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maximum pot value as lOOK, the internal cap size as .011 microfarads,
and the computer's name.

Instructions for reading the game inputs are given in detail in the
documents that come with the game control adapter card. No changes
in these instructions are needed for the IBM PC to read the controllers
in this book.

Radio Shack Models
Some Radio Shack computers come with a game controller; others can
take an add-on device to accept the game controller. You can adapt
most of these projects to any Radio Shack model that can handle their
standard game paddle.

Radio Shack paddles use the DIN (Deutsche Industrie-Norm)
connector. It originated in Europe and comes in several pin
configurations. Make certain the connector you buy not only has the
right number of pins but also has them in the correct pattern.

The lOOK pots are wired as voltage dividers or true
potentiometers. The true potentiometer circuit will accept a wide
range of maximum pot values, but since correction caps work with
timer circuits only, they cannot be used to control pot values here. This
creates a problem with controllers like the Airplane Wheel and Super
Stick in which the pots do not travel through their entire range. For
these controllers we recommend that you start with a pot of about 250K
and use the painting procedure described in chapter 1 under the
heading "Zeroing Joystick Elements" to reduce the resistance of the
unwanted portions of the pot to zero. Complete the mechanical
construction and remove the back of the pot by straightening the two
metal tabs. Then mark the limits of travel for the pot wiper and paint
the pot element with conductive paint from the marks to the terminals.

Other Computers
In general, if a home computer can handle a pair of paddles with a
total of two pots and two pushbuttons, most of the controllers in this
book can be adapted for that computer.

The user manual or perhaps a reference book will give you the
information you need concerning the game connector and its pin
assignments. You may have to take apart the factory paddles to learn
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the standard pot value. You can then work out the paddle circuit with
an ohm meter. Look for the standard components and circuit designs
we've described above. Draw your own schematic after finding out
which pins are connected to which pot and switch terminals. Look out
for pull-up or pull-down resistors that may be hidden in the connector
or embedded in plastic parts.

For each new computer model that appears on the market, a
magazine article will quickly follow that evaluates its paddles and
joysticks and usually explains the paddle connection. If the system in
question has been around for awhile, look through back issues of
Creative Computing and other magazines that regularly review
computer equipment. You might even ask the person who sold you
the computer where to find out this kind of information.

TOOLS REQUIRED FOR
THE ELECTRONICS WORK
You will need the tools we discuss here for the electronics work in the
controller projects. These tools are also often extremely useful for
carrying out other household tasks. You may already have several of
them on hand.

Soldering Iron. Most of these projects require a small pencil soldering
iron of 25 to 42 watts with a liB-inch chisel point. Larger irons are
likely to damage the components, the circuit board, or the insulation
on the wiring. Different models, even if they have the same wattage,
may deliver different amounts of heat to the joint. If you do much
electronics work you will probably end up with two or more irons so
that you have just the right one available for a particular job.

You will find these soldering aids indispensable: a roll of solder
wick (Radio Shack #64-2040) to correct your mistakes, a piece of wet
sponge to clean the tip, and a stand for the iron. Good soldering is the
most important skill in electronics and will be covered in detail in the
next section.

Long-nose Pliers. A small pair (5-inch) is best for electronics work.
Don't use them for jobs like bending coat hangers or you will ruin
them.
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Diagonal Cutters. You will need diagonal cutters, called dikes, to cut
off wires close to the circuit board. Again, a 5-inchpair is best for this
work. Don't use these to cut coat hangers either.

Wire Strippers. A pair that looks like wire cutters and is adjusted by a
bolt through the handle is most suitable for these projects. You will
have to change the adjustment for each wire size and test the strippers
on scrap wire after each adjustment to make sure that you don't cut any
fine copper wires. It takes practice to use wire strippers without
damaging the wire, but developing this skill is crucial for wiring the
projects correctly.

Multimeter. Although not absolutely required for these projects, an
inexpensive multimeter is extremely useful for checking your wiring
before plugging a new unit into your computer. An analog
multimeter with a half-dozen resistance and DC voltage ranges will
serve nicely. Any Radio Shack multimeter on sale, sometimes for as
little as $10, is a good buy. The more expensive digital meters are
difficult to use. A less expensive meter will serve you better for these
projects.

HOW TO SOLDER
Soldering is the most basic and critical skill in electronics. Many
components will be destroyed if they are not soldered well, and since it
is almost impossible to turn a poor soldering job into a good one, it is
important to do the job right the first time. Fortunately, it isn't hard to
learn to solder correctly. If you follow the suggestions below and put
in even a modest amount of time in practice, you should have no
problem mastering the technique.

Use the correct. iron for the job. For electronics work use a pencil iron
of 25 to 42 watts with a liB-inch chisel tip. A larger iron can lift the
copper lanes off the circuit board, melt wire insulation, and damage
components. The transformer-type pistol-grip irons used for
household repairs have too large a point and too much power for
electronics work. Only one of the projects, the Desk Switched Outlet
Box, uses an iron this large.
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Buy small-diameter resin-core solder. One acid-core solder joint will
destroy an entire electronic device. Acid-core solder is used to work
sheet metal and usually comes in large diameters. If you have any
doubt about the type of core, don't use the solder. The solder for these
projects should be a 50/50 tin/lead alloy about .032-inch in diameter.

Keep the tip of the iron clean. Rub the tip frequently over a damp
sponge to remove excess solder and resin. You will find it helpful to
keep the sponge in a jar lid on your workbench.

Make good mechanical connections before applying solder. Twist
multi-strand wire tightly-loose strands will cause shorts. Wrap wire
around posts with the long-nose pliers. Push wires through the
printed circuit board and bend them slightly on the bottom side. When
you are ready to solder, take your hands off the work. All the wires to be
soldered should stay in place. You can't hold a wire in place with your
finger and start soldering; the result is a bad joint and a burned finger.

H eat the joint, not the solder. Cover the clean tip of the iron sparingly
with solder (this is called tinning the tip), and then place the tip on the
joint. When the joint begins to heat, touch the solder to the joint, not
to the iron. The solder should melt and then flow as a liquid over the
joint. When the joint is uniformly covered, remove the solder and then
the iron. Let the joint cool for a few seconds before you touch the wires.

Inspect the joint. The joint should be covered with a smooth coat of
solder. You shouldn't see any untinned copper wires or dark buildup
of excess resin. The solder must clearly have been a liquid that flowed
and then cooled. Also look for fine strands of wire or bridges of solder
between the joint just finished and its neighbors. These can usually be
removed with dikes, solder wick, and soldering iron.

There are two types of bad joints: those that got too hot during
soldering and those that never got hot enough. The hot joint is
characterized by insulation that pulls back from the wire, copper lanes
that lift off the board, a discolored printed circuit board, and
sometimes even damaged components.

A cold joint may have lumps of solder that didn't flow, dark
patches of resin, or places where copper wires show through the solder.
A cold joint can be caused by an iron that is too small for the job, an
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improperly cleaned and tinned tip, poor thermal contact between the
tip and the joint, or simply because you didn't leave the iron on the
joint long enough.

Take safety precautions. A poorly handled soldering iron can burn
your fingers and your desk or worktable. It could even start a fire. It is
important that you buy or make a weighted stand for your iron and
then use it to hold the iron. Always unplug the iron when you leave the
room, even if you plan to be gone for only a short time. Make this a
habit so when you leave your house you won't have to wonder, "Did I
unplug the soldering iron?"

Craftsmanship. Soldering is an important skill. Every time you start a
new job try to do it better than the last one. This is a key attitude for
developing good skills in any field.

AC CODES AND WIRING
PRACTICES
It is surprising how many otherwise competent electronic technicians
don't know or don't understand the importance of following National
Electrical Code guidelines when working on AC devices. We will
summarize the parts of the code that are necessary for constructing
these projects (see The National Electrical Code Handbook, produced
by the National Fire Protection Association, Quincy, Massachusetts).
This information is critical not just for working on controllers but for
all household electronics work, from rewiring a lamp to installing an
outlet in a room.

Color Codes
The key to wiring AC devices correctly is to follow the color code for
wires and terminals. Green wires and wires without insulation are the
safety ground and are connected to all metal boxes, conduits, and
frames. Their screw terminals are green; sometimes they have green
clips instead of screw terminals. Proper installation of green wires
minimizes the hazards of electrical shock and fire while reducing
electrical noise. The safety ground wires should be the same size as the
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other colored wires in a circuit. The green line must never be switched,
fused, or run through a' circuit breaker. It carries current only in the
case of a fault in the circuit. In Europe the safety ground wire is yellow
with green stripes.

The white wire is the power return. It carries current back from
the load, but is close to ground voltage except when a faul t occurs. The
screw color for the white wire is silver. If all the wires in a cable are the
same color (as is the case in plastic lamp cord), the correct wire to use
for the power return will always be marked. The mark is usually a
series of ridges along the outside of the wire or, more rarely, a colored
thread wrapped around the copper conductor. On AC outlets and
plugs the white wire goes to the wider prong (the indication that it is
the marked prong). Like the green wire, the white wire is never
switched, fused, or run through a circuit breaker.

The power wire can be any color except white or green; it cannot
be a bare wire. The most common colors for the power wire are black,
red, and blue. The screw terminals are brass colored. Since these wires
carry power to the electrical device, they are the only wires you can
switch, fuse, or run through a circuit breaker.

When you are running a wire to a switch that is separated from the
main device, you will sometimes need a cable with two power wires
but you won't need the white or green wires. In chapter II (the Desk
Switched Outlet Box), cable 2 from the outlet box to the switch box
(figure 11-2) requires two power wires and a white wire. The AC code
lets you paint both exposed ends of a wire the color you need, so you
don't have to buy special cable, e.g., one with a green and two black
wires. Yon will find that felt tip marking pens work well for painting
wires a dark color. White electrical tape is wrapped around dark wires
to color them white. If you paint a wire you must be careful to mark it
in every place where you remove the covering, even in intermediate
boxes. Painting a wire is an important safety step since it clearly
indicates the arrangement of the circuit, particularly to those who
might have to repair it at a later date.

Wire Size
The larger the number, the smaller the size of the wire. Even numbers
indicate that the wire is copper. Most electronic devices are wired with
#12, #14, or #16 wires for AC power. Solid #12 wire is now standard for
long runs and for house wiring and is also used for high-current loads
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like heaters, hot plates, and air conditioners. If you plan to plug
several medium-power electronic devices into the Desk Switched
Outlet and run the cord more than 15 feet, you might go to the extra
expense of using #12 wire. For most medium-power microcomputer
and home electric systems, #14 wire is adequate, and #16 wire will
suffice for systems with loads of 100 watts or less.

Placing wires in screw terminals looks easy, but it is often done
incorrectly. To attach a wire to a screw terminal, twist the stranded
wire tightly together and form it into a hook. Place the hook around
the screw in a clockwise direction. This is important: you will twist the
wire more tightly as you tighten the screw if the wire is wound
clockwise. If you put the hook on backwards, you will loosen it as you
tighten the screw. Close the hook with long-nose pliers and then
tighten the screw. When you have finished the wiring, go back over all
the screw terminals to be sure they are tight.

Wire Nuts
Wire nuts are small plastic and metal devices for connecting several
wires together. To properly install them, group all the wires together
in a bundle between your thumb and index finger. Cut them off evenly
and strip their insulation back l/2-inch from the end for solid wires
and 3/4-inch for stranded wires. If any of the wires are stranded, you
will need to twist all the stripped wires together into a bundle using
long-nose pliers. If all the wires are solid, as is usual for house wiring,
leave them straight.

Now twist the wire nut on with your fingers as tightly as you can.
Rock the nut back and forth with one finger looped around the bundle
of wires. If the nut has grabbed all the wires, they will move back and
forth as a group. If you can feel any wire moving independently of the
group, take off the nut, even out the bundle, and try again. If you
stripped the wires properly, all the bare copper should be hidden from
view inside the nut.

SAFETY PRECAUTIONS
Please be careful when building the projects in this book. You can
learn from minor mistakes, but serious ones have no redeeming
virtues. Avoid the big mistakes that can cause injuries or damage
valuable equipment.
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Don't burn down your house. Use your soldering stand and unplug
your iron every time you leave the room. Use only outlets that have
proper fuses or circuit breakers and don't plug too many devices into
one outlet.

Keep stray electrical power out of your computer. Carefully check
devices that use alternating current (like the monitor and the
controlled AC outlet) to insure that stray AC cannot find its way into
the computer. If you are working on a controller with an AC cord, give
this device an extra check with the multimeter before connecting it to
your computer.

Avoid electrical shocks. Follow all codes for AC devices. Unplug the
cords before opening the case of an electrical or electronic device.

Don't work on power equipement while you are alone. Always have
another person nearby who can cut off the power or go for help in an
emergency.

Don't plug any device into live equipment. This rule refers to both
connectors and printed circuit boards. In most instances, nothing
untoward will happen if you plug a paddle into your computer when
it is already on, but you could create a spark that in turn could destroy
an electronic component. It is bad practice, so don't take the chance.

Don't short the computer power supply to ground. Depending on the
computer, a short to ground may blowout a fuse, and could
conceivably damage the power supply. Check and recheck the +5wires
on all newly-built devices with a multimeter before plugging them in.
On the Apple, the +5 supply (pin I) must read at least 50 ohms to
ground (pin 8), and usually measures much more. The Apple's power
supply can provide only 100 milliamps at +5 volts to the game control
socket. By Ohm's law a resistance of 50 ohms will draw the entire 100
milliamps, so this value is the lowest resistance allowed. Other
computers will have similar limiting current values which must be
observed. This information is usually given in the reference manual
for a computer, in the section on the game controller connector.

If you turn on your computer with a new controller plugged in
and it doesn't start up in its normal fashion, the +5 may be shorted.
Turn the computer off immediately and recheck all your work. A chip
plugged in backwards is often the cause of this kind of short.

Use common sense. Proceed carefully and check your work. Don't
work on equipment when you are ill or overtired or taking drugs of
any kind. The whole point is to do the job right the first time.
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REFERENCES
The references below will be useful for understanding the electronics
in the controller projects as well as for a general study of the subject:

Engineer's Notebook II: Integrated Circuit Applications, Forrest M.
Mims III, Radio Shack Cat. No. 276-5002, $2.49. This softbound
volume is perfect for beginners and of great value for professionals. It
gives you schematics for hundreds of circuits that you can actually get
the parts for. We have a $50 reference book that isn't as good as this
one. An essential tool and an incredible buy for the price.

Semiconductor Reference Guide, Radio Shack Cat. No. 276-4006,
$3.49. This softbound guide isn't as helpful as Engineer's Notebook II,
but it does contain good information on available components. Since
much of the material is in the form of measured parameters (voltages,
timings, etc.), a beginner may find this guide difficult to use at first.
You will soon learn to pick out the specific information you need.

Radio Shack/Texas Instruments Learning Center books on various
topics in electronics. These books, sold at Radio Shack, are generally
well written and reasonably priced. Several of the volumes cover
microprocessors and digital equipment. They tend, however, to stress
the achievements of Texas Instruments and overlook everyone else's.

The National Electrical Code Handbook, edited by Joseph A. Ross,
published by the National Fire Protection Association, Quincy,
Massachusetts, provides excellent guidelines for electricians or
electronic technicians working with AC devices. This book is a
critical reference tool for using your computer to control AC power,
as well as for any household electrical work.

Computers & Electronics (formerly Popular Electronics) and other
amateur electronics magazines. These magazines often feature lots of
articles on how to build items of dubious utility from parts that aren't
available. They do contain excellent learning projects, however, and
the ads in the back are helpful in ordering parts from electronics
suppliers.
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Creative Computing and other computermagazines. These magazines
focus on home computers, but stress software and reviews of
commercial hardware. The articles on how to build hardware for the
computer are usually too advanced for the beginner. After completing
several of the projects in this book, however, you will be able to move
up and take on these more complex and challenging circuits.
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15 Software
These six programs in Applesoft Basic will help you construct, test,
and use your homebuilt controllers. The six listings are:

Controller Checkout
Correction Cap Calculation
Linearity Test
Drawing Program
Digitizer
Annunciator Checkout
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All but the Drawing and Digitizer programs can easily be converted
into any other version of Basic with only a few changes. The Drawing
Program contains many graphics handling functions for the Apple,
and the Digitizer has several disk handling instructions. These listings
will require a little more work to adapt them to other computers.

The use of each of the programs is detailed in the project chapter
in which it is first required. The materials in this chapter are therefore
limited to the organization of the program, any unusual features, and
the major variables. This information should help you understand the
listings and make modifications in them to suit your needs.
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CONTROLLER CHECKOUT
With this program you can check out all the pushbuttons and game
control pots on the controllers you build. You will also need it to make
mechanical adjustments. The listing is introduced in chapter 1 and
referred to in almost all subsequent chapters.

Step by Step Through the
Listing
The program sets constants (line 280), clears the screen (line 300), and
displays a screen format giving the pushbutton and game control
numbers (lines 40 to 190). The pushbuttons are read (lines 210 to 230)
and the values are displayed in a cleared space on the screen (lines 237
to 239).

The game control pots are then read (lines 250 to 265). Note the
delays between readings (lines 252, 257, 262). The space to display this
information is cleared and the values are entered (lines 270 to 280).
Next the pushbuttons are checked to see if any have been pressed and
the appropriate word, OPEN or CLOSED, is displayed (lines 290 to
325). The process is repeated in an endless loop (line 330).

Using the Program
When you are confident you have wired your new controller correctly,
plug it in, turn on the computer, and run this program. If the
computer doesn't start up in the normal way, turn it off immediately
and recheck all your work on the controller.

When everything is in order, run the checkout program. Try
moving the pots and pressing the pushbuttons to see if they function
properly. If the new device requires mechanical adjustment, you can
do this while reading the game control values from the screen.

Variables
Variable

OP$
CL$
BL$

Line
25
25
25

Description
A string saying OPEN
A string saying CLOSED
Blank spaces to remove words
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Variable

PO
PI
P2
GO
GI
G2
G3

Line

210
220
230
250
255
260
265

Description

The reading of pushbutton 0
The reading of pushbutton I
The reading of pushbutton 2
The reading of game control 0
The reading of game control I
The reading of game control 2
The reading of game control 3

10 REM **********************
12 REM *
14 REM * CONTROLLER CHECKOUT
16 REM *
18 REM * TOM RILEY COPYRIGHT 83

2111 REM *
22 REM **********************
24 REM
25 OP$ = "OPEN ":CL$ = "CLOSED":

BL$
3121 TEXT: HOME
34 REM
35 REM ** DISPLAY FORMAT
40 VTAB 2: HTAB 6

PRI NT "CONTROLLER CHECKOUT -
APPLE II"

6!21 VTAB 6
7121 PRINT" THI S PROGRAM TESTS

CONTROLLER"
80 PRINT "PUSHBUTTONS AND POTS."

9111 PRINT
100 VTAB 10: HTAB 8: PRINT "PB0

IS "
110 VTAB 12: HTAB 8: PRINT "PBl

IS "
120 VTAB 14: HTAB 8: PRINT "PB2

IS "
14111 VTAB 17: HTAB 14: PRINT "PDL

(0) = "
15121 VTAB 18: HTAB 14: PRINT "PDL

(1) = "
160 VTAB 19: HTAB 14: PRINT "PDL

(2) =
170 VTAB 2121: HTAB 14: PRINT "PDL

(3) = "
190 FOR I = 10 TO 14 STEP 2: VTAB

I: HTAB 15: PRINT OP$: NEXT

REM
REM
P0
PI

VTAB 14: HTAB

VTAB 12: HTAB

VTAB 14: HTAB

VTAB 12: HTAB

VTAB 1Ill: HTAB

VTAB 10: HTAB

GOTO 210
IF P0 > 127 THEN
15: PRINT CL$
IF P121 < 128 THEN
15: PRINT OP$
IF PI >- 127 THEN
15: PRINT CL$
IF PI < 128 THEN
15: PRINT OP$
IF P2 >- 127 THEN
15: PRINT CL$
IF P2 -, 128 THEN
15: PRINT OP$
GOTO 21121
END

315

33121
999

32121

31fZl

296
30121

250 G0 = PDL (0)
252 FOR I = 1 TO 10: NEXT I: REM

DELAY REQUIRED
255 Gl = PDL (1)
257 FOR I = 1 TO 10: NEXT I
260 G2 = PDL (2)
262 FOR I = 1 TO 10: NEXT
265 83 = PDL (3)
270 FOR I = 17 TO 20: VTAB I: HTAB

23: PRINT BL$: NEXT I
280 VTAB 17: HTAB 23: PRINT G0: VTAB

18: HTAB 23: PRINT Gl: VTAB
19: HTAB 23: PRINT G2: VTAB
20: HTAB 23: PRINT G3

285 REM * PUSHBUTTON OPEN OR CL
OSED

290 IF P0 ) 127 OR PI ) 127 OR P
2 >- 127 THEN GOTO 300

294 FOR I = 10 TO 14 STEP 2: VTAB
I: HTAB 15: PRINT OP$: NEXT

237 VTAB 10: HTAB 25: PRINT BL$;
: HTAB 25: PRINT P0

238 VTAB 12: HTAB 25: PRINT BL$;
: HTAB 25: PRINT PI

239 VTAB 14: HTAB 25: PRINT BL$;
: HTAB 25: PRINT P2

240 REM
245 REM ** READ CONTROLLER POTS

** READ PUSHBUTTONS
PEEI< - 16287)
PEEK 16286)
PEEK 16285)

198
20121
21!21
220
23121 P2
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CORRECTION CAP
CALCULATION
This program calculates the value of the correction caps needed when
you choose a potentiometer with a lower maximum value than the
standard paddle pots for the computer. This approach works only for
computers that have timer game control circuits, like Apple, Atari,
and the Commodore VIC-20.

The use of this program is described in detail in chapter 1. The
program will be needed whenever you build a controller requiring
correction caps.

Step by Step Through the
Listing
The internal capacitor value and the maximum paddle value for a
computer are set (line 18). This is the only line that will have to be
changed to use this program for computers other than the Apple. The
constant for the system is then calculated (line 19).

Information about the program is displayed (lines 35 to 160), and
you are given the choice of automatic or manual operation (line 164).
For automatic mode, you must plug the completed controller without
correction caps into the game I/O connection and set the pots to their
maximum values before you run the program.

If you choose manual operation, execution continues with a
request for the maximum pot value of the new device in K-ohms (lines
170 to 175). A check is then made for too large or too small a pot value
(lines 180 to 190). The correction cap is calculated (lines 200, 205) and
displayed (line 210). Execution is then returned to the
automatic/manual question (line 164).

If the pot value you provide is too high, correction caps don't
work. The use of an alternative correction resistor is suggested (lines
320 to 340). The resistor is then calculated (lines 350, 357) and
displayed (line 360). Execution is' again returned to the
automatic/manual question (line 164).

If you choose automatic mode, instructions are given (lines 1000
to 1095). The controller pots are each read, the correction cap values
calculated, and the values displayed in turn (lines III0 to ll48). The
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keyboard is then checked to see if any key has been pressed (line 1160).
If so, the program is ended (line 1170).

Variables
Variable Line
RMX 18
CI 18

NM$ 18
K 19

MA$ 164
R 175
C 200

RC 350
PO 1110
CO 1115
PI 1120
Cl 1125
P2 1130
C2 1135
P3 1140
C3 1145
Q 1170

Description
Maximum value of pot for this computer
Value of cap inside the computer in
microfarads
Name of computer
Constant for the computer system
Choice between manual or automatic modes
Maximum value of pot in new controller
Value of correction cap in microfarads
Value of correction resistor in K-ohms
Reading for game control 0
Correction cap for game control 0
Reading for game control 1
Correction cap for game control 1
Reading for game control 2
Correction cap for game control 2
Reading for game control 3
Correction cap for game control 3
Check for keyboard key being pressed

9 REM
17 REM POT & CAP VALUE FOR APP

LE- I I
18 RMX = 150:CI = .022:NM$ = "APP

LE II"
19 I< = RMX * CI
20 TEXT: HOME
30 VTAB 2: HTAB 5
34 REM
35 REM *** INFORMATION
4i!1 PRINT "CAPACITOR ADJUSTMENT C

ALCULATION"

1 REM
2 REM
3 REM
4 REM
5 REM
6 REM
7 REM
8 REM

************************
** CORECTION CAP
* CALCULATI ON
** TOM RILEY COPYRIGHT 83
**************************

45 VTAB 4: PRINT " FOR
";NM$

51Z1 VTAB 6
60 PRINT "FOR A CONTROLLER TO BE

CORRECTLY READ,"
70 PRINT "A TIMER IT CONTROLS MU

ST WORI< PROPERLY."
81Z1 PR I NT "THE TI MER IS CONTROLLE

o BY A CAPAC ITOR"
90 PRINT "AND THE POT IN THE CON

TROLLER WIRED AS"
llZllZ! PRINT "A VARIABLE RESISTOR."

1 HI PRINT
1212l PR INT" THE PRODUCT OF TH

E CAPACITOR AND"
1311l PRINT "THE MAXIMUM RESISTANC

E MUST REMAIN THE"
140 PRINT "SAME. CORRECTION CAP

S MAY BE ADDED"
150 PRINT "INSIDE THE CONTROLLER
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370
999
11210121
101121
102121
11113121
1l!140

155
16121
161
162

164

166
167
168
169
17121

175
177

180
190

200
21215

207
210

220
300

310
320

330

340

35121
355
357
36121

IF POT VALUE"
PRINT "IS TOO LOW."
PRINT
REM
REM ** CHOOSE MANUAL OR AUT
OMATIC
INPUT "MANUAL OR AUTOMATIC ?
(M OR A) ";MA$
IF MA$ = "A" THEN GOTO 111101(.1
PRINT
REM
REM *** MANUAL CALCUL.ATION
HTAB 6: PRINT "MAX. POT. RES
• :> K-OHMS";
HTAB 22: INPUT" ";R
L = PEEK (37): VTAB L: HTAB
29: PRINT "K-OHMS"
IF R > RMX THEN GOTO 300
IF R = 0 OR R < 0 THEN PRINT
"POT VALUE MUST BE GREATER T
HAN 0": GOTO 160
C = K / R - CI
C = INT (C * 10000 + .5) / 1
0000
PRINT
PRINT "CORRECTION CAP IS ";C
;" MICROFARADS"
GOTO 160
REM ** HIGH POT VALUE CALCU
LATION
PRINT
PRINT "CAP CORRECTION DOES N
OT WORK ABOVE "; RMX;" ".,,,
PRINT "A CORRECTION RESISTOR
FROM +5 TO WIPER"
PRINT "MAY HELP BUT THE RESU
LT IS NOT LINEAR."
RC = (R * RMX) / (R - RMX)
RC = INT (RC * 10) / 10
PRINT
PRINT " CORRECTION RESIS
TOR IS ";RC;" K-OHM"
GOTO 16121
END
REM *** AUTOMATIC MODE
HOME
PRINT" AUTOMATIC MODE"
PRINT PRINT
PRINT" TURN ALL PADDLE P
OTS TO THEIR HIGHEST"

112145
11215121
112j6121

11217121
11218121
1090

1095
112j99
11121121

111115
111121
1112
1115
1117

1118

1119
112111
1122
1125
1127

1128

1129
113121
11:32
1135
1137

11:38

1139
114121
1142
1145
1147

1148

1160

117121
1175
1180
9999

PRINT "VALUES."
PRINT
PRINT" THE CAP VALUE SHO

WN WILL MAKE THESE"
PRINT "SETTINGS READ 255."
PRINT
PRINT "PRESS ANY KEY TO QUI
T. II
PRINT. : PRINT
REM
REM ** READ POTS AND CAL
CULATE COR. CAP.
VTAB 14
pal = PDL (al)
IF P0 = 0 THEN P0 = 1
C0 = (CI * 255) / P0 - CI
C0 = INT (C0 * 1000 + .5) /
1ala!!11
PRINT "GCal READING ";P12I;"
CDR.CAP "; cal; "
PRINT
P1 = PDL (1)
IF P1 = 0 THEN P1 =

C1 = (CI * 255) / P1 - CI
C1 = INT (C1 * 1000 + .5) /
1alf2I121
PRINT "GCl READING "P1;" C
OR.CAP ";C1;"
PRINT
P2 = PDL (2)
IF P2 = 0 THEN P2 = 1
C2 = (CI * 255) / P2 - CI
C2 = INT (C2 * 1000 + .5) /
10121121
PRINT "GC2 READING ";P2;"
COR.CAP ";C2;"
PRINT
P3 = POL (3)
IF P3 = 0 THEN P3 = 1
C3 = (CI * 255) / P3 - CI
C3 = INT (C3 * 1000 + .5) /
1111121121
PRINT "GC3 READING ";P3;"
COR.CAP ";C3;"
Q = PEEK ( - 16384): POKE
16368,111
IF Q :> 127 THEN GOTO 9999
REM ** ENDLESS LOOP
GOTO 110l2J
END
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LINEARITY TEST
The Linearity Test checks the linearity of graphic input devices that
use the game control inputs. Linearity is the ability of an input device
to transform a mechanical input (the turning of a paddle) into an
electronic input accurately. The use of this program is described in
detail in chapter 5 on the Sketch Pad. Linearity is essential to sketch
pad performance as well as to many other forms of data entry.

Step by Step Through the
Listing
Initial values for constants are set (lines 30 to 70).The display format is
produced (lines 100 to 298). The subroutine (lines 1000 to 1090) for the
game control input reading is then called up (in line 310). The value of
the 0 game control input is read and displayed (lines 1010,1020). TheO
pushbutton is read and checked to see if RETURN is needed (lines
1027, 1028). Game control #1 input is read and displayed (lines 1030,
1040). Pushbutton #1 is read and checked to see if RETURN is needed
(lines 1070, 1080). The subroutine is then repeated (line 1090).

The errors and precentage error of full scale are calculated and
rounded off to two decimal places (lines 312,314). A check is then made
to determine which pushbutton was pressed, and the values are
displayed (lines 330, 340). The axes are checked to see if they are
complete (lines 342, 344) and the flashing cursors are moved (lines 355,
365). There is a slight pause (line 370) and execution is sent either to a
new test question (line 380) or returned (line 390) to the subroutine.

Variables
Variable Line

X(5) 30

Y(5) 30

NX 70
NY 70

Description
A vector of the correct values in the
X axis
A vector of the correct values in the
Yaxis
Number of the X point being read (0 to 5)
Number of the Y point being read (0 to 5)
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Variable Line Description

XE
PX
YE
PY
PT$

YN$
X

POB
Y

312
312
314
314
330

420
1010
1027
1030

Error in X axis reading
Percentage error in X axis reading
Error in Y axis reading
Percentage error in Y axis reading
String telling if point is on X or Y
aXIS
String answering YES/NO questions
Reading of game control 0
Reading of pushbutton 0
Reading of game control I

YX =
VTAB 6: HTAB 18: PRINT

II "

=11

295 FLASH

298 VTAB 14: HTAB 18: PRINT" ".
NORMAL

300 REM READ PADDLES
31111 GOSUB 1111111121
312 XE = INT CCX - X(NX» * 100)

/ 100:PX = INT CXE / .255)
/ HI

314 YE = INT CCY - YCNY» * 100)
/ 100:PY = INT (YE / .255)
/ 10

320 REM ** NOTE TEST POINTS
3:::::121 IF PT$ = "X" THEN VTAB (6 +

NX): HTAB 18: PRINT X;: HTAB
25: PRINT XE;: HTAB 33: PRINT
PX:NX = NX + 1
IF PT$ = "Y" THEN VTAB (14 +
NY): HTAB 18: PRINT V;: HTAB
25: PRINT YEo: HTAB 33: PRINT
PY:NY NY + 1
IF NX > 5 THEN NX = 5
IF NY > 5 THEN NX - 5
FLASH: VTAB (6 + NX):
18: PRINT" ": NORMAL
FLASH: VTAB (14 + NY): HTAB
18: PRINT" ": NORMAL
FOR N = 1 TO 500: NEXT N
IF NY = 5 AND NX = 5 THEN GOTO
41!1l21
GOTO 3121121
REM ** TEST AGAIN ?
VTAB 2121
INPUT "NEW TEST ? ( Y OR .N
";YN$
IF YN$ = "Y" THEN GOTO 70
END

29111 PRINT"

12121 PRINT
1"",. PRINT " CORRECT REA 340L...J

D ERROR '/.,11

13111 PRINT " X - AXIS"
1-;1""", PRINT'_".4,

135 PRINT "POINT 121 "; XC0) 342
14111 PRINT "POINT 1 "; X(1) 344
150 PRINT "POINT 2 II; X (2) "';l,;JW

16121 PRINT "POINT 3 "; X(3)
17121 PRINT "POINT 4 "; X(4) 365
18111 PRINT
19121 PRINT " Y - AXIS" 37121
195 PRINT 38121
2121121 PRINT "POINT 0:;: "; Y (121);;;J

21111 PRINT "POINT 6 "; Y (1) 39121
22121 PRINT "POINT 7 II; Y (2) 4111111
2:::::111 PRINT "POINT 8 II; Y (3) 41111
24121 PRINT "POINT 9 "; Y(4) 42121
26121 PRINT
27i!1 PRINT "PRESENT POSITION" 43111
28111 PRINT 999

10 REM ***********************
12 REM *
14 REM * LINEARITY TEST
16 REM *
18 REM * TOM RILEY COPYRIGHT 83

2J!1 REM *
22 REM ***********************
24 REM
3121 DIM X(5), Y(5)
5111 FOR N = 111 TO 4
55 XIN) = 255 * N / 4:Y(N) X(N)
6111 NEXT N
7121 NX = 0:NY = 0
9111 HOME
100 REM ** HEADINGS
11111 PRINT " LINEARITY TES

T"

continued . . .
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1030 Y = PDL (1)
11114111 VTAB 22: HTAB 25: PRINT "

101111
11112111

111125
111127
111128

REM ** READ PADDLES SUBROU
TINE
X = PDL (!2l)
VTAB 22: HTAB 1.: PRINT"
" .•HTAB 1111: PRINT X
P0B PEEK ( - 16287)
IF P0B > 127 AND NX ( 5 THEN
PT$ = "X": RETURN

111145
1I117l1s
108111

1!219 !21
9999

...•HTAB 25: PRINT Y
P1B = PEEK ( - 16286)
IF P1B > 127 AND NY <
PT$ = nyu: RETURN
GOTO 1!21 1111
END

5 THEN
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DRAWING PROGRAM
Using this program you can draw directly into the hi-res screen with
any paddle, joystick, or controller. It was written for the Sketch Pad
controller and is described in detail in chapter 4.

Sections
This program uses a Main Menu to direct execution to any of six
subroutines:

1 Clears High Res Screen
2 Gets Drawing From Disk
3 Puts Drawing on Disk
4 Draws Continuous Points
5 Draws Continuous Lines
6 Draws Reference Point Lines

(lines 130 to 135)
(lines 2000 to 2130)
(lines 3000 to 3190)
(lines 4000 to 4155)
(lines 5000 to 5210)
(lines 6000 to 6410)

There is also a Main Menu subroutine (lines 8000 to 8130) and an
Introduction (lines 9000 to 9195). The program enters the graphics
mode by poke commands (lines 5210, 6280) so that the screen is not
erased when you are switching from one drawing to another. The
many REM statements should help you follow the flow of the
program.

In each of the three drawing programs, information is displayed
(lines 4000 to 4150) and then graphics are set (line 4210). The game
control inputs 0 and 1 are read (lines 4320, 4330) and plotted (line
4340). The keyboard is checked to see if a return to the main menu is
called for (line 4350). Pushbutton 0 is then checked to see if HCOLOR
needs changing (line 4400) and the subroutine is repeated. The other
two drawing routines are almost identical.

Variables
Variable

Cl
C2
C3

Line

70
70
70

Description
Picture elements in the Y axis
Maximum game control reading
Picture elements in the X axis
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Variable

C
YN$
D$
A

DN$
X
Y
BO
K
BI
XI
YI

Line

80
90
90
130
2110
4320
4330
4350
4350
6320
6360
6360

Description

Current value of HCOLOR
Answer to YES/NO questions
Control D
Main Menu selection number
File name of drawing
Current value of game control 0
Current value of game control I
Reading of pushbutton 0
Reading of key that has been pressed
Reading of pushbutton I
Last reference value of X
Last reference value of Y

A DRAWING WILL DESTROY"
21114111 INPUT "THE DRAWING NOW IN M

EMORY. OK? (YIN) ";YN$
21216111 IF LEFT$ (YN$, 1) = "N" THEN

RETURN
21117 v) PRINT
211180 INPUT" CATALOG? (YIN)

"; YN$
2090 IF LEFT$ (YN$,1) = "Y" THEN

PRINT D$;"CATALOG"
210/Z1 PRINT
2110 INPUT "DRAWING NAME? ";DN$

10 REM ***********************
11 REM *
12 REM * DRAWING PROGRAM
14 REM * FOR
16 REM * THE HOME-BUILT
18 REM * SKETCH PAD
2121 REM *
22 REM * TOM RILEY COPYRIGHT 83

24 REM *
26 REM ************************
3121 REM
50 TEXT: HOME
70 C1 = 191:C2 = 255:C3 = 279
80 C = 3: HCOLOR= C
9111 YN$ = "": D$ = CHR$ (4)
100 REM *** MAIN MENU
110 GOSUS 9000: REM INTRODUCTIO

N
120 GOSUS 8000: REM MAIN MENU
125 YN$ = ""
130 .IF A = 1 THEN VTAS 22: INPUT

" ARE YOU SURE '? (YIN) "; YN$

:D$ = CHR$ (4)
7: PRINT "GETTING A DR
FROM DISK"
7: PRINT" GETTING

PRINT
INPUT" I S THERE A DRAW I

NG OF THAT NAME ON THIS DIS
K ? (YIN) ";YN$
IF YN$ = "Y" THEN PRINT D$
; "DELETE ";DN$
PRINT D$;"BSAVE ";DN$;",A$2

0111121, L$201210 "
RETURN
END
REM *** CONTINUOUS POINT D

PRINT D$;"BLOAD ";DN$
RETURN
END

REM *** SAVE DRAWING ON DI
SK
HOME
HTAB 7: PRINT "SAVE A DRAWl

NG ON
VTAB 4: . INPUT" CATALOG
? (YIN) ";YN$
IF YN$ = "Y" THEN PRINT D$
; "CATALOG"
PRINT
INPUT "DRAWING NAME? ";DN$

319111
39q9
4121 111111

311111

31118111
31119111

31121111

3 1116/Z1
31117111

3 1115/Z1

312140

3/Z1 1111
31112111

2120
2130
2999

GOSUB 21210121
GOSUB 30121121
GOSUB 4121121111
GOSUB 500111
GOSUS 6000
HOME : END

GET A DRAWING FROM

"Y" THEN HGR: TEXT

2 THEN
3 THEN
4 THEN
5 THEN
THEN
THEN

6
7

12121
**

14121 IF A
150 IF A
16121 IF A
170 IF A
18121 IF A
19121 IF A
2121111 GOTO
21210121 REM

DISI<
212110 HOME
21212121 HTAS

AWING
21213121 VTAS

135 IF YN$
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VTAB 23: INPUT" (PRESS R
ETURN TO CONTINUE) ";YN$
HOME
REM *** SETTING GRAPHICS
POKE - 16297,0: POKE - 16
300,0: POKE - 16302,0: POKE
- 1631114,0
REM *** WATCHING PADDLE

HCOLOR=

4: HCOLOR=

2: HCOLOR=

7: HCOLOR-

121: HCOLOR=

5: HCOLOR-

6: HCOLOR=

THE POIN
WILL"
THE END P

CONTINUOUS LINE D

183 THEN C

182 THEN C

181 THEN C

176 THEN C

180 THEN C

179 THEN C = 3:

178 THEN C

***

*** X POT 0 , Y POT 1

X:Yl = Y
INT ( PDL (0) * C3 I C2

INT PDL (1) * Cl I C2

INT PDL (0) * C3 I C2

REM

X
)

Y =
)

Xl =
X =

IF /<"
C
IF K

C
IF K

C
IF K

C
IF K

C
IF /<"

C
IF /<"

C
RETURN
REM
RAWING
TEXT : HOME
PRINT
HTAB 7: PRINT "DRAWING BY C
ONTINUOUS POINTS"
VTAB 5: PRINT "

1" THE STYLUS IS ON
PRINT "BE USED AS
OINT OF A LINE"
PRINT "DRAWN FROM THE LAST
LINE'S END POINT."
PRINT
PRINT" THE ZERO (0) BUT
TON WILL DISPLAY"
PRINT ", X,. AND ' Y' COORDINA
TES AND THE HCDLOR."
PRINT
PRINT" PRESSING A NUMBE
R l2l THROUGH 7 WILL"
PRINT "CHANGE HCOLOR TO THA

1" NUMBER."
PRINT
PRINT" PRESSING THE 'ES
C' KEY WILL RETURN"
PRINT "YOU TO THE MAIN MENU

5320

531121

5190

5340
53SQJ

511l2l

5140

5195
521210
521111

530121

51
513l2l

51116121
51117l2l

5040

51111121
511115
51112111

51218111

5 1119 12S

458121

457121

454121

455111

4999
5121121121

456111

4520

4530

RAWING
TEXT : HOME
HTAB 5: PRINT "DRAWING BY C
ONTINUOUS POINTS"
VTAB 5: PRINT" THE POINT
THE STYLUS IS ON WILL"
PRINT "BE DRAWN REPEATEDLY.

PRINT
PRINT" THE ZERO (0) BUT
TON WILL SHOW THE "
PR I NT ", X' AND ' Y' C0121RD I NA
TES AND HCOLOR."
PRINT
PRINT" THE NUMBERS 0 TO
7 WILL SELECT"
PRINT "HCOLOR."
PRINT
PRINT" THE ORIGIN IS THE
UPPER LEFT CORNER."
PRINT "FROM LEFT TO RIGHT I
S X = 0 TO 279."
PRINT "FROM TOP TO BOTTOM
S Y = 121 TO 191."
PRINT
PRINT" PRESS 'ESC' TO RE
TURN TO MAIN MENU."
VTAB 23: INPUT" (PRESS R
ETURN) " ; YN$
HOME
REM *** SETTING GRAPHICS

POKE - 16297,0: POKE - 16
31210, 0: POKE - 16302, 0: POKE
- 16304,0
REM *** WATCHING PADDLE
X INT ( PDL (0) * C3 I C2
)

Y INT PDL (1) * Cl I C2
)

HPLOT X,Y
B0 = PEEK ( - 16287):K = PEEK
( - 16384): POKE - 16368,0
IF B0 > 127 OR K > 127 THEN

439lij
GOTO 4320
HOME
IF B0 > 127 THEN POKE - 1

6301,121: VTAB 22: PRINT" X
= ";X;" Y = ";Y;" HCOLOR =
";C: FOR I - 0 TO 1000: NEXT
I: POKE - 16302,0: GOTO 432
o
IF K - 155 THEN RETURN
GOSUB 4500
GOTO 432121
REM *** CHECK HCOLOR
IF /<" - 177 THEN C = 1: HCOLOR=

C

4410
442121
4431')
45121121
4510

4075
4080

4110

4125
4140

4370
4390
4400

412l!1

4060

4030

4150

4l!145
412150

4 1219 l!l
411195
410121

4010
411S2121

4361!l

4155
4200

4210

4300
432tlJ

4340
4350

4330
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8075
8081')

8085
809111

PDl (1) * Cl / C2

INT ( PDL (0) * C3 / C2

o THEN
HPlOT
REF P
= 121 TO

HOME
REM *** SETTING GRAPHICS
POKE - 16297,0: POKE - 16
300,0: POKE - 16302,0: POKE
- 163lZ14, lZl
HOME
REM ** WATCHING PADDLES
DD = IiI
X
)

Y = INT
)

BlZ! = PEEK ( 16287) : B1 PEEI<
( - 16286):K PEEK ( - 163
84): POKE - 16368,0
IF B0 > 127 OR Bl > 127 OR
K > 127 THEN 6350
GOTO 6310
IF B0 > 127 THEN POKE - 1
6301,0: VTAB 22: PRINT II X
= ";X;" Y = ";Y;" HCOlOR =
" ; C; " ". FOR I = lZl TO 1
000: NEXT I: POKE - 16302,0
: GOTO 6310
IF Bl > 127 AND DD =
Xl = X:Yl = Y:DD = 1:
X,Y: VTAB 23: PRINT"
OINT 1 SELECTED": FOR I
500: NEXT I: GOTO 6380
IF 81 > 127 AND DO = 1 THEN
HPlOT Xl,Yl TO X,Y:DD = 0: FOR
I = 0 TO 500: NEXT I: HOME
IF K = 155 THEN RETURN
GOSUB 451110
IF K = 195 THEN DD = 0: HOME
: HCOlOR= 0: HPlOT Xl,Yl: HCOLOR=
C
GOTO 631121
END
REM *** MAIN MENU
TEXT : HOME
HTAB 14: PRINT "MAIN MENU"
VTAB 5
HTAB 8: PRINT "(1) HI
-RES SCREEN"
PRINT
HTAB 8: PRINT "(2) GET DRAW
ING FROM DISK"
PRINT
HTAB 8: PRINT "(3) PUT DRAW
ING ON DISK"
PRINT
HTAB 8: PRINT "(4) DRAW CON
TINUOUS POINTS"
PRINT
HTAB 8: PRINT "(5) DRAW CON
TINUOUS lINES"
PRINT
HTAB 8: PRINT "(6) DRAW REF

8lZl65
807lil

8lZl55
806l!.1

8045

6411il
6999
80fZl0
Ellillli!
8020
EHil3lZ1
8l!!4Iil

6380
639lZ1
64lil0

6370

6360

634lil
635lil

6320

6315

6290
63v.llZl
6:3;liI5.
6311..ij

6261il
6270
628fZl

)

Y INT ( PDl (1) * Cl / C2
)

HPlOT X,Y TO Xl,Yl
Xl = X:Yl = Y
B0 = PEEK ( - 16287):K PEEK
( - 16384): POKE - 16368,0
IF B0 > 127 OR K > 127 THEN

542111
GOTO 5350
IF B0 > 127 THEN POKE - 1
63lill, IZI: VTAB 22: PRINT" X
= ";X;" Y ";Y;" HCOlOR =
"; C; " ". FOR I = 0 TO
1000: NEXT I: POKE - 16302,
0: GOTO 5350
IF K = 155 THEN RETURN
GOSUB 4500
601'0 5351il
END
REM *** REFERENCE POINT II
NES
TEXT : HOME
HTAB 7: PRINT "DRAWING BY R
EFERENCE POINTS"
VTAB 3: PRINT" THE STYl
US AND PADDLE BUTTONS"
PRINT "ARE USED TO FIND REF
ERENCE POINTS AND"
PRINT "THEN DRAW lINES BETW
EEN THEM."
PRINT
PRINT" THE ZERO (0) BUT
TON DISPLAYS "
PRINT "THE' X' AND ,. Y' COOR
DINATES AND HCOlOR."
PRINT
PRINT" THE ONE (1) BUTT
ON WIll FIX THE"
PRINT "STYLUS L.OCATION AS A
REFERENCE POINT."
PRINT "WHEN A SECOND REFERE
NeE POINT IS CHOSEN"
PRINT "A lINE IS DRAWN BETW
EEN THEM."
PRINT
PRINT" PRESSING KEY 'c'
CLEARS THE"
PRINT "REFERENCE POINTS."
PRINT
PRINT" PRESSING·A NUMBE
R BETWEEN 0 AND 7"
PRINT "SELECTS HCOlOR."
PRINT
PRINT" PRESSING 'ESC' R
ETURNS YOU TO"
PRINT "THE MAIN MENU."
VTAB 23: INPUT " PRE
SS RETURN) ";YN$

6140

612111

61Q@
611111

6 lZl 9111

6l117fZl
6 1118 fZl

617lZ1
6181i'
6190

621?llZl
6211il
623lZ1

624i<:1
625fZJ

6151!!
6161!!

61:511'

Mll1Z1
6lZ13 lZl

543!Z1
5440
551!Z1
5999
6Qll!.llZl

541i<:1
542.111

54f!10

5370

5390

5360
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ERENCE POINT LINES" EITHER THE SKETCH"
8QS95 PRINT 9070 PRINT "PAD OR ANY DOUBLE PO
811i!!11 HTAB 8: PRINT " (7) QUIT " l' PADDLE."
81Hl VTAB ,..,,..,. INPUT " CHOOSE A 9Ql80 PRINT.,;.,..:...

NUMBER : II; A 9090 PRINT " THE MAIN MENU WI
81211S IF A < Ql OR A :::- 7 THEN 601'0 LL LET YOU CHOOSE"

8110 9100 PRINT "TO DRAW IN SEVERAL D
813QI RETURN IFFERENT WAYS OR"
8999 END 9110 PRINT "MOVE DRAWINGS ON OR
9Ql0Ql REM *** INTRODUCTION OFF THE DISK. "

Ql VTAB 1 : HTAB 1J1l: PRINT "SKE 912Ql PRINT
TCHING PROGRAM" 9130 PRINT " WITH A LITTLE PR

91112Ql HTAB 16: PRINT "FOR" ACTICE YOU WILL"
9QI30 HTAB 8: PRINT "HOME-BUILT S 9140 PRINT "SOON CHOOSE WHICH WA

KETCH PAD" Y YOU LIKE BEST."
904111 VTAB 5: PRINT " THIS PRO 919J1l VTAB 23: INPUT " ( PRESS TH

GRAM WAS PREPARED FOR USE" E RETURN TO CONTINUE ) "
9 Q15J1l PRINT "WITH THE HOME-BUILT ;YN$

SKETCH PAD." 9195 RETURN
90Ml PRINT "IT MAY BE USED WITH 9999 END
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DIGITIZING
With this program you can enter data from charts and graphs directly
into your computer with the Sketch Pad. The use of the program is
explained in detail in chapter 4, along with the information on
building the Sketch Pad.

Step by Step Through the
Listing
An array is first dimensioned to hold the data in memory (line 30). The
input is limited to 41 pages with 16 data points per page, but these
limits may be changed depending on available memory. The disk file
name is requested (lines 100 to 150): if the file is old the disk is read
(lines 200 to 285) and an End of File marker is sought (line 285).

An adjustment procedure is run (lines 300 to 400) for moving the
height of the upright and locating the correct position for the charts on
the drawing board. The game control inputs are read and displayed
(lines 400 to 490) to aid in these adjustments.

The units and limits for each axis are entered (lines 500 to 690) and
scaling constants calculated (lines 660 to 690). Data taking is then
begun (lines 800 to 1260), information is given (lines 810 to 830), and
the format is displayed (lines 870 to 930). The game control inputs are
again read and displayed (lines 1000 to 1058). If pushbutton 0 has been
pressed, the data point is recorded and the index increased by 1 (line
1060). There is a short delay (line 1065). If pushbutton 1 has been
pressed, execution is directed to the new sheet section (lines 1200 to
1260). If not, execution is directed back to read a new point (line 1100).

The new sheet section zeros all unused points on the current sheet
(lines 1205 to 1208) and adjusts the indexes (lines 1210, 1220). If
another sheet is requested (line 1250), execution returns to data taking
(line 1260). If no new sheet is requested, the file-to-disk storage function
is entered automatically (lines 1300 to 1520). If you want to know the
structure of the disk file, it can most readily be seen from the disk
storage routine (lines 1420 to 1510). The disk file structure can be
adjusted to suit your needs.
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Variables
Variable Line Description

PT% 30 An integer array of the data point
readings

D$ 50 Control D
PTN 60 The number of the point
SN 60 The number of the sheet
F$ 140 The name of the disk file for the data

YN$ 160 The answer to YES/NO questions
Q$ 180 A second YES/NO answer

UX$ 232 Units of the X axis
UY$ 232 Uni ts of the Y axis
XOV 234 Value of the 0 point on the X axis
XMV 234 Value of the 255 point on the X axis
YOV 234 Value of the 0 point on the Y axis
YMV 234 Value of the 255 point on the Y axis
EOF$ 270 End of File marker

X 410 Reading of game control 0
POB 440 Reading of pushbutton 0
Y 460 Reading of game control 1

AX 660 Conversion ratio for X axis
AY 680 Conversion ratio for Y axis
XV 1020 Current value of X
YV 1055 Current value of Y

14121 INPUT "NAME OF FILE? "; F$
15121 PRINT
16li.l INPUT" IS THIS A NEW FILE?

(Y OR N) ";YN$
In) PRINT

IF YN$ = "Y" THEN GoTO 300
18121 INPUT" IS DISK WITH THIS FIL

E IN THE DRIVE? ";Q$
185 PRINT
190 IF Q$ = "N" THEN PRINT "PUT

THE CORRECT DISK INTO THE D
RIVE. ": GoTO 170

200 REM ** READING FILE FROM DI
SK

210 PRINT D$;"oPEN ";F$
22121 PRINT D$; "READ ";F$
230 INPUT SI\!
232 INPUT UX$: INPUT UY$
234 INPUT X0V,XMV,Y0V,YMV

DIGITIZING WITH SK

***********************
** DIGITI ZER
*• TOM RILEY CoPYRRIGHT 8

PT%(4121, 2,15)
** LIMITS: 41 PAGES WITH
DATA POINTS PER PAGE
CHR$ (4)
1 :SN = 121
*** NAME OF FILE

139.1

3

llMl
110
120

1111 REM
12 REM
14 REM
16 REM
18 REM

2121 REM *
REM ***********************
REM
DIM
REM
16

5121 D$ =
60 PTN =

REM
HOME
PRINT "
ETCH PAD"
PRINT : PRINT
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400 REM * READ PADDLES
41121 X = PDL (v.l)
420 VTAB 16: HTAB 10: PRINT "

65!!1 PRINT
66!!1 AX (XMV - X0V) / 255
670 AX =: INT (AX * 1V.l!!llZI) / 10!!lal
68121 AY (VMV - vr;.!V ) / 255
69lZI AV INT (AY * 1v.llZllZl) / l1ZIIZ10
8all21 REM *** TAKE DATA
81121 HOME
82121 PRINT "PRESS PB!!1 TO TAKE DAT

A"

2 -r .,·
24Ql
245
25121
26121
270
28121
285

30121
31121
320

330
340

35121

36121

37121
38!21

39!ZI

FOR R 121 TO SN
FOR S 0 TO 1
FOR T 121 TO 15
INPUT PTt. (R. S. T>
NEXT: NEXT' :'NEXT
INPUT EOF$
PRINT D$;"CLOSE ";F$
IF EOF$ < > "EOF" THEN PRINT
"FILE READING ERROR ": END
REM *** ADJUST SKETCH PAD
HOME
PRINT" ADJUST SKETCH PAD"

PRINT PRINT
PRINT " USE THE X AND Y
READINGS BELOW"
PRINT "TO ADJUST THE LOCATIO
N OF THE SHEET"
PRINT "AND THE HEIGHT OF THE
UPRIGHT."
PRINT
PRINT " PRESS PB0 TO CON
TINUE."
VTAB 16: PRINT " X =

Y ="

83QI

87Ql

877
88Ql
885

89!!1
90QI
91121
92!Z'
93QI

10!210
11211111
l1Z12!ZI
112125

PRINT "PRESS PBl T8 START NE
W SHEET"
PRINT
PRINT "SHEET NUMBER ";SN
PRINT
PRINT" X V";
HTAB 2121: PRINT "X-";UX$;: HTAB
3121: PRINT "V-"; UY$
PRINT
FOR N = 1 TO 15
PRI NT " PT "; N; " 121"
NEXT N
VTAB 24: PRINT " X
Y = II;
REM * READ PADDLES
X = PDL (121)
XV AX * X + X0V
XV = INT (XV * 1000) / 1000

57!!1 INPUT "VALUE FOR X MAX. ? ".•XMV
58121 IF X121V = XMV THEN GoTo 55121
59!!1 PRINT
6!110 INPUT "UNITS FOR Y AXIS ? ".•UY$
610 PRINT
62121 INPUT "VALUE FOR Y=0 ? ";Y0V

" .•48121 HTAB 2!!1: PRINT Y
49!!1 GOTo 41121
50Ql REM ** SCALE INFORMATION
51!!1 HOME

PRINT "SCALING INFORMATION "
53121 PRINT
540 INPUT "UNITS OF X AXIS ? II; U

X$
55w.1 PRINT
56Ql INPUT "VALUE FOR X=0 ? ";X0V

1030 P0B = PEEK ( - 16287)
1040 PIB = PEEK ( - 16286)
H14::j VTAB 24: HTAB 1121: PRINT "

" .•

" .•HTAB 10: PRINT X;
V = PDL (1)
VV AY * V + V0V
YV = INT (VV * 1000)

HTAB 21!l: PRINT "
HTAB 20: PRINT V;
IF P0B :> 127 THEN PTX(SN,0,
PTN) = X:PTt.(SN.l.PTN) = V: VTAB
(7 + PTN): HTAB 10: PRINT X;
: HTAB 14: PRINT V;: HTAB 20
: PRINT XV;: HTAB 30: PRINT
VV:PTN = PTN + 1
FOR N = 1 TO 200: NEXT
IF P1S :> 127 OR PTN > 15 THEN
GOTO 121210
GOTO 1121!!10
REM ** NEW SHEET
IF PTN:> 15 THEN GOTo 1
2Hl
FOR N = PTN TO 15
PTt.(SN,0.N) = 0:PTt.(SN,1.N)
o
NEXT
SN = SN + 1
PTN = 1
PRINT" ". VTAB 23

121215
121217

11!!112'
12121121
121213

112157
111158
11216121

112165
HI7lZI

121218
1210
122121
124121

112147
11215!ZI
1!!155
112156

" .•

INPUT "VALUE FOR V MAX. ? ";
YMV
IF Y0V = YMV THEN GoTO 610

HTAB 10: PRINT X
P0B PEEK ( - 16287)
IF P0B :> 127 THEN GOTo 500
Y = PDL (1)
VTAB 16: HTAB 2!!1: PRINT "

63121

640

43i!1
44!!1
451Z1
46!11
47v.l
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125121 INPUT "ANOTHER SHEET ? (Y 0 141210 IF YN$ = liN II THEN PRINT D$
R N) ";YN$ ; "DELETE "; F$

126121 IF YN$ = "VII GOTO 81110 141111 PRINT
131Z1l11 REM ** SAVE FILE TO DISK 142121 PRINT D$;"OPEN ";F$
131121 HOME 143121 PRINT D$; "WRITE ";F$
132121 PRINT " SAVE FILE TO DIS 144121 PRINT SN

1444 PRINT UX$: PRINT UY$
133121 PRINT 1446 PRINT XQIV: PRINT XMV: PRINT
1340 INPUT "IS STORAGE DISK IN l' Yl1IV: PRINT YMV

HE DRIVE ? ";YN$ 145111 FOR R 121 TO SN
135121 PRINT 146111 FOR S = l11 TO 1
136111 IF YN$ = IIN II THEN PRINT "P 147121 FOR l' = 111 TO 15

LACE THE STORAGE DISI< IN THE 14BQl PRINT PTI. (R, S, 1')
DRIVE. ". GOTO 1330 149121 NEXT : NEXT : NEXT

137121 PRINT 15QIQI PRINT "EOF"
138121 INPUT " IS THIS A NEW FILE 0 151121 PRINT D$;"CLOSE "; F$

N THIS DISI< ? "; YN$ 152121 GOTO 60
139111 PRINT 9999 END
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ANNUNCIATOR TEST
With the Annunciator Test program you can test new controllers that
use the Apple's four annunciator outputs (pins 13, 14, 15, 16) or the
strobe (pin 5). One such device is the Computer ControlledAC Outlet,
described in chapter 12. The test program turns these outputs on and
off at a slow, steady pace and shows their status on the screen. You can
then compare the output of your new controller with the status of the
computer's output.

Step by Step Through the
Listing
Execution is first directed (line 15) to the start up subroutine (lines 500
to 590), which displays the format on the screen. Each annunciator in
turn is switched off, with a pause between each step (lines 20 to 85).
They are turned on again in sequence, and the keyboard bell is
sounded (lines 100 to 170) to indicate that a sequence is complete.

The strobe is pulsed and a count kept of the total number of pulses
(lines 180 to 190). The en tire process is then repeated in an endless loop
(line 200).

Variables
Variable

z
SC

BEL$

Line
180
185
515

Description
Dummy variable for pulsing strobe
Count of total strobe pulses
Control G, which rings bell
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15QI
16111
165

591il
llillillZl
HJHI

17lil
18121
185
19121
212HZI
5lill2l
51111
515

145 VTAB 12: HTAB 18: PRINT "ON
";BEL$
BOSUB l1Zl01Z1
POKE - 16289, 111
VTAB 14: HTAB 18: PRINT "ON
";BEL$
GOSUB llZllZllZl
Z = PEEK ( - 16320)
se = se + 1
VTAB 16: HTAB 21: PRINT SC
GOTO 2 IiI
REM *** START UP
TEXT : HOME
SC = IZl:BEL$ = CHR$ (7): REM
CONTROL G - BELL
VTAB 4: HTAB 8: PRINT "ANNUN
CIATIOR TEST"

53Ql VTAB 8: HTAB llZl: PRINT "ANIZI
IS "

54QI VTAB 10: HTAB 10: PRINT "ANl
IS "

550 VTAB 12: HTAB 10: PRINT "AN2
IS "

56121 VTAB 14: HTAB lQl: PRINT "AN3
IS "

57lil VTAB 16: HTAB 5: PRINT "STRO
BE COUNT IS "
RETURN
REM ·Mo** DELAY
FOR I = 1 TO 41Zl0

11212121 NEXT I
llil:':;!!l RETURN
9999 END

9121 BOSUB 11il01Zl
101Zl POKE - 16295,0
11215 VTAB 8: HTAB 18: PRINT "ON "

;BEL$
11 fi'l BOSUB 1121121121
121Zl POKE - 16293,1Zl
125 VTAB 10: HTAB 18: PRINT "ON

";BEL$
13lij BOSUB 11Z1lZHZl
141Zl POKE - 16291,1Zl

REM ************************
2 REM *.,. REM * ANNUNCIATOR._'
4 REM *
5 REl"l * TOM RILEY COPYRIGHT 83
6 REl"l *
7 REM ************************
8 REM
15 GOSUB 5lZHil
2111 POKE _. 16296,1
25 VTAB 8: HTAB 18: PRINT "OFF"
3!!1 BOSUB lliHZl!!1
4 IiI POKE - 16294,1
45 VTAB HI: HTAB 18: PRINT "OFF"

5lil GOSUB llillZllZl
6QI POKE - 16292,1
65 VTAB 1". HTAB 18: PRINT "OFF".<.0.

7111 BOSUB 1IiIQI IZI
8lil POKE - 1629121,1
85 VTAB 14: HTAB 18: PRINT "OFF"
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