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Equipotential Surfaces

And

Electric Field Lines
Equipment Needed
Power Supply, Fisher-EMD S44175-1 Battery Eliminator
Cup, Plastic Measuring

Electric Field Apparatus, Conductor Plates
Electric Field Apparatus, Conductor Probes
Electric Field Apparatus, Water Tank
Paper, Graph Laminated for Electric Field Lines
Paper, Graph Unlaminated for Electric Field Lines
Lead, Banana/Banana Jack (3-4)

Multi-Meter, Digital (DMM) Wave Tech 15XL
Terminology
equipotential line: a line connecting all places that have the same potential energy.
electric field line: a line parallel to the direction of the electric field all along its path. These lines are perpendicular to the equipotential lines.
Overview
You will experimentally determine a set of equipotential lines around various charged objects.  The analysis of your data will include drawing electric field lines corresponding to the equipotential lines.
Introduction
We know that if we integrate the electric field along a contour that is aligned with the direction of the electric field the average field between two points is given by
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Equation 1

where 
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 is the potential difference between the two points and 
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 is the distance separating the two points.  Thus by measuring the distance separating two points and the potential difference between two points, we can determine the magnitude of the average field between those points provided the electric field is everywhere aligned with the path of integration.

The direction of the electric field will be obtained by determining the direction perpendicular to the equipotential surfaces.  In order to accomplish our goal we will make use of an important property of conductors:  a good conductor is always itself an equipotential.  We can understand this from several points of view.  First, we know that the electric field inside a conductor is zero.  From
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Equation 2

we see that potential difference between any two points in a conductor is zero.  Second, we can understand the result physically, since whenever there is a potential difference between two points work can be done to move a charge.  If a potential difference exists inside a conductor, then the charge will move in response to it until the potential difference disappears.

Accuracy
You should accurately represent graphically the locations of each equipotential point.
Procedure
1. Place the water tank on top of the laminated piece of graph paper.
2. Place two metal plates in the water tank.
3. Draw an identical layout of the plates on your graph paper.  It is important that your drawing be as accurate as possible.
4. Be sure that each graph has the same corresponding reference numbers.
5. Add just enough water to wet the plates and the entire bottom of the tray.  (Use the shallowest amount of water that contacts the plates all around.  It can overrun a plate a little.)
6. Set the power supply at zero, and in the off position.  Connect the metal plates to the power supply, one to (+), and one to (-), using the conductor probes as shown in Figure 1.
Figure 1
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7. Set the power supply at six volts.
8. Place the black voltmeter probe on the negative plate.
9. Using the red voltmeter probe, find enough places in the water where the voltage is 1.0 V, that you can draw a smooth curve through them (not straight lines).  You should go beyond the width of your electrodes.
10. Repeat the above step for 2.0, 3.0, 4.0, and 5.0V, as measured by the red voltmeter probe. Next, test all points on the plate not attached to the black probe.  Are they all the same value?  Write this value on your graph on the corresponding plate.
11. Repeat the process for another, different set of metal plates.
Analysis
Each lab partner must individually do the following:
Using the graph provided.one whole graph page per configuration, perform the following.
1. Draw smooth equipotential lines through each set of equipotential points acquired in the procedure above.
2. Draw smooth electric field lines that always intersect the equipotential lines perpendicularly.
Electric Field Line Mapping
Name_________________
Report:
1st page: This page completed.
2nd page: First graph completely analyzed.
3rd page: Second graph completely analyzed.
Questions:
1. On your first graph draw a line from plate to plate down the central axis.  Find the intersecting point where an equipotential line has the lowest value.  Place a heavy clearly legible dot there.  Label this point LOW. Next find the intersecting point where the equipotential line has the highest value.  Place a heavy clearly legible dot there. Label this point HIGH.
What is the LOW value equipotential line?  _________________
What is the HIGH value equipotential line?  _________________
2. Repeat question 1 above for your second graph.
What is the LOW value equipotential line?  _________________
What is the HIGH value equipotential line?  _________________
3. If the electric potential is the same at two different points, is there a net current flowing between these points?  Explain.
4. From Graph 1, calculate the electric field strength from plate to plate.  Use the central axis line that goes through the ‘Low Point’ and the ‘High Point.”  Show your work.

5. From Graph 1, calculate the electric field strength from the ‘Low Point’ to the ‘High Point.’  Show your work.

6. What conclusion can you draw from the values you got in Questions 5 and 6?

7. If the electric field is 4.00 V/m in a region of space, what separation would produce a 1.00 V potential difference?
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