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Q/C S A Puck Of Mass M Is Tied To A String And Allowed To Revolve In A Circle Of Radius R On A
Frictionless Surface. This classic physics problem illustrates fundamental principles of circular motion,
centripetal force, tension in the string, and energy conservation. Understanding the dynamics of such a
system is crucial for students and enthusiasts of physics, as it encapsulates many core concepts in
mechanics. In this comprehensive article, we will explore the physics behind a puck of mass M tied to
a string, revolving in a circle of radius R, and analyze various aspects such as forces involved, energy

considerations, and real-world applications.

Introduction to Circular Motion and Puck Dynamics

Circular motion is a fundamental aspect of classical mechanics, describing the movement of an object
along a circular path. When a puck of mass M is tied to a string and revolved in a horizontal circle,
several forces act upon it, primarily the tension in the string providing the necessary centripetal force to

keep the puck moving in a circle.

Understanding the Setup

- Mass (M): The mass of the puck influences the tension required to maintain circular motion.

- Radius (R): The distance from the center of the circle to the puck determines the path's size.

- String: Provides the tension force, which acts towards the center of the circle.

- Frictionless Surface: Ensures that no additional resistive forces interfere with the motion, simplifying

analysis.



Fundamental Concepts in Circular Motion

Before diving into the specific problem, it is essential to review key physics concepts.

Centripetal Force

The force necessary to keep an object moving in a circle is called the centripetal force, directed

towards the circle's center. It is given by:

\[
F_c = \frac{M v*2}{R}
\

where:
-\( M) is the mass of the puck,
-\( v\) is its tangential velocity,

-\( R\) is the radius of the circle.

Tension in the String

In this setup, the tension \( T \) in the string provides the centripetal force. When the puck moves with

velocity \( v \), tension relates to the mass and velocity as:

\[
T = \frac{M v*2H{R}
\]

Velocity and Angular Velocity

The puck's speed \( v \) relates to its angular velocity \( \omega \) by:



\[
v = \omega R

\

where \( \omega \) is measured in radians per second.

Analyzing the Dynamics of the Puck

Understanding how the puck moves involves analyzing the forces, energy, and angular momentum.

Force Analysis

- The tension \( T \) acts towards the center.
- No friction or other resistive forces are present (as per the frictionless surface assumption).

- The net force causes the puck to accelerate towards the center, maintaining circular motion.

Energy Considerations

In an idealized system without friction or air resistance:
- The total mechanical energy (kinetic energy) remains constant.

- Kinetic energy \( KE \):
\[
KE = \frac{1K2} M v*2

\

- Potential energy remains constant if the motion occurs at the same height.



Deriving the Tension and Velocity in Uniform Circular Motion

Suppose the puck is moving with a constant speed \( v \). The tension in the string provides the

necessary centripetal force:

\[
T = \frac{M v*24{R}
\]

If the puck is being spun at a constant angular velocity \( \omega \):

\[
v =\omega R

\]
Thus,

\[
T = M \omega*2 R
\]

This relation shows that increasing the angular velocity increases the tension proportionally.

Example Calculation

Consider a puck with mass \( M = 0.5\,kg \) tied to a string of radius \( R = 2\,m \). If the puck is

revolving at an angular velocity \( \omega = 5\,rad/sec \):

\[
T = 0.5 \times 52 \times 2 = 0.5 \times 25 \times 2 = 25\\N
\]



The tension in the string is 25 Newtons.

Effects of Changing Parameters

Understanding how various parameters affect the motion is crucial.

Impact of Increasing Speed

- As \( v\) or \( \omega \) increases, tension \( T \) increases.

- Excessive tension may cause the string to break, limiting the maximum speed.

Effect of Radius on Tension and Velocity

- Increasing the radius \( R \) at constant \( \omega \):

\[
T = M \omega®2 R
\]

- Larger radius results in higher tension for the same angular velocity.

- Alternatively, for a fixed tension, increasing \( R \) decreases the necessary \( \omega \).

Energy Conservation and Work in Circular Motion
In ideal conditions, the kinetic energy remains constant during uniform circular motion:
\[

KE = \frac{1{2} M v/2
\]



However, if the system involves changing speeds or external work, energy considerations become

more complex.

Work Done by Tension

- Tension does no work in uniform circular motion because it acts perpendicular to displacement at
every instant.
- If the puck speeds up or slows down, work is done by external agents or internal forces, altering

kinetic energy.

Real-World Applications of Puck Circular Motion

Understanding the physics of a puck tied to a string has practical applications in various fields:

1. Design of Centrifugal Devices: Centrifuges use similar principles to separate substances.

2. Amusement Park Rides: Rides like roller coasters and rotating swings rely on circular motion
physics.

3. Vehicles and Rotating Machinery: Tension and forces in rotating parts require analysis similar to the
puck system.

4. Physics Education: Demonstrations with rotating objects help visualize fundamental concepts.

Advanced Topics and Variations

Beyond the basic model, several interesting variations and advanced topics can be explored.

Non-Uniform Circular Motion

When speed varies, the tension fluctuates, and additional forces come into play.



Inclined or Vertical Circular Motion

Analyzing motion in vertical circles introduces gravitational potential energy considerations.

Friction and Air Resistance

Real systems experience resistive forces, affecting energy conservation and tension.

Multiple Pucks and Interactions

Systems involving multiple masses introduce concepts of coupled oscillations and momentum transfer.

Conclusion

The simple yet profound problem of a puck tied to a string revolving in a circle encapsulates many
core principles of classical mechanics. By analyzing the forces, energies, and parameters involved,
students and engineers can better understand real-world systems ranging from amusement rides to
industrial machinery. Mastery of these concepts provides a foundation for more complex dynamics and

contributes to innovations in technology and safety.

Key Takeaways

- The tension in the string provides the centripetal force necessary for circular motion.
- Increasing the speed increases tension proportionally.

- The system conserves kinetic energy in ideal conditions.

- Variations in parameters influence the motion and forces involved.

- Practical applications span numerous engineering and entertainment fields.

Understanding the dynamics of a puck tied to a string is not only an academic exercise but also a

window into the complex yet fascinating world of rotational motion that governs many aspects of our



physical environment.

Frequently Asked Questions

What is the primary force acting on the Q/C S A Puck when it
revolves in a circle?

The primary force is the tension in the string, which provides the centripetal force necessary for

circular motion.

How does the mass of the puck affect its circular velocity?

The velocity of the puck increases with increasing mass if the tension remains constant, but in uniform
circular motion at constant tension, velocity depends on other factors like radius and tension, not mass

directly.

What is the relation between the tension in the string and the puck's
speed?

The tension in the string is related to the puck's speed by the formula T = (M v*2) / R, where T is
tension, M is mass, v is velocity, and R is radius.

How does the radius of the circle influence the tension in the string?
Increasing the radius R decreases the tension for a given speed, since T = (M v*2) / R; larger R

means less tension needed for the same velocity.

What is the effect of increasing the mass of the puck on the required



tension to maintain circular motion at a constant speed?

Increasing the mass M increases the tension T proportionally, since T = (M v*2) / R, assuming velocity

and radius are constant.

If the puck is tied to a string and moving in a circle, what conditions
are necessary to keep it moving at a constant speed?

The tension in the string must be constant and sufficient to provide the necessary centripetal force;

external forces like friction are negligible on a frictionless surface.

How is the period of revolution related to the radius and speed of the
puck?

The period T (time for one complete circle) is given by T = ZDR / v; it increases with radius and

decreases with higher speed.

Additional Resources

Q/C S A Puck Of Mass M Is Tied To A String And Allowed To Revolve In A Circle Of Radius R On A

Frictionless Surface: An Investigative Analysis

Introduction

The dynamics of a puck tied to a string and revolving in a circular path is a classic problem in physics,
underpinning fundamental concepts in circular motion, centripetal force, and tension. Although often
introduced in introductory courses, the intricacies of such systems continue to inspire rigorous analysis,
especially in contexts that mimic real-world scenarios—such as particle accelerators, amusement park

rides, and mechanical devices.



This article aims to delve into the physics governing a puck of mass \( M \), attached to a string of
length \( R\), moving in a frictionless environment, and executing uniform circular motion. We will
explore the forces at play, derive key equations, examine the implications of varying parameters, and
investigate the system's behavior under different conditions. Our goal is to provide a comprehensive,
investigative perspective suitable for educators, researchers, and enthusiasts seeking a deeper

understanding of this fundamental problem.

System Description and Fundamental Assumptions

Physical Setup

- Object: A puck of mass \( M \).

- Constraint: Tied to a fixed point via a string of length \( R \).

- Motion: Moving with a constant speed \( v \) in a horizontal, frictionless plane.

- Environment: Idealized, neglecting air resistance, friction, and other dissipative forces.

Assumptions

- The string is massless and inextensible.

- The puck moves in a perfect circle of radius \( R \).

- The motion is uniform, i.e., speed \( v \) remains constant.

- The system is analyzed in an inertial reference frame.

Fundamental Principles Governing the System

Newton’s Second Law in Circular Motion



For an object moving in a circle at constant speed:

\[

\textbf{F} {\text{net}} = M \cdot a_c

\

where \( a_c\) is the centripetal acceleration:

\[

a_c = \frac{v*2{R}

\

The net inward force providing this acceleration is the tension \( T \) in the string:

\[

T = \frac{M v*2H{R}

\

This tension acts as the centripetal force, directed toward the center of the circle.

In-Depth Analysis of Forces and Dynamics

Tension and lts Variations

The tension \( T\) in the string is not just a function of the mass and velocity; it also reflects the

energy input needed to maintain uniform circular motion. When the puck is spun at a constant speed,

the tension must balance the inward force needed to continually change the puck's direction.

- Key relation:



\[
T = \frac{M v*2H{R}
\]

- Implications:

- As velocity \( v \) increases, tension increases quadratically.

- If the puck is accelerated from rest, the tension initially rises until the desired velocity is achieved.

Work and Energy Considerations

In an ideal frictionless environment, the kinetic energy of the puck:

\[

KE = \frac{1{2} M v2

\

is conserved during uniform circular motion. To accelerate the puck to a certain velocity \( v \), an

external agent must do work:
\[
W = \Delta KE = \frac{1}{2} M v/2

\

Once at constant velocity, no net work is done, but continuous tension in the string is required to

maintain the motion.

Investigative Variations and Parameter Effects



Varying the Radius \( R\\)

- Decreasing \( R \): Increases the tension required for a given \( v \), potentially approaching the

maximum tension the string can withstand, risking breakage.

- Increasing \( R \): Decreases the tension for the same \( v \), making the system more stable.

Varying the Velocity \( v \)

- Higher \( v \): Leads to higher tension, as tension scales with \( v*2\).

- Lower \( v \): Reduces tension, easing the mechanical requirements.

External Forces and Real-World Factors

While the idealized model neglects external forces, real systems involve:

- Air resistance: introduces damping, requiring ongoing work to sustain \( v \).

- String mass and elasticity: affect tension distribution and energy transfer.

- Non-uniform speed: causes complex tension variations and potential destabilization.

Experimental and Practical Considerations

Measuring Tension and Velocity

- Employing sensors to record tension and speed during circular motion.

- Using high-speed cameras to track puck trajectory and calculate \( v \).

Safety and Material Constraints

- Ensuring the string's tensile strength exceeds the maximum tension during operation.



- Monitoring for oscillations or wobbling that could indicate instability.

Applications in Engineering and Physics Education

- Demonstrating centripetal force concepts.

- Designing amusement park rides with safety margins.

- Understanding particle accelerators where electrons or protons undergo circular paths.

Advanced Topics and Extended Analysis

Non-Uniform Circular Motion

If the puck's speed varies, the tension becomes:

\[

T = \frac{M v*2H{R} + M a_{\text{radial}}

\

where \( a_{\text{radial}} \) accounts for tangential acceleration.

Rotational Dynamics and Angular Momentum

- The angular momentum:

\[

L=MvVR

\

- Conservation of angular momentum in isolated systems.



Energy Transfer and Power Requirements

- Power input needed to accelerate the puck:

\[
P = F \cdot v
\]

where \( F \) is the force applied tangentially.

Theoretical Challenges and Open Questions

- How does the inclusion of string mass alter the tension distribution?
- What are the limits of stability for different mass and radius combinations?

- How does the system behave under non-ideal conditions such as slight friction or air drag?

These questions continue to motivate experimental and theoretical research, especially in complex

systems involving multiple interconnected masses and forces.

Conclusion

The simple model of a puck tied to a string revolving in a frictionless environment encapsulates core
principles of circular motion and dynamics. By thoroughly examining the forces involved, energy
considerations, and parameter effects, we gain a nuanced understanding relevant across physics and
engineering disciplines. While idealized, this system serves as a foundational platform for exploring

more complex phenomena, from particle accelerators to mechanical design.



This investigative analysis underscores the importance of precise force analysis, energy accounting,
and parameter control in designing systems that rely on circular motion. Future research may extend
these concepts into more realistic scenarios, incorporating non-idealities and multi-body interactions,

advancing both theoretical understanding and practical applications.
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