
A Person Sits On A Freely Spinning Lab Stool That
Has No Friction In Its Axle. When This Person
Extends

A Person Sits On A Freely Spinning Lab Stool That Has No Friction In Its Axle. When This Person
Extends, a fascinating demonstration of physics principles unfolds, illustrating the conservation of angular
momentum and the effects of rotational motion. This scenario offers a compelling glimpse into how objects
behave when subjected to forces and constraints in an idealized environment. In this article, we will
explore the physics behind this phenomenon in detail, analyze the underlying principles, and discuss real-
world applications and implications.

Understanding the Setup: The Freely Spinning Lab Stool

Before delving into the specific behaviors observed when the person extends, it is essential to understand
the key characteristics of the setup:

Features of the Lab Stool

Frictionless Axle: The stool rotates freely around its central axis without any resistance, meaning no
torque opposes its motion.

Absence of Frictional Forces: Both at the axle and in the environment, friction is negligible, allowing
for idealized rotational dynamics.

Rotational Inertia: The stool's moment of inertia depends on its mass distribution, typically
concentrated around the central axis.

The Person’s Position and Movement

The person is initially seated close to the center of the stool, rotating at a certain angular velocity.

When the person extends their arms outward, their mass distribution changes, affecting the system's
moment of inertia.



Fundamental Physics Principles at Play

The behavior of the person and the stool can be understood through several core physics concepts:

Conservation of Angular Momentum
In an isolated system with no external torque, the total angular momentum remains constant. This
principle is pivotal in understanding why the rotating person and stool change their rotational speed when
the person's mass distribution changes.

Moment of Inertia
Moment of inertia (I) quantifies an object's resistance to changes in its rotational motion. It depends on the
mass distribution relative to the axis of rotation.

Extending arms outward increases the system's overall moment of inertia.

A higher moment of inertia results in a lower angular velocity if angular momentum remains
constant.

Rotational Kinetic Energy
While angular momentum is conserved, the rotational kinetic energy (KE) can change if the moment of
inertia changes, especially when external work is done (like extending arms). In an ideal frictionless
system, energy shifts between different forms without losses.

What Happens When the Person Extends Their Arms?

Now, let's analyze step-by-step what occurs when the individual extends their arms outward while seated
on the frictionless spinning stool:



Initial State

The person and stool rotate together with an initial angular velocity, ωinitial.

The combined system's total angular momentum is:
Linitial = Iinitial × ωinitial

Extending the Arms

The person reaches out, moving their mass away from the axis of rotation.

The system's total moment of inertia increases:
Ifinal > Iinitial

Conservation of Angular Momentum
Since no external torque acts on the system, angular momentum remains constant:

Linitial = Lfinal

which implies:

Iinitial × ωinitial = Ifinal × ωfinal

Resulting Change in Angular Velocity
Rearranging the equation gives:

ωfinal = (Iinitial / Ifinal) × ωinitial

Since Ifinal > Iinitial, it follows that:
- ωfinal < ωinitial
- The person and stool slow down as the arms extend.



Energy Considerations in the System

While angular momentum is conserved, the rotational kinetic energy undergoes a transformation:

Initial Rotational Kinetic Energy

KEinitial = 0.5 × Iinitial × (ωinitial)2

Final Rotational Kinetic Energy

KEfinal = 0.5 × Ifinal × (ωfinal)2

Since Ifinal > Iinitial and ωfinal < ωinitial, the final kinetic energy is less than the initial. The difference is
accounted for by the person doing work (extending their arms), which requires energy input, or
considering the system as an idealized model where energy is conserved only in the angular momentum
sense.

In real-world scenarios, some energy would be dissipated due to friction, air resistance, or muscle work, but
in this frictionless ideal, the energy shifts primarily through changes in rotational energy.

Visualizing the Phenomenon: Practical Demonstrations and
Applications

This principle is not just theoretical; it finds applications across various fields:

Figure Skaters and Gymnasts
- When a figure skater pulls in their arms, they spin faster due to decreased moment of inertia.
- Extending arms slows their spin, demonstrating conservation of angular momentum.



Satellite and Spacecraft Attitude Control
- Satellites use reaction wheels and momentum control devices to adjust orientation without external forces.
- Extending or retracting mass or changing spin rates help control the craft’s attitude.

Mechanical Devices and Engineering Design
- Gyroscopes rely on conservation principles for stability and orientation.
- Rotational inertia adjustments are used in flywheels for energy storage.

Implications and Real-World Limitations

While the idealized scenario provides clear insights, real-world applications must account for:

Friction: Air resistance and bearing friction dissipate energy, slightly altering the dynamics.

External Torques: External forces like gravity or external pushes can affect angular momentum.

Muscular Effort and Energy Input: Extending arms requires energy input from muscles, which
introduces energy transfer and thermodynamic considerations.

Understanding these factors allows engineers and scientists to design systems that leverage conservation
principles effectively.

Conclusion

The scenario of a person sitting on a frictionless, freely spinning lab stool and extending their arms
exemplifies fundamental physics concepts in a tangible way. It vividly demonstrates how conservation of
angular momentum governs rotational behavior, how changing mass distribution affects moment of inertia,
and how energy shifts within the system. These principles not only deepen our understanding of rotational
dynamics but also underpin numerous technological and natural phenomena, from the graceful spins of ice
skaters to the precise maneuvers of spacecraft.

By appreciating the physics at play, we gain insights into the elegant laws that govern motion and stability,
and how they can be harnessed in innovative ways across various disciplines. Whether in a laboratory or
out in space, the interplay of inertia, angular momentum, and energy continues to inspire scientific



discovery and technological advancement.

Frequently Asked Questions

What happens to the person's rotation when they extend their arms
outward on a frictionless lab stool?
The person's rotation speed decreases as they extend their arms outward due to the conservation of angular
momentum.

Why does extending their arms cause the person to slow down or move
in the opposite direction?
Because no external torque acts on the system, extending their arms redistributes their moment of inertia,
resulting in a change in rotational velocity to conserve angular momentum.

How is angular momentum conserved in this scenario?
Angular momentum remains constant because the stool and person system is isolated, with no external
torques, so any change in the person's moment of inertia affects their angular velocity inversely.

What physical principle explains the change in rotational speed when the
person extends their arms?
The principle of conservation of angular momentum explains it; as the moment of inertia increases, the
rotational speed decreases proportionally.

Would the person's rotation stop if they fully extended their arms and
then pulled them back in?
Not necessarily; they would slow down when extending their arms and speed up again when pulling
them back in, maintaining the total angular momentum throughout.

How does the absence of friction in the axle affect this scenario?
Without friction, there are no external forces to oppose or change the system's angular momentum,
allowing purely internal redistribution of mass to alter rotation speed.



Can this principle be observed in real-world applications or phenomena?
Yes, it is similar to how figure skaters spin faster by pulling in their arms or slower by extending them,
demonstrating conservation of angular momentum.

What role does the moment of inertia play in the person's spinning
motion?
The moment of inertia determines how much the person's rotation slows down or speeds up when they
change their distribution of mass relative to the axis.

Is external torque required to change the person's rotational speed in this
scenario?
No, since the system is frictionless and isolated, no external torque is needed; the change in rotation results
solely from internal redistribution of mass.

Additional Resources
A Person Sits On A Freely Spinning Lab Stool That Has No Friction In Its Axle. When This Person
Extends: An In-Depth Exploration of Rotational Dynamics and Conservation of Angular Momentum

---

Introduction: The Fascinating Physics of a Frictionless Spinning
Stool

When a person sits on a freely spinning lab stool with no friction in its axle, and then extends their arms or
shifts their body position, a captivating display of fundamental physics principles unfolds. This scenario,
often used in physics demonstrations, encapsulates the elegance of conservation laws and rotational motion.
Understanding what happens in such a setup not only deepens our grasp of classical mechanics but also
offers insights into real-world phenomena ranging from figure skating to spacecraft attitude control. This
article meticulously dissects the physics behind this intriguing situation, providing a comprehensive
analysis of the forces, conservation principles, and the implications of the person’s movements on the
system’s angular momentum and rotational behavior.

---



Foundations of Rotational Dynamics and Conservation of Angular
Momentum

Understanding Angular Momentum

Angular momentum (\(L\)) is a vector quantity that measures the rotational analog of linear momentum.
For a rotating body, it depends on the distribution of mass and the angular velocity (\(\omega\)).
Mathematically, for a rigid body rotating about a fixed axis:

\[
L = I \omega
\]

where:

- \(I\) is the moment of inertia, representing how mass is distributed relative to the axis of rotation.
- \(\omega\) is the angular velocity.

In the context of a person on a spinning stool, the system’s total angular momentum is the sum of the
angular momentum of the stool and the person.

Key Point: In the absence of external torques (forces that can change the rotational state), the total angular
momentum of the system remains constant. This fundamental principle is known as the law of
conservation of angular momentum.

Role of Friction and External Torques

The premise states that the stool’s axle is frictionless, implying no external torque acts to alter the system's
angular momentum. This idealization simplifies the analysis, allowing us to focus solely on internal
redistributions of mass and how they affect the system’s rotational state.

In real-world scenarios, frictional forces or external torques can influence motion, but in this thought
experiment, their absence isolates the core physics phenomena.

---



The Scenario: A Person Extends Their Arms While Sitting on a
Spinning Stool

Initial State: Resting or Uniform Rotation

Suppose the person initially sits on the stool, spinning at an angular velocity \(\omega_i\). When the person
is stationary relative to the stool, the combined system has a total angular momentum:

\[
L_{initial} = I_{total} \omega_i
\]

where:

- \(I_{total}\) is the total moment of inertia, including contributions from both the stool and the person.

If the system starts from rest (\(\omega_i=0\)), then the total initial angular momentum is zero.

The Action: Extending the Arms

The person then stretches their arms outward, moving mass away from the axis of rotation. This action
increases their individual moment of inertia (\(I_{person}\)), because:

\[
I_{person} = \sum m r^2
\]

where:

- \(m\) is the mass of the limb or body segment,
- \(r\) is the distance from the axis of rotation.

By extending their arms, the person effectively redistributes their mass farther from the center, increasing
their contribution to the system's total moment of inertia.

---



Analyzing the Physics: What Happens When the Person
Extends Their Arms?

Conservation of Angular Momentum in Practice

Given the absence of external torques, the total angular momentum must remain constant throughout the
process. Initially, the system has:

\[
L_{initial} = I_{initial} \omega_{initial}
\]

After extending their arms, the person's moment of inertia increases to \(I_{person,new}\), and the
system's total moment of inertia becomes:

\[
I_{final} = I_{stool} + I_{person,new}
\]

Since no external torque acts:

\[
L_{initial} = L_{final}
\]
\[
I_{initial} \omega_{initial} = I_{final} \omega_{final}
\]

Rearranged to find the final angular velocity:

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

Given that \(I_{final} > I_{initial}\) (because the person’s arms are extended outward), it follows that:

\[
\omega_{final} < \omega_{initial}
\]



In essence: When the person extends their arms outward, their rotational speed decreases proportionally to
the increase in their moment of inertia.

Physical Interpretation and Intuitive Understanding

This counterintuitive phenomenon—slowing down when extending limbs—is analogous to a figure skater
spinning faster when pulling in their arms and slowing down when stretching them outward. The
conservation of angular momentum dictates that any change in the distribution of mass affects the rotation
rate, provided no external torques intervene.

In the lab setting with a frictionless stool, the person can freely change their body configuration,
demonstrating this principle vividly.

Reversibility and Repercussions

If the person then pulls their arms back inward, their moment of inertia decreases, and their angular
velocity increases correspondingly to conserve angular momentum. This reversible process underscores the
delicate balance within the system and the importance of internal mass redistribution.

---

Additional Considerations and Complexities

Effects of Mass Distribution and Body Segmentation

- Mass Distribution: The specific distribution of mass across limbs and torso influences the magnitude of the
change in moment of inertia. For example, extending a heavy object (like a weighted arm) outward has a
more significant effect than extending a lighter limb.
- Center of Mass: Internal shifts in mass affect the system’s center of mass, which can subtly influence the
rotational behavior, especially if the system is not perfectly symmetrical or balanced.

Real-World Limitations and Practical Implications

- Friction and External Torques: In actual physical systems, friction in the stool’s axle and external forces
(air resistance, gravity, etc.) introduce external torques, gradually altering the angular momentum over



time.
- Human Movement and Muscle Dynamics: The human body cannot instantaneously change limb positions.
The process involves muscle contractions, which can generate internal torques and may slightly alter the
angular momentum if external forces are involved.

Analogies and Broader Applications

- Figure Skating: Skaters spin faster when pulling in their arms, and slower when extending them—an
everyday demonstration of conservation of angular momentum.
- Spacecraft Attitude Control: Satellites and space stations often use internal reaction wheels or control
moment gyroscopes to adjust orientation without external torques, relying on the same principles.
- Biological Systems: Animals and humans utilize internal mass redistribution for motion control—think of a
bird flapping wings or a gymnast adjusting their limbs during a flip.

---

Mathematical Modeling and Quantitative Analysis

Calculating the Change in Angular Velocity

Suppose:

- Initial total moment of inertia: \(I_{initial}\)
- Final total moment of inertia: \(I_{final}\)
- Initial angular velocity: \(\omega_{initial}\)

Then:

\[
\boxed{
\omega_{final} = \frac{I_{initial}}{I_{final}} \times \omega_{initial}
}
\]

This equation allows precise estimation of how much the person’s rotation rate slows when extending their
arms.

Example:



- Assume the person’s initial moment of inertia is \(I_{person} = 0.5\, \text{kg·m}^2\),
- Extending arms increases \(I_{person}\) to \(1.0\, \text{kg·m}^2\),
- The initial angular velocity is \(2\, \text{rad/sec}\).

Then:

\[
\omega_{final} = \frac{0.5}{1.0} \times 2 = 1\, \text{rad/sec}
\]

The person’s rotation slows by half when extending their arms outward.

---

Conclusion: The Elegant Simplicity of Rotational Physics

The scenario of a person sitting on a frictionless, spinning lab stool and extending their arms encapsulates a
fundamental principle of physics: the conservation of angular momentum. Through this process, we
observe how internal redistribution of mass influences rotational velocity, illustrating the deep connection
between mass distribution, moment of inertia, and angular velocity.

This thought experiment is more than an academic exercise; it’s a window into natural phenomena and
technological applications. From the graceful spin of a figure skater to the precise orientation adjustments of
spacecraft, the underlying physics remains consistent and elegant. It demonstrates that in the absence of
external forces, the universe preserves angular momentum, making internal movements a powerful tool to
control rotational states.

As we reflect on this simple yet profound scenario, it becomes clear that the principles governing rotational
motion are foundational to understanding both everyday experiences and advanced scientific endeavors.
The next time you see a skater or a rotating satellite, remember
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