perday / 24 hours

[

L]

|

.

|

L

|

L]

|

'

I

L]

|

'

|

L]

I

'

|

1

:

I* Which statement about geostationary orbits is false?
' (a) A geostahionary orbit must be directly above the equator
| (b) All satellites in a geostationary orbit must have the same mass.
' (c) The period of a geostationary orbit must be 24 hours
| (d) There s only one possible radius for a geostationary orbit
! Solution: In a geo-stationary orbit a satellite may have any mass which shows the relation for time penodof a geo-
| stationary orbit 1s independent of mass

i . For an carth satellite longer orbits will correspond to:
L]

|

L]

|

]

|

i

|

'

|

Ve

|

i

I

]

|

]

!

I

i

|

]

|

L)

|

L o o oy o e e e e s e e S W e

(b) Longer periods and smaller velocity
(d) Smaller peniods and larger velocity

(a) Longer periods and larger veloaty
() Smaller periods and smaller velocity
Solution:When “r™ increases a satelhite has to cover more distance, hence “v' s less and it takes more bme to
complete it's period of rotation
. A weight is suspended from the roof of a stationary lift by a spring balance. The balance reads 80g. If
the cable supporting the lift breaks and the lift starts falling freely under gravity, the reading of the
spring balance will be.
(a) Zero (b) 800 g (c) 80 g (d) 8g
Solution: Weightlessness (free fall)
A fighter aircraft is moving in a vertical circle. The minimum velocity at the highest pointis (Given: r =
radius of circle)

) V2o (© V& @y V"

Solution: We must remember that for a vertical loop the speed at the highest point ts muinimum

{-!)\,rr

= \th
. Two satellites are to be launched into same orbits from the surface of carth. Satellite 1 has mass 10 kg
and volume 1500 em® while satellite 11 has mass 5 kg and volume 1000 em®. Assume the velocities of
satellite I and 11 are vy and v The relation between vy and v; is: (ECAT-2016)
[.l.} Vi= V2 {l‘) ViV
(€) visvy (d) Relavon depends upon launch
Solution: As their orbits are same so irrespective of whatever is their mass, speeds have to be same, 1e, vy = v;

. The ratio of escape to orbital velocity:

—————— — e — — e S S e e = S e e —
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. What o torces ace eqpuatedd o derive the tonmula for otbital velodiy
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. oes the mass of the satellite attect its orbital specd? Eyplain,

anowelbas the st ot i satelline frdd therse Tves i state ol apparent sopghitlesn
Welphtlessness and Gravity Free Syatem
Gy eship v accelerating fowvareds e copter of arth ab all b s ol thgs

velos ity o ation [

1tasatelhite is ata higher altitude, how does it egquined specd compare toa lower altitude satelie? |
]

\

[

| Ans N the mass of the satelhite does nol atfes U its orbital specd Bevanse i mass camcels st the erbital |
\
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Force on an Object in Satellite: l MULTIPLE CHOICE QUESTIONS
Consider asatelhite of moass morey olving, moats odat of sads e around the Larth r a1 e MRS, 39S s G0 g e B " o " ™ e . A5 O g B . PR
A Iy o mass oy insade the satellite suspended by o sprng balanee trom ‘ |* Pverything loside an orbiting satellite cxpenences welpghtlesaness Becanse the satilhite |
corling o the satetlite s under e action of o toraes > LALL | () Mowing ton fast for gravity 1o affear it () Ot of barth's geavitatinab L '
e Ds weiphtme acting downwand . o | () Aceeleratimg towards the conter of the Earth as a treely falling body l.
- I sup s forve called normal foree b o tension m the SPring, |II1,‘ ’l;ﬂ:. r e g Ill) Ber & ae NN I.I““I".ll“l“ sl furpen l
wpwand y e i . | | Anvswer () Acceterating tosvards the conter of the Farth as o freely falling, by .
i T it ' Eaplanation: We Iphithessnwss i apparent, as the sateellite andd it eontents are conatantly fallinge bope e e b ) arth
e Resultanttoree s equal to the centripetal toroe requared by the mass mowlich L B I The supporting foree acting on a body inside a freely alling satellie is !
st osnands e contre of the Farthe and s expressed as ' (@) qual o ity \.\--u-_lﬂ i,l:}hn-.lln-r than s weipht. (c) Zevo () Neganiy '
- mvor Fig 312 1“““\,‘.“-;‘)/..“, T T
where e Ceas the contnpetal force Hona (A ity e et et s s - ———
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o VoA Ul ¥ o Aty ulaat & . - -t

. - S = A
. Why is artificial gravity sometimes needed in spacecraft for extended missions?

Arishcaal gravity B needed 0 o
pertormance amd health

-
-
¥

tet the negative vtlects of prolongs d wmu iphtecssness 0N asly

£

, ,4 .

How does the rotation of a spacecralt creste artihiaal gravin?

>
2
r

Ihe rotation presses the astromauts towards the cuter nm. causing them o =xert a foroe on the Boor ol

-

to eyperenang weight on tanh

What two comrponents are necded for a rolating spaceship to provide artificial gravity according (v the
Do vou know ™ box?

Ihe rotating surtace pushes an an vbest (tontact totee) 1o provide the centripetal foroe rveded W beep the

olwet moving ona curcular path
- —— —— —— —

= s - -
H

- —— — i ———— — i — - ———— i — i —

s — - o — e
A}

Yir 0y & Vi ¥ oal L lsabe et .

‘ 3.4 MOMENT OF INERTIA _ L e
n Define and Explain Moment of Inertia. i ’ . . . -

@ o siyunal sutnanaton o

MOMENT OF INERTIA:

I - et I

e F e O - - & ' £

By the second law of motion, the mass of a body s the medsure of its merta’ or e - -
resastance 10 Lincar acceleration. Sumilarly, N measure oF tie resistance of 3 body 4 ~N

17 It plays the seme role i angular I- 3 o2 5
motion as plaved by mass in inear mobon. Y*>mr- P Whers 1 - D A - Mol et lis o Pl ot
- Its uruts un S| are Kg-m? v:-'-.u: .4 ’
- H.hJ'fﬂ--tlu('ﬂnl'n“.:] a

Moment Of Ineris of ngd sody Gepents upot

U!'Pfﬂdl"ﬂi!“ 1 - mr- @ - :v'.u_\: g -:.-'.'- ru o of LU
Relaton shows moment of inertia dependence upon two factors = - > g ol Lesds )
1 mass ‘'m of rotsting body T fwy o P - Fusrson of was of rolabor ety tin g

- : e
2 Sjpuare of the distance from auas of rotaton, r? &

+OF 1o £ Varwu: bod
Juestion: Deduce ex n for moment of inertia Mortuen )".:.w*._..u Variu: Butie

Fapression Of Mument of Inertia

Consader a mass m attached to the end of a massless rod Now epply the force °F on 5 — "
the mass ‘'m’ perpendicular to the rod so that it has angular mouen in a honzontal PP —
plane From Newton's second law of motion, it will cause a lincer acceleration g’ Pias
Fema (1) ., -
It the torce F causes the mass to rotate aboul "0, the torque “t" tending 1o rotete the >
muass about 'O 1s given by T
=l Py
Ft equation (1) in Sptam Mo s P
- s .
1= r (ma) ‘o o
T=rm (ra a=ru
= J LS —:. - T o o oale * e - I Lav=r e -~ - ;-
1= v : & et gt
. —— e
Noter  This relation is analogous o F = ma where F is replaced by t and 2 15 renlaced 2
bv a  Hence we say that the torque on the system s Fo 3 proporion: - ) w et of et of 8 SOt SpPtene U N O -yt =
angular acceleranon. Where constant of proporoonality mir 15 Tee twos £ cames s toraee called et of
Incenia of the mas m wos T wxm O e G
\ 2 - e mass m an engusr
s 1= ey : BOS Y Py

t~Iu o
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Answer: (b) mr?
¢ Explanation: This is the basic formula for the moment of wnertia of a print mass
|- The moment of inertia of a body depends on its mass and also on its:

e — e — —— —-

! Spin Angular Momentum:
Wien a body rotates about its own axis then 1t 1s a spin motton and its momentun 1s spin angular montentun |
Total Angular Momentum

Answer: The physical sigmificance of the moment of inertia is similar to the mass in translational llmtiun‘: ;| mrlwsics -11(Subjective, Objective and Conceplual Questions) 135
translational motion, the mass ot a body 1s used for measunng mertia As the mass increases, inerig l\'u’l'l!\-\ [ - .I I—I ::T._I;n—n.- T g TI‘ ) Ay .l— wloeity -
p B LA N (LN Ll ) ) i ihiw
l'“}'-"" Mhe force ro quired for PT"J“"“}'\ the hnear acceleration will also increase S““"'"h“ M role | :‘:Ullslrlhull wvod mass about the ases of rolatiog ( ll \“II‘II "I: . X
performed by moment of nertia in rotational motion: The moment of inertia 1s a measure of an object's resistan e, : Sl y o i |
; My | Answer (V) Distribution of nuass about the asis of rotation
to rotational motion, stmilar to how mass measures an object’s resistance to hinear motion Specihically, 1y il T R '
) i ) i a |-_‘P|_1|1.|liun oment of inertia bs nol pust about Wolal mass, But o thal mass s h|,lu-.|.| oul relative o the pravedt
property that describes how much torque 1s required 1o cause an object to rotate about a B2 - =7 | _ : |
given axis = .. Two cylinders of equal mass, where one has a larger diameter, will havie '
a) The same rolational inertia I
Do you know? At I (@) :
. : E - ] [ (b) The one wath larger divmcter has preater rotational merta '
. y e g I H P . 4
Q: How does diameter affect rotational inertia for cylinders of equal mass? - | () The one with smaller diameter has greater rotational inertia |
A Two cvhinders of equal mass. The one with the larger diameter has the greater rotational m ' (d) lt depends on their material '
nertia (moment of inertia). This is because its mass is distributed further from the axis of - 2 2= 'I | Answert (b) The one with larger diameter has greate r rotational ineria |
rotation '.':::,:"""" ! Explanation: More mass is distributed further from the asis of rotation for the larger diameter oy linder, increasing :
For vour infornwton - Moments of Inertia of vanous bodies about axis AA: T | ll,"‘s moment of inerhia |
hh—— S— - — i — - — ————— —— - — - — —— - — — — - — — - — - — — i —
MULTIPLE CHOICE QUESTIONS , ' — S
— = —— ——
...... e e o o it i ) s Y s 58 1 ) SLO BASED SHORT QUESTIONS & ANSWERS
le A flywheel rotating about a fixed axis has a kinetic energy of 100 ), when it’s angular speed was 20 rad | e I ———— s
i s'. The moment of inertia of the wheel about the axis of rotation is; ! | | * What physical quantity is the rotatlonal analogue of mass? 3 |
» (2) 06 kg m? (b) 015 kg m? ()05 kg m* (d) 08 kg m2 | v Ans:  Moment of inertia s the rotational analogue of mass '
| Solution: i | | = How is moment of inertia denoted, and what is its 51 unit? |
' - 1 I 1= 2k 28100 % 05kem’ " | tAns:  Moment ol mertia s denoted by ‘T, and its SHumitis kg m? !
I "2 o o 40 2 sm I I Does moment of inertia depend o 'y on mass, or on other factors as well? |
' ; L. . : ) ' Ans:  Moment of inertia depends not only on the mass but also on the distribution of mass about the axis of !
| . A body slides on a frictionless inclined plane of height ‘H’ along | | rotation |
track as shown in the following figure and it loops the loop In the ! i i p
1 g . o e . What is the rotational analogue of Newlon's second law of mot F=n.a)?
I vertical aircle of radius “R”. What should be the minimum value i | | e Bt e S A M |
. of “H” in terms of “R” so that body is just able to loop the loop? ‘ | ’
‘ |
i - 5R - ' |
I (a) H=2R b H=5 (a) H=5R (d) H=4R ¢ 4
i Solution: v =,/5gR —» (i) l' : n Define and explain angular momentum, Give its S unit and dimension.
' v=J2gH —(u) ' <
I Comparing equation (i) & equaltion (1) we can wnite I
i e A ‘5% - '?‘;..E () o ' ANGULAR MOMENTUM (MOMENT OF LINEAR MOMRNTUM):
i VB =408 | Momentum of a body moving 1n a aircle or rotaling about an axis 1s called angular momentum  Angular
. ll 1! r
1 Taking square U"_"b""‘ sides we get. 4 momentum is the rotatonal analog of lincar momentum. A particle 1s said to possess an angular momentum
| 2gH =5gR | about a reference axis If its angular position changes relative Lo that reference axis.
. £ pe B
= L}
5 & L5
| H==-xR | L=rxp
L] ot i L .
—_ . 3 -m?sor -
|* A particle is projected so as to just move along a vertical circle. The ratio of the tension in the string | % In S'_““""".“ s cxpm:gid in kg-m?l.or J-s.
' when the particle is at the lowest and highest point on the vertical circle is; ' ” :u dimension is [ML7T"]
: = ; tis a veclor quantity
! §#) Zevo (®) 1 9} Tl Lek ey () tntiaite ! i ; The dire:l'muq(:f:‘mq:h:r momentum is ale > the axis of rotation
! Solution: At the highest point there 1s weightlessness s . RPT < ; et .
| p ’ ) : . L . | » lts direchion 1s deternuned by using right hand rule
" In rotational motion, moment of inertia (1) plays the same role as which quantity in linear motion? : Right Hand Rule '
| (a) Force (b) Velocity. (c) Mass. (d) Acceleration | It states that the thumb of our right-hand points in the direction of angular momentum
1 Answer: (c) Mass : ' when we curl our fingers in the direction of the rotation.
| Explanation: Moment of inertia is the rotational analogue of mass, representing resistance to changes in motion. | TYPES OF ANGULAR MOMENTUM
l' . The moment of inertia of a mass 'm' attached to the end of a massless rod of length 'r’ is: ' Orbital Angular Momentum
. (a) mr (b) mr? (c)ym/r (d) m*r ! When a body revolves in an orbil, then tts angular momenitum s called orbital angular nomention |
|
L]
|

—— e —————— ——— - —
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an and arbital angular moncntum g,

S, the total angular momentum of a body s equal 1o the sum of s &)
- 0 w®
arlutal and spin angular momentuim ane sery wseful 1o e plain e atornic structuree 1 =]+l

Oxbital' Angllar Momenium ™| Spin Angular Momentum L?
: LS

pemy Its changing its positon relative 1o the reference axs passing, through, O
"he angular momentum | possessed by the body may be cxpressed as

1 rep

—— )

If the uﬂr.llh\l’ between rand pisi then .1||['.uT.|r momentum may b written as

L = (mpSin)n ORISR — (i)
nas normal to the plane of rand P and Is determined by the nght-hand rule. 2o yow infermorien) |
Thus, the angular momentum is directed along the axis of rotation i
In magnitude L= rp Sinf
1f 8=90" and p = mv then L. = rmv Sin90 < mvr
Or o= mvr

Juestion: Derivérélation of angular momentum fora body moving in a clrcle

Angular Momentum of Particle moving in circle
Fhe angular momentum is tangent at cach point of the curved path, that is 0-%0°

< . : The sphare in (s) is rotating n

between pand r o Thus the magnitude of angular momentum is he sense given by D guid

L= wp Sint}

L=rmy = mvrSin90 = mve——— - (iti) 1o be upwerd slong ihe

e relation between linear velocity “v and angular velocity o is v = ro Using this m""- :'.:‘m"‘ o
value ineq. (m), we have; hand

L= m(ru) r= (mrl) o s (V)

Whers mre? =1, the moamenl of inertia,

So. L=l setemeierens (V)
Question: Déterniine the relation of angular mibmientum of rigid bodv? m?  Kpm? s
Angular Momentum of a Rigid Body R ey
r : ; 2 pem?
Consider a symmetric rigid body made up of large number of small mass pieces, |, m  Rem
which 1s rotating with angular veloaity @ A small piece of this body has mass my LI
at distance r, from the axis of rotation. The angular momentum of this piece is
L= (mir')w Kp e )s
Every piece of the rigid body is rotating with same anpgular velocity o. The total
angular momentum of the rotating rigid body is the sum of angular momentum of ) m?
all the preces ie D aEe
L]
L=m Jhmtm.r ., m_rwm S0, aliermative  unit o

angular moguntum s |-

L=(m, 5 *m,r m+ “mor o

I J
" ™ .

m Physies <11Subjective, Objeetive and € ance ptual Questionsg 137
—
I ern:'ﬂ- fviy

wiherel L{r.l r ) s Wb Lol mocsrnent ol jpeetin of e petating rigadd Vealy, s,

L=}
What b Difference Betwieen Span Angalar Momentum and Orbital Avgular Momentum?

b The moton of |m|]:p’ abaul an mvation el Yeely abeat an aers whaeh s

through e conter of mass eul siede al trias
il. l.=rep

fil. The radius of rotation as Jess than size of | il The radius of <o le s greater than siese ol

MssIng

nl_}r_‘f (] "ri'}‘ al

(83 Why does a moving bicyele stay upright and stable, but a bike at rest falls?

Ans: I oo tey s it ona bike at pest, i falls b suse ibs conter of mass i unstabile Bub if the S0
bike is maving, the angular mamentam of s spurning whevls resists any Wwndeey 1o ::::.t::;::::::
change its arientation  This gyroseopie effect helps o ke o the buke upright and siable, :::'..:-:::
Hlusteating the conservation of sngular momesdum ::”;:‘:;-:

— . — W e e e —

Do you know?
Q: What happens to the ball's speed as the string wraps around the finger?
Ans When the string wraps around the finger, the radius ¢ of the corcular path deeroases
By the conservation of angular momentum (1= lu= mew=conmstant ), ol ' dos reases, and
mass ‘'m’ s cons

nl, the angular velocoity '’ fand Vs linear speed v=rea) must ine reas
S0, the ball's speed jne peases ]

ForYour Information:

Q: How do melting, lee caps affect Earth's rolation?
A When jce on the Larth's polar caps melts, the water flows Wowards the equatar (inereasing ity
average distance from the Eanth's rotational aeis) This causes he moment of inemtin O s s s se——
. — — —
L

the water, and thus the Farth's total moment of inertia, 1o oo ecas shightly By the
conservalion of angular momentum, the Farthvs anpular velocily must derreas
Consequently, the duration of a day increases shightly (thauph negligibly)

Point to Ponder!

Q. Why does the coasting rotating system slow down as water drips Into the beaker?
Ans:  As water deps from the funnel into the beaber below, the mass of the beaket-waler system inereases, and :

the mass s added at a distance fram the ases of rotation This inereases the tatal moment of inertia (1) of the
rotating syste

.mgul-u vl Iy W’ must doc reane, ¢ ausing rlu-_:yw-m 1o slow down b

MULTIPLE CHOICE QUESTIONS

By the law of conservation of angular momentum (L=lo=constant), if *I increases, the |

The orbital speed of the Larth is caleulated using the formula:
(ve=nr )l thyw - 2arT te)pv - 2aret (dyw - met 1T
Answer: (¢)v=2nmr /1
Explanation: This formula calculates speed as distance traveled (uircumierence of the orbit) divided by time taken

- — i — — — —— ——

'

|

[

|

fe The orbital angular momentum of the Earth s given by
| (a) L= mrT byl ~mvir fe) b = mvr (d) . =~ mr'y
' Answer: (¢) L = mvr

| Explanation: This 1 the standard formula for angulir momentum

; If a spinning body allers its moment of inertia, its angular speed;

'

L

(a) Remains constant (b) Ine rianes

e e - ———- -

() Changes o conserve "ﬂﬂu“" mormenium

e dPocreases e e
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f Auun ' ulll Napges o conseese angular momentum
' Eaplanation: The product of moment of incrtia and angular speed remams constant

'
|« A particle performs uniform clreular motion with an angular momentum L. If the angular frequency of |

i the palmle Is doubled and Kinetic energy Is halved, its angular momentum hemmu i
1
" (o)l (b) 5 (€) 21 - Ill] - '
I i - |
Ll " = S n | I 3 L
. Solution: (D) 1" J2mlk sol J..Il we and LY «2IE, 2> L=ln=1 |_| > | 2‘;: E. i
' P :
! Le2tm 22 S z-i'--lfz":-- T e Y I
' " 2u 22 4 w 4 R .
. The motlon of planels in the solar system is an example of the conservation of: !
| (a) Angular momentum (b) Encrgy (¢) Linear momentum (d) Mass |
M Solution: All plancts move with a constant angular speed and have a speafic moment of incrlia so, Ly,
| =constant or L. = constant |
‘e If net torque acting on a system is zero such that somehow it's angular speed becomes double then: '
| (a) s moment of inertia will reduce to half (b) I's angular momentum remains same |
' () Both "A” & "IN () None of these '
| Solution: Simple apply law of conservation of angular momentum |
i Two skaters of pqual mass, facing each other and holding hands with arms outstretched, are spinning at !
i angular velocity @ about a vertical axis midway between them. If they move together so that they halve |.
| their separation, thelr new angular velocity is: l
W
i 3 (b) « (€) 2w (d) 4w ;
' 3 1 1 . | . '
e Solution: Siwe I=mr so |« o' and | #8000 ;‘i and [ -isu w' o —sow' -« dw |
r
‘e How is rotational kinetic energy of a rigld body related to angular momentum? :
| L,=1I L, Le¥ : |
i L R b) L~ 2 {c) = () L= J200, i
1 Solution: P J2mi . X
| Converting whole exquation into angular form |
| L J2Ik . ;
Ve What will be duration of day and night if carth expands to double the present radius? 1
] (a) 20 hrs (b) 6hrs (€) 9% hrs (d) 3 hrs |
1 Solution: We must remember that, _ i
! I = T = constant So | «:l;.r 1 ) i
| - [
] Butas o fso T« rfels i
! R = 2R which makes 17 = 41 M
1 S0 17 = 4020 hours) = 9% hours |
e The angular momentum of a 20g particle moving with velocity 10ims’' and having position vector s
! r-‘zl.li*u”m aboul the orlgin ls: !
| : - -_ s |
. () 0.2k)s () +0.2k)s (© -2.4Kk)s () +2.4k)s "
! Solution: LorslPP remV.omruey !
20 4. - 2 240 ; 5
e [ 2004« 129 ) = (100 —— «(120)| - & ——k = =2
.' 503 1) (101} = 755 <(120)( k) = Tk = -248)s !
|- A wheel whose moment of inertia is 24 kg m? has an initial angular velocity of 60 rad s, A constant rate |
[ of change of angular momentum is observed 3s 12 Nm which acts on wheel. What is the ime in which ¢
E_ _wheel is accelerated 1o 200 rad 517 .

_—- - — e — — —— —— — e —
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[~ " Ta) 2Bsec (b) 280sec () 140sec T 20w =
! solution: tolu
| (».‘ @)
' t=] J
[}

- %(m-w}.zmu;
T &

t - 280 sec
. I'he S1 unit of angular momentum is:
(a) kyyms ? {(b) N 'm
Answer: (c) kg mis !
Explanation: From L= mvr, the units are kg = m/s * m = kg m?s ' This is also equivalent to ] s
. Lor a particle moving in a circle of radius 'r’ with uniform angular velocity ', its angular momentum is

(c) kms! (d) ]

given by:
(a) L= mw (b) L= mrw?
Answer: () 1= mriw Explanation: Substituting v = rwanto L = mvr gives L = mriw, which is also L = lw
I'he direction of angular momentum (L) is perpendicular to the plane formed by
{a) ramd v A (b) rand p {c)mandv {d)wand a
Answer: (b) rand p
Explanation: Since L = r = p, its direction is perpendicular to the plane containing both the position vector (r) and
- the hincar momentum (p)
. The law of conservation of angular momentum states that if no external torque acts on a system, the total
angular momentum of the system:
(a) Increases (b) Decreases (c) Remains constant {d) Becomes zero

|

L}

|

L}

I

L}

I

L}

|

L]

|

' (d) L = ma?
I A
g
'y
L
|
'
!
L]
|
L]
| Answer: (¢) Remains constant. Explanation: This is the defimition of the law, indicating that angular momentum is
'
le
L]
|
'
|
'
1"
L}
|
'
|
L]
I
'
|
L]
l

()L =mriw

conserved in the alsence of external torque
If a body's moment of inertia (11) spinning with angular speed (wn) alters its moment of inertia to (L), its
new angular speed (wn) will satisfy:
() Lt = Dt (b) s = Doy (d) 1~ @i = L= an
Answer: (a) Lo = Loy
ixplination: This equation represents the conservation of angular momentum (1. = lw = constant)
The angular momentum is a vector quantity with direction along the axis of rotation. According to the
conservation law, this direction:
{a) Constantly changes. (b) Remains fixed
(¢) Becomes perpendicular to the axis (d) Points towards the center
Answer: (b) Remains fixed Explanation: Not only the magnitude but also the direction of total angular momentum
1s conserved in the absence of external torque
If a spinning isolated body alters its moment of inertia, its angular speed also changes to maintain:
(a) Constant kinetic energy (b) Constant linear momentum
(c) Constant angular momentum {f.i] Constant lorce
Answer: (¢) Constant angular momentum. Explanation: The change in moment of mertia directly alfects angular
speed to keep the product lw constant
. The Earth's axis of rotation remains fixed In one direction with reference to the universe around us
primarily because:
(a) Ithas a very large mass
(b) No uther sizeable torque s experienced by the Earth from the Sun
(¢) It has a constant speed () Its orbutal path s circular
J\mwer (b ] No other sizeable tm‘que 15 experienced by the Earth from llu. ‘aun

L +w=1+an

e e = e = = e = e e e e e e W = W e W e e . e e e e e e e



- Chapter 3 [Circular and Rotational Motion)

—

SLO BASED SHORT QUESTIONS & ANSWERS

‘e Define angular momentum of a particle

| Ans:  Angular momentum of a particle is a vector quantity defined as the vector productobils pasition vector (r)
i and ats hinear momentum p), re, L=rap,

i What is the ST unit of angular momentum?

| Ans:  The STunitof angular momentum s kg més (o1 ] 5)

V. What s the direction of angular momentum, and what rule determines it?

| Ans: The direchon of angular momentum ts perpendicular to the plane formed by rand p, and its sense s piven |
L

|

L

|

L]

I

by the right-band rule of vector product '

. For a particle moving in a crcle, what is the angle between its position vector (r) and tangential velocity (v)? |
Ans:  The angle between its position vector (r) and tangential velocity (v) is 90° '
. How is the total angular momentum of a rigid body expressed in terms of its moment of inertia (1) and |

angular velocity (w)” !
Ans:_ Jhetotalangular momentuny (L) of a vigid body s expremed as Lty _ '

3.6 LAW OF CONSERVATION OF ANGULAR MOMENT

.: State and cxil.‘lirl law of conservation of angular momentum.

LAW OF CONSERVATION OF ANGULAR MOMENTUM:

Thus law states that totel angular momentum of a system remams constant when no e
syslem

Mathe matically, it may be expressed as

xtermal torque acls on the

L=Li+ L, #1s ot L, = Constant
Explanation:
Example of Diver:

In order to illust=ate the law of conservaton of angular momentum, consider a diver who pushes lamselt oft the
board with a small angular velocity about a horizontal axis through his center of gravity. Upon litting off trom
the board, the diver's legs and arms are (lly extended which means that diver has a large moment of inertia and
1s considerably reduced to a new value I, when the legs énd arms are bentinto the closed tud X position. As the
angular momentum is conserved, so

Li=L:

hon = laon

Hence the diver must spin faster when moment of inertia becomes smaller to

conserve angular momentum This enables the diver to take extra somersaults. For Your
e Information:

Conservation of Direction of L Malting tcv a1 the polae
In thus motion direction of angular momentum along the axis of rotation also remain ‘1""“" g "‘ Aoy . lh-;

CAriih s menwn .
fixed. "Thus, the axis of Il‘f‘lflvll of an objpect unll nul'dw:*nr\ onentation unless an external iy

nert caushing, s

torque causes it to do so.” angular  velocty o

Importance of Conservation of Angular Momentum decreass and the

Tis fact 1s of great importance for the Earth as it moves round the Sun. The Earth | duration of the day to
AT A

experiences no other sizeable torque, because major force acting on it is the pull of
the Sun The Farth's axis of rotation, therefore remains fixed in one direction with
reference to the universe around vs. The law of conservation of angular momentum is important in many sports
particularly In diving, gymnastics and ice-skating,

m Physies <L{Subjective, Objective and Conceptual Questions) 141

Applications of Conservation of Angular Momentum (Daily Life Examples)
1. Diver (Fig. M19):
A dhiver jumping froma spongboand carls Tus body by rollig arms and Jegs
imwards

oo Effect: Thas action sigmibicantly decreases his moment of inertia (1)
Result: To comsenve angular momentum (1= lad s angular velooty ()
imcrvases, allowing lim to pertorm multiple somersaults in the air

o When he s about to enter the water, he steetches Tus limbs oat, icreasing Tus
maoment ol inert
and controlled entny

W decreasing his angulac velocity, allowing tor a smooth 22"

2. Spinning lee Skater (Vig. 3.20): . -t -
)
o Anoce skater spavung with outsteetched aroms and ley has a large moment of P g i
mwertia !
Effect: By tolding her arms nwards and brionging her stretched leg close to the
other leg, she dramatically decreases her moment o inertia =
o Result: Her anpgular specd ancreases signiheantly, conserving angular _sws ===
momentum When she extends her limbs apam, her moment ol nertia =Ll
-
mncreases, and her angular speed decreases P ——
1. Person on a Turntable with Weights (Fig. .21} I
A person standing, on a turntable with heavy masses (dumbbells)
held out to the sides has a large moment of inertia
Lifect: As the person draws their hands (and weights) inwards 'I
towands thele body, therr moment of et decreases :
fa b
Result: Their angular speed on the tumtable immediately increases P L L rpe—
S o Lo |
to conserve angular momentum Sl ;
j S e e e o e e e e Y
I For your Informalion' '
@ How do melting ice caps alfect Farth's rotation? P o e |
; '
Ans: e gy s L walar cap ., » wale J . : W B e Pl s 0 1
1 When e on the Barth's polar caps melts, the water How s towards the equator e o o o |
& (e reasing s average distance from e Tarth's rotational axis) TTis causes s e re tem ot to st o
et ol e— s s Pl o P L)
| the moment of inerta ol D water, and thus Ue Larth's 1o0al momicent of 0eriin, s s o s e S w |
e o b ——
' o ancrease shightly By the conservation of angular momentam, the Larth's v, e e ey of Lot w. 1
. v ; o Y . ; s " e, P o o Soy
| angular velocity must decrease Conseuently, the duration of a day increases iy |
' shightly (though neglipably) "
| Point to |
' Q: Why does the coasting rotating system slow down as water deips into the beaker? ' '
| Anst Aswater drips trom the funnel into the beaker below, the mass of the eaker-waler svstem ” |
’ ncreases, and the mass s added ata distance from the axis of rotation. This increases the '
| total moment of inertia (1) of the rotating system, By the law of conservation of angular |
' - i
I momentum (L=lw=constant), i 1" increases, the angular velocity 'w' must decrease, .
caustng the system to slow down |
' — s o g |
e e
B o o o e e e i A i i e s i)

MULTIPLE CHOICE QUESTIONS

— - — e — e — — e — — — e — e — e —

. Iln' I.mh s .l\u ul rotation remains lived due to:
(a) Farth's magnetie frield (b) Sun's gravitational pull (¢) Farth's atmosphere

Answer: (h) Sun's grasitational pull

Explanation: The Sun's gravity exents the magor lorce on Fanth, resulting i negligible wrgue

. A diver curls his body while diving to:
(a) Increase air resistanoe

() Lartv's rotationgspesd

() Decrease moment of inerlia
Answer: (¢) Decrcase mament of inertia

() Increase moment of nerha

—— e m = -y

1
L]
|
'
(1) Prescrease air resistane |
]
J

- — e e = e e e e . S —
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et — e, — -
lE Enphmlmn This decrease in moment of Inertin mcreases sngular velocity ]
e When an ice skater stretches his hands and a leg outward, his angular velocity: '
(a) Increases (b) Decreases {c) Remains constant (d) Becomes zero |
1 Answer: (b) Decreases '
| Explanation: Stretching increases the moment of inertia, which decrcases angular veloaity |
‘e A person standing on a turntable with weights in his hands increases his angular velocity by: '
! (a) Stretching hus hands outward (b) Drawing his hands inward |
1 () Lifting his hands upward {d) Lowering his hands downward -
, Answer: (h) Drawing his Il.-lnq-lnmm.l !
| Explanation: Drawing hands mward decreases the moment of inertia |
.. Melting ice al the polar caps causes the Earth's day to: e
| {a) Become shorter (b) Become longer |
' (c) Remamn the same (d) Initially shorten, then lenpthen 2
| Answer: (b) Become longer |
1 Explanation Melung e increases Earth’s moment of inertia. slowing its rotation and lengthening the day '
| = The law of conservation of angular momentum states that if no external lorque acts on a system, the total |
' angular momentum of the system: . [
] (a) Increases. (1) Decreases (¢) Remans constant (d) Becomes zero |
' Answer: (c) Remawns constant '
| Explanation: This 1s the definition of the law, indicating that angular momentum s conserved in the absence of |
! external torque )
l. If a body's moment of inertia (I.) spinning with angular speed (w) alters its moment of inertia to (L), its |
. new angular speed (w:) will satisfy: !
! {a) Lias = Lawars (b) L = Lot (e) b+ moe = Iy + e {d) - = Lo !
| Answer: (a) liw, = L ; |
, Explanation: This cquation represents the conservation of angular momentum (L = lw = constant) '
| The angular momentum is a vector quantity with dlu‘clicn along the axis of rotation. According to the |
f conservation law, this direction: g '
| (a) Constantly changes (b) Rm'nnms fixed |
\ (c) Becomes perpendicular to the axis (d) Points towards the center '
| Answer: (k) Remains fixed |
' Explanation: Not only the magnitude but also the direction of total angular momentum is conserved in the absence
| of external torque |
If a spinning isolated body alters its moment of inertia, its angular speed alsochanges to maintain: g
! (a) Constant kinehc energy * (b) Constant linear momentum !
| (¢) Constant angular momentum (d) Constant force |
, Answer: (c) ( Constant angular momenfum 5
| \sphnalmn. The ch.\nyc in moment of inerua directly affects angular speed to heep the product [w constant |
' The Earth's axis of rotation remalns fixed in one direction with reference to the universe around us
| primarily because: i
' (a) It has a very large mass. = '
| {b) No other sizeable torque is ﬂpunmccd by the Earth from the Sun |
" (c) It has a constant speed (d) Its orbutal path s circular '
| Answer: (b) No other sizeable torque 1s o_xperionccd by the Earth from the Sun. |
! Explanation: The absence of significant external torques allows the Earth's large angular momentum to be *
I conserved, keeping ts axis orientavonfixed _ _ _ _ _ _ _ . omomemeo )
f SLO BASED SHORT QUESTIONS & ANSWERS
.' . W'hy docs lhl.' E.lrlh's ;ms nf rotation remain fixed? e T e 4
| Ans: Decause the Sun’s gravitational pull exerts no significant torque on the Earth |
9 . How does a diver use the conservation of angular momentum to perform somersaults? !
| Ans: By curling lus body to decrease his moment of inertia and increase his angular velocity |
¢ =% . Whathappens to 2 diver’s body jusi before entering the water and why? :
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- e S ——

— —
& II(- sln l{lu-s. uul s arms and legs to increase his moment of imertia and divrease his ang: ooy vl -nry for I

>

asmooth dive

. How does an ice skater increase their angular velocity?
Ans: By folding their arms and bringing, thewr stretched leg close (o the other leg,
of mertia

What happens to an ice skater’s angular velocity when they stretch their arms and a leg outward?
Ans:  The angular veloaity decreases because the moment of inertia incresses
What happens lo a person’s angular velocity when they draw their hands inward while standing on a
turntable with weights In their hands?
Ans: There angular velocity increases because their moment of inertia decreases
How does melting ice at the polar caps affect the Larth's rotation?

whic b des reases there moment

- e e o e

: Itis considered fundamental because it has been verified from cosmological to sub-microscopic levels
What property of the Earth’s interaction with the Sun ensures its axis of rolation remains fixed?

wlt
2
I

Ans It increases the Larth's moment of inertia, causiing its angular velocity to decroase and the duration of the
day wncrease
. State the law of coftservation of angular momentum.
Ans The law of censervation of angular momentum slates that if no external torque acts on a system, the total |
angular momentum of the system remams constant '
. What is the direction of angular momentum for a rolaling object, and what happens to this direction |
under conservation? '
Angular momentum 1s a Vector gquantty whose direction 1s along the axs of rotation, and under |
conscrvalion, this direction also remamns fived »
. If a body's moment of inertia decreases, how does its angular speed change 1o conserve angular I
momentum? a
Ans:  If a body's moment of inertia decreases, its angular speed increases Lo conserve angular momentum (lw = E
constant) 1
. Why is the law of conservation of angular momentum considered one of the fundamental principles of |
Physies? |
L
|

. ....._-_.._-_.-—.._-...-_-___-_-—_-_-_..
-
a3
]

Ans:  The fact that the Earth expeniences no other sizeable torque from the Sun ensures its axis of rotation remamns
" Mixed d dl..l(‘ 1o anulhr momentum conservabon !
LYV \'lll ﬂ

A tlywheel s a mechanical device with a heavy wheel and an N

-'I\]\'

2 It stores rotational energy, it makes the performance, power,
or value that comes out of a system more consistent and less
vanable

o It aims to achieve a more stable or desired average Fig 323 Abmres
performance, and provides stability

o Used in bicycles, vehicles, industrial machinery, pgyroscopes, ships, and 3
spacicralt =

o A spinning flywheel resists changes to its onentation du‘: to its angular —- -g;' g
momentum -

GYROSCOPE: g1

o A gyroscope is a device that maintains its onentation relative to Earth. \-:J -

o Itconsists of a mounted flywheel pivoted in supporting rings. .'.:“ Wi

& Itworks on the principle of conservation of angular momentum

A pyroscope spinning at high speed has large angular momentum, making 1t
difficult to change its rotational axis orientation

Changing the onientation requires a large torque

o A hilted gyroscope remains levitated withoul falling p
Gyruunp«s are used to maintain orientation
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MULTIPLE CHOICE QUESTIONS

ws their Bandds bnwand, thelr ang,
() K

When a person on a turtable o
() Dhavreases (1) I
Answer (B) Increases

Explanation: This s becanse deass g the lamads i and decreases e mcment of it

A constant (1) Bevommes e

A tlvwheel e used Lo
() I vase T tion (1) Sstore vetational enw pgy (o) Decrease stabiulity (8 Tocrease omtput Hucioations
Answer () Store rotational eneipy

Ivw hewls are desay

1o store rotational eneigy

..
-

g~
=
-4

Which of the following deviees uses a thywheel to malntain otlentation?

- ——————y
.

(o) Pl tan (1) Retrgerator
I Answer (¢) Gyroscope
I

rathon: Gyvroscopes tse Hy s heels toomamtain the orientation

() Lavroscope () Woashiog ma e

A gyroscope works on the principle ot
(1) Comservation of linear moimentinm
(1) New ton's st law

. (Y Comservation el energy
.' () Comservation of angular momentim
L |I-|u'u|1 Conservatlon of .|l|r_|.||‘n momentum

e e e o . — - — = — — ——

-
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SLO BASED SHORT QUESTIONS & ANSWERS

i : - —W:r, d.::-._m-ru_hr-:;:dTn:r:u when a pervon on a turntable draws their hands inward? =
) Ans Becauve drawing the hards irwerd decreasss the e, srment of reTtia !
|» What is & Nlywheel? |
Y Ane: A mechancal device curmnting of a beavy wheel waith an adle [
! - What are the uses of a flywheel? !
| Ane Tostore rotational energy, smooth cut cutput fluctuations, end provide stabality I
‘e Vhere aze flywheels used? '
| ans In bacyches, vehiches, industrial machinery, gyreacoupes, ships, and spacecralt |
i . Why does a spirming flywheel resist changes to its orientation? i
o Anv: Drue to s angular momentum ‘
I . What is a gyroscope? |
'Ans A device used to maintain it onenitation relative o Earth M
1 - Hew does a gyroscope work? !
| Ans:  On the principie of coreervation of angular mumentum, due 1o its large moment of inertia |
‘e Why is it difficult to change the urientation of a spinning gyroscope’s rotational axis? '
| Any Because it has & large angulsr mamentum I
. What is required to change the direction of a large angular momentum? i
AN A correspondingly large lorgue 1
. Haw does a flywheel eantribute to the stability of a system? I
Ans: A spinning flywheel rsists changes w its orentation due o 1ts angular momentum, therelry maintaining i
stabaliry p
. In what specific way does a balance wheel function in mechanical clocks? |
Ans:  The balance whes] regulstes the ime-keeping mecharism by maintaining a controlled oscillations rate !
How does a flywheel help in smoothing out output fluctuations? !
1t helps by staring excess rotational eftergy duning penods of high input and releasing it during periods of |

lows input, thus statalizing the cutput

Why is it difficull to change the orlentalion of a spinning gyroscope's rotational axis? |
Itis difficult because a spinnung gyroscope gains large angular momentum, and changing the direction of !
a large angular mumentumn rigquires a corresponding large torque

List two main applications of gyroscopes.

Two mam applications are in the guiding systems of aeroplanes and submarines
What happens If a gyroscope is tilted while spinning, and why?

If & gyroscope 1s tilted, 1t shill keeps levitated without falling because its large angular momentum resists !

Ilm [ Ierr- in orentalion, lrad_z tn pretession.
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TEXT BOOK EXERCISE WITH SOLUTION

| MULTIPLE CHOICE QUESTIONS |

Tick |¥) the correet anvwer
Multiple Cholee Questions
3.1 The ratio of angular speed of minute’s hand
and hour's hand of a walch is:
fa) 16 (b)hl (c) 112 (d)12]
o Answer:(d) 121
e FExplanation:
=% Angular speed of munute hand (o)
Completes 1 revolution in 00 minutes
™ 201 [ 1#4) rruin)
Angular  speed  of hour hand  (un)
Completes 1 revolution in 12 hours (12 #
G0 manutes = 720 minutes)
tan =200 {(720) tnin)
% Ralio
-'m.-/ba
(20 0) (2720 =720/ =12/ 1=12:1
5.2 A body traveling in a circle at constant speed:
(a) has constant velocity
(b) has an inward radial acceleration
(c) 15 not accelerated
(d) has an outward radial acceleration
®  Answer: (b) has an inward radial aceeleration
= Explanation: Even al curstant speed, a body
in arcular  motion  continuously  changes
direction, which means its veloaty (a vector) is
constantly changing. A change in veloaty
implies acceleration. This acceleration, called
centripetal (or radial) acceleration, 15 always
directed lowards the center of the circle
flrlwan]j
33 A stone at the end of long string is whirled
in vertical circle at a constant speed. The
tension in the string will be minimum
when the stone is:
{a) at the top of the crcle
(b) half way down
(c) at the bottom of curcle
(d) anywhere in the arcle
® Answer: (a) at the top of the arcle
s  Explanation: At the top of the vertical circle,
the stone's weight (mg) acts downwards, in,
the same direction as the tension (1) needed
for centripetal force. The required centnpetal
force (mvifr) 15 provided by T + mg. So,

I=tmdifrj-myg [omaintan the arele, ension
s ol required, but it s misumal because
gravity 18 helparg to pull the sture towards the
conter AL the bottorn, berwiom must avegcome
benh gravity and presode the contripetal force,
W% mazimum
34 Every point of ratating rigid body has:
fa) sarne linwar velocity
(k) sarne angular veloaty
(c) varne linwar arceletation
(d) sarne hirwar distance
o Answer: (L) same angular velociry
e Explanation: In a rotating nigpd body, all
points rotate through the same angle in the
same amount of ime, mearing they all have
the  same  angulsr  displacement,  angular
velority, and angular acceleration. Howeser,
ponts at different radi will have ditferent
linwear velocities and linear accelerations (v=ra,
a~raj
3.5 The minimum velocity necessary o put a
satellite into the orbit is called
(a) termunal veloaty (b entical veloaty
(c) artficial velocity  (d) angular velooity
®  Answer: (b) cntical velooity
e Explanation: The mimimum veloaty required
for a satellive W achieve a stable orbit (usually
a low Earth orbit) s known as the cntical
velooty
3.6 An astronaut is orbiting around the Earth
in a large capsule. Then,
(a) he s freely falling towards the Farth
(b) he will be in a state of weightl=ssness with
respect to capsule
(c) a ball projected at an angle has a straight line
path as observed by lum
(d) all the above
*  Answer: (d) all the above
e Explanation:

% (a) An orbiing astronaut and capsule are
continuously “falling” wwards Earth due
to gravity, but their tangenual veloaity
keeps them in orbit

% (b) Because they are frevly falling

together, there is no normal foree, and the
astronaut CXPenenoes apparent
weightlessness relative to the capsule

(c) Due to weightessness (absence of

o
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(18]
(¥
fudy
.
.

Ik

(5]
(b)

sippificant gravitational torce elative to
the dalling trame), any ball progected by
the astronaut would follow o straghn line
path Sewtons fiest law) within the
Inl"\.lll
Therefone, all these statements ane trae
An object In uniform cireular motion
makes 10 revolutions in 2 seconds. Which
of the following stalement is true?
e penod i 205
T frespuenoy is 5 s
B ™ e as 20
I tregquenay s 02 112
Answer, (b s froguency is o Hez
Fxplanation
Preguemy () = Nomber ol revolutuns /
Lo taken = 10 revolutions / 2 s = 5
wev/a =51z
Period (1)= 1/ t=1 /51
S statement (B)as trae
A man inside the antificial satellite feels
weightlessness  because  the  foree  of
attraction due o the Earth is:

s al [N'I'

2,

balanced by the force of attraction due 1o the

LU

() equal to the centripetal toree

fll)
the

19

fa) N¢
by Int
r) Bu

non-elfective due to saime particular design of
satellite

Answer: (c) equal to the centripetal force
Explanation:  [he apparent
welphtlessness is that the gravitational force of
attraction from the Earth provides exactly the
contrpetal foree nevded for the satellite and its
contents Lo orbat Since this force s entirely

reason for

wsedd for circular motion, there is no residual
normal force” sensation,
feading to the feeling of weightlessness
A bottle of soda water is grasped from the
neck and swung briskly in a vertical circle,
Near which portion of the bottle do the
bubbles collect?

force o creale o

ar the bottom

hee maddle of bottle
bbles  reman distributed  throughout  the

olitme of the bottle
1) Near the neck of the bottle

An

swers (o) Near the bottom

Ixplanation: In o rolating systen, the denser
cormpanents tend to move outwards due to the

110

——
eduirement for o larper conttipetal foe,
Bubliles (pas) are losa dene than e sog,
water  Therefore, the denser waler s pushieg
outwards towards the “bottom™  (outermo
part ol e circle), aned the Hghter bubble,
collect iwards, near the axis ol rolation gy
towards the inner part ol thee curve, whicl
wontld be the “bottem” of te Dotthe when i,
swanging o crcle

IThe moment of inettia of body depends

upon:

{a) mass of the body and it distobution about axg,
ol retation

(b volume of U body

(¢) kanwtic enerpy of the body

() angular momenturn of the banly

Answer: (a) mass of the body g gy
distribution about wxas of rolation

Explanation:  Moment — of  inertia
fundamentally dependent on both the tolal
mass of the body and how thal mass
disteibuted relative to the axis of rolation T he
further the mass is from the axis, the preator
the moment of inertia

| SHORT ANSWER QUESTIONS |

ER |

Ans:

32

Ann:

33
Ans:

State second law of motion in cane of
rolatlon,
Thee s of the torgues on a totaling system
of a budy about a (e axrs equals moment of
inerhia hine angular acceleration
Yro=la
This s the rotahional analog 1o Newlon's
second law of linwear motion
What s the effect of changing the position
of a diver while diving in the pool?
Changing the position of a diver while
diving affects their moment of inertia and,
by the law of conservation of angular
momentum, their angular speed. When a
diver curls their body (tucks limbn
inwards), their moment of inerhia decreases,
causing their angular speed to increase,
allowing them to perform multiple
somersaults, When they stretch their limbs
oul, their moment of inertia increases, and
their angular speed decreases, allowing, for
a controlled entry into the water L= lo
How do we get butter from the milk?
We get butter (or cream) from milk using a
centrifuge by exploiting the difference in
densities between milk components Milk is
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14

15

Ans:

16

Ans:

37

placed ina centtifuge and spun at high
,.‘,,.,..h Fhe denser components (sbim milk)
are Joreed oulwards towards the bottenn of
e combabner, wehile the ]l“hh'l‘ components
(cream/Iat) collect closer 1o the center of
rolation, making il vasy 1o separate the
creamn, which can then be churned  inito
butter
Mass s a measure of inertia in linear
motlon. What is its analogue In rotational
motion? Describe briefly.
Ans: The analogue of mass a0 linear
mobion for rotational motion 15 moment of
inertia (I=mr?)
Description: Just as nass gquantifies an
object’s resistance 1o changes in s linear
state of motion (linear acceleration), moment
of inertia quantifies a nigid body's resistance
1o changes in its rotational state of motion
(angular acceleration) It depends not only on
the total mans but also on how that mass s
distributed relative to the axis of rotation, the
further the mass 15 from the axs, the greater
the moment of inerta
Why is It harder for a car 1o take turn al
higher speed than al lower speed?
When a car takes a turn require centripetal
force and this centripetal force s provided by
the friction Letween road and tyre, which is
also called gap of tyre
The requirement of centripetal foree s directly
proportional 1o the square of speed of car
(F=mvifr) A little increase  in speed
comsiderably  increase  the  requirement  of
centripetal force and grip of tyre become less
than required centripetal force at high speed
and the car may skid out of road
What are the benefits of using rare wheels of
heavy vehlcles consisted of double tires?
The advantages of double rear whesls in heavy
vehicles  provide better stability with large
surface area in contact with road and better
grip. Thin also reduce tyre wear due to
distribution of weight over four tyres instead
of two tyre
When a moving car turns around a corner to
the left, in what direction do the occupants
tend to fall? Explain briefly.
Ans: When a moving car turns around a
corner to the left, the occupants tend to fall
(or feel pushed) to the nght.
Explanation: This is due to inertia. Before the
turn, the occupants were moving in a straight
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Ans:

39

Ans:

line  As the car turns left, their inertia
”t'hl]l.'m}f e resisl a tll-“l}"l‘ e motion)
causes them 1o continue moving, in a straight
hine relative to thewr origanal direcion: Since
the car itself 15 changing direction to the left,
the occupants effectively feel a push 1o the
right, whuch s the direction opposite 1o the
center of the turn This sensation is often
referred to as a “hictitious force” or cemtnfugal
force, but it's a consequence of inertia

Why is the acceleration of a body moving
uniformly in a circle, directed towards the
centre?
The  acceleration of a body  moving
unlormly in a cirele s direcied lowards the
center because, even though its speed s
constant, ats  veloaity s continuously
changing direchon  Veloaity 15 a vertor
quantity, and its direction 15 always tangent
to the arcular path For the direction to
change in a circle, a force fand thus an
acceleration Feea ) must constantly  be
applied perpendicular to the veloaty vector,
always pointing towards the center of the
circle. This is known as centripetal (center-
secking) acceleration
How does an astronaut feel weightlessness
while orbiting from the Earth in a space-ship?
When a satellite 1s launched by a rocket in ats
desired orbit around the Earth, then it has been
obmerved pracucally that everything insude the
satellite experiences  weightlessness  because
the satellite 15 accelerating towards the centre
of the Earth as a freely falling body
The net force aching on astronaut
Fr.=mg-mg =0
This shows that the supporting force which s
acting, on a body inside the satellite 1s zero
nll'.'rrf(»l'l.', the bodies as well as the astronasuts
in a satellite find themselves in a state of
apparent weightlessness

CONSTRUCTED RESPONSE
QUESTIONS

31

Ans:

If angular velocity of different particles of a
rigid body is constant, will the linear
velocity of these particles also constant?

- If the angular veloaity of particles in a ngid
body is constant but the lincar velocities will
not be constant. The relationship between
lincar and angular velocity 15 given by v = rw,
it shows that v 15 directly related to r, the

P
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distarce from the aas of rotation Since the
distarce r o different for different particles in
the nzxd body from axis of rotation, even with
a constant angular veloaty w, the linear
velocites v will be different and not constant
A loaf of bread is lying on rotating plate. A
crow takes away the loaf of bread and the
plates rotation increase. Why?
Ans: The rotabon of plte increases
according o law of conservation of angular
momentum. When the crow takes away the loaf
of bread, the mass decreases which also decrease
moment of mertia and the angular veloaty
mcreases. According to the conservation of
angular momentum (L=lw=cunstant), if the
moment of inertia (T) decreases, the angular
veloaty (w) maust increase propornonally to
keep the product constant This 1s why the
plate’s rotation speeds up

33 Why do we tumble when we take
the sharp turn with large speed?
Ans We tumble or feel like tumbling

when taking a sharp turn at hugh speed due
o wnerta and the insufficent centripetal
force

Explaration
Inetha: Our bodies, by inettha, tend to
contnue moving in a straight line tangenhal to
the curve
Centripetal Forcez To make a tum, a
centnpetal force 15 required, pulling us (and
the vehucle) towards the center of the curve.
Thus force 15 usually provided by fnction
betwesn the tres and the road, or by the
normal force on a banked road
Insufficient Forcez: At high speeds, the
required centripetal force (Fe=mv?/r) becomes
very large, espeaally for a sharp turn (small
rj If the available fricion or other florces
cannot provide this sufficent centmpetal force,
our bodies (and the wvehicle) will tend to
continue moving tangentially. This outward
tendency, from an inertisl frame of reference,
makes us feel like we are “thrown outwards®
or that we mught tumble, as we struggle to
follow the sharp curve

What will be time period of a sinple
pendulum in an artificial satellite?

The ume peniod of a umple pendulum in an
artificial satellite s infinite The effecuve value

of acceleration due to gravity is zero inside the
artificial satellite
The time period of a simple pendulum g

T=2x L
4

If g=0thenT=w

Consequently, the pendulum will not oscillate ang

will appear to be in a state of free fall.

is5 Is the motion of a satellite in its orbjy,

1f, or ace 1 A‘-l‘
Ans: The motion of satellite in its orbit
15 accelerated motion. The speed of satellite jn
its orbit 15 uniform but the velocity is not
constant due to changean direction. The change
wn direction is the cause of acceleration and this
acceleration is called centripetal acceleration
provided by pgravitational force toward the
centre of the circular orbit.

36. What are the advantages that radian has been
preferred as Sl unit over degree?

Ans: The angle in Radian is considered as more

natural than degrees becauseit is directly
related to the arc length on the circle This
makes easier to work with in trigonometric
functions and calculus.
Coherence with SI Units: The radian is a
dimensionless urit (length/length), making it
coherent with other Sl units and simplifying
dimensional analysis in equations. Degrees
are an arbitrary division of a circle.

37 In uniform circular motion, what are the
average velocity and average acceleration for
one revolution? Explain.

Ans: In uniform circular motion, for one
complete revolution:
* Average Velocity: The average velocity is
zero,
¢ Explanation: Average velocity is defined
as total displacement divided by total
time (va.,~Ad/At). For one complete
revolution, the object starts and ends at

the same point. Therefore, the total

displacement (Ad) is zero. Since the
numerator is zero, the average velocity is
zero, regardless of the ime taken
* Average  Acceleration:  The
acceleration is also zero.

o Explanation: Average acceleration is
defined as the change in velocity divided
by the time interval (a,=Av/At). In
uniform arcular motion, the speed is

average
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constant, but the veloaty vector is
continuously changing direction
However, after one complete revolution,
the object returns to its starting point with
the exact same velocily vector (same
magnitude and  same  direction)
Therefore, the change in velocity (Av=v;
-v)) is zero (vi=wi). Since the change in
velocity is zero, the average acceleration
over one full revolution is zero.
In a rainstorm with a strong wind, what
determines the best position to hold an
umbrella?
The best position to hold an umbrella in a
rainstorm with a strong wind against the
direction of the resultant vector of the
raindrops’ velocity and the wind's velocity.
For example, if the wind is blowing towards
the west from east and the raindrops are
falling vertically downward, the resultant
vector will be pointing towards the west from
the vertical line. So the umbrella must facing
toward cast from the vertical line. The best
position for the umbrella is to onent il
against the resultant direction of the wind
and rain, minimizing the amount of rain
hitting the person. This usually means
tilting the umbrella slightly into the wind.

39 A ball is just supported by a string without

breaking. If it is whirled in a vertical circle, it

breaks. Explain why?
Ans: When a ball is just supported by a
string, the tension equals its weight (mg).
However, when whirled in a wvertical circle,
the tension constantly changes. At the
bottom of the circle, the string must not only
support the ball's weight but also provide the
additional centripetal force needed to keep it
moving in a circle (T=mg+mvi/r).
This means the tension at the bottom (Tionom)
is significantly greater than the ball's weight
(mg). Since the string’s breaking strength was

only slightly above mg, thus increased tension
exceeds 1ts limit, causing it to break.

310 How the centripetal force supplied in

the following cases:

(a) A satellite orbiting around the Earth.

(b) A car taking a turn an a level road.

(c) A stone whirled in a circle by
means of a string.

(a) The gravitational force provides the necessary
centripetal force to keep the satellite in
circular orbit

(b) The friction between road and tyre or tyre
grip provide the necessary centripetal force

(c) The tension in a string provide centripetal
force

COMPREHENSIVE QUESTIONS

31

32
Iw
33

34

35

36

37.

What is meant by angular momentum?
Explain the law of conservation of angular
momentum with daily life examples.

Show that orbital angular momentum; L =

Define moment of inertia. Prove that torque
acting on rotating rigid body is equal to the
product of its moment of inertia and angular
momentum.

What are artificial satellites? Calculate the
minimum time period necessary to put a
satellite into the orbit.

Define orbital velocity. Derive an expression
for the same.

Write a note on artificial gravity. Derive an
expression for frequency with which the
spaceship rotates to provide artificial
gravity,

Prove that;

(i) v=rw and (ii) a=ra

SOLVED EXAMPLES

EXAMPLE 3.1:

An electric fan rotating at 3 rev s is swilched
OFF. It comes to rest in 18.0 s. Assuming
deceleration to be uniform, find its value. How
many revolutions did it turn before coming to
rest?

Solution: In this problem, we have

@=30revs), w=0,t=180sanda=2,0="?

From equation 3.9, we have

W, =W, (0-3.0)revs’
1 18 0s

o= =0 167 revs

and, we have
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| solution
0=l * L \s ¢ R s (od00 @ ARI000) kin = AT ki
\ ‘GM
O=10revs InI8O8 ¢ - GO o7 v s ) Using v ‘\'_'
80 . - —— —
u‘ ”qtr“ 27 rov = 27 l0.67x10 "N m" Ag’ x6x10™ kg
- UV - ar IOV = 27 oy N s i p———— —— ST
ENAMPTY A2 W00k
102 CD spins at 210 rpimy what is the radial 25 ks
aceeleration of a point on the outer vim of the Also
COT The CD s 12 amvin diameter, R
Solution —
We convert 210 rpime e a tisquency in v
revalubions por sevond (1Hz) 2. '_l_‘_'f_‘__m_"“"!"_l"_'_ o day
Thus (=210 Zou MR L as o5t ool e
min o« T ' « 27.7 days
For vach evolution. the CUY rotates through an EXAMPLEAS
angle of Zinradians. The angular velocity s The mass of the Farth is b“_‘ ¥ kg, The
W2l = 2 VS5 =T emls ! Jistance r from Earth to the Sun is 150 x jgn
The radial scceleration is m. A seen from the direction of the Noy
a=rw = (T0arads 'Pa0om= 2 ma? Star, the Farth revolves counterclockwise
ENAMPLE 3% around the sun. lh‘h-m_uil\-i- lln-I or I!il-tll ang!,.l.,
A ball tied to the end of a string, is swung “'“'“"';“'"“l of I:l“; :.,:: 1‘ ':":;:w::' Sun,
in a vertical circle of radius r under the ";:’“Tl::: ‘: :lu“m .a”c:rl l"‘ 10° %) " orbit
action of gravily as shown in Fig. A7 :‘ul:ﬂ B m.“ TonES '
¥ ~ H v -
What will bn.lhc Irlmu.n in the string To find the Farth's orbital angular momentum,
when the ball is at the point A of the path we must first know its orbital speed from the
A_tul il‘.\ speed is v at this point? given data When the Farth moves around
:“'“l!“‘“l: 1] | { arcle of radius r, it travels a distance 2xrin
‘or the ball to travel i a circle, the tore 5
xr
acting on the hall must provide  the one year Tis orbital speed vo
rquired centnpetal force. In thas case, at : ” he E
pomt A, two torces act on the ball, the pull e Lo “Tm: .,‘,l.“:‘,m Sl
of the string and the weight w ol the ball i N
These torves act along the radius at A, and L AREW
s therr vivtor sum must furmish  the t
requined centnipetal force. We, therefore, I 2x(1.50x10" m)* x(6.00%10™ kg)
have ¢ 1L16%10"s
1
Few= 20 as W mg L= 207 ~ 10 % kg mis!
f y The sign s positive because the revolution s
P MV my = ,.,‘ Lo mvi/e 4 my counter clochwise
r r .
NUMERICAL PROBLEMS
L} "
It =g then T will be zero and the L8 A laser beam s directed from the Earth to

centripetal force is just equal to the weight
EXAMPLL 34
An Earth is in circular orbit at distance of 384,000 km
from the Earth's surface. What is ils period of one
revolution in days? Take mass of the Farth M = 6.0
=102 Kz and its radius R = 6400 km

the moon. The beam spreads over a diameler
250 ¢em at the moon surface, what is

divergence angle of the beam? The distance

of moon from the Farth is 3.8 x 100m.

Given:

Diameter of Laser beam at the Moon = 5= 2 5om

Distance of Moon from the Farth = ¢ = V8 10%m

To fine:
Angle of divergence = 0 < ?

r
{

[
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Calculation: 34 A string 05 m long holding a stone can
A we know that withstand maximum tension of 35.6 N. Find
S=r the maximum speedat which a stone of 05
S kg can be whirled with it in a vertical circle.
Qim Given
r Length of string=[=r= 05m
2.5 Maximum tension = Tuue = 356 N
18x10" Mass of stone = 05 kg,

33

06 S78= 107 rad

0 66=10"rad Ans
A car s moving with a speed of 108 km h,
1f its wheel has a diameter of 60 ¢m, find s
angular speed in rad s and rev s !,
Griven:
speed of car =v = 108 kinle!
_ 108x1000 .
Diameter of wheel = 1) = 60 cmo= 0.6 m
Radius of wheel = r= 0.3 m
Tinie interval, = Ar= 18.0s

To Fimd:
Angular velocity = @ =7
Solution:
==
r
30
() = =
0.3
= 100 pad 51
1
or w = (N x ;—- revs !

-5 a1 hli‘b e J6 e s!
An electric motor s runmng at 1800 rev mune!,
On switching OFF it comes to rest in 20 s. If
angular retardation is uniform, find the lrer
of revolutions it makes before stopping.
Grven:
Initial angular velocity, = ay = 1800 rev pun!
= 30 rev 57!
Final angular velocity,
Time interval= At = 20s
To Fuud:
Angular deceleration= a=?
No. of revolution completed=0=?

= ay= 0 rev 5!

Seluton:
w, - 0-30
N S e el
At 20
|
Now 0wt —at’
)

03020+ %(-1.5}(20)’

0= 600 = 300 = 300 rey

Solution
For vertical circle the maximum tension will

be at the bottom of circle 1 e

: mv’
Lo, =R
r
} ‘l‘nl
= Vo= g)—()
vi=0 S(E -9.8)=307m’s '
05

v=55Tms!

The flywheel of an enguie is rotating at 2100
rev min'.when the power source 1s shut off.
What torgue is required to stop it in 3 minutes?
The moment of imnertia of the fiywheel 1s 36 kg
m’,
Given
Initial angular velocity = wi = 2100 rev nun'!

= 2100 % 2n/60 = 2198 rad s !
Final angular velocity = wf = 0 rad s
Time taken = t=3 min =3 x 60 = 180 s
Moment of inertia of flywheel = 1= 36 kg m?
To find
Acceleration of flywheel = 7
Torque on flywheel = v =?

Solution:
0o 0-2198
Al 180
=122 qad s?
Now v=la

1=-dox 1 22=439% =-HNm

The negative sign indicates that the torque

opposes the initial rotation

3.6 What s the moment of inertia of a 200 kg sphere

whose diameter is 60 cm,
Given

Mass of sphere = m = 200 kg

Diameter of sphere = D = 60 cm = 0.6 m
Raulvus of Sphere = r =03 m

To find
Moment of mertia of sphere = ?
Solution.
1= Zmr
5

&

l} o

——



