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Solar Panel Output: 
Effect of Angle
Have you ever seen solar panels on a house or a building? Do you remember how they were positioned? Were they lying horizontally? Standing vertically? Set at an angle? Why do you think they are installed in such a way? 
In this experiment, you will use your previous experience with solar panels and data-collection equipment to develop a plan to explore the variable of angle and its affect on power output.
OBJECTIVES
· Measure power output of three solar panels with an Energy Sensor.
· Explore how power output is affected by changes in the angle of the solar panels.
· Investigate the relationship between angle and maximum power output.
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)
6 chipboard pieces marked with the following measurements: 
12.5 cm/10º
14.5 cm/20º
17.5 cm/30º
20.5 cm/40º
23 cm/50º
26 cm/60º
Vocabulary	
	Vocabulary term
			Explanation

	angle
	The measure of the space between two intersecting lines or surfaces. Angles are measured in degrees. The symbol used to represent an angle is º. An angle of 45 degrees would be written as 45º.

	optimum
	best suited for a specific situation

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


Pre-Lab activity
Use your experience with Solar Panels and the data-collection equipment to develop a plan to find the angle at which Solar Panels will produce the maximum amount of power. Answer the following questions to help you get started with your plan.
1. What variable will you change in this experiment?
	 

	 



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

	 

	 



3. How many Solar Panels will you use? Note: You can use a maximum of three panels. 
	 



4. If you use more than one Solar Panel, will you connect the panels in series or in parallel? (Circle one.)

	series
	parallel



5. Which resistor will you use? (Circle one.)

	10 Ω
	30 Ω



6. Draw lines to show the connections in your circuit. If you are not using the Resistor Board or all three Solar Panels, cross out the extra boxes.

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 up the data-collection equipment including the Energy Sensor, the Solar Panels, the Resistor Board, and the box. Here is some helpful information:
· Set the Energy Sensor switch to External Load. Connect the External Load terminals to the 10 Ω or the 30 Ω resistor on the Resistor Board. 
· After setting up the resistor, launch Graphical Analysis. Connect the Energy Sensor to your Chromebook, computer, or mobile device. 
	
	

	
	Figure 1   


3. Before collecting data, check that everything is set up correctly. 
a. Check the setup. Are the wires still connected? Is there any shade on the panels? CAUTION! Never look directly at the sun.
b. Close the lid of the box so the Solar Panel(s) lay flat. 
c. Do the values go down when you cover the panel(s)? If the values do not change, ask your teacher for help.
4. Collect data for the first angle (0º) and record the mean power value in the correct row in Table 2. 
5. Before collecting data for the next angle, make a prediction about the effect of changing the angle on the power output. 
PREDICTION: When the lid is at a greater angle, do you think the mean power will increase, decrease, or stay the same? Record your prediction in Table 3.
6. Prop the lid at an angle of 10º. Important: When propping the lid at an angle, the underside of the lid must be resting on the piece of chipboard in the correct position (Figures 2 and 3). Ask your teacher for help if you are not sure what to do.

	
	

	Figure 2 Correct placement of 
chipboard
	Figure 3 Incorrect placement of 
chipboard



7. Collect data for the 10º angle and record the mean power value in the correct row in Table 2.
8. Before collecting data for the next angle, make a prediction about the effect of changing the angle on the power output. 

PREDICTION: When the lid is at a greater angle, do you think the mean power will increase, decrease, or stay the same? Record your prediction in Table 3.
9. Collect data for the next piece of chipboard.
a. Replace the chipboard with the next piece. 
b. Check the connections in the circuit and the placement of the chipboard.
c. Collect data and record the mean power value in the correct row in Table 2.
10. Repeat Steps 8 and 9 for the other pieces of chipboard. 
Data Table
	Table 2  Data

	Chipboard
(cm)
	Angle
(º)
	Mean power 
(mW)

	none
	0
	 

	12.5
	10
	 

	14.5
	20
	 

	17.5
	30
	 

	20.5
	40
	 

	23
	50
	 

	26
	60
	 


 
	Table 3  Prediction

	Angle
(º)
	Mean power
prediction

	example
	decrease

	0 to 10
	 

	10 to 20
	 

	20 to 30
	 

	30 to 40
	 

	40 to 50
	 

	50 to 60
	 


Data Analysis
1. Use the data in Table 2 to create a bar graph.
· Graph the angles on the x-axis (horizontal).
· Graph the mean power data on the y-axis (vertical).
· Label the x-axis and the y-axis of your graph.
Graph of mean power vs. angle

 
2. What is the optimum angle for your Solar Panels? How do you know?
	 

	 



3. What happened to the power as the angle increased? 
	 



4. Imagine that your neighbors are going to put solar panels on their house. What advice would you give them about deciding on an angle for their solar panels? 
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