The ITSI Do-It-Yourself Probe Kit Introduction

Overview

The ITSI Do-It-Yourself Probe Kit provides the parts you need to build and test circuits that can measure a wide range of properties and get these into to computer. It saves a lot of money and gives a taste of electronics and computer interfacing. The electronics is not hard and provides a nice introduction to the hardware side of information technology. Not many people in IT have even the slightest understanding of electronics, and those that do are uniquely prepared for a range of high-paying positions. 

[image: image1..pict]The following diagram illustrates the main parts of most probes. 

Suppose you want to measure some property of the real world. With this kit, you will be able to measure temperature, light, magnetic field, rotation, force and more. For each property, there is some sensor that converts the property into an electrical signal. Most sensors generate a voltage, but some produce current. Sometimes the electrical signal is too small and needs to be amplified, but in the case of several of our sensors, you can do without the amplifier. 

The last step in getting a signal into the computer is an interface. We will use the Vernier GoLink. This device accepts a signal that is between zero and five volts, and converts it into a digital form that the computer can read. 

Making your own probes only requires building that central part enclosed in the dotted line. Functioning sensors and the GoLink interface are supplied. All you have to do is connect them together. For the simplest sensors, all you have to do is connect three wires to the GoLink. 

ITSI Probe kit Contents

The Parts in the Kit

Big:

· Digital Multimeter

· Go-Link USB interface (Vernier)

· Header with cable

· Experiment board

· DC motor

· Microphone

Small:

· I-amp (Instrumentation amplifier) AVOID STATIC* 

· Op-amp (Operational amplifier) AVOID STATIC*

· Temperature Sensor (IC – integrated circuit) AVOID STATIC*

· Phototransistor

· LED (Light Emitting Diode) – Red

· LED – Green

· Magnetic field sensor (Hall Effect probe) AVOID STATIC*

· Magnet

· Variable resistor (potentiometer or pot)

· Assorted resistors

· Assorted Mylar capacitors

· Assorted electrolytic capacitors

Miscellaneous

· Thermocouple wire (iron and constantan = type J)

· Heat shrink tubing (wire insulation)

· Clip leads

· Solid wire, 4 colors

· Black high density anti-static foam

· Ziplock bags

· Wire cutters

· Mini screwdriver

*The i-amp, op-amp, temperature sensor, and magnetic field sensor all have an incredible amount of sensitive internal circuitry. These circuits can be ruined by static electricity. Keep these parts inserted in conductive (black) foam and handle them as little as possible. Be particularly careful in dry climates and seasons.  

Mug Shots

You have to learn the names of the parts that we will use. Here they are, with pictures.
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The Vernier interface, header, and experiment board

[image: image3..pict]The Sensors (one of each is supplied)

Sound Sensor. The kit includes a microphone on a plastic rod. 

Temperature Difference Sensor.  The kit contains two strands of very thin wire for making thermocouples that can measure temperature differences. One wire is made of iron and the other of Constantan, a copper-nickel alloy. To find the iron strand rub the wire on white paper, you will probably see a red-brown stain from rust. 
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Safety Rules

Here are some rules that will keep you and your circuits safe. 

1. Wear goggles with side protection. We don’t want wires accidentally getting in anyone’s eye. 

2. Always disconnect from the computer before working on the Experiment board. This removes any chance of hurting the computer, the chips, or you. 

3. Do not touch any part of the circuit when you are testing the circuit and have it connected to the computer. 
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4. Do not touch other fixed metal objects (like plumbing or a metal chair) or any water, when your circuit is connected to the computer.

5. Do not use your fingers to remove chips. Many people have ended up with the chip embedded in their fingers. Use a small screwdriver instead, and gently pry the circuit loose from both ends. Actually, it is best to simply leave the chips in the Experiment board all the time. There is lots of room for them. 
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6. Before connecting a new circuit to the computer, have someone else check that it is correct. An incorrect circuit is no danger to you, but it could ruin kit parts. 

7. Make neat circuits. A neat circuit is easier to check, to understand, and to modify. A rat’s nest circuit with lots of bare wires can cause errors. Two wires that are not supposed to touch can touch and burn out the interface circuit. Keep the leads short and insulate them with insulation that you have stripped off other wires, or use the heat shrink tubing. 

8. Keep your work area neat. Keep unused materials stored away. A mess can lead to unexpected mistakes. 

9. Until you are familiar with the DMM, never set it to read current. Don’t even rotate the switch past the current settings. It is easy to pass too much current through the DMM when it is set for current and this will burn out a fuse that protects the DMM but is a giant pain to replace. If your DMM suddenly seems to fail, it is probably because this fuse is burned out. The most common way to blow the fuse is to connect the leads to two ends of a battery or some voltage source as you would to measure voltage, but then switch to current. A very large current can flow—too much for your DMM. That’s why there is a fuse. 
Know the Dangers and Non-Dangers

There is no way to be hurt by the low voltages in these circuits. The power used in our experiments is +5 volts derived from the computer. This is not an electrical danger, nor is there any danger from a properly working computer. 

If the Experiment board is disconnected from the computer, it poses no electrical danger. This is why it should be disconnected unless in use. Disconnection also removes power from the Experiment board, so an incomplete or incorrect circuit cannot cause harm to the chips. Connect to the computer only when a circuit has been completed and carefully examined by someone else for errors. 

The greatest electrical danger comes from a fault inside the computer that results in one side of the 120 V AC power main being connected to some part of the computer. A computer can still work in this condition but is a danger if the user touches a ground while touching the computer. A ground can be supplied by plumbing, metal on another computer or appliance, or water on the floor or sink. This applies as well to anyone using the computer or the Experiment board. So, in the unlikely chance that a computer has this kind of internal fault, never use the Experiment board while also touching a ground. 

There is a danger to the chips, the temperature sensor, and the magnetic field sensor from static electricity. This is a major problem in the winter when the air is dry. Store the chips and sensors in conductive foam or a conductive plastic container (these are pink or metallic-looking). Before touching one, hold onto a ground with the other hand. Handle them as little as possible. Never put them in a pocket or other clothing unless they are inserted in conductive foam or conductive plastic. Do not confuse conductive plastic with regular plastic, which carries static charge and can zap a delicate circuit in a microsecond. 
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GoLink attached to a computer





The Vernier header with cable





Temperature Sensor (TMP36) side and bottom view. Note that it has one flat side with markings on it. The pins are numbered 1-3 from left to right. 





Light sensor. A phototrans-istor side and bottom. Note the flat side on the flange; this indicates the minus lead. 





Magnetic field sensor—“Hall Effect” probe. Side and top views. Note its trapezoidal shape. 





Header close-up inserted in the experiment board





Header connected to the GoLink





Experiment board





Two LEDs emit light, but can sense it, too. Note the flat part on the flange; this indicates the negative lead. 





A rotation sensor. This is just a variable resistor, but we’ll use it to detect the rotation of its shaft.





A Motion Detector. Like any DC motor, this small motor generates a voltage proportional to the speed it is turned. 





The AD623. This amplifier is used in instrumentation, so we call it an “i-amp.” Note the notch in one end. 





Assorted Capacitors. Each kit should kit should have two. The values and shapes do not matter.





The TLC272 Opamp. There are actually two “operational amplifiers” in this tiny package. 





Assorted Resistors. The values are coded in color bands. For help reading the codes, see http://www.dannyg.com/examples/res2/resistor.htmYou need one each 100 Ω, 1 kΩ, 100 kΩ, and 1 MΩ and two 10 kΩ.





Clip leads. Each kit has four wires with “alligator” clips on each end. Some may not work properly, so always check them with your meter. 





Shrink Tubing. You can slip this over wires to insulate them. Heat with a blow dryer and it will shrink tight. 





A Digital Multimeter or DMM for short





Wire cutters. These can be used to cut wire and strip off its insulation.





Wire: solid core.





Magnet and a paperclip used to keep it from getting lost.





Phillips screwdriver





Do not use your fingers to remove chips—many have ended up with the chip embedded in their fingers. Pry the chips loose from underneath using the Phillips screwdriver.





Always disconnect from the computer before working on the Experiment board. 





A neat circuit. Everything is visible and clear. Note the short wires--this required cutting the leads on the resistors. The resistor on the right has been insulated. There are no bare wires that can touch. 
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