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Chcper-—OS:

Circular Motion:

The  motion oF an object

Q

in o circular path s  called the circular

' motion. ”

J Exomgk:

_A_____g_fc_c_)_n_e whitled by Strlng motion

of Ceﬂ?ng Fan.

hogulo_clsplacements

©§3 The angle subtended

by the object -,- centre  of

Circle  at

a |
‘ b= : rad s =arc length
Unit: | - &

Radian

Si’gn Convention:

For  anticlockwise  direction
the angulor displacement AO© 1S positive
w hile For Clock wise direction the angular

displacement is negative .,

Please Vo Tormore Cata ar W pakcity.org
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T .

Kadians
The angle Subtended at  the

centre ofF circle when arc length

is equal tfo radius of ciccle.

S =160

Helation between Radion ond deagree.

Prove  +hat { rad = 57.3°. T R b,
AS I R
S'=2nRF
Q — _§_ ['Od
r
Q. 2R I'CIC@Q(@
9 ﬁ\o .
e
' Q= %@5 rao
| revogw0@= 2 N rad = 360°
1r0d I — 3600 |
- 360°
2 X 3.1415
lrad = 57 30 0

The rate of = change of

anqgular displace ment 1S called angular wvelocity”’

Slease visit for more data at: www.pakcity.org
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Formula:

Instantaneous angular veloci‘tﬁ:

The Intantaoneous
angular  velocity s defined as = the limiting
value ofF A@/At as the time interval At

Following  the time + Opproches to zero.
Formula:

Vins =AL‘t_j->mO —_AA_?;L
Unit: _
he Sl unit oF angular velocity is rad/s .}
Direction: Q
S

[t Is+ g é% tor quantity .

Angular Occeler ons _
b¢
' PN The

44 time rate of

Change of(l angular’  velocit 1Is  called

angular  acceleration .

Formula: | .x
A+t | A bl

Unit: ‘
- T

s rad/s?® .

Direction:

angular acceleration

It is Q vector q,udnti'tg

- lcadotc V @ JiIc Udld dl. WWW.DadFk V.01 C
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Q- 4 30
Average Anaulor Acceleration:

. The rotio  of '
total change of angular velocity to total Time.

Formulas?

= ammmc

. AW
av 't‘: ) t‘i At

o

Instantaneous onsulor acceleration:

The instantoneous angular acceleration can
be defined as  |fmiting value oF as

the  total Interval 2;“ oS the time Interval
i approches to zero &@ called Instantaneous
angular occelemtlom%ﬁgo

Formula: é@b

AW | 3 i A“rf.
4‘ A'::— i ¥ "‘ gpakcity.orgss

Relation _petween _ongular »and  linear

occelero‘r‘ion: o Q =rqes

As ne KNow

'V = W

dividing by ﬁmg t ' on both sides
\V W

it | x | -.'.CI-"—'-{-

Please visit for more data at: www.pakcity.org
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Helation between Onaulor and linear
velocity OR V=rw:

AS NS KNOW

TR 0 v ==
t ¢ 5
_ 6
. W =
V = rw
Equotions OF an UlOf mOtion': | ’rrgé*p Wil
_SQMA—F@ it
o g O@
Linear - Angular
74
(li) S =Vt e O = wi t +-‘,.;—--(::tjc"'2
! ... 20 = U
lll) 2aS =V — V; 200 = Uué = UUZZ

' Cent‘rigetd Force:

A Force which Is required

to move an object In a circular ath e

~ called Ceéntripetal Rorcge. Y

The Force which

- compells  the object to

Please visit for more data at. Www.paKcity.org
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o

move in a  ciccular path  is called
centripetal force.”

Formula: F. = n:_VE _

Example: ‘
(1) Rotation oFf earth around the sun.
(1) Rotation of getellites around +the eartn.

ExElanot‘ion:
Consider a body

attached  with  Spring.If  a
String is broken then it

would not continue to move

In a circle . Observation ©ows |

: &

that iF the spring @en , that 1t moves
- N

and  Follow  strofght = path.  AB.

For_centripetal_a€gelerations
& ‘
AS  body 15 point A ho\}fng

Initial  velocity v;  thea it Imoves

From PO;H": “ B “- ‘SO ot i‘ts VE'OCH'.H

\ \)

becomes v, at point B

- As velocity is chong‘ing Brarn A “

To B .So +he acceleration will be PrOdUcedl-

Q. AV

—
— O E——

At

(1)

Please visit for more data at: www.pakcity.org
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As &
A ah B —— (ii)
V
By putting (1) in (11) - .
doakcitv.ora ’
QC — av :%np a k:: _Lj; ]
S ; |
V
A L e VAN
SR e et \

Now , Wwe draw  the Triangle APQR
PR is parallel  and equal to \/-

@R 15 parallel and equal to Av.
. &2
As AOAB  and AP@@@%Oore

isoceles ’(riongle@QZS@

= N

AB _
oR = :
B
[ V

" . . _ ! b
O MOIEe AQdild dl. WWW. . DAaKCILY.Of
arIIE I 0E 1 W L U Bk [ s =
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.

For centriEeTol torce:

F = ma
o 2
F. = mQ,. OC"""—Y"'
r
E = v
r

In Onstﬂor Form s

2
EN m(rw)
> 1 V=rw
2 2
FC = mr=w
r
Fe = mrw? ©Q®

Centripetal Force 'i'é%{(gﬁ}mewi‘on ‘and  dimension
are [MLT_?'] . @<\\£S
<>@

The product of mass - '“af  an object

and Square of its  distance  From  the

axis of rotation .
Formula:
[ = my?
Unit.
[ts unit  isg Kgm? . -

Please visit for more data at: www.pakcity.org
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Dependences

(1) ‘ Mass .
(2) oquare of distance.
(3) Ax1S of rotation .

Explanations
Consider ® bodg having

moss m wWhich [s attoched
Wwith a ~masslessS  rod  then
a Force F Opplied and it

moves  in o circular path.

Force acting on an object:

(1)
> T
& angular. So, a s converted|

1 R @ 0@ * Q=ra
= Mra —_— (\2)

As the motion

Multiply equation (2) by vt

re =T
rf = mr?g mr? = |
Torque on  Rigid Boduy:
Consider Q
rigid bodg consist oF large number

Plese sit for more data at: www.pakcity.org
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Gﬁ | . E*r?'!n

of masses m,; , M, , M, m, = My
hov;ng diSthce rl 4 .rz y r3 y r4 ) % s rn

From the axis of rotation.

Torg:ue on iy

T = T +T AL =71
Total l i e +§[’3 %
| 7L
TMCI| - mro +@§ 2+m r 03+ +-mnrnc'n
: ﬁ
@%Q’
; N .
An QXIS F | “ _ : _Ssame anqular
acceleration N
- O 9= =m0, [HAa, = a
" 2 2
T m1r10+m2f20 +m3['30 - '+mnr[30
n 5 I 5
T::(z-l Fidi )O 22-1 i s
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a4 3 s —

Ansulor momentum:

The cross product

ﬁ

of position wvector r and lineor wmomentum P
about the  axis of rotation.

Formula:

—

L =r X P

Unit:

The _ Sl unit ok Ol"lgUle momen’cum S Kgmzs'l

or Js.

Dimension:

The dimension of angulor momentum is [MLZ_ T ] .
Explanation: @QC@
IR

COHSIdEfO%{\Qp - body having mass

— °

& _
mass m , r is @1‘@6\(5S position. wvector Ffrom axis

of rotation “Vis the linear momentum P
then ang momentum will ' be
L\ Nkl Rl
o
0 r ORI
S\
.2 M
,“?:}\ s
O N - ‘

For magnitude: t

Please visit for more data at: www.pakcity.org
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Direction: g
INe can Find the direction ofF s

by Right hand Rule.

[F a body 1S moving in O circlg:

| [F a body is moving in o

circle +then velocitg is Tangent

To the circle wWhich 18

perpendicular to r

8 = Q0°
e A e o, Sin9q0” = 1
L = rpsSinqgo’ @@E%

O
Y
L = rp > V=TIw
L

Lﬁﬁg\/ e
L = mvr
T m(rvu)r
| = erN
L=l

n ular momentum of Rigid Bod

Ge

A _ body In which the

Please visit for more data at: www.pakcity.org
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distance between the molecules

remains constant .”

ExElono‘l'ionz

—

Consider a rigid
body consist of large number of masses

mi ) m?. . \'T\3 )o.i ) mn hOV;ﬂg diStOnCes fl " rz r3 1”

7

ves b from the axig of: rotation.

Angular momentum on m,:

e — e il

E=g—— - — il e ——
.

= 2
L, = m 1w,

Angular momentum onQQZ:

- ~
%O 2

Angular momentum:” on/ _
L st g
Tolal o momentum:
L= bekhig.orh 24 et + Ly
i 2 |
L = m W +mrfw, +m, 2w+ +m 12w,

As axis of rotation IS Same on mMmoss.

wl = wz = wg — -Wn = LU

Now

L =mrw . 1> “ ~
W MW w4+ mor2 W

L
Please visit for more data at: www.pakcity.org
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S

14 B~ -
E L i ij

Law of conservation of anqular wmomentum:

‘Ms _

~
i
O

=M Lw ]

IFF no Torque act on an object then the

Total angular momentum remains constant.”

—_— %

L, + L, 4o + |,
hw, + 1w, +eee + Inwy,

2 lw = Constant

circular path 13
energy . ”
V =Trfw
In moment of

Inertia .

Please visit for more data at: www.pakcity.org
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Rotational  Kinetic energy of Rigid Body:

Rigid bod&:

13

A body in which

distance of molecules remains

constant . ”

Exelonotiom
Consider a body having masses
ml ) mz ) m3 » "') mn hOVing dfs-l-onces r'_)r r3 goots

From the QxS of rotation .

Rotational k.E  of single object:

by rotantion ‘KBS w jg ! The

angular city of  _the objeét.
Rotaotional K.E of My s
£ n pekgityos
K ErO't e Z mlrl wtz

KE. of my

il 2
ke e B = Sl
Rotational
o K-E o .
s 5 Fimé__:

K.E =41 2
HRLCH ¢ W;

~ledot V @ JIC Udld dl. WWW.DdAUILY.OI
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Rofdtiond K.E oF m,:

2
Total rototional k.E of all masges:

As axis of rotation Same.

| 1 D4, D) 1 o= -9 P 2 1 Z
— m — r— [=] —
K-E_ . s MG Wi+Ssmpw +5m LWt +5 M 1w

Consider o disk and hoop at
the top of inclined plone then

they moves and chonge potential

energy will be

P-E = K'ET 3 K'Erot PRl e e L (l)

Please visit for more data at: www.pakcity.or |
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For DISC:
1 2
K-Erot =_§Iw ]°=—2Lmrl
V=rw
K.E » __1__(_1_ ) _\f_z
rot 2 2 m/Vé /r/z w =
| I
] Za
k'Erot : i_ 2 KE_ = mv
AS
P.E = K.
3 ET g k"'Erc:d:
magh = -1-. £ 1 !
g 5 mv +'Z- mv
Hat S ud e
! + 1 QQ@
gh = (24 )\/2%0@
S
>
TaKing re root on both sidesg
—
or
% = 1.15

PleaSeViS_it ] M0Oe daltad at. WWW . DAR ' .
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For Hoop:

LY,
(T}
|
o
M
f
Py
m

www.pakcity.org

Moment oF inertiao

For hoop
. : 2
[, = mg

V

Y=
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Sdatellite:

www.pakcity.org

G_A nyH’ﬁng that revolves around

the Earth is  called satellite.”
Satellites:

1Ficia

that revolves oround +the earth is called

artifFicial Sdtellite i
Exomele: ' . l

—me most Commoh exa mples are

military sSatellite , communication Satellite .

Critical  Orbital

— i ——

—r—— nw e

velocf%H which j

sate e

Consi®&, Lal - gobllie

having mass m  +ot' ' ‘revolves

Circular path .

R = Radius oF earth .

h = Height oF 'Sotellite From Surface of
Earth .
¥ = Radius of Satellite From centre = of

i A_J_‘B.T TI—-i.I |]“'_l- ¥ 1l' 1 tes-wr
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Eort.
| As
Circular i .
o S Ly 2 bodg moves [
ntripetal  Forc & - -
: ove
| due t
O
F = ."_.“_Y...z
o
(1)

Wy =AY
R
-
S &
R

\

= 6.4%x10° |
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Time eriod:

———

—I-Fle Time rqufred j’O CEmP\Ete
Oone  rotation around the Earth .
S
T = A5 . circumference _ 21 K
—V velocity 7900

- - _2(3.14)(6.4x10°)
7900

c%}akcity.org =

the  gravitational pull
object . '
meoSureable weight
by  Spring balance when a body accelerate
upward and _ downward  is  called  Apparent
weight .”
Appeorent weight IS equall and

opposite to the Force required to  stop it

From Fo“ing in the Frame of referance.

B = -
WAV PV ala aldlsaloldalla " \AMAANAAL D { MO
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Explanation:

Consider a body
hoving mass “ m “ which 1S

attached to a string ond 1t

liFted in a lift.

Case —1: When lift 1S Qﬁ;
F:‘m:ﬂ: = mao
As tension high
T-W = mo

' ©
Resul 55 et
Th i Ne'igh’c e equal to the
appear weight .
Case-1ll: When 16t - is! movin upward
F‘mat ki
As Tension high .
T — W = ma
T = W +ma
Result: The opparent  weight IS InCreases

bg the ‘Omoun’c of ma .

w JIC Udld dadl. Www.pdar V.Ul U
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Cose-II: When liFt 1S woving__downward:

F.‘

ma

|

net

As tension is low . weight 1S high .

W—-ma = T
T = W — ma
The apparent weight is decreoses
by Amount oF  ma .

‘;‘S—(—) akC Iﬂ/ org%g '

Case -}V: When [iFt 9

@&f

talling;

ne

o
mg —T = mg
W = mg
mg—-mg — T
QO "=F
T =0

EESU It

The OPparent weight becomes zero.

leooe VIS Ic Ure Udld dl. WWW.PdKCIlYy.0rg
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Weightlesgness:
rr_}/\lhen the OPEgrgqt weight

becomes zero this  state 1S callea

_I_/\le'i'ghtlessness e

A Free Falling body wmoves
under the action ofF grov'ftotfono\ Force . So
that the  object is said to be In

weightlessness .

Orbital \/e|ocH:H:

The velocity of satellite

bg which it rotate around

the Earth in circular é@

Exg_lopotion: @Q
Congider @

Satellite ‘M around  the _
‘m ~ and ItS radius. ~ of Eorth R

mMassS

and the rodius of orbital po’rh “ r

The satellite rotate around the

Eorth due to centripetal Force .

. _ mv? - :
B (1)

The Force is  provided by gravitational

Force of Earth -

eaS . . - .' — — Y"‘Y'.'
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R (11 )
Compare (1) and (11) , We have
v _ GeaM
o r 7
N B e (V)
r

produced b th € e
e : orce
moves: - s own. dd axis _then the
| , . .
.o’ ealled: . ortificiol gravity -
1§ . CcaleO - J
Exg_lonoﬂon: - ‘
J ' Free space

ln o grovity

V 2 JIC Udld dl. WWVW.PDdFK V.0OIQ
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sotellite  there will be no Force  ihat
wi push ony  body due. to - any .. side
of +the spacecraft . [F this  sotellite (s

to stay N arbit ever on extend and
period of time. This  welightlessness may

oFfect  the performance of the astronauts

present 1In the gpacecraft .To overcome

<

the  difficulty, on artificial gravity 1s

>

Created In spacecraft.

Expression For Frequency:

Consider o Spocesh{
which 1is rototm&;@round

Its own an ..:.s’ due

AN
to angular e\oc:H:g W  then  the
centripeta acceleration will be
O 2\ PRk
I
As
V=YTw
2
o PR Ll e S
[ i r
Qo =ie

Please VISIT Tor more oata at. WWW.DaRGITY . Or0




www.pakcity.org

' e o

el s e www.pakcity.org

oo AS U
T
O =2
4 N
OC — l" 5 2 1
t F = T
17
OC e 4_7\21‘ .._..1__
.t.Z
Qe = 4n? r Fz
Oc i Fz
4 K%y
Takin squareroot WA,
g quUAre roo on both sides

{i@ 7 4R%*r s

& pakcity.orgg

The orbit which
has  fime  period of  rototion exactly  equal

to  +the Time period of rototion of Earth .

Geostationar Satellite:
e —————

The Satellite.

which has Time wperiod of rotation exoc’clg
equal  to the  time period of rotation of
Earth . * '

Jlease visit for more data at: www.pakcity.org
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OR
: The satellite wWhich has  tTime rotation
hours  is called  Geostationary sotellite .”
Application of eoStationar Satellite:

Communico’ti'on Satellite wWhich are used

for  weather report or use of military

perpose .
Ex_'E_ lanation:
Consider
satellite  which revolve

Time  Earth mplete
one rev ion around vits OWnN
Qxis in 24 hours. So . the satellite 1S
geo'StC'ﬁOﬂOl'y satellite and orbit in  which
geo-stationary satellite revolves IS
called geo-stationary orbit .
Hadius  of Geostationar Satellite:

As @ satellite mmoves

oround the Forth due to orbitaol velocftg :

Please visit for more data at: www.pakcity.org
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(1)

As , the  velocity is Some at thot of Earth.

S = vt
V = S !
SR » § =cIrcumference =21 [
2AT
2V A

= el ||

By comparing (i) and  (ii)

As

=lrease VIS OF THOTE (Jata at. WWW.DaRGnv.ora
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t = 24 x 60 X 60 = B64005
AN = 3.1415
Putting  values in  equation (iii) , Wwe have

1

= 2.4
g 6.67%X10 % 6 x10  x(86400)* |3
s o N B N T T T

4 (3.1415)%

r 4.23%X10" m

Il

: .
10 . =i1Kilo
r = 4.2 * v 103

3 X10" X10” m

E r= 4.23x10° Km l

@)

Please VISITTor more data at: www.pakcity.org
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D b it mpe G
ANSWERS OF THE QUESTIONS %4 pakcity.org %

Question 5.1:

Explain the difference between tangential velocity and the angular
velocity, if one of these is given for a wheel of known radius, who will you find the

other?

Answer:

Tangential velocity:

When a body is moving in a curved or in a circular path, its linear

velocity is called agents in velocity v. It is along the tangent to the curve of circle.

Angular velocity:

Rate of change of anqular displacement of a particle moving along

a curved path is called angle angular velocity. It is %e\noted by .

3

Relation between them: @
<O

& __
=TO

Hence if one of these is givgc@%heel of known radius, the other can be found
O

)

from above relation. Qo
Question 5.2:

Explain what is the meant by centripetal force and why it must be

furnished to an object if the object is to follow a circular path?

Answer:

Centripetal Force:

The force which is required to move an object in a circular path is

called centripetal force.

Mathematically:

my-

Please visit for more data at: www.pakcity.org
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Reason for providing centripetal force:

If we want to move an object in a circular path then centripetal force is required. If
centripetal force is not provided than object does not move in circular path it moves in

a straight path.

Question 5.3:

What is meant by moment of inertia? Explain its significance.

% pakcity.org #

The product of the mass of the object and square of its distance

Answer:

Moment of inertia:

from the axis of rotation is called moment of inertia. It is represented by |.
| = mr?
Where m is the mass of an object and r is the distance from the axis of rotation.

Significance: ©<?/®

&
't plays the same rule in a@motion as mass plays its role in a linear

motion. As mass is a scalar quan%@ment of inertia is also a scalar quantity. Inertia
s{it-of inertia depends upon both mass and square of

depends upon mass but mo

distance from the axis of-fotat

Question 5.4:

What is meant by angular momentum? Explain the law of

conservation of angular momentum.
Answer:

Angular Momentum:

Cross product of position vector ¥ and linear momentum P is

called angular momentum or moment of momentum.
L =F x p

Or L = |lo

Please visit for more data at: www.pakcity.org




www.pakcity.org www.pakcity.org

A0 - QR
% pakcity.org o @

Units:

(i) Kg m? s (i) Js

Law of Conservation of angular momentum:

If no external torque acts on the system

then the total angular momentum of a system of bodies remains constant.
|1 1= |2(!) 2

—

L =constant
Question 5.5:
Show that orbital angular momentum Ly = muvr.

Answer:

Proof:
@@@ A

Lo = O@Sln 90" for circular motion 8 = 90"

=
-
[l

rmv
Lo = mvr
Question 5.6:

Describe what should be the minimum velocity, for a satellite, to orbit

close to the Earth around it.

Answer: The minimum velocity for a satellite to orbit around the earth is called

orbital velocity. For satellite orbiting close to the earth is given by:

Please visit for more data at: www.pakcity.org
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¥ pakcity.org S

.
a LY
I
L] .i
)

Units:

(1) Kg m? s (i) Js

Law of Conservation of angular momentum:

If no external torque acts on the system

then the total angular momentum of a system of bodies remains constant.
lho1= Lo

—

L =constant
Question 5.5:
Show that orbital angular momentum Ly = muvr.

Answer:

Proof:
@@@ A

Lo = O(@gln 90" for circular motion @ = 90" ac

Lo=rp (1)

lo=rTp but p=mv

Lo = rmv
Lo = mvr

Question 5.6:

Describe what should be the minimum velocity, for a satellite, to orbit

close to the Earth around it.

Answer: The minimum velocity for a satellite to orbit around the earth is called

orbital velocity. For satellite orbiting close to the earth is given by:

Please visit for more data at: www.pakcity.org
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W

E— \/ 9.8ms ™ x6.4x10°m

v= 7.9 kms™
This velocity is also called critical velocity.

Question 5.7:

State the direction of the following vectors in simple situations; the

angular momentum and angular velocity.

Answer:

In simple situation the direction of angular momentum L and angular velocity
o are same. Their directions are along the axis of rotation and given by the right hand

rule.

Right Hand Rule:

Grasp the axis of rotation | ght hand with figures curling in

the direction of rotation. The erect thum&> ats in the direction of angular velocity @

B & A
and angular momentum L. @%
Question 5.8: @@ @
O
Explain n object, orbiting the earth, is said to be freely falling.
Use your explan to point out why objects appear weightless under the certain

circumstances.

Answer:
't is said to be freely falling under the action of gravity.
Explanation:

An object orbiting around the earth is said to be freely falling because it
IS moving freely under the action of gravity. It does not fall on the center of the Earth

due to curvature of Earth.

In this case: Fret = MA

Please visit for more data at: www.pakcity.org
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W-T=ma T a=4gdg
T =W-mg
T =mg-mg
=0

As apparent weight becomes zero. It is called weightless and this state is called

weightlessness.
Question 5.9:

Why mud flies off the tyre of a moving bicycle, in what direction does
it fly? Explain.

Answer:

Mud flies off the tyre along the tangent.

Explanation:
&

Mud is attached to the tyre d eo@ sticking force between mud and tyre,

which is provided by the centripetal f en speed of the tyre is increases then
sticking force is decreases due to@%@sing of centripetal force. Hence mud flies off

the tyre along the tangent. @@
&

Question 5.10:

A disk'and a hope start moving down from the top of an inclined plane

at the same time. Which one will be moving faster on reaching the bottom?

Answer:

Velocity of disc is:

Vp = 1.15 /gh

Velocity of hoop is:

“ T. 2 .f; "
R P&kCIty.Ol'g : ; =
VH — 1fgh

This shows that velocity of the disc is 1.15 times greater than the velocity of hoop,

so disc reach first at the bottom.
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Question 5.11:

Why does a diver change his body positions before and after diving in

the pool?

Answer:

The driver change his body position to change the moment of inertia.

Explanation:

Before diving:  For stretched position of the diver the moment of inertia ( 1) is

Increase and o, IS decreases.

After diving: When a diver close his arms and legs into tuck position, then his

moment of inertia |; decreases and , increases. But the total angular momentum

remains constant.

Lo =1,0,

Question 5.12: @

A student holds to dump- b stretched arm while sitting on a turn
table. He is given a push until he |@ ing at certain angular velocity. The student
then pulls the dumb-bells towns chest. What will be the effect on the rate of

rotation? Q
O

Answer:

Using the law of conservation of angular momentum

It 7, =0
L, = constant

Lo =10,

Or

| =constant

const

I

Q) —
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) oC —

Where [ = Z m‘r.r.2

In Figure (a):

(1) Moment of inertia is greater

(i1) Angular velocity is smaller

In Figure (b):

(i) Moment of inertia becomes smaller

(i)  Angular velocity increases.
Hence the product; @ = constant.

Question 5.13:

Explain how many minimum number of geo-stationary satellites are
required for global coverage of T.V transmissi

@ !
nswer. %
a %@

The whole Earth can@@b@g@red by three geo-stationary satellites.

Explanation: Q
As each geo-statio atellite can cover 120° of longitude. Hence

120°+120°+120° = 360°

So only three geo-stationary satellites are required for the whole coverage of the earth.
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Numerical Problems
Coming Soon
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