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Solar Panel Output: Effect of Shade
  Graphical Analysis 6
Solar Panel Output: 
Effect of Shade
Some days it is very sunny all day—there are no clouds in the sky, and it is very bright. In these conditions, lots of sunlight reaches the solar panels.
Other days it is cloudy. The sky might be completely covered in clouds or clouds may pass in front of the sun on and off during the day. Less sunlight reaches the solar panels on cloudy days. 
Other things that could shade solar panels would be large trees next to houses or buildings. Do you think shade caused by trees or clouds will affect the power output of solar panels? In this experiment, you will use the Energy Sensor to help you answer this question.
OBJECTIVES
· Set up the data-collection equipment.
· Measure the power output of three Solar Panels with an Energy Sensor.
· 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 
piece of cardboard that can cover all three panels (approximately 15 × 30 cm)
Parallel Circuit Connection Tool
Vocabulary
	Vocabulary term
	Explanation

	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.

	variable
	a factor that can be controlled, changed, or measured in an experiment


Pre-Lab Activity
In this experiment, you will connect three Solar Panels and collect data. You will then shade the Solar Panels one by one and collect data. Each time you collect data, a fraction of the solar cells will be shaded. Before you start collecting data, calculate the fraction of solar cells that will be covered.
1. How many Solar Panels are connected in the circuit? _____________________________
2. When no Solar Panels are shaded (all three Solar Panels are uncovered), what fraction of the Solar Panels is shaded? ______/______ Record this fraction in the data table.
3. When you cover one of the Solar Panels, what fraction of the Solar Panels is shaded? 

______/______ Record this fraction in the data table.
4. When you cover two of the Solar Panels, what fraction of the Solar Panels is shaded? 

______/______ Record this fraction in the data table.
5. When you cover all three Solar Panels, what fraction of the Solar Panels is shaded? 

______/______ Record this fraction in the data table.
6. What variable will you change in this experiment?
	 

	 



7. List at least three variables that you will keep the same during the experiment.
	 

	 

	 

	 

	 

	 



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 1).
b. Use another wire to connect the other External Load terminal to the hole on the right side of the 30 Ω resistor.

Figure 1   
Part 1  Solar panels connected in series
4. Set up the Solar Panels and the box of the Solar Energy Exploration Kit. 
a. Attach the three Solar Panels to the lid using the hook-and-pile pieces. 
b. Use the piece of chipboard to prop the lid of the box at an angle.
5. Connect the Solar Panels in series to the Source wires on the Energy Sensor.
6. Position the box and check that everything is set up correctly. 
a. Rotate the box so the panels are pointed toward the sun. Make sure that the panels are not shaded. 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. Click or tap 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. Click or 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 the data table.
9. Repeat Step 7–8. Each time, cover an additional panel with the piece of cardboard (see Figure 2). You need to hold the cardboard in the same place for 30 seconds while the data are collected. 

Figure 2   
10. Answer the Part 1 Data Analysis questions. You can find the questions after the data table. 
Part 2  Solar panels connected in parallel
11. Make a prediction about the effect of shade on Solar Panels when they are connected in parallel.
Prediction
I think that when one Solar Panel is in the shade and two Solar Panels are in the sun, the power output will (circle your answer)

	be about the same
	go down a lot
	go down a little



I think that when two Solar Panels are in the shade and one Solar Panel is in the sun, the power output will (circle your answer)

	be about the same
	go down a lot
	go down a little



12. Set up the equipment for Part 2.
a. If the equipment is still set up for Part 1, disconnect the Solar Panels and the Energy Sensor.
b. Set the switch on the Energy Sensor to External Load.
c. If the Energy Sensor is not connected to Graphical Analysis, launch Graphical Analysis. Connect the Energy Sensor to your Chromebook, computer, or mobile device.

Figure 3   
13. Connect the 10 Ω resistor on the Resistor Board to the Load terminals (see Figure 3). Remember:
· Connect the black Load terminal and the other end of the wire to the left side of the 10 Ω resistor. 
· Connect the red Load terminal to right side of the 10 Ω resistor. 
14. Connect the Energy Sensor to the Parallel Circuit Connection Tool. Remember: 
· Connect the black Source wire to the paper clip labeled Black. 
· Connect the red Source wire to the paper clip labeled Red. 
15. Connect the three Solar Panels in parallel to the paper clips. Remember: 
· Connect the black Solar Panel clips to the paper clip labeled Black.
· Connect the red Solar Panel clips to the paper clip labeled Red.
16. Repeat Steps 7–9 to collect data and then answer the Part 2 Data Analysis questions. 
Data Table 
Record your data for Part 1 and Part 2 in Table 2.
	Table 2

	Fraction of Solar Panels 
that is shaded
	Series circuit
Mean power
(mW)
	Parallel circuit
Mean power
(mW)

	______/______
	 
	 

	______/______
	 
	 

	______/______
	 
	 

	______/______
	 
	 


Data Analysis 
Part 1  Data analysis
1. What happened to the power when you shaded one panel? 
	 

	 


2. What happened to the power when you shaded two panels? 
	 

	 


3. What happened to the power when you shaded all three panels? 
	 

	 



4. Return to Part 2 to collect data for the panels connected in a parallel circuit.
Part 2  Data analysis
1. What happened to the power when you shaded one panel when the panels were connected in parallel? 
	 

	 


2. What happened to the power when you shaded two panels when the panels were connected in parallel? 
	 

	 


3. What happened to the power when you shaded all three panels when the panels were connected in parallel? 
	 

	 


4. Examine the data in Table 2. Did you get more power when the panels were connected in series or when they were connected in parallel?
	 

	 

	 


5. Imagine that a local business wants to set up solar panels on the roof of its building. Use what you have learned about the effect of shade to give the owners of the business advice about how they should connect the panels. Would your recommendation change if there is a big tree near the building?
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