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'From The Editor

: store, you will also be added to our permanent mailing list.)

‘ ELCOME TO THE SECOND issue of
AFTERTOUCH. As we explained in
the first issue, AFTERTOUCH is a new month-
ly publication designed especially for users of
the Yamaha line of FM digital synthesizers,
music computers, and related MIDI products.
AFTERTOUCH will appear every month, and
will be available free of charge—a regular in-
formational service-from Yamaha.

The aim of AFTERTOUCH issimple: To |

presentinformation on the use of the X series

“lineof products. There will be no advertising,
and no sales pitches—just solid, hands-on

information that will help you use Yamaha
professional musical products to realize your
artistic-goals.

But we don’t plan to stop with one-way
communication. If you are reading this, then
chances are that you already have some experi-
ence with X series products. Weinvite you to
share your knowledge by sending it to AFTER-
TOUCH. If we use your article, hot tip, or
patch, we will pay you for it, and will present it
to your fellow musicians. They, in turn, may be

able to combine your thoughts with theirs and
come up with an even better idea for all of us to
share.

Do you belong to or want to start a Users
Group in your region? Send us a letter: Include
your address and (if you wish) your phone
number. We’ll print it, and others in your area
will be able to contact you to set up meetings,
information swap meets, or other gatherings.

Send us questions too. Regular customer
service questions should still be sent to Yamaha,
but if you have a question on how to use an X
series product, send it along to us, and we’ll do
our best to find the answer and share it with all
of our readers.

The first issue of AFTERTOUCH has al-
ready reached thousands of musicians, and the
responses are pouting in. We will start to share
them with you next issue, in an expanded Ques-
tions column, in our first letters column
(*“Touch Response”), and in our first collection
of hot tips (*'Final Touch ). Until then, enjoy
our second issue. See vou next month!

—TD

AFTER-
TOUCH is a
new monthly
informational
publication
from Yamaha.

Receive AFTERTOUCH Free Every Month!

OU HAVE RECEIVED THIS ISSUE of AFTERTOUCH because we know

. that you have purchased a Yamaha professional musical product, or that you
frequentastorein which Yamaha products are sold. You can continue to receive
AFTERTOUCH for an entire year, absolutely free, just by sending in the postcard
that is bound into this issue.

If the address on the mailing label (on the back of the magazine) is correct, just
peel off the label and affix it to the postcard. If it is not current, or has some error in
it, put the label on the postcard and write in the necessary corrections. If the address
is completely wrong, or if you picked this copy up in a music store, just write in your
name and address. .

After you have signed the card and indicated your correct name and address, put
a stamp on the postcard and mail it to us. We’ll put you on our permanent mailing
list, and you will receive twelve issues of AFTERTOUCH absolutely free! There is
absolutely no obligation, and no other strings are attached. We just need the
postcard to make sure that we have your correct address, and to make sure that you
want to receive AFTERTOUCH every month.

Also, don’t limit yourself to just sending in the card. Let us know what kind of
articles you want to read. The more input we receive, the more we will be able to

tailor the information in AFTERTOUCH to suit your musical needs.

(By the way, if you sent us a postcard after receiving the first issue of AFTER-
TOUCH in the mail, you are already assured of receiving twelve issues, so you don’t
need to send us another card. If you sent usa card after picking up the first issueina

To receive
AFTER-
TOUCH every
month, abso-
lutely free, just
put your name
and address on
the enclosed
card and mail
it to us.
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Part 1 Of An
Exclusive
Interview
With The
Father Of
Digital FM
Synthesis. By
Tom Darter.

S DIRECTOR CF THE Center for Com-
puter Research and Musical Acoustics at
Stanford University [CCRMA], John Chown-
ing has long been an articulate and enthusiastic
spokesman for music produced by electronic
means. While still a graduate student in compo-
sition at Stanford in 1964, he became interested
in electronic music. Since the school had no
analog synthesis equipment but did have a large
computer, he jumped directly into digital
synthesis.

In the *'70s, the results of his research in the
field of digital FM synthesis were licensed to
Yamaha, and the rest is history. As you will
discover from this exclusive, two-part inter-
view, Dr. Chowning’s keen insights are impor-
tant for any student of FM. In part 1, Chowning
explains his early work with FM, and describes
the convoluted pathway that connected his
original theory of digital FM to its current
pinnacle of commercial success—the Yamaha
DX7 synthesizer.

TD: When did you fivst start working with
digital FM [frequency modulation] seriously?

JC: 1 guess there were two little chunks. The
firststep was in 1966-67, whenlexplored FM
in the essential alporithm forms—parallel modu-
lators, parallel carriers, and cascade. Atthe
same time I was also working on spatial illu-
sions. That was coming to a point of usability, so
for a couple of years [ concentrated on that, and
didn’t do much with FM.

Theninabout 1970 I remembered some
work that Jean-Claude Risset had done at Bell
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Labs, using a computer to analyze and resyn-
thesize crumpet tones. One of the things that he
realized in that work is that there is a definite
correlation between the growth of intensity
during the attack portion of a brass tone and the
growth of the bandwidth of the signal. For the
first few milliseconds, what energy is there is
mostly around the fundamental; and quickly, as
the intensity grows during the next 30 or 40
milliseconds, more and more harmonics appear
at a successively higher volume. I thought about
that, and I realized that I could do something
similar with simple FM, just by using the inten-
sity envelope as a modulation index.

That was the moment when [ realized that
the technique was really of some consequence,
because with just two oscillators  was able to
produce tones thathad a richness and quality
about them that was attractive to the ear—
sounds which by other means were quite com-
plicated to create. For example, Jean-Claude
had to use 16 or 17 oscillators to create a similar
effect using additive synthesis techniques.

TD: What was your next step?

JC: Acthat point, I really hooked into it and
wrote the first paper. Max Mathews [ of Bell
Labs | was astonished that such rich tones could
be synthesized so easily, and advised meona
rewrite to make the presentation a little more
compact. The result was finally published in
1973 by the AES [ Audio Engineering Sociery].
Ithasalsobeenreprinted acouple of times in
Computer MusicJournal. That paper really
settled it in my mind. After writing it, I felt that 1
really understood what was going on—how to
predict it, how to use it in some ways.

TD: How did Yamaha become involved?

JC: Right after I crystallized the ideas in my
mind, the Office of Technology Licensing at
Stanford [OTL]thought there might be some
commercial interest in the idea. The University
contacted the cbvious people: The major organ
manufacturers in this country, and perhaps
some synthesizer people, too. Representatives
from a few manufacturers came out, One of the
American organ companies expressed a fair
amount of interest, and sent engineers a couple
of times. Ultimately, their engineers decided
that it just wasn’t practical for them. Frankly, I
don’t think their engineers understood it—they
wereinto analog technology, and had no idea
what I was talking about,

Then the Office of Technology Licensing
put a graduate student from the Business Schgol




on the case. He did a little research, and dis-
covered that the largest manufacturer of musical
instruments in the world was Yamaha. This was
a bit of a surprise, since they did not then have a
significant marketin the U.S. at the time. The
officer at Stanford’s OTL wrote to Nippon
Gakkiin Hamamatsu, Japan. It happened they
had one of their chief engineers visitng their
American branch at the time | Yamaha Inter-
national Corporation, or YIC, located in Buena
Park, CA], so he came up to Stanford for the
day. In ten minutes he understood; he knew
exactly what T was talking about. I guess Yamaha
had already been working in the digital domain,
so he knew exactly what 1 was saying.

TD: Whendid Yamaha actually take out the
license on your concept of digital FM?

JC:lthinkitwasaround 1975 when they
actually took the license, but they started work-
ing with us before that. They puta few good
people workingon it rightaway, and the first
result was the GS1, which was of course much
more expensive than they wished it had been.

TD: Why was that?

JC: It was filled with IC {integrated circuit]
chips. I think what was going on is that while
they were developing ideas about the imple-
mentation of digital FM, they were also—quite
independently—developing their own capabil-
ity to manufacture VLSI[ Very-Large-Scale
Integration] chips. It was the convergence of
these two independent projects that resulted in
the first practical instrument, which was the
DX7. The GS1 was probably one generation of
chip technology older, so they had to use many
more chips than they ended up using in the
DX7—something like 50 to 2. Of course, that’s
not a one-to-one correspondence in power, but
it's not too far off. I think Yamaha deservesa
whole lot of credit for getting that VLSI imple-
mentation going in such an effective way.

They also added some very clever things in
theirimplementation of the algorithms; things
that were not obvious—not quite straight-
forward in the way one would usually work ona
computer—in order to gain efficiency and
speed. The consequenceis that the bandwidth
of the DX7 gives a really brilliant kind of sound.
I guess there’s something like a 57kiHz sampling
ratein the DAC[digital-to-analog converter].
The result is far better than we can get with
equivalent density on our digital synthesizer
here at Stanford. When we are running 96
oscillators, which is what the X7 has, we have

amaximum sampling rate of around 25kHz to
30kHz. That’s only about 12kHz or 13kHz
effective bandwidth. The DX7 is better than
that, and I think it’s quite noticeable,

TD: So Yamaha created the first hardware
implementations of your basic idea?

JC: That's right. As far as Lknow, there were
no digital hardware devices realized before
Yamaha's first prototypes.

TD: In your early digital FM experiments, back
in 1966-67, was itimpossible to use envelopes to
determine modulation indexes?

JC: No.Iwas using envelopes in that way,
but I hadn’t made the conceptual breakthrough.
Wehad done bell tones: As theintensity falls
away, so does the modulation index, so you go
from complex inharmonic tones to essentially a
damped sine at the threshhold. The break-
through for me was the realization that there is
always such a strong coupling of bandwidth and
intensity in most sounds, and that it is extraor-
dinarily easy to implement that effect using
digital FM synthesis.

TD: Did you develop a large vocabulary of
digital FM algorithms in the early stages of your
work?

JC: No, I was working with the basic forms:
Simple FM, involving an FM pair of one modu-
lator and onecarrier; parallel carriers, where
one modulator branches off into several car-
riers; parallel modulators, whereanumber of
modulators feed into one carrier; and cascade,
where a number of modulators are stacked, and
you have modulators modulating other modu-
lators. These were the basic things [ had tried. I
realized that the idea was definitely extensible—
not just some uniquely useful synthesis tech-
nigue which would do bell sounds and nothing
else. I was quite sure that it was extendable. The
factthat you could alter the algorithm inall
these different ways and have different kinds of
power was obvious to me.

TD: Did you define the basic FM algorithuns for
the DX7 and DX¢?

JC: That was pretty much their decision. |
talked to them a lot in the early days about the
importance of things like key scaling, whichis
think fundamental to the power of the DX 7:
With one function you can change the band-
width as you go up, just by scaling the function
of pitch. Thisis particularly importantin the
digital realm, I knew, because of aliasing: When
you're trying to produce frequencies that are at

Comtinued on page 20

“With just two
oscillators 1
was able to
produce tones
that had a
richness and
quality about
them that was
attractive to
the ear.”
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How To Use
These
Instruments
To Create A
Self-Con-
tained Music
System. By
David
Schoenbach &
Tom Darter.

Here are the basic MIDI
connections for the 7 System,
which includes a QX7
sequencer, a DXy synthesizer,
a TX7 tne generator, and
an RX 21 thythm unit, plus a
YMES MIDI Expander box.

IDI HAS BROUGHT about major

changes in the ways electronic musical
instruments are used to make music. Before
MIDI (the Musical Instrument Digital Inter-
face), most instrurnents were discrete machines,
brought together only in live performance or via
the medium of tape recording. With MIDIl as 2
common interface language for electronic in-
struments, it has become more feasible for both
designers and musicians toadopta “‘systems’’
approach in their thinking.

TXY,

able music-making system.
The basic setup is simple. The DX7 is func-
tioning as the input device in the system, so

. connectits MIDIOUT to the MIDIIN of the
- QX7 sequencer. Connect the MIDI OUT of the

X7 to one of the MIDI INs of the YMES. Take
two MIDI THRUSs from the same side of the
YMES and connect them to the MIDI IINs of the
TX7 and RXZ1. Finally, connecta MIDI THRU
from the other side of the YMES to the MIDIIN
of the DX7. (See the accompanying diagram.)

The Yamaha 7 System”” is one result of this
approach to design. Although each component
of the system can function in a number of musi-
cal settings (separately or in various combina-
tions}, when brought together they forman
integrated unit for making music.

Each component of the system is important.
The X7 digital sequence recorder is central,
functioning as both a MIDI recorder and play-
back unit. The [YX7 digital synthesizer is used as
both a tone generator and an input keyboard for
the sequencer. The TX7 digital tone generator
provides a second sound source. And the RX21
digitai rhythm programmer adds the percussion
dimension to the system.

The units work together physically as well:
The RX21, TX7, and QX7 are designed to stack
on top of each other (with a little support in the
back}, and will therefore take up very little
space next to your DX7. With the addition of a
simple MIDI THRU-box such as the YMES,
you will have a complete, integrated, expand-
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This completes the physical setup, but there
is still one more important step. The *“MIDI
echo’” function of the QX7 must be engaged.
We will explain how to do this in just a minute,
When this function is engaged, all data coming
to the QX 7°s MIDLIN port will be sent to its
MIDIOUT port. In other words, when MIDI
echo is engaged, the MIDI OUT porton the
QX7 merges MIDI OUT data with MIDI
THRU data. This allows information from both
the DX7 and the QX7 to control other instru-
ments in the system. Without this function,
switching from record to playback would
involve a lot of plugging and unplugging of
cables,

The YMES makes it possible to work with
the system without making any cable changes.
The MIDI THR Us going to the TX7 and the
R¥21 should always be connected to the MIDI
IN coming from the QX7, but the MIDI THRU
going to the DX 7 should only be connected
during playback from the QX7




DX7, RX

Also, remember that it is possible to play the
R¥X21 from the DX7’s keyboard via MID], and
that it is possible to record this drum perform-
anceinto the QX7. (For details on how to use
the RX21 this way, see the article beginning on
page 15.) So, drum patterns may be pro-
grammed directly on the RX2 1 and synced with
the rest of your music via MIDI, or they may be
played using the DX7’s keyboard and recorded
directly into the digital memory of the QX7.

So there you have the basics of the system.
Before we can move into a step-by-step explana-
tion of how to create music using this setup,
though, we need to spend some time describing
the basic functions of the heart of the 7 System:
The QX7.

The QX7 is a digital sequence recorder. That
is, it stores digital information received via
MIDI for later playback through one or more
MIDI-controllable synthesizers, tone genera-
vors, or drum machnies. Information in the
X7 isstored as digital data representinga
series of MIDI-transmitted events. These events
may be notes on {with or without velocity
information), notes off, controller change
values (such as pitch bend), or program change
values.

Most operations of the QX7 are achieved
using one of the instrument’s many *Job”
functions. These are separated into four groups:
A,B,C,2nd D. All of these Job functions are
described in the QX7 owner’s manual, and are
outlined in the diagram printed on top of the
instrument. You can step through Job function
set A using the JOB STEP A/C button, and you
can step through set B using the JOBSTEPB/D
button. Job function sets C and D are accessed
while holding RESET and pressing the A/C or
B/Dbuttons. Basicreal-time recording is Job
A-l,

MIDI echo (called ECHO BACK in the
QX7 manual) is controlled via Job function
C-6. Cycle to Job C-6 using the RESET button
and the A/Cbutton. Then turn echo on using
the +1 button. Your system is now ready to go.

Real-time recording is simple on the QX7.
After choosing the MIDI record channel (Job
A-6), defining the time signature (Job A-2), and
setting the knob to the appropriate tempo,
simply return to Job A-1, then press the
RECORD button followed by the START
button. The QX7 gives you two bars of count-
down, and the recording starts. When youare
finished, press the STOP button, and the QX7

1

QX7 digital sequence
recorder.

will cease recording at the end of the bar.
Before going any further, let’s take aclose
look at the basic recording layout of the QX7,
because the terminoclogy can be confusing. First
of all, there are two “‘tracks’ on the QX7. These
are simply memory locations for MIDI data,
and operate very differently than the tracks of a
taperecorder. Since asingle MIDI “*track’ can
contain information that encompasses 16 MIDI
channels, it is quite possible for one “track” of
the QX7 to control sixteen different instru-
ments, each playing different music. (For more

. on MIDI channels, see the article on page 18.)

All recording in the QX7 goes onto TRACK
1. This is the only live recording track. TRACK
2 isthe storage track, and informationfroma
first recording pass must be moved to TRACK
2 if you wish to overdub. If you Record again on
TRACK 1 before moving the first take to
TRACK 2, it will be erased and replaced by the
new recording.

So, in Record mode, MIDI information
received is recorded onto TRACK 1. This data
on TRACK 1 can be moved to TRACK 2 by
means of EXCHANGE (Job B-1), which ex-
changes the data on TRACK 1 with the dataon
TRACK 2. This is used most often after the
very first recording, tc exchange the newly
recorded material on TRACK 1 with the blank
TRACK 2, prior to recording the first overdub.

To record the first overdub, pick a new
MIDI record channel (if desired), set TRACK 2
for playback, and go into RECORD mode
again. You will then record on TRACK 1 while
listening to the material already in TRACK 2.

After you have material on both TRACK 1
and TRACK 2, there are a number of useful Job
functions that allow you to combine the infor-
mation in various ways.

TRACKDOWN (Job B-3) combines all
dataon TRACK 1 with the existing data on

Yol
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L Continued

TRACK 2, and leaves TRACK 1 blank. Be
careful with this function: after TRACK-
DOWN, all information will reside in the
TRACK 2 memory location, and data from the
previous TRACK I will become inseparable
from the previous TRACK 2 data.

CHAIN (Job B-2) copies TRACK 1 data to
the end of TRACK 2, leaving the original
TRACK 1 data intact. This is useful for record-

ing a song in segments, or for repeating a

segment.
Another way to move data from TRACK 1

to TRACK 2 is viaINSERT (Job B-5), which
copies all TRACK 1 data to the beginning of the
current measure on TRACK 2, leaving the
original data on TRACK 1 intact.

ERASE (Job B-4) and DELETE MEA-
SURE (Job B-6) are also helpful editing tools.
ERASE obliterates everythingon TRACK 1
from (and including) the currently chosen
measure, DELETE MEASURE removes the
currently displayed measure from TRACK 1.

Remember that multiple channels of MIDI
data can be stored on a single TRACK with
MIDI channel integrity maintained for each. For
example, an instrument part can be recorded via
MIDIchannel 1 on TRACK 1, and exchanged
(Job B-1) to TRACK 2; then a second instru-
ment part can be recorded on the now blank
TRACK 1 via MIDI channel 2. If you are happy
with both takes, you ¢an track down (Job B-3)
the new material to TRACK 2. This process can
be repeated for up to 16 separate partson 16
MIDI channels,

DXy FM digital synthesizer.

One effective way to deal with an unsatisfac-
tory partthat hasalready been “‘mixed down”
I to TRACK 2 is to change the MIDI channel of
] the instrument and record a new performance

AFTERTOUCH/Vol. I'Me. 2

on that MIDI channel. In the final playback, the
unwanted data won’t be heard if no instrument
is assigned to that MIDI channel.

In addition to TRACK 1 and TRACK 2,
there is a third data storage location in the
QX 7—the temporary buffer. Even though itis
not a playable track, it can be a very useful
editing tool, SAVE TEMPORARY BUFFER
{Job D-2) swaps the contents of TRACK 1 and
the temporary buffer. By the way, the QX7 uses
the temporary buffer as part of its quantize
function: When QUANTIZE (Job D-1) is en-
gaged, the original, unguantized performance is
stored in the temporary buffer. Therefore, don’t
use the QUANTIZE function if you have some-
thing in the temparary buffer that you want to
keep.

Now that you have some idea of how the
X7 works, it’s time to put the whole system
together. Here is a step-by-step scenario, using |
the QX7 to store and control the performance
of all instruments in the system.

Start by working on the drum part. Set the
RX21sothatitcan be played from the DX7’s
keyboard, and turn the DX7’s volume down.
Setthe RX21 to receive on all MIDI channels,
and set the QX7 to MIDI channel 2. (Remember
that the DX7 will only send information on
MIDI channel 1. This is not a problem in the 7
System configuration, however, since the QX7
will channelize the information from the DX7
internally during recording, according to its
receive-channel setting. We are saving MIDI
channel I as therecord channel for the DX7,
and will record its part last.)

Toachieve maximum control, record the
drum part one instrument at a time: Record the
bass drum onto TRACK 1, EXCHANGE to
TRACK 2, and add the snare part as an over-
dub. Then TRACK DOWN those two and add
tom tom parts on successive overdubs. Since
the RX21 is set toreceive on all MIDI channels,
it will respond to both the (X7 and the DX7
during this record/overdub process.

After the drum part is complete and mixed
to TRACK Z, set the RX21 to MIDI channel 2,
so it will play only the recorded part.

Now it’s time to overdub the bass part. For
recording, switch the QX7 to MIDI channel 3,
set the TX7 to MIDI channel 1, find an approp-
riate sound, and begin recording. Using this
configuration, the QX7 will record the per-
formance from the DX 7’s keyboard onto MIDI
channel 3, but you will be able to hear the part




played by the TX7, which isresponding to the
MIDIchannel 1 information coming from the
DXT.

For playback, switch the TX7 to MIDI
channel 3, to coincide with the recording in the
QX7. After youare satisfied with the part, use
TRACK DOWN to mix it onto TRACK 2. By
the way, if your bass patch works well as a
chord-rhythm patch in a higher register, you can
also record a rhythm part onto TRACK 1 using
the same MIDI channel.

Now for the melodies: Turn the volume up
on the DX7, and find a sound you like. Switch
the QX7 to MIDIchannel 1. After you have
recorded the part, set the DX7 to receive on
MIDI channel 1, connect it to the QX7 via the
YMES switch, and listen to the playback. If you
are satisfied, you can mix the part onto TRACK
2 along with the rest of your data.

If you have other MIDI-equipped instru-
ments, you can repeat this process, assigning
each new instrument to its own MIDI channel.
When you are done, you will have a multiple-
channel recording, created via MID1 and stored
for playback in your QX7.

When you begin to expand your horizons
with the 7 System, you will discover that you
can use the temporary buffer in the QX7 o
good effect. Let’s say that you want to put
together a song in ABA form, with a few varia-
tions in the repeat of the A section. Here is a
simple procedure using the temporary buffer
that will allow you to record these sections
separately.

To begin with, work up your first version of
section A, using the approach outlined above.
When you have all parts completed (drums,
bass, thythm, melody, countermelody, and so
on}, TRACK DOWN everything to TRACK 2.
Then, using EXCHANGE (Job B-1) to move
the whole thing to TRACK 1. From there,

move your section A material to the temporary

buffer using Job D-2.

Now that you have both TRACKS empty,
and can record your B section, using the same
basic recording procedure outlined above.
When you are done, TRACK DOWN the en-
tire section B to TRACK 2. Then recall section
A to TRACK 1 using Job D-2 again. Insert your
basic section A before section B by using
INSERT (Job B-5).

Are you still with us? Good. Now, use
EXCHAMNGE (JobB-1)again. Your complete
A+Bsectionwillbemoved to TRACK 1, and

section A (still in TRACK 1 after INSERT) will
be moved to TRACK 2. Next, use Job D-2 again
to move your completed A+Bsection to the
temporary buffer.

At this point, TRACK 1 will be empty, and
you can overdub variations on the section A
material that is now in TRACK 2. When fin-
ished with your variations, TRACK DOWN
this final A section to TRACK 2. Then recall
section A+Bto TRACK 1 using JobD-2, and
INSERT A+B into TRACK 2 before the final A
gection using Job B-5.

At this point, you will have a complete ABA
song form, with variations in the repeat of the A
section. This is just one example of the ways in
which the temporary buffer can be used 1o help
you manipulate MID! information within the
IX7. (Remember, if vou try involved data
manipulations like this, do not use the
QUANTIZE function! The last thing you want
to do is erase your A section from the tempor-
ary buffer by accident.)

As you can see, the 7 System is a very flexi-
ble music-making tocl, one that can expand
along with your rausical horizons. Enjoy your
explorations in the world of the 7 System!

Vaol. 1 No. 2/AFTERTOUCH

TX7 EM digital tone
generator.

RXz1 digital thythm
programmer.
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An Intro- NE OF THE GREATEST things about
. computers is that they are general-pur-
duction To pose instruments. They can be transformed (via
The New software) into any number of different things.
YRM301 The new YRM301 MIDI Recorder Program
turns the CX5M Music Computer into a central
MIDI control station for the recording and playback
Recorder of MIDI sequences and songs.
THE MIDI Recorder program allows real-
Progrm. BV time recording of data from a MIDI keyboard
David onto one of 4 distinct tracks. These 4 tracks
Lourik. comprise one Bank of information. The MIDI

CXsM music comprter.

One possible basic setup for
using the YRM MIDI
Recorder program with
CXsM: This system uses the
DXz as both the input key-
board and one of the four
tone generators. The remain-
ing three tone generators, all
TX7 modules, are connected
in. a standard MIDY
IN/THRU configwration.

Recorder contains four of these 4-track banks.

Perhaps the most important thing to realize
about the MIDI Recorder program is that the
four tracks are simply memory locations, rather
than physical tracks (as on a tape recorder).
Information on a single track can contain dis-
crete musical information correspondingtoa
number of different MIDI channels, and can
therefore control a number of different MIDI
instrumenss playing different parts. (For more
on MIDI channels, see the article on page 18.)

Each of the 4 tracks can be assigned toa
particular MIDI channel, or to Multi mode. For
recording, the MIDI channel of the track to be
recorded must match the MIDI channel on
which the input keyboard is transmitting
{unless the Track is assigned to Muld mode).
For playback, any other MIDI channel may be
selected. This capability allows you to use
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instruments that only transmit on MIDI chan-
nel 1 (such as the DX7)as your input keyboard,
while still having access to the full range of 16
MIDI channels on playback.

Using the setup shown in the accompanying
diagram (with a DX7 and three TX7s), vou
would record all four tracks from the DX7
keyboard, and all recording would have to be on
MIDIchannel one. After recording, switch
three of the tracks to MIDI channels 2, 3, and 4,
respectively, and assign the three TX7's to
receive on channels 2, 3, and 4. Each tone
generator will only play data received on the
MIDI channel to which it is assigned.

When a track is assigned to Multi mode
(designated by an *“M"’ in the MIDI channel
sector of the main screen display), the Recorder
will automatically record the MIDI channel
number on which the music data is received. In
this mode, the selected track will thus receive
dataon any MIDI channel, but you will not be
able to change the MIDI channel selection of
material that is recorded in this way.

Multi Mode is also used to combine pre-
viously-recorded tracks onto 2 single track,
using the “MIX"’ function, Using the 4 tracks
and Multi mode together allows you to keep
precise control over your MIDI channel
assignments, because you can make your final
channel decisions just prior to using the MIX-
down function.

For example, imagine that you have re-
corded three tracks of data(ontracks 1, 2, 3),
using MIDI channels 1, 2, and 3. Since these
three streams of information still residé on
separate tracks, you can change the MIDI chan-
nel assignment for each one. Then, after making
your final decisions on the MIDI channels, use
the MIXdown function to combine all three
tracks onto another track. The MIX function
works by combining two tracks at a time. Using
multiple MIX functions, you can combine a
number of different tracks, and can MIXdown
to any open track on any of the 4 Banks within
the MIDI Recorder’s memory.

Even though the tracks in the MIDI Re-
corder are not the same as tracks on a tape
recorder, many of the program’s functions are
designed to operate the way a tape recorder
does. For instance, there is an easy-to-use
PUNCH IN/OUT feature thatallows you to
correct specific notes or passages in an slready-




want to correct, {nstead of havmg m opetate
both the computer and your instrument.

| The MIDI Recorder gives you a wide ranige
of musical options for your sequem*.es The

a1t must be set for recmdmg and playback
"I'Ens aliaws youto :ecm'd a difﬁcult passageata

tempo for playback,
- Recordings madein real timecan fibe given
added rhy“thmxc precwlon usmgthe Quanuze

In addition toall of this ﬂembxhty, the MIDI
‘éer has afull Edit mode that iegs you alter

note, over the entire MIDI range, to correcta
mistake or to createnew melockes, 2) You can

add dyna:mcs and expression to your recording;
3) You can move a note forwards or backwards
in time, to correct timing errors to create subtle
thythms; 4) You can alter the length of a note;
and 5) You can delete a note. With all of these
options, you will find iteasyto fme~tune your
musical ideas.

_ The four memory Banks in the MIDI

Re der also give youa numbet of options for

cally up to 9 times. '
The MIDI Recorder program is very easy to

operate. All of the program’s main features can
be accessed from the main screen display. To

“further simplify operation, the MIDI Recorder

program is fully compatible with the new
‘Yamaha Mouse, which plugs into the Joystick 1
port on the CX5M. This device makes it pos-
sible to move around quickly within the screen
displays, and make most of your choices and
decisions withott using the computer keyboard
at all.

. The MIDI Recorder also offers you a
number of choices for storage of your sequence
recordings. In addition to the cassette storage
offered with all CX5M programs, the MIDI
Recorderiscompatible with the new Yamaha
FDOS5 Floppy Disk Drive. The drive must be
connected to the back port of the computer,
using the CAO1 Single Cartridge Adapter and
the FDO51 Floppy Disk Drive Interface. (See
the accompanying diagram.) Remember thatno
sequence mformatlon isfinal untﬂ it has haen

Main screen dlspiay of the
YRMaor MIDI Reconder
program, shownng the Systeni
Paviimeters display in the

Tower lefr.
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Program
Your Key-
board Con-
troller For
Real-Time
MIDI Con-
trol. By
Jeffrey
Gusman &
David
Lourik.
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HE KX88 AND KX76 MIDIKeyboard

Controllers are designed to be “"master
keyboards” in asvnthesizer setup. Although
neither the KX88 nor the KX 76 produce sound
by themselves, they offer a great deal of control
over the tone generators to which they are
attached.

Both the KX88 and the KX76 are com-
pletely assignable MIDI keyboards. The key-
board is only part of the story: Both instruments
provide a number of other controllers, all of
which can be programmed by the user 1o con-
trol any type of MU information.

Both kevboards provide inputs for two
FC4-type footswitches, two FC7-type foot
controllers, and one BC1 breath-controller. In
addition, each keyboard provides 4 slider con-
trols, 3 momentary switch controls, 2 toggle
switch controls, 2 wheel controllers, and
monophonic aftertouch control. Although all
of these controls are given preset control
assignments when the unitleaves the factory,
every one of them may be programmed by the
user. In short, the KX88 and X376 controllers
are completely programmable and assignable.
Each of the controllers can be assigned to con-
trol a specificaspect of sound coming froman
FM digital tone generator.

Both the KX88 and KX76 have three basic
modes of operation: PLAY mode, CA (Con-
troller Assign} mode, and PA (Parameter
Assign} mode.

You will normally play the KX88 or KX 76
in PLAY mode. When you use the various
controllers in this mode, they will operate based
on the code memory currently in operation.

Allof the KX controllers have logical and
useful preset assignments, but there may be
situations where you will want an unusual
assignment. Allyouhavetodoissetupthe
assignmenits you want, and then save them intc
one of the 16 memory locations in your key-
board controller.

Saving controller code assignmentsis easy.
Press BANK A program select switch 15
[SAVE], then use the BANK Bprogram select
switches 1-16toselect the mermory location,
The selected number will blink in the lower
readout, and when you press that same number
again, all currentsettings will be stored in that
memaory location,

To recall the settings, go into CA mode and
press BANK A program select switch 16
TLCAD ] Thenuse BANK B program select

Mo, 2

switches 1-16 to call up the desired memory.
Returnto PLAY mode, and your keyboard
controlier will function according to the
mermory settings you have just recalled.

The programming flexibility of the KX 88
and KX 76 gives you a great deal of control over
your MIDi-equipped instruments. Their flexi-
bility in performance goes far beyond this basic
capability, though: Both the KX88 and KX 76
MIDI keyboardsare capable of controlling the
numerous voicing parameters of the DX and TX
tone generators.

Whenever a parameter value is changedon a
DX7 using the data entry slider, the sound is
disabled, and a new key must be played before
the result of the parameter change can be heard.
VWith the tone generators in the TX series,
however, parameter changes can be heard in
real-time.

This opens up some exciting possibilities for
connections between TX tone generators and
the KX88 or KX76: By assigning certain TX
voicing parameters to certain controllers (using
the PA and CA modes), you can create sirua-
tions where the overall timbre of a patch can be
changed in real time as part of a performance. In
other words, the KX 88 and KX76 give you the
ability to alter FM digital sounds dynamically in
real-time, followingthe nuances you perform
via the controllers you have assigned to the
various parameter changes.

This entire process is made possible through
the “User Definable” area of controller codes in
the KX88 and KX 76 keyboard controllers. The
full range of controller codes is O00-FF [hex}, a
total of 256 different possibilities. Controller
codes 00-3F [ hex] are all predefined and preset
within the KX88 and KX76. These codes and
their definitions are printed on the front panel
of the KX units. However, this accounts for
only 64 of the possible controller codes. The
remaining 192 controller codes [40-FF in hex]
can be defined by the user.

Since all DX and TX voicing parameters are
available for external control via MIDI “System
Exclusive” messages, controller codes can be
assigned to all of the DX/TX voicing parame-
ters in the PA mode. These parameters can then
be assigned to any one of the many KX con-
trollers in the CA mode.

Remember thatthese “'User Assignable”
controller codes are not part of the 16 code
memories in the KX units. The 16 code mermo-
ries retain assignments of particular controllers




to particular controller codes. The user»asslgn»

Sim:e thereareso many posmb ties, you
ant to begin by simply experimenting
nmbar of assxgnmcn:s. Then you can set

1 K ’s cdnttallers,:. it is very impmétant to.

ember that the way a parameter change
5 a vmce depands onmany facturs, the

o wnﬁguiatmn of the patch in question, This
shuuld be mken into acoount when dec;dmg on

« The owners manuals for the KXSS and

 KX76includea number of examples of useful
parameter assignments. Here are two others,
~ complete with stepnbyastep mtrucnons on how

4

6.

time until the display sbows SPAM o
Press PARAMETER CHANGE {BANK |
A, bitton 121, The ciwplay will mad :
X KPC 19

Select parameter code 50[hex] by using
the BANK B buttons, but makesureto

refer to the HEX CODE numbering. The

upper display will still show PC,” while

the lower display willshow the selecred |
parameter code, 50
Once the parameter code is entered, tbe ‘
KX unit will ask you to define the limitof

the parameter change* l:he upperdisplay
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10. Once the PARAMETER number is
entered, the upper display will show
“PA." You have now defined controller
code 50[hex]tothe coarse frequency of
operator #6. Now if is time to assign this
parameter to a particular controller.

11. Eater CA mode as follows: Press the
MODE buttononcetoreturnto PLAY
mode, and once more to enter CA mode.

12. Select the desired controller [FC2]by
pressing BANK A button 10. The upper
display will show the selected controller
[F27], while the lower display will show
the controller code previously assigned to
that controller.

13. Assign the new parameter code number
50 {hex]to FC2 by using the BANK B
buttons. Remember to refer to the HEX
CODE numbering.

14. ReturntoPLAY mode by pressing the
MODE button, and try out your new
parameter/controller assignment.

Assigning Operator Feedback
To The Breath-Controller

The feedback loop is 2 part of every TX and
DX algorithm, Since feedback increases the
complexity of the operator waveform to which
itisapplied, it often has a strong effect on the
overall timbral density of the sound. The breath
controller is an obvious input mechanism for
this effect, Use the following procedure:

1. Consult the MIDIDATA TABLE (page
28 in the KX88 manual, page 43 in the
TX816 manual) to determine the
GROUP number [00], SUB-GROUP
number [1], and PARAMETER number
07 hex] for FEEDBACK.

2. Determine what parameter code number
you want to assign to this parameter; for
purposes of this example, let’s choose 51
[hex].

3. Enter PA modeby pressing the MODE
switch twice and holding it the second
time until the display shows “PA.’

4. Press PARAMETER CHANGE{BANK
A, button 12]. The display will read
(tPC’H

5. Selectparameter code 51 [hex] by using
the BANK B buttons, but make sure to
refer to the HEX CODE numbering. The
upper display will still show “PC,”’ while
the lower display will show the selected
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parameter code, “51.”

6. Oncethe parameter code isentered, the
KX unit will ask you to define the limit of
the parameter change; the upper display
will show “LM."” Set the LIMIT tc 0-7
using BANK B button 2 (see page 11 of
the KX88 owners manual).

7. Theupper display will now show ©*G,”
asking for the GROUP number. Enter
“00” using the BANK B burttons. Re-
member to refer to the HEX CODE
numbering.

8. Once the GROUP number is entered, the
upper display will show “*SG,” asking for
the SUB GROUP number. Enter 1"
using the BANK B buttons. Remember to
refer to the HEX CODE numbering.

9. Once the SUB-GROUP number is
entered, the upper display will show “P,”
asking for the PARAMETER number.
Enter 07"’ using the BANK B buttons.
Remember to refer to the HEX CODE
numbering.

10. Once the PARAMETER number is
entered, the upper display will show
“PA.” You have now defined controller
code 51 [hex]tothe coarse frequency of
operator #6. Now it is time to assign this
parameter to a particular controller.

11. Enter CA mode as follows: Press the
MODE buttononce toreturn to PLAY
mode, and once more to enter CA mode.

12. Select the desired controller [BC] by
pressing BANK A button 3. The upper
display will show the selected controller
[BC], while thelower display will show
the controller code previously assigned to
that controller.

13. Assignthe new parameter code number
51 [hex] to BC by using the BANK B
buttons. Remember to refer ro the HEX
CODE numbering.

14. Returnto PLAY mode by pressing the
MODE button, and try out your new
parameter/controller assignment.

Now that you understand how to program
the KX MIDI keyboards to control real-time
parameter changes, you should be able to apply
the procedure outlined above ta create your
own set of controls over real-time parameter
changes. Explore a number of different poss
sibilities, until you find the ones that work best
for you.
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R¥X 15 digital shythm
programmer.

drum sound, because the touch-sensitivity only
operates within this basic range. (The accent
levelis added only when the ACCENT key is
depressed.)

Finally, remernber that the RX21’s internal
programming responds only to patterns played
on its front-panel drum keys: It will not record
drum strokes played via MIDI into its internal
PATTERN memory. This does not mean that
the RX21 can only be used in live performance
while connected to a MIDI keyboard—the
keystrokes from the keyboard can be recorded
intoa MIDIsequencer, and on playback those
keystrokes will drive the drum sounds in the
RX21, complete with full velocity control.

With The RX15

After turning the unit on, hold down the
FUNCTION button and press the MIDI IN
button (while still holding FUNCTION). the
display will show:

RECEIVE AVAIL
If by any chance the display gives this response:
RECEIVE UNAVAIL

then press the -1/NO button, and the message
will change to “RECEIVE AVAIL.” Pressing
the -1/NO button repeatedly will toggle be-
tween the two settings.

After making sure that “RECEIVE AVAIL”
is showing on the display, press either the
+1/YES butron or the MIDIIN button. You
will now see:

OMNI ON
Ifinstead, the display says “OMNIOFFE,"" use
the -1 /NO butrton to toggle to the OMNI
ON” position, The RX15 will only respond 1o
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external keyboard control when in OMNI
mode.

Atthis point, you will be able to play the
RX15’s drum sounds from your keyboard,
according to the factory preset key assignments.
TheRX15alscallows you todefine your own
key assignments for each drum sound, as
follows:

1. Follow the above procedure to set “RE-
CEIVE AVAIL” and “OMNI ON.”

2. With “OMNION" showing in the display,
press the one of the instrument keys. If you
press, for instance, the RIDE key, you will
see the following: “RIDE NOTE = 62.”

3. You may now adjust the key assignment of
the RIDE sound using the DATA ENTRY
slider. The overall range for each drum
sound is 36-99,

4. Toassign akey number toanother drum
sound, simply press the instrument key and
adjust the value with the DATA ENTRY
slider. When finished with your key
assignments, return to PATTERN or
SONG mode by pressing the MIDIIN but-
ton again. The RX15 isnowready to be
played from an external keyboard or
sequencer, following the key assignments
you have just defined.

Justlike the RX21, the RX 15 offers only
two basic volume levels when played from its
front panel, basic level and accentlevel. These
levels are additive, and can be programmed
separately for each instrument, using the INST
LEVEL key, the ACCENT LEVEL key, and the
DATA ENTRY slider. The overall range is
0-31.If you want to take full advantage of the
nuances of volume control provided by your
velocity-sensitive keyboard, youmay wantto
program INST LEVEL for each drum sound to
the maximum desired range, since the velocity
sensitivity will only operate within that basic
range. { Accent levelis only engaged while the
ACCENT key is held down.)

Remember that you cannot program the
RX15%s internal memory from an external key-
board or sequencer—the internal memory is
only set to recognize and store keystrokes from
the unit’s front panel. In order to save material
performed using an external keyboard, you
need to use a MIDI sequencer. With a se-
quencer, though, you will be sble to record and
playback the full range of volume control avail-




able through MIDL

e setup for the RX1lis very simxlar to

‘the RX 15, with one major exception:

You donot havetoputthe RX11in OMNI

maode in order to control it from an external

keyboard or sequencer, You can select one

specific MIDI channel, and control the unit’s
drum sounds via that single channel.

_ Start by setting up the basic operation: Turn

the instrument on. Then hold the FUNCTION

burton and. press the MIDIIN button {while

R¥X1z digieal rhythm
programmeyr. .. .




MIDI

MIDI Chan-
nels: All 16
Can Operate
Along One
Cable. By
Tom Darter.

In this basic record /playback
setup, the QX7 can control
all four tone generators (the
DXz and the three TXys).
By using four different MIDI
channels, each tone generator
can be made to perform a
different musical part.

LTHOUGH MIDIL IS by no means magic,

itis capable of some very subtlesleight-

of-hand which will help youmake magic with
your music.

Basically, MIDI{the Musical Instrument
Digital Interface) allows instruments to give
each other certain basic kinds of information. If
akeyis played on one instrument, its MIDI
OUT port passes along that “note on’’ infor-
mation to another instrument’s MIDI IN port,
so that the key pressed on instrument 1 can
actually produce a sound from both instru-
ment | and instrument 2. In addition, most
current MIDIinstruments will also transmit
the velocity with which the key was pressed, so
that the overall volume of both instruments
can be controlled simultaneously. When the
keyoninstrument 1 isreleased, a “note off”’
message is sent, and the note being played by
instrument 2 will also cease.

-—‘hru
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Of course, even this simple information
from instrument 1 {and other kinds of infor-
mation like it) will only have an effect on
instrument 2 if it has been set up to receive the
informarion coming from instrument 1. This is
where the sleight-of-hand comes in: Even
though most MIDlinformation.travels along
one single MIDI cable, the information itself is
divided into different “channels’’; in addition,
receiving instruments operate in different
operational “modes,” each of which makes the
instrument deal with incominginformationin
certain specific ways. This month we'll talk
about how channels operate in MIDI, and next
month we’ll explain the four MIDI modes.

MIDIinformation travels alongasingle
cable because MIDI is z serial interface. That
means that all portions of each packet of
information are sent along the MIDI con-
nection in series, one portion at a time. In the

. basic digital language of computers, the smal-

lest portionisa**bit’’ (which is eithera "0 ora

[ 17"}, These bits are v_,_-&uéliy combified into
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groups of eight, each of which is called a byte.

Most basic MIDI information can be
transmitted using only a few bytes of MIDI
“*code.” In order to increase the flexibility of
the basic interface, the designers of MIDI
created a system thatallows pieces of MIDI
information to be assigned to a specific “‘chan-
nel.” They included specifications for up to 16
different “‘channels” of MIDI information.

The word “*channel” is in quotes here
because MIDI channels are not physical chan-
nels at all. Although they can separate musical
information into discrete elements, the infor-
mation does not reside on separate segments of
tape, nor does it flow through separate audio
cables,

Most basic packets of MIDI information
contain a kind of informational “flag” that
defines them as belonging to one of the 16 -
MIDI channels—in this way, every *‘note on”
senit from a MIDI instrument is given a **chan-
nel assignment.” It is this kind of flexibility that
allows MIDIsequencers such as the Yamaha
QX7 and Roland MSQ-700 to “record”’ infor-
mation that can contain as many as 16 different
musical elements, even though they have fewer
than sixteen locations in which to store infor-
mation. (In both instruments, these locations
are called *“Tracks,” but they do not operate
like tape recorder tracks-—rather, they are
tracks of digital information in MIDI code.)

The end result? Digital information travel-
ing down one cable that can tell a number of
differentinstruments to play different music.
Imagine a chain of instruments: The MIDI
QUT from a sequencer is connected to the
MIDI IN of inserument 1; the MIDI THRU of
instrument 1 is connected to the MIDIIN of
instrument 2; the MIDI THRU of instrument 2
is connected to the MIDI IN of instrument 3;
and the MIDI THRU of instrument 4. Each
instrument is assigned to a particular MIDI
channel, instrument 1 to channel 1, instrument
2 to channe! 2, and so on. The sequencer sends |
information thatis coded for these specific,
channels, and each instrumentrespondsonly
to the information that is coded for its particu-
lar channel. '

And how are these instruments told to
respond only to certain information? By assign-
ing them to a particular MODE of opération
and, if appropriate,a spectfm MIDI channel.

'aext month




In a few maonths, I hope to form a regional DX
Users Group by contacting interested musi-
cians through AFTERTOUCH. In the mean-
time, are there any groups alveady in exist-
ence that I can contact?

We have heard from Al Duester, who is form-
ing a national group with the name “The DX
User.” Duester explains the group’s purpose as
follows:

“The main ideabehind the group is thata
few hundred amateurs pooling their talents can
still come up with a few thousand great voices.
Besides voices, we’ll be trading tips, techniques,
software, hardware projects, and whatever else
the membership can come up with. A newslet-
ter will be published on an irregular basis with
voice patches available first on paper, then on a
variety of disks if membership warrants it.”

If you are interested in finding out how the
group will function and how to join, send three
22-cent stamps to: The DX User, P.O. Box 209,
Woods Hole, MA 02543.

The QX7 sequencer has been described to me
as a two-channel digital recorder, but ’ve
also been told that it aperates on 16 channels.
What gives?

Terminology is the problem. The QX7 isa
digital recorder with two tracks, but it processes

uestions

information on all 16 MIDI channels.

There are two basic memory locations with-
in the QX7 on which information can be re-
corded. These are the two “*tracks,”” A and B.
Unlike tracks on a tape recorder, though, these
“tracks” containstreams of MIDI data (rather
than sound information stored on tape). Essen-
tially, they are nothing more than memory
locations: Track Ais for recording MIDI data,
and track B is for storing and compiling MIDI
data. (There is also a third memory location, the
temporary buffer, which is useful for shuffling
information back and forth within the QX7.)

Since the QX7’s two “‘tracks’’ consist of
streams of MIDI information, they can easily
record data that encompasses zll 16 MIDI
channels. Therefore, it is possible for informa-
tion on one “‘track’’ to controlanumber of
different instruments, each operating on a dif-
ferent MIDI channel, each playing different
music. In other words, one QX7 **track’’ can
consist of many tracks of music, since each
MIDI channel is the logical equivalent of a
tape-recorder track.

(For more on how MIDIchannels operate,
see this month’s *“MIDI” article on page 18; and
for more on the operation of the QX 7, see the
“7 System” article on page 6.)

DX Users
Group, Plus
“Tracks” And
*Channels”
On The
QX7.

E INVITE YOU TO CONTRIBUTE TO AFTERTOUCH. If you've
developed a novel use of one of the AFTERTOUCH products, writeitup

and send it to us. Don’t worry about your writing style—just get the information
down. If we decide to use your idea as a full article in AFTERTOUCH, we’ll try it
ourselves, write it up in the magazine, put your name on it, and send you a check for
$100.00.

If you’ve gota hot tip on applications or use, send it along. If we use it, you'll
receive full editorial credit, plus a check for $25.00.

Do you have a great new DX7 patch, a CX5M program, or a great pattern for the
RX11? Send them in—we'll pay $25.00 for each one used.

By the way, we cannot assume liability for the safe return of unused ideas,
patches, or manuscripts. We will only be able to return unused material to you if
you enclose a self-addressed, stamped envelope with your material.

If you just have a question regarding the use of Yamaha professional products,
send it along too, and we’ll do our best to answer it in the pages of AFTERTOUCH.
(We regret that we won’t be able to answer questions through the mail, but we will
use all of your questions to guide us in our choice of future topics.)

Finally, if you just want to get something off your chest, or if you’d like to
establish direct contact with other X users, send something in to our letters column,
“Touch Response.” We'll do our best to print names and addresses of all those who

Write To:
AFTER-
TOUCH,
P.O. Box
2338, North-
ridge, CA
91323-2338.
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Next month, in
Part 2 of this
exclusive inter-
view, Dr.
Chowning will
discuss his
recent work
with the DX7,
and will out-
line ways in
which the DX
instruments
can be used as
teaching tools
in the field of
acoustics.

or above the half-sampling rate, they can reflect
down in unfortunate ways. With key scaling, it
is easy to reduce the signal to essentially a sinu-

' soid at the highest notes, which is ideal for

dealing with the problem of aliasing,
_Asfor the design of the algorithms, some of
the choices on the DX7 were really surprising to

* me. They all do use the four basic forms I

worked with, but the implementation is differ-
ent. On Sur system at Stanford we would have
done it a slightly different way. We would have
coupled two simpler units together to achieve
more or less the same thing. And they’ve done it
all its terms-of six operators.

TD: Ave six operators enough?

JC: Many people have asked me that ques-
tion. I think it will be along time before the
possibilities of six operators are exhausted.
Given the additional complexity of adding more
operatots, it becomes harder and harder to
envisionthe acoustic result. Six may notbe
quiteenough, butitiscertainly richer terrain
than anyone’sgoingto gat tired ofin the short
term.

TD; The intevesting thmg about the sixoperator
quiestion is that, unless you want more than four
operators cascaded in a stack, you can get more than
six operators by having two instruments and bro-
gravmming them ds one:

JC: Troe. And frmk!y, 1don't th%nk there &
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much use in more than four ina st‘ack It s
awfully hard to envision. With a linear increase
in the number of operators, there is a geometric
increase in spectral complexity. So going from
one carrier and one modulator to one carrier
and two modulators, it's not just twice as com-
plex—it can be many times more complex. And
going from two to three modulatbts, italmost
becomes factorial: With three modulatorsina
cascade, there is an incredible increase in tim-
bral complexity: With a significant amount of
output from any of those operators in the ¢as-
cade, you canvery quickly approach some sort
of noise, becausethe density of the spectrum
becomes so great. Tralso depends abitonthe
ratios of frequencies.

TD: What Pm hearing, which is a very impor-
tant thing for you to say, is that peaple don’t yet
realize wha it is they've got undey their control with
sixoperators.-Yet here they are asking for more
operators—thenumbers game, like having more
voicesin memory. They haven's stopped to look at
whm thzy already have.






