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PHYS                		 	Date:  –

Name:  
Part 1 – Energy stored in the capacitor versus Voltage
Data Table 1.
· Separation, d = _0.005__________ m
· Plate Area, A = ___400________ m2
· Capacitance,  7.08 x10-7 F [Please show your calculations for this value]
	Trial
	Potential difference ∆V (0.1–1.5 V)
	Charge Q 
	Stored Energy 
U
	V2  
	Q2 

	
	(V)
	(C)
	(J)
	(volt)2
	(C2)

	1
	0.176
	1.25 x 10-13 
	0.11 x 10-13 
	0.03098
	1.5625 x 10-26

	2
	0.214
	1.5 x 10-13 
	0.16 x 10-13
	0.04580
	2.25 x 10-26

	3
	0.403
	2.85 x 10-13
	0.57 x 10-13
	0.1624
	8.1225 x 10-26

	4
	0.781
	5.53 x 10-13
	2.16 x 10-13
	0.6996
	3.0581 x 10-25

	5
	0.933
	6.61 x 10-13
	3.08 x 10-13
	0.8705
	4.36921 x 10-25

	6
	1.462
	10.36 x 10-13
	7.57 x 10-13
	2.1374
	1.0733 x 10-24



1. Use Excel to plot the stored energy U vs. the square of the potential difference V2.  The graph should turn out linear.

2. Use the equation , to determine C0 from the slope of the graph.  Make sure that your graph has the following information: chart title, y-axis title, x-axis title, trendline, and trendline equation
The equation of the graph from the graph is y = 3.5385x – 0.0526
From equation ,
U (10^-13) J
slope = m = 3.5385 = 1/2 *C
Co = 7.077 * 10-13 F
3. Compare this value of C0 with the C0 value at the top of the table and calculate the percentage error.  Please show your calculations in your lab submission.
Percentage error = (theoretical C0 - C0 from the data)/theoretical C0 *100
= (7.08 x10-7 F - 7.08 * 10-13 F)/ 7.08 x10-7 F *100
= 99.99%
4. Then use Excel again to plot the relationship between the stored energy U vs. the square of the charge Q2.  Make sure that your graph has the following information: chart title, y-axis title, x-axis title, trendline, and trendline equation
5. Use the equation, to determine C0 from the slope of the graph.  
From the graph, the equation is y = 7.0532x -1E-04
Slope = 7.0532 x 10-24

U (10-13) J

Q^2 (10-24) C^2

m= 1/(2C)
7.0532 x 10-24 = 1/2C
C = 7.0889 x 10-22 F
6. Compare this value of C0 with C0 in the top of the table and calculate the percentage error.  Please show your calculations in your lab submission.
[Insert your graphs and calculations here or attach them to your lab submission]


Percentage error = (theoretical C0 – calculated C0)/theoretical C0 *100
= (7.08 x10-7 F - 7.0889 * 10-22 F)/ 7.08 x10-7 F *100
= 100.00%




Part 2 – Dielectrics and Capacitance
Data Table 2.
· Separation, d = ___0.008________ m
· Plate Area, A = __202.5_________ m2
· Capacitance,  2.2402 x 10-7 F [Please show your calculations for this value]
	Trial
	Dielectric Constant
K
	Capacitance (F)
C

	1
	1.0
	2.24 x10-13

	2
	1.5
	2.57 x10-13

	3
	2.0
	2.90 x10-13

	4
	2.5
	3.24 x10-13

	5
	3.0
	3.57 x10-13

	6
	3.5
	3.90 x10-13


1. Use Excel to plot the new capacitance C against increasing dielectric constant K.  This graph should also be linear.  Make sure that your graph has the following information: chart title, y-axis title, x-axis title, trendline, and trendline equation  
2. Use the equation , determine C0 and compare it to the original value without the dielectric.  Calculate the percentage error with C0.  Please show your calculations in your lab submission.
[Insert graphs and calculations here or attach them to your lab submission]

 
Equation of the graph is y = 0.6651x + 1.5734
slope = 0.6651 x 10-13
C0 = C/K
At K = 1.0, C = 2.24 x 10-13F
C0 = (2.24 x 10-13 F) /1/0
C0 = 2.24 x 10-13 F
Percentage error = (theoretical C0 – calculated C0)/theoretical C0 *100
= (2.24 x 10-7 F - 2.24 x 10-13 F)/ 2.24 x 10-7 F *100
= 99.99%







Part 3 – Dielectrics and Capacitance (Battery Connected) 

Data Table 3.
· C0 = _2.24 x 10-13 F
· Q0 = _3.35 x 10-13 C
· U0 = _2.52 x 10-13 J
· V0 = _1.5 V
	Trial
	Dielectric Constant
K
	Capacitance C 
	Stored Energy
U 
	Plate Charge Q 
	Potential Difference
V 

	
	
	(F)
	(J)
	(C)
	(Volt)

	1
	1.0
	2.24 x 10-13
	2.52 x 10-13
	3.35 x 10-13
	1.5

	2
	1.5
	3.35 x 10-13
	3.76 x 10-13
	5.02 x 10-13
	1.5

	3
	2.0
	4.48 x 10-13
	5.04 x 10-13
	6.72 x 10-13
	1.5

	4
	2.5
	5.60 x 10-13
	6.30 x 10-13
	8.40 x 10-13
	1.5

	5
	3.0
	6.71 x 10-13
	7.55 x 10-13
	10.06 x 10-13
	1.5

	6
	3.5
	7.84 x 10-13
	8.82 x 10-13
	11.76 x 10-13
	1.5


1. Analyze the data above and answer the following questions. Create the following graphs to help you explain relationships between variables.  Make sure that each graph has the following information: chart title, y-axis title, x-axis title, trendline, and trendline equation  
· Capacitance vs. Dielectric Constant [w/ battery connected]
· Stored Energy vs. Dielectric Constant [w/ battery connected]
· Plate Charge vs. Dielectric Constant [w/ battery connected]
· Potential Difference vs. Dielectric Constant [w/ battery connected]
Attach your graphs below.
[Insert graphs here or attach them to your lab submission]




2. How does the dielectric constant affect capacitance?  Please describe your observation or graph in at least two complete sentences.
As dielectric constant increases, the capacitance increases at a rate of 2.24. The relationship between the two variables is perfectly linear.

3. As the dielectric constant increases, how does the total stored energy change?  Please describe your observation or graph in at least two complete sentences.
As dielectric constant increases, the total stored energy increases at a rate of 2.5217. The relationship between the two variables is direct and linear.
4. As the dielectric constant increases, how does it affect the amount of charge stored on the plate?  Please describe your observation or graph in at least two complete sentences.
As dielectric constant increases, the amount of charge stored on the plate increases at a rate of 3.3629. The relationship between the two variables is direct and linear.

5. Does the dielectric constant affect the potential difference across the plates?  Yes or no?  Please describe your observations and try to hypothesize a reason for your observations in at least two complete sentences.
No, the dielectric constant does not affect the potential difference across the plates. As long as the total charge keep increasing, the potential difference across the plates is not significantly affected by the changes in dielectric constant.





Part 4 – Dielectrics and Capacitance (Battery Disconnected) 
Data Table 4.
· C0 = 2.24 x 10-13 F
· Q0 = _3.35 x 10-13 C
· U0 = __2.52 x 10-13 J
· V0 = _1.5 V
	Trial
	Dielectric Constant
K
	Capacitance C 
	Stored Energy
U 
	Plate Charge Q 
	Potential Difference
V 

	
	
	(F)
	(J)
	(C)
	(Volt)

	1
	1.0
	2.24 x 10-13
	2.52 x 10-13
	3.35 x 10-13
	1.5

	2
	1.5
	3.36 x 10-13
	1.67 x 10-13
	3.35 x 10-13
	1.003

	3
	2.0
	4.48 x 10-13
	1.26 x 10-13
	3.35 x 10-13
	0.749

	4
	2.5
	5.60 x 10-13
	1.00 x 10-13
	3.35 x 10-13
	0.599

	5
	3.0
	6.72 x 10-13
	0.84 x 10-13
	3.35 x 10-13
	0.499

	6
	3.5
	7.84 x 10-13
	0.72 x 10-13
	3.35 x 10-13
	0.428
















1. Analyze the data above and answer the following questions. Create the following graphs to help you explain relationships between variables.  Make sure that each graph has the following information: chart title, y-axis title, x-axis title, trendline, and trendline equation  
a. Capacitance vs. Dielectric Constant [w/ battery disconnected]
b. Stored Energy vs. Dielectric Constant [w/ battery disconnected]
c. Plate Charge vs. Dielectric Constant [w/ battery disconnected]
d. Potential Difference vs. Dielectric Constant [w/ battery disconnected]
Attach your graphs below.
[Insert graphs here or attach them to your lab submission]





2. Now compare these set of four graphs to the counterparts in Part 3 when the battery is still connected.  Which physical quantities are now inversely related to the dielectric constant?  Why is this so?  Try to explain your observations in at least two complete sentences.
Potential difference and Stored energy are inversely related to dielectric constant. The potential difference decreases because there is no source to replenish the polarized charges.

3. Which physical quantity stayed the same when the battery is disconnected?  Try to hypothesize why you think it did in at least two complete sentences.
Capacitance was not affected when the battery was disconnected. Changes in the dielectric constant affect the permittivity of the plate which increases the polarizability of charge on the plate regardless of the potential difference.
4. Which physical quantity was always directly related to the dielectric constant, whether the battery was connected to the capacitor or not?  Please explain your observations in at least two complete sentences.
Capacitance is directly related to dielectric constant whether the battery is connected or not. Introducing a dielectric into a capacitor decreases the electric field, which decreases the voltage, which increases the capacitance. The more the dielectric field the more the capacitance.

5. What conclusion can you make about the purpose of the dielectric material in the capacitor in relation to this?  Please explain your answer in at least two complete sentences.
Dielectric material is crucial in capacitors as they serve to increase the effective capacitance by reducing the electric field strength, which means you get the same charge at a lower voltage.





Part 5 – Capacitors Connected in Series
Data Table 5 – Capacitors Connected in Series.
	Maximum Battery voltage
	
	V

	# of capacitors
	Potential Difference
across each capacitor
	Stored Charge 
	Equivalent Capacitance 

	
	(Volt)
	(C)
	(F)

	1
	1.5
	0.15 x 10-12
	0.10 x 10-12

	2
	0
	0.08 x 10-12
	0.05 x 10-12

	3
	0.5
	0.05 x 10-12
	0.03 x 10-12

	4
	0
	0.03 x 10-12
	0.015 x 10-12



Please write down your observations for any patterns in the voltage across each capacitor, the stored charge, and the total capacitance in at least two complete sentences below.
When capacitors are connected in series, then the total capacitance will be less than any of the one series capacitor. Stored energy also tends to decrease as more capacitors are put in series.

1. Then predict what would happen if you added a fourth capacitor in series.  Try to predict what would happen to the voltage across each capacitor, the total capacitance, and the stored charge.
Please explain your reasons for you predicted values in at least two complete sentences below or you may also show your calculations as well.
If a forth capacitor is to be added in series, the capacitance and the stored energy will decrease further while the potential difference will drop again.

2. In one sentence only, try to conclude how connecting capacitors in series affects the total, or equivalent, capacitance.
When capacitors are connected in series, the total capacitance is less than any one of the series capacitors' individual capacitances.



Part 6 – Capacitors in Parallel
Data Table 6 – Capacitors in Parallel.
	Maximum Battery voltage
	
	V

	# of capacitors
	Potential Difference
across each capacitor
	Stored Charge 
	Equivalent Capacitance 

	
	(Volt)
	(C)
	(F)

	1
	1.5
	0.15 x 10-12
	0.10 x 10-12

	2
	1.5
	0.30 x 10-12
	0.20 x 10-12

	3
	1.5
	0.45 x 10-12
	0.30 x 10-12

	4
	1.5
	0.60 x 10-12
	0.40 x 10-12


1. Try to notice any pattern to each physical quantity in Data Table 6.  
Please write down your observations for any patterns in the voltage across each capacitor, the stored charge, and the total capacitance in at least two complete sentences below.
The stored charge increases by a constant as more capacitors are added in parallel. This the same case with the equivalent capacitance while the potential difference remains the same regardless of the number of capacitors in parallel.
2. Then predict what would happen if you added a fourth capacitor, but in parallel this time.  Try to predict what would happen to the voltage across each capacitor, the total capacitance, and the stored charge.
Please explain your reasons for you predicted values in at least two complete sentences below or you may also show your calculations as well.
If a fourth capacitor is added in parallel, the total capacitance will increase with the same constant it has been increasing when an extra capacitor is added. The stored charge will also increase while the voltage with remain constant.

3. In one sentence only, try to conclude how connecting capacitors in parallel affects the total, or equivalent, capacitance.
[bookmark: _GoBack]By connecting several capacitors in parallel, the resultant capacitance of the circuit increases and will be able to store more energy as the equivalent capacitance is the sum of individual capacitances of all capacitors involved.

C Vs. Increasing Dielectric constant

C (^-13)	
1	1.5	2	2.5	3	3.5	2.2400000000000002	2.57	2.9	3.24	3.57	3.9	Dielectric constant K


C (^-13)



Capacitance Vs. Dielectric constant

Capacitance (^-13)	
1	1.5	2	2.5	3	3.5	2.2400000000000002	3.35	4.4800000000000004	5.6	6.71	7.84	Dielectric constant


Capacitance (^-13)



Stored Energy Vs. Dielectric constant

Stored Energy (^-13)	
1	1.5	2	2.5	3	3.5	2.52	3.76	5.04	6.3	7.55	8.82	Dielectric constant


Stored Energy (^-13)



Plate Charge Vs. Dielectric constant

Plate Charge (^-13)	
1	1.5	2	2.5	3	3.5	3.35	5.0199999999999996	6.72	8.4	10.06	11.76	Dielectric constant


Plate charge (^-13)



Potential Difference Vs. Dielectric constant

Potential Difference	
1	1.5	2	2.5	3	3.5	1.5	1.5	1.5	1.5	1.5	1.5	Dielectric constant


Potential difference



Capacitance Vs. Dielectric constant

Capacitance (^-13)	
1	1.5	2	2.5	3	3.5	2.2400000000000002	3.36	4.4800000000000004	5.6	6.72	7.84	Dielectric constant


Capacitance (^-13)



Stored Energy Vs. Dielectric constant

Stored Energy (^-13)	
1	1.5	2	2.5	3	3.5	2.52	1.67	1.26	1	0.84	0.72	Dielectric constant


Stored Energy (^-13)



Plate Charge Vs. Dielectric constant

Plate Charge (^-13)	
1	1.5	2	2.5	3	3.5	3.35	3.35	3.35	3.35	3.35	3.35	Dielectric constant


Plate charge (^-13)



Potential Difference Vs. Dielectric constant

Potential Difference	
1	1.5	2	2.5	3	3.5	1.5	1.0029999999999999	0.749	0.59899999999999998	0.499	0.42799999999999999	Dielectric constant


Potential difference



U Vs. the square of potential difference


3.0980000000000001E-2	4.58E-2	0.16239999999999999	0.6996	0.87050000000000005	2.1374	0.11	0.16	0.56999999999999995	2.16	3.08	7.57	V^2


U (^-13)



U Vs. square of the charge

U	
1.5625E-2	2.2499999999999999E-2	8.1225000000000006E-2	0.30581000000000003	0.436921	1.0732999999999999	0.11	0.16	0.56999999999999995	2.16	3.08	7.57	Q^2 (^-24)


U (^-13)



 
