lectromagnetic Induction: The

cience Behind Our Electric

World




 What if | told you that you could create electricity without a bat
* All you need is a magnet and a coil of wire.
* This is the core concept of electromagnetic induction.

e It's a fundamental principle that powers our modern world, from generators to
wireless chargers.



Magnets

 All magnets have two poles: a North pole and a South pole.
* They create an invisible area of influence called a magnetic field.

* We can visualize this field using magnetic field lines that emerge from the North pole
and enter the South pole.

* The closer the lines, the stronger the magnetic field.



Electricity

* An electric current is simply the flow of tiny charged particles ¢ ons.
* This flow usually happens within a conductor, like a copper wire.
* For current to flow, we need a closed loop, or a circuit.

* Avoltage, or an electromotive force (EMF), is what "pushes" the electrons along.



For a long time, the link was one-way: electricity could produce (Oersted's

discovery).
In 1831, Michael Faraday and Joseph Henry independently discovered the opposite.

Faraday's experiment was simple: he moved a magnet near a coil of wire connected
to a galvanometer (a device to detect small currents).

The galvanometer needle moved only when the magnet was in motion. This was a
breakthrough.



Faraday's Law of Induction

* The Principle: A changing magnetic field through a closed lo
electric current in the wire.

induces an

* The induced voltage (or EMF) is proportional to the rate of change of magnetic flux.
* More change, more voltage!

* This is the foundational law of electromagnetic induction.



What is Magnetic Flux? (

* Think of magnetic flux as the number of magnetic field lines
area.

Formula: ®B=B-A-cos(0)

B: The strength of the magnetic field.

A: The area of the loop.

0: The angle between the magnetic field and the area of the loop.

* Flux is measured in webers (Wb).

ough a given



The Equation: Faraday's La

Induced EMF (E) = ~NAtA®B

E: The induced voltage or EMF, measured in volts.
N: The number of turns in the coil. More turns mean more induced voltage.
A®B: The change in magnetic flux.

At: The time taken for the change. A faster change means a larger induced voltage.



The Significance of the Ne

The negative sign is crucial and comes from Lenz's Law.

It indicates that the induced current creates a magnetic field that opposes the change
in flux that produced it.

This is not about an actual negative amount of current; it's about the direction of flow.

It's @ manifestation of the conservation of energy.
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Lenz's Law in Action: Push agnet In

« Scenario: A North pole is pushed towards a coil.
* Change in Flux: The flux is increasing in the direction of the magnets motion.
* Lenz's Law: The coil must create a magnetic field that opposes this increase.

 Result: The induced current creates a North pole on the face of the coil closest to the
magnet, to repel it.



Lenz's Law in Action: Pulli agnet Out

e Scenario: A North pole is pulled away from a coil.
* Change in Flux: The flux is decreasing.
* Lenz's Law: The coil must create a magnetic field that opposes this decrease.

 Result: The induced current creates a South pole on the face of the coil closest to
the magnet, to attract it and oppose its motion.



The Right-Hand Rule for In

* This is a tool to determine the direction of the induced current.

* Rule: Curl your fingers in the direction of the induced magnetic field (the one
opposing the change). Your thumb will point in the direction of the induced current.

* |t's a handy way to apply Lenz's Law without having to memorize rules.



Putting it All Together

« Faraday's Law: Tells you how much EMF/current is induced.
* Lenz's Law: Tells you the direction of that induced current.

» Together, they provide a complete picture of electromagnetic induction.
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Generators: Mechanical to ical Energy

* A generator is essentially the reverse of a motor.
* Principle: Mechanical energy is used to spin a coil in a magnetic fie

* As the coil rotates, the magnetic flux through it constantly changes, inducing an
alternating current (AC).

* This is how power plants generate most of our electricity.



How a Simple AC Generato

* Aloop of wire (armature) rotates between the poles of a magn

 When the loop is perpendicular to the field lines, flux is maxim
change is zero, so induced EMF is zero.

, but the rate of

 When the loop is parallel to the field lines, flux is zero, but the rate of change is
maximum, so induced EMF is maximum.

* The induced voltage changes direction twice every full rotation, creating an alternating
current.



The Power Grid

*Generators produce electricity at high voltage.
*Transmitting this power over long distances requires high voltage to
minimize energy loss.

*Transformers are essential for this process.



Transformers: The Voltage

* A transformer uses induction to increase or decrease AC volta

e Construction: Two coils (a primary and a secondary) wrapped arouffd a common iron
core.

* How it works: An AC current in the primary coil creates a constantly changing
magnetic field. This field passes through the secondary coil, inducing an AC voltage.

* The ratio of the number of turns in each coil determines the voltage change.



Step-Up vs. Step-Down Tra

« Step-Up Transformer: The secondary coil has more turns than t
increases, and the current decreases. Used for power transmissio

. The voltage

» Step-Down Transformer: The secondary coil has fewer turns than the primary. The
voltage decreases, and the current increases. Used in home appliances and power
adapters.



Induction in Your Kitchen:

* An induction cooktop doesn't use a heating element.
* An electric current creates a high-frequency alternating magnetic fietd.

* This field induces circular currents (called eddy currents) directly within the magnetic-
based pot.

* The resistance of the pot material to these currents causes it to heat up, cooking the
food.



Wireless Charging

* Wireless charging pads use electromagnetic induction.
* The pad has a coil that generates a changing magnetic field when prugged in.

* Your phone has a receiver coil.

 When you place your phone on the pad, the field induces a current in the phone's
coil, which charges the battery.



Magilev Trains

 Magnetic Levitation: Maglev trains float above the t
electromagnets.

g powerful
* Propulsion: A changing magnetic field along the tracks induces currents in the
magnets on the train, creating a force that propels it forward.

* Lenz's Law in action: The induced magnetic fields on the train repel the track's field,
lifting the train.



Motional EMF

» So far, we've talked about changing flux by changing B, A, or 0.
* There's another way: moving a conductor through a magnetic field.
* This induces a voltage across the ends of the conductor. This is called motional EMF.

* Equation: E=B{v (for a straight conductor moving perpendicular to the field).



Motional EMF in Action

* Imagine a metal rod sliding on two parallel rails in a magnetic
* As the rod moves, the area of the circuit changes.
* This change in area changes the magnetic flux, inducing a current.

 The induced current flows through the rod, the rails, and any connected circuit
element.



Eddy Currents

* We briefly mentioned them with induction cooktops.
* They are loops of induced current within a solid conductor.

* They are created by a changing magnetic field and circulate in the conductor like
"eddies" in a stream.

* They are often unwanted, as they cause energy loss as heat.



Applications of Eddy
Currents

or braking. A

* Induction Braking: Some trains and roller coasters use eddy
hat oppose the

strong magnet is brought near a metal wheel, inducing eddy cur
wheel's motion, slowing it down smoothly.

* Metal Detectors: Eddy currents are used in metal detectors. A changing magnetic field
from the detector's coil induces eddy currents in any nearby metal, which are then
detected by the coil.



AC vs. DC Induction

* Direct Current (DC): Flows in one direction only (like from a b constant DC

current creates a constant magnetic field.

 Alternating Current (AC): Constantly changes direction (like from a wall socket). An AC
current creates a constantly changing magnetic field.

* Key takeaway: Induction requires a changing magnetic field. This is why transformers
only work with AC.



Self-induction

* A changing current in a coil produces a changing magnetic fiel
* This changing field then induces a voltage in the same coil.

* This is called self-induction.

* The induced voltage opposes the change in current. It's a natural form of electrical
inertia.



The Inductor

* An inductor is a circuit component (usually a coil of wire) desig

self-
induction.

* |t resists changes in current.

* This property makes inductors useful in circuits for filtering signals and storing energy.



Mutual Induction

* When a changing current in one coil induces a voltage in a nei
called mutual induction.

il, this is

* This is the principle behind transformers.

* The coils don't need to be in physical contact.



Maxwell's Equations

Faraday's Law is one of the four famous Maxwell's Equations.

These equations, developed by James Clerk Maxwell, unified electrici
optics.

They are the foundation of all modern electromagnetism.

They showed that light itself is an electromagnetic wave.

, magnetism, and
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A Historical Connection: agnetism

iISm.
creates

*Oersted (1820): Electric current creates
Faraday & Henry (1831): Changing magn
electricity.

‘Maxwell (1860s): Unified the two, predicted

electromagnetic waves.
*This elegant connection is one of the most beautiful

stories In physics.



The Elegance of Conserva Energy

 Lenz's Law, which states that the induced field opposes t , IS a direct

consequence of the Law of Conservation of Energy.

* If the induced field helped the motion, the magnet would accelerate without any
external work, creating energy from nothing. This is impossible.



A Simple Analogy

Imagine a crowd of people walking on a moving walkway.
Magnetic Flux: The number of people on the walkway.
Changing Flux: People getting on or off the walkway.
Induced Current: The "crowd flow" you see when people start to move.

Lenz's Law: The walkway "resists" a new person getting on by slowing down slightly.



Summary of Key Concepts

* Faraday's Law: Changing magnetic flux induces a voltage.

* Lenz's Law: The induced current opposes the change in flux.

Magnetic Flux: A measure of the number of magnetic field lines through an area.

Generator: Converts mechanical energy to electrical energy using induction.

Transformer: Uses induction to change AC voltage.



Thank you

Shamna Subaida Khalid
shamnaplpy@gmail.com
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