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Imagine two friends, Josh and Taylor, standing face-to-face on a vast, frictionless sheet of
ice. Without any external forces acting upon them, they decide to push off each other
simultaneously. Instantly, both begin to slide in opposite directions, each gaining
momentum. This simple yet fascinating scenario exemplifies fundamental principles of
physics, particularly Newton’s Third Law of Motion and conservation of momentum.
Understanding what happens in this situation offers valuable insights into how forces
interact in an idealized environment absent of friction or external forces.

In this comprehensive guide, we will explore the physics behind Josh and Taylor’s action,
analyze the forces at play, discuss the concepts of momentum and velocity, and relate this
scenario to real-world applications. Whether you are a student, educator, or science
enthusiast, understanding this example provides a clear window into the mechanics of
motion in frictionless environments.

Understanding the Scenario: Josh and Taylor on
Frictionless Ice

Setting the Scene

Imagine a large, flat, and perfectly smooth sheet of ice. On this ice, Josh and Taylor stand
facing each other at a certain distance. The ice is considered frictionless, meaning there is
no resistance to their movement once they push off. Both are initially at rest, with no
external forces acting on them.

The Push

When they push against each other, they exert equal and opposite forces on each other.
This action initiates motion, causing each person to slide away from the other. The key
questions are:

- How fast does each person slide after the push?
- Does one person slide faster than the other?



- How do their masses influence their movement?

Fundamental Physics Principles Involved

Newton’s Third Law of Motion

One of the most critical principles in this scenario is Newton’s Third Law, which states:
> For every action, there is an equal and opposite reaction.
In the context of Josh and Taylor:

- When Josh pushes Taylor, Taylor pushes back with an equal force.
- The forces are equal in magnitude but opposite in direction.

This law ensures that the forces they exert on each other cancel out when considering the
entire system, but each individual experiences a force causing acceleration.

Conservation of Momentum

Another fundamental principle is the conservation of momentum:

> The total momentum of an isolated system remains constant if no external forces act
upon it.

Since the ice is frictionless and there are no external forces, the total momentum before
and after the push remains zero (initially both are at rest).

Mathematically:
\[ m_{Josh} \times v _{Josh} + m {Taylor} \times v _{Taylor} = 0\]

This equation signifies that the momentum gained by Josh is equal in magnitude and
opposite in direction to that gained by Taylor.

Analyzing the Motion: What Happens When They



Push Off?

Initial Conditions

- Both are at rest: initial velocities \( v_{initial} = 0)
- Let’s denote:

-\(m_{J}\) = mass of Josh

-\(m_{T} \) = mass of Taylor

-\(v_{J} \) = velocity of Josh after push

-\(v_{T} \) = velocity of Taylor after push

Applying Conservation of Momentum

Since total initial momentum is zero, the final momenta must sum to zero:
\[m {J} \timesv {J} + m {T} \timesv {T} =0\]

Rearranged:

\[m {J} \timesv {J} =-m {T} \timesv {T} \]

The negative sign indicates they move in opposite directions.

Determining Their Velocities

From the above relation:

\[v_{J} =-\frac{m {T}}{m {J}} \timesv {T}\]

This means:

- The velocity of each person is inversely proportional to their mass.

- The lighter person will slide faster.
- The heavier person will slide more slowly.

Factors Affecting Their Speeds and Movements



Mass of Josh and Taylor

The relative masses of Josh and Taylor are crucial:
- If both have equal mass: they will slide away from each other at equal speeds but in
opposite directions.

- If one has a larger mass: that person will slide away more slowly, and the lighter one will
slide faster.

Initial Distance Between Them

The starting separation affects the total displacement but does not influence their
velocities directly, assuming they push with equal force.

Force of the Push

- The magnitude of the force exerted during the push determines the initial acceleration.
- In the idealized case, the push is considered instantaneous, imparting an initial velocity
directly.

Calculating Velocities: An Example

Suppose:

- Josh’s mass, \(m_{J} = 70\,kg \)

- Taylor’s mass, \( m_{T} = 50\,kg \)

- After pushing, Taylor slides away with velocity \( v_{T} = 2\,m/s)
Using the conservation of momentum:

\[ 70\,kg \times v_{J} + 50\ kg \times (-2\,m/s) = 0 \]

\[ 70\,kg \times v_{J} = 100\,kg\,m/s \]

\[ v_{J} = \frac{100\ kg\,m/s}{70\,kg} \approx 1.43\,m/s \]

Thus:

- Josh slides away at approximately 1.43 m/s.
- Taylor slides away at 2 m/s in the opposite direction.

This example illustrates how mass influences velocity after the push.



Real-World Implications and Applications

Understanding Space Travel and Microgravity
Environments

The principles demonstrated in the Josh and Taylor scenario are analogous to spacecraft
maneuvering in space:

- Without atmospheric drag, astronauts or spacecraft can change velocity by pushing off
surfaces or objects.

- Conservation of momentum ensures that pushing against one object causes both to move
in opposite directions.

Robotics and Mechanical Systems

Robotic systems operating in frictionless environments rely on similar principles for
movement:

- Reaction wheels or thrusters produce internal forces that cause the robot to slide or
rotate in the opposite direction.

Sports and Human Movement

In sports like ice skating, skiing, or diving, athletes leverage these physics principles:

- Pushing off the ice or other surfaces to accelerate.
- Understanding how mass and force influence movement.

Limitations of the Idealized Model

While the scenario of Josh and Taylor on frictionless ice provides clear insights into
fundamental physics, real-world applications involve complexities:

- Frictional forces always exist to some extent.
- External forces such as air resistance influence motion.
- Human push-offs are not perfectly instantaneous; they involve varying force over time.



- Surfaces are rarely perfectly smooth or frictionless.

Despite these limitations, the model serves as an excellent foundation for understanding
motion in ideal conditions.

Conclusion: The Physics Behind the Sliding
Motion

The scenario of Josh and Taylor standing face-to-face on frictionless ice encapsulates key
physics concepts:

- Newton’s Third Law ensures equal and opposite forces during the push.

- Conservation of momentum dictates that their velocities are inversely proportional to
their masses.

- The absence of external forces means their combined momentum remains zero, resulting
in mutual sliding in opposite directions.

Understanding these principles illuminates the behavior of objects and people in
frictionless environments, from space exploration to everyday activities. It highlights the
elegant simplicity of Newtonian physics and the importance of mass and force in motion.
Whether in classroom demonstrations or real-world applications, this scenario provides a
compelling illustration of fundamental mechanics.
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Frequently Asked Questions

What physics principle explains why Josh and Taylor
slide backwards after pushing each other on frictionless
ice?

The principle of conservation of momentum explains this; when they push off each other,

their combined momentum before and after remains zero, causing them to slide in
opposite directions.

Why do Josh and Taylor continue to slide on the ice



after the push without stopping?

Because the ice is frictionless, there is no force opposing their motion, so they continue to
slide indefinitely unless acted upon by an external force.

What would happen if the ice had some friction? How
would that affect Josh and Taylor's sliding motion?

If there was friction, it would oppose their motion, gradually slowing them down until they
come to a stop due to the dissipative force.

How does the mass of Josh and Taylor affect their
sliding after the push?

According to Newton's third law and conservation of momentum, the person with less
mass will slide farther and faster, while the heavier person will slide less and more slowly.

Can we predict the speed at which Josh and Taylor slide
after pushing each other?

Yes, using the conservation of momentum and knowing their masses and the force exerted
during the push, we can calculate their velocities after the push.

What real-world scenarios can be explained by Josh and
Taylor pushing on frictionless ice?

This scenario illustrates how astronauts maneuver in space, where there is very little
friction, using pushes or thrusters to change their position or orientation.

Why is standing face-to-face on ice a good
demonstration for Newton's third law?

Because when they push against each other, equal and opposite forces are exerted,
illustrating Newton's third law directly and visibly as both move in opposite directions.

Additional Resources

Josh and Taylor, standing face-to-face on frictionless ice, push off each other,
causing each to slide — a simple yet profound demonstration of Newtonian
physics that encapsulates the core principles of action and reaction, momentum,
and equilibrium. This scenario not only serves as an illustrative example for
students and physics enthusiasts but also offers a window into understanding
more complex real-world phenomena, from space travel to ice skating dynamics.
In this article, we'll explore the physics behind this interaction in detail,
examining the principles at play, the implications of the frictionless environment,
and the broader significance of such interactions in both theoretical and practical



contexts.

Understanding the Scenario: Josh and Taylor on
Frictionless Ice

The Setting: An Idealized Environment

Imagine two individuals, Josh and Taylor, standing directly opposite each other on a vast
stretch of frictionless ice. This environment is a theoretical construct — in reality, perfect
frictionless surfaces are nearly impossible to achieve, but for the sake of understanding
fundamental physics, scientists often consider such idealized scenarios.

- Frictionless Surface: The absence of friction means there's no resistive force opposing
their motion once they start sliding.

- Equal and Opposite Positions: Standing face-to-face, each person is initially at rest with
respect to the other, with no net movement.

- Push-Off Action: When Josh and Taylor push against each other, they exert equal and
opposite forces, according to Newton's third law.

This setting simplifies the analysis because it isolates the forces involved, removing
complicating factors such as air resistance or surface irregularities.

The Initial Conditions

Before the push:

- Both are stationary relative to the ice.

- Both exert equal and opposite forces during the push.

- The total momentum of the system (Josh + Taylor) is zero, satisfying the conservation of

momentum.

The critical question is: what happens immediately after they push each other? And why?

The Physics Principles at Play

Newton's Third Law: Action and Reaction

The fundamental principle governing their interaction is Newton’s third law:
- For every action, there is an equal and opposite reaction.

When Josh pushes Taylor:



- Josh exerts a force \( F \) on Taylor.
- Taylor exerts a force \( -F \) back on Josh.

These forces are equal in magnitude and opposite in direction, leading to acceleration or,
in this case, motion, since the surface offers no friction to counteract this force.

Conservation of Momentum

Momentum, defined as the product of mass and velocity (\( p = mv \)), is conserved in
isolated systems with no external forces.

- Initially, total momentum is zero because both are at rest.

- After pushing, each gains a certain velocity in opposite directions.

- Their individual momenta are equal in magnitude but opposite in direction, ensuring the
total remains zero.

Mathematically:

\[
m_{Josh} v {Josh} + m {Taylor} v {Taylor} =0
\]

Where:

-\(m_{Josh}\) and \( m_{Taylor} \) are their masses.
-\(v_{Josh}\) and \( v_{Taylor} \) are their velocities after the push.

This illustrates the principle that the system’s total momentum remains unchanged unless
external forces act on it.

Impulse and Force Duration

The change in momentum is related to the impulse exerted during the push:

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

\]

-\( F) is the force during contact.
-\(\Delta t) is the duration of contact.

Since the forces are equal and opposite, and the contact duration is the same, each person
gains momentum proportional to their mass and the force applied.

Resulting Motion: Sliding Away from Each Other



Individual Velocities Post-Push
From conservation principles:
\[

m {Josh} v {Josh} =-m {Taylor} v {Taylor}
\]

Assuming both push with the same magnitude of force and contact time, their velocities
are inversely proportional to their masses:

\[
v_{Josh} = -\frac{m {Taylor}}{m {Josh}} v {Taylor}
\]

This means:

- The lighter individual (if masses differ) will slide faster.
- If masses are equal, they slide away at equal speeds in opposite directions.

Implications of No Friction
On a frictionless ice surface:
- No resistive force acts to slow down or stop their motion.

- Once in motion, they continue sliding indefinitely unless acted upon by external forces
(e.g., air resistance, which is negligible here).

This idealization demonstrates the principle of inertia — an object in motion stays in
motion with a constant velocity unless acted upon by an external force.

Broader Significance and Real-World Applications

Space Exploration and Microgravity Environments

The scenario closely mirrors actions in space or microgravity environments where friction
is negligible:

- Astronauts pushing off walls or each other to maneuver.
- Spacecraft using thrusters, where conservation of momentum is critical for controlling
movement.

In such environments, understanding how forces translate into motion helps in designing
effective movement strategies, docking procedures, and satellite adjustments.



Ice Skating and Sports Dynamics

In real-world ice skating, friction is minimal but not zero. Nonetheless:

- Skaters push off to gain speed and change direction.

- The physics of push-offs involves similar principles, with friction providing the resistive
force necessary for propulsion.

- Understanding these dynamics helps athletes optimize their movements and improve
performance.

Physics Education and Demonstration

The Josh and Taylor scenario serves as a foundational demonstration:

- Visualizes Newtonian laws clearly.
- Reinforces the concept of momentum conservation.
- [llustrates the effects of frictionless environments.

Educational experiments often use low-friction carts or air tables to emulate this setup,
providing tangible experiences of these principles.

Limitations and Realistic Considerations

Imperfections in Real Surfaces

In reality:

- Perfect frictionless surfaces do not exist.
- Air resistance and surface irregularities introduce external forces.
- Human bodies are not massless or perfectly rigid objects.

External Influences

External factors such as:

- Air currents,
- External pushes,
- Surface imperfections,

affect the motion, making the idealized physics a close approximation but not an exact
depiction.

Energy Considerations

The push imparts kinetic energy to both individuals:



\[
KE = \frac{1}{2} m v"2
\]

In frictionless conditions, this kinetic energy remains within the system indefinitely. In
real environments, energy may dissipate through air resistance or deformable surfaces.

Conclusion: A Window into Fundamental Physics

The interaction between Josh and Taylor on frictionless ice exemplifies core principles of
physics such as Newton’s third law, conservation of momentum, and inertia. It
underscores how forces produce motion and how, in the absence of external resistances,
objects continue their motion indefinitely once set in motion. While real-world conditions
deviate from this idealization, the scenario provides essential insights into the mechanics
governing our universe. From space missions to sports, understanding these interactions
informs both technological innovation and scientific discovery, illustrating that even
simple pushes on a frictionless surface can unlock profound lessons about the nature of
motion and forces.

Josh And Taylor Standing Face To Face On Frictionless Ice
Push Off Each Other Causing Each To Slide

Josh And Taylor Standing Face To Face On Frictionless Ice Push Off Each Other Causing Each To
Slide

Related Articles

e S?5. An Asian Flephant At The Animalreserve Has A Mass Of 5,530 Kilograms.To The Nearest
Hundred, What

e Place The Four Stages Of The Thylakoid Reactions In The Correct Order Starting With The
First Stage At

e Peter Made Sure To Follow All The Internal Policies Of His Department When He Completed
Client Audits.

Back to Home


https://sip.evo9x.com/ma26/josh-and-taylor-standing-face-to-face-on-frictionless-ice-push-off-each-other-causing-each-to-slide.pdf
https://sip.evo9x.com/ma26/josh-and-taylor-standing-face-to-face-on-frictionless-ice-push-off-each-other-causing-each-to-slide.pdf
https://sip.evo9x.com/ma26/s-5-an-asian-elephant-at-the-animalreserve-has-a-mass-of-5-530-kilograms-to-the-nearest-hundred-what.pdf
https://sip.evo9x.com/ma26/s-5-an-asian-elephant-at-the-animalreserve-has-a-mass-of-5-530-kilograms-to-the-nearest-hundred-what.pdf
https://sip.evo9x.com/ma26/place-the-four-stages-of-the-thylakoid-reactions-in-the-correct-order-starting-with-the-first-stage-at.pdf
https://sip.evo9x.com/ma26/place-the-four-stages-of-the-thylakoid-reactions-in-the-correct-order-starting-with-the-first-stage-at.pdf
https://sip.evo9x.com/ma26/peter-made-sure-to-follow-all-the-internal-policies-of-his-department-when-he-completed-client-audits.pdf
https://sip.evo9x.com/ma26/peter-made-sure-to-follow-all-the-internal-policies-of-his-department-when-he-completed-client-audits.pdf
https://sip.evo9x.com

