A Solid Circular Disk Has A Mass Of 1.2 Kg
And A Radius Of 0.16 M. Each Of Three
Identical Thin Rods

A Solid Circular Disk Has A Mass Of 1.2 Kg And A Radius Of 0.16 M. Each Of Three Identical
Thin Rods is a fascinating problem in classical mechanics that involves understanding the principles
of rotational motion, moments of inertia, and the distribution of mass. Whether you're a physics
student, an engineer, or an enthusiast eager to deepen your understanding of rotational dynamics,
dissecting this problem offers valuable insights into how objects behave when subjected to rotational
forces. This article provides a comprehensive analysis of the scenario, covering key concepts,
calculations, and applications related to the mass, geometry, and rotational properties of the solid
disk and the rods.

Understanding the Basic Components of the System

The Solid Circular Disk

The core object in this scenario is a solid circular disk characterized by:

- Mass (M): 1.2 kg
- Radius (R): 0.16 meters

The disk's physical properties significantly influence its moment of inertia, which determines how
much torque is needed to achieve a certain angular acceleration. The mass and radius are crucial
parameters in calculating the moment of inertia for rotational motion.

Key aspects of the solid circular disk include:

- Uniform mass distribution across its area.
- Moment of inertia about its central axis: \( |_{disk} = \frac{1}{2} M R"2\).

Understanding these properties is essential for analyzing how the disk will respond under various
rotational forces or when combined with other objects like rods.

The Three Identical Thin Rods

The problem mentions three identical thin rods, which typically implies:



- All rods have the same length and mass.

- The rods are slender, with negligible cross-sectional area compared to their length.

- They may be arranged in specific configurations relative to the disk—such as radiating outward from
the center, attached tangentially, or positioned in some other manner.

Common assumptions in physics problems involve:
- Mass (m): to be specified or inferred.
- Length (L): to be specified or inferred.

- The rods are rigid and thin, with mass distributed uniformly along their length.

To proceed with calculations, it's crucial to understand the configuration of these rods relative to the
disk, as this affects their contribution to the total moment of inertia and other dynamic properties.

Fundamental Concepts in Rotational Dynamics

Before delving into calculations, it's essential to review core principles related to rotational motion:

Moment of Inertia

- The moment of inertia (I) quantifies an object's resistance to changes in its rotational motion.
- It depends on the mass distribution relative to the axis of rotation.
- For different shapes, formulas for | vary:

- Solid disk about its central axis: \( |_{disk} = \frac{1}{2} MR"2\).
- Thin rod about its center: \(1_{rod} = \frac{1}{12} m L™2\).
- Thin rod about one end: \( |_{rod} = \frac{1}{3} mL"2)\).

Understanding these formulas allows precise calculation when objects are combined or arranged in
complex systems.

Parallel Axis Theorem

- When the axis of rotation is not through the object's center of mass, the moment of inertia can be
adjusted using the parallel axis theorem:

\[ 1 {axis} =1 {cm} + md~2\]
where:
-\(1_{cm} \): Moment of inertia about the center of mass.

-\( m\): Mass of the object.
-\( d\): Distance between the center of mass and the axis.



This theorem is vital when calculating the combined moment of inertia of the disk and the rods when
they are rotated about a common axis.

Rotational Kinetic Energy and Torque

- The rotational kinetic energy is given by:

\[ KE_{rot} = \frac{1}{2} I \omega™2\]

where \( \omega \) is angular velocity.

- Torque (\( \tau \)) relates to angular acceleration (\( \alpha \)) via:
\[ \tau = I'\alpha \]

Calculating these quantities helps in understanding how the system responds under various forces.

Calculating the Moment of Inertia of the Disk

Given the properties:

-\(M = 1.2\, \text{kg} \)
-\(R = 0.16\, \text{m}\)

The moment of inertia about its central axis:

\[
| {disk} =\frac{1}{2} M R"2 = \frac{1}{2} \times 1.2\, \text{kg} \times (0.16\, \text{m})"2
\]

Calculating:

\[
|_{disk} = 0.6 \times 0.0256\, \text{m}~2 = 0.01536\, \text{kg}\cdot \text{m}"2

\]

This value serves as a fundamental parameter for analyzing the dynamics of the system.

Analyzing the Three Identical Thin Rods

Since the problem states that the rods are identical, their properties are:



- Mass (m): To be specified or assumed.
- Length (L): To be specified or assumed.

Assuming the rods are attached in a particular configuration, such as radiating from the center of the
disk or fixed tangentially, the calculation of their combined moments of inertia varies.

Possible Configurations:
1. Rods Attached Radially from the Center:

- Each rod extends outward from the center of the disk.
- Moment of inertia about the center involves the rod's own inertia plus distance squared.

2. Rods Fixed Tangentially at the Edge:

- Each rod is attached tangentially at the disk's circumference.
- Moment of inertia calculations depend on their orientation.

3. Rods Mounted perpendicularly or in other arrangements.

The exact configuration influences the calculation process.

Calculating the Moment of Inertia of a Thin Rod

Assuming each rod has:

- Mass: \(m\)
- Length: \(L\)

The moment of inertia about one end (assuming the rod is pivoted at one end):

\[
| {rod, end} =\frac{1}{3} mL"2
\]

If the rotation occurs about the center of the rod:

\[
| {rod, center} = \frac{1}{12} mL"2
\]

The appropriate formula depends on the axis of rotation in the problem.



Calculating Total Moment of Inertia for the System

When combining the disk and the rods, the total moment of inertia depends on:

- The individual moments of inertia.

- The axes about which rotation occurs.

- The spatial arrangement of the rods relative to the disk.

Steps to Calculate Total Moment of Inertia:

1. Calculate the moment of inertia of the disk. (Already done above)

2. Determine the moment of inertia for each rod based on its position and orientation.
3. Apply the Parallel Axis Theorem if the rods are not rotating about their centers.
4. Sum all moments of inertia:

\[

| {total} =1 {disk} +\sum_{i=1}"~{3} | {rod,i}

\]

if the rods are individually rotated about the same axis as the disk.

Example Calculation:

Suppose each rod is attached tangentially at the edge of the disk and rotates about the same central
axis. Then, for each rod:

\[
| {rod} =\frac{1}{12} mL"2 + md"2
\]

where \( d ) is the distance from the rod’s center of mass to the axis of rotation.

Applications and Practical Implications

Understanding the combined moment of inertia of a disk with attached rods has numerous
applications:

- Design of Rotating Machinery:
Engineers use these calculations to optimize the mass distribution for smooth rotational motion.

- Robotics:



Accurate modeling of rotating arms and appendages hinges on moment of inertia calculations.

- Physics Education:

Demonstrates fundamental principles of rotational dynamics and the importance of mass distribution.
- Mechanical Systems and Devices:

Gyroscopes, flywheels, and other devices rely on precise inertia calculations for efficiency.

Real-World Problem Solving and Numerical Examples

Suppose the three rods each have:

- Mass: 0.2 kg
- Length: 0.5 meters

Calculations:
1. Moment of inertia of each rod about the axis at the center:

\[

| {rod, center} = \frac{1}{12} \times 0.2\, \text{kg} \times (0.5\, \text{m})~2 = \frac{1}{12}
\times 0.2 \times 0.25 = 0.00417\, \text{kg}\cdot \text{m} "2

\]

2. Distance from the center to the rod's center of mass:

\[
d {cm} =\frac{L}{2} = 0.25\, \text{m}
\]

3

Frequently Asked Questions

What is the moment of inertia of a solid circular disk about its
central axis?

The moment of inertia of a solid circular disk about its central axis is | = (1/2) m r?, where m is the
mass and r is the radius.



Given a solid circular disk with a mass of 1.2 kg and radius of
0.16 m, what is its moment of inertia?

Using I = (1/2) mr?, 1 = 0.5 1.2 kg (0.16 m)? = 0.5 1.2 0.0256 = 0.01536 kg-m>.

How do the moments of inertia of thin rods compare when
rotating about their ends versus their centers?

The moment of inertia about the end of a thin rod is | = (1/3) m L2, whereas about its center, itis | =
(1/12) m L2, with the end rotation generally resulting in a larger value.

If three identical thin rods are arranged to form a certain
shape, how do their moments of inertia contribute to the
overall rotational inertia?

The total moment of inertia depends on the arrangement and axis of rotation; the individual moments
of inertia are summed or combined using the parallel axis theorem if the axes differ.

What is the significance of the radius in calculating the
rotational inertia of a solid disk?

The radius determines how mass is distributed relative to the axis of rotation, directly affecting the
moment of inertia; larger radii generally increase the moment of inertia.

Can the moment of inertia of a solid disk be used to find its
rotational kinetic energy?

Yes, the rotational kinetic energy is given by KE = (1/2) | w?, where | is the moment of inertia and w is
the angular velocity.

How does the mass and radius of the disk influence its
rotational dynamics?

Both mass and radius influence the moment of inertia; increasing either increases the inertia, which
affects how much torque is needed for angular acceleration.

Additional Resources
Comprehensive Analysis of a Solid Circular Disk with Attached Thin Rods: An In-Depth Review

Introduction

In the realm of classical mechanics, understanding the physical properties of composite bodies—such



as a solid circular disk with attached rods—is fundamental. These systems are frequently encountered
in engineering, robotics, and physics experiments, serving as models for rotational dynamics, mass
distribution, and moment of inertia calculations. This review delves into a specific scenario: a solid
circular disk with a mass of 1.2 kg and a radius of 0.16 meters, to which three identical thin rods are
attached. We will explore the physical characteristics, the implications of the given parameters, and
the physics principles relevant to the system.

Physical Description of the System
The Solid Circular Disk
The core component is a solid circular disk, characterized by:

- Mass (M): 1.2 kg
- Radius (R): 0.16 m

This disk is uniform, meaning its mass distribution is evenly spread across its volume. Its symmetry
simplifies many calculations when analyzing moments of inertia and rotational dynamics.

The Attached Thin Rods

The system includes three identical thin rods, which are:

- Rigidly attached to the disk

- Uniform in mass and length, unless specified otherwise

- Likely positioned at equal angular intervals around the disk's circumference (commonly at 120°

apart) to maintain symmetry

The precise orientation and attachment points influence the overall moment of inertia and the
dynamic behavior of the system.

Physical Properties and Calculations for the Disk

1. Mass Distribution

Since the disk is uniform, its mass density and distribution are straightforward:

- The area of the disk: \(A = \pi R"~2 = \pi \times (0.16)"2 \approx 0.0804\, \text{m}"2\)

- The mass per unit area: \(\sigma = \frac{M}{A} = \frac{1.2\, \text{kg}}{0.0804\, \text{m}~2}
\approx 14.91\, \text{kg/m}~2\)

This uniformity simplifies calculations of moments of inertia and other rotational parameters.

2. Moment of Inertia of the Disk

The moment of inertia (\(I\)) about its central axis is well known:



\[

| {\text{disk}} = \frac{1}{2} MR"2
\]

Plugging in the values:

\[

| {\text{disk}} = \frac{1}{2} \times 1.2\, \text{kg} \times (0.16\, \text{m})"~2 = 0.5 \times 1.2
\times 0.0256 \approx 0.01536\, \text{kg}\cdot \text{m} "2

\]

This value indicates the disk's resistance to angular acceleration about its central axis.

Analyzing the Thin Rods

1. Characteristics of the Thin Rods

- Mass (m): Unknown, but often assumed or specified
- Length (L): To be specified or inferred

- Mass distribution: Uniform along their length, with negligible thickness

Given their thinness, the rods are treated as one-dimensional objects in the calculations of moments
of inertia.

2. Placement and Orientation

Typically, in symmetrical configurations:

- The three rods are attached at equal intervals along the disk's circumference
- Each rod extends outward radially or at some specified angle

- The attachment points are at the edge of the disk, each separated by 120°, maintaining symmetry

The exact position affects the overall moment of inertia and dynamic responses.

Calculating the Moment of Inertia of the Rods

1. Assumption: Radial Attachment

If each rod is attached at the perimeter of the disk and extends outward radially:
- The mass distribution of each rod is along the length \(L\)

- The moment of inertia of a thin rod about an axis perpendicular to its length and passing through
one end:

\[
| {\text{rod, end}} = \frac{1}{3} mL"2
\]



- If rotating about its center (midpoint), the formula becomes:

\[

|_{\text{rod, center}} = \frac{1}{12} mL"2
\]

The choice depends on the axis of rotation.

2. Moment of Inertia About the Center of the Disk

If the rods are attached at the edge and rotate about the disk's center, their moments of inertia must
include the parallel axis theorem:

\[
|_{\text{total, rod}} = | _{\text{rod, center}} + md~2
\]

where \(d\) is the distance from the axis of rotation (disk center) to the rod's attachment point,
typically \(R\).

Combining the System: Total Moment of Inertia

The overall behavior of the system depends predominantly on the combined moments of inertia of the
disk and the three rods.

\[
I_{\text{total}} = I_{\text{disk}} + \sum_{i=1}"3 |_{\text{rod}, i}
\]

Because the rods are identical, this simplifies to:

\[
| {\text{total}} =1 {\text{disk}} + 3 \times | {\text{rod}}
\]

where \(I_{\text{rod}}\) accounts for the specific placement and orientation of the rods.

Dynamic Analysis and Applications
1. Rotational Kinetics

Given the total moment of inertia, the rotational kinetic energy for a body spinning at angular velocity
\(\omega\):

\[
KE_{\text{rot}} = \frac{1}{2} | {\text{total}} \omega”2
\]



This is crucial in understanding how the system responds to applied torques or during rotational
motion.

2. Angular Momentum

The angular momentum (\(L\)) of the entire system:

\[

L = |_{\text{total}} \omega

\]

Understanding this helps in analyzing conservation scenarios and the effect of external forces.

3. Energy and Work

If the system is spun or decelerated, the energy considerations are vital. The work done by torques,

energy transfer during acceleration or deceleration, and stability considerations depend directly on
the moment of inertia and mass distribution.

Practical Examples and Implications
1. Design and Engineering

- Such a configuration could serve as a rotor in mechanical or electrical systems
- The mass and inertia influence responsiveness, stability, and energy consumption

2. Experimental Physics

- Used to study rotational dynamics, moment of inertia, and conservation laws
- Can serve as a model for understanding more complex rotational systems

3. Robotics and Machinery

- Analyzing the inertia helps in designing actuators and control systems
- The placement of the rods affects the center of mass and stability

Additional Considerations
1. Mass of the Rods

The actual mass of the rods is critical for precise calculations. Without explicit values, assumptions or
measurements are necessary.

2. Length of the Rods

Similarly, the length impacts the moment of inertia and overall mass distribution. Typically, the length
could range from a fraction of the radius to longer, depending on design.



3. Attachment Points and Angles

The exact position—whether radially outward, at some angle, or asymmetrically placed—affects
rotational behavior and must be specified for exact calculations.

4. Material Properties

Density, stiffness, and mass distribution within the rods influence their behavior under rotation,
especially if deformations occur at high speeds.

Conclusion

This comprehensive review of a solid circular disk of 1.2 kg mass and 0.16 m radius, with three
identical thin rods attached highlights the importance of detailed physical characterization in
analyzing rotational systems. Key takeaways include:

- The importance of understanding mass distribution for calculating moments of inertia.

- The significant influence of attached rods' placement, mass, and length on the system's dynamics.
- The application of fundamental physics principles—parallel axis theorem, rotational energy, and
angular momentum—in analyzing and designing such systems.

By combining theoretical calculations with practical considerations, engineers and physicists can

optimize and utilize such configurations for various applications, from machinery to experimental

setups. Accurate measurements, assumptions, and detailed knowledge of the rods' properties are
essential for precise modeling and analysis.
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