Name_____________________Box#______

Date______________________PER______

AP Physics C - Gauss’s Law and Potentials

Purpose: To apply Gauss’s Law and understand how the potential of concentric electrodes changes as a function of radius

Materials: 0-10 V Power Supply, Electric Field mapping Kit, Voltmeter

Theory: 
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 We can use this theory to calculate the electric field as a function of radius. We can then use the relationship: 
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to derive the potential at a distance from the center of the CYLINDERS or SPHERES. We can then compare the theoretical values to the experimental values obtained in the lab.

Below: Use Gauss’s Law to derive E(r) for cylindrical symmetry

Use Gauss’s Law to derive E(r) for spherical symmetry

Using the formula for potential difference, derive the potential V(r) for the Spherical and Cylindrical case.

Procedure:

1. Draw a small, solid circle (13/64 in if using the template = 0.0052 m for the radius) at the center of a single sheet of conducting paper using the silver ink pen.

2. Using a compass and a pencil, draw a circle around the first circle with a radius of about 7-8 cm.

3. Measure and record the exact radius of each circle.

4. Set the power supply to 10 V.

5. Place the conducting paper on the corkboard

6. Attach the positive electrode using a pin to the center circle.

7. Connect the ground (black) to the outer ring.

8. Connect the negative lead of the voltmeter to the outer ring as well. This will be your ZERO reference point.

NOW THAT YOU HAVE SET UP THE EXPERIMENT IT IS TIME TO MAKE A CHOICE. DOES THIS SET-UP SIMULATE A SECTION OF CONCENTRIC SPHERES OR CYLINDERS? MAKE YOUR CHOICE BELOW! CIRCLE ONE!

SPHERES


CYLINDERS

9. Using the positive lead from the voltmeter, touch along the positive x-axis (relative to your point of view) at least 1-cm away from the solid circle. Measure and record the voltage.

10. Repeat step 9 by placing the lead 2-cm from the solid circle. Repeat this procedure until you get to the outer ring, taking a measurement every 1-cm.

11. Repeat the procedure for each radii which lie in the x and y plane. You should have at least 4 measurements for the potential for each radius.

Radius of small solid circle ______________Radius of outer ring______________

	Displacement from Center
	Voltage

+X axis
	Voltage

-X axis
	Voltage

+Y axis
	Voltage

-Y axis
	AVERAGE

Voltage

	0.01 m
	
	
	
	
	

	0.02 m
	
	
	
	
	

	0.03 m
	
	
	
	
	

	0.04 m
	
	
	
	
	

	0.05 m
	
	
	
	
	

	0.06 m
	
	
	
	
	

	0.07 m
	
	
	
	
	


Calculations:

1. Using the derived equation V(r) for the sphere, the measured radius of the small solid circle (as “b”) and the outer ring (as “a”), and the voltage, calculate a “simulated” charge Q on the spheres.

2. Using the derived equation V(r) for the cylinders, the measured radius of the small solid circle and the outer ring as stated in #1 above, and the voltage, calculate a simulated linear charge density  on the cylinders.

3. Using our new values (Q &  determined above in our derived equations. Solve for the Voltage as a function of displacement for each displacement you used in the experiment. This displacement is represented as “b” in the equations you derived. “a” will always be considered the ring and “b” is the measurement relative to the ring. Therefore, solve for the voltage for each “b” value below. 
	Object
	V(0.01)
	V(0.02)
	V(0.03)
	V(0.04)
	V(0.05)
	V(0.06)
	V(0.07)

	Sphere
	
	
	
	
	
	
	

	Cylinder
	
	
	
	
	
	
	


Using Graphical analysis or any other graphing program. Make FOUR columns. Column1 is for your displacement, column 2 is for your experimental voltage, column 3 is for your sphere voltage, and column 4 is for your cylinder voltage. To make a new column choose DATA, NEW COLUMN, MANUALLY ENTERED. Then type in title and units.  Plot THREE Voltage vs. Displacement graphs on ONE graph. To do this choose GRAPH, X-axis options, choose the displacement. Repeat for Y-Axis option except click experiment, cylinder, and spheres. Going to DATA, COLUMN OPTIONS can even change the “color” of the lines. One will be from the experiment, the other two will be from the derived formulas.

Question:

Which of the two geometries does the circle-dot electrode configuration best represent? Explain why in detail. 
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