
Lecture 5-1C: 
Rotational Quantities 



A full kinematic description of an object includes 
both translation and rotation 

Earth orbit image by Gothika https://commons.wikimedia.org/wiki/File:Seasons1.svg;  
Earth rotation animation by Tdadamemd https://en.wikipedia.org/wiki/Axial_tilt#/media/File:Globespin-tilt-23.4.gif  



Spinning top by Dhor https://upload.wikimedia.org/wikipedia/commons/5/57/Snurra_uppochner.gif  

A full kinematic description of an object includes 
both translation and rotation 



Gyroscope animation from giphy.com: http://giphy.com/gifs/gyroscope-F62lPOGDf5XzO  

A full kinematic description of an object includes 
both translation and rotation 



Rotational Quantities 

Angular Displacement 
units of radians 

Angular Rotation Rate 
units of radians/second 

Angular Acceleration 
units of radians/second2 

rotation 
axis 



translation rotation 

displacement 

velocity 

acceleration 



constant 
acceleration 

constant 
angular acceleration 



Angular Motion 

Arclength (m) 

Angular velocity (m/s) 



Angular Motion 

Arclength (m) 

Angular velocity (m/s) 

Angular acceleration (m/s2) 



Angular Motion 

Arclength (m) 

Angular velocity (m/s) 

Angular acceleration (m/s2) Centripetal acceleration (m/s2) 



Rotational Vector Quantities 

Angular Displacement 
units of radians 

Angular Velocity 
units of radians/second 

Angular Acceleration 
units of radians/second2 

rotation 
axis 



Rotational Vector Quantities 

Angular Displacement 
units of radians 

Angular Velocity 
units of radians/second 

Angular Acceleration 
units of radians/second2 

rotation 
axis 



Right Hand Rule 

Image by Eigene Zeichnung 
https://commons.wikimedia.org/wiki/File:Right_hand_rule_simple.png 

The direction of 
rotation is along the 
rotation axis in a 
direction determined 
by the right hand rule 





Vectors into and out of page 

vector pointing 
toward you 

vector pointing 
away from you 



Gyroscope animation from giphy.com: http://giphy.com/gifs/gyroscope-F62lPOGDf5XzO  

Angular acceleration can either change spin rate 
OR change orientation of spin 



Translation Rotation 
mass 

force 

kinetic energy 

momentum 

moment of inertia 

torque 

rotational kinetic energy 

angular momentum 



Rotational quantities describe the rotation of an object 
about a given axis 

Rotational quantities Δθ, ω = Δθ/Δt and α = Δω/Δt are the 
angular analogs to displacement, velocity and 
acceleration 

These quantities follow the same kinematic relations as 
translation for constant angular acceleration 

Rotational displacement and velocity are vectors pointing 
along rotation axis with direction specified by the right 
hand rule 

Rotational acceleration can change the spin rate and/or 
rotation axis diraction 

Summary 


