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Flipping Physics Lecture Notes: 
 

Graphing the Rotational Inertia of an Irregular Shape 
 

We have discussed the equations for the rotational inertia of common 
shapes. See: Moments of Inertia of Rigid Objects with Shape - 
https://www.flippingphysics.com/moment-of-inertia-rigid-objects.html 
However, we should also know how to measure the rotational inertia of 
irregular shapes. The Rotational Inertia Demonstrator from Arbor 
Scientific is a pulley; however, it does not fit any of the standard 
shapes. Our goal is to create a graph where the slope of the best-fit 
line is the rotational inertia of the rotational inertia demonstrator. Let’s 
start with free body diagrams. 
 
We can sum the torques on the pulley with an axis of rotation and the 
center of the pulley and define counterclockwise, or out of the board, 
as positive. Because they both act on the axis of rotation, the force 
normal and force of gravity which act on the pulley cause zero torque 
on the pulley. The torque caused by the force of tension on the pulley 
causes the pulley to rotate in the positive direction. 
 

 
 
Compare this equation to the slope intercept form of a line equation: 

 
 

The pulley has three different radii:  
 
The force of tension can be measured using a force sensor as a part of the hanging mass. Because the 
string has the same force of tension on both ends, the force of tension we measure on the hanging mass 
is the same as the force of tension which acts on the pulley. 
 
The angular acceleration of the pulley needs to be measured using a uniformly angularly accelerated 

motion equation:  
 
Therefore we need change in time, angular displacement, and zero initial angular velocity. 
 
Here is a sample calculation for the angular acceleration of the first trial: 
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The best fit line equation y = 0.00067x means  which means, because , 
the rotational inertia of the Rotational Inertia Demonstrator is 0.00067 kg·m2. 
 

Confirming the units:  
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