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A Child Rolls A Ball On A Level Floor 3.5m To Another Child. If The Ball Makes 15.0
Revolutions, What insights can we gain into the physics of motion, the relationship between
revolutions and distance traveled, and how to calculate various parameters related to rolling
objects? This article explores these questions through detailed explanations, formulas, and real-
world examples, providing a comprehensive understanding of rotational motion and linear
displacement.

Understanding the Scenario: Basic Concepts

Before delving into calculations, it’s essential to understand the fundamental concepts involved in
this scenario.

Linear Distance vs. Rotational Motion

When a ball rolls across a level surface, its movement can be described in terms of:

- Linear distance: The actual distance traveled along the floor (in meters, centimeters, etc.).
- Rotational motion: The number of revolutions the ball completes as it rolls.

The relationship between these two quantities hinges on the ball’s circumference — the distance
around the ball.

Key Parameters in the Problem

From the problem statement, we know:

- Distance between the children: 3.5 meters
- Number of revolutions made by the ball: 15.0 revolutions

The goal is to analyze what these values mean and determine related quantities, such as the ball’s
circumference, radius, or the distance traveled per revolution.

Calculating the Circumference of the Ball

The key to linking revolutions to linear distance is the circumference (C) of the ball.



Formula for Circumference of a Sphere

\[
C = 2 \pi r
\]

where:

- \( C \) = circumference
- \( r \) = radius of the ball
- \( \pi \) ≈ 3.1416

If the ball makes one revolution, it travels a distance equal to its circumference.

Determining the Total Distance Traveled

Given:

\[
\text{Number of revolutions} = N = 15.0
\]
\[
\text{Total linear distance} = D
\]

It is related to the circumference as:

\[
D = N \times C
\]

If the total distance the ball travels during the 15 revolutions is known, the circumference can be
calculated as:

\[
C = \frac{D}{N}
\]

In this problem, the total distance traveled is 3.5 meters (the distance between the children).
Therefore,

\[
C = \frac{3.5\, \text{m}}{15.0} \approx 0.233\, \text{m}
\]

This indicates that each revolution covers approximately 0.233 meters.



Estimating the Radius of the Ball

Knowing the circumference, we can find the radius:

\[
r = \frac{C}{2\pi}
\]

Substituting:

\[
r = \frac{0.233}{2 \times 3.1416} \approx \frac{0.233}{6.2832} \approx 0.037\, \text{m}
\]

which is about 3.7 centimeters.

Implication: The ball has an approximate radius of 3.7 cm, consistent with a small toy ball or similar
object.

Understanding the Physics: Rolling Without Slipping

For the calculations above, it’s assumed that the ball rolls without slipping, meaning:

- The point of contact between the ball and the floor is momentarily at rest relative to the surface.
- The translational (linear) velocity of the center of mass is related to its angular velocity.

Relation Between Linear and Angular Velocities

\[
v = r \omega
\]

where:

- \( v \) = linear velocity of the ball’s center
- \( r \) = radius
- \( \omega \) = angular velocity in radians per second

This relation is fundamental in understanding how rotational motion translates into linear motion.

Calculating the Speed of the Ball

Given that the ball travels 3.5 meters in the time it takes to complete 15 revolutions, let's explore
how to determine the speed if the time taken were known.



Suppose:

- \( t \) = time taken (in seconds)

Then:

\[
v = \frac{D}{t}
\]

And since:

\[
v = r \omega
\]

the angular velocity:

\[
\omega = \frac{v}{r}
\]

Knowing the number of revolutions, the average angular velocity in revolutions per second is:

\[
\text{Revolutions per second} = \frac{N}{t}
\]

or in radians per second:

\[
\omega = 2\pi \times \frac{N}{t}
\]

If the time \( t \) is known, precise calculations can be made.

Note: Without the time, we can only determine relative quantities but cannot compute the actual
speed.

Real-World Applications and Implications

Understanding these principles has practical significance beyond simple classroom physics:

- Designing rolling objects: Engineers use these calculations when designing wheels, gears, or
conveyor belts.
- Sports physics: Analyzing how balls roll in sports like bowling or soccer.
- Robotics: Calculating movement parameters for robots that roll or navigate using wheels.



Additional Factors to Consider in Real-World Scenarios

While the calculations above assume ideal conditions, real-world situations involve complexities such
as:

- Friction: Both rolling and sliding friction affect the motion.
- Surface texture: Roughness influences how smoothly the ball rolls.
- Air resistance: Has a minor effect at low speeds, but still worth noting.
- Ball deformation: Slight compression of the ball affects the actual contact point and rolling
behavior.

Conclusion: Summarizing Key Insights

In summary, analyzing the scenario where a child rolls a ball 3.5 meters to another child, completing
15 revolutions, allows us to explore fundamental physics concepts:

- The circumference of the ball is approximately 0.233 meters.
- The radius of the ball is about 3.7 centimeters.
- The relationship between rotational and linear motion is governed by the equations \( C = 2\pi r \)
and \( v = r \omega \).
- These principles are essential in fields ranging from engineering to sports science.

By understanding these relationships, students and enthusiasts can better appreciate how rotational
motion translates into linear displacement, and how to perform related calculations for various
objects and scenarios.

Further Exploration

For those interested in extending their understanding, consider:

- Calculating the time it takes for the ball to reach the other child if the speed is known.
- Exploring acceleration and how the ball’s speed changes if it rolls uphill or downhill.
- Investigating rolling resistance and how it impacts the distance traveled over time.

This foundational knowledge fosters a deeper appreciation for the physics governing everyday
objects and motions, enriching both academic studies and practical applications.

Frequently Asked Questions

What is the total distance traveled by the ball when it makes



15 revolutions?
The total distance is 3.5 meters per revolution multiplied by 15 revolutions, which equals 52.5
meters.

How can we calculate the circumference of the ball from the
given data?
If the ball's revolutions and the total distance are known, the circumference is total distance divided
by number of revolutions: 52.5 m / 15 = 3.5 m.

What is the significance of the number of revolutions in this
problem?
The number of revolutions helps determine the total distance traveled by multiplying it with the
ball's circumference.

If the ball is rolled on a level floor, what factors could affect
its distance traveled?
Factors include friction between the ball and the floor, initial force applied, and the ball's rotational
inertia.

How is the concept of revolutions related to linear distance in
this scenario?
Revolutions measure how many times the ball spins around its axis, and multiplying by the
circumference converts this rotational movement into linear distance traveled.

What assumptions are made when calculating the distance
traveled based on revolutions?
It is assumed that the ball rolls without slipping and maintains a constant velocity throughout the
motion.

How would the total distance change if the ball made 20
revolutions instead of 15?
The total distance would be 3.5 m per revolution times 20 revolutions, totaling 70 meters.

Can the mass of the ball influence the number of revolutions it
makes over a certain distance?
In an ideal scenario with no friction, mass does not affect the number of revolutions; however, in
real situations, mass can influence rolling resistance and thus affect revolutions.



What real-world applications involve calculating revolutions
and distance traveled by rolling objects?
Applications include odometers in vehicles, mechanical watches, conveyor belts, and robotics where
precise measurement of movement is essential.

If the ball's diameter is known, how can we verify the total
distance traveled after 15 revolutions?
Calculate the circumference of the ball using its diameter (Circumference = π × diameter), then
multiply by 15 to find the total distance traveled.

Additional Resources
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---

Introduction

Understanding the physics behind a simple act like a child rolling a ball across a floor
reveals the fascinating interplay of motion, energy, and forces. On the surface, it appears
straightforward—a child pushes a ball, which then travels a certain distance before reaching another
child. However, when we delve into the details, questions about the ball's speed, the nature of its
motion, and the forces acting upon it come to the forefront. This scenario serves as an excellent case
study to explore fundamental principles of physics, including linear motion, rotational motion, and
the relationship between the two.

In this article, we analyze a situation where a child rolls a ball on a level floor over a distance of 3.5
meters, and the ball completes 15.0 revolutions before reaching the other child. We aim to
understand what this information implies about the ball’s speed, angular velocity, and the
underlying physics governing the motion. Through detailed explanations, calculations, and context,
we will uncover the scientific principles at play and their practical implications.

---

Setting the Scene: The Scenario in Context

Imagine a typical playground or indoor setting where children play with balls. One child gently
pushes a ball, which then rolls across a smooth, level surface—perhaps a polished wooden floor or a
flat concrete pavement. The goal is to understand the motion of the ball from a physics perspective,
assuming ideal conditions such as negligible friction for simplicity, or accounting for it if necessary.

The key parameters provided are:

- Distance traveled by the ball: 3.5 meters
- Number of revolutions completed: 15.0 revolutions



Using these parameters, we can infer important quantities such as the ball’s linear velocity, angular
velocity, and the relationship between linear and rotational motion.

---

Fundamental Concepts in Motion Analysis

Before delving into calculations, it’s essential to review the fundamental physics concepts involved:

1. Linear Motion

Linear motion refers to the movement of an object along a straight path. In our case, the ball moves
from one point to another across the floor. Key quantities include:

- Displacement (d): The straight-line distance traveled, here 3.5 meters.
- Speed (v): The rate at which the ball covers distance, calculated as distance divided by time.

2. Rotational Motion

Rotational motion involves an object spinning about an axis. For a rolling ball:

- Number of revolutions (N): How many complete turns the ball makes, here 15.0.
- Angular displacement (θ): The angle in radians through which the ball rotates.
- Angular velocity (ω): The rate of change of angular displacement, measured in radians per second.

3. Rolling Without Slipping

In many real-world scenarios, balls roll without slipping, meaning the point of contact with the floor
remains momentarily at rest relative to the surface. This condition links linear and angular motion:

- Linear velocity (v): Related to angular velocity (ω) by:

\[
v = \omega r
\]

where \( r \) is the radius of the ball.

Understanding this relationship is crucial for connecting rotational and translational quantities.

---

Step 1: Calculating the Ball's Rotation in Radians

Since the problem states that the ball makes 15 revolutions, the first step is to convert revolutions
into radians, the standard SI unit for angular measurement.

- Number of revolutions (N): 15.0
- Radians per revolution: \( 2\pi \) radians

Therefore:



\[
\theta = N \times 2\pi = 15.0 \times 2\pi = 30\pi \text{ radians}
\]

Numerically:

\[
\theta \approx 15.0 \times 6.2832 = 94.248 \text{ radians}
\]

This total angular displacement tells us how much the ball has rotated during its journey.

---

Step 2: Estimating the Ball's Radius

To proceed further, we need to know or assume the radius of the ball. Typical balls used in
children's play vary in size, but a standard playground ball might have a radius in the range of 4–8
centimeters (0.04–0.08 meters). For illustrative purposes, we will assume:

\[
r = 0.05 \text{ meters} \quad (\text{5 cm})
\]

This assumption allows us to connect rotational and linear quantities.

---

Step 3: Calculating Linear Velocity

The linear velocity of the ball is the average speed at which it travels across the floor. Given the
distance and assuming the motion occurs over a certain time \( t \), the velocity is:

\[
v = \frac{d}{t}
\]

However, since the problem does not specify the time, we can express the velocity in terms of the
angular velocity and the radius:

\[
v = \omega r
\]

where:

- \( \omega \) is the angular velocity in radians per second.
- \( r \) is the radius.

If we assume a constant rolling motion, the total time \( t \) taken for the ball to travel 3.5 meters can
be derived by:



\[
t = \frac{d}{v}
\]

But to find \( v \), we need to determine the time based on the rotational motion.

---

Step 4: Calculating Angular Velocity

The total angular displacement is \( 94.248 \) radians over the total time \( t \). The average angular
velocity \( \omega \) is:

\[
\omega = \frac{\theta}{t}
\]

Rearranged, the time taken to complete the revolutions is:

\[
t = \frac{\theta}{\omega}
\]

Similarly, the linear velocity \( v \) is:

\[
v = r \omega
\]

Given that the total linear distance is 3.5 meters, and the ball makes 15 revolutions, we can also
relate the total rotation to the linear distance:

\[
d = \text{number of revolutions} \times \text{circumference}
\]

Where the circumference \( C \) of the ball is:

\[
C = 2\pi r
\]

Calculating the circumference:

\[
C = 2 \pi \times 0.05 \approx 0.314 \text{ meters}
\]

Expected total distance traveled based on revolutions:

\[



d_{\text{calculated}} = N \times C = 15 \times 0.314 \approx 4.71 \text{ meters}
\]

Notice this exceeds the given 3.5 meters, indicating that the ball did not complete full revolutions at
a constant rate or that it was initially rolling with some initial speed and then decelerated.
Alternatively, the assumption of pure rolling at a constant velocity simplifies the real-world scenario.

---

Step 5: Reconciling the Given Data

The key discrepancy here is that if a ball with radius 0.05 meters completes 15 revolutions, it
theoretically covers about 4.71 meters, which is longer than the 3.5 meters specified. To reconcile
this, consider:

- The ball may have rolled partially through some revolutions, or
- The actual number of revolutions during the 3.5-meter travel was less than 15, or
- The initial assumptions about the radius are approximate.

Suppose we treat the problem as an idealized physics exercise, focusing on understanding the
relationship between revolutions and linear distance rather than exact real-world sizes.

---

Step 6: Calculating the Average Speed and Rotational Rate

Assuming the 15 revolutions are accurate, and the total linear distance is 3.5 meters, the average
linear speed \( v \) can be approximated as:

\[
v = \frac{d}{t}
\]

But without the time \( t \), we instead focus on the average angular velocity:

\[
\omega = \frac{\theta}{t}
\]

and relate it to the linear velocity:

\[
v = r \omega
\]

If we posit that the ball took \( t \) seconds to travel 3.5 meters, then:

\[
t = \frac{d}{v}
\]



and

\[
\omega = \frac{\theta}{t} = \frac{\theta v}{d}
\]

Substituting \( v = r \omega \):

\[
v = r \times \frac{\theta v}{d}
\]

which simplifies to:

\[
v = \frac{r \theta v}{d}
\]

or

\[
d = r \theta
\]

This leads to a contradiction unless the assumptions are adjusted, emphasizing the importance of
knowing either velocity or time to proceed.

---

Practical and Educational Insights

While the ideal calculations hinge on certain assumptions, the scenario offers valuable educational
insights:

- Relationship Between Rotation and Translation: The connection \( v = r \omega \) illustrates how
rotational speeds translate into linear motion, fundamental in understanding rolling objects.

- Estimating the Radius or Speed: Given the number of revolutions and distance, students can
estimate the ball's size or speed, fostering problem-solving skills.

- Real-World Factors: Friction, air resistance, and initial push strength influence actual motion,
making real-world physics
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