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5.  Electric and magnetic phenomena are related and have many practical applications.        As a basis for understanding this concept:
f. Students know magnetic materials and electric currents (moving electric charges) are sources of magnetic fields and experience forces due to magnetic fields of other sources.

Students are usually quite familiar with magnets and know that they can be made to attract or repel one another and that magnets will attract anything with iron in it.  A common misconception, however, is that magnets will attract all metals.  A suggested way to begin this section on magnetism to is demonstrate that the electrostatic force applies to all materials but that magnets will attract only certain materials.

Demonstration to show electrostatic attraction vs. magnetic attraction  
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What the “north” end of a magnet means

Suspend a bar magnet in a cradle so all can see it and allow it to swing for some time until it finally aligns itself in the earth’s magnetic field.  Stress that the “north” end of the bar magnet is the end that seeks geographic north.  With the basic statement that unlike poles attract, bring another bar magnet near the suspended magnet and establish the second magnet’s north and south pole.  Help your students understand the difference between north and south poles for magnets and plus and minus electrostatic charges.  Also help them to understand the trivial but confusing fact that in the geographical north polar region of the earth, there must be a south magnetic pole.  Finally, point out that a compass is really just a small magnet suspended so it will rotate freely and the north end of the compass is a north magnetic pole and will seek the earth’s south magnetic pole that is located near the north geographic pole of the earth.  

Contrasting Electric Fields and Magnetic Fields

The direction of an electric field is, by definition, the direction a plus charge will be forced when placed in the field.

The direction of a magnetic field is, by definition, the direction the north end of a compass will point when placed in the field.

Electric fields can begin and end on charges.  Magnetic fields are always closed on to themselves.  Although it might seem that magnetic fields can begin at the north pole of a magnet and end at the south pole of the magnet, it can be shown that magnetic field lines actually continue back around to themselves inside of the magnet.

Electric fields can do work on charges, magnetic fields cannot.  This is a consequence of the fact that magnetic fields can only exert forces on charges at right angles to their direction of motion.  Illustrated below is the electric field around a single plus charge,
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Classical physics predicts that since magnetic field lines are always closed back on to themselves, there can never be a magnetic “monopole” like a single electric charge.  It is interesting to realize that quantum physics does predict the possibility of a magnetic monopole, but so far, none has been found.

Repeating Oersted’s famous experiment to show a current produces magnetism.

The history of the discovery that electric currents create magnetism is fascenating and might be an interesting web search.   Essentially Oersted had one of Volta’s new batteries and predicted that an electric current should produce a magnetic field.  According to the story he decided to do the first experiment to show his prediction in front of an audience but he did not anticipate the now well known fact that the magnetic field would be produced perpendicular to the wire.  You can duplicate his failed experiment as follows:
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With this setup you should be able to move the compass carefully around the wire to show that the magnetic field is everywhere perpendicular to the wire.  (Use a large current to override the earth’s magnetic field.  This will show that the magnetic field around a wire is in circles around the wire.

Activity to trace out magnetic field lines

A simple experiment that involves nothing more than a small compass, a bar magnet and 

of the multiple indicated compass directions.  There will be many attempts to draw many lines and suggest that the lines should be closer together in places where the field is the strongest.  There are two advantages of this method over the usual iron filing method.  First it is not as messy and second, it should be apparent to the students that the field is everywhere, not just on the apparent lines where the iron filings line up.  Students need to know that representing fields with lines does not mean there is no field in between the lines.  How close together they are is an indication of the strength of the field.

Demonstrating the force on a current in a magnetic field
Place a strong magnet near a wire that is freely suspended and that can carry a large current. (Illustration on the next page.) Some of the “new” neodymium iron magnets or samarium cobalt magnets will work or if you are lucky and own an old radar magnet, this also will work quite well.  Orient the wire so a straight section is near the magnet yet allows the rest of the wire to the power supply to hang free.  A quick pulse of current through the wire should cause it to jump out of the field or be drawn into the field.  “Hand waving” (to be discussed later) can be used to discover the direction of the force when the direction of the current and the direction of the magnetic field are known.


�





Suspend one of the cradles made in the previous section (best if made from copper wire) in the front of the room.  Have on hand several long rods made of wood, PVC, copper, steel, etc.  Using long thin materials will take advantage of the sensitivity of this “torsion balance”.  Show that all different kinds of material placed in the cradle will be attracted to a charged rod but a magnet will attract only select materials.  The electrostatic force is universal but the magnetic force only applies to particular materials.
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next to it is the electric field around two equal charges of opposite sign called “an electric dipole” and the third illustration is the magnetic field around a single bar magnet called a “magnetic dipole.”  Notice that the magnetic field lines are closed on to themselves inside of the magnet.
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With a power supply attached to a long copper wire, stretch the wire so that a long straight section runs perpendicular to the earth’s magnetic field.  Hold a large demonstration compass above the wire and have a student turn on the current.  Nothing much will happen except perhaps for a little motion of the compass needle. (Be properly amazed that the experiment did not work.  When Oersted failed his audience began to file out of the room disgusted.)  Now repeat as shown below.





To magnetic north
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To magnetic north





This time arrange the apparatus so that the straight section of the wire is parallel to the direction to magnetic north.  (Make sure the return wires are far enough away so that the field from them will not confuse the demonstration.)  This time when the current is turned on, the compass will swing perpendicular to the wire.  This was the first time in the history of science that an effect was found to be at right angles to the source.
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a sheet of paper is illustrated on the right.  Have the students move the compass at many different places on the paper and make a small mark showing the direction the north end of the compass points.  After making many marks, have them trace in lines that include in a single sweep each the direction
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