






































































































































































































































































































































You can power up to 4 or 5 relays with the computer's
intermal power source. If you need more relays, use an
external power supply.

If you need more power, you can use a 5 volt miniature PC
relay. Radio shack carries a 5 volt mini relay that draws 72
milliamps for the primary coil, the secondaries can handle 3
amps at 120 volts. You will need an external power supply for
these realys.

If you still need more power, you can use a bigger relay.
These higher amp relays usually require 12 volts. You'll need
to use a transistor driver and an externmal power source. Or,
you could use a reed relay to control the higher amp relay.

TRANSISTOR DRIVERS

A transistor driver will power devices which require
higher voltage than a TTL IC can provide. A TIP102 provides a
high current, according to tine manufacturer's specifications
it can provide up to 8 amps. It comes in a T0-220 case, and
can be from 5 to 15 volts, depending on your device. If you
plan on a high current, use a heat sink to prevent damage.
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Almost any NPN transistor will work in this circuit. Just
make sure you won't need more current than it can handle. A
good medium current transistor is the TIP31A. It handles up
to 1 amp, and comes in a T0-220 case, so a heat sink can be
attached.

A transistor driver can be used to control a stepper
motor. Most stepper motors have four stator coils. The motor
moves when the stator coils are pulsed. The combination of
pulsing stators determines the speed and direction of the
motion.

OPTO TRIACS

An opto triac will drive a low current, 120 volt device.
Other opto isolators will also work in this circuit.

LOAD VOLTAGE

6 4
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An opto triac can also control a relay, as in this

cirouit.
+5 6
CONTROL—{2
BIT 4 _]-

™

SCS11C3

+5

SOLID STATE DRIVERS

Some ICs can driver higher current, higher voltage
devices. Here are three examples of  these drivers. In the
first, we used a dual peripheral driver, a 75446, to drive a
single device.

+5 IN LOAD
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This circuit uses the same chip to drive 2 separate

devices.

+5 IN LOAD1

T
8 7 65

SN75446
i I 4

LOAD 2

MF

This circuit uses a DHOOl7. At 50 volts, it provides more
current than the previous circuits.

CONTROL
vS BT tme_ VOLTAGE

16 2 8 7
DH8®1?7

1 2 I 4 5
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APPLICATIONS

You could use these drivers to control your household
devices with your computer. Choose which circuits you need,
depending on what devices you want to control. The data
selector and the decoder will let you add more devices. You
can use any program on the disk that writes to the joystick
ports to test your hardware. When you've designed and built
your system, you'll probably want to write your own custom
control software.
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Chapter 18
Display Lighting

The display lighting circuit was designed for a christmas
light display, but you could use it for a store sign or other
lighting display.

The hardware is simple, but tedious, to build. There's a
lot of connections to make, but if you are patient and
careful when you make them it will reward you with a
delightful display.

We recommend you use a perforated breadboard for the
circuit. Use sockets for all the ICs, and the relays, too, if
you like. |

The entire circuit wuses eight channels. There are three
main components for each channel. The first component is an
inverting buffer. This buffer protects the computer from any
possible damage. The second component is a 5 volt reed
relay. This relay enables the high current relay, which turns
the lights on and off. The large relay we used handles 3
amps, and powers up to 360 watts of 1lights. Use a higher amp
relay for more lights.

The external power supply powers the lights. It should be
12 volts, with a current capability of about 1 amp. We used a
5 volt regulator, so we could have both 5 and 12 volts.

Below is the diagram for one channel of the circuit.
You'll need eight of these, onme for each channel.
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The Software

The software that controls the light display is called
LIGHTS. When you run the program, the screen display will
show you when the channels are on. This screen display slows
the program down. You can run your light pattern faster by
turning off the screen. Press SELECT to turn it off, and
START to turn it back on.

The patterns are in the data statements starting at line
1000. You can change the patterns by changing the data
statements.

Each signal in the pattern consists of three pieces of
data. The first byte is the sum of all the bits (lights) to
be turned on. The second byte is the length of time the
lights will be on, in fourths of a second. The third byte is
either 0 or 1. If it's 0, then the pattern is complete. If
it's 1, then the pattern isn't finished yet.

The number of times a pattern is repeated is at line
10000. You can change the number of repetitions by changing
this line.
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Chapter 19
Serial Data Transfer

Computers communicate in two ways, with serial data
transfer and parallel data transfer. In serial data transfer,
the data bits are sent one at a time. In parallel data
transfer, several bits are sent at once. Naturally, parallel

transfer is much faster, but serial transfer has some
advantages, too.

Serial data transfer requires far fewer lines and
connections. The serial transfer methods we wuse in this
chapter need only two lines, one for the clock, the other for

data. Most modems use serial data transfer.
There's two kinds of serial data transfer, synchronous

and asynchronous. Timing is very important in both kinds of
transfer. In Asynchronous transmission, the data is sent one
character at a time. Each character consists of a set number
of bits, plus two extra control bits. The length of time
between each bit is Iidentical, although the time between
characters may vary. Both the sending and receiving computers
keep track of time with their own clocks.

For example, ‘let's say that one computer has three
characters to send to another computer. When it sends the
first character, it will send the bits one at a time, with an
equal amount of time between each bit. It may take a longer
pause before it begins to send the second character, but when
it does, the amount of time between each bit will be exactly
the same as it ws before. It may decide to send the third
character right away, out once again, the amount of time
between each bit will be the same.

The two extra control bits are first bit of every
character, called a start bit, and the 1last bit of every
character, called a stop bit. The start and stop bits
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identify the beginning and end of every character (or byte)
of data. These control bits keep both computers in sync.

In synchronous communication the message is sent as a
continuous string of characters. Each character is a set
numberof bits. The first set of data is a series of control
codes. These codes synchronize the receiver's clock and the
senders clock, so both computers are exactly together in
time. Or, they could share a single clock, called a "common
clock". The receiving computer can tell when a character
starts and stops by the timing.

Synchronous transmission is faster than asynchronous
transmission. An extra block of data is sent at the beginning
of a synchronous message, but the message itself usually has
fewer bits than an asynchronous message. A synchronous
message doesn't need the extra control bits for every
character. Since there's fewer bits, it's faster to send.

Synchronous circuits are also easier to build, because
they do not require a separate clock in the receiver or
decoder.

In the circuits here, we used a 75LS164 shift register to
decode the data.

Shift registers are really quite simple. A shift register
has eight registers, or boxes. Each piece of data is one byte
(eight bits) long. The data is sent with the least
significant bit first, the most significant bit last.

The clock tells the shift register to get a data bit. The
shift register looks into the data line, and takes the bit.
It puts the bit into the first register, or box (see
diagram).

The clock signals the shift register ageain. The register
takes the first bit out of the first box, and puts it into
the second box. Then it goes to the data line, takes the next
bit, and puts it into the first box (see diagram).

When the third bit is ready, the register mcves the first
two bits over, then puts bit #3 in the first box. When all
eight bits have been sent, all eight boxes will be full (see
diagram).

When the first bit of the next byte is sent, the register
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must move everything over so it can go in the first box. This
time, however, all eight boxes are full. It will take the
very first bit we sent, dump it out of the box, an throw it

away. Now the register moves everything over, and puts the
rew bit in the first box.

1

211
31211

4 13 (2|1

18 |7 (65 ]4]12]2] Last bit (1) lost
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SHIFT REGISTER

Parts
1 74LS1l64 Shift Register
8 LEDs
8 1K Resistors
1 DB-9 female socket
1K
— s
—a 1K
1413121118 9 & AAA
' K
74164 Ay
123456 r é}f
T | ALK
LK
LK
_.=-.’ S S
11
1238

This register uses pins one and two in joystick port 1 to
send the data. Pin one 1is used as a clock, and pin two
carries the data.

One LED 1is attached to each of the 1IC's parallel data
output pins. They will show you the data in each of the eight
boxes. Attach the cathode end of the LEDs to the gate of the
IC. The LED will light up when the output of the gate is low.
The software inverts the data before it's sent, so a lit LED
can be interpreted as a 1.

The register will take a new data bit whenever the clock
pin goes low, then high.
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SHIFT REGISTER WITH INFARED
This circuit works like the shift register above, except
that it can transfer data over infared beams.

| .
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1 2345 6 Asa
- | 1
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The Software

The programs SHIFT8 and SHIFT16 work with the first shift
register. They read the data, invert it, and send it through
pin 2 to to the shift register. They wuse pin 1 as a clock.

SHIFT8 will send any number from 0-255. SHIFT16 will send any

number from 0-65535. The program INFARED works with the
Infared Shift Register.
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Chapter 20
Networking

A network is a system of computers that are connected
together. They can communicate and share data with each

other. Every network is set up differently. Our network uses
parallel data transfer.

As you remember from Chapter 19, computers can transmit
data in two ways, serial or parallel. In serial
communication, the data is sent one bit at a time. In
parallel communication, several bits are sent at once. In our
retwork, we send four data bits at a time (onme half a byte,
or a nibble).

In our network, the computers wuse two pins to send
control codes to each other. The process of exchanging
control codes and other information about the data is called
"handshaking". Every network uses it's own kind of handshake,
called the Network Protocol or the Communication Protocol, or
just the Protocol.

Our protocol works like this. Pins 5 & 6 of one computer
are connected to pins 6 & 5 of the other computer. Each
computer sends it's handshake through pin 6, and gets a
handshake through pin 5. Both computers send through 6, and
receive through 5. This is why pin 6 of one computer is
connected to pin 5 of the other. You could think of it as two
telephones. You talk into the mouthpiece (bit 6) on your
phone. Your friend hears vyou on the earpiece (bit 5) of his
phone. He talks to you through his mouthpiece (bit 6), and
you hear him in your earpiece (bit 5).

The protocol begins with bit 6, (pin 6, the trigger pin),
low. Remember, pin 6 of one computer is connected to pin 5 of
the other. Since both bit és are low, both bit 5s are low,
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too. This means that neither computer has any data to send.

Now, let's say computer #l1 has data to send. It sends the
data down the data line, and it sets bit 6 high. When it sets
bit 6 high, computer #2, sees it's own bit 5 go high. This
tells computer #2 that data is coming.

Computer #2 goes to the data line and takes the four bits
of data. Then it "tells" computer #1 that it has the data, by
setting it's own bit 6 high.

When computer #2 sets bit 6 high, computer #l's bit 5
goes high. Computer #1 knows that computer #2 has gotten the
first nibble, so computer #l sends the second nibble, and
sets it's bit 6 low.

Computer #2 sees it's bit 5 change from high to low. It
knows that the second nibble is in the data line, so it goes
and gets it. Then computer #2 sets it's bit 6 low.

When computer #1 sees it's own bit 5 go from high to low,
it knows that computer #2 has received the data. Computer #l
has no more data, so we're back to the beginning. If one of
the computers needs to send data, it will set bit 6 to high,
and the process will begin again.

You may be wondering why we sent only four bits, or 1/2
byte, at a time, when the joystick port has 9 pins. Pins 1-4
are used for data. These are the four bits. Pins 5 & 6 are
used for handshaking, or the protocol. Pin 8 is the ground.
That leaves pins 7 & 9. The most data that could be sent at
once is six bits. It would still take two passes tosend a
whole byte. So, we decided to save pins 7 & 9 to use in
protocol for networks with more that 2 computers.

The diagram below is an example of the protocol our
retwork uses.
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Computer #1
Has data to send

sets bit #6 high

Sends data

Sees bit #5 go high
Sets bit #6 low

Sends data

Sees bit #5 go low

Below is the wiring diagram.

1 2 3 4 5 6
1 2 3 4 5 6
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Computer {#2

Sees

bit #5 go high

Gets

data

Sets

bit # 6 high

Sees

bit #5 go Iow

Sees

bit #5 go Iow

Gets

data

Sets

bit #6 low




The Software

The network program on the disk is called TALK. The
source code is called TALK.SRC. TALK lets both computers in
your network communicate with each other. It also recognizes
special commands that can be sent from one computer to the
other.

TALK consists of two parts, a machine language subroutine
that sends and receives the data, and a BASIC program that
process the data. The subroutine and the BASIC program use
their own sort of protocol to communicate.

When the subroutine gets a byte of data, it stores the
data in location 1789. Then it sets location 204 to 1.

When location 204 is 1, the BASIC program realizes data
is waiting in location 1789. It goes to 1789 and removes the
data. Then it sets location 204 back to 0. When location 204
is 0, the subroutine knows it's OK to put more data into
location 1789. i

The subroutine also looks for the special character \
called a backslash. This character is used to signal that a
control code is coming. When it sees this character, it
checks the next two bytes. If a control code is coming, the
second byte will be the name of the function, and the third
byte will be a carriage return. If the first byte is a
backslash, but the third byte is NOT a carriage return, the
backslash and second byte are treated as normal data. If the
third byte is a carriage return, then 1it's treated as a
special control code.

When the subroutine spots a special control code, it sets
location 205 to 1, and puts the name of the control code in
location 1790. When the BASIC program sees location 205 turn
to 1, it knows a control code has been sent. Then it looks in
location 1790 to find the control code. Lastly, the BASIC
program sets location 205 back to 0, so the subroutine will
know that the BASIC program has the control code.

Now the BASIC program must decide what the control code
is, and what it must do. It takes the ATASCII value of the
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control code, and multiplys it by 100. Then it takes the
result, and goes to the line number that - equals the result.
The instructions for that function begin at that line number.

We built four special functions into the BASIC program,
but you could add many, many more. Just pick a control
character for your function. Then multiply the character's
ATASCII value by 100. Use that number as the first line
number of your subroutine. Below is a list of the built in
functions.

You make a four computer network, using a fifth computer
and pins 7 & 9 to control it.

kWhen you run the program, do not press START until both
computers say to do so.
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Appendix A
Parts Suppliers &
PC Board Services

PARTS SUPPLIERS

Acive Electronics
PO Box 9100
Wwestborough, MA 01581

All Electronics Corp
905 S Vermont Ave

PO Box 20406

Los Angeles, CA 90006

B & C Computer Visions
3283 Kifer Rd

Santa Clara, CA 95051
(408) 749-1003

Best Electronics

2021 The Alameda, Suite 290
San Jose, CA 95126

(408) 243-6950

Copper Electronics
4200 Produce Rd
Louisville, KY 40218
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DIGI-Key
Highway 32 South
Thief River Falls, MN 56701

Heathkit
Dept 021-892
Benton Harbor, MI 49022

Hitachi Amarica Ltd
2210 0'Toole Ave
San Jose, CA 95131

Jmeco Electronics
1355 Shoreway Rd
Belmont, CA 94002

DR Microdevices
1224 S Bascom Ave
San Jose, CA 95128

Mark V Electronics
248 East Main St Suite 100
Alhambra, CA 91801

Mouser Electronics
2401 Hwy 287 North
Mansfield, TX 76063

RF Electronics
1056 N State College Blvd Dept R

Anahiem, CA 92806
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PC BOARD SERVICES

Kit Circuits
Box 235
Clawson, MI 48017

Express Circuits
314 Cothren St PO Box 58
Wilkesboto, NC 28697

TeB.R.C L.
Box 47148
Chicago, IL 60647
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Appendix B
Programs

DECODE - Works with the decoder circuits

DETECT - Displays the bit values for the joystick pins, for
use with event detectors

DLDISPLAY - Provides information about the display list
ENCODE - Works with the encoder circuits

FREQUNCY - Works with the tone deocders to identify sound
frequencies

INFRARED - Transmits data serially with infared signals
LGHTMUSC - uses the light pen to play tones

LIGHTS - runs a light display

LOGIC - Logic gate and truth table demonstration

OVERLY1l - overlay program that displays the status of the
Joystick ports

OVERLY2 - same as above, for use with the data selector
OVERMAKE - creates custom overlay routines

PENDULUM - works with a light detector to provide information
about a pendulum

POTMETER - works with the potentiometer
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SHIFT8 - transmits an 8-bit number serially

SHIFT16 - transmits a 16-bit number serially

SPDACCEL - calculates the speed and acceleration of an object
SPEED - calculates the speed of an object

STOPWTCH - a simple timer program

SWITCH - works with switches

TALK - network software

USRMAKER - creates Machine lanuguage subroutines

WAVEFORM - wused with tone generators to create sound wave
forms

OVERLY1.SRC - Source code for OVERLYL
OVERLY2.SRC - Source code for OVERLY2
SHIFT.SRC - Source code for bith SHIFT programs

SH8.SRC - Source code for SHIFT8 display

SH16.SRC - Source code for SHIFT1é display

TALK.SRC - Source code for TALK
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devices. The devices send coded information to the decoder,
which translates the information and tells the computer which
device is signaling.

Detector - A device which senses that an event has occurred,
and signals the computer.

Digital Data - Data which can have any distinct value over a
range of distinct values. It cannot have a value outside the
range of possible values, and it cannot have a value that is
inside the range, but is not one of the possible values.

Diodes - A semi-conductor that allows current to flow in one
direction only.In this book, we used recitifier diodes, and
LEDs.

Display List - A list of data which tells the ANTIC chip what
to display on the monitor screen.

Display List Interrupt - A machine language routine that runs
when the end of a certain screen line 1is displayed, and
before the next 1line begins. DLIs run every 1/60th of a
second.

Display Memory - The location in memory of the display list.

Encoder - An interface between a computer and several other

cevices. It receives information from the computer, puts it
into a code, and transmits it to the other devices. Only the

device that can receive that code can act upon the
information.

Envelope - Part of a sound wave which defines its overall
shape.

Frequency - A measure, usually how often something happens in
a given period of time. In this book we used it to measure
pendulum motion and sound. In pendulum motion, it is the
number of cycles per second. In sound, it is a measure of the
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Glossary

Acceleration - A change in speed, usually an increase.
Amplifier - Raises the volume of a sound, makes it louder.

Analog Data - Data that can have any value (including
fractions) over a continuous range of values.

Asynchronous - A form of serial data transfer in which each
character has a start and stop bit, and the timing between
characters is variable.

Binary numbers - Numbers in the base two system, consiéting
of 0's and 1's.

Bob - Part of a pendulum, suspended from a string.

Capacitance - The ability to store an electrical charge. Used
here as the measure of a capacitors ability to hold a charge.

Capacitors - An element, usually consisting of two metal
plates separated by a dielectric, used to temporarily store

an electric charge.

Comparator - In this book, an element which compares one
voltage, called a reference voltage, to an incoming voltage.

CRT - Cathode Ray Tube, a normal TV or monitor.
Cycle - In this book, a measurement of a pendulums motion.

Data Selector - A device which allows you to plug two devices
into a single joystick port.

Decoder - An interface between a computer and several other
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sound wave. For the sound projects in this book, frequency
means pitch.

Hexidecimal numbers - Base 16 numbers, using the digits 0, 1,
2y 3y 4y By 65 Ty 8y 9y Ay By Ty D; Ey & Fo

Infrared - Light waves that cannot be seen with the human
eye, with waves longer than those of visible light, but
shorter than microwaves.

IC - Integrated Circuit, a small piece of material that
contains a complete electronic circuit.

LED - Light Emitting Diode, a semi-conductor diode that gives
of f light when voltage is applied.

Logic Gates - Gates which compare two separate inputs, and
close or open depending upon the inputs and the comparison
criteria.

Mass -  The amount of matter in a body. Mass is different
from, but proportional to, weight.

Networking - The process of connecting two or more computers
together so that they can work as a team or separately, they

can communicate and share the same data.

thm's Law - E=IxR, where E is the voltage in volts, I is the
current in amps, and R is the resistance in ohms. This useful
law and formula allows you to calculate the third variable,
based on the other two.

Overlays - A small area or window on the screen, separate
from the rest of the screen.

Overtones - Components of a sound wave whose wavelength is
significantly shorter than the length of the main sound wave.

Parallel Data Transfer - The process of transferring data
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between a computer and another computer or device, sending
several bits simultaneously, over several separate wires.

Pendulum - A body suspended on a string from a fixed point
that swings freely under the influence of gravity.

Photocell - An electronic device whose voltage output varies
according to the amount of light rays touching the surface.

Phototransistor - A semi-conductor that performs the same

functions as an electron tube, but smaller, and activated by
light.

Pitch - The degree of highness or lowness of a sound.

Pixel - A small dot-like unit fixed in place on the monitor
screen. It glows when touched by electrons.

Protocol - A standard procedure, the process two computers
must follow to communicate or exchange data.

Recitifier - A semi-conductor  junction which converts
alternating current (AC) to to direct current (DC) by
allowing more current to flow in one direction than the
other. A Halfwave Recitifier transmits only one polarity of
the alternating current, producing a pulsating direct
current. Two halfwave recitifiers combined create a full wave
recitifier, giving a continuous pulse which may be smoothed
by a filter.

Relays - Electronic devices which channel current.

Resistors - Electronic device which resists the passing of a
current.

Reverbrations - Component of a sound wave, the repeat
vibrations and echoes of the sound, which can be heard at the
same time as the original sound.
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Serial Data Transfer - The process o transmitting data
between computers and other devices one bit at a time.

Soldering - Applying a molton metal alloy to a joint to
cement it.

Sound Waves - The patterns of vibrations made by sounds.

Speed - How fast an object is moving, measured in units of
distance per units of time.

Transistors - Electronic devices which perform the same
functions as electron tubes, but are much smaller.

Truth Tables - Tables which show the results of the
comparison of two input states. The result depends upon both

input states, and the criteria used for comparison.

Uhdertones - Components of a sound waves whose wavelenghts
are significantly longer than the main wave length.

USR Function - A BASIC command which allows vyou to call a
machine language subroutine from a BASIC program.

VDT - Video Display Terminal, and ordinary monitor.

Voltage - Electromotive force, measured in volts.
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Your Atari

Comes Alive

DIGITIZE YOUR WORLD

Now for the first time ever you can connect
your 8-bit Atari to a wide range of external
interfaces, devices, and  sensors. This
"How-To" book and disk package has everthing
you need to build and use a wide variety of

unique devices. It details the construction,
use, and programming of

Light Pens Light and Motor Controls
Alarm Systems Light and Motion Sensors
Networks Data Encoders and Decoders
Infrared Sensors Tone Decoders

The commercial versions of some of these

devices sell for hundreds of dollars, but this
book will show you how to build your own for a
fraction of the cost.

Your Atari Comes Alive provides a thorough

overview of electronics, as well as detailed
schematics and instructions. It covers the
programming techniques used to control the
devices, gives building, testing, and
proramming tips, and offers suggestions for
additional appliicatitens), systems, and

software. The disk contains over 18 1listable,
ready to run BASIC and Assembly language
programs, to communicate with your devices.

Create your own exciting devices
and save money!!
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