Physics 211L

Capacitance and Dielectric Constant Measurement

(A) Unknown capacitors and combination

Nominal Values:  Cx:_0.47 ± 10٪ nF__    Cy:__2.22 ± 10٪ nF _  Cz:__56 ± 10٪ nF _
Note the manufacturer’s rated tolerances
	
	Measured Value, 

Cm  (nF)
	Calculated 

(From measured values) (nF)

	Cx
	0.451
	------

	Cy
	2.537
	------  

	Cz
	56
	----           ----

	Cx§Cy§Cz
	0.386
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	Cx§Cy
	0.383
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	Cy§Cz
	2.268
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	Cx§Cz
	0.452
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	Cx//Cy//Cz
	58.82
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	Cx//Cy
	2.81
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Cx+Cy=2.808

	Cx//Cz
	56.46
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Cx+Cz=56.451


	Cy//Cz
	58.06
	[image: image19.png]


58.357

	Cx§(Cy//Cz)
	0.45
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	(Cx§Cy)//Cz
	56.4
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=56.379



	Cx//( Cy§Cz)
	2.72
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You must use the measured value for Cx, Cy and Cz in your calculations (§ indicates a series connection while // indicates a parallel connection). Comment on your results; agreements must be noted and discrepancies explained.
Parallel:

Measured value:   Ceq =Cx//Cy//Cz = 58.82×10-9 F

Calculated value:  Ceq=Cx//Cy//Cz=58.808 ×10-9 F     

Series:

Measured value:   Ceq=Cx§Cy§Cz=0.386 ×10-9 F

Calculated value:  Ceq=Cx§Cy§Cz=0.376 ×10-9 F

As we notice from above the calculated values are close to the measured one.

We notice also that the value of the equivalent capacitance in parallel is greater than that in the series connection.

	
	Measured Values
	Uncertainty on values

	Diameter D
	15.1 × 10-2 m
	0.0005 

	Separation d (spacer )
	0.016 × 10-2 m
	0.00000127 

	Capacitance C0 (calculated)
	0.99 nF
	0.000007654

	C0 (measured)
	0.738 nF
	0.001

	Cd (meas. W/dielectric)
	1.225 nF
	0.001


Use the measurements of the diameter and the separation to calculate the value of C0. How does this value compare to the measured one? 
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The value of the calculated capacitance Co is close to the value of the measured capacitance Co. 

Find the dielectric constant (ε/ε0) of the material used and its uncertainty using the theory of propagation of errors. 
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αk= 0.001
Dielectric constant of paper:
Repeat the above measurement for a sheet of paper from your notebook

	
	Measured Values
	Uncertainty on values

	Diameter D
	15.1 × 10-2 m
	0.0005 m

	Separation d (spacer )
	0.0106 × 10-2 m
	0.00000127 m

	Capacitance C0 (calculated)
	1 nF
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	C0 
	1.858 nF
	0.001

	Cd (meas. W/dielectric)
	4.105 nF
	0.001
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αk= 0.0406

(C)   Coaxial cables

You will possibly get two types of cables with the following specs (dimensions are in inches):

	Cable
	Inner conductor

diameter (a)
	Shield

inner diameter (b)
	Outer diameter

	RG 174
	0.018
	0.061
	0.110

	RG58
	0.037
	0.110
	0.195


	
	Length (m)
	Capacitance with adapter (F)
	Capacitance

Without adapter
	Capacitance/length (F/m)

	Cadapter
	--------
	0.004 nF
	----------
	  --------     --------

	Cable #1 _RG. 58_
	1.01
	0.106 nF
	0.102 nF
	1.0099 ×10-10

	Cable #2 _RG. 174_
	1.05
	0.014 nF
	0.01 nF
	9.5238 ×10-12

	Cable 1 + Cable 2
	--------
	0.132 nF
	0.128 nF
	----------------------


Determine from your measurements the dielectric constant of the material used in each of the two cables.
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RG. 58:   k= 1.9798

RG. 174: k= 0.209
Upon connecting the two coaxial cables with the BNC connectors, can you tell whether the cables in parallel or in series? Explain.

If in parallel, Ceq= 0.12 nF

If in series, Ceq= 0.0091 nF

C of cable 1 + cable 2 = 0.128 nF

Comparing the value of the capacitance measured upon connecting the cables together, we realize that the cables are connected in parallel (the parallel total capacitance is close to the sum of the capacitance in each wire)










































= 0.000007654
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