® GIVE YOUR 16K
SYSTEM 80
A ‘VOICE"!

® GENERATES
ALL SORTS
OF SOUND
EFFECTS!

® USE YOUR

«  SYSTEM 80 FOR

MUSIC SYNTHESIS!

includes instruction booklet
& program cassette
Also suits TRS-80

|
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Connecting up the
“SOUND-OFF”’ amplifier.

Most computer video monitors
ﬁ:&c%: the monitors available
rom Dick Smith Electronics) include
an audio amplifier. In most cases,
connection to these amplifiers is
made via a 3.5mm socket, either on
the front panel or elsewhere.

The standard cassette interface cable
is used to connect the computer to
the amplifier. The 3.5mm plug on
the “MIC” or “AUX" leads (the
yellow lead on the System 80; the
grey lead on the TRS-80) simply

plugs into the audio amplifier input
socket.

All that is then required is to turn the
monitor on (which obviously turns
on the amplifier too) and set the
volume control to a convenient level.

If your monitor doesn’t have
an in-built amplifier...

You can use virtually an external
audio amplifier with the “SOUND
OFF” program, For example, a
cassette recorder could be used with
the lead from your computer
plugged into the microphone socket
m:%%m recorder switched to the
“monitor” position.

Any standard mono or stereo
amplifier could be used instead — as
long as it will accept an audio signal
of a few hundred millivolts without
overload. With some amplifiers you
may need to add a 3.5mm jack
socket in parallel with the existing
input connector {probably the “AUX"
input), or alternatively make up an
adaptor or “patch” lead.

Important note for System
80 owners.

Please make sure that your System
80’s “F1” key is in the UP position
before attempting to run any
programs using %_m “SOUND-OFF".
Although this key is nominally
provided to allow local control of the
inbuilt cassette deck, it also disables
the external cassette port when in
the DOWN position. As “SOUND-
OFF” uses the external port, this
would prevent it from operating.

About the “SOUND-OFF”
software.

The “SOUND-OFF” software
supplied on cassette tape consists of
a sound effects demonstration
program and a “patch” program
which lets you add sound effects
easily to your own programs. Both
rograms incorporate a machine
anguage subroutine which is used to

. generate the desired audio output

signals via the computer’s cassette
interface circuitry. A machine
language subroutine is used in order
to achieve the necessary speed.

The rest of the programs are written
in BASIC, to allow you to analyse
their operation and modify them as
required. The programs are arranged
to automatically load the machine
language routine themselves, as
soon as you tell them to “RUN". This
is done by a BASIC subroutine
which loads the machine language
routine via a series of POKE
statements. So when the programs
begin running they both print out
“SETTING UP” and then appear to
pause for about 15 seconds while
the machine language routine is

loaded.

Note that it is necessary to ensure
that there will be space available in
ne computer's RAM memory to fit
the machine language routine, above
the BASIC program area. In fact you
must reserve at least 127 bytes at
the top of memory before wwm _
programs are loaded from cassette.

You do this by keying in a memory
size figure of 127 bytes less than the
actual memory size of the machine,
when it is first turned on and asks
you READY? (in the case of the
System moﬁ or MEMORY SIZE? (in
the case of the TRS-80). Instead of
simply hitting the NEWLINE (or

ENTER) key, type in 32640 (or the
corresponding number for larger
machines). Then hit the NEWLINE
or ENTER key and proceed.

Both the sound effects
demonstration program and the
“patch” program are loaded using
the normal CLOAD command. With
the System 80 computer, you do this
using the internal tape deck; with the
TRS-80 you must use an external
recorder with its volume control set
for the usual level for Level Il tapes.

In both cases the programs ask you
to indicate whether you are running
them on a System 80 or a TRS-80
machine. This is necessary because
the TRS-80 has only one cassette
port in the basic machine, while the
System 80 has two — of which the
external one must be used with

“SOUND-OFF".

The sound demonstration
program.

This program gives you a “menu” on
the screen, listing no less than 12
different sound effects. You can
choose any of the sounds by keying
in the corresponding alphabetic
character. The program runs
continuously, letting you try the
sounds over and over again.
However you can terminate the
program by typing a “Q". Letters
other than A-L inclusive and Q are
ignored.



The patch program.

This program is designed to make it
easy to provide your own programs
with sound effects. Written in BASIC,
it consists purely of the initialising
routine together with the routine to
“POKE” the machine language
“SOUND-OFF"” routine into the top
of memory. This provides a
“skeleton” into which you can fit
your own programs. Once you get a
program working with the “SOQUND-
OFF” patch, you can then CSAVE
the combination on a new cassette
tape, as a complete working
program.This will still leave you with
the original “patch” program on your
main cassette, available for use with
further programs.

If you LIST the “SOUND-OFF”
patch program you will see that it
consists omgo parts. The smaller
part is an initialising sequence (lines
0, 1 and 2), which must go at the
start of your program. The main
function of this sequence is to call
the second part of the program,
which is the loader for the machine
language routine. This occupies lines
50000 - 52060 inclusive, which
logically go at the top of your
program. So your own program fits
in between the two, and can use any

line numbers between 3 — 49998
inclusive.

Your BASIC program “calls” the
“SOUND-OFF” machine language
routine by using the NAME function.
Before doing so, however, you must
md.m:%m for it to set the various

sound control parameters used by
the machine language routine. There
are five of these parameters,
controlling the sound's (a) pitch; (b)
duration; (c) number of pitch

changes; and (d,e) the direction and *

magnitude of the pitch changes.
Table 1 summarises the parameters
and where they are stored in
memory (actually the first seven
locations of the machine language
routine).

The various parameters will now be
described in more detail.

Note: The address label “TM” is
predefined, in line 1 of the patch
program, as the start of the reserved
area in memory. Hence all
parameter values may simply be
poked into memory using the
address labels shown in Table 1.

TABLE 1

Poke Address Sound Parameter Default Value
™ pitch (lo) 50

T™+1 pitch (hi) 0

TM+2 duration (lo) 15

TM+3 duration (hi) 0

T™M+4 number of steps 0

T™M+5 step size 1 0

TM+6 step size 2 0

4

PITCH: This parameter determines
the primary or starting frequency of
the sound. It is stored as a 2-byte
number, with the less significant byte
in address TM and the more
significant byte in address TM+1.
Hmm numbers are actually used to
control inverse frequency, or period,
so small numbers produce high
frequencies while larger numbers
give lower frequencies. The useful
range for this parameter is from

~~about 560 down to about 16, a

.ange of five octaves. Middle C
corresponds to a value of 140. Table
2 gives the values of the pitch
parameter for five musical octaves of
the even-tempered musical scale, to
simplify composing tunes.

Note that because the pitch
parameter must be stored in memory
as two bytes, you must work out the
two-byte equivalent of the desired

number, and arrange for your
program to store the less significant
byte in TM, and the more significant
byte in TM+1. To work out the two-
byte equivalent of the number,
divide it first by 256. The integral
(whole number) part of the answer
becomes the more significant byte
(store in TM+1), while the remainder
becomes the less significant byte
(store in TM),

If the parameter value is less than
256, things are really simple: the
more significant byte becomes zero
and all you need to do is store the
whole number in TM.

TABLE 2

PITCH PARAMETER VALUES FOR MUSICAL NOTES
Note Octave 1 | Octave 2 | Octave 3| Octave 4| Octave 5
C 560 280 140 70 34
C-sharp | 524 262 131 66 32
D 500 250 125 62 30
D-sharp 476 238 119 59 28

E 442 221 111 55 26

F 420 210 105 52 25
F-sharp 396 198 99 49 24
G 376 188 94 46 22
G-sharp 352 176 88 44 21
A 336 168 83 41 19
A-sharp 316 158 79 39 18
B 298 149 74 36 17
C 280 140 70 34 16




DURATION: This parameter
controls how long the sound lasts.
Here the number corresponds to the
actual number of sound cycles - so a
particular number will give a shorter
sound at a higher pitch than at a
lower pitch. In order to produce
sounds of the same absolute length
at different pitches, you will need to
keep the product of the pitch and
duration parameters constant so that
there are more cycles produced at
higher pitches.

Again the duration parameter must
be stored as a two-byte number, in
memory addresses TM+2 (less
significant byte) and TM+3 (more
significant byte). The available range
is thus from 1 cycle to 65,535 nc%mm
- but in practice you'll rarely need to
use numbers larger than 255 unless
you want sounds lasting quite a long
time. So for most purposes, you only
need to put the duration number
(<255) into address TM+2.

Generally speaking, you only need
the pitch and duration parameters to
sound steady musical notes or play
tunes. For example to produce a
steady note at middle C (261Hz)
lasting for 0.5 seconds (130 cycles),
all you need is the line:

100 POKE TM, 140: POKE TM+2,
130:NAME

Or, to play the first 6 notes of
“Happy Birthday”, the sequence:

100 P=140:D=50:GOSUB 200
110 P=140:D=50:GOSUB 200
120 P=125:D=168:GOSUB 200
130 P=140:D=150:GOSUB 200
140 P=105:D=200:GOSUB 200
150 P=111:D=189:GOSUB 200
160 END
200 POKE TM,P:POKE TM+2, D:
NAME:RETURN

THE REMAINING PARAMETERS:

These provide a means whereby
sounds may be arranged to change
up or down in pitch a number of
times, before ending. There are three
parameters available to do this, and
they make it possible to create many
complex sounds with a single call o
the “SOUND-OFF” machine
language subroutine.

The first of the additional paramete;
(NS) specifies how many changes in
pitch or “steps” are to take place,
after the primary note sounds for the
specified pitch and duration. The
second and third parameters (SS1
and SS2) specify the actual pitch
changes that are to occur during
those steps.

NS is a single-byte variable stored in
the address TM+4. It may have any
value up to 255 — but note that for
values more than 2, the pitch
changes for subsequent steps simply
use the data specified by SS1 and
SS2 alternately.

SS1 and SS2 are single-byte
numbers which are used to modify
the basic pitch parameter of the
sound. SS1 is stored in TM+5. and
SS52 in TM+6. SS1 is used to
calculate the pitch of the first step
and any subsequent odd-numbered”
steps, while SS2 is used to calculate
the pitch of the second step and any
subsequent even-numbered steps.
SS1 and SS2 are added
algebraically to the less significant
byte of the main pitch parameter.
This means that they are basically
signed numbers: values from 1 to
Hmu will increase the effective pitch
parameter (lowering the pitch), while
values from 128 to 255 will
decrease the pitch parameter and
increase the pitch.

Note, however, that although SS1
and SS2 are used over and over for
sounds with more than two steps,
they are cumulative. So that if
§51=3, it will increase the pitch
parameter (lowering the note) by 3
units for each odd-numbered step.
Similarly if you make S52=249
(equivalent to -7), it will decrease the
pitch parameter (increasing the pitch)
by 7 unit for each even-numbered

~ step.

Note also that if you use NS, 551
and SS2 to produce additional
“steps” after the main sound, the
steps use the same duration
parameter figure as the main sound.
However this does not mean that the
steps will have the same absolute
duration, as this will depend upon
the pitch. Hence steps which are of

higher pitch than the primary sound
will be shorter, while those with
lower pitch will be longer. So you
can create sounds which either move
up the scale and get faster and faster
(like the “saucer” sound in the
demonstration program), or move
down the scale and get slower and
slower (like a “saucer” landing). And
by suitably mﬂm:mw:m SS1 and SS2,
you can create all sorts of “vibrato”
and “warble” effects. The possibilities
are almost endless!

The default values of NS, SS1 and
S§S2 are zero, so if your BASIC
program doesn’t specify these
parameters you won't get any steps
or changes in pitch for each sound.

Table 3 shows the values of all five
parameters used for some of the
sound effects provided on the

TABLE 3

SOUND PITCH | DURATION [ NS SS1 | SS2
Lo | Hi Lo | Hi

Saucer 250 | 0 25| 0 249 5 |249(-7)

Fast

Laser 150 10| 0 30 1 0

Slow

Laser 5|0 5/0 100 2 0

Bomb 150 30| 0 150 1 0

Pong-A 50 |0 15| 0 0 0 0

Pong-B 200 |0 70 0 0 0

Siren-up 200 |0 15/0 100 255 0

Siren-down| 100 |0 15|0 100 1 0




“SOUND-OFF” demonstration pro-
gram. Trying these out for yourself
should help you in getting familiar
with the way they work. Then you
can try the effect of varying them,
and creating some new sounds of
your own!

A final point: the cassette output
circuitry of your System 80
computer (also that of a TRS-80) is
actually capable of delivering a
variety of waveforms. So
theoretically it is possible to make
your “SOUND-OFF” amplifier
produce sounds with different
waveforms or “tone colours”. For
simplicity, however, the machine

language subroutine supplied in the
cassette programs does not allow
waveform to be varied.

Those of you who are experienced in
machine language programming may
care to write a more elaborate
machine language subroutine of
your own, to allow waveform to be
specified as well. This will let you use
your “SOUND-OFF” to generate an
even wider range of sounds. . .

Have fun! )

HEY, this computer «
can fum [ike Fink Floyd !

8 Copyright Dick Smith Electronics, 1980. ;
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