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A Uniform Rod Of Mass 100 G And Length 50.0 Cm Rotates In A Horizontal Plane About A Fixed,
Vertical, axis, it exemplifies fundamental principles of rotational dynamics in physics. This scenario is a
classic problem often explored in mechanics to understand how objects behave when rotating about
an axis, especially when considering parameters such as moment of inertia, angular velocity, torque,
and energy. Analyzing the motion of such a rod provides insights into the application of Newton’s laws
in rotational form, the calculation of rotational kinetic energy, and the influence of various forces acting

on the rotating body.
In this comprehensive article, we delve into the physics behind the rotation of a uniform rod, discussing
key concepts, mathematical formulations, and practical implications. Whether you are a student

seeking to grasp the fundamentals or an enthusiast interested in the mechanics of rotating bodies, this

detailed exploration will clarify the essential principles involved.

Understanding the Physical System

Basic Description of the Rod

- Mass (m): 100 grams (0.1 kg)

- Length (L): 50.0 centimeters (0.5 meters)



- Shape: Uniform (mass distributed evenly along its length)
- Rotation Axis: Vertical axis, fixed at one end of the rod

- Plane of Rotation: Horizontal plane
The rod is pivoted at one end, allowing it to rotate freely in a horizontal plane. Such a setup is

common in laboratory experiments designed to study rotational motion, and it helps in understanding

concepts like torque, angular acceleration, and rotational inertia.

Fundamental Concepts in Rotational Dynamics

Moment of Inertia (1)

The moment of inertia quantifies an object's resistance to angular acceleration about a specific axis.

For a uniform rod rotating about one end perpendicular to its length, the moment of inertia is given by:

\[
| = \frac{1}{3} m L2
\]

Applying the given values:
\[
| = \frac{1}{3} \times 0.1\,kg \times (0.5\,m)"2 = \frac{1}3} \times 0.1 \times 0.25 = 0.00833\,kg\,m*2

\

This value indicates how much torque is needed to achieve a certain angular acceleration.



Torque (D)

Torque is the rotational equivalent of force, causing changes in the rotational motion of the body. It is

calculated as:

\[
\tau = r \times F

\

where r is the distance from the pivot point to the point of application of the force, and F is the applied

force. For gravitational torque when the rod is displaced from the vertical:

\[

\tau = m g \frac{L}{2} \sin \theta

\]

where g is acceleration due to gravity (~9.81 m/s?), and [l is the angle of displacement from the

equilibrium position.

Angular Kinetic Energy (K,)

The rotational kinetic energy of the rod is:
\[
K_{rot} = \frac{12} | \omega”2

\

where D is the angular velocity.



Analyzing the Rotation: Key Scenarios

1. Rotation From Rest Under Gravity

If the rod is initially displaced from the vertical and released, gravity exerts a torque that causes it to

oscillate about the pivot. The analysis involves:

- Calculating the maximum angular velocity at the lowest point

- Understanding the oscillatory motion

2. Continuous Rotation with Applied Torque

Applying an external torque, such as via a motor or a force at a specific point, causes the rod to rotate

at a constant or accelerating rate. This scenario involves:

- Determining angular acceleration

- Assessing the power required to maintain rotation

3. Rotational Energy Storage

The kinetic energy stored in the rotating rod is crucial in applications like flywheels. Calculating the

energy helps in designing systems that require energy storage and release.



Mathematical Derivations and Calculations

Calculating Moment of Inertia for the Rod

Given:

“\(m = 0.1\kg \)
-\(L=0.5\,m\)

The moment of inertia about the pivot at one end:

\[
| = \frac{1K{3} m L*2 = \frac{1}{3} \times 0.1 \times (0.5)*2 = 0.00833\,kg\,m*2
\]

Determining Angular Velocity After Release

Suppose the rod is initially displaced by an angle \( \theta_0 \) and released from rest, converting

potential energy into rotational kinetic energy. The energy conservation principle states:

\[
m g \frac{LK2} (1 - \cos \theta_0) = \frac{1}{2} | \omega”2
\]

Rearranged to find \( \omega \):

\[
\omega = \sqrt{\frac{2 m g \frac{L}{2} (1 - \cos \theta_0)¥{I}}



\

For a specific initial displacement, say \( \theta_0 = 30Mcirc \):

\[
\cos 30Mcirc = \frac{\sqrt{3}}2} \approx 0.866
\]

Plugging in values:

\[

\omega = \sqrt{\frac{2 \times 0.1 \times 9.81 \times 0.25 \times (1 - 0.866)}{0.00833}}
\]

\[

= \sqrt{\frac{0.4905 \times 0.134}{0.00833}}

\

\[

= \sqgrt{\frac{0.0658}{0.00833}} \approx \sqrt{7.9} \approx 2.81\, \text{rad/sec}

\

This indicates the rod reaches an angular velocity of approximately 2.81 radians per second at the

lowest point.

Rotational Kinetic Energy at this Velocity

\[
K_{rot} = \frac{1K2} | \omega”2 = 0.5 \times 0.00833 \times (2.81)"2 \approx 0.0329\,J
\]

This small energy reflects the modest mass and length of the rod.



Practical Applications of Rotating Uniform Rods

1. Education and Demonstrations

- Visualizing rotational motion
- Demonstrating conservation of energy

- Studying oscillatory behavior

2. Mechanical Systems and Engineering

- Design of flywheels for energy storage
- Rotating arms in machinery

- Balance and stability analysis

3. Sports and Recreation

- Equipment like golf clubs or baseball bats modeled as rotating rods

- Understanding angular momentum transfer



Factors Affecting Rotation of the Rod

Unsurprisingly, the rotation of a uniform rod is influenced by multiple factors:

- Mass distribution: Uniform vs. non-uniform mass affects moment of inertia
- Pivot friction: Resistance at the pivot point slows rotation
- External forces: Air resistance or applied forces alter motion

- Initial angle: Larger displacements produce higher velocities but also higher energy

Advanced Topics and Considerations

Energy Losses and Damping

Real systems experience energy losses due to friction and air resistance, leading to damping of

oscillations. Quantifying damping helps in designing more efficient mechanical devices.

Angular Momentum Conservation

In the absence of external torque, the angular momentum of the rod remains constant. This principle is

fundamental in understanding rotational stability and gyroscopic effects.



Dynamic Stability

The stability of the rotating rod depends on factors such as the position of the pivot and the distribution

of mass. Small perturbations can lead to oscillations or instability.

Conclusion

The rotation of a uniform rod of mass 100 grams and length 50 centimeters about a fixed vertical axis
exemplifies core principles of rotational physics. From calculating moments of inertia to analyzing
energy transfer and angular velocities, understanding this system offers vital insights into both
theoretical and applied mechanics. Whether used in educational demonstrations, engineering designs,
or sports equipment, the physics governing rotating rods remains a fundamental aspect of rotational

dynamics.

By mastering the key concepts, mathematical tools, and practical considerations discussed in this
article, enthusiasts and professionals alike can better analyze and optimize systems involving rotational
motion. As science and technology continue to evolve, the foundational understanding of such simple

yet profound systems will remain integral to innovation and discovery.

Key Points Summary:

- Moment of inertia for a uniform rod about one end: \( | = \frac{1}{3} m L2 )
- Energy conservation allows calculation of angular velocity after displacement
- Rotational kinetic energy depends on angular velocity and moment of inertia

- Practical applications span education, engineering, and sports



- External factors such as friction and damping influence real-world rotation

If you wish to explore specific scenarios or advanced topics like non-uniform mass distribution,

damping

Frequently Asked Questions

What is the moment of inertia of a uniform rod of mass 100 g and
length 50 cm rotating about its end?

The moment of inertia about an end is (1/3) m L*2. Substituting m=0.1 kg and L=0.5 m, | = (1/3) x 0.1
x (0.5)"2 = 0.00833 kg-m"2.

How does the mass distribution of the rod affect its rotational inertia?

Since the rod is uniform, its mass distribution is evenly spread, resulting in a specific moment of inertia
calculated based on its geometry, with mass farther from the pivot contributing more to rotational
inertia.

What is the significance of the rod rotating in a horizontal plane about

a vertical axis?

Rotating in a horizontal plane about a vertical axis allows for studying rotational dynamics without the

influence of gravity on the rotation, simplifying analysis of angular motion.

If the rod is given an initial angular velocity, how can its kinetic energy



be calculated?

The rotational kinetic energy is given by KE = (1/2) | D"Z, where | is the moment of inertia and [l is

the angular velocity.

What role does torque play in the rotation of the rod about the fixed
axis?

Torque influences the angular acceleration of the rod; it is the rotational equivalent of force and

determines how quickly the rod speeds up or slows down.

How can the conservation of angular momentum be applied to this
rotating rod?

If no external torque acts on the system, the angular momentum remains constant, allowing calculation

of the rod’s angular velocity after changes in conditions using L = | D

What are practical applications of understanding the rotation of a
uniform rod in physics?

Understanding such rotation aids in designing rotating machinery, analyzing pendulums, studying

rotational stability in engineering, and explaining fundamental concepts in rotational dynamics.

How would the rotational inertia change if the rod's length was

doubled?

Since the moment of inertia scales with the square of the length, doubling the length would increase

the inertia by a factor of four, i.e., |_new = (1/3) m (2L)*2 = 4 x original inertia.



Additional Resources

A Uniform Rod Of Mass 100 G And Length 50.0 Cm Rotates In A Horizontal Plane About A Fixed,

Vertical Axis

The study of rotational dynamics plays a pivotal role in understanding how objects behave when
spinning around an axis. One classic example often discussed in physics textbooks is a uniform rod of
mass 100 g and length 50.0 cm rotating in a horizontal plane about a fixed, vertical axis. This scenario
offers insight into fundamental principles such as moment of inertia, angular acceleration, torque, and
energy considerations. Analyzing this system not only enhances our grasp of theoretical concepts but

also provides practical applications in engineering, biomechanics, and mechanical design.

Overview of the System

A uniform rod of mass 100 grams (0.1 kg) and length 50 centimeters (0.5 m) rotating in a horizontal
plane about a fixed, vertical axis exemplifies a simple yet informative physical system. The key

features include:

- Uniformity: The mass distribution is evenly spread along the length, simplifying calculations involving
moment of inertia.

- Fixed Axis of Rotation: The axis is vertical and fixed, meaning the rod rotates without translating or
wobbling.

- Horizontal Plane Motion: Gravity acts perpendicular to the plane of rotation, which influences the

analysis primarily through torque if external forces are applied.

Understanding the behavior of such a system involves analyzing parameters such as the moment of

inertia, angular velocity, angular acceleration, and the effects of applied torques.



Physical Properties and Relevant Concepts

Mass and Length

- Mass (m): 0.1 kg
- Length (L): 0.5 m

These parameters directly influence the moment of inertia and rotational kinetic energy.

Moment of Inertia for a Uniform Rod

The moment of inertia (I) of a uniform rod about an axis perpendicular to its length and passing

through one end is given by:

\[ I_{Mext{end}} = \frac{1}{3} m L 2 \]

If the axis passes through the center of the rod, then:
\[ I_{Mext{center}} = \frac{1K12} m L2 \]

In a typical scenario where the rod rotates about a fixed vertical axis passing through one end, the

relevant moment of inertia is:

\[ I = \frac{1}{3} m L2 = \frac{1}{3} \times 0.1 \times (0.5)"2 = \frac{1}3} \times 0.1 \times 0.25 =
0.00833 \text{ kg-m}*2 \]



This value is fundamental for calculating angular acceleration when torque is applied.

Rotational Dynamics Analysis

Torque and Angular Acceleration

Applying a torque ([l) causes the rod to accelerate angularly. Newton’s second law for rotation states:
\[ \tau = I'\alpha \]

where:

- \( \tau \) is the torque

-\( I'\) is the moment of inertia

- \( \alpha ) is the angular acceleration

Suppose an external torque is applied at the end of the rod via a force perpendicular to its length, say,

a force \( F \) at the tip:

\[ \tau = F \times L \]

Given a force, one can determine the resulting angular acceleration:
\[ \alpha = \frac{\tau}{1} = \frac{F L}{1} \]

Example: If a force of 2 N is applied perpendicular at the tip:



\[ \tau = 2 \times 0.5 = 1 \text{ N-m} \]
\[ \alpha = \frac{1}{0.00833} \approx 120 \text{ rad/sec}"2 \]

This demonstrates how a modest force can produce significant angular acceleration due to the low

moment of inertia.

Angular Velocity and Kinetic Energy

As the rod spins, its rotational kinetic energy (KE) is:

\[ KE = \frac{12} | \omega”2 \]

where:

- \( \omega\) is the angular velocity in radians per second.

Suppose the rod reaches an angular velocity of 10 rad/sec:

\[ KE = 0.5 \times 0.00833 \times 1072 = 0.5 \times 0.00833 \times 100 = 0.4165 \text{ Joules} \]

This energy can be derived from the work done by external torques.

Energy Considerations and Power

Applying a torque over time results in work done on the system, increasing its rotational kinetic energy.

If a constant torque \( \tau \) acts over a time \( t\), the work done \( W) is:



\[ W = \tau \times \theta \]
where \( \theta \) is the angular displacement during time \( t \). Alternatively, for constant \( \alpha \):
\[ \theta = \frac{1}{2} \alpha t"2 \]

This relation helps in designing systems where specific rotational speeds are desired.

Practical Applications and Real-world Implications

Understanding the rotation of a uniform rod has numerous practical applications:

- Mechanical Balances: Rotating rods are used in balance testing and calibration of rotating machinery.
- Robotics: Robotic arms often mimic these simple rotational dynamics for precise movement.

- Educational Demonstrations: Visualizing how torque affects angular acceleration enhances
understanding in physics education.

- Structural Engineering: Analyzing how uniform beams respond to torques helps in designing stable

structures.

Advantages and Limitations

Pros:

- Simplicity: The uniformity simplifies calculations, making it an excellent teaching model.



- Versatility: The principles can be extended to more complex systems.

- Insightful: Demonstrates core concepts such as inertia, torque, and energy transfer.

Cons:

- ldealized Conditions: Assumes no friction, air resistance, or deformation, which are present in real-
world scenarios.

- Fixed Axis Assumption: Does not account for flexible or moving axes.

- Single-Dimension Analysis: Focuses on rotation in a plane; ignores potential three-dimensional

effects.

Conclusion

The rotation of a uniform rod of 100 g and 50 cm length about a fixed, vertical axis exemplifies
fundamental rotational dynamics principles. By analyzing parameters such as moment of inertia,
torque, angular acceleration, and kinetic energy, one can gain deep insights into how objects behave
under rotational motion. Its simplicity makes it an invaluable model for both educational and practical
applications, from designing mechanical components to understanding biological systems. Despite its
idealized nature, the concepts derived from studying this system form the backbone of many
engineering and physics disciplines, emphasizing the importance of rotational analysis in

comprehending the physical world.

Final thoughts: Mastery of rotational motion concepts as exemplified by this uniform rod system equips
students and engineers with essential tools for tackling more complex rotational phenomena

encountered in everyday life and technological innovations.
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