

Capacitance Lab II  SP222

Introduction:   

The capacitance of a pair of long, concentric cylindrical conductors is given by


 ,

where a is the radius of the inner conductor, b the radius of the outer conductor, and L the length of the cylinders.  This equation is expected to be valid if L is much greater than (b-a).
[image: coaxla]
Procedure:

Part I.  The cylindrical capacitor (coaxial cable)

(1) Measure the length L (in feet) and capacitance C (in pF) of several pieces of coaxial cable available in the lab.  Fill in the table.  
Measuring Capacitance per meter for a coaxial cable.

[image: ]

(2) Also measure and record the radii of the inner (r = a) and outer (r = b) conductors in the coax with their uncertainties.
				a = ± m 
    				b = ± m

(3) Plot C vs. L for the coax.  From your plot, determine a value for the capacitance per unit length of the coax.  Explain how you did this.  Use the deduced value of C/L and your measured values of a and b to find the dielectric constant of the material between the coaxial conductors.  Explain your method and calculations to arrive at the value of .  Attempt to identify the dielectric material.

(4) In the table entitled “Often used coaxial cable types” at http://www.epanorama.net/documents/wiring/coaxcable.html  try to find the type of coax you used.  Compare your value of C/L with the table value.

Part II.  Series and parallel capacitors.

(1) Pick two capacitors with different capacitance values. And measure their capacitance with the meter.

C1= ± F 
C2= ± F

(2) Place the two capacitors in series.  What is the predicted capacitance?  What do you measure?

					Cpredicted= ± F 
					Cmeasued= ± F 


(3) Place the two capacitors in parallel.  What is the predicted capacitance?  What do you measure?

					Cpredicted= ± F 
					Cmeasued= ± F 

Part III.  Force between capacitor plates (one group at a time)  

Each plate of a parallel-plate capacitor should attract the other one with a force that is equal to the charge on one plate times the field due to the charge on the other plate.  You can measure this force by supporting one plate on an electronic balance and observing the apparent change in its weight as it is attracted to another plate suspended above it.  

(1)	Record the scale reading for a range of voltages from 0 to 3 kV.  Calculate the attractive force for each voltage.



(2)	Plot the force F vs. the square of the voltage V2.  Does your plot support the view that the force on the lower plate is due to the field of the upper one; that is, a field of magnitude /(2)?  Deduce a value for  from the plot, and compare it with the accepted value.

Part IV.  Dielectric constant of air (one group at a time)   

The capacitance of a capacitor with air between the plates is very slightly greater than the capacitance if the air is removed.  You can investigate this by placing the capacitor in a bell jar and removing the air with a vacuum pump.  Of course, it will not be possible to remove all of the air, so you will have to measure the capacitance for several different pressures and extrapolate to find the capacitance at zero pressure.

(1)	Measure the capacitance C of an air-gap capacitor as a function of absolute air pressure P down to as low a pressure as you can reach with the apparatus.

(2)	Plot C vs P, and use the extrapolated value for capacitance at zero pressure and the value of capacitance at room pressure to calculate the dielectric constant of air.  How does your value compare with the accepted value for dry air?


Demonstration: Polar dielectrics  

De-ionized water is a reasonably good insulator and has a very high dielectric constant.  A water-filled capacitor should therefore have a much higher capacitance than an identical air-filled one.  The polarizability of a material (like water) will generally change as the physical state of the material changes.  You can investigate this by freezing the water while it is between the capacitor plates and observing the change in capacitance.

(1)	Measure and record the capacitance of a small parallel plate capacitor filled with air, then with distilled water, and finally with ice.

(2)	Calculate the dielectric constants of water and ice.  Explain the basis for the large difference in the dielectric constant of water and that of ice.  It is important to realize that the capacitance meter used in this demonstration actually measures capacitance by applying an alternating-current signal to the capacitor.  The one-microsecond-long period of this signal allows time for the polar water molecules in liquid water, but not in ice, to reorient.  Larger effective polarizations would be possible at lower signal frequencies.

Report:

(1) Submit the graphs described in the previous sections (C vs. L for the coaxial cable, F vs. V2 for the parallel plate demo, and C vs. P for the dielectric constant of air demo).  With each graph, include a short discussion of the information deduced from the graph.

(2)	Did the series and parallel capacitors perform as expected?  Show the calculation of predicted capacitance in both cases, including your uncertainty calculation.
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