
ROTATIONAL MOTION 
ROTATIONAL KINEMATICS 

- Rotational Motion  the motion of objects that spin about an axis 
 Ex: a fan 
 Particle travels with a fixed radius (r) 
 Angular position  ϴ indicates the position of the particle 
 When angular position is counterclockwise from the + x-axis, it’s positive. When clockwise, it’s 

negative. 
 Arc length (s)  distance travelled along a  

circular path. 
 Angular position is measured in radians. 

 

 
- 1 revolution = 360o = 2π rad 
- Angular velocity  the measure of how much angular displacement an object goes through per second. 

 Measured in rad/s 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



- Angular velocity is constant for an object moving in uniform circular motion. 
 
 
 
 
 
 
 
 
 
 
 
- Period  the amount of time it takes to complete one full cycle. 
- An object moving in a circle goes 2π rad in a period, T. 

 
 
 
 

 
- Different points on a rotating object have different speeds. They have the same angular velocity, but their 

linear speeds change based off distance from the center. But every point has the same angular velocity. 

 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

- Angular acceleration  not uniform circular motion. Angular velocity changes over time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



- Centripetal acceleration is directed towards the center. But if an object moving in a circle is increasing 
angular velocity, it experiences tangential acceleration. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

- Recap of all our accelerations acting on a rotating object: 
 Centripetal acceleration  exists if the object is changing direction (not speed). 
 Tangential acceleration  exists if the object is changing both direction and linear/tangential speed. 
 Angular acceleration  exists if there is a change in angular speed. 

TORQUE 
- Which force will most easily open the door pictured below? 

 
 
 



- The ability of a force to cause a rotation depends on 3 factors: 
 The magnitude of the force. 
 The distance (r) from the pivot to the point at which the force is applied. 
 The angle at which the force is applied. 

- Torque  the rotational equivalent of force. 
 The three factors listed above are the components of torque. 
 Comes from the Latin torquere  “to twist” 

- Radial line: a line from the pivot point (or fulcrum) to the point at which the force is applied. It extends 
beyond that point, too. 
 The angle, phi, is the angle btween the radial line and the force vector. 
 Only the perpendicular component of the force has an effect on the object’s rotation. 
 
 
 

 
 
 
 
 
 
 

 
 

 Measured in Newton-meters (N·m) 
- Alternate way to find torque: 

 Line of action: the line extending to infinity on either side of the force vector. 
 Moment arm: the perpendicular line from the line of action to the pivot point. 

 
 

 
 

 
 
 



- Torque differs from force in a VERY important way. 
 Torque is measured/calculated about a particular point. Expressing torque without specifying from 

where is meaningless. 
 In reality, it can be calculate from any point, but in practice we calculate torques from a hinge, pivot or 

fulcrum. 
- Torque is positive when it causes an object to rotate counterclockwise.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ROTATIONAL EQUILIBRIUM 

- Rotational Equilibrium  when a pivoted object is balanced horizontally so it doesn’t revolve. 
- Law of the Lever  Unequal forces on a pivoted bar balance each other if  

 
 
 
 
 
 
 

Example: 
A boy (mass 30 kg) wishes to play on a centrally pivoted seesaw with his dog Irving (mass 10 kg). When the dog 
sits 3.0 m from the pivot, where must the boy sit if the 6.5 m long board is to be balanced horizontally? 



CENTER OF GRAVITY 
- Center of Gravity  the point where the total weight (Fg) of an object can be imagined to act. 

 If something is pivoted about its CoG, there is no torque. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



- Center of Mass  A point at which we can imagine all of an object’s mass to be located 
 When the gravitational field is uniform over the object (which is usually the case), center of gravity 

and center of mass are in the same location. 
ROTATIONAL INERTIA 

- Just like in linear motion, there is inertia.  
- Using Newton’s 2nd, we can derive:  

 
 

 
 
 
 

 
- All particles will have the same angular acceleration on a rigid body, though their masses and radii will 

differ. 
- The moment of inertia (I) is the inertial resistance to rotation and depends on the mass and radii of the 

particles: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



- The more mass and the farther it is from the axis of rotation, the greater will be I, and the greater 
will be resistance to the change in rotational motion. 

ANGULAR MOMENTUM 

 
 

- Units: kg·m/s 
 
 
 

- Law of Conservation of Angular Momentum  in the absence of a net torque, angular momentum will 
remain constant. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 


