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Learning Objectives
· Construct a water detection sensor and investigate its design and limitations.
· Control an output device (e.g., LED, motor, or buzzer) based on input from measured physical quantities (presence of water).
· Supplement classroom instruction on the properties of electricity 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
Next Generation Science Standards (NGSS)
	Disciplinary Core Ideas
	Crosscutting Concepts
	Science and Engineering Practices

	ETS1.A. Defining and Delimiting Engineering Problems
ETS1.B. Developing Possible Solutions
ETS1.C. Optimizing the Design Solution
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. 

Additionally, for the second half of the Sensor Evaluation and Application section, your students will need a basic knowledge of how to set up and use the Digital Control Unit (DCU). The DCU User Manual can be very helpful.

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 and Application Questions 
· Challenge Activities
· Construction Tips
· Supplemental Student Instructions – Water Alarm Construction, Evaluation, & Troubleshooting


Answers to Sensor Evaluation and Application Questions 
1.	When dry, the output voltage is about 5 V. When the detector gets wet, the voltage drops as low as a 1 V depending on how much of the PC board is wet or immersed.
2.	Compared to smaller resistor values, larger resistor values cause the output voltage to drop faster when the PC board gets wet. Whether a faster drop is “better” than a slower drop depends on how the water detector is being used. If it is monitoring a flood-prone basement, fast would be good. If it is monitoring the water level of a garden planter, a quick response is not as important.
3.	Even though water will complete the circuit, its low conductance creates very small changes in voltage making it difficult for the interface to reliably detect the signal. Electrical conductance is a measure of the degree to which an object can conduct electricity, calculated as the ratio of current flow to potential difference. Pure (distilled) water has a very low conductance (less than 0.055 microsiemens per cm) due to a lack of impurities or charged particles which allow current to flow. Tap water and rainwater have a higher conductance due to the presence of dissolved salts and/or acids in the water. As such, distilled water will not work as well as regular tap water. Any water a real water detector would ever encounter, would almost surely be dirty (on the floor, etc).
4.	See the Supplemental Student Instructions section below for details on how to set up the DCU with the water detector.
Challenge Activities
If your students need more of a challenge, provide them with one or more of the following options:
Use your water sensor as part of a weather station to record the exact start of a rainstorm.
Use your water sensor as a shut-off valve to turn off a lawn sprinkler system.
Investigate whether the water detector is sensitive enough to determine how much of the PC board is wet. If so, calibrate the water detector, i.e. use a Calculated Column in Logger Pro to convert the output voltage of the water detector into a “% wet” measurement.
Investigate alternatives to the PC board to use as a liquid sensor. What other electronic components might also work as a liquid sensor?

Construction Tips
1.	SparkFun sells a general purpose PC board (catalog: PRT-12070 ROHS). You can also find PC boards at other online stores such as Mouser and Digikey. The boards with long vertical strips of interconnected holes are preferable, but if they are unavailable, you can always solder a row of holes together to form your own vertical strips.
2.	Mouser sells a buzzer (catalog: 490-CPE-6080) that emits a reasonable tone of 80 dB. If purchasing a buzzer from an online source, make sure to select a piezo style buzzer. Non-piezo buzzers will simply click when a voltage source is applied. They require the application of an oscillating source in order to emit a tone.
3.	Ideally, the wires connecting the detector to the breadboard circuit should be of sufficient length to prevent water interfering with your electronics.
4.	We used a 10 k resistor in our example project, but if you are using a material other than a PC board for your liquid sensor, you may need to use a smaller or larger resistor.

Supplemental Student Instructions

Water Alarm Construction and Set Up
Build the detector and connect it to interface
1.	Solder two jumper wires to the ends of the long vertical copper strips on the PC board.
[image: ]
Figure 1   Solder connections to printed circuit board

2.	Insert the circuit end of a Vernier Analog Breadboard Cable into a breadboard.
[image: ]
Figure 2  Vernier Analog Breadboard Cable pin-out

3.	Connect a 10 kΩ resistor between the +5 V pin and SIG1 pin on the cable.
[image: ]
Figure 3  Liquid sensor circuit

4.	Connect the two conductor wires on the PC board to the SIG1 pin and the GND pin on the breadboard cable.
5.	Connect the Analog Breadboard Cable to Channel 1 on the interface.
6.	Connect the interface to the computer.

Connect a buzzer to the DCU
1.	Connect a buzzer to the D1 line and GND lines on the screw terminals. 
2.	Connect the DCU to the first DIG port on the interface.
3.	Connect an external power supply to the DCU.

Software Setup
1.	Start Logger Pro.
2.	Record the potential reading that is displayed in the digital meter. This is the value of the electric potential when the water detector is dry.
3.	Choose Set Up Sensors from the Experiment menu.
4.	In the DIG/SONIC1 list, select Choose Sensor, and then select Digital Control Unit.
5.	Select Digital Out from the DIG/SONIC1 list.
6.	In the Digital Out dialog, use the Test DCU option to turn on line D1. The buzzer should sound. If it does not, troubleshoot the buzzer connection.
7. 	Check the Activate Line 1 box, and enter the settings shown here: 
[image: Digital Out]
Figure 4  Digital Out dialog box setting

Tip: You may want to adjust the voltage at which the water detector activates the buzzer, depending on how sensitive the detector is.
8.	Select the “Start activation when dialog is closed” option and close the Digital Out dialog. 
	Tip: Values for electric potential will be displayed in the digital meter. When the detector is dry, the potential reading should be near +5 V.
9.	Your water alarm should begin operation. Test it by wetting the PC board—the alarm should sound. If it does not, troubleshoot.

Troubleshooting
Some PC boards are manufactured with a thin plastic coating over the board to prevent the copper from corroding. Unfortunately, this also prevents the copper from conducting. This coating can be removed by gently rubbing the board with a piece of fine steel wool.
Be aware that distilled water does not conduct electricity well. It is better to use tap or well water.
You can test that your buzzer is working correctly by returning to the DCU setup window in Logger Pro. Checking the box next to Line 1 On under Test DCU should immediately turn on the buzzer.
Make sure the DCU is connected to a power supply.
Check for loose or improperly-wired connection between the buzzer and the DCU.
For additional information on the DCU, refer to the User Manual (available from the Vernier website).
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