Abstract:

A Galvanometer and a voltmeter along with the capacitor and resistor are used to find the E, which is the permittivity of the material between the two metal plates and the di-electric constant. An instructed procedure was followed to find the S, sensitivity of the galvanometer (in micro-coulombs per mm). The S is then utilized to determine the values of charge for each value of deflection of the Galvanometer. The sensitivity of the galvanometer (S) is discovered to be 1.64x10^-7     . The permittivity of the air was calculated to be 8.10x10^-12     . The actual value of E is 8.85 x10^-12  thus a percent error of 8.47% is produced. The di-electric constant is generated through the five sheets of paper and is discovered to be 1.42. This value is not accurate as the experimental error value is 57.0%. Couple of major factors which lead to such a high error were; the two parallel plates may have been on different levels; the plates may have too tight on sheets of paper. More voltage was required as more sheets of paper were incorporated in between the plates, hence, the distance between the plates decreased.

Introduction and Theory:
The Formula,

C=EA/D (1)

 represents a capacitor consisting of two parallel metal plates. The variable A represents the area of each plate in meters, d is the distance from the capacitor to the plates in meters and C is the capacitance in farad. The unknown E (        ), stands for the permittivity of the material between the plates. The formula (1) presented above, would be use to find both the permittivity of air with and without the five (5) sheets of paper. It is assume that the permittivity for air is same as the permittivity of vacuum, Eo.

The formula below gives us the dielectric constant, on which the experiment is based upon.


K=E/Eo  (2)

The dielectric constant , K, for sheets of paper is presented above. The E value is 8.85x10-12        while the Eo value can be found through equation (3),



Eo=m/A (3)

where m is the slope of the  Capacitance Vs 1/d graph and A is the same constant from equation 1.

The graph of Capacitance vs.1/d would require a value of capacitance which will be measured by charging the capacitor to a given potential difference, and then discharging it through the galvanometer. The Sensitivity of the galvanometer will be determined to find the charge, q. The deflection of the galvanometer is considered to be the same as the charge  sent to it. The Sensitivity can be found from,



S=C.V/deflection (4)

where V, is the potential difference of the voltmeter in volts. The deflection of the galvanometer is estimated and C is the actual value of 0.005x10^-6F. With known values of the charge(q) and the potential difference(V),  formula (5) is utilized to find the capacitance(C) of the charged capacitor.



C= q/v 

(5)

The experiment will use all the formulas above to find the effects of inserting dielectric materials such as sheet of papers between the plates of the capacitor. The effects will be observed by comparing the value of the capacitance for the parallel plate capacitor with and without material filling the volume between the plates.

Procedure and Observations:
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Figure 1: A schematic diagram of the system.
To carry out the experiment, six major apparatuses; a voltmeter, galvanometer, resistor, capacitor and two parallel plates were materialized. Parallel plates with venire scale were necessary. Six sheets of paper of different sizes but with same thickness were also required for the second half of the experiment. The Galvanometer is used to measure the charge on the capacitor plates. The voltmeter is used to measure the potential difference, in  volts(V). The actual value of the capacitor was 0.005x10-6F.

A charge on the capacitor plates was needed along with the potential difference (V) to determine the Capacitance. The Potential difference was found through the voltmeter and the charge of the capacitor plates is same as the sensitivity of the galvanometer 

The galvanometer range was set to DIRECT. The Capacitor was charged to a potential difference of 143V for ten seconds. With large resistance in place, the capacitor requires few seconds to charge properly. The Galvanometer was turned on, the highest value of the deflection on the first hit was recorded. The deflection was an estimate therefore,  an average deflection was derived from three more trials. With the variables C, V and deflection now known, formula 4 is exercised to find the sensitivity of the galvanometer. 

Substitute the standard capacitor with the Parallel plate capacitor. The two plates were brought very close but it was made sure that none of them had influence on each other. The Vernier scale measurement is considered the initial value of plate separation and is recorded in millimetres (mm). The plate separation was set to 0.5mm and the potential difference was increased(only if required) to give a reasonable deflection of the galvanometer. The Values of the plate separation, deflection and of the potential difference was recorded in a properly mannered table. Same process was done again but with plate separation set to 0.7mm, 0.9mm,1.7mm and 1.2 mm. The measured sensitivity of the galvanometer along with the deflection and the potential difference were used to find the capacitance. A graph of capacitance vs.1/d (d is the distance between the plates) i.e. was made so that a slope could be found. The slope, m, is divided by the area of the plates to determine the Eo, the permittivity of the air.

To obtain the dielectric constant for the paper a different approach was taken. One of the six sheets of paper was placed between the capacitor plates. The voltmeter was used similarly as before to create a reasonable deflection on the galvanometer. The same process was repeated for multiple sheets of paper up to six layers and the deflection, potential difference were recorded in another organized table. Another graph of capacitance vs. 1/d was plotted. The d is the  thickness of papers in mm. The slope of the graph was determined and divided by the area of the plates, to find the Eo, the permittivity of the air. With E and Eo recognizable the formula (2) was used to find the dielectric constant.
Data Analysis and Results:
The Sensitivity of the Galvanometer was required to find in order to learn the capacitance of each deflection. The formula 4 was used and the sensitivity of the galvanometer was determined to be 1.64x10^-7      . The Sensitivity was then used as a charge to find the Capacitance from formula 1 using the data below.  

Table1: Data of no material filling the volume between the plates.

	Distance
(mm)
	Voltage
(V)
	Deflection
(cm)
	Capacitance

(F)

	2.00
	600
	3.0
	8.2E-13

	1.43


	600
	2.4
	6.56E-13

	1.11
	600
	2.3
	6.29E-13

	0.91
	700
	1.3
	3.51E-13

	0.83
	700
	1.5
	3.05E-13
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Figure 2:  A graph of Capacitance vs. Distance without the material filling the volume between the plates.
The permittivity of air when no material is in between the plates is 8.10x10^-12        which produces a percent error of 8.47%. The slope 4.2x10^-13 was divided by the area to receive the permittivity of air. 
Table2: Data of sheets filling the volume between the plates
	Paper

	Voltage
(V)
	Deflection
(cm)
	Capacitance

(F)

	1
	700
	2.5
	5.86E-13

	2
	700
	1.5
	3.51E-13

	3
	800
	1.7
	3.49E-13

	4
	800
	1.2
	2.46E-13

	5
	800
	1.0
	2.05E-13
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Figure 3:  A graph of Capacitance vs. Distance with five sheets of paper filling the volume between the plates.
The di-electric constant is determined to be 1.42 and the percent error is 56.9%. The slope of 3.22 x 10^-13 was divided by the area and then by the actual constant dielectric, 1.42.  
Discussion of Results and Conclusion:

The permittivity of air calculated is in good range however, the dielectric constant is far away.  The Sensitivity of the galvanometer was determined to be 1.64x10^-7      . The value of sensitivity depended on the value of the capacitor, 0.005x10^-6F and the resistor. The small value of the capacitor along with the resistor caused the Sensitivity value to be low. The Analysis of further results falls into two parts which are discussed separately. First, is the data Table1, which consists the data without the material filling the volume between the plates. The trend observed from the table is that as the distance between the plates is increased; more potential difference is acquired thus causing the deflection on the galvanometer to decrease. The calculated permittivity of air, 8.10x10^-12     , makes sense as the actual value of permittivity of Vacuum is 8.85x10^-12     . An experimental error of 8.47% proofs that the Eo value is reasonable.

The dielectric constant of 1.42 is low and is not in good range. The trend in the data (collected in table2) indicates large amount of change in deflection each time a new sheet is added.   For instance, there is one meter difference in deflection between sheet one and sheet two. The percent error for the constant is 57.0%. The data in table2 is not consistent at all so it is very likely that experimental errors distorted our results. Some of the main experimental errors are; the two parallel plates may not have been exactly parallel to each other therefore causing disproportional results to occur.  This problem can be eliminated by checking the two parallel plates are on the same level when the vernier scale is zero. Closing the plates too tight on the sheets of paper might have blocked the air. This problem could have been eliminated by closing the plates until the sheets are snug. 
