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Electromagnetic Induction

� We introduced motional emf and Faraday’s Law through these two examples:

� Today we will the discussion about Faraday’s Law of Induction and introduce the 
following new law and concepts: Lenz’s Law, mutual induction and self-induction, and 
finally introduce the 3rd (and last) passive component in a circuit: the inducotr.
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Faraday’s Law of Induction

� Faraday’s Law of Induction says that 
the induced emf comes from the 
magnetic flux changing rate (with 
respect to time) with a minus sign in 
front of this rate:

� With a special rectangular loop, we 
proved that one can derive Faraday’s 
Law from this motional emf formula:

� But Faraday’s Law applies to any kind 
of magnetic flux change, like this one 
(see figure) where the change comes 
not from the area, but from the 
magnetic field strength, caused by the 
motion of the bar magnet.
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Faraday’s Law and the induced electric field

� What actually is induced by the 
changing magnetic flux? 

Let’s have a “peek” into the moving wire: 

This is the electric field E that is induced 
and that is the source of the inducted 
emf, because 

Here the direction of the L follows the 
direction of the current, and inside this 
moving bar, like inside a battery, the 
current direction flows from lower 
potential to higher potential, that is from 
B to A. The direction of the electric field 
is pointing from positive charges to 
negative charges, from A to B.
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Faraday’s Law and the induced electric field

� Now let’s exam the case of a wire loop:
When the wire loop is fixed, if we increase the 
magnetic field strength with time as shown in 
the figures, from Faraday’s Law, we know 
that emf is induced. 
To determine the current direction inside this 
wire loop, let’s assume that this flux increase 
comes not from the magnetic field increase, 
instead, it comes from the area increase, that 
is the radius of the wire loop is increasing.
This motion generates a force on positive 
charges in the wire as shown. This should be 
the direction of the current. 
This also means that the electric field 
direction is also counter clockwise. 

So what is actually induced is again the 
electric field inside the wire loop.
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Electric field generated by charges and by changing magnetic flux

� Now we know two sources that generate 
electric field:

� Charges.
The field generated here is a static field 
that is conservative and with electric 
potential. The field lines start from 
positive charges and end at negative 
charges.
UA-UB = -Work of F on test charge

= - qES
= - ES with unit charge

� Changing magnetic flux.
Field generated here form closed loops, 
hence the potential concept does not 
apply. The integral along the loop with the 
force is still the work the force does to the 
charge, but that is not the electric 
potential because the potential difference 
at the same point should be zero. This is 
actually a dynamic, non-conservative field, 
which is part of the electromagnetic wave. 

This is somewhat like a dry-cell battery 
that is shorted. 

When the loop is cut (open), then the field 
becomes static and the wire becomes a 
“battery” with the emf calcuated from the 
Faraday’s Law of induction.
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The electric generator

Electric generator in real life

Electric generator in the 
eyes of engineers and 
physicists
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The “-” sign in Faraday’s Law: the Lentz Law and what it means

� Lenz’s law: An induced current 
flows so that the magnetic field 
it creates opposes the change 
in magnetic flux that causes the 
current. 

� And this is just the “-” sign in 
Faraday’s Law:

� Be very careful: the induced 
current opposes the change in 
the original B field, not the 
original B field itself!

� And this “opposing” comes 
from a more fundamental 
physics law: energy 
conservation.

� Demo: Eddy currens.
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Mutual induction

� Mutual induction: The induction of an 
emf in one circuit by a changing current 
in another circuit. 

� And this is the physics based on it a 
transformer is constructed.

Original B field 
generated by the first 
loop increases

Current induced in the 
second loop and this 
current generates a B 
filed which opposes 
the increase of the B-
field from the first loop.

Alternating 
Current (AC) 
source

Load 
resistance
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Transformers

� Transformers transform:
� Voltage:

� Current:

� Power and Load:
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Self-induction

� Self-induction: The emf induced in a circuit by a changing current in that circuit. 
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Inductance and inductor

� Inductor: An electrical circuit component 
that has a large inductance. A change in 
current will induce a relatively large 
opposing emf in an inductor. 

� Symbol in a circuit:  

� Inductance: Relates the induced emf of an 
inductor to the rate of change of current. 

� Unit: henrys, 1H = T� m2/A
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RL circuit

� “charging” an inductor:
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RL circuit

� “discharging” an inductor:
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Energy stored in the inductor

� The magnetic potential energy of an 
inductor

� Magnetic field energy density (uB): The 
potential energy that is stored in a 
magnetic field, per unit volume. 
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The LC circuit

� The LC oscillator


