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Swinging is a timeless childhood activity that combines fun with physics. When a child plays on a
swing, understanding the underlying principles of motion and forces involved can deepen appreciation
for simple playground fun. Imagine a scenario where a 25 kg child is playing on a swing with support
ropes measuring 2.20 meters, and a friend pulls her back until the swing reaches a certain position.
This situation involves concepts such as tension, gravitational force, potential energy, and pendulum
motion. This article explores the physics behind this scenario, providing insights into how forces act
on the swing and the child, the energy transformations involved, and practical implications for safety
and design.

Understanding the Basic Components of a Swing
System

Before delving into the physics, it is essential to understand the key components involved in a
swinging system.

1. The Child

- Mass: 25 kg
- Acts as a pendulum bob
- Subject to gravitational force and tension in support ropes

2. Support Ropes

- Length: 2.20 meters
- Connects the swing seat to the support structure
- Acts as the pendulum arm

3. The Swing Seat

- Usually designed to hold the child comfortably
- Assumed to be rigid for simplified calculations



4. The Support Structure

- The fixed point from which ropes are suspended
- Provides the pivot for the swinging motion

Physics Principles Governing Swing Motion

The motion of a child on a swing primarily involves pendular motion, which is a type of oscillation.
Several physics principles help describe this motion:

1. Pendulum Motion

- A mass (child) attached to a string or rod (support ropes)
- Moves back and forth under the influence of gravity

2. Conservation of Mechanical Energy

- Potential energy at the highest points converts to kinetic energy at the lowest point, and vice versa

3. Tension in the Support Ropes

- Acts to provide the necessary centripetal force during swinging
- Varies depending on the position of the swing

4. Gravitational Force

- Acts downward with a magnitude of \( mg \) (mass times acceleration due to gravity)

Scenario Analysis: Pulling the Child Back and Swing
Dynamics

Imagine the following sequence:

- The child is sitting at rest in the vertical hanging position.
- A friend pulls her back until the swing reaches a certain angle or height.
- The friend then releases or continues to pull, creating motion.

This process involves energy transfer and force interactions. To analyze it thoroughly, consider the
following aspects.



1. Initial Position: The Resting State

- The swing hangs vertically, with the child at the lowest potential energy point.
- Tension in the ropes equals the child's weight when stationary.

2. Pulling the Child Back

- The friend pulls the child backward, increasing potential energy.
- The swing makes an angle \( \theta \) with the vertical.
- The maximum angular displacement depends on how far back she is pulled.

3. Releasing the Swing

- As the swing is released, gravitational potential energy converts into kinetic energy.
- The swing accelerates toward the lowest point, reaching maximum speed at the bottom.

4. The Swing's Motion After Release

- The swing oscillates back and forth, with energy gradually dissipating due to air resistance and
friction.

Calculating the Maximum Angle and Energy Transfer

To understand the physics quantitatively, let's perform some calculations based on the provided data.

1. Determining the Height Gain

When the swing is pulled back to an angle \( \theta \), the child gains potential energy corresponding
to the height difference \( h\).

- The height gain \( h\) is given by:

\[

h =L (1-\cos \theta)

\]

where:

-\(L = 2.20\, \text{m} \) (Ilength of ropes)
-\('\theta \) = angle from vertical

- The potential energy at maximum height:

\[



PE=mgh
\]

with:
-\(m = 25\, \text{kg}\)
-\( g = 9.8\, \text{m/s}"2)

Example Calculation:

Suppose the child is pulled back until the swing makes an angle of 30° with the vertical (\( \theta =
30™\circ)\)).

- Calculate \( h \):

\[
h = 2.20 \times (1 - \cos 307 \circ) = 2.20 \times (1 - 0.866) = 2.20 \times 0.134 = 0.2956\, \text{m}

\]

- Potential energy at this height:

\[
PE = 25 \times 9.8 \times 0.2956 \approx 25 \times 2.896 \approx 72.4\, \text{])}

\]

This energy converts into kinetic energy at the bottom during swinging.

2. Maximum Speed at the Lowest Point

Using energy conservation:

\[
KE_{max} = PE_{max}
\]

\[
\frac{1}{2} mv~2=mgh
\]

\[
v =\sqrt{2 g h}
\]

Plugging in values:

\[
v = \sqrt{2 \times 9.8 \times 0.2956} \approx \sqrt{5.8} \approx 2.41\, \text{m/s}

\]

Thus, the child reaches a maximum speed of approximately 2.41 m/s at the lowest point after being
pulled back to 30°.



Forces Acting on the Child During Swing

Understanding the forces involved helps in ensuring safety and designing swings that can support
children securely.

1. Gravitational Force

- Acts vertically downward.
- Magnitude: \( 25\, \text{kg} \times 9.8\, \text{m/s} "2 = 245\, \text{N} \).

2. Tension in Support Ropes

- Varies with position; maximum at the lowest point.
- At the bottom of the swing, tension \( T'\) is given by:

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

- Using \( v = 2.41\, \text{m/s} \):

\[
T = \frac{25 \times (2.41)"2}{2.20} + 245 \approx \frac{25 \times 5.8} {2.20} + 245 \approx

\frac{145}{2.20} + 245 \approx 65.9 + 245 = 310.9\, \text{N}
\]

This indicates that at the lowest point, the support ropes experience a tension of approximately 311
N, which is roughly 1.27 times the child's weight.

3. Safety Margin Considerations

- Support ropes and swing structures should be rated for forces exceeding maximum tension
calculated.
- Regular inspections are necessary to prevent accidents from wear and tear.

Implications for Swing Design and Safety

Understanding the physics behind swing motion informs better design and safety protocols.



1. Material Strength and Support Rope Selection

- Ropes should withstand forces greater than maximum tension (e.g., at least 400 N for safety
margin).
- Use of high-quality, durable materials like nylon or polyester ropes.

2. Swing Seat and Frame Design

- Should accommodate maximum expected forces.
- Frame structure must be stable and anchored securely.

3. Angle Limitations and User Guidelines

- Avoid pulling the swing beyond safe angles (typically less than 45°) to prevent excessive forces.
- Educate children and caregivers on safe swinging practices.

4. Energy Dissipation and Friction

- Friction and air resistance gradually reduce swing amplitude.
- Regular maintenance ensures smooth operation.

5. Enhancing Safety Features

- Installing shock absorbers or padding under the swing.
- Using safety belts or harnesses for younger children.

Additional Factors Affecting Swing Motion

Various real-world factors influence the swing's behavior beyond ideal physics calculations.

1. Air Resistance

- Slightly reduces maximum speed.
- More significant at higher speeds.

2. Friction in Support Mechanisms

- Damping effects slow down oscillations over time.
- Regular lubrication of moving parts helps.



3. Human Factors

- The child's weight distribution and movements affect motion.
- Sudden movements can lead to unpredictable forces.

4. Environmental Conditions

Frequently Asked Questions

What is the significance of the 2.20 m length of the support
ropes in the swing's motion?

The 2.20 m length determines the swing's radius, affecting its period and maximum height during
oscillation.

How does pulling the child back on the swing affect its
potential and kinetic energy?

Pulling the child back increases potential energy at the highest point, which converts to kinetic energy
as she swings forward.

What is the maximum speed the child can reach when
swinging back after being pulled?

The maximum speed depends on the height she is pulled back to; the higher the pull, the greater the
speed at the bottom of the swing.

How does the child's weight influence the swing's oscillation?

While weight affects the force exerted, the swing's period primarily depends on the length of the
support ropes, assuming negligible air resistance.

What safety considerations should be taken into account
when pulling a child back on a swing?

Ensure the child is securely seated, pull gently to avoid abrupt movements, and check that the
support ropes and swing are in good condition.

How can we calculate the time period of the swing's
oscillation?

Use the formula T = 2nv(L/g), where L is the length of the support ropes (2.20 m) and g is



acceleration due to gravity (9.8 m/s?).

If the child is pulled back to a certain height, how can we
determine her maximum speed during the swing?

Apply conservation of energy: the potential energy at the highest point converts to kinetic energy at
the lowest point, allowing calculation of maximum speed.

What is the role of tension in the support ropes during the
swing's motion?

Tension in the ropes provides the centripetal force necessary to change the child's direction during
the swing's arc.

How does air resistance impact the swinging motion of the
child?

Air resistance slightly opposes the motion, causing gradual decrease in amplitude over time, but its
effect is minimal for short swings.

Additional Resources
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In playgrounds around the world, swings are timeless symbols of childhood joy and physical
development. When a 25 kg child takes to a swing with support ropes measuring 2.20 meters, a
fascinating interplay of physics, biomechanics, and safety considerations unfolds—especially when a
friend pulls her back, altering her motion. This article provides an in-depth analysis of the physics
involved, the forces at play, and the implications for safety and design.

Understanding the Fundamental Physics of Swing
Motion

The Basic Mechanics of a Swing

A swing operates on the principles of pendulum motion. When a child sits on the seat and pushes off
or is pushed, she initiates a periodic swinging movement governed by gravity and the length of the
support ropes. The key parameters include:

- Length of support ropes (L): 2.20 meters



- Mass of the child (m): 25 kg
- Acceleration due to gravity (g): Approximately 9.81 m/s?

The swing's motion can be approximated as simple pendulum oscillations, where the period (time for

one complete back-and-forth swing) depends on the length of the support and gravitational
acceleration.

Calculating the Swing's Natural Period

The period \( T'\) of a simple pendulum is given by:

\[
T = 2\pi\sqrt{\frac{L}{g}}
\]

Plugging in the given values:

\[

T = 2\pi \sqrt{\frac{2.20\, \text{m}}{9.81\, \text{m/s}~2}} \approx 2\pi \times 0.474 \approx 2.98),
\text{seconds}

\]

This means the child completes one full swing cycle roughly every 3 seconds, with the amplitude
determined by how high she swings.

Analyzing the Effect of Pulling Back: Forces and Motion

What Happens When a Friend Pulls the Child Back?

Pulling the child back on a swing essentially applies an external force against the swing's motion. This
action can be viewed as:

- Increasing the amplitude of oscillation: Pulling the swing back raises her to a higher position, storing
potential energy.

- Changing the phase of motion: Pulling at different points in the swing cycle can either amplify or
dampen the motion.

The primary physics involved include:

- Work done by the external force: When pulling back, the friend does work on the swing-child system,
increasing the total mechanical energy.

- Conservation of energy: The energy input translates into higher potential energy at the peak of the
swing, which converts back into kinetic energy as she swings forward.



Quantifying the Energy Transfer

Suppose the child is pulled back to a maximum height \( h'\). The gravitational potential energy (GPE)
at this height relative to the lowest point is:

\[
PE=mgh
\]

Given the initial height \( h \) depends on how far back she is pulled, which is linked to the angular
displacement \( \theta \):

\[
h =L (1 -\cos \theta)
\]

If the pull back swings her to an angle \( \theta \), then:

\[
PE=mgL (1-\cos \theta)
\]

This energy is what propels her forward during the swing.

Calculating the Maximum Amplitude and Swing
Dynamics

Estimating the Angular Displacement

If the child is pulled back until her swing reaches a maximum height corresponding to an angle \(
\theta \), then:

- For a small angle approximation (say \( \theta \) less than 15°), the cosine function can be
approximated as:

\[

\cos \theta \approx 1 - \frac{\theta~2} {2}

\]

- For larger angles, a more precise calculation is necessary.

Suppose the child is pulled back to an angle of about 30°, then:



\[
h =L (1-\cos 30™\circ) = 2.20\, \text{m} \times (1 - \cos 30" \circ)
\]

Since:

\[
\cos 30™\circ \approx 0.866
\]

We get:

\[
h \approx 2.20 \times (1 - 0.866) = 2.20 \times 0.134 \approx 0.295\, \text{m}
\]

Thus, the potential energy at the peak is:

\[

PE \approx 25\, \text{kg} \times 9.81\, \text{m/s} "2 \times 0.295\, \text{m} \approx 25 \times 9.81
\times 0.295 \approx 72.1\, \text{J}

\]

This energy transforms into kinetic energy at the lowest point, dictating the speed and velocity of the
swing.

Velocity at the Lowest Point

Using energy conservation:

\[

\frac{1}{2} mv~2 =PE

\]

\[

v = \sqrt{\frac{2 PE}{m}} = \sqrt{\frac{2 \times 72.1} {25} } \approx \sqrt{5.77} \approx 2.4\,
\text{m/s}

\]

The child reaches a speed of approximately 2.4 m/s at the bottom of the swing when released from
this height.

Implications for Safety and Design



Understanding the Force on Support Ropes and Attachment
Points

The tension in the support ropes varies during the swing's motion. At the lowest point, the tension \( T
\) must support:

- The child's weight (\( mg\))
- The centripetal force due to her velocity

The total tension:

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

Plugging in the numbers:

\[
T = 25 \times 9.81 + \frac{25 \times (2.4)"2}{2.20} \approx 245.25 + \frac{25 \times 5.76}{2.20}

\approx 245.25 + \frac{144}{2.20} \approx 245.25 + 65.45 \approx 310.7\, \text{N}
\]

This tension is critical for designers and safety experts to ensure that support ropes, hooks, and
attachment points can withstand such forces, especially during vigorous pulling and swinging.

Safety Considerations for Playgrounds

- Material Strength: Ropes, supports, and seat attachments must be rated for forces exceeding the
maximum expected tension, incorporating safety margins.

- Child Supervision: Adults pulling children on swings should be cautious to avoid excessive forces that
could damage equipment or cause injury.

- Design Parameters: Playground equipment should accommodate dynamic loads, including the forces
from pulling and swinging motions.

Impact of External Pulling on Swing Dynamics

Pulling a child back with additional force can:

- Increase the amplitude of oscillation beyond typical ranges.

- Enhance the velocity at the bottom, increasing the potential for higher forces.
- Lead to unpredictable motion if not controlled, raising safety concerns.

To mitigate risks, trained supervision and equipment designed for such forces are essential.



Additional Factors Influencing Swing Motion and Safety

Air Resistance and Friction

While often neglected in basic calculations, air resistance and friction at the pivot point gradually
dampen the swing's motion. Over time, this reduces amplitude unless external energy is supplied.

Effect of Swing Mass and Distribution

In this simplified model, the child is considered a point mass. In reality, the distribution of mass,
including the seat and child's body, influences the swing's moment of inertia and motion.

Variability in Rope Length and Swing Design

Longer ropes increase the period and height of possible swings but also influence the tension forces
and safety margins. Design choices must balance fun with safety.

Concluding Remarks: The Intersection of Physics,
Safety, and Play

The physics of swinging, especially when external forces like pulling are involved, offers a rich field of
analysis that combines mechanics, safety engineering, and child psychology. A 25 kg child on a 2.20-
meter support rope swing embodies fundamental physics principles that can be quantified and
predicted, ensuring safe and enjoyable play experiences.

Understanding the energy transfer during pulling, the maximum forces involved, and the dynamics at
play allows playground designers, caregivers, and children themselves to appreciate the delicate
balance between fun and safety. As playground technology advances, integrating physics-based
insights ensures that these timeless devices continue to bring joy while maintaining the highest safety
standards.

In essence, a simple act—pulling a child back on a swing—becomes a fascinating demonstration of
physics in everyday life, highlighting the importance of informed design and responsible supervision
in recreational spaces.
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