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Forward

Two years ago, we vecided it was time to
stop dreaming about and actualize o new
electronic musical instrument. We had
ample experience in electronic music hard-
ware and software. our needs and objectives
were well deflined, and the necessary
technology was imminent. Our goal was to
create an instrument for performance. One
with a vocabulary that was unpresumptive,
varied, and accessible. We weren't
particularly interested in imitation of
any extant instruments, ecither functionally
or acoustically. We did want the potential
for expressive. real-time performer -
instrument interaction.

We succeeded. The Music Easel is the
realization of our goal, To familiarize
you with the scope and intricacies of our
instrument, Allen Sirange has written this
manuai. With it you can begin your explor-
ation of the Music Easel's vast potential.
May your adventure in playing it be as
exciting as ours in creating it.

The transition from dream to reality was
through the efforts of many. My thanks to
everyone, especially Paul DeMarinis, Ken
Ellis, Bruce Holcombe, Clint Jurgens,
Charles MacDermed, Karl Severeid, Varya
Simpson, Mort Subotnick, and Kamala,

And special thanks to Allen Strange, flor
implementing this vital link between
designer and performer.

D. Buchla
Berkeley, 1974



Introduction

This manual is designed to provide the
reader with the information necessary to
realize the potential of the Music Basel
-— a truly performable electronic musical
instrument. The performer will discover
that the Music Basel is a 'kit' ol wide-
range parameters which may be interrelated
and controlled to define various musical
events and siructures. llere presented is
a logical, step-by-step exposition ol the
available parameters, their operational
ranges, and their modes ol control. Each
part of the Music Easel will be discussed
in terms of its potentiial contribution to
the definition of a musical event or
structure. With a full understanding of
these potentials it will be possible to
configure any number of instruments whose
characteristics are defined or invented
by the performer. After a usable instru-
ment has been developed by the front panel
connections and control settings, the
patch may be hardwired as a plug-in
program card. Access to any number of
pre-programmed instrument definitions is
accomplished by simply iiserting program
cards into the Model 208 STORED PROGRAM
SOUND SOURCE,

This manual is organized into threc
sections: 1) ACOUSTICAL RESOURCES -
beginning with a basic patch, the perlorwmer
will be introduced to manual control of
oscillators, gates, and modulation pro-
cesses; 2) PROGRAFMING - this scction deals
with an explanatioa of control voltage
sources, patching, control voltage process-
ing, musical instrument design, and
performer input; 3) META-PROGRAMMING -

here is presented techniques ol instrument
(pateh) storage and retrieval and an
introduction to the advanced programming
potentials available through the use of
the program cards,




Acoustic
Resources

This section involves the exploration and
expansion of a basic patel, gradually
introducing all of the available audio
functions. This beginning patch is Lllus-
trated in I'lowchart fasfion in Figure 1 and
will deal only with the front panel secetion
outlined in Patch-chart 1,
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"front panel!' position. The Music Bascl's
primary sound source is the COMPLEX
OsCILLATOR (2). which, as the performer
will discover, provides a range ol timbres
rar exceeding that ol conventional
clectronic sound sources. This osecillator
is connected to Gate | (3a), which can he
scen as the lower lefthand symbol on the
DUAL LOPASS GATE front panel. A lopass
gate way be uscd as a lowpass Iilter, a
vollage-controlled amplificr, or a comb-
ination ol bolh, as selzxcted by the MODE
SELECT switch (4) on the Iront panel,

Mosl ol the variables on the Music Basel
have Lwo assoviated wanual controls: a)
an ofllset control which delines initial
operational characteristics and h) a
processing control lor attenuation ol the
applied control voltage. The rront panel
format is consistant, with the ofll'setl
control as the righthand potentiometer
and the processing control as the lelthand
potentiometer lor each voltage-controlled
parameter, lollowing the Gate, the signal
is routed to the final OUTPUT SECTLION (5),
which can be seen as the righthand section
ol Pigure 1 and Patch-chart I, This
section includes mixing controls (6) which
allow the perlormer Lo mix the sigaal
coming lrom the COMPLEX OSCILLATOR via
Gate | with other signals which will be
routed through the upper righthand gate,
Gate 2 (3b). The usc ol Gate 2 will be
discussed in conjunction with the use of
externally applied signals an'l the
MODULATION OSCILLATOR.,  The REVERBERNITLON
LEVEL control (7) determines the amount

of reverberation applied to the signal
coming lrom the mixing stage., The MONITOR
LEVEL (8) controls the gain ol the linal
signal into a headset output (9). The
perlformer will Find this imdependent



MONITOR LEVEL very useful in live performance
situations, as it will allow him to monitor
his own signals at a comfortable listenin
level independent ol the OUTPUT LEVIEL (10
setting. The headset output can also
directly drive a low-level speaker. The
OUTPUT LEVEL controls the gain ol the [inal
signal delivered to an external amplifier
from either of the 'signal output' jacks.
The OUTPUT signal level is nominally 1 volt,
sufficient to drive Auxilliary, Monitor, or
Tuner inputs of power amplifiers.

The first device to be explored is the
COMPLEX OSCILLATOR; set up all controls as
indicated on Patch-chart 2 and listen to

the output with a headset or an amplifier and
speaker. The LEVEL offset control (13) will
determine the initial gain and should be set
at around 8 or 9. Set the REVERBERATION
LEVEL at 0, as reverb should not be employed
until one is guite familiar with the timbral
potentials of the instrument. Set the
KEYBOARD selector (14) on the COMPLEX
OSCILLATOR to the 'out' position, and the
SIGNAL ROUTING switch (12) to its lowermost
position. Apply power to the Music Easel

by plugging the line cord into a 115-volt
receptacle and turn the power switch located
to the right of the KEYBOARD to its up
position, If a 12-volt Power Pack is used,
make sure it is connected with the correct
polarity and turn the power switch to its
lower position. Now set the MONITOR or
OUTPUT LEVEL for a comfortable listening
volume. If no sound is heard, check that
all levels and switches are set as instructed.

The pitch of the COMPPLEX OSCILLATOR 1is
established by the linear offset control

indicated as PITCH (15). This control,

in its lowest position, will produce a
pitch of low 'A,' 55 Hertz. With this
control in its highest position, the
COMPLEX OSCILLATOR will generate an 'A'
five octaves higher, 1700 Hertz. The

front panel is calibrated in octaves and
hall octaves. The 'fine tuning' rotary
control (10) immediately above the PITCH
offset control has a range of one-hall
octave and is useful for precisely tuning
the instrument. Experiment with both the
offset and 'fine tuning' controls and
familiarize yourself with the relationship
between the manual settings and the result-
ant pitch., Taking time to tune the Music
Easel to pitches available in the immediate
environment will prove very helplful when
confronted with various tuning situations
under the pressure of real-time performance.

The righthand section of the COMPLEX
OSCILLATOR consists of controls lor vary-
ing timbre. A systematic exploration of
the timbral possibilities should be
carried out by initially setting the
oscillator's pitch somewhere in the mid-
low range (between 110 and 220 Hz), With
lower pitches it is easier to hear varia-
tions in overtone structure and their
amplitude relationships. Check to see
that the LOPASS GATE (Gate 1) is set in
lvoltage controlled amp' mode, so that
the lowpass filter will not affect the
initial waveshape and timbre settings.
Also make sure that the following controls
are set as illustrated in Patch-chart 2:
TIMBRE offset control (17) - 0O
WAVESHAPE selector (18) - to spike
(uppermost positionB
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WAVESHAPE conirol (19) - to sine
(rar lert)

The oscillator will now produce a sine wave
output with inaudible harmonic content.
By turning the WAVESHAPLE control to its
waximum richthand position the output will
be a spike wave rich in high-ordered
harmonics. The WAVESHAPE control does
not change the function of the basic
oscillator, but, rather, implements a wix
between the sine wave and the selected
waveshape. By turning back to the sine
position and then gradually turning the
control clockwise, the performer will be
adding to the sine wave the constant
spectrum of overtones contained 1in the
spike wave. The performer should become
familiar with the effect of this contirol
on the perceived timbre throaghout the
pitch range ol the COMPLEX OSCILLATOR,

Purning back to a mid-low range, with the
WAVESHAPE control in the sine (counter-
clockwise) position, switch the WAVESHAPE
selector switeh Lo squarewave, By then
turning the WAVESHAPE control clockwise,
the output will gradually become a syuare-

wave, containing only odd-numbered harmonics.

wWith the WAVESHAPE selector set to the
triangle position, the WAVESIAPE control
produces a mix ol any proportion ol a sine
wave and a lriangle wave, Again, it is
stressed that the performer understand

that the WAVESHAPE control only provides

a mix between a sine and the selected wave-
shape. The performer is provided with
further coantrol over the quality ol the
sound by means ol the TIMBRE offset control
(17). With the WAVESIAPE pot sct completely
to sine (zero), pradually raise the TIMBRIE
offset pot. A gradual introduction ol

lower-order harmonics will be perceived,
and their relative amplitude relationships
will be continually varied as the offset
is increased, This process is essentially
the opposite of liltering, involving the
introduction and sclected accentuation ol
viarious harmonics and generating sounds
that are virtually impossible to achieve
through friltering. Note that the TIMBRE
control affects only the sine and triangle
wave forms, and thus has no audible olfect
when the WAVESHAPE control is at maximum
spike or square position. The COMPLEX
0SCLLLATOR provides o wide range ol timbral
variation and it would serve the perlormer
well to explore all ol the possibilities
made available with each wavelorwm.

The MODULATION OSCLLLATOR, due to ils sub-
audio frequency range, is usually uscd as
a dedicated modulation source. In its
upper range, however, it may be used as an
additional source of aundio siguals. The
output of the MODULATION OSCILLATOR may be
heard by setting the STGNAL ROUTING switch
on the DUAL LOPASS GATE at its center
position. As illustrated in Pateh-chart 3,
turn 'channel B' mix level Lo maximum and
raise the LEVEL offset (20) for Gate 2,
Sel the MODULATION USCLLLATOR'S WAVESHAPL
SELECTOR (21) to squarewave (middle
position) and the FREQUENCY offsel pot (22)
to .16 Hz. The snapping sound that is
heard is the transient edges ol the square
wave at o sub-audio [requency ol 106 Iz,
Naise the FREQUENCY pot to various points
above 16 Hez. and the snaps will integrate
into perceivable audio freyuencies up Lo
50 llz. The MODULATLON OSCILLATOR can be
driven much higher than the front panel
indications by the use ol coatrol voltages,
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and this will be discussed later, Since

this is a Irequently useful sound source,
the performer should become familiar with
the various waveshapes.in the audio range.

Thus far, the DUAL LOPASS GATE has only
been dealt with in terms of the 'voltage
controlled amp' mode. Now that the basic
timbral resources of the oscillators are
understood, the performer should familiarize
himself with lurther characteristics of

the LOPASS GATE. First, set the COMPLEX
OSCILLATOR to any desirgd rich waveshape,
With either of the gates in 'voltage
controlled amp' mode, the LEVEL offset
provides control in the amplitude domain

-- no gain at 0 and maximum gain at 10,
Leaving Gate 1's control at 10, turn the
MODE SELECT switch to 'lowpass filter.'

The LEVEL offset now defines the cut-ofl
frequency of a 12 db per octave lowpass
filter, As with gain in the 'voltage
controlled amp' mode, the cut-off frequency
in 'lowpass filter' mode is proportional

to the illumination of the lamp. By
gradually lowering the LEVEL offset control,
the performer will begin to attenuate the
higher part of the frequency spectrum,

If the output of the COMPLEX OSCILLATOR is

a squarewave set at about 220 Hz., lowering
the LEVEL offset to about 3 will effectively
remove all harmonies and the output will
approximate a sine wave. Further reduction
in level will then attenuate this fundamental,
finally resulting in silence.

By setting the MODE SELECT switch to
"combination,' the Gate will function simul-
taneously in the amplitude (voltage
controlled amp) and frequency (lowpass
filter) domains. As the LEVEL offset is

lowered the higher frequencies are
attenuated faster than lower Irequencies.
The process is that the spectrum is
attenuated by two simultaneous lunc:tions,
and this gives the effect of more pro-
nounced low frequencies as the LEVEL
offset is lowered. Under the limitations
of manual control, this lunction cannot
really be fully explored, as its most
striking use is in the production of
attack and decay transients. In other
words, this function will prove to be
mostl uselul when the levels are being
vapidly varied, This will be discussed
later in this manual., In the meantime,
the performer should become lamiliar with
the effect ol the 'combination' mode on
various available timbres.

The SIGNAL ROUTING switceh (12) determines
what signal will be routed to Gate 2,
With this switch in its lowest position
the signal from Gate 1| will also be routed
to Gate 2, This manner of routing provides
the possibility of one gate affecting
gain, while the other operates on the
frequency spectrum of the signal. With
the two gates in this 'uasi-series'
connection the signal is still available
from Gate 1 in the OUTPUT SECTION mixer
channel A, Also keep in mind that, with
this manner of patching, if channel A mix
level is at 0, both gates must be open to
transmit any signal to the output. This
part of the instrument is designed so
that the two gates are 180° out-of-phase,
thus providing for some interesting
possibilities. With both gates in series
as explained above and both in 'voltage
controlled amp' mode, careful balance of
the LEVEL oflsets and output mix will



O/ ®

f%@

@
0.00

STORED PROGRAM SOUND SOURCE MODEL 208 contROL unr"rll pafamr M{uon nuuﬁoa OUTFUT  SICTION
PROGRAM L I prog. frant _1" L @ o @ E
!
aoARD Mﬁgrz signmal oulput frnm to pro, ignal in™ g c.vout frto prog |modce out
SiOulmTiaL VOLIAGHE souRcE -l':l\"llD-I Cininaton FULSER MODULATION osciaton (;MPII{,GS*IIQI’. GuaL i ] GAT f.—
| A
heyboard 3 keyboard keyboard [ e i in 4 . from mod. asc. 4
pulser 4 pulser self nnme | 0 0 Il T - - Bunirel
of f 5 sequencer Sequencer owl Itrim) Faavava out tfimp|f 2 = § '_'"_D_ _______ channel §
TILLCER SOURCE TAGES RIGCER SOURCE TRIGGER ETEQARD AVESHAPE NKETBOAR . i SITWAL RPUTING channel 4
b 4 b sustained triggered balanced external . 1111 lawpass filfer
Irlﬂlieﬂl@ of f a.m. oscillator . nn combinatsfn ____/_—
of f ane fm. oscillator AA voltage contrfiled amp
tse(Jseplince 00E SELECT MODE 0DULATION fine f fine wooE sfiect REVER -
tuning Sign funm, waveshap BERATION
~ LEVEL
P
|| —|—||-— .- — || — so|| — t—
=== ll=1= — i | R | phanes
= =IEIEIEEIEIE = EalE -
4 — p— — (| =6 || =] —
? o | | —I= p— — =5 || — MONITOR LEVEL
o {|—ll—l—ll—ll——||—1r0]|]|— —1]—.8 || — — R i P
U
OUTPUT VOLTAGE LEVELS attack duration decay PERIOD INDEX FREQUENCY PITCH $ 7
WiGHaLs FRGM KETADARD RANDOM YOLTAGE \@" N @ @ @ ? 8
O © 0O-0-0-0.2-0 ' .
pulser
o o aff ¢ 0
pulse  pressure  voltage RIGGER SOURCE QUTPUT  LEVEL
|DUCH ACTIVATED VOLTAGE SOURCE MODEL 218
o rone
* none .
output output in output output preset output
PULSE PRESSURE PORTAMENTO SLOPE KEY VOLTAGE SHIFT PRESET VOLTAGE SOURCE

P2



®

13 @@@

STORED PROGRAM SOUND SOURCE MODEL 208 Caniao utruTS IHVERTER AmP |-w|mr!' BIIICTOR CUTFUT  SLCTION

FROCRAM I -I prog. frant @ ,_i’ M @

h("/“zr-":)if
B04RD ? both ¢ sighal output -"rwﬂ prog to prog | signal s voul te prog |modcr out
SIGUINTIAL VOLIAGE sOuRcl INVILOPE GINIRAIOR Puisin __moouration oscifaron comPils OSCiuatde BuAL LORAYE Gall '
1
keyboard 3 keyboard keyboard rw 4 [ .5 from mod. esc. J
pulser 4 pulser selfl nnn |y | S |mm=== .{>_.._q
ofl 5 sequencer sequencer eul (trimi PR N gul  (teim) 3.@.' _[>_ _______ channel 8
TLXGER SOURCE 5 RIGGER SOURCE TRIGCER EYBOARD AVESHAPE KEYBOARD SIGNAL ROUTING
. -m/ channel 4
L. d triggered balanced external 1111 lowpass filter
‘l::;;:‘nt@ o!;‘ a. m. osciliator . nr combination —/__‘
ff one f.m. escillator AN voltage controlled amp
00E SELECT MODE 0DULATION fine ! fine MOOE SELECT REVER -
tuning sign funing wareshape BERATION
- LEVEL
w || —||—||-=||— —||—— ——r—w — 1| —mso| | —t—||— 10 || 4—|| —10
1EEEE S ESEES =B =l ==l =l = | ==
==l == === o o | b | b — SH==|l=-
N=i=l=Il= === s | B | e — —||=
N=ll=ll=II= === = =2 || — — | =2 MONITOR LEVEL
o || —||—I|—I|— — =t —— -—oU H—.-. ——|l—oe —0 ) 5

OUITPUT VOLTAGE LEVELS attack duration decay PERIOD INDEX FREQUINCY PITCH nunt | Lever 3 ’
.

SICHALL 1ROM KITROARD RANDOM VOLTAGE \©"“ ) @ @ 2 ¥
keyboard °© @ o o o o 1 ]
pulser

o o off C) 0) 0 "

pulse  pressure wollage RIGGER SOURCE QUTPUT LEVEL

TOUCH ACTIVATED VOLTAGE SOURCE MODEL 118
©—© Lo octave
noneg .
output output in output output preset utput
PULSE PRESSURE PORTAMENTO SLOPE KEY VOLTAGE SHIFT PRESET VOLTAGE SOURCE

L)

@®

®




result in phase cancellation ol the signal.
1f Gate 1 is in 'voltage controlled amp’
mode amd Gate 2 is in 'lowpass' wmode, the
phasce difference will cancel out various
portions of the lowpass spectrum, resulting
in effective simulation of highpass filter-
ing. In experimenting with this technique,
sel the LEVEL offset of Gate 1 at 10 and
adjust the LEVEL offset of date 2 to cancel
the low frequencies as desired (making sure
that both mix levels are up)., With rich
frequency spectra, continuous variance of
Gate 2 between the settings ol approximately
4 and 8 can give the effect ol '"phasing’

or 'flanging.' Series conmection of the
gates also presents the possibility of
double enveloping; o discussion ol this
patch appears on page 28 .

At this point it is timely lo introduce the
PREAMP, as it will usually be associated
with Gate 2, The external signal is
patched in through the wminiphone jack (23)
marked 'signal in.' A three-position
tgain! switeh (24) sets the PREAMP gain.
The 'lo!' gain is appropriate for high-
level signals such as from tape recorders,
tuners, or other Music Basels. 'Hi' gain
will be needed for conta~t mikes or high-
impedance mikes; instrument pickups will
usually require intermediate gain (mid-
position of the 'gain' swituhls. Choose
the gain that delivers a clear and undis-
torted signal. With the SIGNAL ROUTING
switch in the uppermost position, any
signal patched to the PREAMP is then
routed throupgh Gate 2 and is subject to
any of the three processing modes. 1 the
external signal is to be utilized in its
original lorm, simply set the LEVEL control
ol Gate 2 at 10 in the 'voltage controlled

amp' mode, The signal may then be
combined in any proportion with the
signal from Gate 1 in the OUTPUT SECTION,

The ENVELOPE DETECTOR associated with the
PREAMP will be discussed in conjunction
with control voltage generation (sec page
21).

The performer has now been exposcid to the
basic sound sources available from the
Music Basel, their manual control and the
manually controlled aspects of basic
signal processing. Additional audio
signal modification is made available
through the process ol modulation. In
terms of a general definition, modulation
may be thought of as a periodic variation
in some parameter of a sound., 1I this
variation is associated with the amplitude
of a signal it is referred to as Amplitude
Modulation; if the variations are applicd
to piteh the process is relerrcd to as
Frequency Modulation. Balanced or 'Ring'
Modulation is a form of Amplitude Modula-
tion in which the original signal is
cancelled, leaving only the frequencies
called '"modulation products' or 'side-
bands.' Since all forms of modulation are
now defined as 'periodic variations' of
their respective parameters, it is
convenient to establish a dedicated source
of these variations. This is the basic
function of the MODULATION OSCILLATOR.

In addition to being an audio resource,

as explained on page 5 , it will serve as
the modulating source, producing periodic
variations in either the piteh (F.M.) or
loudness (A.M.) of the COMPLEX 0SCILLATOR
signal. It will also serve to amplitude
modulate ('balanced external' mode) any
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signal applied to the PREAMP,

To illustrate use of the MODULATION
OSCILLATOR as a modulation source, set

the patch illustrated in Patch-chart 4,

A patch has now been established which will
periodically change the pitch of the COMPLEX
OSCILLATOR symmetrically around A-440 at

an approximate rate of 1% times every
second, which is the frequency of the
MODULATION OSCILLATOR. The amount of
modulation, or symmetric deviation from

the center frequency of the COMPLEX
OSCILLATOR, is referred to as modulation
index and is governed by the INDEX offset
control (25). With all controls set as
illustrated in Patch-chart 4, raise the
INDEX offset to a setting of .2. As this

is being done the performer will begin to
hear a slight vibrato in tihe pitch of the
COMPLEX OSCILLATOR. The width or depth of
the vibrato is determined by the INDEX
control. At a setting of .2 the pitch will
rise and fall about 25 lz (about a scmitone)
from the nominal 440 [z, This change is
periodically repeated every 14 seconds. As
the performer gradually raises the INDEX
offset the frequency modulation will become
more pronounced, producing a wider excursion
above and below the center pitch. As the
frequency of the MODULATION OSCILLATOR 1is

increased the rate of change will accelerate.

As the index approaches a maximum settiing

of 1,0, the center pitch will be less
obvious, due to the very wide sweep, With
higher modulation rates (frequencies of
about 20 Hz and above) and higher modulation
indices, c¢langorous sounds with extremely
complex spectra may be produced. With lower
modulation indices the partials are not as

pronounced and can serve as ellective
coloration of the pitch of the COMPLEX
OSCILLATOR. With a wmodulating lrequency
of about O lHz and a minimal index the
result is a pleasing vibrato. (Also try
this with a touch of reverb,)

With the frequency of the MODULATION
OSCILLATOR set below | Hz and the INDEX
approaching maximum,” the pitch ol the
COMPLEX OSCILLATOR will periodically be
driven above and below its center, produc-
ing various 'siren' effects. When
listening to modulation with this low a
rate one can directly perceive the wave-
shape ol the MODULATION OSCILLATOR. DBy
maintaining a low frequency setting and
switching the WAVESHAPE selector to
squarewave (middle position), the frequency
and index will remain the same, but the
effect will be characterized by a switching
back and forth around the center pitch,
thus articulating the shape ol the square
wave. By the same tokén, the sawtooth
waveshape will define a dilferent modula-
tion shape. Each modulating waveshape,

in different audio frequency ranges,
produces a different kind of modulation
product, or spectrum. The performer
should experiment with the various wave-
shapes available on both oscillators and
familiarize himself with the frequency
modulation characteristics in different
frequency and pitech ranges.

The performer should realize that the
waveshapes of both oscillators will
determine the richness and densities of
the modulation products (or sidebands).
Note that the quality of the resultant
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sound can also be greatly influenced by the
TIMBRE control on the COMPLEX OSCILLATOR,
By now setting the MODULATION switch to
'a.m. oscillator' all ol the variations and
processes previously discussed will be
applied to the awplitude or 'loudness' of
the COMPLEX OSCLLLATOR'S signal. The
frequency ol the MODULATION OSCILLATOR
governs the rate of amplitude change, the
INDEX determines the amount of dynamic
change, and the WAVESHAPE defines the
"shape,' or pattern, of change. With lower
modulating lrequencies and a moderate index
the effect is that of a periodic tremolo.
With higher modulating frequencies audible
sidebands will emerge. The performer should
note that with an INDEX setting of .5 ov
lower the COMPLEX OSCILLATOR will continue
to generate an identifiable pitech center.
This affords the possibilily of gencraling
complex timbres while sLill maintaining a
perceivable pitch reference. As the INDEX
is raised above a setting of .5 there will
be a gradual suppression of the lundamental
pitch of the COMPLEX OSCILLAToR. An INDEX
of 1.0 produces complete ring modulation,
which is characterized by total suppression
of the initial frequencies. In the
"amplitude modulation' mode the performer
should also experiment with quasi-gating
effects, Al low frequencies and high
indices the MODULATION OSCILLATOR can
impart a periodic envelope to the signal

of the COMPLEX OSCILLATOR.

With the MODULATION switch set to 'external
balanced' the MODULATION OSCILLATOR will
auplitude modulate any external signal coming
into the PREAMP. With the MODULATION
OSCILLATOR set at about 5 llz the elfect on

the incoming signal will be the same as
amplitude modulation, imposing a tremolo
eflect on whatever the incoming signal
may be. The depth ol the modulation is
again governed by the INDEX sctting.
Higher modulating frequencies accompanied
by increase of the INDEX to 1.0 will
result in complete ring modulation.

The design of the MODULATION 0SCILLATON
mikes it possible for the perlormer immed-
intely to select the modulation wmode, with
I'requency, waveshape, and index readily
accessable at the same location. Cowbined
with the wealth of control and timbral
resources on the COMPLEX OsCLLLATOR, tihe
availlability of external resources, and
I'inal processing through the DUAL LOPASS
GATE and OUTPUT SECTiON, the Music Kasel
provides the performer with a wide range
ol potential sound sources, timbral
control, and signal processing capability.
At the same time the front panel controls
are geared to deal with the special reyuire-
ments of real-time performance -- a maximum
amount ol selectability and variation with
a minimum number of pots and switches,

The validity of this design concept will
become more evident as the perlormer
becomes acquainted with the possibilities
of voltage control and the use ol PROGRAM
CARDS. Before these approaches are intro-
duced, it would serve the performer well
to spend some time exploring «ll ol the
possibilities presented thus far, A
complete understanding of the manual
controls and the range of variations they
present will lacilitate a broader under-
standing of the implications and rami-
fications ol control voltage programming,

9
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Programming

The sonic characteristics ol musical
instruments can be defined 'parametrically’
—— a particular instrument develops its
expressive range through variation of
parameters such as amplitude, piteh, and
timbre. A musician provides a combination
of stimuli (input, or playing) and the
instrument provides correlations between
these inputs and the resultant sounds.

Thus, an instrument may be thought ol as

a set of structurally defined correlations
between stimulus and response. The Music
Easel is so designed that the structure of
a particular 'instrument' is defined and
implemented by the performer. The various
parametric responses are determined by the
performer through the selection and applica-
tion of voltages. The correlations are
defined by networks of control settings and
interconncetions, so that several parameters
may respond in different manners to a single

stimulus. At the same time the state ol a
single parameter may be determined by a
combination of stimuli -- either articulated

directly by the performer or from pre-
programmed control scttings. This section
of the manuil will acquaint the performer
with the voltage sources available on the
Music Easel, their contirol, routing, and
suggestions for possible applications.

An important source of control voltages
is the Model 218 KEYBOARD. The KEYBOARD
provides various control outputs which
may be used in a variety ol ways. ILach
one of ithese voltages is paralleled into
two identical jacks, so they may be
simultaneously routed to different parts
of the instrument. Connections between
the KEYDBOARD and the PROGRAMMED SOUND
SOURCE are made with banana-plug patch
cords. Connect the KLY VOLTAGE output
(20) to the front panel marked SIGNALS
FROM KEYBOARD - 'voltage' input (27) as
illustrated in Pateh-chart 5. This

patch makes it possible to control the
pitch and frequency ol the two oscillators
dircctly from each of the 29 vollage keys
on the KEYBOARD. To complete this connec-
tion the KEYBOARD switch (14) on the
oscillators must be set to the 'in!
position, connecting the key voltages
directly to the oscillators. In order to
demonstrate the process of voltage control
the initial application of the KEYBOARD
will be in conjunction with the COMPLEX
0SCILLATOR,  With the KEYBOARD switch at
the 'in' position the interaction between
conjunct KEY VOLTAGES and the oscillator
will produce equal-tempered hall-step
pitech relationships over a range of i!—l/‘j
octaves. The tuning reference is variable
and may be adjusted to suil any perflorm-
ance situation. This adjustment is
achieved in the following manner: lirst,
see that all front panel settings agree
wilh the specifications given on Patch-
chart 5. Touch key f1 (lowest 'C'), The
pitch of the COMPLEX OSCILLATOR is now
determined by the voltage from that

10



STORED PROGRAM SOUND SOURCE MODEL 208 COMTROL ouTFuTs INVERTER PRIAME ¢ INYILORE DITRCTOR QuUIFUT  SECTION
PROGRAM 1 prog front Q Lo N @
I_ (7":»i
8040 be bath ¢ signal oulput .r’rum prog to prog s-‘gm“c.r.ut te prog fmo _n._u_t
IIGUINTIAL  VOLIAGE _30uscH (HVILOFE GINIEAIGR ruLiin MODULATION OICILLATOR COMPILIX  O3CILLATON BuAL  LOLA3S  Gatl I
keyboard 3 keyboard kqiulri At 4 - o6 from mod. osc. )I
pulser i pulser self nnn -[:)---
off 5 sequencer sequencer out ftrim AP out ftrimy channel &
CER SOURCE TAGES RIGGER SOURCE TRIGGER ETBOARD AVESNAPE KEYBOARD h) A
1 nne
B sustained triggered balanced external _|_|_u_ lowpass filter
transient oﬁ' a.m. oscillator . T combination
of f £ m. oscillater A voltage controlled amp
tse( seplnce 00 SELECT nan: ODULATION fine fine MODE SELECT BEVER -
tuning sign  funing waveshape BERATION
_ lﬂ'fl
o || —{|—I|-=l|—||——||—002| | — || —4— || —002|| —4—|| — 10 | | 4+— -|l —
s === =l1=73=1= ||=|TF=|1=0: | |—=||— ¢ || H4— — 0 — F"“""
1EEEEES =S s EaEEEaES = == |13
=l=I=l=lI==ll=2 === === =4 == p— —1= -
—l=l=l=lI==l = === =2 == =2 = = 0= =] wowiror tevel
o || —|1—lIl—Ul— 13—l |—ro || —||——|{—"0 || 4+— —aL -1 . . = .
OUTPUT VOLTACE LEVELS attack duration decay PERIOD INDEX ], | FREQUENCY PITCH TIMBRE }oLEve o ’
SIGMALS FROM KETADARD RANDOM VOLTAGE "" -C @ @ @ @ @ 2 8
O © o 00 : .
pulier
O 0Oy 5 ‘ "
pulse  pressure vollage RIGGER SOURCE QUTPUT LEVEL
TOUCH ACTIVATE VYOLTAGE SOURCE MODEL Pl
o soteve
* none
output output in output output preset output
PULSE PRESSURE PORTAMENTO SLOPE KEY VOLTAGE SHIFT PRESET VOLTAGE SOURCE

RC




particular key. The voltage will be 'memor-
ized' by the system and held until another
key is touched.  The KEY VOLTAGES way be
made to coincide with various tuning
references by means of the 'fine tuning’
control. Course changes in pitch reference
may be accomplished by changing the position
of the PITCH olfset. 1f the initial tuning
is done with the PLTCH offset in its lowest
position the performer will always be able
to return to that exact reference without
having to use the 'fine tuning' control.
"Fine tuning' and P1TCH offset only shiflt
the reference of the KEY VOLTAGE. The
individual pitch relationships are not
affected and they will maintain their equal
half-step intervals.

The KEY VOLTAGE may be conmected to the
MODULATION OSCILLATOR by means ol 1its
KEYBOARD switch; the same tuning procedure
is employed. With both oscillators being
simultaneously driven by the same voltage
they will track at a ratio determined by
the settings of the P1TCH, FREQUENCY, and
'fine tuning' controls. DBy kceeping the
frequency ratio of the two oscillators the
same, the complex timbres produced by
certain modulation processes will be
relatively independent of frequency.

The KEY VOLTAGE may also be connected to
control either oscillator through its
respective PLTCH (28) or FREQUENCY (29)
inputs on the Patch Field., Through this
patch it is possible to process the KEY
VOLTAGES to produce some interesting tunings.
With the COMPLEX OSCILLATOR'S KEYBOARD
switch 'ofl'' the PITCH offlset and 'l'ine
tuning' controls are used to establish an

initial reference, The polarity switch
marked 'sign' will determine in what
direction an applied voltage will change
the pitech, With this switch in the '+
pusition the control voltage will raise
the pitch above the offset relerence
setting; in the '-!' position the control
voltage will lower the pitch below the
reference setting. 'The pots associated
with PITCH and FREQUENCY control voltage
inputs are processing controls. The
function of these controls is to atlenuate
the incoming control voltage. The setling
ol a pot determines the range ol inflluence
that an applied control voltage can have
on its associated parameter.

I'or the initial experiments it is suggested
that the switch be in the '+' position.
Setting the COMPLEX OSCILLATOR at the
desired reflerence with the P1TCH offset
control, the performer should experiment
with dilfferent processing control levels,
With the processing control at about 1,0
the KEY VOLTAGES will divide a whole step
into 29 equal intervals; a setting of about
3 will divide an octave into 29 equal
intervals; and a setting of 7 will divide
'.2—1/3 octaves into 29 equal intervals.

The PITCI offset and 'fine tuning' controls
are then used to define pitch register

and to tune the oscillator to a precise
relerence,

By setting the polarity switch to '-' any
applied voltage will drive the oscillator
below the reference setting -- the higher
the KEY VOLTAGE the lower the pitch.

Since Lthe purpose ol the MODULATION
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OSCILLATOR is to amplitude or frequency
wodulate other signals, the voltage con-
trollable parameters are rrequency and
modulation index. PFreguency control works
in the same way as that described Tor the
COMPLEX OSCILLATOR and ihe same logic
applies to the control ol modulation index.
Set the MODULATION selector at 'a.m., oscil-
lator' and the INDEX processing control (50)
at 1.0, By patching rrom the KEY VOLTAGE
output of the KEYBOARD to the INDEX input
(directly below the INDEX processing
control) ol the MODULATLION OSCILLATOR the
KEY VOLTAGES may be used to deline the
index from slight modulation cvoloration tou
complete ring modulation. With the  INDEX
processing control at .5 the highest applicd
control voltage will not drive the voltage
controlled index past that point (provided
the INDEX offset is at 0). With ithe control
set at ,1 an applied control voltage will
cause barely perceivable modulation,

The PRESET VOLTAGE SOURCE associaled with
the KEYBOARD provides the perlormer with
three control voltage sources which are
independently variable over the entire
control voltage range. The three touch
plates each have an associated potentiometer
which is used to determine their voltage
levels, When one of the three keys is
touched, its particular voltage will appear
at the iwo parallel outputs. This voltage
may then be patched to any control input
and will lunction independently ol the KEY
VOLTAGES. One possible application would
be to control the pitch and requency ol
the two oscillators with the KEY VOLTAGES
(patched through the KEYBOARD switches).

A modulation mode could then be selected
amd its index could be pgoverned by the

PRESET VOLTAGE SOURCE as illustrated in
Patceh=chart 6. This would allow the
pertormer to make instantaneous and precise
changes in the index while dealing inde-
pendently with the piteh and requency ol
the respective oscillators, The el fect

ol the PRESET VOLTAGE SOURCE on the index
could be scaled up or down by altering

Lthe setting of its processing input.

Other applications ol the PRESET VOLTAGE
SOURCE are via the three-position SHLIFT
selector (31). With this selector in the
‘octave!' position the KBEY VOLTAGES con-
trolling an oscillator are touch selectable
over a range ol three octaves., The leflft-
hand key ol the PRESET VOLTAGE SOURCE
delines the lowest octave, the wmiddle key
transposes the entire keyboard voltage
range up one octave, and the righthand
key transposes the keyboard voltage uap
two octaves. This makes it possible for
the performer instantly to select octave
registration without having to olflset the
oscillators with the PITCH or FREQUENCY
controls, With the SHIPT selector in
'shift' mode each ol the PRESET VOLTAGE
levels will be added to the KEY VOLTAGE
output. 11 this voltage shill is applied
to the frequency control ol an oscillator
it is possible to select any interval of
transposition between a microtone and a
major ninth. PFor exaaple, the KEYBOARD
and associated controls may be driving
the oscillator so that a 'C' scale on tLhe
keyhoard actually produces o 'C' reference
scale,  With the SIHIFT selector in the
'‘none' position the PRESET VOLTAGE SOURCE
will have no effect on the output voltages.
With the r'irst Preset key control set at
about 11:00, turn to the 'shil'l' mode il
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touch the rirst key. The outpul of the KEY
VOLTAGE will be shilted so as to produce an
"FYoseale, a perfect fourth higher on the
oscillator. The three Presets may be tuned
to any interval ol transposition and called
up as needed. To return to the original
tuning return the SHIFT selector to 'none.'
It should he noted that the octave shift is
actuanlly a I12-key interval and will only be
an integrai octave when the oscillators are
tuned to a I2-note scale, as through the
KEYBOARD switch,

Thus far the KEYBOARD has been dealt with
only in terms of its ability to produce
instantaneous discrete voltage levels. As
the name implies, the PORTAMENTO output

(32) provides a linear glide between succes-
sive voltage levels. The PORTAMENTO voltage

may be applied to an oscillator through the
SIGNALS FROM KEYBOARD - 'voltage' input on

the front panel. This makes the PORTAMENTO
voltage accessible to the oscillators by

means of their respective KEYBOARD switches.

It is also possible to patch directly to
any control input through the Patch Field
and then process the voltage as desired.
The PORTAMENTO control (33) delines the
angle of the portamento slope from one
voltage to the next. The slope is also
voltage controllable through the associated
jack (34). The manual portamento setting
will define the maximum time and any
applied control voltage increases the
portamento speed. One application of this
is illustrated in Patch-chart 7. The

pitch of the COMPLEX OSCILLATOR is controlled

directly from the KEY VOLTAGES via the
KEYBOARD switch. The SHIFT selector is in
the 'octave' mode, so registration is

selectable. The COMPLEX OSCILLATOR is
being amplitude modnlated at the frequency
of the MODULATION OSCLLLATOR, which is
heing determined by the PORTAMENTO voltage.
The portamento slope is being determined
by (he PRESET VOLTAGE SOURCE kevs. The
portamento voltages cause the resultant
complex modulation speetrum to glide
hetween one point and another. The
characteristic of this patch, or instru-
ment, is that higher registration will bLe
directly linked to faster spectral shilts.

While KEY VOLTAGE is frequently used to
determine pltch, application to other
dimensions is also readily accomplished.
Using a patch cord, the performer may
conmect the KEY VOLTAGE output to any of
several control voltage inputs in the
Patch Field (e.g. Gate Level, Tiwmbre,
Index, etc.). The control voltage input
jacks are coded black to distinguish them
from the control voltage outputs. Start-
ing with the DUAL LOPASS GATE, application
of the KEY VOLTAGES to tie control input
of either gate will allow its level to be
controlled directly by the KEYBOARD. With
a gate in the 'voltage controlled amp'
mode, set the offset LEVEL control to '0'.
The processing control (35) directly to
the left of the offset control determines
how much effect the control voltage will
l.ave on the controlled parameter --- in
this case, the level of the signal. With
the processing control at '0' the control
voltage is completely attenuated and has
no effect on the gate. With the process-
ing control at some minimal setting
(around 2 or 3) the high end of the
keyboard will produce barely audible
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signals. With the processing input set at
around 9 or 10 the keyhoard voltages will
produce an expanded dynawmic range, with
higher keys producing proporitionally higher
levels. By shiltting the KEY VOLTAGES up
(either by the 'octave' or 'preset' mode)
the gate will receive higher control voltages
and the available dynamic range will like-
wise be expanded, The LEVEL offset control
establishes o minimal reference and the
applied controls drive the level up I'rom
that point. "The relationship betlween the
olfset control and processing control should
be exploved and well understood, as ils
logic will soon be applied to other param-
eters. The LEVEL offset controls determine
initial levels and the processing controls
determine the potential level increases
that applicd control voltages can ellect,

Using the same patch as previously
described, set the MODE SELECT switch to
"lowpass [ilter.' The LEVEL oflsel control
will now define the initial cut-olf
frequency and the processing control will
determine how lar above that level an
applied voltage will change the cut-ofl.
Since the KEYBOARD provides 29 equally
spaced voltages, 29 equidistant cut-ofl
frequencies can be selected, with the size
of the intervals dependent on the setting
of the processing control, This same logic
applies to the gates in 'combination' wode.

Il the KEY VOLTAGE is patched to the TIMBRE
input (36G) of the COMPLEX OSCLLLATOR, it is
possible to control timbre directly ['rom
the keys. 1In experimenting with this
dimension the gate should be set in the
'voltage controlled amp' mode, so it does
not alfect the Ltimbre at that stage. The

setting ol the TIMBRE offset control will
deline the winimum amount ol lTower har-
monic accentuation, The processing level
will then determine the deviation that an
applicd control voliage can ellect,  With
the processing control at a Tow settling
(2 o1 5) the KEY VOLTAGES will produce 29
different timbres over a rather limited
range. A much wider timbral range is
produced with the offsetl control at O and
ithe processing control at 10,

The PRESSURE output (37) consists ol a
voltage that is proportional to the linger
pressure applicd to any ol the keys.  Key
pressure technigue actually involves
varying the awmount ol Finger surlace in
conlacl with the key. The pervlormer should
practice rolling the Finger back and Torth
on a single key to become adept at this
technique, The PRESSURE voltage is
connected from the KEYBOARD to the Iront
panel (38) as illustrated in Patch-chart
&, and this makes it available at any ol
the violet jacks on the Patch Field, This
voltage may be applied Lo any controllable
parameter, bui its manner ol production
may imply some suggestions to the perlormer,
I'or example, KEY VOLTAGES may be uscd to
control the pitch of the COMPLEX 0SCILLATOR
while the PRESSURE voltages are used flor
control of timbre. This patch is illus-
trated in Patch-chart 8. The character-
istic ol this patch is that harder
articulations on the KEYBOARD will produce
brighter timbres as determined by the
setting of the TIMBRE processing control,
The decay ol the tiwmbre is controlled by
the release ol the key,

Another approach would be to have the gate
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"sustained,' In '"transient’ mode the
segment times will be as indicated by the
front panel settings. In ‘sustain' mode
the duration will depend on the length of
the applied trigger, Upon reception ol a
trigger the envelope voltage will rise
according to the 'attack' time setting,
sustain as long as the trigger pulse is
active, and will enter the 'decay' portion
of the cycle when the trigger is released.
In '"transient’' mode the duration time is
governed only by the 'duration' pol and is
independent of trigger length (see Figure

2).
fw.r [

duration

-
attack

-~
decay

TRANSIENT MODE SUSTRIN  MOPE
The envelope voltage is available from any
of the three orange jacks on the Patch

Field and may be applied to any controllable
parameter. If applied to the PITCH control
of the COMPLEX OSCILLATOR the voltage will
cause the pitch to rise, sustain, and fall
in accordance with the envelope settings.
The envelope may be compressed to the
performer's requirements through the use of
the PITCH processing control. This control
only limits the pitch excursion caused by
the envelope and has no effect on any ol the
time values. As soon as the LENVELOPE
GENERATOR receives a trigger the voltage
will cause the pitch to rise from a point
determined by the offset conirol. With the

processing input at 10 the envelope
voltage will cause maximal pitch excursion
ol the oscillator. It will sustain
according Lo the 'duration' setting (or
trigger length, il in 'transient' mode)
and then decay back to the original pitch
as deflined by the 'decay! time. 1[I the
processing input is sel to 5 the pitch
change will follow the original time
seltlings, but the excursion will be only
hall as far. With the processing control
al a very low setting the pitch excursion
will be winimal (see Figure 3). This

FIGURE 3

PROCESSING AT 10 ATS ar i

control may be inverted by the Polarity
switch (46) so the attack portion of the
envelope will cause a pitch drop, sustain-
ing at some low pitch as defined by the
processing control, The decay voltage will
then cause a rise in pitch back to the
original setting (see Iigure 4).

The harmoniec spectrum of the COMPLEX
OSCILLATOR may be varied in many different
wiays using the ENVELOPE GENERATOR, One
such possibility is illustrated in Patch-
chart 10, PITCH is controlled dircctly
from the KEY VOLTAGES, and the ENVELOPE

16
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FIGURE 4

Feguency

voltage \\
7

GENERATOR, when Lriggered by a pulse [row
the KEYBOARD, controls TIMBRE. The result
is that each new pitch is accompanied by a
transient timbral surge, The performer
should explore the results of various TIMBRE
processing settings in conjunction with the
variations available on the ENVELOPE
GENERATOR (attack, duration, and decay times
as well as 'sustained' and 'transient!'
modes ). Also explore various types of
modulation processes and modulation fre-
quencies.

If inverted envelope control is required
apart from the COMPLEX OSCILLATOR, it may
be realized by means of the INVERTER.
Inversion is a special processing by which
voltages are, in effect, turned upside-down.
A voltage level of 10 becomes O, 9 becomes
1, 6 becomes 4, and so on. Through the
process of inversion ascending voltages
become descending voltages, and vice versa.
Various envelopes and their inversions are
shown in Figure 5. The voltage to be

inverted is palehed to the INVERTER input
(47) from any desired control voltage output
by means of a banana patch cord. The

inverted voltage then is taken from the
INVERTER output (48) und patched to any

desired control voltage input by means of
a second banana patch cord.

FIGURE K

normal

{nverted

Simultaneous normal and inverted envelopes
can produce some interesting results,
particularly if applied to related param-
eters. An instrument based on this type
of patch is illustrated in Patch-chart 11.
The pitch of the COMPLEX OSCILLATOR is
being directly governed by the KEY VOLTAGE
and is being frequency modulated by the
MODULATION OSCILLATOR. The modulation
index is controlled by the ENVELOPE
GENERATOR, which is triggered by KEYBOARD
pulses. At the same time, the envelope
voltage is being inverted and used as a
control for TIMBRE.

One of the most common uses of the
ENVELOPE GENERATOR is the generation of
control VOLTAGES for gating. With the
DUAL LLOPASS GATE an envelope may be used
to determine a transient amplitude contour

('voltage controlled amp' mode), lowpass

17
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spectrum (Clowpass ™ wmode ), or a combination
of hoth ('combination' wode), With the
LEVEL oifrset control at 0 Lhe gating
characteristics may bhe tolally delined by
the shape ol the cnvelope voltage., By
raising the offsetl control one may establish
higher initial levels and/or richer timbral
references.  The envelope will then gate
from that point., With i1he gate in 'combina-
tion' wmode the use ol very short or sharp-
edged envelopes can produce elflective
percussive sounds. With the ENVELOPLE
GENERATOR set in 'transient'! mode and the
attack, duration, and decay at minimum, thce
resultant envelope will be a pulse ol less
than I/IUU second duration, I the COMPLEX
OSCILLATOR is generating a rich [requency
spectrum (due to the TIMBRE setting or some
modulation process), the elffect will he a
resonant percussive sound. The 'lowpass
FMlter' element in this pateh has a some-
what slower response time than the 'voltage
controlled amp.' Therefore, Lthe 'voltitage
controlled amp,' in part, provides the
sharp attack and the 'lowpass lilter' gives
the eflect ol resonance, due to the slower
decay of the lower freguencies. This type
ol patch is incorporated into the '"drumming'
instrument illustrated in Patch-chart 12,
The frequency spectrum may be varied hy the
TIMBRE offset and/or the PRESET VOLTAGE
SOURCE (controlling modulation I'requency
and index). Also try controlling the
COMPLEX OSCILLATOR r'rom the PORTAMENTO
voltage.

The PULSER is either o continuous or 'single
shot' source ol triggers and simple control
envelopes., Upon receiving a trigger the
PULSER will generate a linearly descending
"ramp! voltage that is available at the

yellow jacks on the Patch Field, When
the rvamp, or envelope, voltage reaches 0
the PULSER produces o trigger which is
avallable at any of the TRIGGER SOURCE
switehes z:-;uu Figure 6). With the MODE
solector (M9) set atl '"triggered! ihe
PULSER way be ired by pulses ffrom the
KEYBOARDy itselr ('selr! |Iluch~.],t)l' the
SEQUENCER (see page 20). The desired
Lrigger is sclected by the switeh marked
TRIGGER (50).  With the MODE swilch at
Lthe center 'ol " position the PULSER will
not react to any triggers,  The bottom
'one' position is spring loaded and is
used Lo ire the PULSER manually .,  Wilh
the TRIGGER selector set at the 'sell!
position ils own trigger outpul is used
as the trigger source. In this mode the
PULSER will continue to lire at a rate
delined by Lhe PERIOD offset control (51).
Sinece all Ariggers are generated at the
end ol the ramp, the PULSER must receive
an initial trigger to begin ithe cycle,
This is accomplished by pushing the MODE
selector to 'one!' and quickly re-setting
it Lo the '"triggered' position,

trgger || FIGURE ©
ramp out
e riod
/m?se ouvt f e __-—)-n

The decay time of the rawmp envelope is
called the PERIOD and may be varied rom
L0002 1o 10 seconds,  The PERIOD is also
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voltage controllable through its control
voltage input on the Patceh Field, The
PERTOD offlset establishes the initial
(maximum) period, and the processing
control (52) determines the degree of
shortening ol the period that an applied
control voltage can el fect. The ramp
voltages are available from the yellow
jacks on the Patch Field,

In order to become acquainted with the
operation of the PULSER, patch up the
instrument illustirated in Patch-chart 13.
Before listening to this patch, attempt
a careflful analysis 1o see il the sonic
results can be predicted. The PULSER is
set to fire every 10 seconds. Each time
it does so its ramp voltage drives the
modulation index from .5 down to 0. At
the same time, the PULSER'S ramp voltage
is inverted and used as a control lor
the frequency of the MODULATION
OSCILLATOR. When the ramp voltage is 0
the inverted voltage is at maximum,
producing a high modulating frequency.
When the ramp voltage is generated the
inverted form drops the frequency to a
lower point and it then rises again
according to the period of the PULSER.
(The descending ramp slope is inverted
to produce a rise in frequency.) At the
end of each cycle the PULSER sends out a
trigger to fire the ENVELOPE GENERATOR.
The ENVELOPE GENERATOR'S voltage is used
to produce transient timbral surges.

The performer's input is in the selection
of KEY VOLTAGES, which determine the
initial frequencies for the oscillators,
and finger pressure, which shortens the
PULSER'S period. BExperiment with various
offset and processing settings and the

various octave shifts on the KEYBOARD.

The MODULATION OSCILLATOR has another
front panel output (53), which wmay be
used as a source ol periodic control
functions. This output is a control
voltage with the same f[requency and wave-
shape as the MODUIATION OSCILLATOR and
may be connected to any control voltage
input by means of a banana patch cord.
One possible application is to use this
voltage to control the timbre ol the
COMPLEX OSCILLATOR. In this instance the
MODULATION OSCILLLATOR is being used lor
"timbre modulation' instead of the usual
AM or I'M. Another interesting possibility
is simultancous AM and M, On the
MODULATION OSCLLLATOR set the MODULATION
mode lor 'a,m. oscillator' and, at the
same time, patch the 'mod. c.v. out' to
the PITCH input of the COMPLEX OSCILLATOL.
In this case the frequency modulation
index is a function of the PITCH process-
ing setting. The performer should also
consider the potentials of using this
voltage as a source of simple envelopes,
controlling either of the LOPASS GATES.

The SEQUENTIAL VOLTAGE SOURCE provides
sequences of triggers and stored control
voltages, The OUTPUT VOLTAGE LEVELS are
independent of each other and are preset
by associated slide pots (54). The
sequence of five output voltages is
available I'rom any ol the blue jacks on
the Patch I'ield. The STAGES selector (55)
makes it possible to limit the sequence
to three, four, or five positions. (A
two-stage sequence is also available by
use of the PROGRAM CARD.) The SEQUENCER
is advanced from one stage to the next by
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the applicalion ol Lriggers lrom cither the
KEYBOARD or the PULSER as delined by Lthe
TRIGGER SOURCE scleclor (50). Wwith the
TRIGGER SOULCE switeh at the 'of ' position
the last incremented voltage will contlinue
to be available at the output jacks. When
setting the various output voltages it may
be easieslt to use Lhe KEYBOARD as ihe
trigger source, In this way each voltage
level may be carefully '"tuned' and then

advanced to the next stage by touching a key.

When incremented, cach stage sends out a
pulse which may be used to trigger the
PULSER or the ENVELOPE GENERATOR. ((Itllul'
routing is available on the PROGRAM CARD.)
The trigeger from any selected increment may
be disabled by having the corresponding
PULSE SEQUENCE switeh (57) in the down
position. One application ol this leature
is to use the SEQUENCER'S various triggers
to articulate rests in a pitch sequence,
Referring to the patch illustrated in
Patch-chart 14, the SEQUENCER'S Output
Voltages are deflining the lollowing pitch
pattern for the COMPLEX OSCILLATOR:

5 - |
é De —a—1]
) P [

The various pulses from the SEQUENCER are
triggering the ENVELOPE GENERATOR which,

in turn, is opening Gate 1. By switching
the various pulses in and oul, and by
varying the number ol stages in the sequence,
the following patterns are possible:
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The SEQUENCER may also be used Lo program
complex repetitive rhythmic patterns.
This is done by patching from the SEQUENCER
voltage output to the PERIOD input of the
PULSER, which is set in 'self' triggering
mode, The triggers Irom the PULSER, in
turn, f(ire the SEQUENCER. The rhythmic
pattern is delined by the vairious voltlage
output levels of the SEQUENCER -- as cach
stage is advanced it sends a difflerent
control voltage to the PULSER, thereby
changing its period,

Patech=chart 15 illustrates an interesting
instrument whose operation is based on the
SEQUENTIAL VOLTAGE SOURCE.  The PULSEN is
in 'sell!' trigger mode and is supplying
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triggers to the SEQUENCER. The SEQUENCER,
in turn, determines the period ol the
PULSER and also is inverted, programming
the timbre of the COMPLEX OSCILLATOR, 'The
INVERTER is used so shorter periods are
correlated with less complex timbres. The
SEQUENCER is also supplying voltages to the
MODULATION OSCLLLATOR, thus varying its
frequency. The SEQUENCER is also supplying
triggers to fire the ENVELOPE GENERATOR,
the voltage output of which is varying the
modulation index. By switching different
SEQUENCER triggers in and out, various
timbral patterns vesulting from INDEX var-
iation may be plaYed. The frequency of the
MODULATION OSCILLATOR is being driven up
into the audio range and is audible via
Gate 2 and 'channel B' mix level. Explore
the various pulse sequences, SEQUENCER
voltage output levels and offsets, and
discover the range of musical possibilities
inherent in this patch.

RANDOM VOLTAGE is a source of stored random
voltage levels, When triggered by either
the KEYBOARD or the PULSER a new, uncorre-
lated, random voltage appears at each ol

the four white outputs on the Patch lField.
These voltages will remain at a constant
value until another trigger is applied.

With the TRIGGER SOURCE selector (58) at the
'off' position the RANDOM VOLTAGE SOURCE
will not react to any triggers and will hold
the last triggered voltage. A possible
application of this voltage source is
illustrated in Patch-chart 16. The PULSER
is set in the 'self' triggering mode and
fires the RANDOM VOLTAGE SOURCE. One random
voltage determines the pitch of the COMPLEX

OSCILLATOR, another random voltage determines

timbre, and a third random voltage defines

the gate level., The amount ol randomness
that cach new voltage imparts to cach
parameter is determincd by the processing
input pot. With the processing pot at |
that particular character ol the sound
will randomly vary a slight amouni beyond
the reflerence set by the offset pot. As
the processing input is raised the degree
of randomness will proportionally increase.

The ENVELOPE DETECTOR provides the perlorm-
er with a direct means of control voltage
generation. An audio signal patched into
the PREAMP will produce a control voltage
proportional to the amplitude ol the
applicd signal, This voltage is then
available at the conirol voltage outputl
marked 'c.v. out! (59) and may be patched
to any control input. Figure 7 illustrates
various input signals and the resultant
control voltages.

Frea.m? out

FIGURE 7
envelo

control wﬁtcﬂe
out

Some interesting correlations may be made
by coupling external signals to the Music
Fasel and simultaneously using them to
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genera te control voltages. As an example,
connect a microphone to the PREAMP and select
a suitable gain setting as described on page
7 . Set the DUAL LOPASS GATE Routing switch
so that the PREAMP signal is routed through
Gate 2. With a stackable banana cord connect
the ENVELOPE DETECTOR control voltage output
to the LEVEL input of Gate 1; set its elfect
to 0 and its processing input to 10, Now
Gate 1 will pass the signal from the COMPLEX
OSCILLATOR only when a control voltage 1is
generated from the microphone. Next, attach
another cord from ihe ENVELOPE GENERATOR
(from an unused leg of the stackable banana
plug) to the TIMBRE input of the COMPLEX
OSCILLATOR. Set the TIMBRE offset at 0 and
the processing input at about 8. Now the
external signal from the microphone will
simultaneously define the amplitude and
timbre of the COMPLEX OSCILLLATOR, This
patch is very effective when one sings the
same pitch as the COMPLEX OSCILLATOR is
generating. The vowel changes produced by
the voice also cause loudness variations in
the voice, which result in higher detected
voltages. In turn, these voltages generate
richer timbres and louder signals from the
COMPLEX OSCILLATOR. DBy careful mixing of
the two signals (the voice and the COMPLEX
OSCILLATOR) in the OUTPUT SECTION the
COMPLEX OSCILLATOR will be made to appear to
be reproducing the various formants (vowels)
of the voice.

This patch may be varied to produce a
variety of control relationships. For
example, the ENVELOPF DETECTOR could also
be used to control the frequency of the
MODULATION OSCILLATOR, processing the
voltage and offsetting the lrequency as
desired, Or, one might experiment with

controlling the INDEX with the PULSER'S
ramp voltage and the PULSER'S period with
the ENVELOPE DETECTOR. It would then he
possible to trigger the RANDOM VOLTAGE
SOURCE and the SEQUENTIAL VOLTAGE SOURCE
wilh the PULSER and trigger the LENVELOPE
GENERATOR with the SEQUENCER. The various
random voltages might then be patched to
any of the Music Easel's controllable
dimensions. One such possibility is
illustrated in Patch-chart 17. This type
ol control network produces an instrument
with characteristics largely dependent on
the nature ol the incoming signal.

The performer now has the information
necessary to begin an investigation into
the total potential of the Music Fasel.
In exploring the various patching possi-
bilities, keep these two things in mind:
I'irst, the Music Easel is a collection of
variable parameters that will respond to
the performer's stimuli (key voltage
selection, manual level settings, pressurce
voltage analogs, incoming audio signals,
etc.). The manner in which various
dimensions respond to applied stimuli and
the way they all contribute to the final
musical event defines the instrument.

All of these variables are under the
control of the performer and their artic-
ulation may be as simple, complex, related
or unrelated as the performer wishes,
Second, be analytical! A requisite of
real-time performance is that the
decisions of the performer be implemtned
right now! The Music Easel will respond
at the speed of sound, so any lag between
decision and the instrument's reaction
lies with the performer. This aspect ol
real=time techniyue is only developed
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through a complete understanding of the Resistors of 10 different values, ranging

relationship between the control and the from 120K to 4.7 meg.n , are used to
controlled. In a performance situation replicate the front panel switch positions,
the performer usually does not have the time control voltage connections, and pot

to trace through a patch in order to figure settings, The OUTPUT SECTION is not

out how to increase timbral range or shorten controlled by the Program Card, as these
voltage cycles; he must be able to react parameters are usually adjusted according
immediately to implement various on-going to the performance space and situation.
decisions about the nature of the instru- The Music Easel is designed so that all
ment. The player of a conventional slide pot calibration marks are parallel
acoustical instrument learns a set ol pre- across the front panel and all settings
defined relationships. The performer on may be read or translated on a scale ol 0
the Music Basel has the option of delining to 10, Ior example, an attack time of .2
and modifying such relationships in terms is translated to a level of 6; a modula-
of his own musical needs. tion index ol .5 is translated to a level

ol 5; the COMPLEX OSCILLATOR pitch of
660 1z translates to a level ol 7, and so
on ., The various resistors and their

l /l respective conductance values are as
45? Y7 o, follows:
4

Conductance Value Hesistance Color Code
(level setting)

ro ram in 10 120K N lir'.~l§etl~\:u.
p , g 1/ 1, /m g 8 150K o Br.-Gr.-Ye.

(8] 200K Red-Bl1.-Ye.

4 300K Or,-Bl.,-Ye.
Any patch or instrument definition available 2 3?“““ Dr.—wh.—te.
through the front panel connections and - f).}(llf_.n. f}lll.—flﬁil—\li'.
level settings may be replicated on the 1.5 820K n ry.-Red-Ye,

1 1.2 Megn Br.-Red-Gr,

Model 208 Program Card. In this way the

performer may instantly and accurately ?) i‘}'!‘ Meg.n n“d_“?'_(i':'
change entire patches in the time it takes 25 1.7 Megn Ye‘_\“'_('ll '
to remove and insert a new card in the Any number of resistors may be summed to
Program Card slot, The Music Easel comes arrive at a particular conductance value.
with a supply of 10 cards and a collection For example, a value of 5 may be achieved
of programming resistors. As the perlormer's with conductance values of 4 and 1; a level
library of patches and instruments grows, of 9,25 requires conductance values ol 8,
additional Program Cards and resisiors may 1, and .25, Methods of physically repli-
be obtained from Buchla and Associates. cating these summed values on the Program

Board will be discussed later. Trigger
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connections require conductance values of 3,
and the switch positions are duplicated with
values ol O, 3, and 0, (No resistor corres-
ponds to the switches' lowest position.)

The top portion ol the card is concerned

with trigger routing, switch positions, and
sequencer programming; the lower scction is
used to define the control voltage routing,
offset and processing levels (see Figure 8).

£
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Belore complex patches are attempted each
one ol the programmable parametiers should
be thoroughly understood. Beginning at the
far lelthand side ol the card, Lhe lirst
device Lo be dealt with is the SEQUENTIAL
VOLTAGE SOURCE. Figure 9 illustrates all
ol the SEQUENCER functions and their
corresponding locations on the Program
Card, The five OUTPUT VOLTAGE LEVELS are
replicated by soldering resistors ol the
appropriate conductance values across cach
of the r'ive sets of connection points,

I'or example, suppose the voltage levels ol
B, h, 2.5, 7.25, and 0 were Lo be dupli-
cated on the Program Card. One would
simply insert the various resistors as
shown in Figure 10.

The values 8 and 4 are single resistors.
A value of 2.5 may be achieved with either
a 2 and .5 or with 1t and 1,5, In 1this
case Lthe values are summed by inserting
bhoth resistors in parallel across the
common connecltion as illustrated. A value
ol 7.2% may be obtained hy summing 6, 1,
and .25 in the same manner,  The voltage
level ol 0 is replicated by leaving the
connection open.

The resistors are inserted into place by
First bending one end ol the wire lead at
a 90" angle with a pair ol needle-nose
plicrs., Measure and similarly bend the
other end ol the wire so both lTeads may
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easily be inserted into the proper holes in
the Program Board. Press the body ol the
resistor flush against the board and hold a
heated soldering iron so that it simultan-
eously heats the wire lead and the copper
conductance strip on the back of the board,
Apply a bit of solder to that point and then
remove the iron, leaving a clean, shiny
weld, Take care not to use too much solder,
as excess amounts may run over and make
connection with other conductance strips.
Finally, snip off the remaining wire lead

as illustrated below. When summing is
necessary the best method is to stack the
resistors by looping the wire leads around
each other as illustrated below.

FleuRE i1

After all OUTPUT VOLTAGE LEVELS have been
replicated the next step is to set the
number of STAGES in the sequence. A two-
stage sequence (not available on the front
panel) is defined by using a conductance
value of 10 across the connection marked
"N." A three-stage sequence uses a con-
ductance of 6, four stages - 3, and flive
stages - 0 (no resistor% The settings of
the PULSE SEQUENCE switches are duplicated
by soldering conductance values of 3 across
the appropriate connections. 1I1f the PULSE
switch positions were to be "on-on-off-on-
off," the Program Card would appear as in
Figure 12. A value of 3 replicates an "on"
position and no resistor replicates an "of{"
position, Trigger interconnections are

established with conductance values of 3.

FIGURE W/- “1kPlkPS
12 |o"itezs | |uN Y. |tE| e,

SEQUENCEI RAND

e o ® 6 @

1t the SEQUENTIAL VOLTAGE SOURCE is to be
triggered by the KEYBOARD, solder a 3
across the "K" connection. If the trigger
is to come from the PULSER, solder the
resistor across the "P" connection. The
"olI'l" position for the TRIGGER SOURCE is
defined by leaving the connection open

On the Program Card it is possible to sum
the trigger sources; to trigger the
SEQUENTIAL TRIGGER SOURCE from both the
KEYBOARD and the PULSER, simply solder 3's
across both the "K" and the "P" connections.

The next two functions, the RANDOM VOLTAGE
and PULSER triggers, are defined in the
same manner with conductance values of 3.
The Program Board also provides for trig-
gering the RANDOM VOLTAGE SOURCE by the
SEQUENCER pulses (the "S" connection), a
mode not available on the front panel.

The ENVELOPE GENERATOR requires definition
ol the TRIGGER SOURCE and the attack,
duration, and decay parameters. The three
time lunctions must be translated into
their respective conductance values by
tracing the pot settings over to the far
left numerical indications associated with
the SEQUENCER'S OUTPUT VOLTAGE LEVELS.
Consequently, 002 becomes 10, 1 SEC. = I,
10 SEC, = 0, ete, The TRIGGER SOURCE is
defined in much the same way as before,

(%]
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except that in this case the conductance
value of the resistor also serves to define
the mode. A value ol 35 across the TRIGGER
SOURCE connection defines the '"transient'
mode . It a value of 10 is used to make the
connection it establishes the 'sustained’
mode .

The three switch selectable functions for
the MODULATION OSCILLATOR are programmed at
the next location on the card. The [irst
connection, marked "key," replicates the
position of the KEYBOARD switch; a conduct-
ance of T@ror the "in" position and 0O for
the "out" position. The "mod" connection
determines the type of modulation, with a
conductance of 6 for "balanced external," 3
for "a.m, oscillator,” and O for "Il.m.
oscillator.” The "W.S." connection defines
the waveshape of the MODULATION OSCILLATOR
with 6, 3, and 0 programming sawtooth,
square, and triangle, respectively.

The COMPLEX OSCILLATOR is programmed in
much the same way. The "key" connection
replicates the position of the KEYBOARD
switch,b3 = "in," 0 = "out." The two "W.S."
connections define waveshape. The center
connection replicates the WAVESHAPE pot
position, using corresponding conductance
values of 0 to 10. The right connection
refers to the WAVESHAPE switch position
with spike, square, and sine defined by the
respective values of 6, 3, and 0O,

The top right section of the Program Card
defines MODE SELECT and SIGNAL ROUTING for
the DUAL LOPASS GATE. The mode connections
for Gates 1 and 2 use conductance values of
10, 3, and 0 for "lowpass," "combination,"
and "voltage controlled amp." The SIGNAL

ROUTING switch position is replicated with
the same format —- a value of 6O across the
"S.R." connection causes tGate 2 to receive
its input from the PREAMP. A value of 5
connects it with the MODULATLION 0O5CI1LLATOR
and a value of 0O connects the two gates in
series,

Construction of the Program Card will be
facilitated if the performer remembers ihis
format: All analog voltage levels use
conductances of 0 to 10; all triggers use

3 (the ENVELOPE GENERATOR "sustained" mode
uses 10); all switch positions require
values of 6, 3, and 0 (MODULATION
OSCILLEATOR "Key" :ad;, COMPLEX 0SCILELATOR
"Key" :éé}. .

The lower portion of the Program Card pro-
vides flor programming ol control voltage
routing and offset and processing levels.
The layout of this part of the Program Card
is a matrix with the inputs lying along the
X axis and the outputs along the Y axis.

A highlighted diagram ol this layout is
illustrated in Figure 13. A resistor of
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the desired value across any input and out-
put thus functions both as the connection
and the level setting. As before, all
level settings must be translated to the
0-10 scale and then replicated with resist-
ors of the corresponding conductance value.
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At this point the programming will best be
illustrated by working through a hypothetical
patch and discussing its realization on the
Program Card. Patch-chart 18 illustrates a
simple performance instrument; its Program
Card realization appears in Figure 14,

There is no special sequence required in
setting up the Program Card. The performer,
however, may wish to standardize his approach
until he is thoroughly familiar with the
procedures involved. The sequence to be
followed in this manual is to set all
triggers and switch positions before dealing
with control voltage programming. Beginning
with the ENVELOPE GENERATOR, the KEYBOARD
trigger in 'sustained' mode is programmed
with a conductance value of 10 across the

"K" connection as illustrated. If
'transient' mode should be desired, use a
conductiance value ol 35 across the same

connection. Tracing the three temporal
parameters out to the left side of the
front panel, the translations will read,
Attack {.U‘Js = 8, Duration (.002) = 10,
and Decay (3) = 2. HResistors with these
values are then soldered across the approp-
riate connections. As the COMPLEX
OSCILLATOR is to be controlled by the
KEYBOARD, replicate the 'keyboard' switch
position ('in') with a value of 3 across

“the 'key' connection as illustrated., The

COMPLEX OSCLLLATOR is offset to the desired
frequency by inserting the corresponding
resistor between the horizontal OFFSET line
and the PITCH input. Since the oscillator
is programmed to receive voltages from the
KEYBOARD, no further processing is required,
The WAVESHAPE pot position requires a

value of 10, and the WAVESHAPE switch
position (M) is replicated by a value
of 0, The MODE SELECT for Gate 1 ('combi-
nation') requires a value of 3. The
TIMBRE offset is specified as 0, and this
is programmed by a conductance value of 0
between the OFFSET line and the TIMBRE
input on the card. The control voltage
from the ENVELOPE GENERATOR is replicated
with a connection between the horizontal
ENV GEN axis (the ENVELOPE GENERATOR'S
output voltage) and the vertical LEVEL 1
axis (Gate 1 control voltage input),

Since this processing level has been
specified as '8,' be sure to use that
particular conductance value resistor for
this connection. The offset has been
specified as '0O,' so no other programming
resistor is needed, The final stage of
programming simply involves switching the
CONTROL selector to 'prog board' and
inserting the card into the STORED PROGIAM
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SOUND SOURCE. Any deviations in tuning
reference may be adjusted with the 'fine
tuning' pot, as this control is not alflected
by the Program Card. The last step is to
adjust the OUTPUT SECTION to accommodate

the environment.

The simple patch used for the previous
example may be expanded to define various
levels ol complexity. Several variations
will be discussed to illustrate further
various programming procedures. A slight
vibrato is achieved by using the MODULATLON
OSCILLATOR to amplitude modulate the
COMPLEX OSCILLATOR. The specifications lor
this patch are:

MODULATION OSCILLATOR
KEYBOARD : 'out'
WAVESHAPE: 'triangle' .
MODULATION : 'a.m. oscillator' ¥
INDEX offset: .
FREQUENCY : 5 llz

Variations in attack transients may be
achieved by using the KEYBOARD PRESSURE
voltage as an additional control for either
index or modulation frequency, This example
will use frequency as the transient variable
with the MODULATION OSCILLLATOR'S processing
input at about .5, The modified patch, as
it appears at this point, is illustrated in
Patch-chart 19.

These modifications are programmed on the
same card as follows: The KEYBOAHRD switch
position ('out') for the MODULATION
OSCILLATOR is replicated with a value of 0
for the "key" connection. WAVESHAPE (AW )
is programmed with a value of O for the
"W.S." conncetion, MODULATION ('a.m, oscil-

lator') is programmed with no resistor across

the "W.S." connection. The INDEX offlset
is specified as .3, which translates to a
conductance value ol 3. This is delined
on the board by connecting a conductance
value of 3 between the horizontal OFFSET
line and the vertical INDEX input as illus-
trated in IFigure 15. The specilied
IFREQUENCY offset (5 Hz) requires a
conductance of 0 soldered betlween the
OFFSET and FREQ connections. Since KEY-
BOARD PRESSURE voltage is to alfect the
frequency with a processing value ol 2,
solder a conductance value ol 2 betlween
the horizontal PRES output and one of the
unused FREQ inputs as illustrated,

Flee 45
SEQUENCER RAND [PULSR| ENVELOPE | MOD |CMPLX |GATE
s 80 0 sle s 0 L} . L]
Te e e pulse K PS X 5.
voltage |n.| sequence |trig : .| Bode r.
levels sssss|lsc|oesfees ..
D OFFSET

> L S NV DET
RANO— S=——e——e—e——e———e _ Pk
Y

Further modifications of this patch might
involve simulated echo with timbre varia-
tions on each "echo." The Program Card
for this eflfect is illustrated in lFigure
16, The "echo" is achieved by connecting
the DUAL LOPASS GATE in series, so the
enveloped signal from Gate 1 is routed
through Gate 2., For the simulated echo
to be effective, turn down mix level
"channel A' so the gates are truly in

series. Gate 2, in 'voltage controlled




then connected to the TIMBRE inpul wilh a

Fliewns Lo conductance value ol 8 to replicate the
SEGUINCER MOD JCmPLX [GATE specilied control voltage processing level,

Sulse’ " |K ‘S:Ew‘ i"'ﬂi; The PULSER is Lo be sell-triggering, so
.| sequence |tr s s r. solder a conductance value ol 5 across the
g e S OFFSET PULSER "P" "trig" conncction. The PULSER'S

INY ————— e —— ¢ e __—eENVEl Period is established with a condoctance
SEO.——:/%%%,%——OHV EN vitlue of 4 (Period ol 1 see.); solder this
RIIPT'-“‘:F—\_"'ﬁ-WM ER resistor between the horizontal OFEFSET line

KEY PAES. and the PERIOD input.,  The PULSER'S ramp

PERIOD  INDEX — FREQ. _ PITCH  TIMBRE _LEVELT LEVELZ I‘"d, oulput is available at the horizontal

PULSER axis and is connected Lo the LEVEL
2 oinput with o conductance value ol 10,
The olfset lor Gate 2 is delined as O, so

¥
no resistor is needed here.  To complele

amp! mode, receives itls control voltage the programming, simply give the PULSER
from the PULSER'S ramp output, the echo its inilial Lrigger as explained on page
rate is delined by the Period, which may bhe 18 .

adjusted to the performer's needs, In this

example the Period is speciliecd as one Belore continuing on Lo the next programmed
second, which transtates Lo a conductance instrument the performer should he made
value ol 4. The variations in tLimbre will aware ol several other programming proced-
be determined by the SEQUENCER OUTPUT ures,  The Front panel ol the Mosic Fasel
VOLTAGE LEVELS of 10, 8, 5, 7%, and 5, provides Tour outpnts ol uncorre babed
acting as controls ror the COMPLEX OSC11- HANDOM VOLTAGE (refer to page 21).  Two ol
FATOR'S Timbre inpul with o processing these voltages are available on the Program
setting ol 8.  The SEQUENCER will be Card as illustrated in Figure 17. Theso
triggered by the PULSENR, so0 thal ceach "echo! iwo vollage sources are identical Lo the
calls up o successively different Limbre, two lelfthand RANDOM VOLTAGE outputs on the
Beginning wilh the SEQUENTIAL VOLTAGE soURCE, Front panel, I o0 third uncorrelated

sel the voltage levels wilh conductance
values ol 10, &, 5, %, and .5, A value ol

]

random voltage is necded on Lhe Progream
Card it is possible to pateh rom one ol

5 requires a summing ol A oamd 1o Deline the other RANDOM VOLTAGE outputs on the
the number ol stapges as 5 wilh o value ol 0 Pateh Field to the "Lo prog" input on the
across the "N" connection. Since the INVERTER Front pancl.  This patches the
SEQUENCER 1s not used as a source ol trip- HANDOM VOLTAGE Lo what would normally be
pers, it is unnecessary Lo program any an inverted voltage source on ithe Program
pulse scquence,  The SEQUENCER will bhe Card (INV)., In this instance the actbual
triggered by the PULSER, so replicate that inverting circuitry is not used, bhol ils
switch position wilh oo value ol 35 across aceess jack to the Program Card is acoeom-
the "P" "Lrig" conncebion,  The SEQUENCER'S modating Lthe additional random vol Lage.,
voltage output, ithe horvizontal SEQ lTine, is 1 o Tourth random voltage is necded on
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the Program Card the same procedure may be
applied to the ENVELOPE DETECTOR'S "io prog"
input. The voltage is then available on

the card from the ENV DET axis.

Freces 1

SEQUENCER RAND [PULSR| ENVELOPE MOD _|CMPLX [GATE

.......'..'.-..'Q‘JJ -.;-....
Tee e pulse KPIKPS|KPS|KPS A "gw. w |12s
voltage |n.| sequence |trig| trig | trig | trig "‘{. © d 5| s|mode r
$f'rlk s s e s sl el s s|e s s|® e sils e . sle o8 LI

The programming of inverted voltages is’
done in the following manner: On the card
attach a programming resistor [rom the
desired horizontal output to the vertical
INVERTER input (INV). The voltage is then
available on the front panel INVERTER

"from prog" jack. Using a jumper plug,
patch this voltage into the INVERTER "in"
jack. With a second jumper connect the
"out" and "to prog'" jacks together. The
inverted voltage is then available on the
horizontal INV axis on the Program Card.
Figure 18 illustrates the card connections
for inverted ENVELOPE GENERATOR voltage
controlling modulation index. In most cases
the programming resistor connecting the
desired output to the INVERTER will be a
conductance value of 10. Any voltage
processing is then done alter the inverting
stage by using various conductance values
as the connection hetween the TNV oulput and
the controlled parameter, By following this

fuee 18

/SEQUENCER
.o 880 -
ORI pulse X
voltage |n.| sequence
fevels | |o oo o o
s 8 88 8 . 2 -

Y ——e—o —¢—— o —9¢ 9Pk 5.
PERIOD INDEX ~ FREQ. PITCH TIMBRE LEVELT LEVEL2 INV
at

procedure the unattenuated inverted voltage
is made available on the card to be processed
according to the requirements ol the
individual controlled parameters. Routing
the PREAMP signal to the output stage is
accomplished by using a conductance value

of b across the signal routing connection
(S.R.) as previously described. The control
voltages from the ENVELOPE DETECTOR are
patched into the Program Card by connecting
a jumper across the "c.v, out" and "to prog"
jacks on the front panel. The D.C., voltage
is then available on the card from the ENV
DET axis and may be processed according to
specific needs with various conductance
values. The control voltage from the
MODULATION OSCILLATOR is routed to the
Program Card by inserting a jumper plug
between the "mod c¢.v., out" and the "to prog"
input for the ENVELOPE DETECTOR. When this
is done the modulation control voltage is
available on the card from the horizontal
ENV DET strip.

The performer may find it uscelul to sum
together several dilferent control voltages




into a single input. The obvious limitation
ol front panel patching is the availability
of only one processing input lor each
parameter, The Program Card makes it
possible to route several different control
voltages to a single parvameter. Since
process levels are replicated by various
conductance value resistors, each control
voltage may be processed differently. lor
example, consider a situation in which
modulation index is controlled by finger
pressurc; within the context of a perlorm-
ance one might like to instantly change

the offset ol the index. One possible
solution would be to use the PRESET
VOLTAGES to define the different references
with pot settings ol 9:00, 12:00, and H00,
(These voltages actually act as oflfsels,

so it would be advisable to have the [INDEX
offset at 0,) Since there is no preset
voltage output on the Program Card, it may
be brought in by attaching a hanana cord
from the PRESET output on the KEYBOARD to
the "to prog" input on the ENVELOPE
DETECTOR. The PRESET voltage is then
available on the Program Card on the
horizontal ENV DET line. Connect this
voltage to the INDEX input, using a conduct-
ance value ol 10 so0 the voltages [rom the
PRESETS are not attenuated, The PRESSURE
voltage then could be added to the INDEX
input by choosing an appropriate conductance
value, A general rule is that the sum of
the acting conductance values connected to
a particular input should not exceed a
value of 10 —--= above that point each
parameter will become saturated. Since

the highest value I'rom the PRESETS is a
conductance ol about 7, any value ol 5 or

lower may be uscd for PREsSSURE.  The program-

wing ror this pateh is illustrated in

Figure 19,

Fiewes 19

SEQUENCER . RAND |PULS R ENVELOPE MOoD LX |OATE
e s 8 a aawils (2R R R LR . «sjle = @

wvse e N puise  |KP|KPS|kPS ns{'{’{ mw |k w'|12s
voltage tl sequence |trig| trig | trig | trig T d 5. s.|mode r.
!ﬂ'ﬂ’,..0......!.......... LI ® 8l 8 @
) ;'_3,_._\!“ o e OFFSET
e s W e o e bt 4
PP S - S - A P4
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PERIOD INDEX  FREOD. PITCH TIMBRE LEVELT LEVELZ2 M’I’;

Another interesting application ol summing
involves the use ol the RANDOM VOLTAGE
SOURCE and the SEQUENTIAL VOLTAGE SOUNCE.
On the Program Card it is possible to
trigger the RANDOM VOLTAGE from the various
SEQUENCER stuges, This is done by delining
the SEQUENCER'S pulse sequence with
conductances ol 3. I all rive stages are
to send triggers, attach the resistors
across all Five connections; il only stages
I, 3, and 4 are to send triggers, attach
resistors across those conncctions. The
RANDOM VOLTAGE SOURCE is triggered by
atiaching a value ol 3 between the "S" and
"trig" conncction on the RAND section of
the card, A characteristic ol this instru-
ment is that the SEQUENCER will constantly
define piteh relationships (inter‘vuls},
but cach repetition ol the sequence will

be transposed at a random ascending
interval, To accomplish this the PITCH
input rfor the COMPLEX OSCILLLATOR will
receive controls from both the SEQUENCER
and the RANDOM VOLTAGE SOURCE. The patch
will be made so that a new random vol Loge
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is triggerced only by Lthe lirst stlage of the in addition to the card programming.

SEQUENCER . The result will be that the pitceh IFor example, the card wmay he pro-
ratios produced by the defined sequence will grammed to have the HANDOM VOLTAGE
remain constant. However, at the beginning SOURCE triggered by the SEQUENCEN.
ol each scquence the random voltage level is At the same time the RANDOM VOLTAGE
changed (triggered by the first SEQUENCER SOURCE may receive triggers [rom
stage) and therefore the sum ol the control either the KEYBOARD or the PULSER,
voltages will change. Programming for this according to the setting of the
portion of an instrument is illustrated in RANDOM VOLTAGE SOURCE Trigger switch
Figure 20, position,
Seierr 3 suitasee tRueke,
Il ) SWITCH POSITIONS = simultancous
"“'i;':‘."'- ;"I' i‘;"‘ i‘ui.i i';”’;‘m"a, ""m?". MrLx foarte card and Iront panel control ol
' mtaaﬁ;;m,lt,;, m,* trig | trig .cf},g,':_ w135 SEQUENCER stluges, ENVELOPE GENERATOR
O Wi Gl b Rl Sl bl M ..:BF.E.I Mode Select, PULSER Mode, MODULATION
Wye—"o St ———=-9 ' emKDEl OSCILLATOR Waveshape and Modulation
SEQ : G——E.M_,_.:-—Q——-;..___,.:r——o-—-;..h,_.;-—cfﬂ’ EN ||1ud(_:, COMPLEX 0SCILLATOR Waveshapeoe
RAN L ————e——_—+—9 _—¢ ‘..:l; :R l(:-i:\::lt;hl)j\;lt;ul Mode ':‘;I‘.'(r(::. 1[;'ur t,luet:I!U!\l.l.Ii .
KEro— o ————————————9 . WOPASS GATE requires a bit more thought.
PEH&? INDEX  FREQ. o DITCN  JINUSE SEVEL] SAEVEL? qu, Il each switceh position is thought of
FIEURE 20 in terms of its programming conductance

viclue, one can readily see the elfect

With tihe front panel CONTROI, switch in ilhe of a summed card and front panel
'"both' position there are several operative "“"I‘l"l"lu“‘ LI the MODULATION 0SCIL-
characteristics which should bhe considered: LATOR were card programmed to gencrate
a triangle waveshape, it would require
CONTROL VOLTAGES - the Program a conductance of (3. LI the CONTROL
Card specilications and [ront panel switch were in '"both' position and the
specifications are additive. Any patch- 'ront panel WAVESHAPE switch were sel
ing with patch cords and jumper plugs at '"triangle,' the sum ol the two
will affect the instrument as il it were specifications would be 0O —— O from
under front panel control. Any front the card plus 0O (analogous to the
panel processing or offset levels are "triangle' position on the [ront panel).
additive to the programming on the card. 1T the switch were set to '"square!
IT an oscillator were card programmed wiave (a value of 3) the sum would he 3
with an offsel value of & and the front (0 + 3), thereby producing a square
panel oflset were set at 5, the two wave. 11" the card were programmed lor
values would sum to an el lective ollset square wave (a value of 3) and the
value ol 7. rront panel switch were set at 'square!
TRIGGER ROUTING - the front panel wave, the sum (3 + 3) would specify a

TRIGGER SOURCE switches can be implemented sawtooth wave (a4 sum ol 6).  Any sum



greater than 6 will just saturate the
circuit and the effect will be a conduct-
ance of 6, This same logic applies to
each switch. When applying this principle
remember that the DUAL LOPASS GATE Mode
conductances are values of 0, 3. and 10.
Therefore, a card value of 3 (‘combination’
mode) and front panel selection of
tcombination' mode sums to 6. This does
not specify the 'lowpass filter' mode
(conductance = 10), but, rather, a new
type of combination mode has been
programmed and it is certainly well

worth investigation.

Certain controls are not affected by the
Program Card, as they are usually adjusted
to meet specific performance situations and
environments, These controls include the
PULSE Mode 'one' switch position (so that
pulses may be initiated within a card-
programmed instrument), oscillator 'fine
tuning' controls (to adjust to various
ensemble pitch references), and the entire
OUTPUT SECTION (usually adjusted according
to specific performance requirements).

The final example of programming to be done
in this manual involves setting up a self-
performing instrument which requires no
input other than simply turning it on. This
instrument is based on the use of random
voltages so that it will never repeat a
pattern. Figure 21 is a flowchart diagram
of the instrument, illustrating the routing
of the various triggers and controls. Since
only two of the random voltage outputs are
direotly available on the Program Card, they
will be referred to as RVS 1 and RVS 2. The
first unusual characteristic of this instru-
ment is that the number of SEQUENCEI stages
is voltage controlled. As explained on

page 25, the number of stages are usually
defined by using conductance values of 10,
G, 4, 3, and 0, Since conductance values
are no more than analogs for control
voltages, it is then possible to route any
voltage into the input of a connection as

a substitute for a resistor. Along the top
portion of the card the inputs appear as
the lower of each connection hole. There-
fore, with the connection of a programming
resistor between the HVS 1 output and the
input for the selection of number of stages
("N") each new random voltage called up
potentially defines a different number of
stages -- a higher voltage producing a
lesser number of stages. When employing
this technigue choose a conductance value
that corresponds to the maximum variation
desired on the controlled parameter. In
this case a conductance of 3 would produce
random 4 and 5-stage sequences, and a
conductance of 10 would establish sequences
of lengths 2 through 5. The SEQUENCER'S
Output voltage levels have arbitrarily been
set with values of 0, 4, 2, 6, and 10. The
SEQUENCER is also programmed to receive
triggers from the PULSER by connection of
a "3" between "P" and "trig." The PULSER
is a critical part of this instrument, as
it generates the rhythmic basis for each
event. A great deal of rhythmic variation
can be programmed by controlling the
PULSER'S Period by RVS 1 and, at the same
time, by making a loop, triggering RVS 1
from the PULSER. The effect is that each
random voltage defines a new period and at
the end of each period the PULSER sends out
a trigger, firing RVS 1. At the same time
the PULSER triggers the ENVELOPE GENERATOR
and RVS 2, and the PULSER'S ramp output
controls the Timbre of the COMPLEX OSCLL-
LATOR. A second unusual feature of this
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instrument is that the Decay time lor the
ENVELOPE GENERATON is being controlled by a
random voltage (RVS 2). Again, this is just
a matter ol using a voltage to drive an
appropriate conductance value; the same
technique may be applicd to Attack and
Duration il desired. The output ol the
ENVELOPE GENERATOR is connected Lo LEVEL 1,
controlling Gate | sel in Combination mode
(conductance value of 3). The envelope is
also routed through the INVERTER and then
used to vary the INDEX of the MODULATION
OSCILLATOR, Note also that the Modulation
mode is also being determined by random
voltages (RVS 2). Since the only two
applicable Modulation modes for this instru-
ment are AM, and |".M. (no external signal
is used), a conductance value ol 5 will
attenuate any higher voltages so that
'balanced external' will never be called up,
The  I'requency of the MODULATION OSCILLATOR
is determined by the voltages (rom the
SEQUENCER. The Waveshape lor the MODULATION
OS5CLLLATOR is specilied as '"triangle,! so
no programming resistor is needed, The
pitch of the COMPLEX OSCILLATOR is contin-
ually being changed by RVS 2 and, in this
instrument, offset with a conductance value
of 6. The Waveshape is specilied as a
setting of 4 (a conductance value ol 4) in
the 'triangle! wave position (a conductance
value of (.\%, The various offset and
processing values indicatea in Figure 21

are arbitrary and may be adjusted to the
desired parametric correlations ol the
instrument. To activate the instrument all
that is lelt to do is give the PULSER its
initial trigger. With the CONTROL switch in
the "prog board" position the 'one' pousition
on the PULSER is sGtill active,

Design amd programming ol such 'anto-
instruments!' is a wost interesting method
of exploring the potentials ol the Music
Fasel. In such designs one should also
consider varvious degrecs ol human inter-
action, using the 'both' position ol the
CONTROL switch, As closing words for
direction and exploration, "TRY EVLERYTIHING
-— the least that can happen is that
something will be learned."

Onwanrd

To (urther communication among Music BEasel
owners and users, DBuchla and Assveiates
will publish a periodic newsletter called
The Fasel Weasel. This newsletter will
contain advanced programming and perform-
ance Ltechnigques, new developments in
related hardware, interesting patehes and
instrument definitions, concert dates,
scores ... anything related to the Music
Basel., We invite you to send us any
material that you feel may be ol interest
-— scores for solo or ensemble BEasels
(perhaps including other instruments),
patch charts, questions, answers, unusual
applications, and so on. The Easel Weasel
will be an open line ol communication
hetween you and other Music Easel owners.
Send your contributions to:

The Basel Weasel

.0, Box 50051

Berkeley, CA 94705
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