
Angular Velocity 

What is Angular Velocity? 

To understand angular velocity, let us consider rotational motion. Imagine a windmill, which consists of 

blades rotating about a fixed axis. The velocity associated with such rotational motion is known as 

angular velocity. 

 

Definition of Angular Velocity 

To define angular velocity, consider the motion of rotation. Visualize a windmill, which is made up of 

blades spinning around a fixed axis. The velocity of this kind of rotation is referred to as angular velocity. 

Angular velocity is a vector quantity representing the rate of rotation. It is a measure of how rapidly an 

object turns or revolves about a specific axis with respect to a reference point. Simply put, it is the rate of 

angular displacement of an object. 

• Symbol: ω (Greek letter omega) 

• SI Unit: Radians per second (rad/s) 

• Dimensional Formula: [M⁰ L⁰ T⁻¹], indicating that angular velocity is independent of mass and 

length, and depends only on time. 

All points of a rotating body have the same angular velocity but tangential velocity differs according to 

distance from the axis of rotation. Angular velocity is also called rotational velocity or angular frequency 

vector. 

 

Angular Velocity Formula 

Since angular velocity measures the rate of angular displacement over time, it is mathematically 

expressed as: 

ω =
Δθ

Δt
 

Where: 

ω = Angular velocity 

Δθ = Angular displacement 

Δt = Time interval 

By convention: 

• Positive angular velocity indicates counterclockwise rotation. 

• Negative angular velocity indicates clockwise rotation. 

 



Average Angular Velocity 

The average angular velocity of a rotating object is given by: 

ωavg =
θf − θi

tf − ti
 

Where: 

θf = Final angular position 

θi = Initial angular position 

tf − ti = Time interval 

 

Instantaneous Angular Velocity  

The instantaneous angular velocity is defined as the limit of the average angular velocity as the time 

interval approaches zero: 

ω = limΔt→0  
Δθ

Δt
=  

dθ

dt
 

 

Direction of Angular Velocity: Right-Hand Rule 

Although the linear velocity of points on a rotating object changes direction continuously, the direction of 

the angular velocity vector is constant and is determined by the right-hand rule:  

1. Wrap the fingers of your right hand around in the direction of rotation. 

2. Your thumb will point in the direction of the angular velocity vector.  

Angular velocity is therefore always perpendicular to the plane of rotation. 

 

 

Relationship Between Angular Velocity and Linear Velocity 

Angular velocity and linear velocity are related as follows: 

v⃗  =  ω⃗⃗  × r  

Where: 

v = Linear velocity 

r = Radius of the circular path 

ω = Angular velocity 

This equation shows that points farther from the axis of rotation move at a higher linear velocity while 

maintaining the same angular velocity. 

 



Real-Life Examples of Angular Velocity 

• Angular Velocity of Earth 

The Earth rotates about its axis every 23 hours, 56 minutes, and 4.09 seconds (one sidereal day). The 

angular velocity of Earth is: 

ω =
2π

T
 

Substituting T = 86,164 seconds: 

𝜔 =
2𝜋

86164
≈ 7.292 × 10−5rad/s 

 

• Angular Velocity of a Car Wheel 

A car moving at velocity, v has wheels rotating at angular velocity ω . Using v = rω, a larger angular 

velocity means a greater speed for the car. 

 

Conclusion 

Angular velocity is a fundamental idea in rotational motion, relating angular displacement and time. It has 

a central role in numerous practical applications ranging from planetary motion to vehicle dynamics. The 

comprehension of its principles is helpful in the analysis and solution of problems in physics and 

engineering. 

 

Frequently Asked Questions (FAQs) 

  

Q1: What is angular velocity? 

Angular velocity is the rate at which an object rotates or revolves around an axis with respect to time. 

  

Q2: Can angular velocity be negative? 

Yes, angular velocity is positive for rotation in the counterclockwise direction and negative for rotation in 

the clockwise direction. 

  

Q3: Is angular velocity the same everywhere on a rotating object? 

Yes, every point on a rotating body has the same angular velocity, but points away from the axis will have 

greater linear velocity. 

  



Q4: Where is angular velocity directed? 

The direction of angular velocity is always perpendicular to the plane of rotation. 

 

 


