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Making Connections: Circuits
The solar panels you use in this experiment produce a relatively small amount of power—only enough to light up a single LED or quietly play a song. What if you want more power? Do you think you could connect multiple solar panels together? How would you do this? In this experiment you will explore different ways of connecting solar panels.
OBJECTIVES
· Measure the power output of one, two, and three solar panels with an Energy Sensor.
· Build series and parallel circuits.
· Use data-collection software to calculate mean (average) values.
MATERIALS
Chromebook, computer, or mobile device
Graphical Analysis 4 app
Go Direct Energy
Vernier Resistor Board
3 KidWind 2 V Solar Panels
box from the Solar Energy Exploration Kit
2 wires with clips (1 black and 1 red)
17.5 cm piece of chipboard 
Parallel Circuit Connection Tool
red and black color pencils or markers
Vocabulary
	Vocabulary term
	Explanation

	axis
	The main vertical or horizontal line on a graph that shows the graph scale.

	mean
	The mean is the sum of a group of numbers divided by the total number of numbers in the group; sometimes the mean is also called an average.

	milliwatt
	A milliwatt is a unit used to measure power. The symbol used to represent a milliwatt is mW. 

	ohm
	An ohm is the unit used to measure resistance. The symbol used to represent an ohm is Ω.

	parallel circuit
	a closed circuit where the parts of the circuit are connected so that there are multiple paths through which the electrical energy can travel 

	series circuit
	a closed circuit where the parts of the circuit are connected so that there is a single path through which the electrical energy can travel 


Pre-Lab Activity
Use red and black colored pencils or markers to draw connections to create a closed circuit that will produce positive readings. 

Figure 1   
PROCEDURE
1. Go outside and make observations about the place where you will collect data. Record your observations in Table 1.
	Table 1  Observations

	Date
	 

	Time
	 

	Cloud cover
	None        25%        50%        75%        100%

	Air temperature
	 

	Other
	 


2. Set the switch on the Energy Sensor to External Load. Launch Graphical Analysis. Connect the Energy Sensor to your Chromebook, computer, or mobile device. 
3. Use wires to connect the Resistor Board to the External Load terminals of the Energy Sensor. 
a. Clip one end of a wire to one External Load terminal and the other end of the wire to the hole on the left side of the 30 Ω resistor (see Figure 2).
b. Use another wire to connect the other External Load terminal to the hole on the right side of the 30 Ω resistor.
Part 1  Series Circuits
In this part you will connect the Solar Panels so they create a closed circuit where the electrons flow from one Solar Panel to the next in a big loop. All the electrons flow in the same path, like when you run around a track. This is called connecting the Solar Panels in series or building a series circuit.
4. Set up the Solar Panels and the Solar Energy Exploration Kit box (see Figure 2). 
a. Attach the three Solar Panels to the lid using the hook-and-pile pieces. 
b. Use a piece of chipboard to prop the lid of the box at an angle.

Figure 2   
5. Connect Solar Panel 1 to the Source wires of the Energy Sensor. 
a. Connect the black wire from Solar Panel 1 to the black Source wire. 
b. Connect the red wire from Solar Panel 1 to the red Source wire.
6. Position the box and check that everything is set up correctly. 
a. Rotate the box so the panels are pointed toward the sun. CAUTION: Never look directly at the sun.
b. Look at the power values on the meter, and then cover the panel with your hands. 
c. Do the values go down when you cover the panel? If they do, everything is set up correctly. If the values do not change, ask your teacher for help.
7. Make sure that the panels are not shaded and click or tab Collect to start data collection. Data collection will stop after 30 seconds. 
8. Determine the mean power value. 
a. Click or tap View, , and choose 1 Graph. A single graph is shown.
b. Tap the y-axis label and select Power only. You will see a graph of power vs. time. 
c. Click or tap Graph Tools, , and choose View Statistics.
d. Record the mean power value in Table 2.
9. Set up a circuit with two Solar Panels connected in series. 
a. Disconnect the red Solar Panel clip from the red Source wire (see Figure 3). 
b. Connect the red clip from Solar Panel 1 to the black clip from Solar Panel 2 (see Figure 4).
c.  Connect the red clip from Solar Panel 2 to the red Source wire. Now you have two Solar Panels connected in series!
	
	         

	Figure 3   
	Figure 4   


10. Collect data for two Solar Panels connected in series.
a. Check the setup. Are the wires still connected? Is the box facing the right direction? Is there any shade on the panels?
b. Click or tap Collect to start data collection. Data collection will stop after 30 s.
c. Click or tap Graph Tools, , and choose View Statistics.
d. Record the mean power value in the correct row in Table 2.
11. Set up a circuit with three Solar Panels connected in series (see Figure 5). 
a. Disconnect the red clip from Solar Panel 2 and the red Source wire.
b. Connect the red clip from Solar Panel 2 to the black clip from Solar Panel 3. 
c. Connect the red clip from Solar Panel 3 to the red Source wire. Now you have three Solar Panels connected in series!

Figure 5   
12. Collect data for three Solar Panels connected in series.
a. Check the setup. Are the wires still connected? Is the box facing the right direction? Is there any shade on the panels?
b. Click or tap Collect to start data collection. Data collection will stop after 30 s.
c. Click or tap Graph Tools, , and choose View Statistics.
d. Record the mean power value in the correct row in Table 2.
Part 1  Data Table
	Table 2  Series Circuit

	Panels
	Mean power
(mW)

	1
	 

	2
	 

	3
	 


Part 1  Data Analysis
1. Draw lines to show the connections in the circuit you created for this part when all three panels were connected in series.


2. Which setup, one, two, or three panels, generated the most power? 
	 

	 

	 



Part 2  Parallel Circuits
In Part 1, you connected the Solar Panels to each other to build a series circuit. In this part, you will build a parallel circuit by connecting each Solar Panel directly to the Energy Sensor rather than to each other. In a parallel circuit, the electrons take several different paths instead of just one.
13. Set up the equipment. 
· If the equipment is set up for Part 1, disconnect the Solar Panels, the Energy Sensor, and the Resistor Board and continue with Step 14. 
· If the Energy Sensor is not connected to Graphical Analysis, set the switch on the Energy Sensor to External Load, launch Graphical Analysis, and connect the Energy Sensor to your Chromebook, computer, or mobile device. 
14. Connect the Resistor Board to the External Load terminals of the Energy Sensor. Note: You will use the 10 Ω resistor for this Part.
a. Clip one end of a wire to one External Load terminal and the other end of the wire to the hole on the left side of the 10 Ω resistor.
b. Use another wire to connect the other External Load terminal to the hole on the right side of the 10 Ω resistor.

Figure 6   
15. Connect the Energy Sensor to the paper clips (see Figure 6).
a. Connect the black Source wire to the paper clip labeled Black. 
b. Connect the red Source wire to the paper clip labeled Red.
16. Connect Solar Panel 1 to the paper clips.
a. Connect the black clip of Solar Panel 1 to the paper clip labeled Black.
b. Connect the red clip of Solar Panel 1 to the paper clip labeled Red.
17. Check that everything is set up correctly. 
a. Turn the box so the panels point at the sun. CAUTION: Never look directly at the sun.
b. Look at the power values on the meter and then cover the panels with your hands. 
c. Do the values go down when you cover the panel? If they do, everything is set up correctly. If the values do not change, ask your teacher for help.
18. Make sure that the panels are not shaded and click or tap Collect to start data collection. Data collection will stop after 30 seconds. 
19. Determine the mean power value. 
a. Click or tap View, , and choose 1 Graph. A single graph is shown.
b. Tap the y-axis label and select Power only. You will see a graph of power vs. time. 
c. Click or tap Graph Tools, , and choose View Statistics.
d. Record the mean power value in Table 2.
20. Set up a circuit with two Solar Panels connected in parallel (see Figure 8). 
a. Connect the black clip from Solar Panel 2 to the paper clip labeled Black. 
b. Connect the red clip from Solar Panel 2 to the paper clip labeled Red. Now you have two Solar Panels connected in parallel!

Figure 7   

Figure 8   
21. Collect data for two Solar Panels connected in parallel.
a. Check the setup. Are the wires still connected? Are the panels facing toward the sun? Is there any shade on the panels?
b. Click or tap Collect to start data collection. Data collection will stop after 30 s.
c. Click or tap Graph Tools, , and choose View Statistics.
d. Record the mean power value in the correct row in Table 2.
22. Set up a circuit with three Solar Panels connected in parallel (see Figure 9). 
a. Connect the black clip from Solar Panel 3 to the paper clip labeled Black. 
b. Connect the red clip from Solar Panel 3 to the paper clip labeled Red. Now you have three Solar Panels connected in parallel!
23. Collect data for three Solar Panels connected in parallel.
a. Check the setup. Are the wires still connected? Are the panels facing toward the sun? Is there any shade on the panels?
b. Click or tap Collect to start data collection. Data collection will stop after 30 s.
c. Click or tap Graph Tools, , and choose View Statistics.
d. Record the mean power value in the correct row in Table 2.
Part 2  Data Table
	Table 2  Parallel Circuit

	Panels
	Mean power
(mW)

	1
	 

	2
	 

	3
	 


Part 2  Data Analysis
1. Draw lines on the diagram to connect the boxes to show the connections in the circuit you created for this part when all three panels were connected in parallel.

2. Which setup, one, two, or three panels, generated the most power? 
	 

	 

	 



Data Analysis (both parts)
1. Transfer all of your data into Table 3 so you can create a single graph with all your data.
	Table 3  Compare Series and Parallel Circuits

	Panels
	Series circuit
Mean power
(mW)
	Parallel circuit
Mean power
(mW)

	1
	 
	 

	2
	 
	 

	3
	 
	 


2. Use the data in Table 3 to create a bar graph.
· The x-axis (horizontal) has been filled in for you.
· Graph the mean power data on the y-axis (vertical).
· Label the y-axis of your graph.
Graph of power vs. number of panels

3. Compare the values from the panels when they were connected in series to the values when the panels were connected in parallel. Do you get more power when the panels are connected in series or when they are connected in parallel?
	 

	 

	 



4. Summarize what you learned about the relationship between number of panels and power output. 
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