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Forward (1974) 
Two years ago we decided it was time to stop 
dreaming about a new electronic musical instru-
ment and actually create one. We had ample ex-
perience in electronic music hardware and soft-
ZDUH��RXU�QHHGV�DQG�REMHFWLYHV�ZHUH�ZHOO�GH¿QHG��
and the necessary technology was imminent. Our 
goal was to create an instrument for performance. 
One with a vocabulary that was varied, accessi-
ble, and not presumptive. We weren’t particularly 
interested in imitating any extant instruments, 
either functionally or acoustically. We did want 
the potential for expressive, real-time perform-
er-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 Strange 
has written this manual. With it you can begin 
your exploration of the Music Easel’s vast poten-
tial. May your adventure in playing it be as ex-
citing as ours in creating it. 

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

And special thanks to Allan Strange, for imple-
menting this vital link between designer and per-
former. 

      D. Buchla
      Berkeley, 1974

Forward (2013)
Roughly 40 years after its initial conception the 
Music Easel is back! We have worked diligently 
over the past year to recreate this instrument. 
The aims are similar to those 40 years ago: to 
create an instrument for performance that has 
the capability of producing a vast spectrum of 
sounds. While the majority of the instrument is 
identical to the original 1973 version, a few 
minor alterations have been made to optimize its 
ÀH[LELOLW\�DQG�VRQLF�SRWHQWLDO��7KHVH�UDQJH�IURP�
minor improvements in graphics and organization 
to interfaceability with modern media such as the 
ipad. 

The original manual, written by Allen Strange, 
has been edited and updated by Ashley Bellouin to 
UHÀHFW�FKDQJHV�LQ�GHVLJQ�DQG�OD\RXW��DQG�WR�DGG�
DGGLWLRQDO�FODUL¿FDWLRQV��:LWK�WKLV�WH[W�DV�\RXU�
guide, you may once again navigate through the 
expansive soundscape of the Music Easel. 

I would like to thank everyone who contributed 
to the development and fabrication of this 
instrument, especially Ashley Bellouin, Peter 
Broadwell, Joel Davel, Darren Gibbs, David Kean, 
David Riley, Steve Rupenthal, Karl Severeid, 
Stefan Smith, and Alex Vittum. Without their 
amazing dedication (and a number of late nights) 
we would not have been able to reissue the Music 
(DVHO�LQ�LWV�SUHVHQWO\�UH¿QHG�IRUP��

      D. Buchla
      Berkeley, 2013
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Introduction 
This manual is designed to provide the reader 
with the information necessary to realize 
the potential of the Music Easel — a truly 
performable electronic musical instrument. The 
performer will discover that the Music Easel is 
a ‘kit’ of wide-range parameters which may be 
LQWHUUHODWHG�DQG�FRQWUROOHG�WR�GH¿QH�YDULRXV�
musical events and structures. Presented here 
is a logical, step-by-step exposition of the 
available parameters, their operational ranges, 
and their modes of control. Each part of the 
Music Easel will be discussed in terms of 
LWV�SRWHQWLDO�FRQWULEXWLRQ�WR�WKH�GH¿QLWLRQ�
of a musical event or structure. With a full 
understanding of these potentials it will be 
SRVVLEOH�WR�FRQ¿JXUH�DQ\�QXPEHU�RI�LQVWUXPHQWV�
ZKRVH�FKDUDFWHULVWLFV�DUH�GH¿QHG�RU�LQYHQWHG�E\�
the performer. After a usable instrument 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 
RI�SUH�SURJUDPPHG�LQVWUXPHQW�GH¿QLWLRQV�LV�
accomplished by simply inserting program cards 
into the Model 208e STORED PROGRAM SOUND SOURCE. 

 

This manual is organized into three sections: 1) 
ACOUSTICAL RESOURCES - beginning with a basic 
patch, the performer will be introduced to manual 
control of oscillators, gates, and modulation 
processes; 2) PROGRAMMING - this section deals 
with an explanation of control voltage sources, 
patching, control voltage processing, musical 
instrument design, and performer input; 3) 
META-PROGRAMMING - Here the performer learns 
techniques for instrument (patch) storage and 
retrieval, and an introduction to the advanced 
programming potentials available through the use 
of the program cards. 
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Acoustic
Resources 

This section covers the exploration and expansion 

of a basic patch, gradually introducing all of 

the available audio functions. This beginning 

SDWFK�LV�LOOXVWUDWHG�LQ�ÀRZFKDUW�IDVKLRQ�LQ�
)LJXUH���DQG�ZLOO�GHDO�RQO\�ZLWK�WKH�IURQW�SDQHO�
section outlined in Patch-chart 1. 

FIGURE 1

7KH�¿UVW�SDUW�RI�WKLV�PDQXDO�GHDOV�VLQJXODUO\�
ZLWK�WKH�IURQW�SDQHO�FRQWUROV��%HJLQ�E\�VHWWLQJ�
the CONTROL selector (1) to the ‘local’ position. 

7KH�0XVLF�(DVHO¶V�SULPDU\�VRXQG�VRXUFH�LV�WKH�
&203/(;�26&,//$725������ZKLFK��DV�WKH�SHUIRUP-
HU�ZLOO�GLVFRYHU��SURYLGHV�D�UDQJH�RI�WLPEUHV�
far exceeding that of conventional electronic 

sound sources. This oscillator is connected to 

*DWH�����D���ZKLFK�FDQ�EH�VHHQ�DV�WKH�ORZHU�OHIW�
KDQG�V\PERO�RQ�WKH�'8$/�/23$66�*$7(�IURQW�SDQHO��
$�ORSDVV�JDWH�PD\�EH�XVHG�DV�D�ORZSDVV�¿OWHU��D�
YROWDJH�FRQWUROOHG�DPSOL¿HU��RU�D�FRPELQDWLRQ�RI�
ERWK��DV�VHOHFWHG�E\�WKH�02'(�6(/(&7�VZLWFK�����
on the front panel. Most of the variables on the 

0XVLF�(DVHO�KDYH�WZR�DVVRFLDWHG�PDQXDO�FRQWUROV��
D��DQ�RIIVHW�FRQWURO�ZKLFK�GH¿QHV�LQLWLDO�RSHUD-
tional characteristics and b) a processing con-

trol for attenuation of the applied control volt-

DJH��7KH�IURQW�SDQHO�IRUPDW�LV�FRQVLVWHQW��ZLWK�
WKH�RIIVHW�FRQWURO�DV�WKH�ULJKW�KDQG�SRWHQWLRPH-
ter and the processing control as the left-hand 

SRWHQWLRPHWHU�IRU�HDFK�YROWDJH�FRQWUROOHG�SDUDPH-
WHU��)ROORZLQJ�WKH�*DWH��WKH�VLJQDO�LV�URXWHG�WR�
WKH�¿QDO�287387�6(&7,21������ZKLFK�FDQ�EH�VHHQ�
as the right-hand section of Figure 1 and Patch-

FKDUW����7KLV�VHFWLRQ�LQFOXGHV�PL[LQJ�FRQWUROV�
����ZKLFK�DOORZ�WKH�SHUIRUPHU�WR�PL[�WKH�VLJQDO�
FRPLQJ�IURP�WKH�&203/(;�26&,//$725�YLD�*DWH���
ZLWK�RWKHU�VLJQDOV�ZKLFK�ZLOO�EH�URXWHG�WKURXJK�
the upper right-hand gate, Gate 2 (3b). The use 

RI�*DWH���ZLOO�EH�GLVFXVVHG�LQ�FRQMXQFWLRQ�ZLWK�
the use of externally applied signals and the 

02'8/$7,21�26&,//$725��7KH�5(9(5%(5$7,21�FRQWURO�
����GHWHUPLQHV�WKH�DPRXQW�RI�UHYHUEHUDWLRQ�DS-
SOLHG�WR�WKH�VLJQDO�FRPLQJ�IURP�WKH�PL[LQJ�VWDJH��
7KH�021,725�/(9(/�����FRQWUROV�WKH�JDLQ�RI�WKH�
¿QDO�VLJQDO�LQWR�D�KHDGVHW�RXWSXW������7KH�SHU-
IRUPHU�ZLOO�¿QG�WKLV�LQGHSHQGHQW�021,725�/(9(/�
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very useful in live performance situations, 

as it will allow him or her to monitor their 

own signals at a comfortable listening level 

independent of the MASTER VOLUME (10) setting. 

The headset output can also directly drive a low-

level speaker. The MASTER VOLUME controls the 

JDLQ�RI�WKH�¿QDO�VLJQDO�GHOLYHUHG�WR�DQ�H[WHUQDO�
DPSOL¿HU�IURP�WKH�µOHIW¶�DQG�µULJKW¶�287387������
MDFNV��7KH�287387�VLJQDO�OHYHO�LV�QRUPDOO\���
YROW��VXI¿FLHQW�WR�GULYH�$X[LOLDU\��0RQLWRU��RU�
7XQHU�LQSXWV�RQ�SRZHU�DPSOL¿HUV��

7KH�¿UVW�GHYLFH�WR�EH�H[SORUHG�LV�WKH�&203/(;�
26&,//$725��6HW�XS�DOO�FRQWUROV�DV�LQGLFDWHG�RQ�
3DWFK�FKDUW���DQG�OLVWHQ�WR�WKH�RXWSXW�ZLWK�D�
KHDGVHW�RU�DQ�DPSOL¿HU�DQG�VSHDNHU��7KH�/(9(/�
offset control (13) will determine the initial 

gain and should be set at around 8 or 9. Set 

WKH�5(9(5%(5$7,21�WR����DV�UHYHUE�VKRXOG�QRW�EH�
employed until one is quite familiar with the 

timbral potentials of the instrument. Set the 

.(<%2$5'�VHOHFWRU������RQ�WKH�&203/(;�26&,//$725�
WR�WKH�µRII¶�SRVLWLRQ��DQG�WKH�VLJQDO�URXWLQJ�
VZLWFK������WR�LWV�ORZHUPRVW�SRVLWLRQ��$SSO\�
power to the Music Easel by plugging the power 

adapter into the upper left-hand corner of the 

���H��1RZ�VHW�WKH�021,725�RU�0$67(5�/(9(/�WR�D�
FRPIRUWDEOH�OLVWHQLQJ�YROXPH��,I�QR�VRXQG�LV�
heard, check that all levels and switches are set 

as instructed. 

7KH�SLWFK�RI�WKH�&203/(;�26&,//$725�LV�
established by the linear offset control 

LQGLFDWHG�DV�3,7&+�������7KLV�FRQWURO��LQ�LWV�
lowest position, will produce a pitch of low 

µ$�¶����+HUW]��:LWK�WKLV�FRQWURO�LQ�LWV�KLJKHVW�
SRVLWLRQ��WKH�&203/(;�26&,//$725�ZLOO�JHQHUDWH�DQ�
µ$¶�¿YH�RFWDYHV�KLJKHU�������+HUW]��7KH�IURQW�

panel is calibrated in octaves and half octaves. 

7KH�µ¿QH�WXQH¶�URWDU\�FRQWURO������LPPHGLDWHO\�
DERYH�WKH�3,7&+�RIIVHW�FRQWURO�KDV�D�UDQJH�RI�
one-half octave and is useful for precisely 

WXQLQJ�WKH�LQVWUXPHQW��7KH�µWULP¶�SRW�GLUHFWO\�
above that changes the tuning by +/- 1 whole tone 

and should be adjusted with a mini screwdriver. 

([SHULPHQW�ZLWK�ERWK�WKH�RIIVHW�DQG�µ¿QH�WXQH¶�
FRQWUROV�DQG�IDPLOLDUL]H�\RXUVHOI�ZLWK�WKH�
relationship between the manual settings and the 

resultant pitch. Taking time to tune the Music 

Easel to pitches available in the immediate 

environment will prove very helpful when 

confronted with various tuning situations under 

the pressure of a real-time performance. 

7KH�ULJKW�KDQG�VHFWLRQ�RI�WKH�&203/(;�26&,//$725�
consists of controls for varying timbre. 

$�V\VWHPDWLF�H[SORUDWLRQ�RI�WKH�WLPEUDO�
possibilities should be carried out by initially 

VHWWLQJ�WKH�RVFLOODWRU¶V�SLWFK�VRPHZKHUH�LQ�WKH�
PLG�ORZ�UDQJH��EHWZHHQ�����DQG�����+]���:LWK�
lower pitches it is easier to hear variations 

in overtone structure and their amplitude 

UHODWLRQVKLSV��&KHFN�WR�VHH�WKDW�WKH�/23$66�*$7(�
�*DWH����LV�VHW�LQ�WKH�µYROWDJH�FQWUOG�DPS¶�
PRGH��VR�WKDW�WKH�ORZSDVV�¿OWHU�ZLOO�QRW�DIIHFW�
the initial waveshape and timbre settings. Also 

make sure that the following controls are set as 

LOOXVWUDWHG�LQ�3DWFK�FKDUW���

� 7,0%5(�RIIVHW�FRQWURO���������
� 7,0%5(�VHOHFWRU��������WR�VDZWRRWK
  (uppermost position)

� 7,0%5(�URWDU\�FRQWURO���������

$W�WKH�]HUR�SRVLWLRQ�WKH�RVFLOODWRU�ZLOO�SURGXFH�
a sine wave with inaudible harmonic content. By

�
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turning the TIMBRE rotary control to its maximum 
right-hand position the output will be a sawtooth 
wave rich in high-ordered harmonics. The TIMBRE 
rotary control does not change the function of 
the basic oscillator, but rather implements 
a mix between the sine wave and the selected 
waveshape. By turning back to the zero position 
and then gradually turning the control clockwise, 
the performer will be adding to the sine wave 
the constant spectrum of overtones contained in 
the sawtooth wave. The performer should become 
familiar with the effect of this control on the 
perceived timbre throughout the pitch range of 
the COMPLEX OSCILLATOR. 

Turning back to a mid-low range, with the TIMBRE 
rotary control in the zero (sine wave) position, 
switch the TIMBRE selector switch to squarewave. 
By turning the TIMBRE rotary control clockwise, 
the output will gradually become a squarewave, 
containing only odd-numbered harmonics. With the 
TIMBRE selector set to the triangle position, 
the TIMBRE rotary control produces a mix of 
any proportion of a sine wave and a triangle 
wave. Again, it is stressed that the performer 
understands that the TIMBRE rotary control only 
provides a mix between a sine and the selected 
waveshape. The performer is provided with 
further control over the quality of the sound by 
means of the TIMBRE offset control (17). With 
the TIMBRE pot set completely to zero (sine), 
gradually raise the TIMBRE offset control. A 
gradual introduction of low-ordered harmonics 
will be perceived, and their relative amplitude 
relationships will be continually varied as 
the offset is increased. This process is 
HVVHQWLDOO\�WKH�RSSRVLWH�RI�¿OWHULQJ��LQYROYLQJ�
the introduction and selected accentuation of 

various harmonics and generating sounds that are 
YLUWXDOO\�LPSRVVLEOH�WR�DFKLHYH�WKURXJK�¿OWHULQJ��
Note that the TIMBRE control affects only the 
sine and triangle waveforms, and thus has no 
audible effect when the TIMBRE rotary control 
is at the maximum sawtooth or square position. 
The COMPLEX OSCILLATOR provides a wide range 
of timbral variation and it would serve the 
performer well to explore all the possibilities 
made available with each waveform. 

The MODULATION OSCILLATOR, due to its sub-
audio frequency range, is usually used as a 
dedicated modulation source. In its upper range, 
however, it may be used as an additional source 
of audio signals. The output of the MODULATION 
OSCILLATOR may be heard by setting the GATE 2 
SOURCE switch (12) on the DUAL LOPASS GATE at 
its center position. As illustrated in Patch-
chart 3, turn ‘chan B’ mix level to maximum and 
raise the LEVEL 2 offset (20) for Gate 2. Set the 
MODULATION OSCILLATOR’s WAVESHAPE selector (21) 
to squarewave (middle position) and the RANGE/POL 
selector (22a) to ‘low.’ The RANGE/POL selector 
sets the frequency range of the FREQUENCY 
offset control (22b); in the ‘low’ position the 
FREQUENCY offset control spans from .17-55 Hz, 
and in the ‘+hi’ position it spans from 55-1760 
Hz. The ‘-high’ position reverses the polarity of 
the FREQUENCY offset control in the high range, 
where 55 Hz is now at the high position and 
�����+]�LV�DW�WKH�ORZ�SRVLWLRQ��7KH�µ¿QH�WXQH¶�
knob (22c) has a range of one-half octave and 
may be used for precisely tuning the MODULATION 
OSCILLATOR. The ‘trim’ pot functions in the same 
manner as the one on the COMPLEX OSCILLATOR. 
With the RANGE/POL selector (22a) in the ‘low’ 
position, set the FREQUENCY offset control (22b)
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to .17 Hz. The snapping sound that is heard is 
the transient edges of the squarewave at a sub-
audio frequency of .17 Hz. Raise the FREQUENCY 
offset control to various points above 17 Hz 
and the snaps will integrate into perceivable 
audio frequencies up to 1760 Hz. Since this is 
a frequently 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 cntrld amp’ 
mode. Now that the basic timbral resources of 
the oscillators are understood, the performer 
should familiarize him or herself with further 
characteristics of the DUAL LOPASS GATE. First, 
set the COMPLEX OSCILLATOR to any desired rich 
waveshape. With either of the gates in ‘voltage 
cntrld 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 ‘lopass 
¿OWHU�¶�7KH�/(9(/�RIIVHW�QRZ�GH¿QHV�WKH�FXW�RII�
IUHTXHQF\�RI�D���GE�SHU�RFWDYH�ORZSDVV�¿OWHU��
As with gain in the ‘voltage cntrld amp’ mode, 
WKH�FXW�RII�IUHTXHQF\�LQ�WKH�µORSDVV�¿OWHU¶�PRGH�
is proportional to the illumination of the LED 
light. 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 harmonics and 
the output will approximate a sine wave. Further 
reduction in level will then attenuate this 
IXQGDPHQWDO��¿QDOO\�UHVXOWLQJ�LQ�VLOHQFH��

By setting the MODE SELECT switch to 

‘combination,’ the Gate will function 
simultaneously in the amplitude (voltage cntrld 
DPS��DQG�IUHTXHQF\��ORSDVV�¿OWHU��GRPDLQV��$V�WKH�
LEVEL offset is lowered the higher frequencies 
are attenuated faster than the lower frequencies. 
The process is that the spectrum is attenuated by 
two simultaneous functions, and this gives the 
effect of more pronounced low frequencies as the 
LEVEL offset is lowered. Under the limitations of 
manual control, this function 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 most 
useful when the levels are being rapidly varied. 
This will be discussed later in this manual. 
In the meantime, the performer should become 
familiar with the effect of the ‘combination’ 
mode on various available timbres. 

The GATE 2 SOURCE switch (12) determines which 
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 ‘quasi-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 degrees out-of-phase, thus providing for 
some interesting possibilities. With both gates 
in series as explained above and both in ‘voltage 
cntrld amp’ mode, careful balance of the LEVEL 
offsets and output mix will result in phase
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cancellation of the signal. If Gate 1 is in 

‘voltage cntrld amp’ mode and Gate 2 is in 

‘lopass’ mode, the phase difference will 

cancel out various portions of the lowpass 

spectrum, resulting in effective simulation of 

KLJKSDVV�¿OWHULQJ��,Q�H[SHULPHQWLQJ�ZLWK�WKLV�
technique, set the LEVEL offset of Gate 1 at 

10 and adjust the LEVEL offset of Gate 2 to 

cancel the low frequencies as desired (making 

VXUH�WKDW�ERWK�PL[�OHYHOV�DUH�XS���:LWK�ULFK�
frequency spectra, continuous variance of Gate 

��EHWZHHQ�WKH�VHWWLQJV�RI�DSSUR[LPDWHO\���DQG���
FDQ�JLYH�WKH�HIIHFW�RI�µSKDVLQJ¶�RU�µÀDQJLQJ�¶�
Series connection of the gates also presents the 

possibility of double enveloping; a discussion of 

this patch appears on page 52. 

At this point it is timely to introduce the 

PREAMP, as it will usually be associated with 

*DWH����7KH�H[WHUQDO�VLJQDO�LV�SDWFKHG�LQ�
WKURXJK�WKH�PLQLSKRQH�MDFN������PDUNHG�µDX[�
LQ�¶�$�WKUHH�SRVLWLRQ�*$,1�VZLWFK������VHWV�WKH�
PREAMP gain. The ‘low’ gain is appropriate for 

high-level signals such as from tape recorders, 

tuners, or other Music Easels. ‘High’ gain will 

be needed for contact mikes or high-impedance 

mikes; instrument pickups will usually require 

intermediate gain (middle position of the GAIN 

VZLWFK���&KRRVH�WKH�JDLQ�WKDW�GHOLYHUV�D�FOHDU�
DQG�XQGLVWRUWHG�VLJQDO��:LWK�WKH�*$7(���6285&(�
VZLWFK������LQ�WKH�XSSHUPRVW�SRVLWLRQ��DQ\�VLJQDO�
patched to the PREAMP is then routed through Gate 

2 and is subject to any of the three processing 

PRGHV��,I�WKH�H[WHUQDO�VLJQDO�LV�WR�EH�XWLOL]HG�
in its original form, simply set the LEVEL offset 

control of Gate 2 at 10 in the ‘voltage cntrld 

amp’ mode. The signal may then be combined in any 

proportion with the signal from Gate 1 in the 

287387�6(&7,21��7KH�(19(/23(�'(7(&725�DVVRFLDWHG�
with the PREAMP will be discussed in conjunction 

with control voltage generation (see page 40���

7KH�SHUIRUPHU�KDV�QRZ�EHHQ�H[SRVHG�WR�WKH�EDVLF�
sound sources available from the Music Easel, 

their manual control, and the manually controlled 

aspects of basic signal processing. Additional 

DXGLR�VLJQDO�PRGL¿FDWLRQ�LV�PDGH�DYDLODEOH�
through the process of modulation. In terms of 

D�JHQHUDO�GH¿QLWLRQ��PRGXODWLRQ�PD\�EH�WKRXJKW�
of as a periodic variation in some parameter 

of a sound. If this variation is associated 

with the amplitude of a signal it is referred 

to as Amplitude Modulation; if the variations 

are applied to pitch the process is referred 

to as Frequency Modulation. Balanced or ‘Ring’ 

Modulation is a form of Amplitude Modulation in 

which the original signal is canceled, leaving 

only the frequencies called ‘modulation products’ 

or ‘side-bands.’ Since all forms of modulation 

DUH�QRZ�GH¿QHG�DV�µSHULRGLF�YDULDWLRQV¶�RI�WKHLU�
respective parameters, it is convenient to 

establish a dedicated source of these variations. 

7KLV�LV�WKH�EDVLF�IXQFWLRQ�RI�WKH�02'8/$7,21�
26&,//$725��,Q�DGGLWLRQ�WR�EHLQJ�DQ�DXGLR�
UHVRXUFH��DV�H[SODLQHG�RQ�SDJH�8, it will serve 
as the modulating source, producing periodic 

YDULDWLRQV�LQ�HLWKHU�WKH�SLWFK��)�0���RU�ORXGQHVV�
�$�0���RI�WKH�&203/(;�26&,//$725�VLJQDO��,W�ZLOO�
DOVR�VHUYH�WR�DPSOLWXGH�PRGXODWH��µEDO��H[W¶�
PRGH��DQ\�VLJQDO�DSSOLHG�WR�WKH�35($03��

7R�LOOXVWUDWH�XVH�RI�WKH�02'8/$7,21�26&,//$725�
as a modulation source, set up the patch 

LOOXVWUDWHG�LQ�3DWFK�FKDUW����$�SDWFK�KDV�QRZ�
been established which will periodically change 

WKH�SLWFK�RI�WKH�&203/(;�26&,//$725�V\PPHWULFDOO\�
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around A-440 at an approximate rate of 1-1/2 
times per 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 
the modulation index and is governed by the 
MODULATION offset control (25). With all controls 
set as illustrated in Patch-chart 4, raise the 
MODULATION offset to a setting of 2. As this 
is being done the performer will begin to hear 
a slight vibrato in the pitch of the COMPLEX 
OSCILLATOR. The width or depth of the vibrato 
is determined by the MODULATION control. At a 
setting of 2 the pitch will rise and fall about 
25 Hz (about a semitone) from the normal 440 
Hz. This change is periodically repeated every 
1-1/2 seconds. As the performer gradually raises 
the MODULATION 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 is 
increased the rate of change will accelerate. As 
the MODULATION index approaches a maximum setting 
of 10, the center pitch will be less obvious, 
due to the very wide sweep. With high modulation 
rates (frequencies of about 20 Hz and above) and 
higher modulation indexes, clangorous sounds with 
extremely complex spectra may be produced. With 
lower modulation indexes the partials are not as 
pronounced and can serve as effective coloration 
of the pitch of the COMPLEX OSCILLATOR. With a 
modulating frequency of about 6 Hz 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 1 Hz and the MODULATION offset control 
approaching its maximum value, the pitch of the 

COMPLEX OSCILLATOR will periodically be driven 
above and below its center, producing various 
‘siren’ effects. When listening to modulation 
with this low a rate one can directly perceive 
the waveshape of the MODULATION OSCILLATOR. By 
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 of the 
squarewave. By the same token, the sawtooth 
ZDYHVKDSH�ZLOO�GH¿QH�D�GLIIHUHQW�PRGXODWLRQ�
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 waveshapes 
available on both oscillators and familiarize 
him or herself with the frequency modulation 
characteristics in different frequency and pitch 
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 sound can also be greatly 
LQÀXHQFHG�E\�WKH�7,0%5(�FRQWURO�RQ�WKH�&203/(;�
OSCILLATOR. By setting the MODULATION switch 
to ‘a.m. oscillator’ all of the variations 
and processes previously discussed will be 
applied to the amplitude or ‘loudness’ of the 
COMPLEX OSCILLATOR’s signal. The frequency of 
the MODULATION OSCILLATOR governs the rate of 
amplitude change, the MODULATION index control 
determines the amount of dynamic change, and the 
:$9(6+$3(�GH¿QHV�WKH�µVKDSH�¶�RU�SDWWHUQ��RI�
change. With lower modulating frequencies and a
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moderate MODULATION index the effect is that 
of a periodic tremolo. With higher modulating 
frequencies audible sidebands will emerge. The 
performer should note that with a MODULATION 
setting of 5 or lower the COMPLEX OSCILLATOR will 
FRQWLQXH�WR�JHQHUDWH�DQ�LGHQWL¿DEOH�SLWFK�FHQWHU��
This affords the possibility of generating 
complex timbres while still maintaining a 
perceivable pitch reference. As the MODULATION 
offset control is raised above a setting of 
5 there will be a gradual suppression of the 
fundamental pitch of the COMPLEX OSCILLATOR. A 
MODULATION setting of 10 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. At 
low frequencies and high indexes the MODULATION 
OSCILLATOR can impart a periodic envelope on the 
signal of the COMPLEX OSCILLATOR. 

With the MODULATION switch set to ‘bal. ext’ the 
MODULATION OSCILLATOR will amplitude modulate 
any external signal coming into the PREAMP. With 
the MODULATION OSCILLATOR set at about 5 Hz the 
effect on the incoming signal will be the same 
as amplitude modulation, imposing a tremolo 
effect on whatever the incoming signal may be. 
The depth of the modulation is again governed by 
the MODULATION index setting. Higher modulating 
frequencies accompanied by a MODULATION index 
setting of 10 will result in complete ring 
modulation. 

The design of the MODULATION OSCILLATOR makes it 
possible for the performer to immediately select 
the modulation mode, with frequency, waveshape, 
and index readily accessible in the same 

location. Combined with the wealth of control 
and timbral resources on the COMPLEX OSCILLATOR, 
the availability of external resources, and 
¿QDO�SURFHVVLQJ�WKURXJK�WKH�'8$/�/23$66�*$7(�
and OUTPUT SECTION, the Music Easel provides 
the performer with a wide range of potential 
sound sources, timbral control, and signal 
processing capabilities. At the same time the 
front panel controls are geared to deal with the 
special requirements of real-time performance — 
a maximum amount of selectability and variation 
with a minimum number of pots and switches. The 
validity of this design concept will become more 
evident as the performer becomes acquainted with 
the possibilities of voltage control and the 
XVH�RI�352*5$0�&$5'6��%HIRUH�WKHVH�DSSURDFKHV�
are introduced, it would serve the performer 
well to spend some time exploring all of the 
possibilities presented thus far. A complete 
understanding of the manual controls and the 
range of variations they present will facilitate 
a broader understanding of the implications and 
UDPL¿FDWLRQV�RI�FRQWURO�YROWDJH�SURJUDPPLQJ��
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Programming

The sonic characteristics of musical instruments 
FDQ�EH�GH¿QHG�µSDUDPHWULFDOO\¶�²�D�SDUWLFXODU�
LQVWUXPHQW�GHYHORSV�LWV�H[SUHVVLYH�UDQJH�WKURXJK�
YDULDWLRQ�RI�SDUDPHWHUV�VXFK�DV�DPSOLWXGH��
SLWFK��DQG�WLPEUH��$�PXVLFLDQ�SURYLGHV�D�
FRPELQDWLRQ�RI�VWLPXOL��LQSXW��RU�SOD\LQJ��DQG�
WKH�LQVWUXPHQW�SURYLGHV�FRUUHODWLRQV�EHWZHHQ�
WKHVH�LQSXWV�DQG�WKH�UHVXOWDQW�VRXQGV��7KXV��
DQ�LQVWUXPHQW�PD\�EH�WKRXJKW�RI�DV�D�VHW�RI�
VWUXFWXUDOO\�GH¿QHG�FRUUHODWLRQV�EHWZHHQ�
VWLPXOXV�DQG�UHVSRQVH��7KH�0XVLF�(DVHO�LV�
GHVLJQHG�VR�WKDW�WKH�VWUXFWXUH�RI�D�SDUWLFXODU�
µLQVWUXPHQW¶�LV�GH¿QHG�DQG�LPSOHPHQWHG�E\�WKH�
SHUIRUPHU��7KH�YDULRXV�SDUDPHWULF�UHVSRQVHV�
DUH�GHWHUPLQHG�E\�WKH�SHUIRUPHU�WKURXJK�WKH�
VHOHFWLRQ�DQG�DSSOLFDWLRQ�RI�YROWDJHV��7KH�
FRUUHODWLRQV�DUH�GH¿QHG�E\�QHWZRUNV�RI�FRQWURO�
VHWWLQJV�DQG�LQWHUFRQQHFWLRQV��VR�WKDW�VHYHUDO�
SDUDPHWHUV�PD\�UHVSRQG�LQ�GLIIHUHQW�PDQQHUV�WR�
D�VLQJOH�VWLPXOXV��$W�WKH�VDPH�WLPH�WKH�VWDWH�
RI�D�VLQJOH�SDUDPHWHU�PD\�EH�GHWHUPLQHG�E\�D�
FRPELQDWLRQ�RI�VWLPXOL�²�HLWKHU�DUWLFXODWHG�
GLUHFWO\�E\�WKH�SHUIRUPHU�RU�IURP�SUH�SURJUDPPHG�
FRQWURO�VHWWLQJV��7KLV�VHFWLRQ�RI�WKH�PDQXDO�
ZLOO�DFTXDLQW�WKH�SHUIRUPHU�ZLWK�WKH�YROWDJH�
VRXUFHV�DYDLODEOH�RQ�WKH�0XVLF�(DVHO��WKHLU�
FRQWURO��URXWLQJ��DQG�VXJJHVWLRQV�IRU�SRVVLEOH�
DSSOLFDWLRQV��

$Q�LPSRUWDQW�VRXUFH�RI�FRQWURO�YROWDJHV�LV�WKH�
0RGHO�����.(<%2$5'��7KH�.(<%2$5'�SURYLGHV�YDULRXV�
FRQWURO�RXWSXWV�ZKLFK�PD\�EH�XVHG�LQ�D�YDULHW\�RI�
ZD\V��&RQQHFWLRQV�EHWZHHQ�WKH�.(<%2$5'�DQG�WKH�
6725('�352*5$0�6281'�6285&(�DUH�PDGH�ZLWK�EDQDQD�
SOXJ�SDWFK�FRUGV��&RQQHFW�WKH�0$,1�RXWSXW��NH\�
YROWDJHV�������WR�WKH�IURQW�SDQHO�PDUNHG�.(<%2$5'�
&211(&7,216�²�µSLWFK¶�LQSXW������DV�LOOXVWUDWHG�
LQ�3DWFK�FKDUW����7KLV�SDWFK�PDNHV�LW�SRVVLEOH�
WR�FRQWURO�WKH�SLWFK�DQG�IUHTXHQF\�RI�WKH�WZR�
RVFLOODWRUV�GLUHFWO\�IURP�HDFK�RI�WKH����YROWDJH�
NH\V�RQ�WKH�.(<%2$5'��7R�FRPSOHWH�WKLV�FRQQHFWLRQ�
WKH�.(<%2$5'�VZLWFK������RQ�WKH�RVFLOODWRUV�PXVW�
EH�VHW�WR�WKH�µRQ¶�SRVLWLRQ��FRQQHFWLQJ�WKH�NH\�
YROWDJHV�GLUHFWO\�WR�WKH�RVFLOODWRUV��,Q�RUGHU�
WR�GHPRQVWUDWH�WKH�SURFHVV�RI�YROWDJH�FRQWURO�
WKH�LQLWLDO�DSSOLFDWLRQ�RI�WKH�.(<%2$5'�ZLOO�EH�
LQ�FRQMXQFWLRQ�ZLWK�WKH�&203/(;�26&,//$725��:LWK�
WKH�.(<%2$5'�VZLWFK�LQ�WKH�µRQ¶�SRVLWLRQ�WKH�
LQWHUDFWLRQ�EHWZHHQ�WKH�0$,1�NH\�YROWDJHV�DQG�
WKH�RVFLOODWRU�ZLOO�SURGXFH�HTXDO�WHPSHUHG�KDOI�
VWHS�SLWFK�UHODWLRQVKLSV�RYHU�D�UDQJH�RI�������
RFWDYHV��7KH�WXQLQJ�UHIHUHQFH�LV�YDULDEOH�DQG�PD\�
EH�DGMXVWHG�WR�VXLW�DQ\�SHUIRUPDQFH�VLWXDWLRQ��
7KLV�DGMXVWPHQW�LV�DFKLHYHG�LQ�WKH�IROORZLQJ�
PDQQHU��)LUVW��VHH�WKDW�DOO�IURQW�SDQHO�VHWWLQJV�
DJUHH�ZLWK�WKH�VSHFL¿FDWLRQV�JLYHQ�RQ�3DWFK�
FKDUW����7RXFK�NH\�����ORZHVW�µ&¶���7KH�SLWFK�RI�
WKH�&203/(;�26&,//$725�LV�QRZ�GHWHUPLQHG�E\�WKH�
YROWDJH�IURP�WKDW�SDUWLFXODU�NH\��7KH�YROWDJH�
ZLOO�EH�µPHPRUL]HG¶�E\�WKH�V\VWHP�DQG�KHOG�XQWLO�
DQRWKHU�NH\�LV�WRXFKHG��7KH�0$,1�NH\�YROWDJHV�
PD\�EH�PDGH�WR�FRLQFLGH�ZLWK�YDULRXV�WXQLQJ�
UHIHUHQFHV�E\�PHDQV�RI�WKH�µ¿QH�WXQH¶�FRQWURO��
&RXUVH�FKDQJHV�LQ�SLWFK�UHIHUHQFH�PD\�EH�
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accomplished by changing the position of the 
PITCH offset. If the initial tuning is done with 
the PITCH offset in its lowest position the 
performer will always be able to return to that 
H[DFW�UHIHUHQFH�ZLWKRXW�KDYLQJ�WR�XVH�WKH�µ¿QH�
tune’ control. ‘Fine tune’ and PITCH offset only 
shift the reference of the MAIN key voltage. The 
individual pitch relationships are not affected 
and they will maintain their equal half-step 
intervals. 

The MAIN output may be connected to the 
MODULATION OSCILLATOR by means of its 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 PITCH, 
)5(48(1&<��DQG�µ¿QH�WXQH¶�FRQWUROV��%\�NHHSLQJ�
the frequency ratio of the two oscillators 
the same, the complex timbres produced by 
certain modulation processes will be relatively 
independent of frequency.

The MAIN output may also be connected to control 
either oscillator through its respective PITCH 
(28a) or FREQUENCY (29a) inputs on the Patch 
Field. To make this connection, attach a banana-
plug patch cord from the MAIN output (26) to the 
PITCH input (28a) of the COMPLEX OSCILLATOR. 
Through this patch it is possible to process 
the key voltages to produce some interesting 
tunings. With the COMPLEX OSCILLATOR’s KEYBOARD 
switch in the ‘off’ position the PITCH offset 
DQG�µ¿QH�WXQH¶�FRQWUROV�DUH�XVHG�WR�HVWDEOLVK�DQ�
initial reference. The POLARITY switch (30) will 
determine in which direction an applied voltage 

will change the pitch. With this switch in the 
‘+’ position the control voltage will raise the 
pitch above the offset reference setting; in the 
‘-’ position the control voltage will lower the 
pitch below the reference setting. The sliders 
associated with PITCH (28b) and FREQUENCY (29b) 
control voltage inputs are processing controls. 
The function of these controls is to attenuate 
the incoming control voltage. The setting of 
D�VOLGHUV�GHWHUPLQHV�WKH�UDQJH��RI�LQÀXHQFH�
that an applied control voltage can have on its 
associated parameter. 

For the initial experiments it is suggested that 
the POLARITY switch be in the ‘+’ position. 
Setting the COMPLEX OSCILLATOR at the desired 
reference with the PITCH offset control, the 
performer should experiment with different PITCH 
processing control levels. With the processing 
control at about 1.0 (scale the range of the 
control from 0-10) 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 PITCH offset 
DQG�µ¿QH�WXQH¶�FRQWUROV�DUH�WKHQ�XVHG�WR�GH¿QH�
pitch register and to tune the oscillator to a 
precise reference. 

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 the purpose of the MODULATION OSCILLATOR is 
to amplitude or frequency modulate other signals, 
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the voltage controllable parameters are frequency 
and modulation index. Frequency control works 
in the same way as that described for the 
COMPLEX OSCILLATOR and the same logic applies 
to the control of the modulation index. Set 
the MODULATION switch to ‘a.m. osc.’ and the 
MODULATION index processing control (31) to 10. 
By patching from the MAIN output of the KEYBOARD 
to the MODULATION input (directly below the 
MODULATION index processing control) of the 
MODULATION OSCILLATOR, the key voltages may be 
XVHG�WR�GH¿QH�WKH�LQGH[�IURP�VOLJKW�PRGXODWLRQ�
coloration to complete ring modulation. With the 
MODULATION index processing control at 5 the 
highest applied control voltage will not drive 
the voltage controlled index past that point 
(provided the MODULATION index offset is at 0). 
With the control set at 1 an applied control 
voltage will cause barely perceivable modulation. 

The PRESET VOLTAGE SOURCE associated with the 
KEYBOARD provides the performer with four 
control voltage sources which are independently 
variable over the entire control voltage range. 
The four touch plates each have an associated 
potentiometer which is used to determine their 
voltage levels. When one of the four keys is 
touched, its particular voltage will appear at 
the output. This voltage may then be patched to 
any control input and will function independently 
of the MAIN output. One possible application 
would be to control the pitch and frequency of 
the two oscillators with the MAIN output (patched 
through the KEYBOARD switches). A modulation mode 
could then be selected and its index could be 
governed by the PRESET VOLTAGE SOURCE as 

illustrated in Patch-chart 6. This would allow 
the performer to make instantaneous and precise 
changes in the index while dealing independently 
with the pitch and frequency of the respective 
oscillators. The effect of the PRESET VOLTAGE 
SOURCE on the index could be scaled up or down by 
altering the setting of its processing control 
(31). 

Other applications of the PRESET VOLTAGE SOURCE 
are via the three-position ADD TO MAIN selector 
(32). With this selector in the ‘octaves’ 
position the MAIN key voltages controlling an 
oscillator are touch selectable over a range 
RI�IRXU�RFWDYHV��7KH�¿UVW�SRWHQWLRPHWHU�RI�WKH�
PRESET VOLTAGE SOURCE transposes the entire 
keyboard voltage range down one octave. The 
second potentiometer performs zero transposition, 
the third transposes the entire keyboard up one 
octave, and the fourth transposes the keyboard 
up two octaves. This makes it possible for the 
performer to instantly select octave registration 
without having to offset the oscillators with 
the PITCH or FREQUENCY controls. With the ADD TO 
MAIN selector in ‘preset’ mode each of the PRESET 
VOLTAGE levels will be added to the MAIN output. 
If this voltage shift is applied to the frequency 
control of an oscillator it is possible to select 
any interval of transposition between a microtone 
and a major ninth. For example, the KEYBOARD and 
associated controls may be driving the oscillator 
so that a ‘C’ scale on the keyboard actually 
produces a ‘C’ reference scale. With the ADD TO 
MAIN selector in the ‘none’ position the PRESET 
VOLTAGE SOURCE will have no effect on the output 
YROWDJHV��:LWK�WKH�¿UVW�35(6(7�92/7$*(�6285&(�
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Patch-chart 7

SEQUENTIAL VOLTAGE SOURCE ENVELOPE GENERATOR PULSER

OUTPUTSCONTROL INVERTER PRE       AMP / ENVELOPE DETECTOR

MODULATION OSCILLATOR COMPLEX OSCILLATOR DUAL LO    PASS GATE

from mod. oscillator

gate 2 source

gate 2 

chan B 

chan A 

timbre

phones

gate 1

  gain          env out         to card        mod cv outaux in

highlow

OUTPUT SECTION

REVER-

BERATION

MASTER  VOLUME

MONITOR  LEVEL

KEYBOARD CONNECTIONS RANDOM VOLTAGE

PROGRAM 

Stored Program Sound Source Model  208e

INTERFACE

pulse          pressure         pitch                  trigger select

pulser

pres

keyboard

sequencer       

frequency       modulation       period       timbre      level 1      level 2      

2      

3      

1      

0      

0      

1      

3      7      

8      

9      

10      

6      4      
5      

0      

1      

3      7

8

9

10

64      
5      

0      

1      

3      7

8

9

10

64      
5      

0      

1      

3      7

8

9

10

64      
5      

2

2

2

2

4      

5

6     

10      

7     

8      

9      

pitch      

pulser

keyboard

trigger select stages trigger select trigger select

triggered

off

once

mode

off       

4

3

5       

pulser

keyboard

sequencer       

mode select

transient

sustained

off     

self      

keyboard

sequencer       

keyboard

modulationfine tune

bal. ext- high

 high

+ hi

low

low

range / pol

f.m. osc.

a.m. osc.

off       

waveshape

sequencer voltage levels attack   sustain   decay

10

8

6

4

2

0

10

8

6

4

2

0

10

8

6

4

2

0

10

8

6

4

2

0

10

8

6

4

2

0

.002

.025

.2

1

3.5

10

.002

.025

.2

1

3.5

10

1760

880

440

220

110

55

1760

880

440

220

110

55

55

17

5.5

1.7

.55

.17

pulse sequence

2 3 4 51

on

both     

local    
left          right    

remote

voltage cntrld amp

combinaton      

 mode select

lopass filter

keyboard

polarity fine tune

off       

on

from card       input           output         to card           
-1

+

_

0

(trim) (trim)

OUTPUTS                               PORTAMENTO  SLOPE        ARPEGGIATION  RATE  /  PATTERN             ADD  TO  MAIN                                      PRESET  VOLTAGE  SOURCE

 pulse    pressure    main                                 input                                  input                                   

octavesascending

output
nonenone

presetrandom

0

1

2

3
4 6

8

9

10

7

0

1

2

3
4 6

8

9

10

7

0

1

2

3
4 6

8

9

10

7

0

1

2

3
4 6

8

9

10

7

0

1

2

3
4 6

8

9

10

7

0

1

2

3
4 6

8

9

10

7

 

Touch Act ivated Voltage Source Model  218e BUCHLA  electronic musical instruments

33 34 36 3537 38

23



potentiometer set at about 11:00, turn to the 
µSUHVHW¶�PRGH�DQG�WRXFK�WKH�¿UVW�NH\��7KH�0$,1�
output will be shifted so as to produce an ‘F’ 
VFDOH��D�SHUIHFW�IRXUWK�KLJKHU�RQ�WKH�RVFLOODWRU��
7KH�IRXU�SUHVHWV�PD\�EH�WXQHG�WR�DQ\�LQWHUYDO�
RI�WUDQVSRVLWLRQ�DQG�FDOOHG�XS�DV�QHHGHG��7R�
UHWXUQ�WR�WKH�RULJLQDO�WXQLQJ��VZLWFK�WKH�$''�72�
0$,1�VHOHFWRU�WR�µQRQH�¶�,W�VKRXOG�EH�QRWHG�WKDW�
WKH�RFWDYH�VKLIW�LV�DFWXDOO\�D����NH\�LQWHUYDO�
DQG�ZLOO�RQO\�EH�DQ�LQWHJUDO�RFWDYH�ZKHQ�WKH�
RVFLOODWRUV�DUH�WXQHG�WR�D����QRWH�VFDOH��DV�
WKURXJK�WKH�.(<%2$5'�VZLWFK��

7KXV�IDU�WKH�.(<%2$5'�KDV�EHHQ�GHDOW�ZLWK�RQO\�
LQ�WHUPV�RI�LWV�DELOLW\�WR�SURGXFH�LQVWDQWDQHRXV�
GLVFUHWH�YROWDJH�OHYHOV��$V�WKH�QDPH�LPSOLHV��WKH�
3257$0(172�FRQWURO������SURYLGHV�D�OLQHDU�JOLGH�
EHWZHHQ�VXFFHVVLYH�YROWDJH�OHYHOV��7KH�3257$0(172�
YROWDJH�LV�LQFOXGHG�LQ�WKH�0$,1�RXWSXW��DQG�PD\�
EH�DSSOLHG�WR�DQ�RVFLOODWRU�E\�VLPSO\�UDLVLQJ�WKH�
SRWHQWLRPHWHU�VHWWLQJ�DERYH�]HUR��)ROORZ�WKH�VDPH�
SDWFKLQJ�SURFHVV�SUHYLRXVO\�GLVFXVVHG�²�SDWFK�
IURP�WKH�0$,1�RXWSXW�WR�HLWKHU�WKH�µSLWFK¶�LQSXW�
RQ�WKH�.(<%2$5'�&211(&7,216�RU�WR�DQ\�FRQWURO�
LQSXW�WKURXJK�WKH�3DWFK�)LHOG��7KH�3257$0(172�
FRQWURO�GH¿QHV�WKH�DQJOH�RI�WKH�SRUWDPHQWR�VORSH�
IURP�RQH�YROWDJH�WR�WKH�QH[W��7KH�VORSH�LV�DOVR�
YROWDJH�FRQWUROODEOH�WKURXJK�WKH�DVVRFLDWHG�LQSXW�
MDFN�������7KH�PDQXDO�SRUWDPHQWR�VHWWLQJ�ZLOO�
GH¿QH�WKH�PD[LPXP�WLPH�DQG�DQ\�DSSOLHG�FRQWURO�
YROWDJH�LQFUHDVHV�WKH�SRUWDPHQWR�VSHHG��

7KH�$53(**,$7,21�5$7(���3$77(51�PD\�DOVR�EH�DGGHG�
WR�WKH�0$,1�RXWSXW�E\�VZLWFKLQJ�WKH�3$77(51�
VHOHFWRU������WR�HLWKHU�µUDQGRP¶�RU�µDVFHQGLQJ�¶�
,I�PXOWLSOH�NH\V�DUH�SUHVVHG�RQ�WKH�NH\ERDUG��

enabling this function would cause the instrument 
WR�SOD\�WKH�NH\V�LQ�DUSHJJLR��E\�SURGXFLQJ�
WKH�FRUUHVSRQGLQJ�YROWDJHV�LQ�VXFFHVVLRQ��7KH�
µDVFHQGLQJ¶�VHWWLQJ�F\FOHV�XSZDUG�WKURXJK�WKH�
NH\V�DQG�WKH�µUDQGRP¶�VHWWLQJ�DUUDQJHV�WKH�
NH\V�LQ�D�UDQGRP�RUGHU��7KH�$53(**,$7,21�5$7(�
SRWHQWLRPHWHU������YDULHV�WKH�VSHHG�RI�WKH�
DUSHJJLR��ZKHUH���HTXDOV����F\FOHV�SHU�PLQXWH�
DQG����HTXDOV�����F\FOHV�SHU�PLQXWH��7KH�UDWH�
PD\�DOVR�EH�YROWDJH�FRQWUROOHG�WKURXJK�WKH�JLYHQ�
LQSXW�MDFN�������7U\�DGGLQJ�WKH�3257$0(172�6/23(�
DQG�$53(**,$7,21�5$7(���3$77(51�WR�WKH�SUHYLRXV�
SDWFK��DV�VKRZQ�LQ�3DWFK�FKDUW����([SHULPHQW�ZLWK�
these two functions until their parameters are 
IXOO\�XQGHUVWRRG��

:KLOH�WKH�0$,1�RXWSXW�LV�IUHTXHQWO\�XVHG�WR�
determine pitch, application to other dimensions 
LV�DOVR�UHDGLO\�DFFRPSOLVKHG��8VLQJ�D�SDWFK�
FRUG��WKH�SHUIRUPHU�PD\�FRQQHFW�WKH�0$,1�RXWSXW�
WR�DQ\�RI�VHYHUDO�FRQWURO�YROWDJH�LQSXWV�LQ�WKH�
3DWFK�)LHOG��H�J��*DWH�/HYHO��7LPEUH��0RGXODWLRQ��
HWF����7KH�FRQWURO�YROWDJH�LQSXW�MDFNV�DUH�FRGHG�
JUD\�WR�GLVWLQJXLVK�WKHP�IURP�WKH�FRQWURO�YROWDJH�
RXWSXWV��6WDUWLQJ�ZLWK�WKH�'8$/�/23$66�*$7(��
DSSOLFDWLRQ�RI�WKH�0$,1�RXWSXW�WR�WKH�FRQWURO�
LQSXW�RI�HLWKHU�JDWH�ZLOO�DOORZ�LWV�OHYHO�WR�
EH�FRQWUROOHG�GLUHFWO\�E\�WKH�.(<%2$5'��:LWK�D�
JDWH�LQ�WKH�µYROWDJH�FQWUOG�DPS¶�PRGH��VHW�WKH�
RIIVHW�/(9(/�FRQWURO�WR�µ��¶�7KH�SURFHVVLQJ�
FRQWURO������GLUHFWO\�WR�WKH�OHIW�RI�WKH�RIIVHW�
control determines how much effect the control 
YROWDJH�ZLOO�KDYH�RQ�WKH�FRQWUROOHG�SDUDPHWHU�²�
LQ�WKLV�FDVH��WKH�OHYHO�RI�WKH�VLJQDO��:LWK�WKH�
SURFHVVLQJ�FRQWURO�DW�µ�¶�WKH�FRQWURO�YROWDJH�LV�
FRPSOHWHO\�DWWHQXDWHG�DQG�KDV�QR�HIIHFW�RQ�WKH

��
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gate. With the processing control at some minimal 

setting (around 2 or 3) the high end of the 

keyboard will produce barely audible signals. 

With the processing control set at around 9 or 10 

the keyboard voltages will  produce an expanded 

dynamic range, with higher keys producing 

proportionally higher levels. By shifting the key 

voltages up (either by the ‘octaves’ or ‘preset’ 

mode) the gate will receive higher control 

voltages and the available dynamic range will 

likewise be expanded. The LEVEL offset control 

establishes a minimal reference and the applied 

controls drive the level up from that point. 

The relationship between the offset control and 

processing control should be explored and well 

understood, as its logic will soon be applied 

to other parameters. The LEVEL offset controls 

determine initial levels and the processing 

controls determine the potential level increases 

that applied control voltages can effect.

Using the same patch as previously described, set 

WKH�02'(�6(/(&7�VZLWFK�WR�µORSDVV�¿OWHU�¶�7KH�
/(9(/�RIIVHW�FRQWURO�ZLOO�QRZ�GH¿QH�WKH�LQLWLDO�
cutoff frequency and the processing control will 

determine how far above that level an applied 

voltage will change the cutoff. Since the 

KEYBOARD provides 29 equally spaced voltages, 29 

equidistant cutoff 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’ mode.

If the MAIN output is patched to the TIMBRE input 

(39) of the COMPLEX OSCILLATOR, it is possible to 

control timbre directly from the keys. In 

experimenting with this dimension the gate 

should be set in the ‘voltage cntrld amp’ mode, 

so it does not affect the timbre at that stage. 

The setting of the TIMBRE offset control will 

GH¿QH�WKH�PLQLPXP�DPRXQW�RI�ORZHU�KDUPRQLF�
accentuation. The processing level will determine 

the deviation that an applied control voltage 

can effect. With the processing control at a low 

setting (2 or 3) the MAIN output will produce 29 

different timbres over a rather limited range. 

A much wider timbral range is produced with the 

offset control at 0 and the processing control at 

10. 

The PRESSURE output (40) consists of a voltage 

WKDW�LV�SURSRUWLRQDO�WR�WKH�¿QJHU�SUHVVXUH�
applied to any of the keys. Key pressure 

technique actually involves varying the amount 

RI�¿QJHU�VXUIDFH�LQ�FRQWDFW�ZLWK�WKH�NH\��7KH�
SHUIRUPHU�VKRXOG�SUDFWLFH�UROOLQJ�WKH�¿QJHU�
back and forth on a single key to become adept 

at this technique. The PRESSURE voltage is 

connected from the KEYBOARD to the front panel 

(41) as illustrated in Patch-chart 8, and this 

makes it available at any of the violet jacks 

on the Patch Field. This voltage may be applied 

to any controllable parameter, but its manner 

of production may imply some suggestions to the 

performer. For example, the MAIN output may 

be used to control the pitch of the COMPLEX 

OSCILLATOR while the PRESSURE voltages are 

used for control of timbre. This patch is 

illustrated in Patch-chart 8. The characteristic 

of this patch is that harder articulations on 

the KEYBOARD will produce brighter timbres as 

determined by the setting of the TIMBRE 
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Patch-chart 9
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processing control. The decay of the timbre is 
controlled by the release of the key. 

Another approach would be to have the gate 
LQ�µORSDVV�¿OWHU¶�RU�µFRPELQDWLRQ¶�PRGH�DQG�
controlled by PRESSURE voltages. To make this 
patch more effective, the initial signal from 
the COMPLEX OSCILLATOR should exhibit a rich 
WLPEUH��:LWK�*DWH��¶V�/(9(/�RIIVHW�DW���DQG�
the processing input approaching maximum the 
PRESSURE voltages will produce envelopes, gating 
the signal from the COMPLEX OSCILLATOR only 
ZKHQ�D�NH\�LV�DFWLYDWHG��:LWK�D�KLJKHU�/(9(/�
offset setting the lower spectrum of the signal 
will be ever present and the PRESSURE voltages 
will produce surges in amplitude and timbre. 
9DULRXV�PRGHV�RI�NH\ERDUG�DUWLFXODWLRQV��KDUG��
VRIW��D�UROOLQJ�RI�WKH�¿QJHU�RQ�WKH�NH\��HWF���
will result in analogous spectral surges. In 
most acoustical situations the mode of attack 
contributes greatly to the timbre, so this 
patch is well worth further investigation by 
the performer. Another possibility would be to 
control portamento speed with pressure. If the 
PORTAMENTO voltage was applied to PITCH control, 
the instrument would respond with harder attacks 
�PRUH�SUHVVXUH��RQ�WKH�.(<%2$5'�UHVXOWLQJ�LQ�
faster glissandi to keyed pitches. 

In addition to providing MAIN key voltages, 
35(6(7�92/7$*(6��DQG�35(6685(�YROWDJH�DQDORJV��
WKH�.(<%2$5'�LV�DOVR�D�VRXUFH�RI�38/6(�YROWDJHV��
When a key is touched a pulse is generated which 
PD\�EH�XVHG�WR�WULJJHU�D�YDULHW\�RI�SUHGH¿QHG�
HYHQWV��7KH�38/6(�RXWSXW������IURP�WKH�.(<%2$5'�
LV�SDWFKHG�WR�WKH�IURQW�SDQHO�DW�WKH�.(<%2$5'�

&211(&7,216���3XOVH�LQSXW������DV�VKRZQ�LQ�3DWFK�
FKDUW����7KLV�PDNHV�WKH�.(<%2$5'�38/6(�DYDLODEOH�
at all of the TRIGGER SELECT switches on the 
IURQW�SDQHO��XQGHU�WKH�6(48(17,$/�92/7$*(�6285&(��
(19(/23(�*(1(5$725��38/6(5��DQG�5$1'20�92/7$*(���

7KH�(19(/23(�*(1(5$725�SURGXFHV�D�WUDQVLHQW�
control voltage with three distinct components. 
Upon receiving a trigger the control voltage 
IURP�WKH�(19(/23(�*(1(5$725�ZLOO�OLQHDUO\�ULVH�
WR�D�PD[LPXP�SRLQW��$WWDFN���UHPDLQ�DW�WKDW�
OHYHO��6XVWDLQ���DQG�WKHQ�OLQHDUO\�IDOO�EDFN�WR�
���'HFD\���7KH�$WWDFN��6XVWDLQ��DQG�'HFD\�DUH�
PDQXDOO\�YDULDEOH�IURP������WR����VHFRQGV�ZLWK�
WKHLU�UHVSHFWLYH�VOLGH�FRQWUROV����������DQG�
�����7R�RSHUDWH�WKH�(19(/23(�*(1(5$725��¿UVW�
VHW�WKH�75,**(5�6(/(&7������WR�µNH\ERDUG�¶�1H[W�
VHW�µDWWDFN�¶�µVXVWDLQ�¶�DQG�µGHFD\¶�WLPHV�DV�
GHVLUHG��7KHQ�VHW�WKH�02'(�6(/(&7�VZLWFK������WR�
µWUDQVLHQW¶�RU�µVXVWDLQHG�¶�,Q�µWUDQVLHQW¶�PRGH�
the segment times will be as indicated by the 
IURQW�SDQHO�VHWWLQJV��,Q�µVXVWDLQHG¶�PRGH�WKH�
duration will depend on the length of the applied 
trigger. Upon reception of a trigger the envelope 
YROWDJH�ZLOO�ULVH�DFFRUGLQJ�WR�WKH�µDWWDFN¶�WLPH�
setting, sustain as long as the trigger pulse 
LV�DFWLYH��DQG�ZLOO�HQWHU�WKH�µGHFD\¶�SRUWLRQ�
of the cycle when the trigger is released. In 
µWUDQVLHQW¶�PRGH�WKH�GXUDWLRQ�WLPH�LV�JRYHUQHG�
RQO\�E\�WKH�µVXVWDLQ¶�FRQWURO�DQG�LV�LQGHSHQGHQW�
RI�WULJJHU�OHQJWK��VHH�)LJXUH������

The envelope voltage is available from any of the 
WKUHH�RUDQJH�MDFNV�RQ�WKH�3DWFK�)LHOG�DQG�PD\�EH�
applied to any controllable parameter. If applied 
to the PITCH control of the COMPLEX 
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FIGURE 2

     

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 excursions caused by 
the envelope and has no effect on any of the 
time values. As soon as the ENVELOPE GENERATOR 
receives a trigger the voltage will cause the 
pitch to rise from a point determined by the 
PITCH offset control. With the processing input 
at its maximum value (10) the envelope voltage 
will cause maximal pitch excursions of the 
oscillator. It will sustain according to the 
‘sustain’ setting (or trigger length, if in 
‘transient’ mode) and then decay back to the 
RULJLQDO�SLWFK�DV�GH¿QHG�E\�WKH�µGHFD\¶�WLPH��,I�
the processing input is set at its middle value 
(5) the pitch change will follow the original 
time settings, but the excursion will be only 
half as far. With the procession control at a 
very low setting (1) the pitch excursion will 
be minimal (see Figure 3). This control may be 
inverted by the POLARITY switch so the attack 
portion of the envelope will cause a pitch drop,

FIGURE 3

VXVWDLQLQJ�DW�VRPH�ORZ�SLWFK�DV�GH¿QHG�E\�WKH�
processing control. The decay voltage will then 
cause a rise in pitch back to the original 
setting (see Figure 4). 

FIGURE 4

The harmonic spectrum of the COMPLEX OSCILLATOR 
may be varied in many different ways using 
the ENVELOPE GENERATOR. One such possibility 
is illustrated in Patch-chart 10. PITCH is 
controlled directly from the MAIN output, and the 
ENVELOPE GENERATOR, when triggered by a pulse 
from the KEYBOARD, controls TIMBRE. The result is 
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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, sustain, and decay 

times as well as ‘sustained’ and ‘transient’ 

modes). Also explore various types of modulation 

processes and modulation frequencies. 

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 

0, 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. 

FIGURE 5

The voltage to be inverted is patched to the 

INVERTER input (49) from any desired control 

voltage output by means of a banana patch cord. 

The inverted voltage then is taken from the 

INVERTER output (50) and patched to any desired 

control voltage input by means of a second banana 

patch cord.

Simultaneous normal and inverted envelopes can 

produce some interesting results, particularly 

if applied to related parameters. 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 MAIN 

output 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 LOPASS GATE an envelope 

may be used to determine a transient amplitude 

contour (‘voltage cntrld amp’ mode), lowpass 

spectrum (‘lopass’ mode), or a combination of 

both (‘combination’ mode). With the LEVEL offset 

control at 0 the gating characteristics may 

EH�WRWDOO\�GH¿QHG�E\�WKH�VKDSH�RI�WKH�HQYHORSH�
voltage. By raising the offset control one may 

establish higher initial levels and/or richer 

timbral references. The envelope will then gate 

from that point. With the gate in ‘combination’ 

mode the use of very short or sharp-edged 

envelopes can produce effective percussive 

sounds. With the ENVELOPE GENERATOR set in 

‘transient’ mode and the attack, sustain, and 

decay at minimum, the resultant envelope will be 
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a pulse of less than 1/100 second duration. If 

the COMPLEX OSCILLATOR is generating a rich 

frequency spectrum (due to the TIMBRE setting 

or some modulation process), the effect will 

be a resonant percussive sound. The ‘lopass 

¿OWHU¶�HOHPHQW�LQ�WKLV�SDWFK�KDV�D�VRPHZKDW�
slower response time than the ‘voltage cntrld 

DPS�¶�7KHUHIRUH��WKH�µYROWDJH�FQWUOG�DPS�¶�LQ�
part, provides the sharp attack and the ‘lopass 

¿OWHU¶�JLYHV�WKH�HIIHFW�RI�UHVRQDQFH��GXH�WR�
the slower decay of the lower frequencies. 

This type of patch is incorporated into the 

µGUXPPLQJ¶�LQVWUXPHQW�LOOXVWUDWHG�LQ�3DWFK�FKDUW�
12. The frequency spectrum may be varied by the 

TIMBRE offset and/or the PRESET VOLTAGE SOURCE 

(controlling modulation frequency and index). 

Also try adding the PORTAMENTO SLOPE to the MAIN 

output. 

The PULSER is either a continuous or ‘single 

VKRW¶�VRXUFH�RI�WULJJHUV�DQG�VLPSOH�FRQWURO�
envelopes. Upon receiving a trigger the PULSER 

ZLOO�JHQHUDWH�D�OLQHDUO\�GHVFHQGLQJ�µUDPS¶�
voltage that is available at the yellow jacks 

on the Patch Field. When the ramp, or envelope, 

voltage reaches 0 the PULSER produces a trigger 

which is available at any of the TRIGGER SELECT 

switches (see Figure 6). With the MODE selector 

�����VHW�DW�µWULJJHUHG¶�WKH�38/6(5�PD\�EH�
triggered by pulses from the KEYBOARD or the 

SEQUENCER (see page 38). The desired trigger is 
selected by the switch marked TRIGGER SELECT 

������:LWK�WKH�02'(�VZLWFK�DW�WKH�FHQWHU�µRII¶�
position the PULSER will not react to any 

WULJJHUV��7KH�ERWWRP�µRQFH¶�SRVLWLRQ�LV�VSULQJ�
ORDGHG�DQG�LV�XVHG�WR�¿UH�WKH�38/6(5�PDQXDOO\��

:LWK�WKH�75,**(5�6(/(&7�VZLWFK�VHW�DW�WKH�µVHOI¶�
position its own trigger output is used as the 

trigger source. In this mode the PULSER will 

FRQWLQXH�WR�¿UH�DW�D�UDWH�GH¿QHG�E\�WKH�3(5,2'�
offset control (53). Since all triggers are 

generated at the end of the ramp, the PULSER must 

receive an initial trigger to begin the cycle. 

This is accomplished by pushing the MODE selector 

WR�µRQFH¶�DQG�TXLFNO\�UH�VHWWLQJ�LW�WR�WKH�
µWULJJHUHG¶�SRVLWLRQ��

FIGURE 6

  

The decay time of the ramp envelope is called 

the PERIOD and may be varied from .002 to 10 

seconds. The PERIOD is also voltage controllable 

through its control voltage input on the Patch 

Field. The PERIOD offset establishes the initial 

(maximum) period, and the processing control (54) 

determines the degree of shortening of the period 

that an applied control voltage can effect. 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  
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illustrated in Patch-chart 13. Before listening 

to this patch, attempt a careful analysis to see 

if the sonic results can be predicted. The PULSER 

LV�VHW�WR�¿UH�HYHU\����VHFRQGV��(DFK�WLPH�LW�GRHV�
VR�LWV�UDPS�YROWDJH�GULYHV�WKH�PRGXODWLRQ�LQGH[�
IURP���GRZQ�WR����$W�WKH�VDPH�WLPH��WKH�38/6(5¶V�
UDPS�YROWDJH�LV�LQYHUWHG�DQG�XVHG�DV�D�FRQWURO�
IRU�WKH�IUHTXHQF\�RI�WKH�02'8/$7,21�26&,//$725��
:KHQ�WKH�UDPS�YROWDJH�LV���WKH�LQYHUWHG�YROWDJH�
LV�DW�LWV�PD[LPXP��SURGXFLQJ�D�KLJK�PRGXODWLQJ�
IUHTXHQF\��:KHQ�WKH�UDPS�YROWDJH�LV�JHQHUDWHG�WKH�
LQYHUWHG�IRUP�GURSV�WKH�PRGXODWLQJ�IUHTXHQF\�WR�D�
lower point and then rises again according to the 

period of the PULSER. (The descending ramp slope 

LV�LQYHUWHG�WR�SURGXFH�D�ULVH�LQ�IUHTXHQF\���
$W�WKH�HQG�RI�HDFK�F\FOH�WKH�38/6(5�VHQGV�RXW�
D�WULJJHU�WR�¿UH�WKH�(19(/23(�*(1(5$725��7KH�
(19(/23(�*(1(5$725¶V�YROWDJH�LV�XVHG�WR�SURGXFH�
WUDQVLHQW�WLPEUDO�VXUJHV��7KH�SHUIRUPHU¶V�LQSXW�
LV�LQ�WKH�VHOHFWLRQ�RI�NH\�YROWDJHV�IURP�WKH�0$,1�
output, which determine the initial frequencies 

IRU�WKH�RVFLOODWRUV��DQG�¿QJHU�SUHVVXUH�IURP�WKH�
35(6685(�RXWSXW��ZKLFK�VKRUWHQV�WKH�38/6(5¶V�
SHULRG��([SHULPHQW�ZLWK�YDULRXV�RIIVHW�DQG�
SURFHVVLQJ�VHWWLQJV�DQG�WKH�YDULRXV�RFWDYH�VKLIWV�
RQ�WKH�.(<%2$5'��

7KH�02'8/$7,21�26&,//$725�KDV�DQRWKHU�IURQW�
SDQHO�RXWSXW�������ZKLFK�PD\�EH�XVHG�DV�D�VRXUFH�
of periodic control functions. This output is 

D�FRQWURO�YROWDJH�ZLWK�WKH�VDPH�IUHTXHQF\�DQG�
ZDYHVKDSH�DV�WKH�02'8/$7,21�26&,//$725�DQG�PD\�EH�
FRQQHFWHG�WR�DQ\�FRQWURO�YROWDJH�LQSXW�E\�PHDQV�
of a banana patch cord. One possible application 

LV�WR�XVH�WKLV�YROWDJH�WR�FRQWURO�WKH�WLPEUH�RI�
WKH�&203/(;�26&,//$725��,Q�WKLV�LQVWDQFH�WKH�

02'8/$7,21�26&,//$725�LV�EHLQJ�XVHG�IRU�µWLPEUH�
PRGXODWLRQ¶�LQVWHDG�RI�WKH�XVXDO�$0�RU�)0��
$QRWKHU�LQWHUHVWLQJ�SRVVLELOLW\�LV�VLPXOWDQHRXV�
$0�DQG�)0��2Q�WKH�02'8/$7,21�26&,//$725�VHW�
WKH�02'8/$7,21�PRGH�WR�µD�P��RVF�¶�DQG��DW�WKH�
VDPH�WLPH��SDWFK�WKH�µPRG�FY�RXW¶�WR�WKH�3,7&+�
LQSXW�RI�WKH�&203/(;�26&,//$725��,Q�WKLV�FDVH�
WKH�IUHTXHQF\�PRGXODWLRQ�LQGH[�LV�D�IXQFWLRQ�
RI�WKH�3,7&+�SURFHVVLQJ�VHWWLQJ��7KH�SHUIRUPHU�
should also consider the potentials of using 

WKLV�YROWDJH�DV�D�VRXUFH�RI�VLPSOH�HQYHORSHV��
FRQWUROOLQJ�HLWKHU�RI�WKH�/23$66�*$7(6��

7KH�6(48(17,$/�92/7$*(�6285&(�SURYLGHV�VHTXHQFHV�
RI�WULJJHUV�DQG�VWRUHG�FRQWURO�YROWDJHV��7KH�
6(48(1&(5�92/7$*(�/(9(/6�DUH�LQGHSHQGHQW�RI�
each other and are preset by associated sliders 

������7KH�VHTXHQFH�RI�WKH�¿YH�YROWDJHV�LV�
DYDLODEOH�IURP�DQ\�RI�WKH�EOXH�MDFNV�RQ�WKH�
3DWFK�)LHOG��7KH�67$*(6�VHOHFWRU������PDNHV�LW�
possible to limit the sequence to three, four, 

RU�¿YH�SRVLWLRQV���$�WZR�VWDJH�VHTXHQFH�LV�DOVR�
DYDLODEOH�E\�XVH�RI�WKH�352*5$0�&$5'���7KH�
6(48(1&(5�LV�DGYDQFHG�IURP�RQH�VWDJH�WR�WKH�QH[W�
by the application of triggers from either the 

.(<%2$5'�RU�WKH�38/6(5�DV�GH¿QHV�E\�WKH�75,**(5�
6(/(&7�VZLWFK�������:LWK�WKH�75,**(5�6(/(&7�
VZLWFK�LQ�WKH�µRII¶�SRVLWLRQ�WKH�ODVW�LQFUHPHQWHG�
YROWDJH�ZLOO�FRQWLQXH�WR�EH�DYDLODEOH�DW�WKH�
RXWSXW�MDFNV��:KHQ�VHWWLQJ�WKH�YDULRXV�RXWSXW�
YROWDJHV�LW�PD\�EH�HDVLHVW�WR�XVH�WKH�.(<%2$5'�
DV�WKH�WULJJHU�VRXUFH��,Q�WKLV�ZD\�HDFK�YROWDJH�
OHYHO�PD\�EH�FDUHIXOO\�µWXQHG¶�DQG�WKHQ�DGYDQFHG�
WR�WKH�QH[W�VWDJH�E\�WRXFKLQJ�D�NH\��

When incremented, each stage sends out a pulse 
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Patch-chart 14
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which may be used to trigger the PULSER or the 

ENVELOPE GENERATOR. (Other routing is available 

on the PROGRAM CARD.) The trigger from any 

selected increment may be disabled by having the 

corresponding PULSE SEQUENCE switch (59) in the 

down position. One application of this feature 

is to use the SEQUENCER’s various triggers to 

articulate rests in a pitch sequence. Referring 

to the patch illustrated in Patch-chart 14, 

WKH�6(48(1&(5¶V�2XWSXW�9ROWDJHV�DUH�GH¿QLQJ�
the following pitch pattern for the COMPLEX 

OSCILLATOR: 

          

The various pulses from the SEQUENCER are 

triggering the ENVELOPE GENERATOR which, in turn, 

is opening Gate 1. By switching the various 

pulses on and off, and by varying the number of 

STAGES in the sequencer, the following patterns 

are possible:

The SEQUENCER may also be used to program complex 

repetitive rhythmic patterns. This is done by 

patching from the SEQUENCER voltage output (blue 

jack) to the PERIOD input of the PULSER, which is 

set in the ‘self’ triggering mode. The triggers 

IURP�WKH�38/6(5��LQ�WXUQ��¿UH�WKH�6(48(1&(5��7KH�
UK\WKPLF�SDWWHUQ�LV�GH¿QHG�E\�WKH�YDULRXV�YROWDJH�
output levels of the SEQUENCER - as each stage is 

advanced it sends a different control voltage to 

the PULSER, thereby changing its period. 

Patch-chart 15 illustrates an interesting 

instrument whose operation is based on the 

SEQUENTIAL VOLTAGE SOURCE. The PULSER is in 

‘self’ trigger mode and is supplying triggers 

to the SEQUENCER. The SEQUENCER, in turn, 

determines the period of the PULSER and is also 

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 OSCILLATOR, thus varying its 

IUHTXHQF\��DQG�LV�VXSSO\LQJ�WULJJHUV�WR�¿UH�WKH�
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Patch-chart 15
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ENVELOPE GENERATOR, the voltage output of which 

is varying the modulation index. By switching 

different SEQUENCER triggers on and off, various 

timbral patterns resulting from MODULATION index 

variation may be played. The frequency of the 

MODULATION OSCILLATOR is being driven up into 

the audio range and is audible via Gate 2 and 

the ‘chan 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 the KEYBOARD, 

PULSER, or SEQUENCER a new, uncorrelated random 

voltage appears at each of the four white outputs 

on the Patch Field. These voltages will remain 

at a constant value until another trigger is 

applied. The TRIGGER SELECT switch (60) allows 

the performer to choose which trigger source 

to use. A possible application of this voltage 

source is illustrated in Patch-chart 16. The 

PULSER is set in the ‘self’ triggering mode 

DQG�¿UHV�WKH�5$1'20�92/7$*(�6285&(��2QH�UDQGRP�
voltage determines the pitch of the COMPLEX 

OSCILLATOR, another random voltage determines 

WKH�WLPEUH��DQG�D�WKLUG�UDQGRP�YROWDJH�GH¿QHV�
the gate level. The amount of randomness that 

each new voltage imparts to each parameter is 

determined by the processing input control. With 

the processing slider at a low position that 

particular character of the sound will randomly 

vary a slight amount beyond the reference 

set by the offset control. As the processing 

input is raised the degree of randomness will 

proportionally increase. 

The ENVELOPE DETECTOR provides the performer with 

a direct means of control voltage generation. An 

audio signal patched into the PREAMP will produce 

a control voltage proportional to the amplitude 

of the applied signal. This voltage is then 

available at the control voltage output marked 

‘env out’ (61) and may be patched to any control 

input. Figure 7 illustrates various input signals 

and the resultant control voltages. 

FIGURE 7

 

Some interesting correlations may be made by 

coupling external signals to the Music Easel and 

simultaneously using them to generate control 

voltages. As an example, connect a microphone to 

the PREAMP and select a suitable gain setting as 

described on page 12. Set the DUAL LOPASS GATE 
routing switch to its upper position so that the 

PREAMP signal is routed through Gate 2. With a 

stackable banana cord connect the ENVELOPE 
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Patch-chart 16
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DETECTOR control voltage output, ‘env out,’ to 

the LEVEL input of Gate 1; set its offset level 

to 0 and its processing input to 10. Now Gate 1 

will pass the signal from the COMPLEX OSCILLATOR 

only when a control voltage is generated from 

the microphone. Next, attach another cord from 

the ENVELOPE DETECTOR (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 

VLPXOWDQHRXVO\�GH¿QH�WKH�DPSOLWXGH�DQG�WLPEUH�
of the COMPLEX OSCILLATOR. 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. By carefully mixing 

the two signals (the voice and the COMPLEX 

OSCILLATOR) in the OUTPUT SECTION, the COMPLEX 

OSCILLATOR will appear to reproduce the various 

formants (vowels) of the voice. 

This patch may be varied to produce a variety 

of control relationships. For example, the 

ENVELOPE DETECTOR could also be used to control 

the frequency of the MODULATION OSCILLATOR, 

processing the voltage and offsetting the 

frequency as desired. Or, one might experiment 

with controlling the MODULATION index with the 

PULSER’s ramp voltage and the PULSER’s period 

with the ENVELOPE DETECTOR. It would then be 

possible to trigger the RANDOM VOLTAGE source and 

the SEQUENTIAL VOLTAGE SOURCE with the 

PULSER and trigger the ENVELOPE 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 

of control network produces an instrument with 

characteristics largely dependent on the nature 

of the incoming signal. 

The performer now has the information necessary 

to begin an investigation into the total 

potential of the Music Easel. In exploring the 

various patching possibilities, keep these two 

things in mind: First, the Music Easel is a 

collection of variable parameters that will 

respond to the performer’s stimuli (key voltage 

selection, manual level settings, pressure 

voltage analogs, incoming audio signals, etc.). 

The manner in which various dimensions respond to 

applied stimuli and the way they all contribute 

WR�WKH�¿QDO�PXVLFDO�HYHQW�GH¿QHV�WKH�LQVWUXPHQW��
All of these variables are under the control 

of the performer and their articulation 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 implemented 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 of real-time technique is only 

developed through a complete understanding of 

the relationship between the control and the 

controlled. In a performance situation the 

performer usually does not have the time to trace 

WKURXJK�D�SDWFK�LQ�RUGHU�WR�¿JXUH�RXW�KRZ�
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Patch-chart 17
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to increase timbral range or shorten voltage 
cycles; he/she must be able to react immediately 
to implement various on-going decisions about 
the nature of the instrument. The player of a 
conventional acoustical instrument learns a set 
RI�SUHGH¿QHG�UHODWLRQVKLSV��7KH�SHUIRUPHU�RQ�
WKH�0XVLF�(DVHO�KDV�WKH�RSWLRQ�RI�GH¿QLQJ�DQG�
modifying such relationships in terms of his or 
her own musical needs. 

Meta - Programming
$Q\�SDWFK�RU�LQVWUXPHQW�GH¿QLWLRQ�DYDLODEOH�
through the front panel connections and level 
settings may be replicated on the Model 208 
Program Card. In this way the performer may 
instantly and accurately change entire patches in 
the time it takes to remove and insert a new card 
in the Program Card slot. The Music Easel comes 
with a supply of 10 cards and a collection of 
programming resistors. As the performer’s library 
of patches and instruments grows, additional 
Program Cards and resistors may be obtained from 
Buchla Electronic Musical Instruments. 

Resistors of 10 different values, ranging from 
���.�ȍ�WR�����PHJ�ȍ��DUH�XVHG�WR�UHSOLFDWH�
the front panel switch positions, control 
voltage connections, and pot settings. The 
OUTPUT SECTION, TRIM settings, and FINE TUNE 
potentiometers are not controlled by the Program 
Card, as these parameters are usually adjusted 
according to the performance space and situation. 
The Music Easel is designed so that all slider 

calibration marks are parallel across the front 
panel and all settings may be read or translated 
on a scale of 0 to 10. For example, an attack 
time of .2 is translated to a level of 6; the 
COMPLEX OSCILLATOR pitch of 660 Hz translates to 
a level of 7, and so on. The various resistors 
and their respective conductance values are as 
follows:

 Conductance Value    Resistance     Color Code
  (level setting) 
� ������� ����������.�ȍ� ����%U��5HG�<H�
� ������� ����������.�ȍ� ����%U��*U��<H�
� ������� ����������.�ȍ� ����5HG�%O��<H�
� ������� ����������.�ȍ� ����2U��%O��<H�
� ������� ����������.�ȍ� ����2U��:K��<H�
� ������� ����������.�ȍ� ����%OX��5HG�<H�
� �������� ����������.�ȍ� ����*U\��5HG�<H�
� ������� �����������0HJ�ȍ����%U��5HG�*U�
� �������� �����������0HJ�ȍ����5HG�<H��*U�
� ����������������������0HJ�ȍ����<H��9L��*U�
 
Any number of resistors may be summed to arrive 
at a particular conductance value. For example, 
a value of 5 may be achieved with conductance 
values of 4 and 1; a level of 9.25 requires 
conductance values of 8, 1, and 0.25. Methods of 
physically replicating these summed values on the 
Program Board will be discussed later. Trigger 
connections require conductance values of 3, and 
the switch positions are duplicated with values 
of 6, 3, and 0. (No resistor corresponds to the 
switch’s lowest position.) The top portion of the 
card is concerned with trigger routing, switch 
positions, and sequencer programming; the lower 
VHFWLRQ�LV�XVHG�WR�GH¿QH�WKH�FRQWURO�YROWDJH�
routing, offset, and processing levels (see 
Figure 8). 
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Figure 8
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  FIGURE 9

Before complex patches are attempted each one of 

the programmable parameter should be thoroughly 

understood. Beginning at the far left-hand 

VLGH�RI�WKH�FDUG��WKH�¿UVW�GHYLFH�WR�EH�GHDOW�
with is the SEQUENTIAL VOLTAGE SOURCE. Figure 

9 illustrates all of the SEQUENCER functions 

and their corresponding locations on the 

3URJUDP�&DUG��7KH�¿YH�6(48(1&(5�92/7$*(�/(9(/6�
are replicated by soldering resistors of the 

DSSURSULDWH�FRQGXFWDQFH�YDOXHV�DFURVV�HDFK�RI�
WKH�¿YH�VHWV�RI�FRQQHFWLRQ�SRLQWV��)RU�H[DPSOH��
VXSSRVH�WKH�YROWDJH�OHYHOV�RI������������������
and 0 were to be duplicated on the Program Card. 

2QH�ZRXOG�VLPSO\�LQVHUW�WKH�YDULRXV�UHVLVWRUV�DV�
shown in Figure 10. 

     FIGURE 10

7KH�YDOXHV���DQG���DUH�VLQJOH�UHVLVWRUV��$�YDOXH�
RI�����PD\�EH�DFKLHYHG�ZLWK�HLWKHU�D���DQG����
RU�ZLWK���DQG������,Q�WKLV�FDVH�WKH�YDOXHV�DUH�
summed by inserting both resistors in parallel 

across the common connection as illustrated. A 

YDOXH�RI������PD\�EH�REWDLQHG�E\�VXPPLQJ�������
DQG�����LQ�WKH�VDPH�PDQQHU��7KH�YROWDJH�OHYHO�RI�
��LV�UHSOLFDWHG�E\�OHDYLQJ�WKH�FRQQHFWLRQ�RSHQ��

7KH�UHVLVWRUV�DUH�LQVHUWHG�LQWR�SODFH�E\�¿UVW�
bending one end of the wire lead at a 90° angle 

with a pair of needle-nose pliers. Measure and 

similarly bend the other end of the wire so both 

leads may easily be inserted into the proper 

holes in the Program Board. Press the body of the 

UHVLVWRU�ÀXVK�DJDLQVW�WKH�ERDUG�DQG�KROG�D�KHDWHG�
soldering iron so that it simultaneously heats 

the wire lead and the copper conductance strip 

on the back of the board. Apply a bit of solder 

WR�WKDW�SRLQW�DQG�WKHQ�UHPRYH�WKH�LURQ��OHDYLQJ�
a clean, shiny weld. Take care not to use too 

PXFK�VROGHU��DV�H[FHVV�DPRXQWV�PD\�UXQ�RYHU�DQG�
make connection with other conductance strips. 

Finally, snip off the remaining wire lead as
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illustrated in Figure 11. When summing is 

necessary the best method is to stack the 

resistors by looping the wire leads around each 

other as illustrated below. 

        FIGURE 11

After all SEQUENCER VOLTAGE LEVELS have been 

replicated the next step is to set the number of 

STAGES in the sequence. A two-stage sequence (not 

DYDLODEOH�RQ�WKH�IURQW�SDQHO��LV�GH¿QHG�E\�XVLQJ�
a conductance value of 10 across the connection 

marked ‘N.’ A three-stage sequence uses a 

FRQGXFWDQFH�RI����IRXU�VWDJHV������DQG�¿YH�VWDJHV�
- 0 (no resistor). The settings of the PULSE 

SEQUENCE switches are duplicated by soldering 

conductance values of 3 across the appropriate 

connections. If 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 

‘off’ position. Trigger interconnections are 

established with conductance values of 3. 

        FIGURE 12   

    

    

If 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 ‘off’ position for the TRIGGER 

6(/(&7�LV�GH¿QHG�E\�OHDYLQJ�WKH�FRQQHFWLRQ�
open. On the Program Card it is possible to sum 

the trigger sources; to trigger the SEQUENTIAL 

TRIGGER SELECT from both the KEYBOARD and the 

PULSER, simply solder 3’s across both the ‘K’ and 

‘P’ connections. 

The next two functions, the RANDOM VOLTAGE and 

38/6(5�WULJJHUV��DUH�GH¿QHG�LQ�WKH�VDPH�PDQQHU�
with conductance values of 3. If the trigger is 

to come from the SEQUENCER, solder a 3 across the 

added ‘S’ connection. 

7KH�(19(/23(�*(1(5$725�UHTXLUHV�GH¿QLWLRQ�RI�
the TRIGGER SELECT and the attack, sustain, and 

decay parameters. The three time functions must 

be translated into their respective conductance 

values by tracing the slider settings over to 

the far left numerical indications associates 

with the SEQUENCER VOLTAGE LEVELS. Consequently, 

.002 becomes 10, 1 second = 4, 10 seconds = 0, 

HWF��7KH�75,**(5�6(/(&7�LV�GH¿QHG�LQ�PXFK�WKH�
same way as before, except that in this case the 

conductance value of the resistor also serves to 

GH¿QH�WKH�PRGH��$�YDOXH�RI���DFURVV�WKH�75,**(5�
6(/(&7�FRQQHFWLRQ�GH¿QHV�WKH�µWUDQVLHQW¶�PRGH��,I�
a value of 10 is used to make the connection is 

establishes the ‘sustained’ mode. 

The four switch selectable functions for the 

MODULATION OSCILLATOR are programmed at the next 

ORFDWLRQ�RQ�WKH�FDUG��7KH�¿UVW�FRQQHFWLRQ��PDUNHG�
‘rng,’ determines the position of the RANGE/POL

3 3 3

bend insert solder cut stack
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switch, where 6 = ‘-high,’ 3 = ‘+hi,’ and 0 

= ‘low.’ The ‘key’ connection replicates the 

position of the KEYBOARD switch; a conductance 

of 6 for the ‘on’ position and 0 for the ‘off’ 

position. The ‘mod’ connection determines the 

type of modulation, with a conductance of 6 for 

‘bal. ext,’ 3 for ‘f.m. osc.,’ and 0 for ‘a.m. 

RVF�¶�7KH�µ:�6�¶�FRQQHFWLRQ�GH¿QHV�WKH�ZDYHVKDSH�
of the MODULATION OSCILLATOR with 6, 3, and 

0 programming sawtooth, square, and triangle 

UHVSHFWLYHO\��

The COMPLEX OSCILLATOR is programmed in much the 

same way. The ‘pol’ connection determines the 

position of the POLARITY switch, 3 = ‘-,’ 0 = 

‘+.’ The ‘key’ connection replicates the position 

of the KEYBOARD switch, 3 = ‘on,’ 0 = ‘off.’ 

7KH�µOHY¶�FRQQHFWLRQ�UHSOLFDWHV�WKH�7,0%5(�SRW�
SRVLWLRQ��XVLQJ�FRUUHVSRQGLQJ�FRQGXFWDQFH�YDOXHV�
of 0 to 10. The ‘tim’ connection refers to the 

TIMBRE switch position with sawtooth, square, and 

WULDQJOH�GH¿QHG�E\�WKH�UHVSHFWLYH�YDOXHV�RI�������
and 0. 

7KH�WRS�ULJKW�VHFWLRQ�RI�WKH�3URJUDP�&DUG�GH¿QHV�
the MODE SELECT and GATE 2 SOURCE switches for 

the DUAL LOPASS GATE. The mode connections for 

*DWHV���DQG���XVH�FRQGXFWDQFH�YDOXHV�RI��������
DQG���IRU�µORSDVV�¿OWHU�¶�µFRPELQDWLRQ�¶�DQG�
µYROWDJH�FQWUOG�DPS�¶�7KH�*$7(���6285&(�VZLWFK�
position is replicated with the same format — a 

YDOXH�RI���DFURVV�WKH�µ6�5�¶�FRQQHFWLRQ�FDXVHV�
*DWH���WR�UHFHLYH�LWV�LQSXW�IURP�WKH�35($03��
$�YDOXH�RI���FRQQHFWV�LW�ZLWK�WKH�02'8/$7,21�
26&,//$725��DQG�D�YDOXH�RI���FRQQHFWV�WKH�WZR�
gates in series. 

Construction of the Program Card will be 

facilitated if the performer remembers 

WKLV�IRUPDW��$OO�DQDORJ�YROWDJH�OHYHOV�XVH�
conductances of 0 to 10; all triggers use 3 (the 

ENVELOPE GENERATOR ‘sustained’ mode uses 10); 

DOO�VZLWFK�SRVLWLRQV�UHTXLUH�YDOXHV�RI�������
and 0 (MODULATION OSCILLATOR ‘key’ = 6, COMPLEX 

OSCILLATOR ‘key’ = 3). 

7KH�ORZHU�SRUWLRQ�RI�WKH�3URJUDP�&DUG�SURYLGHV�
IRU�SURJUDPPLQJ�RI�FRQWURO�YROWDJH�URXWLQJ�DQG�
RIIVHW�DQG�SURFHVVLQJ�OHYHOV��7KH�OD\RXW�RI�WKLV�
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 of this 

layout is illustrated in Figure 13. A resistor 

RI�WKH�GHVLUHG�YDOXH�DFURVV�DQ\�LQSXW�DQG�RXWSXW�
thus functions both as the connection and the 

OHYHO�VHWWLQJ��$V�EHIRUH��DOO�OHYHO�VHWWLQJV�
must be translated to the 0-10 scale and then 

replicated with resistors of the corresponding 

FRQGXFWDQFH�YDOXH��

        FIGURE 13
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Patch-chart 18
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FIGURE 14

At this point the programming will be best 
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 conductance value of 3 
across the same connection. Tracing the three 
temporal parameters out to the left side of the 
front panel, the translations will read, Attack 
(.025) = 8, Sustain (.002) = 10, and Decay 
(3.5) = 2. Resistors with these values are then 

soldered across the appropriate connections. As 
the COMPLEX OSCILLATOR is to be controlled by 
the KEYBOARD, replicate the ‘keyboard’ switch 
position (‘on’) with a value of 3 across the 
‘key’ connection as illustrated. The COMPLEX 
OSCILLATOR 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 TIMBRE pot position requires a 
value of 10, and the TIMBRE switch position 
( ) is replicated by a value of 0. The MODE 
SELECT for Gate 1 (‘combination’) requires a 
YDOXH�RI����7KH�7,0%5(�RIIVHW�LV�VSHFL¿HG�DV����
and this is programmed by a conductance value 
RI���EHWZHHQ�WKH�2))6(7�OLQH�DQG�WKH�7,0%5(�
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 (LEVEL 1 control voltage 
input). Since this processing level has been 
VSHFL¿HG�DV�µ��¶�EH�VXUH�WR�XVH�WKDW�SDUWLFXODU�
conductance value resistor for this connection. 
7KH�RIIVHW�KDV�EHHQ�VSHFL¿HG�DV�µ��¶�VR�QR�RWKHU�
SURJUDPPLQJ�UHVLVWRU�LV�QHHGHG��7KH�¿QDO�VWDJH�RI�
programming simply involves switching the CONTROL 
selector to ‘remote’ and inserting the card into 
the STORED PROGRAM SOUND SOURCE. Any deviations 
LQ�WXQLQJ�UHIHUHQFH�PD\�EH�DGMXVWHG�ZLWK�WKH�µ¿QH�
tune’ pot, as this control is not affected 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 
PD\�EH�H[SDQGHG�WR�GH¿QH�YDULRXV�OHYHOV�RI�
complexity. Several variations will be discussed

8 2 3 3
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8

2

10 10 10
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Patch-chart 19
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to illustrate further various programming 
procedures. A slight vibrato is achieved by using 
the MODULATION OSCILLATOR to amplitude modulate 
WKH�&203/(;�26&,//$725��7KH�VSHFL¿FDWLRQV�IRU�
this patch are: 

MODULATION OSCILLATOR
  KEYBOARD: ‘off’
  WAVESHAPE: ‘triangle’
  MODULATION: ‘a.m. osc.’
  RANGE/POL: low
  MODULATION index offset: 3
  FREQUENCY OFFSET: 5.5 Hz

Variations in attack transients may be achieved 
by using the KEYBOARD PRESSURE voltage as an 
additional control for either MODULATION index 
or FREQUENCY. This example will use frequency 
as the transient variable with the MODULATION 
OSCILLATOR’s processing input at about .55. The 
PRGL¿HG�SDWFK��DV�LW�DSSHDUV�DW�WKLV�SRLQW��LV�
illustrated in Patch-chart 19. 

7KHVH�PRGL¿FDWLRQV�DUH�SURJUDPPHG�RQ�WKH�VDPH�
card as follows: The KEYBOARD switch position 
(‘off’) for the MODULATION OSCILLATOR is 
replicated with a value of 0 for the ‘key’ 
connection. WAVESHAPE ( ) is programmed 
with a value of 0 for the ‘w.s.’ connection. 
MODULATION (‘a.m. osc.’) is programmed with no 
resistor across the ‘mod’ connection. RANGE/POL 
is similarly programmed with a value of 0 for the 
‘rng’ connection. The MODULATION index offset is 
VSHFL¿HG�DV����ZKLFK�LV�GH¿QHG�RQ�WKH�ERDUG�E\�
connecting a conductance value of 3 between the 
horizontal OFFSET line and the vertical INDEX 
LQSXW�DV�LOOXVWUDWHG�LQ�)LJXUH�����7KH�VSHFL¿HG�
FREQUENCY offset (5.5 Hz) requires a conductance 

of 6 soldered between the OFFSET and FREQ 
connections. Since KEYBOARD PRESSURE voltage is 
to affect the frequency with a processing value 
RI����VROGHU�D�FRQGXFWDQFH�YDOXH�RI���EHWZHHQ�WKH�
horizontal PRES output and one of the unused FREQ 
inputs as illustrated. 

FIGURE 15

)XUWKHU�PRGL¿FDWLRQV�RI�WKLV�SDWFK�PLJKW�LQYROYH�
simulated echo with timbre variations on each 
‘echo.’ The Program Card for this effect is 
illustrated in Figure 16. The ‘echo’ is achieved 
E\�FRQQHFWLQJ�WKH�'8$/�/23$66�*$7(�LQ�VHULHV��
so the enveloped signal from Gate 1 is routed 
through Gate 2. For the simulated echo to be 
HIIHFWLYH��WXUQ�GRZQ�PL[�OHYHO�µFKDQ�$¶�VR�WKH�
JDWHV�DUH�WUXO\�LQ�VHULHV��*DWH����LQ�µYROWDJH�
FQWUOG�DPS¶�PRGH��UHFHLYHV�LWV�FRQWURO�YROWDJH�
IURP�WKH�38/6(5¶V�UDPS�RXWSXW��WKH�HFKR�UDWH�LV�
GH¿QHG�E\�WKH�3HULRG��ZKLFK�PD\�EH�DGMXVWHG�WR�
the performer’s needs. In this example the Period 
LV�VSHFL¿HG�DV�RQH�VHFRQG��ZKLFK�WUDQVODWHV�WR�D�
conductance value of 4. The variations in timbre 
will be determined by the SEQUENCER VOLTAGE 

3 6

2
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FIGURE 16

LEVELS of 10, 8, 5, 3, and .5, acting as controls 

for the COMPLEX OSCILLATOR’s Timbre input with 

a processing setting of 8. The SEQUENCER will 

be triggered by the PULSER, so that each ‘echo’ 

calls up a successively different timbre. 

Beginning with the SEQUENTIAL VOLTAGE SOURCE, set 

the voltage levels with conductance values of 10, 

8, 5, 3, and .5. A value of 5 requires a summing 

RI���DQG����'H¿QH�WKH�QXPEHU�RI�VWDJHV�DV���ZLWK�
a value of 0 across the ‘n’ connection. Since the 

SEQUENCER is not used as a source of triggers, 

it is unnecessary to program any pulse sequence. 

The SEQUENCER will be triggered by the PULSER, so 

replicate that switch position with a value of 3 

across the ‘P’ ‘trig’ connection. The SEQUENCER’s 

voltage output, the horizontal SEQ line, is then 

connected to the TIMBRE input with a conductance 

YDOXH�RI���WR�UHSOLFDWH�WKH�VSHFL¿HG�FRQWURO�
voltage processing level. The PULSER is to be 

self-triggering, so solder a conductance value of 

3 across the PULSER ‘P’ ‘trig’ connection. The 

PULSER’s Period is established with a conductance 

value of 4 (Period of 1 second); solder this 

resistor between the horizontal OFFSET line and 

the PERIOD input. The PULSER’s ramp output is 

available at the horizontal PULSER axis and is 

connected to the LEVEL 2 input with a conductance 

YDOXH�RI�����7KH�RIIVHW�IRU�*DWH���LV�GH¿QHG�DV�
0, so no resistor is needed here. To complete the 

programming, simply give the PULSER its initial 

trigger as explained on page 34. 

Before continuing on to the next programmed 

instrument the performer should be made aware of 

several other programming procedures. The front 

panel of the Music Easel provides four outputs 

of uncorrelated RANDOM VOLTAGE (refer to page 

40). Two of these voltages are available on the 
Program Card as illustrated in Figure 17. These 

FIGURE 17

two voltage sources are identical to the two 

left-hand RANDOM VOLTAGE outputs on the front 

panel. If a third uncorrelated random voltage 

is needed on the Program Card it is possible to 

patch from one of the other RANDOM VOLTAGE 

10 8 35 .5

3 3
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outputs on the Patch Field to the ‘to card’ 

input on the INVERTER front panel. This patches 

the RANDOM VOLTAGE to what would normally be 

an inverted voltage source on the Program Card 

(INV). In this instance the actual inverting 

circuitry is not used, but its access jack to 

the Program Card is accommodating the additional 

random voltage. If a fourth random voltage is 

needed on the Program Card the same procedure may 

be applied to the ENVELOPE DETECTOR’s ‘to card’ 

input. The voltage is then available on the card 

from the ENV DET axis. 

The programming of inverted voltages is done 

in the following manner: On the card attach a 

programming resistor from the desired horizontal 

output to the vertical INVERTER input (INV). 

The voltage is then available on the front 

panel INVERTER ‘from card’ jack. Using a jumper 

plug, patch this voltage into the INVERTER 

‘input’ jack. With a second jumper connect 

the ‘output’ and ‘to card’ 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 after the 

inverting stage by using various conductance 

values as the connection between the INV output 

and the controlled parameter. By following this 

procedure the unattenuated inverted voltage 

is made available on the card to be processed 

according to the requirements of the individual 

controlled parameters. Routing the PREAMP signal 

to the output stage is accomplished by using a 

conductance value of 6 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 ‘env. out’ and ‘to card’ jacks 

on the front panel. The D.C. voltage is then 

available on the card from the ENV DET axis and 

PD\�EH�SURFHVVHG�DFFRUGLQJ�WR�VSHFL¿F�QHHGV�ZLWK�
various conductance values. The control voltage 

from the MODULATION OSCILLATOR is routed to the 

Program Card by inserting a jumper plug between 

the ‘mod cv out’ and the ‘to card’ input on 

the ENVELOPE DETECTOR. When this is done the 

modulation control voltage is available on the 

card from the horizontal ENV DET strip. 

FIGURE 18

7KH�SHUIRUPHU�PD\�¿QG�LW�XVHIXO�WR�VXP�WRJHWKHU�
several different control voltages into a 

single input. The obvious limitations of front 

panel patching is the availability of only one 

processing input for each parameter. The Program 

Card makes it possible to route several different 

10

5

54



control voltages to a single parameter. Since 
process levels are replicated by various 
conductance value resistors, each control voltage 
may be processed differently. For example, 
consider a situation in which modulation index is 
FRQWUROOHG�E\�¿QJHU�SUHVVXUH��ZLWKLQ�WKH�FRQWH[W�
of a performance one might like to instantly 
change the offset of the index. One possible 
solution would be to use the PRESET VOLTAGES to 
GH¿QH�WKH�GLIIHUHQW�UHIHUHQFHV�ZLWK�SRW�VHWWLQJV�
of 8:00, 10:00, 12:00, and 3:00. (These voltages 
actually act as offsets, so it would be advisable 
to have the MODULATION index offset at 0.) Since 
there is no preset voltage output on the Program 
Card, it may be brought in by attaching a banana 
cord from the PRESET output on the KEYBOARD to 
the ‘to card’ 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 conductance 
value of 10 so the voltages from the PRESETS 
are not attenuated. The PRESSURE voltage then 
could be added to the INDEX input be 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 
from the PRESETS is a conductance of about 7, any 
value of 3 or lower may be used for PRESSURE. 
The programming for this patch is illustrated in 
Figure 19. 

Another interesting application of summing 
involves the use of the RANDOM VOLTAGE and the 
SEQUENTIAL VOLTAGE SOURCE. On the Program Card it 
is possible to trigger the RANDOM VOLTAGE from 
the various SEQUENCER stages. This is done 

FIGURE 19

E\�GH¿QLQJ�WKH�6(48(1&(5¶V�SXOVH�VHTXHQFH�ZLWK�
FRQGXFWDQFHV�RI����,I�DOO�¿YH�VWDJHV�DUH�WR�VHQG�
WULJJHUV��DWWDFK�WKH�UHVLVWRUV�DFURVV�DOO�¿YH�
FRQQHFWLRQV��LI�RQO\�VWDJHV�������DQG���DUH�WR�
send triggers, attach resistors across those 
connections. The RANDOM VOLTAGE is triggered 
by attaching a value of 3 between the ‘S’ and 
‘trig’ connection on the RAND section of the 
card. A characteristic of this instrument is 
WKDW�WKH�6(48(1&(5�ZLOO�FRQVWDQWO\�GH¿QH�SLWFK�
relationships (intervals), but each repetition 
RI�WKH�VHTXHQFH�ZLOO�EH�WUDQVSRVHG�DW�D�UDQGRP�
ascending interval. To accomplish this the PITCH 
input for the COMPLEX OSCILLATOR will receive 
controls from both the SEQUENCER and the RANDOM 
VOLTAGE. The patch will be made so that a new 
UDQGRP�YROWDJH�LV�WULJJHUHG�RQO\�E\�WKH�¿UVW�
stage of the SEQUENCER. The result will be that 
WKH�SLWFK�UDWLRV�SURGXFHG�E\�WKH�GH¿QHG�VHTXHQFH�
will remain constant. However, at the beginning 
RI�HDFK�VHTXHQFH�WKH�UDQGRP�YROWDJH�OHYHO�LV�
FKDQJHG��WULJJHUHG�E\�WKH�¿UVW�6(48(1&(5�VWDJH�
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and therefore the sum of the control voltages 
will change. Programming for this portion of an 
instrument is illustrated in Figure 20.        

FIGURE 20

With the front panel CONTROL switch in the 
‘both’ position there are several operative 
characteristics which should be considered: 

 CONTROL VOLTAGES — the Program Card 
� VSHFL¿FDWLRQV�DQG�IURQW�SDQHO�VSHFL¿FDWLRQV�
 are additive. Any patching with patch cords 
 and jumper plugs will affect the instrument 
 as if it were under front panel control. 
 Any front panel processing or offset levels 
 are additive to the programming on the 
 card. If an oscillator were card programmed 
 with an offset value of 4 and the front 
 panel offset was set at 3, the two values 
 would sum to an effective offset value of 7.

 TRIGGER ROUTING — the front panel TRIGGER 

 SELECT switches can be implemented in 
 addition to the card programming. For 
 example, the card may be programmed to have 
 a RANDOM VOLTAGE triggered by the SEQUENCER. 
 At the same time the RANDOM VOLTAGE may 
 receive triggers from either the KEYBOARD 
 or the PULSER, according to the setting of 
 the RANDOM VOLTAGE Trigger Select switch. 

 SWITCH POSITIONS — simultaneous card and 
 front panel control of SEQUENCER Stages, 
 ENVELOPE GENERATOR Mode Select, PULSER Mode, 
 MODULATION OSCILLATOR Waveshape and 
 Modulation mode, COMPLEX OSCILLATOR Timbre 
 (switch), and Mode Select for the DUAL 
 LOPASS GATE requires a bit more thought. 
 If each switch position is thought of in 
 terms of its programming conductance 
 value, one can readily see the effect of 
� D�VXPPHG�FDUG�DQG�IURQW�SDQHO�GH¿QLWLRQ��,I�
 the MODULATION OSCILLATOR were card 
 programmed to generate a triangle waveshape, 
 it would require a conductance of 0. If 
 the CONTROL switch was in the ‘both’ 
 position and the front panel WAVESHAPE 
 switch was set to ‘triangle,’ the sum of 
� WKH�WZR�VSHFL¿FDWLRQV�ZRXOG�EH���²���IURP�
 the card plus 0 (analogous to the ‘triangle’ 
 position on the front panel). If the switch 
 were set to ‘square’ wave (a value of 3) 
 the sum would be 3 (0 + 3), thereby 
 producing a square wave. If the card were 
 programmed for a square wave (a value of 3) 
 and the front panel switch was set at 
 ‘square’ wave, the sum (3 + 3) would specify 
 a sawtooth wave (a sum of 6). Any sum 
 greater than 6 will just saturate the 
 circuit and the effect will be a conductance

3 3

SELECT A SUITABLE TRIGGER

3 3

SELECT A SUITABLE TRIGGER
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Figure 21

COMPLEX OSCILLATOR
 Pitch offset — 440 Hz
       processing — 10
 Timbre — Triangle/Timbre pot — 10
 Timbre offset — 0
        processing — 10

MODULATION OSCILLATOR
 Frequency offset — 5.5 Hz
           processing — 10
 Waveshape — Triangle
 Modulation — voltage controlled 
 Modulation index offset — 5
                  processing — 10

PULSER
 Trigger — self
 Period offset — 2
        processing — 8

ENVELOPE GENERATOR
 Trigger — Pulser
 Attack — .002
 Sustain — .002
 Decay — voltage controlled

SEQUENTIAL VOLTAGE SOURCE
 Trigger — Pulser
 Sequencer Voltage Levels — 0/4/2/6/10
 Stages — voltage controlled 

RANDOM VOLTAGE SOURCE
 Trigger - Pulser
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 of 6. This same logic applies to each 

 switch. When applying this principle 

 remember that the DUAL LOPASS GATE Mode 

 Select conductances are values of 0, 3, and 

 10. Therefore, a card value of 3 

 (‘combination’ mode) and front panel 

 selection of ‘combination’ mode sums to 6. 

� 7KLV�GRHV�QRW�VSHFLI\�WKH�µORSDVV�¿OWHU¶�
 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 

VSHFL¿F�SHUIRUPDQFH�VLWXDWLRQV�DQG�HQYLURQPHQWV��
These controls include the PULSER Mode ‘once’ 

switch position (so that pulses may be initiated 

within a card-programmed instrument), oscillator 

µ¿QH�WXQH¶�DQG�µWULP¶�FRQWUROV��WR�DGMXVW�WR�
various ensemble pitch references), and the 

entire OUTPUT SECTION (usually adjusted according 

WR�VSHFL¿F�SHUIRUPDQFH�UHTXLUHPHQWV���

7KH�¿QDO�H[DPSOH�RI�SURJUDPPLQJ�WR�EH�GRQH�LQ�
this manual involves setting up a self-performing 

LQVWUXPHQW�ZKLFK�UHTXLUHV�QR�LQSXW�RWKHU�WKDQ�
simply turning it on. This instrument is based on 

the use of random voltages so that it will never 

UHSHDW�D�SDWWHUQ��)LJXUH����LV�D�ÀRZFKDUW�GLDJUDP�
of the instrument, illustrating the routing of 

the various triggers and controls. Since only 

two of the random voltage outputs are directly 

available on the Program Card, they will be 

UHIHUUHG�WR�DV�596���DQG�596�����7KH�¿UVW�XQXVXDO�
characteristic of this instrument is that the 

number of SEQUENCER stages is voltage controlled. 

$V�H[SODLQHG�RQ�SDJH�47, the number of stages 

DUH�XVXDOO\�GH¿QHG�E\�XVLQJ�FRQGXFWDQFH�YDOXHV�
of 10, 6, 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. 

Therefore, with the connection of a programming 

resistor between the RVS 1 output and the input 

for the selection of the number of stages (‘n’) 

each new random voltage called up potentially 

GH¿QHV�D�GLIIHUHQW�QXPEHU�RI�VWDJHV�²�D�KLJKHU�
voltage producing a lesser number of stages. When 

HPSOR\LQJ�WKLV�WHFKQLTXH�FKRRVH�D�FRQGXFWDQFH�
YDOXH�WKDW�FRUUHVSRQGV�WR�WKH�PD[LPXP�YDULDWLRQ�
desired on the controlled parameter. In this 

case a conductance of 3 would produce random 4 

DQG���VWDJH�VHTXHQFHV��DQG�D�FRQGXFWDQFH�RI����
ZRXOG�HVWDEOLVK�VHTXHQFHV�RI�OHQJWKV���WKURXJK�
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 

UDQGRP�YROWDJH�GH¿QHV�D�QHZ�SHULRG�DQG�DW�WKH�HQG�
of each period the PULSER sends out a trigger, 

¿ULQJ�596����$W�WKH�VDPH�WLPH�WKH�38/6(5�WULJJHUV�
the ENVELOPE GENERATOR and RVS 2, and the 

PULSER’s ramp output controls the Timbre of the 

COMPLEX OSCILLATOR. A second unusual feature of 

this instrument is that the Decay time for the 

ENVELOPE GENERATOR is being controlled by a 

58



random voltage (RVS 2). Again, this is just a 
matter of using a voltage to drive an appropriate 
conductance value; the same technique may be 
applied to Attack and Sustain if desired. The 
output of the ENVELOPE GENERATOR is connected to 
LEVEL 1, controlling Gate 1 set in Combination 
mode (conductance value of 3). The envelope is 
also routed through the INVERTER and then used 
to vary the MODULATION index of the MODULATION 
OSCILLATOR. Note that the Modulation mode is 
also being determined by random voltages (RVS 
2). Since the only two applicable Modulation 
modes for this instrument are A.M. and F.M. (no 
external signal is used), a conductance value 
of 5 will attenuate any higher voltages so that 
‘bal. ext’ will never be called up. The frequency 
of the MODULATION OSCILLATOR is determined by 
the voltages from the SEQUENCER. The Waveshape 
IRU�WKH�02'8/$7,21�26&,//$725�LV�VSHFL¿HG�DV�
‘triangle,’ so no programming resistor is 
needed.  The pitch of the COMPLEX OSCILLATOR 
is continually being changed by RVS 2 and, in 
this instrument, offset with a conductance value 
RI����7KH�7LPEUH�LV�VSHFL¿HG�DV�D�VHWWLQJ�RI���
�D�FRQGXFWDQFH�YDOXH�RI����LQ�WKH�µWULDQJOH¶�
wave position (a conductance value of 0). The 
various offset and processing values indicated 
in Figure 21 are arbitrary and may be adjusted 
to the desired parametric correlations of the 
instrument. To activate the instrument all that 
is left to do is give the PULSER its initial 
trigger. With the CONTROL switch in the ‘remote’ 
position the ‘once’ position on the PULSER Mode 
is still active. 

The design and programming of such ‘auto-
instruments’ is an interesting method for 
exploring the potentials of the Music Easel. In 

such designs one should also consider various 
degrees of human interaction, using the ‘both’ 
position of the CONTROL switch. As closing words 
for direction and exploration, ‘TRY EVERYTHING — 
the least that can happen is that something will 
be learned.’ 
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