California Physics Standard 5m*  
         Send comments to:  layton@physics.ucla.edu
Electric and magnetic phenomena are related and have many practical applications. As a basis for understanding this concept:

m. * Students know static electric fields have as their source some arrangement of electric charges.
The intent of this Standard (as revealed in the Framework) is to have students know how to draw electric fields around assorted charge configurations.  It is important to appreciate the standard is involved with static situations.  (Electric fields not only have as their source charges, but as discussed in 5h, changing magnetic fields also create electric fields.  Electric fields that are due to static charges will begin and end on charges.  Electric fields due to changing magnetic fields are always closed on to themselves, like magnetic fields.)

Sketching electric field configurations around charge distributions:
[image: image1.wmf]The important word is “sketching”.  The details that follow should be used only to help students have an understanding of what electric field lines mean and how to sketch them.
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On the next page is an illustration of the final sketch of the electric field around the electric dipole.


A nice exercise would be to repeat the above procedure for two charges of the same sign electrical charge.  (Such sketches are available in almost any first year college physics text.)  The following link has a much better discussion than the above on drawing electric fields: http://www.glenbrook.k12.il.us/GBSSCI/PHYS/Class/estatics/u8l4c.html
Lab exercise in mapping equipotential lines around static charge configurations:
The basic idea behind this lab is to use a special conducting paper (Sargent Welch WL1960A  25 sheets for $15) that has a uniform resistance per unit area.  A simple charge configuration is painted on this paper with conducting paint.


The result of this exercise is to produce many different equipotential lines and constructing lines everywhere perpendicular to the equipotential lines can generate the electric field lines from the charge configuration.   A point to stress with all field line sketches is that in the real world, all fields are three-dimensional.  The electric field lines and lines extending into three-dimensional space and the equipotential lines are really equipotential surfaces.

Several more detailed discussions of this lab can be found by searching for “Mapping Equipotentials” in your browser.
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On the right is an illustration of the initial step in preparing to sketch the electric field around an electric dipole.  That is, two equal charges of opposite sign, separated by a distance.  In your imagination, place a small positive test charge at various places in the space surrounding the charge.  At each location, “compute” the two electric field vectors from each charge.  (It is not necessary to actually compute using E = kq/r2, just estimate the relative lengths of the vectors and have them in the right direction on a line to (or away) from the charge in question.  Each of these pairs of vectors will then be added (perhaps with a simple parallelogram sketch) to find the resultant.  (See below.)
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Using the resultant of the sum of the two vectors at each point in space, try to generate a smooth pattern of lines that pass through these vectors and are tangent to the vectors at the point of contact.  Some of the vectors will have to be missed (see diagram on the right) in order to meet the condition that line spacing indicates field strength.
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The sketch on the right illustrates a general idea of how the field lines are closer together at places where E is more intense and the direction of the lines would correctly indicate the direction a positive test charge would be forced if placed near that line.  Stress that the spaces between the lines do not indicate that there is no field.  Classical physics demands that the field is continuous and everywhere.  The Framework incorrectly suggests that a free positive charge would move along the line.  This would only be true if the charge had no mass.  (Since all charges do have mass, the inertia of the charge would cause it to depart from the line as it increased its velocity.)  It would be more correct to say that the direction of the line simply indicates the direction of the force on a positively charged particle.  Equipotential lines would be constructed everywhere perpendicular to the field lines. 
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These “charges” are connected to a battery or low voltage power supply that establishes a current flow throughout the surface of the conducting paper.  Using an inexpensive DC voltmeter with one probe attached to a reference “charge” the other probe can be moved about on the paper keeping the voltage reading constant, therefore plotting out an euipotential line.  This plotting can be repeated for several different constant potential traces, mapping out several different equipotential lines.








