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IN RECENT COLUMNS we’ve looked at some early polyphonic
keyboard instruments of the one note-one tube variety that require
an individual oscillator for every key. This design principle appears
in more contemporary instruments as well. The Conn company built
the Connsonata using individual tube oscillators during the ’50s, and
continues to pattern its transistorized models along these lines. The
Allen Organ company made huge transistorized instruments having
many oscillators for church installations several years ago before
opting for their present scheme of computer waveform generation.
And this spirit lives in the “assignment” types of synthesizers having
fewer tone generators than keys (e.g., Oberheim Four-Voice,
Prophet, Yamaha CS-80).

An important offshoot of the earliest one note-one tube instru-
ments was the concept of frequency division. In this method, fewer
oscillators are used, and lower notes are derived by divide-down
circuitry. In earlier instruments, lower octaves were derived, neces-
sitating the use of only 12 oscillators to create the chromatic scale
throughout many octaves. We call this method the divide-by-two
means of frequency division. (When you divide any frequency (pitch)
by two, you derive a tone one octave lower. Successive divisions by
two create successive lower octaves. One oscillator creates all the
C’s, another the C#’s, and so forth.)

The Hammond Novachod.

An early instrument of this type was the Hammond Novachord,
which was capable of producing both percussive and sustained
tones with a controllable range of attack and decay characteristics.
The keyboard had 72 keys and the instrument was completely poly-
phonic (all 72 would sound simultaneously).

The Novachord was introduced by the Hammond Organ Com-
pany in 1939, about the same time as their solo instrument, the
Solovox. Both worked on the same principle of frequency division,
as explained by Alan Douglas, an authority on such instruments:

The instrument operates...using a series of twelve oscillators of fixed fre-
quency for the top twelve semitones, and a series of frequency dividers for all
the lower notes. Double triode valves [tubes] are used in the oscillators, the
upper section being connected in a conventional tuned circuit which can be
adjusted for pitch, whilst the lower section forms the vibrato device; a vibrat-
ing reed alters the grid bias of the section, altering the gain in a periodic
manner.

The Novachord had particularly interesting envelope and
timbre controls—much Iike a synthesizer Attack could be adjusted
in steps for “percussion” or “singing” modes, and several resonators
(filters) allowed wide tonal variation. No less than six modulation
oscillators were employed (adjoining semitones shared one modu-
lator on the theory that two adjoining keys will be depressed simul-
taneously only rarely); vibrato rates were set at slightly different
frequencies to enhance the “ensemble effect.” When the Nova-
chord was introduced in February, 1939—at the Ritz Carlton Hotel in
New York—a reviewer wrote:

Novachord control panel.

Hammond dislikes having his Novachord called an “electric orchestra,”
despite the fact that its orchestral talents are considerable, and for this
reason: The Novachord not only imitates known instruments but produces
sounds which have no equivalent on the conventional palette. As for the
success of its imitations, the piano tone sounds very similar to a piano over
the radio. And its imitation of the harpsichord led one noted pianist, Moriz
Rosenthal, to say that he considered it better than some actual harpsichords
he had played on.

The following May, a Novachord orchestra was established under
the direction of Ferde Grofe, as a daily feature of the Ford exhibit at
the New York World’s Fair. Nicolas DeVore made some interesting
observations about its commercial potential:

It is going to be about as easy to keep it [Novachord] out of every orchestra as
it would be to bar a sax from a jazz band. It isn’t only that it produces several
instruments for the price of one, but it produces tones that no one ever
imagined outside of a Thorne Smith alcoholic extravaganza; and in a potential
variety that will afford an undeveloped realm of discovery to keep the intrepid
tonal explorers busy for the next year to come.

But this was not to be; although the Novachord had only twelve
master oscillators, the frequency divider circuits and envelope con-
trols and amplifiers necessitated the use of many more tubes—more
than 160. And vacuum tubes of the era had their problems, as
discussed by instrument-designer Frederic D. Merrill:

Vacuum tube oscillators for producing musical tones have been suggested
many times, but the problems of frequency drifting, timbre variety, and
proper amplitude-time starting and decaying characteristics to simulate organ
or percussive qualities for a keyboard chordal instrument have necessitated
the use of many tubes in a tremendous complexity of circuits. Consequently
the design of a practical commercial model of small size and low cost that
could be made in mass production represents an outstanding achievement in
electronics engineering.

Unfortunately, the Novachord suffered from some of the problems
mentioned above. One long-time employee of the Hammond
Company commented on the technical and marketing problems of
the instrument:

The Novachord made beautiful music if played well, but it was not well
adapted to either an organist’s style or a pianist’s style. Thus it required
development of a specific style, which not many musicians were prepared to
do. It also had technical problems, requiring frequency adjustments to keep
it operating chiefly because the frequency dividers and electronic compo-
nents before the War were not nearly as good as those available in later years.
The Hammond Company could have revived it after the war, and could have
made it much better in light of available technology at the time, but sales had
been disappointing and so it was not considered a good commercial product.

The first point is a favorite soapbox topic for me: “Thus it required
development of a specific style [meaning new technique], which not
many musicians were prepared to do.” Electronic musical instru-
ments have labored under this handicap from theirbeginning. Only
when performers become really convinced that you can’t get some-
thing for nothing (“Show me one that’s easy to play”) and that one
instrument doesn’t take the place of another (“Make it sound like a
violin”’), and when they learn to avoid such traps as, “It’s easy to play
the synthesizer, all it takes is digital dexterity”—only then can we get
about the business of discovering what is really unique about these
instruments and this new technology.

Have times changed so much since the Novachord was introduced?

© 1978 Thomas L. Rhea.
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Monop onic Keyboards Of The 40s And ’50s

Solovox in action.

HILE MANY EARLY INVENTORS of monophonic electronic musical
instruments experimented with unorthodox playing controls for
their instruments, there was a tendency, after 1940, toward the use of
the keyboard for commercially produced instruments. Manufacturers

of producing instruments that would stay in tune, sound pleasant,
and, above all, be easy to play. This last goal probably accounts for both
their initial widespread popularity and their inevitable decline. Elec-
tronic musical instruments have been saddled with the “easy to play” re-
quirement since their beginnings. How strange. No one asks this of
the violin, tuba, or oboe. No subtle result is achieved “easily,” especially
in the arts. Anyhow, the ’40s and ’50s can be seen to be a period of
popularization of electronic musical instruments, following the intense
experimentation of the ’30s.

Monophonic keyboard instruments designed to fulfill the goals
mentioned were introduced around the world. In the U.S., the Ham-
mond Organ Company brought out the Solovox, a monophonic instru-
ment having 36 keys. The Solovox, like many others, was designed as an
add-on to the piano and was meant to be played with it. The Solovox
used a single vacuum-tube oscillator in the highest octave; different
pitches within this octave were created by altering the amount of capa-
citance in the L-C oscillator. Lower octaves of the instrument were
obtained by a cascade of frequency dividers (see last month’s column
on the Novachord). Each frequency divider used three tubes to divide
the input frequency in half, producing a tone exactly one octave lower.
On the front of the instrument there were a group of rocking tablets
marked Soprano, Contralto, Tenor, and Bass. It was therefore possible
to play a melody in parallel over several octaves. Other tablets were for
tone color control and varying the attack characteristic from organ-like
to a more singing style. Volume was controlled by a knee lever. In the
older “)” and “K” models, vibrato was supplied by a vibrating reed
which modulated the main tuning coil in the oscillator.

The Solovox was introduced in 1940 by Dr. Frank Black, music
director of NBC, on the Cities Service program. Many people thought
that the Solovox would have a stimulating effect on the piano industry.
Dr. Fritz Reiner, the famous conductor, was interested in the instrument,
as evidenced by his comments:

Laurens Hammond'’s new instrument, the Solovox, is not only an outstand-
ing technical contribution to the number of electrical instruments but also a
musical one. lts endless possibilities for creating new and fascinating sound
effects in combination with the piano will kindle the imagination of every
pianist. In fact, the Solovox may revitalize the present style of writing for the
piano. [Italics added.]

Evidently the “endless possibilities for creating new and fascinating
sound effects” weren’t enough to give the Solovox a lasting place on
the music scene. Can you imagine using the violin for its fascinating
sound effects—on an exclusive basis? But the Solovox did have a signifi-
cant impact for a time in pop music, finding its place in groups of
various sizes.

An instrument first introduced in Europe was the Clavioline, an
invention of the Frenchman M. Constant Martin. In appearance and

of instruments during this time concentrated on the technical problems .

The Clavioline.

mode of operation, it was similar to the Solovox. The Clavioline had a
three-octave clavier, eighteen stop tablets for different tonal qualities,
three vibrato speeds, two vibrato amounts, a percussive effects tablet,
and a knee lever for volume control. The original French Clavioline
lacked the Solovox’s capacity for octave coupling. A later upgrading by
Harold Bode—of frequency shifter and vocoder fame —added that
capacity to yield the Concert model Clavioline.

The Clavioline used a set of 36 tuning resistors to cover the pitch
span of the instrument. The French model could also be tuned up or
down an octave, thus creating a playing range of five octaves. Timbre
was controlled with a set of highpass and lowpass filters. The Clavioline
was used much as the Solovox was, as a right-hand melody instrument
attached to the piano. Like the Solovox, the Clavioline had a separate
“tone cabinet” which housed the tone-generating circuitry, the ampli-
fier, and a speaker. The tones simulating strings and brass were said to
be realistic for the time.

Another French instrument, the Ondioline, was introduced by
Georges Jenny in 1941. This instrument seems to have had little impact
in the United States, and this is unfortunate. Of all of these monophonic
instruments, only the Ondioline allowed the performer the subtlety of
introducing and controlling vibrato. The keyboard could be shaken
from side to side to actually create vibrato with controllable depth and
rate—a real plus when you are trying to play a musical line in the
Romantic tradition. | first heard the Ondioline while visiting Raymond
Scott—of “Lucky Strike Hit Parade” fame—a few years ago. Scott used
the Ondioline on many of the commericals and jingles he produced
during the ’50s—long before the current vogue for synthesizers on
radio and TV.

A British instrument of the type was the Univox, which used double
touch contacts under the keys so attack could be controlled to some
extent by keyboard touch. Its pitch range, like the Solovox, was ex-
tended by frequency division.

A curious instrument which used the Univox tone-generating circuit
was the Hohner Multimonika. This hybrid instrument resembled a two
manual accordion, having a lower manual that was wind-blown and an
upper manual that was electronic. The Hohner Company also built an
instrument called the Electronium Pi which was similar to the Solovox
and Clavioline. It had a six-octave range with twenty tiltkeys for vibrato,
attack, and timbre control. This was one of the few instruments of its
type that was used for so-called “serious” music. The Electronium Pi
was used in Hans Brehme’s Symphony No. 2 (1950) and his Six Sound
Pictures For Three Electrons And Piano; in Helmut Degen’s Concerto,
with orchestra (1954); and in Wolfgang Jacobi’s Music For Four Elec-
trons (1954).

The period of the ’60s was a time of intense experimentation in the
field of electronic musical instruments—a time that produced the potent
technology of the voltage-controlled instrument. Now, in the '70s, we
have a lot of people who have discovered how to put a voltage-
controlled oscillator, filter, and amp into a box and hang a keyboard on
it. Do you see a parallel with an earlier era in the history of electronic
musical instruments?

)
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The Hellertion

Hellertion attached to a piano.

HAVE YOU EVER REALIZED that the key-
board on your piano or organ is a linear
controller? Such a device lets you create a
musical interval that will occupy the same
physical size on the controller regardless of
octave displacement. For instance, on the
piano, a perfect fifth (e.g., F upward to C)
occupies the same space on the keyboard
whether it’s at the top or the bottom of the
keyboard.

Keyboards (and mallet instruments like
vibes) are the exception, not the rule. Most
musical instruments have nonlinear con-
trollers. You’ve probably noticed that the
frets on a guitar are not equidistant. In this
case we would find that our perfect fifth
occupies more space in the lower octaves
than in the upper ones. On keyboards, the
chromatic (half-step) scale simply repeats in
physical size over successive higher octaves.
On the guitar, violin, etc., those half-steps
get physically closer as the pitch is raised.

The traditional keyboard is not only a
linear controller, it is also a discrete con-
troller. The distribution of pitch is arranged
in steps—it is not continuous. Because it is
discrete, the keyboard is necessarily a linear
controller. Can you imagine a keyboard
built like the guitar fretboard, with large,
wide keys in the bass, and tiny, little keys in
the treble?! On the one hand, you couldn’t
possibly span chords in the bass, and on the
other, the fingers of your right hand would
be tripping over each other. Simple octave
transposition of a melody would require a
major adjustment of hand position, and
scales in contrary motion would require a
magician!

It makes sense for a discrete controller
such as the keyboard to be linear. But what
about a continuous controller—like the vio-

Playing a polyphonic Hellertion.

lin’s strings and fingerboard? Linear or non-
linear? Well, in the world of acoustic instru-
ments you don’t have the luxury of deciding
—physics usually does that for you. When
you stretch a string you have inherently
created a nonlinear controller. That is, on
any single string, successive higher octaves
occupy smaller and smaller portions of the
string. The difficulties of playing a nonlinear
controller such as that of the violin are
somewhat mitigated by the fact that there
are four strings that partially overlap each
other in pitch.

In the case of electronicinstruments, the
relationship between controller and con-
trollee is much more arbitrary, since it does
not depend necessarily on their physical
relationship. The reason electronic music
can be so different is that the creation of
sound is “disembodied” at its source. If you
are a synthesizer devotee, you have prob-
ably astounded and enraged your friends by
making your synth play lower as you play up
the keyboard; simple electrical inversion,
no magic. Imagine the problems encoun-
tered with making a piano do the same....
Electronics defeats the “laws” laid down by
mechanical objects—it disembodies sound.
Perhaps you have been more adventurous
and produced both quarter-tone and
whole-tone scales as you played a chro-
matic scale on the keyboard. While these
may seem to be nothing more than elec-
tronic parlor tricks, they are useful activities.
If nothing more, such experimentation
might break you out of traditional, habitual
keyboard licks, since the pitch produced
won’t sound “as it should.”

You may have already had some experi-
ence with a continuous linear controller;
Moog Music has made their ribbon con-

troller for several years. lts similarity in
function to similar devices on antique elec-
tronic musical instruments is striking. Tech-
nology may undergo radical changes, but
musical function maintains a mainstream
position. Such a device allows stepless pitch
performance—like the violin—but main-
tains correspondence to the easily under-
stood linearity of the keyboard. (Although
the ribbon controller is usually played by
hand, performers such as Keith Emerson
have been observed playing it with various
parts of the anatomy.)

One of the earliest instruments that used
such a continuous linear controller was built
in Germany by Bruno Helberger and Peter
Lertes in 1928. The instrument was called the
Hellertion, a word formed from the in-
ventors’ names.

This instrument had a typical L-C vac-
uum-tube oscillator; the Hellertion’s pitch
spanned some five octaves. Butthe historical
importance of the design lies not in the
oscillator design, but in tke mode in which
the performer altered pitch—the controller.
A metal band insulated with leather on the
upper side was stretched over a resistor
consisting of a wire-wound bar with a con-
vex upper side. The performer depressed
the metal band to make contact with the
resistor bar at various points, altering resis-
tance and thereby changing pitch. Accuracy
was assisted by the use of a “dummy key-
board” fixed adjacent to the metal band.
Also, the attack could be controlled by an-
other contact that was mechanically con-
nected to the resistor bar mechanism. When
the metal band, or “band manual,” was
depressed into the resistor it caused the
resistor to mechanically vary the closeness
of two coils. This allowed continuous varia-
tion of amplification and created a kind of
touch sensitivity.

The Hellertion was introduced at the
Munich Congress on Electrical Music in
1931, but wasn’t heard publicly until 1936,
when it was played at the Festival Audi-
torium in Frankfurt-on-Main. Later models
were expanded with the addition of several
band manuals, creating a polyphonicinstru-
ment capable of maintaining several truly
different voices simultaneously. Even so, the
Hellertion had little significance musically.
One can only imagine the technical difficul-
ties of the polyphonic band manuals, espe-
cially given the near-certain condition of
oscillator pitch drift. But the band manual
(continuous linear controller) concept was
adopted by several later instrument de-
signers, as we shall see in future columns.
The understanding and musical use of this
type of controller still remains largely un-
explored.
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Friedrich Trautwein (standing) with technicians
playing the Trautonium.

FOR CENTURIES MUSICIANS have judged
their instruments by their sound, and by the
control over sound they offer. Pianists, violin-
ists, tubaists, etc., rarely contemplate the tech-
nology of their instruments—blowing the
horn tells them what they need to know. The
roots of this attitude are apparent. After all,
unless you are willing to roll your own, you
can’t do much about an acoustic instrument’s
sound. The acoustic instrument is hardware-
oriented—the sound depends on physical
stuff. Sometimes synthesists forget this sound/
control approach (look ma, no hands!), fret-
ting instead over the various “framastats,”
“nebulizers,” and “spidulators” currently avail-
able, totally ignoring the typical musical ap-
proach: listen, touch...feel.

The earliest electronic instruments also
tended to be hardware-oriented, restricting
musical results to those things that early elec-
tronic components did well. For instance, the
vacuum tube instruments described in earlier
columns had L-C oscillators that typically pro-
duce simple sounds. That’s because that par-
ticular hardware configuration produces a
waveform with few harmonics. You can’t do
much—economically—with such a design. In
particular, control of tone color is limited.

But there arose, espedally in Germany, an-
other tone generator scheme. In 1928 Friedrich
Trautwein developed the Trautonium, a gas-
discharge instrument with a gas-filled (neon)
tube tone generator. As always, it’s the output
that matters; this tone generator generated a
sawtooth waveform extremely rich in upper
partials (harmonics). This had definite implica-
tions for new timbral possibilities. (Timbre de-
pends partly on the manipulation of har-
monics. It is easier to subtract harmonics from
a complex wave with filters than to build up an
interesting sound by adding simple waveforms.
Most of today’s synthesizers use this subtrac-
tive synthesis method.)

Trautwein’s design for timbre alteration
used filters, or resonators designed to act as
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The Trautonium

The Trautonium (1932).

tone-formers. This was based on his knowl-
edge of hallformanten, or formants found in
acoustic instruments. (A formant is simply a
region of frequencies that tends to be empha-
sized whenever any note is sounded. For
instance, the bassoon has a strong formant at
500Hz, because that’s the way that particular
musical hardware—wood and metal—vibrates
its air column. You can confirm this by running
a sawtooth or, even better, a narrow pulse
wave through a fixed filter and letting only the
500Hz band of frequencies pass—voila, very
bassoonish! All physical things have such areas
of emphasis; you’ve probably discovered the
concept of “resonant frequency” by singing in
the shower. Some notes really boom, or reso-
nate with the room. That area of emphasis
tends to color any note you sing.)

Trautwein supplied the electrical equiva-
lent of tone-formers, or formants with reso-
nant circuits that could be tuned over a wide
range. Notice the distinction between this and
acoustic instruments and earlier electronic
instruments; the Trautonium was more soft-
ware-oriented—the performer could alter the
tonal characteristics at will, radically changing
the tone color. Since the Trautonium had a
number of these circuits in different octaves,
the timbre could be made to change with the
tessitura, or playing range. This was an impor-
tant development, for now the composer or
performer was not limited to the discrete
timbre “stops” of many early electronic musi-
cal instruments, but had an instrument that
could be set up to create many timbres. This
attracted a number of composers, such as Paul
Hindemith, who not only composed for the
Trautonium but also became a proficient per-
former on the instrument.

The Trautonium had a tone band, or finger-
board, similar to that of the Hellertion [see CK,
March ’79]. The electronic element that con-
trolled pitch was wound around an elliptical
rod about one yard long. This rod was sur-
rounded by a resilient metallic gauze which

could be depressed to make contact with the

.element, altering the pitch. Like the Hellertion,

this fingerboard was a linear device; that is, an
interval occupied the same amount of finger-
board in any octave. Dummy keys were used

'to indicate major pitch divisions, such as the

octaves and fifths. In early models, loudness
shaping was controlled by a foot pedal, and
there was no further provision for envelope

control. This caused the early instrument to .

have a monotonously harsh attack, a defect
pointed out by several critics. To solve this
problem, Trautwein supplied a tube with liquid
resistance (mercury) placed under the pitch-
controlling rod. When the liquid resistance
was depressed gently, a less explosive attack
was created, transforming the Trautonium to
one of the first force-sensitive electronic musi-
cal instruments.

The tone band, or fingerboard, was not the
only keying control that Trautwein envisioned.
In order to provide a more familiar interface to
the Trautonium for wind players, he consid-
ered a tube-shaped “manual” that was to be
held like a woodwind. The resistance wire
controlling pitch was to be coiled around this
cylinder. A rubber balloon connected to a
carbon rheostat was devised for the regulation
of the volume of the tone. The player would
then manage the pitch with his fingers while
blowing into the “play tube” to control the
loudness. Evidently, the idea was never imple-
mented.

The Trautonium was introduced publicly in
1930 at the Radio Research Section of the
Berlin Academy of Music. Trautwein spoke of
his goals in an interview:

While electro-acoustics has dealt in the last few
years primarily with problems of reproduction, |
wish to prepare for the creative artist new possi-
bilities of expression. Mechanical music has not
enriched art as such, but only enlarged it in
respect to the former case. |, however, believe
that | am serving creative art through my work
before all and, therefore, contributing to the
reconciliation of the two branches of the human
mind which have erroneously been placed in
opposition to each other: art and technology.

The early Trautonium was built in various
experimental versions; manufacture of the
instrument was undertaken by the Telefunken
Company in 1932. The Telefunken Trautonium
was a simple single-manual instrument with a
few formant filters. Although production was
suspended after a relatively small number had
been produced, the Trautonium can probably
lay claim to being the first electronic musical
instrument to be mass-produced in Europe.

The Trautonium started us on a road of
software-oriented (user-programmable) instru-
ments that has led to the modern synthesizer.
Sound has become increasingly disembodied
(look ma, no hands!) even when the synthesist
produces very traditional musical voices. May-
be we need the “reconciliation of the two
branches of the human mind” as badly now as
we did in Trautwein’s day.
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Oskar Sala at the Mixtur-Trautonium.

HE EVOLUTION of most electronic musical

instruments can be divided into eras: (1) the
initial period of public skepticism fueled by
resistance from the musical community; (2)
sudden, intense interest after the instrument is
used effectively or “discovered” by a musical
elite; (3) popularization by devotees (or mar-
keteers) who sell the idea that the new instru-
ment is “the best thing since sliced bread”; (4)
success or decline that probably depends on
whether people are buying bread—or baking
muffins.

Failure has occurred for a variety of reasons:
economic, sociological, musical, even political
conditions. The idealist hopes that success or
failure hinges on the intrinsic musical value of
the instrument. But history is full of examples
that indicate it ain’t necessarily so. Take Oskar
Sala’s Mixtur-Trautonium: you can make beau-
tiful music with it, but it’s hard to play! So what
else is new? Nobody promised us a rose garden!
Nobody, that is, except the majority of manu-
facturers of electronic musical instruments.
Oh, it's not a new story—it’s old—and getting
very old. Wind-up instruments have been
around for ages; but the advent of the synthe-
sizer marks the first time in musical history that
otherwise knowledgeable musicians have ac-
cepted the “free lunch” notion that somehow
the instrument can make the music.

So how does the Mixtur-Trautonium figure
in this? Trautwein’s Trautonium—the Mixtur-
Trautonium’s ancestor—broke the first “rule”
of instrument development. Since Trautwein
had colleagues such as composers Paul Hinde-
mith and Harald Genzmer who took an inter-
est, the Trautonium bypassed the initial phase
of skepticism; many compositions appeared as
early as 1930.

Nothing else stimulates the development of
a new instrument like the availability of a vir-
tuoso. That was Oskar Sala. He made a reputa-
tion as a true artist, and compositions were
commissioned for him.

TOM RHEA
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Sala & The Mixtur-Trautonium

Against the backdrop of this activity, the:

Telefunken Company started “mass-producing”
(popularizing) the instrument in 1932. The Con-
cert Trautonium was a “new, improved!” model
(in this case, it really was) with a more stable
gas-filled triode tube tone generator rather
than the older neon tube. (As the story goes,
early Trautonium players coveted their pet
neon tubes just like a bassoonist would his
reeds; they were equally temperamental.)

When it became clear that “there ain’t no
free lunch,” interest in the Trautonium waned.
It required musicianship to play the Trautonium
well; in fact, it demanded a new technique—a
near-certain death knell for a new instrument.
Telefunken gave up—Sala didn’t.

In following years, Sala rose to preeminence
due to his remarkable skills, but also by default.
He began to make alterations that led to an
expanded version of Trautwein’s ideas. In fact,
Sala’s Mixtur-Trautonjum is still undergoing
change. In addition to a general expansion of
basic circuitry, many resonant filters have been
added, along with a white noise generator, a
circuit breaker for sequencer-like rhythmic
effects, reverb, and frequency dividers to pro-
vide so-called subharmonics.

For me, Sala’s most important contribution
is his virtuosity; a model for what electronic
music might become if we should become so
reactionary as to actually use portions of our
body to control sound. My personal encounter
with Mr. Sala (Berlin, 1972) was—no pun in-
tended —electrifying. The “Wizard” —as his
associates call him—was a blur of motion with
hands coaxing touch-sensitive band manuals
and feet in constant motion on register pedals.
Here was a performer who was totally inte-
grated with his instrument. As composer Harry
Partch might have said—this was corporeal
music. His enthusiasm was so intense he would
lapse from English into his mother tongue, leav-
ing his interviewer with nothing to do but to
gasp at his technical facility.

Sala realized early that he could use the
Mixtur-Trautonium not only as a real-time (live)

instrument, but in conjunction with a tape re-
corder to create a sound studio. From an his-
torical view, this was a revelation, for it signaled
an emerging awareness of ideas that eventually
led others to the modern synthesizer. Sala’s
career epitomizes the transition from the con-
cert tradition to the sound studio capable of
creating the entire fabric of a musical work.
In 1961, Sala collaborated with Remi Gass-
man to produce music for Electronics, a ballet
choreographed by Balanchine and presented
by the New York City Ballet. Gassman’s com-
ments indicate his awareness -of the unique
position Sala and the Mixtur-Trautonium held:

The Studio Trautonium [Mixtur-Trautonium], as
designed and developed by Oskar Sala, made it
possible to use this particular electronic instru-
ment as an exclusive source of basic musical
sound. Besides, its recent development incor-
porates the complete resources of the elec-
tronic sound studio as well. Hence, in this work,
electronic sound, the virtuoso possibilities of
the electronic instrument, and the further ma-
nipulations and techniques of the electronic
sound studio, are for the first time inextricably
bound together.

Listen to Sala [on Westminster Gold, WGS-
8110, now out of print]. If performers insist on
using new instruments (e.g. the synthesizer) as
though they are older instruments—and they
do—then some credence must be given to the
concept of instrumental technique that gives
those older instruments their uniqueness.

What lessons could we learn from this epi-
sode of history? Can we make new music with-
out rnaking new musical instruments—or at
least” extending technique on older instru-
ments? Look what happens when you graft
existing technique onto a new instrument, e.g.
the keyboard synthesizer. Keyboard technique
on a keyboard synthesizer is the least exciting
thing that can happen. There is no such thing as
“synthesizer music,” anyway —only music
music. When you stop to think about this, you
realize things about music—like why a solo
voice must have nuance, vibrato, and pitch-
bending. Pure solo style doesn’t belong to any
performer—it’s not the exclusive province of a
few famous musical personalities—it belongs to
all of us.

On the other hand, what happens when
you graft new technology onto an older instru-
ment? You get the anomaly of the guitar syn-
thesizer, where you take this responsive instru-
ment and make it “drive” a dull electronic
oscillator. Voltage control technology is a se-
ductive development in the history of elec-
tronic musical instruments; but the straight-
forward adaptation of a keyboard-modeled
technology may not be appropriate for all
instruments. Let us ask whether a given new
development leads to more degrees of musical
freedom—and at what cost? Is voltage control a
step forward for the keyboardist, but a step
backward for the guitarist?

There ain’t no free lunch. Given new means,
we have to think about ends. Think. But also
practice.
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The NWDR Studio in Cologne (c. 1953). Bode Melochord at lower left, Trautwein
Monochord upper center.

HAT CAN YOU SAY WHEN ASKED, “Do you like electronic

music?” The best | can manage is, “I dunno, what are you talking
about?” Nowadays “electronic music” describes such diverse styles that
the term has become useless. Is electronic music the synthesized
orchestras of Carlos, Tomita, Fast, and Gleeson? The phase-change music
of Steve Reich? The powerful electronic “voice under control” of the
rock band? The collage/montage music of Karlheinz Stockhausen? The
trance music of Tangerine Dream or Kraftwerk? The incredibly structured
serial (tone row) pieces of Milton Babbitt?

Depending on who is doing the defining—all of the above. One
suspects that having a separate category called “electronic music” is
solely of historical interest. What is that history? Many agree that elec-
tronic music was born at a radio station in Germany in the early '50s. At
that time, an electronic music studio designed by F. Encke largely on the
basis of suggestions made by W. Meyer-Eppler was constructed at the
Northwest German Radio station (NWDR) in Cologne (Koln).

In those days the music of the Cologne Studio was called “electronic
music” to distinguish it from the so-called musique concréte produced
at the O.R.TF. (radio station) in Paris. (Musique concréte is the manipula-
tion and mixing of natural or “concrete” sounds recorded with a micro-
phone. Early musique concréte was pioneered by Pierre Schaeffer in the
late "40s using not the tape recorder but discs as the storage medium.
Only later did Schaeffer and Pierre Henry turn to the tape recorder,
adopting many known editing techniques and inventing many other
“tape techniques” such as tape reversal, splicing, tape looping, etc.) The
distinction was in the method of tone generation; but both electronic
music and musique concréte (eventually) used a storage medium (tape
recorder) as a necessary part of music making. Up to this time, although
you could choose to record a musical performance with a tape recorder,
this had no impact on the type of music being played. But electronic
music—as originally conceived—couldn’t exist without a storage medium.
So electronic music was non-real time music. You didn’t perform it in
real time, making music while people listened—while the hand of the
clock moved along. You constructed the musical fabric with bits and
pieces of magnetic audio tape over a longer period of time; the per-
formance consisted of letting the tape recorder play the composition.

But it didn’t necessarily have to be that way for electronic music.
After all, electronic music requires some sort of an instrument—even if
only a rudimentary oscillator. Nature would sing in our absence, but all
musical instruments are man-made. Those early composers at Cologne
could have elected to play electronic musical instruments into the tape
recorder; they didn’t. They chose rather to make the medium of the
tape recorder the musical instrument. Now we could stop the clock and
still make music.

ELECTRONIC PERSPECTIVES

What Is Electronic Music?

The real point of the development of electronic music is not that
electronic musical instruments make funny sounds; it is that music-
making need no longer be bound up inextricably with time. To this
extent, the tape recorder is more important than any electronic musical
instrument that has been designed (so far). When conservatives on the
music scene damn the synthesizer for taking away work, they miss the
point—look to the multitrack tape recorder.

The Cologne Studio and musique concréte mark the transition
between thousands of years of performance tradition and the new
possibility—total unity of composition and performance. The instruments
found in the Cologne Studio reflect this transitional thinking. In 1952 the
studio commissioned Friedrich Trautwein to design the Monochord, an
electronic sound producer similar in design to his Trautonium [see CK,
Apr. '79]. Trautwein’s camments reveal the distinction made between
performance and composition as envisioned then:

The Trautonium is an instrument which permits a highly artistic rendering of
music, enabling the player to give a new artistic performance each time the
same piece of music is played over again. Original music is a workshop
operation which may require considerable time. Hence, the element of
spontaneity is absent. Therefore, the design of a sound producer for original
composition need not have any special playing aids to facilitate rapid
changes of tone color and register without interfering noises. Nor were the
subharmonic mixed stops, which are characteristic of the Trautonium, in-
corporated for the time being, since the principle applied for original com-
position, namely that of superimposing recordings of several voices played
separately on a single soundtrack, permits the production of such effects.
although correspondingly more time is required.

Another instrument used in the Cologne Studio was Bode’s Melo-
chord. Its designer, Harald Bode, spans three generations of electronic
musical instrument design. His contributions will be more fully explored
in future columns.

Briefly, the Melochord was an electronic keyboard instrument with
two independent voices. A particularly interesting feature was the “step-
by-step” sound filter, which could be moved as pitch changed. This
produced “traveling formants” unlike the fixed formants of acoustic
instruments. (A formant is a region of frequencies that is emphasized; in
acoustic instruments this helps account for characteristic tone color.)

Bode’s comments once again highlight the dual role of the musical
instrument in the electronic music studio:

The Melochord, an electronic, keyed instrument with two independent
monophonic playing ranges, has been known as a normal musical instru-
ment for conventional interpretation of musical sounds for broadcasting of
plays and light music in the German broadcasting system. However, the task
of opening up an absolutely new musical field by the use of electronic
sound producers in conjunction with known instruments, aids, and methods
of broadcasting and telecommunication technique goes beyond the narrow
bounds of conventional interpretation of music. With a view to accomplish-
ing such a task the Melochord of the NWDR Cologne was developed....
The basic idea in designing this instrument was to have outside the instru-
ment the controlling apparatus for all the sound parameters which may be
represented by known aids, while the latter should contain only the ele-
ments which are characteristic of it.

These aids include above all the utilization of magnetic tape tech-
niques, both old and new, and the inclusion of [reverb].

This column is not a pitch to stimulate everyone to rush out—razor
blade in hand—and attack a can of recording tape. It is simply meant
to stimulate thought. What are we doing? | hear a lot of people who
seem to be saying, “Look, ma—I’'m playing new music by playing this
synthesizer.” All too often they are really making old music: common
harmonic practice that can be traced back to J.S. Bach, Romantic era
melodic devices, early twentieth-century rhythmic techniques. I've
got no hangup about playing old music, only about bad old music.
That’s what you get when you play old music without regard to the
performance tradition of old music: nuance—subtle distinction or
variation—is required.

Trautwein summarized this concept beautifully in 1956: “At the
same time it should be realized that a device equipped with all the
aids needed for a highly artistic rendering of music is also well suited
for use in an electronic studio and would certainly not be a dis-
advantage.”

© 1979 Thomas L. Rhea.
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P TO THIS POINT WE'VE BEEN LOOKING at some of the history of

electronic musical instruments that have arisen within the perform-
ance tradition—that is, instruments designed primarily to be played live.
What other tradition is there? Well, in recent years we have seen the idea
of synthesis introduced. The word is used to mean several different
things, but many people would agree that the ultimate in synthesis is
when the musician, rather than playing a symphony in real time, builds it
outside of real time, using multi-track tape or some other storage
medium. We've also seen a host of new instruments called synthesizers
appear on the market. How do they relate to this definition of synthesis?
Is anything you play on a synthesizer synthesis, or are you still participat-
ing in the performance tradition?

In coming months we’ll be looking at some historical synthesizers,
and also at some esoteric instruments that are still in use. As we do, we’ll
also be examining what it is that makes them synthesizers. Webster tells
us that synthesis is “...the process of composing or combining parts or
elements so as to form a whole.” With sound, that means controlling the
elements of pitch, loudness, and tone color. Is that all there is to it?

We could draw a circle by saying that a synthesizer is something that
facilitates synthesis—but what is the real crux of the matter? Throughout
most of their history, electronic music synthesizers have been designed
to give explicit control not only over the individual elements of a sound,
but often over the complete fabric of a composition as well. Electronic
music, for some, is an attempt to overcome human performance limita-
tions, allowing us to play higher, faster, and louder than ever before.
Synthesizers, musique concréte (especially such concréte techniques as
tape manipulations), and the multi-track tape recorder are all outgrowths
of this desire to extend the possibilities of music beyond human neuro-
muscular skill.

We tend to lump electronic musical instruments together in a single
category. But we need to make a fundamental distinction between elec-
tronic instruments that were designed for different or improved per-
formances, still within the concert tradition, and the synthesizer, which
theoretically has the capability of becoming part of awhole new tradition.
Specifically, we need to realize that when a performer plays a keyboard
instrument called a synthesizer in concert, he or she is not being a
synthesist in the truest sense. The use of the synthesizer often departs
from the tradition of having an ensemble of performers realize a notated
score. With synthesizers, the composer and performer can be the same
person; the need for notation—a means of communication between
composer and performer—disappears.

The composer using the synthesizer is still as dependent on time as
the performer, but now in a slightly different sense. He or she knows that
the piece will be played back in time—you can’t hear a piece of music all
at once, in a Star Trek time warp complete with frozen clocks. But the
composer now has access to mechanical and electronic aids in putting
together the eventual sequence of events in time. As Max Mathews, a
pioneer in synthesis using computers, writes:

Many tasks now done by people are best described simply by one or more
functions of time. To list only a few examples, the control of machine tools,
the control of plants such as rolling mills or [those utilizing] chemical
processes, the control of the body itself, speaking and playing music can all
be characterized by a suitable set of time functions.

Even the way musicians experience time can change. You've suffered
through a concert that seemed endless because you were bored; almost
as certainly, you’ve lost yourself for hours in your own music. Those
subjective experiences can’t be manipulated (yet!), but when you syn-
thesize, you can rewind the clock, to get rid of that clinker you played
the first time through or to add more layers of sound information than
you could play at one sitting. And it’s electronic aids that make this
possible.

ELECTRONIC PERSPECTIVES

On Synthesis & Synthesizers

Many people, when they think of electronic aids, think primarily of
the synthesizer. But isn’t it time-storage devices that are the basic tool of
synthesis? Earlier aids to music-making, which were necessarily mechan-
ical, date back to about 1000 A.D., and the invention of clockwork. The
barrel organ, music boxes, Maelzel’s mechanical orchestra, and the
player piano, all of them early time-storage devices for music, were
activated by punched paper rolls or something similar. This made it
possible to rewind time and synthesize an entire composition. Time
functions could be stored on the paper tape—frozen in time—and
played back on demand. Not unlike a record album!

It is ironic that the more modern we get, the more we seem to reflect
the past. With the imminent advent of digital control, we will have the
player synthesizer. In upcoming columns we’ll see that this is a moderni-
zation of an instrument introduced in 1929.

A second definition of synthesis (the one that got the synthesizer its
name) is the creation of a tone color. But here again, it’s not what you do
on stage that makes you an effective synthesist—it’s what you do before-
hand, outside of real time, to create the ‘instrument’ you'll be playing.
When you get on stage, you're no longer a synthesist but a performer.
It’s the confusion between these two things that has led to so much
inferior music being made using the synthesizer. People haven’t realized
that even if you can synthesize a great bass sound, that doesn’t make you
a great bass player. In order to be a great bass player, you have to play
with the nuance and style that are idiomatic to the bass. Styles character-
istic of each instrument have evolved because of the unique physical
interface that instrument offers between the musician and the sound. To
expect to duplicate all of these styles using a generalized controller such
as the keyboard of a synthesizer is the arrogance of ignorance.

Each new leap of technology brings marketing claims that promise a
larger infinity. This year the word “digital” has become magic—but it
isn’t really. I'm looking right now at a light switch that’s digital. Is digital
technology the answer for the synthesist? Nope. There is no the answer.
Let’s suppose you've just purchased your eleventy-thousand bit memory
Belchfire VIII and created an arbitrary waveform we shall call xylophony-
thump. You still have none of the unique experience that the better
xylophonythumpists (xylophonythumpers?) would use to make their
performances more expressive. This is not a putdown of digital tech-
nology, or any technology, but a reminder that life, the river, time, and
music are analog—continuous and experienced as a whole, not in pieces
as on an analog synthesizer or in bit patterns inside a computer. The best
music is made when technology is the handmaiden, not the master.

So it’s evident that the spirit of synthesis is not necessarily bound up
with the synthesizer, nor dependent on it. The desire to capture time
and store it is in this spirit—whether the music is Carlos or Carpenters.
The desire to extend, magnify, or multiply oneself through some time
storage device is a portion of this spirit, as is the desire to extend one’s
control over the parameters of sound.

If this sounds like a putdown of the new electronic marvels for music-
making, reread the column. It isn’t. It is an appeal to stimulate thought
about how to use these new instruments. Are we heading for a time in
which solitary musicians will toil away to create compositions to be
disseminated in plastic time capsules? | hope not. Music is a social art, or
at least it has been for a long time. A painter or a sculptor, in contrast,
might be bewildered by the audience that is such an integral part of
making and listening to music. So even as some aspects of the music
become time-stored, | hope we’ll preserve the fact of performing. I used
to play with symphony orchestras, and it is only since | stopped that |
have realized the profound social implications of over one hundred
people sitting down and doing something together successfully—literally,
in concert. Regardless of the type of instruments being played, it’s
important not to lose that.

© 1979 Thomas L. Rhea.
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Edouard Coupleux and Joseph Givelet with their automatic synthesizer.

Music was forced to shape for itself the material on which it works.
Painting and sculpture find the fundamental character of their
materials, form and colour, in nature itself, which they strive to
imitate. Poetry finds its material ready formed in the words of lan-
guage. Music alone finds an infinitely rich but totally shapeless
plastic material in the tones of musical instruments. There is a
greater and more absolute freedom in the use of material for music
than for any other of the arts; certainly it is more difficult to make a
proper use of absolute freedom. [ltalics added.]

O WROTE THE DISTINGUISHED acoustician von Helmholtz in 1880.
In this and future columns we’ll pursue that elusive and unfulfilled
promise of “absolute freedom” that the synthesizer has promised
for some 50 years. If Helmholtz found it necessary to warn about the
misuse of acoustic instruments, would we not be wise to consider
our use of the electronic marvels of our age? After all, electronic
musical instruments can be much more arbitrary, since they are free
of many of the physical constraints of instruments having special-
purpose resonators (e.g., trombone bell, violin body, piano sound-
board). The synthesizer’s resonator—a speaker—reflects the bidding
of its master transparently. This is to say that you don’t expect to
create gong sounds with a clarinet due to obvious mechanical limi-
tations. But we routinely expect the synthesizer to produce any
sound due to its software-oriented (programmable) resonator. This
is a b[essing and a curse, and is, | believe, the reason that the synthe-
sizer is great for complex music and often strangely inarticulate on
simple musical lines.

Historically, what is the spirit of synthesis? That a whole sound or
composition can be created through the combination or composition
of individual elements. Looking back over the millenia of music-
making, we can see that this is a radical idea. Music, like time and
life, has always been experienced holistically—in terms of interacting
wholes believed to be more than the mere sum of elementary par-
ticles. Of course, that’s still the way we listen to music, since it flows

ELECTRONIC PERSPECTIVES

The First Synthesizer (1929)

in time (most people play synthesizers that way, too).

But with electronics we can now create music in a different way.
Synthesis asks: “What makes up this totality of sound that we hear?”
The synthesist tries to answer. The synthesizer is his means of inter-
rupting time in order to rationalize about sound; often there is a
storage medium that is an integral part of this process.

Edouard E. Coupleux and Joseph A. Givelet struggled with these
problems as early as 1929, when they introduced the first synthesizer
at the Paris Exposition. Their “Automatically Operating Musical In-
strument of the Electric Oscillation Type” consisted of a set of elec-
tronic voices that were “played” by a paper-tape reader. The four
voices had LC oscillators that were keyed in a way similar to the
player piano using a pneumatic tracker bar and moving paper tape.
Holes punched in the paper tape accounted for changes in pitch,
loudness, tremolo, articulation, and tone color. In a superficial way;
this was like a player piano. But there was indeed a systematic
attempt to resolve sound into its constituent elements, unlike the
simpler type of player piano that dictates simply when and where a
key will be struck. Such a system as on the Coupleaux-Givelet is said
to be encoded. That is, a certain configuration of holes on a geo-
graphic area of the paper tells the device which parameter of sound
is to be influenced. (Parameter: Any of a set of physical properties
whose values determine the characteristics or behavior of some-
thing.) The instrument provided for some subtlety in enveloping
(shaping) the loudness and pitch. Timbre changes were effected
using an output filter (a filter does what the name implies, it removes
a portion of the sound). They also provided for tremolo, a repetitive
loudness variation that we would call a modulation. Finally, plectrum
sounds could be created for those all-important mandolin effects!

Typical of the times, control features depended on mechanical
devices. For most of the expression devices a set of bellows was
attached to the pneumatic tracker. A long row of holes on the paper
tape passing by might fill the bellows that controlled swell, or loud-
ness. The bellows acted to change the distance between two induc-
tances (coils) in order to induce different voltages, consequently
changing various sound parameters.

Although little was heard of this instrument following the Expo-
sition, it established an archetype for instruments that followed. The
critical element in the design remains the storage medium, in this
case the paper tape. The parallel to the memory of the modern
digital computer is apparent, right down to the digital nature of the
information on the paper tape (a binary system, having only two
possible states—punched or not punched).

Marshall Mcluhan,
media sage, says that the
medium is the message,
not that it merely shapes
the message. It seems
fairly apparent that cer-
tain musical values are
shaped by the possibil-
ities inherent within any
given instrument. All in-
struments will eventually
be seen to have their
freedoms and their limits.
There is no The Answer,
present marketing claims
of “infinite control” not-
withstanding.

Patent diagram for the Coupleux-Givelet synthesizer.

© 1979 Thomas L. Rhea.
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OHN HANERT DEVELOPED an elaborate

coded-performance instrument in 1945 for

the Hammond Organ Company that may
rank as the first complete synthesizer. How-
ever, this Apparatus for Automatic Production
of Music bore little relation to the modern
voltage-controlled synthesizer, and should not
be considered a direct ancestor. The instru-
ment, also known as the Hanert Electrical Or-
chestra, involved an unusual adaptation of
principles used in coded-performance instru-
ments. Hanert reversed the typical design in
which a stationary reader eats a paper tape. In
Hanert’s design, a sixty-foot-long table held
paper cards on which graphite marks capable
of conducting electricity could be made. The
“reader” was a scanning apparatus mounted
on a motor-driven carriage fitted with flanged
wheels, and this carriage was moved over the
notation cards. Pairs of brushes then made
contact through the medium of the conductive
marks on the cards, keying and controlling an
entire room full of circuitry. A second scanner
was incremented by this arrangment to control
overall volume, tone color, and other functions
of similarly long time base.

The Hanert Electrical Orchestra was a com-
plex instrument, featuring octave coupling;
generation of percussive sounds such as xylo-
phone, piano, drums (using a random fre-
quency generator similar to the “noise” source
on a modern synthesizer); complex timbre
control; and rubato control, with accelerando
and decelerando accomplished by changing
the speed of the carriage motor. While the
mode of operation may seem bizarre, it did
offer certain advantages. In the first place, you
could hear any combination of pitches, loud-
nesses, tone colors, etc., by moving the scanner
past appropriately notated cards. Editing pre-
sented no problem whatsoever, since the con-
ductive marks could be made with a graphite
pencil—and as easily erased. Entire cards,
which were approximately 11” by 12, could be
replaced if necessary. Using these techniques,
the composer or arranger could try many dif-
ferent combinations easily; furthermore, com-
positions could be stored or worked on inter-
mittently.

Hanert’s comments sound remarkably simi-
lar to some used today in support of electronic
music:

The composer ultimately usually has but
slight control over the instrumentation em-
ployed by the orchestra and it is only after...
tedious and time consuming steps have been
taken and the orchestra ultimately [has ren-
dered] the composition that the composer can
actually audition his composition.... It is sel-
dom that a recording represents the closeness
to perfection which is anticipated by the com-
poser and conductor....

In the method and apparatus of this inven-
tion the composer, arranger, or conductor has
at his command means for controlling the qual-
ity of each note, its intensity, [its] intensity
envelope, [and] the degree of accent, duration,
and tempo without necessarily affecting any
other note or tone of the composition. He thus

TOM RHEA
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The Hanert Synthesizer (1945)

Hanert’s card scanner in operation.

has under his control, within the limitations
imposed by the apparatus as a whole, facilities
for producing, under his sole control, any of a
substantially infinite variety of renditions of a
composition. [ltalics added.]

The final comments underscore Hanert’s desire
to construct a system of composing to give the
composer control over the complete fabric of
a musical composition. To a certain extent this
sentiment has shaped the development of
more modern synthesizers. Hugh LeCraine,
himself a pioneer in electronic music, assessed
Hanert’s instrument this way:

The operation of Hanert’s electronic music
synthesizer was based upon the breakdown of a
tone into characteristics such as frequency, in-
tensity, growth, duration, decay, portamento,
timbre, and vibrato.

To this extent, a synthesizer is a synthesizer
is a synthesizer. And, indeed, Hanert’s could
be played from a keyboard just as our modern
instruments can. But the crux of the matter is
that Hanert’s device was a composing system
whereas our devices have evolved primarily as
instruments—things to be played. It's impor-
tant to make this distinction, for this is the root

Card scanner and cards.

of a lot of questionable use of the modern
synthesizer. To use the synthesizer as an instru-
ment—in the flow of several centuries of in-
strumental tradition—and to remain ignorant
of that tradition is to court disaster. The ear
does not exempt us from that tradition because
we happen to be playing an electronic instru-
ment. The solo line devoid of nuance such as
vibrato, pitch deflection, and phrasing is not
necessarily “new” music—often, it’s second-
rate old music. “Polyphony” that does not take
into account the individual iine becomes mere
chord playing.

Designers of synthesizers have been slow
to accept the idea that they are actually design-
ing instruments. It is tempting to say that the
age of synthesis is dead (so few people are
doing it). But the current diversity of mono-
phonic and polyphonic electronic musical in-
struments in the marketplace signals the real-
ization that a musician needs a musical instru-
ment when he or she performs—not a general-
purpose sound maker. Before electricity, music
making was necessarily a physical experience.
With electronics it doesn’t have to be so, but
I’'m willing to bet it will stay that way in the
mainstream. A musician’s hands will never go
out of style.
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MANY ELECTRONIC MUSICAL INSTRUMENTS have been invented
due to the interest and curiosity of those outside the music
industry. In a few cases, however, instruments have been built
expressly to realize specific goals of an individual composer. This was
the case with the Grainger-Cross Free Music Machine, designed in
1944 by Percy Grainger and a scientist named Burnett Cross.

Most people, musical or not, know Grainger as a composer of
innocuous music such as “Country Gardens.” Few are aware that
Percy Grainger was not only a concert pianist of the first rank, but
one of the most radical experimenters as a composer.

In 1899, when Grainger was seventeen, he began to formulate his
ideas about the pitch and rhythmic limitations of Western music. His
first experiments with “beatless music” took place in that year; he
defined this as “music in which no standard duration of beat occurs,
but in which all rhythms are free, without beat-cohesion between
the various polyphonic parts.”

Like many of us, Grainger didn’t quit his “day” job, and produced
many works that were diatonic, rhythmically four-square, and tradi-
tional in harmony and texture. But all the while he was sketching
compositions with impractical complexity—polyphony of twenty
parts, with as much rhythmic complexity as conventional notation
would allow. His Love Verses From The Song Of Solomon (1899), for
voices and chamber orchestra, contains meter shifts in such patterns
as: 2/4, 2',/4, 3/4, 2Y,/4, 3/8, etc.

Grainger’s experiments with such techniques as irregular barring
and polychordal combinations did not satisfy his preoccupation with
“free music.” In Grainger’s definition, this was a music that was not
only beatless but free from the bondage of scales and fixed pitch
intervals. Free music implies no discrete pitches, but total flexibility
of pitch control from the tiniest microinterval to the widest leap, a
music of curves rather than lines.

Given this preoccupation, it was inevitable that Grainger would
be attracted by instruments capable of a true glissando or porta-
mento. He experimented with Theremin’s stepless pitch instrument,
but felt it offered only a partial solution to the problems in the
production of free music. Perhaps even more inevitable was Grain-
ger’s realization that his music wasn’t humanly possible; like a
number of others he turned to mechanical/electronic means to
realize his compositional ideals.

In about 1944 Grainger began to collaborate with a scientist
named Burnett Cross. They developed several “composer’s ma-
chines” for the production of Free Music. Comments by Cross make
a fundamental distinction between the Free Music Machine and
electronic musical instruments such as the Theremin, Ondes Mar-
tenot, and Trautonium, all of which are derived from the perform-
ance tradition:

We did not spend time developing features that would be of secondary
importance to a composer. Grainger wanted a composer’s machine, not
one for the concert hall. As he said, he wanted to hear in actuality the
sounds he had heard in his mind for many years, to determine whether
they had the effect he imagined, and to adjust them accordingly.

The machine had to be able to perform complex irregular rhythms
accurately, rhythms much too difficult for human beings to execute. It was
to be free of the limitations of the human performer, of what Grainger
called “the tyranny of the performer.”” Of course dynamics were to be
precisely controlled as well.

And tone color control? Cross describes one model as having “a
reedy and not unpleasant tone quality.” Although a wide range of
tone colors could have been produced by manipulating the elec-
tronic circuitry, Grainger showed little interest. As Cross states:
“Command of pitch, duration, and intensity were what he wanted,
the quality was unimportant.”

The first machine had two parts: a set of electronic oscillators,
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The Grainger-Cross Free Music Machine
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Drawing of the “kangaroo pouch” paper roll used to control pitch and
loudness on the Grainger-Cross Free Music Machine.

each with a pitch range of about three octaves; and an incredible
mechanical means of controlling these oscillators. The score was
written in graph form, with rising and falling curves of various
depths, with separate “channels” for pitch and loudness. This score
was fed from a “feeder” to an “eater” roller, so as to move the score
in time. The score—80 inches tall—consisted of light brown wrapping
paper onto which various “kangaroo pouches” were attached to
provide a channel in which a “towered disc” might ride. As the
score moved by, the disc rolled along in the channel formed by the
continuous kangaroo pouch. The top edge of the kangaroo pouch
was cut into hills and dales as dictated by the desired musical results.
Attached to the towered disc was a control rod that mechanically
tuned the electronic oscillator. Separate kangaroo pouches were
provided for eight oscillators—with separate loudness control—in
one model.

Richard Franko Goldman commented, in 1955, on Grainger’s
intentions, and uses of the instrument:

Grainger emphasizes that his whole concept of “free music” is evolu-
tionary, and that it has a direct connection with existing music, which it is
intended to supplement and extend. To illustrate his thesis he is at present
writing graphs for selected passages from Wagner, Grieg, Scriabin, and
other composers. Among the graphs are also excerpts from Cyril Scott’s
Quintet which employs gliding chords, and Arthur Fickenscher’s From
The Seventh Realm. Of his own compositions, Grainger has so far graphed
only a few experimental sketches.

He insists also that this electronic realization of his very early hopes is
not an end in itself; it is a possible adjunct to note-composition and live
performance, but not a substitute.

Next month we’'ll take a look at the fate of the Free Music
Machine.
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N THE PREVIOUS COLUMN we introduced

Percy Grainger’s visionary concept of “free
music,” with beatless meter and flowing pitch.
Burnett Cross began collaborating with Grainger
in 1945, and this collaboration continued well
after Grainger’s death in 1961, with a beautiful
restoration of some of the Free Music Machines
in 1975.

The first “kangaroo pouch” instrument [see
CK, Oct. '79] suffered from some flaws due to
technology that had not yet matured. Cross
said: “Trying to achieve stability with a vacuum
tube circuit was a maddening and unsuccessful
task. The vacuum tube model [kangaroo pouch
model] turned out to be a very sensitive device
for detecting changes in the characteristics of
vacuum tubes by means of changes in a musi-
cal scale.”

Cross built a second transistorized model
that solved this and other problems. Like the
first model, this Free Music Machine read nota-
tion graphed on a moving medium. On this
machine the pitch control graphs and volume
control graphs were painted on appropriate
bands on a five-foot-wide roll of clear plastic.
Black plastic ink was used, and immediate re-
sults could be obtained by sliding the freshly
painted graph over pitch and volume control
slits. According to Cross, you could hear the
pitch being formed as you painted on the plas-
tic directly over the pitch control slit. Since the
plastic ink was water soluble, mistakes could
simply be washed away.

The improved Free Music Machine was a
photoelectric instrument. As the pitch control
graph moved over a pitch control slit, it modu-
lated or varied the amount of light entering
the slit. This light was reflected into a photocell
using a curved mirror. The mirror was made of
hand-beaten copper coated with chrome. The
photocell controlled the frequency of a tran-
sistor oscillator, producing a “...reedy and not
unpleasant tone quality.” An increase in light
raised the frequency, a decrease lowered it.
Total darkness produced the lowest pitch of
the oscillator. Volume was controlled in a simi-
lar manner.

Although Grainger espoused completely
continuous pitch, it is interesting to note that
tuning of discrete pitches was a possibility. This
was done by placing a filter holder with “tuning
sticks” over the pitch control slit. By sliding
pieces of exposed photographic film of differ-
ing densities into a filter holder, the amount of
light reaching the pitch control slit could be
roughly controlled and the effective range of
that oscillator was established. Then by moving
tuning sticks placed parallel to the tuning slit
in or out, the effective width of the slit could
be varied, creating scale steps. It was possible
to distribute “reference points” in pitch (a
scale) along the length of the pitch control slit.
The narrower these tuning sticks, the smaller
the steps—hence, microtones.

The whole contraption was run with spot-
lights powered by alternating current, but there
was no hum. Apparently, according to Cross,
the filaments of the spotlights were too massive
to transmit the 60Hz of standard line current.

TOM RHEA
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Burnett Cross, Designer Of Free Music Machines

The “feeder” and “eater” rollers—so named
by Grainger—holding the score were mounted
on skate wheels, which allowed roller move-
ment to compensate for irregularities in the
plastic score. As with any such system, pitch
(and loudness) would not be affected by the
speed at which the score was played—unlike
the tape recorder. Compositions could be
played in slow motion without pitch distortion.

Percy Grainger died in 1961, probably never
having fully realized his dreams of a Free Music.
But our story doesn’t end there. When Burnett
Cross went to Australia to attend Grainger’s
funeral, he was contacted by several people
who expressed an interest in documenting
Cross’s collaboration with Grainger. Later, Pro-
fessor George Laughlin of the University of
Melbourne invited Cross to the Percy Grainger
Museum (Kay Dreyfus, Curator) to actually
reconstruct several of the Free Music Machines
and put them into working order.

In 1975 Burnett Cross was awarded a Ful-
bright Grant to spend a month in Australia.
During that time he restored several of the
early instruments. The first Grainger referred
to as “the reed box tool,” a reworked Estey
reed organ with microtonal tuning (a normal
semitone was divided into four equal steps).
Grainger described it as:

...a kind of giant mouth organ played from per-
forated wrapping paper rolls (4 rolls, each 36
inches wide) with 4 different divisions (in pitch)
to the half-tone. Thus there are 4 different C’s, 4
different C#’s, etc. One way of realizing tone
strength controls on this instrument is to increase
the number of close intervals sounded together.
...The closeness of the intervals (eighth-tones)
produces the impression of a glide, especially
when there is overlapping of intervals.

According to Cross, the restoration is incom-
plete since some of the reed boxes are now in
the possession of the Smithsonian and the
Library of Congress.

In addition, Cross undertook and completed
the formidable task of reconstructing the “kan-
garoo pouch” instrument (see photo). Of this
task he says:

| took the precaution of bringing with me some
photographs...that showed a lot of details of the
kangaroo pouch machine particularly. If they
hadn’t been there, | don’t think | could have
done the job, because when | got to the Museum
they had laid out the pieces of the Free Music
Machine on long tables. And I looked at these
tables and looked at the pieces and thought:
“Good God, I've never seen any of this before!”
1t took about a month to finish the job; I was just
able to get it done in time. It could be played
now.

I asked Burnett Cross what he thought
about the idea of an exposition of electronic
art forms, particularly electronic music and
instruments. He responded:

Well, of course that’s exactly what one needs.
As time goes by, it will become more and more
valuable. Electronic music has made no impres-
sion [on most people] at all. They probably think
of electronic music as a kind of a novelty thatisn’t
going to last. Of course it’s going to last! Like

somebody who looked at the electric motor a
hundred years ago and said it was a mere scientific
toy! Or the radio, or whatever you like. | would
be surprised if someone did say that you have to
have such a museum of electronic instruments,
because it's too early yet for people to appre-
ciate that somebody should start collecting elec-
tronic instruments and putting them in order,
and trying to make some kind of sequence out
of them.

Certainly | believe in this idea; Burnett
Cross does too. Are some of you out there
ready to help?
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Warbo Formant Organ.

OST POLYPHONIC ACOUSTIC keyboard

instruments share a common character-
istic: There is an individual resonating element
—string or pipe—for each key. Musical intui-
tion also tells us that the timbral characteristics
for a given rank of resonators must be homo-
geneous, or similar in tone quality. Otherwise,
the instrument would have to be restrung/
revoiced to anticipate each musical passage
having different voice leadings and orchestra-
tion. The pipe organ offers some latitude due
to its ranks of pipes and multiple manuals, but
the problems raised by heterogeneous—
differing—voices on the same manual are
apparent. This type of polyphony must be
reserved for an ensemble of performers who
play, at any given time, instruments of dedi-
cated tone color.

Electronics makes it possibie to break the
first dictum for the keyboard. Now we can
produce limited polyphonic instruments having
four, five, six, eight voices—that is, a keyboard
that has fewer resonating elements (tone gen-
erators) than it has keys. But such an instrument
must have an assignment system to tune each
generator to the appropriate pitch at a given
moment. The designer establishes rules for
assignment based on geographic considerations
or time considerations. A time system gives
priority to keys according to the order in which
they are depressed. For example, one possible
time-priority rule might be stated, “The first
generator is assigned to the first key depressed,
the second generator to the second key. If the
first key is released and then a third key is de-
pressed while the second key is still being held,
the first generator is assigned to the third key.”

A geographic system has rules concerning
the position of notes relative to one another:
“The first generator is assigned to the highest
key depressed, the second to the next highest,
and so forth.” The example is again arbitrary.

On either kind of system strange things can
happen when more keys are depressed than
the instrument has tone generators. The extra
note may not sound, or it may sound at the
expense of “robbing” the tone generator from
a previously depressed note. Which note? The

The
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Harald Bode’s Four-Voice Assignment Keyboard (1937)

designer decides.

One might try to simplify the problem logi-
cally: “It’s a four-voice instrument; just don’t
play too many notes!” But in the empirical
world of experience and observation many
discrepancies occur—legato overlap, the im-
possibility of striking all members of a chord
simultaneously, inexact release times, and so
forth. These problems are further compounded
when you have a long release time on the
voices. When is a voice through? Does “rob-
bing” cause the note to suddenly disappear
when you make a keyboard slip? One might
conclude that ten voices would be enough.
What about arpeggiated passages such as play-
ing with the sustain pedal down on the piano?

If this is making your head spin, consider
the complications when electronics lets us
break the second dictum of polyphonic key-
boards and have heterogeneous, or different
tone colors on the same manual! This idea is
particularly tantalizing, for the implication is
that the keyboardist will become an orchestra
of performers. He won’t. How can a keyboard
anticipate voice crossings? How can ten fingers,
two feet, and one mind provide the many
nuances of ensemble playing? The movement
of current manufacturers of assignment instru-
ments toward a more complete polyphony and
homogeneity of voices is as strong as it is
predictable.

Voice assignment mechanism diagram for the Warbo
Formant Organ.

Few people are aware that the assignment
instrument is over forty years old. Harald Bode
struggled with these problems in the mid-30s.
In 1937 he produced—in collaboration with a
musician named Christian Warnke—the Warbo
Formant Organ. Warbo is an amalgam of their
names; it was called a formant organ because
it used a set of formant filters to produce strong
tone colors (see CK, Apr. '79 for a discussion
of formants).

A schematic reveals that the Warbo For-
mant Organ had a geographic assignment sys-
tem to distribute four voices. The diagram
shows four keys depressed (T, through T,) and
a high-key priority. That is, when a single key
was depressed it was assigned to the highest
tone generator channel K,. When a second
key was depressed, the next highest channel
was activated. and so forth. The highest four
keys would sound if a multitude of keys were
depressed—regardless of their order of entry.
This meant that new key entries might be dis-
regarded, or might displace other voices: If
four keys were held and a fifth key was played

lower than those four it would not sound; if
four keys were held and a fifth depressed
higher, the “new” four-highest notes would
play and the lowest key, though still held
down, would no longer sound.

Bode was well aware of the musical impli-
cations of his assignment system. He installed
(on the far left) a column of four switches used
to route voices through either of two tunable
filters. The photograph shows voices 1, 2,and 3
routed to the first filter, and voice 4 routed to
the second filter. Very different tone colors
could be applied—in this case—to a bass/
accompaniment configuration.

Bode’s dual filter scheme came from his
concept of “complementary tone colors.” In
optics, complementary colors have spectra that
do not overlap but are mutually exclusive. The
analogy in sound is made apparent by the graph
below: the peak of one filter coincides with
the notch (dip) of the other. Two distinctly dif-
ferent tonal colorations result. Of course, when
playing through such a fixed filter, one has to
avoid pitches that correspond to the notches,
since these will have a weak sound. Bode pro-
vided separate pedals that were used to control
the volume of the two filters—hence of the
separate voices.
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Tonal characteristics of a pair of filters tuned to
emphasize complementary spectra.

One of Bode’s favorite filter selection
schemes was to assign voices 1and 3 to the first
filter and voices 2 and 4 to the second. If you
held four keys and then raised only the highest,
the three remaining notes would shift up one
channel (remember, the highest note is played
by channel one, and so forth). If the filters
were tuned to radically different or comple-
mentary tone colors, there would be an inter-
esting effect as common tones in chord changes
would switch from one channel—and hence
one filter—to the other.

The Warbo Formant Organ had no memory
device in the keyboard, so notes could last
only so long as they were depressed. There
were no long release times a la the modern
synthesizer. But a variety of envelopes were
available, and it was possible to play one voice
percussively while the other sustained.

It doesn’t take much imagination to see the
similarity between the Warbo Formant Organ
and today’s limited-polyphony synthesizers.
What is ironic is Bode’s spirit of inquiry into
experimental voicings and their expressive
control as early as 1937. The last card has not
fallen on the possibilities for this kind of in-
strument.

_
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