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Introduction

Imagine a sunny afternoon at a park where children are enjoying their favorite swings. Among them
is a child weighing 25.0 kg, swinging from a rope that hangs above a water body. The rope's length
is 9.43 meters, and when the swing hangs vertically, it is 1.9 meters above the water surface. This
simple scene is a perfect illustration of fundamental physics concepts such as pendulum motion,
energy conservation, and forces acting on the swinging child. Understanding the physics behind
such a scenario provides insights into how energy transforms during motion, how forces influence
movement, and how to calculate various parameters like maximum height, velocity, and tension in
the rope during the swing.

This article explores these concepts in detail, focusing on the physics involved in a child swinging
above water. We will analyze the problem step-by-step, applying principles from mechanics to
understand the motion and forces at play, while also providing practical implications and real-world
applications.

Context and Significance

Swinging is a common recreational activity, but it also presents an excellent opportunity to explore
physics in action. When a child swings, they undergo simple harmonic motion, with energy
continuously converting between kinetic and potential forms. Moreover, the interaction between the
swing, the child, and the environment illustrates key mechanics principles such as:

- Conservation of mechanical energy

- Centripetal force during circular motion

- Tension in the supporting rope

- Maximum height and velocity during swing

Analyzing such a scenario enhances understanding of how physical laws govern everyday activities
and can be applied to design safer playground equipment, optimize amusement park rides, or even
understand the physics involved in more complex systems such as pendulum-based sensors or
amusement park rides.

Basic Data and Assumptions
Before diving into calculations and analysis, let's outline the key data points and assumptions:
- Mass of the child, \( M = 25.0\, \text{kg} \)

- Length of the rope, \( L = 9.43)\, \text{m} \)
- Vertical distance from the water surface to the lowest point of the swing, \( D = 1.9\, \text{m} \)



- The swing hangs freely when at rest, making an angle with the vertical in the initial position.

- The swing's motion is idealized as a pendulum, neglecting air resistance and friction for simplicity.
- The water's surface is considered stationary and the lowest point of the swing is at a fixed height
relative to the water surface.

Analyzing the Swing: Key Concepts and Calculations

1. Determining the Rest Position of the Swing

When the swing hangs vertically, the child is at the lowest point of the pendulum's arc. Given the
vertical distance \( D = 1.9\, \text{m} \) from the water surface to this lowest point, we can

determine the initial vertical position relative to the water.

- Vertical position of the bottom of the swing (when hanging vertically): \( h_{bottom} = D = 1.9\,
\text{m} \)

- Vertical position of the child's center of mass at the lowest point: Since the child's mass center is
approximately at the child's center, we assume it aligns with the bottom of the swing.

2. Initial Conditions and Maximum Displacement

Suppose the child is pulled back to an initial angle \( \theta {max} \) from the vertical and then
released. The maximum height reached determines the maximum potential energy, which converts
into kinetic energy at the lowest point.

- Calculating the maximum height \( h_{max} \):

\[

h {max} =L - L \cos \theta {max}

\]

where \( \theta {max} \) is the maximum angular displacement.

- Height difference between the lowest point and the maximum height:

\[

\Delta h =h {max} =L (1 - \cos \theta {max})

\]

This height difference is crucial for calculating the velocity at the lowest point.
3. Conservation of Mechanical Energy

Assuming negligible air resistance and friction, the total mechanical energy remains constant:

\[
\text{Potential energy at } \theta {max} = \text{Kinetic energy at lowest point}

\]

\[
M gh {max} = \frac{1}{2} M v"2



\]
where:

-\( g = 9.81\, \text{m/s} "2 ) (acceleration due to gravity)
-\(v) is the velocity of the child at the lowest point

Rearranged to find \( v \):

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

4. Calculating the Velocity at the Lowest Point

Suppose the child is pulled back to a certain height or angle. To find the velocity at the lowest point,
we need \( h {max} \), which depends on \( \theta {max} \).

If the initial angle \( \theta {max} \) is known, then:

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

For example, if the child is pulled back to \( \theta {max} = 30" \circ \):

\[

h {max} = 9.43\, \text{m} \times (1 - \cos 30" \circ) = 9.43 \times (1 - 0.866) \approx 9.43 \times
0.134 \approx 1.26\, \text{m}

\]

Then, the velocity at the bottom is:

\[
v = \sqrt{2 \times 9.81 \times 1.26} \approx \sqrt{24.72} \approx 4.97\, \text{m/s}

\]
5. Tension in the Rope at the Lowest Point

The tension \( T'\) in the rope at the lowest point must support the child's weight and provide the
centripetal force needed for circular motion:

\[
T=Mg+ \frac{M v"~2}{L}
\]

Plugging in the numbers:

\[
T = 25.0 \times 9.81 + \frac{25.0 \times (4.97)"~2}{9.43}

\]



\[

T \approx 245.25 + \frac{25.0 \times 24.7}{9.43} \approx 245.25 + \frac{617.5}{9.43} \approx
245.25 + 65.45 \approx 310.7\, \text{N}

\]

This tension exceeds the child's weight by a significant margin, indicating the rope must withstand
this force during the swing.

6. Height of the Child's Center of Mass Above Water

Given the vertical distance from water surface to the lowest point when hanging is 1.9 m, and the
length of the rope is 9.43 m, the height of the child's center of mass above water at the maximum
displacement can be estimated.

- At maximum displacement:

\[
h {max} = D + \text{vertical displacement due to swing}
\]

- Vertical displacement from the lowest point:

\[
\Delta h = L (1 - \cos \theta {max})
\]

Using previous calculations, the child's center of mass reaches:

\[

h {max} = 1.9\, \text{m} + 1.26\, \text{m} \approx 3.16\, \text{m}
\]

above water.

Practical Applications and Safety Considerations

Understanding the physics behind swinging motions has practical implications:

- Designing Safe Playground Equipment: Engineers can calculate maximum forces and tensions to
ensure swings and ropes are rated for safety, preventing accidents due to structural failure.

- Amusement Park Ride Safety: Rides involving pendulum-like motions can be optimized for thrill and

safety by analyzing forces at various points in the swing.

- Physics Education: Demonstrating real-world applications of mechanics principles enhances
learning and student engagement.

- Estimating Impact in Case of Falls: Calculations of maximum velocities and energies involved help
in designing safety features like soft ground or harnesses.

Summary of Key Calculations



| Parameter | Value | Explanation |

| | | |

| Child's weight | 25.0 kg | Mass of the child |

| Rope length | 9.43 m | Length of the swing's supporting rope |

| Vertical distance (rest position) | 1.9 m | Height above water when hanging vertically |

| Max angular displacement | 30° (example) | Assumed maximum swing angle |

| Height at maximum displacement | ~1.26 m | Vertical height difference from lowest point |
| Velocity at lowest point | ~4.97 m/s | Derived from energy conservation |

| Tension at lowest point | ~310.7 N | Force in the rope during maximum swing |

Conclusion

The physics of a child swinging above water combines principles of pendulum motion, energy
conservation, and force analysis. By understanding these concepts, we can predict velocities,
maximum heights, and tensions experienced during swinging. Such analysis not only satisfies
academic curiosity but also plays a crucial role in designing safe and enjoyable playground
equipment and amusement rides. The interplay of gravity, tension, and motion exemplifies how
fundamental physics principles manifest in everyday

Frequently Asked Questions

What is the initial potential energy of the child when hanging
vertically above water?

The initial potential energy is given by PE = mgh, where h is the height above water. Assuming the
reference point at water level, h = 0, so initial potential energy is based on the height of the child
above water: h = 1.9 m. Therefore, PE = 25.0 kg X 9.8 m/s? X 1.9 m = 464.3 Joules.

How much kinetic energy does the child have at the lowest
point of the swing?

At the lowest point, the child has converted most of the initial potential energy into kinetic energy,
neglecting air resistance and friction. So, KE = 464.3 Joules, which is equal to the initial potential
energy.

What is the maximum speed of the child during the swing?
Using KE = (1/2)mv?, we get v = V(2 X KE /m) = V(2 x 464.3]/25.0 kg) = 6.09 m/s.

What is the maximum height of the child above water when
the swing reaches its highest point?

At the highest point, the child has zero kinetic energy, so potential energy is maximum. The height
difference from the lowest point is determined by conservation of energy: h = (v?) / (2g) = (6.09
m/s)? / (2 X 9.8 m/s?) = 1.89 m. Since the child initially hangs 1.9 m above water, the maximum
height above water is approximately 1.9 m + 1.89 m = 3.79 m.



Does the child reach the water during the swing, and if so, at
what point?
No, the child does not reach the water. The maximum height of the swing is approximately 3.79

meters above water, which is well above the water level, so the child swings back and forth without
touching the water.

Additional Resources
Swing Dynamics: An In-Depth Analysis of a Child Swinging from a Rope Over Water

Introduction

When considering outdoor recreational equipment or analyzing physical systems involving
pendulums, understanding the fundamental mechanics is essential. In this article, we delve into the
detailed physics of a child swinging from a rope, focusing on key parameters such as mass, rope
length, and water level. This case study explores a scenario where a child with a mass of 25.0 kg
swings from a 9.43-meter rope, which hangs above water with a vertical clearance of 1.9 meters
when at rest. This comprehensive analysis aims to elucidate the motion dynamics, maximum swing
angles, and implications for safety and design.

Understanding the Basic Setup

The Physical Configuration

The scenario involves several key components:

- Child's Mass (M): 25.0 kg

- Rope Length (L): 9.43 meters

- Water Level & Clearance (D): 1.9 meters when the swing hangs vertically

Visualizing this setup, the child is attached to a rope fixed at a point above water, with the rope
length determining the potential swing arc. The vertical distance from the fixed point to water when

the swing is at rest is critical for assessing whether the child will contact the water during the
swing.

Analyzing the System's Geometry and Initial Conditions

Resting Position and Water Clearance



In the resting position, the child hangs vertically beneath the fixed point at a distance of L = 9.43 m.
The water level is D = 1.9 m below the fixed point. To determine if the child’s swing will contact
water at any point, we analyze the maximum vertical displacement during the swing.

- Vertical position of child at rest: 0 m (reference point)
- Water level: Located at a distance of L-D =9.43 m - 1.9 m = 7.53 m below the fixed point

This indicates that when the child hangs vertically, they are 7.53 meters above the water surface.

Physics of Swing Motion

Understanding the swing involves classical mechanics principles, primarily conservation of energy
and pendulum motion.

Conservation of Mechanical Energy

As the child swings away from the vertical, potential energy decreases, and kinetic energy increases,
reaching a maximum at the lowest point of the swing. The total mechanical energy remains constant
in the absence of damping or external forces:

\[
E {total} = PE + KE

\]

At the maximum displacement (amplitude), the child's velocity is zero, and all energy is potential
relative to the lowest point.

Maximum Displacement and Swing Angle

The maximum angle \(\theta {max}\) the child swings from the vertical can be determined by the
initial push or release conditions. For simplicity, assume the child is pushed to an initial angle
\(\theta {max}\), with no initial velocity.

The vertical height difference (\(\Delta h\)) between the lowest point and the maximum displacement
point is:

\[
\Delta h = L (1 - \cos \theta {max})

\]

This height difference determines the maximum potential energy and the minimum height relative to
water.



Determining the Risk of Contact with Water

The critical question is whether the child's swing will cause contact with water during the motion.
Calculating the Lowest Point of the Swing

At maximum swing angle \(\theta {max}\), the child's vertical position relative to the fixed point is:

\[
h {max} = L \cos \theta {max}
\]

The child's height above water at maximum displacement is:

\[
h {water} = h {max} -D
\]

If \(h {water} \leq 0\), contact with water occurs.

Case 1: No Initial Push (Small Amplitude)

Suppose the child is released from a small angle, say \(\theta {max} = 10"\circ\).
Calculations:

\[
h {max} = 9.43 \times \cos 10" \circ \approx 9.43 \times 0.9848 \approx 9.28), \text{m}

\]

Height above water:

\[
h {water} = 9.28)\, \text{m} - 1.9\, \text{m} \approx 7.38\, \text{m}

\]

Since this is well above water, contact is impossible in this scenario.



Case 2: Larger Swing Angle

Now, consider a more substantial swing, say \(\theta {max} = 45" \circ\):

\[
h {max} = 9.43 \times \cos 45" \circ \approx 9.43 \times 0.7071 \approx 6.67\, \text{m}

\]

Height above water:

\[
h {water} = 6.67 - 1.9 \approx 4.77\, \text{m}

\]

Again, no contact with water occurs.

Case 3: Extreme Swing Angles (Potential Contact)

To find the swing angle at which the child just touches water, set:

\[
h {max} =D
\]

or:

\[
L\cos \theta {max} =D
\]

Solving for \(\theta {max}\):

\[
\cos \theta {max} = \frac{D}{L} = \frac{1.9}{9.43} \approx 0.201

\]

\[
\theta {max} = \arccos(0.201) \approx 78.3"\circ

\]

This means that if the child is swung out to approximately 78.3° from the vertical, their lowest point
will just contact the water.

Implication: For angles less than 78.3°, the swing remains above water surface; for larger angles,
contact occurs.



Energy Considerations and Safety Implications

Understanding the energy dynamics is essential, especially for ensuring safety during swinging
activities.

Potential Energy at Maximum Displacement
The potential energy at the maximum swing angle relative to the lowest point:

\[

PE {max} = M g \Delta h = 25.0 \times 9.81 \times L (1 - \cos \theta {max})

\]

For \(\theta {max} = 78.3"\circ\):

\[

\Delta h = 9.43 \times (1 - 0.201) \approx 9.43 \times 0.799 \approx 7.54\, \text{m}
\]

Potential energy:

\[

PE {max} = 25.0 \times 9.81 \times 7.54 \approx 25.0 \times 74.0 \approx 1850\, \text{]}
\]

This energy conversion potential highlights the importance of the swing's amplitude with respect to
safety, as higher swings involve more kinetic energy, increasing impact forces if contact occurs.

Design and Safety Recommendations

Based on this physics analysis, the following recommendations can optimize safety and enjoyment:

- Limit Swing Angles: To prevent contact with water, restrict swings to angles below approximately
78°, ensuring the child's lowest point remains safely above the water surface.

- Adjust Rope Length or Anchor Height: Increasing the vertical distance from the fixed point to water
will raise the minimum height during the swing, providing additional safety margins.

- Implement Buffer Zones: Ensure there is a clear safety buffer above the maximum swing arc to
prevent accidental contact with water or other obstacles.

- Regular Inspection: Check the integrity of the rope and anchoring points to withstand the



maximum expected forces during swings, especially at larger amplitudes.

- Supervised Use: Always supervise children during swinging activities, especially when over water,
to respond swiftly to any unforeseen situations.

Conclusion

This detailed exploration underscores the importance of physics principles in evaluating and
ensuring the safety of children’s outdoor play equipment. By understanding the geometric and
energy dynamics involved in swinging from a rope over water, caregivers and designers can make
informed decisions about permissible swing angles, rope lengths, and safety zones.

In practical terms, for a child weighing 25 kg hanging from a 9.43-meter rope with a vertical water
clearance of 1.9 meters, swings with angles less than approximately 78° from vertical will keep the
child safely above water. This analysis not only promotes safe recreational practices but also

exemplifies how physics can be applied to real-world safety assessments efficiently and effectively.

Remember: Safety always comes first—never underestimate the importance of proper setup,
supervision, and adherence to recommended swing parameters.
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