Consider The Video You Just Watched. The
Two Pucks Of Equal Mass Did Not Move
Linearly (they Came To

Consider The Video You Just Watched. The Two Pucks Of Equal Mass Did Not Move Linearly
(they Came To a halt in an intriguing manner that piqued your curiosity. This scenario offers a
fascinating glimpse into fundamental principles of physics, particularly the laws of motion,
conservation of momentum, and energy transfer. Understanding why these two pucks of equal mass
did not simply slide in a straight line or come to a stop straightforwardly requires a deeper dive into
the mechanics involved. In this article, we will analyze the physics behind this phenomenon, explore
the concepts at play, and clarify common misconceptions, providing a comprehensive understanding
of the motion involved.

Understanding the Scenario: The Two Pucks of Equal
Mass

Before delving into the physics, let's set the scene: two pucks of identical mass are placed on a
frictionless surface, such as an air hockey table, and given an initial push or velocity. Despite their
equal mass, they do not move in a straight line or come to rest in a simple, linear fashion. Instead,
their motion involves interactions that lead to complex movement patterns.

Key observations from the video:

- The pucks approach each other with initial velocities.

- Upon collision, instead of just bouncing back or stopping, they follow curved paths.

- Their velocities change direction and magnitude in ways that are not purely linear.

- Eventually, both come to a rest or a near-rest state, but not through straightforward deceleration.

This behavior might seem counterintuitive at first, especially if one expects simple elastic collisions

leading to straightforward outcomes. To understand these dynamics, we need to examine the
principles of conservation laws and how they govern motion.

Fundamental Principles Governing the Motion

The key physics principles relevant to this scenario are:

- Conservation of Momentum

- Conservation of Kinetic Energy (in elastic collisions)
- Impulse and Force Interactions

- Friction and External Forces (if any)

Let's analyze each in detail.



Conservation of Momentum

In an isolated system with no external forces, the total momentum remains constant. For two objects
of equal mass, this means:

- If one puck moves towards the other, the momentum before collision is the sum of their individual
momenta.

- During a collision, momentum is transferred between the pucks.

- The resulting velocities depend on the nature of the collision (elastic or inelastic).

Mathematically, for two pucks of mass \(m\), initial velocities \(v_{1i}\) and \(v_{2i}\), and final
velocities \(v_{1f}\) and \(v_{2f}\):

\[
mv_{1li} + mv _{2i} = mv_{1f} + mv_{2f}
\]

Since the masses are equal, this simplifies to:

\[
v {1i} + v {2i} = v_{1f} + v _{2f}
\]

This equation holds true for both elastic and inelastic collisions, but the outcomes differ depending on
the type of collision.

Conservation of Kinetic Energy

In elastic collisions, kinetic energy is conserved, meaning:

\[

\frac{1}{2} mv _{1i}"2 + \frac{1}{2} mv _{2i}"2 =\frac{1}{2} mv_{1f}"~2 + \frac{1}{2} m
v _{2f}"2

\]

In the video scenario, the pucks exhibit behaviors consistent with elastic collisions, such as bouncing
off each other without losing energy to deformation or heat.

Impulse and Force Interactions

The change in momentum during collision is caused by an impulse, which is the product of force and
the duration of contact:

\[
\text{Impulse} = F \Delta t = \Delta p

\]



The force during collision acts over a very short period, resulting in rapid changes in velocity and
direction.

Friction and External Forces

Although the surface appears frictionless, real-world factors like air resistance and slight
imperfections can influence the motion, causing eventual slowing and stopping of the pucks.

Why Did the Pucks Not Move Linearly?

The core question is: why did the pucks not just slide straight and come to rest? Several factors
contribute to this:

1. The Nature of the Collision

- The collision between the pucks is not purely head-on/direct; it involves an angle, leading to oblique
collisions.

- Oblique collisions produce component forces that split the velocity into perpendicular directions,
resulting in curved trajectories rather than linear paths.

2. Conservation of Momentum in Two Dimensions

- Momentum is a vector quantity, meaning it has both magnitude and direction.

- During an oblique collision, momentum components along different axes change, causing the pucks
to move in new directions, often resulting in curved or non-linear paths.

3. Energy Transfer and Rotation

- If the collision causes the pucks to spin slightly, rotational kinetic energy can influence their
subsequent motion.

- Even small spins can lead to complex motion patterns, including curved trajectories.

4, External Factors

- Slight friction or surface imperfections introduce additional forces that alter the motion, preventing
purely linear movement.

The Physics of Collisions: Elastic and Inelastic

The behavior observed in the video reflects the principles of elastic collisions, where kinetic energy
and momentum are conserved. Understanding the difference between elastic and inelastic collisions



is essential.
Elastic Collisions

- Occur when objects bounce off each other without losing kinetic energy.
- Common in idealized physics problems and certain real-world scenarios like billiards or air hockey.
- Result in predictable velocity exchanges based on conservation laws.

Inelastic Collisions

- Some kinetic energy is transformed into heat, sound, or deformation.
- The objects may stick together or deform, leading to different motion outcomes.

In the video, the collision appears elastic, with the pucks rebounding and exchanging velocities
according to conservation principles.

Mathematical Analysis of the Collision

To better understand the motion, consider the typical equations used in analyzing elastic collisions
between equal masses.

Assuming:

- Puck 1 has initial velocity \(v_{1i}\),

- Puck 2 has initial velocity \(v_{2i}\),

- The collision is at an angle \(\theta\),

- The velocities after collision are \(v_{1f}\) and \(v_{2f}\),
- The collision occurs on a frictionless surface.

The velocities can be resolved into components parallel and perpendicular to the line of impact:

\[

v_{i\parallel} = v_i\cos \theta
\]

\[

v_{i\perp} = v_i\sin \theta

\]

The key points are:

- Components along the line of impact change during collision, following conservation of momentum.
- Components perpendicular to the impact line remain unchanged if no external forces act.

The outcome:

- The pucks exchange their velocity components along the impact line.
- Their trajectories after collision are determined by these component exchanges, leading to curved



paths.
Example Calculation
Suppose both pucks have initial velocities of 2 m/s, approaching each other at a 45° angle.

- Conservation of momentum and energy dictate their post-collision velocities.
- The result is a change in direction, with each puck moving at a different angle and speed, producing
non-linear paths.

Real-World Applications and Implications

Understanding the motion of equal-mass pucks during collisions has numerous practical applications:

- Sports Physics: Analyzing billiard or ice hockey puck dynamics.

- Mechanical Engineering: Designing collision mitigation systems.

- Robotics: Programming collision responses for autonomous agents.
- Physics Education: Demonstrating fundamental conservation laws.

Designing Experiments

- Use frictionless surfaces or air tables to approximate ideal conditions.
- Vary angles and initial velocities to observe different collision outcomes.
- Record and analyze trajectories to verify theoretical predictions.

Common Misconceptions Addressed

- "Equal masses always bounce straight back." Not necessarily—angles, initial velocities, and collision
points influence outcomes.

- "Friction is the primary reason for stopping." While friction plays a role, conservation laws govern the
motion during the collision itself.

- "Motion is always linear." Collisions, especially oblique ones, often produce curved paths due to
vector components.

Conclusion: The Intricacies of Motion and Collision
Dynamics

The behavior of the two equal-mass pucks in the video underscores the complexity and beauty of
classical mechanics. Their non-linear movement results from the interplay of conservation of
momentum and energy, the angle of collision, and external influences like friction. Appreciating these
principles allows us to predict and understand a wide array of physical phenomena — from simple
games to advanced engineering systems.



By analyzing such scenarios, students and enthusiasts can deepen their understanding of physics,
bridging the gap between theoretical concepts and real-world observations. Whether in a classroom,
sports, or engineering context, the principles outlined here serve as foundational tools for
understanding motion, collision, and energy transfer in our universe.

Frequently Asked Questions

Why did the two pucks of equal mass not move in a straight
line after the collision?

They likely experienced an oblique collision, causing them to change direction rather than move
linearly, due to the angle of impact and conservation of momentum.

What principles govern the motion of the pucks during and
after the collision?

The principles of conservation of momentum and conservation of kinetic energy (assuming elastic
collision) primarily govern their motion.

How does the angle of collision affect the post-collision
trajectories of the pucks?

The angle determines the direction and magnitude of the velocity vectors after collision, often
resulting in non-linear paths if the collision is oblique.

What role does friction play in the movement of the pucks
after the collision?

Friction can slow down the pucks and alter their trajectories over time, but in an ideal, frictionless
scenario, their paths are determined solely by initial conditions and conservation laws.

Could the pucks come to a complete stop after the collision?
Under what conditions?

Yes, if external forces like friction or damping are present, the pucks can eventually stop; otherwise,
in an ideal scenario, they would continue moving indefinitely.

Why is it important to consider the initial velocities and
angles in analyzing the collision?

Initial velocities and angles determine the post-collision paths and velocities, making them crucial for
predicting the outcome of the interaction.



How can conservation of momentum be used to predict the
final velocities of the pucks?

By applying the law of conservation of momentum separately in the horizontal and vertical directions,
we can calculate the velocities after collision based on initial conditions.

What experimental setups can help verify the principles
observed in this collision scenario?

Using a smooth, frictionless surface with tracked motion and measuring initial velocities can help
verify conservation laws and collision outcomes observed in the video.

Additional Resources

Consider The Video You Just Watched. The Two Pucks Of Equal Mass Did Not Move Linearly (they
Came To Rest As If They Were Frictionless)

In the realm of classical physics, the motion of objects—particularly in idealized conditions—often
appears straightforward and predictable. When analyzing the behavior of two pucks of equal mass on
a frictionless surface, the expectation is that they will move linearly, conserving momentum and
energy, and come to rest in a manner consistent with the laws of physics. However, the intriguing
video in question challenges this assumption, depicting two such pucks that, contrary to expectations,
do not move linearly and seem to come to rest as if under the influence of some unseen force or
unconventional interaction.

This article aims to thoroughly dissect this phenomenon, exploring the underlying mechanics,
potential explanations, and broader implications. We will examine the principles of conservation laws,
scrutinize the experimental setup, consider alternative forces and interactions, and evaluate whether
the observed behavior aligns with known physics or suggests new avenues of inquiry.

Understanding the Expected Behavior of Equal-Mass
Pucks in an Ildeal Environment

Before delving into the anomalies presented in the video, it is essential to establish a foundational
understanding of how two equal-mass pucks should behave under idealized conditions.

Conservation of Momentum and Energy

In an ideal, frictionless environment with no external forces, the collision and subsequent motion of
two pucks are governed primarily by:

- Conservation of Linear Momentum:
\[



m1lv {li}+m2v {2i} =m 1v {1f} + m 2 v {2f}
\]
where \( m\) is mass, \( v_i \) initial velocity, and \( v_f\) final velocity.

- Conservation of Kinetic Energy:

\[

\frac{1}{2} m_ 1v {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

\]

For two identical pucks, assuming an elastic collision, the typical outcomes include:

- If one puck is initially stationary, it will be struck and move away with the velocity of the incoming
puck, while the striking puck comes to rest.
- If both are moving initially, they exchange velocities in a predictable manner.

In the absence of external factors, their motion should be linear, predictable, and symmetric.

Expected Final State

After collisions:

- The pucks should continue moving in straight lines unless acted upon by external forces.

- They will eventually come to rest only if some form of friction or external damping is present.
- In a perfectly frictionless setup, they would continue indefinitely with constant velocities post-
collision.

The Anomaly: Pucks Not Moving Linearly and Coming
to Rest

The core observation from the video is that two pucks of equal mass, seemingly in an environment
free from friction, did not adhere to these classical expectations. Instead, they:

- Did not move in straight lines as predicted.
- Appeared to come to rest without an apparent external force or energy loss mechanism.
- Exhibited behavior that suggests some form of interaction or force beyond simple elastic collisions.

This raises fundamental questions: Are the laws of physics being violated? Or is there a hidden aspect
of the environment or interaction at play?



Possible Explanations for the Observed Behavior

To understand the phenomenon, we systematically analyze potential factors and forces that could
produce such an unexpected outcome.

1. Presence of Unseen External Forces

While the environment appears frictionless, external influences might be at work:

- Electromagnetic Fields:

If the surface or the puck material is conductive or magnetic, electromagnetic forces could influence
motion. For example, magnetic damping or induced currents could slow down the pucks
unexpectedly.

- Air Currents or Air Resistance:

Even minimal air movement in the vicinity could exert forces, especially if the pucks are lightweight
or have surfaces that increase air drag. While usually negligible, in precise experimental setups, such
forces can influence motion.

- Surface Imperfections or Residual Friction:
No surface is perfectly frictionless. Microscopic imperfections or residual friction could cause damping
over time, leading to the pucks coming to rest.

2. Non-Elastic Collisions and Energy Dissipation
If the collisions are not perfectly elastic:
- Inelastic Collisions:

Some energy is converted into heat, deformation, or sound. Over multiple collisions, this would cause
the pucks to slow down and eventually stop, even in the absence of friction.

- Energy Loss to Internal Vibrations:
Material deformation at the microscopic level could dissipate kinetic energy.

3. Internal or Material-Related Phenomena

Certain material properties or internal mechanisms can influence motion:

- Magnetic or Electromagnetic Interactions:
If pucks are magnetized or have embedded electromagnetic components, their interactions could be
complex, causing deviations from linear motion.

- Quantum-Like Effects or Surface Tension (Highly Unlikely):
While quantum effects are negligible at macroscopic scales, certain surface phenomena can influence
motion under specific circumstances.



4. Experimental Setup or Observation Errors
Sometimes, the discrepancy arises not from physical anomalies but from how the experiment or video

is interpreted:

- Optical lllusions or Camera Angles:
Perspective effects can distort perceived movement.

- Timing or Frame Rate Limitations:
Low frame rates may obscure continuous motion, giving the illusion of sudden stops.

- Unnoticed External Interactions:
Human interference or subtle vibrations could impact the system.

5. Novel or Unconventional Physical Phenomena
While less likely, it is worth considering:
- Emergent Phenomena in Complex Systems:

Under certain conditions, collective effects or emergent interactions could produce unexpected
behaviors.

- Unknown Forces or New Physics:
Theoretically, undiscovered interactions could influence macroscopic objects.

Deep Dive: Analyzing the Mechanics of the Video

To further explore, consider the detailed mechanics involved:

Experimental Conditions and Environment

- Was the surface truly frictionless?

- Were the pucks magnetized or otherwise influenced?

- Was there any electromagnetic field present?

- Were environmental factors like air currents controlled?

Collision Dynamics

- Were the collisions perfectly elastic?
- Did the pucks deform or produce sound?
- Were their velocities measured pre- and post-collision?



Observation of Motion

- Did the pucks change direction unexpectedly?
- Were their trajectories curved rather than straight?
- Did they appear to accelerate or decelerate without external input?

Implications of Non-Linear Motion

- Non-linear trajectories suggest external forces or interactions, possibly magnetic or electrostatic.
- Sudden stops indicate energy dissipation mechanisms.

Reconsidering Classical Assumptions: Could the Laws
Be Violated?

Given the observations, one might question whether the classical laws of physics are being violated.
However, more likely, the phenomenon results from overlooked factors or external influences.

- Conservation Laws Remain Valid:
As long as all forces and energy exchanges are accounted for, the laws hold true.

- Apparent Violations Are Due to Unaccounted Variables:
For example, electromagnetic interactions can mimic damping effects.

Broader Implications and Future Investigation

The intriguing behavior shown in the video invites further scientific investigation. Some key directions
include:

- Controlled Experiments:
Replicate the setup in a controlled environment, eliminating external influences.

- Material and Surface Analysis:
Check for magnetic properties or surface imperfections.

- Advanced Measurement Tools:
Use high-speed cameras, sensors, and force measurement devices to quantify motion and forces.

- Theoretical Modeling:
Develop models incorporating electromagnetic, material, or other forces to simulate the observed
behavior.



Conclusion: A Fascinating Puzzle in Classical Physics

The phenomenon of two equal-mass pucks that do not move linearly and come to rest as if frictionless
challenges our classical understanding, suggesting the presence of subtle forces or influences. While
the initial assumption would be that the pucks should continue moving in predictable paths unless
acted upon by friction or external forces, the observed behavior indicates that real-world conditions
often introduce complexities beyond idealized models.

Understanding such anomalies not only sharpens our grasp of physics but also highlights the
importance of meticulous experimental design, observation, and critical analysis. Whether these
effects arise from electromagnetic interactions, surface imperfections, or other phenomena,
investigating them furthers the scientific process and deepens our appreciation of the subtle forces
governing motion.

Ultimately, this case underscores the importance of questioning assumptions, refining experimental
setups, and remaining open to discovering new physics—reminding us that even simple systems, like
two pucks on a surface, can harbor complex and unexpected behaviors.
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