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Understanding the dynamics of objects moving in circular paths is fundamental in physics,
especially in the study of forces, energy conservation, and motion. In this comprehensive
guide, we explore the scenario of a 0.9 kg object attached to a string of radius 75 cm
swinging in a vertical circle. Whether you're a student preparing for exams or a physics

enthusiast, this article provides detailed insights into the principles governing such motion,
calculations involved, and practical applications.

Introduction to Vertical Circular Motion

Vertical circular motion involves an object moving along a circular path in a vertical plane.
Unlike horizontal circular motion, the object in a vertical circle experiences varying
gravitational effects and tension in the string at different points in its path.

Key features of vertical circular motion include:

e Variation of tension and gravitational force at different points (top, bottom, sides).

e Conservation of mechanical energy in the absence of non-conservative forces like air
resistance.

e Critical conditions for maintaining motion without the string going slack.

Understanding these features allows us to analyze the motion systematically, determine
the forces involved, and calculate the energy transformations.

Fundamental Concepts and Principles

Before diving into calculations, it’s essential to review the core physics principles relevant
to this scenario.



1. Newton's Laws of Motion in Circular Paths

- Centripetal Force: For an object to follow a circular path, a net inward (centripetal) force
must act on it. This force points toward the center of the circle and is calculated as:

\[
F ¢ =\frac{mv~2}{r}
\]

- Forces in Vertical Circular Motion: At different points, the tension in the string and gravity
combine to provide the necessary centripetal force.

2. Conservation of Mechanical Energy

In the absence of air resistance and friction, the sum of kinetic and potential energy
remains constant:

\[
E_{total} = KE + PE = \text{constant}
\]

where:

-\( KE = \frac{1}{2}mv~"2)
-\( PE = mgh)\)

3. Tension in the String

The tension varies along the path:

- At the bottom of the swing, tension is maximum.
- At the top, tension is minimum, but must be sufficient to keep the object moving in a
circle.

Analyzing the Motion: Key Parameters and
Calculations

To understand the dynamics, we focus on specific points in the swing, such as the lowest
point, the highest point, and any intermediate positions.



1. Establishing the Initial Conditions

Suppose the object is released from a certain height or given an initial velocity. Key
parameters include:

- Radius of the circle: \( r = 0.75\, \text{m}\)
- Mass of the object: \( m = 0.9\, \text{kg}\)
- Initial height or velocity: depends on the problem setup

2. Calculating Minimum Speed at the Top of the Circle

To ensure the object completes the vertical circle without the string going slack, it must
have a minimum velocity at the top:

\[
v_{top} \geq \sqrt{g r}
\]

This condition ensures tension remains positive:

\[
T {top} = m\frac{v_{top}~2}{r} - mg\geq O
\]

Calculation:

\[

v_{top} = \sqrt{g r} = \sqrt{9.8\, \text{m/s} "2 \times 0.75\, \text{m}} \approx
\sqrt{7.35} \approx 2.71\, \text{m/s}

\]

This is the minimum speed at the top to maintain tension.

3. Determining the Velocity at Different Points

Using energy conservation, if the object is released from a height \( h'\) (for example, from
rest at a certain point), the velocity at any point can be found:

\[
\frac{1}{2} mv~™2 + m g h = \text{constant}

\]

Or:

\[
v =\sqrt{2 g (h - h_{point})}



\]

where \( h_{point} \) is the vertical height of the point considered.

Practical Scenarios and Calculations

In real-world problems, several scenarios can be analyzed, such as:

- Determining the tension at various points.
- Calculating the initial height needed to complete a full revolution.
- Finding the maximum speed at the bottom of the swing.

Scenario A: Object Released from Rest at a Certain
Height

Suppose the object is released from rest at height \( h'\). To find the minimum height \(
h_{min} \) from which it can complete a full circle:

\[
h {min} = 2r + \frac{v_{top}~2}{29}
\]

Using the minimum velocity at the top:

\[

h_{min} = 2r + \frac{(2.71)"2}{2 \times 9.8} \approx 1.5 + \frac{7.34}{19.6} \approx
1.5 + 0.374 \approx 1.874\, \text{m}

\]

This indicates the object must be released from at least approximately 1.87 meters above
the lowest point to complete the circle.

Scenario B: Velocity at the Bottom of the Swing

If the object is released from a height \( h'\), the velocity at the bottom is:

\[
v_{bottom} =\sqrt{2 g (h-0)}
\]

and the tension at the bottom:

\[
T {bottom} = m \frac{v_{bottom}~2}{r} + mg
\]



Example:
If released from \( h = 2\, \text{m} \):

\[
v_{bottom} = \sqrt{2 \times 9.8 \times 2} = \sqrt{39.2} \approx 6.26\, \text{m/s}

\]

\[
T {bottom} = 0.9 \times \frac{6.2672}{0.75} + 0.9 \times 9.8 \approx 0.9 \times 52.4 +

8.82 \approx 47.2 + 8.82 = 56.02\, \text{N}
\]

This tension value indicates the tension in the string at the bottom of the swing in this
scenario.

Understanding Tension Variations and Critical
Conditions

The tension in the string is not constant; it varies depending on the position of the object in
the circle and its velocity.

1. Tension at the Top of the Circle

\[
T_{top} = m\frac{v_{top}~2}{r} - mg
\]

- If the object is just maintaining the motion, \( T_{top} \) is zero (string just taut).
- If\( T_{top} \) becomes negative, the string slackens, and the object cannot complete the
circle.

2. Tension at the Bottom of the Circle

\[
T {bottom} = m \frac{v_{bottom}~2}{r} + mg

\]

- Tension is maximum here because kinetic energy is highest, and gravity acts downward.



Applications and Real-World Examples

Understanding the physics of vertical circular motion has numerous practical applications:

* Amusement Park Rides: Designing roller coasters to ensure safety and thrill.

* Mechanical Devices: Gears, pulleys, and centrifuges rely on principles of circular
motion.

e Sports: Analyzing swings in baseball, golf, or gymnastics routines.

e Astronomy: Studying planetary orbits and satellite motions.

Summary of Key Points

- The motion of a mass swinging in a vertical circle depends on its initial conditions, energy
conservation, and force balance.

- Minimum speed at the top ensures the string remains taut.

- Calculations of tension vary at different points, influencing the design of safe and effective
systems.

- Proper analysis involves combining Newton's laws with energy principles.

Conclusion

The analysis of a 0.9 kg object attached to a string swinging in a vertical circle with a radius
of 75 cm exemplifies fundamental physics concepts. By understanding the forces at play,
energy conservation, and the conditions for continuous motion, one can predict the
behavior of such systems accurately. These principles are not only vital academically but
also serve as the foundation for engineering, safety, and innovation in various fields.

Whether you're calculating the minimum release height or the tension at different points,

mastering these concepts enhances your understanding of circular motion and equips you
to approach related problems with confidence.

Frequently Asked Questions

What is the minimum speed the object must have at the
bottom of the swing to complete a vertical circle?

The minimum speed at the bottom is calculated using energy conservation and centripetal



force requirements. It is approximately 4.76 m/s to ensure the object reaches the top
without falling.

How do you calculate the tension in the string when the
object is at the bottom of the swing?

Tension at the bottom is found by adding the weight of the object and the centripetal force:
T = m(v?/r) + mg.

What is the force acting on the object at the top of the
vertical circle?

At the top, the force acting on the object includes gravity and the tension in the string,
which together provide the necessary centripetal force: T + mg = m(v?/r).

How does the radius of the circle affect the tension in
the string during the swing?

A larger radius reduces the required tension for a given speed, decreasing the tension in
the string at a specific speed.

What is the potential energy of the object at the top of
the swing relative to the bottom?

The potential energy at the top is mgh, where h is the height difference (2r), so PE =
mg(2r).

How do you determine the speed of the object at
different points in the swing?

Using conservation of energy: KE + PE remains constant, so v at any point can be found
from initial energy and the height difference.

What is the significance of the tension being zero at the
top of the circle?

If tension is zero at the top, the object is just maintaining its circular path, indicating the
minimum speed needed to complete the swing.

How does the mass of the object influence the tension
in the string during the swing?

The mass cancels out in the tension equations for the same speed, so tension is
independent of mass at a given velocity.



What safety considerations should be taken when
swinging an object in a vertical circle?

Ensure the string and attachment are strong enough to handle the maximum tension, and
keep a safe distance to prevent injury in case of failure.

How can this problem be used to understand
centripetal force in circular motion?

By analyzing the tension and forces at different points in the swing, it illustrates how
centripetal force is provided by tension and gravity in vertical circular motion.

Additional Resources
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In the world of physics, the simple act of swinging a weight on a string can reveal a wealth
of insights into fundamental principles such as energy conservation, circular motion, and
forces in action. Imagine a 0.9-kg object—say, a small mass—attached to the end of a
sturdy string with a length of 75 centimeters. When swung in a vertical circle, this setup
becomes a fascinating playground for physicists and students alike, illustrating how forces
interplay to produce motion and how energy transforms within the system.

This article explores the mechanics behind such a swinging motion, dissecting the forces
involved, the energy transformations at play, and the implications for understanding
circular motion. Whether you're a physics enthusiast or a student seeking clarity, this
comprehensive overview will shed light on the elegant dance of forces and energy in a
vertical circle.

Understanding the Setup: The Vertical Circular
Motion

Before delving into the physics, it’s essential to visualize the scenario clearly.

The Components of the System

- Object Mass (m): 0.9 kg

- String Length (r): 75 cm (which is 0.75 meters)

- Motion Path: Vertical circle, meaning the object moves along a circular trajectory with the
center of the circle at the pivot point.

In this setup, the object is swung in a vertical plane, completing a full circle. The motion can



be generated manually—by pulling the object back and releasing—or by other means, but
the physics principles remain the same.

The Significance of the Radius

The radius of the circle (75 cm) is a critical parameter because it influences the tension in
the string, the forces at different points of the swing, and the energy calculations. A larger
radius means a longer path and higher potential energy at the highest points, affecting how
the object’s speed varies throughout the motion.

Forces at Play: Analyzing Circular Motion
Dynamics

When the object swings in a vertical circle, several forces act on it simultaneously.

Gravity

Gravity exerts a constant downward force:
-\(F.g=m\times g\)
-\( F_g = 0.9\, \text{kg} \times 9.81\, \text{m/s}~2 \approx 8.83\, \text{N}\)

Gravity influences the motion significantly, especially at different points along the circle,
such as the top, bottom, and sides.

Tension in the String

Tension (\( T\)) is the force exerted by the string on the object, directed along the string
toward the pivot point. Tension varies depending on the position:

- At the bottom of the circle, tension is greatest because it must support the weight and
provide the centripetal force.

- At the top, tension can be less, sometimes approaching zero if the object is moving fast
enough.

Centripetal Force

For uniform circular motion, the net inward force (centripetal force) keeps the object
moving along the circular path:

-\(F_c=\frac{mv~2}{r}\)

-\( v ) is the tangential speed at a given point.

The total tension in the string at any point must provide this centripetal force along with
supporting the component of gravity.



Force Balance at Key Points

- At the lowest point:
-\(T_{bottom} =F c + mg\)
- At the highest point:
-\(T_{top} =F c-mg))

These relationships help determine the tension at various points, which in turn influence
the maximum and minimum forces experienced by the object.

Energy Considerations: Conservation and
Transformation

One of the most elegant aspects of this system is how energy transforms as the object
swings.

Potential and Kinetic Energy

- Potential Energy (PE): Relative to a reference point, usually the lowest point of the swing.
- Kinetic Energy (KE): Depends on the speed of the object:
-\( KE = \frac{1}{2} mv™2\)

Energy at Different Positions

- At the highest point:

- The object has minimum kinetic energy but maximum potential energy.

- At the lowest point:

- The object possesses maximum kinetic energy and minimum potential energy.

Assuming negligible air resistance and friction, total mechanical energy remains constant:
\[ PE_{top} + KE_{top} = PE_{bottom} + KE_{bottom} \]

Calculating the Energy Transformation

Suppose the object starts from rest at a certain height (initial position). Its potential energy
at that point is:

\[ PE_{initial} = m g h\]

where \( h'\) is the height relative to the lowest point.

At the top of the circle:
- Height relative to the bottom: \( h = 2r = 1.5\, \text{m}\)
- Potential energy: \( PE_{top} = m g \times 1.5 )

If released from rest at this height, the speed at the bottom can be found by equating initial



potential energy to the kinetic energy at the bottom:

\[ mg\times 1.5 = \frac{1}{2} mv~2\]

\[ v =\sqgrt{2 g \times 1.5} \approx \sqrt{2 \times 9.81 \times 1.5} \approx 5.43\,
\text{m/s} \]

This speed ensures the object maintains enough energy to complete the circle without
losing contact.

Determining the Tension at Various Points

Understanding how tension varies is crucial, especially for designing safe swings or
understanding the physical limits.

At the Bottom of the Swing

Using the centripetal force equation:

\[ T_{bottom} =mv~2/r + mg\]

Plugging in the numbers:

\[ T_{bottom} = 0.9 \times (5.43)~2/0.75 + 8.83\]

\[ T_{bottom} = 0.9 \times 29.52 /0.75 + 8.83\]

\[ T_{bottom} = (0.9 \times 39.36) + 8.83\]

\[ T_{bottom} \approx 35.42 + 8.83 \approx 44.25\, \text{N} \]

This tension is what the string must withstand at the lowest point, highlighting the
importance of using a sturdy string.

At the Top of the Swing

Similarly, at the top:

\[ T {top} =mv~2/r-mg\]

\[ T_{top} = 0.9 \times 29.52/0.75 - 8.83\]

\[ T {top} = 35.42 - 8.83 \approx 26.59\, \text{N} \]

Note that the tension here is less, and in some cases, it could approach zero if the object
moves fast enough.

Implications for Design and Safety

- The maximum tension occurs at the bottom, so the string and attachment points must be
rated to handle forces exceeding 44 N.

- The variation in tension demonstrates the importance of understanding forces at different
points when designing playground equipment or physics experiments.



Real-World Applications and Educational Insights

This simple yet profound system has numerous practical applications and educational
benefits.

Engineering and Safety Testing

- Engineers use similar principles when designing amusement park rides, ensuring
structures can withstand maximum tensions.

- Safety standards are based on understanding the maximum forces experienced during
operation.

Educational Demonstrations

- Physics teachers often use swinging pendulums and vertical circles to demonstrate
conservation of energy, forces, and circular motion.
- Such experiments reinforce theoretical understanding through hands-on experience.

Understanding Natural Phenomena

- The principles of vertical circular motion are applicable in understanding planetary orbits,
satellite dynamics, and even the motion of electrons in magnetic fields.

Conclusion: The Elegance of Circular Motion

The swinging of a 0.9-kg object in a vertical circle encapsulates fundamental physics
principles in a tangible, observable way. From the forces acting along the string to the
energy transformations that occur during motion, this system provides a rich context for
exploring the mechanics of circular motion. It demonstrates how energy conservation
governs the motion, how forces vary at different points, and how understanding these
principles is essential for both safety and innovation in engineering.

Whether used as a classroom demonstration or as a basis for advanced engineering design,
the physics of a swinging object in a vertical circle remains a captivating example of the
harmony between force, energy, and motion. As we study such systems, we gain deeper
insight into the natural laws that govern not just playground swings but the very motion of
celestial bodies and technological devices alike.
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