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There has never been a musical instrument that was conceived overnight and
released to the world in an immutable state the next day, each instrument has under-
gone change and refisement to bring it to its present condition, The same is irue of
electronic music but the newness of this fiald coupled with the technology explosion
has caused its develppment to be compressed in time. Whereas the piano has taken
centuries to evolve, electronic musical instruments first appeared only a little over
four decades ago.

Most of these first instruments were little more than exercisea in technology
but some were designed to overcome shortcomings in existing lastruments. For
instance, the pianc keyboard is one of the most powerful musical operating systems
available but it has one outstanding drawback in that while it provides the musician
easy access to all twelve notes of the equally tempered musical scale it prohibits
him from using the infinity of musical pitches between thase twelve notes. By its
very nature it eliminates the posaibility of an essy glide from one musical pitch to
another ( glissanda ).

One electronic instrument designed to overcome this weakness was the Martinot.
The Martinot is similar tc modern organs in that & standard keyboard is used to con-
trol an electronie oscillator built around a frequency determining capaoitance/induct-
ance tank circuit. The inductor is tapped at polnts that produce frequencies correspond-
ing to the chromatic scale; a rather straightforward, if somewhat simplistic, approach
o electronicly generaiing a musical scale. In addition to the keyboard there is a
finger ring attached to a slider that controls ancther oscillator. When properly adjust-
od this second oseillator produces the pitch corresponding to the keyboard key adjacent
to the position of the ring, The combination of keyboard and slider allows the musician
to glissando from one note 1o anather or add vibrato with a simple move of the hand
without sacrificing the operating ease of the keyboard.

The Ondioline was & contemporary of the Martinot but is significant because it
was the first electronic musical Instrument to use something oiper than a sine wave as
15 basic tone. In the Ondisline a relaxation cacitlator controlled by the keyboard
produced 2 sawtooth wave which in turn aativated several frequency dividers. The
output of the oscillator and frequency dividers were combined using mueh the same
techniques employed in some modern organs so that the instrument was capable of
generating a great variety of sounds. Observers report that a skilled operator could
come close to making an Ondioline taik,

While the Martinot and Ondicline were both designed in France, America's
contribution to freeing the musician from the restricilons of the keyboard was probably
the mosat outstanding - not fo mention bizarre, 4 Theremin has np visible means of
control at all and is played simply by moving the hand in relatien to two metal plates
or rods. Tnside the instrument are two high frequency oscillators, one shielded from
any external influences and the second arranged so that the plate or rod forms pari
of the freguency determining indgctance/capacitance tank cireait. The outputs of
these two oscillators are combined in puch @ way that an audible tone that is the
difference between the two [requencles is produced. As the performer's hand is
brought closer to the sensing antenaa the difference in the two frequencies increases
and so does the pitch of the tone. A second cireuit allows the performer's other hand
to determine the volume of the sound produced. Since there are no frets or keys to
provide vigual or tactile clues to the pitch a Theremin will produce, it ls a very
difficult instrument to play « but loads of fua.

SYNTHESIZERS

The first equipment that would come cloge to meeting our current definition of
a synthesizer was built by Dr. Harry Olson during he early 1940's* Produced under
the auspices of the RCA Labs, the RCA Mark I and Mark II Synthesizers were some-
thing to bebold. The Mark I has been disassembled for some time now but the Mark it
still existy and is currently belng leased to Columbiz-Princeton Electronic Music
Center, it measures 17 feet long by 7 feet high and is valued at anywhere between
$250, 000 and one and a half milllon dollars depending on who you're talking to.

* At the 1939 New York world's fair an electrical instrument called a "Voder" was
demonstrated. By current definitions this would be cne of the first synthesizers,
unfortunately the Voder was intended to produce human speech and no one thought of
it as a musical instrument.



The average performer might be a litile disappointed in the Mark II today because
even If there were some way to transport it to a gig, he would find when he got there
that he couldn't actually perform a number. The Mark Il was simply noi capable of
real-time operation, each characeristic of the sound the instrument was to produce
was laboriously calculated and plotted ahezd of time and the result punched Into a roll
of paper tape. When it came time for the Mark If to do its thing the tape was fed in -
like 2 very larpe, very expensive player piano - and the results recorded on a multi-
track disc, { early 40's, remember, recording tape wasn't sc hot in those days, )
Whan all the“parts of a number had been recorded on the seperate tracks of the disc
they were re-recorded on another disc from which a master was made.

You might think that about the only thing that the Mark I and Mark II did that
was of any conseguence was add the word Synthesizer to our vocabulary but that's not
the case at all, They were slgniflcant firet of all because they were the first to put it
all together as far as electronic music production was concerned. All the oacillators,
smplifiers and filters needed in one place at one time and best of ail some means -
no matter how cumbersome - of controlling them all, Secondly, they were the first
instruments to utilize white nolse sources ae part of an electro-musical instrument.
White noise will be covered in detail later, for now it should suffice to say that without
it sounds like snare drums and cymbals, to mention only two, are impossible.

Don't get the impression that electronic muslc cannot be produced without a
synthesizer, that's not true. Imagine that you are in a laboratory with all sorts of
electronic equipment suck ag oscillators, filters, amplifiers, modulaters, tape recorders,
ete. You tum on one of the tape recorders and set the oscillator for the pitch you want,
twiddle the knobg of the amplifiar to shape the loudness countour and piay with the filter
knobs to adjust timbre. It only takes about six hands and a couple of minutes but when
you're through you've got a whole note recorded on the tape. Repeat the process often
enough and you've got a whole string of notes. Of course, the tempo is not right and the
notes may not be it the Tight sequence nut you can fix that by snipping the tape apart and
editing out all the junk before splicing it hack together again {c produce the desired
melody. Now you go back and do the same thing for bass, rhythm and all the other parts.
Ahout the only thing vou can say for this technique is that it should certainly give you a
feeling of accomplishment., Considering the complexity of the process even such
monstrosities ag dogs barking out the tune of "Away in a Manger' can be forgiven - all
that knob twiddling hag to do something to a person's mind.

In the early 186¢'s Dr. R, A. Moog { recognize the name? ) began developing
and producing a line of electronic music synthesis equipment that revalutionized the feld,
The feature that made the Moog equipment such a guantum jump in ease of operation
sounds almost ridiculously simple, but its implications are so far reaching that it must
be stressed; THE KEY PARAMETERS OF THE PROCESSING ELEMENTS ARE A
FUNCTION OF THE SUM OF SEVERAL CONTROL VOLTAGES RATHER THAN THE
POSITION OF A KNGB,

As an example of the operating ease of voltage control let's see what it does for
a relatively simple processing element, an amplifier. As we shall see a little later,
one of the things that contributes most to the way an instrument sounds is the manner
in which its sound builds up and dies away. When using the classical tape splicing
technique theae characteristics have to be duplicated mamally for every note by turning
the volume control of an amplifier, FEven though the Mark II allowed for automatic
conirol of the amplifiers, information still had to be punched Info its programming tape
for each individual note.

With voliage control the job of setting the correct time varying amplifier gain
can be turned over to an automatic electronic function generator circuit that produces
a repeatable, pre-set voliage waveform each time a key 1s pressed. This voltage is
then used to control the amplifier. The musician sets the function generator to repro~
duce the characteristics of some real or imagined instrument and the elestronics will
produce that characteristic for each nate he plays. If he desirea a totally different sound
it'e simply a matter of re-setiing a couple of knobs, Summing the control voltages allows
the performer to produce more than one effect from a single processing module. If, in the
above example the operator decides to add a low frequency amplitude modulation ( tremole )



to the aound, he needs only to sum 2 second veltage that is changing at the rate of the
degired tremolo into one of the remaining amplifier control inputs, As the control
valtage varies up and down so does the gain of the amplifier and the volume of the sound,

FHE BOUND OF
MUSIC

Anyone can make welrd noises on a Synthesizer simply by randomly making
connections and piushing buttons, It's even fun for the first hour or so, until you
begln to think of specific sounds you want to make and can't. If we're going to learn
te use a Synthesizer rather than just play with it it's important that we understand
what sound is and what makes one sound different from another.

If your knowledge makes the following discussion seam irite, read on anyway.
We have to start somewhere and if nothing else ¥ou can probably find something to
disagree with.

Sound travels as waves, waves of pressure in the air. A vibrating string
displaces the air around it and the air molecules that the string moves in turn bump
into and move other molecules. All the things that these sound waves can bump into
and ba reflected off of and the effect that this has on the origingl wave are beyord the
scope of our discussion. The only thing relevant to the subject at hand is that if a man
is present the pressure of the waves will finally cause a deflection of his eardrum which
in turn will vibrate three small bones inside his ear which will in turn cause a disturbance
in a fluid medjnm which in turn excites the auditor nervas whieh in turn causes the man
to say " Hey, listen to that - " Whether he fills in the blank with "noise" or
"musie" is personal preference.

The thing that vibrates to produce sound doesn't have to be a string. Tt canbea
synthetic or organic membrane as in a drum, a vibrating reed as in the wind instru-
ments or the 1ips of the muaician in the brass Instruments. Most important to us, it
can also be the cone of a loudspeaker.

When a recording of a musical instrument is made a mierophone cohverts the
alr pressure waves into exactly analogous electrical voltage waves. Tf you were to
graph the vibrations of the air and the ''vibrations" of the voltage side by side they
would be {dentical except that one woald he measured in volts and the cther tn dynes
Per square cenlimeter - or something, When thege voliage variations are re-played
through an amplifier and loudspeaker they are converted from electrical back into
sound energy. I all the links in the chain have been faithful in their recording and
reproducing functions the pressure waves generated by the loudspeaker will be exactly
the same as those originally generated by the musical Instrument and the two wiil be
indistinguishable.

Since the thing that an amplifier and loudspeaker works with 15 not really sound
but an electrieal analog of sound: and since it is possible to electronically generate any
imaginable voltsge waveform ( difficult in some cases, but pessible }, it seems only
logical that at some point sounds should be generated not by physical musical instru-
ments but hy aznthesizi.ng their electronic analog and then converting that to sound.

PITCH, DYNAMICS, TIMBRE

There are Teally only three characteristics that determine what & musical
instrument wilt sound like; pitch, dynamics and timbre. Of the three, pitch probably
requires the least explanation,

Pitch and frequency are two words trom two different technologles that describe
the same thing, When an engineer or technician speaks. of 261 Hz. they mean that the
thing they are referring to is vibrating 261 timee per second. When a musician mentiong



middle C he is also talking about something that is vibrating 261 times per second. .
I the musieian {s dealing with conventional instruments he is probably talking about

a siring or reed but if he is working with an organ or Synthesizer he is likely roferring

to the same thing that the technologisis were talling about, the frequency of the changes

of an glectrical waveform.

The human ear is more sensitive to changes in pitch than any other musical para-
meter. The intensity of a sound has to be cut significantly before a listener experiencea
any decrease in loudness but a skilled musician can tell when a musical semi-tone deviates
by as little as 3% of the inferval between that note and the next higher tone,

Dynamics is a broad {erm that refers to the time varying intensity characteristics
of the sound; how faat it builds up and how fast it dies away.

The length of time required for a sound to build up to its greatest intengity 1s
called attack time and this one parameter conveys more Information about the way an
instrument is played than any other. If the attack time is very short the instrument
will be in the percusgion family where the vibrating member is immediately excited
to its maximum amplitude by the deforming action of being plucked or struck with a
hammer or mallet, Jf the attack is relatively slow then the instrument is probably
in the reed or howed string groups where the action of the exciting foree - the wind or
bow of the performer ~ takes a ghort time to fully excite the vibrating element.

If you forget about the talent factor for a moment the primary purpese of the
musicizn in playing mogt instruments is to serve as an energy source. The performer
pumps energy into the system ( instrument )} and the system dissipates it in some way,
usually either as sound or heai, I know what you're probably thinking, Heat? Yes, heat;
if you were able to accurately measure the temperature of a drum head you'd find that it
gets hotter as you poundon it, The energy that is converted to heai can be thought of as
being lost since it does not coniribute to the primary cbject of producing sound.

Very interesting, right? But what has this to do with the sound of u bassoon, Just
this, another important characteristic of an instrument is its decay tlme, Thal is, how
fast the sound dies away. Decay time is directly related to how much of the energy goes
into heat and how much into sound, A vibrating string, for instance, 1s as close to lossless
as you can get and ite decay time is very long. The stretched membrane of a dramhead on
the other hand is very lossy and us 2 result the decay time of drums is very short.

Reed instruments have a short decay time because the Teeds are relalively lossy
and den't continue to vibrate for very long after the musician stops adding erergy. Brass
instruments have the shortest decay time because the performer can force his lips to stop
vibrating and the column of air in the instrument is very lossy.

Bustain time is the interval in between attack and decay, the steady state response
of the instrument. As is cbvious, percusslon instruments have zero sustain time - as scon
as the attack is finished there is no more energy input so it's downhill the rest of the way.
Instruments that have some continucus energy input from the performer, in the form of
bowing, blowing or even pedaling in the case of some organs, can sustain as long as the
energy holds out.

Though attack, sustain and decay are the primary phenomena of dynamios there is one
other cendition that is common enough to merit a seperaie section, When a percussgion
ingtrument s struck very hard the vibrating member will deform beyond the point at which
a smooth deeay is posslble, in effect more energy is put into the system than it can hardle,
with a resulting overload. Under these conditions the system ( string, membrane or what—
ever ) will rapidly get rid of the excess energy. With the "overload” dissipated the vibrat-
ing element will continue to dissipate the remaining energy in a normal fashion. The result
is an initial rapid attack immediately followed by a release time which is then followed by a
normal decay. In a natural instrument it would be all but impossible for the release time to
ke followed by a sustain interval but with a synthesizer this is simple.



B

we can graphicly illustrate the conditions discussed by plotiing the overall
intensity of the seund versus time as shown below. Since these graphs are drawn
to shaw the peak amplitude of the sound at any given time and therefore "contain!
the sound they are ofien refarred to as envelopes.
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FIGURE 1. Amplitude envelopes for (A) percussion (B) reeds
(C) attack-release-decay (D} attack-release-sustain-decay.

It is pretty obvicus that as important ag dyhamles is, it doesn't account for all
the differences between the sounds of instruments. For instance, the trumpet and
french horn are both hrass instruments with approximately the same attack, sustain
and decay characteristics. They evea cverlap as far as pitch range is concerned
but thers woild be little danger of mistaking the hlaring, brassy sound of the trumpet
for the mellow, muted tones of Lhe french horn, These differences come about
heeause no musical instrument produces a tons that 1s composed exclusively of &
single frequency. Each note is composed of a number of different frequencies, and
the pumber and amplitude of the varlous components are what gives each lnstrument
its distinctive timbre,

The concept that s single musical pitch
can be made up of more than one frequency
can be confusing and needs further attention. /\

The sine wave shown in figure 2 is the basic

building block of any imaginable accoustic or \/ \/
electrical wave. It is the only waveform

that 15 composed entirely of a single frequency
and, more importantly, any waveform can be
built up uging nothing but sine waves.

FIGURE 2. Sine wave

To illustrate this look at figure 3. Here
we have two sine waves ¢rawn in dotted lines
which are labeled "A" and "B". As you can see
from the drawing, waveform "B goes through
two cycles in the time that it takes waveform
"AY to complete a single cycle, Waveform "B"
is therefore twice the frequency of "A" and is
said to be the second harmonic of the fundamen~
tal frequency "A'. If we draw another wave
that was three times the frequency of "A" it
would be the third harmonic, four times would

FIGURE 3, Fundamental and be the fourth harmonic, five times the fifth and
2nd. harmonic s0 on.




If at every polnt in time we sum together the ampliludos of waveforms A and B the
result is the waveform shown by the solid line. Note that while the new wave is shaped
differently than either A or B it has the same frequency ( and consequently pitch ) ag the
fundamental frequency A. If third, fourth, fifth and higher order harmonice were added
into this wave the result would continue to change shape but the frequency would remain

the same,

It is not necessary that every harmenic of 4 fundamental frequency be included
in a wave and indeed the most musically interesting sounds have certain harmenics
deleted. The square wave shown in figure 4 is a good example. [t is difficult to

-

FIGURE 4. Square wave

“ N

figure 5.

imagine that the sharp-edged wave illus-
crated could be built up from smeothly
changing sine waves but it can as shown
in the progression of diagrams figure 5
(a) through (¢), In (a) a fundamental
frequency is added to its third harmonic
producing the waveform shown by the
solid line. In (b) the fifth harmonic has
been added to the result of (a) to produce
the new solid waveform and in (c) the
seventh harmonic has heen added to all
the rest, You can see that the trend as
higher order harmenies are added is to
stcepen the sides of the square and
flatten and reduce the ripple in the top.
When enough harmonies have been added
the result will be a square wave. Notice
in particular that not all harmonics are
added together for a square wave, only
the odd harmonics ( drd, 5th, 7th, ete, )
are incloded.

MAKING WAVES

Now that we have a pretéy good idea of why
instruments sound the way they do we can
hegin looking at ways of duplicating these
sounds uging electronic circuits,

The first method of electronicly producing

a desired waveform is called frequency
synlhesis and the technigue should be obvicus
from the discussion of harmonic structure,
Several ogeillators provide a source of sine
waves of various harmonically related Irequen-
cies and combinations of the outputs are sum-
med together to build up the desired waveform.
By changing the amplitudes of the sine waves
practicaly any waveform can be €asily produced.
One of the problems with this system is keeping
all of the oscillators tuned so that they are
multiples of one another. Most electronic
organs that use frequency synthesis systems
get around this problem by using one oscillator
for the highest frequency component desired
and then producing the other frequencies uging
a chain of frequency dividers.

The technique used in synthesizers is called
formant synthesis and can be thonght of as just
the opposite of frequency synthesis. Rather than
summing {ogether the frequencies you do want,
you start off with a source that is already rich
in barmonies and then remove the ones you
don't want, This may seem a rather strange
way {0 get from here to there but there is an
excellent biological precedent for formant syn—
thesis, the most versatile musical instrument
of all - the human voice.



There are other reasons for using
formant synthesis than just pleasing mother
nature, If we are golng to be consistent in
our design of a line of voltage controiled
equipment then everything should be volt-
age controlled, including the oscillators,

Designing a voltage contrelled sine wave

ve oscillator is not impossible but 1t is dif-
AN I LN ficulk and hard as it is to design one VCO

harmonic trizngle] ramp |square { voltage controlied osciliator ), designing

the five or six that would be required using
2
fundamental} 8/ 2/n Afw frequency synthesis and having them all

2nd —— 1 — track the contrel voltage would be a hor=-
recdous task.

3rd 8/9n2 2/3a 4/3n
ath _— 172 _— Since synthesizers operate with harmonic
rich waveforms as their primary signal source
5th 8/?75m2 2/5m 4/5q there is no need to start out with a sine wave at
all, The VCOs supplied with most synthesizers
6th - 3w | --- provide a variety of waveforms each of which
provides different harmenic struciures, Common
Tth 8/407 &/in AT practice is to use a relaxation oscillator to gener=-
8th - 1/8n — ate a voltage ramg which is then converted te iri~
angle and pulse waves using simple shaping circuits.
oth 8/81r2 2/%n LY In some cases the triangle will also be shaped into

a gine wave. These waveforms and their harmonic

Table 1. Harmonic content of contents are listed in tahle 1.

triangle, ramp and square wave
7=3.142 n2=29,872

In order to use formant synthesis
we need some means of getting rid of the
harmonics we don't want and to do this
we use filters. A filter is quite simply
an alactronic gadget that eliminates a
single frequency or group of frequencies,

output +

f ncy +
Figure 6 shows diagramatically a requency

representation of the frequency response FIGURE 6. Low-pass filter
of a low pass filter. This drawing shows
that ag the fraguency of tha signal being
fed to the toput of the filter increases the
amplitude of the filter's output falls off,
Note that the filter dees not change the
frequency of the input signal, only the
amplitude. If the input is a complex
waveform the filter will of course change frequancy +

the signal's ghape as it attenuates the FIGURE 7. MHigh-pass filter
higher frequency components but that is, .
after all, what we're after,

cutput -

Figure 7 shows the frequency response of a high pass filter, In this case the
amplitude of the output falls off as the input frequency decreases.



Notice that in toth of these filters the response curve is flat either up ta or
beyond some definite frequency. This is the frequency at which the filter begins
to "take hold" and is designated the cutoff frequency or f;, One other important
parameter associated with low pass and high pass filters is the roll off rate,
ordinarily measured in units of db/ectave. This gounds complicated but it's
really not. A decibel ( db ) is a measure of electrical level and when yoa're
talking shout voltage, a change of 6 db. corresponds to 2 halfing { if -6db. ) or
doubling ( if +6db, } the original reference level, Octaves are of course frag-
uencies that are double some Teference frequency; therefore a low pass filter
that "‘rolls off" at 6db/ octave simply means that every time the frequency is
doubled the output of the filters falls by 1/2.

Figure 8 shows the frequency res-
ponse of a band pasg filter. As the dia-
gram implies, a band pass filter attenu-

ates all frequencies above and below a +

certain freguency while aliowing the £ ‘/\
frequency of interest ( or frequencles Fax

close to it } to pass without being effect- 3

ed. The frequency that is allowed to pass ———
without attenuation is guite logicaltly frequency +

called the center frequency and is also

designated f,, There are parameters FIGURE B. Band-pass filter

that can be uged to specify how well the
filter does its job of rejecting frequen—
cies outside of its pass band but none of
them are very easy toc understand and
for our purpeses we will confine our-
selves to speaking of the "Q" (quality)
of the filter. The higher the "Q" the

greater the frequencies outside the pass '

band will be attenuated, frequency +

output -+

As the frequency response curve FIGURE 9. Notch fiTter
of figure $ shows, you can think of a
notch filter ag being the oppogite of a
band pass filter, Instead of allowing
frequencies around the center frequency through, the notch filter blocks these and
allows al} others to pass.

CONTROLLERS

It is about time that we looked at a problem that has plagued instrument makers
slnce the first caveman keai on a hollow log - how to control the instrument in such a
way that you realize its full potential, With most conventional insirinenis the control
system is obvious. You control some of the elements of the dynamics by how hard you
blow, pick, or strike the instrument and you control the pitch by the positions of your
handg and/or lips. Timbre is in most cases a quality of the instrument and is there-
fore beyond the control of the performer.

This is not the case with a synthesizer; you have at least the theoretical
sapability of controlling and varying every characteristic of the sound, Some character—
istics you can pre-get by the position of a knob and some you can turn over to automatic
function generating equipment, Some parameters are varied with a manual controller
such as a keyboard and some, unfortunately, you wind up forgetting about because there
are no more controllers available. :

Before examining some of the iypes of controllers that are available, make sure
that you have firmly implanted in your mind that a eontroller for a syathesizer does
only one thing; it provides a voltage proportional to some parameter that is physically
changed by the performer. While in most cases the voltage produced by the controller
will subaequently be used to set the pitch of a VCO, this will not always be the case.



Depending on the sound belng produced, the controller may algo be used to set
the center frequency of a band-pass filter, roll off rate of a low pass filier or
any number of other things.

KEYBOARDS

When used to control a plano, a keyboard is one of the great inventions of
all time. When used with a synthesizer it is at best a compromise,

Musicians are used to keyboards belng connected to polytonic insiruments:
that is, instruments that are capable of playlng as many notes at one time as the
mumber of keys that the performer is able to press down. This simply isn't the
case with a synthesizer. A synthesizer is a monotonlc instrument capahle of
playing only one note af a time. The reason far this is obvicus, the voltage
control oscillator may accept three control voitages bus the pitch that is produced
is proportional to the sum of those voltages, Since 1t is impossible that there be
mors than one sum at one Lime the oscillator can produce only eae pitch. By
using a rather clever switching system one brand of synthesis equipment is abie
to produce two different noles simultanecusly (using fwo VCO's ) but this is
really not such a great improvement.

Since the electronic organ has become commonplace, performers have
gotten used to the idea that they can't control the dynamics of their instrument
by varying the striking force on the keys, this is also true of most synthesizers,
Other than iriggering signals that are generated when any key ls pressed, the
only control voltage khai most keyboards produce 18 proportional to the location
of the key heing activated. One manufacturer has a keyboard that is an exception
ta this rule; in additlon to the standard centrol voltage it also generates two
voltages proportional to the velocity of the key as it is pressed down and the
final pressure on the key as it is held down. This is a significant improvement
since it allows the performer to directly influcnce three musical parameters by
pressing a single key.

s{rangely encugh, the original objeetion to a keyboard that was mentioned
in the first part of this booklet { unavaslability of pitches between semi-tones }
is not a greai problem on 2 synthesizer. Most keyboards provide & “piteh™ knob
that allows some vrriation in tuning of the insirument and many provide for an
automatic, variable rate glissando.

In spite of its drawbacks, the standard keyboard has one blg thiog in its
favor - familiarity. It is similar to a thing that the rusician already knows hov
to use and re-training time is therefore reduced,

LINEAR CONTROLLERS

These are glectrleally and mechanically the simplest of all controllers.
Most consist of a long strip of electrically resistive material with a voltage
applled to each end. The potential difference hetween the two ends disiributes
evenly along the length of the strip so that the voltage between any point and
electrical grourd is proportional to the position of that point on the strip.
When the performer presses on the controller, a conducting metal band makes
contact with the resistance element and picks off the voltage present at the point
of contact.

Linear controllera are generally not intended as substitutes for keyboards
for a number of reasons. First, it is technically difficult to automatically pro-
duce a trigger pulse whenever the controtler is pressed. This function bas to
be performed manually with & seperate switch that must be closed for each note



or run that is to be played. Secondly, using a tinear controller for pitch is like
playing a fretless instrument such as a violin, it requires considerable experience
to know what pitch is going to be produced at a given location.

These devices come into their own when used in conjunction with a keyboard.
In this apptication they can provide an auxilliary control for some parameter other
than piteh, like manually sweeping 2 filter or controlling the amount of noise mixed
into a sound. The control voltages produced by this unit can aiso be summed into
one of the VCO control inputs to produce a mamually controlied glissando or vibrato
or can be used with a VCA to give manually controlled tremola.

FOOT PEDRALS

Foot pedals allow you to control additional musical parameters with your feet,
They are simllar to the expression pedals on electronic organs except that instead
of controlling enly the volume they can be used to control filters, osclllators or
amplifiers.

' Anything you can say about linear controliers applies to foot pedals, they're
intended io be used in conjunction witk a keyboard.

JOY STICKS

These are the wackiest controllers imaginable and as you would expect are
similar to the joy sticke used in airplanes.

The biggest thing going for this type of controller is that is offers tha posasibi-
lity of directly controlling four musical parameters simultaneousiy. One parameter
could be controlled by moving the stick forward and backward, another by moving
the stick from side to side, a third control voltage could he generated proportional
to vertical metions ( along the long axis of the siick ) and a feurth proportional ta
the rotation of the handle. If you like you could even put a switch on top to control
such vital functions as self-destruct,

A joy stick seems like a valid concept but anyone that could use one properly
probably wouldn't be able to communicate with earth people,

FUNCTION GENERATORS

Function generators are automatic controllers that electronically generate a
time varying voltage as pre-set by the positions of knobs or sliders. A function
generator ordinarily responds to a trigger pulse by generating an electrical wave-~
from that rices te some pre-get value in a pre-get time, sustains that level as
long as the trigger pulse is preseat { or for a pre-set time in some cases ) and
then falling back to zero in a pre-set time. Some function generators are capable
of producing the attack, release, sustain, decay type functions discussed earlier.

The output of the function generator can be used in the same ways any other
control voltage eource should, but these items find their most common application ir
contrelling dynamics and time varying timbral qualities of a sound.

A low frequency oscillator can also serve as a control voltage source to '
pravide cyclicly varying voltages for vibrato, tremolo or filter sweeping.



SEQUENCERS

Sequencers can be thought of as extremely versatile funclion generators,
Instead of the control valtage guing up to a pre-set level and back down again these
devices allow a complete sequence of output voltage o be pre-programmed and
reproduced on command.

DIGITAL COMPUTERS

If you are prone to wild flights of fancy here is a subject worth your
consideration, It seems that whenever acy of the literature mentions lhe use of
a digital computer in ¢conjunction with a synthesizer it always comes out as a super-
sophisticated sequencer, a high technology replacement for a roil of paper tape.
What a ridiculous waste of the immense computational capabilities of modern
mini-computers. Imagine instead, z machine that could "hear” the sound of an
inatrument, analyze it and reproduce that sound {or any melody the perfermer
chose to play. If you have a touch of larceny in your soul how about a machine
that could hear a person's voice and thea duplicate his exact tones for any spoken
phrases, or a machine programmed with compositional algorithms that eould
compose tunes to fit your mood. The list is endless.

THE EQUALLY TEMPERED SCALE

This is as good a place as any to bring up tha subject of the equally tempered
or chromatic scale. As anyone who s reading this knows there are 12 semi-tones
in each octave of the chromatic scale, 7 naturals labeled A through G and 5 accident-
als that are designated as cither sharps or flats of the naturals. With two exceptions
the sharp of ene note is identical to the flat of the next highest note, the excepHon
belng that there are no accidentals between B and C, or E and F so that Bt is the
same as C aad FP is the same as E.

F~+ vach octave increase in the musical scale the frequency of the note doubles
so thal siace middle C corresponds to 261, 6 cycles per scoond the next C above
midglz .. is 528, 2 cycles per second.

Semewhere back in antiquity ( around the time of J.S. Bach} some genius
decided that since there are 12 semi-tones to the octave and each octave doubles
the frequeney, each note should be related to the note directly below it in the scale
by a factor of the twelith root of two. Just in case you're not used to working out
the twelfth root of numbers in your head, this translates to 1,459 times the frequency
uof the note directly below it. The significance of this is that as pitch increases, the
dliference between adjacent notes in the scale also increases.

All this may seem like academic trivia until you realize one point. All voltage
controlled oscillator designs produce a device whose output frequency. is directly
proporticnal to the control voltage, identical control voltage changes preduce jdentical
frequency changes.

An example will most 2adily demeonstrate the significance of these facts.
Suppose Ehat we have a keyboard that produces a control voltage of .25 volis when
its lowest C key is pressed. The voltage eorresponding to the next C up is quite
logically 1,25 volts but dea't fall into the trap of thinking that the voltage correspond-
ing to the third C is 1, 25 plus . 625 or 1. 875 volts because it's not, it should be twice
the voltage required for the second C or 2 X 1.25 « 2,5 volts.

Many synthesizer designers use aa electronic conversion device to get around
this difficuity., This device converts a linear controller output voltage ( 1v. for the first
¢, 2v. for the second, 3v. for the third C, ete. ) to the octavely related vollage required
by the Y, This is an excelleat approach if you are willing to spend the money to do it
because it allows two esel 'ators to be a fixed number of semi-tones apart and still track



a control voltage in such a way that they maintain an equally tempered relationship. ,

Unfortunately, the exponential converter circuits { as these devices are known }
are not only expensive but also quite often they tend to drift sc¢ that even for a fixed
input voliage the output voltage ( and of course pitch of the VCO } wanders from one
value to another,

A gimple means of getting around this ig to have the keyboard generate
octavely retated voltages in the first place but you of course sacrifice the capability
of having twe oscillators track each other.

2720=1 VOLTAGE CONTROLLED AMPLIFIER

SPECIFICATIONS

Power Reguirements: 18v. § 2.5ma.
9v. @ less than
500 microa, sink

Output Impedance: 1K short circuil
protected

Input Impedance: " nominal 47K

Max. Audio In: 2v. peak to peak

Frequency Respotise: 1Hz. to 40kHz,

Gain Characteristics; @ &v. control;

Odb, input; O0db.
3db. input; 3db,

@ Ov. conirol
0db. input. -80dh.
3db. input; -80dh,

Control Input Imp, = 150K

The biggest concern in the design of a Voitage Controlled Amplifier is that
rone of the control voltage transfer into the audio channel. If there is a leak
hetweoen the twe, very rapid changes in control voliage { such as the fast attack
of percussion waveforms ) will become zudible as clicks or thumps. The design
of the 2720-1 is such that the control voltage appears identically in two seperate
amplifiers and s then balanced out by an operational amplifier output stage, No-
thing special here, this is the way practically all synthesizers do it.

The 2720-1 differs from many synthesizer modules in the way the control
voltages are summed together, In expensive equipment this summation is performed
by an active network built around an operational amplifier, Inthe 2720-1 the summing
is performed by three resistors.

The advantage of this approach is obyiously cost - the disadvantage ( in a technical
sense } is that the summation is never exact and the voltage applied to one [nput can have
a small influence on the effect of a voltage applied to encther input. If the resistors.sum
into a point that has a low impedance in relation to the summing resistors then.this effect
is for all practical purposes negligable. Our justification for using this slightly less exact
summing network is that, as was mentioned ln the text, the human ear i less sensitive to
changes in intensity of a sound than any other parameter and even a trained listener
would be able to tell the difference between active and passive summing networks.

An explanation of the control jacks follows:

CONTROL The gain of the amplifier is aet by the algebraic summation of the control
voltages that are present at the three pin jacks zlong the bottom of the panel, The
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design of the amplifier is such that if the voltages at the control input add up to +5v.

there is zero insertion loss between the 0db. audie input and the audio output. Voltages
less than +5v, cause the amplifier to present a greater and greater attenuation to the .
audlo signal until at a total control input of Ov. the amplifier can be considered off,
Negative control voliages and voltages greater than+5v, will not damage the amplifier
kut if the control voltage input goes higher than 6v. distortion will develop.

0dk. INPUT At the maximum ceontrol voltage of +5v. there is no galn or attenuation
between this inpuf and the audio output,

3db. INPUT At the maximum centrol voltage of +5v. there is a 3db. power gain
hetween this input and the output, Both of the inputs may be used simultaneounsly for
mixing putposes. These two inpat terminals have a slight I, C, potential and must
be capacitively coupled to audlo sources. All audio sgurces associated with the
2720 Synthesizer already have capacitive cutput coupling but if electrified musical
instruments are heing procesaed this capacitor must be supplied externally. Two
coupling capacitors have been provided on the patch panel of the 2720-7 power
aupply module for use in cases such as this.

INTERNAL CONTROLS
Balance - allows for exactly balancing out any controf voltage feed-through into the

audio channel. Screwdriver adjust.

2720-2 VOLTAGE CONTROLLED CSCILLATOR

SPECIFICATIONS

Power Requirements: +iv. @ 25ma,

-9v. @ 25ma.
Cutputs; ramp, triangle, pulse
Quiput Impedance: 1K for each output
Output Level: . 5v. peak to peak
Pulse Duration: variable up to

0% duty factor
Frequency Range: 40Hz, to 2. 5kHz.
Control/Freq.: linear
Coatral Imput Imp. + 150K

The VCO is the one place in a synthesizer that you can'i serimp hecause as
mentioned earlier, piteh is the parameter of a sound that the human ear is most
sengitive to, Control voltage summation bas to be exact and oscillator drift must
be kept te a minimum,

In order to provide exact control voltage summation the 2720-2 uses an
active sumnming network built around an integrated circuit operational amplifier,
Frequency drift caused by voltage variations are minimized by using two indepen—
dent voltage regulators directly on the 2720-2 circuit board,

There ia one place that cost was cut in the 2720-2 and that 18 by the deletion
of a sine wave cutput. Several factors entered into the decision Lo eliminate this
common and useful waveform Hut in the final analysis they all boiled down io the
added cost and space Tegquirements necessary to produce the sine versus the ease
of using the voléage controlled low pass filter ( 2720-3L ) to derive the sine wave
from the triangular wave.

CONTROL These three input jacks accept voltages from keyboard, linear contrpller,
contrel oscillator, function generator, etc. and set the frequency of the oscillafor
such that it is directly proportional to the algebraic sum of the three inputs, Normal
range of the sum of the three inputs 18 0 to 5 volts but the oscillator will track up to
100% overange. Negatlve voltages and voltages greater than 5 volts will not harm
the module,

RAMP The ramp output of the VOO produces & waveform such as that shown on the
front panel. This waveform has a very "reedy' sound.




TRIANGLE The triangle output produces a waveform such as shown on the front panel.
This waveform has the softest sound and is comparable to the voice of a flute.

PULSE The pulse output produces a waveform variable between a short pulse and a
square wave. This is the "raspiest” of the three waveforms and is an excellent
narmonic-rich source for use with voltage controlled filtera,

PULSE DURATION This control knob varies the duty factor of the pulse output. At
the "min. " setting the output is just a spike and at "max, " the duty factor is better
than 50%.

_INTERNAL CONTBOLS

Zaro - a cantrol that regulates the frequency produced by the oscillator with zero
input voltage. Screwdriver adjusi.

Range - to regulate the amount of freguency variation caused by a given ¢ontrol
voltage change, Screwdriver adjust.

Pulse - to regulate the duration of the pulse generated when the DURATION front
panel control is set to "min. ",

Triangle - to adjust the spectral purity of the triangle wave,

2720-3L & 2720-8B FILTERS

SPEhCHE_leICATIONS

-pass

Power Requirements; 18v. @ 2.5 ma.
Input Impedance: nominal 500K
Output Impedance: 1, 5K

Center Freq. Range:

300 Hz. to 1. 2kHz.

Control Voliage Range: 0 to 5v.
Control Input Impedance: 470K

"Qt* Range: 1/2 to 300
low-pass

Power Requiremaents: 18v, @ 2.5ma.

Input Impedance: 100K

Output Impedance; 2K

Cui~Off Freq. 50 Hz.

Roll Off Rate: 0 to i2db/octave

Contral Voltage Range: 0 to 5v.

Control Input Imp, ¢ 150K

1t may seem strange for a manufacturer to state in a sales booklet that his
product doesn't have the beat technical specifications available, but that's what
we're doing. We looked at a lot of filters while we were designing the 2720 serles
modules and seme of the spees were enough to make your head swim; ceater.and
cut-off freguency ranges ruaning up to 20 octaves, filters that tracked a control
voltage with errors of only . 02%, phenomenal "@'s" and lots more,

But when we atarted playing with these filters we dlacovered an inferesting
thing, you pay a lot for specifications and in most cases the added usefulness ia not
proportional to the added cost. The average user is after the sound that he can
produce with a synthesizer and is not so interested in being able to exactly calculate
a mathematical analysis of the sound.

Based on this, compromises have been made in the filters. For instance, the
range of the band-pass filter is limited and a professional user able to compaté the
2720-3B to the $300 filters of a large synthesizer could easily tell the difference.
Similarly the filters will not exactly track the keyboard voltage,

What the filters will do is provide you with an economical means of controkling
the harmonic content of a syathesized sound and allow you to change the harmonic
content using control voltages generated by control oscillators, function generators,
or mamial controllers.
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Operation of the band pass fllter controls is as follows:

INPUT The miniature phgne jack in the upper left hand corner of the front panel
provides a high impedance input to the filter,

OUTPUT The miniature phone jack in the upper right hand corner of the front
panel provides a capacitively coupled output from the filter,

CONTROL The three pin jacks along the lower edge of the front panel allow the

summation of up te three control voltage sources, As the algebraic sum of the
inputs to these jacks increases, the center frequency of the filter is shifted up,
The highest possible center frequency is achieved when the algebraic sum of the
inputs is 5 volts but negative voltages and voltages greater than 5 v. will not harm
the unit.

'Q" CONTROL The "@" conirot in the center of the front panel adjusts the width
of the pass band and how much the center frequency will be accentuated, "max. @"
provides the narrowest possible pass band and the highest rejection of frequencies
outside that band.

Controls of the low-pasg filter are as follows:

INPUT The miniature phone jack in the wpper left hand corner of the front panel
provides a high impedancetnput to the Klfer.

OUTPUT The minfature phone jack in the upper right hand corner of the front
panel provides a éapacitively coupled output from the filter.

CONTROL The three pin jacks along the lower edge of the front panel allow the
summation of up to three control voltage sources. As the algebraic sum of the
inputs to these jacks Increase the roll off rate of the filter increases, The highest
roll off rate of 12db/octave is reached when the control voltages sum to 5v. but
negative control voltages and voltages greater than 5v, will not harm the unit,

2720-4 FUNCTION GENERATOR

SPECIFICATIONS
Power Requirements: 18v, @ 4 ma,
Outputs: Sv. p-p fixed
0 to 5v. p-p var.
Output Impedance; less than 5K
Qutput Form: linear attack
exponential decay
Time Range: 2ms. to 1 sec. attack
sme. fo 1 sec. decay
Trig., Required: 3v. step or pulse
into 47K loag

A common feature of many function generaters is the attack-release- sustain-
decay output used synthesizing certain percusasion sounds. A single 2720-4 module
does not offer this function - pot becanse 1t is not desirable but because the cost of
adding it would zlmost double the price of the module while caly adding one feature.

K there were no way to preduce the attack-release-sustain-decay waveform
cther than using a special module we would have designed the module regardless
of the cost, but as it happens this function can be generated using fwo 2720-4's.
The cost of two modules is only slightly greater than what the coat of the more
elaborate single module would kave been and the versatility added Ls great.

Figure 1¢ shows how this is accomplished. The 2720-6 Controller has two
trigger outputs, a short duration pulse that is generated whenever any key is pressed
and a voltage step that is turned on when a key is pressed and off when the key is
released. The pulse can be used to trigger one of the function generators that is
responeible for the attack and release portion of the wave. The second 2720-4 is



figure 10.

triggered {rom the step output and produces the sustuin und decay part of the wave
as well as contributing to the attack. The outputs of the two function generaiors

are run to the control inputs of a single module { VCA typically ) where they are
summed together as shown in the drawings. Note particularly that the setting of the
variable output attenuator of the second module determines the sustaln ievel and that
the peak level of the attack is the sum of the output of the two function generators,
for optimum performance this sum should not exceed & volis,

Not enly do you have a greater range of control over the function when two
modules are used but you have the capability of using them seperately. For instaace,
one te generate dynamicg while the other makes time varying timbral changes,

Operation of the controls is as fellows:

ATTACK The attack control sets the rate at which the output of the function generator
rises to its maximum voltage. Rotuting this eonlrel in 4 clockwise direclion increases
the amount of time required for the rise,

DECAY The decay control sets the rate at which the output falls back to zero. Rotating
this confrol in a elockwise direction increases the amount of time required for the fall,

EXPAND The attack time control is set np with two overlapping ranges. In the "expand"
position of this slide switch the range of the attack control is from 30 milli-seconds { .03
sec, } to 1 second, In the "off'' position the attack is variable from 2 ms, ( ,002 sec, )

to 40 ms.

VARIABLE QUTPUT The pin jack marked "vartable' is controlled by the kaob tmmediately
to its left. When this control is rotated fully counter clockwise taere will be no output at
the "'variable'" jack. Rotating the control in a clockwise direction increases the maximum
value of the control voltage available at the Mvariabie" output up to a maximum of % volts,

FIXED QUTPUT The pin jack marked "5v, p-p" bas no variable centrol, At this cutput
the control voltage will always rise to 5v.
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MANUAL TRIGGER _ The manual trigger push bution 18 provided for testing of the
funciior generator and to provide a means of triggering the module without using a
controller. When the "manual' button is pressed the output of the generator will

rise at a rate set by the "attack™ control and remain at that level until the button is
released. The manual trigger button sheuld not be used when another trigger source

is plugged into the "trigger' pin jack, no damage will result but the output of the 2720-4
wili not meet full spectfications.

ELECTRICAL TRIGCER The pin jack marked "trigger' provides an electrical means
of triggering the function generator from keyboards or linear controllers. A 3v. input is
required at the trigger jack to initiate and sustain the functlon generating process.

2720-5 CONTROL OSCILLATOR/NOISE SOURCE

SPECIFICATIONS
Power Requirements: lav. @ 1.75 ma,
Oseillator
Output: Sinusoidal
Output Impedance: 5K or less
Output Level: fixed 5v. p-p
var. Sv. p-p
Cutput D, C, Bias: 50% of peak
Freq. Range: 1 te 25 Hz.
Nolee Source
Output: broadband noige
QOutput Impedance: 1K
Cutput Level: .5v, p-p

Control Osciliator/Nolse Source may seem like a strange combination but there
is sound reasoning behind it, Most importantly, neither or these two e¢ircuits is likely
to be repeated within any one gystem: one of each is necessary but usually sufficient,
Secondly, the required circuitry and front panel controfs of the two lend themselves fo
the combination. Both require only single module circuit boards but the oseillator
needs a double module front panel to properly arrange the contrels., The single output
jack of the neise source ¢an be put just about anywhere.

The noise source has been mentioned as being necessary for the synthesis of
snare drums, cymbals, wind and surf but it is instructive to explain exactly what noise is,

If you turn on an FM radic and set it between two stations you will hear noise of
the type produced by the 2720-5. This familiar hissing sound is the result of sunming
together all audio frequencies each of which has its own random amplitude variations,

Colar references are ordinarily uged as & qualitative measure of the frequency
content of the noise. If all frequencies are distributed within the signal ( as in the
FM example ) then the noise is called white ~ drawing a parallel between it and white
light, which cansists of all colors, If only the lower frequencies are included in the
signal the noise 18 referred to ag pink, Many syathesizers provide “oalor" contrel
directly on ihe noise source front panel but this is {o a certain extent redundant since
the voltage controlled fllters can serve the same purpose,

The control oscillator can be used ag a trigger source for the function generafor
to produce a combined slement capable of producing a wide range of repeating waveforms.
Operation of the controle is as follows:

COURSE FREQUENCY The course frequency adjust is the control in the upper left
hand corner of the front panel. Three over-lapping frequency ranges allow the oscil-
lator to generate any frequency in the 1 to 26 Hz. range.

FREQ. The freq. control allows ihe continuously variable selection of any particular
frequency within the range selected by the course frequency control



VARIABLE OUTPUT 'The output jack marked "variable" provides an output voltage
that is continuously variablc betwoen ¢ and 5v. peak to peak, adjustable by means of
the control immediately to the left of the jaels,

5v, p-p ‘This ontput jack provides a non-adjustable source of control voltage that
is always 5v, peak to peak.

NOISE The noise output jack provides a capacitively coupled source of , 5v, peak to peak

to peak broadband neise.,

2720-8 KEYBOARD/CASE

SPECIFICATTIONS
Case Dimensions 31 X 11-1/2" X 7-1/2"
Power Requirements: -9v. @ 1.5 ma.
9v. @ 3 ma.
18v, @ 1 ma,
Configuration: Keybeard arranged for three octaves of

key controllable voltage C through C.
Pitch kneb provides additional octave.

Contrel Cut Range; to 5v. .

Contrel Buffering: Sample and hold. 20 sec. min. held fime
after key rcleased,

Tuning: Ezch key tunable

Trigger Outpuia: 5v, pulse when any key pressed

Sv. step while key hald down,

As was mentioned before, any keyboard controller for a synthesizer is going to
be a misleading compromise to those that are unable to adjust their thinking and talents
to a new medium,

Many professional musiciang are initially confused when they begin to work with
syathesizers, because the keyboard is only capable of playing one note at a time. The
synthesizer keyboard must he thought of as a controller device, much like a knob or
gwitch, The only difference is that the output voltage is variable depending on where
along the keyboard you press the key, The keys farther to the right preduce a higher
output voltage, but there is only one output jack, and only one voltage can be produced
at a time, The synthesizer as a whole must be considered as a single note instrument
tuch like a trumpet or saxaphone, Although this may initfally seem like a restriction,
you will become familiar with many ways to achieve multiple voicing, and more complex
multi-note sounds through the use of advanced patching. These types of effects depend
on your experimentation and familiarization with the equipment.

The pulse (_f\..) acd step { _[ ) outputs may he used simultanegualy, Note that
these functions are generated every time a key is pressed with the step remaining high
until the key is releagsed, All keys must he released before another trigger pulse witl
be generated but pressing one key immediately before one already down is released
will not keep the control voltage output from changing to the new vatue.

In many cases the end of the step function from the keyboard is the signal for the
electronics to hegla processing the decay portion of a note, Since the key must be
released to end the step there must he some way to hold the last eontroller output
voltage while flnzl processing takes place, This task is performed by 2 sample and
hold eireuit, In the 2720-8 the sample and hold circuit not only holds the last voltage
but through & unigue "clocked" sampling circuit actually compensates for any corro-
sion on the key contacts that might cause controller malfunction,
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The pitch control can be set to any intermediate value hetween the extremes of
its octave range and the keyboard will still be in tune with itself; that is, the keys
will still produce voltages that represent an equally tempered scale,

While pressing two coniroller keys simultaneously will not generate both notes,
it will produce a new wote that is pitched somewhere between the two, This peeuliarity
of the keyboard may be used to produce many interesting non-chromatic melody iires,

Operation of the controls is as follows:

KEYS Pressing any key causes a pre-set voliage to appear at the control voitage
output jack. In most cases these valtages will be set to generate a chromatic scale
but other tunings are possible,

PITCH The pitch knok on the control panel allows the entire keyboard to be lowered
an octave from the standard tuning. Counter-clockwise rotation of the knob decreases
the output voltage for any given key,

STEP The uppertost pin jack on the control panel provides access to a voltage that
changes from 0 volts to 5 volts when any key is pressed. This voltage remains at the
high level as long as the key is held down.

PULSE The middle pin jack provides access to 2 short duration trigger pulse that is
generated when any key is pressed. All keys must be released for the pulse generator
to re-set before it can produce another pulse, Re-set time Is short, on the order of
one-ten-thousandth of a second (. 0001 see. ).

ouT The lower pin jack provides access to the control voltage output.

INTERNAL CONTROLS

Tune -~ 35 individual trimmers are provided for tuning each of the keys over a
range of several semi-toneg,

Low End Trim -  This control, accessible from the rear of the case, is used to
calibrate the overall keyboard span to the required 3 octaves,

2720-7 POWER SUPPLY

SPECIFICATIONS
Power Requirements: 117v. 60Hz. 3w.
Output Voltagea: 18v, @ 100ma,
fv. @ 100ma.
-9v, @ 100ma,
Protection: power line fuse
Regulation: none
Bias Outputs: g to 5v. and
-5 to +5v.

The 2720-7 does motre than simply supply power fo the rest of the modules.

Oceasions arise where the oubput of standard control voltage sources do not
lend themselves to the effect desired, For instance, there will be many times that
you want to shift a filéer over only part of its range. The high control voltage end.
of the range can be decrezsed simply by using an attenuator but if you want to bring
up the low end you need to “"hias" the filter by summing in a constant control volt-
age. For cases such as this the power supply module has two variable voltage
bias supplies, These bias supplies also provide a means of manually contrelling
or very slowly varying voltage controlled parameters.
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There are times when the output of 2 control voltage source will need to be
routed to more than one processing module - aa when the contral voltage t& not
only setling the piteh of the VOO but alse the parameters of one of the filters. The
2720-7 provides for this with a multiple access patch panel consisting of six pin
jaeks and six minjature phone jacks. One of the features of the patch panel is a
switching system that conditionally connects together all of the phone jacks and the
first vow of pin jacks. Inserting  phone plug in the flrst jack of either row of phone
jacks lsolates that row from the row directly below it. The phone jacks and pin
jacks can be used as isolated rows or in a number of combinations. The placement
of two capaeitors in this panel allows their usc 2s isolating elements when patching
external musieal instruments into the console.

An isolated front panel attenuator can be used as-a master volume control,
mixing level adjustment or as an atienuator for external instruments.

Controls are as follows:

BIAS The 0 to 5 volt and -5 to+3 volt bias supplies are controlled by the iwo
knobs in the middle of the panel, Clockwise rotation of the control kuob increases
the voliage available at the pin Jjack immediately to the right of the control.

ATTENUATOR The knob on the left hand end of the panel is the control of a 5,000
ohm near potentiometer. The higk side of the pot goes to the left hand miniature
phone jack and the wiper is capacitovely coupled to the right hand jack,

POWER SWITCH The slide switch in the lower loft hand corner of the module
supplies 117v, a.c. to the power supply,

YATUH PANEL  The patoh punel congists of six plo jacks and gix minlature phone
jacks on the right end of the panel. All three of the minigture jacks in the upper row
are permanently wired together, The first row of jacks is wired to the second row

of jacks through a set of ""conditional” contacts on the left hand jrck in the top Tow,
Inserting a plug into the left hand jack of the top row isolates that row from the second
row. In a gimilar manner, inserting a plug into the left hand jack of the second row
tsolztes that row from the third row { but not from the firgt row, ) Capacitive coupling
of certain of the pin jacks is as shown by the standard capacitor symbols on the front
panel,

The following pages show six examples of sound production using the modules'
supplied with the standard 2720 package. Neodless to say, the pumber of possible
combinations 1s for all practical purposes unlimited but these sheets have been
prepared to demonstrate specific uses of the equipment

When patching together these demonstration get-ups play with the cairols,
Vary the bias settings, filter @, rise and fall time, ete. and notice the effect
that these variations have on the sound, After a short time you will Find
yourself listening more carefully to the world around you and analyzing what
youhear in terms o the characteristics that make things sound the way they
do.

Above all, don't be afraid to experiment. The 2720 series modules are ag
"goof-proof'’ as possible and there is no possible combination of Inputs and
outputs that wili damage the circults, We ¢an't guard againg the Input of an
amplifier being plugged intc 4 wall cutlet of eourse, but all inputs and outputs
are current limited and short circuit protected.
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