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Engineering a Light Sensor
Learning Objectives
· Construct a light sensor and investigate its design and limitations.
· Supplement classroom instruction on the properties of light with a hands-on engineering application.
Recommended Grades/Subjects
Grades 9–12/Physics
Time needed
The project was designed to be completed in one 45-minute period.
related EXPERIMENTS
“Reflectivity of Light” – Experiment 7 from Middle School Science with Vernier 
“Light, Brightness, and Distance” – Experiment 29 from Physics with Vernier
Next Generation Science Standards (NGSS)
	Disciplinary Core Ideas
	Crosscutting Concepts
	Science and Engineering Practices

	ETS2.A: Interdependence of Science, Engineering, and Technology
	Patterns
Cause and effect
Scale, proportion, and quantity
Systems and system models
	Asking questions and defining problems
Developing and using models
Planning and carrying out investigations
Analyzing and interpreting data
Using mathematics and computational thinking
Constructing explanations and designing solutions
Engaging in argument from evidence
Obtaining, evaluating, and communicating information




Information for the Instructor
Building your own sensor, as students do in this engineering extension activity, is instructive for several reasons. Students will:
· Gain experience interpreting circuit diagrams and building electric circuits.
· Practice troubleshooting and solving hardware and software problems.
· Develop an appreciation for the uses and limitations of commercially available sensors.
· Build a working instrument that they may not have access to otherwise.

The Background section of the Student Handout describes how to construct and calibrate the sensor in general terms. Depending on your students’ experience with building electric circuits or using Logger Pro, or simply in the interest of time, you may want to provide them with the supplemental instructions at the end of this document. 

In the remainder of this document you will find additional resources to help you successfully integrate this engineering extension activity into your course:
· Answers to Sensor Evaluation Questions 
· Challenge Activities
· Construction Tips
· Supplemental Student Instructions – Light Sensor Construction, Calibration, & Troubleshooting

Answers to Sensor Evaluation Questions 
1.	When the resistor is well matched to the photoresistor, the output voltage will vary by as much as 4 volts. If the resistor is smaller than the minimum resistance or greater than the maximum resistance of the photoresistor, the output voltage will not vary much at all from bright light to dim.
2.	If available, encourage students to apply color filters and use a black light (providing a source of UV light) to investigate whether the color/wavelength of light changes the response of their light sensor. Since most CdS photoresistors respond to visible and near infrared wavelengths of light, their light sensor should respond only weakly to UV light.
3.	Students should find that if they quickly move their hand back and forth over the photoresistor, the % Light Intensity should changes rapidly, as well. If you provide a strobe light to your students for deeper investigation, be certain to discuss choosing a sufficiently high sampling rate in Logger Pro and aliasing with them beforehand; sampling too slowly will make it difficult to see the changes in light intensity. 
4.	Answers to this question will vary, although in general the response between your students’ light sensor and the Vernier Light Sensor should be similar. The most noticeable difference is that their light sensor is calibrated to give a relative % Light Intensity reading and the Vernier Light Sensor gives a calibrated lux reading.
5.	Students should follow the same calibration procedure for lux as they did for % Light Intensity.
6.	Answers will vary. A light sensor, as constructed by your students, may not be the easiest tool to use when performing a scientific investigation—the form factor and tighter calibration of a commercial light sensor would be preferred. But, as a simple and relatively in expensive circuit, it could be integrated easily in a larger engineering system, e.g. serving as a open/closed sensor.
Challenge Activities
If your students need more of a challenge, provide them with one or more of the following options:
· Build a voltage-divider circuit using two photoresistors, rather than a photoresistor and a single resistor. How does the output voltage change when both photoresistors receive the same amount of light? What if one receives more light than the other? Can you use the output voltage to determine which is receiving more light?
· Some people confuse photoresistors with phototransistors. When light strikes a photoresistor, its resistance changes; but when light strikes a phototransistor, its gain is affected, i.e. how much current it passes increases or decreases. Photoresistors are typically used as analog light sensors capable of reading a wide range of values, but phototransistors are more likely to be used as digital switches. A typical application for this type of switch is a dusk-to-dawn light. When the sun goes down, the light turns on, and when the sun comes up, the light turns off. Try building your own dusk-to-dawn light using your light sensor, a small wattage light bulb, and the Vernier Digital Control Unit (DCU). The DCU provides on/off control of simple devices, such as lights, motors, fans, etc. Logger Pro includes an option that allows you to set a threshold value for the DCU based on a sensor reading. If you do not have a DCU, you can build a circuit with a photoresistor and a regular transistor to simulate a phototransistor. 

Construction Tips
1.	You can find photoresistors at online stores such as SparkFun and Mouser. Almost any photoresistor will work for this activity. The major differences between various brands are response time and the range of resistance values.
2.	The Supplemental Student Instructions below were written using a RadioShack CdS photoresistor, which is similar to the photoresistors available from SparkFun and Mouser. We found that a 5 kΩ resistor worked well with it in the voltage-divider circuit.
3.	The light sensor circuit should return a nice range of values between 0–5 V when you shine a small flashlight on the photoresistor or place your hand over it. If the values appear to be reaching the limits too quickly, increase the size of the upper resistor.	
4.	Avoid using superbright light sources or shining the photoresistor directly at the sun when calibrating your sensor; doing so will reduce the sensitivity of your light sensor.

Supplemental Student Instructions

Light Sensor Construction, Calibration, and Troubleshooting 
Build the voltage-divider circuit and connect to interface
1.	Insert the circuit end of a Vernier Analog Breadboard Cable into the breadboard.

2.	Connect a 5 kΩ resistor between the +5 V and SIG1 pins on the cable.
[image: ]
Vernier Analog Breadboard Cable pin-out
3.	Connect a photoresistor between the SIG1 and GND pins on the cable. Photoresistors are bidirectional so either wire can be connected to the signal line.
4.	Connect the Analog Breadboard Cable to Channel 1 on the interface.
5.	Connect the interface to the computer.
Software Setup and Calibration
1.	Start Logger Pro.	
2.	Choose Set Up Sensors from the Experiment menu.
3.	In the CH1 list, select Choose Sensor. From the Voltage list, select Raw Voltage (0–5 V).
Tip: Values for electric potential will be displayed in the digital meter. When you place your hand over the photoresistor, the values should increase.
4.	To convert the raw voltage measurements made by the Analog Breadboard Cable to a percentage change in light intensity, you will need to determine the minimum and maximum voltage readings returned by your photoresistor. Shine a small flashlight on the photoresistor or aim the photoresistor at a nearby window. When the potential reading stabilizes in the digital meter, record the value as the minimum potential. 
	Photoresistor
	Potential (V)

	Minimum – Vmin 
	

	Maximum – Vmax
	



5.	Place your hand over the surface of the photoresistor. When the potential reading, record the value as the maximum potential.
6.	Choose New Calculated Column from the Data menu.	
7.	Enter Light Intensity as the Name of the new column and % as the Units.
8.	The light intensity equation must be entered into the Equation box. To do this, substitute your recorded values for Vmin and Vmax into the following equation 


	Note that the default name in Logger Pro for the voltage readings from the photoresistor is “Potential” (found by clicking the Variables button).
[image: ]
New calculated column dialog 
9. 	Click [image: CollectNew] to begin data collection. Place your hand about 12 inches above the photoresistor and then slowly bring your hand down until it covers the surface of the detector.
[image: ]10.	To display light intensity measurements on the graph, click the y-axis label and select Light Intensity. Click Autoscale to resize the graph.

Light intensity measurements

Troubleshooting
Check that you have connected the photoresistor and resistor to the proper pins on the Analog Breadboard Cable.	
Make sure the Analog Breadboard Cable is connected to CH1 on the interface, and that the interface is connected to the computer via the USB cable.
The Analog Breadboard Cable does not have auto-ID capability. You must set it up in the Set Up Sensors dialog. 
Once you have set up Logger Pro to read the raw voltage (0–5 V), observe the output voltage as you block and unblock the light falling on the photoresistor. Does the voltage change with the light level? If not, check your circuit for correct wiring. If the output voltage is consistently high (~5 V) or low (~0 V), the SIG1 line may be connected to the 5V or GND lines, respectively.

Build Your Own Sensor	© Vernier Software & Technology	
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