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11E.~TRClNIL PERSPEGTf'VES 
The Neo-iBechstei n EiectricPiano 

The electric guitar-on-a-slab-of-wood 
found in today's rock band has a vibratory 
tone generator. This involves the translation 
of mechanical or acoustical vibration into an 
electrical signal that can be processed by 
electrical circuitry and turned into sound by 
a loudspeaker. Keyboards in use today that 
have a vibratory tone generator include the 
Wurlitzer and Rhodes electric pianos and 
the Hohner Clavinet. 

The roots of these instruments can be 
traced to 1884, when the German Ernst lor­
enz built an instrument using the principle 
of self-maintained vibration typical of elec­
tric door buzzers. Upcoming columns will 
explore this history. 

We call the device that translates me­
chanical energy into an electrical signal a 
pickup. There are two basic kinds of pickups: 
contact and proximity. A contact pickup is 
directly attached to a vibrating element, for 
instance the sounding board of an acoustic 
piano (the FRAP pickup is of this type). A 
proximity pickup (e.g. the Helpinstill) is 
placed near the vibrating element, but 
doesn't touch it. This is typical of most 
electric guitars and the Wurlitzer and Rhodes 
electric pianos. 

The contact pickup grew out of radio 
microphone technology. Oskar Vierling, the 
preeminent European designer of early vi­
bratory instruments, pointed out: 

After the amplifier and microphone were de­
veloped so that the sound of instruments could 
be satisfactorily produced, the thought was 
immediately obvious to provide musical instru­
ments with such arrangements. F.e. Hammond 
was the first to put this idea into practice [about 
1921] and thus establish a new direction in 
the development of the electrical musical 
instrument. 

In 1926 Fred Roehm and Frank Adsit 
developed the Radiano, a contact pickup for 
the piano, and touted its advantages over 
use of the ordinary microphone in the radio 
studio: 
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Reproduction of piano tones has been one of 
the major problems confronted by broadcast 
engineers. No matter how fine the adjustments, 
even with a specially built piano, it has not been 
possible always to eliminate the excessive vibra­
tions, sometimes resulting in a tinny sound. 
These difficulties are entirely eliminated by the 

Radiano. There is no metallic sound, no micro­
phone roar, and all tones and overtones which 
hitherto have escaped fidelity of reproduction 
are distinctly audible. Demonstrations are said 
to have shown it capable of tremendous volume 
without distortion. 

It is probable that most of the early contact 
pickups were more an attempt to extend 
broadcast fidelity than to create new 
instruments. 

Roehm had outlined some of the eco­
nomic reasons for the development of the 
Radiano: 

Our device is eagerly sought by the piano 
manufacturers because the basic patents on 
the self-players are about to expire and soon 
will be adopted by anyone who cares to use 
them. The industry has been searching vainly 
for something new to stimulate piano sales and 
to counteract the increasingly severe inroads 
being made by radio and the improved talking 
machine types [phonographs]. 

But the contact pickup didn't create a funda­
mentally new instrument capable of revital­
izing the slumping piano industry. It is ironic 
that as these pickups were improved, they 
more faithfully reproduced the actual sound 
of the instrument to which they were at­
tached, instead of creating new instruments. 

Clearly, designers would have to turn 
elsewhere for a new instrument. Proximity 
pickups were soon developed which held 
more promise for the beleaguered piano 
industry. Proximity pickups were of two basic 
types, electrostatic and electromagnetic. In 
this month's column we'll focus on the elec­
tromagnetic type. This type of pickup fea­
tures a permanent magnet or an electromag­
net placed close to a stretched steel string (as 
in a guitar or piano). A coil with a soft iron 
pole is also mounted near the string. When 
the string vibrates at a certain frequency 
(pitch), it induces a voltage of corresponding 
frequency across the coil. This signal can be 
translated into a sound with the same pitch. 

Much of the development of the electric 
piano with electromagnetic pickups was car­
ried out in Germany. In 1931, Hiller con­
structed the Radiopiano, using a series of 
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electromagnets placed over the strings of an 
acoustic piano. The first demonstration took 
place at the Norag Broadcast station in Ham­
burg. little is known of the instrument's 
subsequent history. 

At about the same time, the Bechstein 
piano company introduced the Neo-Bech­
stein, an electromagnetic piano designed by 
Oskar Vierling and Walter Nernst, a Nobel 
Prize winner in physics. Typical of electric 
pianos of the era, the Neo-Bechstein had no 
soundboard. A soundboard simply isn't 
necessary unless one wishes to radiate 
airborne sounds from the strings. The strings 
of the Neo-Bechstein were divided into 
groups of five and a small electromagnet was 
provided for each group. 

Since there was no soundboard to cause 
dissipation of energy, the strings were re­
quired to vibrate only slightly. They could 
therefore be shorter, lighter, and under less 
tension than in the normal piano. Double 
strings were used only in part of the middle 
register, and triple ones not at all. All of this 
implies a lighter framework and a lighter 
hammer, which in turn implies some poten­
tial problems for the performer. Fortunately, 
Nernst resolved the problem by providing 
hammers of the usual weight to be struck by 
the performer. These heavy hammers struck 
not the strings but a nearby rail; the impact 
drove a "micro hammer," perhaps one­
twentieth the weight of a normal one, up to 
hit the string itself. 

This design caused some interesting musi­
cal possibilities. One reviewer noted that 
"". the tone is purer [fewer high partials] 
owing to the reduced amplitude of the vi­
brations. And since the strings lost very little 
energy due to the absence of the sound­
board, their damping was greatly reduced. 
Bass strings could sustain for up to sixty 
seconds. This in conjunction with the use of 
a volume pedal opened new organ-like 
possibi lities." 

The design of the Neo-Bechstein made it 
similar in some ways to the clavichord of 
Bach's time. Vierling explained the parallel: 

In instruments with little vibration, the damping 
is relatively small, since the reflection plays an 
insignificant part. The tangent piano [clavi­
chord] was therefore already equipped with 
special dampers which could be applied to the 
strings by means of a stop pull, the so-called 
"lute stop." These dampers had the effect, in 
addition to reducing the duration of the echo 
sounds, of pleasantly influencing the timbre. 
Nernst also had built this contrivance into his 
grand piano [Neo-Bechstein]. This becomes 
even more effective through the electric 
amplification. 

In a curious note, the Neo-Bechstein 
speaker cabinet incorporated an "electrical 
gramophone" [phonograph] and a "wireless 
receiver" [radio]. This was a typical arrange­
ment on electric pianos well into the Forties. 
Perhaps the piano industry concluded, "If 
you can't beat 'em, join 'em!" Next time, 
more on the early electric piano. 
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ELECTRONIC PERSPECTIVES 
Benjamin Franklin Miessner (born 1890) is 

a central figure in the development of the 
electric piano. His early career was in radio 
and electro-acoustics. In 1909 he developed 
an improved "cat whisker" detector used in 
crystal radio sets. In the '20s he pioneered 
the totally electric phonograph for the 
Brunswick Phonograph Company. Later he 
produced for the Garod Radio Company 
some of the first radios powered byalternat­
ing current. Many of the important names in 
the industry, including Stromberg-Carlson, 
Federal, Zenith, General Motors, Crosley, 
and Howard, were licensees for his radio 
patents. 

In 1930 Miessner set up his laboratory in 
Milburn, New Jersey, and began to electrify 
every conceivable instrument-even kettle­
drums and the harmonica! His interest in the 
electric piano was stimulated by his brother, 
Otto Miessner, a noted music educator. Otto 
Miessner dreamed of a piano suitable for 
music teaching that would be portable, in­
expensive, and aesthetically pleasing. As 
Benjamin Miessner laughingly told me, 
"Otto wanted me to make an electronic 
piano that you could sell for ten dollars!" 

Benjamin Miessner's work with the elec­
tric piano evolved in several phases. Initially 
he tried just about everything that would 
vibrate-reeds, tuning forks, rods, and bars. 
He found that most of these lacked the 
harmonic structure needed for piano-like 
tones. Special hammer-struck string arrange­
ments were tried, but required too-frequent 
tuning. Miessner then turned to conven­
tional pianos with the soundboard cut away, 
and tried a variety of proxi mity pickups. 

Miessner's first commercial model-the 
Electronic Piano-was introduced in the 
early '30s. He described it: 

My Electronic Pianos use no sound board, but 
the strings do bear on a bridge supported by a 
skeleton structure of ribs. My piano strings are 
supported in these respects as in a conventional 
piano, but the sound-radiating efficiency is 
vastly reduced. My purpose is to subdue the 
direct mechanically produced tone, and to 
provide instead electronic apparatus for tonal 
development of the string vibrations. These 
electrostatic pickup devices do not respond in 
the least to air-borne waves. They do, by their 
proximity to the strings, translate the string 
vibrations into corresponding electrical vibra­
tions which are amplified and reproduced 
electrically. 

Miessner's Electronic Piano had a separ­
ate pickup for each of the 88 string groups. 
An electrostatic pickup of this type has a 
screw or other small conducting object 
mounted near the string that is to be set into 
vibration. The screw and string comprise the 
plates of a small capacitor. A polarizing volt­
age is applied to each screw through a filter 
network. When a string vibrates, the capaci­
tance between the string and screw varies. 

B. F. Miessner's Electronic Piano 
This is translated into a varying voltage that 
can be amplified and translated into sound. 

Miessner explored and used the general 
characteristics of a vibrating string in order 
to alter timbre and voicing and to provide 
envelope control. By placing pickups at spe­
cific points along a vibrating string one can 
select and mix various partials to produce 
various tone colors. Dynamic voicing in­
volves placing each pickup at an appropriate 
distance.trom its string group, thereby alter­
ing the strength of the vibrations received. 
Envelope control is achieved by placing 
pickups at various angles to a string. When a 
string is struck, it first vibrates in the direction 
of the striking force; a short time later it will 
also begin to vibrate on a plane perpendic­
ular to the original vibration. By picking up 
and mixing vibrations on several planes, one 
can control the attack charaderistic. This 
makes it possible to imitate non-percussive 
instruments. Such imitations are also facili­
tated by the 10llger sustain time of the strings 
when no soundboard is present to dissipate 
energy. 

Miessner pointed out that many instru­
mental timbres would be made available by 
proper placement of the pickups. He also 
supplied treble and bass controls on his Elec­
tronic Piano for further tone color alteration 
(see photo). Miessner was aware of a more 
subtle way of influencing timbre: 

Further variation in tone is provided in the 
volume control, with which the performer can 
set the maximum sound power obtainable, but 
leaving to him still complete dynamic control 
over individual tones through keyboard touch. 
Some interesting effects result from its use. For 

B. F. Miessner (standing) with his Electronic Piano. 
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example he may set his amplification weak and 
play with fortissimo touch on the keyboard. 
This produces brilliant tones but at low power. 
Conversely, he can set his amplification strong 
and play with pianissimo touch, which produces 
dull tones at high power. [In the case of acoustic 
instruments] these two characteristics of quality 
and power simply cannot be dissociated from 
one another and separately controlled. But with 
electronic tone production principles there is 
not the slightest difficulty in doing this. [Italics 
added.] 

Here Miessner pointed out a fundamental 
difference between acoustic and electronic 
instruments. Prior to the age of electricity, all 
musical instruments had been characterized 
by integration of sound properties. For in­
stance, the trumpet has a built-in relationship 
between timbre and loudness: soft sounds 
tend to be mellow and loud sounds are 
brilliant. You just can't tear instruments made 
of metal and wood apart easily to afford 
independent control over sound properties. 
But electronic technology revolutionized 
this concept. For instance, screaming-loud 
trumpets can be recorded and reduced to a 
low level in the final mix. In this case we can 
override the physical tendency of the instru­
ment and create a brilliant but quiet trumpet 
sound. Maybe this is what early composers 
were trying to achieve when they wrote 
"offstage" trumpet parts! 

Of course this movement toward segrega­
tion of the control of sound properties natu­
rally leads us to the synthesizer and the com­
puter. Viewed in this light, "computer music" 
has more implications in the production of 
sound than as a surrogate for performance 
technique. That is, perhaps the most fruitful 
use of computer technology will be to assist 
the performer rather than to replace him! 

Miessner's early contribution to all of this 
was received warmly. In February 1932 he 
and pianist Anton Rovinsky gave a demon­
stration of the Electronic Piano before the 
American I nstitute of Electrical Engineers. 
The session, entitled "The New Music of 
Electrical Oscillations," also featured the 
Rangertone Organ (see my column for Apr. 
'77), and Professor Theremin's "ether wave" 
i nstru ments. 

In February of the following year, 
Rovinsky presented a complete recital at the 
Aeolian Hall in New York. The program 
included music by Bach, Scarlatti, Chopin, 
De Falla, Debussy, Ravel, Tedesco, and 
Rovinsky. Each selection was followed by a 
comment on the timbre such as "suggesting 
a mixture of clavichord and oboe tone." 
Later appearances included a Carnegie Hall 
Program with Ferde Grofe and his Orchestra 
in 1937, and a program of "Music and 
Electricity" presented before the League of 
Composers in 1938. 

In my next column we'll explore the 
legacy of Miessner's Electronic Piano. 



After B. F. Miessner pu~ the finishing 
touches .on his Electronic Piano in 1932, he 
began licensing almost all of the electric 
piano industry for the next two decades. His 
patents were the basis of the Minipiano by 
Hardman, Peck, and Co., the ·Electone (c. 
1938) manufactured by Krakauer Brothers 
under the supervision of Maurice K. Brets­
felder, the Dynatone (c. 1945) by the Ansley 
Radio Corporation, the Story tone by Story 
and Clark and the Bernhardt Electronic 
Piano, a Canadian licensee. 

Naturally these pianos shared design fea­
tures with Miessner's Electronic Piano of 1932 
(see CK, Feb. '78, for details). Each had a 
standard piano action, strings, and keyboard. 
However, the sound board was eliminated 
and electrostatic pickups, amplifiers, mixers, 
and loudspeakers provided electrical pro­
duction of typical percussive tones. In some 
models additional circuitry allowed altera­
tion of tone characteristics to produce non­
percussive sounds. Many of these pianos 
were designed for the home market; they 
included radios and phonographs. Some 
newspaper announcements emphasized 
these features-the "furniture" aspect of the 
instrument. We read about the Dynatone: 

The turntable for the phonograph is placed 
on a sliding tray at one side of the piano. When 
this is not in use it slides into the piano like a 
drawer and forms an integral part of the design. 
The radio controls are concealed behind a 
panel matching the drawer on the other side. 
The result is a graceful piece of furniture. No 
one would guess, to look at it, that it holds so 
much. 

For musicians who like to hear the piece 
they are trying to perfect played by an expert as 
they practice this machine should help. One 
could have a recording of a difficult passage at 
one's elbow to play on the phonograph for 
inspiration at the piano. 

While manufacturers aimed their promo­
tion toward the home market, professional 
musicians provided many actual sales. Elec­
tric pianos enjoyed a flurry of use in the late 
'30s and '40s. For instance, the Krakauer Elec­
tone was used in Cracraft's "All Electronic 
Orchestra" about this time. That's right­
in 194O! Cracraft used this electric piano, the 
Hammond Novachord (a vacuum-tube poly-
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phonic instrument), and electric violins, gui­
tars, 'celli, and even kettledrums described 
as a "small unit not more than a couple of 
feet square, [with] the equivalent output and 
playing flexibility of eight great drums." 

If comments by pioneers in the develop­
ment of electronic musical instruments seem 
overstated, one should realize the resistance 
their then-radical ideas created. During the 
'30s Miessner attacked "the barriers of un­
progressiveness, of inflexible conservatism 
and old, unscientific method" with charac­
teristic enthusiasm. In a humorous diatribe 
he compared "Tradition Versus Progress" in 
1937: 

In this age of progress in every conceivable 
field, music and musicians still use the tradi­
tional i·nstruments and apparatus of hundreds 
of yea rs ago. 

One musician scrapes the tail of a horse 
across the intestines of a cat and the older his 
instrument is, the more he prizes it. Another 
blows lividly thr ,)Ugh a brass tube or a wooden 
pipe; another hammers on the drum of the 
aborigines made from the hide of a cow. 
Another, sometimes with terrific physical exer­
tion, pounds on a keyboard to rouse his audi­
ence through the physical vibrations of struck 
strings and huge soundboards. Another with 
aggregations exceeding 10,000 pipes some as 
long and large as a forest log, and with hun­
dreds of other complicated and bulky appur­
tenances, produces the sound of the organ. 

That most of these have reached the limit of 
their development is amply supported by their 

. almost fi~ed design for hundreds of years. 

Despite the resistance to new ideas, 
Miessner was optimistic concerning the 
future of electric musical instruments: 

The masses are beginning to hear these new 
instruments and everywhere react with enthu­
siasm. The time is drawing near when all of 
these forces, so silently at work and so rapidly 
piling up, will break through the barriers, and 
the renaissance of a very old industry will in 
truth be accomplished. 

The market is tremendous. In every home 
there is place for an instrumeht for music­
making as well as for music reproduction; in all 
probability the two will be combined. Make no 
mistake about this: the renaissance of the 
musical instrument industry is certainly on its 
way. Those with imagination and courage will 
be the new leaders. They will develop not only 
a new industry for themselves, but also a great 
cultural contribution to the world. 

The Dynatone. 
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In a way, Miessner was right; one has 
only to go to a NAMM (National Association 
of Music Merchants) convention to see how 
electric instruments are coming to dominate 
the market. But he was 'ahead of his time. 
Also, Miessner and some of his licensees 
thought that their electric piano would 
supplant the acoustic-which of course it 
did not. Everything new in music should be 
considered an addition, not a replacement. 
Miessner's most significant contribution, the 
development of the struck-reed piano, was 
still to be made. This instrument also found 
its own niche; that story will appear in next 
month's column. 

From our vantage point we can appre­
ciate that electronic musical instruments 
have a utility: no one can argue with the fact 
that they are being used by thousands of 
musicians. But there is still an unfortunate 
tendency to categorize these instruments as 
replacements for acoustic instruments. Even 
today one hears curious comments that 
acoustic instruments are more "naturaL" 
Bob Moog made some appropriate com­
ments on this notion in a recent article: 

Neither is it worthwhile to even consider the 
question. "Is electronic music less natural than 
music pla~ed on acoustic instruments?" No 
music is natural! 'Aus;c " produced only after 
people ime51 "renuous and extended effort to 
gain intimate control over vibrating systems 
such as vocal cords. a violin. or a synthesizer. 
Furthermore. all musical instruments. excppt 
for the human voice. are highly contrived 
technological artifices. Thev are differentiated 
not b\· their degree of "ni!luralness." but by 
the technological periods in which they were 
developed. The stringed instruments werp 
periected when woodworking was a flowering 
technologv. Piano designers utilized the 
processes of a fully industrialized society. And 
the electronic music medium is being devel­
oped now. at a time when electronic tech­
nology is dominant and the golden ·age of 
manufacturing appears to be yielding to what 
people are calling the "the post-industrial era." 

Put this way, you might say that you may 
see the makings of a guitar growing in a tree. 
but you'll never see a guitar growing on a 
tree! 
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EI..E€TRON1€ PERSPE€TIVES 
B.F .. Miessner's "Stringless Piano" 

The electric pianos designed by Miessner, Vierling, and Nernst 
established archetypes for that industry during the late '30s and 
early '40s (see my columns for Feb. and Mar. '78). These pianos 
were essentially acoustic pianos lacking soundboards, with elec­
trostatic or electromagnetic pickups. They found some use, but 
these instruments had problems, as explained by Miessner: 

Their performance, though interesting, was not suitable because the tones 
did not subside fast enough for clearness in rapid passages. The effect was 
such as is heard on conventional pianos when too much sustaining pedal is 
used. 

This muddiness was due to the low damping rate of the strings­
no soundboard was present to dissipate acoustic energy. There 
were also some commercial considerations: such a piano wasn't 
more portable or cheaper than an ordinary piano, since its design 
required the use of an acoustic piano in the first place. Further­
more, the electric version offered no advantage in tuning stability. 

To correct these problems Miessner developed an electric 
piano in 1955 that is the basis of the Wu rlitzer Electric Piano. In that 
year he wrote: "I went back to reeds again in my recently devel­
oped electronic piano. They are simple and rugged and can hold 
their tuning for decades." 

Miessner's new piano had thin steel reeds measuring one 
quarter of an inch wide. The reeds were struck by key-actuated 
hammers having a very simple acticn. This action used the prin­
ciple of the "dash-pot," or centrifugal force, instead of the 
friction-damping mechanism invented by Cristofori in 1709. 
Think of a dash-pot as a tiny canister full of buckshot attached to 
the striking key. After the key is struck, the centrifugal force of 
the accelerating pellets will cause the string to be struck, then the 
hammer to fall back. 

The use of reeds for the electric piano offered some problems, 
as Miessner explained: 

Reeds have been successful only when maintained in continuous vibration, 
as in reed organs, accordions, and orchestral reed instruments. They have 
never been found useful in true musical instruIT,ents ofthe percussion family 
[piano included in this category]. Their overtones are few and completely 
inharmonious with one another. 

In a word, the reed didn't have the proper waveform. Miessner 
solved this problem by striking each reed at its third partial nodal 
point, and arranging the pickup so that it negated the second 
partial as well. This left only the fundamental vibration to be 
translated by the pickup. He then designed the pickups so they 
themselves-in conjunction with electrical circuitry-would gen­
erate a fundamental and a series of odd and even harmonics. 

The pickups were made of machined brass; they were placed 
near the free ends of reeds which were clamped at the other end. 
Each pickup was the same thickness as a reed (.032 inches); each 
pickup was adjusted to overlap the end of its reed by about one­
half of its thickness. Since the pickup was set at this half-lap 
position, when the reed moved symmetrically the pickup would 
produce an asymmetrical waveshape having many harmonics-a 
"rich" sound. The pickups acted as stators of variable capacitors, 
while the vibrating reed acted as the moving plate. The changes in 
capacity due to reed vibration caused a very high (5 megahertz) 
oscillator to produce a frequency-modulated signal. This signal 
was then demodulated into sounds by an FM detector-a la the 
radio! This output was modified by audio filters and tone formers 
which approximated some of the characteristics of the standard 
piano soundboard; e.g., a sharp roll-off in the bass. 

Miessner's piano of 1955 satisfied many of the criteria that his 
brother Otto, a noted music teacher, had hoped for. Benjamin 
Miessner wrote of the instrument: 

The electronic piano can be much smaller, lighter, and cheaper than its 
predecessors, The basic model, cabinet containing keys, action, reed pickup 
assembly, and FM preamplifier, weighs 75 pounds and can be handled easily 
by one man, This reduction in weight, bulk, and cost is due to the reed action, 
which makes it possible to abandon the long strings with their aggregate 
tension of about 20 tons which necessitates the heavy cast iron plate and 
bulky wood buttressing. The large area soundboard is also abandoned. 

Miessner saw this instrument as only the initial step in the use of 
this technology: 

This new stringless piano may be the forerunner of a whole new class of 
electronic musical instruments of widely diifering tonal performance. The 
lowly fixed-free reed, virtually the "sow's ear" among musical vibrators, had 
become the "silk purse" of electronic design and technique with the great 
advantages of low cost, weight, and bulk. silence when desired with head­
sets, and the ability to stay in tune for manv decades. 

Several years ago, I was fortunate to spend considerable time 
with Mr. Miessner while doing research in the history of electronic 
musical instruments. At that time he had in his garage a "much 
more advanced version" of an instrument using this technology. 
He had sought a manufacturer (not the \Vurlitzer Company) but 
was refused; he was so distraught that he had not even uncrated 
the instrument. When I asked him if 1 could play it, he said it would 
be too painful to "dig it up." Was his piano trulv the forerunner of 
a whole new class of electronic musical instruments? Given his 
brilliant career, it certainly makes one wonder .... 

An early model electric piano that utilized \liessner's struck-reed design. 
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ELECTRONIC PERSPECTIVES 
"Teaching is my forte-inventing is not." 

These modest words come from Harold 
Rhodes, the inventor of the electric piano 
that bears his name. 

That Harold Rhodes is both a teacher and 
an inventor is well documented. By age 20, 
he had established a nationwide chain of 
music schools that specialized in teaching 
popular piano. Most people are familiar with 
the present Rhodes Electric Piano-an in­
strument Rhodes describes as " ... a plain 
Model T, simple." But perhaps they are not 
so familiar with its history. 

When World War II broke out, Rhodes 
dissolved his organization of music schools 
and joined the Army Air Corps. Ever the 
teacher, he began to teach his Army buddies 
piano while waiting for a reclassification. 
Eventually he was asked to teach patients in 
the post hospital. Rhodes the inventor im­
mediately realized the necessity for a cheap 
but usable keyboard instrument. In the typ­
ical make-do wartime spirit, he fashioned a 
small instrument from spare parts salvaged 
from disabled planes. He scavenged the 
"tone bars" for the piano from the hydraulic 
system in the wings of the planes. The Air 
Corps Piano was an acoustic instrument; 
tones were produced by striking lengths of 
the 3/8" aluminum hydraulic tubing that had 
been straightened and cut into xylophone 
lengths. The 2-1I2-octave keyboard had 
wooden keys (spruce) and bare wooden 
hammers that struck the tone bars. Rhodes 
himself describes the Air Corps Piano as 
" ... such a simple instrument it was almost 
ridiculous." But it fit his purpose well, as 

Harold Rhodes teaching an Air Corps hospital 
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The Pianos Of Harold Rhodes 
he states: 

My objective at the time was not to produce 
some instrument that I could sell. It was to sat­
isfy the need to get the minds of the convalesc­
ing soldiers off their problems. We did it by 
transforming their telephone numbers orwhat­
ever numbers they could grab into melodies, 
and then harmonizing them with simple chords. 

The program became a smash hit. Rhodes 
was sent to Mitchell Field, Long Island, to 
draw up blueprints and write a book of in­
struction which became Army Manual #29, 
"Sit Down And Play." Eventually, thousands' 
of these little instruments were built and 
Harold Rhodes was decorated for his role in 
this humanitarian project. 

When Rhodes got out of the Army, he 
began to wonder if his teaching success in 
the service could be duplicated in civilian 
life. He realized that the Air Corps Piano 
wasn't suitable for home use, so he sought to 
produce an inexpensive instrument that 
could accomplish " ... roughly in the home 
what those guys were doing on the Army 
post." His new 3-octave instrument, the Pre­
Piano, used tone generators made from tines 
produced by a toy manufacturer. These were 
about an 3/8" in diameter, and the longest 
was about 8" long. This instrument used an 
electrostatic pickup; it had an amplifier and 
a 6" speaker built into the cons(lle. Despite 
its low price tag ($99.50) and innovative 
design, the Pre-Piano failed because, in 
Rhodes's words: 

The manufacturer we chose didn't produce 
a mechanically sound product. In fact, I found 
myself going to each of the stores where we 
were introducing these ... with a pocketful of 
tools trying to fix them all. After about two 

The Rhodes Pre-Piano, 1947. 
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years, the program died a miserable death. 

Harold Rhodes is still refining his electric 
piano today [for more on Rhodes, see CK, 
Nov. '77]. Some may think of the Rhodes 
Piano as completed, but not Mr. Rhodes. 
When asked if there might be a Super Rhodes 
Piano, he remarks: 

I think there will be. I'll tell you what the 
Super Rhodes Piano does. Visualize an inter­
face between the piano and [the synthesizer}. 
You've got a multiplex receiver on the one 
end, and I put a multiplex sender on my end. I 
can run as few as seven wires and a switching 
mechanism under my keys. If you've got a 
Polymoog I can conned the two so that when I 
am playing the piano, I've got the percussion 
of the piano and the sustain of the piano and 
I've got the Moog all at the same time. This is 
not saying that this is the end-all. It's just a 
beginning, to show that there is a way of wed­
ding these two. 

I've got an acoustic charaderistic to my 
music. That is, C is not exact Iv C and E is not 
exactly E the same way twice. And there is per­
cussive control that is dynamic. I don't know 
how far downstream it will be, but I think it can 
be better than it is. And I think some things can 
be done to shape the tones and preserve the 
acoustic quality it seems to have. 

Rhodes has also considered the idea of 
passing each individual key through a filter 
to allow envelope control. As he says: 

We've done this. The trouble is that when I 
was doing it, the cost was prohibitive. I'd have 
had to fill a room with RC [filter} networks. But 
the day is fast approaching when it can be 
done. 

History will indeed find a place for Harold 
Rh::>des as both teacher and inventor. 

• 



TOM RHEA 

ELECTR·()tN1C PERSPECTIVES 
First Electronic Keyboard: Singing Are, 1899 

To make sound, something must vibrate. When you speak, 
your vocal cords vibrate. When you talk through a PA, the 
sound of your voice is transduced from mechanical energy 
into an electrical signal. This signal is amplified and then 
transduced back into sound by the speaker. In this case the 
original signal (your voice) isn't electronic, it is mechanical. 

In previous columns we've looked at some instruments 
that have mechanical tone generators whose movement is 
transduced by a pickup, reader, or the like. These are electro­
mechanical mu~ical instruments. 

In upcoming columns we'll look at some electronic musical 
instruments, whose tone generators consist of electrical cir­
cuits rather than moving parts with transducers. 

William Duddell, an English physicist, built the first "elec­
tronic" musical instrument in 1899. He discovered that the 
carbon arc lamp could be made to produce musical tones. 
(You've probably seen large carbon arc lamps at the State Fair, 
or at Hollywood premieres.) Duddell's Singing Arc was a 
direct current arc with a secondary or shunt circuit that cre­
ated regular fluctuations (alternating current) in the discharge, 
making a sound. In this case, the arc itself acted as the loud­
speaker. High potentials (300 volts!) gave clear notes; their 
pitch and loudness depended upon the circuit values for 
capacitance (C), inductance (L), and resistance (R). 

Dudden built a keyboard which controlled these circuit 
characteristics, creating what must have been the first elec­
tronic keyboard instrument, in 1899! When he played the 
Singing Arc before the London Institution of Electrical Engi­
neers, arc lamps in several nearby laboratories also played 
tunes during the demonstration. The mystery was cleared up 
when it was discovered that these lamps were on the same 
circuit with Duddell's musical arc. When the Singing Arc was 
played, it produced variations in the main line, thus account­
ing for the strange behavior of the other arc lamps. The 
possibility that several arcs could be played remotely from a 
single keyboard led to speculation that concerts mi'ght be 
given in conjunction with lighting service. Early Muzak, fea­
turing light classics? But Duddell didn't pursue the matter and 
abandoned his application for a patent. 

Since lugging huge arc lamps around has never been the 
touring musician's dream, we awaited the development of 
the more practical "radio valve," or vacuum tube. The vacuum 
tube provided the foundation for amplification, and made 
electronic tone generators possible. 

Thomas A. Edison started the ball rolling in 1883-quite by 
accident-while experimenting with the incandescent light 
bulb. He was trying to prevent the bulb from becoming 
blackened by carbon deposits given off by the filament. He 
built several bulbs with a metal plate opposite the filament 
inside the evacuated bulb. This plate was connected to a wire 
sealed into the glass wall of the bulb so the plate could be 
electrically charged. Edison soon discovered that a positive 
charge allowed current to flow onto the plate (negatively­
charged electrons emitted by the red-hot filament were 
attracted by the positively-charged plate.) Conversely, a nega­
tive charge on the plate stopped current flow. This phenom­
enon became known as the Edison effect. 

In 1884 Edison described the Edison effect and exhibited 
his filament/plate bulbs. Ambrose Fleming, a British physicist, 
saw the demonstration and eventually, in 1904, made a useful 

application of the Edison effect. Fleming's device, which we 
would now call a diode tube, was used as a detector of radio 
waves. Here's how it worked: The feeble radio waves re­
ceived by an aerial were applied to the plate inside the Fleming 
bulb. When the electrons rushed one way in the aerial, they 
created a negative charge on the plate and no current flowed. 
When the electrons flowed the other way in the aerial, a 
positive charge was produced on the plate and current did 
flow. The continual variation in the strength of the radio 
waves formed the message pattern (voices, music, etc.) which 
was "detected" by the tube as a corresponding variation of 
current flowing through the tube. This output, when applied 
to a telephone receiver (speaker) created sounds similar to 
those which originally struck the microphone at the broad­
casting studio. 

Fleming's development greatly facilitated research in radio 
throughout the world. In the United States in 1906, Lee De 
Forest introduced an improved tube which he called the 
Audion. Its importance cannot be overestimated. The Audion 
was more sensitive than the Fleming tube and could be used 
to amplify weak radio signals into currents of enormous 
strengths. (Those who have sustained hearing losses at rock 
concerts can blame/thank De Forest.) The Audion wasa three­
element (triode) tube, consisting of the standard filament and 
plate with a grid of metal placed between the filament and 
the plate. This grid acted like a sluice-gate to control current 
flow. Because the grid was placed close to the filament, a 
small potential placed on the grid had a much larger effect on 
the field within the tube, and therefore on the plate current, 
than would the same voltage placed on the plate itself. De 
Forest applied radio waves not to the plate, but to his new 
grid, thereby controlling a much greater current flowing from 
filament to plate. Fluctuations applied to the grid resulted in 
much bigger fluctuations at the plate. This principle of ampli­
fication underlies the development of electronic musical 
instruments. 

So far, so good. We've seen that it was possible, in the early 
days of radio, to transduce mechanical energy using a micro­
phone, transmit and detect the resulting radio waves, and 
amplify them and turn them into sound again. But this is only 
an example of transducing a mechanical tone generator such 
as the radio announcer's voice. We still don't have an elec­
tronic tone generator. 

For the beginnings of that story, let's take another look at 
Duddell's Singing Arc. The. secondary or shunt circuit has a 
capacitor and an inductance coil. This kind of circuit was to 
become commonplace in later electronic musical instruments, 
and is now called a tank circuit, or L-C circuit, after its use of 
components. But aside from such bizarre configurations as in 
Duddell's 300-volt tone generator, the tank circuit is capable 
of producing only damped oscillations, or a signal which dies 
out. By itself, the tank circuit would be of little use as an oscil­
lator, since continuous sound could not be maintained. But 
it was discovered that undamped, continuous oscillations 
could be produced if a small amount of current was fed back 
into the tank circuit at the right time using an amplifier. And 
so, the basis of the L-C oscillator was also De Forest's triode 
tube. More on De Forest's Audion and some early L-C oscil­
lator instruments next time. 
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Most of us have experienced the ear­
shattering feedback that can happen while 
using a PA system. Feedback makes the 
amplifier act like an oscillator, creating 
sound. In this case the feedback path is 
acoustic, or airborne. The principle of re­
generative feedback used in an oscillator is 
electrical, but it works similarly. 

In nature, soundmakers don't ring for­
ever. If you ring a bell, or set a pendulum in 
motion, neither will continue indefinitely. 
Only if you add energy will the object 
remain in motion. Consider how you must 
add this energy-not by opposing the 
motion, but by acting with it. 

The principle holds for an electronic 
oscillator as well. The "tank circuit" intro­
duced in last month's column can produce 
damped oscillations, or sound that will die 
out. But if you add energy at the right time 
-i.e., in phase-the oscillations will be 
undamped, or continuous. This principle 
is called regenerative feedback. 

Lee de Forest was granted the first 
patent for an oscillator using this regen­
erative feedback principle in 1915. His 
patent diagram (see Fig. 2) shows a grid­
filament tank circuit with capacitor (12) 
and coil (10). An associated plate-filament 
circuit used a "tickler" coil (11) to provide 
regenerative feedback to the tank circuit, 
creating undamped oscillations (continu­
ous sound). This oscillator could be keyed 
using switches which introduced one of 
several resistance "leak paths" (17-21) 
connected between the grid and the fila­
ment of the triode tube (1). The pitch 
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produced depended on the values of the 
components in the circuit. In the patent 
specifications de Forest said that the sim­
plest way to produce a scale was to make 
lighter or heavier marks with a graphite 
pencil used to form the resistance paths. 
Doodle your own keyboard, complete 
with unequal scale steps if you like! He 
also indicated that by gradually varying the 
capacitor in the tank circuit, a sifen note 
of continuous pitch could be obtained. 
Shades of synthesizer glide! He wrote in a 
magazine article: 

The pitch of the notes is very easily 
regulated by changing the capacity or the 
inductance in the circuits, which can be 
easily effected by a sliding contact or 
simply by turning the knob of the con­
denser [capacitor]. In fact, the pitch ofthe 
notes can be changed by merely putting 
the finger on certain parts of the circuit or 
even by holding the hand close to parts of 
the circuit. In this way very weird and 
beautiful effects can be easily obtained. 

Several of the early electronic musical 
instruments were "played" by turning a 
knob to change pitch. De Forest's com­
ments also anticipate the "space-con­
trolled" instruments of Leon Theremin, 
which we will see in later columns. 

De Forest found that the timbre of the 
tone could be altered to create imitations 
of instruments and " ... other sounds, 
which while pleasing to the ear were quite 
unlike those emitted from any musical 
instrument with which we are familiar." 

De Forest built a rudimentary instru-
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ment which used a single triode tube for 
each octave, with an arrangement of keys 
that allowed a single tone per octave. The 
output of these triode tubes was run to a 
set of speakers that could be placed 
around the room, giving a spatial dimen­
sion to the sound. (Remember, this is 
1915!) De Forest was very excited about his 
discovery of the "music of the lamps." He 
wrote: 

In all my work with the audion [triode 
tube]-and I can imagine no device in the 
whole realm of physics of greater fasci­
nation than this little audion principle-I 
have never found any phase of its unlim­
ited possibilities quite so interesting as 
this of producing musical notes. In the 
next twelve months I hope to be able to 
produce an instrument which will be far 
enough perfected so that I can turn it over 
to musicians to work out the thousand 
and one details of musical perfection 
which such men alone are capable of 
introducing. 

In December 1915, de Forest described 
the Audion Piano, an instrument that used 
the principles he had discovered. This 
scheme proposed having a separate tone­
generating circuit for each key on the key­
board. It's not certain if the instrument was 
actually built, due to difficulties in the 
construction of enough efficient and 
stable triode tubes. 

Lee de Forest's role in the development 
of electronic musical instruments is very 
important. His development of the triode 
tube underlies amplification and made the 
oscillator possible. As we shall see in ensu­
ing columns, we owe him much. 

Fig. 2 The patent diagram for Lee de Forest's oscillator. 
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Think the idea of stacking your one-note 
keyboards so one hand can play several 
notes is new? Joerg Mager did too-in 1929! 
The career of this idealistic German teacher 
and organist is one of the most interesting in 
electronic musical instrument history. 

Mager's earliest instruments were of the 
heterodyning design, a term and technique 
adopted from the fledgling radio industry. 
The design features two high-frequency 
oscillators that beat together to produce a 
difference-tone that is audible. The Electro­
phone of 1921 was little more than a howling 
radio set. An improved version with filter 
chains to control tone color, renamed the 
Spaerophon, was demonstrated in private 
performances a few years later. As a key­
board-it, ah, wasn't! Evidently a Spaero­
phonist turned a crank attached to a variable 
capacitor in one of the oscillators to derive 
an audible beat note. The pitch span covered 
was coextensive with the limits of human 
hearing. A half-circle placed under the crank 
was marked to indicate the chromatic scale, 
somewhat improving the obviously ques­
tionable pitch resolution. 

Mager tried to eliminate this problem in 
another version which used a second crank 
whereby one could preselect the following 
note. He presented this instrument in 1926 at 
the Donaueschingen music festival, but it 
went largely unnoticed in a program devoted 
to mechanical music by Hindemith, Toch, 
and Gerhard Munch. Only Georgy Rimski­
Korsakov, the grandson of the famous Rus­
sian composer, wrote a few quarter-tone 
exercises for the Spaerophon. 

Mager thereafter abandoned both the 
heterodyning design and the "step less 
space" concept with its inherent sliding 
pitches. His later instruments employed LC 
[inductance-capacitance 1 audio-frequency 
generators keyed using keyboard manuals 
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and a pedal. The first of these, the Klaviatur­
Spaerophon, was tonstructed with the sup­
port of the German Telegraph-Technical 
Office, the Heinrich Hertz Institute, and the 
German Radio Office. It had two mono­
phonic keyboards and a monoPQonic pedal. 
In 1929 the city· of Darmstadt placed at 
Mager's c\isposal a building in the city park, 
as well as technical assistance, for a proposed 
concert. But Mager became suspicious of 
the offer, and refused, for he feared others 
would plagiarize his work in order to mass­
produce the instrument. 

In 1930 he introduced another of these 
instruments that was neither strictly mono­
phonic nor totally pOlyphonic. He played 
Bach, Beethoven, Wagner, and Mendelssohn 
on this new three- manual Klaviatur­
Spaerophon. He also composed a highly 
romantic "Christmas Cradle Song" for the 
instrument. The different tone colors were 
produced not electronically but by using 
mechanical resonators and specially shaped 
speakers. Frederick Prieberg provides a 
description of the instrument and the spe­
cialized technique that made Mager an early 
multi-keyboardist: 

Mager produced today an organ with many 
registers on which four-voice playing is pos­
sible. So far there is only one difficulty; that is, 
t~at each voice must have its own keyboard, 
thus the four-voice moveme!lt must be played 
on three manUals and the pedal. For this reason 
the manuals must be close to each other and 
the keys short, so that one can easily play on 
several manuals with one hand. For this reason 
the keys are somewhat narrower than those on 
a regular organ or piano keyboard. Apart from 
these difficulties, which require a special adjust­
ment to the playing of the new instrument, it is 
surprising in its infinite multiplicity of sound 
possibilities, through the dynamic wealth of 
shading, and through the possibilities of ex pres­
sion in the tones. 

Mager's short manuals. 

Ahh. 142. Das Mehrfachmanual vun Mager 
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Soon afterward, Mager increased the instru­
ment to five voices and called it the Parti­
turophone. 

The Partiturophone was Mager's most 
mature statement of musical engineering. As 
an organist he was doubtless acquainted 
with the distinction between homophony, a 
single voice supported by chordal accom­
paniment, and polyphony, in which all lines 
contribute more or less equally to the musi­
cal fabric. The Partiturophone, with separate 
and variable articulation of each voice, con­
stituted a polyphonic instrument in the best 
sense of the word. His solution in ergo­
nomics, or human engineering, of the key­
board problem makes our keyboard stacks 
look primitive. 

Mager's more musical instrument enjoyed 
much greater success. Musicians and tech­
nicians flocked to Darmstadt, among them 
Winifred Wagner, who invited Mager to pro­
duce electronically the bells in Parsifal. 
Mager did so quite successfully; and while at 
Bayreuth he played his Partiturophone for 
interested musicians such as conductors 
Arturo Toscanini and Wilhelm Furtwaengler. 

In ;932 Mager worked with Gustav Mar­
tung at Faust performances in Darmstadt and 
Frankfurt, to commemorate the centennial 
of Goethe's death. His comments regarding 
his incidental music suggest that the Parti­
turophone was quite capable of producing 
complex electronic events as well as voices 
in polyphony: 

In the prologue, the sun is accompanied by 
music with ethereal vibrato. The growling of 
the poodle is underlaid with microtonal sounds. 
In the Night of the Witches' Sabbath there is 
spooky, demoniacal, eccentric music. The 
howling of the monkeys is represented using 
strongly vibrating metal membranes. Witches' 
and devils' sounds are mixed into a sound whirl 
of tone trills. 

Political conditions in Germany after 1933 
severely limited Mager's work. He worked 
on a film score, and built an obscure instru­
ment after the timbre ideals of Schoenberg 
and Busoni called the Ka/eidophon. This 
instrument, which was said to mix tones 
"kaleidoscopically," was destroyed, along 
with his other instruments, during World 
War II. 

Mager died in 1939, unable to accomplish 
his mystical and idealistic goal of producing 
an electronic music for the masses, an elec­
tronic sound beneficially influencing body 
and soul. Earlier he had written: 

With the technical means of radio something 
much higher arid powerful could be achieved, 
namely to place at the disposal of music the 
totality of all additional tones on which the 
timbre depends. With this totality a new world 
of sounds can be created which can overshadow 
all that has been achieved until now .... 



The "beat-frequency" or heterodyning 
instruments of the German idealist Joerg 
Mager (see CK, Aug. '78) attracted little 
attention outside his native country. But sev­
eral instruments introduced by the Russian 
physicist Leo Ssergejewitsch Theremin cre­
ated interest on an international scale. While 
Theremin's role in the history of electronic 
music is central, however, his position in the 
history of keyboard instruments is not. 

Theremin used the same principle of tone 
production in all his instruments: the heter­
odyning, or "difference-tone," method 
which uses two very high oscillators to pro­
duce an audible tone. Theremin did build a 
keyboard version, but it was undoubtedly 
the visual interest inherent in the playing 
technique of his non-keyboard instruments 
that catapaulted him to fame. 

His most famous instrument, the There­
min vox or Aetherphon, is often called simply 
the Theremin. It has two antennae which 
control, respectively, pitch and loudness. The 
performer can play the Theremin by "mere­
ly" waving his hands in the electromagnetic 
fields produced by these antennae. No phys­
ical contact with the instrument is required! 

Professor Theremin had great expecta-
tions for his radical musical instrument: 
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I visualize great possibilities in connection with 
the problem of controlling sound material by 
means other than mechanical, by the free 
movement of the hands in the air, which offer 
more intimate connection of these sounds with 
the individuality of the performing artist, and 
make available not only the expressive power 
of existing instruments, but perhaps even 
greater possibilities. 

Leo Theremin came to the United States 

with his Aetherphon in 1927, following a 
whirlwind tour of European capitals, where 
it was reported that Professor Theremin 
" ... had but to twiddle his little finger to vary 
pitch and amplitude." When he played at 
the Paris Opera, police were called to keep 
order among the crowds that thronged to 
the performance, and standing room was 
sold in the boxes for the first time in history. 

Professor Theremin's success in the United 
States paralleled that which he found in Eu­
rope. The American debut was a private affair 
under the auspices of such notables as Walter 
Damrosch, the Vincent Astors, the Edsel 
Fords, the Fritz Kreislers, and many others. 
The first public demonstration was given at 
the Met on January 31, 1928. Theremin and 
his assistant Joerg Goldberg, subsequently 
appeared in several public concerts in New 
York City, playing solos and duets accom­
panied by pianist Kurt Ruhtseitz. 

Theremin made his orchestral debut with 
the New York Philharmonic Symphony Or­
chestra later that year. He was assisted by 
three of his students in a concert of tran­
scriptions. The performance of the new 
"ether music" was followed by" ... five min­
utes of persistent applause that brought the 
rather constrained young Russian back for a 
half-dozen bows." 

Public reaction was at first favorable, but 
"defects" in the new instrument were soon 
pointed out. As you can imagine, the instru­
ment offers incredible intonation problems, 
since there is no reference for pitch. Com­
ments like " ... this fearfully magnified and 
potent tone," and " ... super-Theremin ma­
chines can hurl a jazz ditty through the 
atmosphere with such horribly magnificent 
sonorities that they could deaden the sound 
of an automobile exhaust" became more 
common as the novelty of ether music 
wore off. 

As is so often the case, the instrument 
was waiting for a virtuoso to properly inter­
pret its validity. Clara Rockmore, who is Rus­
sian by birth, and a former concert violinist, 
was one of the first to envision the possibil­
ities of the instrument. Under the inventor's 
personal guidance, she began to master its 
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intricate and difficult technique. She soon' 
developed an entire set of subtle finger posi­
tions which allowed her to produce the de­
sired pitch from the air accurate/y-"aerial 
fingering," as one critic termed it. 

Her first performance in Town Hall, New 
York City, in 1934 left the audience spell­
bound that such artistic music floated on the 
air from a source seemingly uncontrolled by 
human effort. The New York Times critic 
wrote of Ms. Rockmore's performance of 
the formidable Franck Violin Sonata: 

What she accomplished in matters of intona­
tion, legato, staccato playing, accentuation, and 
nuances must have come as a distinct surprise 
to those who entertained false ideas of the 
Theremin's possibilities. She evinced not only 
her exceptional control of every phase of 
Theremin playing, but also a highly developed 
musical imagination and interpretive powers. 

Ms. Rockmore's distinguished career has 
spanned more than three decades. Fortu­
nately for posterity, and unlike the case with 
so many important figures in the history of 
electronic musical instruments, we have an 
excellent recording of her artistry. Any musi­
cian can learn something about phrasing 
from her remarkable performances on Clara 
Rockmore, Theremin Virtuoso [Delos Rec­
ords (855 Via de la Paz, Pacific Palisades, CA 
90272), DEL-25437J. A tip ofthe hat to Shirleigh 
and Robert Moog, who produced the album! 

Professor Theremin developed several 
other heterodyning instruments, including a 
"fingerboard" Theremin which came to be 
known as the "electric cello." This new instru­
ment was played by the composer Wallingford 
Riegger in a concert given at Carnegie Hall 
in 1930 to highlight new Theremin develop­
ments. An orchestra of fourteen Aether­
phons was accompanied by a "color wheel," 
one of many visual effects Theremin tried. In 
a later concert, he introduced large rotating 
disks having geometric patterns and Arabic 
numerals which were made to fluctuate by a 
U-shaped neon tube strobe light. Right, 
strobes were "hip" at music concerts in 19321 
As the pitch changed, the neon light flick­
ered periodically in synch with the Theremin, 
causing the geometric designs and numerals 
on the disks to appear and change due to 
the visual phenomenon of "persistence of 
vision." This was more than an entertaining 
curiosity, for discrepancies in intonation 
could be observed by watching the num­
bered disks. 

In 1932 Theremin presented a very ambi­
tious concert at Carnegie Hall with sixteen 
fingerboard and keyboard ~hereminists, key­
board electronic timpani, and the Terpsitone 
-or Theremin Ether Wave Musical Dance 
Stage-which consisted of a platform which 
was responsive to the movements of a dancer, 
translating various steps anp postures into 
sounds. Waving the arms governed the pitch, 
and stooping and rising, the volume. 

As of this date Professor Theremin is alive 
and well in Moscow, making plans for a three­
dimensional polyphonic Theremin! 



at's dummy keyboard, with 
wire and ring apparatus for changing pitch. 

Most musical instruments have a reper­
toire, a body of compositions referred to as 
that instrument's "literature." For a variety 
of reasons, many electronic musical instru­
ments have little or no repertoire. For in­
stance, how can you write for the synthe­
sizer? It's not a fixed musical entity, like the 
flute, piano, or trumpet. And many elec­
tronic instruments have been only pallid 
imitations of more expressive instruments 
offering little interest to the composer. Also, 
some electronic musical instruments have 
been so difficult to master (e.g., the There­
min) that there are few virtuosos to justify a 
large repertoire. Whether it is acoustic or 
electronic, a musical instrument builds a 
repertoire when :(1) its design becomes 
fixed; (2) it is capable of enough musical 
nuance to attract composers; and (3) per­
formers feel justified in devoting hours of 
practice to its mastery. 

The repertoire champ of electronic musi­
cal instruments is Maurice Martenot's andes 
Musica/es-"musical waves." This instru­
ment is often called the andes Martenot, or 
simply the Martenot. Over five hundred 
works have been written which use the Mar­
tenot. There are both orchestral and cham­
ber works, including ensembles for trios or 
quartets of instruments. Some composers 
who have written for the Martenot are Oliver 
Messiaen, Darius Milhaud, Dimitri Leviais, 
Arthur Honegger, Florent Schmitt, Jacques 
Ibert, Andre Jolivet, Jean Martinon, Maurice 
Jarre, and Edgard Varese. 

The preponderance of French composers 
is no accident. The Martenot was developed 
in France in 1928. It has become particularly 
popular in French radio, television, and stage 
music and has found use at the Opera 
Nationale, the Opera Comique, the Comedie 
Francaise, the Theatre National Populaire du 
Palais de Chaillot, and the Folies-Bergere. 

The Martenot underwent numerous de­
sign changes that enhanced its musicality 
(and thereby increased its repertoire). The 
instrument uses the same heterodyning tone 
generation method as the Theremin (see last 
month's column): Two ultra-high oscillators 
produce an audible difference tone. Maurice 
Martenot must have realized the difficulty 
that the "space-controlled" Theremin pre­
sented to the performer. From his earliest 
models, Martenot included ways to give the 
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Circuit diagram for the Ondes Martenot.- Dummy 
keyboard is at lower left. 

performer tactile and visual feedback for 
accurate pitch control. On the first instru­
ments, pitch was controlled continuously 
using an endless wire or band arranged on 
pulleys to rotate a variable capacitor within 
the instrument. A small plastic ring was 
attached to this band. The performer placed 
the forefinger of the right hand in this ring 
to move the band, rotate the capacitor, and 
ultimately change the pitch. To help in the 
location of discrete pitches, a painted 
"dummy" keyboard was placed under the 
pitch band. By moving the finger to the 
visual reference points provided by this 
dummy keyboard, the performer could 
easily arrive at traditional discrete pitches. 

The instrument was keyed by the left 
hand, which controlled a small button that 
provided articulation. Several "stops" gov­
erned the envelope, or loudness shape (an 
interesting situation: articulation and pitch 
control divided between the hands-more 
like a wind instrument than a keyboard). The 
left hand also controlled other stops which 
gave a choice of eight tone qualities. Timbre 
was controlled by switching on filter circuits 
that acted on harmonics produced in the 
first stage of the amplifier. 

Later improvements included the addi­
tion of more timbre stops and an acoustic 
resonator to improve overall tone quality; 
introduction of a true keyboard, making 
non-gliding playing possible; and the intro­
duction of a more sophisticated variable 
pitch scheme in place of the original pulley­
controlled version. The newer pitch band 
can be used in conjunction with the key­
board to create portamento (glide). Once 
again, performance is aided through a sys­
tem of indentations on the front of the 
cabinet below the keyboard; these let the 
performer feel interval size (by counting 
indentations). Some models have a five- or 
seven-octave keyboard that lets the per­
former control vibrato by shaking the key­
board from side to side. Refinements such as 
these let the performer do what must be 
done to create a nuance-filled musical 
voice: bend pitch and create vibrato selec­
tively. 

Maurice Martenot introduced the andes 
Martenot at the Paris Opera in 1928 scarcely 
a year after Leo Theremin had amazed Pari­
sians with his Etherphone (Theremin). The 
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andes Martenot, like the Theremin, was an 
immediate success. The inventor was asked 
to give a special performance for the Presi­
dent of the Republic later that year. 

After a European tour, Maurice Martenot 
arrived in the United States to demonstrate 
his "Instrument of Musical Waves." The first 
concert in this country was given in 1930 
with the Philadelphia Orchestra under the 
direction of Leopold Stokowski. The pro­
gram included several transcribed works and 
a symphonic poem written for the Martenot 
by Dimitri Levidis. In December the Mar­
tenot was featured in a Carnegie Hall con­
cert. The new "ether wave" instrument was 
acclaimed by some as musically superior to 
Professor Theremin's instrument: 

The tones were not always agreeable; but they 
lacked the distressing porta menta that marred 
the performances of Professor Theremin, and 
they had far more flexibility of utterance. 
Apparently the principle governing both de­
vices [Martenot and Thereminj is the same; but 
Monsieur Martenot uses a different kind of 
apparatus, and, what is much more important, 
gets different and better musical results from it. 
He has eliminated certain of the earlier crudi­
ties and defects that marred this "music from 
the ether." He has not only tamed the "howl," 
he has taught it politer musical manners. 

In fairness, it must be noted that the re­
viewer might have been making a comment 
on the performers, not the instruments. The 
Theremin is extremely difficult to play, and 
virtuosi did not appear on the scene imme­
diately. 

In 1931 the Martenot was played over 
WABC's network in its American radio 
debut-another program of transcriptions. 
The instrument's later history in America 
includes its use for film music, jingles, and 
commercials. Raymond Scott, composer and 
inventor, and the late Eric Siday pioneered 
use of the andes Martenot, as well as other 
electronic musical instruments, in such 
applications. For instance the old logo 
formerly heard on ABC television was 
created by Eric Siday using the Martenot. 

It follows that where there is a repertoire, 
there must be performers to play it, and vice 
versa. The Martenot is still taught at some 
French music schools, and there are a 
number of virtuosi on the instrument. One 
has only to listen t6 this marvelous instru­
ment to understand its appeal. It is a 
beautiful "voice under control." Its control­
lable porta mento, delicacy of vibrato con­
trol, and subtle shading of tone color remain 
under the control of the performer. 

I n comparison, one is struck by the 
anomalous situation with the synthesizer: 
widespread use, but no formal literature in 
the classical sense. Do we perhaps need to 
restrict the sonic vocabulary of the synthe­
sizer so that it can realize a smaller vocabu­
lary weI/? Or should players simply realize 
that nuance lies in the hands, mind, and 
heart-not in electrical circuitry? 



J.. ECHNOLOGY HAS ALWAYS been the 
handmaiden of music, but sometimes tech­

nological limitations have as profound an im­
pact as do breakthroughs. When the vacuum 
tube oscillator grew up in the early days of 
radio, it suffered from some of the problems 
reminiscent of the early days of the voltage­
controlled synthesizer. It drifted in pitch. Tube 
instability caused few difficulties in amplifier 
circuitry because the ear is relatively insensi­
tive to variations in loudness. But the early 
vacuum tube oscillator was.a strange and un­
predictable beast because our ears are super­
sensitive to pitch. 

. In the design of early monophonic instru­
ments using the tube oscillator, the "solution" 
to this instability problem was easy. Just don't 
fix the instrument's pitch with a device like a 
keyboard-let the musician adjust the drifting 
pitch by ear. It's no coincidence that many 
of the early tube instruments had "floating 
pitch" playing schemes like that of the There­
min [see CK, Sept. '78) and the andes Marte­
not [Oct. '78). It's easy to adjust the pitch of 
a single note when the performance control 
isn't fixed. 

But polyphonic instruments offer more 
complex problems. Pitch must necessarily be 
fixed if equal temperament is to be achieved 
so you can play in all keys. Also, it's difficult 
to conceive of how a performer could adjust 
the pitch of several notes simultaneously. Of 
course, it became apparent to the early de­
signers that a polyphonic instrument could be 
built by merely duplicating oscillator circuitry 
for each key. This led to a real confrontation 
with the instability of the tube oscillator. The 
performer would be faced with an instrument 
that could go out of tune in several directions 
simultaneously-with no real means of com­
pensating during performance. So it's no sur­
prise that many early designers turned away 
from early electronic technology to build in­
struments with e/earomechanical tone gen­
erators, both vibratory and "whirling dervish" 
rotary element types. Those electromechani­
cal instruments were electronic only by virtue 
of their use of tubes, for amplification and 
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speakers to produce sound. 
Today we're familiar with these problems, 

but in those days they weren't, and maybe 
they were more adventurous,..-so there were 
several significant polyphonic vacuum tube 
instruments in the early years. We'II'take a 
look at them in the next few columns. 

The first of these were mostly extensions 
of the earliest monophonic instruments using 
the simple L-C tank circuit oscillator patented 
by Lee de Forest. So the earliest purely elec­
tronic polyphonic instruments had sine wave 
oscillators. Hugo Gernsback, former editor of 
"Radio Craft" and other magazines (and inci­
dentally, the man for whom science fiction's 
coveted Hugo award is named), was a pio­
neer in the development of such instruments. 
In 1923 he built the Staccatone, so-named be­
cause of its abrupt attack (it probably had 
nothing more than on-off keying). We're not 
sure if it was completely polyphonic, but it's 
known that the Staccatone was a simple in­
ductance-controlled keyboard instrument. 
(Inductance is the "L" part of the L-C oscilla­
tor). 

The Staccatone was probably the proto­
type of Gernsback's more important poly­
phonic instrument, the Pian orad (notice 
again the association with radio). The follow­
ing description from an article by Gernsback 
clearly indicates that the Pianorad was a poly­
phonic "one tube, one note" instrument: 

The musical notes produced by vacuum tubes 
in this manner have practically no overtones. 
For this reason the music produced by the Piano­
rad is of an exquisite pureness of tone not real­
ized in any other musical instrument. The qual­
ity is better than that of the flute and much 
purer. The sound, however, does not resemble 
that of any known musical instrument, the notes 
are quite sharp and distinct, and the Pianorad 
can be readily distinguished by its music from 
any other musical instrument in existence. In 
the Pianorad one vacuum tube for each key is 
connected electrically with certain coils (induc­
tances). Any number of notes can be played 
simultaneously, as on the piano or organ; un­
like the piano, however, the notes can be sus­
tained for any length of time. On the ordinary 
piano you strike the key and the sound dies 

A Pianorad broadcast. 
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away; in the Pianorad, the sound remai ns as 
long as the keys are depressed. 

Within this quote the unfortunate character­
ization of "pureness" of sound is made sev­
eral times. This reminds me of the ludicrous 
"purity of waveform" argument that has been 
advanced as a sales feature for the modern 
synthesizer. A "pure" waveform is the con­
cept of an engineer, not a musician. Musi­
cians have been stuck with "pure" waveforms 
largely for reasons of economy-not for art­
istry. Anyway, you can see it's not a new idea. 

The Pianorad was actually constructed by 
Clyde J. Fitch, using Gernsback's designs. Fitch 
wrote an article giving details of the instru­
ment's rather rudimentary construction: 

Now we come to the problem of controlling 
this squeal [oscillation], and making a musical 
tone out of it. First we connect a fixed conden­
ser across the secondary winding connected to 
the grid and filament [elements of a tube] .... 
By connecting condensers of different capaci­
ties across the winding, the pitch of the squeal 
will be correspondingly varied. 

It is almost impossible to obtain fixed con­
densers of the exact capacities required to tune 
the circuit to a definite musical tone. There­
fore, we connect across the coil a fixed con­
denser that gives a note rather near, but higher 
in pitch than the musical tone required; and 
then fine iron wires ... are placed in the center 
of the windings, where the core was originally 
.... Perhaps the correct note is obtained with a 
piece of iron wire halfway into the coil. 

In building the Pianorad it was found that 
the simplest method is to fill the center holes of 
the windings with modeling clay, and then stick 
the iron wires into the clay. In this way a very 
gradual change in pitch can be made and it can 
be held constant at the desired value. 

The Pianorad had twenty-five separate speaker 
diaphragms connected to a single loudspeaker 
horn to minimize distortion. 

The Pianorad was first demonstrated pub­
licly on June 12, 1926, on a concert over radio 
station WRNY in New York. The performer 
was Ralph Christman. The Pianorad was used 
at WRNY for some time, usually with piano or 
violin. 

Gernsback duly credited Lee de Forest with 
the invention of the basic principle used in 
the Pianorad: 

The principle embodied in this instrument 
was first demonstrated in 1915 by Dr. lee de 
Forest, inventor of the Audion [triode tube]. At 
that time Dr. de Forest was able to produce 
musical tones by means of vacuum tubes, but 
the radio art at that time had not progressed 
sufficiently to make possible the Pianorad. 

Gernsback's instruments, like many of the 
early purely electronic polyphonic instru­
ments, were predicated on the idea of sim­
ply using one oscillating element for each 
note on the keyboard. Next time we'll take a 
look at the most overwhelming example of 
the "one note, one tube" instruments. Would 
you believe 700 tubes?! 



THE FIRST ELECTRONIC musical instruments 
having vacuum tube oscillators grew out of 

early radio technology. De Forest's patent, in 
1915, of the LC vacuum tube oscillator was 
largely a byproduct of his research in radio. 
The LC oscillator is named after its constituent 
circuit elements-the inductor (L) and the 
capacitor (C). The design has been continually 
"rediscovered" and was used for decades. 

In 1930 R.C. Hitchcock, of the research 
laboratories of the Westinghouse Electric and 
Manufacturing Company, announced the 
construction of an electric organ which gave a 
" ... practical use for the squeal of a radio tube." 
This instrument was erroneously reported to 
be the first to produce music from electrical 
circuits, but comments such as " ... by regulat­
ing the pitch of the squeal, and by utilizing 
several tubes, each controlled by a keyboard 
... musical tones are produced:' reveal his debt 
to de Forest and Gernsback (see last month's 
column). The organ remained unnamed, but 
was played on the air for the first time in 
January 1930 on station KDKA in Pittsburgh. 

The most overwhelming examples of the 
one note-one tube principle were the elec­
tronic organs constructed by the Frenchmen 
Edouard E. Coupleaux and Joseph A. Givelet. 
These elaborate instruments used hundreds of 
tubes, and were installed in French churches 
and radio stations during the '305. B.F. Miessner, 
an early authority on electronic musical instru­
ments, confirms that these instruments bore a 
direct relationship to simpler monophonic 
vacuum tube instruments: 

The Coupleaux-Givelet Organ, like de Forest's 
plan, utilizes one audio-frequency oscillator 
tube for each note of the musical scale. For each 
different timbre they use a complete series of 
such oscillators followed by an amplifier and 
speakeJ. Thus, for ten different timbres through 
a pitch range of 70 notes, they use 700 oscillator 
tubes, and ten amplifier and reproducer outfits. 

Seven hundred oscillators and ten ampli­
fiers might mean as many as a thousand tubes! 
The instrument probably functioned as a 
heater, as well as a musical instrument! So you 
think you have stability problems with your 
multi-voice polyphonic synthesizer?! Can you 
imagine tuning 700 oscillators? As one reviewer 
wryly commented: "Tuning is effected within 
narrow limits by a screw adjustment of the iron 
core. This method would appear to be much 
simpler than tuning an ordinary [pipe) organ, 
but it would be interesting to know to what 
extent variations in supply voltage, valve [tube) 
aging, and the like affect the tuning ... " (italics 
added). These prophetic words revealed a 
problem that has perenially plagued instru­
ments using many oscillators to create poly­
phony: instability. In the perception of pitch, 
the human ear is a stern taskmaster, and many 
an instrument using the many notes-many 
oscillators principle has failed due to oscillator 
instability. More on that in future columns. 

One of the positive attributes of the multi­
ple oscillator design is the richness of tone 
quality-a "chorus" effect caused by the 
(hopefully!) minute beating between oscilla­
tors. Indeed, those who heard the Coupleaux­
Givelet organ wondered at the remarkable 
timbral effects. How can this be-since the LC 
oscillators used produce a simple sine wave? A 
rather technical description reveals that com­
plex waveforms cou Id be produced to create a 
variety of timbres: 

The principle employed in the tone generators 
permitted the use of several different methods of 
tone quality control. Each oscillator, which was 
an ordinary inductively coupled feedback oscil­
lator [an lC oscillator], was adjusted to produce 
an almost pure sinusoidal waveform, and har­
monics were introduced by various alterations 
to the circuit conditions. For instance, a change 
in the ratio of inductance to capacitance will 
distort the pure [sine] waveform and cause har­
monics to appear, especially when the induc­
tance is increased. In another method the grid 
bias applied to the oscillators may be changed 
whereby the tubes are caused to operate over 
different portions of their characteristic curves, 
again producing waveform distortion [different 
tone colors]. Filter circuits for regulating the 
harmonic amplitudes may be used. and by 
slightly shifting the frequencies of some of the 
notes, the tone quality will be affected by rea­
son of the altered beats between the harmonics. 
The possibility of producing synthetic tone 
qualities by means of harmonic synthesis was 
also realized. 

The student of synthesis will recognize that 
both subtractive synthesis (filtering complex 
waveforms) and additive synthesis (the addition 
of sine, or simple waveforms) were possible. 

The most famous of these organs was that at 
the Poste Parisien radio station. This organ had 
three manuals, each of four and a half octaves, 
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and two and a half octaves of pedals-a total of 
200 notes. Two hundred notes-two hundred 
tubes. Another 200 tubes were fitted in the 
amplifiers, which drove thirteen speakers. 
There were 76 registers, of which 66 were 
electronic and the others pneumatic. Evidently 
the pneumatic registers controlled theatre­
organ-like effects, which a reviewer whimsi­
cally described: 

It has been said that there is a close similarity 
between the resources of this organ and the 
very large and famous instrument at Notre 
Dame, although the latter, presumably, does not 
include drums, rattles, triangles, castanets, an 
auto-horn or a steam whistle! 

Envelope control-attack and release char­
acteristics-evidently received little attention. 
There was, however, a swell pedal applied to 
the entire instrument that was deemed " ... a 
really important improvement, provided that it 
does not tend to sentimental playing of the 
cinema-organ type." 

Not only did the early vacuum tube instru­
ments grow out of radio technology, their use 
was also bound up with radio broadcast. It was 
apparent that the output of an electronic in­
strument could be fed direct for on-the-air 
performances. This was undoubtedly part of 
the motivation for the interest that radio sta­
tions had in electronic musical instruments in 
their infancy. They fit the medium well. In fact, 
the designer Givelet astounded onlookers by 
giving a "silent performance" that was trans­
mitted into another room where it could be 
heard. 

The use of a separate oscillator for each key 
was certainly not restricted solely to the early 
years. Instruments of this design were pro­
duced as late as the postwar era. In next 
month's column we'll take a look at what 
might be described as the "polyphonic synthe­
sizer" of the late '30s-certainly a more modest 
instrument in terms of tube count! 
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