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Understanding the behavior of voltages induced in a coil due to the movement of a permanent magnet is
fundamental in electromagnetism and forms the basis for various electrical devices such as transformers,
electric generators, and inductive sensors. When a permanent magnet is moved relative to a coil of wire—either
pushed into or pulled out—the coil experiences a change in magnetic flux, leading to the induction of voltages.
This article explores the nature of the two voltages generated during such movements, the physics behind these
phenomena, and their practical implications.

---

Fundamentals of Electromagnetic Induction

Faraday's Law of Electromagnetic Induction

At the core of understanding voltages induced in a coil is Faraday's Law, which states:

- The magnitude of the induced electromotive force (EMF) in a circuit is directly proportional to the rate of
change of magnetic flux through the circuit.
- Mathematically, this is expressed as:

\[ \text{EMF} = - \frac{d\Phi_B}{dt} \]

where:
- \(\Phi_B\) is the magnetic flux through the coil,
- \(t\) is time,
- The negative sign indicates Lenz's Law, which describes the direction of the induced current.

Magnetic Flux and Its Change

Magnetic flux (\(\Phi_B\)) is given by:

\[ \Phi_B = B \times A \times \cos \theta \]

where:
- \(B\) is the magnetic flux density,
- \(A\) is the area of the coil,
- \(\theta\) is the angle between the magnetic field and the normal to the coil's plane.

When a magnet moves relative to the coil, the flux changes over time, inducing a voltage.

---



The Two Voltages: Pushing In and Pulling Out

Understanding the two voltages involves analyzing the scenario in two phases:

1. Pushing the Magnet Into the Coil
2. Pulling the Magnet Out of the Coil

Each phase involves a change in magnetic flux in opposite directions, resulting in voltages with opposite
polarities.

Voltage When Pushing the Magnet Into the Coil

- As the magnet approaches and enters the coil, the magnetic flux through the coil increases.
- This change in flux occurs over a specific time interval, inducing an EMF according to Faraday's Law.
- The induced voltage is positive or negative depending on the orientation of the magnet and the coil's wiring,
but conventionally, it is considered as a voltage with a certain polarity.

Voltage When Pulling the Magnet Out of the Coil

- As the magnet is pulled out, the magnetic flux through the coil decreases.
- The rate of change of flux again induces a voltage, but in the opposite direction compared to the pushing
phase.
- This reversed polarity of induced voltage is a direct consequence of the decreasing flux.

---

Understanding the Sign and Magnitude of the Voltages

Factors Influencing the Induced Voltages

Several factors determine the magnitude and polarity of the induced voltages:

- Speed of Movement: Faster movement results in a higher rate of change of flux, producing a larger voltage.
- Magnet Strength: A stronger magnet increases the magnetic flux, leading to higher induced voltages.
- Number of Turns in the Coil: More turns amplify the induced EMF proportionally.
- Orientation and Position: The angle and relative position influence the flux change rate.

Polarity of the Voltages

- The push-in voltage typically exhibits one polarity.
- The pull-out voltage exhibits the opposite polarity.
- The voltages are equal in magnitude if the speed and magnetic field strength are consistent, but their signs are
opposite due to the direction of flux change.

---



Practical Examples and Applications

Electric Generators

- In generators, rotating coils or magnets produce alternating voltages due to continuous change in flux.
- The push-in and pull-out voltages are analogous to the positive and negative peaks in AC waveforms.

Inductive Sensors

- Used for proximity detection, where the movement of a magnet toward or away from a coil induces
measurable voltages.
- The two voltages indicate the magnet's position and motion.

Transformers

- Although transformers primarily operate with alternating voltages, the principles of flux change during
push-in and pull-out are foundational.

Electromagnetic Induction in Education

- Demonstrations involving pushing and pulling magnets through coils illustrate fundamental electromagnetic
principles effectively.

---

Visualization and Graphical Representation

Graph of Induced Voltage vs. Time

- When a magnet is pushed into the coil, the voltage rises from zero to a peak.
- As the magnet reaches the maximum flux, the voltage peaks.
- When the magnet is pulled out, the voltage drops through zero, becomes negative, reaches a negative peak, and
then returns to zero.

Plotting the Voltages

- The graph typically shows a waveform resembling a biphasic pulse in the case of repeated push-pull
movements.
- The amplitude depends on the speed and strength of the magnet's movement.

---



Key Takeaways and Summary

- Moving a permanent magnet into and out of a coil induces two distinct voltages due to changing magnetic
flux.
- These voltages are equal in magnitude but opposite in polarity, corresponding to the increasing and decreasing
flux.
- The magnitude of induced voltages depends on the rate of change of flux, magnet strength, coil turns, and
relative speed.
- This phenomenon underpins many electrical devices and sensor technologies.
- Understanding these principles is essential for designing efficient electromagnetic systems and interpreting their
behavior.

---

Conclusion

In summary, when a permanent magnet is first pushed into a coil of wire and then pulled out, two voltages are
induced. The initial push causes an increase in magnetic flux through the coil, inducing a voltage with a certain
polarity. Conversely, pulling the magnet out decreases the flux, inducing a voltage with the opposite polarity.
The magnitude of these voltages is directly related to the rate of change of magnetic flux, which is influenced
by the magnet’s speed and strength, as well as the coil’s characteristics. Recognizing and harnessing these
voltages is fundamental in electromagnetic induction applications, from power generation to electronic sensing.
Understanding this dynamic process is crucial for engineers and scientists working with electromagnetic devices,
ensuring optimal performance and innovative designs.

Frequently Asked Questions

What happens to the induced voltage when a permanent magnet is pushed into
a coil of wire?

When a permanent magnet is pushed into a coil, it induces a voltage in the coil due to changing magnetic flux,
following Faraday's Law.

Why does pulling the magnet out of the coil generate a voltage?

Pulling the magnet out changes the magnetic flux through the coil, inducing a voltage in the opposite direction
to that produced when pushing it in.

How does the magnitude of the induced voltage compare when pushing the
magnet in versus pulling it out?

The magnitude of the induced voltage is generally similar in both cases if the speed of movement is the same, but
the direction of the voltage reverses.

What role does the speed of the magnet's movement play in the induced
voltages?

Faster movement of the magnet results in a higher rate of change of magnetic flux, producing a larger induced
voltage in the coil.



Can the voltages induced during pushing and pulling be used to generate
electrical energy?

Yes, if the coil is connected to an external circuit, the induced voltages can drive current and be harnessed for
electrical energy.

What is the significance of the direction of the induced voltage in the coil?

The direction indicates whether the magnetic flux is increasing or decreasing relative to the coil, following
Lenz's Law, which opposes the change causing it.

How does the coil's number of turns affect the voltages induced during
pushing and pulling the magnet?

Increasing the number of turns in the coil amplifies the induced voltage, making it more significant during both
pushing and pulling motions.

Additional Resources
Electromagnetic Induction: Understanding the Voltages Induced When Moving a Permanent Magnet Through a
Coil

Electromagnetic phenomena have fascinated scientists and engineers for centuries, providing the foundation for
countless modern technologies—from electric generators and transformers to sensors and wireless charging
systems. At the heart of these phenomena lies the principle of electromagnetic induction, a process by which a
changing magnetic flux through a coil induces an electric voltage (or electromotive force, emf).

A particularly illustrative scenario involves a permanent magnet being pushed into and then pulled out of a
coil of wire. This seemingly simple motion encapsulates several key principles of physics, including Faraday’s
Law of Induction, Lenz’s Law, and the dynamic behavior of induced voltages. Understanding the voltages
generated during this process not only deepens our grasp of electromagnetic principles but also informs the
design and optimization of practical devices.

In this article, we will explore what happens to the voltages induced when a permanent magnet is first pushed
into a coil and then pulled out, examining the underlying physics, the factors influencing the voltages, and the
implications for real-world applications.

---

Fundamentals of Electromagnetic Induction

Faraday’s Law of Induction

At the core of the phenomenon is Faraday’s Law, which states:

> The magnitude of the induced emf (voltage) in a circuit is directly proportional to the rate of change of
magnetic flux through the circuit.

Mathematically, this is expressed as:

\[



\mathcal{E} = -\frac{d\Phi_B}{dt}
\]

where:
- \(\mathcal{E}\) is the induced emf,
- \(\Phi_B\) is the magnetic flux, which depends on the magnetic field \(B\), the area \(A\) of the coil, and the
angle \(\theta\) between the magnetic field and the normal to the coil:

\[
\Phi_B = B \cdot A \cdot \cos{\theta}
\]

The negative sign indicates the direction of the induced emf opposes the change in flux, as described by Lenz’s Law.

Key implications:
- The greater the rate at which the magnetic flux changes, the higher the induced voltage.
- The direction of the induced voltage (and resulting current in a closed circuit) opposes the change in flux
that produced it.

---

The Process of Pushing and Pulling the Magnet

Understanding the voltages involves considering the motion of the magnet relative to the coil. When a
permanent magnet is pushed into or pulled out of a coil, the magnetic flux through the coil changes over time,
inducing voltages that can be observed and measured.

The Magnet Pushed Into the Coil

When the magnet is pushed into the coil:
- The magnetic field associated with the magnet begins to penetrate the coil's interior.
- As the magnet advances, the magnetic flux through the coil’s loops increases.
- The rate at which the flux increases depends on the speed of pushing and the magnet’s strength.

Induced Voltage Characteristics:
- The voltage induced during this process is primarily determined by the rate of change of flux, i.e., how quickly
the magnet is moved.
- The polarity of the induced emf is such that it opposes the increase in flux. For example, if the magnet’s north
pole is entering the coil and increasing the flux in a certain direction, the induced emf will generate a current
that produces a magnetic field opposing the magnet’s further entry.

Practical note: The faster the magnet is pushed in, the greater the rate of change of flux, and thus the higher
the induced voltage.

The Magnet Pulled Out of the Coil

When the magnet is pulled out:
- The magnetic flux through the coil decreases.
- As the magnet recedes, the flux diminishes at a rate that depends on the pulling speed.
- The induced voltage during this phase has a polarity opposite to that during insertion, as the system
responds to a decreasing flux.

Voltage behavior:



- The induced emf during pulling out is similar in magnitude but opposite in direction to that during pushing in.
- The faster the magnet is pulled out, the greater the magnitude of the induced voltage.

---

Analyzing the Voltages: Key Differences and Similarities

The voltages induced during the pushing-in and pulling-out phases share several characteristics but also
exhibit distinct features based on the direction of flux change.

Polarity of Induced Voltages

- Pushing In: As the magnetic flux increases, the induced emf has a polarity that opposes the magnet’s entry,
producing a current that attempts to repel the magnet.
- Pulling Out: As the flux decreases, the induced emf opposes the removal, generating a current that tries to
keep the magnet inside the coil.

This opposition is a direct consequence of Lenz’s Law, ensuring energy conservation and consistent physical
behavior.

Magnitude of Voltages

- Both voltages are largely dependent on:
- The speed of the magnet's motion.
- The strength of the magnet (magnetic field magnitude).
- The number of turns in the coil (more turns amplify the induced emf).
- The geometry of the coil and magnet.

- Typically, the voltages are similar in magnitude for equal speeds but opposite in sign during entry and exit,
assuming symmetrical motion and identical conditions.

Waveform and Temporal Behavior

- The induced voltage generally appears as a pulse:
- A positive pulse during pushing in.
- A negative pulse during pulling out.
- The shape of these pulses depends on:
- The acceleration or deceleration of the magnet.
- The uniformity of the motion.
- The coil’s properties.

---

Factors Influencing the Induced Voltages

Understanding the factors that influence the voltages allows for better control and optimization in
practical applications.



Magnet Strength

- Stronger magnets produce higher magnetic flux.
- Larger magnetic fields result in larger induced voltages for the same motion.

Speed of Motion

- Faster movement results in a higher rate of change of flux.
- The induced emf is proportional to this rate, making speed a critical factor.

Coil Properties

- Number of turns: More turns increase the total emf inductively generated.
- Area of the coil: Larger coil areas increase flux linkage.
- Core material: Ferromagnetic cores can concentrate magnetic flux, amplifying the effect.

Geometry and Alignment

- Proper alignment ensures maximal flux linkage.
- Misalignment reduces the effective flux change and thus the induced voltage.

---

Practical Implications and Applications

The principles governing the voltages induced when pushing and pulling a magnet through a coil aren’t just
academic—they are fundamental to numerous devices.

Electric Generators

- Convert mechanical energy into electrical energy through relative motion of magnets and coils.
- The magnitude and timing of induced voltages determine the efficiency and output waveform.

Inductive Sensors

- Measure movement or position based on changes in induced voltage.
- Used in proximity sensors, rotational encoders, and speed sensors.

Wireless Power Transfer

- Utilize moving magnetic fields to induce currents in secondary coils without physical contact.



Educational Demonstrations

- Visualize electromagnetic induction by moving magnets and observing induced voltage pulses.
- Reinforce understanding of fundamental physics concepts.

---

Conclusion: The Dynamic Nature of Induced Voltages

The process of pushing a permanent magnet into and pulling it out of a coil vividly demonstrates the dynamic
nature of electromagnetic induction. During these actions:
- The voltages are induced due to the changing magnetic flux.
- Their magnitude depends on the speed of motion, the strength of the magnet, and coil characteristics.
- Their polarity is governed by Lenz’s Law, ensuring the system opposes the change in flux.

This phenomenon underscores the fundamental principle that change—whether in magnetic flux, current, or
electric fields—is essential for inducing voltages and currents. Whether in designing sophisticated electrical
systems or simply illustrating physics concepts, understanding these voltages enriches our appreciation of the
electromagnetic world.

In practical terms, mastering how a magnet’s movement affects induced voltages empowers engineers and
scientists to innovate and optimize devices that rely on electromagnetic induction, shaping much of modern
technology.

---

In summary, the voltages induced when a permanent magnet is first pushed into and then pulled out of a coil are
mirror images in magnitude but opposite in polarity, directly tied to the rate of change of magnetic flux and
governed by the fundamental laws of electromagnetism. Recognizing these principles enables us to harness
electromagnetic induction effectively across a broad spectrum of applications.
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