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The present invention relates generally to sustain.and
reverberative devices for musical instruments, and more
paiticularly to sustain and reverberative devices utilizing
a plurality of stretched strings resonant to certain musical
semi-tones to provide sustain and reverberative effects.

Musical instruments, and particularly electronic organs,
can provide enhanced musical effects if the tones pro-
vided by the instruments are (1) extended in time in slow
decay, or (2) if echo effects are simulated, ie., if the
acoustic effects provided on playing the instrument in a
large room or auditorium having acoustic reflective prop-
erties are simulated. The former effect is called “sus-
tain” and the latter effect is called “reverberation.” It is
known to provide such effects by exciting relatively high
Q resonant devices in response to electrical wave forms
corresponding with music provided by an instrument, and
permitting the oscillations induced in the devices to decay,
after the tones, as produced by the instrument, have
terminated.

In accordance with the present invention, electrical wave
forms corresponding with music are cansed to induce vi-
brations in an array of stretched strings. These are tuned
to frequencies two semi-tones apart on the musical scales,
so that a total of six strings is employed. Since stretched
strings” vibrate at partial frequencies, fundamental fre-
‘quencies ‘of the strings may fall within a single octave.
The single octave need not be the lowest octave available
to the instrument, since the string fundamentals may cor-
respond with second harmonics of the lowest octave of
the instrument.

The concept on which the present invention is based is
that a single resonant device properly tuned can respond
to tones of two nomenclatures, and thus perform double
duty. Thereby, six strings can provide complete response
to twelve semi-tones, in terms of fundamental and partial
responses of the strings, and thus to all the tones of a
musical instrument. This result comes about because of
the numerical relationship among the frequencies pertain-
ing to the tomes, including fundamentals and harmonics,
of a conventional musical instrument such as an electronic
organ.

Structurally, the system of the invention invelves a can-
tilever magnetic element, to the fréee end of which the ends
of the strings are secured. The cantilever element is elec-
tromagnetically vibrated in response to musical tones,
thereby vibrating as a whole and at high amplitude those
strings which in respect to-partial or fundamental re-
sponses are tuned to the vibrating frequency.

The strings extend over a bridge to a series of pegs,
which are utilized to adjust the tension of the strings, and
thereby their resonant frequencies. Adjacent to the bridge
is located a capacitive pickup, in the form of a metallic
plate coupled capacitively to the strings. The location of
the pickup is selected to provide and assure satisfactory
response for all partials and for the fundamental of the
vibratory responses of the strings.

Utilization of an electromagnetic drive transducer and
a capacitive pickup transducer assures that no coupling
between transducers can exist except via the strings.

When the strings are tuned precisely with the tones of
the instrument, the musical effect is one of sustain, i.e., the
strings are set into vibration by the electrical output of the
instrument, and due to their Q values continue to vibrate

10

15

20

25

40

60

65

70

2

in a decaying mode after the output of the instrument has
terminated.

If the strings are slightly detuned with respect to the
tonal frequencies provided by the instrument, the effect
is reverberatory, i.e., one of relatively random echoes
rather than of uniform decay. It appears that the rever-
beratory effect occurs because of mutual mechanical cou-
plings among the strings, which leads to cyclic inter-
changes of energy. In any event, the effect is subjectively
clear, and we do not desire to be held to any specific
explananon

It is; accordingly, a primary ob}ect of the invention to
provide a novel sustain or reverberation generator for
musical instruments having musical output.

1t is another object of the invention to provide a
stringed system responsive to musical tones provided by
an instrument to provide a musical effect following in
time' the termination of notes played on the instrument,
wherein a total of six strings is employed which are sepa-
rated from one another in pitch by two semi-tones.

It is a further object of the invention to provide a sus-
tain or: reverberation generator for musical instruments,
employing high Q vibratory elements each of which vi-
brates in tune with frequency components of plural tones
of the instrument, within a given single octave.

Still another object of the invention resides in the pro-
vision of a stringed device for electrically providing sus-
tain and reverberatory effects, and which employs a total
of six essential strings.

Another object of the invention is to provide a stringed
device for electrically providing sustain and reverberatory
effects by means of a minimum number of high Q strings.

The above and still further objects, features and advan-
tages of the present invention will become apparent upon
consideration of the following detailed description of one
specific. embodiment . thereof, especially: when . taken in
conjunction with the accompanying drawings, wherein:

FIGURE 1 is a view in perspective of a stretched string
sustain device and reverberator according to the inven-
tion;  and

FIGURE 2 is a side view of the structure of FIGURE
1, together with a block and circuit diagram of a system
incorporating the sustain and reverberator.

Referring now more specifically to the accompanying
drawings, ‘the reference numeral 19 denotes a rigid sup-
port for the mechanical elements of the system. To the
support 190 is secured a cantilever element 11, as by means
of bolts 12. The cantilever element 11 is provided, adja-
cent one edge 13, with six openings 14, through which ex-
tend the knotted ends 15 of strings 16. The openings 14
are shaped, as in the case of the tail piece of a violin, to
retain the knotted string ends 15 even when the latter are
under extreme tension. - Located immediately under the
cantilever element 11 is an actuating electromagnet 17,
supplied with andio signals via lead 18. The cantilever
element 12 is frabricated of magnetic material and accord-
ingly vibrates in response to the magnetic field supplied to
electromagnet 17 via lead 18. The electromagnet 17 is
arranged and. designed to provide true A.C. motion of
the cantilever element 11, in response to A.C. currents on
lead 18, so that the mechanical vibrations of cantilever
element 11 follow with precision the wave shapes of the
signal supplied over lead 18.

The mechanical motion of cantilever element 11, ver-
tical ‘as seen in FIGURE 1, communicates itself to the
strings 16, which are tuned.. The individual strings pass
over a bridge 19 to tuning pegs 20 which enable adjust-
ment of tuning of the individual strings, after the fashion

~of stringed instrument, by adjustment of string tension.

Tpe strings 16 are tuned to frequencies which are two
semi-tones apart, and are relatively high Q resonant ele-
ments. Typically the strings may have their fundamen-
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tals at frequencies corresponding to notes of nomencla-
ture C, D, B, Ft, G#, Af, although any other array of
values may be selected which, in pairs, are separated by
two semi-tones.

Physically adjacent ones of the strings need not be ad-
jacent in musical nomenclature, and in fact it may be
undesirable to arrange the strings physically in order of
frequency.

Located adjacent to the strings 16, near the bridge 19,
is a mechanico-electrical transducer 21 in the form of
a flat strip of metal 22 extending transversely of the
strings. The strip of metal may be adjustably supported
by means of studs 23, secured to rigid support 1%, and
provision may be made for adjusting the vertical separa-
tion between the strip 22 and the strings 16 by adjusting
the studs 23. It is of importance that the transducer 21
be located adjacent the bridge 19, so that every harmonic
oscillation of the strings will occur at considerable am-
plitude under the strip 22.

The strings 16 may be metallic, and may be grounded.
The transducer 21 may be insulated from ground, sup-
port 10 being insulative. As the strings 16 vibrate ver-
ically, accordingly, the capacity of the sirip 22 to ground
varies according to the oscillations of the strings.

A vacuum tube oscillator 24 is provided, including a
triode 25 having an anode 26, a confrol grid 27 and a
grounded cathode 28. Connected between the anode 26
and a B4 terminal 30, are, in series, a resistance load 31
and a parallel tuned circuit 32.

A grid leak 33 is connected between the grid 27 and
ground, and a parallel resonant circuit 34 is capacitively
coupled by condenser 35 between grid 27 and ground.
A lead 36 is connected directly (or via a coupling capaci-
tor) to the strip 22. Thereby, the capacity to ground
of strip 22 contributes to the capacity included in resonant
circuit 34, and as the strings 22 vibrate the total capacity
of resonant circuit 34 correspondingly varies.

The resonant circuits 32 and 34 are coupled, and are
designed to provide self-oscillations. When the strings
16 are quiescent the oscillations are of median strength,
the resonant circuits 32 and 34 being relatively detuned.
As the strings 16 vibrate the capacity introduced intc
resonant circuit 34 increases and decreases, with respect
to the string-quiescent value, and the resonant frequencies
of circuits 32 and 34 are brought alternately more nearly
toward equality and farther from equality. The strength
of the oscillations accordingly increase and decrease.
This is reflected as a change in average D.C. voltage level
at the terminal 35 of load resistance 31.

The signal voltage available at terminal 35 is coupled
into an audio amplifier 36, and the latter drives a speaker
37. Drive signal for electromagnet 17 is provided by
an audio amplifier 4@, which also may drive a speaker
41, if desired, and which derives its input signal from
an electrical musical instrument, such as an electronic
organ, 42.

When the strings are perfectly tuned, the device of the
present invention operates as a sustain, ie. each note or
combination of notes played on the organ excites one or
more of the strings 16, which due to their high Q con-
tinue to vibrate transiently after the keys of the organ
have been released, the vibrations decaying slowly and
fairly uniformly. On the other band, if the strings are
slightly detuned from their true pitches the decay assumes
a random character, with interchange of energies among
the strings, and the decay of the vibrations provides sub-
jectively an echo effect.

It is known to employ stretched strings to provide sus-
tain and reverberative effects, but such devices as were
known heretofore have been unsuccessful. Where many
strings have been employed the resonance characteristics
of the individual strings have overlapped badly so that
there has been undue coupling between strings, and con-
sequent ringing at undesired frequencies. To avoid this
difficulty the Q factors of the strings have been raised
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sufficiently to eliminate overlap of the resonance charac-
teristics of the strings. However, the rise times of the
string osciliations have then become unduly great, and
the musical effects subjectively unpleasant. = All attempts
to arrive at a compromise as between Q factor and string
decoupling have proved unavailing, and must prove un-
availing because of the frequency separations inherently
present between semi-tones and the rise and decay times
required for pleasant listening, both of which are con-
trolled by the same Q factor.

While it is an obvious solution to reduce the number
of strings per octave, in some manner, the problem which
remains to be solved is, how to reduce this number while
retaining sustain or reverberative coverage for the entire
gamut of tones. The use of six strings separated in pairs
by two semi-tones affords an economical solution since
the third harmonic of any fundamental frequency present
in a musical tone always corresponds with the fundamen-
tal of a different tone. So, the third harmonic of C
corresponds with G, the third harmonic of D corresponds
with A, and the third harmonic of E corresponds with B,
in musical notation. The third harmonics of tones sep-
arated by two semi-tones always equal an intermediate
semi-tone frequency, so that in terms of harmonic and
fundamental response, and recalling that all musical tones
include octavely related frequencies and harmonic fre-
quencies, each string of the present invention responds
(1) to a given fundamental, and to octaves thereof, ie.,
Cy, Cy, Cs ete. and (2) to certain harmonics, correspond-
ing with Gy, Gy, G; ete. for the C fundamental. Thereby,
each string performs a sustain function for many fre-
quencies and to tones of two nomenclatures, and a total
of six strings is thus capable of providing sustain, or rever-
beration, for an entire musical instrument.

While we have described and iltustrated one specific
embodiment of our invention, it will be clear that varia-
tions of the details' of construction which are specifically
Hllustrated and described may be resorted to without de-
parting from the true spirit and scope of the invention as
defined in the appended claims,

V/hat we claim is:

1. In a system for providing sustain of the gamut of
notes of the musical scale, six resonant members tuned
to frequencies within an octave, frequency adjacent ones
of said resonant members being tuned apart by substan-
tially two semi-tones, and means for simultaneously
driving said resonant members electrically in response to
a complex musical signal,

2. In a musical system, a source of musical tones
comprising electrical tone generators, multiply resonant
devices simultaneously coupled to said tone generators,
said multiply resonant devices being individually tuned
only to notes of nomenclatures separated by substantially
two musical semi-tones.

. In a reverberatory system, a source of a gamut
of semi-tones of the musical scale, a plurality of stretched
strings having only fundamental resonant frequencies
spaced apart by approximately two of said semi-tones,
and means coupled to said source for simutlaneously vi-
brating said stretched strings in response to said gamut of
tones.

4. The combination according to claim 3 wherein said
means for vibrating is electromagnetic and wherein is
provided an electrostatic element coupled to all said
strings and responsive to the mechanical vibrations of said
strings.

5. The combination according to claim 4 wherein said
strings are cach slightly detuned with respect to the fre-
quencies of said semi-tones of the musical scale.

6. The combination according to claim 4 wherein is
provided an oscillatory circuit coupled to said trans-
ducer and tunable thereby over a range of frequencies
adjacent to resonance, whereby the amplitudes of output
of said oscillatory circuit is a function of capacity of said
clectrostatic element.
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7. A string musical device comprising a cantilever
element, a plurality of stretched strings, a bridge, a plu-
rality of pegs, each of said strings extending from said
cantilever element over said bridge to one of said pegs,
electromagnetic means for vibrating said cantilever ele-
ment, - capacitive means- for deriving electrical signals
from the vibrations of said strings, said last named
neans. being located immediately adjacent said 'bridge,
a source of complex electrical wave forms representing
music, said strings being stretched to respond to selected
semi-tones of said music, and means coupling said source
to said electrical means for vibrating.

8. The combination according to claim 7 wherein said
strings are six in number, and wherein the resonant fre-

uencies of said strings are separated by approximately
two semi-tones.

9. The combination according to claim 8 wherein said
strings are tuned approximately to one of the sets of
notes of musical nomenclature C, D, E, Fi, Gi, A# or
Ct, Di, B, G, A, B.

10. The combination according to claim ¢ wherein the
physical order of said strings transversely of said bridge,
with respect to the order of the notes is such that stiips
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of adjacent position are not of adjacent musical nomen-
clature. :

11. The combination according to. claim 10 wherein
is provided a resonant device, and means coupling said
capacitive means to said resonant device in tuning rela-
tion thereto.

References Cited by the Examiner
UNITED STATES PATENTS

890,803 6/08 - Severy et ali o 84—1.06
2,601,391 5/35 Miessner ._.________ 84—1.16 X
2,535,341 12/50  Zeckman ______Zo._._ 84—1.16 X
2,585,661 . 2752 Klusonm el 84299
2,600,870 - 6/52 Hathaway et al, _____ 84—1.24 X
2,818,760 '1/58 Spencer - i 84--1.04
3,048,072 - 8/62 Hanert .ol o___. 84—1.24

FOREIGN PATENTS

258,946 -10/26 ~ Great Britain.

ARTHUR GAUSS, Primm'y Examiner.
ARNOCLD RUEGG, Examiner.



