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23 Electromagnetic induction
Electromagnetic induction provides the basis of an important means of generating electrical power.

23.1 LAWS OF ELECTROMAGNETIC INDUCTION

a) Definitions of magnetic flux and the weber
Magnetic flux Ф
Magnetic flux is the product of magnetic flux density and the surface area perpendicular to the
magnetic field through which the field is passing.
 If the field is normal to the plane:  If the field is at an angle θ to the normal:

(i) BA (ii)  cosBA
Fig. 23a:magnetic field passing through a surface area A

where:
Ф = magnetic flux, unit: weber, Wb
B = flux density, unit: tesla, T
A = component area normal to the field, m²
θ = angle between a normal to the surface and the field
The weber
One weber is the flux that passes through an area of 1 m2 when the magnetic flux density is 1 tesla.

1 Wb = 1T m2

b) Recall and use Φ = BA
Example 1: A magnetic field of flux density 0.2 T passes down through a coil of wire, making an angle of
60o to the plane of the coil as shown. The coil has 500 turns and an area of 25 cm2. Determine:
(i) the magnetic flux through the coil
(ii) the flux linkage through the coil
[Ans: (i) 0.000433 Wb, (ii) 0.2165 Wb]

c) Magnetic flux linkage
Magnetic flux linkage is product of magnetic flux passing through a coil and the number of turns of the
coil.

Magnetic flux linkage,  cosBANN 

d) Experiments on electromagnetic induction
Experiment 1: To demonstrate EMF induced in a coil
 Consider a bar magnet being moved into or out of a coil whose terminals are connected to a

galvanometer as shown below.
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1) When a magnet is pushed into a coil as
shown, the galvanometer deflects in one
direction momentarily.

2) When the magnet is not moving, the
galvanometer shows no reading.

3) When the magnet is withdrawn from the coil,
the galvanometer deflects in the opposite
direction momentarily.

 When the magnet is moved, its field lines are being “cut” by the coil. This generates an induced EMF
in the coil that drives a current through the coil, causing the deflection in the ammeter.

Experiment 2: To demonstrate EMF induced in a wire

 A wire is connected to a sensitive centre-zero galvanometer and placed between the opposite poles of
two bar magnets as shown.

Fig. (a): EMF induced in a wire moved in a B-field Fig. (b): Fleming’s right hand rule

 When the wire is rapidly moved up or down, perpendicular to the magnetic field between the two
magnets,a temporary deflection is seen in the centre-zero galvanometer.

 The temporary deflection in the galvanometer shows that an e.m.f. is induced in the copper wire when
the wire is moved in the magnetic field.

 The direction of the induced EMF can be determined using Fleming’s Right Hand Rule
Factors affecting the size and direction of the induced EMF
The direction of the induced e.m.f. depends on

1) direction of the motion
2) direction of the magnetic field

Themagnitude of the induced e.m.f. depends on the:
1) strength of the magnetic field
2) number of turns in the coil
3) Speed of the motion
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e) Laws of electromagnetic induction
Faraday’s law
The magnitude of induced e.m.f. in a conductor is directly proportional to the rate of change of
magnetic flux linked with the conductor.

dt
dE 



Lenz’s law
The direction of induced e.m.f. (or current) in a conductor is such that it opposes the flux change
causing it.

 Combining Faraday’s and Lenz’s laws gives the induced e.m.f as
dt
dE 



 The -ve sign is due to Lenz’s law.

f) Simple applications of electromagnetic induction
1) Coil rotating in a magnetic field (AC generator)
Observations:
1) As the coil is rotated in the magnetic field, an EMF is

induced in it.
2) When the coil is in the vertical position, the magnitude of

the EMF induced isminimum.
3) When the coil is in the horizontal position, the magnitude

of the EMF induced ismaximum.
Explanation:
 Magnetic flux linkage of the coil is cosBAN ,

where θ is the angle between the normal to the plane of
the coil and the magnetic field

 EMF induced is  cosBAN
dt
d

dt
dE 




=  tBAN
dt
d

dt
dE cos


  tBANE  sin

 The graphs of EMF v/s time and  v/s time, for the rotating coil have a phase difference of 90o

 Use: A.C. generator
2) Eddy currents
Observations:
A moving conductor will experience a drag force (that opposes its motion)
in a magnetic field.
Explanation:
 A conductive surface moving past a stationary magnet will have circular

electric currents called eddy currents induced in it by the magnetic
field, due to Faraday's law.

 By Lenz's law, the circulating currents will create their own magnetic field which opposes the field of
the magnet.

 The electrical energy of the eddy currents is dissipated as heat due to the electrical resistance of the
conductor.

 As the rotational EK of the disc is converted into electrical energy, the disc will slow down and stop if it
is not accelerated.
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 Eddy currents are induced in metals moving in a magnetic field or in metals that are exposed to a
changing magnetic field.

 To reduce eddy currents, the metal must have a “laminated” structure with insulation between each
laminated section. The insulation increases electrical resistance and reduces eddy currents, thus
reducing friction or heating.

Fig. (a): thick metal, large eddy currents Fig. (b): laminated metal, small eddy currents
 Use: electromagnetic braking for large vehicles, e.g. trains
 Lamination is used to reduce eddy currents in the iron core of an AC transformer
3) Metal disc spinning in a B-field (Faraday’s disc)
Observation:
As a metal disc is continuously rotated in a magnetic field,
an EMF can be detected by a galvanometer whose
terminals are connected to two sliding contacts touching
the disc near its centre and its rim respectively.
Explanation:
 Electrons at different radial distances from the centre of

disc move at different linear velocities.
 A potential difference is then set up between the centre

and the rim of the disc.
 The size of the EMF generated is directly proportional to the speed of rotation of the disc.
 Use: speedometer
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