A 69.5 Kgkg Football Player Is Gliding
Across Very Smooth Ice At 1.95 M/sm/s.
He Throws A 0.470 Kgkg

A 69.5 Kgkg Football Player Is Gliding Across Very Smooth Ice At 1.95 M/sm/s.
He Throws A 0.470 Kgkg in the first paragraph, illustrating a fascinating
physics scenario involving momentum, energy transfer, and the laws governing
motion. This situation provides a perfect opportunity to explore the
principles of physics, particularly the conservation of momentum, the effects
of mass and velocity, and how objects interact in low-friction environments
like ice. In this article, we will analyze the problem in detail, break down
the physics involved, and understand the real-world applications of these
concepts.

Understanding the Scenario

The Setup of the Problem

Imagine a football player weighing 69.5 kg, gliding smoothly across an icy
surface at a velocity of 1.95 meters per second (m/s). The ice is very
smooth, which implies minimal frictional forces acting against the player’s
motion. At some point, the player throws an object—say, a ball-with a mass of
0.470 kg. This event prompts a series of physical effects, mainly due to the
conservation of momentum and energy.

Key Variables Involved

The scenario involves several important quantities:

e Mass of the player, m; = 69.5 kg

Initial velocity of the player, v; = 1.95 m/s

Mass of the thrown object, m, = 0.470 kg

Velocity of the thrown object relative to the ground, v, (unknown)

Velocity of the player after throwing, wv,;' (unknown)

Understanding how these variables relate requires applying fundamental
physics principles.

Principles of Physics at Play



Conservation of Momentum

One of the most vital concepts in this scenario is the law of conservation of
momentum, which states that in a closed system with no external forces, the
total momentum remains constant.

Mathematically:

\[ p_{initial} = p_{final} \]

or

N mol vo1l +m 2 v_{2,initial} = m_ 1 v_1"'" + m_2 v_2 \]

Given that initially, the object is held by the player and then thrown, the
initial velocity of the object relative to the ground is the same as the
player's initial velocity. After the throw, the velocities change, but the
total momentum remains constant.

Analyzing the System Before and After the Throw

Prior to the throw:
- Player's velocity: 1.95 m/s
- Object's velocity: 1.95 m/s (since it is held by the player)

After the throw:
- Player's velocity: v,;'
- Object's velocity: v,

Applying conservation of momentum:
N[ (69.5\, \text{kg}) (1.95\, \text{m/s}) + (0.470\, \text{kg}) (1.95\,
\text{m/s}) = (69.5\, \text{kg})v_1' + (0.470\, \text{kg})v_2 \]

This equation helps determine how the velocities change due to the throw.

Calculating the Resulting Velocities

Scenario 1: The Player Throws the Object Forward

Suppose the player throws the ball forward at a velocity v, relative to the
ground, or relative to himself. The problem often involves calculating this
velocity or the change in the player's velocity.

Assuming the ball is thrown forward at a certain speed (say, v_{throw}), we
can analyze the resulting velocities.

Example Calculation: The Player Throws the Ball
Forward at 3 m/s
Let’s assume the ball is thrown forward at 3 m/s relative to the ground:

- v, = 3 m/s
- Find v,'

Applying conservation of momentum:
N[ (69.5) (1.95) + (0.470) (1.95) = (69.5) v_1' + (0.470) (3) \1



Calculate initial total momentum:

N[ (69.5) (1.95) = 135.525\, \text{kg-m/s} \]
N[ (0.470) (1.95) = 0.9165\, \text{kg-m/s} \]
Sum:

N[ 135.525 + 0.9165 = 136.4415\, \text{kg-m/s} \]

Calculate the momentum of the thrown ball after:
N[ (0.470) (3) = 1.41\, \text{kg-m/s} \]

Solve for wv,':

N[ 136.4415 = (69.5) v_1' + 1.41 \]
N[ (69.5) v_1'" = 136.4415 - 1.41 = 135.0315 \]
N[ v_1"'" = \frac{135.0315}{69.5} \approx 1.94\, \text{m/s} \]

The player’s velocity after throwing reduces slightly:
\[ v_1" \approx 1.94\, \text{m/s} \]

This indicates a slight recoil effect, consistent with Newton's third law.

Energy Considerations and Real-World
Implications

Energy Transfer During the Throw

While momentum is conserved, kinetic energy is not necessarily conserved
because some energy is used to throw the ball, converting chemical or
muscular energy into kinetic energy.

Initial kinetic energy:

\[ KE_{initial} = \frac{1}{2} (m_1 + m 2) v_d{initial}”*2 \]

but since the object is held by the player, the relevant energy is primarily
the player’s kinetic energy.

Upon throwing:
\[ KE_{final} = \frac{l1}{2} m_1 v_1'""2 + \frac{1l}{2} m_ 2 v_2"2 \]

The difference between initial and final kinetic energies accounts for the
work done to throw the ball.

Implications for Sports and Physics

Understanding these principles allows athletes and coaches to optimize
throwing techniques, predict motion outcomes, and improve performance by
considering mass, velocity, and energy transfer.

Real-World Applications of the Principles

Ice Sports and Physics

This physics scenario resembles real-world situations encountered in sports



like ice hockey, curling, and figure skating, where low-friction environments
significantly influence motion. Athletes leverage the principles of momentum
and energy transfer to execute precise movements.

Engineering and Design

Designers of sports equipment and vehicles utilize these physics principles
to enhance stability, efficiency, and safety. For example, understanding how
mass and velocity influence motion helps develop better skating blades or
ice-resistance gear.

Conclusion

The scenario of a 69.5 kg football player gliding across smooth ice at 1.95
m/s and throwing a 0.470 kg object encapsulates fundamental physics concepts
such as conservation of momentum and energy transfer. By analyzing the
situation through these principles, we gain insights into the mechanics of
motion, recoil effects, and the importance of mass and velocity in dynamic
systems. Whether in sports, engineering, or daily life, these physics
principles underpin our understanding of movement and interaction in low-
friction environments, demonstrating the enduring relevance of classical
mechanics in practical situations.

Frequently Asked Questions

What is the initial momentum of the football player
before throwing the ball?

The initial momentum is calculated by multiplying mass and velocity: p = 69.5
kg x 1.95 m/s ~ 135.53 kg-m/s.

How does throwing the ball affect the player's
velocity on the ice?

Throwing the ball causes the player to recoil backward due to conservation of
momentum, decreasing his velocity slightly.

What is the velocity of the player after throwing the
ball if the ball is thrown forward at 20 m/s?

Using conservation of momentum: (player_mass X initial_velocity) =
(player_mass — ball_mass) x final_velocity + ball_mass x ball_velocity.
Solving for final_velocity gives approximately -0.47 m/s, indicating a slight
backward movement.

Why does the player recoil upon throwing the ball on
the ice?

Recoil occurs due to conservation of momentum: the forward momentum of the
ball results in an equal and opposite momentum imparted to the player,



causing him to move backward.

How does the smoothness of the ice impact the
player's movement after throwing the ball?

The very smooth ice minimizes friction, allowing the player to glide with
minimal resistance, so the recoil velocity persists longer without
significant slowing down.

If the player throws the ball at a different speed,
how would that change his recoil velocity?

A faster throw (higher ball velocity) would result in a greater recoil
velocity (more backward movement), while a slower throw would produce a
smaller recoil.

What principle of physics explains the player's
recoil after throwing the ball?

The principle is conservation of momentum, which states that the total
momentum before and after the throw remains constant in an isolated system.

Additional Resources

Physics of Gliding: An In-Depth Analysis of a Football Player’s Ice Glide and
Throw

Introduction

Imagine a professional football player weighing 69.5 kg gliding effortlessly
across a perfectly smooth sheet of ice at a speed of 1.95 m/s. As he moves
seamlessly, he suddenly throws a 0.470 kg football. This scenario may seem
straightforward, but it encapsulates a fascinating interplay of physics
principles—particularly momentum conservation, kinetic energy, and the
effects of frictionless motion.

In this article, we will dissect this scenario as if analyzing a specialized
product, highlighting the physics behind each element, and exploring how the
mechanics influence the outcome. Whether you're a sports scientist, physics
enthusiast, or simply curious about the science behind athletic movements,
this deep dive will provide a comprehensive understanding.

The Player and the Environment: A Perfectly Smooth Ice Surface
The Significance of a Smooth, Frictionless Surface

The ice surface in this scenario is described as "very smooth." In physics,
this implies an environment with negligible friction, meaning the player and
the thrown object experience minimal resistive forces. This idealization
simplifies calculations and focuses attention on conservation principles.



Key assumptions:

— Negligible Friction: The ice offers almost no resistance, allowing the
conservation of momentum to dominate.

— No External Forces: Air resistance is minimal and ignored for simplicity.
— Rigid Body Dynamics: The player and ball are treated as rigid bodies,

ensuring their mass distributions do not deform during interactions.

This setup mimics a near-perfect physics playground, similar to idealized lab
conditions, which helps us analyze the dynamics straightforwardly.

The Player’s Initial State: Mass, Velocity, and Momentum
Player's Mass and Velocity

The player’s mass is 69.5 kg, and his initial velocity is 1.95 m/s. These
parameters define his initial momentum:

\[ p_{initial} = m_{player} \times v_{player} = 69.5\, \text{kg} \times
1.95\, \text{m/s} \]

Calculating:
\[ p_{initial} = 135.525\, \text{kg} \cdot \text{m/s} \]

This momentum reflects his motion across the ice before any interaction with
the football.

Implications of the Player’s Motion

- Momentum as a Measure of Motion: Momentum indicates the "quantity of
motion." The player possesses a substantial momentum, which influences how
his motion will change upon throwing the ball.

— Kinetic Energy: The initial kinetic energy (KE) is:

N[ KE_{initial} = \frac{1l}{2} m_{player} v_{player}"2 \]

\[ KE_{initial} = \frac{l1}{2} \times 69.5\, \text{kg} \times (1.95\,
\text{m/s}) "2 \]

\[ KE_{initial} = 0.5 \times 69.5 \times 3.8025 = 132.127\, \text{J} \]

This energy represents the player’s initial motion energy on the ice.

The Throw: Momentum Transfer and Conservation Principles

The Mass and Velocity of the Football

The football has a mass of 0.470 kg. When the player throws it, he imparts
some velocity to the ball, which affects his own motion via conservation of
momentum.

Conservation of Momentum

In an isolated, frictionless system, total momentum before and after the



throw remains constant:
\[ p_{initial} = p_{final} \]
Expressed mathematically:

\[ m_{player} \times v_{player,i} = m_{player} \times v_{player,f} + m_{ball}
\times v_{ball} \]

Where:

\( v_{player,i} \): initial velocity of the player (1.95 m/s)
- \( v_{player,f} \): final velocity of the player after throwing
\( v_{ball} \): velocity of the ball after being thrown

Assuming the player throws the ball forward in the same direction, the
equation becomes:

\[ 69.5 \times 1.95 = 69.5 \times v_{player,f} + 0.470 \times v_{ball} \]
Analyzing the Throw

Suppose we know the velocity of the thrown ball (\( v_{ball} \)).
Alternatively, 1f we know the velocity of the player after the throw (\ (
v_{player,f} \)), we can deduce the other.

Scenario 1: Known ball velocity

If the ball is thrown at say, 20 m/s, then:

\[ 135.525 69.5 \times v_{player,f} + 0.470 \times 20 \]

\[ 135.525 = 69.5 \times v_{player, f} + 9.4 \]

\[ 69.5 \times v_{player,f} = 126.125 \]

\[ v_{player,f} = \frac{126.125}{69.5} \approx 1.81\, \text{m/s} \]

This indicates the player slows down slightly, from 1.95 m/s to approximately
1.81 m/s, due to the momentum transferred to the ball.

Scenario 2: Player’s velocity after throw is known

If, instead, the player manages to slow down to 1.80 m/s after throwing, the
ball’s velocity can be calculated:

\[ 135.525 69.5 \times 1.80 + 0.470 \times v_{ball} \]

\[ 135.525 125.1 + 0.470 \times v_{ball} \]

\[ 0.470 \times v_<{ball} = 10.425 \]

\[ v_{ball} = \frac{10.425}{0.470} \approx 22.17\, \text{m/s} \]
which is a realistic speed for a thrown football.

The Effect of the Throw

The physics highlights that:



— The player’s velocity decreases slightly due to the momentum carried away
by the ball.

- The faster the ball is thrown, the more significant the decrease in the
player's velocity.

— Because the mass of the ball is much smaller than the player, the change in
the player’s velocity is relatively small even for high ball speeds.

Kinetic Energy Considerations
Energy Transfer During the Throw

The kinetic energy associated with both the player and the ball is crucial to
understanding the energy dynamics:

— Initial kinetic energy:
\[ KE_{initial} = 132.127\, \text{J} \]
- Final kinetic energy:

\[ KE_{final} = \frac{1}{2} m_{player} v_{player,f}"2 + \frac{1}{2} m_{ball}
v_{ball}”"2 \]

Using the example where \( v_{player,f} = 1.81\, \text{m/s} \) and \(
v_{ball} = 20\, \text{m/s} \):

\[ KE_{player,f} = 0.5 \times 69.5 \times (1.81)"2 \approx 113.55\, \text{J}
\]

\[ KE_{ball} = 0.5 \times 0.470 \times (20)72 = 0.235 \times 400 = 94\,
\text{J} \]

Total:

\[ KE_{final} = 113.55 + 94 = 207.55\, \text{J} \]

Wait — this exceeds the initial energy, which indicates an inconsistency.
This suggests that in reality, the energy supplied to the ball during the
throw must come from the player's muscular effort, not from initial kinetic
energy alone.

Energy Input and Efficiency

— The energy used to accelerate the ball is supplied by the player's muscles.
— The initial kinetic energy of the player acts as a "battery" from which
energy is drawn during the throw.

— The difference between total kinetic energy after the throw and initial
kinetic enerqgy reflects the energy input needed for the throw.

Practical Implications and Real-World Factors
Effect of Friction and Air Resistance

In reality, ice offers some friction; air resistance also plays a role. These
factors:



— Slightly reduce the velocity of both the player and the ball over time.

- Require more energy input to maintain or increase speed.

— Are negligible in the idealized scenario but significant in actual athletic
contexts.

The Role of Technique and Equipment

— Throwing Technique: Proper technique maximizes energy transfer, influencing
the ball’s velocity.

- Equipment Quality: A well-designed football with a smooth surface reduces
air drag, allowing higher wvelocities.

— Clothing and Gear: Lightweight clothing minimizes drag and additional mass.

Safety and Control

- Gliding on ice at nearly 2 m/s requires balance and control.
— Throwing the ball while gliding increases the complexity due to shifting
momentum.

Broader Applications and Analogies

This scenario mirrors principles seen in various sports and engineering
applications:

— Ice Hockey: Players accelerate and decelerate by transferring momentum to
the puck.

— Physics Demonstrations: Conservation of momentum and energy transfer are
demonstrated through ice skating experiments.

— Spacecraft Docking: Similar momentum transfer principles apply in zero-
friction environments.

Summary and Key Takeaways

— The player’s initial momentum and kinetic energy are critical in
understanding
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