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Creative choice is what TASCAM’s broad line of 
professional mixing consoles is all about.

Whether you’re polishing your musical skills or 
polishing your fourth gold album, opening up your audio Tascam
to video, or opening up your own studio, TASCAM’s 
comprehensive mixer selection lets you focus on your 
specific music needs.

Starting with our M-30, we’ve packed more artistic 
choice into a modestly-priced package than any console 
in the industry. This versatile 8x4 is ideal for everything 
from basic recording to video production and 
comprehensive small studio applications.

Increased flexibility highlights the M-30’s big 
brother, our M-35. This durable 8x4 combines wide- 
ranging function capabilities with operating ease. The 
M-35 features 4 separate sub groups, solo, independent 
monitoring, built-in effects loop, and much more.

For more elaborate production demands, our rugged 
new M-520 console gives exceptional precision and 

Recording 
Consoles.

Mix
With The

complete control of your 8 and 16 track recording, over­
dubbing and mix down. The M-520’s creative options 
include multiple inputs per channel, 8 independent 
subgroups, stereo solo-in-place, PFL, balanced and Professionals
unbalanced inputs and outputs, multiple auxiliary
mixes, and long-throw faders.

Wherever you want to go with your 
music, TASCAM’s extensive console line 
has the mixer to take you there.
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And if you’re recording needs are met by 8 tracks, our 
M-512 console gives you the sophisticated functions, 
easy operation, and technical quality of the M-520, with 
fewer input channels.

See your TASCAM dealer today. He’ll tell you 
about these and a wide range of other professional 
TASCAM mixers, and get you hands-on with the console 
that was built for you. Or write for more information to 
TASCAM, TEAC Professional Division, 7733 Telegraph 
Road, Montebello, CA 90640, (213) 726-0303.
Copyright 1984-TEAC Corporation of America
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INTERFACE BLUES — THE SEQUEL

In regard to the letter from 
C. L. Jaszberenyi in the August 
1984 issue of Polyphony ("Inter­
face Blues, Part 2"), please note 
that a series of articles detail­
ing interfacing procedures for the 
Timex/Sinclair 1000 appeared in 
the July, August, and September 
1984 issues of Radio-Electronics 
magazine. I have built an output­
port decoding circuit based upon 
these articles which I use to 
drive a D/A converter for control 
voltages, and to provide trigger 
pulses for an envelope generator. 
There is probably some fairly 
simple way to adapt the circuit to 
the devices he wishes to control. 
Additional detailed hardware and 
programming ideas are also con­
tained in the book Control Things 
with Your Timex Sinclair by Robert 
L. Swarts (Dilithium Press, 1984).

David Snow
Gaithersburg, MD

GR/XPANDER INTERFACE?

What are the possibilities of 
an interface project between the 
Roland GR series guitar synthe­
sizers and something like the 
Oberheim Xpander? The Xpander, 
with its six voice configuration, 
seems ideal for this use. Is 
Oberheim planning something like 
this? (I wrote them to ask, men­
tioning that I saw their ads in 
Polyphony, but I thought you might 
have the inside scoop.) Thanks 
for helping, I think you’ve got a 
great magazine.

Dave Ogden
Newton, MA

Dave — If you have a GR-700 
synthesizer, of course, you can 
drive the Xpander directly via the 
MIDI port. As a matter of fact, 
the people at Oberheim are well 
aware that the Xpander is an ex­

cellent guitar synth add-on; how­
ever, I know of no plans by the 
company to come up with a MIDI 
guitar controller at present. One 
other controller, the SynthAxe 
(distributed in the USA by Fair­
light) also produces a MIDI output 
and has been demoed with the 
Xpander. Unfortunately, these are 
pricey solutions. However, trying 
to make a custom interface to 
derive a control voltage from a 
GR-series guitar, then turning 
that CV into MIDI data, might end 
up costing you more in time and 
aggravation than just going for 
something like the GR-700 synthe­
sizer.

For more information on MIDI 
and guitarists, see my column in 
the January and February issues of 
Guitar Player magazine. Also, one 
of our authors is working on a 
"hands-on" oriented GR-700 review, 
so stay tuned for further develop­
ments.

ECHOTRON SYNC

Is it possible to trigger the 
DeltaLab "Echotron" from something 
like a DMX, LinnDrum, keyboard 
trigger, etc.? Any help would be 
appreciated. Also, are there any 
other comparable units that would 
do this besides the E/H Instant 
Replay?

Nicky Moroch Jr.
Yonkers, NY

Nicky — I’ve often wanted to 
make the same modification to my 
Echotron, but have not been able 
to pursue this due to lack of 
schematic and time. Perhaps a 
reader can help. Regarding com­
parable units, the Decillionix DX- 
1 (also see Current Events for a 
related story) uses an Apple II 
for sampling, and the recently 
introduced CompuEffectron not only 
allows for triggered sampling, but 
also lets you edit the sample — 
something that greatly enhances 
the unit’s musical usefulness.
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Robert Carlberg’s |re-view
Wendy Carlos Digital Moonscapes 
(CBS 39340). Contemporary classi­
cal music which just happens to be 
realized on a CDS digital synthe­
sizer. Carlos has always said 
she's a composer first, although 
her output of original works has 
been lamentably scarce. Here at 
last she gives us two long suites 
of fully-orchestrated music which, 
in style, fall somewhere between 
Sibelius and Lopatnikoff; i.e. 
contemporary but with strong Ro­
mantic leanings. There are echoes 
here and there of "Timesteps," her 
only previous large scale work, 
but neither of these suites devel­
ops the momentum of that piece. 
Still, that may be considered an 
advantage if you wish, as the ebb 
and flow here causes the listener 
to follow the music as it unfolds 
rather than rushing ahead to an 
anticipated conclusion.

The tone colors Carlos 
chooses for her "synthetic orches­
tra" sound on the whole more syn­
thetic than orchestral, but remar­
kably full and satisfying. They 
fall into three categories: a 
very imitative string section, 
some decidedly non-organic bong- 
ing, and many tones reminiscent of 
a small pipe organ, particularly 
the reedy "Vox Humana" stop. Bell 
sounds (at which digital synthe­
sizers seem particularly adept) 
also pop up — although one brief 
section featuring marimba-like 
tones points up the generally non- 
percussive nature of these works. 
In "Timesteps" the percussion def­
initely powered the aggressive 
single-mindedness of the piece; 
here Carlos composes in a more 
all-encompassing, feminine (if you 
will) mode. Whether this is a 
reflection of her increasing piece 
of mind one can only speculate.

This could be considered the 
first large-scale "serious" work 
for synthesizer. You will find 
yourself evaluating this disc on 
the basis of the music in it rath­
er than the synthesizer "patches" 
on it, which might be some sort of 
first and is obviously an enormous 
step forward.

Erik Von Heiden PKS2OOO-33O (cas­
sette). Slow chords on string 
synth. One can envision a whole 
band mixed in with these tracks 
because, by themselves, they don't 
quite hold center stage. $7.50 
from Scientific Creative Intelli­
gence, 5351 S. Rosemead, Pico 
Rivera CA 90660.

Brainfood Great Society (cas­
sette). On the other coast is 
Brainfood, an 8-track homebrew 
that sounds like the latest top-40 
album. Professional production, 
tasteful synth, Van Halen-inspired 
guitar and vocals reminiscent of 
Andy Latimer (Camel) make this 
trio one of the most polished 
independents I've ever heard. 
Peter Lovi, P.O. Box 6564, Ithaca 
NY 14850.

Harold Budd Abandoned Cities 
(Cantil 384). Two long drones, 
moody and dark as you please, done 
on synthesizers with occasional 
interjections by harp and guitar. 
Very funereal.

Harold Budd/Brian Eno The Pearl 
(Editions EG 37). Drifting acous­
tic pianos, awash in echo, aided 
by subtle treatments. Ten years 
ago it was a great concept.

Dan Siegel Another Time, Another 
Place (PaUSA 7164). There's a 
small movement, populated by Mark 
Isham, Group 87, Steps ahead and 
now Siegel, toward instrumental 
rock/jazz featuring digital syn­
thesizers. It's probably the off­
spring of the trailblazing Weather 
Report (whose former percussionist 
Alex Acuna appears here), and 
let's not quibble, it's great.

Rickie Lee Jones The Magazine 
(Warner Bros. 25117-1). An 
oblique and personal statement 
that gives off sparks but is too 
modest (or perhaps too guarded) to 
come out and yell at you. As 
always, Ms. Jones makes effective 
use of electronic keyboards.

Eberhard Schoener Sky Music/Moun- 
tain Music (Kuckuck 071). Fair­
light, Oberheim and Roland synthe­
sizers on a pair of 20+ minute 
mood doodles. Another "Celestial 
Harmonies" meditation background.

Anthony Davis Middle Passage 
(Gramavision 8401). Three solo 
pieces of experimental piano music 
and one with Serge accompaniment. 
All are frenetic and desultory.

Dave Stewart & Barbara Gaskin I’m 
In A Different World (Broken 
Records 7) (EP). Ex-art rocker 
Stewart turns out another (see 
also Oct. '82) fairly hard-rocking 
set in which he squeezes surpris­
ing sounds from the usually-docile 
Prophet. A whole album would be 
nice, Dave — quit teasing us.

DEVO Shout (Warner Bros. 25097- 
1). DEVO's masterpieces sound 
just like the rest of their songs. 
They've MIDIfied and Fairlighted 
their set-up, resulting in some 
new digitones, but the main inno­
vations here are homages to 
Hendrix and The Beatles.

(continued on page 29)
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USING THE MODEL 64 MIDI SEQUENCER 

by: Christopher Simmons

After using the Sequential 
Circuits Model 64 Sequencer for 
nearly six weeks, I am both elated 
and disappointed by its capabili- \

Basics. The Model 64 device 
is a compact (3-1/2" x 7-1/8" x 2" 
thick) interface that plugs into 
one of two "expansion ports" on 
the rear of a Commodore 64 home 
computer. It's like a video game 
cartridge; all of the software is 
"built-in", so it's ready to go on 
power-up. You don't need to load 
software to use the Model 64, but 
there is a provision to load ex­
pansion software. Therefore, it 
can be used for many specialized 
purposes that a dedicated sequen­
cer box could not. Conceivably, 
with the proper information from 
the manufacturer, you could even 
write your own software for the 
device.

Because of its built-in LED 
indicators, a television/monitor 
is optional for basic sequence re­
cording, playback, and overdubbing 
but is a necessity for song con­
struction, editing functions, and 
song loading from disk? In the 
studio or on stage, a small black- 
and-white mini-television with a 
3- dr 5-inch screen would be ideal 
(even the newer Sony Watchmans 
with a video-in jack would be a 
possibility). However, the Model 
64, like many plug-in boards for 
the Commodore, does seem to broad­
cast its share of RF interference 
which may or may not impair what 
you see on the TV screen. Wrap­
ping aluminum foil around the 
plastic case seems to help. The 
Model 64 has one MIDI "in" and one 
MIDI "out" jack, a start/stop 
footswitch input (this controls 
the sequencer in exactly the same 
way as the SCI Prophet 600's se­
quencer), and one Clock In jack 
for use with virtually any drum 
machine. Note that the footswitch 
is not included, but is required.

S Polyphony -

If you have an SCI Prophet 600 (as 
I do) or a Prophet T-8, you could 
use the footswitch that comes with 
your synthesizer.

Creating a sequence. The 
initial memory capacity is about 
4870 notes. To record a sequence, 
you need only press one of the 
four function keys at the right 
side of the Commodore computer, 
then start up your drum machine 
(if using one), then play your 
sequence. The Model 64 holds only 
one song in memory at a time; this 
can include up to eight sequences, 
with up to six tracks per se­
quence .

Song Mode lets you create a 
song by stringing together se­
quences created in Sequence Mode. 
For a simple example, you might 
record a simple bass-line as Se­
quence One, then switch to Song 
Mode. Here you would build your 
song by "linking" together, say, 
eight blocks of Sequence One. 
While in Song Mode, you can also 
go into a sub-mode to edit; one 
use would be to transpose Sequence 
One (which, incidentally, affects 
all tracks recorded in Sequence 
One) within the song. For in­
stance, you might choose to shift 
the third, sixth, and eighth 
blocks that you've linked together 
up a major fifth.

December 1984



To make things more inter­
esting, you could go back to Se­
quence Mode and "overdub” another 
track on Sequence One. Here you 
would select Sequence One, start 
your drum machine, and play an 
accompanying sequence (perhaps in 
the midrange of the keyboard) that 
would complement the previously 
recorded bass-line. Note that 
this overdub has not used up the 
second of your eight sequences; it 
has simply added the second of up 
to six tracks in Sequence One, 
right beside Track One on which 
you recorded the bass part. Each 
"track" can be edited or erased 
separately, or even muted during 
playback (Ed. note: selective 
muting lets you do such tricks as 
recording multiple solos, then 
selecting a different solo each 
night in order to prevent "compu­
ter boredom" from setting in). 
Now when you re-enter Song Mode 
and play back the song you’ve 
already constructed, you have two 
separate sequences playing and 
both will transpose as'specified 
earlier, regardless of what key 
they were in originally. Some 
very pleasing counterpoints can be 
woven this way.

So far, we’ve haven't done 
anything too astonishing — most 
sequencers can provide these kinds 
of functions. But since we’ve 
entered the MIDI age, the Model 64 
can do quite a bit more than you 
might expect.

MIDI tricks. We now have two 
tracks, One and Two, both recorded 
in Sequence One. If you have two 
synthesizers, or one of those 
slick new keyboardless "expander" 
modules coming out from just about 
every manufacturer, we can "as­
sign" each of these two voices to 
the different synths. Since I do 
have two keyboards — and fortun­
ately, each keyboard can be set to 
receive on one specific channel — 
Track One could go to the Korg 
Poly 800 and Track Two to the 
Prophet 600. (Incidentally, older 
Prophet 600s can be updated by an 
authorized service center for MIDI 
channel selection capabilities.) 
Because updated software is just 
being made available for the Model 
64 as this is being written, I 
won't go into specifics since 
whatever I say would be subject to 
change. However, here is one 
possibility: Alternating channel 
specification from block to block 
within a song would allow for some 
pretty complex orchestration, as 
Track One could play on one synth, 
Track Two on another, while a 

third track could appear on both; 
then Track Three could appear on 
one synth with the other two 
tracks on the other synth, and so

To use more than one keyboard 
with the Model 64, you need a 
"MIDI thru" box (Roland makes a 
"thru-4" box that serves this 
purpose quite well) to provide 
multiple outputs, since the Model 
64 has only one MIDI out. (Ed. 
note: If you have an SCI Six-Trak 
or other multi-timbral MIDI synth, 
it is possible to get several 
different voices from one key­
board. Also, if your keyboard has 
a "MIDI thru" jack, this should be 
able to drive the "MIDI in" jack 
of a second synthesizer.) A thru 
box basically turns one MIDI out­
put into several MIDI outputs; 
each keyboard then "listens" to 
its particular output for informa­
tion coming in over its assigned 
MIDI channel.

The Model 64 can control 
certain patch selection functions, 
although only with SCI products 
(Prophet V, 600, T-8) unless the 
synth has a built-in parameter for 
"outside channel selection" where 
it can send the present patch 
setting to the Model 64 to read. 
Again, the software initially re­
leased with the Model 64 is under­
going revision and updating is 
expected to provide some addition­
al functions.

Conclusions. Generally, I am 
pleased with the Model 64. Since 
I have a a fairly low-cost set-up 
it provided a reasonable way to 
find out whether or not a sequen­
cer could change my life. I've 
always done some of my most crea­
tive work with the built-in real 
time sequencers on the Prophet 
600, and always wished I could do 
more with them. Now I can. How­
ever, I am very disappointed in 
the user's manual that comes with 
the Model 64. It is presented in 
a simple, dare I say it, "user- 
friendly" manner that misleads you 
at first glance into thinking that 
someone is going to tell you how 
to use the thing. The problem is 
that is is hard to follow, at 
least beyond the extremely simple 
basic instructions required to 
turn it on, record a sequence, and 
so forth. The two, brief, widely- 
spaced pages on MIDI tell you 
little. There is mention of cer­
tain functions, without telling 
you specifically how to use them. 
It is a far cry from the manuals I 
have for many other Sequential 
Circuits products.

I was very happy to find that 
old sequences saved to tape from 
my Prophet 600 could be sent to 
the Model 64, where they could be 
looped, transposed, and synched to 
a drum machine. A large number of 
people who've never had a sequen­
cer before will be looking at the 
Model 64, and a whole lot of peo­
ple getting into synthesizers for 
the first time will be looking at 
it as well. Because it can only 
hold one song in memory at one 
time, a faster-than-cassette disk 
drive would be a certain require­
ment for performers wanting to use 
the Model 64. It takes between 40 
and 90 seconds to load in a song 
from cassette, not counting the 
time to specify to the computer 
you want to load something and 
starting/stopping the cassette. 
Incidentally, one of the Model 
64's best features is that after 
you have fully constructed your 
song, you still have an additional 
track for laying a melody over all 
your accompanying sequences, bass 
lines, or whatever.

Overall, the Model 64 is an 
excellent sequencer with which to 
start; but I would not recommend 
it for a professional who would 
probably need much more power than 
this little device can currently 
provide.

MANUFACTURER’S 
CLOSE-OUT SALE 
MFGR HAS SURPLUS ICS, 
CAPS, JACKS, POTS, & 
SOCKETS TO SELL AT 
COST. Parts available 
as long as supply 
lasts. Send SASE for 
complete list.

BBD's 
MN3005 
IMZ009 
MN3010 
MJ 01 1

MISC 
64k RAMS 
TL487 
XRZ40Z

74LS 74LS 74S
09 189 72N
30 221

109 245 CMOS
1 32 258 404 IB
1 38 540 4042B

ADA, ATTN:J STEBBINS
2316 FOURTH ST. 

BERKELEY, CA 94710 
(415)548-1311
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FAST FOURIER SYNTHESIS IN ASSEMBLY LANEAGE

BY: Arnold Driessen & Hans de Boni

Nowadays, digital sound syn­
thesis has become an important 
tool for the simulation of natural 
sounding instruments and the crea­
tion of sounds which cannot be 
synthesized by analog means. 
Prices of digital synthesizers 
that use these digital synthesis 
techniques are very high and not 
likely to be affordable for the 
home-synthesist. However, prices 
of personal computers decrease 
from day to day and although the 
quality of digitally synthesized 
sounds using this equipment cannot 
compete with those obtained with 
the Synclavier II or Fairlight 
CMI, good results are possible.

The best results can be ob­
tained by means of a software 
driven DAC. With carefully writ­
ten software, sounds which are 
dynamically altered can be pro­
duced. The computer switches at a 
certain rate through several wave­
form tables, which are filled with 
an approximation of the dynamic 
alteration of the sound in time. 
Data from these wavetables are 
sent to a D/A converter which 
produces a corresponding varying 
voltage at its output. 'The soft­
ware used for this technique has 
mainly been developed by Hal 
Chamberlin, Frank Covitz and Cliff 
Ashcraft of Micro Technology Un­
limited. Using this technique 
with an Apple computer, you are 
capable to produce four voices 
with a sample rate of 6 kHz. 
Faster computers of course can 
produce more than four voices with 
a broader frequency bandwidth. 
The low cost of this method makes 
it very suitable for the home 
synthesist; you need add only an 
inexpensive D/A converter if you 
already own a small computer. You 
can use the sounds produced with 
this technique in conjunction with 
your analog gear to create a 
score.

This article does not intend 
to describe Hal Chamberlin's wave­

table scanning technique; for an 
excellent description of this 
technique, and the software in­
volved, see his article in the 
April 1980 issue of Byte, in the 
Byte Book of Computer Music, or in 
his book titled "Musical Applica­
tion of Microprocessors" (avail­
able through Polymart). Instead, 
we will describe a "very" fast 
Fourier synthesis program written 
in 6502 assembly language. You 
need a 6502-based or compatible 
microcomputer, such as the VIC-20, 
Commodore 64, Atari or Apple II, 
and at least 32K bytes of memory. 
The programs described in this 
article run directly on an Apple 
II computer and can be used to 
calculate the waveforms needed for 
the generation of dynamically al­
tering sounds, at very high speed, 
with Hal Chamberlin's program.

Fast Fourier Synthesis in 
BASIC. As you probably know, any 
periodic waveform can be approxi­
mated by a harmonic series of sine 
waves having certain amplitudes. 
Thus the waveform can be written 
as a sum of sine waves of harmoni­
cally increasing frequency (1,2,3 
etc. times the key frequency) 
multiplied by a factor belonging 
to each of these components. A

Fig. la The waveform which re­
sults from the harmonic specifica­
tions in Fig. 1c; it's a good 
approximation of a sawtooth wave. 

sine wave does not contain any 
higher harmonics because the first 
component is a sine wave already. 
A waveform frequently used with 
analog synthesizer is the saw­
tooth; the sawtooth shown in Fig- 
la can be created if one adds sine 
waves whose amplitudes are in 
accordance with the following 
equation:

Amplitude Nth harmonic = 1/N

(Eq. 1)

The square wave is another common 
waveform. This waveform consists 
only of odd harmonics; equation 1 
allows you to determine the ampli­
tudes. Fig. lb shows this wave-

Fig. lb The waveform resulting 
from the harmonic specifications 
in Fig. Id; it approximates a 
square wave.

form, while Fig. 1c and Fig. Id 
plot the harmonic partials re­
quired to create an approximate 
sawtooth and square wave. The 
addition process is called Fourier 
synthesis or additive synthesis. 
Just as Fourier analysis breaks 
down a waveform into its harmonic 
components, Fourier synthesis 
creates a waveform from a set of 
harmonic amplitudes.

Listing 1 shows a simple 
BASIC program, similar to the 
program published by Hal Chamber­
lin in the April 1980 issue of
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Fig. 1c A plot of the harmonic 
amplitude required to create an 
approximate sawtooth wave. For 
each odd and even harmonic speci­
fied the amplitude equals 100/N, 
where N is the harmonic.

Fig. Id A plot of the harmonic 
amplitudes required to create an 
approximate square wave. For each 
odd harmonic specified the ampli­
tude is equal to 100/N, where N is 
the harmonic number.

Byte, which calculates a waveform 
from a user-defined set of harmon­
ic amplitudes. The values of the 
calculated waveform will be print­
ed on the screen. Although this 
program works correctly, it has 
the major drawback of slow speed. 
If you want to calculate more than 
thirty waveforms with up to 
twenty-four harmonics, you should 
have a lot of patience because the 
whole operation easily takes more 
than an hour! However, more than 
thirty waveforms are necessary to 
create a realistic-sounding in­
strument with minimal "buzz", due 
to switching between the wave­
tables. The 6502 assembly lan­
guage program described later

Listing 1
A BASIC program that calculates and prints the values of a 
waveform. The user should specify the number of harmonics 
desired and moreover, the amplitudes of these harmonics should 
be defined. This results in a printed output of the waveform. 
One can fill a waveform sample table by POKEing the values into 
memory locations reserved for waveform tables. This program is 
a simplification of the program published by Hal Chamberlin 
(Byte April 1980).

Listing 1

10 REM FOURIER SERIES WAVEFORM TABLE FILLER
20 REM N IS THE HIGHEST HARMONIC
30 REM A IS THE AMPLITUDE ARRAY
40 HOME
50 INPUT "ENTER THE NUMBER OF THE HIGHEST HARMONIC
60 DIM A(N)
70 PRINT:PRINT "ENTER AMPLITUDE’S HARMONICS (0-1)"
80 PRINT .-PRINT "HARMONIC AMPLITUDE"
90 FOR 1=1 TO N
100 HTAB 5:PRINT I;:HTAB 19:INPUT " ";A(I)
110 NEXT I
120 REM CALCULATE AND PRINT WAVEFORM TABLE
130 HOME
140 PRINT " WAVETABLE LIST"
150 PRINT " LOCATION VALUE"
160 FOR 1=0 to 255
170 W=0
180 FOR J=1 TO N
190 W=W+A(J)*COS(0.02454369*1*J)
200 NEXT J
210 HTAB 5: PRINT I;: HTAB 20: PRINT INT (127*W)
220 NEXT I
230 END

Listing 2
A simple BASIC routine for setting up an array of amplitudes of 
the harmonics of a waveform table. Amplitudes should be 
defined as an integer between 0 and 255. The number of 
harmonics is saved in memory location #8300 (Decimal 33536) to 
serve as a counter by the assembler part of the program. A 
maximum of 24 harmonics may be defined and information will be 
stored from memory location #8301 (Decimal 33537). This 
program only works when you have saved the sine wave table and 
the fast Fourier assembler routine, both listed in listing 3.

Listing 2

10 REM SIMPLE ROUTINE FOR SETTING UP THE HARMONIC CONTENT
OF A SOUND

20 REM N IS THE NUMBER OF HARMONICS
30 REM G IS THE NUMBER OF WAVEFORM TABLES
40 REM A IS THE AMPLITUDE OF AN HARMONIC
50 PRINT CHR$(4);"BL0AD FFS.0BJ0":REM LOAD ASSEMBLER PART

FFS
60 PRINT CHR$(4);"BLOAD SINE":REM LOAD SINE TABLE
70 HOME : INPUT "ENTER NUMBER OF WAVETABLES (1-32): ";G
80 REM K IS THE WAVETABLE COUNTER
90 REM I IS THE HARMONIC NUMBER COUNTER
100 INPUT "ENTER HIGHEST DESIRED HARMONIC (1-24): ";N 
110 FOR K=1 TO G
120 HOME : PRINT "WAVETABLE NUMBER";K
130 PRINT : PRINT "HARMONIC NUMBER: AMPLITUDE (0-

255):":PRINT
140 FOR 1=1 TO N
150 HTAB 5: PRINT I;: HTAB 23: INPUT” ";A
160 H=33512+K*24+I:REM CALCULATE ADDRESS TO SAVE THE
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Then, we can vary the timbre of a 
sound by changing the relative 
amount of each harmonic. The 
amplitudes of twenty-four harmon­
ics of each wavetable are loaded 
in a specific memory so that the 
assembler part of the program can 
use this data. Every amplitude 
should be defined as an integer 
number between 0 and 255. Great 
care should be taken to avoid 
overflow of the wavetable, which 
can happen when too many harmonics 
have a high amplitude. A general 
rule to avoid this distortion is 
to make sure that the sum of all 
harmonics is less than 255. The 
assembler program calculates with 
16 bit values so that the ampli­
tudes can best be defined in a 
range of 0 to 100 (hex). Later on

takes only about 1 to 2 minutes to 
do the same operation.

Fast Fourier Synthesis in 
Assembly Language. First we will 
describe the program’s principle 
of operation with the help of a 
flow chart, as well as some rou­
tines needed for the definition of 
the waveform amplitudes. These 
programs all run directly on an 
Apple II computer. One of the 
first things we have to do Is to 
define the amplitudes of all har­
monics; this can be accomplished 
with the simple BASIC program 
shown in listing 2. This program 
uses two additional machine lan­
guage files, a sine wave table and 
a fast Fourier synthesis calcula­
tion program that we are going to 
discuss later on. The contents of 
‘-he sine wave table is shown at 
* " end of listing 3 (see pg. 14). 

can enter this data via the 
monitor in the memory locations 
starting from #8700. When you 
have entered this data correctly 
you can save it with the following 
command: BSAVE SINE,A$8700,L$100. 
The assembler part of the program 
can also be entered via the moni­
tor, however, it is easier to use 
something like the ASSEMBLER/ 
EDITOR from the Dos 3.3 TOOLKIT 
for the Apple II. You should save 
the assembler part of the program 
under the name FFS.OBJO. After 
using the monitor to enter the 
program, enter the following com­
mand: BSAVE FFS.OBJO,A$8900,L$165. 
Remember listing 2 only works when 
you saved both the sine wave table 
and the fast Fourier assembler 
program.

Since we want to calculate a 
whole set of waveforms, we need to 
specify the amplitude^ of the

AMPLITUDES (#8300 - #8700)
170 POKE H,A: REM SAVE AMPLITUDE IN TABLE
180 NEXT I
190 NEXT K
200 POKE 33536,N: REM SAVE NUMBER OF HARMONICS FOR

ASSEMBLER PROGRAM
210 POKE 34559,0: REM SAVE NUMBER OF WAVETABLES FOR

ASSEMBLER PROGRAM
220 HOME
230 CALL 35411
240 PRINT : PRINT "DONE": PRINT
250 PRINT "WAVETABLES ARE STORED FROM MEMORY”
260 PRINT "LOCATION #6300 TO #8300."
270 VTAB 22
280 INPUT "ENTER WAVEFORM NUMBER YOU WANT TO SEE (0 tc

END): ";0
290 IF 0=0 THEN TEXT : HOME: END
300 HGR : HC0L0R- 7: REM SET HI-RESOLUTION GRAPHICS
310 H-25088 + (0*256):REM START ADDRESS OF WAVEFORM
320 FOR 1=0 TO 255
330 A - INI (H + I): REM ADDRESS OF WAVEFORM
340 REM GET WAVEFORM AND CENTER FOR CRT SCREEN
350 F - INT (148 - ((PEEK(A))/2))
360 A = I + 20
370 HPLOT A,84 TO A,F
380 NEXT I
390 HOME
400 GOTO 270

Listing 3
The fast Fourier synthesis program. The program consists of a
FOR-NEXT loop which performs the repeated calculation of more
than one waveform table. Memory locations starting from #8301
(Decimal 33537) should contain the amplitude of the harmonics
(see listing 2). At the end of this listing a HEXDUMP of the
sine table is printed. Both the sine table, and the assembler,
are automatically loaded from disk by the program in listing 2.

SOURCE FILE: FFS
OOOO: 1 *
OOOO: 2 *
OOOO: 3 * ;********************
OOOO: 4 * ;* •*
OOOO: S * FAST FOURIER *
OOOO: 6 * ; * SYNTHESIS *
OOOO: 7 * ;* *
OOOO: S * ;OO**OO«*»***OO
OOOO: 9 « ;
OOOO: 10 « ;
OOOO: 11 * ; *** MULTI ***
OOOO: 12 t ;MULTIPLICATION SUBROUTINE
OOOO: 13 * ;
------------ NEXT OBJECT FILE NAME IS FFS.OBJO
8900: 14 ORG $8900 ;LOAD ADRESS PROGRAM
8900: 15 * ;
8900: 16 * ;MULTI PERFORMS A MULTIPLICATION
8900: 17 * ;IN 6502 ASSEMBLY LANGUAGE. TWO
8900: IS * i9 BIT NUMBERS ARE MULTIPLIED
8900: 19 * ;RESULTING IN A 16 BIT PRODUCT
8900: 20 *
86F0: 21 MUPL EQU $86F0 ;MULTIPLICANT
86F1: 22 MUPR EQU $86F1 ;MULTIPLIER
86F2: 23 PLSB EQU $86F2 ;PRODUKT LSB
86F3: 24 PMSB EQU $86F3 ;PRODUKT MSB
S6FB: 25 TSAV EQU $86FB ; TEMP X
8900: 26 X ;
8900: 27 * ;
8900:A9 00 28 MULTI LDA #$OO ;LSB PRODUKT ZERO
8902:8D F3 86 29 STA PMSB ;ALSO MSB PRODUKT
8905:SE FB 86 30 STX TSAV ; SAVE X
8908:A2 08 31 LDX #$08 ;8 BITS MULTIPLIER
89OA:OA 32 SHIFT ASL A ;SHIFT PRODUCT LEFT ONE BIT
890B:2E F3 86 33 ROL PMSB ;

10 Polyphony December 1984



when all the calculation has been 
done, a simple program can check 
the highest value in the wave­
tables. With this number a con­
stant can be constructed so that 
multiplication of the defined am­
plitudes of the harmonics with 
this constant, and subsequent re­
calculation of the waveform, 
yields the highest possible dyna­
mic range.

The program in listing 2 does 
not contain a graphical presenta­
tion of the entered amplitudes. 
However, it does contain a simple 
routine that enables you to plot 
the calculated waveforms on the 
HIRES screen. Fig- 2 shows an 
example of the definition of the 
harmonic content of a sound. This 
plot is an approximation of a 
trumpet note. Amplitudes of the 
harmonics are graphically dis­
played on the VDU screen so that a 
nice representation of the harmon­
ic content of a sound is avail­
able. With a little practice you 
can easily construct such a plot 
by yourself. Joystick or HIRES 
light pen owners can enter the 
amplitudes of the harmonics more 
quickly. (The Fairlight CMI uses 
a light pen for this same pur­
pose. )

Fig. 2 The harmonic content of a 
trumpet note. Amplitudes of har­
monics are immediately plotted on 
the VDU screen, in order to obtain 
a view of the harmonic content of 
a sound. The lines represent the 
envelope of a harmonic in time 
(wavetables).

When all the amplitude infor­
mation has been loaded, the assem­
bler part of the program performs 
the calculations and table fill-

890E F 1 86 34 ASL MUPR ;SHIFT MULTIPLIER LEFT
8911 09 35 BCC CHCNT j NO ADDITION IF NEXT BIT IS ZERO
8913 18 36 CLC j ADD MULTIPLICANT TO PRODUCT
8914 6D FO 86 37 ADC HURL
89 1 7 90 03 3 8 BCC CHCNT
89 1 9 '2 L F3 86 39 INC PMSB ;WITH CARRY IF NECESSARY
891C CA 40 CHCNT DEX -NEXT BIT
891D DO E B 41 BNE SHIFT
891F 8D 77 £ 3 42 STA PLSB ;STORE LSB OF PRODUCT

AE F B 86 43 LDX TSAV ;RESTORE X REG.
60 44 RTS ;RETURN

8928 45 *
8926 46 A
8926 47 y yyy add yyy
8926 48 y ADDITION SUBROUTINE
8926 49 y
8926 * ADD PERFORMS A DOUBLE PRECISION
8926 e? 1 * ADDITION
8926 S'? y
8 6 F (_> ~l~ l_SB 1 EQU $86F0 ;LSB NUMBER ONE
86F1 54 MSB 1 EQU $86F1 ;MSB NUMBER ONE

55 LSB2 EQU $86F2 ;LSB NUMBER TWO
86F3 M S P 7 EQU $86F3 j MSB NUMBER TWO
■ 0; ■ - 57 t. S B P EQU $F9 ;LSB PRODUCT
OOF A MSBP EQU $FA ;MSB PRODUCT
8926 59 y
8926 21 1 *
8926 18 61 - £ J CLC ;CLEAR CARRY TO START
8927 r O 2 * 62 LDA LSB1 ;ADD LEAST SIGNIFICANT BITS
892A 6 D F 2 6 — ADC LSB2
892D F 9 64 STA LSBP
8'-? 22 AD F 1 ■ 36 65 LDA MSB 1 :ADD MOST SIGNIFICANT BITS

■ - F3 ; 66 ADC MSB2
FA 6 7 STA MSBP

6 0 68 RTS ;RETURN
8938 69 *
8938 70 *
99 2 2 7 1 * yyy init yyy
8938 " £ * initialisation routine
8938 73 *
8938 74 y

75 * INIT CLEARS THE CONTENT OF THE
8938 7 6 y WORKTABLE WHICH IS USED FOR
8938 77 y SAVING THE TEMPORARY RESULTS OF
8938 78 y THE ADDITIONS. IT ALSO
8938 y INITIALISES THE HARMONIC NUMBER
8938 80 y COUNTER
8938 8 1 y

82 y
£ 7 WRTB EQU $8800 WORKTABLE 8800-88FF

8300 8 2 HANR EQU $8300 ;HARMONIC NUMBER
86F8 85 HACNT EQU $86F8 HARMONIC NUMBER COUNTER
8938 S 6 y
8938 AO 00 87 INIT LDY #$00 CLEAR REGISTERS
893A A9 DO 88 LDA #$00
893C A2 ()i 89 LDX #$00
893E 9D 00 38 90 CLRO STA WRTB,X ;CLEAR WORKTABLE
894 1 _ —< 91 DE X ;NEXT LOCATION
8942 DO FA 92 BNE CLRO ;IF NOT DONE NEXT
8944 A2 00 93 LDX #$00 CLEAR X REG. AGAIN
8946 AD 0 0 8 3 94 LDA HANR ;GET HARMONIC NUMBER
8949 21) F 2 95 STA HACNT SAVE AS COUNTER
8948 96 y
8948 97 y
8948 98 y yyy ampl yyy
8948 99 y AMPLITUDE LOOP-UP ROUTINE
8948 1 oo y
8948 1C) 1 y
8948 102 y AMPL SEARCHES THE AMPLITUDE OF
8948 103 y A HARMONIC IN THE ARRAY SET UP
8948 104 y WITH LISTING 2. IT TESTS IF IT
8948 y IS ZERO AND IF NOT SAVES IT FOR
8948 106 y LATER CALCULATIONS THE
8948 107 y AMPLITUDE LOOKUP TABLE STARTS
8948 108 y AT #8301
8948 109 y
8948 110 y
86F9 111 WTNR EQU $86F9 WAVETABLE NUMMER
86F A 112 AMF' EQU $86FA ;AMPLITUDE
8948 113 y
8948 114 y
8948 AD F9 86 115 AMFL LDA WTNR GET WAVETABLE NUMBER
894F 8D FO 86 116 STA MUPL ;PREPARE FOR MULTIPLICATION
8952 A9 18 117 LDA #$13 MAXIMUM 24 HARMONICS
8954 8 D F1 8 6 118 STA MUPR
8957 20 00 89 119 JSR MULTI DO MULTIPLICATION
895A 18 120 CLC ;CLEAR CARRY BEFORE ADDITION
8956 AD F2 86 121 LDA PLSB ;USE PRODUCT AS OFFSET
895E 6D F8 86 1 22 ADC HACNT ;OFFSET WITH HARMONIC NUMBER
8961 8D F2 86 123 STA LSB2 ;SAVE LEAST SIGNIFICANT BYTE
8964 AD F3 36 124 LDA PMSB ;CALCULATE MOST SIGNIFICANT BYTE
8967 69 OU 1 25 ADC #$(..» 0 ;ADD OVERFLOW
8969 8D ro 86 126 STA MSB2 ;SAVE MOST SIGNIFICANT BYTE
8968 A9 E8 127 LDA #$E8 5 GET LSB OF START ADRESS TABLE-1
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ing. Fig. 3 shows the flow chart 
for this part of the program. The 
program begins by reading the 
wavetable number and the number of 
harmonics of the waveform. It

Fig. 3 Flow chart of the assember 
part of the fast Fourier synthesis 
program. The principle is ex­
plained in the text. Definitions 
of the abbreviations are:

HACNT : harmonic number counter

A : amplitude of an harmon­
ic

S : sine wave table step
pointer

OFST : offset for sine wave
table scan purpose

SWS : sine wave sample, the 
result of the sine wave 
table look-up

RST : result of the multipli­
cation of the amplitude 
of the harmonic and the 
sine wave sample

896E:8D FO F 6 128 STA LSB1 ;SAVE FOR ADDITION
8971:A9 02 LDA #$S2 ;MSB OF START ADRESS TABLE-1
8973:8D F 1 86 1 7' ' STA MSB1
8976:20 2 6 89 131 J S R ADD ;AND DO ADDITION TO CALCULATE
8979:B1 F9 132 LDA (LSBP) Y ;AMPL. ADRESS AND LOAD AMPLITUDE
897B:FO 59 133 BEQ NEXT ;IF ZERO NEXT
897D:A2 00 134 LDX #$00 ;OR PREPARE X REG. AS OFFSET
897F:8D F A 3 s I ■ ST A AMF' ;SAVE AMPLITUDE
8982: 136
8982: 137 *
8982: 138 * ; *«* SLR ***
8982: 139 ;SINEWAVE TABLE LOOK-UP ROUTINE
8982: 140
8982: 141 *
8982: 1 4 2 * ;SLR SEARCHES A VALUE FROM THE
8982: 1 43 * :SINE WAVETABLE ACCORDING THE

144 ;HARMONIC NUMBER AND ITS LAST
8982: 1 4 5 * ;LOOKUP LOCATION. THIS VALUE IS
8982: 146 * ;MULTIPLIED WITH THE AMPLITUDE
8982: 1 47 * :OF THE HARMONIC AND THE 16 BIT
8982: 148 * ;RESULT IS SAVED IN THE WORK-
8982: 149 1 -tABLE. THIS LOOP IS PERFORMED
8982: 150 * ;128 TIMES, REPRESENTING HALF
8982: 151 * -qf THE WAVEFORM.
8982: 152 *
8982: 153 *
8982:88 FO 3 ■ ? 154 SLR STX MUPL ;PREPARE FOR MULTIPLICATION
8983:AO F8 8 6 155 LDA HACNT ;THE STEP- AND HARMONIC NUMBER
8988:8O F1 8 6 156 ST A MUPR ;SAVE AS MULTIPLIER
8988:20 00 89 157 J SR MULT I ;DO MULTIPLICATION TO DETERMINE
8988:A9 00 LDA #$00 ;THE OFFSET AND ADD TO SINEWAVE
8990:8D FO Q A 159 ST A lsb 1 ;TABLE ADRESS
8993:8D F3 160 STA M 7 B 2
8996:A9 87 161 LDA #$87 ;PAGE NUMBER SINEWAVE TABLE
8998:8D ■ 86 162 STA MSB 1 ;PREPARE FOR ADDITION
8998:20 26 B " 1 6 41 j 5 f - ADD ;DO ADDITION
8998:81 F9 164 LDA (LSBP) , Y ;TAKE A SAMPLE
89A0.-8D F.O 86 165 ST A MUPL ;PREPARE FOR MULTIPLICATION
89A3:AD F A 8 6 166 LDA AMP ;WITH AMPLITUDE OF HARMONIC
89A6.-8O F I 8 6 167 ST A MUPR :
89A9:20 00 99 168 JSR MULTI ;DO MULTIPLICATION
89AC:AD F2 - >■ 169 LDA PLSB ;DO ADDITION TO THE WORKTABLE
89AF:8D FO 8 ■' 170 ST A LSB 1
8982:AD F . 8 6 171 LDA F'MSB :
8983:8D F1 8 6 172 ST A MSB 1
8988:BD '•C1 173 LDA WRTB,X ;GET LSB WORKTABLE
8988:8D F2 86 174 ST A LSB2 ;BECOMES LSB LATEST ADDITION
8988:BD S' ' 175 LDA WRTB+$80, X ;GET MSB WORKTABLE
89C1:8D - 7 J .*2 176 ST A MSB2 ;BECOMES MSB LATEST ADDITION
8984:20 — 89 177 JSR ADD ;DO ADDITION
89C7:AS F9 178 LDA LSBP ;RENEW WORKTABLE
89C9:9D 00 - - 179 STA WRTB,X ;AS LSB
89CC:A3 F A 180 LDA MSBP ; SAME FOR MSB
89C8:9D 3 B 181 STA WRTB+$80, X :
89D1:88 ; 7 2 I NX ;NEXT SAMPLE WAVEFORM
89D2:80 80 1 j 7 CPX #$80 •ALL 128 ENTRIES DONE?
89D4:DO AC 184 BNE SLR ;NO THEN NEXT SAMPLE
89D6:C8 3 6 185 NEXT DEC HACNT ;YES THEN NEXT HARMONIC
S9D9:FO 03 186 BEG! PERM ;ALL HARMONICS DONE? YES, CONTINUE
89DB:ar 417 89 187 J MP AMFL ;NO THEN NEXT
MVDt: 188 *
89DE: 189 *
89D8: 1 90 * : *«* PERM ***
89DE: 191 « ;PERMU r A t IUN ROUTINE
89DE: 192
89DE: 193 *
89DE: 194 * ;THIS ROUTINE DOES THE
S9DE: 195 ;PERMUTATIONS NEEDED TO REPOSITION
89DE: 196 * ■THE 16 BIT CALCULATED WAVEFORM
89DE: 197 * -tq THE 8 BIT FORMAT, SO THAT
99DE: 198 * ;IT OSCILLATES AROUND #80. THE
89DE: 199 * ;SECOND HALF OF I’HE WAVEFORM
89DE: 200 ;IS CALCULATED B\' THE CREATION
89DE: 201 * ;OF A IMAGE OF THE FIRST HALF
89DE: 202 -- :TO PI. THE COMPLETE WAVEFORM IS
89DE: 203 * ■ SAVED IN THE APPROPRIATE WAVEFORM
89DE: • ■- § ■TABLE
8 9 D E: — Q cr A
89DE: 27'6 *
86F C: 207 MID EQU $86FC ;MIDDLE POSITION WAVEFORM
'j‘ d 208 YLSB EQU $FB ;ADRESS INDIREKT Y-INDEX ADRESSING
00 FC: 209 Y MSB EQU $FC ;ADRESS INDIREKT Y-INDEX ADRESSING
89DE: Z 11 ■ *
89DE: 211 *
89DE:AD Sd 212 PERM LDA WRTB+$80 ;GET MIDDLE VALUE
89E1:8D FC 213 STA MID ; SAVE
8984:AD F9 8 □ 214 LDA WTNR ;GET WAVETABLE NUMBER
89E7:8D FO 86 7 1 Z STA MUPL ;PREPARE FOR MULTIPLICATION
89EA:A9 FF 216 LDA #$FF ;MULTIPLY BY 256
89EC:8D F 1 ,9 6 217 STA MUPR
89EF:20 00 p 9 218 J SR MULTI ;DO MULTIPLICATION
89F2:AD F9 8 6 219 LDA WTNR ;PREPARE TO DETERMINE WAVETABLE
89F5:8D FO 9 6 22 0 STA LSB 1 ;POSITION
89F8:A9 62 221 LDA #$62 ;FIRST TABLE AT PAGE #62+1
89FA:8D F1 86 _ 2 2 ST A MSB 1.
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