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7 Motion in a circle

7.1 KINEMATICS OF UNIFORM CIRCULAR MOTION

a) The radian and angular displacement
The radian

 The radian is the angle subtended by an arc whose length is
equal to the radius of the circle.
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 Unit of θ is radian, rad.

 For one complete circle, rad 22  
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Angular displacement
 Angular displacement is the angle turned about the centre of a

circle.
 Unit of angular displacement: radians, rad.
 Example: If a particle moves from A to B, the change in angular

displacement is Δθ = (θ2 - θ1) rad.

Example 1: The laser in a CD player is 5.0 cm from the central hole of the disc. What length of the
disc is scanned by the laser when the disc turns through an angle of 0.45 radians? (Ans: 2.3 cm)

b) Angular speed
 Angular speed ω is the rate of change of angular displacement.

dt
d 

 Unit of angular speed: rad s-1

 Since S=rθ, differentiating on both sides w.r.t. time gives:
dt
dr
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 Example 2: The minute hand of a clock is moving at constant

angular velocity ω. Which point on the hand, A, B or C is moving
the fastest?
(Ans: C)

 For constant angular velocity,
t
 

If the time taken for one revolution is period T and the angular displacement is 2 then:

T
 2

 or f 2

 Example 3: (a) What is the angular velocity of the Earth about its axis?

c) Recall and use v = rω to solve problems
 Example 3: (b) Calculate the linear velocity of a body at the earth’s equator given that the radius of

the earth is 6×106 m.

(c)
 P. L

uc
ho

o

LS
R SSS



2

7.2 CENTRIPETAL ACCELERATION AND CENTRIPETAL FORCE

a) Motion in a circle
 Circular motion refers to the motion of a body moving along a curved path of constant radius from

a fixed point.
 Uniform circular motion is the motion of an object moving in circular path at constant speed.
 Example: consider a stone tied to a string and whirled

around in a horizontal circle.
 The velocity of the stone changes at each different

position along its path because its direction of motion is
constantly changing.

 Since the stone does not move along a straight line,
according to Newton's 1st law motion, an external force
must be acting on it.

motion

velocityten
sio
n

 The centripetal force is the force that acts on a body performing circular motion and is directed
towards the centre of the circular path.

 In the case of the stone, the centripetal force is provided by the tension in the string acting
perpendicular to the stone’s direction of motion.

 Due to the centripetal force, there is an acceleration also directed towards the centre of the
circular path and is called the centripetal acceleration.

 As the stone moves along a curved path its direction of motion, and consequently its velocity,
constantly changes although its speed remains constant.

b) Recall and use centripetal acceleration equations

 The centripetal acceleration is given by the equations
r
va

2

 or ra 2

c) Recall and use centripetal force equations
 Substituting for the centripetal acceleration in the equation from Newton’s 2nd law of motion F=ma,

the centripetal force is given by the equations
r
mvF

2

 or rmF 2

 A –ve sign may be put in the equations above to indicate that the centripetal force or acceleration
is directed towards the centre of the circular path.
Motion in a vertical circle

 Consider an object tied to a string and whirled
around in a vertical circle in an anticlockwise
direction.

 The forces acting on the object are the tension T in
the string and theweight W due to gravity.

 The centripetal force Fc is the resultant of these
two forces acting on the object.
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At the top: At the bottom:
 The tension and weight are both acting

towards the centre (+ve).
 The tension acts towards the centre of the

circle and the weight away from the centre
 Centripetal force = tension + weight  Centripetal force = tension – weight

Fc = T3 + W Fc = T1 – W
T3 = Fc – W T1 = Fc – W

T3 =
r
mv2

– mg T1 =
r
mv2

+ mg

NOTE: Comparing the above equations for tension, it can deduced that:
1. At the highest position of the circular path the tension in the string is zero when the centripetal
force is equal to the weight of the object.

2. The string experiences maximum tension when at the lowest position of the circular path.
Examples of circular motion

1. An airplane taking a bend
Consider an airplane going round a bend of a fixed radius at a
constant height.
 For circular motion: Horiz. component of the lift = Centripetal force

Lsinθ=mv2/r
 For vertical equilibrium: Vertical component of the lift = weight

Lcosθ=mg
 Combining the above equations gives: tanθ=v2/gr

2. A conical pendulum
Consider a point mass suspended at the end of a light
inextensible string tied to a rigid support and moving
round a circular path of a fixed radius.
 For circular motion:

Horiz. component of the tension = Centripetal force
Tsinθ=mv2/r

 For vertical equilibrium:
Vertical component of the lift = weight

Tcosθ=mg
 Combining the above equations gives: tanθ=v2/gr

Lcosθ

Lsinθ

θ
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