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the need to tear down and build up a new circuit as you are learning about the BS2. You may be able to find a momentary on button that can be plugged directly into the breadboard, but chances are you will have to solder some wires to a switch and push them into the breadboard to add the switch to the circuit. The BS2 is built from CMOS technology. As discussed earlier in the book, it does not have its own internal voltage or current source so you must make sure that the input pins are driven either high or low. In this circuit, the 10k resistor pulls up the input pin until the button is pressed and the pin is connected to ground (pulled down). The 10k resistor limits the amount of current that passes through the momentary on switch to ground to about 50  A. A pull-up circuit, such as this, should always be used with BS2 inputs to ensure that the voltage always transitions from high to low and a very small amount of current passes between them. To test the circuit, the following program will turn on the LED at P0 any time the input at P15 is low (which is the pulled up momentary on button). Notice that the value at P15 cannot be passed directly to P0 when the button is pressed, the input is low, but to turn on the LED, the output must be high. The XOR (^ operator) with 1 will invert the signal from P15 so it can be used with P0.
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		Shaft couplings that include internal and external gears, balls, pins, and nonmetallic parts to transmit torque are shown here.
' Button Demonstration 1 - Control LED on P0 by Button on P15 '{$STAMP BS2} '{$PBASIC 2.5} ' Mainline DIR0 = 1 DO OUT0 = IN15 ^ 1 LOOP
When you pushed down the button, you may have noticed that the LED flickered on and off. This was due to button bounce, dirty contacts, or your finger getting tired. To try and show this action more clearly, the second button demonstration turns off all eight LEDs
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		Computers operate in the world of   on   and   o ,   also known as binary. As a simple example, look at the schematic in Fig. 7-11. This is a battery (the sandwich-shaped symbol on the left), a switch, and a light-emitting diode (LED)/resistor pair. When the switch is open, its default position, the LED is o . If you push the button the LED turns on. This display is telling us the state of our switch and represents a single binary unit, or bit. What if you have four bits, as shown in Fig. 7-12  Each LED, or bit, could represent a single state in the system, giving four states. If we allow more than one LED to be on at a time, we have sixteen unique states de ned by the four lights. The sixteen patterns of four bits are given in the left column of Table 7-1. Note the other columns show di erent interpretations of these patterns. The binary column exactly mimics the lights but with 0 for a dark bulb and a 1 for a lit one. For easy reference, each binary pattern has a convenient label, 0 through F.   F    you might ask.   F   provides a handy way to say   15   with a single symbol, and is used in hexadecimal numbers. Hexadecimal is base 16 (  hexe   for six plus   decimal   for ten), because there are 16 patterns.
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		and then starts to turn them on (by shifting bits up) when the button is pressed. If the button is lifted, then the program stops until the button is pressed again.
Figure 3-14
' Button Demonstration 2 - Button Bounce Demonstration '{$STAMP BS2} '{$PBASIC 2.5} ' Mainline DIRL = $FF ' LEDs on P0-P7 OUTL = 0 DO DO WHILE (IN15 = 1) ' Wait for Button Press LOOP OUTL = 0 ' Turn off LEDs DO WHILE (IN15 = 0) ' Shift Up while Pressed OUTL = (OUTL << 1) + 1 PAUSE 100 LOOP LOOP ' Repeat
When you ran this program, you probably saw the LEDs cycle up, but occasionally restart or even just flicker to one on. The reasons for this were listed previously and something that will have to be compensated for in your robot control program. Later in the book, you will be shown how to process this information and figure out exactly what is happening but for now just try to work at understanding how to process simple button inputs.
Fig. 7-11.
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