THE ACADEMICS

CIRCULAR MOTION

+ Definition of Circular Motion

When a particle moves in a plane such that its distance from a fixed (or moving)
point remains constant then its motion is called as circular motion with respect
to that fixed point. That fixed point is called centre and the distance is calied
radius of circular path.

Radius Vector :

The vector joining the centre of the circle and the center of the particle
performing circular motion is called radius vector, It has constant magnitude
and variable direction. It is directed outwarc

Frequency (n) :
No. of revolutions described by particle per sec. is its frequency. Its unit is
revolutions per second (r.p.s.) or revolutions per minute (r.p.m.)

Time Period (T) :
- ; ; 1

It is time taken by particle to complete one revolution. .

+ Angle =2 length _ s < :
radius r
]
: AB :

¢+  Average angular velocity o =— (a scalar quantity)

At

B
¢ Instantaneous angular velocity ©="3 (a vector quantity)

2x
¢  For uniform angular velocity 0= =2xf or 2nn
Angular displacement 0= ot
© — Angular frequency n or f = frequency
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v
Relation between @ and v m=-‘_-
* In vector form velocity V=@xT
v e SOG  Blws wn OB e B & e
Acceleration 8= —=—(@ xF)=—xF+DX—=AXT+D XU =
dt dt dt t

dv
Tangential acceleration: a, = P

|:i'31t = component of & along V=(3-9)¥ = [%)G}

2

. . v " a
Centripetal acceleration : a. = ov=—=0’ or a, = w’r(-f)
r

2\* E
Magnitude of net acceleration : a= \Iaf: +al = J(v__] + (%:—) :

r

Maximum speed of in circular motion.

*  Onunbanked road : v__ =./uRg

U, +tan0

e Onbankedroad: v, =
1-p, tan®

]Rg = Jtan(B +¢)Rg

Voo =JRatan(0-0); v, v, SV,

where ¢ = angle of friction = tan"'; 8 = angle of banking
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Circular motion in vertical plane

A. Condition to complete vertical circle u > ,/5gR
If u=5gR then Tension at C is equal to 0

and tension at A is equal to 6mg

Velocity at B: v, =./3gR
Velocity at C: v, = JQ—R

FromAtoB: T=mgcos6+ e

2

From B to C : T=mv

—mgcos 0
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B. Condition for pendulum motion (oscillating condition)

u<2gR (in between A to B)

Velocity can be zero but T never be zero between A & B.

my?
Because T is given by T =mgcos6 + =

C. Condition for leaving path : ,/2gR <u< 5gR

T=0,vz0

Particle crosses the point B but not complete the vertical circle.

Tension will be zero in between B to C & the angle where T = 0

u® - 2gR
3gR

cosf =

0 is from vertical line

Note : After leaviny the circle, the particle will follow a parabolic path.

KEY POINTS

»  Average angular velocity is a scalar physical quanity whereas instantanecus
angular velocity is a vector physical quanity.

~*  Small Angular displacement 4§ is a vector quantity, but large angular

displacement 0 is scalar quantity.

d6, +d0, =db, +db, But 8,+6,#6,+0,
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* Relative Angular Velocity

Relative angular velocity of a particle ‘A" w.r.t. other moving particle B is the
angular velocity of the position vector of A w.r.t. B.

“-
vesind,.
B

That means it is the rate at which position vector of 'A’ w.r.t. B rotates at that
instant

- (vas). _ Relative velocity of A w.r.t. B perpendicular to line AB
G T seperation between A and B

v, sin®, + v, sinf,
r

here (v,;), = v, sinf + v,sind, S g =
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