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This assignment focuses on exploring the concept of pivot interactions
through a practical, visual approach by analyzing videos of dry ice pucks
sliding on an aluminum surface. The goal is to understand the underlying
physics principles, particularly how pivot points influence motion, force
distribution, and interaction dynamics. Using videos allows for a detailed
observation of the phenomena, facilitating a deeper comprehension of the
forces at play and how they manifest during the sliding process. In this
article, we will break down the key concepts involved, interpret the visual
data, and elucidate the physics behind pivot interactions in this specific
setup.

Understanding Pivot Interactions in Physics

What Are Pivot Interactions?

Pivot interactions refer to the manner in which a force or object interacts
around a fixed or semi-fixed point—called a pivot—dictating the motion and
force distribution within the system. In physical systems, pivots serve as
fulcrums or points of rotation, influencing how objects move, rotate, or
respond to applied forces.

Common examples include levers, seesaws, or any mechanical system where a
point of rotation governs the behavior of the involved parts.

Relevance of Pivot Points in Sliding Systems

While sliding systems are often viewed as linear motion, the presence of
pivot points can significantly alter the dynamics. For example, if a puck
slides on a surface with a pivot at one end, the motion might involve
rotation or angular displacement in addition to linear translation.
Recognizing how these pivot points influence the system helps in analyzing
force interactions, energy transfer, and motion trajectories.

Experimental Setup: Dry Ice Pucks on Aluminum



Why Use Dry Ice Pucks?

Dry ice, the solid form of carbon dioxide, is used because of its unique
properties:

- It sublimates directly from solid to gas at -78.5°C, creating a thin layer
of gas that reduces friction.

— Its cold temperature can influence the interaction with the aluminum
surface, affecting the frictional forces.

— The puck's uniform shape and mass make it ideal for controlled experiments.

Why Aluminum Surfaces?

Aluminum is chosen because:

— It provides a smooth, consistent surface for sliding experiments.

— It has a relatively low coefficient of friction, especially when
interacting with the sublimating dry ice.

— Its thermal conductivity affects how quickly the dry ice sublimates,
influencing the duration and nature of the interaction.

Video Analysis Approach

Using videos of dry ice pucks sliding on aluminum, the analysis focuses on:
— The initial conditions, such as puck velocity and angle.

— The role of any pivot points or fixed edges.

— Changes in motion, including acceleration, deceleration, or rotation.

— The influence of external factors like temperature or surface
irregularities.

Analyzing Pivot Interactions in the Video
Footage

Observations of Motion Patterns

In the videos, the dry ice puck often exhibits a combination of translational
and rotational motion. When the puck approaches a pivot point—such as an edge
or a fixed support—it may:

— Rotate around the pivot, demonstrating angular motion.

- Experience a change in direction, indicating interaction with the pivot.

- Exhibit a “pivoting” effect, where the motion is constrained to a specific
arc or angle.

Role of the Pivot Point in Motion Dynamics

The pivot point acts as a fulcrum that influences the puck’s behavior:

- Rotation: The puck may rotate about the pivot, especially if it contacts or
is guided by a fixed edge.

— Force Distribution: The force applied on the puck is redistributed around
the pivot, with some components contributing to rotation, others to
translation.

— Conservation of Momentum: In ideal conditions, the momentum transfer during



pivot interactions adheres to conservation laws, but real-world factors such
as friction and sublimation complicate this.

Force Analysis During Pivot Interaction

A detailed force analysis includes:

— The normal force exerted by the aluminum surface.

- Frictional force, which is reduced due to dry ice sublimation.

— The force component directed toward or away from the pivot point.

— The influence of gravity, especially if the surface is inclined or the puck
is moving on a slope.

Energy Considerations

The energy transformations during the process involve:

— Kinetic energy of the moving puck.

— Potential energy if the puck is on an inclined plane or being lifted.
- Energy lost due to friction and sublimation of dry ice.

— Possible rotational kinetic energy if the puck spins around the pivot.

Key Physics Principles Illustrated by the
Videos

Conservation of Angular Momentum

When the puck interacts with a pivot point, angular momentum plays a critical
role.

— The puck's rotational motion about the pivot can be analyzed to verify
conservation principles.

— The distribution of angular momentum depends on the point of contact and
the force applied.

Friction and Sublimation Effects

— The sublimation of dry ice creates a thin gas layer reducing friction,
which affects how smoothly the puck slides.

- Variations in sublimation rate can cause irregularities in motion,
sometimes resulting in unexpected pivots or spins.

Implications for Mechanical Design

Understanding pivot interactions helps in designing systems where controlled
rotation and sliding are essential, such as in:

— Mechanical levers.

- Robotic arms with pivot joints.

— Transportation systems with pivoting wheels or tracks.



Practical Applications and Broader Implications

Educational Demonstrations

Videos of dry ice pucks on aluminum surfaces serve as valuable educational
tools to demonstrate complex physics concepts in an accessible way. They
visually reveal how forces, momentum, and energy interact in systems
involving pivots.

Research and Engineering

In engineering, understanding pivot interactions informs the design of
machinery and devices that rely on controlled rotation and sliding. Examples
include:

— Mechanical linkages.

- Pivot joints in robotic systems.

— Frictionless or low—-friction sliding mechanisms.

Limitations and Considerations

— Variability in sublimation rates can lead to inconsistent results.

— Surface imperfections influence motion paths.

- External factors like temperature and humidity affect the experiment's
reproducibility.

Conclusion

Analyzing videos of dry ice pucks sliding on aluminum surfaces provides a
compelling visualization of pivot interactions in physics. The interplay
between translational and rotational motion around pivot points exemplifies
fundamental principles such as conservation of angular momentum, force
redistribution, and energy transformation. This visual approach not only
enhances understanding of abstract concepts but also bridges the gap between
theoretical physics and real-world applications. Recognizing how pivot points
influence motion is crucial across various fields, from educational
demonstrations to advanced engineering systems, emphasizing the importance of
thorough analysis and observation in mastering the dynamics of pivot
interactions.

Frequently Asked Questions

What are pivot interactions in the context of physics
experiments?
Pivot interactions refer to the points or axes around which an object rotates

or pivots, influencing how forces and motions are transferred during
experiments, such as dry ice pucks sliding on an aluminum surface.



How does dry ice behave when sliding on an aluminum
surface in these experiments?

Dry ice, being solid carbon dioxide, sublimates at room temperature, creating
a thin layer of gas that reduces friction, allowing it to slide smoothly on
aluminum and demonstrate pivot interactions effectively.

Why is aluminum chosen as the surface for these pivot
interaction experiments?

Aluminum is used because it provides a smooth, conductive, and relatively
low—-friction surface, making it ideal for observing the dynamics of sliding
dry ice and the effects of pivot points.

What role do wvideos play in understanding pivot
interactions with dry ice pucks?

Videos allow for detailed visual analysis of the motion, rotation, and pivot
points during the sliding process, helping students better understand the
mechanics involved.

How can the concept of pivot points be demonstrated
through the dry ice and aluminum experiment?

By observing how the dry ice puck rotates or pivots around specific points
while sliding, students can see real-world examples of pivot interactions
influencing motion and force distribution.

What safety precautions should be taken when
conducting the dry ice on aluminum experiments?

Safety precautions include wearing gloves and eye protection, handling dry
ice with proper tools to avoid frostbite, ensuring good ventilation to
prevent gas buildup, and avoiding ingestion or direct contact with dry ice.

How does the sublimation of dry ice affect its
interaction with the aluminum surface during the
experiment?

Sublimation produces a gas layer that temporarily reduces friction and alters

the puck’s motion, highlighting the importance of phase changes and gas
dynamics in pivot interactions.

What educational concepts can students learn from
analyzing videos of dry ice pucks sliding on
aluminum?

Students can learn about friction, phase changes, rotational motion, pivot

points, conservation of momentum, and the effects of forces on different
surfaces through visual and experimental analysis.



Additional Resources

Pivot Interactions

Introduction to Pivot Interactions in Scientific Demonstrations

When exploring the fascinating world of physics, particularly concepts
related to motion, energy transfer, and collision dynamics, hands-on
experiments prove to be invaluable. Among these, the use of pivot
interactions—where objects rotate or pivot around a point—offers profound
insights into how forces and momentum behave during collisions. This article
delves into an engaging classroom or laboratory experiment involving dry ice
pucks sliding on an aluminum surface, capturing the essence of pivot
interactions through video demonstrations.

By analyzing these videos, students and educators can deepen their
understanding of fundamental physics principles, observe real-world
applications, and foster an intuitive grasp of momentum transfer,
conservation laws, and rotational dynamics. Whether you’re a physics teacher,
a student, or a science enthusiast, this comprehensive review aims to clarify
the significance of pivot interactions, detail the experimental setup, and
interpret the observed phenomena.

Understanding Pivot Interactions: The Conceptual Foundation
What Are Pivot Interactions?

At its core, pivot interactions refer to scenarios where objects rotate or
pivot about a fixed point or axis during their motion, especially during
collisions. Unlike linear collisions where objects slide past each other or
bounce directly, pivot interactions involve a change in rotational motion,
often accompanied by a transfer of angular momentum.

Key features of pivot interactions include:

- Rotational motion: The objects involved exhibit spin or pivoting around a
point.

— Force application at a pivot point: The force impacts the object at or near
a pivot, causing torque.

— Conservation of angular momentum: When no external torgque acts, the total
angular momentum before and after the interaction remains constant.

In the context of dry ice pucks on an aluminum surface, pivot interactions
become evident when the puck collides with an obstacle or another puck,

causing it to rotate or change direction around a pivot point, illustrating
these principles vividly.

The Experimental Setup: Dry Ice Pucks on Aluminum
Why Use Dry Ice Pucks?

Dry ice, composed of solid carbon dioxide, is an intriguing choice for
physics demonstrations because of its unique properties:



— Sublimation: It sublimates directly from solid to gas, creating a cold,
low—friction surface.

- Low temperature: The extremely cold surface reduces friction, allowing for
smoother sliding.

— Visual appeal: The sublimation process often produces fog, adding a
dramatic visual element.

Dry ice pucks are shaped pieces of dry ice, cut into disks, that can slide
across a surface with minimal resistance. This makes them ideal for studying
elastic or near-elastic collisions and rotational interactions.

The Aluminum Surface

A smooth, flat aluminum sheet serves as the experimental surface. Aluminum is
chosen because:

— Smoothness: Provides minimal friction, ensuring the puck’s motion is
primarily governed by initial velocity and interactions, not surface
irregularities.

— Conductivity: Aluminum's thermal conductivity helps dissipate heat
generated during impacts, preventing melting or sublimation issues.

— Durability: Its robustness allows repeated experiments.

Video Demonstrations

The core of this experiment involves recording videos of dry ice pucks
sliding and colliding on the aluminum surface. These videos capture various
types of pivot interactions:

— Pucks colliding and rotating around a pivot point.

— Multiple pucks interacting, exchanging angular momentum.

— Pucks bouncing off obstacles, demonstrating elastic collisions with
rotational components.

Analyzing Pivot Interactions Through Videos: Step-by-Step

1. Setting Up the Experiment

Place the aluminum sheet on a stable, level surface.

— Prepare dry ice pucks of uniform size and mass.

- Position cameras to capture both top-down and side views for comprehensive
analysis.

— Use markers or reflective tape on pucks to assist in tracking motion during
video analysis.

2. Initiating Motion

- Gently slide a dry ice puck toward another stationary puck or obstacle.
— Vary the initial velocities and angles to observe different interaction
types.

— Record multiple trials to ensure consistent and observable pivot
interactions.

3. Observations to Focus On

During playback, focus on:



- Point of contact: Where and how the pucks collide.

- Rotational motion: Does the puck spin or pivot post-collision?

- Trajectory changes: How does the puck’s path change after impact?

- Angular velocity: Measure how fast the puck spins after collision.

- Energy transfer: Observe if kinetic energy appears conserved or dissipated.

Interpreting the Video Data: Physics Principles in Action
Conservation of Momentum

In an ideal, frictionless environment, the total linear and angular momentum
before and after the collision should be conserved. For pivot interactions
involving spinning pucks:

— Linear momentum: The sum of momenta in the horizontal plane remains
constant, barring external forces.

— Angular momentum: When a puck spins after impact, its angular momentum
depends on its moment of inertia and angular velocity.

By analyzing the videos, students can verify these conservation principles by
measuring velocities and rotation rates before and after interactions.

Elastic vs. Inelastic Collisions

- Elastic collisions: No kinetic energy is lost; the puck will bounce off the
object and retain some of its initial energy, often spinning afterward.

— Inelastic collisions: Some energy dissipates as heat or deformation; the

puck may slow down or spin less.

Dry ice pucks tend to approximate elastic collisions due to low friction,
making them ideal for demonstrating fundamental conservation laws.

Torque and Rotational Dynamics

When a puck hits an obstacle or another puck off-center, it experiences

torque, causing it to spin. The magnitude of torque (\( \tau \)) depends on:
\ [

\tau = r \times F

\1]

where \( r \) is the distance from the pivot point to the point of force
application, and \( F \) is the force.

By examining video footage, one can estimate:
— The point of impact relative to the puck’s center.

— The resulting angular velocity after impact.
— How the impact angle influences rotational motion.

Key Observations from Video Analysis
1. Pivoting During Collisions

Videos reveal that when a dry ice puck strikes an obstacle or another puck



off-center, it often pivots or spins around a point near the contact site.
This pivoting involves both translational and rotational motion, illustrating
the complex interplay of forces.

2. Effect of Impact Angle

— Head-on impacts: Tend to produce straightforward bouncing with minimal
rotation.

— Oblique impacts: Generate significant spin and pivoting, demonstrating the
transfer of angular momentum.

3. Multiple Puck Interactions

Sequences where multiple pucks collide showcase complex pivot interactions,
with energy and momentum exchanged among translational and rotational degrees
of freedom. These interactions can mimic real-world systems like billiard
balls or planetary collisions.

4. Energy Dissipation and Friction Effects

While dry ice reduces friction, some energy loss occurs due to sublimation
and minor surface irregularities. Videos often show a gradual decrease in the
puck’s speed and rotation over successive impacts, highlighting the
importance of considering dissipative forces.

Educational Significance and Practical Applications
Deepening Conceptual Understanding

By visually analyzing pivot interactions with dry ice pucks, learners grasp
abstract concepts like:

- How torque causes objects to spin.

— The relationship between impact point and resulting motion.
— The conservation of angular momentum during collisions.

— The distinction between elastic and inelastic interactions.

These visual demonstrations bridge the gap between theoretical physics and
tangible phenomena.

Real-World Analogies and Applications

Understanding pivot interactions has practical relevance in various fields:

— Engineering: Design of machinery involving rotating parts.

— Astronomy: Collisions and angular momentum transfer in planetary formation.
— Sports science: Analyzing spin and motion in balls and equipment.

- Robotics: Maneuvering mechanisms involving pivoting joints.

Enhancing Laboratory Activities

Incorporating video analysis of dry ice puck interactions can elevate
standard physics labs by:

- Allowing students to measure and quantify rotational and translational
velocities.
— Facilitating data collection for calculations of momentum and energy



conservation.
- Encouraging critical thinking about dissipative forces and real-world
imperfections.

Best Practices for Conducting and Analyzing Pivot Interaction Experiments

— Ensure safety: Dry ice sublimates into cold gases; handle with gloves and
proper ventilation.

— Maintain surface consistency: Use a flat, clean aluminum surface to
minimize variables.

— Use high—-quality video equipment: High frame rates improve the accuracy of
motion analysis.

— Apply tracking software: Tools like Tracker or Logger Pro aid in
quantifying velocities and rotation rates.

— Repeat trials: To account for variability and ensure reliable data.

Conclusion: The Power of Pivot Interactions in Physics Education

Videos of dry ice pucks sliding and colliding on aluminum surfaces serve as
compelling visual tools to explore the intricacies of pivot interactions.
They vividly demonstrate how forces lead to rotational motion, how momentum
is conserved, and how energy transfers during collisions. This experimental
approach not only enriches theoretical understanding but also cultivates an
appreciation for the elegance of physical laws governing motion.

By leveraging these demonstrations, educators can inspire curiosity, foster
critical thinking, and provide students with a tangible connection to the
principles that underpin our understanding of the physical universe. Whether
used in classrooms, laboratories, or science outreach programs, pivot
interaction experiments involving dry ice pucks and aluminum surfaces stand
out as a dynamic, insightful, and visually captivating method of exploring
the mechanics of motion.
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