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Electric Field Line Mapping
w/ Equipotential Lines
Equipment Needed
Electric Field Apparatus Conductor Plates, Asstd.
Electric Field Apparatus Conductor Probes

Electric Field Apparatus Water Tank

Paper, Graph Laminated

Paper, Graph Unlaminated

Power Supply, Fisher-EMD S44175-1 Battery Eliminator
Cup, Plastic Measuring

Lead, Banana/Banana Jack (3-4)

Multi-Meter, Digital (DMM)

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
One way electric field lines are mapped is by placing a positive test charge at many locations in space.  At each location we measure the force vector F that the test charge experiences.  We divide this by the test charge magnitude to obtain[image: image2.png]E=F/,



.  So at each location tested we have a vector, similar to a wind-speed map used by weather professionals.  The E-field lines could be visualized by releasing the test charge and observing its initial direction of motion.
Another way electric field lines can be mapped is by mapping places of constant electric potential energy.  We will find that the E-field lines are everywhere perpendicular to these lines of constant electric potential (energy).  This is easily visualized with an analogous situation.  You are given a small-scale model of a smooth hill.  You then draw smooth lines around the hill connecting places with the same elevation.  These lines can be visualized by imagining the hill being slowly flooded by water.  The water line around the hill will be at the same height everywhere at any given time.  These equal height lines are also equal potential lines since the gravitational potential energy depends only on the height 
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.
The net force lines in the hill example could be mapped by placing an inked marble at many locations on the hill and releasing it.  You would find that the marble would make ink tracks that are, initially at least, perpendicular to the equipotential lines you had drawn.  Knowing this fact ahead of time, you could have drawn in the ink track “g field” lines without benefit of letting the marble roll down the hill.
We will follow the equipotential method to find our “E field” lines.  The only difference is that the potential energy in question is not due to height differences.  Instead, the potential difference is supplied by a dc-battery eliminator that “raises” one electrode (+), while “lowering” the other electrode (-).
Instead of using water to mark the equipotential lines, we will use a voltmeter to look for difference in electric potential with a Digital Multimeter (DMM).  When the two probes are positioned so that the DMM reads 0.0VDC, we know that the two points are at equal electric potentials.  By keeping one of these electrodes at one location, the other can be moved around finding many locations that have the same electric potential as the electrode at rest.  These points can then be connected with a smooth line that will be an equipotential line (if you cannot visualize a smooth line connecting your points then you did not map out enough points).  This procedure can be repeated after moving the electrode that was held at rest and repeating the process of finding more points at the same potential as the new at rest location.
When finished, draw smooth equipotential lines through all you data points.  Then draw smooth lines that begin and end with electrodes and that are everywhere perpendicular to the equipotential lines.  These E field lines are the paths in which a positive test charge would move if it were left free to move.
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 unlaminated 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 unlaminated graph paper 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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