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Variables Affecting Solar Panel Output


Variables Affecting Solar 
Panel Output
Students will use solar panels to test different variables and compare the power output as they make changes to the setup. 

We suggest starting the experiment with a brainstorming session. Record students’ ideas and have the groups pick different variables. This way, as a class, you will cover a wide variety of variables. If you would rather, simply assign variables to the groups. Options for variables include (among others)

· Wavelength 

· Air temperature

· Angle in relation to horizon
· Orientation (N, S, E, or W)

· Time of day

Note: The student pages with complete instructions for data collection using LabQuest App and Logger Pro (computers) can be found on the CD that accompanies this book. See Appendix A for more information. 

If you are using Logger Pro, the auto-ID files necessary for this experiment can be found in Logger Pro 3.8.7, or newer. If you are using LabQuest App, you must use LabQuest App version 2.3.1, or newer. If you are using an older version, please update to the most recent version. Updates can be found at www.vernier.com/downloads
related skills

· Zero sensors.
· Create a graph using data collected during the experiment.

· Determine statistics (depending on student’s plan).
Estimated time

We estimate that data collection for this experiment can be completed in one to two 45-minute class periods. Provide time for students to analyze their data and then share it with the class. 

next generation science standards (NGSS)
	Disciplinary Core Ideas
	Crosscutting Concepts
	Science and Engineering Practices

	Elementary 

PS3.A  Definitions of Energy (4-PS3)

PS3.B  Conservation of Energy and Energy Transfer (4-PS3)

High School 

PS3.A  Definitions of Energy (HS-PS3)

PS3.B  Conservation of Energy and Energy Transfer (HS-PS3)

PS3.D  Energy in Chemical Processes (HS-PS3)


	Cause and effect

Systems and system models

Energy and matter: Flows, cycles, and conservation


	Developing and using models

Planning and carrying out investigations

Analyzing and interpreting data

Using mathematics and computational thinking




equipment tips

1.
Photovoltaic panels may be purchased from Vernier Software & Technology. PV cells purchased from other sources may have different internal resistances.
2.
This experiment was designed using a Vernier Energy Sensor. It may also be done with a current probe and a voltage probe, if you create a calculated column to calculate power. For more information, see www.vernier.com/til/3183 

3.
If you do not have a Vernier Variable Load, you can perform this experiment using the Vernier Resistor Board, available from Vernier Software & Technology (order code: 
VES-RB). Otherwise, students can wire combinations of resistors.
4.
The Solar Energy Exploration Kit (order code: KW-SEEK) makes it easy to investigate the effect of angle on solar panel output.
data-collection and analysis tips

1.
Depending on the variable tested, this experiment works best in bright sunlight. Some solar cells may be sensitive enough to do this experiment with a full spectrum bulb.

2.
The illumination value will fluctuate due to obstructions of the sunlight. Students should record an average illumination value.
3.
We recommend collecting data using LabQuest as a standalone device when collecting data outside.
Answers to preliminary questions
1.
Answers will vary. Angle, amount of sun, color of light hitting the panel, reflected light, etc.
2.
Answers will vary. Students will see very different current outputs under different light conditions, but the voltage may remain much more stable.

3.
Answers will vary.
SAMPLE RESULTS
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Effect of angle from horizontal on power output
	Angle
(°)
	Current 
(mA)
	Voltage 
(V)
	Illumination 
(lux)
	Power 
(mW)

	40
	0.546
	1.93
	115100
	1.054

	30
	0.540
	1.90
	109000
	1.026

	20
	0.46
	1.63
	102000
	0.750

	10
	0.434
	1.53
	98640
	0.664

	0
	0.383
	1.34
	90180
	0.513


ANSWERS TO QUESTIONS

1.
Answers will depend on the variable tested by the student.

2–3.  Answers will depend on class data.
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