ELECTRIC FIELD LINES

In this lab we will examine the equipotential lines and electric field lines for some conductor configurations in two dimensions.  The basic technique is to use silver ink to draw conducting surfaces on conductive paper, hook up a voltage source to the conducting surfaces, and then measure the voltage at various points on the paper.  Review section 18.7 of the Physics textbook.

This lab is based on several theoretical principles: 

1) The electric field inside a conductor is everywhere zero.  If it were not, free electrons inside the conductor would feel this field and flow in such a way as to reduce it, soon to zero.

2) The potential is the same everywhere inside a conductor.  This follows immediately from 1.

3) A point where the electric field is not zero has a variable potential around it.  The potential increases going out in some direction and decreases in others.  The boundary between regions of increasing and decreasing potential will be a curve along which the potential neither increases nor decreases.  Such a curve is called an equipotential line.

Electric field lines are everywhere perpendicular to equipotential lines.  This is easy to see since no work is done on moving at constant potential.  Hence, there may be no component of the electric field in the direction of equipotential lines.  Electric field lines run in the direction of decreasing potential “downhill.”
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                                                 Fig 2. Electric dipole

Distributions of potential and electric fields around complicated charged objects can be difficult to calculate. It is possible to get a good visual representation by making an experimental potential field "plot" around a model of the distribution drawn on conducting paper. We will do this for four situations:

a) an electric dipole (see figure above)

b) a pair of parallel plates (as a capacitor)

c) a point and a line

d) a thunderstorm (cloud over the city)

The four situations must be "painted" onto the conducting paper before you start and it takes 20 minutes or so for the paint to dry. So as a preliminary step you should either prepare the drawings or at least make sure that the kit on your bench contains drawings which are good enough to use.
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Fig. 3 Plotter Arrangement




Once the paint is dry, place the conductive paper on a corkboard. Hook up the electrodes using magnets to keep them in place. See Fig. 3.

Apply a voltage of 2 – 10 V to the electrodes.

Begin mapping your equipotential field lines close to the negative terminal in intervals of 0.5 volt.

Since the equipotential field lines are perpendicular to the electric field lines, draw in the electric field line using a different marker or chalk.  

Questions to consider:

a) Can electric field lines cross?  Explain.

b) Would the maps look different if you use different voltages?  Explain.

c) For the different configurations:  Where is the magnitude of the electric field the strongest? The weakest?

d) What happens to the electric field at the edge of the plate region (at the fringes)?

