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Learning Objectives
· Construct a photogate and investigate its design and limitations.
· Supplement classroom instruction on simple circuits 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
“Series and Parallel Circuits” – Experiment 23 from Physics with Vernier
“Series and Parallel Circuits” – Experiment 10 from Advanced Physics with Vernier–Beyond Mechanics
“Introduction to the Vernier Photogate” – Activity 4 from Advanced Physics with Vernier–Mechanics
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 the photogate 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 – Photogate Construction, Software Set Up, & Troubleshooting


Answers to Sensor Evaluation Questions 
1. 	For each of the given situations, students might chose a couple of different photogate timing modes, depending on what exactly they want to measure:
	Situation
	Timing Mode
	Appropriate Length
	Calculated Quantities

	A launched projectile
	Gate
	Width of projectile
	Projectile’s velocity

	A swinging  pendulum bob
	Pendulum
	N/A
	Pendulum’s period

	
	Gate
	Width of pendulum bob
	Bob’s velocity through photogate

	A falling “picket fence”
	Motion
	Distance from leading edge of stripe to next leading edge
	Velocity and acceleration of picket fence

	A rolling cart with picket fence attached
	Motion
	Distance from leading edge of stripe to next leading edge
	Velocity and acceleration of cart

	A spinning, spoked wheel

	Motion
	Distance from leading edge of spoke to next leading edge
	Velocity and acceleration of wheel



2. 	Depending on classroom set up, especially the brightness and position of overhead lights and windows, a student’s photogate may register being blocked inconsistently or not at all. Students can create a “hood” for the photoresistor if their photogate is sensitive to ambient lighting. 
3. 	Generally, a focused or close source of light is necessary to trigger the photogate. Most students build their photogate with an LED which, while not especially bright, is close enough to work. A well-aimed laser pointer will also likely work, as long as it is bright enough and focused enough. Using a laser pointer, instead of the LED, can be advantageous in situations where the object to be measured is too large to pass through the photogate.
4. 	Photogates can be useful in many places in manufacturing, such as tracking movements of products along an assembly line. Photogates are also used to track usage on trails and bicycle paths.

Challenge Activities
If your students need more of a challenge, provide them with one or more of the following options:
· You can make the photogate more useful and durable for timing by soldering the components together and mounting the components on a rigid frame as shown below. Use short sections of wire to extend from the breadboard to the photogate frame. Bend the leads on the phototransistor and LED at right angles so that the leads can be taped to the support with the two components facing each other. Tape the resistors and extra wire to the support. If the support is metal, be careful not to allow any of the exposed wire to touch it. 
[image: ]
Photogate support
· Build a phototachometer to determine the frequency of a rotating object. Mount a disk with a hole in it onto a rotating shaft. Place the disk between the arms of the photogate so that the disk blocks the gate except when the hole rotates through the beam. Set up Logger Pro to calculate the rotational velocity of the disk.

Construction Tips
1.	SparkFun sells an infrared emitter and detector in one package (catalog: SEN-00241 ROHS). You can also find infrared phototransistors and LEDs at other stores such as Mouser and Digikey. 
2.	The negative lead on an LED will have a shorter wire and/or a flat side or notch on the lens.
3.	Consult the manufacturer’s data sheet to identify the collector and emitter leads on the phototransistor. 
4.	When you use your photogate, do not expect to see the LED glow brightly. The infrared LED emits very little visible light. If you are in an absolutely dark room, you may see a very faint red light.
5. 	When testing the photogate, the live readout of the photogate state in Logger Pro will change from “unblocked” to “blocked” and back as an object moves through the gate. Note: The live readout is updated relatively slowly compared to its response time during data collection, so when testing it is possible to pass an object through without seeing the “unblocked” state. Move the object slowly to verify that the photogate is responding as it should. 
Supplemental Student Instructions
Photogate Construction & Software Set Up 
Build the photogate and connect to interface
1.	Plug the Breadboard Cable into a breadboard.
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Vernier Digital Breadboard Cable pin-out

2.	Connect the 3.3 kΩ resistor between the DIO0 pin and the GND pin on the Digital Breadboard Cable.
3.	Connect a 220 Ω resistor between the +5V pin on the cable and an unused row of pins on the breadboard. 	
4.	Connect the positive lead on the infrared LED to this same row of pins. 
Tip: The positive lead (wire) on an LED is usually longer than the negative lead. Also, the lens on the negative side of the LED is flat or notched.
5.	Connect the negative lead on the infrared LED to the GND pin on the cable.
6.	Connect the collector lead of the phototransistor to the +5V pin on the cable.
Tip: Consult the manufacturer’s data sheet to identify the collector and emitter leads on the phototransistor. The collector lead on the Radio Shack phototransistor has a shorter wire and a flat side on the lens.
7.	Connect the emitter lead of the phototransistor to the DIO0 pin on the cable.
8.	Before connecting your photogate, it is a good idea to do a preliminary test with a digital multimeter. Attach the multimeter between the +5 V pin and the DIO0 pin on the cable. The positive lead of the multimeter should be on the +5 V pin. With the meter connected in this way, you should notice a large change in the resistance reading when the phototransistor is exposed to bright light (a flashlight or the sun). The resistance should be several hundred thousand ohms in the dark and less than a thousand ohms in bright light.
9.	Connect the Digital Breadboard Cable to the first DIG port on the interface.
10.	Connect the interface to the computer.
Software setup
1.	Start Logger Pro.
2.	Choose Set Up Sensors from the Experiment menu.
3.	From the DIG/SONIC1 list, select Choose Sensor, and then select Photogate.
4.	Select the timing mode from the DIG/SONIC1 list (default is Motion Timing).
[image: ]
Logger Pro Set Up Sensors dialog box

Tip: You can check the Gate State in the status bar in the upper left corner.
5.	Click Collect to begin using your photogate.

Troubleshooting
Check all resistors against the resistor color code to ensure you are using the correct size.
Check the polarity on the infrared photoresistor and LED to ensure the positive and negative leads are connected in the proper direction.
Check that you have connected the LED, photoresistor, and resistors to the proper pins on the Analog Breadboard Cable.	
Make sure the Digital Breadboard Cable is plugged into DIG1 on the interface, and that the interface is connected to the computer via the USB cable.
The Digital Breadboard Cable does not have auto-ID capability. You must set it up in the Set Up Sensors dialog box.
Your photogate support should have a distance of about 8–10 cm between the phototransistor and LED. If the components appear to be aligned, but you are still not registering an unblocked state, try moving the components a little closer to each another.
The phototransistor and LED must be aligned. Bend the leads on the components until Logger Pro registers an unblocked state. 
A different resistance value may be needed in the phototransistor circuit. Replace the 3.3 kΩ resistor with a 10 kΩ potentiometer (variable resistor). With the phototransistor and LED aligned, carefully adjust the potentiometer until the photogate works.
Ambient room light may interfere with the phototransistor. Place a small column of black tape around the lens to block out stray light.
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