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‘When a child bounces a 100 g superball on the sidewalk, a fascinating interplay of physics principles
unfolds. The velocity of the superball changes dramatically during each bounce, transforming from an
initial speed of 10 meters per second (m/s) to a different value upon rebounding. This simple yet intriguing
act offers a practical demonstration of concepts such as momentum, energy conservation, and the physics of
elastic collisions. Understanding how and why the superball’s velocity changes can deepen our appreciation

of the fundamental laws that govern motion and force.

Understanding the Initial Conditions

Before analyzing the bounce, it’s essential to grasp the initial parameters:

The Mass and Velocity of the Superball

o The superball weighs 100 grams, which is equivalent to 0.1 kilograms (kg).

e The initial velocity as the ball approaches the sidewalk is 10 m/s.

This initial velocity indicates the ball is moving downward with considerable speed, influenced by factors

such as the child's force and gravity.

Impact Point and Surface Interaction

e The sidewalk acts as a rigid, relatively immovable surface.



e The impact point is the contact area where the superball hits the ground, which influences the force

of the collision.

The Physics of the Collision

The change in the superball’s velocity during bouncing is governed by the physics of elastic and inelastic

collisions.

Elastic vs. Inelastic Collisions

o An elastic collision preserves kinetic energy, meaning the superball would rebound with nearly the

same speed it had before impact.

¢ An inelastic collision results in some kinetic energy being converted into heat, sound, or deformation,

leading to a reduced rebound speed.

Superballs are designed to be highly elastic, but in real-world scenarios, some energy loss occurs due to

deformation and surface friction.

Coefficient of Restitution (e)

The key parameter describing the elasticity of the collision is the coefficient of restitution (e), which ranges

from 0 (completely inelastic) to 1 (perfectly elastic).

- For superballs, e typically ranges around 0.8 to 0.9.

- A higher e indicates a more elastic bounce with less energy loss.
The velocity change during impact can be modeled as:
\[ v_{after} = -e \times v_{before} \]

Where:
- \( v_{before} \) is the velocity just before impact (downward, positive in our case),

- \( v_{after} \) is the velocity just after impact (upward, negative sign indicates reversal in direction).



Calculating the Velocity After Bouncing

Given the initial velocity of 10 m/s directed downward, and assuming an average coefficient of restitution

\( e =0.85\), we can determine the superball’s rebound velocity.

Step-by-step Calculation

1. Initial velocity before impact: \( v_{initial} = 10\, \text{m/s} \)
2. Applying the coefficient of restitution:

\

v_{rebound} = e \times v_{initial} = 0.85 \times 10\, \text{m/s} = 8.5\, \text{m/s}

\

Since the bounce reverses the direction, the velocity after impact is upward:

\

v_{after} = -8.5\, \text{m/s}

\

The negative sign indicates upward movement.

This means that immediately after bouncing, the superball moves upward at approximately 8.5 m/s, a

decrease from the initial 10 m/s, primarily due to energy losses during impact.

Implications of Velocity Change

- The decrease from 10 m/s to 8.5 m/s exemplifies how energy is dissipated in real-world bounces.

- The actual rebound velocity can vary depending on surface conditions, ball material, and impact angle.



Factors Influencing the Velocity Change

Several factors determine how much the superball’s velocity diminishes during each bounce:

Surface Characteristics

e Hardness of the sidewalk: A concrete surface causes less deformation and energy loss compared to

softer surfaces like asphalt or grass.

e Surface roughness: Smoother surfaces tend to produce more elastic collisions.

Ball Material and Construction

e Elasticity of the superball: Higher elasticity results in a higher coefficient of restitution, enabling a

rebound closer to the initial velocity.

¢ Deformation: Less deformation during impact minimizes energy loss.

Impact Angle and Spin

¢ Oblique impacts can cause the ball to spin, affecting the rebound velocity and direction.

e Purely vertical impacts maximize the vertical component of velocity change.

Energy Transformation During the Bounce

The act of bouncing involves the conversion of kinetic energy into other forms and back again.



Initial Kinetic Energy
The kinetic energy (KE) of the superball before impact is:

\[
KE_{initial} = \frac{1}{2} m v"2

\]

Substituting the known values:

\

KE_{initial} = \frac{1}{2} \times 0.1\, \text{kg} \times (10\, \text{m/s})"2 = 0.05 \times 100 = 5\, \text{J}

\

Energy Losses During Impact

- Not all 5 Joules are retained after the bounce.
- Some energy converts into heat, sound, and deformation.

- Assuming 85% energy retention:

\
KE_{after} = 0.85 \times KE_{initial} = 4.25\, \text{J}

\

Rebound Velocity and Energy

- The rebound velocity correlates with the remaining kinetic energy:
\

v_{rebound} = \sqrt{\frac{2 KE_{after}}{m}} = \sqrt{\frac{2 \times 4.25}{0.1}} \approx \sqrt{85} \approx
9.22\, \text{m/s}

\

- However, the actual measured rebound velocity (around 8.5 m/s) aligns with this estimate considering

minor energy losses and measurement variations.

Real-World Applications and Educational Insights



Understanding how a superball’s velocity changes during bouncing is not just academic; it provides insights

into everyday physics.

Teaching Physics Through Play

e Children can learn about energy conservation and force by observing and experimenting with

bouncing balls.

¢ Adjusting variables like the height of the drop or the surface type demonstrates physics concepts
dynamically.

Sports and Engineering

¢ Designing sports equipment (e.g., tennis balls, basketballs) relies on principles of elasticity and impact

physics.

¢ Engineers optimize materials for maximum bounce and durability based on the physics of collisions.

Impact of External Factors

- Temperature, humidity, and surface wear can influence the coefficient of restitution, thus affecting the

velocity change after each bounce.

Conclusion

‘When a child bounces a 100 g superball on the sidewalk, the dramatic change in velocity—from 10 m/s
downward to approximately 8.5 m/s upward—embodies core physics principles. The superball’s elasticity,
surface characteristics, and energy conservation govern the outcome of each bounce. By analyzing the
impact and rebound velocities, we gain valuable insights into elastic collisions, energy dissipation, and
material properties. Whether for scientific curiosity, educational purposes, or engineering design,
understanding the physics behind a simple bounce reveals the intricate dance of forces and energy that

underpin everyday phenomena.



Frequently Asked Questions

‘What factors influence the change in velocity of a superball when it

bounces on the sidewalk?

The change in velocity is influenced by the ball's elasticity, the force of impact, surface properties, and

energy conservation during the bounce.

How does the mass of the superball affect its bouncing behavior?

‘While mass affects the momentum and kinetic energy, the bounce height and velocity change primarily

depend on elasticity and impact force rather than mass alone.

What is the significance of the initial velocity (10 m/s) in analyzing the

bounce?

The initial velocity helps determine the kinetic energy before impact and allows calculation of velocity

changes after bouncing, considering factors like energy loss.

How does energy conservation apply during the superball's bounce?

Ideally, in a perfectly elastic collision, kinetic energy is conserved; however, real-world bounces involve

energy loss due to deformation and sound, reducing the rebound velocity.

‘What role does the superball's elasticity coefficient play in its bounce
height?

A higher elasticity coefficient means the ball can recover more energy after impact, resulting in a higher

bounce and greater velocity change.

Can the change in velocity of the superball be predicted using physics

equations?

Yes, using principles of conservation of momentum and energy, along with the coefficient of restitution,

the change in velocity can be predicted mathematically.

Why does the velocity of the superball change from 10 m/s after
bouncing?

The velocity changes due to energy loss during impact, deformation, and the coefficient of restitution



between the ball and sidewalk.

What is the typical velocity of a superball after bouncing if it starts with
10 m/s?

The post-bounce velocity depends on the coefficient of restitution; it is usually less than the initial velocity,

often around 70-90% of 10 m/s in typical cases.

How can understanding the bounce of a superball help in physics

education?

It provides practical insight into concepts like elastic collisions, energy transfer, and conservation principles,

making physics concepts tangible and engaging.

‘What safety considerations should be kept in mind when a child bounces
a superball on the sidewalk?

Superballs can bounce unpredictably and at high velocities, so children should be supervised to prevent

injuries to themselves or others and avoid bouncing near traffic or hard surfaces.

Additional Resources

Superball Dynamics: An Expert Analysis of a Child Bouncing a 100 g Superball on the Sidewalk

When it comes to childhood play, few toys capture the imagination quite like the classic superball. Known
for its incredible bounce and resilience, the superball is a staple of outdoor fun. In this analysis, we delve
deep into the physics behind a child's interaction with a 100-gram superball, focusing on the intriguing
change in velocity from 10 m/s during a bounce on the sidewalk. We will explore the forces involved,
energy transfer, deformation mechanics, and factors influencing the bounce, providing an expert-level

understanding of this seemingly simple but physically rich activity.

Understanding the Superball: Composition and Properties



Material Composition and Elasticity

Superballs are typically made from a rubber-like synthetic polymer called polybutadiene, sometimes
combined with other elastomers to enhance resilience. This composition grants the superball a high
coefficient of elasticity, allowing it to deform significantly under impact and then return to its original

shape rapidly.
Key properties include:

- High coefficient of restitution (COR): Usually ranging from 0.7 to 0.9, indicating that 70-90% of the impact
energy is conserved after bounce.
- Elastic deformation: The superball compresses upon impact, storing elastic potential energy.

- Durability: Designed to withstand numerous impacts without significant degradation.

Mass and Dimensions

Given the mass of 100 grams (0.1 kg), the superball’s size typically ranges between 3 to 4 cm in diameter,
depending on manufacturing standards. Its mass plays a crucial role in determining the force interactions

during impact and the resulting velocity change.

Initial Conditions and Observations

The scenario involves a child bouncing the superball on the sidewalk, with an initial velocity of 10 m/s just

before impact. The key points include:

- Impact velocity (vy): 10 m/s
- Mass of superball (m): 0.1 kg
- Velocity after bounce (v,): Variable, with the focus on the change from 10 m/s

- Surface interaction: The sidewalk acts as a nearly rigid, immovable boundary

Understanding how the velocity changes from 10 m/s involves analyzing the interaction during impact,

energy conservation, and forces involved.



The Physics of Bouncing: Forces and Energy Transfer

Impact Dynamics and Force Interaction

‘When the superball strikes the sidewalk, the impact involves a complex interplay of forces:
- Normal force (F): Acts perpendicular to the contact surface, responsible for decelerating the ball.
- Deformation force: Due to the ball’s elastic deformation, storing elastic potential energy.

- Frictional forces: Generally minimal in vertical bouncing but can influence spin and lateral motion.

The force during impact can be modeled as a rapidly varying contact force that peaks at maximum

deformation. The contact duration is typically very short, on the order of milliseconds.

Energy Considerations

The initial kinetic energy of the ball is:

\[ KE_{initial} = \frac{1}{2} m v_1"2 = \frac{1}{2} \times 0.1\,kg \times (10\,m/s)"2 = 5\,J \]
Post-impact, the kinetic energy depends on the coefficient of restitution:

\[ v_2 = e \times v_1 \]

where e is the coefficient of restitution, a measure of the bounce efficiency.

If e = 0.8 (a typical value for a superball on a hard surface), then:

\[ v_2 = 0.8 \times 10\,m/s = 8\,m/s \]

Correspondingly, the kinetic energy after bounce becomes:

\[ KE_{final} = \frac{1}{2} \times 0.1\,kg \times (8\,m/s)"2 = 3.2\,J \]

This indicates an energy loss of about 1.8 Joules, primarily due to inelastic deformation, internal damping,

and minor surface effects.



Impact Mechanics: Deformation and Restitution

Elastic Deformation and Restitution Coefficient

The superball's ability to bounce depends heavily on its elastic properties:

- Deformation: When impacting, the ball compresses, storing elastic energy proportional to the deformation
magnitude.

- Restitution coefficient (e): Defines the efficiency of energy recovery. An e close to 1 implies nearly elastic
collision, resulting in minimal velocity reduction.

The coefficient of restitution is influenced by:

- Material properties (elastic modulus)

- Impact velocity

- Surface roughness and hardness

Modeling the Bounce with Hertzian Contact Theory

Hertzian contact mechanics provide a way to approximate deformation during impact:

\[ F =k \delta"{3/2} \]

where:

- F: Contact force

- k: Material-dependent constant

- 8: Deformation depth

The maximum deformation §_max during impact relates to impact velocity and material properties:

\[ \delta_{max} \propto v"{4/5} \]

This relationship helps estimate how the superball's deformation correlates with initial velocity, affecting

energy restitution and bounce height.



Influencing Factors on Velocity Change

Surface Conditions

The sidewalk’s hardness, roughness, and material impact the bounce:

- Hard surfaces: Maximize energy transfer, resulting in higher e and less velocity loss.

- Soft or textured surfaces: Can dissipate more energy, reducing bounce height and velocity.

Ball Material and Age

Over time, superballs may experience:
- Material fatigue
- Surface abrasion

- Slight loss in elasticity

These factors decrease the coefficient of restitution, leading to greater velocity reduction on impact.

Impact Angle and Spin

‘While this scenario assumes a vertical bounce, real-world impacts often involve:

- Slight deviations from vertical, affecting the velocity vector.

- Spin imparted during impact, affecting subsequent bounce behavior and trajectory.

Calculating Post-Bounce Velocity: A Practical Approach

Based on the coefficient of restitution, we can estimate the change in velocity:
\[ v_2 =e \times v_1 \]

Suppose the child’s bounce results in a coefficient of restitution e = 0.75, then:



\[ v_2 = 0.75 \times 10\,m/s = 7.5\,m/s \]
Thus, the ball’s velocity decreases by 2.5 m/s after impact, demonstrating energy dissipation.
Key points:

- The velocity reduction is directly proportional to e.

- Precise measurement requires high-speed sensors or detailed modeling.

Implications for Play and Design

Understanding the physics behind the bounce enables better design of superballs and informs children and

parents about expected performance:

- Design improvements: Enhancing elasticity and durability can increase e, resulting in higher bounce
heights.
- Play strategies: Children can modify impact angles and drop heights to control bounce behavior.

- Educational value: Demonstrates fundamental principles of physics in a tangible, engaging way.

Conclusion: The Fascinating Interplay of Physics and Play

The simple act of a child bouncing a 100 g superball on the sidewalk encompasses complex physics
principles—from elastic deformation and energy conservation to impact mechanics and material science.
The velocity change from 10 m/s during impact underscores the importance of the superball’s material

properties, surface conditions, and impact dynamics.

By understanding these principles, enthusiasts, educators, and designers alike can appreciate the science
behind every bounce, turning a childhood pastime into an educational exploration of physics. Whether
aiming for maximum height or simply enjoying the thrill of the bounce, the superball’s behavior remains a

captivating demonstration of elastic collision physics in action.
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