A Hockey Puck (mass = 4 Kg) Leaves The
Players Stick With A Speed Of 15 M/s And
Slides On The Ice For

A Hockey Puck (mass = 4 Kg) Leaves The Players Stick With A Speed Of 15 M/s And Slides
On The Ice For a certain distance before coming to a stop. Understanding the physics behind this
motion involves exploring concepts such as momentum, force, friction, and energy transfer. Whether
you're a hockey enthusiast curious about the science behind your favorite sport or a student
studying physics, this detailed analysis provides insights into how a puck behaves once it leaves the
stick and slides across the ice surface.

Initial Conditions of the Hockey Puck

Mass and Initial Velocity

The hockey puck in question has a mass of 4 kilograms. When struck by a player's stick, it leaves
with an initial velocity of 15 meters per second. This initial velocity indicates the puck's kinetic
energy and momentum at the moment it begins sliding across the ice.

Calculating Initial Momentum and Kinetic Energy

- Momentum (p):

Momentum is given by the product of mass and velocity.

\[

p = m \times v = 4\, \text{kg} \times 15\, \text{m/s} = 60\, \text{kg-m/s}
\]

- Kinetic Energy (KE):

Kinetic energy is calculated as:

\[

KE = \frac{1}{2} m v"2 = \frac{1}{2} \times 4\, \text{kg} \times (15\, \text{m/s})"2 = 2 \times
225 = 450\, \text{J}

\]

This initial kinetic energy determines how much work is needed to bring the puck to rest.



Forces Acting on the Puck During Sliding

Friction Between Puck and Ice

The primary force acting to decelerate the puck is kinetic friction between the puck's surface and
the ice. Unlike rougher surfaces, ice provides relatively low friction, but it is still sufficient to slow
down the puck over time.

- Coefficient of kinetic friction (\(\mu._k\)):

Typical values for ice can range from 0.03 to 0.1 depending on conditions such as ice quality and
temperature.

Let's assume \(\mu_k = 0.05\) for this analysis.

- Normal Force (N):

Since the puck is on a horizontal surface, the normal force equals its weight:
\[

N = m \times g = 4\, \text{kg} \times 9.8\, \text{m/s} 2 = 39.2\, \text{N}

\]

- Frictional Force (F f):

\[

F f=\mu k\times N = 0.05 \times 39.2\, \text{N} = 1.96\, \text{N}
\]

Deceleration Due to Friction

Using Newton's second law, the acceleration (which is negative here, indicating deceleration) can be
calculated as:

\[

a = \frac{F f}{m} = \frac{1.96\, \text{N}} {4\, \text{kg}} = 0.49\, \text{m/s} "2

\]

Since friction opposes the motion, the acceleration is negative:

\[

a = -0.49\, \text{m/s} "2

\]

Calculating the Distance Traveled Before Coming to
Rest

The key question is: how far does the puck slide before it stops? Using the initial velocity and
acceleration, this can be calculated with kinematic equations.



Applying the Kinematic Equation

The relation between initial velocity, acceleration, and stopping distance is:
\[

v*2=v 072+ 2as

\]

Where:

-\(v\) = final velocity = 0 m/s (since the puck stops)

-\(v_0\) = initial velocity = 15 m/s

-\(a\) = deceleration = -0.49 m/s\("2\)

\(s\) = distance traveled

Rearranged to solve for \(s\):

\[

s = \frac{v"2-v 072}{2a} = \frac{0 - (15)"2}{2 \times -0.49} = \frac{-225}{-0.98} \approx
229.59\, \text{meters}

\]

Therefore, the puck slides approximately 230 meters before coming to a complete stop under these
conditions.

Energy Considerations in Puck Motion

Work Done by Friction

The work-energy principle states that the work done by friction equals the change in kinetic energy:

\[
W = \Delta KE = KE {initial} - KE {final} = 450\, \text{J} - 0 = 450\, \text{]J}

\]

Since friction does negative work,

\[
W _{friction} = -F f\times s \implies -1.96\, \text{N} \times 229.59\, \text{m} \approx -450\, \text{J}

\]

This confirms that friction removes all the puck's initial kinetic energy over this distance.

Implications for Hockey Play

In real hockey games, the puck does not travel hundreds of meters due to factors such as air
resistance, irregularities in ice, and deformation. However, the theoretical calculations provide a
solid understanding of the physics involved during a powerful shot.



Additional Factors Affecting Puck Motion

Ice Conditions and Friction Variability

- Ice temperature, cleanliness, and surface roughness influence the coefficient of friction.
- Warmer or softer ice tends to have higher friction, reducing the sliding distance.

Spin and Air Resistance

- Spin can cause the puck to curve, affecting its trajectory.
- Air resistance is minimal at these speeds but becomes relevant at higher velocities.

Impact of External Forces

- External forces such as strikes from other players, bumps, or uneven ice can alter the puck's
motion.

Conclusion

A hockey puck with a mass of 4 kg, leaving a player's stick at 15 m/s, exhibits fascinating physics as
it slides across the ice. Under idealized conditions with a coefficient of kinetic friction of 0.05, it can
travel approximately 230 meters before coming to rest. This analysis highlights how forces like
friction, energy transfer, and momentum govern the puck's behavior—a crucial understanding for
players and enthusiasts aiming to appreciate the science behind hockey.

Whether analyzing gameplay strategies or studying physics principles, recognizing the interplay of
these forces enriches our understanding of this fast-paced sport. The physics of a puck’s motion not
only illustrates fundamental concepts but also enhances our appreciation for the skill and precision
involved in hockey.

Remember: Real-world conditions may reduce the actual sliding distance, but the fundamental
physics remains the same, providing a powerful example of Newtonian mechanics in action on the
ice.

Frequently Asked Questions

What is the initial velocity of the hockey puck when it leaves
the player's stick?

The initial velocity of the hockey puck is 15 m/s.



What is the mass of the hockey puck in this scenario?
The mass of the hockey puck is 4 kg.

How do we calculate the initial momentum of the hockey
puck?

The initial momentum is calculated using p =m x v, sop =4 kg x 15 m/s = 60 kg-m/s.

What factors determine how far the puck slides on the ice?

Factors include the initial velocity, the friction between the puck and ice, and the duration until it
comes to rest.

How can we determine the distance the puck slides before
stopping?

Using the initial velocity, the coefficient of kinetic friction, and the acceleration due to friction, we
can apply kinematic equations to find the distance.

What is the role of ice friction in the puck's motion?

Ice friction opposes the puck's motion, gradually slowing it down until it comes to rest.

If the puck's initial speed is 15 m/s, how long will it take to
come to a stop assuming a certain friction coefficient?

The time to stop depends on the friction force; using the deceleration from friction, time can be
calculated with t = v/ a, where a is the acceleration due to friction.

Additional Resources

A hockey puck (mass = 4 kg) leaves the players’ stick with a speed of 15 m/s and slides on
the ice for a notable distance before coming to rest. This seemingly simple event encapsulates a
rich interplay of physics principles, from mechanics and energy conservation to frictional forces and
motion analysis. In this comprehensive review, we will delve into the multifaceted aspects of a
hockey puck’s motion, exploring the underlying physics, the factors influencing its sliding distance,
and the real-world implications for gameplay and equipment design.

Understanding the Basics: The Hockey Puck and Its



Initial Conditions

The Hockey Puck’s Physical Properties

A standard hockey puck is a cylindrical disk with a typical mass of approximately 4 kilograms. It
features a flat design to minimize air resistance and maximize stability during play. The puck’s
material—usually vulcanized rubber or a similar composite—provides durability and consistent
sliding characteristics on ice surfaces.

The mass of 4 kg is relatively heavy compared to typical ice hockey pucks (which usually weigh
about 0.6 to 0.7 kg). This suggests a specialized or larger puck, possibly used in training or specific
game variations. The significant mass influences the puck’s momentum, kinetic energy, and
interaction with frictional forces.

Initial Conditions: Speed and Direction

The event begins when the puck is struck by a player’s stick, imparting an initial velocity of 15 m/s.
This speed is within the typical range for a slap shot or powerful wrist shot, indicating a high-impact
strike. The initial velocity sets the stage for understanding the subsequent motion, energy
dissipation, and the distance traveled before halting.

Physics Principles Governing the Puck’s Motion

Newton’s Laws and Momentum

The puck’s motion is primarily governed by Newton’s second law: \(F = ma\), where \(F\) is the net
force, \(m\) is the mass, and \(a\) is acceleration. When struck, the puck gains an initial momentum
\(p = mv\), with \(p = 4\ kg \times 15\,m/s = 60\ kg \cdot m/s\). As it slides across ice, external forces
act upon it to alter its velocity until it comes to rest.

Energy Considerations: Kinetic Energy and Work
The initial kinetic energy (KE) of the puck can be calculated as:
\[ KE =\frac{1}{2} m v"~2 = \frac{1}{2} \times 4\ kg \times (15\,m/s)"2 = 2 \times 225 = 450\,J \]

This energy is gradually dissipated as the puck slides, primarily due to frictional forces between the
puck and the ice, converting kinetic energy into heat and minor deformations.



Friction and Its Role in Decelerating the Puck

Types of Friction at Play

On ice, the dominant force slowing down the puck is kinetic friction, which opposes the direction of
motion. Unlike rough surfaces, ice provides relatively low frictional resistance, but it is still sufficient
to eventually halt the puck.

The key types of friction involved include:

- Kinetic Friction (Sliding Friction): Acts when the puck is sliding.
- Rolling Friction: Not relevant here as the puck slides without rolling.
- Air Resistance: Generally negligible at hockey puck speeds but still contributes marginally.

Coefficient of Kinetic Friction (\(\mu_k\)) on Ice

The magnitude of the frictional force is given by:
\[ F_{friction} = \mu k \times N \]
where \(N\) is the normal force (equal to weight \(mg\) on a horizontal surface).

For a puck on ice:
\[ N = mg = 4\,kg \times 9.8\,m/s"2 = 39.2\,N \]

The coefficient \(\mu_k\) varies based on ice conditions—roughness, temperature, and
cleanliness—but typical values range from 0.01 to 0.03.

Assuming \(\mu_k = 0.02)):
\[ F_{friction} = 0.02 \times 39.2\,N = 0.784\,N \]

Calculating the Sliding Distance

Deceleration Due to Friction

The frictional force causes a deceleration (\(a\)) given by Newton’s second law:
\[ a = \frac{F {friction}}{m} = \frac{0.784\,N}{4\ kg} = 0.196\,m/s"~2\]

Since the friction opposes the motion, the acceleration is negative:
\[ a2 =-0.196\,m/s"2\]

Using Kinematic Equations to Find Distance
Starting with the initial velocity \(v_0 = 15\,m/s\), and knowing the final velocity \(v = 0\,m/s\) (when



the puck stops), the sliding distance \(d\) is:
\[v*2=v 072 + 2ad \]

Rearranged:
\[ d = \frac{v"2-v 072}{2a}\]

Plugging in the values:
\[ d = \frac{0 - (15)"2}{2 \times -0.196} = \frac{-225}{-0.392} \approx 574\,m \]

Note: This large value indicates that for such a low friction coefficient (\(\mu k=0.02\)), the puck
would slide over half a kilometer, which is unrealistic in real ice hockey scenarios. This suggests
either the initial assumptions about \(\mu_k\) are too low or other forces, such as air resistance or
imperfections, limit the sliding distance.

Refining Assumptions:

In real-world conditions, \(\mu _k\) is often higher, or other dissipative effects are significant. For
more realistic estimates, suppose \(\mu k = 0.05\):

\[ F_{friction} = 0.05 \times 39.2\,N = 1.96\,N \]

\[a=1.96/4=0.49\,m/s"2\]

\[ d = \frac{-225}{-0.98} \approx 230\,m \]

Again, this is still large, but closer to actual observed sliding distances, which typically range from a
few meters up to 20 meters depending on shot strength, ice conditions, and game situation.

Real-World Factors Influencing the Sliding Distance

Ice Conditions and Surface Roughness

The quality of the ice surface significantly affects the friction coefficient. Well-maintained, smooth
ice minimizes friction, enabling the puck to slide longer distances. Conversely, rough or warm ice
increases friction, reducing sliding distance.

Temperature and Ice Melting

Warmer ice tends to be softer and more slippery, reducing \(\mu_k\). Conversely, colder, harder ice
increases friction, shortening the puck’s glide.

Surface Contaminants and Debris

Presence of debris, water, or snow on the ice surface can alter frictional properties, often increasing
resistance.



Impact of Spin and Edge Effects

If the puck is struck with a spin or at an angle, it may experience additional forces, affecting how far
it travels before stopping.

Air Resistance and Drag

Although minimal, air resistance slightly reduces the puck’s speed over distance, especially at high
velocities, further decreasing sliding distance.

Player Technique and Shot Strength

The initial velocity (15 m/s in this case) is a critical factor. Stronger shots impart more energy,
leading to longer slides, all other factors being equal.

Implications for Gameplay and Equipment Design

Optimizing Shot Power and Accuracy

Understanding the physics of puck motion helps players refine their technique to maximize shot
speed and control. A more powerful shot not only increases scoring chances but also influences how
the puck travels across the ice.

Ice Maintenance and Playing Conditions

Ice quality management is crucial. Rinks invest heavily in maintaining optimal ice conditions to
ensure predictable puck behavior, affecting gameplay dynamics.

Equipment Innovations

Manufacturers continuously innovate puck design—material composition, surface texture, and
weight—to optimize sliding characteristics and durability, balancing speed and control.

Safety and Fair Play

Knowing how far a puck can slide helps in designing safety zones and equipment that absorb impact,
reducing injury risk during high-velocity plays.



Conclusion: The Physics of a Hockey Puck in Motion

The journey of a hockey puck from the moment it leaves the stick with a velocity of 15 m/s to when it
comes to rest is a vivid demonstration of fundamental physics principles. Forces like friction, air
resistance, and the initial kinetic energy determine how far the puck travels, shaping gameplay
strategies and influencing equipment design. While simplified calculations offer insight, real-world
conditions introduce complexities that make each shot unique. Recognizing these factors enriches
our appreciation for the sport's physical sophistication and highlights the importance of physics in
understanding and enhancing athletic performance.
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