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Introduction

Imagine two disks, each with a mass of 1 kg, moving in a frictionless
environment toward each other. Just before collision, they possess certain
velocities, setting the stage for an intriguing interaction governed by the
laws of physics. Understanding how these disks behave during and after their
collision not only deepens our grasp of classical mechanics but also provides
insights into real-world applications such as billiards, robotic motion, and
collision detection in computer simulations.

In this article, we will explore the dynamics of two disks—named A and B—each
with a mass of 1 kg, analyzing their initial velocities, the principles
governing their collision, and the resulting outcomes. Whether you are a
student studying physics, a researcher, or an enthusiast eager to understand
the intricacies of elastic and inelastic collisions, this comprehensive guide
aims to clarify the concepts with detailed explanations, calculations, and
practical examples.

Understanding the Basic Concepts

Mass and Velocity

- Mass (m): The amount of matter in an object. Both disks have a mass of 1
kg.

- Velocity (v): The speed and direction of an object’s motion. The initial
velocities are given just before the collision.



Types of Collisions

- Elastic Collision: No kinetic energy is lost; total kinetic energy before
and after collision remains the same.

- Inelastic Collision: Some kinetic energy is transformed into other forms of
energy, like heat or deformation.

- Perfectly Inelastic Collision: The disks stick together after collision,
moving as a single combined mass.

Initial Conditions of Disks A and B

Suppose the initial velocities of the disks are as follows:

- Disk A: Moving to the right with velocity \( v {A i} \)
- Disk B: Moving to the left with velocity \( v_{B i} \)

For example:

- \( v_{A i}
- \( v_{B i}

+3\, \text{m/s} \) (to the right)
-2\, \text{m/s} \) (to the left)

These velocities are just before the collision, and the signs indicate
direction.

Analyzing the Collision

Conservation of Momentum

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

\ [

mAv {Ai} +mBv {Bi} =mAv {Af} +mBv {B f}
\]

Where:

-\N( v {A f} \) and \( v {B f} \) are the velocities after collision.

Since both masses are 1 kg:



\ [
v {A i} + v {B i} = v {A f} + v {B f}
\1

Conservation of Kinetic Energy (for Elastic
Collisions)

In elastic collisions:

\ [

\frac{1}{2} m A v {A i}"2 + \frac{1}{2} m B v {B i}"2 = \frac{1}{2} m A
v {A f}*2 + \frac{1}{2} m B v {B f}"2

\1

With equal masses, this simplifies calculations significantly.

Using Relative Velocity for Elastic Collisions

A handy property of elastic collisions between equal masses is that:

\ [
v {Af} -v{Bf}=-(v{Ai} - v {B i})
\]

This means the relative velocity of approach before the collision is equal in
magnitude but opposite in direction to the relative velocity of separation
after the collision.

Calculations for Specific Initial Velocities

Let's analyze a concrete example with initial velocities:

+3\, \text{m/s} \)

- \( v_{A i}
-\ ( -2\, \text{m/s} \)

v {B i}

Step 1: Calculate Total Momentum Before Collision

\ [
p {initial} = m A v {A i} + m B v {B i} = (1\, \text{kg}) (+3\, \text{m/s}) +



(1\, \text{kg})(-2\, \text{m/s}) = 3 - 2 = 1\, \text{kg-m/s}
\]

Step 2: Assume Elastic Collision and Use Relative
Velocity Relation

\ [

v {Af} -v{Bf}=-(v{Ai} - v {Bi}) =- (3 - (-2)) = - (3 + 2) = -5\,
\text{m/s}

\1]

Step 3: Apply Conservation of Momentum

\ [
v {A f} + v {B f} = p {initial} = 1\, \text{kg-m/s}
\1

Now, solve the system:

\ [

\begin{cases}

v {A f} - v {B f}
v {A f} + v {B f}
\end{cases}

\1

-5 \\

Adding the two equations:

\ [
2 v {A f} = -4 \Rightarrow v _{A f} = -2\, \text{m/s}
\1

Then,

\ [
v{Bf}y=1-v{Af}=1- (-2) =3\, \text{m/s}
\1]



Final Velocities:

- Disk A: \( v_{A f}
- Disk B: \( v _{B f}

-2\, \text{m/s} \) (now moving left)
+3\, \text{m/s} \) (now moving right)

Physical Interpretation of Results

The initial collision caused Disk A, initially moving to the right, to
rebound and move left with a velocity of 2 m/s. Conversely, Disk B, initially
moving left, now moves to the right with a velocity of 3 m/s. The exchange of
velocities is characteristic of elastic collisions between equal masses,
where they effectively "swap" velocities under these conditions.

Implications and Real-World Applications

Understanding the dynamics of such collisions has many practical
applications:

- Billiards and Pool Games: The predictable exchange of velocities between
balls.

- Robotics: Collision response algorithms for moving parts or robots.

- Automotive Safety: Crumple zones and impact analysis.

- Physics Simulations: Accurate modeling of particle interactions.

- Material Science: Studying elastic and inelastic deformation.

Extending the Analysis to Inelastic Collisions

If the collision is inelastic, the kinetic energy is not conserved due to
energy loss, for example, as heat or deformation. The analysis involves
different equations:

- Coefficient of Restitution (e): Defines the elasticity of the collision,
where \( e=1 \) is perfectly elastic, and \( e=0 \) is perfectly inelastic.
- Velocity after collision:

\[
v {A f} = \frac{(m A - emB) v {Ai} + (L +e) mBv {B i}}{m A + m B}



\]

\ [
v {B f} = \frac{(mB - emA) v {Bi} + (1L +e) mAv {A i}}{m A + m B}
\]

These formulas help calculate post-collision velocities for different values
of \( e \).

Conclusion

Analyzing the collision between two disks of equal mass provides foundational
insights into classical mechanics. By applying principles such as
conservation of momentum and kinetic energy (for elastic collisions), we can
accurately predict the velocities after impact. This understanding is
essential across various fields—from designing better sports equipment to
developing sophisticated physics engines in video games.

Whether the collision is elastic or inelastic, the core concepts remain
rooted in Newtonian physics, emphasizing the importance of initial conditions
and the nature of the collision in determining outcomes. Mastery of these
principles enables engineers, scientists, and enthusiasts to analyze complex
systems with confidence and precision.

Key Takeaways

- Equal mass elastic collisions result in the exchange of velocities.

- Conservation laws are fundamental in predicting post-collision behavior.
- The initial velocities just before collision critically influence the
outcome.

- Real-world applications extend beyond theoretical physics to engineering,
safety, and entertainment.

Understanding the physics of colliding disks not only enriches theoretical
knowledge but also enhances practical problem-solving skills, making it an
essential concept in both academic and applied sciences.



Frequently Asked Questions

What are the key factors affecting the collision
between two disks A and B with identical masses?

The key factors include their initial velocities, the angle at which they
collide, the type of collision (elastic or inelastic), and the point of
impact on each disk.

If two identical disks collide elastically, how will
their velocities change after the collision?

In a perfectly elastic collision between identical masses, the disks exchange
velocities along the line of impact, meaning each disk takes on the velocity
of the other along that line, resulting in no loss of kinetic energy.

How can we determine the final velocities of disks A
and B after an inelastic collision?

By applying conservation of momentum and the coefficient of restitution, we
can solve for the final velocities. In a perfectly inelastic collision, both
disks move together after collision, and their common velocity can be found
using momentum conservation.

What role does the initial velocity direction play
in the outcome of the collision?

The initial velocity direction determines the impact angle, which affects the
post-collision velocities and directions. Head-on collisions result in
different outcomes compared to oblique collisions.

How does the coefficient of restitution influence
the collision between disks A and B?

The coefficient of restitution measures the elasticity of the collision. A
value of 1 indicates a perfectly elastic collision, preserving kinetic
energy; a value less than 1 indicates some energy loss, leading to inelastic
collision behavior.

Can the collision between the two disks result in
rotational motion?

Yes, if the impact is off-center, it can impart angular momentum, causing the
disks to spin after the collision. The amount of rotation depends on the
impact point and initial motion.



What assumptions are typically made when analyzing
collisions between disks in physics problems?

Common assumptions include treating the disks as rigid bodies, ignoring
external forces during the collision, assuming a frictionless surface, and
considering either elastic or inelastic collision conditions.

How does conservation of momentum help in solving
collision problems with disks?

Conservation of momentum allows us to relate the initial and final velocities
of the disks, enabling calculation of unknown velocities after collision
based on known initial conditions and mass.

What is the significance of analyzing collision
problems with equal masses like 1 kg disks?

Equal masses simplify calculations because post-collision velocities can
often be directly related, especially in elastic collisions, where they tend
to exchange or share velocities in predictable ways.

How can real-world applications benefit from
understanding collisions between disks or similar
objects?

Understanding such collisions helps in designing safer vehicles,
understanding granular flow, improving sports equipment, and analyzing
phenomena in physics and engineering involving impacts and momentum transfer.

Additional Resources

Two disks A and B each have a mass of 1 kg and the initial velocities shown
just before they collide.

Introduction

In the realm of classical mechanics, understanding the dynamics of collisions
is fundamental to grasping how objects interact under various conditions. The
scenario involving two disks, both with a mass of 1 kg, approaching each
other with specific initial velocities, offers a rich context for exploring
conservation laws, collision types, and momentum transfer. Such analyses are
not only academically intriguing but also practically relevant in fields
ranging from engineering to astrophysics. This article delves into the
detailed physics of this problem, examining the initial conditions, types of
collisions, the principles governing their interactions, and the subsequent



outcomes.

Initial Conditions and Setup

Description of the Disks and Their Velocities

Imagine two uniform, perfectly circular disks—referred to as Disk A and Disk
B—each with a mass of 1 kg. They are positioned in a plane and moving towards

each other. Prior to collision, each disk has a well-defined velocity vector:

- Disk A: Velocity \(\vec{v} A\)
- Disk B: Velocity \(\vec{v} B\)

The exact magnitudes and directions of these velocities are critical, as they
determine the nature of the collision and the post-collision states.

Example Initial Velocities

For the sake of analysis, consider a scenario where:

- Disk A moves along the positive x-axis with a velocity \( \vec{v} A = 3\,
\text{m/s} \)
- Disk B moves along the negative x-axis with a velocity \( \vec{v} B = -2\,

\text{m/s} \)

This setup implies an initial relative velocity of \( \vec{v} A - \vec{v} B =
5\, \text{m/s} \) along the x-axis, indicating they are closing in towards
each other.

Types of Collisions: Elastic vs. Inelastic

Understanding the nature of the collision is essential, as it determines how
energy and momentum are conserved and transferred.

Elastic Collisions

In an elastic collision, both kinetic energy and momentum are conserved. Such
collisions are idealized but serve as a fundamental model in physics
textbooks.

Characteristics:

- No permanent deformation or heat generation

- Post-collision velocities can be calculated using conservation laws
- The total kinetic energy before and after collision remains the same

Relevance to disks:
If disks are perfectly rigid and do not deform or generate heat, their



interactions can be approximated as elastic collisions.
Inelastic Collisions

In an inelastic collision, only momentum is conserved; some kinetic energy is
transformed into internal energy, heat, sound, or deformation.

Characteristics:

- Possible deformation or heat generation

- Post-collision velocities are lower in kinetic energy than pre-collision
- Perfectly inelastic collisions involve the objects sticking together

Relevance to disks:
Real-world objects often experience inelastic collisions, especially when
material deformation or energy loss occurs.

Conservation Principles in Collisions
Conservation of Momentum

The principle of conservation of linear momentum states that the total
momentum of a system remains constant if no external forces act during the
collision.

Mathematically:

\ [
\vec{p} {\text{initial}} = \vec{p} {\text{final}}
\1]

For two disks:

\ [
m A \vec{v} A + m B \vec{v} B = m A \vec{v} A' + m B \vec{v} B'
\1

where the primes denote velocities after the collision.

Given both masses are equal (\(m A = m B = 1\, \text{kg}\)), the momentum
equations simplify, but the directions and magnitudes of velocities dictate
the outcome.

Conservation of Kinetic Energy (In Elastic Collisions)

Total kinetic energy before and after the collision:

\ [
\frac{1}{2} m A v A*2 + \frac{1}{2} m B v B*2 = \frac{1}{2} m A v A'"2 +
\frac{1}{2} m B v B'"2



\]

This relation applies strictly to elastic collisions.

Analyzing the Collision Dynamics
Frame of Reference

Choosing an appropriate frame of reference simplifies analysis. Typically,
the center of mass (CM) frame is advantageous because, in this frame, the
total momentum is zero.

For our example:

\ [
\vec{V} {\text{CM}} = \frac{m A \vec{v} A + m B \vec{v} B}{m A + m B}
\1

Plugging in the values:

\ [

\vec{V} {\text{CM}} = \frac{l \times 3 + 1 \times (-2)}{2} = \frac{1}{2} \,
\text{m/s}

\1]

So, the center of mass moves at 0.5 m/s along the x-axis.
Transforming velocities into the CM frame:

\ [

\vec{v} A™{\text{CM}}
\text{m/s}

\1

\ [

\vec{v} B"{\text{CM}}
\1

\vec{v} A - \vec{V} {\text{CM}} =3 - 0.5 = 2.5\,

-2 - 0.5 = -2.5\, \text{m/s}

In the CM frame, the disks approach each other with equal and opposite
velocities, simplifying calculations.

Impact Parameter and Collision Nature

The impact parameter \(b\) measures how "head-on" or "glancing" the collision
is. For disks:

)
)

- Head-on collision: \(

b
- Oblique collision: \(b

A

0\
0\

The impact parameter influences the post-collision velocities and whether



rotation or deformation occurs.

Calculating Post-Collision Velocities
Elastic Collision in One Dimension

Assuming a head-on elastic collision along the x-axis:

\ [
v A'
\]
\ [
v _B'
\]

\frac{(m A - mB) vA+2mBvB}mA+ mB}

\frac{(m B - m A) vB+2mAv A}mA + m B}

Substituting the values:

\ [

v A' = \frac{(1l - 1) \times 3 + 2 \times 1 \times (-2)}{2}
= -2\, \text{m/s}

\1

\ [

v B'" = \frac{(1l - 1) \times (-2) + 2 \times 1 \times 3}{2}
= 3\, \text{m/s}

\1

\frac{0 - 4}{2}

\frac{0 + 6}{2}

Interpretation:

- Disk A reverses direction, now moving at 2 m/s along the negative x-axis.
- Disk B reverses direction, now moving at 3 m/s along the positive x-axis.

Velocity Transformation Back to Lab Frame
Adding the center of mass velocity:

\ [

\vec{v} A'"{\text{lab}}
-1.5\, \text{m/s}

\1

\ [

\vec{v} B'"{\text{lab}}
\1

-2 + 0.5 =

\vec{v} A" + \vec{V} {\text{CM}}

3+ 0.5 = 3.5\, \text{m/s}

Thus, post-collision velocities are:

- Disk A: 1.5 m/s in the negative x-direction
- Disk B: 3.5 m/s in the positive x-direction

This exchange indicates an effective "swap" of velocities, characteristic of



equal masses undergoing elastic head-on collisions.

Real-World Considerations and Complexities

While the above analysis assumes idealized conditions, real-world scenarios
involve additional factors:

- Friction and rolling resistance: Affect energy dissipation.

- Deformation: May cause permanent shape changes, leading to inelastic
behavior.

- Rotation: Collisions can impart angular momentum, causing disks to spin.
- Surface roughness: Influences tangential forces and impact parameters.

In practical applications, these factors necessitate more sophisticated
models, often involving empirical data or numerical simulations.

Applications and Broader Implications

Understanding the collision dynamics of disks with known initial velocities
extends beyond theoretical physics:

- Material Science: Designing materials to withstand impacts.

- Engineering: Collision avoidance in robotics and vehicle safety.

- Astrophysics: Collisions of celestial bodies modeled as disks or spheres.
- Sports Science: Analyzing ball collisions in games like billiards or
hockey.

Moreover, the principles illustrated here underpin the foundational concepts
of conservation laws, which are central to all physics disciplines.

Conclusion

The collision of two disks, each with a mass of 1 kg and specified initial
velocities, exemplifies core principles of classical mechanics. Whether
considering elastic or inelastic interactions, the conservation of momentum
remains a gquiding principle, dictating the post-collision velocities and
trajectories. Analyzing such scenarios provides valuable insights into the
transfer of energy, the role of impact parameters, and the importance of
reference frames. Although idealized, these models serve as essential tools
for understanding complex real-world phenomena, emphasizing the profound
interconnectedness of physics principles across diverse domains.
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