Parallel Plate Capacitance

Introduction:   

The capacitance of a parallel-plate capacitor is given by

 ,

where A is the plate area, d the plate separation,  the permittivity of free space, and  is the dielectric constant of the material between the plates.  For air, the dielectric constant is approximately 1.00.  This equation is expected to be valid if the distance between the plates is small compared to their size, and if the dielectric is homogeneous and completely fills the space between the plates.

Note that the dielectric constant of a material can be found by comparing the capacitance of a capacitor with the dielectric filling the space between the plates to the capacitance of an identical capacitor with no material (that is, a vacuum) between the plates.  (= C/C0), where C is the capacitance with dielectric and C0 is the capacitance without dielectric.
	
Procedure: 

Part I The parallel-plate capacitor

[bookmark: OLE_LINK1][bookmark: OLE_LINK2](1)	Use the Pasco parallel-plate apparatus and the capacitance meter for this part of the experiment.  Measure and record the diameter of each aluminum plate.  Calculate the plate area A.
	diameter = ± m   A = ± m2

(2)	Connect one lead from the meter to each aluminum plate.

Caution:  Do not allow the plates to touch one another while connected to the capacitance meter.

	Measure the capacitance C for plate separations d from about 1 mm to about 10 cm.  Fill in  Table I below.  Why are the separations not evenly spaced (e.g. 1 cm, 2 cm, 3 cm, …)?

Table I.  Capacitance of the Pasco parallel-plate apparatus with varying plate separation.

[image: ]

(3)	Plot C vs.1/d.  Explain what you would expect this plot to look like if the simple equation for a parallel-plate capacitor holds.  Comment on the actual appearance of your plot, and offer an explanation for any differences you may observe from the expected behavior.


(4)	Discard any points that do not follow the expected behavior (if needed).  Explain what these points had in common.  From the slope of the plot, deduce a value for .  Explain your method, and compare your result to the accepted value.

Part II.  Dielectric constants for several materials

(1)	Our next experiment is to construct a parallel plate capacitor and make measurements of C, A and d in order to calculate dielectric constant, . The parallel plates will be thick aluminum plates shown in the next picture. 
[image: plate_cap2]
	Measure and record the diameter of each aluminum plate.  Calculate the plate area A.
diameter = ± m 
    	A = ± m2
(2)	Carefully wipe the dust from a sheet of dielectric material.  Note the appearance of the material (opaque or clear, colored or colorless, etc.) so that you can distinguish the results for different materials later.  Insert the dielectric between the plates and press the plates together as closely as possible.  Measure the plate separation d by measuring the thickness of the dielectric.  Use the meter to measure the capacitance C with dielectric.
(3)	Calculate the dielectric constant  of the material.  Examine Table 25-1 on page 768 of your textbook.  See whether you can identify the material from the value of its dielectric constant.
(4)	Repeat for four different materials filling in Table II below.

Table II.   Measuring the Dielectric Constant of an unknown material.

[image: ]

Report:

(1)	Submit the graph described in the previous sections (C vs. 1/d for the parallel plate capacitor).  Include a short discussion of the information deduced from the graph.
(2)	Submit a table that summarizes your data on the dielectric constants of the solid insulating sheets.  Include a short discussion about the agreement between your measured values and accepted ones.
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