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Understanding the Phenomenon: Dropping a Magnet
Through a Copper Pipe

A Physics Instructor Drops A Magnet Through A Copper Pipe, As Illustrated In
Figure 25-16. The Magnet showcases a fascinating demonstration of
electromagnetic principles, specifically electromagnetic induction and Lenz’s
Law. When a magnet is released at the top of a hollow copper pipe, it does
not simply fall under gravity; instead, it experiences a significant
retarding force that slows its descent. This intriguing behavior is a
practical illustration of how changing magnetic fields induce currents in
conductors, leading to observable electromagnetic effects.

This article aims to explore the physics behind this phenomenon in detail,
explaining the underlying principles, the role of eddy currents, the impact
of material properties, and applications of this effect in technology.

Fundamental Concepts Behind the Phenomenon

Magnetic Fields and Magnetic Flux

- A magnet produces a magnetic field, which extends into the space around it.
- When the magnet is dropped through a pipe, the magnetic flux passing
through the cross-sectional area of the pipe changes as the magnet moves.

- The changing flux is the key to inducing currents in the pipe.

Faraday’s Law of Electromagnetic Induction

- States that a change in magnetic flux through a circuit induces an
electromotive force (emf) in the circuit.

- The magnitude of the emf is proportional to the rate of change of flux.

- Mathematically: emf = -d&/dt, where ¢ is the magnetic flux.

- As the magnet falls, the changing flux induces currents in the copper pipe.



Lenz’s Law and the Direction of Induced Currents

- Lenz’s Law states that the direction of the induced current is such that it
opposes the change in magnetic flux that created it.

- The induced currents produce their own magnetic field opposing the magnet’s
motion.

- This results in a retarding force that slows the magnet’s fall.

The Role of Eddy Currents in the Copper Pipe

What Are Eddy Currents?

- Circulating currents induced in a conductor when exposed to a changing
magnetic field.

- Named "eddy" because of their swirling, vortex-like pattern.

- Generated according to Faraday’s Law whenever the magnetic flux through the
conductor changes.

Formation of Eddy Currents in the Copper Pipe

- As the magnet moves downward, the magnetic flux through each horizontal
cross-section of the pipe changes.

- This changing flux induces circular eddy currents in the pipe’s material.
- The copper’s high electrical conductivity allows significant eddy currents
to form.

Effects of Eddy Currents

- Generate their own magnetic fields that oppose the magnet’s motion (Lenz’s
Law) .

- Create a resistive force against the falling magnet.

- Convert some of the magnet’s gravitational potential energy into heat
within the pipe due to resistive heating.

Quantitative Analysis of the Falling Magnet

Factors Affecting the Descent

- Magnet Strength: Stronger magnets produce larger magnetic flux and induce
stronger eddy currents.

- Pipe Material: Conductivity and thickness influence the magnitude of eddy
currents.

- Magnet Speed: Faster movement leads to more rapid changes in flux, inducing



larger currents.
- Pipe Dimensions: Diameter and length affect the distribution of eddy
currents and the overall retarding force.

Balance of Forces

- The magnet experiences:

- Gravitational force (weight): \( F g = mg \)

- Electromagnetic damping force: \( F {ed} \)

- When the magnet reaches terminal velocity:

- \( mg = F {ed} \)

- The larger the electromagnetic damping force, the slower the magnet falls.

Demonstration and Practical Observations

Visual Effects

- The magnet appears to fall slowly through the copper pipe.

- The slow descent is due to the induced eddy currents producing opposing
magnetic fields.

- Sometimes, the magnet may seem to "float" or hover within the pipe
temporarily.

Energy Conversion

- Gravitational potential energy converts into:

- Kinetic energy (initially)

- Thermal energy (due to resistive heating in the copper from eddy currents)
- The process is an example of energy transformation governed by
electromagnetic principles.

Applications of Electromagnetic Damping

Magnetic Braking Systems

- Used in roller coasters, trains, and amusement park rides.
- Provide smooth, contactless braking via eddy current damping.
- Advantages include minimal maintenance and no wear and tear.

Energy Harvesting

- Devices that utilize changing magnetic fields to generate electrical



energy.
- Example: induction cooktops, wireless charging pads, and sensors.

Metallurgical and Industrial Uses

- Non-contact speed measurement via eddy current sensors.
- Detecting flaws or cracks in conductive materials.

Design Considerations for Efficient Eddy
Current Devices

Material Selection

- High electrical conductivity materials like copper or aluminum are
preferred.
- Conductivity influences the strength of eddy currents.

Geometric Factors

- Thicker and wider conductors generate more substantial eddy currents.
- Optimizing dimensions enhances damping effects.

Magnetic Field Characteristics

- Stronger magnets induce larger currents.
- The shape and orientation of the magnetic field affect induction
efficiency.

Safety and Limitations of the Demonstration

Safety Precautions

- Ensure the copper pipe is securely mounted.
- Handle strong magnets carefully to avoid injury.
- Be cautious of heat generated due to resistive heating.

Limitations of the Phenomenon

- The effect is most notable with highly conductive materials like copper.
- The magnetic field must be sufficiently strong and changing rapidly to
induce significant eddy currents.



- The phenomenon is less pronounced with less conductive materials like
plastics or insulators.

Conclusion: The Significance of This
Electromagnetic Effect

The demonstration of a magnet falling through a copper pipe is more than a
captivating physics trick; it encapsulates core electromagnetic principles
that underpin many modern technologies. By understanding how changing
magnetic flux induces currents and how these currents create opposing
magnetic fields, students and engineers alike gain insight into
electromagnetic damping, energy conversion, and electromagnetic induction.
This phenomenon exemplifies how fundamental physics concepts translate into
practical applications, from energy-efficient braking systems to advanced
sensors and energy harvesters. Ultimately, the simple act of dropping a
magnet through a copper pipe reveals the profound and pervasive influence of
electromagnetism in our everyday lives.

Frequently Asked Questions

What causes the magnet to slow down as it passes
through the copper pipe?

The magnet induces eddy currents in the copper pipe, which create their own
magnetic field opposing the magnet's motion, resulting in a damping force
that slows the magnet down.

How does the conductivity of copper influence the
magnet's descent?

Copper's high electrical conductivity allows large eddy currents to form
easily, which enhances the magnetic damping effect and slows the magnet more
effectively.

What is the principle behind the magnetic braking
observed in this experiment?

The principle is electromagnetic induction: as the magnet moves through the
pipe, changing magnetic flux induces currents that oppose the magnet's
motion, producing a braking force according to Lenz's law.



Why does the magnet fall more slowly in a copper
pipe compared to a non-conductive tube?

Because copper's electrical conductivity enables the formation of eddy
currents that oppose the magnet's motion, causing a significant reduction in
fall speed compared to non-conductive materials that do not support such
currents.

Can the effect of magnetic damping be increased by
changing the properties of the pipe?

Yes, increasing the pipe's length, its electrical conductivity, or decreasing
its thickness can enhance eddy current formation, thereby increasing the
magnetic damping and slowing the magnet more effectively.

What real-world applications utilize the principle
demonstrated by dropping a magnet through a copper
pipe?

Applications include electromagnetic braking systems, induction heating, eddy
current brakes in trains, and non-contact velocity control devices, all
leveraging electromagnetic induction principles similar to the magnet and
copper pipe experiment.

Additional Resources

A Physics Instructor Drops A Magnet Through A Copper Pipe, As Illustrated In
Figure 25-16. The Magnet

In the realm of physics education, few demonstrations captivate students
quite like the simple yet profoundly illustrative experiment of a magnet
falling through a copper pipe. As depicted in Figure 25-16, this experiment
vividly showcases fundamental principles of electromagnetism, giving learners
a tangible sense of how magnetic fields and electric currents interact.
Beyond its visual appeal, this demonstration provides deep insights into the
nature of electromagnetic induction, Lenz’s Law, and the conservation of
energy, making it a staple in physics classrooms worldwide.

This article explores the scientific phenomena underpinning this
demonstration, delving into the physics concepts at play, the experimental
setup, and the broader implications for understanding electromagnetic
principles. By unpacking the physics behind the falling magnet, we aim to
provide readers with a comprehensive, yet accessible, explanation of this
captivating experiment.



The Setup: A Magnet and a Copper Pipe

Imagine a sturdy, straight copper pipe standing vertically, open at both
ends. Inside the pipe, a small but strong magnet—often a neodymium magnet—is
released from a certain height. As it begins to fall, observers notice an
intriguing phenomenon: instead of accelerating rapidly under gravity, the
magnet seems to slow down, often descending at a much reduced speed, or in
some cases, seeming to float or hover momentarily.

This setup is deceptively simple but serves as a powerful illustration of
complex electromagnetic principles. The key components of this experiment
are:

- The Magnet: Typically a bar magnet with a well-defined magnetic field,
characterized by magnetic flux density.

- The Copper Pipe: A non-magnetic, highly conductive metal, serving as the
medium through which electromagnetic induction occurs.

- The Release Point: Usually a height sufficient to observe noticeable
effects, but not so high as to cause safety concerns.

The experiment’s core observation—slowed descent-begs the question: what
physical processes are responsible for this unusual behavior?

Electromagnetic Induction: The Foundation of
the Phenomenon

At the heart of the magnet’s decelerated fall lies the principle of
electromagnetic induction, discovered by Michael Faraday in the 19th century.
Faraday'’'s Law states that a change in magnetic flux through a circuit induces
an electromotive force (EMF) in that circuit. In this context, as the magnet
moves relative to the copper pipe, it creates a changing magnetic flux in the
surrounding conductor.

Key points:

- Moving Magnet: The magnet's motion through the pipe changes the magnetic
flux passing through the copper.

- Induced Currents (Eddy Currents): These changing fluxes induce circulating
currents within the copper pipe, known as eddy currents.

- Opposition to Motion: According to Lenz's Law, these eddy currents produce
their own magnetic fields that oppose the change causing them—in this case,
the magnet’s motion.

The interaction between the magnet’s field and the induced currents results
in a drag force, which manifests as a retarding force on the falling magnet.



Understanding Eddy Currents and Their Effects

Eddy currents are loops of electrical current induced within conductors
exposed to changing magnetic fields. When the magnet falls through the copper

pipe:

- The changing magnetic flux from the magnet induces circular currents in the
copper's walls.

- These currents generate their own magnetic fields that oppose the magnet's
field, according to Lenz’'s Law.

- The interaction between the magnet’s magnetic field and the induced fields
results in a force opposing the magnet’s fall.

Consequences:

1. Deceleration of the Magnet: Instead of accelerating under gravity, the
magnet experiences an opposing force, reducing its acceleration.

2. Thermal Effects: The eddy currents dissipate energy as heat within the
copper, which is why copper pipes can heat up slightly during the process.
3. Energy Conservation: The potential energy lost by the magnet as it falls
is converted into heat within the copper, consistent with conservation of
energy.

This interplay elegantly demonstrates how changing magnetic fields can induce

currents and how these currents, in turn, influence the original magnetic
source.

The Physics Principles in Detail

To fully appreciate the phenomenon, it’s essential to understand the
underlying physics concepts:

Faraday’s Law of Induction

\ [
\mathcal{E} = - \frac{d\Phi B}{dt}
\1]

Where:

- \(\mathcal{E}\) is the induced EMF.
- \(\Phi B\) is the magnetic flux.

As the magnet moves through the pipe, the magnetic flux threading the loops
of copper changes with time, inducing an EMF and consequently, eddy currents.



Lenz’'s Law and the Opposition to Change

Lenz’s Law states that the direction of induced currents opposes the change
in flux that produces them. Here:

- The magnet's downward movement increases flux through the pipe’s loops.
- Eddy currents produce magnetic fields opposing the magnet’s field.
- The resultant force opposes the magnet’s motion, acting as a brake.

Force on the Magnet

The force exerted on the magnet by the induced currents can be derived from
the Lorentz force law, but qualitatively, it acts upward, opposing gravity.
When the forces balance, the magnet reaches a terminal velocity—a constant
speed—where the downward gravitational force equals the upward
electromagnetic drag.

Mathematical Model of the Falling Magnet

The behavior of the falling magnet can be modeled using classical mechanics
combined with electromagnetic principles:

- Gravity: \(F g = mg\)
- Magnetic Drag: \(F {drag} \propto v\), where \(v\) is the velocity of the
magnet.

The equation of motion becomes:

\ [
mg - kv = m \frac{dv}{dt}
\1

At terminal velocity \(v_t\):

\ [
mg = kv_t \Rightarrow v_t = \frac{mg}{k}
\1

Where \(k\) is a proportionality constant related to the conductivity of
copper, the strength of the magnet, and the geometry of the pipe.

This model explains why the magnet reaches a constant falling speed,
dramatically slower than free fall, illustrating a practical example of
electromagnetic damping.



Broader Implications and Applications

While the demonstration is simple, its implications extend far beyond the
classroom:

- Electromagnetic Brakes: The principles are employed in train braking
systems, where eddy currents are used to generate braking forces without
physical contact.

- Inductive Heating: Similar eddy current principles are used in induction
cooktops and industrial heating processes.

- Energy Conversion: The phenomenon exemplifies how mechanical energy can be
transformed into heat via electromagnetic induction.

Furthermore, understanding this experiment deepens comprehension of natural
phenomena, such as Earth's magnetic field interactions with conductive
layers.

Safety and Practical Considerations

Though primarily educational, some practical considerations include:

- Material Choice: Copper is ideal due to its high conductivity; aluminum can
also be used but with less pronounced effects.

- Magnet Strength: Stronger magnets produce more noticeable effects but must
be handled carefully to avoid injury.

- Pipe Dimensions: Longer pipes and appropriate diameters enhance the
visibility of the effect.

- Heat Dissipation: Repeated experiments may heat the copper pipe, so
allowing cooling periods is prudent.

Conclusion: A Window into Electromagnetic
Phenomena

The simple act of dropping a magnet through a copper pipe encapsulates a
wealth of physics principles, from electromagnetic induction and Lenz’s Law
to energy conservation and electromagnetic damping. It transforms abstract
concepts into a tangible visual spectacle, reinforcing theoretical
understanding with real-world phenomena. This experiment exemplifies how
fundamental physics can be both educationally enriching and awe-inspiring,
offering a glimpse into the intricate dance between magnetic fields and
electric currents that govern much of our technological world.
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