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Understanding the dynamics of collisions is fundamental in physics, especially when analyzing real-
world phenomena involving moving objects. In this article, we explore the scenario where a small
marble, with a mass of 0.018 kg, slides to the right at a velocity of 0.42 m/s on a frictionless surface
and makes an elastic head-on collision with another object. We will analyze the principles governing
such collisions, calculate the outcomes, and discuss the implications of the elastic nature of the
collision.

Fundamentals of Collision Physics

Before diving into the specifics of the marble's motion, it is essential to understand the basic
principles that govern collisions, especially elastic ones.

What Is an Elastic Collision?

An elastic collision is a type of collision where:

Both kinetic energy and momentum are conserved.

There is no permanent deformation or generation of heat during the collision.

The colliding objects rebound without losing energy to internal heating or deformation.

In contrast, in an inelastic collision, some kinetic energy is transformed into other forms of energy,
such as heat or sound.

Conservation Laws Involved

Two main conservation principles apply during elastic collisions:

Conservation of Momentum: The total momentum before and after collision remains1.
constant.



Conservation of Kinetic Energy: The total kinetic energy of the system remains unchanged.2.

Mathematically, these principles can be expressed as:

- Momentum: \( m_1 v_{1i} + m_2 v_{2i} = m_1 v_{1f} + m_2 v_{2f} \)
- Kinetic Energy: \( \frac{1}{2} m_1 v_{1i}^2 + \frac{1}{2} m_2 v_{2i}^2 = \frac{1}{2} m_1
v_{1f}^2 + \frac{1}{2} m_2 v_{2f}^2 \)

where:

- \( m_1, m_2 \) are the masses of the objects,
- \( v_{1i}, v_{2i} \) are their initial velocities,
- \( v_{1f}, v_{2f} \) are their final velocities.

Scenario Description and Assumptions

In our specific scenario:

- A marble with mass \( m_1 = 0.018\, \text{kg} \) is moving to the right at \( v_{1i} = 0.42\,
\text{m/s} \).
- The marble collides head-on with an identical object, or a stationary object, depending on the
problem setup.
- The surface is frictionless, eliminating energy losses due to friction.
- The collision is perfectly elastic.

For simplicity, we will consider two cases:

1. Collision with a stationary object of the same mass.
2. Collision with a stationary object of different mass.

We will analyze each case to understand how velocities change post-collision.

Analyzing the Collision with a Stationary Object of
Equal Mass

Suppose the marble collides head-on with a stationary object of equal mass \( m_2 = 0.018\,
\text{kg} \). The initial velocities are:

- \( v_{1i} = 0.42\, \text{m/s} \) (marble)
- \( v_{2i} = 0\, \text{m/s} \) (stationary object)

Since the masses are equal and the collision is elastic, the velocities after the collision are well-
known:



- The moving object (marble) will come to rest.
- The stationary object will move to the right with the initial velocity of the marble.

Mathematically:

\[
v_{1f} = v_{2i} = 0\, \text{m/s}
\]
\[
v_{2f} = v_{1i} = 0.42\, \text{m/s}
\]

Implication: The marble effectively transfers its velocity to the stationary object, bouncing back with
zero velocity.

Note: In the case where the objects are identical, the velocities simply swap.

Analyzing the Collision with a Stationary Object of
Different Mass

If the stationary object has a different mass \( m_2 \), the velocities after collision can be calculated
using the elastic collision formulas:

\[
v_{1f} = \frac{(m_1 - m_2) v_{1i} + 2 m_2 v_{2i}}{m_1 + m_2}
\]

\[
v_{2f} = \frac{(m_2 - m_1) v_{2i} + 2 m_1 v_{1i}}{m_1 + m_2}
\]

Assuming the second object is initially stationary:

\[
v_{2i} = 0
\]

then the final velocities become:

\[
v_{1f} = \frac{(m_1 - m_2) v_{1i}}{m_1 + m_2}
\]

\[
v_{2f} = \frac{2 m_1 v_{1i}}{m_1 + m_2}
\]

Example: If the second object weighs 0.036 kg (twice the marble's mass):



\[
m_2 = 0.036\, \text{kg}
\]

then:

\[
v_{1f} = \frac{(0.018 - 0.036) \times 0.42}{0.018 + 0.036} = \frac{-0.018 \times 0.42}{0.054}
\approx -0.14\, \text{m/s}
\]

\[
v_{2f} = \frac{2 \times 0.018 \times 0.42}{0.054} \approx 0.28\, \text{m/s}
\]

This indicates that after collision:

- The marble reverses direction, moving to the left at approximately 0.14 m/s.
- The larger mass accelerates to the right at 0.28 m/s.

Implications of the Collision Dynamics

The above calculations demonstrate several key points:

Velocity Transfer: In elastic collisions, the initial velocity of the moving object can be1.
transferred completely or partially depending on mass ratios.

Reversal of Direction: For equal masses, objects swap velocities; for different masses, the2.
lighter object may reverse direction and lose speed.

Energy Conservation: Total kinetic energy remains constant, but individual objects' energies3.
change based on mass and initial velocities.

Furthermore, understanding these principles allows for applications across various fields, including
molecular physics, engineering, and even sports physics.

Real-World Applications and Experimental
Demonstrations

Studying elastic collisions with small objects like marbles provides a tangible way to understand
conservation laws. Some practical applications include:



Designing Billiard and Pool Games: Predicting ball movements after collisions.1.

Understanding Molecular Collisions: Molecules collide elastically in gases, influencing2.
properties like pressure and temperature.

Engineering Impact Analysis: Analyzing the impact of small objects in machinery or safety3.
devices.

Experimental setups often involve:

- Using high-speed cameras to observe collision details.
- Measuring velocities before and after impact with motion sensors.
- Verifying conservation of momentum and kinetic energy.

Limitations and Real-World Considerations

While idealized models assume perfectly elastic collisions and frictionless surfaces, real-world
scenarios involve:

Energy Losses: Friction, deformation, and heat generation reduce the amount of kinetic
energy conserved.

Material Properties: Elasticity depends on material deformation characteristics.

Measurement Challenges: Precise velocity measurements are necessary for accurate
analysis.

Thus, while theoretical calculations provide valuable insights, real-world experiments often involve
minor deviations.

Conclusion

The scenario where a 0.018 kg marble slides to the right at 0.42 m/s on a frictionless surface and
makes an elastic head-on collision illustrates fundamental physics principles clearly. By applying
conservation of momentum and kinetic energy, we can accurately predict the velocities of objects
post-collision, understand energy transfer mechanisms, and appreciate the significance of elastic
collisions in both theoretical and practical contexts. Whether for educational demonstrations,
engineering applications, or understanding molecular interactions, analyzing such simple systems
enhances our grasp of the dynamic nature of physical interactions.

Key Takeaways:



- Elastic collisions conserve both momentum and kinetic energy.
- Velocity transfer depends on mass ratios.
- In ideal conditions, objects swap velocities or reverse direction without energy loss.
- Real-world factors often introduce minor deviations, but foundational

Frequently Asked Questions

What is the initial kinetic energy of the marble?
The initial kinetic energy is calculated using KE = (1/2) m v² = 0.5 0.018 kg (0.42 m/s)² ≈ 0.0016
Joules.

What happens to the kinetic energy after the elastic collision?
In an elastic head-on collision on a frictionless surface, the marble's kinetic energy is conserved, so it
maintains approximately 0.0016 Joules after the collision.

How is momentum conserved in this elastic collision?
Since there are no external forces, the total momentum before and after the collision remains the
same, meaning the marble's momentum is conserved throughout the process.

What are the possible outcomes for the marble after the
collision?
In a head-on elastic collision with an identical mass, the marble will either reverse direction or transfer
its velocity to the colliding object, depending on the other object's properties. If it collides with a
stationary identical mass, they will exchange velocities.

How does the assumption of a frictionless surface affect the
collision analysis?
A frictionless surface ensures no energy is lost to friction, making the collision perfectly elastic with
conservation of both kinetic energy and momentum.

Can the velocity of the marble change after the collision?
Yes, in an elastic head-on collision with an identical mass, the marble's velocity may reverse direction
or change magnitude, but total kinetic energy and momentum remain conserved.

What real-world applications involve similar elastic collisions?
Elastic collisions are fundamental in billiards, particle physics experiments, and understanding atomic
interactions, where energy and momentum are conserved during collisions.



Additional Resources
A 0.018 kg marble sliding to the right at 0.42 m/s on a frictionless surface makes an
elastic head-on collision with another object, exemplifies fundamental principles of physics,
specifically the conservation of momentum and kinetic energy. This seemingly simple event
encapsulates key concepts central to classical mechanics, offering profound insights into how energy
and motion behave during interactions. Understanding this scenario involves delving into the
foundational laws governing elastic collisions, the characteristics of the objects involved, and the
implications of the collision dynamics.

---

Understanding the Scenario: The Marble and Its
Environment

The Marble’s Properties and Initial Conditions

The primary object in this scenario is a marble with a mass of 0.018 kilograms—roughly equivalent to
18 grams. Its initial velocity is given as 0.42 meters per second directed to the right on a frictionless
surface. These parameters are essential because:

- Mass (m): The mass determines the inertia of the marble, influencing how much it resists changes in
motion during the collision.
- Initial Velocity (v₁): The initial speed and direction influence the momentum of the marble before
impact.
- Frictionless Surface: The absence of friction ensures that no external horizontal forces act on the
marble, allowing the application of conservation laws without additional complexities.

The choice of such a small mass is typical for marbles, which are often used in physics experiments to
demonstrate elastic collisions. The frictionless surface, often simulated through air tracks or smooth
tables, ensures that the system is idealized, emphasizing the conservation principles.

The Colliding Object: Characteristics and Assumptions

While the initial statement mentions a collision with "another object," to analyze the event
thoroughly, assumptions must be made about this object:

- Mass and Velocity: For an elastic, head-on collision, the properties of the second object significantly
influence the outcome. Typical scenarios consider either a stationary object or one moving at a known
velocity.
- Elastic Collision Assumption: The collision is elastic, meaning kinetic energy and momentum are
conserved. This assumption implies no energy loss due to deformation, sound, or heat, which is an
idealization but useful for theoretical analysis.
- Object Type: The second object can be another marble or a rigid body with specified mass and



velocity, depending on the context.

Understanding these properties provides the foundation for applying physics laws accurately to
predict post-collision velocities and behaviors.

---

Fundamental Principles Governing the Collision

Conservation of Momentum

One of the core principles in analyzing collisions is the law of conservation of momentum, which
states that:

In an isolated system with no external forces, the total momentum before the collision equals the
total momentum after.

Mathematically, for two objects:

\[ m_1 v_{1i} + m_2 v_{2i} = m_1 v_{1f} + m_2 v_{2f} \]

Where:

- \( m_1, m_2 \): masses of the objects (marble and the other object)
- \( v_{1i}, v_{2i} \): initial velocities
- \( v_{1f}, v_{2f} \): final velocities after collision

In this scenario, with the marble moving initially and assuming the second object is stationary, the
momentum conservation simplifies to:

\[ m_{marble} \times v_{initial} = m_{marble} \times v_{marble\_final} + m_{other} \times
v_{other\_final} \]

This equation allows calculation of the velocities after impact, given the initial conditions.

Conservation of Kinetic Energy in Elastic Collisions

Elastic collisions are characterized by the preservation of kinetic energy:

\[ \frac{1}{2} m_1 v_{1i}^2 + \frac{1}{2} m_2 v_{2i}^2 = \frac{1}{2} m_1 v_{1f}^2 +
\frac{1}{2} m_2 v_{2f}^2 \]

Since the collision occurs on a frictionless surface and is elastic, both momentum and kinetic energy
are conserved. This dual conservation provides a system of equations that can be solved for the
unknown final velocities.



---

Analytical Approach to the Collision Dynamics

Assuming a Stationary Second Object

For simplicity, consider the second object to be initially at rest (\( v_{2i} = 0 \)). This is a common
setup to analyze the collision mechanics:

- Initial Conditions:
- \( m_1 = 0.018\,kg \)
- \( v_{1i} = 0.42\,m/s \)
- \( v_{2i} = 0\,m/s \)

Applying conservation laws:

1. Momentum:

\[ m_1 v_{1i} = m_1 v_{1f} + m_2 v_{2f} \]

2. Kinetic Energy:

\[ \frac{1}{2} m_1 v_{1i}^2 = \frac{1}{2} m_1 v_{1f}^2 + \frac{1}{2} m_2 v_{2f}^2 \]

These two equations can be solved simultaneously to find \( v_{1f} \) and \( v_{2f} \).

Deriving Final Velocities

The solution involves some algebraic manipulation:

- From the conservation of momentum:

\[ m_1 v_{1i} = m_1 v_{1f} + m_2 v_{2f} \]

- From the conservation of kinetic energy:

\[ m_1 v_{1i}^2 = m_1 v_{1f}^2 + m_2 v_{2f}^2 \]

Given the mass of the second object, the equations can be rearranged and solved for the final
velocities. For identical masses, the velocities simply swap in elastic collisions, but with different
masses, the velocities are more nuanced.

Special case for equal masses: If \( m_1 = m_2 \), then:

- The moving object comes to rest.



- The stationary object moves with the initial velocity of the first.

For different masses: More complex calculations are involved, often requiring solving quadratic
equations.

---

Expected Outcomes and Physical Insights

Velocity Changes Post-Collision

The velocities of both objects after the collision depend heavily on their initial velocities and masses:

- For the marble (mass 0.018 kg): It will experience a change in velocity, possibly reversing direction if
the second object is stationary.
- For the second object: It will gain velocity in the initial direction of the marble or potentially in the
opposite direction, depending on mass ratios.

In real-world terms, if the second object is significantly more massive, the marble will slow down
considerably or even reverse direction, while the more massive object will have minimal velocity
change. Conversely, if the second object is comparable in mass, velocities will be exchanged or
redistributed accordingly.

Kinetic Energy and Momentum Conservation

Since the collision is elastic, the total kinetic energy before and after remains the same, confirming no
energy is lost to deformation, sound, or heat. This preservation is fundamental in idealized physics
models but rarely holds perfectly in real-world collisions due to energy dissipation.

Conservation of momentum ensures that the system's total momentum remains constant throughout
the interaction. These principles are crucial in understanding collision outcomes in numerous
applications, from sports to particle physics.

---

Real-World Applications and Broader Implications

Educational Demonstrations and Experiments

The described scenario serves as a classic physics experiment to illustrate conservation laws. It helps
students visualize how objects behave during collisions, reinforcing theoretical concepts through



tangible outcomes.

- Air Track Experiments: Using air tracks minimizes friction, providing a near-ideal environment for
observing elastic collisions.
- Collision Analysis: Measuring initial and final velocities allows students to verify conservation laws
quantitatively.

Engineering and Safety Considerations

Understanding elastic collisions informs the design of safer vehicles, sports equipment, and
machinery:

- Impact Absorption: Engineers design systems that maximize energy dissipation during collisions to
minimize damage.
- Material Selection: Materials that behave elastically can be used to reduce energy loss and improve
durability.

Implications in Particle Physics and Cosmology

At a more fundamental level, elastic collision principles underpin understanding interactions at the
subatomic scale, such as:

- Particle Collisions: In accelerators, particles collide elastically or inelastically, revealing properties of
matter.
- Cosmic Events: Collisions between celestial bodies often involve elastic interactions, influencing
formation and evolution.

---

Conclusion: The Significance of Elastic Collisions in
Physics

The event of a 0.018 kg marble sliding at 0.42 m/s making an elastic head-on collision on a
frictionless surface is a microcosm of classical mechanics principles. It demonstrates how energy and
momentum conservation govern physical interactions, providing foundational knowledge that extends
across various scientific and engineering disciplines. By analyzing such scenarios, scientists and
students alike deepen their understanding of the universe's fundamental laws, emphasizing the
elegance and predictability of physical phenomena.

In practical terms, mastering the concepts involved in elastic collisions enhances our ability to design
safer technologies, conduct precise experiments, and



A 0 018 Kg Marble Sliding To The Right At 0 42 M S On A
Frictionless Surface Makes A Elastic Head On

A 0 018 Kg Marble Sliding To The Right At 0 42 M S On A Frictionless Surface Makes A Elastic Head
On

Related Articles
A Banking App Requires Stringent Access Control Measures For Security Reasons.Which Of
The Following
1.32 The Voltage Across And Current Through A Certain Device Are Given Byv(t)=100(1e
0.2t)V,i(t)=30e
A (blindfolded) Marksman Finds That On The Average Hehits The Target 4 Times Out Of 5. If
He Fires 4

Back to Home

https://sip.evo9x.com/ma10/a-0-018-kg-marble-sliding-to-the-right-at-0-42-m-s-on-a-frictionless-surface-makes-a-elastic-head-on.pdf
https://sip.evo9x.com/ma10/a-0-018-kg-marble-sliding-to-the-right-at-0-42-m-s-on-a-frictionless-surface-makes-a-elastic-head-on.pdf
https://sip.evo9x.com/ma10/a-banking-app-requires-stringent-access-control-measures-for-security-reasons-which-of-the-following.pdf
https://sip.evo9x.com/ma10/a-banking-app-requires-stringent-access-control-measures-for-security-reasons-which-of-the-following.pdf
https://sip.evo9x.com/ma10/1-32-the-voltage-across-and-current-through-a-certain-device-are-given-byv-t-100-1e-0-2t-v-i-t-30e.pdf
https://sip.evo9x.com/ma10/1-32-the-voltage-across-and-current-through-a-certain-device-are-given-byv-t-100-1e-0-2t-v-i-t-30e.pdf
https://sip.evo9x.com/ma10/a-blindfolded-marksman-finds-that-on-the-average-hehits-the-target-4-times-out-of-5-if-he-fires-4.pdf
https://sip.evo9x.com/ma10/a-blindfolded-marksman-finds-that-on-the-average-hehits-the-target-4-times-out-of-5-if-he-fires-4.pdf
https://sip.evo9x.com

