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Making it an intriguing example of circular motion physics. This scenario exemplifies fundamental
principles of physics such as centripetal force, tension, angular velocity, and acceleration. Understanding the
dynamics of a rubber stopper swung in a horizontal circle not only enriches our grasp of classical mechanics
but also has practical applications in laboratory experiments, amusement park rides, and engineering
designs. In this comprehensive article, we delve into the physics behind this setup, exploring the key

concepts, calculations, and real-world implications.

Introduction to Circular Motion and Its Principles

Circular motion refers to any movement of an object along a circular path. When an object moves in a circle
at a constant speed, it is undergoing uniform circular motion. Despite the speed being constant, the direction
of the velocity vector constantly changes, leading to acceleration directed toward the center of the circle,

known as centripetal acceleration.

Key Concepts in Circular Motion

- Centripetal Force: The force directed toward the center that keeps the object moving in a circle.

- Tension: The force exerted by the string on the stopper, providing the necessary centripetal force.

- Angular Velocity (w): The rate at which the object sweeps through an angle, typically measured in
radians per second.

- Centripetal Acceleration (ac): The acceleration experienced by the object directed toward the center,
calculated as \( a_c = \frac{v"2}{r} \).

Understanding these concepts is crucial for analyzing the behavior of the rubber stopper in this setup.

Physical Characteristics of the Rubber Stopper and String



Mass and Weight of the Rubber Stopper

The stopper has a mass of 13 grams, which can be converted to kilograms for calculations:
- Mass (m): 13 g = 0.013 kg
The weight of the stopper, which is the force due to gravity, is:

- Weight (W): \( W = m \times g = 0.013 \, \text{kg} \times 9.81 \, \text{m/s}"2 \approx 0.1275 \, \text{N}
\)

While the weight influences the overall stability, the primary concern in horizontal circular motion is the

tension and the resulting centripetal force.

String Length and Its Implication

- Length of the string (r): 0.93 meters

This length acts as the radius of the circular path, a critical parameter in calculating the necessary tension

and velocity.

Analyzing the Motion of the Rubber Stopper

Velocity of the Stopper in Circular Motion

The speed (v) of the stopper as it moves in a circle is related to its angular velocity and the radius:
\[ v = r \times \omega \]

Where:

-\( v \) = linear velocity (m/s)

-\( r\) = radius of the circle (m)

- \(\omega \) = angular velocity (rad/s)

The velocity is a key factor in determining the tension in the string and the forces acting on the stopper.



Calculating Tension in the String

The tension (T) in the string provides the centripetal force necessary for circular motion:
\[ T = \frac{m v"2}{r} \]

Since the tension must counteract the outward inertia of the mass, a higher velocity results in greater

tension.
Additional forces to consider:

- Since the motion is purely horizontal, vertical components are balanced by the weight and the vertical

component of tension, simplifying the analysis.

Determining the Angular Velocity and Speed

Suppose the stopper is swung with a certain frequency or period, or at a specific speed. For example, if you

know the period (T), the time it takes to complete one full circle, you can find the angular velocity:
\[ \omega = \frac{2\pi}{T} \]

Similarly, the linear speed is:

\[ v = \frac{2\pi r}{T} \]

Practical calculation example:

If the stopper completes one revolution every 2 seconds,

-\(T =2\ \text{s} \)
- \(\omega = \frac{2\pi}{2} = \pi \, \text{rad/s} \)
- \( v =r \times \omega = 0.93 \times \pi \approx 2.92 \, \text{m/s} \)

This speed can then be used to calculate the tension in the string.

Calculating the Tension for Different Speeds

Using the velocity found above, the tension in the string:



\[ T = \frac{m v"2}{r} = \frac{0.013 \times (2.92)"2}{0.93} \approx \frac{0.013 \times 8.53}{0.93} \approx
\frac{0.1108}{0.93} \approx 0.119 \, \text{N} \]

This tension must be maintained by the string to keep the stopper moving in a horizontal circle at this

velocity.

Factors Affecting the Motion and Safety Considerations

Role of String Tension and Material Strength

- The tension increases with velocity; therefore, the string must be strong enough to withstand the
maximum tension without breaking.

- The material's tensile strength determines the maximum safe speed for swinging the stopper.

Potential Risks and Safety Measures

- High tension can cause the string to snap, posing safety hazards.
- Ensuring the string's tensile strength exceeds the maximum tension is critical.

- Using gloves or protective eyewear can prevent injuries from snapping strings or rubber stoppers.

Applications of Circular Motion Principles in Real Life

- Amusement park rides: The physics of swinging objects in a circle underpins the design of rides like
swings and rotating rides.

- Laboratory experiments: Analyzing centripetal force and acceleration helps in understanding rotational
dynamics.

- Engineering: Designing rotating machinery and centrifuges relies on principles of circular motion.

Practical Implications and Engineering Design

- Engineers calculate the maximum rotational speed considering the material strength.
- In designing centrifuges, the balance between rotational speed, radius, and material strength ensures

safety and efficiency.



Conclusion and Summary

Understanding the dynamics of a rubber stopper swung in a horizontal circle provides valuable insights
into fundamental physics concepts like centripetal force, tension, and angular velocity. The interplay of
mass, string length, and speed determines the tension in the string and the stability of the system. By
analyzing these factors, physicists and engineers can optimize designs, ensure safety, and apply these
principles across various fields. Whether in educational demonstrations, amusement rides, or industrial
machinery, the physics of circular motion remains a cornerstone of understanding how objects move in

curved paths.

Key Takeaways

- The mass of the stopper influences the tension required for circular motion.

- The length of the string determines the radius and impacts the velocity and tension.

- Higher speeds increase tension, requiring stronger materials for safety.

- Calculating centripetal force and tension helps in designing safe and efficient systems involving circular
motion.

- Practical applications range from educational experiments to complex engineering systems.

By mastering these principles, students, educators, and professionals can better understand and harness the
fascinating physics of objects in uniform circular motion, ensuring safe operations and innovative designs in

various technological and scientific fields.

Frequently Asked Questions

‘What is the significance of the 13 G rubber stopper in circular motion
experiments?

The 13 G rubber stopper acts as the mass attached to the string, serving as the object in circular motion to

study centripetal force and tension in the string.

How does the length of the string (0.93 m) affect the speed of the stopper

in horizontal circular motion?

The length of the string determines the radius of the circular path; a longer string increases the radius,

which influences the velocity needed to maintain uniform circular motion.



What is the relationship between tension in the string and the speed of
the rubber stopper?

The tension in the string provides the centripetal force necessary for circular motion and increases with the

square of the speed divided by the radius (T = mv?/t).

How can you calculate the maximum speed of the stopper without
breaking the string?

By using the maximum tension the string can withstand, you can calculate the maximum speed using v =

sqrt(T_max r / m), where T_max is the string's breaking tension, r is the radius, and m is the mass.

Why is the motion of the rubber stopper considered uniform circular

motion?

Because the stopper moves in a circle with a constant speed and a continuously changing direction,

characteristic of uniform circular motion.

‘What role does gravity play in the horizontal circular motion of the

stopper?

In purely horizontal circular motion, gravity acts perpendicular to the motion and does not influence the

tension or speed directly, assuming the setup is perfectly horizontal.

How does increasing the speed of the stopper affect the tension in the
string?

Increasing the speed increases the centripetal force needed, which raises the tension in the string

proportionally to the square of the speed.

What are the potential safety considerations when swinging a rubber

stopper in a circle?

Ensure the string is strong enough to withstand the tension, keep a safe distance from the path to avoid

injury, and check for wear or damage in the string before swinging.

How can this setup be used to demonstrate the concepts of centripetal

force and acceleration?

By measuring the tension and speed of the stopper, students can calculate the centripetal force and



acceleration, illustrating how these forces keep an object moving in a circle.

Additional Resources

A 13 G Rubber Stopper Is Attached To A 0.93 M String. The Stopper Is Swung In A Horizontal Circle,
Making a compelling case study in circular motion physics, illustrating fundamental concepts such as
centripetal force, tension, and angular velocity. Whether you're a physics student, educator, or enthusiast,
understanding this scenario provides a practical foundation for grasping the principles governing objects in
rotational motion. This guide will walk you through the physics involved, break down the forces at play,
and explore how parameters like mass, string length, and angular velocity influence the motion of the

rubber stopper.

Introduction: Understanding the Setup

Imagine you are holding a rubber stopper with a mass of approximately 13 grams (which is about 0.013 kg)
attached to the end of a 0.93-meter-long string. You swing the stopper in a horizontal circle with a steady
speed, causing it to trace a path around you. This simple yet insightful scenario encapsulates key concepts in

circular motion physics and provides a concrete example to analyze forces, energy, and motion.

The primary focus here is to understand how the mass of the stopper, the length of the string, and the
angular velocity relate to the forces acting on the system, especially the tension in the string and the

resulting centripetal force required to sustain circular motion.

The Physics of Circular Motion

What Is Circular Motion?

Circular motion occurs when an object moves along a circular path. The motion can be uniform (constant
speed) or non-uniform (changing speed). In our case, the rubber stopper is swung at a constant speed,

making the motion uniform.
Key Concepts

- Centripetal Force (Fc): The inward force necessary to keep an object moving in a circle. It acts toward the
center of the circle.

- Tension (T): The force exerted by the string on the stopper, which provides the centripetal force.

- Angular Velocity (w): The rate at which the stopper sweeps out an angle, measured in radians per second.

- Linear (Tangential) Velocity (v): The speed of the stopper along its circular path.



Analyzing the System: Forces and Motion

Forces Acting on the Rubber Stopper

When swinging the stopper in a horizontal circle, the main forces acting on it are:

1. Tension in the string (T): Pulls inward, providing the centripetal force.

2. Gravity (mg): Acts downward, but in a horizontal circle, gravity's role is balanced or negligible in the
horizontal plane if the swing is perfectly horizontal.

Assumptions for Simplification

- The swing is perfectly horizontal, so the vertical component of tension balances gravity.

- The string remains taut and straight during the motion.

- Air resistance is negligible.

Force Balance in Horizontal Circular Motion

Since the motion is horizontal, the tension component in the horizontal direction provides the centripetal

force:

\[ T_{horizontal} = T \cos \theta \]

But in the ideal case, when swinging in a perfect horizontal circle, the tension equals the centripetal force:
\[ T = \frac{mv"2}{r} \]

Where:

- \( ' m \) = mass of the stopper (0.013 kg)

- \( v \) = linear velocity of the stopper
- \('r\) = radius of the circle (equal to the length of the string, 0.93 m)

Calculating Key Parameters
1. Mass and Weight of the Rubber Stopper

- Mass (m): 13 grams = 0.013 kg
- Weight (W): \( W = mg \) = 0.013 kg x 9.81 m/s? ~ 0.1277 N



‘While weight acts vertically, it influences the tension when the swing is not perfectly horizontal, but for

the ideal case, it remains balanced.

2. Radius of the Circular Path

- Given directly as the length of the string: r = 0.93 m

3. Determining the Linear Velocity (v)

If the angular velocity \( \omega \) is known, the linear velocity can be calculated as:
\[ v =r \omega \|

Alternatively, if the period \( T \) (time to complete one circle) is known:

\[ v = \frac{2\pi r}{T} \]

Calculating the Tension in the String

Suppose the stopper is swung at a constant speed, and you want to find the tension \( T \).
Given:

\[ T = \frac{mv"2}{r} \]

If the angular velocity \( \omega \) is known:

\[ T=mr \omega"2 \|

Example Calculation:

Assuming you swing the stopper such that it completes one revolution every 2 seconds:

- Period \( T =2\;s \)

- Angular velocity:
\[ \omega = \frac{2\pi }{T} = \frac{2\pi}{2} = \pi \text{ rad/sec} \]
- Linear velocity:

\[ v = r \omega = 0.93\,m \times \pi \approx 2.92\,m/sec \|



- Tension:

\[ T = \frac{m v"2}{r} = \frac{0.013 \times (2.92)"2}{0.93} \approx \frac{0.013 \times 8.53}{0.93} \approx
\frac{0.1109}{0.93} \approx 0.119\,N \]

This tension (~0.119 N) balances the inward centripetal force needed to keep the stopper moving in a circle

at this speed.

Exploring How Parameters Affect the Motion

Effect of Mass

- Increase in mass results in a proportional increase in the tension \( T \) needed for the same velocity:

\[ T \propto m \]

- Heavier stoppers require more tension to maintain the same angular velocity, impacting the stability and

the maximum speed achievable without breaking the string.

Effect of String Length

- The radius \( r \) directly influences the linear velocity and tension:

\[ v = \omega \]

\[ T=mr \omega"2 \|

- Longer strings allow for larger circular paths, but for a given angular velocity, the linear speed increases

linearly with \( r\).

- Conversely, for a fixed tension, increasing \( r \) reduces the angular velocity:

\[ \omega = \frac{v}{r} \]

Effect of Angular Velocity

- Higher angular velocities increase the required tension quadratically:

\[ T \propto \omega2 \]

- To swing the stopper faster, more tension (and thus more force input) is necessary.



Practical Considerations and Limitations
Tension Limits

- The rubber stopper, attached to a string, can only withstand a certain tension before breaking.

- Knowing the maximum tension allows you to determine the maximum safe angular velocity.
Safety Precautions

- Ensure the string is robust enough for the tension calculations.

- Swing in an open space to prevent injury or damage.

- Use appropriate protective gear if swinging at high speeds.

Real-World Factors

- Air resistance introduces a small drag force, slightly reducing the velocity over time.

- The stopper's shape and material properties may cause slight deviations from ideal physics calculations.

Extending the Analysis: Energy Considerations

Kinetic Energy

The kinetic energy of the stopper:

\[ KE = \frac{1}{2} m v"2\]

Using the previous example:

\[ KE = 0.5 \times 0.013 \times (2.92)"2 \approx 0.5 \times 0.013 \times 8.53 \approx 0.055\,J \]
Work Done by Tension

The tension does work to maintain the motion, providing the necessary energy to keep the stopper

moving at constant speed.

Conclusion: Connecting Theory to Practice



The scenario of a 13 G rubber stopper attached to a 0.93 M string swung in a horizontal circle embodies core
principles of rotational dynamics. By understanding how parameters like mass, string length, and angular
velocity influence tension and force requirements, you can optimize the swinging motion, design safer
experiments, or simply deepen your grasp of physics fundamentals.

Whether swinging the stopper casually or analyzing it for academic purposes, the interplay of forces and

motion in this system provides a rich landscape for exploration. Remember, always consider practical limits

and safety when applying these principles in real-world settings.

Summary of Key Formulas

- Centripetal Force / Tension:

\[ T = \frac{mv"2}{r} \quad \text{or} \quad T = m r \omega"2 \|
- Angular velocity:

\[ \omega = \frac{2\pi}{T} \]

- Linear velocity:

\[ v =1 \omega \]

- Energy:

\[ KE = \frac{1}{2} m v"2\]

By mastering these concepts, you'll be well-equipped to analyze and predict the behavior of objects in

circular motion, whether in classroom experiments or real-world applications.

A 13 G Rubber Stopper Is Attached To A 0 93 M String The
Stopper Is Swung In A Horizontal Circle Making

A 13 G Rubber Stopper Is Attached To A 0 93 M String The Stopper Is Swung In A Horizontal Circle
Making


https://sip.evo9x.com/ma37/a-13-g-rubber-stopper-is-attached-to-a-0-93-m-string-the-stopper-is-swung-in-a-horizontal-circle-making.pdf
https://sip.evo9x.com/ma37/a-13-g-rubber-stopper-is-attached-to-a-0-93-m-string-the-stopper-is-swung-in-a-horizontal-circle-making.pdf

Related Articles

e A Group Of New "Amazonian" Managers Will Lead The New Branches In Brazil Each With
More Than 25 Employees

o Ellie L.ost A Swim Race To Matt. When They Were Each Interviewed Afterward, Ellie
Expressed That She Would

e Briefly Explain How One Historical Event Or Development In The Period 1787 To 1803 That Is
Not Explicitl

Back to Home


https://sip.evo9x.com/ma37/a-group-of-new-amazonian-managers-will-lead-the-new-branches-in-brazil-each-with-more-than-25-employees.pdf
https://sip.evo9x.com/ma37/a-group-of-new-amazonian-managers-will-lead-the-new-branches-in-brazil-each-with-more-than-25-employees.pdf
https://sip.evo9x.com/ma37/ellie-lost-a-swim-race-to-matt-when-they-were-each-interviewed-afterward-ellie-expressed-that-she-would.pdf
https://sip.evo9x.com/ma37/ellie-lost-a-swim-race-to-matt-when-they-were-each-interviewed-afterward-ellie-expressed-that-she-would.pdf
https://sip.evo9x.com/ma37/briefly-explain-how-one-historical-event-or-development-in-the-period-1787-to-1803-that-is-not-explicitly.pdf
https://sip.evo9x.com/ma37/briefly-explain-how-one-historical-event-or-development-in-the-period-1787-to-1803-that-is-not-explicitly.pdf
https://sip.evo9x.com

