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Flipping Physics Lecture Notes:  
AP Physics 1 - Unit 5b Review - Torque and Rotational Inertia - Exam Prep 

http://www.flippingphysics.com/ap-physics-1-unit-5b-review.html 
 
This lecture is a free part of my AP Physics 1 Ultimate Review Packet. If you find this video useful, I 
suggest you invest in the rest of the packet. 
 

AP
® 

is a registered trademark of the College Board, which was not involved in the production of, and 

does not endorse, this product. 
 
Torque: 

● Torque, τ, is the ability of a force to cause an angular acceleration of an object. 

● The equation for torque is  

o r is the distance from the axis of rotation to the 
location where the force acts on the object. 

o F is the force causing the torque. 
o θ is the angle between the directions of r and F in 

the torque equation. 
o r⟂ is called the lever arm which is the perpendicular 

distance from the axis of rotation to the line of action 
of the force. 

▪ The equation for r⟂ is  

▪ Therefore, the equation for torque can also 

be written as  

● The units for torque are N•m which is the same as the units for work and energy, however, we 
use the term joules for the units for work and energy to distinguish between the two. 

● Torque is a vector, it has both magnitude and direction. 
o In AP Physics 1 we use clockwise and counterclockwise to indicate the direction of torque. 

● When working with torque we draw force diagrams of all the forces acting on an object. The 
objects are no longer point particles; they are rigid objects with shape. This means we need to 
indicate in our force diagram where the forces act on the object. 

o Force Diagrams are different than Free-Body Diagrams because: 

▪ In a free-body diagram all force vector arrows start at the center of mass of the 

object. 

▪ In a force diagram, all force vector arrows start at the locations where the forces 
act on the object. 

 
Rotational Inertia: 

● Rotational Inertia, I, is a measure of how much a point particle, rigid object, or rigid system resists 

angular acceleration. 

● The equation for rotational inertia of a point particle rotating around an axis of rotation is: 

 
o m is the mass of the point particle. 
o r is the distance between the axis of rotation and the location of the point particle. 

● The base S.I. units for rotational inertia are kg•m2. 

● For a system of particles, the equation for rotational inertia is:  

 

o i is the total number of particles. 
o If there are 3 particles in the system, the equation for the system’s rotational inertia is:  
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● When needed, the equations for rotational inertias of rigid objects with shape will be provided on 
the AP Physics 1 exam. 

o For example, the rotational inertia of a uniform, solid sphere about its center of mass is:  

▪ M is the mass of the solid sphere and R is the radius of the solid sphere. 

▪ The term “uniform” in “uniform, solid sphere” means the sphere has a uniform 
density. 

o The rotational inertia of a thin, hollow sphere about its center of mass is:   
o In other words, assuming they have the same mass and same radius, the 

rotational inertia of a uniform, solid sphere about its center of mass is less than the 
rotational inertia of a thin, hollow sphere about its center of mass. This is because, on 
average, the mass of a uniform, solid sphere is closer to its center of mass than a thin, 
hollow sphere. 

● In order to determine the rotational inertia of a particle, a system of particles, or a rigid object with 
shape, you must first identify the axis of rotation. 

● If you have the equation for the rotational inertia of a uniform, rigid object with shape about its 
center of mass, you can determine the rotational inertia of that object about another axis by using 

the Parallel Axis Theorem. That equation is  

o ICM is the rotational inertia of the uniform, rigid object with shape about its center of mass. 

o M is the mass of the uniform, rigid object with shape. 
o D is the distance from the center of mass of the uniform, rigid object with shape to the 

new axis of rotation. 
o The rotational inertia of a uniform, rigid object with shape is at a minimum when the 

rotational axis passes through the object’s center of mass. 
 
Rotational Equilibrium and Newton’s First Law in Rotational Form: 

● When a system is in translational equilibrium, the linear velocity of the system is constant. 

o  

● When a system is in rotational equilibrium, the angular velocity of the system is constant. 

o   

● Newton’s First Law in Linear Form is: an object at rest remains at rest, and an object in motion 
maintains a constant velocity, unless acted upon by a net, external force. 

● Newton’s First Law in Rotational Form is: An object at rest remains at rest, and a rotating object 

maintains a constant angular velocity, unless acted upon by a net, external torque or the 
distribution of the mass of the object changes. 

 
Newton’s Second Law in Rotational Form: 

● A linear form of Newton’s Second Law is  

o The rotational equivalent of this law is  

▪ From this we can see that the rotational equivalent of force is torque, the 
rotational equivalent of mass is rotational inertia, and the rotational equivalent of 
linear acceleration is angular acceleration. 

▪ When summing the torques on an object or objects, you must first identify the 

objects you are summing the torques on, the axis of rotation, and the positive 
angular direction and then draw a force diagram. 

● An object which is at rest and is not rotating is in both translational and rotational equilibrium, this 
is called static equilibrium. 

o In static equilibrium the net torque about any axis of rotation is equal to zero. 
o Pick an axis of rotation which makes the math easier. 


