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Introduction

The scenario of two ice skaters, Karen and David, standing still and then
engaging in a push against each other's hands offers a fascinating glimpse
into the fundamental principles of physics. Such interactions involve
concepts like forces, Newton's laws of motion, conservation of momentum, and
friction. By analyzing their actions and reactions, we can deepen our
understanding of how objects and bodies behave in an idealized environment
like ice, which provides minimal resistance. This article explores the
physics behind this interaction, the forces involved, the resulting motions,
and the broader implications of such a situation.

Initial Conditions: At Rest on Ice

Position and State of the Skaters

Before any interaction occurs, Karen and David are standing still on a smooth
ice surface:

- They face each other, each with their hands extended forward.
- Both are initially at rest, meaning their velocities are zero.

- The ice surface provides minimal friction, allowing for easier movement
once forces are applied.

Significance of Initial Rest State

Starting at rest simplifies the analysis because:



- The initial momentum of each skater is zero.

- Any subsequent motion results solely from interactions during the push.
- It provides a clear baseline to observe the effects of forces and
reactions.

Applying Forces: The Push Against Each Other's
Hands

Nature of the Interaction

When Karen and David push against each other's hands:

- They exert forces on each other in opposite directions.

- These forces are equal in magnitude but opposite in direction, according to
Newton's Third Law.

- The push involves muscular effort translating into force applied through
their hands.

Forces at Play

The key forces involved include:

- Contact Forces: The pushes themselves are contact forces transmitted
through their hands.

- Reaction Forces: The hands exert equal and opposite forces back onto each
other.

- Frictional Forces: Minimal on ice, but still present at the contact points.

Quantifying the Forces

While idealized scenarios often assume perfectly equal forces, real-world
factors influence the actual forces:

- The strength and technique of each skater’s push.
- The surface conditions and grip.
- The mass and initial positioning of each skater.



Newton's Laws 1in Action

First Law (Inertia)

- Until the push occurs, both skaters remain at rest due to inertia.
- Once forces are applied, their velocities change, demonstrating Newton’s
First Law.

Second Law (F=ma)

- The acceleration each skater experiences depends on the magnitude of the
applied force and their mass:

\ [
\text{Acceleration} (a) = \frac{\text{Force} (F)}{\text{Mass} (m)}

\]

- Heavier skaters will accelerate less for the same force.

Third Law (Action and Reaction)

- When Karen pushes David’s hands forward, David pushes back with an equal
force.

- This pair of action-reaction forces results in both skaters moving away
from each other.

Resulting Motion of the Skaters

Post-Push Dynamics

- Both Karen and David will start to slide backward on the ice surface.
- Due to conservation of momentum, the total momentum before and after the
push remains zero:

\ [
m K \times v K + m D \times v D = 0
\]



where \( m K, m D \) are masses, and \( v K, v D \) are velocities after the
push.

Equal and Opposite Velocities

- If both skaters exert equal force magnitudes and have similar masses, they
will move away from each other with equal speeds in opposite directions.
- Variations in mass or force will alter these speeds accordingly.

Factors Affecting the Motion

- Mass: Heavier skaters accelerate less.

- Force: Stronger pushes lead to higher velocities.

- Friction: Even minimal friction on ice gradually slows them down, but for
the initial moment, motion is primarily governed by their pushes.

Conservation of Momentum and Energy

Momentum Conservation

- The total momentum of the system remains zero if no external forces act
horizontally:

\ [
mKvK+mDvD=2©0
\]

- This means if Karen moves to the right, David moves to the left with a
proportionally inverse velocity.

Energy Considerations

- The work done by their muscles converts chemical energy into kinetic
energy.

- No external work acts on the system during the push (assuming negligible
external forces), so total mechanical energy is conserved in ideal
conditions.

- Some energy is lost as heat and sound, but primarily, the kinetic energy
increases as a result of the push.



Implications and Broader Understanding

Understanding Interactions in Low-Friction
Environments

- This scenario exemplifies how forces produce motion in environments with
minimal friction.

- It demonstrates that even in the absence of external forces, internal
forces (muscular pushes) can change the state of motion.

Real-World Applications

- Ice Skating Dynamics: Understanding how skaters accelerate and change
direction.

- Space Physics: Similar principles apply in space where negligible friction
exists.

- Engineering: Designing systems where minimal resistance is desired.

Limitations and Real-World Variations

- Friction, air resistance, and imperfect force application introduce
complexities.

- Human factors such as muscle strength, timing, and technique influence
outcomes.

Conclusion

The interaction between Karen and David on ice after they push against each
other's hands beautifully illustrates the core principles of
physics—particularly Newton’s laws and conservation of momentum. Starting at
rest, their muscular effort generates equal and opposite forces, propelling
them away from each other. The minimal friction of ice allows their motions
to be primarily dictated by these forces, making this scenario an excellent
example of fundamental mechanics in action. Understanding this interaction
not only enriches our comprehension of everyday physical phenomena but also
provides insights applicable to various scientific and engineering contexts.



Whether in sports or space exploration, the principles observed here underpin
how forces influence motion, emphasizing the elegant simplicity and
universality of Newtonian physics.

Frequently Asked Questions

What physical principles are demonstrated when Karen
and David push against each other's hands while at
rest?

They demonstrate Newton's Third Law of motion, which states that for every
action, there is an equal and opposite reaction, as they exert forces on each
other and respond accordingly.

Why do Karen and David move when they push against
each other's hands on the ice?

Because of the conservation of momentum and the fact that the ice provides
minimal friction, the force they exert causes both skaters to accelerate in
opposite directions.

How does the friction between the ice and the
skaters' skates affect their movement during the
push?

Low friction on ice allows them to move more easily when force is applied,
enabling significant movement with minimal resistance compared to other
surfaces.

If Karen and David push with equal force, will they
necessarily move the same distance?

Not necessarily, because their masses might differ; according to Newton's
second law, the acceleration depends on force divided by mass, so the lighter
skater would accelerate more.

What safety precautions should be taken when
performing pushing exercises on ice skates?

Participants should wear protective gear, ensure the ice surface is safe and
free of obstacles, and perform the activity under supervision to prevent
falls and injuries.



Can this pushing action be used to analyze the
forces involved in ice skating techniques?

Yes, analyzing the forces during pushing helps understand propulsion,
balance, and control in ice skating, which can improve technique and
performance.

How does the mass of each skater affect the outcome
of their pushing interaction?

The skater with greater mass will experience less acceleration for the same
force, resulting in less movement compared to the lighter skater, according
to Newton's second law.

What role does the ice surface play in the movement
of the skaters after they push against each other?

The ice's low friction allows the skaters to glide smoothly and move easily
in response to their applied forces, facilitating observable motion after the
push.

How can this scenario be used to teach concepts of
action and reaction forces in physics?

It provides a visual and practical example of Newton's Third Law,
illustrating how two objects exert equal and opposite forces on each other
during interaction.

What would happen if Karen and David pushed with
unequal forces? How would their movements differ?

The skater exerting greater force would accelerate more and move farther in
the opposite direction, demonstrating the relationship between force, mass,
and acceleration.

Additional Resources

Two Ice Skaters, Karen And David, Face Each Other While At Rest, And Then
Push Against Each Other’s Hands

In the serene stillness of an ice rink, two skaters—Karen and David-stand
facing each other, momentarily motionless. As they prepare for a coordinated
move, they gently push against each other's hands, initiating a fascinating
display of physics principles in action. This simple yet insightful scenario
offers a perfect window into the fundamental laws of motion, force
interactions, and energy transfer, making it a compelling case study for both



enthusiasts and students of physics alike.

Understanding the Scenario: The Setup and
Initial Conditions

At first glance, the scene appears straightforward: two skaters facing each
other, at rest on a frictionless surface—ice. However, beneath this
simplicity lies a complex interplay of forces and motion that can be unpacked
through Newtonian physics.

Initial Conditions:

- Position: Karen and David are standing on a smooth ice rink, facing each
other, with their hands extended towards one another.

- State of motion: Both are initially stationary relative to the ice (not
moving) .

- Forces involved: The only significant forces at play during the push are
the mutual contact forces exerted by their hands.

Key assumptions for analysis:

- The ice surface is frictionless, minimizing external forces.

- Both skaters have approximately equal mass (for simplicity).

- The push occurs over a short duration, allowing us to consider impulse and

momentum transfer.

This setup provides a textbook example to analyze how forces interact and how
motion is initiated or altered in a low-friction environment.

Newton’s Third Law in Action: The Force Pair

The core principle governing the interaction between Karen and David during
the push is Newton’s third law: for every action, there is an equal and
opposite reaction.

Application to the Push:

- When Karen pushes against David's hand, she exerts a force F on David.
- Simultaneously, David exerts an equal and opposite force -F on Karen.

Implications:



- Both skaters experience the same magnitude of force, but in opposite
directions.

- Because of their inertia, these forces cause their velocities to change,
leading to movement across the ice.

Visualization:

Imagine both skaters start at rest. When they push against each other's
hands:

- Karen gains a velocity in one direction.
- David gains a velocity in the opposite direction.

The magnitude of their velocities depends on their masses and the size of the
force exerted.

Mathematically:

If we denote the force as \( F \), and the mass of each skater as \( m \):

- The acceleration experienced by each is \( a = \frac{F}{m} \).

- The change in velocity \( \Delta v \) after the push (over time \( \Delta t
\)) is:

\[ \Delta v = a \times \Delta t = \frac{F}{m} \times \Delta t \]

This direct relationship illustrates how force impacts motion in the system.

Conservation of Momentum: The System’s
Perspective

One of the most profound principles illustrated by this scenario is the
conservation of momentum.

Fundamental Concept:

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

- Since the ice is frictionless and external forces are negligible during the
push, the total momentum before and after the interaction remains the same.
Initial State:

- Both skaters are at rest, so total initial momentum:

\[ P {initial} = 0 \]



After the Push:

- Karen's momentum: \( p_
- David's momentum: \( p_

m \times v K \)
m \times v D \)

K
D
Given the opposite directions:

\[ p {total} = p K+ pD=20\]

which implies:

\[ m \times v K + m \times v D = 0 \Rightarrow v D = -v K \]

meaning they move with equal speed in opposite directions.

Real-world Insight:

- The symmetry ensures that their velocities are equal in magnitude but
opposite in direction.

- If their masses are equal, their speeds are also equal.

- If their masses differ, the velocities adjust accordingly, with the heavier

skater moving more slowly.

This conservation law explains why, despite exerting equal and opposite
forces, their resulting motions are predictable and balanced.

Energy Transfer and Kinetic Energy
Considerations

While momentum conservation governs the motion, analyzing the energy transfer
provides additional insight into the dynamics.

Initial State:

- Both skaters are at rest; total kinetic energy is zero.

During the Push:

- Mechanical work is done by each skater against the other’s hands.

- The force exerted over the push distance results in work, converting
muscular energy into kinetic energy.

Post-Push Kinetic Energy:

- The total kinetic energy after the push is:



\[ KE {total} = \frac{1}{2} m v K*2 + \frac{1}{2} m v D"2 \]

Given \( v.D = -v K \):

\[ KE {total} = 2 \times \frac{1}{2} m v K*2 = m v K*2 \]

Energy Sources and Losses:

- Not all muscular energy is converted into kinetic energy; some energy 1is
dissipated as heat, sound, and internal deformation.

- The idealized physics model assumes perfectly elastic interaction, where
kinetic energy is conserved during the push.

Implication for Real-Life Skaters:

- The push involves muscular effort, which consumes biological energy.

- The actual kinetic energy imparted is usually less than the energy exerted

due to inefficiencies and energy losses.

This analysis underscores that while momentum is conserved, the energy
transfer involves biological input and dissipative processes.

Friction, External Forces, and Real-World
Deviations

Although the ideal physics scenario considers a frictionless ice rink, real-
world conditions introduce additional factors.

Friction:

- Even a smooth ice surface provides some friction, which slows down the
skaters over time.

- External forces like air resistance are usually negligible at such low
speeds but are present.

External Forces:

- Slight inclines or uneven ice surfaces can influence the motion.
- External pushes or bumps can alter the skaters’ velocities.

Energy Dissipation:

- Internal muscular work converts chemical energy into kinetic energy.
- Some energy is lost as heat within muscles and joints.

Implications for Practice:



- In actual skating, the push results in a brief acceleration, followed by
gradual deceleration due to friction and air resistance.
- Skilled skaters learn to maximize efficiency by optimizing push techniques.

In Summary:

While physics provides a clean, idealized picture—perfectly elastic
interactions, no external forces, and symmetrical masses—real-world dynamics
are more complex but still governed by the same fundamental laws.

Educational and Practical Takeaways

The scenario of Karen and David pushing against each other on the ice serves
as an excellent teaching tool and practical lesson:

1. Newtonian Mechanics in Action: Demonstrates the interplay of forces,
motion, and energy transfer.

2. Importance of Symmetry: Equal and opposite forces lead to predictable
motions, emphasizing the symmetry inherent in physical interactions.

3. Conservation Laws: Reinforces the concepts of momentum and energy
conservation, foundational principles in physics.

4. Real-World Applications: Understanding these principles aids in coaching,
designing sports equipment, and even developing robotics and motion control
systems.

Conclusion: More Than a Simple Push

What begins as a seemingly simple act—two skaters at rest pushing against
each other's hands—unfolds into a rich tapestry of physics principles. From
the mutual forces dictated by Newton’s third law, through the conservation of
momentum and energy, to the nuances introduced by real-world conditions, this
scenario encapsulates core concepts that underpin the mechanics of motion.

Whether in the context of sports, engineering, or fundamental science,
appreciating the physics behind such interactions enhances our understanding
of the natural world. As Karen and David glide apart on the ice, their brief
dance of forces exemplifies the elegance and universality of Newtonian
physics, reminding us that even everyday actions are governed by the
fundamental laws of nature.
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