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Purpose:  This lab’s objective was to map equipotential lines in 4 different conducting field plates attached to the Overbeck Electric Field Mapping Apparatus.  The apparatus is a highly accurate device that uses the null method to find equipotentials.  The equipotentials lines of an electric field define its size and shape.

Equipment:  

1. Overbeck Electric Field Mapping Apparatus with four conducting field plates, two templates, field-mapping board, and U-shape probe

2. Quadrille or plain paper, 4 sheets, 8½” x 11”

3. Galvanometer, 2V to 12V DC power supply

4. Switch, DPST (double-pole, single throw)

5. Two power leads, red and black, with #14 (large) for terminals

6. One long connecting lead, blue, with #10 (small) for terminals

7. One connecting lead with one banana plug and one #10 fork terminal

8. Two connecting leads, red and black, with #10 fork terminals

Procedure:  

1. The Overbeck Electric Field Mapping Apparatus was setup according to the LAB sheet and four separate field plates were selected for this experiment.  The four  plates used were:

a. two points sources within a field

b. Faraday Pail and a point

c. point and a plate

d. parallel plate capacitor   

2. The first plate, two points sources within a field, was installed on the rear of the apparatus.  A template that resembles the plate was placed on the face of the apparatus over a piece of Quadrille paper.  The template was traced onto the Quadrille paper.  The template was removed and the U-shaped probe was used to find the electric field voids, six points were marked on the Quadrille paper for each of the E-2 through E-6 voltage settings and the design was filled in extrapolating on points that were drawn.  The location of the positive and negative connections were identified on the Quadrille paper as well as which equipotential lines corresponds to E-2 through E-6.

3. The second plate, Faraday Pail and a point, was installed on the rear of the apparatus.  A template that resembles the plate was placed on the face of the apparatus over a piece of Quadrille paper.  The template was traced onto the Quadrille paper.  The template was removed and the U-shaped probe was used to find the electric field voids, six points were marked on the Quadrille paper for each of the E-2 through E-6 voltage settings and the design was filled in extrapolating on points that were drawn.  The location of the positive and negative connections were identified on the Quadrille paper as well as which equipotential lines corresponds to E-2 through E-6.

4. The third plate, point and a plate, was installed on the rear of the apparatus.  A template that resembles the plate was placed on the face of the apparatus over a piece of Quadrille paper.  The template was traced onto the Quadrille paper.  The template was removed and the U-shaped probe was used to find the electric field voids, six points were marked on the Quadrille paper for each of the E-2 through E-6 voltage settings and the design was filled in extrapolating on points that were drawn.  The location of the positive and negative connections were identified on the Quadrille paper as well as which equipotential lines corresponds to E-2 through E-6.

5. The fourth plate, parallel plate capacitor, was installed on the rear of the apparatus.  A template that resembles the plate was placed on the face of the apparatus over a piece of Quadrille paper.  The template was traced onto the Quadrille paper.  The template was removed and the U-shaped probe was used to find the electric field voids, six points were marked on the Quadrille paper for each of the E-2 through E-6 voltage settings and the design was filled in extrapolating on points that were drawn.  The location of the positive and negative connections were identified on the Quadrille paper as well as which equipotential lines corresponds to E-2 through E-6.

6. Electric field lines were sketched on each of the four different Quadrille papers at 90-degree angles to each of the equipotential lines starting from the location of the positive connection to the negative connection. 

Data:  See packet.
Calculations:  

1. The electric field between two parallel plates graph was analyzed.  The equipotential lines that corresponds to E-2 through E-6 were labeled as follows:

a. E-2 9 Volts DC

b. E-3 7.5 Volts DC

c. E-4 6 Volts DC

d. E-5 4.5 Volts DC

e. E-6 3 Volts DC

2. A tiny positive test charge of 1μC (microcoulomb) was assumed to be placed at an arbitrary location on the E-4 6V equipotential line. 

3. Since this test charge has a positive potential, once it was released on the circuit it would travel to the negative pole of the power source.  This is because electricity travels from positive to negative.  The negative pole of the power source is a lower voltage potential than the location, E-4 6 Volts DC, that the test charge was implanted at.

4. The test charge has a voltage potential of 6 volts.

5. As the test charge passes through the next equipotential line at E-5 it would carry the voltage of 4.5 Volts DC.

6. The potential difference ∆V between E-4, 6 Volts DC, and E-5, 4.5 Volts DC, is 1.5 volts.
7. The electric potential energy U at E-4 is as follows:

1μC = 1 J/C

1 V = 1 J/C

U=qV

U=(1 J/C) ( 6 J/C)

U= 6 J/C

8. The electric potential energy U at E-5 is as follows:

U=qV

U=(1 J/C) ( 4.5 J/C)

U= 4.5 J/C

9. The electric potential energy of the test charge has decreased in going from 6 Volts to 4.5 Volts DC.

10. The kinetic energy of the test charge as it whizzes passed E-5 has been reduced because of the difference in voltage potential. 

11.  If the test charge were able to be stopped at the E-5 line of equipotential and held there then released, it would have the same force as if it were never stopped.  The test charge has a linear degradation as it moves from positive to negative.

12. The electric field at E-5 is lass than the electric field when it was inserted at point E-4.

13. An equation that represents the linear degradation of the electric field of the parallel plate capacitor is:

         EF = 12V – (1.5V * d) where d = the distance in cm from the positive lead.

14. This same equation could not be used for the other lines of equipotential from other plates.  This is because the other plates did not have equipotential lines that ran parallel to the two parallel plates.

15. The electric field strength can be represented in both SI units Newtons/Coulomb as well as Volts/meter.  The reason Volts/meter is selected here is because of the use of graph paper instead of other measuring devices that use the SI units.     

Conclusion:

The results of the experimental of mapping equipotential lines of 4 different conducting field plates was completed as expected.  The errors in mapping the electric voids had a limited amount of errors however; plotting six points does not constitute a line.   Six points are just six points that give a general direction.  Plotting the electric field lines had substantially more errors, because this was all done by hand estimating a 90-degree angle through the equipotential line.  One possible trouble with the power source was the fact that it was assumed to be providing twelve volts of direct current without any ripple, no calibrated test equipment was provided to verify.  Another possible issue was the use of a Overbeck Electric Field Mapping Apparatus that had no baseline to ensure that it was producing a facsimile a good reading.
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