California Physics Standard 5k*  
          Send comments to:  layton@physics.ucla.edu
5.  Electric and magnetic phenomena are4 related and have many practical applications.  As a basis for understanding this concept:

k.* Students know the force on a charged particle in an electric field is qE, where E is the electric field at the position of the particle and q is the charge of the particle.

This is nothing more than a restatement of the definition of electric field intensity. (See the second paragraph in 5j.)  Students may be helped to understand the definition of electric field intensity if you once again discuss the definition of “gravitational field intensity”.  The gravitational field intensity is the ratio of the gravitational force on a mass (in other-words, its “weight”) to its mass or, g = FG/m.  The gravitational field intensity varies as you move away from the surface of the earth.  The gravitational field intensity on the surface of the moon is about one sixth as much as on the surface of the earth.  Another name for the gravitational field intensity is “the acceleration of gravity” but the important idea here is that it is the ratio of the gravitational force on an object, to the mass of the object.

Likewise, the electric field intensity is the ratio of the electric force on an object to the charge of the object.  E = FE/q.  This means that if there is an electric field somewhere in space, if we place a “test charge” at that point in space, it will experience a force and the ratio of that force to the charge is the electric field intensity.  Electric field intensity is measured in newtons/coulomb.  (There is no single name for this unit.  Also, often the electric field intensity is simply called the electric field, E.  Finally, there is no simple equivalent alternate physical idea of the electrical field intensity as “acceleration of gravity” was to the “gravitational field intensity”.)

Example problem involving accelerating charges in an electric field:
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Find the acceleration of the negatively charged object and its velocity when it reaches the positive plate.  

Finding the acceleration:  F = qE = ma, or a = qE/m  

Finding the velocity could be either done by kinematics or work to kinetic energy.  Using the latter approach, the work done on the charged object will equal its kinetic energy when it reaches the positive plate.  That is, work = Fd = Eqd = 1/2mv2  Or, solving for v, 

                   _______   

         v =  √ 2Eqd/m
�





Two charged plates have an electric field between them of magnitude E.  A small negatively charged object of charge q and mass m is released very near the negative plate and accelerates to the positive plate a distance d. 





This probably sounds like a pretty abstract and useless problem but it might have more meaning if the charged object is identified as an electron (charge and mass can be easily found) and the two plates are a part of the electron gun structure in an (old) cathode ray tube television set.  Although the Standards decide not to stress the important relationship between the voltage across parallel plates and the electric field between them, it is easy to show that V = Ed.  In the TV tube, V = 10,000 volts and d = 2cm.








