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Understanding the dynamics of objects moving in circular paths is fundamental
in physics, especially when analyzing forces such as tension in the
supporting rope. In this comprehensive guide, we will explore the problem of
a 6.00 kg object swinging on a 2.00-meter-long rope in a complete vertical
circle. We will determine the tension in the rope at various points in the
motion, applying principles of circular motion, energy conservation, and
Newton's second law.

Introduction to Circular Motion and Tension

Circular motion involves an object moving along a circular path, requiring a
centripetal force directed toward the center of the circle. When an object
swings on a rope, tension in the rope provides this centripetal force, as
well as balancing the weight of the object at certain points.

Key concepts include:

- Centripetal Force: The inward force necessary for circular motion.

- Tension (T): The force exerted by the rope on the object.

- Gravity (mg): The weight of the object acting downward.

- Potential and Kinetic Energy: Energy considerations help relate speeds at
different points.

Given Data and Assumptions

To analyze this problem, we first identify the known quantities and
assumptions:

e Mass of the object, m = 6.00 kg

e Length of the rope, L = 2.00 m



e Gravity, g = 9.80 m/s?

e Initial conditions: the object is released from some position (to be
specified or assumed)

Note: Since the problem states "in a complete vertical circle,"” additional
clarification is often that the object starts from a certain height or is
given an initial push. For this analysis, we will assume the object is
released from the top of the circle (the highest point), which is a common
scenario in physics problems.

Analyzing the Tension at Different Points in
the Vertical Circle

The tension in the rope varies depending on the position of the object within
the circle. The critical points are:

- At the Top of the Circle
- At the Bottom of the Circle
- At the Side (Horizontal Position)

We will analyze the tension at each point using energy conservation and
Newton's second law.

Energy Conservation in Vertical Circular Motion

The principle of conservation of mechanical energy states that if no non-
conservative forces (like friction) do work, then:

Total Mechanical Energy at the starting point = Total Mechanical Energy at
any point

Mathematically,

\[ KE {initial} + PE {initial} = KE {final} + PE {final} \]

where:
- \( KE = \frac{1}{2} m v*2 \)
-\( PE=mg h\)



Assuming the object is released from rest at the top of the circle, the
initial potential energy is maximized, and kinetic energy is zero.

Calculating Tension at Different Points

Let's analyze the tension at each critical position:

1. Tension at the Bottom of the Circle

Step 1: Determine the velocity at the bottom

- If the object is released from the top with zero initial velocity, then its
potential energy at the top is:

\[ PE {top} = m g h {top} \]

- The height at the top relative to the bottom is \( 2L \) (diameter of the
circle).

- The initial potential energy:

\[ PE {initial} = m g \times 2L \]

- Since initial kinetic energy is zero:
\[ KE {initial} = 0 \]

- At the bottom, the potential energy:
\[ PE {bottom} = 0 \]

- The kinetic energy at the bottom:

\[ KE {bottom} = PE {initial} m g \times 2L \]

- Velocity at the bottom:

\[ \frac{1}{2} m v _{bottom}"2

m g \times 2L \]
\[ v _{bottom} = \sqrt{2 g \times 2L} = \sqrt{4 g L} \]
- Plugging in the values:

\[ v {bottom} = \sqrt{4 \times 9.80 \times 2.00} \]



\[ v_{bottom} = \sqrt{78.4} \approx 8.86\, \text{m/s} \I]
Step 2: Calculate tension at the bottom

Applying Newton's second law in the radial direction:

\[ T {bottom} - mg = \frac{m v _{bottom}~2}{L} \]
Rearranged:

\[ T {bottom} = mg + \frac{m v {bottom}~2}{L} \]

Plugging in the values:

\[ T {bottom} (6.00)(9.80) + \frac{6.00 \times (8.86)72}{2.00} \]

\[ T {bottom} 58.8 + \frac{6.00 \times 78.4}{2.00} \]

\[ T {bottom}

58.8 + \frac{470.4}{2.00} \]

\[ T {bottom}

58.8 + 235.2 = 294.0\, \text{N} \]

Result: The tension at the bottom of the circle is approximately 294.0 N.

2. Tension at the Top of the Circle

Step 1: Determine the velocity at the top

- Energy conservation:

\[ PE {top} + KE {top} = PE {bottom} + KE {bottom} \]
- At the top:

\[ PE_{top}
\[ KE_{top}

m g \times 2L \]
\frac{1}{2} m v _{top}"2 \]

- At the bottom:

\[ PE {bottom}
\[ KE {bottom}

0 \]
\frac{1}{2} m v_{bottom}"2 \]

- From earlier, \( v {bottom} \):
\[ v _{bottom} = 8.86\, \text{m/s} \]

- Using energy conservation:



\[ m g \times 2L + 0 = 0 + \frac{1}{2} m v_{bottom}~2 \]

But note that in the actual energy exchange, the total energy at the top is:
\[ E {top} = m g \times 2L + \frac{1}{2} m v {top}"2 \]

and at the bottom:

\[ E {bottom} = 0 + \frac{1}{2} m v_{bottom}"2 \]

Since the object is released from rest at the top:

\[ PE {top} = m g \times 2L \]

and the kinetic energy at the top:

\[ KE_{top} = 0 \]

At the bottom, the kinetic energy is:

\[ KE {bottom} = m g \times 2L \]

which matches the previous calculation.

Now, to find \( v_{top} \), use energy conservation:

\[ PE {top} = KE {bottom} \]

\[ m g \times 2L = \frac{1}{2} m v {bottom}"2 \]

which confirms earlier.

Similarly, the velocity at the top is:

\[ v _{top} = \sqrt{2 g (h {top} - h {top, initial})} \]

But since the object is released from the top with zero initial velocity, the
velocity at the top of the circle (diametrically opposite from the release
point) is zero only if released from rest at the top.

If released from rest at the top:

- The object just maintains contact at the top if the tension is zero;
otherwise, tension can be zero or positive depending on initial conditions.

For simplicity, assume the object is released from the top with some initial
velocity or from a height that allows it to reach the bottom with the

calculated velocity.

Step 2: Calculate tension at the top



The tension at the top is:
\[ T {top} = \frac{m v_{top}"2}{L} - mg \]

Scenario: If the object starts from rest at the top (height \( 2L \)) and
swings down, then:

\[ v {top} = 0 \]
and the tension:
\[ T {top} = -mg \1]

which indicates tension is zero or the object loses contact if the tension
becomes negative (not physically possible). To keep contact, the tension must
be at least zero, and the minimum initial velocity must be sufficient to keep
the object from losing contact at the top.

Alternatively, if the object is released from a height higher than the top of
the circle, it gains kinetic energy, and tension can be calculated
accordingly.

Summary of Tension Calculations

| Position in Circle | Approximate Tension (N) | Comments |

EELREEETEETECERE Rt R T RLELEERLELIED RETTEPERES |
| Bottom | ~294.0 N | Maximum tension due to highest

Frequently Asked Questions

What is the tension in the rope at the lowest point
of the swing for a 6.00 kg object swinging in a
vertical circle?

The tension at the lowest point is given by T = m(g + v?/r). To find it,
first determine the velocity at the bottom using energy conservation, then
substitute into the formula. The tension accounts for the weight and the
centripetal force needed to keep the object moving in a circle.

How do you calculate the maximum tension in the rope
during the vertical circular swing?

The maximum tension occurs at the lowest point of the swing. It is calculated



using T = m(g + v2/r), where v is the velocity at that point, found from
energy conservation considering the initial potential energy or initial
conditions.

What factors influence the tension in the rope when
a 6.00 kg object swings in a vertical circle?

The tension depends on the mass of the object (6.00 kg), the length of the
rope (2.00 m), the velocity of the object at a given point, and the
acceleration due to gravity. Changes in the swing's height or initial energy
affect the tension.

If the object is released from rest at the top of
the circle, what is the tension in the rope at the
bottom?

Starting from rest at the top, the object gains speed as it descends. The
tension at the bottom can be found by calculating the velocity at that point
via energy conservation and then applying T = m(g + v?/r). The tension will
be greater than just the weight due to the centripetal force.

Why does the tension in the rope vary during the
motion of the object in the vertical circle?

The tension varies because the required centripetal force changes with the
object's velocity at different points in the circle. It is highest at the
bottom where the velocity is greatest and lowest (but still positive) at the
top of the circle.

Additional Resources

A 6.00 Kg Object Swings On A 2.00 M Long Rope In A Complete Vertical Circle.
What Is The Tension In The Rope?

In the realm of classical mechanics, understanding the forces at play in
rotational motion is fundamental to grasping how objects behave under various
conditions. This becomes particularly intriguing when analyzing the dynamics
of an object swinging in a vertical circle, as the tension in the supporting
rope varies significantly with position. Consider a 6.00 kg mass attached to
a 2.00 m long rope, swinging in a complete vertical circle. The question that
often arises is: What is the tension in the rope at different points in the
swing? This problem offers a compelling opportunity to explore the interplay
between gravitational force, centripetal force, and tension, providing
insights into how energy conservation, force analysis, and angular motion
coalesce in a real-world scenario.

This article delves into the physics underlying this problem, breaking down



the principles and calculations needed to determine the tension in the rope
at various points, especially at the bottom and top of the circular path. We
will explore the concepts of centripetal acceleration, energy conservation,
and the role of tension, offering a comprehensive analysis suitable for
students, educators, and enthusiasts interested in rotational dynamics.

Understanding the Scenario: The Setup and Key
Parameters

Before diving into calculations, it’s essential to clarify the problem's
parameters and the physical setup:

- Mass of the object (m): 6.00 kg

- Length of the rope (r): 2.00 m (which also equals the radius of the circle)
- Type of motion: Complete vertical circle

- Objective: Find the tension in the rope at various points, especially at
the top and bottom of the circle

This setup is commonly encountered in physics labs and demonstrations,
illustrating principles of circular motion and energy conservation. The key
challenge is understanding how the tension varies with position, particularly
because gravity and centripetal requirements influence the tension
differently at the top and bottom of the circle.

Fundamental Concepts in Circular Motion

To analyze the problem thoroughly, it’'s necessary to revisit core physics
concepts:

Centripetal Force and Acceleration

Any object moving in a circle at a constant speed experiences a centripetal
acceleration directed toward the center of the circle. The magnitude of
centripetal acceleration (a _c) is given by:

\[ a c = \frac{v"2}{r} \1]

where:
- \( v \) is the tangential speed of the object
- \( r\) is the radius of the circle



Correspondingly, the centripetal force (F c) required to keep the object
moving in a circle is:

\[ Fc=ma c = \frac{m v*2}{r} \]

This force must be provided by the net inward force, which, in the case of a
swinging object, is the tension in the rope minus the component of
gravitational force (depending on the position).

Energy Conservation in Vertical Circular Motion

Assuming no energy losses due to air resistance or friction, the mechanical
energy of the system remains constant. The total mechanical energy (kinetic +
potential) at any point is conserved:

\[ E {total} = KE + PE \]

Where:
- Kinetic Energy (KE): \( \frac{1}{2} m v*2 \)
- Potential Energy (PE): \( m g h \)

Choosing a reference point for potential energy (often the lowest point of
the circle), the energy at different positions relates through the change in
height.

Analyzing the Motion: Key Positions and Their
Dynamics

The tension in the rope varies depending on the object's position in the
circle. The two critical points are:

- At the top of the circle: maximum height, potential energy is highest
- At the bottom of the circle: minimum height, potential energy is lowest

Understanding the tension at these points provides the full picture of the
dynamic behavior.

At the Top of the Circle

- Height: \( h {top} = 2r \) (since the radius is 2 m, the top is 2 m above
the lowest point)
- Potential energy (PE): \( PE {top} = m g (2r) \)



- Velocity (v _{top}): determined from energy conservation
- Forces: Tension (T {top}) acts upward, gravity acts downward; both
contribute to providing centripetal force.

At the Bottom of the Circle

- Height: \( h {bottom} = 0 \) (our reference point)

- Potential energy (PE): zero at this point

- Velocity (v_{bottom}): higher than at the top due to energy conversion

- Forces: Tension (T {bottom}) acts upward, gravity acts downward; tension
must counteract weight and provide centripetal acceleration.

Step-by-Step Calculations

To determine the tension at specific points, we follow a systematic approach
involving energy conservation and Newton’s second law for circular motion.

1. Establishing the Initial Conditions

Suppose the object is released from the top of the circle with some initial
speed or from rest. For simplicity, assume the object is released from the
top with zero initial velocity:

- Initial total energy: \( E {initial} = PE {top} = m g (2r) \)

This scenario implies the object swings down purely under gravity, converting
potential energy into kinetic energy.

2. Calculating Velocity at Bottom

Using energy conservation:

\[ PE {top} = KE _{bottom} + PE {bottom} \]
Since \( PE {bottom} = 0 \):

\[ mg (2r) = \frac{1}{2} m v {bottom}"2 \]
Solving for \( v _{bottom} \):

\[ v_{bottom} = \sqrt{2 g (2r)} \]



Plugging in known values:

\[ v _{bottom}
\1

\sqrt{2 \times 9.8 \, \text{m/s}”2 \times 4.00 \, \text{m}}

\[ v {bottom} \sqrt{78.4} \approx 8.86 \, \text{m/s} \]

This is the speed at the bottom of the circle.

3. Calculating Tension at the Bottom

Applying Newton’s second law in the radial direction at the bottom:

\[ T {bottom} - m g = \frac{m v_{bottom}"2}{r} \I

Rearranged:

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

Plugging in the known values:

\[ T {bottom} = 6.00 \times 9.8 + \frac{6.00 \times (8.86)"2}{2.00} \]
Calculations:

- Gravitational term: \( 6.00 \times 9.8 = 58.8 \, \text{N} \)

- Centripetal term: \( \frac{6.00 \times 78.4}{2.00} = \frac{470.4}{2.00} =
235.2 \, \text{N} \)

Total tension:

\[ T {bottom} = 58.8 + 235.2 = 294.0 \, \text{N} \]

Thus, the tension in the rope at the bottom of the circle is approximately
294 N.

4. Calculating Tension at the Top

At the top, the forces are:
\[ T {top} + m g = \frac{m v_{top}"2}{r} \I

Assuming the object was released from the top with zero initial velocity, the
velocity at the top is:

\[ KE {top} = PE {initial} - PE {top} \I



But since the initial energy is all potential at the top, and the object is
released from rest, it will swing down, gaining kinetic energy:

\[ \frac{1}{2} m v {top}™2 =mg (2r) - mgr=mg r \]
This simplifies to:

\[ v_{top} = \sqrt{2 g r} \I

Plugging in the values:

\[ v _{top} = \sqrt{2 \times 9.8 \times 2} = \sqrt{39.2} \approx 6.26 \,
\text{m/s} \]

Now, the tension at the top:
\[ T_{top} = \frac{m v_{top}~2}{r} - m g \]
Calculations:

\[ T_{top}

\frac{6.00 \times 39.2}{2.00} - 6.00 \times 9.8 \]

\[ T {top} = \frac{235.2}{2.00} - 58.8 = 117.6 - 58.8 = 58.8 \, \text{N} \]

The tension at the top of the circle is approximately 59 N, which is
significantly less than at the bottom but still positive, indicating the rope
remains taut.
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