
Rotational Motion 
 
Arc Length  S = q r  
Circumference  C = 2p r   Circumference is an Arc Length 
 
 

1 revolution = 1 rotation = 360 degrees = 2p radians 
 
 

Constant Acceleration 

Linear Kinematic 
Equations 

Rotational Kinematic 
Equations  

Units (m, m/s, m/s2, s)  Units (rad, rad/s, rad/s2, s) 

𝑽 = 𝑽𝟎 + 𝒂𝒕 𝝎 = 𝝎𝟎 + 𝜶𝒕  

𝑿 = 𝑿𝟎 + 𝑽𝟎𝒕 +
𝟏
𝟐
𝒂𝒕𝟐 𝜽 = 𝜽𝟎 + 𝝎𝟎𝒕 +

𝟏
𝟐
𝜶𝒕𝟐 

 
𝑽𝟐 = 𝑽𝟎

𝟐 + 𝟐𝒂∆𝑿 𝝎𝟐 = 𝝎𝟎
𝟐 + 𝟐𝜶∆𝜽 

∆𝑿 =
𝟏
𝟐
(𝑽 + 𝑽𝟎)	𝒕 ∆𝜽 = 𝟏

𝟐
(𝝎 +𝝎𝟎)	𝒕   

 
 
How linear (tangential) velocity relates to angular speed à     𝒗 = 𝝎 ∗ 𝒓 
 
How linear (tangential) acceleration relates to angular acceleration à     𝒂 = 𝜶 ∗ 𝒓 
 
 

𝝎 = 𝝎𝟎 + 𝜶𝒕			 → 							 (𝝎 ∗ 𝒓) = (𝝎𝟎 ∗ 𝒓) + (𝜶 ∗ 𝒓)𝒕							 → 							𝒗 = 𝒗𝟎 + 𝒂𝒕					 
 
 
 
 
 
 
 
 



Period is the time to complete one cycle   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝑻 =
𝟐𝝅
𝝎

= 	
𝟏
𝒇

 

 
 
 

𝑻𝒔 = 𝟐𝝅9𝒎𝒌                     𝑻𝒑 = 𝟐𝝅9𝒍
𝒈
 

 
In order to change direction you have to have a Net Force (SF) acting on the object. 
Things moving in a circle must have a force directed to the center of the circle (can be 
that force could be caused by gravity, friction, tension, ect. 
 
Newton’s 2nd Law Rotational version of Newton’s 2nd Law 
𝚺𝑭 = 𝒎𝒂         𝚺𝝉 = 𝑰𝜶 
 

𝝉 = 𝒕𝒐𝒓𝒒𝒖𝒆, 𝑰 = 𝒎𝒐𝒎𝒆𝒏𝒕	𝒐𝒇	𝒊𝒏𝒆𝒓𝒕𝒊𝒂, 𝜶 = 𝒂𝒏𝒈𝒖𝒍𝒂𝒓	𝒂𝒄𝒄𝒆𝒍𝒆𝒓𝒂𝒕𝒊𝒐𝒏 
𝝉 = 𝒓K𝑭 

Torque is caused when you are a distance (radius) from rotation point (center of circle) 
and you apply a force. Torque’s units are Newton*meters. 
Opening a door you push (force) on the doorknob of the door (distance from center). 
 
Moment of inertia is like mass, it is some version of 𝑰 = ___𝑴𝑹𝟐  
 
A single mass rotating around something has a Moment of Inertia of 𝑰 = 𝑴𝑹𝟐 
 

𝚺𝑭 = 𝒎𝒂													𝑭𝑺𝒑𝒓𝒊𝒏𝒈 = 𝒎𝒂         𝐤𝐱 = 𝒎𝒂 
For SHM (Simple Harmonic Motion) 𝐚 = 𝝎𝟐𝒙 

𝐤𝐱 = 𝒎T𝝎𝟐𝒙U 

𝝎𝟐 = 𝒌
𝒎

     therefore      𝝎 = 9𝒌
𝒎

 

 
 

Period of a Spring Period of a Pendulum 



DO NOT NEED TO MEMORIZE they would give you this information. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The more of the mass that is located a radius away the closer to 𝑰 = 𝑴𝑹𝟐 the Moment 
of Inertia becomes. The closer to the center the smaller the fraction in front of 𝑴𝑹𝟐. 
The bigger I, is the harder it is to start or stop rotating something is.  
 
Momentum   Angular momentum Change of Angular Momentum 
𝒑 = 𝒎𝒗       𝑳 = 𝑰𝝎    ∆𝑳 = 𝝉𝚫𝒕 
 
Kinetic Energy  Rotational Kinetic Energy 
𝑲 = 𝟏

𝟐
𝒎𝒗𝟐      𝑲 = 𝟏

𝟐
𝑰𝝎𝟐 

 


