
Chapter 1 
Circular Motion-Part 1



Chapter Outline

• 4.4 Uniform Circular Motion 
• 4.5 Tangential and Radial Acceleration
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4.4 - Uniform Circular Motion

Definition
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• Uniform circular motion occurs when an object moves in a 
circular path with a constant speed

• An acceleration exists since the direction of the motion is 
changing (the direction of velocity is changing)

• The velocity vector is always tangent to the path of the 
object



4.4 - Uniform Circular Motion

Centripetal Acceleration
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• The acceleration vector in uniform circular motion is always 
perpendicular to the path and always points toward the center of 
the circle.

• An acceleration of this nature is called a centripetal acceleration 
(centripetal means center-seeking)

• The centripetal acceleration is not constant, since it changes 
direction as the object moves along the circular path. 

• The magnitude of the centripetal acceleration is constant in a 
uniform circular motion, and it is given by 

𝑎! =
𝑣"

𝑟



4.4 - Uniform Circular Motion

Period
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• The period, 𝑇, is the time required for one complete revolution.

• In one revolution, an object travels a distance equals to the 
circumference of the circular path. That is, 2𝜋𝑟, where 𝑟 is the 
radius of the circular path. 

• Therefore, the period would be the distance traveled in one 
revolution divided by the speed, 

𝑇 =
2𝜋𝑟
𝑣



4.4 - Uniform Circular Motion

Angular Speed
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• In one full revolution of the particle around a circle, the object covers an 
angle of 2𝜋. If this angle is divided by the period, we get the angular speed, 

𝜔 =
2𝜋
𝑇

• The unit for the angular speed is rad/s or s-1.

• From the expression of the angular speed and the period, we can write:

𝑣 = 𝑟𝜔

• This enable us to write the centripetal acceleration as 

𝑎! = 𝑟𝜔"



4.4 - Uniform Circular Motion

Quick Quiz: 1
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Which of the following correctly describes the centripetal acceleration 
vector for a particle moving in a circular path?

a) Constant and always perpendicular to the velocity vector for the 
particle.

b) Constant and always parallel to the velocity vector for the particle. 

c) Of constant magnitude and always perpendicular to the velocity 
vector for the particle. 

d) Of constant magnitude and always parallel to the velocity vector 
for the particle.



4.4 - Uniform Circular Motion

Quick Quiz: 2
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A particle moves in a circular path of radius 𝑟 with speed 𝑣. 
It then increases its speed to 2𝑣 while traveling along the same circular 
path. The centripetal acceleration of the particle has changed by what 
factor?

a) 0.25

b) 0.5

c) 2

d) 4
From the same choices, by what factor has the period of the particle 
changed?



4.4 - Uniform Circular Motion

Example 4.6 : The Centripetal Acceleration of The Earth
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A) What is the centripetal acceleration of the Earth as it moves 
in its orbit around the Sun. (The radius of Earth’s orbit 
around the Sun is 1.496 ×10!!m  )

B) What is the angular speed of the Earth in its orbit around 
the Sun. 



4.4 - Uniform Circular Motion

Example 4.6 : The Centripetal Acceleration of The Earth
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Given
𝑟 = 1.496 ×10!!m

We know that the Earth completes on revolution around the Sun in  365.25 days. 

𝑇 = 365.25days
24 hours
1 day

60 min
1hours

60s
1min

= 3.156×10"s

Solution

𝑎# =
𝑣$

𝑟 =
2𝜋𝑟
𝑇

$

𝑟 =
4𝜋$𝑟$

𝑟𝑇$ =
4𝜋$𝑟
𝑇$ =

4𝜋$(1.496 ×10!!)
3.156×10" $ = 5.93×10%&m/s$

𝑇 =
2𝜋𝑟
𝑣

⇒ 𝑣 =
2𝜋𝑟
𝑇

𝜔 =
2𝜋
𝑇
=

2𝜋
3.156×10"

= 1.99×10#" rad/s

A)

B)



4.5 - Tangential and Radial Acceleration

Description
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𝑟

• In this section, we consider the motion of an 
object along a smooth curved path with the 
velocity changing in both magnitude and 
direction.

• To characterize the amount of curvature the path 
exhibits, a dashed circle is drawn in the point of 
interest. The radius of the dashed circle 
represents the radius of the curvature. The 
smaller the radius, the greater the curvature.  



4.5 - Tangential and Radial Acceleration
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• The velocity vector is always tangent to the path. 

• The acceleration vector is at some angle to the path . The acceleration 
vector can be resolved into two components: a radial component 𝑎# and a 
tangential component 𝑎$.



4.5 - Tangential and Radial Acceleration

Tangential Acceleration
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• The tangential acceleration component causes the change in the speed of 
the particle. This component is parallel to the instantaneous velocity, and is 
given by

𝑎$ =
𝑑𝑣
𝑑𝑡

• The direction of the tangential component vector (a$):  

𝑣 increasing 𝑣 decreasing  

Same direction as v Opposite v



4.5 - Tangential and Radial Acceleration

Radial Acceleration

14

• The radial acceleration component arises from the change in direction of 
the velocity vector. This component is perpendicular to the instantaneous 
velocity, and is given by

𝑎# = −𝑎! = −
𝑣"

𝑟

where 𝑟 is the radius of curvature. 

• At a given speed, 𝑎# is large when the radius of curvature is small and 𝑎# is 
small when the radius of curvature is large.  

• The minus sign indicates that the component points opposite the radial unit 
vector -𝐫 which points radially outward from the center of the circle (more 
on this in the next slides).



4.5 - Tangential and Radial Acceleration

Total Acceleration
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• The total acceleration in terms of the 
components vector is: 

a = a$ + a#

• The magnitude is 

𝑎 = 𝑎$" + 𝑎#"

• The acceleration in terms of the unit 
vectors -𝐫 and 0𝜽 is:

a =
𝑑𝑣
𝑑𝑡

0𝜽 −
𝑣"

𝑟
-𝐫

- The origin is taken to be 
the center of the circle. 

- 7𝐫 points radially outword.
- 9𝜽 points in the direction of 

increasing 𝜃 perpendicular 
to 7𝐫.  



4.5 - Tangential and Radial Acceleration

Example 4.7: Over The Rise
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A car exhibits a constant acceleration 
of 0.300 m/s2 parallel to the roadway. The 
car passes over a rise in the roadway such 
that the top of the rise is shaped like a 
circle of radius 500 m. At the moment the 
car is at the top of the rise, its velocity 
vector is horizontal and has a magnitude of 
6.00 m/s. What is the direction of the total 
acceleration vector for the car at this 
instant?

v

a$

𝑣 = 6.00m/s

𝑎' = 0.300m/s2



4.5 - Tangential and Radial Acceleration

Example 4.7: Over The Rise
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A car exhibits a constant acceleration of 0.300 
m/s2 parallel to the roadway. The car passes over 
a rise in the roadway such that the top of the rise 
is shaped like a circle of radius 500 m. At the 
moment the car is at the top of the rise, its 
velocity vector is horizontal and has a 
magnitude of 6.00 m/s. What is the direction of 
the total acceleration vector for the car at this 
instant?

v

a$

𝑣 = 6.00m/s

𝑎' = 0.300m/s2

Given
𝑎' = 0.300m/s2
𝑣 = 6.00m/s
𝑟 = 500m 

Solution 
The question asks for the direction of the total acceleration vector

𝜃 = tan%!
𝑎(
𝑎'

𝜃 = tan%!
−0.072
0.3

⇒ 𝜃 = −13.5°

𝑎( = −𝑎# = −
𝑣$

𝑟
= −

6$

500
= −0.072m/s$

(To the horizontal)



Chapter 1- Part 2 
Circular Motion and Other 
Applications of Newton’s Laws



Chapter Outline

• 6.1 Extending the Particle in Uniform Circular Motion 
Model 

• 6.2 Non-Uniform Circular Motion 
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Introduction

• Two analysis models using Newton’s Laws of Motion have been 
developed.

• The models have been applied to linear motion.

• Newton’s Laws can be applied to other situations: such as objects 
traveling in circular paths
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6.1 - Particle in Uniform Circular Motion Model 

• A particle moves with a constant speed in a circular 
path of radius 𝑟 with an acceleration.

• The magnitude of the acceleration is given by 

𝑎! =
𝑣"

𝑟

• The centripetal acceleration, 𝐚#, is directed toward 
the center of the circle.

• The centripetal acceleration is always 
perpendicular to the velocity.

Acceleration
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6.1 - Particle in Uniform Circular Motion Model 

• A force, �⃗�$, is associated with 
the centripetal acceleration.

• The force is also directed 
toward the center of the circle.

• Applying Newton’s Second 
Law along the radial direction 
gives

∑𝐹 = 𝑚𝑎! = 𝑚
𝑣"

𝑟

Force

5



10

Example 6.1: The Conical Pendulum 
A small ball of mass 𝑚 is suspended from a string of length 𝐿. 
The ball revolves with a constant speed 𝑣 in a horizontal circle 
of radius 𝑟 as shown in the Figure. (This system is called the 
Conical Pendulum). Show that:   𝑣 = 𝐿𝑔𝑠𝑖𝑛𝜃 tan 𝜃



From Newton’s 2nd law of motion, ∑𝑭 = 𝑚𝒂, the existence of nonzero
𝒂 implies that a net force  ∑𝑭 also exists and in the same direction. 
Therefore, if the total acceleration 𝒂	 has radial and tangential  
components, 𝒂 = 𝒂𝒓 + 𝒂𝒕, this implies the net F 
exerted on the particle also has net radial and tangential components, as 
shown in the figure, i.e.: 

 ∑𝑭 = ∑𝑭𝒓 + ∑𝑭𝒕

• The vector ∑𝑭𝒓 is directed toward the center of 

 the circle and is responsible for the centripetal acceleration (i.e. 
responsible for changing the direction of 𝑣).

• The vector ∑𝑭𝒕 tangent to the circle is responsible for the tangential 
acceleration, which represents a change in the particle’s speed with time.
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6.2 Nonuniform Circular Motion 
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Example 6.6: Keep Your Eye on the Ball 
A small sphere of mass 𝑚 is attached to the end of a cord of 
length 𝑅 and set into motion in a vertical circle about a fixed point 
𝑂	 as illustrated in the figure. Determine the tangential 
acceleration of the sphere and the tension in the cord at any 
instant when the speed of the sphere is 𝑣 and the cord makes an 
angle 𝜃 with the vertical.




