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Understanding the physics behind the motion of a stone attached to a string is fundamental in
classical mechanics. When a stone of mass 0.2 kg is swung in a circular path with a radius of 0.6
meters on a horizontal, frictionless surface, it demonstrates key principles such as centripetal force,
tension, and angular velocity. This scenario serves as an excellent model for exploring the dynamics
of circular motion, providing insights into how forces interact to sustain an object’s consistent circular
path. In this comprehensive guide, we will examine the physics concepts involved, perform detailed
calculations, discuss potential applications, and explore related phenomena.

---

Understanding Circular Motion: Basic Concepts

What Is Circular Motion?

Circular motion occurs when an object moves along a curved path around a central point or axis. The
key characteristic of this motion is that the object’s velocity continuously changes direction, although
its speed may remain constant. The motion can be uniform (constant speed) or non-uniform
(changing speed), but in this scenario, we consider uniform circular motion, where the speed of the
stone remains constant as it swings in the circle.

Key Forces in Circular Motion

In uniform circular motion, the primary force responsible for keeping the object moving in a circle is
the centripetal force—which means "center-seeking" in Latin. This force acts inward, directed toward
the center of the circle, and is necessary to continuously change the direction of the object's velocity.

- Centripetal Force (Fc): The force that maintains the circular path.
- Tension in the String (T): In this scenario, the tension provides the centripetal force.
- Gravitational Force (Weight): Acts downward but is irrelevant here since the motion is horizontal.

Understanding how these forces interact helps in calculating the tension required, the velocity of the
stone, and other related parameters.

---



Physics Principles Involved in Swirling the Stone

Centripetal Force Equation

The core physics principle involved is the relationship between the centripetal force, mass, velocity,
and radius:

\[ F_c = \frac{m v^2}{r} \]

Where:
- \( m \) = mass of the stone (0.2 kg)
- \( v \) = tangential velocity of the stone
- \( r \) = radius of the circle (0.6 m)

This equation establishes that for a given mass and radius, the velocity directly influences the
required inward force to sustain circular motion.

Tension and Centripetal Force

Since the string provides the inward force, the tension in the string (T) must equal the centripetal
force:

\[ T = F_c = \frac{m v^2}{r} \]

In the idealized case of a frictionless, horizontal surface, tension acts solely to provide the necessary
centripetal force, with no other forces opposing or aiding the motion.

Angular Velocity and Tangential Speed

Angular velocity (\( \omega \)) describes how fast the stone completes a rotation:

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

The tangential speed (\( v \)) relates to how quickly the stone moves along the circle:

\[ v = r \omega \]

Knowing either of these allows calculation of the other, which is useful in various applications, such as
designing rotating amusement rides or understanding planetary orbits.

---



Calculations for the Swirling Stone

Determining the Velocity of the Stone

Suppose the stone is swung at a constant angular velocity, and we want to find its tangential velocity.
If the speed is not given, we may need to specify the rotational period or frequency.

Example: If the stone completes one full circle in 2 seconds:

- Period (T): 2 seconds
- Frequency (f): \( \frac{1}{T} = 0.5\, \text{Hz} \)

The angular velocity:

\[ \omega = 2 \pi f = 2 \pi \times 0.5 = \pi\, \text{rad/sec} \]

The tangential velocity:

\[ v = r \omega = 0.6\, \text{m} \times \pi\, \text{rad/sec} \approx 0.6 \times 3.1416 \approx 1.885\,
\text{m/sec} \]

---

Calculating the Tension in the String

Using the velocity:

\[ T = \frac{m v^2}{r} \]

\[ T = \frac{0.2 \times (1.885)^2}{0.6} \]

\[ T = \frac{0.2 \times 3.553}{0.6} \]

\[ T = \frac{0.7106}{0.6} \approx 1.184\, \text{N} \]

This tension must be maintained to keep the stone moving in a circle at this speed.

---

Applications of Circular Motion Principles



Designing Amusement Park Rides

Understanding the physics of objects moving in circles informs the design of rides such as Ferris
wheels, spinning swings, and roller coasters. Engineers calculate the appropriate tension, speed, and
radius to ensure safety and thrill.

Planetary and Satellite Orbits

The same principles govern planetary orbits and satellite trajectories. For example, the centripetal
force required to keep a satellite in orbit balances the gravitational pull of the planet, demonstrating
the universality of these physics concepts.

Engineering Rotating Machinery

Rotating machinery, such as centrifuges or turbines, relies on precise calculations of forces to prevent
structural failure and optimize operation.

---

Factors Affecting the Motion and Safety Considerations

Effect of Increasing or Decreasing Speed

- Increasing the speed increases the tension in the string proportionally to \( v^2 \).
- Reducing speed decreases the tension, but if it becomes too low, the object may detach or fail to
follow the circle.

Maximum Tension and Safety Limits

- The material of the string has a maximum tensile strength.
- Ensuring the tension stays below the material’s limit is crucial to prevent breakage.
- For safety, engineers add a margin of safety to account for dynamic factors like sudden jerks or
wind.

Influence of External Factors

- Air resistance and friction are negligible here due to the frictionless surface, but in real-world
applications, these forces can affect the motion.
- Environmental factors should be considered when designing for practical situations.



---

Advanced Topics and Related Concepts

Non-Uniform Circular Motion

If the speed varies during motion, additional forces and energy considerations come into play,
involving concepts such as tangential acceleration and work-energy principles.

Conservation of Angular Momentum

In the absence of external torques, the angular momentum of the system remains constant:

\[ L = m v r \]

This principle explains phenomena such as figure skating spins and planetary rotations.

Energy in Circular Motion

Total mechanical energy:

\[ E = \frac{1}{2} m v^2 \]

In an ideal frictionless system, this energy remains constant, converting between kinetic and potential
forms in more complex scenarios.

---

Conclusion

The scenario of a 0.2-kg stone attached to a string and swung in a horizontal, frictionless circle of
radius 0.6 meters encapsulates fundamental principles of physics related to circular motion. By
understanding the relationships between mass, velocity, radius, and tension, we can analyze and
predict the behavior of such systems accurately. These principles are not only academically
interesting but also have practical implications across engineering, space exploration, and
entertainment industries. Whether designing safe amusement rides or studying planetary orbits,
grasping the core concepts of centripetal force, tension, and angular velocity is essential. As you
explore further into physics, the interconnected nature of forces and motion continues to reveal the
elegant order underlying the universe.

---
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Frequently Asked Questions

What is the velocity of the stone when swung in a horizontal
circle of radius 0.6 m if the tension in the string is 12 N?
Using the centripetal force formula T = (mv^2)/r, we get v = sqrt(Tr/m) = sqrt(120.6/0.2) = sqrt(36)
= 6 m/s.

How much centripetal force is acting on the stone during
circular motion?
The centripetal force is equal to the tension in the string, which is 12 N.

What is the period of one complete revolution of the stone?
The period T = (2πr)/v = (2π0.6)/6 ≈ 0.628 seconds.

What is the angular velocity of the stone in radians per
second?
Angular velocity ω = v/r = 6/0.6 = 10 rad/sec.

If the tension in the string increases to 15 N, what is the new
speed of the stone?
v = sqrt(Tr/m) = sqrt(150.6/0.2) = sqrt(45) ≈ 6.71 m/s.

What is the kinetic energy of the stone when moving at 6 m/s?
KE = (1/2)mv^2 = 0.50.236 = 3.6 Joules.

If the stone is swung with a speed of 6 m/s, what is the
magnitude of the tension in the string?
T = (mv^2)/r = 0.236/0.6 = 12 N.

What would happen if the tension exceeds the maximum
tension the string can handle?
If the tension exceeds the maximum tension, the string may break, causing the stone to fly off
tangentially.



How does increasing the radius of the circle affect the speed
of the stone for a constant tension?
Increasing the radius decreases the speed since v = sqrt(Tr/m); larger r results in a larger
denominator, thus lower v for the same tension.

Additional Resources
Circular Motion Analysis: An In-Depth Examination of a 0.2-kg Stone Swung in a Horizontal Circle

---

When exploring the fascinating principles of physics that govern everyday phenomena, few subjects
are as engaging and visually demonstrative as circular motion. Imagine a simple yet instructive setup:
a 0.2-kg stone attached to a string, swung in a horizontal plane with a radius of 0.6 meters. This
scenario, seemingly straightforward, offers a rich tapestry of physics concepts—including tension,
centripetal force, angular velocity, and energy conservation—that form the foundation for
understanding rotational dynamics.

In this detailed review, we will dissect each element of this system, from the fundamental forces at
play to the practical implications, all while adopting an accessible yet comprehensive tone. Whether
you’re a student, educator, or enthusiast, this exploration aims to illuminate the physics behind such
a commonplace yet captivating motion.

---

Understanding the System: The Basic Setup

At the heart of our analysis is a simple physical system:

- Mass of the stone (m): 0.2 kg
- Radius of the circular path (r): 0.6 m
- Type of surface: Horizontal and frictionless (idealized condition)

This idealization simplifies the physics, allowing us to focus primarily on the forces involved in circular
motion without the complicating effects of friction, air resistance, or other dissipative forces.

---

Fundamental Concepts in Circular Motion

Before delving into calculations, it’s essential to review key physics concepts relevant to the scenario:



Centripetal Force

Any object moving in a circle at a constant speed experiences an inward force directed toward the
center of the circle. This force, known as the centripetal force, maintains the curved trajectory and is
given by:

\[
F_c = \frac{m v^2}{r}
\]

where:

- \( m \) is the mass,
- \( v \) is the tangential speed,
- \( r \) is the radius of the circle.

Velocity and Angular Velocity

The tangential speed \(v\) relates to the angular velocity \( \omega \) via:

\[
v = r \omega
\]

where:

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

Hooke's Law and Tension

In this case, the tension in the string provides the centripetal force. Assuming the string is massless
and inextensible, the tension \( T \) in the string when the stone moves in a circle at speed \( v \) is:

\[
T = F_c = \frac{m v^2}{r}
\]

---

Analyzing the Motion: Key Calculations

Given the basic parameters, we proceed to analyze the system's dynamics.



Determining the Velocity of the Stone

Suppose the stone is swung at a steady speed. To understand the forces involved, we can consider
two scenarios:

1. Given the tension in the string, we can compute the velocity.
2. Given the velocity, we can determine the tension.

For the scope of this analysis, let's explore a common case: what happens when the stone is swung at
a certain tangential speed?

---

Example Calculation: Speed for a Given Tension

Suppose the tension in the string is measured or limited to a maximum value, say, \( T_{max} \). For
illustration, let's assume:

\[
T_{max} = 10\, \text{N}
\]

Using the relation:

\[
v = \sqrt{\frac{T r}{m}}
\]

we get:

\[
v = \sqrt{\frac{10\, \text{N} \times 0.6\, \text{m}}{0.2\, \text{kg}}} = \sqrt{\frac{6}{0.2}} =
\sqrt{30} \approx 5.48\, \text{m/s}
\]

This means that swinging the stone at approximately 5.48 meters per second would require a tension
of about 10 N.

---

Calculating the Centripetal Force at a Given Speed

If the stone is swung at a known speed, for example, 4 m/s, the tension needed in the string would be:

\[
T = \frac{m v^2}{r} = \frac{0.2 \times 4^2}{0.6} = \frac{0.2 \times 16}{0.6} = \frac{3.2}{0.6}



\approx 5.33\, \text{N}
\]

This illustrates how the tension scales with the square of the velocity.

---

Energy Considerations

Energy analysis provides further insight into the system’s behavior, particularly if the motion varies in
speed or if external forces are involved.

Kinetic Energy

The kinetic energy (KE) of the stone at a given speed \(v\):

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

For instance, at \(v = 4\, \text{m/s}\):

\[
KE = 0.5 \times 0.2 \times 16 = 1.6\, \text{J}
\]

This energy is entirely kinetic in the idealized scenario, as potential energy remains constant in the
horizontal plane.

Work and Power

To accelerate the stone from rest to a particular speed, work must be done, supplied by the person
swinging the string. The work done:

\[
W = \Delta KE
\]

which depends on the change in kinetic energy.

---



Practical Implications and Safety Considerations

While theoretical calculations assume a frictionless environment and ideal conditions, real-world
applications demand attention to safety and material limits.

String Strength and Material Choice

The tension in the string can reach several newtons depending on the speed. Therefore, selecting a
string with adequate tensile strength is crucial to prevent snapping and potential injury.

Maximum Safe Speed

To avoid breaking the string, the maximum safe speed can be estimated based on the string’s tensile
strength:

- For a string with tensile strength \( T_{max} \), maximum speed:

\[
v_{max} = \sqrt{\frac{T_{max} r}{m}}
\]

- Ensuring the operation remains within this limit is essential for safety.

Environmental Factors

In real scenarios, air resistance and friction can reduce the effective speed and energy, requiring
adjustments or more robust materials.

---

Extending the Analysis: Variations and Additional
Factors

The basic model provides a foundation, but several factors can influence the motion:

Angular Momentum

The angular momentum \( L \):

\[



L = m v r = m r^2 \omega
\]

remains conserved in the absence of external torques, emphasizing the importance of initial
conditions.

Varying the Radius

If the radius changes (for example, if the string length varies), the velocity adjusts to conserve
angular momentum, affecting the tension and the forces involved.

Inclusion of Gravity

Although the horizontal plane neglects gravity, real-world swings may involve vertical components,
adding complexity to tension calculations due to the component of weight acting along the string.

---

Concluding Remarks

The simple scenario of a 0.2-kg stone attached to a string and swung in a horizontal circle
encapsulates fundamental physics principles—centripetal force, tension, energy conservation, and
angular momentum. By meticulously analyzing the parameters involved, we gain a clearer
understanding of the forces and energies at play, which can inform practical applications from
amusement park rides to educational demonstrations.

This exploration underscores the elegance of classical mechanics: from straightforward formulas
emerge profound insights into the nature of motion. Whether used for educational purposes or as a
foundation for more complex systems, understanding the dynamics of such a setup offers valuable
perspective on the interconnectedness of physics concepts in real-world phenomena.

---

Disclaimer: Always consider safety when performing physical demonstrations involving spinning
objects. Ensure materials are rated for the expected forces and operate within safe speed limits to
prevent accidents.
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