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Faraday’s Law of Induction

Two scientists are given credit for the discovery of electromagnetic induction: the Englishman Michael Faraday (1791 – 1867) and the American Joseph Henry (1797 – 1878). Henry was the first to observe electromagnetic induction, but Faraday investigated it in more detail and published his findings first. Hence the law of induction bears Faraday’s name.

Whenever there is a change in magnetic flux through a loop of wire, an emf E is induced in the loop. The induced emf is equal to the negative of the rate of change of magnetic flux multiplied by the number of turns N in the loop:
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The unit of induced emf is the volt: 
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Sign Convention

The sign convention for the induced emf is as follows. First choose the positive direction around the loop. We then define the positive direction for the magnetic field using the right-hand rule: Curl the fingers of your right hand in the positive direction around the loop. Your thumb then points in the positive direction of the magnetic field. See the table below.

Magnetic Field Direction

Positive Direction for Loop
Positive Direction for the Field
Sign of the Magnetic Field 
Into the diagram


Clockwise


Into the diagram


Positive

Into the diagram


Counterclockwise

Out of the diagram

Negative

Out of the diagram

Clockwise


Into the diagram


Negative

Out of the diagram

Counterclockwise

Out of the diagram

Positive

Example

A circular coil of wire has radius 12.0 cm and 150 turns. It is wrapped clockwise when viewed from above. The coil sits in a uniform magnetic field of 3.25 T; the magnetic field makes an angle of 30( with the plane of the loop. The ends of the wire from the coil are connected to a 30.0 ohm resistor. See Figure 1. The magnetic field is then reduced at a constant rate from 3.25 T to 0.750 T in 0.300 seconds. Find the magnitude and direction of the current in the resistor while the magnetic field is changing. 
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Since the coil is wrapped clockwise when viewed from above, let use choose that direction to be the positive direction for the loop. Since the positive direction for the magnetic field is then into the loop (from the right-hand rule or the above table) the magnetic field values we use in Faraday’s law are negative, since when viewed from above the magnetic field is directed out of the loop.

First find the change in magnetic flux through the loop.
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Note that 
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is positive because the change in the flux is in the positive direction (into the loop). Also note that the angle ( used for calculating flux is the angle the magnetic field makes with the normal direction of the loop, not the plane of the loop.


Next calculate the induced emf using N = 150 and (t = 0.300 s:
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The negative answer indicates that the emf is induced in the negative direction around the loop. Since we chose the clockwise direction to be positive, the emf is induced counterclockwise and the current in the resistor in Figure 1 flows to the right.
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Exercise. Repeat the above analysis using the counterclockwise direction around the loop as the positive direction. Is a physically different answer obtained?

Lenz’s Law
The signs in Faraday’s law can be confusing when learning it the first time. However, there is an alternate method for determining the polarity (or direction) of the induced emf. This is called Lenz’s Law and is named after the Russian physicist Heinrich Lenz (1804 – 1865) who discovered it:

The induced emf resulting from a changing magnetic flux has a polarity that leads to an induced current whose direction is such that the induced magnetic field opposes the original flux change.

In the previous example the current was induced in such a direction that the induced magnetic field (that is, the magnetic field of the induced current) was, at points inside the loop, directed outward, opposing the change in magnetic flux which was directed inward.

See Figure 22.16 on page 699 of the text.

The Electric Generator
Consider a loop of N turns of conducting wire rotating at a constant rate in a uniform magnetic field of magnitude B. Let 
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 be the angle the normal to the loop makes with the magnetic field at time t. The magnetic flux through the loop at this instant is
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where A is the area enclosed by the loop.

Assume that the loop rotates about an axis through its center with constant angular frequency ( (( = 2(f). Also assume that ( = 0 when t = 0. Then ( = (t and
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To find the emf induced in the loop we make use of Faraday’s law:
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Example
Suppose that a generator loop has dimensions 50 cm x 50 cm. The magnetic field of the generator is 0.45 T. How many turns should this loop have to produce 120 volts rms at a frequency of 60 Hz?

Use
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Figure 1





Coil is wrapped clockwise when viewed from above. This is chosen as the positive direction around the loop


Figure 2
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