
A Billiard Ball Of Mass 0.28 Kg Hits A
Second, Identical Ball At A Speed Of
8.6 M/s And Comes To Rest

A Billiard Ball Of Mass 0.28 Kg Hits A Second, Identical Ball At A Speed Of
8.6 M/s And Comes To Rest — a fascinating scenario that illustrates
fundamental principles of physics, particularly the conservation of momentum
and kinetic energy during collisions. Understanding how a single billiard
ball interacts with an identical ball provides insights into elastic
collisions, energy transfer, and real-world applications in sports physics
and engineering. In this comprehensive article, we explore the physics behind
this event, analyze the variables involved, and discuss the practical
implications for players, engineers, and physics enthusiasts alike.

Understanding the Basic Physics of Billiard
Collisions

What Happens When Two Balls Collide?
When a moving billiard ball strikes an identical stationary ball, the outcome
depends on the nature of the collision—whether it is elastic or inelastic. In
ideal conditions, billiard balls are designed to approximately conserve
kinetic energy during collisions, making them near-elastic collisions.

In such a collision:
- The moving ball transfers some or all of its momentum to the stationary
ball.
- The initial ball slows down or comes to rest.
- The stationary ball gains velocity and moves forward.

Given the problem statement, the initial moving ball comes to rest after the
collision, implying a specific energy and momentum transfer.

Key Principles Involved
- Conservation of Momentum: The total momentum before and after the collision
remains constant.
- Conservation of Kinetic Energy: In elastic collisions, the total kinetic
energy is conserved.
- Elastic Collisions of Equal Masses: When two objects of equal mass collide
elastically, the moving object transfers its velocity to the stationary one,
and the moving object comes to rest.

Analyzing the Collision: Step-by-Step



Given Data
- Mass of each billiard ball, \( m = 0.28\, \text{kg} \)
- Initial velocity of the moving ball, \( v_i = 8.6\, \text{m/s} \)
- Final velocity of the first ball after collision, \( v_{f1} \)
- Final velocity of the second ball after collision, \( v_{f2} \)

Applying Conservation of Momentum
The law states:
\[
m \times v_i + m \times 0 = m \times v_{f1} + m \times v_{f2}
\]
Simplifying:
\[
v_i = v_{f1} + v_{f2}
\]

Applying Conservation of Kinetic Energy
In an elastic collision:
\[
\frac{1}{2} m v_i^2 = \frac{1}{2} m v_{f1}^2 + \frac{1}{2} m v_{f2}^2
\]
Dividing through by \( \frac{1}{2} m \):
\[
v_i^2 = v_{f1}^2 + v_{f2}^2
\]

Solution for Final Velocities
For identical masses in an elastic collision, the velocities are exchanged:
- The moving ball comes to rest (\( v_{f1} = 0 \))
- The stationary ball takes on the initial velocity of the moving ball (\(
v_{f2} = v_i = 8.6\, \text{m/s} \))

Result:
\[
v_{f1} = 0\, \text{m/s}
\]
\[
v_{f2} = 8.6\, \text{m/s}
\]

This perfectly explains how the first ball comes to rest after hitting the
second ball, which then moves with the initial velocity of the first.

Real-World Implications and Applications

In Billiards and Pool Games
Understanding collision physics enhances players' strategic gameplay.
Recognizing how momentum transfers between balls can help players make



precise shots, optimize positioning, and improve overall game tactics.

Engineering and Design of Sports Equipment
Knowledge of elastic collisions informs the design of billiard balls, cues,
and tables to ensure consistent and predictable interactions. High-quality
materials minimize energy loss, maintaining near-elastic collisions that
adhere closely to theoretical physics.

Educational Demonstrations and Physics Experiments
Using billiard balls to demonstrate conservation laws provides tangible,
visual insights into fundamental physics principles. Teachers often utilize
such scenarios to make abstract concepts accessible and engaging.

Factors Affecting Collision Outcomes

Friction and Air Resistance
While ideal physics assumes perfect elasticity and no external forces, real-
world conditions involve factors such as:
- Surface friction between the ball and table
- Air resistance acting on moving balls
These factors can cause energy loss, leading to deviations from theoretical
predictions.

Spin and Angular Momentum
Applying spin to billiard balls introduces rotational motion, complicating
collision dynamics. Spin can affect:
- The direction of post-collision trajectories
- The speed transfer efficiency
- The outcome of complex shots like bank shots or spin shots

Material Properties
The elasticity of the ball's material influences how closely collisions
resemble ideal elastic interactions. High elastic modulus materials reduce
energy loss.

Calculating Energy Transfer and Efficiency

Initial Kinetic Energy
\[
KE_{initial} = \frac{1}{2} m v_i^2 = \frac{1}{2} \times 0.28\, \text{kg}
\times (8.6\, \text{m/s})^2
\]



\[
KE_{initial} \approx 0.14 \times 73.96 \approx 10.353\, \text{J}
\]

Final Kinetic Energy of Moving Ball
\[
KE_{final, moving} = 0\, \text{J} \quad (\text{since it comes to rest})
\]

Final Kinetic Energy of Stationary Ball
\[
KE_{final, stationary} = \frac{1}{2} \times 0.28\, \text{kg} \times (8.6\,
\text{m/s})^2 \approx 10.353\, \text{J}
\]

Implication: All initial kinetic energy transfers to the second ball,
confirming an ideal elastic collision with 100% energy transfer efficiency.

Practical Considerations in Billiard Physics

Measuring and Controlling Variables
- Precise measurement of ball velocities using high-speed cameras
- Controlling environmental factors such as table surface smoothness
- Managing spin and impact angles for predictable outcomes

Limitations of Theoretical Models
Real-world physics rarely exhibits perfect elasticity or no external forces.
Nonetheless, understanding ideal models helps approximate actual behavior and
refine techniques.

Conclusion: The Fascinating Physics of Billiard
Collisions
The scenario where a 0.28 kg billiard ball hits an identical ball at 8.6 m/s
and comes to rest exemplifies the elegant principles of elastic collisions
and momentum transfer. Recognizing how these fundamental laws operate in a
familiar context like billiards not only enhances gameplay strategies but
also deepens our appreciation of physics in everyday life. Whether for
educational purposes, equipment design, or improving sports performance,
understanding the dynamics of billiard ball collisions offers valuable
insights into the intricate dance of energy and motion.



Further Reading and Resources
- "Physics of Billiards and Pool" by John Doe
- Online simulations of elastic collisions
- Educational videos demonstrating conservation of momentum
- Articles on material science in sports equipment design

By mastering the physics behind billiard ball interactions, players and
engineers alike can optimize performance, design better equipment, and enjoy
a richer understanding of the fundamental principles governing motion and
energy transfer.

Frequently Asked Questions

What is the initial velocity of the first billiard
ball before the collision?

The initial velocity of the first billiard ball is 8.6 m/s.

What is the mass of each billiard ball involved in
the collision?

Each billiard ball has a mass of 0.28 kg.

What is the final velocity of the second ball after
the collision?

The second ball's final velocity depends on the type of collision, but
typically, if the first ball comes to rest after the collision, the second
ball will move with approximately the initial velocity of the first ball (8.6
m/s) in an elastic collision.

Does the collision between the two billiard balls
conserve momentum?

Yes, assuming an elastic collision, momentum is conserved during the
interaction.

How does the conservation of kinetic energy apply to
this collision scenario?

If the collision is elastic, kinetic energy is conserved; the initial kinetic
energy of the first ball is transferred to the second ball, which then moves
with the initial velocity, while the first ball comes to rest.

Additional Resources
A Billiard Ball Of Mass 0.28 Kg Hits A Second, Identical Ball At A Speed Of
8.6 M/s And Comes To Rest



---

Introduction

Billiards, a classic game of precision and physics, offers an excellent real-
world context to explore fundamental principles like momentum, impulse, and
energy transfer. When analyzing a simple scenario involving two identical
billiard balls—one stationary and the other moving—we can delve into the
intricacies of collision mechanics, how energy is conserved or dissipated,
and what the outcomes reveal about physical laws. In this detailed review, we
examine a specific case: a billiard ball of mass 0.28 kg strikes an identical
stationary ball at a speed of 8.6 m/s and comes to rest afterward. We will
analyze the physics behind this event, considering various factors such as
types of collisions, energy transfer, and implications in real-world billiard
play.

---

Basic Parameters and Assumptions

Before delving into the detailed analysis, let’s outline the key parameters
and assumptions:

- Mass of each billiard ball (m): 0.28 kg
- Initial velocity of the moving ball (u): 8.6 m/s
- Initial velocity of the stationary ball (v): 0 m/s
- Final velocity of the moving ball (u’): 0 m/s (comes to rest)
- Final velocity of the stationary ball (v’): ? (to be determined)
- Type of collision: Likely elastic or inelastic; we will analyze both
possibilities.
- Friction and external forces: Neglected for simplicity; assume a
frictionless environment during collision.

---

Fundamental Concepts in Collision Mechanics

Conservation of Momentum

One of the core principles governing collisions is the law of conservation of
linear momentum, which states:

> Total momentum before collision = Total momentum after collision

Expressed mathematically:

\[ m_1 u_1 + m_2 u_2 = m_1 v_1 + m_2 v_2 \]

Since the balls are identical:

\[ 0.28 \times u + 0.28 \times 0 = 0.28 \times v_1 + 0.28 \times v_2 \]

This simplifies to:

\[ 0.28 u = 0.28 v_1 + 0.28 v_2 \]
\[ u = v_1 + v_2 \]

where:



- \( u \): initial velocity of moving ball = 8.6 m/s
- \( v_1 \): final velocity of initially moving ball
- \( v_2 \): final velocity of stationary ball

---

Conservation of Kinetic Energy

In ideal cases, collisions are elastic, meaning kinetic energy is conserved:

\[ \frac{1}{2} m u^2 = \frac{1}{2} m v_1^2 + \frac{1}{2} m v_2^2 \]

Simplify:

\[ u^2 = v_1^2 + v_2^2 \]

However, real billiard collisions often involve some energy loss due to
deformation, sound, and friction, making them partially inelastic. We will
analyze both scenarios.

---

Analyzing the Collision: Elastic Case

Perfectly Elastic Collision Between Two Identical Masses

In a one-dimensional elastic collision between two identical masses, a well-
known result is:

- The moving ball transfers all its velocity to the stationary ball.
- The moving ball comes to rest.
- The stationary ball moves away with the initial velocity of the moving
ball.

Mathematically:

\[ v_1 = 0 \]
\[ v_2 = u \]

This outcome perfectly aligns with the scenario described: the moving ball
hits the stationary ball at 8.6 m/s and comes to rest, while the stationary
ball moves away at 8.6 m/s.

Implications:

- The collision is perfectly elastic.
- There is no energy loss; kinetic energy is conserved.
- The momentum transfer is complete; the initial kinetic energy of the moving
ball is now entirely in the stationary ball.

---

Analyzing the Collision: Inelastic or Partially Inelastic Case

In real-world billiards, collisions are not perfectly elastic. Some energy is
dissipated, often as sound, heat, or minor deformations. Let’s consider an
inelastic collision where the moving ball transfers some, but not all, of its
momentum, and the balls do not behave as perfectly elastic bodies.



Coefficient of Restitution (e)

The coefficient of restitution quantifies how "bouncy" a collision is:

\[ e = \frac{\text{relative speed after collision}}{\text{relative speed
before collision}} \]

For one-dimensional collisions:

\[ e = \frac{v_2 - v_1}{u_1 - u_2} \]

Given:

- \( u_1 = 8.6\, \text{m/s} \)
- \( u_2 = 0 \)

and assuming after the collision:

- \( v_1 \): velocity of the initially moving ball
- \( v_2 \): velocity of the stationary ball

Since the moving ball comes to rest:

\[ v_1 = 0 \]
\[ v_2 = ? \]

The relative speed after collision:

\[ v_2 - v_1 = v_2 - 0 = v_2 \]

The relative speed before collision:

\[ u_1 - u_2 = 8.6 - 0 = 8.6\, \text{m/s} \]

Given the initial momentum transfer:

\[ m u = m v_2 \]
\[ v_2 = u = 8.6\, \text{m/s} \]

The coefficient of restitution:

\[ e = \frac{8.6}{8.6} = 1 \]

which indicates a perfectly elastic collision.

Conclusion: If the ball comes to rest after impact and the stationary ball
moves at the initial speed of the moving ball, the collision is effectively
elastic with coefficient \( e = 1 \).

---

Real-World Considerations and Energy Dissipation

While the idealized physics points to a perfect elastic collision, real
billiard balls do not behave perfectly elastically due to:

- Material deformation: Slight compression during impact dissipates some
energy.
- Sound production: Collisions produce sound energy.



- Frictional forces: Contact with the cloth and air resistance reduce kinetic
energy slightly.

These factors mean the actual velocity of the stationary ball post-collision
might be slightly less than 8.6 m/s, and the moving ball might not come to a
complete stop, or it might rebound with reduced speed.

---

Energy Transfer and Efficiency

Calculation of Kinetic Energy Before and After Collision

- Initial kinetic energy:

\[ KE_{initial} = \frac{1}{2} m u^2 \]
\[ KE_{initial} = 0.5 \times 0.28 \times (8.6)^2 \]
\[ KE_{initial} = 0.14 \times 73.96 \approx 10.354\, \text{J} \]

- Final kinetic energy (assuming perfect transfer):

\[ KE_{final} = \frac{1}{2} m v_2^2 \]
\[ KE_{final} = 0.14 \times (8.6)^2 \approx 10.354\, \text{J} \]

This indicates energy conservation, confirming an elastic collision.

- In real scenarios, some energy is lost:

\[ KE_{lost} = KE_{initial} - KE_{final} \]

which could be a few percent or more depending on the collision's elasticity.

---

Momentum and Energy in Practice

In billiard physics, the idealized outcome is that the moving ball transfers
all its momentum and energy to the stationary ball, which then proceeds with
the initial velocity.

Practical observations:

- When a cue ball strikes a stationary ball in a straight line, the ideal
outcome matches the elastic collision model.
- The cue ball often slows down considerably or stops, matching the
assumption that it transfers most of its momentum.
- The struck ball moves off at roughly the initial velocity of the cue ball,
assuming minimal energy loss.

---

Implications in Billiards and Real-World Application

Skillful Shot Design

Understanding these physics principles allows players to:

- Predict the outcome of shots based on collision angles and speeds.
- Control the transfer of momentum to position balls strategically.



- Minimize energy losses by choosing optimal striking points and angles.

Equipment Design and Material Choice

Manufacturers design billiard balls and tables considering:

- Material elasticity to promote elastic collisions.
- Surface friction to control ball speed and spin.
- Consistent ball weight and composition to ensure predictable physics.

Limitations and Real-World Deviations

Despite the idealized models, real-world factors influence outcomes:

- Slight imperfections in ball surface or table cloth.
- Spin imparted on balls complicates straight-line predictions.
- External forces like air currents and table imperfections.

---

Advanced Considerations

Oblique Collisions

The analysis so far assumes head-on (linear) collisions. In practice,
collisions often occur at angles, leading to:

- Complex momentum transfer involving both linear and angular components.
- Spin effects influencing rebound angles and speeds.
- The need for vector decomposition to analyze velocity components.

Conservation Laws in Oblique Collisions

In non-head-on collisions:

- Both momentum components (parallel and perpendicular to the impact line)
are conserved separately.
-

A Billiard Ball Of Mass 0 28 Kg Hits A Second Identical Ball At
A Speed Of 8 6 M S And Comes To Rest

A Billiard Ball Of Mass 0 28 Kg Hits A Second Identical Ball At A Speed Of 8 6 M S And Comes To
Rest

Related Articles
What Would Most Likely Happen If There Were No Condensation Stage In The Water
Cycle?Water Could Not
A Compound Is 5.9265% Hydrogen And 94.0735% Oxygen. It Has A Molecular Mass Of
34.0147 G/mol. What Is
4. For The Ddel-digested, Mutant Beta-globin Sequence, How Many Nucleotides Are In Each
Fragment? How

https://sip.evo9x.com/ma16/a-billiard-ball-of-mass-0-28-kg-hits-a-second-identical-ball-at-a-speed-of-8-6-m-s-and-comes-to-rest.pdf
https://sip.evo9x.com/ma16/a-billiard-ball-of-mass-0-28-kg-hits-a-second-identical-ball-at-a-speed-of-8-6-m-s-and-comes-to-rest.pdf
https://sip.evo9x.com/ma16/what-would-most-likely-happen-if-there-were-no-condensation-stage-in-the-water-cycle-water-could-not.pdf
https://sip.evo9x.com/ma16/what-would-most-likely-happen-if-there-were-no-condensation-stage-in-the-water-cycle-water-could-not.pdf
https://sip.evo9x.com/ma16/a-compound-is-5-9265-hydrogen-and-94-0735-oxygen-it-has-a-molecular-mass-of-34-0147-g-mol-what-is.pdf
https://sip.evo9x.com/ma16/a-compound-is-5-9265-hydrogen-and-94-0735-oxygen-it-has-a-molecular-mass-of-34-0147-g-mol-what-is.pdf
https://sip.evo9x.com/ma16/4-for-the-ddel-digested-mutant-beta-globin-sequence-how-many-nucleotides-are-in-each-fragment-how.pdf
https://sip.evo9x.com/ma16/4-for-the-ddel-digested-mutant-beta-globin-sequence-how-many-nucleotides-are-in-each-fragment-how.pdf


Back to Home

https://sip.evo9x.com

