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A 0.150-kg Rubber Stopper Is Attached To The End Of A 1.00-m String And Is Swung In A
Circle. If The scenario is a classic physics problem that explores the principles of circular motion,
tension, and energy conservation. Understanding how these concepts interact can help students and
enthusiasts grasp the fundamental mechanics governing objects in rotational motion. This article
delves into the physics behind swinging a rubber stopper attached to a string, providing detailed
explanations, formulas, and practical insights to enhance your comprehension of circular motion
dynamics.

Understanding Circular Motion: The Basics

What Is Circular Motion?

Circular motion refers to the movement of an object along a circular path. It can be uniform, where
the object maintains a constant speed, or non-uniform, where the speed varies. In our scenario,
when the rubber stopper is swung in a circle, it exhibits uniform circular motion if the speed remains
constant throughout its path.

The Role of Centripetal Force

For an object to move in a circle, it must experience a centripetal force directed towards the center
of the circle. This force keeps the object moving along a curved path and is given by the formula:

\[ F ¢ =\frac{m v"*2}{r} \]

where:
-\( F c\) = centripetal force,
-\(m ) = mass of the object,
-\( v\) = tangential velocity,
\( r\) = radius of the circular path.

In the case of the rubber stopper, the tension in the string provides this centripetal force.

Analyzing the Physical Scenario



Given Data

- Mass of rubber stopper, \( m = 0.150\, \text{kg} \)
- Length of string, \( r = 1.00\, \text{m} \)
- The stopper is swung in a horizontal circle at a constant speed.

What Questions Can We Explore?

- What is the tension in the string when the stopper is swung at a certain speed?
- How does the speed of the stopper relate to the tension and other parameters?
- What is the maximum speed before the string breaks?

- How does energy conservation principles apply during the swinging?

Calculating Tension and Speed in Circular Motion

Relating Tension to Centripetal Force

Since the tension in the string provides the necessary centripetal force, we can express the tension
\(TV) as:

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

This formula allows us to calculate the tension in the string for a given speed or vice versa.

Determining the Speed of the Rubber Stopper

Suppose the tension in the string is known or the maximum tension the string can withstand before
breaking is known, we can find the maximum speed:

\[ v_{max} = \sqrt{\frac{T {max} \timesr}{m}} \]

where \( T {max} \) is the maximum tension the string can sustain.

Energy Considerations in Circular Motion

Potential and Kinetic Energy

When swinging the rubber stopper in a horizontal circle, its kinetic energy is:
\[ KE =\frac{1}{2} mv"~2\]

If the swing occurs at a constant height, potential energy remains unchanged, but if the swing is
inclined or involves height variations, energy conversion between potential and kinetic energy



occurs.

Energy Conservation in Ideal Conditions

In the absence of air resistance and friction, the total mechanical energy remains constant:
\[ E {total} = KE + PE = \text{constant} \]

This principle helps analyze the motion when the swing's speed varies during the movement.

Practical Applications and Safety Considerations

Ensuring Structural Integrity

Understanding the maximum tension helps prevent the string from snapping. For example, if the
maximum tension the string can handle is known, you can determine the safe operational speed:

\[ v_{safe} =\sqrt{\frac{T {max} \times r}{m}}\]

Real-World Uses of Circular Motion Principles

The physics of swinging objects is applicable in various fields, including:
- Designing centrifuges.

- Amusement park rides like swings and rides with spinning components.
- Understanding planetary orbits and satellite motion.

- Analyzing forces in rotating machinery.

Summary and Key Takeaways

e The tension in the string provides the centripetal force necessary for uniform circular motion.

e The relationship between speed, tension, and radius is fundamental in analyzing swinging
objects.

e Energy conservation principles help understand the motion's dynamics, especially when
considering non-ideal factors like air resistance.

e Practical safety considerations depend on knowing the maximum tension the string can
withstand and the resulting maximum speed.

e Understanding these principles enhances our comprehension of natural phenomena and
engineering applications involving rotational motion.



Conclusion

Swinging a rubber stopper attached to a string in a circle is more than just a simple activity — it
embodies core physics principles that describe the behavior of objects in rotational motion. By
analyzing parameters such as mass, string length, tension, and velocity, we gain insights into the
forces at play and how energy is conserved throughout the motion. Whether for academic purposes,
safety considerations, or engineering design, mastering the physics of circular motion is essential for
understanding the dynamics of rotating systems. Remember, always consider the maximum tension
and safe operational speeds to prevent accidents and ensure optimal performance of any rotating
apparatus involving similar scenarios.

Frequently Asked Questions

What is the tension in the string when the rubber stopper is
swung in a circle at a constant speed?

The tension in the string can be calculated using T = (m v"~2) / r, where m is the mass, v is the
tangential velocity, and r is the radius of the circle.

How do you determine the speed of the rubber stopper when
swung in a circle?

The speed can be found using the relationship v = 2n r / T, where T is the period of one complete
revolution, or by measuring the velocity directly if the period is known.

What factors affect the centripetal force acting on the rubber
stopper?

The centripetal force depends on the mass of the stopper, its speed, and the radius of the circular
path, as given by Fc=mv”"2/r.

How does increasing the mass of the rubber stopper impact
the tension in the string?

Increasing the mass increases the tension proportionally if the speed and radius remain constant,
sinceT=mv"~2/r.

What is the role of the string's length in the motion of the
rubber stopper?

The string's length determines the radius of the circular motion, affecting the velocity and tension
needed to maintain the circular path.



If the rubber stopper is swung faster, what happens to the
tension in the string?

The tension increases as the speed increases, since tension is proportional to v*2 (T =mv”~2/r).

How can you experimentally determine the speed of the
rubber stopper in circular motion?

You can measure the period of rotation and use v = 2nr/ T, or directly measure the distance
traveled over time with a high-speed camera.

What safety precautions should be taken when swinging a
rubber stopper in a circle?

Ensure the area is clear of obstacles and people, use a secure grip on the string, and wear eye
protection to prevent injury from potential breakage or recoil.

How does the mass of the rubber stopper influence the
centripetal acceleration?

The mass does not affect the centripetal acceleration; it depends on v*2 / r. However, mass
influences the tension required to sustain the motion.

Can the tension in the string be balanced by the gravitational
force acting on the rubber stopper?

No, the tension must provide the centripetal force for circular motion; gravity acts vertically
downward and is balanced by the vertical component of tension when swinging in a horizontal circle.

Additional Resources
Rubber Stopper Swirling Dynamics: An In-Depth Analysis of Circular Motion and Its Applications

When it comes to understanding the principles of circular motion, small-scale experiments often
serve as a foundational tool for students and educators alike. One such classic setup involves a
0.150-kg rubber stopper attached to the end of a 1.00-m string, swung in a circular path. This simple
yet insightful experiment encapsulates core physics concepts such as tension, centripetal force, and
angular velocity, providing a practical demonstration of how objects behave under rotational motion.
In this comprehensive review, we will explore the physics behind this setup, analyze the various
factors influencing its behavior, and discuss its educational significance, applications, and
limitations.



Understanding the Setup: Basic Principles and
Components

The experiment involves a rubber stopper of mass 0.150 kg affixed to a string measuring 1.00 meter
in length. When swung in a circle, the stopper moves along a curved path, with the string providing
the necessary centripetal force to keep the mass moving in a circle. The core physics principles at
play include Newton's laws, the concept of centripetal force, and rotational kinematics.

Key Components and Their Roles

- Rubber Stopper (Mass = 0.150 kg): Serves as the rotating mass; its density and material properties
influence its behavior, though mass is the primary focus here.

- String (Length = 1.00 m): Acts as the tension provider, maintaining the circular path and
transmitting the centripetal force.

- Swinging Motion: The process of rotating the mass at a certain angular velocity; initial conditions
such as speed and angle determine the dynamics.

Fundamental Physics Concepts Involved

Centripetal Force and Tension

The key force maintaining the circular motion is the tension in the string, which acts as the
centripetal force. This force is always directed toward the center of the circle, ensuring the mass
continues along its curved path. The magnitude of the tension (T) can be calculated if the mass's
velocity or angular velocity is known.

Mathematically, the centripetal force \( F _c ) is given by:
\[

F ¢ =\frac{m v*2}{r}

\]

where:

-\(m\) = mass of the stopper (0.150 kg)

-\(v\) = tangential velocity

-\(r\) = radius of the circle (here, approximately 1.00 m)

Alternatively, if angular velocity \( \omega \) is known:

\[
F ¢ =mr\omega™2
\]



Angular Velocity and Period

The angular velocity \( \omega \) is a measure of how quickly the stopper completes a rotation,
expressed in radians per second. It relates to the period \( T'\), the time taken for one complete
revolution, via:

\[

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

\]

Understanding the relationship between angular velocity, period, and the tension in the string is
essential for analyzing the dynamics of the system.

Calculating the Tension and Speed

To analyze the behavior of the rubber stopper, it is crucial to determine the tangential speed and the
tension in the string during circular motion. Suppose the stopper is swung with a certain initial
speed or angular velocity; these parameters influence the tension required to sustain the motion.

Example Calculation: Given an Angular Velocity

Suppose the stopper is swung with an angular velocity \( \omega = 4.00\, \text{rad/sec} \). The
tangential speed \( v ) is:

\[

v =r\omega = 1.00\, \text{m} \times 4.00\, \text{rad/sec} = 4.00\, \text{m/sec}

\]

The tension in the string (which equals the centripetal force) is:

\[

T=F c=mv"2/r=0.150\ \text{kg} \times (4.00\, \text{m/sec})"2 / 1.00\, \text{m} = 0.150
\times 16 = 2.40\, \text{N}

\]

This tension represents the force the string must withstand during the rotation.

Implications of Tension and Speed

- Faster swinging (higher \( v \) or \( \omega \)) increases tension.
- Excessive tension may cause the string to stretch or break, highlighting material limits.
- Ensuring safe operational limits involves knowing the maximum tension the string can handle.



Factors Affecting the Motion and System Behavior

Several variables influence the dynamics of the rubber stopper on the string, affecting the tension,
speed, and overall stability of the system.

1. String Length

- Effect on radius: Longer strings increase the radius \( r\), which in turn affects the required
tension for a given speed.
- Proportionality: For a fixed angular velocity, increasing \( r \) results in a higher tangential velocity.

2. Mass of the Stopper

- Heavier masses require more tension to maintain the same angular velocity.
- Increased mass affects the maximum achievable speed before the string risks breaking.

3. Angular Velocity and Speed

- Higher angular velocities increase the centripetal force exponentially (since \( F ¢ \propto v*2)),
demanding stronger tension.
- Variations in initial velocity impact the stability and safety of the system.

4. Material Properties

- The elastic properties of the rubber stopper and string influence performance.
- Rubber's flexibility and damping characteristics can absorb some energy, affecting motion
smoothness.

Educational and Practical Applications

Pedagogical Significance

This setup is a cornerstone in physics education for illustrating:

- The relationship between tension, velocity, and radius in circular motion.
- The concept of centripetal acceleration and force.



- The importance of forces in rotational dynamics.

By adjusting parameters like the swinging speed or string length, students can observe real-time
effects and deepen their understanding of fundamental physics principles.

Practical Applications

Though primarily educational, understanding these principles finds relevance in:

- Designing rotating machinery and centrifuges.
- Analyzing amusement park rides involving circular motion.
- Engineering sports equipment such as batons or racquets where rotational forces are involved.

Limitations and Considerations

While the rubber stopper and string setup serve as excellent demonstration tools, there are
limitations to consider:

- Material Limits: The string and rubber must withstand the tension generated at high speeds;
failure can occur if limits are exceeded.

- Air Resistance: Air drag can slightly affect the motion, especially at higher speeds, though often
negligible in small-scale experiments.

- Friction and Damping: Friction at the pivot point or air resistance can cause energy loss, affecting
the motion over time.

- Assumption of Ideal Conditions: Calculations often assume a perfect, massless string and neglect
external forces, which is not entirely realistic.

Pros and Cons of Using a Rubber Stopper in Circular
Motion Experiments

Pros:

- Educational Clarity: Simplifies complex physics concepts into observable phenomena.
- Adjustable Parameters: Easy to modify string length, mass, and speed.

- Cost-Effective: Materials are inexpensive and readily available.

- Safe Demonstration: When operated within material limits, poses minimal safety risks.

Cons:

- Material Limitations: Rubber and string may degrade over time or under high tension.



- Limited Scale: Not suitable for high-speed or large-scale applications.
- Simplified Model: Does not account for real-world factors like air resistance and string mass.
- Potential for Errors: Misjudging the tension or speed can lead to accidents or equipment failure.

Conclusion: The Significance of Circular Motion
Experiments with a Rubber Stopper

The use of a 0.150-kg rubber stopper attached to a 1.00-m string exemplifies a fundamental physics
experiment that vividly demonstrates the principles of circular motion. It offers valuable insights into
how tension, velocity, and radius interact to produce stable rotational motion. While straightforward,
this setup encapsulates essential concepts such as centripetal force and angular velocity, making it
an invaluable educational tool. Understanding the dynamics involved not only enhances
comprehension of classical mechanics but also informs practical applications across engineering,
safety, and design fields.

By carefully analyzing the forces and parameters involved, students and practitioners can appreciate
the delicate balance required to maintain circular motion and recognize the importance of material
properties and safety considerations. Despite its simplicity, this experiment remains a powerful way
to visualize and internalize core physics principles, bridging theoretical concepts with tangible,
observable phenomena.
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