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Faraday’s law of electromagnetic induction states that a changing magnetic flux through a closed loop

induces an electromotive force (EMF) in that loop. Discovered byMichael Faraday in 1831, it’s the prin-

ciple behind generators, transformers, electric motors, induction cooktops, microphones, and most of

the electrical infrastructure of themodernworld. Togetherwith Ampère’s law andMaxwell’s equations,

it links electricity andmagnetism into a single unified theory.

Faraday’s law: a changingmagnetic flux through a coil induces an EMF proportional to the rate of change.

TheLaw

The induced EMF in a circuit equals the negative rate of change ofmagnetic flux through the circuit:
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Thewhole law in one bench setup: onlywhile themagnetmoves does themeter deflect.

𝜀 = −𝑑Φ𝐵
𝑑𝑡

For a coil with𝑁 turns, the EMFs add:

𝜀 = −𝑁𝑑Φ𝐵
𝑑𝑡

Themagnetic fluxΦ𝐵 through a surface is the integral of themagnetic field ⃗𝐵 over the surface area:

Φ𝐵 = ∫ ⃗𝐵 ⋅ 𝑑 ⃗𝐴

For a uniformfield perpendicular to a flat area: Φ𝐵 = 𝐵𝐴. Units: webers (Wb= T⋅m2).
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Lenz's Law: TheMinusSign

Theminus sign in Faraday’s law isn’t decoration, it encodes Lenz’s law: the induced current flows in the

direction that opposes the change in flux. If the flux through a coil is increasing, the induced current

creates a magnetic field pointing the opposite way to fight that increase. If the flux is decreasing, the

induced current tries tomaintain it. This is a consequence of conservation of energy: if induced currents

reinforced the change, you’d get free energy.

ThreeWays toChange theFlux

Flux through a loop changes if any of three things changes:

1 Themagneticfield𝐵.Movingamagnet towardorawayfromthe loopchanges𝐵 at the loop’s location.
This is themost common textbook setup.

2 The area 𝐴. A loop expanding, contracting, or moving partly out of a magnetic field region changes

the area enclosing flux.

3 Theanglebetween𝐵 andthe loop’snormal. Rotatinga loop inauniformfieldchanges thedotprod-

uct 𝐵 cos 𝜃. This is the basis of every electrical generator.

WorkedExample: ACoil in aChangingField

A circular coil with 50 turns and radius 0.10m sits in amagnetic field that changes from0.20T to 0.50 T

over 0.10 s. The field is perpendicular to the coil. Find the induced EMF.

Area 𝐴 = 𝜋𝑟2 = 𝜋(0.10)2 = 0.0314m2. Flux change per turn: ΔΦ = (0.50 − 0.20) ⋅ 0.0314 = 0.00942Wb.

EMF: 𝜀 = −𝑁ΔΦ/Δ𝑡 = −50 ⋅ 0.00942/0.10 = −4.71 V.Magnitude: 4.71 V.
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Applications

Generators. A coil rotating in a magnetic field has a sinusoidally varying flux, producing an AC EMF.

Every power plant in theworld, coal, gas, nuclear, hydro, wind, is a turbine spinning a generator.

Transformers. AnACcurrent in a primary coil produces a changingflux that induces anEMF in a sec-

ondary coil. The turns ratio determines the voltage ratio. Transformers arewhy long-distance power

transmission is feasible.

Induction cooktops. AnAC current in a coil under the cooktop induces eddy currents in a ferromag-

netic pan. The pan’s resistance turns those currents into heat.

Microphones. A diaphragmmoving in response to sound vibrates a coil attached to it within a mag-

netic field, inducing an EMF thatmirrors the soundwaveform.

RFID and wireless charging. A changing magnetic field from a transmitter induces a current in a

tuned receiver coil, used for contactless cards, key fobs, and phone charging pads.

Related study notes: Electromagnetic Induction, Lenz’s Law,Maxwell’s Equations, Ohm’s Law.
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PracticeQuestions

Work each question before reading its solution. The set runs from direct recall and substitution to the

applied questions that exams actually use to separate grades.

Q1. State Faraday’s law inwords and as an equation.

SOLUTION

The EMF induced in a loop equals the rate of change of magnetic flux through it: ℰ = −𝑑Φ𝐵
𝑑𝑡

, with Φ𝐵 =
𝐵𝐴 cos 𝜃. For a coil of 𝑁 turns, multiply by 𝑁. Only changing flux induces; steady flux, however strong,
induces nothing.

Q2. Amagnet restsmotionless inside a coil connected to ameter. What does themeter read, andwhy?

SOLUTION

Zero. The flux through the coil is large but constant, and induction responds only to change. Move the

magnet, or the coil, and the needle swings. This single observation is the heart of the law.

Q3. The flux through a 50-turn coil rises from 0.02 Wb to 0.08 Wb in 0.3 s. Find the average induced

EMF.

SOLUTION

ℰ = 𝑁 ΔΦ
Δ𝑡

= 50 × 0.06
0.3

= 10 V. Each turn contributes the same 0.2 V, and the turns add like batteries in

series.

Q4. State Lenz’s law and explainwhat theminus sign in Faraday’s law encodes.

SOLUTION

The induced current flows in the direction that opposes the change creating it. Push a north pole toward

a loop and the loop’s face becomes a north pole to repel it; pull away and it becomes south to attract. The

minus sign is energy conservation in disguise: an induction that aided the change would amplify itself

into free energy.

Q5. Aconducting rodof length0.5mslides at 4m/s along rails through a0.2Tfield perpendicular to the

circuit plane. Find themotional EMF.
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SOLUTION

ℰ = 𝐵𝐿𝑣 = 0.2 × 0.5 × 4 = 0.4 V. The sliding rod sweeps out area, changing the circuit’s flux at rate 𝐵𝐿𝑣;
the formula is Faraday’s law for straight-linemotion.

Q6. Name the 3 independentways to change the fluxΦ𝐵 = 𝐵𝐴 cos 𝜃, and themachine built on the third.

SOLUTION

Changethefieldstrength𝐵 (moveamagnet, varyacurrent), changethearea𝐴 (slidearod,deforma loop),

or change the angle 𝜃 (rotate the coil). Rotation at steady speed makes cos 𝜃 oscillate, giving alternating
EMF: thatmachine is the AC generator, and it produces essentially all grid electricity.

Q7. A coil rotating at frequency 𝑓 in a field produces ℰ = ℰ0 sin(2𝜋𝑓𝑡). What happens to the peak EMF if

the rotation speed doubles?

SOLUTION

It doubles. The EMF is the time derivative of flux, and rotating twice as fast changes the same flux twice

as quickly, so ℰ0 = 𝑁𝐵𝐴 ⋅ 2𝜋𝑓 scales with 𝑓. Doubling speed also doubles the output frequency.

Q8. Why does dropping a strong magnet down a copper pipe take visibly longer than dropping a steel

bolt?

SOLUTION

The fallingmagnet changes theflux throughevery ringofpipe it passes. Eachringdevelopseddycurrents

which, by Lenz’s law, oppose the motion: the rings below repel the approaching pole, the rings above

attract the receding one. Themagnet falls against a continuousmagnetic brake. Copper is notmagnetic;

the braking is pure induction.

Q9. A transformerworks onmains AC but not on a battery’s DC. Explainwith Faraday’s law.

SOLUTION

The primary coil induces voltage in the secondary only while its flux changes. AC changes flux continu-

ously, so the secondary sees continuous induction. A steadyDC currentmakes a steady flux and induces

nothing after the first instant; only at switch-on and switch-off does the secondary blip.

Q10. An induction cooktop heats an iron pan but leaves the glass surface cool. What is happening?

SOLUTION
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A coil under the glass drives a rapidly alternating magnetic field. The conducting pan base sits in that

changing flux, so large eddy currents circulate in it, and the pan’s own electrical resistance turns them

into heat. Glass conducts no current and stays cool; the pan is literally the heating element.
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AnswerKey

QUICK ANSWERS

Q1 ℰ = −𝑁 𝑑Φ𝐵

𝑑𝑡
Q2 zero: no change, no EMF Q3 10 V Q4 induced effects oppose their cause

Q5 0.4 V

Q6 𝐵, 𝐴, or 𝜃; the generator Q7 peak EMF doubles (and so does frequency) Q8 Lenz-law eddy

currents brake the fall Q9 DC gives constant flux, so no continuous induction Q10 eddy currents

induced directly in the pan

RevisionSheet

The law

ℰ = −𝑁 𝑑Φ𝐵

𝑑𝑡
, with fluxΦ𝐵 = 𝐵𝐴 cos 𝜃. Wb = T⋅m2.

Theonecondition

Only changing flux induces. Static field + static

loop = nothing.

3ways tochange flux

Vary 𝐵, vary𝐴 (motional EMF ℰ = 𝐵𝐿𝑣), or vary 𝜃

(generators).

Lenz's law

Induced current opposes the change thatmade it.

It is energy conservation.

Applications

Generators, transformers (AC only), induction

cooktops, eddy-current brakes, card readers.

Peakgenerator EMF

ℰ0 = 𝑁𝐵𝐴𝜔: more turns, field, area, or speed.
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