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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, set up, and evaluate a photogate. 
Background
In a photogate sensor, a phototransistor often serves as the light detector. A phototransistor has very high resistance (over 100 kΩ) when it is in the dark, but the resistance drops to only a few hundred ohms when light shines on it. In this application, the phototransistor will act as a light-sensitive switch. When a light beam aimed at the phototransistor is interrupted by an object, the voltage at the switch input decreases. For best results, the light source should have a narrow beam directed at the phototransistor. An infrared light-emitting diode (LED) is a good choice for this purpose because they are inexpensive and durable. Since they require very little current, they can be powered directly from the Vernier interface. Infrared light has a longer wavelength than our eyes can see, but the phototransistor is able to detect this light. The complete photogate circuit, incorporating both an infrared phototransistor and LED, is shown below. Notice that a 220 Ω resistor is used to limit the flow of current to the LED so that it does not overheat.
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With this system, the Vernier interface will be able to detect when an object moves through the space between the LED and the phototransistor. Whenever the beam is blocked, the phototransistor is “off” and the voltage signal is low. When the beam is unblocked, the voltage signal will be high, since the resistance of the phototransistor is much less than that of the 3.3 kΩ resistor.
Timing Modes
[image: motion itming]Motion Timing

The Motion Timing mode uses a photogate or pulley connected to the digital input. During operation, times are recorded as leading opaque edges of a “picket fence,” bar tape, or a pulley spoke pass through the photogate beam. More importantly, if you enter the distance between the leading edges of the opaque bands in the Length of Object field, the program can analyze the times, and calculate velocities, displacements, and accelerations. 

[image: pulse timing]Pulse Timing

In this mode, a measurement from when a photogate gets blocked to when it gets blocked again will be recorded. 

[image: gate timing]Gate Timing

For this mode, timing will begin when the photogate is first blocked. The timing will continue until the gate is unblocked. The duration of the interruption is thus timed. If the length of the object is entered in the Length of Object field, the velocity is calculated. 

[image: pendulum timing]Pendulum Timing

The Pendulum Timing mode uses a photogate connected to an interface. The timing begins when the photogate is first interrupted. The timing will continue until the photogate is interrupted twice more, so that you get the time for a complete swing of a pendulum or other oscillating object. 

Photogate Timing
In Photogate Timing mode, only a time and Gate State column are displayed. You may add other calculated columns as desired. 

MATERIALS
	Vernier computer interface
	infrared LED

	Vernier Logger Pro software 
	3.3 kΩ resistor

	computer
	220 Ω resistor

	USB cable
	breadboard

	Vernier Digital Breadboard Cable (BB-BTD)
	jumper wires for breadboard

	NPN infrared phototransistor
	(optional) multimeter



Construction & Calibration
Follow these steps to build your photogate:
1. Build the photogate circuit on a breadboard, connecting the circuit elements to the correct lines on the Digital Breadboard Cable. If it helps, you can think of the LED and photoresistor branches of the circuit as separate circuits, since they are connected in parallel to the power supply.
2. Connect the Digital Breadboard Cable to the DIG1 port in a Vernier interface and open Logger Pro.
3. In the Logger Pro Sensor Set Up window, choose the DIG1 channel and identify that a Photogate has been connected to it. Select “Gate Timing” as the photogate mode.
4. Test your photogate by moving your hand through it. Does Logger Pro recognize the change in state from unblocked to blocked? If not, troubleshoot.
Sensor Evaluation
1. Identify which photogate mode is most appropriate for the following timing situations. Also, identify what length should be entered to calculate the corresponding velocity.
a. A launched projectile 
b. A swinging  pendulum bob 
c. A falling “picket fence”
d. A rolling cart with picket fence attached
e. A spinning, spoked wheel
2. Investigate how ambient light affects the operation of your photogate. Does overhead lighting wash out the light from the LED? What can you do to mitigate the effects of ambient light?
3. Experiment with different light source replacements for the LED. Would a flashlight work in its place? A laser pointer? In what situations might having a light source, other than the LED, be useful?
4. You may be familiar with using a photogate in a lab setting to measure time and velocity. What are some other settings where the light sensing and timing abilities of a photogate may be useful?
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