The ITSI Do-It-Yourself Probe Kit Directions
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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. 

How They Work

The Experiment  Board

The Experiment board is where you will build circuits that connect sensors to the GoLink. The board simplifies making circuits because you don’t have to solder wires together. Instead, you just slide wires into the square holes and the connections are made inside. The header provides a simple way of connecting the GoLink to the experiment board. The GoLink plugs into any USB port on any computer. It delivers the digital signal from its input voltage to the computer. It also draws some power from the computer for itself, and the circuits that you build on the experiment board. 
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It is important to understand the function of the GoLink, because you will be connecting to it. It does two things: it supplies power and accepts a voltage input. 

The GoLink as a power supply. The GoLink acts like a 5-volt battery. We will use this to power all the circuits we make. This is a great convenience and safety feature. We do not have to use batteries that always run down and we do not have to build a power supply that might require connection to AC power. The 5 V is available on the header at the pin called “5V” that is connected to a yellow wire. 

Every battery needs two connections. The low, or minus, side of the ‘battery’ is connected to the “ground” wire, called GND on the header connected to a black wire. Ground is a common term for the reference, or zero, voltage. It may or may not actually be connected to the earth. If it is, it will be through the computer, because the GoLink shares its ground with the computer through the USB connector, as indicated. 

The GoLink voltage input. That circle with a “V” in it is the symbol for a voltmeter. Like a voltmeter, the GoLink senses the voltage. A voltmeter converts the voltage into a number of needle motion that humans can read. The GoLink reads the voltage applied to the “SIG1” pin on the header connected to a blue wire. This is converted into a string of 0’s and 1’s that a computer can read through a USB port. It reads the voltage 100 times a second and sends a number for each reading. 

Voltages are always the difference between two points. As you can see from the diagram, the voltage is measured between the SIG1 input and GND. In other words, the voltage is measured relative to ground. 

Don’t make the input range too large. The GoLink voltage input range is limited. It cannot sense a voltage outside the 0-5 V range. The GoLink divides the 0-5 V range into 4096 equal steps and assigns a unique 12-bit binary number to each. Zero volts is represented by 0000 0000 0000 and 5 V is represented by 4,095 (in binary that is 1111 1111 1111.) These numbers are the “raw data” that the computer reads. The computer transforms these raw data numbers into force, or distance, magnetic field, or whatever, using calibration information that it has stored.  

Don’t make the input range too small. The individual voltage steps corresponding to a change of one bit in the raw data are about 12 mV. Thus, if the input voltage changes less than this amount, it will not cause any change in the GoLink output. In fact, you want the input range to be much larger than 12 mV so that many different raw data numbers are generated. Ideally, you want the input to go all the way from 0 to 5 V so that the GoLink will generate 4096 unique values. For many situations, however, 1 V range or less is adequate. Suppose, for instance, your input voltage ranged from 3.0 V to 3.5 V. This would correspond to about 1/10 the total range, so the GoLink would generate raw data that spanned about 410 steps. This means that 410 different values would be stored in the computer. This is adequate resolution. A graph with 410 different vertical values looks very smooth. 

A First Circuit

Several of the sensors can be directly connected to the header. The TMP36 temperature sensor is one of these. The circuit is simplicity itself.

Just three wires are needed to connect three pins on the temperature sensor to three pins on the header. 

The hardest part is locating the right pins. Hold the sensor by its leg with the flat part facing you. Pin 1 is on the left, 2 in the center, 3 on the right. 

Before beginning, disconnect the header from the GoLink. Place the header and sensor on the Experiment board as shown. Then connect pin 3 on the TMP36 to the GND on the header, pin 1 to +5V, and pin 2 to SIG1. Check. Plug. Run. 

This same idea can be used with the magnetic field sensor and the rotation sensor. A very slight variant of this can be used with the phototransistor and for GSR

A Second Circuit

Some signals need amplification and conditioning. Here is one of the most complex used in ITSI.

A motor generates a voltage that is proportional to its rotation speed, but the signal is small and noisy. This circuit amplifies it by a factor of 10 and filters it a bit. 
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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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