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Two Skaters Stand Facing Each Other. One Skaters Mass Is 60 Kg, And The Others Mass Is
72 Kg. If The two skaters push off against each other on a frictionless ice surface, understanding the
physics involved can reveal fascinating insights into momentum, conservation laws, and the resulting
motion. This scenario is a classic example used to illustrate fundamental principles in physics,
particularly Newton's Third Law and the conservation of momentum. In this comprehensive guide, we
will explore the mechanics of this situation, analyze the forces at play, and discuss the real-world
implications of such interactions.

Understanding the Scenario: The Physics of Two
Skaters

Initial Conditions

- Skater 1:

- Mass: 60 kg

- Initial velocity: 0 m/s (standing still)

- Skater 2:

- Mass: 72 kg

- Initial velocity: 0 m/s (standing still)

- Surface:

- Frictionless ice surface to minimize external forces

- Interaction:

- Both skaters push off against each other with equal and opposite forces

Key Assumptions

- No external forces act horizontally (frictionless environment)

- The push occurs instantaneously

- The skaters' bodies are rigid, and their masses remain constant

- Air resistance is negligible

- The push is internal, meaning the total momentum of the system is conserved



Fundamentals of Conservation of Momentum

What Is Momentum?

Momentum is a vector quantity defined as the product of an object's mass and its velocity:

ep=mxv

- Momentum describes the motion of an object and is conserved in isolated systems

Law of Conservation of Momentum

- In an isolated system with no external forces, the total momentum remains constant
- When two objects interact internally (like the skaters pushing off), their combined momentum before
and after the interaction stays the same

Application to the Skaters

- Initial total momentum of the system: 0 (since both are stationary)
- After pushing:

- Skater 1 moves backward with velocity va

- Skater 2 moves backward with velocity vz

- The sum of their momenta must still be zero:

miXVvi+maXvz2=0

Calculating the Resulting Velocities

Deriving the Velocities

Given:
-m1 = 60 kg
-mz2 =72 kg

- Initial velocities: 0 m/s

Using conservation of momentum:

M1 XVvi+mzXxv2=0

Since the skaters push off in opposite directions:

vi=-(mz2/mi) X vz



Alternatively, expressing one velocity in terms of the other:
vi=-(72/60) X v2=-1.2 X v2

To find actual velocities, we need to consider the force exerted during the push or assume a certain
impulse.

Assuming Equal and Opposite Forces

- The forces exerted are equal in magnitude and opposite in direction
- The impulse (force x time) imparts velocities to the skaters

Suppose the magnitude of the impulse (J) is the same for both, then:
J=m x Av

If both exert the same impulse magnitude:

M1 X Vi =m2 X V2

Given the earlier relation:

vi=-1.2 X vz

The final velocities depend on the magnitude of the impulse applied during the push. For simplicity, if
we assume the same impulse results in a specific velocity, then:

- Skater 1's velocity: vi = - (Impulse / m1)
- Skater 2's velocity: v2 = (Impulse / m2)

Impact of Mass Difference on Motion

Discussion of Results

- The lighter skater (60 kg) will move faster in the opposite direction compared to the heavier skater
(72 kg)
- The difference in mass impacts the magnitude of their velocities post-interaction

Example Calculation

Assuming an impulse of 36 kg-m/s (hypothetical value):

- Skater 1's velocity:



vi=-(36/60) =-0.6 m/s
- Skater 2's velocity:
v2=(36/72)=0.5m/s

This indicates:
- Skater 1 moves backward at 0.6 m/s
- Skater 2 moves backward at 0.5 m/s

The velocities are inversely proportional to their masses, aligning with conservation principles.

Real-World Applications and Implications

Understanding Collisions and Interactions

- The principles demonstrated are fundamental in various fields:
- Physics education

- Sports science

- Space exploration

- Engineering design

Designing Safe and Efficient Systems

- Knowledge of momentum transfer influences:

- Safety features like airbags and crumple zones
- Spacecraft maneuvering using thrusters

- Robotics and automated systems

Sports and Recreational Physics

- Athletes and coaches utilize physics principles to optimize techniques
- For example, in ice skating, understanding how pushing affects motion helps improve performance

Advanced Topics: Conservation Laws and External
Forces



Role of External Forces

- In the idealized scenario, external forces are negligible
- Real-world scenarios involve friction, air resistance, and other external influences
- These forces can alter the conservation of momentum

Energy Considerations

- Kinetic energy before and after the push relates to the work done during the interaction
- Some energy is converted to heat, sound, or deformation, meaning the process isn't perfectly elastic

Angular Momentum

- If the skaters spin or rotate, angular momentum considerations come into play
- This adds complexity to the analysis but is essential in understanding rotational dynamics

Conclusion: The Significance of Mass and Momentum in
Two Skaters’ Interaction

Understanding the physics behind two skaters pushing off against each other highlights fundamental
principles like conservation of momentum, Newton's Third Law, and the impact of mass on motion.
The different masses of the skaters result in distinct velocities after the push, with the lighter skater
moving faster in the opposite direction. This scenario exemplifies how internal forces within an
isolated system lead to predictable and quantifiable outcomes, reinforcing core concepts in classical
mechanics. Whether in recreational activities, sports, or advanced engineering, these principles form
the backbone of understanding motion and interaction in our physical world.

Keywords: physics, conservation of momentum, skaters, mass, velocities, Newton's Third Law,
frictionless surface, impulse, collision, rotational dynamics, real-world applications

Frequently Asked Questions

Two skaters face each other; one has a mass of 60 kg and the
other 72 kg. If they push off each other, what will be their
respective velocities after the push?

Using conservation of momentum, their velocities will be inversely proportional to their masses. If
they push off with equal and opposite momentum, the skater with 60 kg will move at a higher velocity
than the 72 kg skater, calculated as v1 = (m2/m1) v2, ensuring total momentum remains zero.



If two skaters of masses 60 kg and 72 kg push off each other
on ice, what is the recoil effect on each skater's movement?

The skater with 60 kg will recoil with a higher velocity in the opposite direction compared to the 72 kg
skater, due to their lower mass. The velocities are inversely proportional to their masses, conserving
momentum.

How does the difference in mass between two skaters affect
their acceleration when they push off each other?

The lighter skater (60 kg) will experience a greater acceleration compared to the heavier skater (72
kg), according to Newton's second law (F=ma), assuming equal force applied during the push.

If both skaters push with the same force, how does their
resulting acceleration relate to their masses?

Their accelerations are inversely proportional to their masses; the skater with 60 kg will accelerate
more than the 72 kg skater because a = F/m, with the same force applied to both.

What is the principle behind the conservation of momentum
in the interaction between the two skaters?

The principle states that in the absence of external forces, the total momentum before and after the
push remains constant. Since they start at rest, their combined momentum after pushing off is zero,
meaning their momenta are equal in magnitude and opposite in direction.

Additional Resources

Two Skaters Stand Facing Each Other. One Skater's Mass Is 60 Kg, And The Other's Mass Is 72 Kg. If
The

Imagine a crisp winter day on a smooth ice rink, where two skaters face each other, poised to glide
and interact. At first glance, it may seem like a simple scene of athletic grace, but beneath the
surface lies a fascinating exploration of physics—specifically, Newton's laws of motion and the
principles of conservation of momentum. Understanding how two skaters of different masses
influence each other's movement when they push off can reveal fundamental insights into forces,
acceleration, and energy transfer.

This article delves into the physics behind this scenario, breaking down the core concepts in an
accessible yet technically detailed manner. Whether you're a student of physics, a curious enthusiast,
or someone interested in how everyday activities are governed by fundamental laws, this exploration
offers a comprehensive understanding of the interactions between two skaters of differing masses.

The Scenario: Setting the Stage



Before diving into the physics, let's establish the key details:

- Skater A has a mass of 60 kg.

- Skater B has a mass of 72 kg.

- They are initially at rest, facing each other on a frictionless ice surface.

- They simultaneously push off against each other, propelling away in opposite directions.
The core questions to consider include:

- How do their masses affect their resulting velocities after pushing off?

- What principles govern their motion?

- How does the conservation of momentum come into play?

Understanding these questions requires a look into the fundamental physics principles that describe
such interactions.

Fundamental Principles: Conservation of Momentum

At the heart of this scenario lies the law of conservation of momentum, one of the most important
concepts in classical mechanics. It states that in an isolated system—where no external forces
act—the total momentum remains constant.

Initial Condition:

- Both skaters are stationary; hence, the total initial momentum is zero:

\( p_{initial} =0)

After the Push:

- Let’s assume Skater A (60 kg) moves with velocity \( v_A\).
- Skater B (72 kg) moves with velocity \( v_B\).

Since the system is isolated (on ice with minimal external forces):

\(p_{final} =m AvA+mBvB=0)\)

This leads to the relation:

\(mAvVA+mBvB=0))

or equivalently,

\(mAvA=-mBvB)\

The negative sign indicates they move in opposite directions.



Deriving Velocities: How Mass Influences Motion

Using the conservation of momentum, we can determine the relationship between their velocities
after they push off.

Step 1: Express one velocity in terms of the other:

\(v_A =-\frac{m B}{m_A} v B\)
Step 2: Interpret the relation:

- The skater with less mass (60 kg) will generally attain a higher velocity in magnitude than the
heavier skater (72 kg), assuming they exert equal and opposite forces during the push.

Step 3: Calculating specific velocities:

Suppose both exert forces such that the magnitude of their momentum change is equal, but due to
their masses, their velocities differ.

For example, if Skater B (72 kg) reaches a velocity of \( v_B = 1\, \text{m/s} \) in one direction, then:

\(v_A =-\frac{72}{60} \times 1\, \text{m/s} = - 1.2\, \text{m/s} \)
This indicates Skater A moves at 1.2 m/s in the opposite direction.
Key insight:

- The lighter skater (60 kg) moves faster.

- The heavier skater (72 kg) moves slower, in the opposite direction, with velocities inversely
proportional to their masses.

Energy Considerations: Kinetic Energy and Efficiency

While momentum conservation governs velocities, energy considerations help understand the effort
involved and the resulting motion.

Kinetic Energy (KE):

\( KE = \frac{1}{2} mv~"2\)
Total initial energy: Zero, since both are at rest.

Total kinetic energy after push:



\( KE_{total} = \frac{1}{2} m Av A™2 +\frac{1}{2} m Bv B"~2))

Substituting the velocities:

\( KE_{total} = \frac{1}{2} m_A\left( \frac{m B}{m_A} v B \right)"~2 + \frac{1}{2} m Bv B"~2\)
Simplify:

\( KE_{total} =\frac{1}{2} m_A\left(\frac{m B~2}{m_A"2} v B~2 \right) + \frac{1}{2} m B

v B"2\)

\( KE_{total} = \frac{1}{2} \frac{m B~2}{m_A} v B~2 + \frac{1}{2} m Bv B"2))

Factor out \( \frac{1}{2} v B~2\):

\( KE_{total} = \frac{1}{2} v_B"2 \left( \frac{m_B~2}{m_A} + m_B \right) )

This expression shows how energy distribution depends on the masses and velocities.

Implication:

- The total kinetic energy generated depends on the force exerted during the push and the masses
involved.

- Since the initial state is zero momentum, the energy imparted to the skaters is entirely due to their
push.

Practical Applications and Real-World Implications

Understanding the physics of two skaters pushing off each other has broader implications beyond ice
skating. Here are some real-world contexts:

1. Spacecraft and Satellite Maneuvers

- Spacecraft propulsion often relies on internal mass shifts or reaction forces similar to skaters
pushing off each other.

- In the vacuum of space, conservation of momentum ensures that a spacecraft can change its
velocity by expelling mass or internal components moving in opposite directions.

2. Collision and Impact Analysis

- Engineers analyze how objects of different masses react during collisions.
- The same principles apply: the momentum transfer depends on the masses and velocities involved.

3. Training and Sports Physics



- Athletes and coaches use these principles to optimize techniques, understanding how mass and
force influence motion.

External Factors and Real-World Limitations

While the idealized physics scenario provides clear insights, real-world skating involves additional
factors:

- Friction: Although ice is smooth, some friction exists, which dissipates energy.

- Air Resistance: Slight but present, affecting velocities.

- Force Duration: The push is not instantaneous; the force applied over a finite time influences
acceleration.

- Surface Conditions: Variations in ice quality can alter the forces involved.

These factors mean that actual velocities might slightly differ from theoretical predictions.

Advanced Topics: Center of Mass and Relative Motion

Understanding the system also involves exploring concepts like the center of mass and relative
velocities.

Center of Mass (COM):

- The combined center of mass of the two skaters remains unchanged in the absence of external
forces.

- Before pushing, the COM is at rest; after pushing, it moves in the direction of the net external forces,
which are negligible here, so the COM remains stationary.

Relative Velocity:

- The velocity of one skater relative to the other can be significant.
- During push-off, the relative velocity increases, illustrating how they move apart.

Summary and Key Takeaways

- When two skaters of different masses push against each other on ice, their velocities after the push
are inversely proportional to their masses, adhering to the conservation of momentum.

- The lighter skater gains a higher velocity, moving faster in the opposite direction.

- Total kinetic energy generated depends on the force and duration of the push, as well as the masses
involved.

- External factors like friction and air resistance influence real-world outcomes but do not alter the
fundamental principles governing their interaction.

- Understanding these dynamics has practical applications in various fields, from space exploration to
sports science.



Final Thoughts

The simple scene of two skaters facing each other encapsulates fundamental physics principles that
govern motion and interactions. Through careful analysis, we see how mass differences influence
velocities, how energy is transferred during push-offs, and how the conservation laws ensure the
system's behavior remains predictable. Recognizing these principles enriches our appreciation of
everyday phenomena and deepens our understanding of the physical universe.

Whether on an ice rink or in the vastness of space, the same laws apply—highlighting the elegance
and universality of physics in explaining the world around us.
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