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Introduction

The introductory theory of electromagnetic fields should be accompanied by simple demonstrations to help students gain both knowledge and interest in electricity and magnetism.  This document is a collection of some demonstrations so that they may be repeated for all students of General Physics and courses in Electromagnetic Fields.  The following selections contain descriptions of experimental procedures using common household and physics laboratory equipment.  Simple graphics are included to clarify any details.

Repelling Cups and Magic Wands

Two Styrofoam cups are suspended by threads about 2 meters long from the ceiling.  The instructor rubs each of the cups with a tissue or a dry cloth and lets them go.  The static charge applied to the cups by rubbing them will cause the cups to repel each other.  By measuring the weight of the cups, the length of the threads they are hung from, and the distance they repel each other, the force between the two cups can be calculated.  Once the force is known, the amount of charge in coulombs may be determined.  These cups may them be discharged with a “magic wand.”


This “magic wand” is merely a sharpened metal pointer on the end of a metal rod that conducts through the hand of the instructor.  To work properly the instructor’s hand must make a good contact - the less chalk dust the better.  The pointed end of the wand will spray the charge of the instructor – ground – and neutralize the charge on the cups.
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Determining the Sign of Charge

The simplest way to determine the sign of a charge on an object is to observe its reaction to an object with a known charge.  Like charges repel and unlike charges attract. 

There are two easy ways to create a known charge.  Rubbing a glass rod with a silk cloth will produce a positive charge.  Rubbing a plastic rod with a piece of wool or other fur will produce a negative charge.  

By suspending one object from thread and moving the other object near it, the charges can be determined to be similar or dissimilar.

Experiments with a Van de Graaff Generator
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A Van de Graaff generator is used to generate a charge that collects on the attached globe.  This charge builds up until the field is strong enough to cause breakdown of air.  This allows the charge to arc to the grounded globe.  


An electroscope is used to show the presence of charge.  The device consists of a metal pointer connected to a vertical metal bar.  All parts of the device take on a charge when in presence of another charge.  When neutral, the movable arm points straight up and down.  When the device has a charge, the vertical bar repels the movable arm.  The stronger the charge the more nearly horizontal the arm points.  
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A “magic wand” is waved at the arcing globes of a Van de Graaff generator.  The arcing stops.  A pointed metal object, such as the “magic wand,” sprays out charge into the air.  If grounded it will tend to neutralize the globes of the generator.  If held by an ungrounded instructor, it will prevent arcing until the instructor and the globe have about the same potential, at which point the instructor may begin arcing to near-by grounded objects.  Instead of a “magic wand,” the same effect may be obtained by attaching a pointed wire to the charged globe.  Charge will be sprayed onto objects in the room and arcing will stop.
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Electrostatic Shielded Cage


When a charge is applied to a metal cage, objects hung from the side of the cage gain a similar charge and become repelled by the cage.  Inside the cage, however, Gauss’s Law prevents objects from gaining charge and remain unaffected.  If a second cage is placed around the charged cage, charge will leak from the inner cage and the outer cage will gain a similar charge.  Objects hung from the outer cage will also gain charge and become repelled by the cage.
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Current and Compass


A current traveling in a wire produces a magnetic current.  The direction of the magnetic field can be determined with use of the right-hand rule before it is demonstrated with a compass.
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Moving Magnet, Coil and Galvanometer


A large coil of wire is attached to a galvanometer that is displaying a reading of zero.  When a large magnet is passed through the coil, the galvanometer briefly registers a value by swinging its arm to one side.  This displays the current induced by the changing magnetic flux in a direction that can be determined using Lens’s Law.  The maximum value displayed on the galvanometer depends on the speed the magnet is passed through the loop, the direction it is passed through the loop, and in which direction the magnet is facing when passed through the loop.  The faster the magnet is passed through the loop the greater the value.  The direction of movement and of the pole of the magnet determines whether the galvanometer displays a positive or negative value. 


E-M Cannon


The E-M Cannon is by far the most dramatic demonstration of fields.  An AC current is sent through a large coil of wire to induce a sinusoidal magnetic field.  The coil is at the base of an iron rod that directs the magnetic field and acts as a guide for the projectile.  The projectile is a conductive ring.  A sinusoidal current in the ring is induced which is 90 degrees out of phase with the magnetic field that induced it.  This current is repelled by the first magnetic field so the ring accelerates away from the coil and becomes a projectile.



E-M Brake


A surprising demonstration is the E-M Brake.  A conductive, non-magnetic pendulum is allowed to swing between the poles of a powerful magnet.  The pendulum rapidly decelerates when it passes through the magnetic field.  The magnetic field induces eddies of current that oppose the motion, decelerating the pendulum.


Variable Capacitors and Potential


A good demonstration of electric potential is the variable capacitor and electroscope.  A charge is placed on one plate of a variable capacitor, which is connected to an electroscope, while the other plate is grounded.  The potential difference between two plates is equal to the product of the electric field and the distance between the plates.  Thus, doubling the distance between the plates will double the potential, as shown on the electroscope.



Grounded Sphere within a Charged Sphere


A very dramatic demonstration of Gauss’s Law can be shown with a sphere within a sphere.  Metal spheres may be hard to find so a suitable replacement is to use tin cans.  A large can acts as the outer sphere and a smaller can sitting in an insulating glass beaker acts as the inner sphere.  A rod of insulating material such as plastic is attached to the inner can with strong glue.  To make the glue stick the can may have to be scuffed or poked with a nail.

Apply a charge to the outer can and temporarily touch the smaller can to ground away from the large can to neutralize any charge it may have.  After the large can is charged the small can may be inserted and removed without change to its charge.  Insert the smaller can again and this time connect it electrically to the outer can with a wire or other means.  Again, the smaller can gains no charge, as can be shown by an electroscope.  Remove and touch the smaller can to the outside of the larger can and it gains a charge as expected.  The potential of the small uncharged can is the same as that of the large can when it is inside because no field is inside the large can as predicted by Gauss’ law.  If the potential between two objects is the same then no charge will be transferred between them when they are in contact.

Repeat the experiment again but this time momentarily ground the smaller can while it is inside the charged large can.  The smaller can gains a charge opposite to that of the outer can.  This occurs because the potential of the inner can when connected to ground must become the same as that of ground, so it must gain an opposite charge as the outer can to lower its potential to ground potential.
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