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Between The Skate Blades And the ice surface, and this scenario opens up a
fascinating exploration into the fundamental principles of physics,
particularly Newtonian mechanics and the conservation of momentum.
Understanding what happens when friction is neglected helps us grasp how
forces operate in idealized conditions, providing insights into real-world
phenomena such as ice skating, space travel, and even planetary motion. In
this article, we will delve into the physics behind the actions of two
skaters standing on ice, analyze their interactions, and explore the
implications of neglecting friction between skate blades and ice.

---

The Basic Physics of Ice Skating Without Friction

What Does Neglecting Friction Mean?

In the real world, friction plays a crucial role in enabling skaters to push
off the ice, change direction, and come to a stop. However, when we neglect
friction, we are assuming that the skate blades do not resist motion in any
way—they neither help nor hinder movement. This idealization simplifies the
equations of motion and allows us to focus solely on the interactions between
the skaters themselves and the forces they exert on each other.

Conservation of Momentum in an Idealized System

In a frictionless environment, the total momentum of the system (the two
skaters) remains constant unless acted upon by external forces. This
principle is fundamental to physics and states that:

- Total momentum before any interaction = Total momentum after the
interaction

Since no external forces are acting horizontally when friction is neglected,
the system's momentum is conserved.

The Implications for the Skaters

If the man and woman are initially standing still on ice, and they push
against each other, what happens?

- They exert equal and opposite forces on each other.
- Their velocities change according to their masses and the forces exerted.
- The total momentum of the system remains zero if they start from rest.



This leads to interesting behaviors, which we will analyze in detail.

---

Analyzing the Interaction Between the Two Skaters

Scenario Setup

Suppose:

- The man has mass \( M_m \).
- The woman has mass \( M_w \).
- Both are initially stationary.
- They push off against each other with equal and opposite forces for a brief
moment.

Applying Newton’s Third Law

Newton’s third law states:

- For every action, there is an equal and opposite reaction.

In this case:

- The man exerts a force \( F \) on the woman.
- The woman exerts a force \( -F \) on the man.

Calculating Their Velocities Post-Push

Using Newton’s second law:

\[
F = M \times a
\]

where:

- \( a \) is acceleration,
- \( M \) is mass.

Since the forces are equal and opposite, the accelerations are:

\[
a_m = \frac{F}{M_m}
\]
\[
a_w = \frac{-F}{M_w}
\]

Assuming the push lasts for a very short time \( \Delta t \), the change in
velocity (\( \Delta v \)) for each skater is:



\[
\Delta v_m = a_m \times \Delta t = \frac{F}{M_m} \times \Delta t
\]
\[
\Delta v_w = a_w \times \Delta t = -\frac{F}{M_w} \times \Delta t
\]

The velocities after the push are:

\[
v_m = \frac{F}{M_m} \times \Delta t
\]
\[
v_w = - \frac{F}{M_w} \times \Delta t
\]

Conservation of Momentum

Initial total momentum:

\[
P_{initial} = 0
\]

After the push:

\[
P_{final} = M_m v_m + M_w v_w
\]

Substituting the velocities:

\[
P_{final} = M_m \left( \frac{F}{M_m} \times \Delta t \right) + M_w \left( -
\frac{F}{M_w} \times \Delta t \right) = F \times \Delta t - F \times \Delta t
= 0
\]

This confirms that total momentum remains zero, consistent with conservation
laws.

---

Real-World Implications and Insights

Why Do Skaters Move When Pushing Off?

In reality, friction between skate blades and ice provides the necessary
force for skaters to push off and gain momentum. However, in the idealized
frictionless scenario:



- The only forces during push-off are internal to the system.
- The skaters move in opposite directions with velocities inversely
proportional to their masses.
- The heavier skater gains less speed than the lighter one for the same force
exerted.

Understanding Recoil and Equal and Opposite Reactions

This behavior mirrors recoil phenomena observed in various contexts:

- Rocket propulsion: expelling mass backward to move forward.
- Gun recoil: firing a bullet pushes the gun backward.
- Spacecraft maneuvering: using thrusters in a frictionless environment.

In all cases, the action-reaction principle ensures momentum conservation
unless external forces act.

---

Extending the Model: Multiple Interactions and External Factors

Multiple Push-Offs

If the skaters repeatedly push off each other:

- They can continue to exchange momentum.
- Their velocities will oscillate unless external forces like gravity or air
resistance intervene.

External Forces and Friction

In real-world conditions:

- Friction between skate blades and ice allows skaters to control their
movements.
- Gravity influences their position on the ice surface.
- Air resistance provides minimal but non-negligible damping.

Neglecting these factors allows for a pure analysis of internal forces and
momentum exchange.

---

Practical Applications and Broader Physics Concepts

Space Exploration

The physics of push-off and recoil without friction is analogous to
spacecraft maneuvers, where:

- No external forces act on the spacecraft.



- Small thruster fires change velocity according to conservation of momentum.

Planetary and Celestial Mechanics

Celestial bodies interact gravitationally, exchanging momentum:

- The conservation laws dictate orbital motions.
- No friction acts between planets, yet they exchange momentum through
gravity.

Engineering and Design

Understanding frictionless models helps engineers:

- Design systems that minimize energy loss.
- Develop propulsion methods that rely on internal forces.

---

Conclusion: The Significance of Frictionless Physics

Analyzing the scenario of two skaters on ice while neglecting friction offers
profound insights into fundamental physics principles. It underscores the
importance of conservation of momentum, Newton’s third law, and the role of
internal vs. external forces. While real-world skating relies heavily on
friction to facilitate movement, studying idealized models helps us grasp the
core concepts governing motion in a frictionless universe. This understanding
extends beyond ice skating, influencing fields as diverse as aerospace
engineering, astrophysics, and mechanical design.

By exploring these concepts, students and enthusiasts gain a deeper
appreciation for the elegant laws of physics that govern motion, whether on
ice, in space, or within complex engineered systems.

Frequently Asked Questions

What happens to the skaters' motion if they push off
each other on the ice without friction?
They will move in opposite directions with equal and opposite momentum,
maintaining the total momentum of the system, since there is no friction to
dissipate energy.

Why is neglecting friction between skate blades and
ice important in analyzing this scenario?
Neglecting friction simplifies the analysis by assuming no energy loss and



that the only forces involved are internal to the system, allowing focus on
conservation of momentum and motion.

If the man and woman push each other on the ice, how
does their velocity change after the push?
Both will gain velocities in opposite directions proportional to their
respective masses, such that total momentum remains zero if initially at
rest.

Can the skaters come to a stop after pushing off
each other if there's no friction?
No, without friction, their velocities after pushing will persist
indefinitely; they will not slow down or stop unless acted upon by external
forces.

What principle governs the motion of the skaters in
this frictionless scenario?
Conservation of momentum governs their motion, meaning the total momentum
before and after the push remains constant.

How does the masses of the man and woman affect
their speeds after pushing off?
The lighter skater will attain a higher velocity in the opposite direction
compared to the heavier skater, since momentum is conserved and momentum
equals mass times velocity.

Is energy conserved in this idealized scenario of no
friction, and why?
Yes, mechanical energy is conserved because no friction or external forces
dissipate energy; the initial potential energy is converted into kinetic
energy.

What real-world factors are neglected in this
frictionless ice scenario, and why are they
important?
Factors like air resistance, tiny frictional forces, and imperfections in ice
are neglected; in reality, these forces would eventually slow the skaters
down, but their omission simplifies the physics analysis.



Additional Resources
Ice Skating Dynamics

---

Introduction

Imagine witnessing a serene winter scene: two skaters—a man and a
woman—standing gracefully on a pristine sheet of ice. The air is crisp, and
their blades glint under the winter sun. But beneath this picturesque tableau
lies a fascinating realm of physics, particularly when we consider the
scenario where friction between the skate blades and the ice is neglected.
This thought experiment provides a unique lens through which to analyze the
fundamental principles governing motion, momentum, and energy transfer on ice
skates.

In this article, we will explore the detailed physics behind this scenario,
examining how the absence of friction influences the behavior of the skaters,
what conservation laws come into play, and what real-world implications or
insights can be drawn. Whether you're a physics enthusiast, a sports
scientist, or simply curious about the mechanics of skating, this review aims
to be both comprehensive and engaging.

---

Theoretical Foundations: Frictionless Ice and Its Significance

What Does "Neglecting Friction" Mean?

In real-world skating, friction plays a crucial role—both in enabling control
and in generating heat that helps prevent the blades from sticking to the
ice. However, for the purpose of this thought experiment, assuming no
friction means:

- The skate blades do not resist motion in any way.
- No energy is lost due to heat or deformation.
- The blades do not grip or push against the ice surface.

This idealization is often used in physics to isolate specific variables and
understand the core mechanics without the complicating factor of resistance.

Why Study a Frictionless Scenario?

Studying a frictionless environment helps us:

- Understand fundamental conservation laws such as momentum and energy.
- Explore idealized models that serve as a baseline for real-world phenomena.
- Examine the effects of internal forces and external constraints without
dissipative forces.



While no physical surface is perfectly frictionless, this model clarifies
what could happen in an idealized universe, and provides insight into the
limits and behaviors of physical systems.

---

Key Assumptions and Setup

To analyze the scenario of two skaters standing on ice with no friction:

- Initial State: Both skaters are standing still on the ice, initially at
rest.
- Masses: Let the man have mass \( M \) and the woman mass \( m \).
- Position: Both are initially at rest and separated by a certain distance \(
d \).
- No External Forces: The environment is assumed to be inertial, with no
external pushes or pulls.
- Interaction: The skaters can push against each other, but the ice exerts no
frictional force to resist or facilitate their movement.
- Neglecting Air Resistance: For simplicity, air resistance is ignored.

---

Applying Conservation of Momentum

Fundamental Principle

In an isolated system with no external forces, linear momentum is conserved.
This means:

\[
\text{Total initial momentum} = \text{Total final momentum}
\]

Since both skaters are initially at rest:

\[
P_{initial} = 0
\]

Any internal forces, such as pushing against each other, cannot change the
total momentum of the system.

Implications

- When the man pushes the woman, they will move in opposite directions.
- The total momentum after pushing remains zero, which leads to the relation:

\[
M v_{M} + m v_{m} = 0
\]



where:

- \( v_{M} \) = velocity of the man after pushing,
- \( v_{m} \) = velocity of the woman after pushing.

This relation indicates that the skaters recoil in opposite directions with
velocities inversely proportional to their masses:

\[
v_{M} = - \frac{m}{M} v_{m}
\]

The negative sign signifies opposite directions.

---

Internal Forces and Their Consequences

Nature of the Push

The push between the two skaters is an internal force within the system.
According to Newton's third law:

- The man exerts a force \( F \) on the woman.
- The woman exerts an equal and opposite force \( -F \) on the man.

Since these forces are internal, they do not alter the total momentum but
redistribute it between the two skaters.

Effect on the Skaters' Motions

- Both begin to move away from each other after the push.
- Their velocities depend on their masses:

\[
v_{M} = - \frac{m}{M} v_{m}
\]

- The lighter skater (say, the woman) will recoil faster than the heavier
man.

Kinetic Energy Considerations

In real life, pushing involves energy transfer and results in kinetic energy:

\[
KE = \frac{1}{2} M v_{M}^2 + \frac{1}{2} m v_{m}^2
\]

However, in the frictionless and ideally elastic scenario, no energy is lost.
The initial potential energy stored in the push is converted into kinetic



energy.

---

Quantitative Analysis: An Example

Suppose:

- The man has a mass \( M = 80\, \mathrm{kg} \),
- The woman has a mass \( m = 60\, \mathrm{kg} \),
- The magnitude of their velocities after pushing is measured or estimated.

From conservation of momentum:

\[
80\, v_{M} + 60\, v_{m} = 0 \Rightarrow v_{M} = - \frac{60}{80} v_{m} = -
0.75 v_{m}
\]

Total kinetic energy:

\[
KE_{total} = \frac{1}{2} \times 80 \times v_{M}^2 + \frac{1}{2} \times 60
\times v_{m}^2
\]

Substituting \( v_{M} \):

\[
KE_{total} = \frac{1}{2} \times 80 \times (0.75 v_{m})^2 + \frac{1}{2} \times
60 \times v_{m}^2
= 40 \times 0.5625 v_{m}^2 + 30 v_{m}^2
= 22.5 v_{m}^2 + 30 v_{m}^2 = 52.5 v_{m}^2
\]

This indicates that the total kinetic energy depends on the recoil velocity
of the woman \( v_{m} \).

---

Real-World Implications and Limitations

Why Does Friction Matter in Reality?

- Friction enables control: Without friction, skaters cannot push off the ice
to gain speed or change direction effectively.
- Energy dissipation: Friction converts kinetic energy into heat, preventing
perpetual motion.
- Grip and stability: Friction provides the necessary grip to balance and
maneuver.



In the frictionless hypothetical, the skaters would recoil indefinitely after
pushing, with no way to stop or control their motion, illustrating the
importance of friction in practical skating.

Practical Applications of the Model

Even though real ice has some friction, the idealized model helps:

- Understand how internal forces influence motion.
- Analyze conservation laws in isolated systems.
- Design better training techniques by understanding the physics of pushing
and recoiling.
- Develop theoretical models for robotic or artificial systems operating in
low-friction environments.

---

Internal vs. External Forces: The Role of External Constraints

In the absence of external forces:

- The system's total momentum remains zero.
- Any internal push results in recoil velocities that conserve the initial
zero momentum.

External forces, such as pushing off the ground or external pushes, would
alter the system's momentum and energy budget significantly.

---

Conclusion: Insights from the Frictionless Model

This thought experiment underscores fundamental physics principles:

- Conservation of momentum dictates that two skaters pushing off each other
will recoil in opposite directions, with velocities inversely proportional to
their masses.
- Energy conservation ensures that the total kinetic energy after the push is
equal to the energy input during the push.
- Absence of friction leads to perpetual motion post-push, a situation
impossible in reality but invaluable for understanding the core mechanics.

In practical terms, real skaters rely heavily on friction to control
movement, stop, and propel themselves. The absence of friction would result
in uncontrollable recoiling, highlighting why friction is an essential
component in ice skating and many other physical systems.

This analysis not only deepens our understanding of the physics of motion on
ice but also exemplifies how idealized models serve as powerful tools in
physics education and research. Whether for designing better sports
equipment, robotic systems, or simply appreciating the elegant laws governing



motion, examining such scenarios broadens our comprehension of the natural
world.

---
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Note: This article emphasizes idealized physics principles and omits real-
world factors such as air resistance, ice imperfections, and the non-zero
friction present in actual skating.
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