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Sensors are an essential part of science and engineering systems. They gather data, provide feedback, and can be used to guide scientific experiments and engineering systems. Correctly using a sensor requires that you understand how it operates and what its limits are. In this activity, you will build, calibrate, and evaluate a light sensor. 
Background
Probes like the Vernier Light Sensor are designed to measure the intensity or brightness of light. Such a sensor is useful for variety of applications:
· Scientific research: Exploring the relationship between light intensity and distance from the source, understanding reflection and transmittance, studying solar energy 
· Engineering applications: Detecting when a light is on or off or when a container is open or closed, triggering a lighting system
One of the most common and least expensive detectors that can be used when building a light sensor is a photoresistor. Photoresistors, also called light detecting resistors (LDR) are made from cadmium sulfide (CdS) cells that are sensitive to visible and near infrared light. The resistance of a CdS cell varies inversely with the amount of light incident upon it – bright light causes a low resistance between the two leads of the cell while low light results in a higher resistance. When a photoresistor is placed in a voltage-divider circuit, proportional changes in light intensity can be measured with the Vernier Analog Breadboard Cable.
[image: ]A voltage divider is a linear circuit consisting of two resistances (in this activity, a resistor, R1, and a photoresistor, RP) wired in series with a supply voltage (+5 V). The output voltage at a point between the resistances (V0) will be a fraction of the applied voltage. For the circuit shown in Figure 1, if RP = R1, then V0 should measure approximately 2.5 V.
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Figure 1  
Voltage-divider circuit
)The value of the resistor, R1, determines the range (or swing) of the sensor’s output voltage, V0. R1 should be larger than the photoresistor’s minimum resistance (brightest light), but smaller than the photoresistor’s maximum resistance (dimmest light). A multimeter can be used to find the resistance values for a particular photoresistor when it is exposed to bright and dim light. Choose a resistor to match the range of your particular photoresistor.
MATERIALS
	Vernier computer interface
	Vernier Analog Breadboard Cable

	computer 
	photoresistor (Rp)

	USB cable
	resistor (R1, chosen to match photoresistor)

	Vernier Logger Pro software
	breadboard

	commercial light sensor, e.g. Vernier  
   Light Sensor (order code: LS-BTA)
	jumper wires



Construction & Calibration
Follow these steps to build your light sensor:
1. Build voltage-divider circuit with photoresistor by connecting the photoresistor and appropriately-sized resistor to the correct lines on the Analog Breadboard Cable.
2. Connect the Analog Breadboard Cable to a Vernier interface and start Logger Pro.
3. Set Logger Pro to read the raw voltage output from the Breadboard Cable channel. Measure the voltage output in dim (0% light intensity) and bright conditions (100% light intensity).
4. Use these voltages to determine the slope (% light intensity/volt) and intercept (% light intensity at 0 volts) of a linear calibration equation. This calibration equation takes an output voltage and converts it into a % light intensity measurement.
5. Enter this calibration equation into Logger Pro as a New Calculated Column to convert all raw voltage output readings into % light intensity readings.

Sensor Evaluation
1. As explained in the background information, the resistor you choose to place in the voltage-divider circuit determines the “swing” of the output voltage, i.e. the change in output voltage from dim to bright conditions. What happens when you replace that resistor with a larger resistor? Smaller resistor? At what resistance will you get the largest swing in output voltage?
2. Under what conditions does your light sensor fail to operate as expected? Does your light sensor respond to all colors/wavelengths of light?
3. How quickly does your light sensor respond to changes in light intensity? If available, use a strobe light to measure its response time.
4. Compare your light sensor to a manufactured light sensor such as the Vernier Light Sensor. How does the response from your light sensor compare to the Vernier sensor?
5. Use the Vernier Light Sensor to calibrate your light sensor in lux, rather than % light intensity.
6. List the advantages and disadvantages of your light sensor. Identify applications where it would work well and where it would not.
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