[image: rain detector]Engineering a Water Alarm

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 and evaluate a water detector, then use it as the trigger in a water alarm system. 
Background
A water alarm is an electronic device that sounds an alarm when it detects water. These devices are very useful in homes (especially basements) to protect against water damage and/or mold growth from leaky water pipes, broken plumbing fixtures, a backed-up sewer, or runoff from a heavy thunderstorm.
A water alarm is different from a simple sensor in that it must perform both an input and an output function. First, it must detect the presence of water, and then it must send out a signal to activate an alarm. A Vernier interface, Digital Control Unit (DCU), and Logger Pro software provide an excellent way to coordinate these two functions with the addition of some simple electronics. 
[image: ]A bare PC board works well for the liquid sensor because the strips of copper are in close proximity to one another, but still electrically isolated. When the sensor is dry, the gap between the copper strips does not allow current to flow, so it acts like a very large resistor. However, when the PC board is immersed in water, the water bridges the gap and drops the effective resistance.
When used in series with a second resistor, and connected to the Analog Breadboard Cable, the circuit becomes a simple voltage-divider. The breadboard cable provides 5 V of electric potential on one line, is grounded on another, and reads an “output” voltage on its SIG1 line from a device or circuit.
 (
Voltage-divider circuit for detecting water
)To understand how the circuit detects the presence of water, consider what happens when the PC board is dry and wet. When it is dry, its resistance is very large and the voltage drop across it in the circuit is about the same as the input voltage—5 V provided by the breadboard cable. When the PC board gets wet, its effective resistance drops, which causes the voltage across it to drop, as well. The voltage at SIG1, the output voltage of the circuit, drops because of the change in effective resistance. Thus, the presence of water is detected by a drop in the output voltage. 
A properly-sized resistor can be used to increase the change in output voltage when the PC board gets wet. Start with a 10 kΩ resistor in the circuit with the PC board; if necessary, test additional resistors.
The water alarm also requires an output device to alert the user (e.g., an LED or buzzer). Choose an appropriate output device and program the DCU to activate it in the correct circumstances.
MATERIALS
	Vernier computer interface and USB cable
	printed circuit board and jumper wires

	computer with Logger Pro software
	breadboard

	Vernier Analog Breadboard Cable
	output device (LED, buzzer, motor)

	Vernier Digital Control Unit (DCU)
	a variety of resistors, including a 

	tools (soldering iron, solder, screw driver)
	   10 kΩ resistor



Construction
Follow these steps to build your water detector:
1. Solder a pair of jumper wires to the ends of the long vertical copper strips on the PC board. You will use these jumper wires to attach the PC board to the breadboard cable.
2. Build the voltage-divider circuit by connecting the PC board and a 10 kΩ resistor to the appropriate lines on the Analog Breadboard Cable; refer to the voltage-divider circuit diagram in the Background information as necessary.
3. Connect the Analog Breadboard Cable to a Vernier interface and start Logger Pro.
4. Verify that the voltage read in Logger Pro changes when the PC board is immersed in water.

Sensor Evaluation and water alarm application
1. What voltage does the water detector read when it is dry? Wet?
2. The 10 kΩ resistor you placed in the voltage-divider circuit determines the “swing” of the output voltage (i.e., the change in output voltage from dry to wet conditions). What happens when you replace that resistor with a larger resistor? A smaller resistor? Does a different resistor seem to work better than 10 kΩ?
3. Under what conditions does your water detector fail to operate as expected? Does the temperature of the water matter? Does pure (distilled) water work better or worse than tap water? Does tap water work better or worse than dirty water?
4. Make your water detector into a water alarm. Using the DCU, set up Logger Pro so it warns you if the water detector senses water. To do this you will need to
a. Connect an output device such as a LED, buzzer, or motor, to the DCU. Choose an output device that would make sense as an alarm.
b. Write a logic statement in the Digital Out dialog box (Sensor Set Up ► Digital Control Unit ► Digital Out) that activates your output device when the water detector gets wet.
c. Test your water alarm!
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