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A Figure Skater Rotating At 5. 00 Rad/s With Arms Extended Has A Moment Of Inertia Of
2. 25 Kgm2. If a skater pulls their arms in closer to their body, how does this affect their rotational
speed? Understanding the principles of rotational dynamics, particularly the conservation of angular
momentum, allows us to analyze and predict the changes in a figure skater’s spin rate when they
modify their body position. This article delves into the physics behind such movements, exploring
concepts like moment of inertia, angular velocity, and conservation laws, providing a comprehensive
overview suitable for students, enthusiasts, and anyone interested in the science of figure skating.

Understanding the Fundamentals of Rotational Motion

What Is Moment of Inertia?
Moment of inertia is a measure of an object's resistance to changes in its rotational motion. It
depends on how mass is distributed relative to the axis of rotation. The farther the mass is from the
axis, the greater the moment of inertia. In the case of a figure skater, the distribution of their body
mass significantly influences their moment of inertia.

Mathematically, for a point mass:
\[ I = mr^2 \]
where:
- \( m \) is the mass,
- \( r \) is the distance from the axis of rotation.

For extended objects like a skater, the total moment of inertia is calculated by integrating over all
mass elements, considering their distances from the axis.

Angular Velocity and Its Significance
Angular velocity (\( \omega \)) indicates how fast an object rotates, measured in radians per second
(rad/s). In the scenario described, the skater's initial angular velocity is 5.00 rad/s. When the skater
pulls in their arms, their moment of inertia decreases, leading to an increase in angular velocity if
angular momentum remains conserved.

Conservation of Angular Momentum
A key principle in rotational dynamics is the conservation of angular momentum (\( L \)):
\[ L = I \omega \]
In the absence of external torques, the angular momentum of a system remains constant. Therefore,
when a skater pulls in their arms, decreasing their moment of inertia, their rotational speed must



increase to conserve angular momentum.

Calculating Changes in Rotational Speed

Initial Conditions
Given:
- Initial angular velocity, \( \omega_i = 5.00\, \text{rad/s} \)
- Initial moment of inertia, \( I_i = 2.25\, \text{kg·m}^2 \)

The initial angular momentum:
\[ L_i = I_i \times \omega_i = 2.25 \times 5.00 = 11.25\, \text{kg·m}^2/\text{s} \]

Final Moment of Inertia
Assuming the skater pulls their arms in, their moment of inertia decreases. Suppose the new
moment of inertia is \( I_f \). Since no external torque acts:
\[ L_f = L_i \]
\[ I_f \times \omega_f = L_i \]
\[ \omega_f = \frac{L_i}{I_f} \]

To find the new angular velocity, we need the final moment of inertia.

Estimating the New Moment of Inertia
If the skater's arms are pulled in, their moment of inertia decreases proportionally to the change in
mass distribution. For simplicity, assume the new moment of inertia is a fraction of the initial:
\[ I_f = k \times I_i \]
where \( 0 < k < 1 \).

For example, if pulling in the arms reduces the moment of inertia by 50%, then:
\[ I_f = 0.5 \times 2.25 = 1.125\, \text{kg·m}^2 \]

The final angular velocity:
\[ \omega_f = \frac{11.25}{1.125} = 10.00\, \text{rad/s} \]

This demonstrates that by decreasing the moment of inertia, the skater's rotation speed doubles,
illustrating the conservation of angular momentum.

Real-World Applications and Implications



In Figure Skating
Skaters often pull in their arms or legs during spins to increase their rotational speed, allowing for
more complex maneuvers and control. Understanding the physics enables athletes and coaches to
optimize body positions for performance.

In Engineering and Physics
The concepts of moment of inertia and conservation laws extend beyond figure skating. They are
fundamental in designing rotating machinery, spacecraft attitude control, and even in understanding
the dynamics of celestial bodies.

Factors Affecting Moment of Inertia in Skaters

Body Composition and Posture
The distribution of mass plays a crucial role. A skater with more mass distributed further from the
axis will have a higher moment of inertia. Adjustments in posture, such as tucking in limbs,
significantly influence their rotational dynamics.

Clothing and Equipment
Loose clothing or equipment like helmets and pads can add to the overall moment of inertia, albeit
usually to a minor extent, but still relevant for precise calculations.

Advanced Considerations and Complex Scenarios

Accounting for External Factors
While idealized models assume no external torques, real-world scenarios include air resistance and
friction, which can slightly alter the conservation of angular momentum over time.

Multiple Body Segments and Precise Calculations
For more accurate modeling, consider the skater as a system of multiple segments, each with its
own moment of inertia. This approach involves summing the individual contributions, often using
biomechanical data.



Summary and Key Takeaways
- The conservation of angular momentum explains how a figure skater increases their rotational
speed when pulling in their arms.
- Moment of inertia depends on how mass is distributed relative to the axis of rotation.
- When the moment of inertia decreases, the angular velocity increases proportionally, provided no
external torque acts.
- Practical applications of these principles are evident in sports, engineering, and physics.

Conclusion
Understanding the physics behind a figure skater's rotation offers insights into the elegant interplay
between body mechanics and rotational motion. By mastering concepts like moment of inertia and
conservation of angular momentum, athletes can refine their techniques, and engineers can design
better rotating systems. Whether in sports or science, these fundamental principles reveal the
hidden dynamics that govern motion in our universe.

---

Note: The calculations provided are based on simplified assumptions. In real scenarios, detailed
biomechanical analysis is necessary for precise predictions.

Frequently Asked Questions

What is the initial angular momentum of the figure skater?
The initial angular momentum is given by L = I ω = 2.25 kg·m² 5.00 rad/s = 11.25 kg·m²/s.

If the skater pulls her arms in, reducing her moment of inertia
to 1.00 kg·m², what will be her new angular velocity?
Using conservation of angular momentum: L_initial = L_final, so 11.25 kg·m²/s = 1.00 kg·m² ω_final;
thus, ω_final = 11.25 / 1.00 = 11.25 rad/s.

By how much does the skater's rotational speed increase when
pulling in her arms?
The increase in angular velocity is 11.25 rad/s - 5.00 rad/s = 6.25 rad/s.

What is the rotational kinetic energy of the skater before
pulling in her arms?
Rotational kinetic energy is KE = 0.5 I ω² = 0.5 2.25 kg·m² (5.00 rad/s)² = 0.5 2.25 25 = 28.125
Joules.



What is the rotational kinetic energy after pulling in her arms
to a moment of inertia of 1.00 kg·m²?
KE = 0.5 1.00 kg·m² (11.25 rad/s)² = 0.5 1.00 126.56 ≈ 63.28 Joules.

How much additional rotational kinetic energy does the skater
gain by pulling in her arms?
The increase is 63.28 J - 28.125 J ≈ 35.16 Joules.

If the skater's arms are extended and she rotates at 5.00 rad/s,
how long does it take to complete 10 rotations?
Total angle for 10 rotations: θ = 10 2π ≈ 62.83 radians. Time: t = θ / ω = 62.83 / 5.00 ≈ 12.57
seconds.

What principle allows the skater to spin faster when pulling in
her arms?
The conservation of angular momentum; pulling in her arms decreases her moment of inertia, which
increases her angular velocity to conserve angular momentum.

Additional Resources
Rotational Dynamics in Action: Analyzing a Figure Skater's Spin at 5.00 Rad/s

---

Introduction: The Art and Science of Spin in Figure
Skating

In the world of figure skating, a well-executed spin is often the highlight of a performance,
combining grace, precision, and impressive physics. Behind the elegance lies a fascinating
application of rotational dynamics—a branch of physics that describes how objects rotate and how
their motion can be manipulated through forces and moments.

Imagine a professional figure skater spinning effortlessly at 5.00 rad/s with arms extended, boasting
a moment of inertia of 2.25 kg·m². This scenario offers a captivating opportunity to explore the
fundamental principles governing rotational motion, including angular velocity, moment of inertia,
torque, and angular momentum. As we delve into these concepts, we'll analyze how skaters control
and optimize their spins, how their bodies' movements influence rotational behavior, and what
physics can tell us about the art of spinning.

---



Understanding the Core Concepts

Before analyzing the specific scenario, it’s essential to familiarize ourselves with key physics
principles:

1. Angular Velocity (ω)

- Definition: The rate at which an object rotates around an axis, measured in radians per second
(rad/s).
- In our case: The skater's angular velocity is 5.00 rad/s, indicating how many radians the skater
completes each second during the spin.

2. Moment of Inertia (I)

- Definition: A measure of an object's resistance to changes in its rotational motion, depending on
how mass is distributed relative to the axis of rotation.
- In our case: The skater's moment of inertia is 2.25 kg·m² when arms are extended, reflecting the
distribution of mass farther from the axis.

3. Angular Momentum (L)

- Definition: The rotational equivalent of linear momentum, calculated as \( L = I \times \omega \).
- Conservation Law: In the absence of external torque, angular momentum remains constant.

4. Torque (τ)

- Definition: The rotational equivalent of force, causing changes in angular momentum—essentially,
what a skater exerts or experiences during spins.

---

Analyzing the Spin: Key Equations and Principles

The physics of a spinning figure skater revolves around the conservation of angular momentum.
When a skater pulls in their arms, they reduce their moment of inertia, which, in turn, increases
their angular velocity if no external torque acts. Conversely, extending arms increases the moment
of inertia and slows the spin.

The fundamental relation:



\[
L = I \times \omega
\]

remains constant in an isolated system:

\[
I_{\text{initial}} \times \omega_{\text{initial}} = I_{\text{final}} \times \omega_{\text{final}}
\]

This principle allows skaters to control their spins dynamically, gaining or losing speed by
manipulating their body's configuration.

---

Scenario Breakdown: The Skater's Rotation at 5.00
Rad/s

Let's analyze the situation step by step:

- Initial Conditions:
- Angular velocity: \( \omega_i = 5.00 \text{ rad/s} \)
- Moment of inertia: \( I_i = 2.25 \text{ kg·m}^2 \)

- Assumption:
- The skater is initially with arms extended, and there are no external torques acting on the system
(idealized condition).

- What happens if the skater pulls their arms in?
- The moment of inertia decreases, leading to an increase in angular velocity to conserve angular
momentum.

---

Calculating the Effect of Body Configuration Changes

Suppose the skater pulls their arms in, resulting in a new (reduced) moment of inertia, \( I_f \). The
final angular velocity, \( \omega_f \), can be found via conservation of angular momentum:

\[
I_i \times \omega_i = I_f \times \omega_f
\]

Rearranged:

\[



\omega_f = \frac{I_i}{I_f} \times \omega_i
\]

Example Calculation:

Let's assume the skater pulls arms in, reducing their moment of inertia to 1.00 kg·m²:

\[
I_f = 1.00 \text{ kg·m}^2
\]

Calculate the new angular velocity:

\[
\omega_f = \frac{2.25}{1.00} \times 5.00 = 2.25 \times 5.00 = 11.25 \text{ rad/s}
\]

Interpretation:
The skater's spin speeds up significantly—more than doubling—due to the reduction in moment of
inertia. This illustrates the power of body positioning in spin control.

---

Understanding the Physical Implications

This analysis underscores several critical insights:

1. Conservation of Angular Momentum is Key

- When no external torque is applied, the total angular momentum remains constant.
- Skaters exploit this principle to modulate their speed—pulling in arms to spin faster, extending
arms to slow down.

2. Moment of Inertia is Body-Dependent

- The distribution of mass relative to the axis of rotation determines I.
- Tightening the core or pulling limbs inward reduces I, whereas extending limbs increases I.

3. Torque is Typically Internal in Skating

- Changes in body configuration involve internal forces (muscle actions), which do not violate
conservation laws but change the distribution of mass, hence I.



4. External Torques and Friction

- In real scenarios, external torques like air resistance and friction are minimal but eventually cause
gradual slowing.
- For idealized calculations, we ignore these factors.

---

Additional Considerations: Power and Efficiency

While physics explains the fundamental mechanics, actual performance involves additional factors:

1. Muscle Strength and Control

- Precise muscle control is necessary for rapid, smooth adjustments in body configuration.
- Skaters train extensively to optimize their ability to change I swiftly and efficiently.

2. Energy Expenditure

- Pulling in limbs requires muscular effort, which consumes energy.
- Efficiency comes from balancing the desire for higher spin speeds with energy conservation and
endurance.

3. Safety and Balance

- Rapid changes in angular velocity demand strong core stability to maintain balance.
- Excessive speed increases the risk of losing control, emphasizing the importance of skilled
technique.

---

Real-World Applications and Insights

This physics-based analysis isn't just academic; it directly informs practical techniques in figure
skating and related sports:

- Spin Optimization: Skaters aim to minimize their moment of inertia during spins to maximize
angular velocity.
- Training Focus: Emphasis on core strength and body control enhances their ability to manipulate I
effectively.



- Equipment Design: Costumes and skating boots are designed to optimize body positioning without
hindering movement.
- Performance Strategy: Skilled skaters plan their spins, incorporating body movements that
leverage conservation laws for aesthetic and technical excellence.

---

Conclusion: The Intersection of Physics and Artistic
Performance

The scenario of a figure skater spinning at 5.00 rad/s with a moment of inertia of 2.25 kg·m²
exemplifies the elegant interplay of physics principles that underpin the sport. Through
understanding angular momentum conservation and the influence of body positioning on moment of
inertia, skaters can masterfully control their spins, creating mesmerizing performances that are
rooted in scientific laws.

This analysis not only enriches our appreciation for the technical mastery involved but also
highlights how fundamental physics principles are seamlessly woven into the artistry of figure
skating. Whether you're an aspiring athlete or a physics enthusiast, recognizing these connections
offers a deeper respect for the complexity and beauty of the sport.

---

In essence, the figure skater’s spin is a compelling demonstration of rotational dynamics—a perfect
blend of science and artistry that continues to captivate audiences worldwide.
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