
TOM RHEA 

ELECTRONIC PERSPECTIVES 
Bode's Melodium & Melochord 

lAST TIME WE LOOKED at Harald Bode's pre­
Lcocious four-voice Warbo Formant Organ 
of the mid-'30s. Its assignment system, a way of 
making many keys share a limited number of 
tone generators, was one of the many instances 
where Bode anticipated "modern" develop­
ments by many years. 

In 1938 he built the Melodium, a solo key­
board featuring touch-sensitivity. Its mono­
phonic design arose from a technical liability 
of the Warbo Formant Organ. Bode had de­
signed oscillators with good pitch stability­
given the technology of the time-but he 
realized that a monophonic instrument would 
present far fewer tuning problems than his 
radical Warbo Organ. 

Like all good designers, Bode understood 
the necessity for providing increased nuance 
capability in a solo instrument; hence, touch 
sensitivity. The Melodium had a 49-note key­
board (low-note priority). But unlike traditional 
keyboards, each key had a fulcrum, or pivot 
point, not at the rear of the key, but at its 
midpoint. Each key was an individual little 
teeter-totter; when the performer depressed 
any key, he or she could seesaw a long alumi­
num rail located at the rear of all keys up and 
down. This rail made contad with a strip of felt 
soaked in glycerin-a so-called "liquid poten­
tiometer." Depression of the felt altered the 
eledrical resistance between two electrodes, 
providing loudness control. This was a direct 
keying system that should not be confused 
with modern force-sensitive keyboards found 
on certain synthesizers. On the Melodium, the 
adual onset of sound was begun like it is on 
most acoustic instruments-as a fundion of the 
performer's continuously variable mechanical 
effort. This is unlike most of today's synthe­
sizers; they have electronic envelope gener­
ators with fixed time constants for attack and 
release. Even when a synthesizer is force­
sensitive, this sensitivity is usually in conjunc­
tion with the unvarying envelope generator 
attack and release. 

The articulation on the Melodium has been 
likened to that of Franklin's Glass Harmonica, 
an instrument having rotating glass disks that 
are played with moistened fingers. This char­
aderistic singing (slow) attack, and the tone 
colors produced by formant filters borrowed 
from the earlier four-note organ, made the 
Melodium an expressive and colorful instru­
ment that found public acceptance. Bode says, 
" ... it was a very responsive instrument to the 
response of the artist, although it didn't have 
these automatic-or maybe because it didn't 
have these automatic [envelope]-controls." 

Due to its unorthodox design, the Melodium 
was not suitable for mass production; it found 
public acceptance through its rental for film 
scores, stage plays, and on German radio. It 
enjoyed a considerable vogue with German 
film score composers. The brief career of the 
Melodium ended in 1941 due to the war; even­
tually Bode had to cannibalize the instrument 
due to the scarcity of electronic components. 

68 CONTEMPORARY KEYBOARD/JANUARY 1980 

Those components were used, in 1947, to 
make the successor of the Melodium, the 
Me/ochord. The Melochord eventually found 
its place in no less exalted a locale than the 
Cologne Electronic Music Studio (generally 
recognized as the first such studio). Bode's first 
Melochord anticipated yet another contem­
porary development-the split keyboard. This 
model had a five-odave keyboard whose top 
three odaves could be assigned to one tone 

Harald Bode seated at Me/ochord. 1948. 

generator while the lower two odaves acti­
vated another. Individual odave control of 
each generator made it possible to cross voices. 
The hands might be several octaves apart 
physically on the keyboard, but the tone gen­
erators could be tuned to sound in the same 
odave. Or a key on the upper keyboard might 
produce a tone lower than that same note 
depressed on the lower keyboard. Left hand 
plays treble-right plays bass! I n most aspects 
the Melochord was a stereo Melodium, even 
to the use of two expression pedals (see photo). 

Bode played the Melochord regularly on 
Munich radio from 1948 to 1951. His perform­
ances stimulated interest on the part of other 
radio stations and academic institutions. Of 
particular importance was the acquisition of a 
Melochord by Werner Meyer Eppler of the 
University of Bonn. Meyer Eppler was, by 
Bode's description, " ... really one of the 
movers" who instigated the development of 
the Cologne Studio. It is interesting to note the 
evolution of the enveloping features: Meyer 
Eppler's Melochord had both touch sensitivity 
and electronic envelope generators. 

In 1953 Bode was commissioned by Fritz 
Enkel to build a special Melochord for the 
Cologne Studio. This instrument had two 37-
note manuals. A particularly interesting feature 
was its so-called "step-by-step" filter that could 

be tuned from a keyboard. In fad, pitch could 
be played using one manual, and tone color 
could be controlled using the other. If pitch 
were held constant and tone color altered, the 
so-called Klangfarbenmusik music of timbres 
could be produced. Or one could glissando 
on the tone color manual and move the center 
frequency of the filter up and down to approx­
imate the typical (and now obnoxious!) "wow" 
sound of the voltage-controlled filter of the 
modern synthesizer. 

But Bode anticipated the modern synthe­
sizer in a more fundamental way-by use of a 
modular design. Bode designed the Cologne 
Melochord to maximize performer/composer 
access to the sound-generating and -modifying 
elements in the system; it was an "open sys­
tem." As Bode pointed out: 

These examples could be multiplied indefi­
nitely owing to the many possible combinations 
of the different feed paths and the diversity of 
the externally connected auxiliary devices [re­
verb. ring modulator. etc.l. However, as men­
tioned above, the possibilities are by no means 
exhaust<ed in directly performed creations. By 
clever application of indirect methods, e.g. signal 
storing, particularly the magnetic tape technique, 
new possibilities of creating music may be dis­
covered. 

In an interesting footnote, those who speci­
fied the Cologne Melochord omitted touch 
sensitivity in the keyboards. The instrument 
had eledronic envelope generators to shape 
sound perhaps more efficiently-but less sen­
sitively? The implication seems to be that per­
formance values find little use in the studio. Is 
a performance into a tape recorder any less 
than before an audience? Does studio tech­
nique supersede performance nuance? Or 
could it more rightly magnify that nuance? The 
marriage of reverence for performance nuance 
and the power of the studio would nullify the 
impasse in which eledronic music finds itself. 

The Me/odium. 



TOM RHEA 

ELECTRONIC PERSPECTIVES 
Harald Bode's Frequency Shifters & Vocoders 

HARALD BODE'S CAREER SPANS THREE distinct eras in electronic 
music instrument design. His Warbo Formant Organ [see CK, 

Dec. '79] came toward the end of a decade of exploration in Ger­
many during the '30s. His Melochord [see CK, Jan. '80] found a place 
in the first electronic music studio in Cologne, Germany, in the early 
'50s. Now this spry septuagenarian builds sophisticated rack-mount 
equipment such as the frequency shifter and the vocoder. Bode's 
current activities include his own sound company [1344 Abington 
PI., North Tonawanda, NY 14120] and a relationship with Moog 
Music, whose frequency shifter and vocoder are constructed under 
Bode license ~prpprnpl~t 

A frequency shifter is a powerful tool in the transformation of 
acoustically or electronically produced audio signals into new tone 
colors. Applications range from simple detuning of quasi-pitched 
sounds such as drums, bells, chimes, and human voice in order to 
create ambience, or liveness, to the voltage-controlled frequency 
shift of typical synthesizer waveforms to create new sounds with 
consistent tone color over the keyboard range. 

In the latter application, a keyboard controller feeds into the 
control input of a voltage-controlled oscillator as well as the control 
input of the Bode frequency shifter, whose Scale switch is placed in 
the Exponential mode. The audio signal of the VCO is routed into 
the signal input of the frequency shifter, and many clangorous or 
bell-like sounds may be produced that stay in tune over the entire 
keyboard. 

Let's take a look at how these bell sounds are made from our 
traditional waveform-say a sawtooth pitched at 100Hz. 

The sawtooth has harmonics-partials that are exact whole­
number multiples of the fundamental: 

Original wave at 100Hz: 
100 200 300 400 500 600 700 800 

Let's shift the pitch upward 50Hz. The frequency shifter causes a 
linear, additive shift; the fundamental is now 150Hz-but the upper 
partials have also been shifted 50Hz, so they are no longer whole­
number multiples of the fundamental. That is, their ratios are no 
longer in the natural harmonic series. 

Frequency-shifted wave: 
150 250 350 450 550 650 750 850 

Isn't there something that transposes the pitch without changing 
the harmonic structure, and therefore the tone color? Yep, Technically 
it's called a pitch shifter. Most people use the term Harmonizer 
instead, but Harmonizer is a trademarked name for the pitch shifter 
made by Eventide Clockworks. The pitch shifter and the frequency 
shifter are sometimes confused, but they do very different things. A 
pitch shifter preserves the ratios among the partials through a non­
linear (multiplicative) shift. 

Pitch-shifted wave: 
150 300 450 600 750 900 1050 1200 

As you can see, a pitch shifter transposes pitch, but without trans­
forming the tone color. A frequency shifter changes the pitch for the 

86 CONTEMPORARY KEYBOARD/FEBRL.:ARY 198C' 

express purpose of changing the tone color. 
A vocoder is a device that analyzes the tone color characteristics 

of a sound as it changes in time and transfers those characteristics 
onto another sound. The familiar example involves analysis of 
speech, and the transfer of speech onto the pitched sound of a 
musical instrument-the "talking instrument." 

Here's how it works. The program signal-in this case, speech-is 
sliced into channels by a set of bandpass filters. The amount of 
energy in each channel is sensed by an envelope follower that 
produces a control voltage proportional to that amount; we nm, 
have a set of control voltages that comprise a coded version of the 
frequency spectrum of the speech signal. 

Another signal, the carrier, is passed through a second set of 
bandpass filters, where it is sliced into channels as was the program 
(speech). Typically this signal might be from, say, an electronic organ. 
Each channel of sliced organ sound is waiting to pass through an 
individual voltage-controlled amplifier. 

Now if we get the control input of each VCA hooked up to the 
control voltage produced by the corresponding analysis channel. 
then when the speech signal is rich in highs, so will the organ signal 
be, and vice versa. If you say "hello" into the microphone, the organ 
will say "hello;' because speech is made up of lows and highs that 
change in time! 

The vocoder's association with speech possibly arises because· 
that instrument was first developed at Bell Labs to enhance transmis- : 
sion of telephone conversations. Homer Dudley developed the! 
vocoder in the late '30s because the coded version of speech reduced I 
the bandwidth necessary to carry a conversation; this made room on 
the wire for more conversations. 

Most of the modern designers of the vocoder have followed 
Dudley's concepts-even to the point of including a frequency 
follower to extract and code pitch information in speech. Bode 
thought that the requirements for a vocoder for "entertaining'· 
purposes might allow departure from those required for speech 
transmission. He omitted the pitch extractor in his design and made 
several clever design innovations that earned him a patent. 

Central to these innovations was Bode's realization that the 
difficult-to-manage highs in human speech ("s" and "f" sounds and 
other non-pitched sounds) had created havoc in vocoding, causing 
complexity and attendant expense. His solution is simple, but elegant: 
he provides a bypass that allows the very highest parts of speech to 
bypass the vocoder and be mixed directly back into the final output. 
If you are the phone company in the late '30s this wouldn't make 
any sense, for you want to transmit only coded material. But for 
music, the idea of mixing coded and noncoded material makes 
beautiful sense! After all, the highs of non-pitched consonant sounds 
greatly add to the intelligibility of speech; and the coded (normal 
vocoding) information provided covers the limits of most musical 
instruments-up to about 5,OOOHz. 

Oh well, it's no more than we would expect from a man who 
designed a valid four-voice (assignment) instrument in the late '30s 
and had his instrument in the Cologne Electronic Music Studio! 

So far, only the obvious "talking instrument" aspect of the 
vocoder has been exploited. But there are other possibilities! Playa 
single violin into a microphone and feed this into the program 
(speech) input. Route a polyphonic synthesizer into the carrier input. 
Now play chords. The interaction will produce the polyphony of the 
synthesizer with the articulation and tone color of the violin. Or 
route a rhythm unit into the program input and a polyphonic 
synthesizer into the carrier. Fascinating "pads." 

The vocoder remains to be fully used musically. Much of its 
misuse results from ignorance about the simplest concepts of its 
operation. For instance, providing a rich program signal will avail 
nothing unless you have a harmonically complex signal in the carrier 
to be acted upon. 



TOM RHEA 

ELECTRON I C PERSPECTIVES 
Osmond Kendall's Composer-Tron 

THROUGHOUT HISTORY, musical instru­
ment design has depended on technology. 

What appears "natural" today is only yester­
year's new technology become commonplace. 
The acoustic instruments of the symphony 
orchestra became possible as various technol­
ogies such as woodworking, leather tanning, 
metallurgy, and precision machining were de­
veloped. Our new instruments quite naturally 
arise from this century's technology-elec­
tronics-just as musical instruments developed 
in bygone times refled the technology of their 
era. 

But eledronic musical instruments are, in 
another way, radically different from their pre­
decessors. They allow an abstradion of sound 
-and its control-hitherto undreamed of. In 
the eledronic era, music-making-like so many 
other human adivities-need no longer de­
pend on physical charaderistics. Sound can 
become disembodied. 

This distindion is important, for now it is 
possible to build instruments that exceed our 
capacity for pradical use. You can't playa violin 
faster than people can hear, or higher than 
they can hear. But you can easily overload 
human senses with electronic musical instru­
ments. When we can manipulate sound so 
arbitrarily we are tempted to ask, "What can 
be done?" A more fruitful question might be, 
"What ought to be done?" 

The history of electronic musical instru­
ments is filled with instruments that highlight 
specific possibilities-and problems-that the 
disembodiment of sound brings. Osmond 
Kendall's Composer-Tron is an example. This 
device could create and control sound using 
mechanical and electronic devices-a mind 
power instrument. 

The Composer-Tron was developed by 
Kendall for the Cariadian Marconi Company 
during the early '50s. It had a cathode ray tube 
(television screen) that could "read" patterns 
drawn by hand on its surface. A pattern could 
become the waveshape of a sound, partially 
governing its timbre. Or a pattern could be 
interpreted as the envelope (loudness shape) 
of a sound. Rhythmic sequences were created 
by marking a special cue sheet consisting of a 
strip of film. This description and Kendall's 
name for the instrument show the radical de­
parture from body power instruments of the 
past. Comments by a writer of the time seem 
an all-too-familiar apology for electronic 
music: 

At present. the composer writes his mental 
symphonies as black symbols on lined white 
paper. He has no way of knowing whether 
they're just what he had in mind. Months or 
years may pass before he hears them played by a 
symphony orchestra. Not uncommonly. he never 
hears his best work. With Kendall's grease 
pencil, the composer can, in effect, draw the 
grooves in the record. Working with a Composer­
Tron ... he can walk out of his study ... with his 
recorded composition under his arm. 

Lou Applebaum, Hollywood composer, 
worked with the Composer-Tron during the 

'50s. He felt that the instrument had " ... the 
same relationship to conventional music that 
the invention of films had to the live stage." He 
was making the distinction between live, or 
"real-time" media such as the state, and a 
medium like film, which is a time storage or 
"non-real-time" technology. 

The Composer-Tran. 

Real time is time in which the occurr~nce 
of an event and the reporting or recording of 
it are virtually simultaneous. Monday Night 
Football is a real-time (live) telecast-even 
though the game is mediated-we're not actu­
ally at the stadium. Instant replay is a non-real­
time adivity. Real-time activities can be wit­
nessed in person or they can be mediated. 
Non-real-time adivities must be mediated in 
order to store and manipulate time. (This will 
be true until we develop a good, working time 
machine!) 

Mind power instruments like the Composer­
Tron raise some interesting questions about 

Osmon 
ing partials. 

specificity and the music-making process. It is 
generally acknowledged that the human brain's 
two lobes provide contrasting services for us. 
One side handles most of the linear, rational 
processes-the so-called problem-solving side. 
The other side of your brain manages those 
"creative" impulses. A problem that is high­
lighted when working with a mind power musi­
cal instrument is, "How specific do I want to 
be?" Do I want that passage" a little louder;' or 
do I want to go from 56dB to 6OdB? In the past 
we didn't have this option of creating music 
on a totally rational level; music was all real­
time adivity and there was little time to think 
as you responded. 

Will a rational approach to music satisfy the 

same urge we have felt for centuries-to make 
(less specific) gestures with our bodies to make 
music? Will rational activity massage the same 
side of the brain as the creative impulse? I think 
not. Those who argue the legitimacy of a tech­
nique solely on the basis of the art object pro­
duced miss a large point. What is the human 
need for the activity? Even if we should arrive 
at a point where we could create great sound 
masterpieces by merely "thinking off;' it is 
uncertain that this would fulfill the same needs 
that music has fulfilled traditionally. 

Instruments like the Composer-Tron raise, 
also, the question of how well the mind can 
abstract sound-which is, after all, sensory­
based. I know of no person deaf since birth 
who has produced great music; acquiring 
speech skills is often a formidable task for such 
a person, let alone music composition. 

The question of abstraction is not merely 
academic. Consider how many people lately 
have been seduced by the idea that digital 
sound generation is inevitable and will sup­
plant other technologies. This leap of faith is 
based partly on the obvious advantages that 
digital processing or transmission of sound has 
in the recording studio: low noise, greater 
dynamic range, and so forth. But there is a 
huge difference between digitizing a sound 
that already exists, and dreaming up the forty 
thousand samples it takes to create one sec­
ond of digitally generated sound. 

How specific must we get to make music? 
How abstract can we get? What ought to be 
done usually resides at the jundure of the the­
oretical and the useful. Theoretically, if one 
can conceive the proper waveshape, any sound 
can be produced. That is a very large if. People 
don't (presently) think of sounds in terms of 
waveshapes. Think they do? Then, please. de­
scribe the waveshape for the climactic instant 
of the opening to Also Sprach Zarathustra, the 
"20m theme!' Or sketch out the waveshapes 
for the vocal to any three-minute tune. Any­
time at your convenience within the next 10 or 
15 ... years! 

There's a limit to how many parameters of 
a sound most musicians will want to specify. It's 
far more useful to provide responsive contra'! 
interfaces governing the most relevant aopects 
of the sound-volume, brightness, pitch, and 
so on. For the foreseeable future, the molecu­
lar approach offered by digital technologl isn't I 

likely to be widely accepted. Can the musicIJI1 
control the sound in a reasonable manner l It 
so, it doesn't really matter what kind ot hard­
ware is generating it. We need to discuss the 
technology only when it has an audible effect 
on the sound. 

For me it is not an issue whether electronics 
is a very suitable avenue for new music-it is. It 
is a question of the limits of human percep­
tion and of how we specify things and make 
abstractions. I mportant considerations about 
electronic musical instruments will eventually 
revolve around the subjectivity of the human 
experience-not the objectivity of any tech­
nology. What do we want-not what can we 
do. R 
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TOM RHEA 

ELECTRONIC PERSPECTIVES 
Dr. Kent's Electronic Music Box 

I:: EW OF THE PIONEERS of electronic musical instruments have 
'-had the diverse background of Dr. Earle L. Kent. Kent began his 
distinguished career in his teens, applying for his first patent while 
still in high school. He was among the first to publish a design that 
used printed circuits, using them in a version of an electronic 
instrument that he built in the '30s. 

His first electronic musical instrument anticipated the Mellotron 
(now the Novatron), using endless metal bands on which individual 
tones were recorded. He explained it this way: 

If a clarinetist plays the note C on his clarinet and it is recorded 
in an endless band on a record, the record may then be replaced 
in a reproducing instrument with a switch or key to turn the tone 
from that record on and off. If the C key is pressed on the repro­
ducing instrument and the key is properly connected, the tone 
will sound from the instrument as though the clarinetist were 
playing. 

Kent certainly understood the limitations of such an instrument, 
for he played clarinet and saxophone in orchestras to earn his way 
through undergraduate school! 

In his long career at e.G. Conn, Ltd., he distinguished himself in 
the design of both electronic and acoustic instruments. He was 
awarded the first Distinguished Medal Award by Kappa Kappa Psi 
fraternity for his extensive wind instrument research and study. 
Kent represented the U.S. at the first International Congress on 
Piano in Berlin, Germany, in 1965. He worked for some years to 
provide improved piano designs when Janssen Piano Company 
was a Conn subsidiary, and later collaborated with Charles Walter 
in the further development of those ideas. Dr. Kent often gave 
technical assistance to research committees in the College Band 
Directors Association, and for the Piano Technicians Guild. 

Kent joined Conn in 1940 primarily to help that company 
develop and design electronic organs. When World War II inter­
rupted that work Kent directed research on defense projects for 
government agencies, producing several inventions and new 
products. When Conn returned to the production of musical in­
struments, Kent set up the engineering departments necessary to 
develop a line of electronic organs and managed the manufactur­
ing plant for the first five years. 

It seems natural that a person of Earle L. Kent's musical back­
ground and expertise in electronics would attempt to marry the 
two. Kent's Electronic Music Box reflects not only this dual interest, 
but an early interest in robotics. While a student at Kansas State 
University he built several robots that proved so interesting that he 
went on the road, playing theater engagements and acting as an 
attention-grabber for advertising firms. One of these robots 
required the presence of a person inside, but the other could do 
"everything but walk" by remote control. 

Kent's Electronic Music Box (1951) was essentially an (electronic) 
musical voice-like the saxophone-placed under the remote con­
trol of a perforated paper tape reader. The Conn Company played 
little role in its development, as Kent's comments in an introductory 
paper indicate: 

It is called an Electronic Music Box for the lack of a better 
name, and because the tones it produces are keyed automatically. 
Only musical results have been considered in the development of 
this device. Its commercial possibilities, and the possible reaction 
of musicians to it, have had no influence on its design. The project 
was a personal spare time activity. 

Of particular interest are Kent's comments on his motivation 
for building such an instrument. Unlike so many early designers, 
he did not extol the "infinite possibilities" of the electronic medi­
um. His musical experience had obviously left an appreciation for 
the sophistication of music-making guided by the hand: 
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The goals established for the music box involved wider 
flexibility of performance than is possible in any conventional 
musical instrument. It was felt that it should not be confined to the 
usual limitations of manual keying. It should be capable of greater 
speed and wider combinations than are possible by manual or 
pedal dexterity, and it should not be limited to the equally 
tempered scale as are most keyed instruments. It was recognized 
that virtually any speed or combination could be obtained by 
keying with a perforated paper roll with the loss of some of the 
vital control usually exercised by a musician while making music 
and also with the loss of its conventional acceptance as a musical 
instrument. However, it was felt that a musician usually "records" 
his manual manipulation rather precisely in his brain before a 
concert by repetitive rehearsal and that the losses by recording 
this operation on paper would be exceeded by the gains. [Italics 
added.] 

Ah virtue! Doubts cast on electronic infinities! Kent's reverence 
for the instrumental tradition seems to blend easily with an interest 
in synthesis when he comments, " ... the instrument should be able 
to slur or 'play between the keys' as most string instruments can, 
and the tones should have spatial qualities that are not achieved 
when the tones come from one source such as one loudspeaker." 
Words spoken thirty years ago-still fresh today. 

Kent's Electronic Music Box can be typified as a voice (or voices) 
under electronic control-specifically a paper tape reader. Dr. 
Kent's electronic voice had a somewhat unusual design. He 
seemed to have borrowed a page from Leo Theremin's book in the 
adoption of a "beat frequency" or heterodyning circuit [See CK, 
Sept. '78]. But Kent's design produced complex waveforms of more 
interesting tone color. Here's how it worked. The heart of each 
voice (channel) was a so-called frequency changer (not to be 
confused with Bode's frequency shifter described in last month's 
column). This changer could change the fundamental frequency 
of a complex waveshape and preserve the harmonic content­
thereby not affecting the timbre. In Kent's design, a high-frequen­
cy (30 kHz) tone generator interacted with the pulse frequency of 
the frequency changer to produce an audible sound. The Electronic 
Music Box was designed to provide pitch control using variable 
resistance, slurring and enveloping controls by varying resistance/ 
capacitance circuit time constants, filtering for formant control, and 
control of volume, vibrato rate and depth, and tremolo. 

Dr. Kent built a demonstration circuit that was shown at several 
conventions and professional meetings during 1951. The idea stirred 
much interest initially, but the Conn Company never commercial­
ized it. 

Kent's Electronic Music Box was nonetheless influential. Percy 
Grainger and Burnett Cross, designers of Free Music Machines [see 
CK, Oct. & Nov. 79], visited Kent, and Grainger said that the device 
" ... is the most versatile instrument I have seen. I will write music 
especially for it and so will other musicians." Grainger's health 
prevented this, however. 

More important, perhaps, was the possible influence that Kent's 
Chicago demonstrations had on the development of a later paper 
tape synthesizer, the RCA Electronic Music Synthesizer. In corres­
pondence I had several years ago with Dr. Kent he wrote: 

RCA was working on a music "synthesizer" at the same time I 
was working on my "Music Box." Dr. Harry Olson was very 
[interested] in my demonstration in Chicago and he made ... 
changes in the RCA synthesizer after that. I suspected my 
instrument influenced the change, for my approach was simple, 
and the RCA approach was quite complex and tedious to use 
when they started. After my demonstration tothe RCA system was 
changed to be more easily used. 

Dr. Earle L. Kent: musician, engineer, inventor, and educator. 
A salute to a pioneer in the history of electronic musical instru­
ments. • 
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TOM RHEA 

ELECTRONIC PERSPECTIVES 
The RCA Synthesizer, Part I 

O N REREADING MY columnon Osmond 
Kendall's Composer-Tron [see CK, 

Mar. '80], I realized that some of my state­
ments might be misleading, so I'd like to start 
by clearing things up. I wasn't trying to pit 
analog technology against digital technology. 
I did say that " ... the molecular approach of­
fered by digital technology isn't likely to be 
widely accepted." But it's not a condemna­
tion for something not to be widely accepted. 
The point I was making was that for me, the 
molecu lar approach of totally programming a 
piece of music rather than playing it offers 
little interest. It happens that this kind of 
programming is best executed using digital 
technology. And the new crop of digital 
synthesizers will definitely have " ... an aud­
ible effect on the sound." It is precisely be­
cause they can be played as well as programmed 
that they are sure to have a larger popular 
appeal. The interesting question for musicians 
will always be how music is made, not how 
sound is generated. 

This question first became a hot issue when 
the RCA Synthesizer was introduced in 1955. 
The RCA Synthesizer is programmed using a 
coded paper tape. But where did the furor 
come from? As we've seen in previous col­
umns, the RCA was not the first instrument to 
use encoding techniques. Perhaps it was the 
first synthesizer that was good enough to be 
perceived as a threat. And perhaps because its 
designers, Dr. Harry F. Olson and Herbert 
Belar, were respected in the audio field, their 
strong articulation of the system's powers -
comments like the following - seemed threat­
ening: 

One of the uses foreseen for the music synthe­
sizer is to make music for sale in the form of 
phonographic records. To make an artistic 
record, or a hit, novelty or technical excel­
lence alone is not sufficient. There are other 
ingredients, many of which are intangible. 
However, the synthesizer will facilitate the 
production of such a hit. For example, the syn­
thesizer can produce any kind of sound that 
can be imagined. Then if a person can imagine 
a hit, the synthesizer will facilitate the produc­
tion of the hit. The hit-producing attributes 
are not amenable to analysis in the acoustical 
laboratory, so this factor must be left out. 
[Italics added.) 

It was not lost on performing musicians that 
they would be left out as well! But that's a 
story for a later column. 

The RCA Synthesizer, also known as the 
Olson-Belar Synthesizer, was produced in 
two versions, the Mark I first, and later the 
Mark II, an expanded version that was (and 
still is) housed at the Columbia-Princeton 
Electronic Music Studio. Both versions have 
colorful histories. Because of the importance 
of the RCA Synthesizer, its longevity as a use­
ful instrument, and the fact that it is a good 
vehicle for talking about some concepts of 
synthesis, we'll be looking at it in some detail 
in the next few columns. This should provide 
a perspective on how analog and digital tech-
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The RCA Synthesizer. 

no logy are being used in today's various in­
struments. 

The RCA Mark I was an analog instrument 
under digital control. What does that mean? 
Analog stuff is continuous - like time, the 
river flowing, the girl walking across the mea­
dow. Digital stuff is discrete, having definite 
states or steps, such as numbers. Often in 
digital applications, sampling of an original 
analog phenomenon has taken place, as in a 
motion picture of the girl walking across the 
meadow. We all know that the film is only an 
approximation of her behavior: discrete 
frames are used to represent her continuous 
movement. It is only because the eye is so 
easy to fool that film works at all. The 24 
frames in every second of film blend together 
in our perception, even though they're pro­
jected on the screen one at a time. Now the 
ear is harder to fool. As we'll see in later 
~olumns;, the ear requires 30 or 40 thousand 

frames, or samples, every second, to per­
ceive a digitized sound properly. 

The analog portions of the Mark I are very 
much like those on a modern voltage-con­
trolled synthesizer: oscillators, amplifiers, 
filters, and so on. But the circuits predated 
modern solid state technology. They used 
tubes, and thus were much larger and gener­
ated more heat. Pictures of the Mark I confirm 

that it was not a mobile unit. 
Unlike the modern synthesizer, which uses 

analog control (control voltages that are theor­
etically continuous), the RCA featured a digital, 
or numerical, approach to controlling its analog 
components. All of its modules were selected 
and controlled using relays (electromechanical 
switches) under the control of a paper tape. 

This paper tape had zones dedicated to 
given functions such as pitch selection, articu­
lation control, portamento, and so on. The 
particular configuration of punch/no punch 
within the zone acted to trip a particular set of 
relays which in turn performed the specified 
action. In a future column we'll see how so 
many pitches could be selected by so few punch 
positions. We'll reveal the mysteries of the 
binary number system used in computers today, 
which Olson and Belar used back then. 

We'll also find out why the RCA Synthesizer 
was, and certainly should have been, a mono­
phonic instrument. (Gee, you mean it only plays 
one note? A historical precedent.) And we'll 
introduce a multi-track record player. And if 
you have any questions about what all this 
analog and digital nonsense really means, now is 
your chance to ask me. If I don't have the. infor­
mation you ask for, I'll crib it from one of my 
physicist buddies. So stay tuned. It' 



TOM RHEA 

ELECTRONIC PERSPECTIVES 
The RCA Synthesizer & The Basics Of Binary 

I MAGINE YOU ARE an Australian abor­
igine (Belgando River tribe) gripped with 

insomnia. As you toss and turn, you decide to 
count - er, ah - kangaroos jumping over a 
fence: "Wogiri. Booleroo. Booleroo wogin. 
Booleroo booleroo!" If you're not asleep by 
now you've had it. Your counting system 
expired after what we call "four." If you were 
of the more sophisticated Torres Straits tribe 
you could have counted to six before you 
shifted gears and began repeating "ras," 
meaning many. "Primitive" peoples have 
little need for complicated number systems, 
since they don't build condominiums, slit 
throats for stock options, go to the moon, 
build computers, or make music electronic­
ally. 

The interesting thing about the example 
above is that it is a binary number system -
only two words are available to signify num­
bers. Bicycles have two wheels; binary num­
ber systems have two words (or symbols). We 
say that a binary system has a base of two. The 
base of a counting system using words (like 
wogin and booleroo) indicates the number 
of available words from which all numbers 
must be compounded. As we see above, the 
larger numbers are created by unique posi­
tioning of the available words. 

We "moderns" create numbers in a 
similar manner. Everybody understands 
decimal numbers, but why are they called 
"decimal"? Because there are ten symbols 
available - base ten. (Don't forget about 
zero, it's useful and necessary.) A decade is 
ten years; decimal numbers have a base of 
ten. Just like the aborigine, we position those 
symbols to represent higher numbers. So, 
the number 231 is not the same as 312, even 
though they use the same three symbols. The 

'decimal system has only ten symbols, or 
"digits." But we can express very large 
numbers like 523,906,148 because of this 
positioning concept. 

Obviously the relative position of digits is 
very important. And any change of a single 
digit will be increasingly important as we go 
from right to left. In decimal we think of 
units, ten, hundreds, thousands, etc., as we 
go to the left in our positioning structure. 
You might say that each successive position 
to the left has greater power. 

But wait a minute. We know all of this 
intuitively (meaning, we've had some experi­
ence with it). What's the purpose of using 
other number systems? Decimal is good 
enough for me! Well, let's consider some­
thing. Why decimal - why ten digits? Not 
because Merlin pulled the number out of a 
hat. Probably because of the real-world fact 
that we have ten fingers. Since both fingers 
and toes could be used, we would expect 
that five, ten, and twenty would be the 
number bases people would most often use 
to count with, and ethnological studies con-
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firm this. Of 307 number systems of primitive 
American peoples investigated by W. C. Eels, 
146 were decimal; 106 were quinary (base 
five), vigesimal (base twenty), or combina­
tions of five, ten, and twenty. 

GJlANH[L I CHANNEL 2 

Paper tape controller for the RCA Synthesizer. 
Presence or absence of a punched hole gave 
binary information to the computer. Note 
division of the tape into various zones con­
taining information on different fund ions, 

Number systems have evolved partly be­
cause of reasonable fits to physical phenom­
ena - like the ten "digits" attached to your 
hands. So the decimal system has become 
very handy. 

Number systems like the binary, or base 
two, also make great sense when you consi­
der their genesis. The binary system uses only 
two symbols to represent numbers. Most 
often, the digits 1 and 0 are used, but we 
might think of these symbols as "yes" and 
"no." Then their obvious relationship to 
logic systems is apparent. If we called these 
two symbols "on" and "off" then we could 
see the correspondence to machine or elec­
trical components such as switches and 
relays. Different number systems are useful; 
they allow us to understand and manipulate 
our environment. 

Here's a way to understand all number 
systems: First, determine the base by count­
ing the number of symbols available (always 
include zero). Next, take note of the position 
rule: each successive position to the left is a 
higher power of that base. (Roughly speak­
ing, the power of a number indicates the 

number of times that number is multiplied 
by itself. Power is indicated by an elevated 
numeral, or superscript, thus: 23 means 2x2x2, 
or eight. The general rule for weighting posi­
tions in a number system may be stated as 
follows: 

base" .. " base3 base2 base' baseo 
(It is useful to know some math rules, such as 
ANYNUMBER'=itself; and ANYNUMBER0:1.) 

So in our familiar decimal system with a 
base of ten we get: 

.... ten3 ten2 ten' tenO 
Which means that the positions are weighted 
thusly: 

. . .. 1Ox10x10 10x10 10 
From this it's easy to see where we get units, 
tens, hundreds, thousands, etc., in the deci­
mal system. Now all we have to do is realize 
that the digit that stands in each position tells 
you how many units, tens, hundreds, thou­
sands, etc. there are in the number. In 5,'Xl3, 
for example, there are 5 thousands (5x10x10x 
10),9 hundreds (9x1Ox10), no tens (Ox10), and 
3 ones. 

Since we're interested in the RCA Syn­
thesizer, computers, and digital synthesizers, 
let's use our rule to understand the position­
al weights of the binary system - base two. 
(That's right, just zero and one for digits!) 
General rule: .... base 3 basel base' baseo 
Base two: .... tw03 tw02 two' twoO 
Meaning: .... 2x2x2 2x2 2 1 
So our positional weights in the binary sys­
tem are powers of two, giving us units, twos, 
fours, eights, etc. instead of the powers of ten 
in the decimal system that yields units, tens, 
hundreds, thousands, etc. "Thirteen" is 
therefore expressed in binary as 1101, or 
literally "1 eight, 1 four, no two, and 1 unit." 
In decimal it's 13, or literally, "1 ten and 3 
units." 

Whew! And now, the RCA Synthesizer, a 
binary-system paper-tape-driven synthe­
sizer. Think of no punch as zero, and a 
punched hole as a one. The earliest model 
could select anyone of 96 separate pitches, 
using only seven punch zones. 

First we see that it takes only four punch 
zones to account for the twelve tones within 
a single octave. (FOUL zones - or "bits" in 
computerese - actually give sixteen differ­
ent possibilities, more than we need.) 

Next, it is apparent that three punch 
zones give us enough combinations for 
selecting anyone of eight octaves (although 
the RCA only utilized seven octaves). Every 
unique combination of punch/no punch in 
the RCA's seven zones is a different "num­
ber," most of which were utilized to select 
one or another single note. Next time we'll 
look at the compelling reasons for the mono­
phonic nature of the RCA Synthesizer. • 

• 



TOM RHEA 

ELECTRONIC PERSPECTIVES 
The RCA Synthesizer & Monophony 

'" A tHY DOES IT PLAY JUST one note?" Not a question when dis-
WWcussing the trumpet, oboe, clarinet, flute, or trombone, but 

the most common question about the synthesizer during its recent 
history. Let's forget about electricity for a moment. Why aren't all 
musical instruments polyphonic - capable of playing many notes at 
once? How can it be that most musical instruments are monophonic­
single note instruments? Did the synthesizer evolve from monophony 
to polyphony as a musical necessity - because polyphony is "better?" 
Let's look a little closer at the RCA Synthesizer (1955), a monophonic 
synthesizer, and try to place monophony, polyphony, and the synthe­
sizer in perspective. 

The RCA Synthesizer was (and still is) essentially a monophonic 
instrument. Why? First of all, there were some stringent technical 
considerations. Electronic technology in 1955 was tube technology. 
Consequently, the RCA was quite large and required a considerable 
cooling system to dissipate the heat of the tubes. Tubes were expen­
sive, so the RCA was expensive. Some estimates place its price tag at 
$250,000. (Remember those are 1955 dollars!) A polyphonic version 
would have had to duplicate all that expensive circuitry, relay trees, 
paper tape readers, and so forth. A polyphonic RCA would have been 
a leviathan with a whale-sized cost. 

Nowadays, solid-state circuitry could overcome these problems. 
But let's consider some other reasons for a monophonic RCA Synthes­
izer. The RCA is a synthesizer, not an instrument; it wasn't designed to 
be played in real time (live). So it was necessary to have a storage 
medium to add the monophic lines together to produce a full score. 
The various "tracks" had to be synchronized. The RCA was created 
expressly for the recorded disk medium; its designers, Dr. Harry F. 
Olson and Herbert Belar, explained its phonograph recording system 
as follows: 

The recording system consists of a lateral cutter and a conventional turntable 
driven by a synchronous motor. The disk recorder is coupled to the paper drum 
drive by means of a flexible cable. In this way the paper record is synchronized 
with the disk record. [See fig. 1.] 

The sixteen-inch disk record can accommodate six three-minute recordings. 
After six complete recordings have been made, which represents six different 
musical renditions [voices], the six recordings are combined into a single re­
cording by means of the double turntable recording system. [See fig. 2.] In 
combining the individual records the levels can be adjusted by means of the 
mixers. Employing this system ... itis possible to record 36 individual records. In 
the next step, the record on the upper turntable containing the combination of 
36 individual records can be transferred to the lower turntable and the recording 
process repeated. In this next step 216 records can be recorded. In this way any 
number of individual records can be recorded. 

Is any synthesizer monophonic solely because of technological 
restrictions and its non-performance use? I think not. There is a more 
fundamental concept about musical instruments and music-making 
that comes into play here. One can play the notes written for a string 
quartet on a keyboard (sometimes!), but many degrees of freedom 
would be lost. That is, you cannot recreate the individual nuance of 
each separate string line - vibrato rate and depth, accent, envelope, 

Fig. 1. 
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etc. The concept of degrees of freedom is not necessarily an aesthetic 
judgment, but it does describe potential for detail. A pipe organ 
transcription of an orchestral work might sound beautiful and power­
ful, but there is, without a doubt, a loss in degrees of freedom. On the 
other hand, an orchestral transcription of a pipe organ work might be 
deemed vulgar and unsuitable; this is an aesthetic judgment. In terms 
of degrees of freedom, however, there would be a gain. The point is, 
greater detail springs from intense concentration on a single event (the 
monophonic line) rather than the attempt to coordinate many events 
(polyphony) simultaneously. 

When the voltage-controlled synthesizer first appeared, there was 
little appreciation of this concept and its relationship to human limita­
tions. Hence, one note became a lament instead of an exultation. Of 
course, the horn men in the band never thought in those terms, but 
the synthesizer had a keyboard, so ... 

Yes, now you can play many notes simultaneously; but you still 
can't be many people simultaneously. The desire to turn the keyboard 
into an orchestra isn't new; by now we should know that the concept 
simply isn't germane. The "problem" is not one of technology - that 
relates to instruments. It is rather the inability of a single performer to 
conceive and control the nuance of many lines simultaneously. 

Lack of perspective on the unique but separate values that mono­
phonic and polyphonic instruments have, and their interactions with 
human capacity, has caused much misguided instrument develop­
ment. It is indeed ironic - and completely consistent historically -
that today's polyphonic assignment-voice synthesizers don't 
effectively replace the monophonic syhthesizers on which they are 
based. It is sad but true that there may be powerful digital synthesizers 
that won't let you reproduce the inflection and nuance afforded by 
the smallest analog synthesizer. 

If this seems exaggerated, let's consider a very simple analog instru­
ment called the violin. How many degrees of freedom does the 
performer have to articulate a simple musical phrase? Lots! There is 
bow placement on the string, amount of bow hair engaged, angle, 
force, speed, and bowing styles like spiccato and martele, not to 
mention piZZicato, and so forth. It is a complicated but to some extent 
intuitive process. 

Now consider the monophonic electronic instrument. How many 
fewer degrees of freedom the performer has! Does it occur to you that 
we need more and better things to put our hands on if we are to retain 
traditional nuance when playing an instrument? And the polyphonic 
electronic musical instrument gives us even fewer degrees of 
freedom! 

It is ironic that the new sonic potential of the synthesizer with its 
problematical monophonic expression was placed on the keyboard­
ist's shoulders. Small wonder that many have taken refuge in the still 
waters of chord-playing rather than struggling with unfamiliar solo 
expression, plunging into the murky and marvelous deep between 
monophony and polyphony. II 

Fig. 2. 
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TOM RHEA 

ELECTRONIC PERSPECTIVES 
Timbre Control Then & Now 

"THE TIMBRE OF A TONE depends pri-
• marily upon the overtone structure of 

the tone. In order to obtain tones of different 
overtone structures, means must be pro­
vided in the synthesizer for varying the over­
tone structure of any tone produced by the 
synthesizer. One of the most effective fre­
quency discriminators is the combination of 
high- and lowpass filters with variable 
cutoff." So said the designers of the RCA 
Synthesizer (1955). Once the jargon is under­
stood, several simple but powerful principles 
emerge which are still relevant in 1980. A 
comparison between the timbre-control ele­
ments on the RCA and those on a modern 
voltage-controlled synthesizer underscores 
some important operational differences 
within functional similarities. 

But let's begin by clarifying our under­
standing of how timbre, or tone color, is 
created and perceived. Any complex sound 
(that is, anything but a pure sine wave) may 
be thought of as a collection of simple com­
ponents called partials. Most pitched sounds 
consist of a first partial called the fundamen­
tal, and a group of other partials that are 
higher in pitch and not as loud. (In the quote 
with which we began, the term "overtone" 
refers to partials that are higher in pitch than 
the fundamental.) When the frequencies of 
the upper partials are whole-number multi­
ples of the frequency of the fundamental (as 
they are in the sawtooth wave whose har­
monic spectrum is shown below) the partials 
are called harmonics. Upper partials that are 
in a harmonic, whole-number relationship to 
each other tend to reinforce our perception 
of the fundamental as the pitch we are hear­
ing -if they aren't in a harmonic relationship 
to the fundamental, we are more likely to 
perceive them as separate pitches rather than 
part of a timbral aggregate. The relative 
strength of the various harmonics accounts 
(in part) for our perception of the timbre of a 
musical instrument. 

Synthesizers typically have oscillators that 
produce various waveshapes each of which 
has a different harmonic spectrum, or arran­
gement of partials. The spectrum of a wave­
shape is often depicted graphically as shown 
in Fig. 1. The left-right position of a bar indi­
cates the partial's frequency, and the height 
of the bar represents its loudness. 

Spectra do not have to be harmonic; 
there is nothing God-given about the wave­
shapes produced by the RCA, or by synthes­
izers today. These waveshapes are used 
because they can be produced easily and 
economically using analog electronic circui­
try, and because they are rich in partials and 
thus lend themselves to tone-shaping using 
filters. One of the interesting possibilities 
offered by digital synthesis is the chance to 
stipulate exactly and arbitrarily the pitch and 
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loudness of each partial within a tone so as to 
create new spectra. Time will tell whether 
this capability is musically very useful. 

The filter is the most common device 
used to alter timbre in electronic musical 
instruments. Its name explains what it does­
it removes some part of a complex tone, just 
as the filter paper in your coffee maker 
removes the large-diameter grounds while 
letting the small-diameter sediment through 
to flavor the beverage. A lowpass filter does 
what its name implies-it passes the lows and 
screens out the highs. The effect of a lowpass 
filter on the spectrum of the sawtooth wave is 
shown in Fig. 2. If instead we pass the saw­
tooth through a highpass filter, we would get 
the spectrum shown in Fig. 3. 

But at what point in the spectrum does 
the lowpass filter start cutting off the highs? 
At its cutoff frequency, of course, which can 
normally be adjusted using some sort of vari­
able control. One of the major differences 
between the RCA and today's synthesizers, 
however, is the way the cutoff frequency is 
controlled. A schematic of the RCA's filter 
section is shown in Fig. 4. As you can see, 
different cutoff frequencies can be selected 
using a switch that routes the tone through 
one or another of a bank of circuits. Each 
circuit is a separate lowpass or highpass filter, 
but the component values are varied slightly 
from circuit to circuit to give each of them a 
different cutoff frequency. Using this 
method, the RCA offers a choice between 
various fixed, static timbres. Theoretically 
one could switch rapidly from one circuit to 
another to create a dynamic, changing tim­
bre; the smoothness of the timbre change 
would depend on how much difference 
there is between each circuit and the next. As 
you can see, the RCA's technology, like most 
older and some current electronic organ 
technology, relies on a lot of redundant cir­
cuitry that is quite simple. 

The alternative is to have a single more 
complicated filter circuit whose cutoff fre­
quency can be adjusted smoothly, not with 
switches but with a control voltage. That's 
real power, as Bob Moog understated in a 
1967 article that introduced us to the concept 
of voltage control: 

A voltage-controlled instrument has one 
or more operating parameters deter­
mined by the magnitude of applied con­
trol voltages rather than by the settings of 
the panel controls. It is generally easier 
to change a voltage rapidly and precisely 
than it is to reset panel controls with 
equal speed; also, the problems of 
changing the operating parameters of 
the instruments are reduced to the 
simpler problem of changing the control 
voltages determining the values of the 
parameters. [Italics added.] II 

Fig. 1. Spectrum of a sawtooth wave . 
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Fig. 2. Effect of lowpass filter on sawtooth 
spectrum. 
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TOM RHEA 

ELECTRONIC PERSPECTIVES 
The RCA Synthesizer, Glide, & Temperament 

T HE MOST FUNDAMENTAL DISTINGUISHING characteristic of 
keyboard instruments, other than their playing mechanism, is 

their fixed tuning system. You can lip a trumpet - but not a piano. 
You can portamento on a trombone - but not on a harpsichord. With 
the exception of the clavichord, traditional keyboards don't allow 
pitch deviation during performance - that is, they are fixed. They are 
also generally tempered - that is, tuned to the equal-tempered scale, 
in which all half-steps are equal. Most musical instruments - espe­
cially those of the orchestra - are neither fixed in pitch nor truly 
tempered. 

The orchestral musician exerts a powerfu I influence over the pitch 
he or she produces; playing in tune constitutes a continuous struggle 
with the instrument and the environment (and sometimes, the conduc­
tor!). Only the naive student thinks of the initial tune-up as anything 
other than just getting into the ballpark. There is an old expression 
among orchestral musicians: "Professionals slide [in pitch] faster than 
amateurs." This floating in a sea of pitch adds much, I believe, to the 
richness of the symphony orchestra sound specifically, and ensemble 
playing in general. 

Electronics has begun to place the keyboard on a more equal 
footing with the pitch-bending wind and string instruments. In parti­
cular, the monophonic voltage-controlled synthesizer introduced 
gliding sounds and expressive pitch-bending to the modern key­
boardist. This new possibility has its roots, as we shall see. And it also 
has some implications in the design of new polyphonic electronic 
musical instruments. 

First, some history. The designers of the RCA Synthesizer (1955) 
recognized the power of pitch deviation for musical expressivity; they 
developed a way to overcome the static pitches of their fixed oscilla­
tors. Their "frequency glide system" made it possible to transform a 
sudden, discrete pitch change into one that glides or changes pitch in 
a continuous manner. A rather technical description describes its 
operation in block diagram fashion: 

The incoming signal is amplified and converted into a series of negati\e 
pulses. The pulses are sent through an integrator and a lowpass filter. The 
resultant direct current is amplified and fed to an oscillator in which the 
frequency is a function of the direct current input. The output is fed to an 
amplifier and pulse generator. The output of the pulse generator is opposite 
to that of the pulse of the incoming signal. The system is a comparison 
system in which the frequency of the oscillator adjusts itself to the input 
frequency. If the input frequency changes from this frequency to another 
different frequency in a discontinuous step, the direct current oscillator 
changes from this frequency to the new frequency in a continuous manner. 
The comparison system can be adjusted so that the glide is accomplished in 
a smooth transition [see examples A and BI or in a series of approximations 
by the amount of amplification between the oscillator and the second pulse 
generatm [see examples C and DI. 

The RCA was obviously capable of the same kind of preset glide as 
a present-day voltage-controlled synthesizer. But the RCA also 
allowed continuously programmable changes in glide rate. These 
changes were controlled using a relay tree in conjunction with four 
circuits under paper tape control - standard fare for the RCA. The 
arrangement allowed 16 different conditions that diverged from the 
preset condition. 

Means were also provided in the frequency glider to raise or lower 
pitch by about one-sixth of a tone - once again under control of the 
paper tape. This was useful when the glide itself was intended to be 
relatively rapid but to approach the final pitch relatively slowly. (This is 
a nonlinear glide, similar to the logarithmic glide typical of many 
brands of synthesizer currently on the market - about which more in 
a moment.) 

Our ears are very sensitive to pitch. The wayan instrument moves 
from pitch to pitch affects our perception of "tone quality," and helps 
account for that instrument's characteristic or idiomatic expression. 
The unique playing controls of the various wind and string instru­
ments let the performer control pitch in radically different ways. The 
valves of the trumpet, the slide of the trombone, the reed of the 
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saxophone, the fingerboard of the violin - all offer unique opportun­
ities (and problems) in the control of pitch. In the early years of the 
voltage-controlled synthesizer, pitch control remained rather coarse 
from a performer's standpoint. Keyboardists' awareness of pitch 
nuance grew when pitch-benders began to appear on performance 
models. In some instances, those devices were improved into versions 
consistent with good human engineering, and were successfully mas­
tered by performers. Some versions have been arbitrary and ill­
advised, offering little possibility for mastery - the result of failure to 
heed known principles in human engineering. 

It was inevitable that attention would eventually focus on pitch, 
since the earliest synthesizers were monophonic, or single-note. 
Once the fascination with all those tone colors wore off, it was reason­
able to realize that the appeal of monophonic instruments lay in their 
ability to create pitch inflections. In a superficial sense, manufacturers 
had already created important differences (by accident!) through the 
different way their automatic glide circuits work. Most models have a 
logarithmic, or curved response between gliding pitches - similar to 
the RCA. Such a response features a rapid change at the first portion of 
the glide that slows down as it approaches the next note. In distinction, 

. some instruments, e.g. the Minimoog, have a linear, or straight-line 
response between the two notes of a glide. Such a glide moves at a 
constant rate when it glides between two given notes. Part of what we 
have associated as "the sound" of a particular brand of synthesizer is 
the way it glides between notes. To paraphrase Gertrude Stein: "A 
glide is a glide is (not necessarily\ a glide." 

Recently we have seen the rebirth of the assignment type key­
board, which senses what notes you are playing and assigns a limited 
number of tone sources to those pitches. [See CK, Dec. '79, for an early 
assignment keyboard.] The modern variety has a "scanning" key­
board that uses a computer to look at the keys sequentially to sense 
their status. Typically, when keys are depressed, individual voltage­
controlled voices comprising oscillators, filter, and amplifier are 
assigned to sound the appropriate pitches. Why did most manufactur­
ers of this type of instrument adopt the equal-tempered scale? 
Because it's easy to compute digitally? Because they were unaware of 
other - perhaps more appropriate - tuning systems? Because they 
assumed that was what musicians would want? 

The tuning system necessitated by stretched strings may not be 
appropriate for software-oriented (programmable) electronic tech­
nology. I believe that a thorough exploration of temperament and 
controlled pitch inflection will be as important to the polyphonic 
synthesizer in the future as the pitch-bender has been (and still is) to 
the monophonic synthesizer. E 
Fig 1. The feedback loop used to provide continuous pitch shifts (glide) in the RCA 
Synthesizer. 
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Fig 2. The various types of glide available on the RCA Synthesizer. 
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TOM RHEA 

ELECTRONIC PERSPECTIVES 
The RCA Synthesizer & Its Synthesists 

Is IT POSSIBLE to be a good musician if you've 
never played an instrument or sung? The an­

swer seems obvious, but it didn't when David 
Sarnoff, at that time chairman of RCA, intro­
duced the RCA Synthesizer in 1956. In an ad­
dress to members of the American Institute of 
Electrical Engineers he said: 

It is not necessary that a composer be able to 
play a musical instrument, for whatever musical 
effeds he wants to create he can achieve by use of 
the synthesizer. But the vital factors of correct 
'interpretation' of the music written by the com­
poser - the heart, the soul, and the mood of the 
composition - continue to be the task and func­
tion of the human being who synthesizes the 
music from the score. That person must be a good 
musician. In the hands of a great musician the 
eledronic synthesizer can create great music. 

The implication seems to be that a composer 
doesn't have to be a musician! Or at least not a 
"good" one. Or that one can manage to 
become a musician through some abstract 
means, rather than through experience. 

The introduction of the RCA Synthesizer 
ignited some explosive issues concerning the 
relationship between Man, music, and machine. 
The quote above illustrates one of the many 
curious aesthetic positions which were taken by 
both proponents and opponents of music made 
electronically. Chief among these issues was the 
question of whether the RCA Synthesizer made 
the performer obsolete. The designers start with 
the frankly scientific viewpoint that the RCA " ... 
does not turn engineers into composers, con­
ductors, or instrumentalists," but paradoxically, 
they are quoted as believing that: 

it [the RCA Synthesizer] does enable them to 
become interpreters of music. For example, they 
can take the musical score of a great composer, key 
it through the synthesizer, and obtain results that 
would be achieved by musicians playing their con­
ventional instruments. And the men who operate 
the synthesizer need not know how to play any 
musical instrument. They can simulate instru­
mental artists by merely pressing typewriter-like 
keys that aduate eledron tubes and transistors. 
[Italics added.] 

Of course the crux of this interpreter-as-key­
punch-operator theory is whether one can 
indeed " ... obtain results that would be achieved 
by musicians playing their conventional instru­
ments." 

The argument began to heat up only when 
the stakes were raised; when aesthetics turned 
to economics. In 19S5, Dr. Harry Olson explicitly 
discussed commercial possibilities for the RCA: 

One of the uses foreseen for the music synthesizer 
is to make music for sale in the form of phono­
graph records .... The synthesizer will facilitate the 
produdion of such a hit. For example, the synthe­
sizer can produce any kind of sound that can be 
imagined. Then if a person can image a hit, then 
the synthesizer will facilitate the produdion of the 
hit. 

What Dr. Olson had understated so diplo­
matically, Howard Taubman drove home with a 
wooden stake in an article in the New York 
Times in February of 1955: 

[The RCA Synthesizer can] produce music without 
the intercession of musicians .... It is clear, even 
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The RCA Synthesizer at the Columbia-Princeton Tape Center, circa 1961, with (L to R) composers 
Milton Babbitt (seated), Vladimir Ussachevsky, Charles Wuorinen, Otto Luening, Halim EI-Dabh, and 
Bulent Are/. 

from a brief visit with the machine, that performing 
musicians can be dispensed with on a number of 
projeds. If a composer came along who under­
stood the machine's technique, he would cause it 
to produce all the sounds he would need for a 
symphony ... once the technique is learned, short­
cuts may be effeded. Only the performers' unions 
would then stand in the way. 

And "stand in the way" they did. James Cae­
sar Petrillo, then-head of the American Feder­
ation of Musicians, led the way in an article in 
the April 1955 edition of International Musician, 
the union newspaper. In short order it became 
apparent that the RCA Synthesizer would win 
few friends, and (unfortunately) influence many 
people's attitude toward the Radio Corporation 
of America. Evidently, no official announce­
ment was made by RCA that they intended to 
decommercialize their synthesizer, but we get 
that hint in a statement by Olson in 1960: 

Except from a purely scientific viewpoint there 
is no interest and no desire to create music which 
can be produced by conventional means. The 
added effort and the new employment of musi­
cians capable to perform synthesis is warranted 
only if it can produce something new or better in 
the art of music. 

About this time, RCA abandoned any pro­
jected commercial ventures and donated the 
expanded and modified Mark II model to the 
Columbia-Princeton Electronic Music Studio. 

While the early years of the RCA produced 
little music of lasting consequence, the instru­
ment played an important role in the rise of 
Columbia-Princeton as a major center for the 
production of electronic music; the "something 
new" that Dr. Olson referred to above. Promi­
nent composers such as Vladimir Ussachevsky, 
Otto luening, Milton Babbitt, Charles Wuor­
inen, Halim el-Dabh, Bulent Arel, and Mario 
Davidovsky used the RCA Synthesizer exten­
sively in various compositions. Wuorinen's 
Time's Encomium, an RCA Synthesizer tour de 
force, was awarded the Pulitzer Prize for 1970. 

Milton Babbitt, in particular, has found the 
Mark II to be a useful tool to create his mathe­
matically and musically complex compositions. 
His comments emphasize the capabilities of the 

Mark II to create new music: 
Clearly, any rhythmic strudure can be secured, in 
the sense of both linear rhythms and ensemble 
rhythm. Any frequency or frequency colledion is 
available, be it a particular division of the odave, or 
a distribution of frequencies none of which are in 
an odave (including multiple odave) relationship 
to one another .... Any mode of succession from 
event to event can be secured, since any envelope 
and intensity values and patterns can be achieved. 
The source signal need not be the sawtooth or the 
white noise provided within the synthesizer; any 
external signal - live or recorded - can be fed 
into the synthesizer, bypassing the frequency and 
odave S€dions and controls, to be processed by 
the other sedions as direded by the coded pro­
gram control. 

Although Mr. Babbitt recognizes the unique­
ness of the RCA he believes it neither possible 
nor productive for a large number of composers 
to learn its technique. He explains: 

You can't take the experience of this machine 
in any specific way to the experience of any other 
machine. The other thing is, that it is so tedious, 
and demands that you learn so much before you 
can even make your first combination of sounds. 

The issues that the RCA Synthesizer raised in 
1955 were rehashed ad nauseam when the 
voltage-controlled synthesizer became popular 
in the late '60s. Predictably, it was banned by the 
Musicians Union (briefly); people questioned 
(and still do) its legitimacy; it was -and still is­
played badly due to musicians' lack of under­
standing of its potential; hysterical discussions 
concerning the role of acoustic instruments 
ensued; and so forth. The controversy arose 
because people confused the synthesis of 
instrumental tone colors - which the synthe­
sizer is good at - with the successful imitation of 
an instrument's sound quality. The latter relies 
on the physical relationship of the performer to 
the interface (strings, air column, whatever). 
When electronic music sounds sterile or 
mechanical, it is less because oscillators are 
being used than because five thousand years of 
instrumental performance technique and the 
musician's partly intuitive physical relationsh.w 
with the instrument are being ignored. III 



TOM RHEA 

ELECTRONIC PERSPECTIVES 
The Synket 

IN THE EARLY '60s, Paul Ketoff developed an electronic music system 
called the Synket (Synthesizer plus Ketoff). like many portable instru­

ments of the era, its design can be traced back to a large system intended 
solely for studio use. The Father of the Synket was the Phonosynth, a more 
cumbersome and elaborate system designed by Ketoff in collaboration 
with Italian composer Gino Marinuzzi, Jr. The Phonosynth has been used 
both in the production of electronic music and in film music. 

Shortly after the development of the Phonosynth (1963), Ketoff super­
vised the construction of a small electronic music laboratory at the Ameri­
can Academy in Rome. Otto luening, who was at that time a composer-in­
residence there, acted as his collaborator. William O. Smith, then the 
director of the studio, consulted Ketoff about equipment purchases, and 
learned of the Phonosynth. Smith commissioned the development of a 
smaller unit for the Academy's studio. In 1965, the first Synket arrived. 

Among the fellows of the Academy was John Eaton, now of Indiana 
University. Eaton discovered that the Synket could be played; that is, it was 
not only a sophisticated electronic music studio, but an instrument as well. 
This was an important revelation, since most of Eaton's colleagues around 
the world felt that electronic music was necessarily a mediated art form, 
dependent on the tape recorder. Eaton's comments from a Music Journal 
article in October 1966 give us not only a feel for his personal revelations, 
but a picture of some difficulties that electronic music presented at the 
time: 

The implications of the Synket are enormous. In the field of eledronic music 
alone, things which would take several hours and hosts of different machines and 
processes can now be done instantaneously. Does this mean that eledronic musIc 
is possible for the first time? While we remain indebted to the distinguished 
pioneer work of many leading composers and technicians, it seems clear to me 
that the Synket does open new possibilities for engaging the sensibilities of 
composers. It allows them compositional choices based on an absorption of the 
materials and an immediate testing of them. Much eledronic music has been dry 
and meaningless because its composers, faced with the possibility of doing e;er)­
thing, chose before the adual process of composing a very small range of 
materials in which to work, usually of insufficient complexity to engage the 
attention of their audiences. Other composers have thrown together many differ­
ent "sounds" chaotically, without really hearing them and their possible connec­
tions with each other. The Synket affords a training ground for a composer's 
sensibility and intelled. By pradicing on it and becoming familiar with the mater­
ials of eledronic music, the problem becomes the same, more or less, as ..... riting 
for conventional instruments, or better, for orchestras composed of comentional 
instruments. By having this music adually performed, much is done to supply the 
element of presence that eledronic music has lacked and to avoid many of the 
mechanical defeds of a grinding, impersonal tape recorder. 

John Eaton became not only a spokesman for the Synket, but its 
leading performer as well. His concerts of experimental music 
attracted favorable reviews, one reviewer noting " ... if he gave us 
nothing else ... John Eaton put the musician back into electronic 
music. I think, though, he gave us more .... well-paced continuity. 
unity, variety - everything great music should contain." 

In appearance, the Synket suggests both the stage and the studio. A 
rack of electronic modules complete with "patchcord jungle" is 
mounted over three tiny keyboards, stacked like the manuals of a pipe 
organ. Performance is accomplished by pushing buttons, turning dials, 
depressing a volume pedal, and every now and then patching - as well 
as playing the keyboards. 

Ketoff described the Synket as having "sound combiners".capable 
of generating and modulating sounds in terms of frequency (pitch), 
timbral spectrum (tone color), and amplitude (loudness). There are 
three such sound combiners, racked one above the other. Each sound 
combiner includes: (1) a square wave generator, controllable by key­
board or with a knob, with a range that exceeds human hearing; (2) a 
chain of dividers engaged by push buttons that divide the frequency of 
the generator by 2, 4, 8, 3, or 5, permitting the creation of new har­
monic spectra; (3) a variable bandpass filter to create radical timbral 

Paul Ketoff (L) and John Eaton with the Synket. 

changes; (4) a volume control; (5) three modulators to affect the 
generator frequency, filter frequency, and amplitude control. These 
could work separately or in conjunction to produce a wide variety of 
attack patterns, trills, and tremolos. 

The square wave generators and associated dividers can be linked 
in different ways to produce harmonic combinations, often using a 
single generator. Sounds that spread over ten octaves or sounds 
derived from a single tone with divisions in 6ths, 5ths, and 3rds, pro­
ducing unusual beats, are possible. When the generators are tuned toa 
very low frequency, the square wave is perceived as pulses - divisions 
can produce various rhythmic combinations. 

The sounds produced by the sound combiners can be inter­
connected and further tr ansformed by a master bandpass (octave) filter 
and three master modulators. Eaton pointed out the degree of selectiv­
ity of the filter by quipping that " ... one could remove the bassoons or 
flutes from a passing marching band." The first master modulator 
produces bell or hammer attacks; the second, "whoosh" or pizzicato 
sounds (like a plucked string); the third, a soft, vibrato-like modu­
lation. All three of these envelope controllers could be varied in 
volume or intensity. 

Of particular interest to performers are the three small keyboards, 
each corresponding to a sound-generating rank. While the keyboards 
are physically standard, each note can be tuned, as can the entire 
keyboard as a whole, by a knob during performance. Also, each key­
board allows touch vibrato, done by shaking the key from side to side. 
(A later version had touch volume control as well.) These features make 
the Synket a sensitive instrument for playing microtonal music (more 
than 12 tones to the octave), at which Eaton excels. 

In a way, the Synket leapfrogged the modular synthesizer to point 
the way toward the development of electronic musical instruments: 
less powerful, but more subtle in performance capability. Eaton said it 
eloquently: 

When we turn to the combination of eledronic music with other instruments, 
the implications of the Synket are equally profound. The instrumentalists and the 
condudor are no longer forced to follow the pre-recorded tape; they can now 
simply play along with another performer who can adjust to them as easily as they 
to him. Operas with eledronic music are so much easier now; the heroine need 
no longer expire to the accompaniment of the breaking tape. The stage and the 
baton are again in control. • 

-----------------------------------------------------------------------------~ 
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ELECTRONIC PERSPECTIVES 
Hugh Le Caine's Electronic Sackbut 

"THE ABILITY OF the ear to recognize vari-
• tions in harmonic structures, and thus 

the number of distinguishable timbres, has 
been greatly over-rated." This statement was 
made by an instrument designer who devoted a 
lifetime to the study of musical instruments and 
how people perceive them. During his many 
years at the Radio and Electrical Engineering 
Division of the National Research Council of 
Canada, Hugh Le Caine made important contri­
butions to the development of electronic musi­
cal instruments for studio and stage. 

Le Caine's Electronic Sackbut was a mono­
phonic instrument that anticipated some fea­
tu res of the modern synthesizer by some twenty 
years. Le Caine called it a "sackbut," the medie­
val name for the trombone, because that name 
would find "no competition with commercially­
produced instruments." 

An instrument designer's view of music -
and its relationship to the performer and com­
poser - shapes his decisions. Le Caine knew 
that " ... the music with which we are familiar 
may be represented to a good approximation 
by describing three attributes of the auditory 
sensation which vary with time: pitch, loudness, 
and timbre." I think it is no accident that timbre 
(tone color) was named last. Le Caine elevated 
the subtle control of pitch to a high position: 

While the ear can recognize several thousand 
distinct pitches, less than one hundred can be writ­
ten on a musical score, and the development of 
significant musical ideas takes place in a considera­
bly smaller range than this. Although our musical 
notation is not capable of providing the performer 
with more than a bare indication of the composer's 
desire to depart from the set of preferred pitches, 
players of expressive instruments do regularly 
make these departures and they constitute an 
important part of the effect produced by a mono­
phonic instrument. The essential continuity of the 
pitch line in a monophonic instrument is an impor­
tant point of departure from the polyphonic instru­
ment of the organ type [having fixed pitches], and 
certain types of pitch flexibility are impossible on 
such a polyphonic instrument, the basic feature of 
which is the separation of each musical part into 
discrEote tones which are supplied from separate 
generators. The monophonic instrument is thus 
the most important musical instrument, and the 
starting point of all musical thinking; and the poly­
phonic or organ-like instrument is simply an expe­
dient necessary in view of the difficulty of 
assembling the required number of monophonic 
instruments and performers. [Italics added.] 

It is tempting to think that Le Caine's com­
ments, written in 1956, some ten years before 
the advent of voltage control, have become 
dated. After all, the marriage of the voltage­
controlled oscillator with telecommunications 
techniques known for decades (multiplexing) 
has produced the "scanning keyboard" poly­
phonic synthesizer. Such an instrument has a set 
of monophonic voices whose pitch need not be 
discrete (fixed) in the manner that Le Caine 
criticizes. But in practice, contemporary design­
ers of such instruments have slavishly followed 
the keyboard as their model, introducing poly­
phonic synthesizers with equal-tempered tun­
ing and unwarranted restrictions nn the exercise 
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of the individual pitch deviation that their con­
tinuously tunable oscillators are capable of . 
Only when designers turn to the concept of 
keyboard-as-collection-of-monophonic-voices 
will they begin to negate Le Caine's view of 
"polyphony as expedient." 

Le Caine also had some insight-filled com­
ments on the particular pitch deviation we call 
vibrato: 

Vi brato is a very effective device when correctly 
applied, the musical usefulness of which far 
exceeds the simple function of disguising the 
excessive purity [periodicity] of electronic notes. 

A mechanical vibrato which is not under the 
direct control of the player - that is, which can 
only be turned 'on' or 'off' - while tolerable in 
background music, cannot be used more than a 
small percentage of the time in music which is to 
occupy the attention of a serious audience. The 
reason for the unmusical effect produced by pro­
longed use of a mechanical vibrato seems to lie in 
the fact that, unlike the choir effect which modifies 
the hard effect of pure tones without making the 
listener aware of the periodicity, the mechanical 
vibrato has a tyrannical and overriding effect which 
forces itself on the attention of the listener and 
breaks up the delicate and more rapidly moving 
patterns of the music. Although players of expres­
sive instruments use vibrato a large part ofthetime, 
their vibrato is carefully related to the pattern of 
the music. The very mechanics of the application 
of vibrato to stringed instruments materially assists 
the player in this regard. [That is, one can't vibrate 
brief tones, or during rapid passages; mechanical 
instruments dictate their own vibrato usage.] 

Le Caine also had a great appreciation for 
the possibilities of a touch-sensitive keyboard: 

A glance at the structure of the most common 
types of music suggests that the loss of control of 
the loud ness is a very serious one. The rapidity with 
which the piano replaced the harpsichord some 
250 years ago confirms this impression. In fact, if we 
were unacquainted with the artistic e~cellence of 
pre-Romantic organ music, it would be difficult to 
believe that a performer could produce effective 
music simply by timing accurately the entrance 
and exit of the sounds. 

The touch-sensitive issue may then be stated as 
follows: A fine structure in the loudness pattern 
and individuality of parts may be obtained with the 
touch-sensitive action, while the Ilexpression" 
pedal is more suited to production of general fluc­
tuations in loudness covering a wide dynamic 
range, and accompanied by the inevitable merg­
ing of the individual parts into the general mass of 
sound. 

Le Caine first began work on the Electronic 
Sackbut in 1945. The instrument exemplified his 
profound understanding ofthe musical require­
ments for a successful monophonic instrument. 
He used space coordinates to control the three 
musical attributes: pitch, loudness, and timbre. 
The horizontal axis corresponded to discrete 
pitch changes, accomplished by moving to a 
new key on the keyboard, and continuous pitch 
changes caused by displacing a key horizontally. 
A portamento (glide) is done as follows: The key 
being left is first forced in the direction of the 
new key; while the force is increasing, that key is 
quickly released before the new key is de-

pressed with no horizontal force applied. (The 
entire keyboard was spring-loaded.) 

Vertical force on the keyboard controls the 
loudness, giving the performer wide latitude in 
envelope control (attack and decay), as well as 
overall crescendo and diminuendo. 

Although Le Caine appreciated the primary 
importance of pitch and loudness control, he 
didn't slight timbre control. On the Sackbut, 
timbre is controlled with the left hand; the con­
trols are arranged to stay where they are left 
-the left hand can assist the right during rapid. 
keyboard passages. Emphasis is placed on varia­
ble control rather than imitation of specific or­
chestral timbres. The "basic waveform" control 
is a two-dimensional control, with a circle di­
vided into a number of conducting sections 
insulated from each other. A conductive disc 
can be moved over these sections, producing a 
variety of timbres. The significant feature is that 
the timbre can be changed in real time by the 
performer. . 

Another feature is the continuous control of 
two formants using the thumb. (A formant is a 
region of frequencies that are accentuated 
whenever any note is played on an instrument.) 
And finally, Le Caine provided controls that 
allowed departure from periodicity (strict wave­
forms), to allow random waveform changes, 
trill, and other effects. 

The Electronic Sackbut is a real musical in­
strument - the performer can be in control. 
Perhaps we will catch up to Hugh Le Caine 
mme~~ • 
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Fig. 1. Waveform control in Hugh Le Caine's Electronic 
Sackbut The circular plate is divided into a number of 
conducting sections insulated from each other (insula­
tion shown as solid lines). A conducting disc (dotted 
circle) is capacitatively coupled to the conducting 
sections. 
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Fig. 2. Arrangement of timbre controls in the Electronic 
Sackbut 
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