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5. Electric and magnetic phenomena are related and have many practical applications. 

As a basis for understanding this concept, students know:
h. Changing magnetic fields produce electric fields, thereby inducing currents in nearby conductors.

Electromagnetic induction was one of the major discoveries of the early 19th Century and the applications of this discovery play a major role in the electrical industry today.  Very simple demonstrations can be performed to illustrate the basic principle of EM induction. 
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After showing electromagnetic induction with a permanent magnet, show essentially the same thing only with an electromagnet.  Two coils near one another might work as shown below if the galvanometer is quite sensitive.  If the galvanometer is not too sensitive, 
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Lenz’s Law and back emf.

Faraday, Henry and Lenz discovered electromagnetic induction at approximately the same time.  All three appreciated that a change in magnetic field was required to produce a current in the coil but at first, apparently only Lenz understood that the current must be in a direction to oppose the change.  Discuss with your students what must be the direction of the current in a coil of wire when a particular pole of the magnet is thrust into the coil.  Relate this to the conservation of energy principle.  Extend the discussion to what must happen when the magnet is pulled out of the coil.  A discussion of the direction of the current should lead to the direction of the emf causing this current.
The light bulb in series with the motor demonstration.
A very thought provoking demonstration involves a DC motor wired in series with an appropriate light bulb.  Choose the DC motor and the bulb so that they are designed to operate on approximately the same voltage.  With a slight adjustment of the applied 


They will probably suggest that it is in response to the conservation of energy principle but question that conclusion since somehow we must explain why a stopped motor has more current passing through it than it does when spinning at high speed.  Remind them of how the motor armature is simply a coil of wire and it is spinning in a magnetic field.


A useful conclusion to draw from this demonstration is that when an electric motor, driven by a constant applied voltage, slows down, more current passes through it.  One consequence is that large electric motors on tools like table saws will sometimes blow fuses or circuit breakers, but only when they are stalled or are just starting.  Also, as the motor slows with a constant voltage applied across it, the torque supplied by the motor increases.  This is why electric cars and electric trains do not need transmissions, as do cars with internal combustion engines.  Electric motors have maximum torque at zero rpm, whereas, internal combustion engines need a minimum rpm to develop the torque necessary to start moving the car.
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Don’t overlook doing the most straightforward demonstration of simply thrusting a bar magnet into a coil of wire attached to a galvanometer that can swing either way about zero.  Stress that the magnet must be moving relative to the coil (or the coil relative to the magnet.)  Reverse the magnet so that the opposite pole enters first. Show the effect of moving rapidly vs. slowly.  (Be advised that the galvanometer meter has a finite inertia and may not be able to respond to very rapid motions.)  Show what happens when the magnet is put through one end of the coil and pulled out of the other end.  These demonstrations are fundamental and should be stressed.
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place a bar of iron through both coils. However, this will so vastly increase the effect; use caution when you connect the battery since you could exceed the limits of the galvanometer.  Show what happens when you change the polarity of the battery, the number of cells, etc.  These demonstrations should easily lead to the basics of how a transformer works.
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voltage it is possible to get the motor to spin at a fairly high rpm and the light bulb to appear unlit.  When you grasp the spinning motor shaft and slow it down, the bulb will light.  Stress that the two are in series hence the same current is passing through each.  Ask your students:  “Why when the motor is stopped the bulb lights but when it is spinning, the bulb is dark?”
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Since the spinning armature is experiencing a change in magnetic field through it, as it spins, (in other words, it is a generator), it must develop an emf.  By Lenz’s law, this emf must be a back emf that opposes the battery emf.  Hence, the faster the motor spins, the greater opposition it puts up to the battery emf, hence, the current decreases.








