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A Wheel Rotates Through An Angle Of 16.5 Rad As It Slows Down From 29.0 Rad/s To 15.5
Rad/s. What Is the significance of this rotation in understanding angular motion? This intriguing
question delves into the fundamental principles of rotational kinematics and dynamics, which are
essential in various engineering applications, from designing safer vehicles to optimizing industrial
machinery. In this comprehensive article, we will explore the physics behind the problem, derive the
necessary equations, and analyze the key concepts involved in calculating angular acceleration,
initial and final angular velocities, and the total angular displacement during rotational motion.

Understanding Rotational Motion: Key Concepts and
Definitions

Before solving the specific problem, it’s vital to grasp the foundational principles of rotational
kinematics and dynamics. These concepts are analogous to linear motion but are applied to objects
rotating about an axis.

1. Angular Displacement (0)

- Defined as the angle through which an object rotates during a certain period.
- Measured in radians (rad).
- In our problem, the wheel rotates through an angular displacement of 16.5 radians.

2. Angular Velocity (w)

- The rate at which an object rotates, measured in radians per second (rad/s).

- It can be positive or negative depending on the direction of rotation.

- The problem states the initial angular velocity (wo) is 29.0 rad/s, and the final angular velocity (w)
is 15.5 rad/s.

3. Angular Acceleration (o)

- The rate of change of angular velocity with respect to time.
- Measured in radians per second squared (rad/s?).
- Can be constant or variable, but in many problems, it is assumed constant for simplicity.



4. Rotational Equations of Motion

When angular acceleration is constant, the following equations relate angular displacement,
velocities, and acceleration:

l.w=wo+ at

2.0 = wot + (1/2)at?

3. w? = wo? + 200

Analyzing the Problem: Key Data and Objectives

Let's restate the problem with key data points:

- Initial angular velocity, wo = 29.0 rad/s
- Final angular velocity, w = 15.5 rad/s
- Angular displacement during deceleration, 6 = 16.5 rad

Objectives:

- Calculate the angular acceleration (a) during the deceleration.

- Determine the time taken for the wheel to slow down.

- Understand the relationship between angular displacement, velocity, and acceleration.
- Explore practical applications of such calculations.

Step-by-Step Solution to the Rotational Deceleration
Problem

To solve the problem, we will utilize the rotational kinematic equations assuming constant angular
acceleration.

Step 1: Calculate Angular Acceleration (o)

Using the equation:
\[ \omega”™2 = \omega {0}"2 + 2\alpha\theta \]

Rearranged to solve for a:
\[ \alpha = \frac{\omega”~2 - \omega {0}"2}{2\theta} \]

Substituting the given values:
\[ \alpha = \frac{(15.5)"2 - (29.0)"2}{2 \times 16.5} \]

Calculations:



-\((15.5)"2 = 240.25))
-\((29.0)"2 = 841.00\)

Therefore:
\[ \alpha = \frac{240.25 - 841.00}{33} = \frac{-600.75}{33} \approx -18.19\, \text{rad/s} "2 \]

Note: The negative sign indicates deceleration.

Step 2: Determine the Time Taken (t) to Slow Down

Using the first equation:
\[ \omega = \omega {0} + \alpha t\]

Rearranged:
\[ t = \frac{\omega - \omega {0} }{\alpha} \]

Plugging in the known values:
\[ t =\frac{15.5-29.0}{-18.19} \approx \frac{-13.5}{-18.19} \approx 0.742\, \text{seconds} \]

The wheel takes approximately 0.742 seconds to slow from 29.0 rad/s to 15.5 rad/s.

Step 3: Verify the Results and Interpretations

- The negative acceleration confirms the wheel is decelerating.
- The time duration provides insight into how quickly the wheel slows down over the given angular
displacement.

Practical Applications of Rotational Deceleration
Calculations

Understanding how to analyze rotational motion has numerous real-world applications:

1. Vehicle Braking Systems

- Engineers calculate how quickly wheels decelerate during braking to ensure safety.
- Deceleration rates influence brake design and performance optimization.

2. Mechanical and Industrial Machinery

- Rotational deceleration data helps in designing machinery that operates smoothly and safely.



- It is critical in robotics, conveyor systems, and turbines.

3. Bicycle and Motorcycle Safety

- Analyzing how wheels slow down during braking can improve stopping distances and safety
measures.

4. Sports and Exercise Science

- Athletes and trainers analyze rotational motion to improve performance and prevent injuries.

Additional Considerations in Rotational Dynamics

While the problem assumes constant angular acceleration, many real-world scenarios involve
variable accelerations. In such cases:

- Numerical methods or calculus are used to analyze changing acceleration.
- Energy considerations, such as rotational kinetic energy, are essential.

Rotational Kinetic Energy

- Given by:
\[ KE {rot} = \frac{1}{2} I\omega~2\]
- Where \(I\) is the moment of inertia.

Power and Torque

- Power involved in rotational systems:

\[ P = \tau \omega \]

- Torque (\(\tau\)) relates to angular acceleration:
\[ \tau = I \alpha \]

Summary and Key Takeaways

- The angular acceleration during the deceleration phase is approximately \(-18.19\,
\text{rad/s}"~2\).

- The wheel takes about 0.742 seconds to slow down from 29.0 rad/s to 15.5 rad/s over an angular
displacement of 16.5 radians.

- Understanding these concepts is crucial in designing safe, efficient mechanical systems involving



rotational motion.
- The fundamental equations of rotational kinematics provide a powerful tool for analyzing various
real-world problems.

Conclusion

The problem of a wheel rotating through a specific angle while slowing down encapsulates essential
principles of rotational physics. By applying the equations of motion, engineers and scientists can
predict the behavior of rotating systems, optimize performance, and ensure safety. Whether in
automotive design, industrial machinery, or sports science, mastering the analysis of angular
displacement, velocity, and acceleration is vital. This detailed exploration demonstrates how
fundamental physics concepts translate into practical solutions across multiple fields, highlighting
the importance of understanding rotational dynamics in our daily and technological lives.
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Frequently Asked Questions

What is the angular acceleration of the wheel as it slows down
from 29.0 rad/s to 15.5 rad/s over an angle of 16.5 rad?

Using the equation w? = wo? + 200, the angular acceleration a = (w? - wo?) / (20) = (15.5% - 29.0%) / (2
16.5) rad/s?, which calculates to approximately -11.3 rad/s?.

How can we determine the time taken for the wheel to slow
from 29.0 rad/s to 15.5 rad/s?

Using w = wo + at, rearranged as t = (w - wo) / a. Substituting the values, t = (15.5 - 29.0) / (-11.3) =
1.19 seconds.



What does the negative value of angular acceleration indicate
in this context?

It indicates that the wheel is decelerating or slowing down in its rotation.

How is the work done related to the change in rotational
kinetic energy of the wheel?

The work done by external torque equals the change in rotational kinetic energy: W = (1/2)I(w? -
wo?).

If the moment of inertia of the wheel is known, how can we
find the torque causing the deceleration?

Torque T = I a. Once « is calculated, multiply by the moment of inertia to find the torque.

What is the significance of the angle of 16.5 radians in this
problem?

It represents the total angular displacement the wheel covers as it slows down.

Can we determine the initial and final kinetic energies of the
wheel?

Yes. Initial kinetic energy KEo = (1/2)Iwo? and final KE = (1/2)Iw?, using the given angular velocities.

What assumptions are typically made in solving such
rotational motion problems?

Assumptions often include constant angular acceleration, no external forces like friction, and a
known moment of inertia.

How does the angular displacement relate to the initial and
final angular velocities and angular acceleration?

Using the equation w? = wo? + 200, the angular displacement 6 relates these quantities during
rotational deceleration.
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In the realm of rotational dynamics, understanding how objects behave under various forces is
fundamental. Among the many intriguing phenomena, the deceleration of a rotating wheel provides
insights into angular kinematics and the interplay of torque, angular velocity, and angular
displacement. This article delves into the detailed analysis of a wheel that undergoes a specific
change: it rotates through an angle of 16.5 radians while slowing from an initial angular velocity of
29.0 rad/s to a final angular velocity of 15.5 rad/s.

This scenario, although seemingly straightforward, encapsulates core principles of rotational motion
and offers an excellent case study for applied physics. By systematically dissecting the problem,

exploring relevant equations, and examining the underlying physics, we aim to provide a
comprehensive understanding suitable for researchers, educators, and students alike.

Background and Context

Rotational motion is characterized by several key quantities: angular displacement (8), angular
velocity (w), angular acceleration (), and torque (t). When analyzing real-world systems such as
wheels, gears, or flywheels, these quantities help predict system behavior under various forces and
constraints.

In the classic problem of a wheel slowing down, the change in angular velocity over time signifies
the presence of an opposing torque—often due to friction, air resistance, or applied braking forces.
The problem at hand specifies:

- Initial angular velocity, w_initial = 29.0 rad/s

- Final angular velocity, w final = 15.5 rad/s

- Angular displacement during deceleration, 6 = 16.5 rad

The key question, although not explicitly stated, usually involves determining the angular

acceleration, the time taken for this change, or verifying the consistency of the data. Here, we focus
on deriving the angular acceleration and exploring the physical implications of this deceleration.

Fundamental Equations of Rotational Kinematics

The analysis hinges on the rotational analogs of linear kinematic equations. For constant angular
acceleration (a), the following relationships apply:

1. Angular displacement:

0 = w initial t + (1/2) a t2

2. Final angular velocity:

w final = w initial + a' t

3. Relation between angular displacement, initial velocity, and acceleration:

w final? = w initial? + 2 a 0



Given two of the quantities (initial velocity, final velocity, displacement, and acceleration), the third
can be calculated.

Determining the Angular Acceleration

The most direct relation for this problem is the third equation, which relates initial and final angular
velocities with the angular displacement and acceleration:

\[ \omega {\text{final}}"~2 =\omega {\text{initial}}~2 + 2 \alpha \theta \]

Solving for a:

\[ \alpha = \frac{\omega {\text{final}}"~2 - \omega {\text{initial}}"~2}{2 \theta} \]
Plugging in the given values:

- w_initial = 29.0 rad/s
- w_final = 15.5 rad/s

-0 =16.5rad

Calculations:

\[

\alpha = \frac{(15.5)"2 - (29.0)"2}{2 \times 16.5}
\]

\[

\alpha = \frac{240.25 - 841} {33}

\]

\[

\alpha = \frac{-600.75} {33}

\]

\[

\alpha \approx -18.2 \text{ rad/s} "2
\]

The negative sign indicates deceleration, as expected.

Physical Interpretation of the Results

The computed angular acceleration of approximately -18.2 rad/s? signifies a relatively significant
deceleration rate for the wheel. To contextualize this:

- Magnitude of deceleration: The wheel's angular velocity decreases from 29.0 rad/s to 15.5 rad/s
over an angular displacement of 16.5 radians.



- Time taken for the deceleration: Using the equation:

\[
\omega {\text{final}} = \omega {\text{initial}} + \alphat
\]

Rearranged as:

\[
t = \frac{\omega {\text{final}} - \omega {\text{initial}}}{\alpha}
\]

Plugging in the values:

\[
t =\frac{15.5-29.0}{-18.2} = \frac{-13.5}{-18.2} \approx 0.741 \text{ seconds}
\]

This indicates the wheel takes approximately 0.74 seconds to slow down from 29.0 rad/s to 15.5
rad/s under a constant deceleration of 18.2 rad/s?.

Practical Implications and Real-World Applications
Understanding such deceleration behavior has broad applications across engineering disciplines:

- Braking Systems: Designing brakes that can reliably slow rotating components within specified
times and displacements.

- Rotational Machinery: Ensuring safe shutdown procedures by analyzing deceleration phases.

- Energy Dissipation: Quantifying how much rotational kinetic energy is lost during deceleration,
critical for energy management systems.

- Control Systems: Implementing feedback mechanisms that adjust torque to achieve desired
deceleration profiles.

Calculating the Torque and Moment of Inertia

If the mass moment of inertia (I) of the wheel is known, the torque (t) responsible for this
deceleration can be calculated:

\[
\tau = I'\alpha
\]

Conversely, knowing the torque allows estimation of the moment of inertia, which characterizes the
distribution of mass in the wheel.

For example, assuming the torque is due solely to friction or braking force, and if the torque value is
measured or specified, then:



\[
I = \frac{\tau} {\alpha}
\]

This relationship underscores the importance of understanding both the applied forces and the
physical characteristics of the rotating object.

Broader Theoretical Context

This case exemplifies how rotational kinematics and dynamics intersect. The negative angular
acceleration leading to a reduction in angular velocity over a known angular displacement illustrates
the fundamental principle that work done by opposing torques reduces the rotational kinetic energy.

The kinetic energy of rotation prior to deceleration:

\[
KE = \frac{1}{2} I \omega"2
\]

The change in kinetic energy during deceleration:

\[
\Delta KE = \frac{1}{2} I (\omega {\text{final}}"2 -\omega {\text{initial}}"2)
\]

This energy is dissipated via frictional forces, heat, or other forms of energy transfer, emphasizing
the importance of energy conservation principles in rotational systems.

Limitations and Assumptions

The calculations and analysis presented here are based on the assumption of constant angular
acceleration. In practical systems:

- Frictional torque may vary with angular velocity.
- External forces may introduce non-uniform deceleration.
- Air resistance and other damping factors could influence the deceleration profile.

Understanding these limitations is crucial for accurate modeling and system design.

Conclusion

The analysis of a wheel rotating through an angle of 16.5 radians while slowing from 29.0 rad/s to
15.5 rad/s reveals a constant angular deceleration of approximately -18.2 rad/s? over about 0.74
seconds. This scenario encapsulates core principles of rotational kinematics and dynamics,
illustrating how angular velocities change under applied torques and how energy considerations



underpin rotational deceleration.

Such detailed investigations are vital in designing reliable mechanical systems, optimizing energy
dissipation, and understanding the fundamental physics governing rotational motion. The principles
elucidated here serve as foundational knowledge for engineers, physicists, and students engaged in
the analysis and application of rotational dynamics across diverse fields.
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