Moment of Inertia vs. Mass
Teacher’s Guide

This lesson is particularly suited to Next Generation Science Standards (NGSS), as
it requires a multidisciplinary approach involving geometry, algebra, and physics.
Task #1—Prepare Planar Disk and Ring with Equal Masses
We assume that mass is uniformly distributed throughout the card stock and the pieces of card
stock are all the same thickness. Since we are dealing with planar figures, we can further
assume that mass is proportional to area.
Students will make use of their geometry skills. Geometry tells us that the area of the disk is
πR2. The area of the ring is the area of the outer circle less the area of the inner circle: πR2 –
π(R – x)2.

Figure 1
Students want to determine the thickness x of the ring, such that when two such concentric
rings are taped together, the mass of the disk will be identical to the mass of the pair of
concentric rings:
πR2 = 2 [πR2 – π(R – x)2].

Equation 1

Students next use their algebra skills, and after some manipulation, the Equation 1 becomes a
quadratic equation in x:
2πx2 - 4πRx + πR2 = 0.

Equation 2

With R = 3.5”, as given to the students, Equation 2 becomes the following:
6.283 x2 – 43.98 x + 38.48 = 0.

Equation 3
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If the students are careful with some tedious calculations, they can use the quadratic formula
to solve Equation 3. Alternatively, students could go to the Web and search for a quadratic
equation solver such as https://www.mathsisfun.com/quadratic-equation-solver.html. They
simply enter the values for a, b, and c that are found in the quadratic formula. Figure 2 shows
the solution. The root 5.97 is an extraneous root, but the root 1.025 is the root of interest. The
value x = 1.025” provides the needed thickness of the ring. Students can then go ahead and cut
out their disk and ring accordingly. Weighing the resulting disk and ring on a balance should
result in nearly equal masses.

Figure 2
Task #2—Determine the Period of the Disk and Ring Pendulums
The author found the following values for the periods:
Tdisk = 0.7440 s
Tring = 0.8015 s
With period accuracy to three (or maybe four decimal places), the periods are clearly different.
The periods different by less than 0.1 s. Therefore, the use of a stop watch would not be
advised. The associated start and stop reflex errors could well mask any differences in the
periods. Students can easily visualize the difference in periods by placing the disk and ring on
the axis and then start swinging them simultaneously. Students will notice that after just a few
periods, the disk and ring are out of sync.
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Task #3—Compute the Experimental Moments of Inertia
Students must be careful to express all of the parameters in the theoretical equation for the
moment of inertia in MKS units.
Using the theoretical equation for moment of inertia, the author found the following
experimental values for the moments of inertia about the axes near the edge of the disk and
ring:
(Experiment) Idisk = 5.62 x 10-5 kg-m2
(Experiment) Iring = 6.04 x 10-5 kg-m2
Task #4—Determine the Theoretical Moments of Inertia
For the disk, the Parallel-axis Theorem, I = Ic + mw2, tells us that:
𝐼 = 𝑀𝑅 + 𝑀𝑅 = 𝑀𝑅 .

Equation 4

For the ring, the Parallel-axis Theorem, I = Ic + mw2, tells us that:
𝐼=

(𝑅 + 𝑅 ) + 𝑀𝑅 =

(𝑅 + 3𝑅 ).

Equation 5

Using Equations 4 and 5, the author found the following theoretical values for the moments of
inertia about the axes near the edge of the disk and ring:
(Theory) Idisk = 5.70 x 10-5 kg-m2
(Theory) Iring = 6.15 x 10-5 kg-m2
Task #5—Determine the Percent Error Between the Experimental and Theoretical Moments of
Inertia
The table below summarizes the results as obtained by the author.
Experimental Moment of Inertia
(kg-m2)
𝑻𝟐 𝑴𝒈𝒅
𝑰=
𝟒𝝅𝟐

Theoretical Moment
of Inertia (kg-m2)

Disk

5.62 x 10-5 kg-m2

5.70 x 10-5 kg-m2

-1.4 %

Ring

6.04 x 10-5 kg-m2

6.15 x 10-5 kg-m2

-1.8 %

Object

% Difference
(Expt – Theory)/Theory x 100%

In both cases, the magnitude of the percent difference is less than 2%, showing close
agreement between experiment and theory. Also, in both cases, the percent difference was
negative, indicating that the experimental results are slightly less than the theoretical
expectations. Though these negative differences could be by chance, a possible untested
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explanation may also explain the negative percent differences. Suppose that the friction in the
pivot point resulted in a slightly smaller period. This would make the period T used in the
equation for I slightly smaller than it should be. The moment of inertia I would then be smaller
as well.
Task #6—Compare the Disk and Ring Moments of Inertia and Discuss Reasons for Any
Difference
Based upon our error analysis in Task #5, we have good reason to conclude that the moment of
inertia of the ring about its edge axis is greater than the moment of inertia of the disk about its
edge axis. We would expect this since the period of the ring was noticeably longer than the
period of the disk.
If a mass is further from the axis of rotation, it is more difficult to change its angular velocity.
Intuition suggests that this is due to the fact the mass is carrying more momentum on the circle
and the momentum vector is changing more rapidly. Both of these things depend on how far
the mass is from the axis of rotation. For the ring, the majority of mass is concentrated further
from the axis than with the disk.
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