California Physics Standard 5j*  
         Send comments to:  layton@physics.ucla.edu
5.j* Electric and magnetic phenomena are related and have many practical applications.  As a basis for understanding this concept:
Students know electric and magnetic fields contain energy and act as vector force fields.

Another look at the concept of the field
The electric field was discussed in 5c, however, since the field concept is so important and fundamental to the understanding of many physics ideas, it should be helpful if fields are revisited here.  One definition of a field that seems more mathematical than physical is: “a field is something that assigns a value to every point in space.”  A good physical example of this definition is a temperature field.  Suggest to your students that there is a temperature field in the room.  This means that if a thermometer is placed anywhere in the room, it will indicate a temperature.  Near the floor it may be 15ºC, at eye level it may be 20ºC and near the lights it may be as high as 60ºC.  The idea to stress is that there will be a temperature at every point in the room, that is, a “temperature field”.  Since temperature is a scalar, the temperature field is a scalar field.  An example of a vector field would be the force of gravity on a “test mass” placed at any point in the room.  The force is always downward and equals the weight of the mass.  You could even define the “gravitational field intensity” as the force per mass placed at any point. in space.  That is, the gravitational field intensity, g = FG/m.   (Students may not immediately see that this “gravitational field intensity” is also called “the acceleration of gravity” but this introduction may help them to better understand the concepts of electric and magnetic fields.)

The definition of electric field intensity and drawing electric fields.
The electric field intensity, E, at any point in space, is by definition, the ratio of the electrical force on a test charge placed at that point in space, to the magnitude of the test charge.  That is, E = FE/qtest As discussed in 5c, electric fields can be represented as directed lines.  The direction indicated on the line is the direction of the force on a plus charge and the spacing of the lines indicates the strength, or intensity, of the electric field. 
Electric fields surround stationary charges. 

[image: image1.wmf]
Three-dimensional sketches of electric fields.
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Stationary charges are one source of electric fields.  Moving charges, or currents create magnetic fields.

When stationary charges are the source of an electric field, the field lines can start and end on charges.  (We learned in section 5h that changing magnetic fields could also create electric fields.  In this case the electric field lines will close on to themselves.)  Magnetic fields, on the other hand, are produced by charges in motion.  (We will also learn later that changing electric fields can create magnetic fields.)  An interesting consequence of the way magnetic fields are created is, unlike electric fields, they always close on to themselves.  (Demonstrations and discussions of this are given in 5g.)  (More about magnetic fields in 5n.)

The energy of fields.  Electric and magnetic fields contain energy and this energy can be determined by the amount of work required to establish the field.
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Although sketching three-dimensional representations of electric fields can be difficult, students can learn much from the attempt.  The illustration on the right is an attempt to show the electric field around a plus charged sphere.  When drawing the field lines the student should become aware that they spread out in all directions.  Some thought about the geometry of the situation might lead the student (with Faraday) to conclude that the intensity of the field must decrease with distance and might even see a reason for an inverse square law.
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Sketching the electric field around a long uniformly charged cylinder will help the student to appreciate that the lines can not spread equally in all directions.  The sketch on the right of a section of a long straight positively charged cylinder shows that from top view, the lines are spreading with distance but from side view the lines remain the same distance apart.  Again, an appeal to the surface area of a cylinder and some careful thought might help the student to appreciate that rather than having the field decrease with distance as an inverse square law, but that the decrease with distance is only as an inverse first power.  An interesting demonstration to help students see this fact is to use a light meter to measure the intensity of light as a function of distance from a small clear bulb and compare the result to that of a long fluorescent tube.





Top View





Side View
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The illustration on the left attempts to show a section of the electric field extending from a large uniform plane of positive charge.  (The plane would have to be infinite; otherwise the field lines would bend outward at the edges.)  This configuration has no room in three-dimensional space to spread.  Therefore, the field from a large plane of charge will not decrease with distance.








