Physics 201L

Capacitance and Dielectric Constant of Different Materials
Objective: 
In this experiment, we will investigate the parameters that affect the capacitance of a parallel-plate capacitor and we will explore the different groupings of capacitors. In addition to examining the capacitance of coaxial cables. 
Equipment:

Parallel plate capacitor, LCR meter, plastic plate, connection box, connecting cords, three PEK capacitors, and two coaxial cables.
Theory:
A capacitor is a device that can store and deliver electrostatic energy. Capacitors consist essentially of two parallel conductive surfaces separated by a dielectric (figure1) and are mainly used as radio receivers, noise filters, motor starters, and for signal coupling…
A capacitor can be charged by creating a potential difference ΔV across its terminals. The measure of the amount of charge stored on each plate for a specific potential difference ΔV is known as the capacitance C. Thus, C=Q/ ΔV where C is expressed in Farad.
And the electric field that exists between the parallel plates is E= ΔV/d where d is the distance between the plates. If the surface charge density is σ, then Gauss’s law yields: E=σ/ є0 (є0 is the permittivity of free space and is equal to 8.85х10-12 C2/Nm). And the total charge on the plate is Q=σA where A is the plate area. Consequently, the capacitance is given by C= є0A/d.
If a sheet of dielectric is inserted between the two plates, then it is necessary to multiply є0 with the dielectric constant k of the material (k=1 for vacuum). The capacitance is then given by C= kє0A/d.
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Figure 1

A coaxial cable (figure 2) is one type of capacitors that consists of two conductors with a common axis. The inner conductor is typically a straight wire and the outer conductor is typically a shield or a foil. For a cylindrical geometry like a coaxial cable, the capacitance is expressed as capacitance per unit length. The charge resides on the outer surface of the inner conductor and the inner wall of the outer conductor. The capacitance is expressed as:  C/L=2πє0k/ln[b/a]
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                                               Figure 2
The equivalent capacitance can be calculated according to the following equations:
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                                  Capacitors in series: 1/Ceq=1/C1+1/ C2+1/ C3+…
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                                  Capacitors in parallel: Ceq=C1+C2+C3+…
Procedure:
A-Capacitance as a function of plate separation d
1. Measure using a Vernier caliper the diameter of the plates of the capacitor.
2. Connect them to the capacitance meter and record the reading. Vary the distance between the plates in steps of 0.5 cm and record each new capacitance reading, along with the corresponding plate separation. 
3. Unplug the wires from the parallel plates, but keep them in the meter. Note the capacitance reading and consider this stray capacitance when you analyze your data.

4. Plot a graph of C versus 1/d, calculate є0 from your graph and compare with the literature value.

B- The effect of dielectric materials on capacitance

1. Insert the plastic plate between the parallel plates so that both plates are touching it.

2. Record the capacitance and the distance d between the plates.

3. Remove the slab without changing the distance between the plates and record the new value of the capacitance to find dielectric constant of plastic.

C- Capacitors in series and parallel

1. Connect the capacitors on the connection box in the different configurations mentioned in the table. 
2. Using the values of the individual capacitors, calculate the expected equivalent capacitance for the different combinations and compare with the measured values. Comment.
D- Coaxial cables
1. Measure the length of two coaxial cables and determine their capacitance per unit length.

2. Connect the coaxial cable to the LCR meter and measure its capacitance.

3. Using a female-female BNC connector, join the two cables and measure their equivalent capacitance. Comment.

4. Find the dielectric constant of the RG58 coaxial cable.
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A-Capacitance as a function of plate separation d
· Fill the Table (2 pts)
Area of plate A= _______  +
	Capacitance C  +
	Plate Separation 

d  +
	1/d
	Capacitance C  +
	Plate Separation 
d  +
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· Plot a graph of C versus 1/d.Using linear regression, calculate є0 from your graph along with its error and compare it with the literature value. Comment. (2 pts)
B- The effect of dielectric materials on capacitance:

· Fill the table: (1 pt)
	Plastic Plate

	Seperation=                      +

	 Cdielectic=                           +

	Cfree space=                          +

	Cdielectic/ Cfree space=            +


· Find the dielectric constant k of the plastic plate along with its error using the theory of propagation of errors. Comment. (Show calculations) (1 pts)
· Deduce the effect of dielectric material on capacitance. (0.5 pts)
C- Capacitors in series and parallel 
· Tabulate your results (1.5 pts)
 Nominal values: C1=__________ +
                           C2​= __________ +
                           C3=__________  +
	
	Measured Value
	Calculated Value

	C1
	
	

	C2
	
	

	C3
	
	

	C1 // C2​
	
	

	C1 // C2​ // C3
	
	

	C1 § C2​
	
	

	C1 § C2​ § C3
	
	

	C1 § (C2​ // C3)
	
	

	(C1 § C2​) // C3
	
	


· Compare the measured values to the calculated values and comment on the possible sources of error. (0.5 pt)
D- Coaxial cables 

· Record your values in the table: (0.5 pts)
Length of cable 1=             +                       Length of cable 2=            +
Capacitance of adaptor=             +
	
	Capacitance with adaptor
	Capacitance without adaptor

	Cable 1
	
	

	Cable 2
	
	

	Cable 1+Cable 2
	
	


· Are cable 1 and cable 2 in their last configuration connected in parallel or in series? Justify your answer. (0.5 pts)
· Find the dielectric constant of the RG58 coaxial cable (diameters ratio: b/a=2.97) (0.5 pts) 

Can you tell what is the dielectric material inside the cable? 
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