A Box Sliding On A Frictionless Surface
Collides And Sticks To A Second Identical Box
Which Is Initially

A Box Sliding On A Frictionless Surface Collides And Sticks To A Second Identical Box
Which Is Initially a classic problem in physics that explores principles of conservation of
momentum, elastic and inelastic collisions, and energy transfer. This scenario is frequently
encountered in introductory physics courses and is fundamental for understanding how objects
interact in idealized conditions. In this comprehensive article, we will delve into the details of this
problem, examining the underlying physics principles, mathematical formulations, real-world
applications, and variations of the scenario.

Understanding the Scenario: The Basic Setup

Imagine a frictionless horizontal surface where two identical boxes are placed. One box is moving with
a certain velocity, while the other is initially at rest. When the moving box collides with the stationary

box, the two stick together and move as a single combined mass afterward. This situation is a classic

example of an inelastic collision, where kinetic energy is not conserved, but momentum is.

Key elements of the scenario include:

- The surface is idealized as frictionless, removing resistance to motion.

- The two boxes are identical in mass, which simplifies calculations.

- The initial velocity of the moving box is known, while the stationary box's velocity is zero.
- The collision results in the two boxes sticking together (perfectly inelastic collision).

Fundamental Physics Principles Involved

Understanding this scenario requires familiarity with several core physics principles:

1. Conservation of Momentum

- Momentum (\( p'\)) is conserved in a closed system with no external forces.

- Mathematically: \(m_1 v _{1li} + m_2v_{2i} =m_1v_{1f} + m_2 v_{2f}\)

- For the case where \( m_1 = m_2), initial velocities are known, and final velocities can be calculated
accordingly.



2. Conservation of Energy

- In perfectly elastic collisions, kinetic energy is conserved.
- However, in inelastic collisions (like the boxes sticking together), kinetic energy is not conserved due
to deformation or heat, but the total energy (including internal energy) remains conserved.

3. Types of Collisions

- Elastic collision: Kinetic energy and momentum are conserved.
- Inelastic collision: Momentum is conserved, but kinetic energy is not.
- Perfectly inelastic collision: When objects stick together after collision, maximizing energy loss.

Mathematical Analysis of the Collision

Let's analyze the problem step by step.

Initial Conditions:

- Mass of each box: \( m\)
- Initial velocity of moving box: \( v_{1i} = v)
- Stationary box: \(v_{2i} = 0\)

Post-Collision Conditions:

- Final velocity of the combined mass: \( v_f\)

Applying Conservation of Momentum:

\[
mv+ mi\times0=(m+m)v_f
\]

\[
mv=2myv_f
\]

\[
v_f=\frac{v}{2}
\]

Result: After the collision, the two boxes move together at half the initial velocity of the moving box.



Implication on Kinetic Energy:
- Initial kinetic energy:
\[

KE_{initial} = \frac{1}{2} mv~2
\]

- Final kinetic energy:

\[

KE {final} = \frac{1}{2} (2m) \left( \frac{v}{2} \right)~2 = m \times \frac{v"~2}{4} = \frac{1}{4}
mv~2

\]

- Energy lost during collision:

\[
\Delta KE = KE_{initial} - KE_{final} = \frac{1}{2} mv~2 -\frac{1}{4} mv"2 = \frac{1}{4} mv"2
\]

Note: The energy loss signifies the inelastic nature of the collision; some kinetic energy is converted
to internal energy, heat, or deformation.

Real-World Applications and Significance

Understanding this idealized collision scenario has practical significance in various fields:

1. Vehicle Crash Testing

- The principles of inelastic collisions are fundamental in analyzing vehicle safety.
- Engineers study how vehicles behave during collisions, especially in crashes where parts stick
together or deform.

2. Particle Physics

- Collisions of particles often involve inelastic interactions, where particles fuse or produce new
particles.
- Understanding momentum transfer helps in designing experiments and interpreting collision data.

3. Material Science and Engineering

- Studying how materials absorb energy during collisions informs the design of impact-resistant
materials.



4. Robotics and Automated Systems

- Precise understanding of collision dynamics aids in programming robots to interact safely with their
environment.

Variations of the Scenario

While the basic problem involves two identical boxes on a frictionless surface, numerous variations
can provide deeper insights:

1. Different Masses

- If the boxes are of unequal mass, the final velocity of the combined object and the energy loss will
differ.
- General formula:

\[
v f=\frac{m 1v {1li} + m 2v {2i}}{m 1+ m 2}
\]

2. Elastic Collisions

- For elastic collisions, kinetic energy is conserved.
- The velocities after collision are found using both conservation of momentum and energy.

3. Partially Inelastic Collisions

- When objects partially stick or bounce, the analysis involves coefficients of restitution, which
quantify how "bouncy" the collision is.

4. External Forces and Friction

- Introducing friction or external forces complicates the analysis but offers more realistic modeling.

5. Three-Dimensional Collisions

- Extending the problem to 3D involves vector analysis of velocities and angles.



Practical Demonstrations and Experiments

To better understand the concepts, conducting simple experiments or using simulations can be very
effective:

e Using Air Tables: Simulate frictionless collisions with puck or disks to observe momentum
transfer.

e Computer Simulations: Physics software can model inelastic collisions with adjustable
parameters.

e Educational Kits: Use toy cars or boxes to demonstrate conservation laws in real-world
settings.

Key Takeaways and Summary

- In a frictionless environment, the collision of two identical boxes where one is initially moving and
the other at rest results in the boxes sticking together and moving at half the initial velocity of the
moving box.

- Momentum is conserved, while kinetic energy decreases due to inelasticity.

- The analysis involves straightforward algebra, but the concepts extend to more complex real-world
scenarios.

- Understanding these principles is essential in fields like automotive safety, particle physics, and
engineering.

Conclusion

The problem of a box sliding on a frictionless surface colliding and sticking to an identical stationary
box encapsulates fundamental physics concepts. It demonstrates the conservation of momentum, the
nature of inelastic collisions, and energy transfer during impact. By mastering this scenario, students
and professionals can better understand the dynamics of real-world collisions, designing safer
vehicles, interpreting particle interactions, and developing impact-resistant materials. Whether in
academic study or practical application, the principles derived from this simple yet profound problem
are widely applicable and form a cornerstone of classical mechanics.

Keywords for SEO Optimization:



- Inelastic collision physics

- Conservation of momentum examples
- Perfectly inelastic collision formula

- Frictionless surface collision

- Box collision problem

- Dynamics of colliding objects

- Energy loss during collision

- Vehicle crash analysis principles

- Particle physics collision models

- Impact energy transfer

Frequently Asked Questions

What happens when a moving box collides and sticks to a
stationary identical box on a frictionless surface?

The two boxes combine and move together with a common velocity, conserving momentum, resulting
in a decrease in their combined velocity compared to the initial moving box.

How is the final velocity of the combined boxes determined
after the collision?

Since the surface is frictionless and the boxes are identical, the final velocity is the average of the
initial velocities weighted by their masses. If one box is stationary, the final velocity is half of the
initial velocity of the moving box.

Does kinetic energy remain conserved during the collision
when the boxes stick together?

No, kinetic energy is not conserved in inelastic collisions like this where the boxes stick together;
some energy is lost as deformation or heat, but momentum is conserved.

What is the principle of conservation of momentum applied in
this scenario?

The total momentum before collision equals the total momentum after collision. For example, if one
box is moving and the other stationary, the combined velocity after collision can be calculated using
the initial momentum values.

If the initial velocity of the moving box is v, what is the
velocity of the combined boxes after they stick together?

If both boxes are identical and one is initially at rest, the velocity after collision is v/2.



Can this type of collision be used to analyze real-world
inelastic collisions?

Yes, this simplified model helps understand basic principles of inelastic collisions, but real-world
collisions may involve friction, deformation, and energy loss, making the analysis more complex.

What assumptions are made in analyzing the collision of
these two boxes?

The assumptions include a frictionless surface, no external forces acting during the collision, identical
mass of the boxes, and perfectly inelastic collision where the boxes stick together.

Additional Resources

Collision between Two Identical Boxes on a Frictionless Surface: An In-Depth Analysis

In the realm of classical mechanics, collisions serve as fundamental phenomena that reveal the
intricacies of momentum, energy transfer, and the conservation laws governing physical systems.
Among the numerous collision scenarios, the interaction of two identical boxes sliding on a frictionless
surface presents a particularly instructive case. When one box collides with and sticks to another
initially at rest, it exemplifies an inelastic collision where kinetic energy is not conserved, but
momentum remains conserved. This scenario is not only pedagogically significant but also provides
insights applicable in various fields—from engineering design to astrophysics. This article offers a
comprehensive exploration of this collision event, examining the physics principles, mathematical
descriptions, and broader implications.

Understanding the Setup: The Physical Scenario

Initial Conditions and Assumptions

The scenario involves two identical boxes placed on a perfectly frictionless horizontal surface. To set
the stage:

- Box A: Moving with an initial velocity \( v_{A,i} \) toward the second box.

- Box B: Initially at rest with velocity \( v_{B,i} = 0).

- Surface: Assumed to be frictionless, eliminating energy dissipation through frictional forces.
- Collision: Occurs when Box A contacts Box B, and the boxes stick together post-collision.

The assumption of perfect rigidity and no external forces ensures that momentum conservation
principles are valid and simplifies the analysis.



Why Is This Scenario Significant?

This particular setup allows for a clear illustration of inelastic collisions in classical mechanics. It
demonstrates the fundamental principles—such as conservation of linear momentum—while
emphasizing the role of the coefficient of restitution in characterizing collision elasticity. Furthermore,
understanding this interaction is crucial in fields like material science, vehicle crash analysis, and the
design of mechanical systems where energy dissipation occurs during impacts.

The Physics Principles at Play

Conservation of Momentum

One of the cornerstones of classical mechanics, the law of conservation of momentum states:

> In an isolated system, the total linear momentum before collision equals the total linear momentum
after collision.

Mathematically:

\[
m_Av {Ai} +mBv {Bi} =m_Av {Af} + m_Bv {B,f}
\]

where:

-\(m_A\)and \( m_B) are the masses of Box A and B, respectively.
-\(v_{A,i} \) and \( v_{B,i} \) are their initial velocities.
-\(v_{Af}\) and \( v_{B,f} ) are their final velocities after collision.

Since the boxes are identical, \(m_A=m B =m\)).

Coefficient of Restitution and Inelastic Collisions

The coefficient of restitution \( e \) quantifies how "bouncy" a collision is:

\[
e = \frac{\text{relative speed of separation} } {\text{relative speed of approach}} = \frac{v_{B,f} -

v_{Af}H{v_{Ai} -v_{B,i}}
\]

- For perfectly elastic collisions, \( e = 1).
- For perfectly inelastic collisions, where objects stick together, \(e =0).

In this scenario, because the boxes stick after collision, \( e = 0).



Mathematical Analysis of the Collision

Initial Conditions and Variables

Given:

-\(mA=mB=m)),

-\(v_{Ai} =v_0)),

-\(v_{B,i} =0V),

- Post-collision velocities: \( v_{A,f} \), \( v_{B,f} \).

Since the collision is perfectly inelastic (\( e=0)), the two boxes move together after impact, sharing
a common velocity \( v_f\).

Applying Conservation of Momentum

Before collision:

\[
p_{initial} =mv 0+ 0=mv_0
\]

After collision:

\[

p_{final} =(m+ m) v f=2myv_f

\]

Equating:

\[

mv_0 =2 mv_f\Rightarrow v_f = \frac{v_0}{2}
\]

Result: The combined mass moves with half the initial velocity of Box A.

Energy Considerations

Since the collision is perfectly inelastic, kinetic energy is not conserved. The initial kinetic energy:

\[
KE {initial} = \frac{1}{2} mv 072
\]

Final kinetic energy:



\[

KE_{final} = \frac{1}{2} (2m) \left( \frac{v_0}{2} \right)"2 = m \frac{v_072}{4} = \frac{1}{4} m
v 072

\]

The energy lost during collision:

\[

\Delta KE = KE_{initial} - KE_{final} = \frac{1}{2} mv_072 -\frac{1}{4} mv_ 072 =\frac{1}{4} m
v 072

\]

This energy dissipates as deformation, heat, sound, or internal vibrations.

Implications and Broader Context

Real-World Applications

Understanding such idealized collisions informs various practical applications:

- Vehicle Safety: Crash tests often analyze inelastic collisions to gauge energy absorption and
passenger safety.

- Material Testing: Impact tests assess how materials deform and absorb energy during collisions.
- Robotics and Automation: Collision detection and response algorithms rely on principles derived
from inelastic collision physics.

- Astrophysics: Collisions between celestial bodies, such as asteroids, involve inelastic interactions
affecting orbital dynamics.

Limitations of the Model

While instructive, the simplified model assumes:

- Perfectly frictionless surfaces, which are idealized conditions.

- No deformation or heat generation, which occur in real impacts.

- Strictly inelastic collision, whereas most real-world impacts fall somewhere between elastic and
inelastic.

Incorporating factors like friction, deformation, and energy dissipation leads to more complex models,
but the fundamental principles remain similar.

Extensions and Variations of the Scenario



Partially Inelastic Collisions

If the collision is not perfectly inelastic (\( 0 < e < 1)), the final velocities can be derived from the
conservation of momentum and the restitution coefficient:

\[
v_{B.f} -v_{Af} = e (v_{A,i} -v_{B,i})
\]

Given initial velocities, solving for \( v_{A,f}\) and \( v_{B,f} \) involves simultaneous equations,
revealing a spectrum of possible outcomes depending on the value of \( e \).

Different Mass Ratios

Varying the mass ratio \( m_A/m_B'\) alters the post-collision velocities. For example, if the two boxes
are not identical, the final velocities can be computed similarly, but the results differ, illustrating the
importance of mass distribution.

Energy Dissipation Mechanisms

In real applications, understanding how energy is dissipated during inelastic collisions is crucial.
Factors include:

- Material deformation
- Sound emission
- Heat generation

Modeling these phenomena requires sophisticated material science and thermodynamics
considerations.

Conclusion: The Significance of Collision Analysis

The collision between two identical boxes on a frictionless surface exemplifies fundamental principles
of physics—most notably, the conservation of momentum and the behavior of inelastic collisions.
Through mathematical modeling, it becomes evident that while momentum remains conserved,
kinetic energy diminishes during the process, transforming into other energy forms. Such analyses
underpin countless technological and scientific endeavors, from designing safer vehicles to
understanding cosmic events. Although idealized, these models serve as vital educational tools,
providing a foundation upon which more complex and realistic scenarios can be understood and
analyzed. Ultimately, studying these collisions enriches our comprehension of the physical universe,
revealing the elegant yet intricate dance of energy and momentum that governs motion and impact.
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