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Understanding the physics behind movement on ice involves analyzing forces, friction, and

acceleration. In this article, we explore a scenario involving Tecle, a 65.0 kg individual standing on an

ice-skating rink, and examine how external forces applied by his friend influence his acceleration. This

comprehensive guide covers fundamental concepts, calculations, and practical implications related to

motion on ice.

---

Introduction to Motion on Ice

Ice skating presents unique challenges and opportunities for studying physics principles such as

Newton’s laws of motion, friction, and acceleration. Unlike on rough surfaces, ice provides minimal

resistance, making it an ideal environment to observe how forces affect movement.

Key Concepts:

Force: An influence that causes an object to accelerate.1.

Mass: The amount of matter in an object, measured in kilograms (kg).2.



Friction: The resistance force opposing motion; on ice, this is significantly reduced.3.

Acceleration: The rate of change of velocity of an object when a force is applied.4.

---

Scenario Description

In our scenario, Tecle is standing still on an ice rink with a mass of 65.0 kg. His friend applies a force

to Tecle, intending to accelerate him across the ice. The key questions we aim to answer are:

- What is the magnitude of the acceleration experienced by Tecle?

- How do forces translate into acceleration on an icy surface?

- What effects do friction and other factors have on this motion?

To analyze this, we need to understand the forces involved and utilize Newton’s second law of motion.

---

Fundamental Principles and Equations

Newton’s Second Law

The core principle that governs this scenario is Newton’s second law:



\[

F_{net} = m \times a

\]

Where:

- \(F_{net}\) is the net force applied on Tecle.

- \(m\) is his mass (65.0 kg).

- \(a\) is the acceleration.

This law states that the acceleration of an object is directly proportional to the net force applied and

inversely proportional to its mass.

Force Components on Ice

When Tecle is on ice, the main forces acting upon him are:

- Applied Force (\(F_{app}\)): The force exerted by his friend.

- Frictional Force (\(F_{fric}\)): Resistance due to friction between Tecle’s skates and the ice.

- Normal Force (\(F_{norm}\)): The support force from the ice, equal in magnitude and opposite in

direction to Tecle’s weight, assuming a flat surface.

- Gravity (\(F_{grav}\)): The weight of Tecle, calculated as \(m \times g\), with \(g \approx 9.8\,

\mathrm{m/s^2}\).

---

Calculating Force and Acceleration



Step 1: Determine Tecle’s weight

\[

F_{grav} = m \times g = 65.0\, \mathrm{kg} \times 9.8\, \mathrm{m/s^2} = 637\, \mathrm{N}

\]

This is the force exerted downward due to gravity.

Step 2: Assessing Frictional Force on Ice

Friction on ice is minimal, characterized by the coefficient of kinetic friction (\(\mu_k\)). Typical values

for ice skating are around 0.01 to 0.03.

Assuming \(\mu_k = 0.02\):

\[

F_{fric} = \mu_k \times F_{norm} = 0.02 \times 637\, \mathrm{N} \approx 12.74\, \mathrm{N}

\]

This small force opposes the motion.

Step 3: Applying Force by Tecle’s Friend

Suppose Tecle’s friend applies a horizontal force \(F_{app}\). The net force:

\[

F_{net} = F_{app} - F_{fric}

\]



Depending on the applied force, Tecle’s acceleration can vary significantly.

---

Calculating Acceleration for Different Force Scenarios

Scenario 1: Friend Applies a Force of 50 N

\[

F_{net} = 50\, \mathrm{N} - 12.74\, \mathrm{N} = 37.26\, \mathrm{N}

\]

\[

a = \frac{F_{net}}{m} = \frac{37.26\, \mathrm{N}}{65.0\, \mathrm{kg}} \approx 0.574\, \mathrm{m/s^2}

\]

Interpretation: Tecle accelerates at approximately 0.574 m/s².

---

Scenario 2: Friend Applies a Force of 20 N

\[

F_{net} = 20\, \mathrm{N} - 12.74\, \mathrm{N} = 7.26\, \mathrm{N}

\]

\[



a = \frac{7.26\, \mathrm{N}}{65.0\, \mathrm{kg}} \approx 0.112\, \mathrm{m/s^2}

\]

Interpretation: Tecle’s acceleration is less, around 0.112 m/s², illustrating how the applied force

influences his movement.

---

Factors Affecting Acceleration on Ice

While force and mass are primary factors, several other elements influence acceleration:

1. Coefficient of Friction (\(\mu_k\))

- Lower \(\mu_k\) results in less friction, allowing higher acceleration for the same applied force.

- Ice skating surfaces are designed to minimize \(\mu_k\), aiding skaters' glide.

2. Surface Conditions

- Ice quality, temperature, and maintenance impact friction levels.

- Rough or melted ice increases resistance, reducing acceleration.

3. Force Application Technique

- The direction and point of force application affect the efficiency of acceleration.

- A direct, horizontal push maximizes acceleration.



4. External Factors

- Air resistance has negligible impact at typical skating speeds but can be considered at higher

velocities.

- Internal factors like skater’s balance and posture influence effective force transfer.

---

Practical Implications and Real-World Applications

Understanding forces and acceleration on ice has several real-world applications:

Sports Strategy: Trainers analyze force application to improve skater performance and1.

techniques.

Equipment Design: Skates are engineered to minimize friction, enhancing glide and speed.2.

Safety Measures: Recognizing the forces involved helps prevent injuries caused by sudden3.

accelerations or falls.

Physics Education: Ice skating provides an engaging context to demonstrate Newtonian4.

mechanics.

---



Conclusion

In summary, Tecle’s acceleration on the ice rink depends critically on the force applied by his friend

and the minimal friction of the icy surface. By applying Newton’s second law, we find that even small

forces can produce measurable accelerations due to the low friction environment. Recognizing the

interplay between force, mass, and friction enhances our understanding of motion in real-world settings

like ice skating, with implications spanning sports sciences, engineering, and physics education.

Remember: Always consider external factors such as friction, surface conditions, and force application

methods when analyzing motion on ice or similar low-resistance surfaces.

Frequently Asked Questions

What is the primary force responsible for Tecle's acceleration on the

ice-skating rink?

The primary force is the force applied by Tecle's friend, which causes Tecle to accelerate.

If Tecle's mass is 65.0 kg and his friend applies a force, how can we

calculate Tecle's acceleration?

Using Newton's Second Law, acceleration = force / mass. So, knowing the applied force, divide it by

65.0 kg to find Tecle's acceleration.

What role does friction play in Tecle's acceleration on the ice-skating

rink?

Friction between Tecle's skates and the ice opposes his motion, but if the ice is smooth and ice

skating reduces friction, the applied force primarily determines acceleration.



If Tecle's friend applies a force of 130 N, what is Tecle's

acceleration?

Acceleration = 130 N / 65.0 kg = 2.0 m/s².

How does increasing the force applied by Tecle's friend affect his

acceleration?

Increasing the applied force increases Tecle's acceleration proportionally, according to Newton's

Second Law.

What happens to Tecle's acceleration if the applied force remains

constant but his mass increases?

His acceleration decreases, since acceleration = force / mass; a larger mass results in lower

acceleration for the same force.

Why is Newton's Second Law important in understanding Tecle's

movement on the ice?

It explains how the applied force and Tecle's mass determine his acceleration and movement on the

ice.

Suppose Tecle pushes back with an equal force; what will be his net

force and acceleration?

If Tecle pushes back with an equal force, the net force is zero, and his acceleration will be zero,

meaning he won't accelerate.



How does the direction of the applied force influence Tecle's

acceleration?

The acceleration occurs in the direction of the applied force, according to Newton's Second Law.

What factors could affect Tecle's acceleration besides the applied

force?

Factors include friction between his skates and the ice, air resistance, and any other external forces

acting on him.

Additional Resources

26. Acceleration Tecle, With A Mass Of 65.0 Kg, Is Standing On An Ice-skating Rink. His Friend

Applies — a seemingly simple scenario that opens the door to a comprehensive exploration of

fundamental physics principles, particularly Newton's laws of motion and the concept of acceleration. In

this detailed guide, we will analyze the situation step-by-step, breaking down the physics involved,

calculating potential accelerations, and understanding the forces at play. Whether you're a student

studying physics, an enthusiast interested in real-world applications, or simply curious about how

forces influence movement, this article aims to provide clarity and insight into the mechanics of

acceleration in an icy environment.

---

Understanding the Scenario

Let's set the scene: Tecle, a person with a mass of 65.0 kg, is standing still on an ice-skating rink. His

friend then applies a force to Tecle—perhaps by pushing him or applying an external force through

some means. The key questions are:



- What is the nature of the applied force?

- How does this force influence Tecle's acceleration?

- What are the roles of friction and other forces in this scenario?

To analyze this situation thoroughly, we need to understand the fundamental physics principles

involved, particularly Newton's second law of motion.

---

Newton's Laws of Motion: The Foundation

Newton's Second Law of Motion states that:

> The acceleration of an object is directly proportional to the net force applied to it and inversely

proportional to its mass.

> Mathematically: F = m a

Where:

- F is the net force applied to the object (in Newtons, N),

- m is the mass of the object (in kilograms, kg),

- a is the acceleration (in meters per second squared, m/s²).

This law is at the core of understanding how Tecle will move when his friend applies a force.

---

Key Concepts and Variables in the Scenario

To analyze Tecle's acceleration, we need to consider:



- The mass of Tecle: 65.0 kg

- The force applied by his friend: Let's denote it as F_push

- The frictional force between Tecle's skates and the ice

- The acceleration experienced by Tecle

Friction on Ice: The Role of a Low-Friction Environment

One critical aspect of ice skating is the minimal friction between the skate blades and the ice surface.

This low friction allows skaters to glide smoothly, but it also means that applying a force results in a

more pronounced acceleration than on a rough surface.

In physics, the coefficient of kinetic friction (μ_k) for ice skating is typically very low, often around 0.01

to 0.03, depending on conditions.

The Force of Friction (F_friction)

The frictional force opposing an applied push is given by:

F_friction = μ_k N

Where:

- μ_k is the coefficient of kinetic friction

- N is the normal force, which on a flat surface equals to m g, with g being the acceleration due to

gravity (~9.81 m/s²)

---

Step-by-Step Analysis

1. Estimating the Normal Force



Since Tecle is standing on a flat ice rink, the normal force N balances his weight:

N = m g

Plugging in Tecle's mass:

N = 65.0 kg 9.81 m/s² ≈ 637.65 N

This is the force exerted by the ice on Tecle vertically.

2. Calculating Frictional Resistance

Assuming a typical coefficient of kinetic friction for ice skating, say μ_k = 0.02, the maximum kinetic

friction force is:

F_friction = μ_k N = 0.02 637.65 N ≈ 12.75 N

This means that any horizontal force applied to Tecle must overcome approximately 12.75 N of friction

to produce acceleration.

3. Applying an External Force

Suppose Tecle's friend applies a force F_push to push Tecle forward. The actual acceleration depends

on whether F_push exceeds the frictional force.

- If F_push < F_friction, Tecle will not accelerate; he will remain stationary or move very slowly.

- If F_push > F_friction, Tecle will accelerate in the direction of the applied force.

4. Calculating Acceleration

Assuming F_push is greater than F_friction, the net force F_net acting on Tecle is:



F_net = F_push - F_friction

Using Newton's second law:

a = F_net / m

Let's consider an example: suppose the friend applies a force of 20 N.

- Net force:

F_net = 20 N - 12.75 N ≈ 7.25 N

- Acceleration:

a = 7.25 N / 65.0 kg ≈ 0.1115 m/s²

This means Tecle would accelerate at approximately 0.1115 m/s² in the direction of the applied force.

---

Real-World Considerations

While the calculations above provide a theoretical framework, real-world situations involve additional

factors:

a. Variability of Friction

- Conditions of the ice surface, temperature, and skate sharpness can influence μ_k.

- Wet or rough ice increases friction, reducing acceleration.

b. Force Application Dynamics



- The force may not be applied instantaneously or uniformly.

- The push's duration and angle influence the resulting motion.

c. Air Resistance and Other Forces

- At typical pushing forces, air resistance is negligible but can be considered for high velocities.

d. Human Factors

- Tecle's initial stance, balance, and reaction influence how he accelerates.

---

Extending the Analysis: Calculating Acceleration for Different Forces

Suppose Tecle's friend applies various forces:

| Applied Force (N) | Frictional Force (N) | Net Force (N) | Resulting Acceleration (m/s²) |

|---------------------|----------------------|--------------|------------------------------|

| 10 | 12.75 | -2.75 | Tecle would tend to slow down or stay stationary |

| 15 | 12.75 | 2.25 | 0.0346 |

| 20 | 12.75 | 7.25 | 0.1115 |

| 30 | 12.75 | 17.25 | 0.2654 |

| 50 | 12.75 | 37.25 | 0.5746 |

This table illustrates how increasing the applied force results in higher acceleration, provided it

surpasses the frictional threshold.

---

Practical Implications and Insights



Understanding Force Requirements

- To initiate movement on ice, the applied force must exceed the frictional force.

- For Tecle, any push less than approximately 12.75 N (assuming μ_k = 0.02) may not produce

noticeable acceleration.

The Impact of Mass

- Tecle's mass influences acceleration inversely; a heavier person requires more force to achieve the

same acceleration.

- For example, if Tecle weighed 130 kg, the normal force would double, and so would the frictional

force, demanding a larger push for the same acceleration.

Safety and Control

- Excessive force can cause Tecle to slide uncontrollably, highlighting the importance of controlled

pushes.

- Skilled skaters learn to modulate force to achieve desired accelerations smoothly.

---

Summary and Key Takeaways

- Newton's second law is fundamental in understanding how Tecle accelerates when pushed.

- The frictional force on ice is minimal but significant enough to influence motion.

- Calculating acceleration involves subtracting the frictional force from the applied force and dividing by

mass.

- For Tecle (65 kg), a push of around 20 N can produce an acceleration of approximately 0.1115 m/s²,

assuming typical ice friction.

- Real-world factors such as ice conditions, push angle, and Tecle's stance affect actual acceleration.



---

Final Thoughts

This scenario exemplifies the elegance of classical mechanics in predicting and understanding motion

in everyday situations. Whether pushing a friend on ice or analyzing planetary movements, the same

physics principles apply. By understanding the interplay between force, mass, and friction, we gain

deeper insight into how objects move and respond to external influences. Next time you see skaters

gliding effortlessly, remember the underlying physics that makes their graceful motion possible.

---

Remember: Always consider the environment and forces acting on an object when analyzing its

motion. Physics isn't just theoretical; it’s a tool to interpret and predict the world around us.
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