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An 75-kilogram Skier Slides On Waxed Skis Along A Horizontal Surface Of Show
At Constant Velocity While examining the physics principles involved provides a
fascinating insight into the forces and factors that influence motion on snow. Understanding
how a skier maintains a constant velocity while sliding across a waxed surface involves
exploring concepts such as friction, air resistance, Newton's laws of motion, and energy
conservation. In this article, we delve into the details of these phenomena, their interplay,
and how they enable a skier to glide smoothly over snow.

The Physics of Skier Motion on Snow

Fundamental Forces Involved

When a skier slides on snow, several forces act upon the skier:

e Gravitational Force (Weight): The skier's weight, calculated as mass times
gravitational acceleration (W = mg), pulls the skier downward. For a 75-kg skier, this
force is approximately 735 N (Newtons), assuming g = 9.8 m/s2.

* Normal Force: The force exerted by the snow surface perpendicular to it. In the
absence of vertical acceleration, it balances the component of gravity acting

perpendicular to the surface.

* Frictional Force: The force resisting the skier's motion, primarily kinetic friction in
this scenario, which depends on surface conditions and the skier's wax application.

¢ Air Resistance (Drag): The force exerted by air opposing the skier's motion,
proportional to the square of velocity.

Understanding how these forces interact determines the skier’'s speed and whether they
accelerate, decelerate, or maintain a steady velocity.

Why Does the Skier Maintain Constant Velocity?

According to Newton'’s First Law, an object in motion remains in uniform motion unless
acted upon by an external force. For the skier to slide at a constant velocity, the net force



along the surface must be zero. This implies:

- The forward propulsive or initial velocity is maintained.
- The resistive forces (primarily kinetic friction and air resistance) are balanced by any
applied forces or initial momentum.

In most cases, once the skier achieves a steady glide, no additional propulsion is needed.
The crucial aspect is that the resistive forces are sufficiently small, allowing the skier to
move at a constant speed over the snow surface.

Factors Contributing to Constant Velocity

Waxed Skis and Reduced Friction

One significant factor enabling smooth gliding is the wax applied to skis. Wax reduces the
coefficient of kinetic friction between the skis and snow, allowing the skier to slide more
efficiently.

* Type of Wax: Different waxes are designed for various snow temperatures and
conditions, optimizing glide.

e Application Technique: Proper waxing ensures minimal friction without
compromising control.

The coefficient of kinetic friction (u_k) between waxed skis and snow typically ranges from
0.02 to 0.05, significantly lower than un-waxed skis.

Balancing Friction and Air Resistance

Even with low friction, air resistance becomes a notable opposing force at higher speeds. As
the skier accelerates, air drag increases approximately with the square of velocity,
eventually reaching an equilibrium where:

- The driving force (initial push or gravity if inclined) equals the resistive force.
- The skier maintains a constant velocity.

In horizontal motion, absent of additional propulsion, the initial push or momentum is
dissipated over time due to these resistive forces, yet in scenarios where the skier is
already moving at a constant speed, these forces are balanced.



Energy Considerations in Skier Motion

Kinetic Energy and Work Done

The kinetic energy (KE) of the skier is given by:

\[ KE = \frac{1}{2} mv™2\]

where:

- m is mass (75 kg),

- v is velocity.

When the skier slides at constant velocity, the work done by resistive forces (friction and air

resistance) equals the initial kinetic energy. Since there is no net acceleration, energy loss
due to these forces is balanced by the initial push or maintained momentum.

Energy Loss and Maintenance of Velocity

In real-world scenarios, unless the skier continually applies force (e.g., through pole
pushes), energy is gradually lost due to friction and air resistance. However, in the context
of a constant velocity glide, it's assumed that either:

- The skier has just reached their cruising speed after an initial push.

- External forces or initial conditions balance out resistive forces, maintaining steady
motion.

The Role of Show Conditions and Environmental
Factors

Snow Temperature and Texture
The physical state of snow influences friction:
e Fresh, Cold Snow: Typically has a rougher surface, increasing friction.

e Compacted or Wet Snow: May allow for smoother gliding, especially with proper
waxing.

Proper waxing tailored to snow conditions minimizes friction and enhances glide efficiency.



Environmental Factors Affecting Motion

Additional factors include:

e Wind: Headwinds increase air resistance, possibly reducing velocity.
 Temperature: Impacts snow consistency and wax performance.

e Surface Inclination: On a perfectly horizontal surface, gravity does not influence
speed, but on inclined surfaces, gravity can assist or hinder motion.

Practical Applications and Implications

Competitive Skiing Strategies

Understanding these physics principles allows skiers to optimize their waxing techniques
and choosing appropriate gear to minimize resistive forces, enabling higher speeds and
better endurance.

Design of Skis and Equipment

Manufacturers leverage knowledge of friction and aerodynamics to develop skis with
optimal glide properties, including:

- Special waxes.
- Aerodynamic shapes.
- Lightweight materials.

Safety and Efficiency Considerations

Maintaining a constant velocity with minimal effort reduces fatigue and energy expenditure,
crucial for long-distance skiing and safety in competitive or recreational settings.

Conclusion

In summary, when a 75-kilogram skier slides on waxed skis along a horizontal snow surface
at constant velocity, the motion results from a delicate balance of forces. The low



coefficient of kinetic friction due to waxing, combined with manageable air resistance,
allows the skier to glide smoothly without acceleration. The physics principles underlying
this motion encompass Newton’s laws, energy conservation, and fluid dynamics. By
understanding these factors, skiers can improve their technique, equipment, and overall
performance, making the sport both more efficient and enjoyable.

Frequently Asked Questions

What factors contribute to a skier sliding at a constant
velocity on waxed skis over show?

Factors include minimal friction due to waxing, smooth snow surface, appropriate skier
technique, and consistent environmental conditions that allow the skier to maintain
constant velocity without acceleration.

How does the mass of the skier affect the sliding
motion on waxed skis over show?

In ideal conditions with negligible air resistance and friction, mass does not affect the
velocity of the skier since the forces balance out, allowing the skier to slide at a constant
speed regardless of mass.

Why is waxing important for a skier to maintain
constant velocity on snow?

Waxing reduces friction between the skis and snow, enabling smoother gliding and less
energy loss, which helps the skier maintain a constant velocity over a horizontal surface.

What role does kinetic friction play in a skier sliding at
constant velocity?

Kinetic friction opposes the skier's motion; when the skier slides at constant velocity, the
driving force from gravity or initial push balances the kinetic friction force, resulting in no
acceleration.

Can external factors like show type or temperature
impact the skier's constant velocity? If so, how?

Yes, colder temperatures or denser snow increase friction, making it harder to slide at
constant velocity, while warmer, softer snow can decrease friction, facilitating smoother
gliding.

Is air resistance significant for a 75-kilogram skier



sliding at constant velocity on skis? Why or why not?

At typical skiing speeds, air resistance is relatively small compared to frictional forces, but
it can become a minor factor influencing the overall balance of forces at constant velocity.

How can a skier maintain constant velocity on waxed
skis without additional effort?

By ensuring the skis are well-waxed, maintaining proper technique, and choosing suitable
snow conditions, the skier minimizes friction and external resistances, allowing the skier to
glide at a steady speed without additional effort.

Additional Resources

An 75-kilogram Skier Slides On Waxed Skis Along A Horizontal Surface Of Snow At Constant
Velocity While

Introduction

The scenario of a 75-kilogram skier sliding along a horizontal snow surface at constant
velocity presents a fascinating intersection of physics principles, particularly Newton’s laws
of motion, friction, and energy conservation. This case encapsulates not only the dynamics
of motion but also the importance of ski preparation, environmental conditions, and the
physical interactions between skis and snow. In this detailed exploration, we will analyze
the various factors at play when a skier slides smoothly at constant velocity, emphasizing
the forces involved, the role of waxed skis, and the conditions necessary to sustain such
motion.

Fundamental Physics Principles
Newton’s First and Second Laws

- Newton'’s First Law: The skier continues to slide at a constant velocity because the net
external force acting on him/her is zero.

- Newton’s Second Law: The net force \( F_{net} \) on the skier is related to his mass \( m )
and acceleration \( a\) by \( F_{net} = m a ). Since the skier’s velocity is constant,
acceleration \( a = 0), implying that the sum of forces along the direction of motion must
be zero.

Forces Acting on the Skier

- Gravity: Acts vertically downward with magnitude \( mg\), where \( g \approx 9.81),
\text{m/s}"2\).

- Normal Force: The support from the snow surface, perpendicular to the surface,
counterbalances the component of gravity perpendicular to the slope (here, the surface is



horizontal, so \( N \approx mg)).

- Frictional Force: Opposes the skier’'s motion. In the case of a waxed ski on snow, this is
primarily kinetic (or dynamic) friction.

- Air Resistance: While often small in magnitude at low speeds, it still acts opposite to the
direction of motion, especially at higher velocities.

The Role of Waxed Skis

Waxing skis is an essential technique in cross-country skiing and alpine skiing, significantly
impacting frictional forces and the skier’s ability to slide smoothly.

How Waxing Affects Friction

- Reducing Friction: Wax is applied to the base of skis to create a thin, smooth layer that
minimizes the coefficient of kinetic friction between the ski and snow.

- Types of Wax: Different waxes are designed for various snow temperatures and
conditions, optimizing glide and reducing sticking.

- Mechanism: Wax reduces adhesion and cohesion between the skis and snow, mainly by
filling microscopic pores and irregularities, providing a smoother sliding surface.

Impact on Motion
- Properly waxed skis considerably lower the frictional resistance.

- The goal is to achieve a state where the only significant opposing force is minimal enough
to allow the skier to maintain constant velocity with minimal effort.

Conditions for Constant Velocity
Force Equilibrium

- For the skier to slide at constant velocity, the net force along the direction of motion must
be zero:

\[
F_{friction} + F_{air} \approx 0
\]

- This implies:

\[

F_{friction} \approx F_{air}
\]

- Since the skier is moving at constant velocity, acceleration \( a = 0\), and the sum of all
forces in the horizontal direction cancels out.

Frictional Force Calculation



- The kinetic friction force \( F_{friction} \) is given by:

\[

F_{friction} = \mu_k N

\]

where:

-\(\mu_k\) is the coefficient of kinetic friction (dependent on wax, snow temperature, and
snow type).

-\( N'\) is the normal force, approximately equal to \( mg \) on a horizontal surface.
- For a 75-kg skier:

\[
N \approx 75\, \text{kg} \times 9.81\, \text{m/s}~2 \approx 735.75\, \text{N}

\]

- Assuming a very low coefficient of kinetic friction due to waxing:

\[
\mu_k \approx 0.02 \text{ to } 0.05

\]

- The resulting frictional force:

\[

F_{friction} \approx (0.02 \text{ to } 0.05) \times 735.75\, \text{N} \approx 14.7\, \text{N}
\text{ to } 36.8\, \text{N}

\]

Air Resistance Considerations

- Air resistance depends on the skier’s shape, speed, and air density.
- At typical skiing speeds (~2-10 m/s), the drag force \( F_{air} \) can be approximated by:

\[
F_{air} =\frac{1}{2} C_d\rho Av~"2
\]

where:

-\( C_d\) is the drag coefficient (~0.7 for a skier in a relaxed position).
-\(\rho ) is air density (~1.225 kg/m3).

-\( A) is the frontal area (~0.5 m?).

-\( v ) is velocity.

- For example, at 5 m/s:

\[
F_{air} \approx 0.5 \times 0.7 \times 1.225 \times 0.5 \times 25 \approx 10.7\, \text{N}

\]



- This value is comparable to the frictional forces on waxed skis, indicating that both forces
are critical in maintaining constant speed.

Energy Perspective

Kinetic Energy and Power

- The skier’s kinetic energy \( KE \) at a velocity \( v \):
\[

KE = \frac{1}{2} mv~™2

\]

- To maintain constant velocity, the power exerted by the skier (or the energy lost to
friction and air resistance) must be replenished or balanced:

\[
P = F_{total} \times v
\]

where \( F_{total} \) includes both frictional and air resistance forces.

- If the skier is not actively pushing, then the resistance forces are balancing the minimal
propulsive forces, often supplied by slight muscular adjustments or initial momentum.

Environmental and Surface Factors

Snow Conditions

- Temperature: Warmer snow tends to be softer, increasing friction, despite waxing efforts.
Conversely, colder, dry snow tends to be harder and smoother, lowering friction.

- Snow Type: Powdery, icy, or crusty snow conditions drastically alter the coefficient of
friction.

- Moisture Content: Affects adhesion and glide quality.

Surface Texture and Roughness

- The microscopic roughness of snow and ski base influences the coefficient of friction.
- Waxing aims to fill surface irregularities, promoting a smoother glide.

Practical Implications and Real-World Applications
Maintaining Constant Velocity

- In real-world skiing, maintaining a perfect constant velocity without any muscular effort is



unlikely unless external forces precisely balance all resistances.
- Skilled skiers often use subtle movements and adjustments to compensate for changes in
snow conditions or minor inclines.

Significance in Competitive Skiing

- Understanding these forces allows athletes to optimize waxing strategies for specific snow
conditions.

- Equipment design (e.qg., ski shape, base material) is tailored to minimize resistance and
maximize glide.

Engineering and Design

- The principles governing a skier’'s motion inform the development of low-friction ski bases,
advanced wax formulations, and surface treatments.

- Insights into force balance aid in designing training regimes and techniques to maximize
efficiency.

Conclusion

The seemingly simple act of a 75-kilogram skier sliding on waxed skis along a horizontal
snow surface at constant velocity embodies complex physical interactions. The delicate
balance between gravitational forces, normal force, kinetic friction, and air resistance
dictates the motion. Waxed skis play a crucial role in minimizing friction, enabling smooth,
effortless gliding. Achieving and maintaining constant velocity requires precise conditions
where all opposing forces are balanced, illustrating core physics principles in action.
Whether for recreational skiing or competitive performance, understanding these forces
enhances both technique and equipment design, ultimately contributing to a more efficient
and enjoyable skiing experience.

Additional Considerations

- Safety and Environmental Factors: Snow conditions can change rapidly, affecting friction
and safety.

- Technological Innovations: Development of advanced waxes, ski materials, and surface
coatings continue to push the boundaries of glide efficiency.

- Biomechanics: The skier’'s posture and movement influence resistance forces and energy
expenditure.

By examining the physics behind a skier's movement, we gain insights into the intricate
balance of forces that make smooth gliding possible and appreciate the blend of science
and sport that defines skiing as a discipline.
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