Faraday’s Law of Induction

In words:


The induced EMF (voltage or potential difference) around a closed loop is equal to the instantaneous rate of change (derivative) of the magnetic flux through the loop.

In equation form:
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There are three ways to change the magnetic flux through a loop:

1) Change the magnetic field strength (increase, decrease) over the surface area

2) Change the area of the loop (increase by expanding the loop, decrease by shrinking the loop)

3) Change the angle between the surface defined by the loop and the magnetic field vector. Remember that flux is the integral of the dot product between B and dA. (
[image: image2.wmf]) Therefore changing the angle either increases or decreases the flux because the dot product depends on the sine of the angle between the vectors B and dA. This is how a generator works. A generator rotates a loop (actually multiple loops) of wire through a fixed magnetic field and induces a voltage around the loop by rapidly changing the flux through the loop as it rotates. That induced voltage around the loops causes a current to flow through the wire and that is the output current of the generator.

The negative sign indicates that the induced voltage is in a direction that creates a current that opposes the change in flux in the loop. This relationship is stated in Lenz’s Law.

Lenz’s Law:


The induced current in a loop of wire will be in a direction that opposes the change in flux through the loop. In other words, if the flux through the loop is being increased, then the induced current will create its own flux that will try to cancel out the increase in flux. If the flux through the loop is being decreased, then the induced current will be in a direction that tries to increase the flux through the loop.
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