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Lesson-2 
Circular motion





Previous Year Question



𝑟Ԧ

Speed of Uniform 
Circular Motion

v= 2πr
𝑇

V – speed of UCM
r – radius of the orbit 
T – time period

Concept Question

1. A pilot circles above an airport in preparation for 
landing. It takes 10 minutes to complete circular 
revolution for a 5 km radius of the flight path. What is 
the plane’s speed ?

Given,
T= 10 min = 600 s
r = 5 km = 5000 m

Plane’s speed,
v = ? v= 2πr

𝑇
v=

2x 3.14 x 5000
600

v= 52.33 𝑚/𝑠

2. A Hurricane wind has a speed of 18.17 m/s on its 
outer edge, which makes one rotation every day. What 
is the diameter of the hurricane ?

Given,
T= 1 day = 24x60x60 = 86400 s
v = 18.17 m/s

Hurricane’s radius,
r = ?

v= 2πr
𝑇

r = 2π =
vT 18.17x 86400

6.28

r = 249982 𝑚 = 250 𝑘𝑚

d = 2𝑟 = 500 𝑘𝑚



The acceleration of an object in Uniform
Circular Motion is called Centripetal

cAcceleration ( a )

Centripetal Acceleration ( ac)

It points to the center of the circle.

𝒗𝟐
ac =

𝒓

ac – centripetal acceleration 
v – speed of UCM
r – radius of the orbit

1. A runner moving at a speed of 8.8 m/s rounds a bend
with radius of 25 m. What is the centripetal acceleration
of the runner?

Concept Question

Given,
v= 8.8 m/s
r = 25 m

Centripetal
acceleration,
ac = ?

ac = 3.09 𝑚/𝑠2

2. An airplane travelling at 201 m/s makes a turn. What is the 
smallest radius of the circular path( in kilometers) the pilot can 
make and keep the centripetal acceleration under 5.0 m/s2?

Given,
v = 201 m/s

ac = 5 m/s2

Radius,
r = ?

𝒗𝟐
r = ac

=
𝟐𝟎𝟏𝟐

5

𝑟 = 8080 𝑚 = 8.080 𝑘𝑚

ac =
𝒗𝟐 a =c
𝒓 𝟖.𝟖𝟐

𝟐𝟓

ac =
𝒗𝟐

𝒓



𝟒π𝟐𝒓
ac =

𝑻𝟐

Centripetal Acceleration ( ac) 
and Time period

 Time period is the time taken to
make a complete circle ( T )

 Centripetal acceleration decreases 
with increase in time period

ac – centripetal acceleration 
r – radius of the orbit
T – time period of orbit

1. A 13 g rubber stopper is attached to 0.93 m string. The 
stopper is swung in a horizontal circle, making one revolution in
1.18 s. What is the centripetal acceleration?

EOT QUESTION 17

Given,
T= 1.18 s 
r = 0.93 m

Centripetal 
acceleration,  
ac = ? ac = 26 m/s2

2. A 16 g ball at the end of a 1.4 m string is swung in a
horizontal circle. It revolves once every 1.09 s. What is
the centripetal acceleration?

𝟒π𝟐𝒓
ac =

𝑻𝟐

ac =
𝟒𝒙𝟑.𝟏𝟒𝟐𝒙𝟎.𝟗𝟑

𝟏.𝟏𝟖𝟐

Given,
T= 1.18 s 
r = 0.93 m

Centripetal acceleration,

ca = ?
ac = 46 m/s2

𝟒π𝟐𝒓
ac =

𝑻𝟐

c

𝟒𝒙𝟑.𝟏𝟒𝟐𝒙 𝟏.𝟒
a =

𝟏.𝟎𝟗𝟐



Centripetal Force ( Fc)

 Force required for on an object in
Uniform Circular Motion is called
Force( Fc)

 Centripetal Force points to the
center of the circle.

Fc – centripetal force
ac – centripetal acceleration 
m – mass of the object

Fc = 𝒎𝒂𝒄

1. A 13 g rubber stopper is attached to 0.93 m string. The 
stopper is swung in a horizontal circle, making one revolution in
1.18 s. What is the centripetal force?

Concept Question

Given,
T= 1.18 s
r = 0.93 m
m = 0.013 kg

Centripetal  
force,
Fc = ? ca = 26 m/s2

2. A 16 g ball at the end of a 1.4 m string is swung in a
horizontal circle. It revolves once every 1.09 s. What is

𝟒π𝟐𝒓
ac =

𝑻𝟐

ac =
𝟒𝒙𝟑.𝟏𝟒𝟐𝒙 𝟎.𝟗𝟑

𝟏.𝟏𝟖𝟐

the string’s tension?
Given,

T= 1.18 s 
r = 0.93 m
m = 0.016 kg

Tension force provides
centripetal force,
T = Fc = ?

ac = 46 m/s2

𝟒π𝟐𝒓
ac =

𝑻𝟐

c

𝟒𝒙𝟑.𝟏𝟒𝟐𝒙 𝟏.𝟒
a =

𝟏.𝟎𝟗𝟐

Fc = 𝒎𝒂𝒄

Fc = 𝟎. 𝟎𝟏𝟑 𝒙 𝟐𝟔

Fc = 𝟎. 𝟑𝟒 𝑵

Fc = 𝒎𝒂𝒄

Fc = 𝟎. 𝟎𝟏𝟔 𝒙 𝟒𝟔

Fc = 𝟎. 𝟕𝟑𝟔 𝑵



Extra Questions



EOT Questions

ANS   The force is toward the center of the tub.

The walls of the tub exert the force on the clothes. Of 

course, the whole point is that some of the water in 

the clothes goes out through holes in the wall of the 

tub rather than moving toward the center.

56.Circular motion results when the direction of the 

force is constantly perpendicular to the instantaneous 

velocity of the object.

57. The force is along the string toward the center of 

the circle that the yo-yo follows. The string exerts the 

force.



Previous Questions

Given,
v= 1.10 m/s
r = 0.18 m
m = 2.5 x 10-2 kg

Centripetal 
acceleration, ac = 6.72 𝑚/𝑠2ac =

𝒗𝟐

𝒓
ac =

𝟏.𝟏𝟎𝟐

𝟎.𝟏𝟖

Centripetal Force, Fc = ?

Fc = 𝒎𝒂𝒄

Fc = 𝒎𝒂𝒄 Fc = 𝟐. 𝟓 𝒙10−2 𝒙 𝟔. 𝟕𝟐 Fc = 𝟎. 𝟏𝟔𝟖 𝑵



Centrifugal Force

Centrifugal force is the fictious, non-existent 
force experienced by objects in circular motion

Centripetal Force

Centrifugal force

Examples :
When an car moves along a curve objects
inside it is thrown outwards. This is due to
centrifugal force



Lessons 1.1 and 1.2 A1.

direction

Initial Velocity in X, vix = 9.4Cos41 = 7.09 m/s

If projectile starts from ground , xi = 0

To find horizontal distance, use equations of motion in X

1

2
xf = xi + vit + axt2

1
xf =0 + 7.09 x t +

2
x 0 x t2

xf = 7.09 x 1.26 = 8.92 𝑚

Time of flight,

t = 02𝑣 𝑆𝑖𝑛𝜃

t =

𝑔
2𝑥 9.40𝑆𝑖𝑛(41)

9.8

t = 1.26 𝑠

A2. Given,
v= 8.8 m/s 
r = 25 m

Centripetal acceleration, ac = ?

ac = 0.28 𝑚/𝑠2
𝒗𝟐

ac =
𝒓 ac =

𝟎.𝟖𝟗𝟐

𝟐.𝟖

A3. Given, 
r = 2 m
m = 0.82 kg 
F = 4 N
v= ?

Given,
r = 80 m
m = 1000 kg 
v = 20 m/s 
F= ?

Centripetal Force, Fc

v = 3.12 𝑚/𝑠
𝒎𝒗𝟐

Fc =
𝒓

4 =
𝟎.𝟖𝟐 𝒙 𝒗𝟐

𝟐

A4. Centripetal Force, Fc

Fc = 5000 𝑁
𝒎𝒗𝟐

Fc =
𝒓

Fc =
𝟏𝟎𝟎𝟎𝒙𝟐𝟎𝟐

𝟖𝟎



Chapter -2 

Gravitation



Gravitation

Chapter -2 Kepler’s Law of planetary motion

 Kepler’s First Law of Planetary Motion
Paths of planets are ellipses with sun at one of focii.

 Kepler’s second law : An imaginary line between the Sun and 
a planet defines equal areas in equal time intervals.

When planet is close ,it moves fast. 

When planet is far ,it moves slow.

 Kepler's third law states that, 
square of time period of revolution 
of planet around sun is directly 
proportional to cube of distance
to Sun

T2 α r3

AT 2

TB
2 rB

3

Ar 3

=



Previous Year Question

1st law

2nd law

3rd law

Newton’s universal law
of gravitation



Text Book Problems



force (Fg) of attraction between objects is 
proportional to the product of their masses
(m) and inversely proportional to the square of
their distance (r)

Newton’s law of universal gravitation

G = 6.674×10−11 Nm2/kg2.

G – Universal Gravitational Constant.

More mass, more force
If mass doubles, force doubles

Less distance, more force
If distance becomes half, force becomes 
quadrupled ( four times )

Think !



Text Book Problem



Text Book Problems
𝐹= 𝐺𝑚1𝑚2

𝑟2

G = 6.67 x 10-11 Nm2/kg2



Universal Gravitation and
Kepler’s Third Law

Consider a planet orbiting Sun in a
circle of radius r.

T = 2π
r3

𝐺𝑚𝑠

Time Period of a Satellite

Concept Question

1. Saturn’s average distance from the Sun is 9.6 AU
(or 1.43 x 1012 m). Calculate Saturn’s orbital period.

The mass of the Sun is 1.99 x 1030 kg, G is 6.67 x 10-

11 Nm2/kg2.

Given,
ms = 1.99 x 1030 kg
r = 1.43 x 1012 m
G = 6.67 x 10-11 Nm2/kg2

T = ?

T =

2π
(1.43 x 1012)3

6.67 x 10−11 𝑥1.99 x 1030
T = 932125190 s

T =
932125190

365𝑥24𝑥60𝑥60
= 29.56 𝑦𝑒𝑎𝑟𝑠

Since, 1 year has 365 x 24 x 60 x 60 seconds



Orbital Velocity

For a satellite of mass ‘m’ orbits around
earth of mass me,
Centripetal force = Gravitational force 
Fc = Fg

=
𝑚𝑣2 𝐺𝑚𝑒𝑚

𝑟2

v =
𝐺𝑚𝑒

𝑟

Where, v – velocity of satellite in an orbit 
me – mass of earth
r – radius of orbit
G = 6.67x10-11 Nm2/kg2

Example
Calculate the speed of a satellite orbiting 36,000 km above the
surface of the Earth. The mass of the Earth = 5.97 × 1024 kg and
its radius = 6.38 × 106 m .

Given,
h= 36000 km = 3.6x104 m = 0.036x106 m 
R = 6.38 × 106 m
r = R + h = 6.42x106 m
me= 5.97 × 1024 kg G = 6.67 x 10-11 Nm2/kg2

𝐺𝑚𝑒
v = = 7875.5 𝑚/𝑠 = 7.85 𝑘𝑚/𝑠

EOT QUESTION 19



mE - mass of earth
r - distance from earthg =

𝐺𝑚𝐸

𝑟2

do not depend

Free Fall Acceleration

 Acceleration of an object due to 
gravitational pull of earth is called 
free fall acceleration

 Free fall acceleration for earth is always
9.8 m/s2 for all objects (
on mass of object)

g = 9.8 𝑚/𝑠2

Previous Year Question

Weightlessness
Weightlessness occur when floor that supports 
you is under free fall.

This can be seen in
 in lifts
 In space stations
 In jet rides



v =
𝐺𝑚𝑠

T = 2π
r3

𝐺𝑚𝑠

𝐹= 𝐺𝑚𝑠𝑚

𝑟2

Previous Year Question 2019-20

Given,
ms = 2 x 1030 kg
r = 5.8 x 1010 m
G = 6.67 x 10-11 Nm2/kg2

T = ?

T = 2π
(5.8 x 1010)3

6.67 x 10−11 𝑥2 x 1030

T = 7594925 𝑠 = 87.9 𝑑𝑎𝑦𝑠

Given,
ms = 2 x 1030 kg
mm = 3.3 x 1023 kg
r = 5.8 x 1010 m
G = 6.67 x 10-11 Nm2/kg2

𝐹= 𝑠𝐺𝑚 𝑚

𝑟2
𝐹= 1.31 𝑥 1022 𝑁

Given,
ms = 2 x 1030 kg
r = 5.8 x 1010 m
G = 6.67 x 10-11 Nm2/kg2

v = 47958 m/s v = 48 km/s v =
𝐺𝑚𝑠





Rotational Motion

Chapter -3

Angle of Rotation

To measure the angle of rotation we use two units

• Degree :
1 degree = 1/360 of revolution a circle

• Radian :
1 radian = 1/2π of revolution of circle

• One complete revolution equals 360 degree
or 2π radian

360 degree = 2π radian

r

ω

v



Previous Year Question 2019-20



Angular displacement ( Ɵ )

 When an object rotates, change in
angle of an object is called angular
displacement

 It is denoted by Ɵ

 Unit is rad

What is the angular displacement of earth
in 24 hour?
(a) π/2 rad
(b) π rad
(c) 2π rad

Concept Questions

If a wheel makes 50 rotations in 1 sec.
What is the angular displacement in 1 sec?
(a) 50π rad
(b) 100π rad
(c) 200π rad

If a wheel makes 50 rotations in 1 sec. 
What is the angular displacement in 2 sec?
(a) 50π rad
(b) 100π rad
(c) 200π rad

2π

2π x 50 x 2



EOT QUESTIONS



Angular velocity ( ω )

• Angular velocity is how fast an
object rotates.

Δ

ω =

• Angular velocity is the angular 
displacement divided by time

• Unit of angular velocity is rad/s

Δ𝑡

ω 𝑖𝑠 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

Δ𝜃 𝑖𝑠 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

Δ𝑡 𝑖𝑠 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

The tires of a car completes 200 rotations in 5 
seconds.

(a) What is the angular displacement?
angular displacement for 1 rotation is 2 π rad

angular displacement for 200 rotation,

Δ𝜃 = 2 π rad x 200 = 400 π rad

(b) What is the angular velocity ( ω)?

ω =
Δ

Δ

5

400π
ω = = 80π 𝑟𝑎𝑑/𝑠

Concept Question



The angular velocity of wheel of a tire 
changes from 10π rad/s to 20π rad/s 
in 2 sec .What is the angular 
acceleration?

Angular acceleration ( α )

Angular acceleration is the change in 
angular velocity divided by the time 
required

Δω
α =

Δ𝑡

α 𝑖𝑠 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛

Δω 𝑖𝑠 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

Δ𝑡 𝑖𝑠 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

SI unit of angular acceleration is

Given,
Change in angular velocity,
Δω = 20π - 10π

= 10π rad/s

Time interval,
Δ𝑡 = 2 sec

Angular acceleration,

Δ𝑡 2

Δω 10π
α = α = = 5π rad/s2

Concept Question

rad/s2



ω
f =

2π

Angular frequency

The number of complete 
revolution made by an object 
in 1 sec

f is frequency
ω is angular velocity

Unit : Hertz (Hz)

The angular velocity of wheel of a tire 
is 20π rad/s. What is the angular 
frequency?

Concept Question

Given,
ω = 20π rad/s

ω
f =

2π

2π
f = 20π = 10 𝐻𝑧



Quantity Linear Angular Relationship

displacement x Ɵ x = rƟ

velocity v ω v = rω

acceleration a α a = rα

Table 1 Linear and Angular Measures

2. A truck has linear acceleration of 1.85 m/s2 and 
the wheels have an angular acceleration of 5.23 
rad/s2? What is the diameter of the wheels?

Linear acceleration, a =1.85 m/s2 

Angular acceleration, α =5.23 rad/s2

𝑎 1.85
r = α =

5.23

r = 0.353𝑚

d = 2𝑟 = 0.7074 𝑚

Δ𝑡 60 s

Δ𝜃 2π 𝑟𝑎𝑑
(b) Angular velocity , ω = = = 0.104 𝑟𝑎𝑑/𝑠

(c) linear velocity , v = rω = 15 x 0.104 = 1.56 m/s

1. A Ferris wheel has a radius of 15 m. It makes one 
rotation in every 60 s.
(a) What is angular displacement in one rotation?
(b) What is angular velocity?
(c) What is linear velocity experienced by a person at a 

distance of 15 m from the center?

Given,
Wheel completes one rotation in 60 seconds ( 2π rad )

(a) Angular displacement = 2π rad

EOT 16A



EOT Q 20





Practice Problems

1. What is the angular displacement 
for each of the following hands 
of a clock in 1.00 h
(a) second hand
(b) minute hand
(c) hour hand

(a)Second hand completes 60 revolutions in 1 h, 
( 60 rev = 60 min = 1 hour)
angular displacement, 𝜃 = 60 x 2π rad

= 120 π rad

(b) Minute hand completes 1 revolutions in 1 h,
angular displacement, 𝜃 = 1 x 2π rad

= 2 π rad
(b) Hour hand completes 1/12 of revolutions in 1 h,
angular displacement, 𝜃 = 2π/12 rad = π/6 rad

Page 12

ω =
Δ𝜃 2π 𝑟𝑎𝑑

Δ𝑡 1 min

2. A rotating toy makes one complete counter
clockwise rotation in 1 min.

a) What is the angular displacement in 3 min.
b) What is the angular velocity in radians/min

(a) Angular displacement for one complete
rotation is ,
𝜃 = 1 x 2π rad = 2 π rad

(b) Angular velocity in 1 minute,

= =2π 𝑟𝑎𝑑/min



Page 12
Angular velocity

6.The Moon ( r = 1.74x106m) rotates once on its axis in 27.3 
days.
a. What is the period of rotation in seconds?
b. What is the frequency of rotation in rad/s?
c. A rock sits on the surface of the Moon’s equator. What is

the linear speed

(a) Period of rotation in sec = 24 x 60 x 60 s = 86400 s

(b) Angular frequency , ω =
Δ𝜃 2π 𝑟𝑎𝑑

Δ𝑡 86400 s
= = 7.26 x 10-5 rad/s

86400 s
(c) Linear velocity, v = 𝑟 ω =

2π 𝑟𝑎𝑑
= 1.74 x 106 x 7.26 x 10-5

v = 126.32 m/s



EOT 14



Lever Arm
Lever arm is the distance from the axis of 
rotation to the point where force is applied 
perpendicular to the radius.

l= rsinƟ

l – lever arm
r is the distance from the axis of rotation

to the point where force is applied.
Ɵ is the angle between F and r

A bolt on a car engine must be 

tightened with a torque of 35 N·m. 

You use a 25-cm-long wrench and 

pull the end of the wrench at an 

angle of 60.0° to the handle of the 

wrench. How long is the lever arm?

EOT Q 18

Given,
r = 25 cm = 0.25 m
Ɵ = 600

Lever arm = ?

Lever arm ,
l = rsinƟ = 0.25 x Sin60 = 0.22 m



Torque

Torque produces rotational motion.

Torque is the product of force and the 
perpendicular lever arm

Torque = force x lever arm

T = FrSinƟ

SI Unit is Nm

A bolt on a car engine must be tightened with a torque of 

35 N·m. You use a 25-cm-long wrench and pull the end of 

the wrench at an angle of 60.0° to the handle of the 

wrench. how much force must you exert?

Concept Problem

Given,
r = 25 cm = 0.25 m
Ɵ = 600

T = 35 Nm

Force = ?

Torque,
T = FrsinƟ
35 = F x 0.25 x Sin 60
35 = F x 0.22

F =
35

0.22
= 159 N



Balancing of an Object

• When an object is balanced , the 
torques acting on both sides cancel 
each other.

• Anticlockwise torque = F1r1

• Clockwise torque = F2r2

Anticlockwise torque = clockwise torque

F1r1 = F2r2

Q1. Observe the figure and answer the question.

(a) What is the torque acting at A?
(b) What is the torque acting at B?
(c) What is the net torque ?

A1. (a) Torque at A = 600 x 2 = 1200 Nm anticlockwise (+)
(b) Torque at A = 400 x 3 = 1200 Nm clockwise (-)
(c) Net Torque = +1200 – 1200 = 0 Nm





Kariann (56 kg) and Aysha (43 kg) want to balance on a 1.75-m-long seesaw. Where 

should they place the pivot point of the seesaw? Assume that the seesaw is massless

Given,

Practice Problem

Mass of Aysha = 43 kg

FgK x rK = FgA x rA

56 x 9.8 x rK = 43 x 9.8 x (1.75 – rK)

56 rK = 43 (1.75 – rK)

99rK = 75.5 

rK = 0.76 m

Mass of Kariann = 56 kg

rK = ?

Since the seesaw is balanced,

Anticlockwise torque = clockwise torque

rA = 1.75 - rK

Let rK is the distance to the pivot

Total length of seesaw is 1.75 m



Moment of Inertia (I )

If mass is distributed
• near to the axis, it is easy to

rotate
• far to the axis, it is hard to 

rotate

Moment of Inertia is the 
resistance of rotation.

I = mr2

m

Axis of
rotation

rm - mass of the object

r - distance of the object 
from axis of rotation

SI unit of moment of Inertia
is kgm2



1.Calculate the moments of inertia for each object below using the formulas in Table 2 . Each object 

has a radius of 2.0 m and a mass of 1.0 kg.

a. a thin hoop b. a solid, uniform cylinder c. a solid, uniform sphere

PRACTICE Problems
Page 16

Do It Yourself !

a) Iloop = mr2

2= 1 x 2 = 4 kgm2 b) Icylinder =
1

2
mr2

2

1
= x1x 22 = 2 kgm2

c) Isphere =
2

5
mr2

5

2
= x1x 22 = 0.8 kgm2



2019-20

Since the seesaw is balanced,

Anticlockwise torque = clockwise torque

Given,

Fgm x rm = F x rgs s 270x 1.5 = 320 x rs

Force of gravity on Muhammed ( Fgm) = 270 N 

Force of gravity on Salem ( Fgs)  = 320 N

sr =
320

270 𝑥 1.5
= 0.79 𝑚

Given,
Force of gravity on Muhammed ( Fgm) = 270 N

Distance of Muhammed to pivot ( rm) = 1.5 m

Torque of Muhammed ( Tm) = Fr = 270 x 1.5 = 405 Nm



Chapter 4

Work and Energy 





Work at an angle

The work done may be positive, zero, or negative, depending on the angle 

between the force and the displacement.





Work Done by Gravity

Work = Force x Displacement (or height)

W = F x d
W = -mg x h
W = - mgh



EOT 16B


