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A Ball Is Dropped From A Height Of 20m And Rebounds With A Velocity, Which Is 3/4 Of The Velocity
With which it initially hits the ground. This scenario is a classic problem in physics that involves
understanding concepts such as gravitational potential energy, kinetic energy, velocity, and the coefficient
of restitution. Analyzing the motion of the ball provides insights into energy conservation, collision
dynamics, and how energy dissipates during bounces. Whether you're a student preparing for exams or an
enthusiast interested in the physics of bouncing objects, understanding this problem helps deepen your

grasp of fundamental principles.

Understanding the Basic Concepts

Before delving into calculations, it's essential to familiarize yourself with some key physics concepts

involved in this problem:

1. Gravitational Potential Energy (GPE)

- Defined as the energy stored due to an object's position relative to a reference point, usually the ground.
- Calculated using the formula: GPE = mgh, where:

- m is the mass of the object,

- g is acceleration due to gravity (=9.8 m/s?),

- h is the height above the reference point.

2. Kinetic Energy (KE)

- The energy an object possesses due to its motion.
- Calculated with: KE = % mv? where:
- m is the mass,

- v is the velocity of the object.



3. Velocity of a Falling Object

- When an object is dropped from rest, its velocity just before hitting the ground can be found using:

- v =-/(2gh)

4. Coefficient of Restitution (e)

- A measure of the 'bounciness' of a collision.
- Defined as the ratio of the relative velocity after collision to that before collision along the line of impact:
- e = (velocity after bounce) / (velocity before bounce)

- For this problem, e is given as 3/4, indicating that the rebound velocity is 75% of the impact velocity.

Step-by-Step Analysis of the Ball’s Motion

Analyzing the problem involves examining two main phases:
1. The downward journey from the initial height.

2. The bounce and subsequent upward motion.

1. Calculating the Velocity Just Before the First Impact

- The ball is dropped from a height of 20 m.
- Using v = /(2gh):
-vi=(2x98m/s*x 20 m) = ¥(392) =~ 19.8 m/s.

This is the velocity just before the ball hits the ground.

2. Rebound Velocity and Subsequent Motion

- Given that the rebound velocity (v») is 3/4 of the impact velocity:
-vy=(3/4) x vi = (3/4) x 19.8 m/s = 14.85 m/s.

- The ball will ascend with this velocity until gravity slows it to zero at the peak of its bounce.

3. Calculating the Height After the First Bounce

- Using KE and GPE relationship:
-hy = v,* / (2g) = (14.85)* / (2 x 9.8) = 220.5 / 19.6 = 11.24 m.



Thus, after the first bounce, the ball reaches approximately 11.24 meters.

Multiple Bounces and Energy Dissipation

This scenario can be extended to analyze multiple bounces, which is typical in real-world situations where

energy is gradually lost.

1. Pattern of Bounces

- Each bounce reduces the maximum height by a factor of (e)* because:
- Height after each bounce = initial height x e’

- For e = 3/4:

-e? = (3/4)* = 9/16 =~ 0.5625.

2. Calculating Successive Heights

- Initial height: 20 m.

- Height after 1st bounce:
-20 m x 0.5625 ~ 11.25 m.

- Height after 2nd bounce:

- 1125 m x 0.5625 =~ 6.33 m.
- And so forth.

e This pattern continues until the bounce height becomes negligible.

¢ It's important to note that in real scenarios, energy losses due to air resistance and inelastic

deformation further reduce rebound heights.

Real-World Applications and Implications

Understanding the physics of bouncing balls isn't just an academic exercise; it has practical applications in



various fields.

1. Material Testing

- Engineers can assess material properties, such as elasticity and energy absorption, by measuring rebound
heights and velocities.
- For example, rubber and sports equipment manufacturers often perform bounce tests to ensure product

quality.

2. Sports Science

- Analyzing how balls rebound helps in designing sports equipment to optimize performance.

- Tennis balls, basketballs, and soccer balls are designed with specific bounce characteristics.

3. Robotics and Automation

- Robots that interact with objects need to understand collision and rebound dynamics to manipulate objects

accurately.

4. Safety Engineering

- Understanding impact velocities and energy dissipation is critical in designing safety equipment and crash

barriers.

Advanced Concepts and Further Analysis

Beyond the basic calculations, several advanced concepts can be explored.

1. Energy Loss and Efficiency

- The ratio of the rebound energy to the initial energy:
- Efficiency = (e?) x 100% =~ 56.25% for each bounce.

- This shows how much energy is lost during each collision.



2. Time of Flight

- The total time the ball spends in the air during each bounce can be calculated:
- Time to reach maximum height:t_ up=v,/ g.

- Total time per bounce cycle: t_total =2 x t_up.

3. Effect of Air Resistance

- The above calculations assume no air resistance.

- Including air resistance would reduce rebound velocities further and shorten bounce heights.

4. Coefficient of Restitution in Practice

- In real-world scenarios, e varies depending on the materials involved.

- Determining e experimentally involves measuring impact velocities and rebound velocities.

Conclusion

The physics of a ball dropped from a height of 20 meters and rebounding with a velocity that is three-
fourths of its impact velocity offers a fascinating glimpse into energy conservation, collision dynamics, and
material properties. By understanding the initial velocity, rebound velocity, and subsequent heights, one
can predict the behavior of bouncing objects with remarkable accuracy. This knowledge finds relevance
across engineering, sports, safety, and material science. Whether analyzing a simple rubber ball or
designing complex machinery, the principles outlined here are foundational to understanding how objects

move and interact under the influence of gravity and elastic collisions.
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If you'd like further explanations or specific calculations, feel free to ask!



Frequently Asked Questions

What is the initial velocity of the ball when dropped from a height of 20

meters?

The initial velocity is 0 m/s since the ball is dropped from rest.

How do you calculate the velocity of the ball just before it hits the
ground?

Using the equation v = +/(2gh), where g is 9.8 m/s* and h is 20 m, the velocity is v = (2 9.8 20) =~ 19.8 m/s.

‘What is the rebound velocity of the ball after it hits the ground?

The rebound velocity is 3/4 of the impact velocity, so approximately (3/4) 19.8 =~ 14.85 m/s.

How does the rebound velocity affect subsequent bounces of the ball?

Each time the ball rebounds, its velocity is reduced to 3/4 of the previous impact velocity, leading to

decreasing bounce heights over time.

What is the height the ball reaches after the first rebound?

Using the rebound velocity (14.85 m/s), the height after the bounce is h = v* / (2g) = (14.85)* / (2 9.8) = 11.2

meters.

Additional Resources

Rebound Dynamics of a Dropped Ball from 20 Meters: An In-Depth Analysis

Introduction

Understanding the physics behind a ball's rebound after being dropped from a significant height is both a
fascinating academic pursuit and a practical necessity in various engineering, sports, and scientific
applications. When a ball is dropped from a height of 20 meters and then rebounds with a velocity that is
three-fourths (3/4) of its prior velocity, it embodies fundamental principles of energy conservation,
elasticity, and motion dynamics. This article delves into the detailed mechanics of this process, exploring

the initial conditions, the concepts of velocity and energy transfer, and the implications of the rebound



velocity being a fraction of the original.

The Initial Drop: From Height to Velocity
Gravitational Potential Energy to Kinetic Energy

When a ball is released from a height \( h = 20\, \text{meters} \), it initially possesses gravitational potential
energy (GPE) given by:

\
PE_{initial} = mgh

\

where:

- \('m \) = mass of the ball (kg)

- \( g \) = acceleration due to gravity (\( 9.81\, \text{m/s}"2 \))
- \('h \) = initial height (m)

As the ball accelerates downward under gravity, this potential energy converts into kinetic energy (KE):

\

KE = \frac{1}{2} m v"2

\

At the moment just before impact with the ground, all potential energy (assuming negligible air resistance

and energy losses) has been transformed into kinetic energy:

\[
mgh = \frac{1}{2} m v_{impact}"2

\]

Simplifying, the impact velocity \( v_{impact} \) becomes:

\
v_{impact} = \sqrt{2gh}

\

Plugging in the known values:

\

v_{impact} = \sqrt{2 \times 9.81\, \text{m/s}"2 \times 20\, \text{m}} \approx \sqrt{392.4} \approx 19.8\,



\text{m/s}

\

Key Point: The impact velocity is approximately 19.8 m/s when falling freely from 20 meters.

Rebound Velocity: The Three-Quarter Factor

The core condition described is that upon rebounding, the ball attains a velocity \( v_{rebound} \) which is

three-fourths of the impact velocity:

\[
v_{rebound} = \frac{3}{4} v_{impact}

\]

Substituting the previous result:

\

v_{rebound} = \frac{3}{4} \times 19.8\, \text{m/s} = 14.85\, \text{m/s}

\]

This indicates that the ball's rebound velocity is approximately 14.85 m/s, directed upward after impact.

Physical Interpretation: Coefficient of Restitution

The ratio of the rebound velocity to the impact velocity is an essential metric in understanding the

elasticity of collisions, known as the coefficient of restitution (e):

\

e = \frac{v_{rebound}}{v_{impact}}

\

In this case:

\
e = \frac{14.85}{19.8} \approx 0.75

\]

This value of 0.75 signifies a partially elastic collision, where some kinetic energy is conserved, but a

portion is lost—likely due to internal friction, deformation, and other dissipative effects.



Energy Considerations: From Potential to Kinetic and Back

Energy Losses During Impact

Assuming initial potential energy:

\[
PE_{initial} =m g h

\]

The kinetic energy just before impact:

\

KE_{impact} = \frac{1}{2} m v_{impact}"2

\

The energy after rebound:

\

KE_{rebound} = \frac{1}{2} m v_{rebound}"2

\

The ratio of kinetic energies post- and pre-impact:

\

\frac{KE_{rebound} }{KE_{impact}} = e"2

\

Using the calculated \( e \):

\
\frac{KE_{rebound} }{KE_{impact}} = (0.75)"2 = 0.5625

\

This indicates approximately 56.25% of the impact kinetic energy is retained after bouncing, while the

remaining energy is dissipated as heat, sound, deformation, etc.

Rebounding Dynamics: From Impact to Subsequent Heights



Calculating the Rebound Height

The maximum height \( h_{rebound} \) the ball reaches after bouncing corresponds to the kinetic energy

at the moment of rebound being converted back into potential energy:

\

KE_{rebound} = PE_{final}

\

\

\frac{1}{2} m v_{rebound}"2 = m g h_{rebound}

\

Solving for \( h_{rebound} \):

\
h_{rebound} = \frac{v_{rebound}"2}{2g}
\]

Substituting the known rebound velocity:

\[
h_{rebound} = \frac{(14.85)"2}{2 \times 9.81} \approx \frac{220.5}{19.62} \approx 11.23\, \text{meters}
\]

Implication: After bouncing, the ball ascends to roughly 11.23 meters, which is about 56% of the original
height.

Practical Applications and Considerations

Real-World Factors Affecting Rebound

‘While theoretical calculations assume ideal conditions, actual scenarios involve various factors:

- Material elasticity: Different materials have varying coefficients of restitution.

- Surface properties: A softer or rougher surface absorbs more energy, reducing rebound height.
- Air resistance: Although minor, drag affects impact velocity and rebound.

- Internal damping: Internal friction within the ball's material affects energy retention.

Engineering and Design Implications



Understanding these dynamics is essential in fields such as:

- Sports equipment design, like tennis balls or basketballs.
- Material testing, to assess impact resilience.
- Robotics and automation, where bounce and rebound characteristics influence motion planning.

- Structural engineering, for impact absorption systems.

Summary and Key Takeaways

| Aspect | Details |

[ ———

| Initial height | 20 meters |

| Impact velocity | approximately 19.8 m/s |

| Rebound velocity | approximately 14.85 m/s (3/4 of impact) |
| Coefficient of restitution | approximately 0.75 |

| Rebound height | approximately 11.23 meters |

Main conclusion: A ball dropped from 20 meters rebounds with a velocity that is three-fourths of its impact
velocity, resulting in a substantial but reduced bounce height. This behavior exemplifies real-world energy

dissipation in elastic collisions and provides practical insights into material properties and impact dynamics.

Final Remarks

The physics governing the rebound of a ball from a height of 20 meters with a rebound velocity of three-
fourths of its impact velocity serve as a compelling illustration of energy conservation, material elasticity,
and damping effects. Whether in designing sports equipment, developing impact-resistant materials, or
understanding natural phenomena, these principles form a cornerstone of applied physics and engineering.
Appreciating the nuanced interplay of forces, energies, and material properties offers both academic

fulfillment and tangible benefits across numerous technological fields.
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