PHYS                		 	Date:  –

Name:  
Today we will be exploring the energy stored in a capacitor, behavior of capacitors with and without dielectrics, and the capacitor connection (series and parallel).  You will complete the virtual lab using the Capacitor Lab from PhET, data analysis software (Excel) and this document.   
[image: ]
Part 1 – Energy stored in the capacitor versus Voltage
1. First, open the simulation at either of the links below.  
· https://phet.colorado.edu/en/simulation/legacy/capacitor-lab *requires Java software installed  
· https://phet.colorado.edu/sims/cheerpj/capacitor-lab/latest/capacitor-lab.html
2. Set the plates to the maximum area (400.0 mm2) and minimum separation (5.0 mm)
3. Using the provided meters (charge, energy, Electric field E, and voltmeter) in the simulation complete the data table below.
4. [bookmark: _Hlk42621502]Calculate the capacitance using , using .  Please show your calculations in your lab submission.
5. Increase the voltage from the battery and record the values of the voltage across the capacitor (V), Charge on the plate (Q), and energy stored (U)

Data Table 1.
· Separation, d = ___________ m
· Plate Area, A = ___________ m2
· Capacitance,  ____________ 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
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	



6. Use Excel to plot the stored energy U vs. the square of the potential difference V2.  The graph should turn out linear.
7. 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
8. 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.
9. 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
10. Use the equation, to determine C0 from the slope of the graph.  
11. 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]




Part 2 – Dielectrics and Capacitance

1. Now click on the “Dielectrics” tab in the simulation.  You will be exploring how an insulating material, or dielectric affects the capacitance.
2. Set the plates to the area A between 195 - 205 mm2, separation d between 7.5- 8.5 mm, maximum positive battery voltage at 1.5 V, and minimum dielectric constant 1 with zero offset.  Record these values in your data table.  See figure below for an example.
[image: ]








3. Determine the value of  and compare it to the value from the bar chart.  Please show your calculations in your lab submission.
4. Insert the dielectric material in the capacitor and observe the value of the capacitance C (in F) from the bar graph. 
5. Change the value of the dielectric constant K then complete the following data table (keep the plate separation and area constant through all trials)



Data Table 2.
· Separation, d = ___________ m
· Plate Area, A = ___________ m2
· Capacitance,  ____________ F [Please show your calculations for this value]
	Trial
	Dielectric Constant
K
	Capacitance (F)
C

	1
	1.0
	

	2
	1.5
	

	3
	2.0
	

	4
	2.5
	

	5
	3.0
	

	6
	3.5
	


6. 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  
7. 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]




Part 3 – Dielectrics and Capacitance (Battery Connected) 

1. [bookmark: _Hlk54079702]Now you will be exploring how the dielectric affects the properties of the capacitor when the battery is still connected.
2. You may keep the same A and d values from Part 2, but that is not necessary as you will be recording the initial values for all the quantities in your data table.
[image: ]
3. Use the provided meters (capacitance, charge, energy, and voltmeter) in the simulation complete the Data Table 3.  Do not put the dielectric inside the capacitor yet!
4. In the table below record the initial values of Capacitance C0, stored energy U0, charge on plate Q0, and potential difference V0.
5. Slide the dielectric inside the capacitor and record the data for each quantity as you increase the dielectric constant according to the given values in the 1st column.



Data Table 3.
· C0 = ___________ F
· Q0 = ___________ C
· U0 = ___________ J
· V0 = ___________ V
	Trial
	Dielectric Constant
K
	Capacitance C 
	Stored Energy
U 
	Plate Charge Q 
	Potential Difference
V 

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

	1
	1.0
	
	
	
	

	2
	1.5
	
	
	
	

	3
	2.0
	
	
	
	

	4
	2.5
	
	
	
	

	5
	3.0
	
	
	
	

	6
	3.5
	
	
	
	


6. 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]



7. How does the dielectric constant affect capacitance?  Please describe your observation or graph in at least two complete sentences.




8. As the dielectric constant increases, how does the total stored energy change?  Please describe your observation or graph in at least two complete sentences.



9. 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.


10. 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.





Part 4 – Dielectrics and Capacitance (Battery Disconnected) 
1. Now you will be exploring how the dielectric affects the properties of the capacitor when the battery is no longer connected.
2. You may keep the same A and d values if you want, but you must record the initial values for all the quantities in your data table.
3. Use the same provided meters for capacitance, charge, energy, and the voltmeter in the simulation to help complete the Data Table 4. Do not put the dielectric inside the capacitor yet!
[image: ]
4. In the table below record the values of Capacitance C0, stored energy U0, and charge on plate Q0 and potential difference V0.  
5. Then disconnect the battery from the capacitor, while the dielectric is still outside!
6. Now slide the dielectric inside the capacitor and record the data for each quantity as you increase the dielectric constant according to the given values in the 1st column.




Data Table 4.
· C0 = ___________ F
· Q0 = ___________ C
· U0 = ___________ J
· V0 = ___________ V
	Trial
	Dielectric Constant
K
	Capacitance C 
	Stored Energy
U 
	Plate Charge Q 
	Potential Difference
V 

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

	1
	1.0
	
	
	
	

	2
	1.5
	
	
	
	

	3
	2.0
	
	
	
	

	4
	2.5
	
	
	
	

	5
	3.0
	
	
	
	

	6
	3.5
	
	
	
	
















7. 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]




8. 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.



9. 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.



10. 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.



11. 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.





Part 5 – Capacitors Connected in Series
1. [image: ]Now click on the ‘Multiple Capacitors’ tab and click on ‘Single’, as shown on the right.
2. Then move the voltage slide on the battery to its maximum value of 1.5 V. 
3. Click on the meters for ‘Total Capacitance’, ‘Stored Charge’, and ‘Voltmeter’.  It should look like the image below.  Do not change the slider on the capacitor.  Keep its value at C1 = 1.00 × 10-13 F.
[image: ]
4. Use the voltmeter to measure the potential difference (voltage) across the capacitor.  It should be the same as the battery for a single capacitor.
5. Input the capacitor voltage, total capacitance, and total stored charge in Data Table 5.




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
	
	
	

	2
	
	
	

	3
	
	
	

	4
	[to be predicted]
	[to be predicted]
	[to be predicted]



6. Now change the circuit into two capacitors connected in series by clicking on ‘2 in series’ button on the right.  It should look like the image below.
[image: ]

7. [image: ]Once again, do not touch the sliders for each individual capacitor.  Measure the voltage across each capacitor and put it in Data Table 5.  Also input the total capacitance and stored charge as well.
8. Now change the circuit into three capacitors connected in series by clicking on ‘3 in series’ button, as shown on the right. 
9. Then once again measure the voltage across each capacitor and put it in Data Table 5, as well as the total capacitance and stored charge as well.
10. Try to notice any pattern to each physical quantity in Data Table 5.  
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.



11. 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.



12. In one sentence only, try to conclude how connecting capacitors in series affects the total, or equivalent, capacitance.






Part 6 – Capacitors in Parallel
1. Now you will be connecting capacitors in parallel to see how it affects the total, or equivalent capacitance, stored charge, and voltage across each capacitor.  
2. You do not have to do the single capacitor anymore since you already did it in Part 5.  Simply copy the data from the first row of Data Table 5 and put it in Data Table 6.
3. Keep the voltage slider on the battery at its maximum value of 1.5 V along with the the meters for ‘Total Capacitance’, ‘Stored Charge’, and ‘Voltmeter’.  Also keep each individual capacitor at its default value of C = 1.00 × 10-13 F.
4. [image: ]Now change the circuit into two capacitors connected in series by clicking on ‘2 in parallel’ button on the right of the sim, as shown.  It should look like the image below. 
5. Once again, do not touch the sliders for each individual capacitor.  Measure the voltage across each capacitor and put it in Data Table 5.  Also input the total capacitance and stored charge as well.
[image: ]
6. [image: ]Now change the circuit into three capacitors connected in parallel by clicking on ‘3 in parallel’ button, as shown on the right. 
7. Then once again measure the voltage across each capacitor and put it in Data Table 6, as well as the total capacitance and stored charge as well.
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
	[from Data Table 5]
	[from Data Table 5]
	[from Data Table 5]

	2
	
	
	

	3
	
	
	

	4
	[to be predicted]
	[to be predicted]
	[to be predicted]


8. 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.


9. 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.



10. In one sentence only, try to conclude how connecting capacitors in parallel affects the total, or equivalent, capacitance.



created by Bassam Rashed, Dept. of Applied and Astronomy, University of Sharjah
– modified by J. Alquiza, Dept. of Natural & Physical Sciences, Northwest Vista College   
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