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When analyzing the physics involved in a scenario where a football player glides across
smooth ice and throws a football, it offers a fascinating insight into the principles of
conservation of momentum, Newton's laws of motion, and energy transfer. In this article,
we will explore the detailed physics behind this situation, including calculations of velocity
changes, momentum transfer, and the implications of the player's actions on both the
player and the football.

Understanding the Scenario

Imagine a football player with a mass of 72.0 kg gliding across a very smooth ice surface at
a velocity of 1.95 m/s. The player then throws a football with a mass of 0.440 kg straight
ahead. This scenario involves a classic physics problem involving momentum conservation
and the effects of internal forces when a mass is projected.

Key Data:

- Player's mass, \( m_{player} = 72.0\,kg \)

- Player's initial velocity, \( v_{player,i} = 1.95\,m/s\)

- Football's mass, \( m_{football} = 0.440\,kg\)

- Football's velocity after throw, \( v_{football,f} \) (unknown)
- Player's velocity after throw, \( v_{player,f} \) (unknown)

Principles of Conservation of Momentum

The core physics principle in this scenario is the conservation of momentum. Since the
player and the football are initially moving together (or the player is gliding on ice), and the
throw is an internal action, the total momentum before and after the throw remains
constant, assuming no external forces act horizontally.

Mathematically:



\[
\text{Initial Momentum} = \text{Final Momentum}

\]

\[

m_{player} \times v_{player,i} = m_{player} \times v_{player,f} + m_{football} \times
v_{football,f}

\]

Here, the initial momentum is due to the player moving at 1.95 m/s, and after throwing the
football, both the player and football have new velocities.

Calculating the Player's Velocity After Throw

When the player throws the football forward, the player experiences a recoil effect that
causes him to slow down. Using conservation of momentum:

\[

m_{player} \times v_{player,i} = m_{player} \times v_{player,f} + m_{football} \times
v_{football,f}

\]

Suppose the football is thrown with a velocity \( v_{football,f} \). To find the change in the
player's velocity, we need either the velocity of the football after the throw or make
assumptions to proceed.

Assumption: Let's assume the football is thrown at a velocity of 20 m/s (a typical speed for
a thrown football). Then, the player's velocity after the throw can be calculated as:

\[

v_{player,f} = \frac{m_{player} \times v_{player,i} - m_{football} \times
v_{football,f}}{m_{player}}

\]

Plugging in the values:

\[
v_{player,f} = \frac{(72.0\,kg)(1.95\,m/s) - (0.440\,kg)(20\,m/s)}{72.0\,kg}
\]

\[
v_{player,f} = \frac{140.4\ kg \cdot m/s - 8.8\,kg \cdot m/s} {72.0\,kg}
\]

\[
v_{player,f} = \frac{131.6\,kg \cdot m/s}{72.0\,kg} \approx 1.83\,m/s
\]



This indicates that after throwing the football at 20 m/s, the player slows down slightly from
1.95 m/s to approximately 1.83 m/s.

Implications of Momentum Conservation

This example demonstrates how internal actions (throwing the football) affect the motion of
the player due to the conservation of momentum. If the football is thrown faster, the player
slows down more significantly; if thrown slower, the change is less noticeable.

Key points:

- The player and football form an isolated system, assuming negligible external forces.
- The velocity change of the player depends on the velocity and mass of the thrown
football.

- The total momentum before and after the throw remains constant.

Energy Considerations

While momentum is conserved, kinetic energy is not necessarily conserved because the
throw involves internal work done by the player.

Initial kinetic energy:

\[
KE_{initial} = \frac{1}{2} m_{player} v_{player,i}"~2
\]

\[
KE_{initial} = \frac{1}{2} \times 72.0\,kg \times (1.95\,m/s)”~2 \approx 136.6\,)

\]
Kinetic energy after throw:

\[

KE_ {final} = \frac{1}{2} m_{player} v_{player,f}~2 + \frac{1}{2} m_{football}
v_{football,f}~2

\]

Using the previous velocities:

\[
KE_{player,f} = \frac{1}{2} \times 72.0\,kg \times (1.83\,m/s)”~2 \approx 120.4\,)

\]



\[

KE_{football} = \frac{1}{2} \times 0.440\,kg \times (20\,m/s)"~2 = \frac{1}{2} \times
0.440\,kg \times 400\, m~2/s™~2 = 88\ )

\]

Total final kinetic energy:

\[
KE_{final} \approx 120.4\,) + 88\, = 208.4\ )
\]

This suggests an increase in kinetic energy, which indicates that in a real scenario, the
energy supplied by the player during the throw accounts for this energy transfer, and
external work is involved.

Real-World Applications and Analyses

Understanding such physics principles is vital in sports science, designing athletic training,
and even in safety equipment development.

Applications include:

- Optimizing throwing techniques to maximize speed and accuracy.

- Designing equipment that minimizes unintended momentum changes.
- Analyzing the effects of internal forces in moving bodies.

Additional considerations:

- Friction and air resistance are minimal on very smooth ice but could be considered in
more detailed models.

- The player's reaction force during the throw influences their subsequent motion.

- The conservation principles help in predicting the outcome of similar actions in different
contexts.

Summary of Key Calculations

| Parameter | Value | Explanation |

R R S |

| Initial momentum | \( m_{player} \times v_{player,i} \) | \( 72.0\,kg \times 1.95\,m/s =
140.4\,kg \cdot m/s)\) |

| Assumed football velocity | \( v_{football,f} = 20\,m/s\) | Typical throwing speed |

| Player's velocity after throw | \( v_{player,f} \approx 1.83\,m/s\) | Slight decrease due to
throw |



Conclusion

The scenario of a football player gliding across very smooth ice at 1.95 m/s and throwing a
0.440 kg football straight forward illustrates fundamental physics principles, especially
conservation of momentum and energy transfer. By analyzing this situation, we see how
internal actions influence the motion of a system, and how assumptions about velocities
can help us understand the dynamics involved. Such physics analyses are invaluable in
improving athletic techniques, designing better equipment, and understanding motion in
various physical systems.

Understanding these principles not only enhances our appreciation for sports physics but
also provides a foundation for tackling more complex dynamics in real-world applications.

Frequently Asked Questions

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

The initial momentum is calculated as mass times velocity: p = 72.0 kg X 1.95 m/s = 140.4
kg-m/s.

What is the principle applied when the football player
throws the football on smooth ice?

The principle of conservation of momentum applies, meaning the total momentum before
and after the throw remains constant.

How can we determine the recoil velocity of the player
after throwing the football?

Using conservation of momentum: (player mass x player velocity) + (football mass x
football velocity) = 0; solving for the player's recoil velocity.

What is the velocity of the player after throwing the
football?
Assuming the football is thrown at a certain velocity, the player's recoil velocity can be

calculated accordingly. If the football is thrown at 20 m/s forward, the player's recoil
velocity is approximately -0.1225 m/s backward.



Why is the player's velocity in the opposite direction
after throwing the football?

Because of conservation of momentum, the player must recoil in the opposite direction to
the football's motion to keep total momentum constant.

How does the small mass of the football affect the
player's recoil velocity?

A smaller football mass results in a larger recoil velocity for the player when the same
throwing speed is applied, due to momentum conservation.

If the player throws the football at 15 m/s, what would
be his recoil velocity?

Using conservation of momentum: v_player = -(mass of football x football velocity) /
player's mass = -(0.440 kg x 15 m/s) / 72.0 kg = -0.0917 m/s.

What assumptions are made in calculating the recoil
velocity of the player?

Assumptions include a perfectly smooth ice surface with no friction, negligible air
resistance, and that the throw occurs instantaneously.

How would increased throwing speed impact the
player's recoil velocity?

Increasing the football's velocity would proportionally increase the player's recoil speed in
the opposite direction, due to greater momentum transfer.

Can the conservation of momentum be used to
determine other outcomes in this scenario?

Yes, it can also be used to analyze how the player's velocity changes based on different
throwing speeds and masses, or to predict the football's velocity after being thrown.

Additional Resources

Physics in Motion: Analyzing a Football Player's Ice Glide and Throw Dynamics

Introduction

In the world of sports physics, seemingly simple actions like a football player gliding across
ice and throwing a ball can serve as fascinating case studies for understanding the



principles of motion, momentum, and energy transfer. Imagine a 72.0 kg football player
moving smoothly across an exceptionally slick ice surface at a velocity of 1.95 m/s. Mid-
glide, the player throws a 0.440 kg football straight ahead. This scenario presents a rich
opportunity to explore Newtonian mechanics, conservation laws, and the effects of mass,
velocity, and force during such an interaction.

This detailed analysis aims to break down each component, shedding light on how the
throw affects the player's motion, the physics involved, and the broader implications for
athletic performance and physics education. Whether you're a sports scientist, physics
enthusiast, or curious reader, this exploration offers a comprehensive view of motion
dynamics in a real-world context.

The Context: A Player on Ice
The Setting

Picture a professional football player engaging in an unconventional training drill on a
perfectly smooth, frictionless ice rink. The environment's key features include:

- Mass of Player (m1): 72.0 kg

- Initial Velocity of Player (v1): 1.95 m/s

- Mass of Football (m2): 0.440 kg

- Initial Velocity of Football (v2): 0 m/s (held stationary before throw)
- Final velocities after throw:

- Player: vi1'

- Football: v2'

The question at hand: How does the act of throwing the football forward influence the
player's velocity? To answer this, we invoke the principles of conservation of momentum
and analyze the implications of the interaction.

Fundamental Principles: Conservation of Momentum
Newtonian Foundation

In an idealized, frictionless environment like a perfectly smooth ice surface, the total
momentum of the system (player plus football) remains conserved in the absence of
external forces. This means:

\[
\text{Total Initial Momentum} = \text{Total Final Momentum}

\]

Expressed mathematically:

\[
Mmlv1l+m2v2=m1lv1l'+m2v?2'



\]

Given that the player is initially moving, and the football is stationary:

\[

(72.0\, \text{kg})(1.95\, \text{m/s}) + (0.440\, \text{kg})(0) = 72.0\, \text{kg} \times v_1'
+ 0.440\, \text{kg} \times v_2'

\]

Analyzing the Throw: Momentum Transfer
Initial Conditions
Let's compute the initial momentum:

\[
P_{initial} = (72.0)(1.95) + 0 = 140.4\, \text{kg-m/s}
\]

After the throw, the football is projected forward, and the player slows down slightly,
conserving total momentum:

\[
140.4 = 72.0 \times v_1' + 0.440 \times v_2'

\]

The key is to determine the new velocities \(v_1"\) and \(v_2"), which depend on the
velocity imparted to the football during the throw.

The Dynamics of the Throw
Assumptions for Simplification

- The throw is instantaneous and occurs during the glide.

- Air resistance and external forces are negligible due to the smooth ice.
- The player's mass remains constant during the throw.

- The velocity of the football after release is known or assumed.

Suppose the player throws the football straight ahead with a velocity \(v_{throw}\) relative
to the ground. The velocity of the football after release is:

\[
v_{2}' = v _{player} + v_{throw}
\]

But since the player is moving with velocity \(v_1"\) after the throw, the football's velocity
relative to the ground is:



\[
v {2} =v_1'+ v _{throw}
\]

Alternatively, if the throw velocity relative to the player is \(v_{rel}\), then:

\[
v {2} =v 1'+ v {rel}
\]

Calculating the Player's Velocity Post-Throw
Case 1: Known Throw Velocity

Let's assume the player throws the football with a velocity of 20.0 m/s relative to the
ground (a typical throwing speed). The initial velocity of the football after the throw is:

\[
v {2}' =v_1'+ 20.0\, \text{m/s}
\]

Applying the conservation of momentum:

\[
140.4 = 72.0 v_1' + 0.440 (v_1' + 20.0)

\]
Simplify:

\[
140.4=72.0v 1'+ 0.440v_ 1' + 8.8

\]

Combine like terms:

\[
140.4 - 8.8 = (72.0 + 0.440) v_1"

\]

\[
131.6 =72.44 v_1'

\]

Solve for\(v_1'\):

\[
v_1'=\frac{131.6}{72.44} \approx 1.82\, \text{m/s}

\]



Interpretation: The player’s velocity decreases from 1.95 m/s to approximately 1.82 m/s
after throwing the football at 20 m/s.

The football's velocity after release:

\[
v_{2}'=1.82 + 20.0 = 21.82)\, \text{m/s}

\]

The player experiences a slight decrease in speed (~0.13 m/s) due to the momentum
transfer, illustrating the core principle: action and reaction.

Case 2: Varying Throw Speeds

If the player throws the football at different speeds, the change in the player's velocity can
be summarized as:

| Throw Speed (\(v_{throw}\)) | Player's Final Velocity (\(v_1"\)) | Change in Player's Velocity
(\(\Delta W)) |

oo [reereommeer e oo e |

| 10 m/s | ~1.77 m/s | ~0.18 m/s |

| 20 m/s | ~1.82 m/s | ~0.13 m/s |

| 30 m/s | ~1.86 m/s | ~0.09 m/s |

This table demonstrates that the faster the football is thrown, the more the player slows
down, consistent with conservation of momentum.

Energy Considerations

While momentum conservation governs the interaction, energy considerations provide
insight into the work done during the throw.

- Kinetic energy of the system before and after:

\[
KE {initial} = \frac{1}{2} m 1v 172+ 0
\]

\[
KE {final} =\frac{1}{2} m 1v 1'*2 + \frac{1}{2} m 2 v 2'"2
\]

- Energy expenditure: The player must exert effort to accelerate the football to
\(v_{throw}\). This work energy is supplied by muscular effort, which converts chemical

energy into kinetic energy of the ball.

- Efficiency: Since the environment is frictionless, virtually all energy transferred into the



ball comes from the player, and the decrease in the player's kinetic energy is minimal, only
due to the small change in velocity.

Real-World Implications
Athletic Performance

Understanding these physics principles can help athletes optimize their technique,
especially in sports involving throwing or pushing objects on smooth surfaces. For example:

- Maximizing Throw Distance: Players can learn how to balance their initial momentum with
their throwing force to achieve optimal outcomes.

- Training for Power and Control: Recognizing how different throwing velocities influence
their movement helps in refining techniques to minimize energy wastage or unwanted
deceleration.

Engineering and Design
Insights from such dynamics inform the design of:

- Sports equipment: Ball weights, grip designs, and throw mechanics.
- Ice surfaces: Ensuring minimal friction to allow for predictable momentum conservation
during gameplay.

Broader Physics Insights
This scenario exemplifies core physics concepts:

- Conservation of Momentum: Fundamental in all collision and interaction scenarios.

- Action-Reaction Principle: The throw imparts an equal and opposite change to the player's
motion.

- Mass-Velocity Relationship: Larger mass requires more force to change velocity
significantly.

- Energy Transfer: Mechanical work translates into kinetic energy, influencing motion.

Conclusion

The example of a 72.0 kg football player gliding across ice at 1.95 m/s and throwing a
0.440 kg football straight ahead offers a compelling demonstration of classical mechanics in
action. The interplay of mass, velocity, and force underscores the importance of
fundamental physics laws in sports and everyday life.

By understanding how momentum is conserved and how energy transfer affects motion,
athletes and engineers alike can optimize performance and equipment design. The subtle
decrease in the player's velocity—on the order of 0.1 to 0.2 m/s—may seem minor, but it



encapsulates the profound simplicity and elegance of Newtonian physics. Whether for
enhancing athletic techniques
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