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0 INTRODUCTION

The history of electronic sound modification is as
old as the history of electronic musical instruments and
electronic sound transmission, recording, and repro-
duction.

Means for modifying electrically generated sound
have been known since the late 19th century, when
Thaddeus Cahill created his Telharmonium.

With the advent of the electronic age, spurred first
by the invention of the electron tube, and the more
recent development of solid-state devices, an astounding
variety of sound modifiers have been created for fil-
tering, distorting, equalizing, amplitude and frequency
modulating, Doppler effect and ring modulating, com-
pressing, reverberating, repeating, flanging, phasing,
pitch changing, chorusing, frequency shifting, ana-
lyzing, and resynthesizing natural and artificial sound.

In this paper some highlights of historical devel-
opment are reviewed, covering the time from 1896 to
the present.

1 THE ELECTROMECHANICAL ERA

To give a more complete account on this history, it
is important to include the time span that preceded the
purely electronic era, and also to include some history
of electronic (and electrical) instruments whose sound
modification devices formed an integral part of the
entire system.

A classic case is the Telharmonium, by Thaddeus
Cahill (Fig. 1), which was built around 1896 [1]-[10].
This instrument used the principle of additive tone
synthesis for sound manipulation and modification. The
individual tone colors were built up from fundamentals
and overtones, generated by huge dynamos. For the
purpose of generating pure sine waves for the synthesis,
the individual generator coils were tuned with capac-
itors, another means of sound modification.

* Based on papers presented at the Midwest Acoustics
Conference, Chicago, 1981 April 25 and at the 70th Con-
vention of the Audio Engineering Society, New York, 1981
Oct. 30-Nov. 2). Manuscript received 1984 June 18.
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2 THE ELECTRONIC ERA

After the Telharmonium, and especially after the
invention of the vacuum tube, scores of electronic (and
electronic mechanical) musical instruments were in-
vented with sound modification features. The Hammond
organ is of special interest, since it evolved from Cahill’s
work. Many notable inventions in electronic sound
modification are associated with this instrument, which
will be discussed later.

Other instruments of the early 1930s included the
Trautonium by the German F. Trautwein, which was
built in several versions. The Trautonium used reso-
nance filters to emphasize selective overtone regions,
called formants [11]-[14]. In contrast, the German Jorg
Mager built an organlike instrument for which he used
loudspeakers with all types of driver systems and shapes
to obtain different sounds.

In 1937 the author created the Warbo Formant organ,
which had circuitry for envelope shaping as well as
more complex filters than those used before. It had two
sets of filters and a four-voice assignment keyboard
[15] through which, for instance, voices 1 and 3 could
be assigned to the first filter and voices 2 and 4 to the
second filter (Fig. 2). By making the pass regions of
the filters mutually exclusive, complementary tone
colors could be produced, which sounded very pleasing
to the ear [16], [17].

In the late 1930s the Hammond Novachord was cre-
ated, which also had formant filters for overtone mod-
ification and envelope shaping to produce tones like
those of wind and string instruments [18], [19].

An interesting means of sound modification is found
in the Electrochord by Oscar Vierling [16] and in the
Miessner piano [20]-[23]. It was found that tonal qual-
ities could be dramatically modified by changing the
location of pickups (in this case capacitive) along the
strings. For instance, when picking up the oscillations
at the midpoint, all even harmonics would disappear,
leaving only the odd harmonics, thus producing a hol-
low, clarinetlike sound. Placing the pickup at one third
of the string’s length, the third, sixth, and so forth
harmonics would be canceled, and pickup points at
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is produced where the spacing of the peaks and notches
equals the reciprocal of the delay time. In contrast, in
phasers, depending upon the design parameters used
for the phase filter, the spacing of the peaks and notches
can be made to cover equal musical intervals [58]. All-
pass phase filters have been known for analog computers
roughly since the 1940s. So basically the technology
would have been available to build phasers at that time.
According to one report the first user of phasers was
Dodie Fields in the mid 1950s. The Countryman phase
shifter became known in the early 1970s. One of the
successful phasers of the early times was the Maestro
phaser, designed by Tom Oberheim.

On the Moog 12-stage phaser the number of phasing
stages as well as the number of stages included in the
feedback loop could be selected. The Bode Barberpole
phaser (introduced in 1981) is capable of unidirectional
(infinite) movement of the comb filter peaks and notches.

A very important ingredient in sound modification
is the addition of reverberation to program material.
In the old days, that is, in the 1930s, one used echo
chambers for this purpose, and with very good results.
But they wre expensive and space consuming. Then in
1941 came the invention of the Hammond spring re-
verberation device, which was incorporated in his organ
tone cabinet [59]. It also worked well in studios, and
its offspring are still popular. A different approach for
producing reverberation effects was taken by D. W.
Martin of the Baldwin Piano Company, who used coil
springs, which were mechanically coupled with the
loudspeaker cone [60].

Another way to produce reverberation effects suc-
cessfully is, of course, with tape repeaters. After the
advent of useful delay lines artificial reverberation be-
came feasible with tapped delay lines. Schroeder of
Bell Laboratories proposed a system for natural rever-
beration, incorporating a number of delay lines and
feedback configurations (Fig. 10) [61], [62]. One of
the most successful reverberation devices still in use
today is the EMT plate reverberation device.

As was mentioned before, post-source frequency
modulation is very important to enhance certain program
material. The most famous device to produce Doppler
effect vibrato by rotating loudspeakers was and is the
Leslie tone cabinet. A purely electronic system for
simulating moving sound sources was described by J.
M. Chowning in 1971 [63], who proposed the use of
all of the required parameters, including amplitude
modulation, frequency modulation, and reverberation
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Fig. 9. Flanging setup with two tape recorders.
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in four independent channels to achieve this and other
moving sound effects. Prior to this a system for ‘““mon-
aural-binaural transmission of sound for producing a
Haas effect’” had been proposed by D. W. Martin in
1959 [64].

Different and still relatively little-known sound
modification devices are frequency shifters, which are
capable of producing quite startling effects. The first
frequency shifters were introduced in the 1950s by Heck
and Buerck in West Germany [65]. They operated on
the principle of heterodyning the program material, for
instance through a 20-kHz carrier into a higher frequency
range passing one of the sidebands produced through
a single-sideband filter (for instance, passing 20 kHz
to 30 kHz) and reheterodyning these frequencies back
into the audio range with a carrier that deviated from
the first (20-kHz) carrier by the amount of frequency
shift ultimately desired [66].

A different variety of frequency shifters now suc-
cessfully in use operates on the phase shifter and mul-
tiplier principle [67], [68]. A dual phase shifter modifies
the program signal to produce output signals, which
are in 90-degree phase relationship relative to each
other over a range from 20 Hz to 20 kHz. These feed
into the first inputs of two multipliers. A quadrature
oscillator produces sine/cosine-related shift frequencies,
which are fed to the second inputs of the two multipliers.
The multiplier output signals are typically those of
ring modulators. Due to their phase relationships one
of the sidebands is suppressed when they are summed
in the output circuit, and the other is doubled in am-
plitude, thus producing a frequency-shifted signal.

Frequency shifters can be used for a variety of in-
teresting effects, including the spiraling echo effect,
which is obtained by placing this sound modifier in the
feedback loop of a delay circuit (or tape delay). In
cooperation with Robert Moog a special model was
created in 1973 [69]-[70], which has an exponential
control voltage to amount-of-shift interface, so it has
a keyboard tracking capability. This means that unusual
timbres set up with the frequency shifter can be main-
tained over the entire keyboard range.

In the 1973 model a beat frequency quadrature os-
cillator was used, which was later replaced by a wide-
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Fig. 10. System for natural sounding reverberation (after
Schoeder [61]).
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Fig. 14. Vocoder with consonant bypass.
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Harald Bode, a graduate of the University of Ham-
burg, Germany, and a postgraduate of the Technical
University of Berlin (Heinrich Hertz Institute), became
active in electronic music instrument design in the mid-
30s. His creations include the Warbo Formant organ
(1937), the Melodium (1938), the Melochord (1947 —
1953), most widely known through the work of Stock-
hausen at Cologne, West Germany. Further instruments
include the Polychord (1949), the Bode organ (1951—
later known as the Estey electronic organ), the concert

model of the Clavioline (1953), and a modular syn-
thesizer/sound processor (1959-1960). The Bode ring
modulators and frequency shifters (1961) are found in
many American and foreign studios. The Bode Vocoder,
deviating from conventional concepts, was created in
1977.

Bode holds more than 50 US and foreign patents.
He served as AES session chairman for music and
electronics in 1962 and 1964. He is the head of the
Bode Sound Company of North Tonawanda, New York.
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