Mapping an Electric Field

Purpose: To locate equipotential lines and map the electric field around a dipole.

Equipment: Three leads with stationary probes attached and one moveable lead with handle,  two wires, shallow container with marked grid, water, salt, galvanometer, graph paper.

Discussion: In this lab you will experimentally determine the electric field around a dipole. Two terminals from a power supply will be placed in a tub of saltwater and will represent the positive and negative charges of equal magnitude. Lines of current flow will be produced in the water, which are analogous to the electric field. Two probes will be used to locate equipotential lines, which are lines along which no current flows; i.e., no charge moves. The equipotential lines are perpendicular to the electric field lines at every point, so by finding the equipotential lines, we are indirectly able to sketch the electric field lines.

What are equipotential lines? We have learned in class that placing a charge in an electric field of strength E results in a force 

. If the charge is moved through the electric field, then it will take an amount of work 

, where 

 is the angle between the force and the displacement. If this angle is 90o, then no work is done. Moving continuously in a direction perpendicular to the force, or equivalently the electric field, no work is done. These paths are called equipotential lines. The electric potential difference from a point A to a point B is defined in terms of the amount of work done in moving a charge q from A to B (

) and is measured in volts. Thus, equipotential lines are lines for which the potential difference is zero. In this case no current will flow between such points.
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	1.  Work is done on a charge which is moved from point A to point B.

2.  No work is done on a charge moved from point A to point C.


Instructions: 

1. Cover the bottom of the plastic container with a thin layer of saltwater (about 7-10 mm). 

2. Place two of the stationary probes with their ends at the dark spots. The connecting wires will be attached to the power supply. These act as a positive and negative charges. The third stationary probe is attached to the galvanometer.

3. Mark the positions of the terminals on your graph paper, labeling them with a (+) and a (-). Place a line of about 6-8 dots along the length of your graph paper about two inches from a line connecting the terminal points. It is easiest to locate the corresponding points on your graph paper if these points are at the intersections of the heavy lines on the grid in the plastic tub. You will use these as the resting place for the third stationary probe and as the first point of your family of equipotential lines. Note: Each person is to do a graph.
4. Have the instructor check your setup before turning on the power.
5. Turn on the power and notice the behavior of the galvanometer as you move the non-stationary probe along the underwater grid. 

6. Search for points at which the galvanometer gives a zero reading. These points lie along lines of equal potential; i.e., equipotential lines. Each of the points is at the same potential as the stationary probe. Mark each point at the corresponding point on your graph paper. Do this until you have a half dozen, or so, points and location of these curves is clear. 
7. Repeat step 6 for the stationary probe located at each point of the line of reference points. 

8. Sketch the electric field lines on your configuration. You should first start with the line connecting the two charges (terminal locations). Then work your way out on either side of this line. Remember that each electric field line will intersect your equipotential lines at 90o. It might help to sketch small perpendicular lines where you expect the electric field lines to cross and then go back and connect these lines.

9. The potential difference for a given equipotential line is defined as the voltage difference between the negative terminal and that line. Assuming that the potential changes smoothly from 0 volts at the negative terminal to 5 volts at the positive terminal, label each equipotential line with its voltage. 

Questions: 

1. What is the area of highest potential?

2. The strength of the electric field is greatest where the electric field lines are closest together. Where is the electric field strength the greatest for your setup?
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