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Your personal computer is a powerful machine. It can calcu-
late faster than any clerk, print documents faster than any typ-
ist, and play chess with the masters. Your software library is
probably full of such applications, along with games, utilities,
and educational software.

But a computer can do a lot more than run software. It can
be a sophisticated controller which turns lights on and off,
monitors your home’s windows and doors, and makes robot
limbs move. To accomplish these tasks, however, you need
sensors, motor circuits, and other electronic devices. That's
why you need Electronic Computer Projects.

This book is a step-by-step guide to building a variety of
electronic devices, from the simple to the sophisticated. With
complete and concise instructions anyone can follow, and ac-
companied by detailed photographs and figures, Electronic
Computer Projects is the book with which you can teach your
Commodore or Atari personal computer valuable new tricks.

Parts lists outline what you need, the instructions show you
how to do everything from heating the soldering iron to plug-
ging in the last component, and programs test and adjust each
project.

Learn how to build your own joysticks, game paddles, and
light pens. See how to put together two kinds of light sensors,
even how to create a burglar alarm with an infrared sensor
that “sees” in the dark. Logic probes, which let you “look”
into digital circuits, multiplexers and demultiplexers, even
robotic motor control circuits are all part of this book’s intrigu-
ing and educational projects. Each project has been built and
tested—you won't find any surprises when you connect a de-
vice to your computer.

Electronic Computer Projects is a thorough guide to your ad-
venture into computer control of the outside world.
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Computers are versatile machines which can be programmed
to perform tasks quickly and accurately. These tasks, or appli-
cations, run the range from games and word processing to fi-
nancial modeling or controlling the lights and heat in your
home.

Most computer applications, at some point in the process,
involve a program which processes data, or information. A
video arcade game is a good example. Here, the data is en-
tered by the player through a joystick—the processing the
program performs is the motion of the character on the screen.
Another example, word processing, lets you enter text (the
data) and process it (by formatting it properly and printing it
out). These kinds of applications are certainly useful, but they
aren’t the end of your computer’s capabilities.

A vast majority of computer applications are limited to act-
ing only on data entered by the user, either from the keyboard
or the joystick. Yet some of the most interesting applications
result when computers interact with the outside world. A com-
puter which can examine its surroundings can then use this
information to perform a useful function. Imagine your com-
puter, sensing that it’s now dark outside, turning on your out-
side lights before you arrive home from work.

Computers have made possible systems which can control
extremely complex operations. The software, or programs
which instruct a computer to do a specific task, is in fact a
form of intelligence—if written correctly, the programs can re-
act to different conditions in predetermined ways.

This book will show ways you can use your computer to re-
late and react to the outside world. This is done through sen-
sors and actuators. Sensors gather information from the outside
world for the computer to process. Actuators allow the com-
puter to influence outside events. Several of the projects put
sensors and actuators together so that the computer can per-
form a given task.

To help you get started, the first few projects in this book
are relatively easy to complete. As your experience increases,
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Preface

so does the difficulty of the projects. If you're new to electron-
ics, then, start with the first projects in the book, developing
your skills as you progress toward the later, more difficult,
projects. But even though the projects increase in difficulty,
you won't need any exotic equipment or advanced skills to
complete them.

Almost all the projects contain less than a half-dozen com-
ponents. You'll have little difficulty with any of the projects,
but you should have some understanding of electronics trouble-
shooting procedures.

Building a Circuit

The basic idea when building a circuit is to wire together the
components’ leads correctly. Occasionally, even experienced
builders make mistakes in wiring circuits. It's an excellent idea
to completely read through each section describing the circuit’s
construction before starting. Color-coded wires can help in
tracing circuits. Examine the drawing of the breadboard layout
included in the book, and study the schematic diagram. When
you feel you understand what the circuit requires, go ahead
and wire your test circuit.

Several methods of wiring, or breadboarding, circuits are
available and suitable for the projects in this book. One
method involves mounting the components on a perforated
board. The components are positioned on one side of the
board so that their leads extend through the perforations to
the opposite side. The leads on the bottom are then connected
by wires soldered between them.

A similar method, called wire wrapping, requires that each
component be mounted in a socket before being placed on the
perf board. Each socket has metal posts which make contact
with the leads of the component. The posts extend through
the holes. Wire connections are made by wrapping one end of
a wire around one post and the other end of the same wire
around a second post. This is done with a wire wrap tool.

Most commercial electronic circuits, however, are con-
structed using printed circuit boards. Printed circuit boards are
copper plated on one or both sides. When making a circuit
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using printed circuit boards, you must first determine the loca-
tion of components on the board. Then, the interconnections
between the components’ leads are marked on the board with
an indelible felt-tip marker. The board is submersed in a
chemical solution which dissolves all copper from the board
except that along the traces you've marked. The copper traces
which remain form the connections between the components.
Commercial manufacturers prefer this technique because
boards can be produced in large quantities quickly and
cheaply with photographic techniques.

Your best bet is to use solderless breadboards, like those
available from Radio Shack. (Radio Shack’s Experimenter
Socket, part number 276-174, was used to construct all the
projects in this book.)

A solderless breadboard is a plastic board with a grid of
“holes” called plug points (see Figure 1). The plug points are
internally wired so that the columns of points on each half of
the board are connected. A row of plug points on each half of
the board are connected as well. To hook up a circuit, compo-
nents are just plugged into the solderless breadboard. A con-
nection between two component leads can be made simply by
inserting each lead into plug points that are internally con-
nected. No soldering is required. Alternatively, jumper wires
can be used to bridge one set of connected plug points with
another to complete a connection. Jumper wires should be #22
gauge, as larger wires tend to spread the contacts of a plug
point too far apart, eventually ruining the breadboard. These
solderless boards may be reused for different experiments
without removing solder from connections. Most wiring ex-
planations in this book refer to coordinates on the solderless
breadboard.

Heat the Iron

Even if you use a solderless breadboard when constructing the
circuits in this book, you'll still have to do a little soldering.
While you won't have to do intricate soldering, wires still
must be attached to switches, the connectors which plug into
your computer, and other components that cannot be directly

ix



'sjujod Bnyd FIDW ${0Q 'SUOHOBUUOD [DUISIUI JDDIPUI S8UI| PBIOJOD *PIDOGPDAIG $8[I8PI0S D JO MBJA dO]

>0 000 - 0 -6 o6 00 X

{

- 1

9 8.0 0. @ 1

,,,,,, e ¢ * a

L — 3 .. B)

r 4 Y ¥ - q

= a o v

S A R T e I y
€C CC 1T 0T 61 LT 91 ST ¥1 €1 ITOL 6 8 4 S ¥ € 7 1

pipogpaelg sssliep|og o Jo wpiboiq uld | 8inbi4



Preface

plugged into a solderless breadboard. Soldering is the only re-
liable method of making these connections.

To make solder connections, you need a pencil soldering

iron (approximately 25 watts) and some electronic resin core
solder. Make sure the solder you use is suitable for electronic
work—some types of solder used in other applications use a
corrosive resin. The steps to make a solder connection are
listed below. Try soldering some practice connections with
scraps of wire before soldering on one of the projects.

1.

2.

Make sure the joint you're going to solder is free of dirt and
grease. The solder will not bond properly if it’s not clean.
Try to make the joint as firm as possible before soldering. If
you're joining two wires, twist them together. When con-
necting to a terminal, like that of a switch, twist the wire
around it. Doing this makes the connection more reliaible,
as a dab of solder by itself will not hold a connection to-
gether for long. If you're using stranded wire, twist the
strands together before making the connection. This will
prevent stray strands from shorting out nearby connections.

. When you're soldering an electronic component such as a

transistor or IC (integrated circuit) chip, attach an alligator
clip to the lead of the component just above the point
where you're going to make the connection. The metal alli-
gator clip acts as a heat sink, drawing heat away from the
component, preventing damage.

. Plug in the soldering iron and wait until its tip is hot

enough to melt solder.

. Touch the tip of the soldering iron to the joint and wait a

couple of seconds for it to heat up.

. Touch the solder to the joint, not the tip of the soldering

iron. Remember always to heat the work surface, not the
solder. Some solder should flow onto the joint. Remove the
remaining solder from the joint and then remove the solder-
ing iron. A minimum amount of solder should be used
when making a connection. Excess solder not only looks
sloppy, but can cause short circuits.

xi
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7. A good solder connection is bright and shiny. If it’s a dull
gray, you have what'’s called a cold joint. If this happens, re-
make the connection. A poor solder joint can cause an other-
wise perfect circuit to fail.

8. Sometimes it will be necessary for you to tin, or coat, the _

leads to a component with a thin coating of solder before

establishing a connection. Tinning helps remove oxidation

and cleans the service, providing a better electrical and me-

chanical connection.

When you're finished soldering, wipe the tip of your solder-

ing iron on a damp sponge to remove any excess solder and

resin. The tip should be a silver color, without any trace of

dirt or foreign objects. This practice will increase the useful

life of the tip. Be sure to unplug the soldering iron as well—

an unattended hot iron is a fire hazard.

e

In Your Toolbox

Besides a soldering iron, there are a few other tools you'll
need. A pair of small wire cutters and a wire stripper are
handy, but you can strip insulation from a wire with a knife if
you're careful not to nick the conductor. Needle-nose pliers
are useful for twisting and untwisting wire, and for reaching
tight spots too small for your fingers. A drill and a screwdriver
are required for some of the projects to mount the circuits in
a case.

Since you'll be working with integrated circuits (ICs), an IC
extractor will be handy for removing the IC chip from the cir-
cuit board. You'll find that the pins of the ICs are very easy
to bend.

If the circuit doesn’t give the results you expect after you've
carefully built it, compare your circuit to the diagram in the
book. Are all the pins properly connected? Is the IC inserted
correctly? Have you entered the program designed to use the
circuit properly? Most programs included with this book are
short, so you should have little trouble entering them cor- S
rectly. To make this part of the job even easier, use “The
Automatic Proofreader” found in Appendix A—it’s an error-

xii
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checking program which insures that you type in the program
correctly the first time.

Each circuit described in this book has been thoroughly
tested. The circuits and the demonstration programs will work
as explained in the text, providing you follow the instructions
carefully.

All projects are designed to operate with the Commodore
64, Commodore 128 (in 64 mode), and VIC-20, and with the
Atari 400, 800, 600XL, 800XL, and 130XE personal computers.
The electronics involved is virtually identical for all these com-
puters, but the programs differ. Be sure to use the correct pro-
gram for your computer.

Have fun building the projects. Experiment with your own
ideas. By the time you've finished the last project, you should
understand how to interface your computer to almost any-
thing. At that point, your own imagination will take control.

Help’s on the Way

To make it easier for you to use this book, you'll see small
graphic devices, called icons, throughout the book. These cues
will alert you to specific sections of each chapter:

shows you where the parts list for each project is
located. The number of components, their names,
and their Radio Shack part numbers are provided.

points out where the step-by-step instructions for
building each project begin. Steps are numbered
and are self-explanatory for the most part.

indicates that a testing procedure is described, or
that a program will follow. After you've finished a
project, you'll almost always be shown ways to
test it under working conditions to insure that it
operates as advertised.

calls your attention to various warnings and/or
notes on a project.

xiii
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A computer is really nothing more than a series of
switches. Of course, it’s a highly complex series of
switches. Thousands and thousands of them. Like
any switches, those you find in a computer can
have two positions, on or off. Storing information
in a computer is simply a matter of setting a se-
quence of switches on or off. If the switch is on, its
value is 1. If the switch is off, it holds a value of 0.

The digital circuits used in computers are
switches which perform a specified series of ac-
tions, all based on the information in the on and
off states of the circuit. Everything in a digital cir-
cuit is either on or off, unlike analog circuits,
found in things like radios and televisions, which
deal with voltage levels and signals. Analog cir-
cuits may amplify or otherwise modify electronic
signals of various levels.

These on and off states within a computer are
represented as electronic signals of two different
voltage levels. In the computers this book deals
with, an on state corresponds to a signal of about
+5 volts, while the off state corresponds with a
signal of about 0 volts. (Actually, a positive volt-
age more than 2.5 volts is considered on, and a
voltage less than 0.5 volts is considered off. This is
called a TTL, or transistor-transistor logic signal
level.)

Since a switch can exist in only two states, on
or off, what information can be represented? Sim-
ple—one of two numbers. The on state can be as-
signed to mean the number 1, and the off state
can be the number 0—the two digits which make
up the base two binary number system. The bi-
nary number system naturally lends itself for use

3



CHAPTER 1

with the digital logic circuitry in a computer. Un-
fortunately, we're used to counting by ten. The
number 65, for instance, has far more meaning to
us than its binary equivalent, 1000001.

Dealing with numbers at the binary level is best o
left to the computer, but when you're trying to in-
terface your computer to the outside world, it’s
often necessary to know and understand how set-
ting a bit in a memory address within the com-
puter affects the machine and its operation.

Number Systems

The binary number system is just another way of
representing numbers. The number system we
normally use, the decimal number system, is a
base ten number system. In other words, there are
ten different symbols (0, 1, 2, ..., 9) which can be
used independently or in combination to represent
a given number. The value of the number repre-
sented depends on both the combination of sym-
bols and their relative positions. Let’s take a look
at how a decimal number is made up, for example

37,506.
Position 43210
Decimal number 37506
Decimal
Symbol Base Position Value
3 * 10 "4 = 30,000 S
7 * 10 "3 = 7,000
5 * 10 "2 = 500
0 * 10 1 = 0 -
6 * 10 "0 = 6
37,506

As you can see, the first symbol, 3, represents
three times ten to the fourth power (in other
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words, a 3 followed by four zeros). In the same
manner, each symbol represents a number multi-
plied by a power of ten (the power is determined
by the symbol’s relative position). Adding all
these values together gives us the number 37,506.

The binary number system has just two sym-
bols, 0 and 1. A BInary digiT, or bit, can thus be
either 0 or 1. One bit by itself can only be used to
count up to one. Larger numbers in binary, as in
the decimal number where you can represent
larger value numbers with more digits (a number
like 245 requires three digits, whereas the number
4 requires just one), are represented by more bits.
As you can see in the following example, a binary
number is made in a similar manner as a decimal
number.

Position 76543210
Binary number 11111001
Decimal
Symbol Base Position Value
1 * 2 "7 = 128
1 * 2 "6 = 64
1 * 2 5 = 32
1 * 2 "4 = 16
1 * 2 "3 = 8
0 * 2 "2 = 0
0 * 2 "1 = 0
1 * 2 "0 = _ 1
249

Just as with the more comfortable decimal num-
bers, binary numbers are built by combining sym-
bols, then multiplying those values by two (since
binary is base two) raised to the power of the
symbol’s position. A 1 in the seventh position,
then, represents the decimal value 128, while a 1
in the first position only represents 1.
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Here are a few more examples of how decimal
numbers (what we use) are represented as binary
numbers (what computers use). Try working them
out to see if you come up with the same values.

Decimal Binary
10 = 1010

5 = 101
134 = 10000110

Chock Full of Bits

In computers, bits are usually put together in
groups of eight when stored or otherwise manipu-
lated. A group of eight bits is called a byte. Since
it has eight positions, a byte can hold any number
from 00000000 binary (0 decimal) to 11111111 bi-
nary (255 decimal). The largest number which can
be represented by a byte, then, is 255.

These binary values are used by the computer
for all its operations, from executing an applica-
tions program to representing alphanumeric, even
graphics characters.

Understanding the elements of the binary num-
ber system, bits, and bytes will prove useful as
you move into the heart of Electronic Computer
Projects. The next chapter, “Exploring the Control
Port,” is your start toward your own custom-built
computer projects.
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Exploring the

Control Port

With a basic understanding of how a computer
operates, you can now begin exploring the com-
puter’s ports, the gateways through which infor-
mation flows into and out of your computer. The
ports are often referred to as I/O ports, which
stands for input/output ports. Though there are
several different I/O ports on your computer, the
projects in this book use one port in particular, the
joystick port.

The joystick port provides plenty of access to
your computer for our demonstation circuits. Con-
nectors for this port are also commonly available.
They are the same type as those found on joy-
sticks and game paddles—D-subminiature female
connectors.

Figure 2-1. The Joystick Port

1 2 3 4 5
® o ® o ®
[ ] (] [ o
6 7 8 9
Control Port 1 Control Port 2 (Commodore 64)
Pin Type Pin Type
1 JOYAO 1 JOYBO
2  JOYAl 2 JOYB1
3  JOYA2 3 JOYB2
4 JOYA3 4 JOYB3
5 POT AY 5 POT BY
6 Button A/LP 6 Button B
7 +5 volts 7 +5 volts
8 Ground 8 Ground
9 POT AX 9 POT BX



The joystick port has nine pins. Pins 1, 2, 3, 4,
and 6 are I/O pins. They are connected to wires
which may be used to communicate binary (on/
off) data. Pins 5 and 9 are used to input analog
data—we’ll learn more about these pins later in
the book. Pin 7 is connected to a +5-volt source,
while pin 8 is connected to the power supply
ground.

Once you can identify the pins of a control port,
your next step is to understand how they can be
used. A few homemade “tools” will help.

A Simple Logic Probe
A logic probe is a device that lets you “look” into
what’s going on in a digital circuit. It’s a device
that tells you whether a 1 (high state) or a 0 (low
state) is present at a point in the circuit. A simple
logic probe can be assembled from two main com-
ponents. This logic probe can be used to see how
the I/0O lines of the control port are used to input
information.

To construct the logic probe, you'll need these
parts:

Part
Quantity Part Number
1 Light-emitting diode (LED) 276-041
1 1K ohm resistor 271-8027
2 Alligator clips 270-378

You'll also need some stranded copper wire
(about #22 gauge—Radio Shack part number 278-
1307) to make the probe leads, as well as some
electrical insulation tape.

(In this book, all part numbers are Radio Shack
part numbers.)
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