California Physics Standard 5e                 Send comments to:  layton@physics.ucla.edu
5. Electric and magnetic phenomena are related and have many practical applications.       As a basis for understanding this concept:
e. Students know charged particles are sources of electric fields and experience forces due to the electric fields from other charges.

As we mentioned previously, since charge is the essential fundamental quantity basic to all electric phenomena, we feel this is the appropriate place to begin the discussion of electricity and magnetism.   Charge, like mass, is so basic it is not defined in terms of other quantities and can be discussed only in terms of its properties.  Perhaps a comparison between the properties of charge and mass would be informative.  All masses have inertia. There is only one kind of mass.  All masses attract one another according to the relationship given by Newton’s law of universal gravitation:  F = Gm1m2/r2.  There are two kinds of charge, called plus and minus.  Like charges repel one another and unlike charges attract one another according to a relationship known as Coulomb’s law:


F = kq1q2/r2     where k is 9 X 109 Nm2/C2

A mass could have no charge but all charges have some mass.  For this reason all charges have inertia but the inertia of a charge is determined only by its mass.  (For example, consider subatomic particles.  A neutron has mass but no charge. All neutrons have the same mass, hence the same inertia.  Electrons have mass and charge, as do protons.  Electrons and protons have the same magnitude charge only one is minus and the other plus.  However, electrons and protons have vastly different mass, hence vastly different inertia.)

Originally, the unit of electric charge was defined using Coulomb’s law.  However, advances in technology made it possible to measure electric current much more precisely than the force between charges.  Today, the ampere is the precisely defined basic electrical quantity and from the definition of current:  I = q/t, the coulomb (C) is defined.  One coulomb of charge is the amount of charge that passes by a point in a circuit carrying a current of one amp in one second.  That is, one coulomb = one amp second.

Matter can contain an enormous amount of charge but since most matter contains a nearly perfect balance of plus and minus charge, the electrical force neutral matter exerts on other neutral matter is very small, except at very close distances.  Students can find a discussion of the following question fascinating:

When you bring your hand near a tabletop you feel no force until you get very close and “touch” the tabletop.  Why is the force zero before you “touch” the tabletop but then after you “touch” it, the upward force on your hand can become as large as you are willing to push down on the table top?

The discussion of this question might begin by pointing out that you never did touch the tabletop. There was always a space between your hand and the tabletop!  (Thus explaining why we always placed the word touch in quotes.)  The discussion should lead to a realization that although your hand and the tabletop are electrically neutral, at very close separation the electrons in the outer layer of your hand and in the outer layer of the tabletop, all being negative, will repel one another, since like charges repel.  As you try to drive your hand closer to the tabletop, the repulsive force between electrons becomes larger but still you never make “contact” with the tabletop.

Activities to introduce the basics of electric charge:
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The cradle is supported with thin monofilament nylon fishing leader and can either be attached to a support stand or perhaps another student can hold it, allowing the cradle to rotate freely.  Rubbing one of the wands and carefully placing it in the cradle, then bringing another wand that has also been rubbed with paper near it will cause an attractive or repulsive rotation depending upon whether the charged wands are the “same” or “opposite”.  
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Introduction to the Electric Field
Understanding the physics behind electric circuits, transistors and many different electrical devices is greatly enhanced by having an appreciation of the concept of the electric field.  Newton did not have the field concept and discussed gravity only as “action at a distance”. With the work of Michael Faraday, a new and powerful way of looking at the force of gravity, electrical and magnetic forces as well as many other physical ideas, was born.  A more quantitative discussion of the electric field will be given in section 5k, but here we will simply introduce the concept.

[image: image5.wmf]Newton admitted he did not know why the earth could attract the moon at such a great distance or why the earth could attract an apple without any visible connection between them.  Although he described in great detail how this “action at a distance” operated, he did not explain why it operated the way it did.  Faraday’s insight was to suggest that the space surrounding a charged object was actually modified by the charge.  Although this still did not explain why the space was modified, it provided a way to visualize and calculate how this modified space could affect other charged objects.  Faraday suggested that the electric field could be illustrated with directed lines.  The direction of the lines would represent the direction that a plus charge would be forced in the field, and how close the lines were together represented the strength of the field.  Consider the electric field around a single positive charge:
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[image: image7.wmf]Let us consider the electric field between two large plates, charged oppositely.


Carefully drawing field lines around charged structures can reveal how other charges will be forced when they pass through the electric field region.  For example, if a small object with a positive charge were fired horizontally at a high velocity between the above charged plates, it could be concluded that the moving charged particle would be deflected downward.  In fact, since the field is uniform in the region between the plates, it could be concluded that the charged particle would move in a parabolic path much like a rock thrown horizontally in a gravitational field near the surface of the earth. 

Demonstration of the electric field

The Electrophorus
Allesandro Volta invented the “voltaic pile” or what we call the battery, but he gained fame earlier for a device he improved and popularized, the electrophorus.

With the bottom plate charged, the steps for operating the electrophorus are illustrated below:  A.  The uncharged pie plate is lowered down to the charged plate.

the original position.  It is now charged.  D.  The pie plate is again grounded producing an audible spark.  The process is returned to step A and can be repeated again and again seemingly producing an unlimited charge.  Challenge your students to explain what is going on.  A search on he web will have numerous references to how all of this works.
1.  A light conducting sphere to use as a “test charge” can be made by taking a small Styrofoam sphere (available at craft supply stores) and carefully wrapping it with aluminum foil.  A ping-pong ball is probably too heavy but it can be made conducting by carefully covering it all over with soft pencil lead. 
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A simple to construct yet very effective apparatus to investigate the forces between charges is illustrated on the left.  The “cradle” on the far left is made from a piece of soft iron wire or copper wire and the two “wands” are made from thin pieces of plastic sheet.  One wand is made from acetate and the other from vinyl.  (These can be purchased from plastic supply houses in sheets 0.010” thick.)  Roll the thin plastic sheet into cylinders and tape them on one end with scotch tape.  Holding the taped end in one hand and rubbing the other end with a paper towel will produce opposite charges on each wand. 
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To show that rubbing the paper on the plastic wand does not “create” charges but only separates them, bring the recently rubbed paper near the associated wand and note that the paper will always attract the wand.  This is true no matter which plastic material you begin with.  Finally, to illustrate the basics of electrostatic induction, bring a charged wand near the uncharged metal cradle.  Students may be surprised to see that the cradle will always be attracted no matter which rod is used.  Since the cradle is a conductor, the charged wand will attract the opposite charges to the near end and force the same charges to the far end, always causing attraction.  (The separation of plus and minus charges in a conductor by an electric field is called electrostatic induction.)  
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The illustration is supposed to represent three-dimensional space.  The field lines are directed outward because if another plus charge (or test charge) were placed anywhere around the charge, the force on it would be directed outward.  The lines are close together near the charge and far apart at a great distance from the charge.  This represents that the force on the test charge would be strong near and weaker at a greater distance.  (In fact, these lines will spread out as 1/r2.)
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The top plate is plus and the bottom minus, hence the field lines are directed downward.  Near the center of the plate the field lines would be evenly spaced all the way from the top plate to the bottom plate because the electric field is uniform in the center of two large oppositely charged plates.
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If you have a Van de Graaff generator a simple but impressive demonstration can introduce students to the concept of the electric field.  Charge the Van de Graaff and turn it off.  Using a stick with a small conducting sphere1 hanging from it by a piece of fishing leader, bring the small sphere near and let it acquire charge by conduction.  The sphere will jump away and can be moved around the Van de Graaff illustrating the presence of the electric field.  While holding the small sphere near the Van de Graaff under the force of the field, ground the Van de Graaff and the small sphere will fall.  This illustrates that the electric field was a result of the charge on the Van de Graaff.  This very simple demonstration can help students to appreciate the action of the invisible electric field.
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You can easily make an electrophorus using a metal pie plate with a Styrofoam cup taped in the center.  This structure then rests on an insulated plate that could be a square of acrylic or even a flat plastic dinner plate.  With the pie plate structure held away from the bottom flat plate, the bottom plate is rubbed with a paper towel, charging it.
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       A		       B			  C		           D





B.  With the pie plate on the charged plate, it is grounded and then the ground is removed.  C.  The pie plate is lifted to








