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Abstract:

The moment of inertia is a fundamental concept in mechanics that quantifies the
rotational inertia of an object. It plays a crucial role in the dynamics of rotating bodies,
such as wheels, flywheels, and gears. One of the most effective methods for determining
the moment of inertia of a wheel is by using the oscillatory motion in a physical setup.
This paper discusses the principles and procedures involved in determining the moment
of inertia of a wheel through oscillations. The method involves the analysis of the period
of oscillation of a wheel suspended on a fixed axis. The paper also examines the
significance of this technigue in experimental physics and its applications in educational
settings.
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Introduction

The moment of inertia is a measure of an object’s resistance to angular acceleration
when subjected to a torque. It is an important property in rotational dynamics and is
analogous to mass in linear motion. The moment of inertia depends on both the mass
distribution and the axis about which the object rotates. For a wheel, the moment of
inertia varies based on factors such as the radius of the wheel and the mass distribution.



One of the most reliable and straightforward methods for determining the moment of
inertia of a wheel is the oscillation method. This method utilizes the oscillatory motion
of a wheel suspended from a fixed axis. By analyzing the period of oscillation and using
principles of rotational dynamics, the moment of inertia can be calculated.

This paper aims to explain the methodology of determining the moment of inertia of a
wheel through oscillations, providing a detailed description of the experimental setup,
theoretical background, and calculation procedures. The method is simple, cost-
effective, and widely used in educational settings for teaching fundamental concepts of
rotational mechanics.

Theoretical Background

The fundamental principle behind the method of oscillations is the relationship between
the moment of inertia and the period of oscillation of a physical pendulum. When an
object oscillates about a fixed axis, its motion can be described by the following
equation:

Where:

« T isthe period of oscillation,

« | is the moment of inertia of the object,

« mis the mass of the object,

« @ isthe acceleration due to gravity,

« his the distance from the axis of rotation to the center of mass.

For a wheel, the equation can be modified to account for the specific mass distribution.
The moment of inertia Il of the wheel depends on its radius and mass distribution, and
it can be expressed as:

I=kmR?
Where:

« kisaconstant that depends on the geometry of the object (for a solid disc, k=1/2),
« mis the mass of the wheel,
« R s the radius of the wheel.

By measuring the period of oscillation and knowing the mass and radius of the wheel,
the moment of inertia can be determined.



Experimental Setup

The experimental setup for determining the moment of inertia of a wheel involves the
following components:

1.

2.

Wheel: The object whose moment of inertia is to be determined. The wheel
should be mounted on a fixed axis, and its mass and radius must be known.
Suspension: The wheel is suspended from a fixed axis. The suspension should
allow the wheel to oscillate freely without frictional forces that would dampen the
oscillations.

Timing Mechanism: A stopwatch or other timing device is used to measure the
period of oscillation. The period should be measured over several complete
oscillations to reduce the effect of random errors.

Measurement Tools: A ruler or caliper is used to measure the radius of the wheel,
and a scale is used to measure its mass.

The wheel is displaced from its equilibrium position and released, allowing it to undergo
oscillations. The period of oscillation is recorded, and the measurements are used to
calculate the moment of inertia.

Procedure

The following steps outline the procedure for determining the moment of inertia of the
wheel by the method of oscillations:

1.

Set up the experiment: Suspend the wheel from a fixed axis and ensure it is free
to oscillate. Ensure that the wheel is balanced and can rotate without frictional
interference.

Measure the mass and radius: Measure the mass of the wheel and its radius
accurately. These values are essential for the calculation of the moment of inertia.
Displace the wheel: Displace the wheel from its equilibrium position by a small
angle (less than 15°) to ensure simple harmonic motion.

Measure the period of oscillation: Using a stopwatch, measure the time it takes
for the wheel to complete several oscillations (at least 10). Divide the total time
by the number of oscillations to obtain the average period T.

Calculate the moment of inertia: Using the measured period T, mass m, and
radius R, calculate the moment of inertia | using the equation:

T*mgh
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Results and Calculation

The period of oscillation T is measured experimentally. For example, if the period of
oscillation is found to be 2.0 seconds, and the mass of the wheel is 0.5 kg with a radius
of 0.2 meters, the moment of inertia can be calculated using the previously derived
formula.

T*mgh
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By substituting the known values, the moment of inertia can be determined.
Discussion

The oscillation method provides a straightforward way to determine the moment of
inertia of a wheel. The method is advantageous because it requires relatively simple
equipment, such as a timing device and a wheel, which makes it ideal for educational
pUrposes.

However, there are some sources of error that can affect the accuracy of the
measurement. For example, frictional forces in the suspension system can dampen the
oscillations, leading to incorrect results. Additionally, the assumption of simple
harmonic motion requires the displacement to be small. If the wheel is displaced too far
from its equilibrium position, the oscillations may become non-harmonic, leading to
Inaccuracies.

To improve the accuracy of the experiment, it is important to minimize friction in the
suspension system and to ensure that the wheel is only displaced slightly. Additionally,
repeating the experiment multiple times and averaging the results can help reduce
random errors.

Conclusion

The determination of the moment of inertia of a wheel by the method of oscillations is
an effective and accessible experimental technique. By measuring the period of
oscillation and applying the principles of rotational dynamics, the moment of inertia can
be calculated with reasonable accuracy. This method is particularly useful in educational
settings, where it helps students understand the relationship between rotational motion
and moment of inertia. The technique also provides a hands-on approach to learning
physics, demonstrating the practical application of theoretical concepts.
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