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Michael Faraday & Joseph Henry’s Law

 1831: Faraday in England and Henry independently in the 
United States: an EMF can be induced in a circuit by changing 
the magnetic flux and current can be produced despite no 
battery! 
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Ways of inducing an emf

1) Magnetic flux change: the magnitude of B changes in time

ΦB = BA cos θ

 The ammeter deflects when the magnet is moving toward or 
away from the loop or viceversa
 We relate this detection to a change in the magnetic field
 The induced current is produced by an induced emf (the 

driving energy per unit charge in a circuit!)

ε = - d/dt (BA cos θ)
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Ways of Inducing an emf
2) the area crossed by B lines changes with t (motional emf)

ΦB = BA cos θ

ε = - d/dt (BA cos θ)

Loop oriented parallel to field lines θ= 90° ⇒ ΦB=0

Loop oriented at an angle θ ⇒ the projected area is            
Acosθ 

Loop perpendicular to B-lines θ= 0° ⇒ ΦB = AB

3) The angle θ between B and normal to loop changes with t
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Lenz's Law

From conservation of energy considerations!! 
If current were opposite there would be a magnetic force on the 

magnet that increases v and this would increase the current in 
the loop and the force would increase...this is a diverging effect 
that violates energy conservation 

The induced current in a loop is in the direction that creates a 
magnetic field that opposes the change in magnetic flux 
through the area enclosed by the loop
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The Guitar and induction
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The Guitar and induction

Guitar pickups work by the principles of magnetic induction. The quarter inch plug 
which runs from the amplifier to the guitar is electrically wired to the pickups. The 
pickups themselves (each circular metal disc) are composed of small 
electromagnets, which are small magnets with a coil of wire wrapped around it. 
These small magnets produce a field in their immediate vicinity, and thus induce 
a north and south pole on the actual guitar string. When the string is struck by the 
guitarist, it begins to oscillate. These oscillations affect the field in the vicinity of 
the pickup magnet, it induces a change in the flux of the magnetic field. Thus, by 
Faraday's law, which states that a changing magnetic flux induces an electrical 
field, hence a current is established in the wires which wrap the pickup magnet. 
As the string continues to oscillate over the pickup magnet, the flux continually 
changes (increases and decreases depending upon the location of the string and 
the intensity in which it was struck).
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Induced current in a moving rod

Equivalent
circuit 

R resistance of circuit

                   force due to induced current on bar 

Moving bar acts as a battery:

Power input of applied force = 
rate of energy delivered to R
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Motional emf
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The electrons in the rod experience a force FB = qv x B
Electron accumulate on the upper end of the rod and, due to the charge
separation an electric field E is produced inside the rod
Equilibrium is achieved between the electric and magnetic forces when
E = vB
A potential difference (motional emf) 
is maintained between the ends of the rod
as long as it moves in the B-field
If the direction of motion is reversed
also the polarity of the potential difference
is reversed
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AC Generators
The AC generator consists of 
a loop of wire rotated by some 
external means in a magnetic field

 N turns of same area rotating in a 
uniform B    

 ΦB = BA cos θ = BA cos ωt

εmax=NABω

In USA & Canada:
f=ω/(2π)=60 Hz
In Europe f=50 Hz 



DC-generator
 DC generator has same components as AC generator
 Main difference: contacts to rotating loop are made 

using a split ring called a commutator
 In this way the output voltage has always the same 

polarity
 To obtain a steady DC current, generators                              

use many coils and commutators                             
distributed so pulses are out of phase

49http://www.walter-fendt.de/ph11e/generator_e.htm
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Eddy Currents 
 Circulating currents (eddy currents) 

induced in flat copper or Al plate 
swinging through B

 The changing magnetic flux induces an 
emf in plate hence electron currents 
that produce a magnetic retarding FB 
when plate enters or leaves the field

 Eddy currents are often undesirable 
because they are a transformation of 
mechanical energy into internal energy

 Used in subway braking systems: 
electromagnet = solenoid with Fe core 
where current induced by relative 
motion of train on rails ⇒ drag force



Meissner effect
 When a material becomes superconductor, the resistance is 

zero and supercurrents are generated in the material that 
exclude the magnetic field in from a magnet brought near it. 
The levitation results from the repulsion between the 
permanent magnet producing a field and the field produced 
by the supercurrents
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