


CIRCULAR MOTION

→ Mechanics !

AZ -Physics > The Introduction

Q) How to define the kinematics of a CIRCLE

' Linear Displacement :_ 3 Angular Displacement :-

1) denote :-(s) ) denote :- (Q)

•) define : - displacement in a •) define : - the angle made by the object
straight line at the centre as itperforms

CIRCULAR MOTION
-1 units ÷ (m)

-1 units :-(radians )→ defined next pg
☆2 Linear Velocity ÷

V=¥- 4 Angular Velocity:- W=0Yt
1) denote :- (r)

•) define : - Rate of charge of
•) define : - rate of change angular displacement

of displacement
1) denote :-W- Omega symbol

-1 units ÷ (Mls)

-1 units :- Gad/s)



Now
,

lets visualize the kinematics of a CIRCLE ⇒

*Relationship b/w Linear velocity (r)
and angular velocity (w)

wear Dggis_Placement .

f-ROS
/ AngularDisplacement⑤ = ¥0 vf [ Tangential velocity- LATER

Define Radian

-) the angle substended at the
centre of the circle

•) where its arc length is equal to
its radius

360=-2Trad

KB An object completes an entire circle as it moves

① =2☒ t=T • • •

W ⇒2→ angle for one cycle
T- time/period of one cycle

BB Uniform angular velocity is achieved if an object subtends
equal angles in equal intervals of time

- Calculating angular velocity (w ) :-

Q) Calculate angular velocity for the minute hand of a clock ?

W==2T
→60minOh, )

"W=¥⇒ rads A./◦7×10-3rad Is



'Tite Formuwa "✓=_/W
"

APPLIED !

☆V4 ,
ifW constant ☆ Now

,
if r constant

Examples BLADES of a fan .

When the blade rotates
,
both

points A {B will have the
same angular velocity , HOWEVER

• ¥¥É☐ʳÉ : RB > RA - linear velocity of
both points will
be Different ↓

1. V5 >Va !

wÉTf¥B W= Same

Q) what about
JA > or:B

nonfat#
A linear velocity?✓a > VB

It is possible for different points to have the sameScarth angular velocity , however depending on theirposition
( value of r)

,
their linear velocity may or may not

be the same. Nice !

↑ ↑V=~④→ constant

CSlower)

(Faster)



THE Case of CENTRIPETAL Force/Acceleration =}
→

ypoints :- ☆ The Force that tends to rotate an object

☆ TheForce that reassures a bodywill move in a circle

# there's a Yin
,
there is always a Yang !

Following Newton 's3rdLaw . . _ the Signal { Opposite Force

CÉÑJZTÉGAT☆ moves the object out of the circular orbit .
•✓

F- 10N+5N

qF,
-Centrifugal force

w +(E) (centre hater)
F-"

"
^ At rest F-# Moving £5

Zoom
↳ centripetal force

↳
W= 10N

↳
W= 10N (centre lover)↓

The extra force is the Centripetal force Actingtowards
the centre !

Listof Forces acting as CentripetalForce→

E) Planetary motion /Satellite → Gravitational force
Cii) Car making a turn about a corner→Friction force

.

Ciii) Stone tied to a thread→ Tension force
(E) Water in a bucket in a vertical circle→Weight +ContactForce

CentripetalAcceleration→Rate of change of linear velocity about a point

GENERAL FORMULA ==My or mrw
2

F is centripetal force in N

M is mass of the body in kg

✓ is linear velocity in Mls

r is radius of the path in m



Conceptualize→ Metical CIRCULARMOTION

When the attitude of a body is charging with its position
-

7 to depict this notion→ A body tied to an inextensiblestring ¥0Tthe forces actingon it are :- Tension Ci )

Weight Cii)
b. w

•

•

?⃝ ☆CircularPaths①§÷!¥¥¥É¥¥¥*Éq I:&
: *tituaeaas. :

☆CPE changes to #£

_☒
Flypoints :-

C

1-GPE changes
2-Speed/K◦E also changes

•
%#= MTR

,
Fc also changes

4. Tension at every point also changes

D B

Lets Analyze these Facts .

i)
"

h" decreases from C toD G D to A

B-
↓GPE = mxgxh↓A

↑KE = 112✗m✗✓
2↑

iiD he increases from A toB 4 B toC

PGPE = mxgxh ↑

↳ IKE = Is ✗mxv- ↳



THE Pr Sit:O.WS
Position "

A
"

:- Lowest Position
• Resultant forceFc acts towards the centre

D B
Resultant = IW
Fc = T-W

qt T=Fc+W or T=mr÷ +W

B-

↳w

o Position
"

B
"

{ Position "

D
"

Intermediate !
•

✓is neither → acting along T

D-
T 1£ B

→ acting againstT

wt-
Fo ¥ ↓w Fo = T or T =m

B-
A

c POSITION
"

C
"

:- Highest position
JEW
+ ↓ ↳Fc Wh T acting in the same direction•

towards the centre

D B Resultant = W+T
Fc = W+T

F-Fo -W ° '

T=m -W

B-
A



CONCLUSIONS FOR CLARITY !

Position A Position B Position C Position D

↓ b. ↓ ↓
m÷+W m¥ m¥ -w m÷
T Max T min

↳

string most likely to BREAK :
GRAPH next Page !

WHAT IF- Body at some other position

✓ is neither acting towards nor away
from the

,

centre
,
it is acting at an angle . . .

Thus
,
IT can be

•

Resolved !

F¥IhÉ÷÷m Fc=T-Was ⊖w

or

F-

T-ctwcosOT-mr2-i-wcoso-g.hr
General Expression→ Function of Cos ⊖

,
HENCE

*

☆ Spoiler Alert he → Graph is Cosine Graph !



GRAPHICAL Questionnaire {} !

bar

m¥+W _• •

m✓% - • ••U
EE -W -

A'

a ts L b a

Te¥Ñg C) using info from the graph 4 formulas
calculate . :

Position

8

(a) mass
"

m
" of the object b) If E-06m - Cal Linearvelocity (r)

Tmax ⇒ 12 { lowest pt } use 2g 1 or2

12 = + my
- (1)

12 = m¥ + my
Tmin = 6 { Highestpt}

- 6 = ± my _
(2) 12=-0003%2-+03×10

✓= 4024m Is
6=2my : . m = 03kg

2=10



Vertical Motion of a Trolley on a CircularTrack !

②Eypoints :- ☆ No strings attached
"

Literally
"

- No Tension !

☆ It all happens on a track ! →No Friction ,Only Contact !

¥hT7
☆ 9 £ !

% % R

q↓
Fc =Resultant

:& %
Toto J↑sf⑧o

→ →

Forces acting on trolley are no c)Weight "W
"

Lii) Normal /Contact "R
"

Both of these forces are acting towards the centre

Jc=WtR_ᵈ}→If in contact with surface !
WHAT IF- Trolley loses it 's contact with surface- !

O O

Br g Fa = W+R- zero
↓

Fc =W

MII = rxxg
✓ 2- rg

→

r=r⑤
In order to maintain contact with thesurface

,
the speed must be more than Fg

✓safe



THE JUMP -BACK BRIDGE
=

Consists of a sphericalpath no Circular !

Tho g@)F. t.fr

At thetop , Forces acting on the body are :-

lil Weight Cii) Contact Ciii) Fcc Resultant)

☆Fc acting towards the centre , hence W >The Resultant= W-12
Fc = W- R

WHAT IF- Body loses it 's contact with surface- !

¥52M ☆ Body has to follow path
with smaller radius
in order to remain in

contact with the surface .Fc=W-R→ FEW-0

% = rxxg → ✓ Erg → ✓=Fg→ not safe

✓<Fg- safe !




