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14 Claims..

This invention relates to electrically produced
music.and more specifically to methods and appa-
ratus for producing and controlling sounds of
various fundamental frequencies, or music,

8 through electric media.

15

26

30

35

40

45

80

66

It is an object of my invention to provide me-
chanico-electrical ‘methods whereby there may

‘be produced selectively and controlled sounds of

apny one, or more than one simultaneously, of a
plurality of fundamental frequencies. It is a fur-
ther object of my invention to provide mechanical
and electrical apparatus for the selective produc-
tion and the control of such sounds. It is a still
further object to provide an improved musical
instrument employing electrical circuits whereby
there may be produced selectively and controlled
both single musical notes and chords. Other and
allied objects will more fully appear from the fol-
lowing specification and the appended claims.

In the detailed description of my invention
hereinafter set forth, reference is had to the ac-
companying drawings, of which:

. Figure 1 is a cross-sectional and Figure 2 a top

view of one embodiment of my invention, Figure 1
being taken along line 1-—1 of Figure 2;

Figure 3 xllustrates certain modifications of my
invention;

Figure 4 is a top view, and Figure 5 a cross-
sectional view taken along the line 5—5 of Figure

-4, of my invention in a further modified and the

preferred form; and
Figure 6 is an enlarged view of a small portion

-of Figure 1 taken along the line 6—6 of Figure 1,

A general method illustrative of certain prac-
tices employed in my invention is the setting into
decadent . vibration of a suitable vibrator, the
production by such vibration of electric oscilla-
tions of similar fundamental frequency, the am-
plification thereof by an electrical amplifying and
controlling system and the actuation thereby of a
loudspeaker or other electro-acoustic translating
device, ) '

In Figure 1 I show a cross-sectional view of a
musical instrument employing metal bars as vi-
brators, taken longitudinally through one such
bar. Vibrator 1 may consist of a bar of magnetic
material, preferably of unhardened steel and
mounted in a horizontal position by supports -3
symmetrically placed longitudinally about the
center of the bar. In order to prevent the bar
from shifting its position and at the same time
-to avoid excessive damping of the vibration of
the ‘bar by too rigid a fastening thereof to.its
supports, I prefer to surround the bar with con-
tintous narrow bands of soft rubber, 5, at the

(CL 84—1)

points of support and to provide recesses 7 in the
supports into which such bands of rubber fit
snugly. To hold down the bars pieces 12 may be
employed and to prevent lateral shifting oi the
bars separators 36 may be used; pieces 12 and 36
may touch the bands 5 but not the bars. An en-
larged cross-sectional view of a portion of a bar,
a band of rubber, a portion of a support 3 and
piece 12 is shown in Figure 6.

The exact positioning with respect to the ends
of the bar of the bands of rubber and points of
support affects the rate of damping of the vibra-
tion of the bar. It is well known that a bar sym-
metrically supported about the center tends so
to vibrate as to establish two nodes, or points
of no vibration; and for minimum rate of damp-
ing the points of support should be made to cor-
respond with the nodes. I have found the nodes
in the bars which I have utilized to be almost
exactly two-ninths of the total bar length away
from each end of the bar and I therefore prefer
thus to position the bands of rubber.

For setting the bar into vibration, I show
hammer 8 fastened at the end of rocker arm 9,
which is pivoted as at 10 between supports such
as 11. These supports may also carry block or
rod 13 to limit the motion of the rocker arm,
the end of which is provided with weight 14.
Above the rocker arm I show key 15, pivoted as
at 16 and provided with felt-tipped block 19. The
possible downward motion of key 15 is limited by
block 20 and felt washer 25, while a normally
raised position for the key is maintained by the
curved spring 21 attached to the key as at 27.
To spring 21 is fastened the damper 22, prefer-
ably of felt. The spring 21 normally maintains
damper 22 in contact with the end of bar 1.
‘When key 15 is depressed as far as block 20 and
washer 25 permit, however, spring 21 flexes and
moves damper 22 away from the end of bar 1 and
at the same time block 19 moves rocker arm 9 to

& point such that hammer 8 almost contacts with

bar 1. If the downward motion of the key be
other than extremely gradual, the momentum
developed by the rocker arm will cause the ham-~
mer to strike the bar, setting it into vibration.
The amplitude of such vibration will depend on
the degree of such momentum of the rocker arm,

which in turn will be seen to depend on the man-

ner, and particularly velocity, of the depression
of the key; in other words, the striking action is
touch-responsive. When the key is released or

allowed to rise again, damper 22 again contacts
with the end of bar 1, stopping its vibration. Key
15 is shown as a white key; an adjacent black
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key as shown as 29, block 37 and felt washer 26
performing for the black keys the function per-
formed by block 20 and washer 25 for the white.
The upward motion of all the keys may be lim-
ited as by block 24 and felt piece 23.

Below each bar may be employed a mechanico-
electric translating device, shown in Figure 1 as
a horse-shoe magnet 31, supported as by block
30, preferably having smoothly ground ends and
having a coil of many turns of fine wire sur-
rounding each pole, the two coils, 32 and 33, be-
ing connected in series aiding. The magnet, the
gaps 34 and 35 between the poles of the mag-
net and the bar, and the section of the bar be-
tween the gaps in general form a magnetic cir-
cuit threading through the coils; and variations
of the gaps, produced by vibration of a section
of the bar in a vertical direction, or the direc-
tion of its thickness, cause an a. c. voltage of
fundamental frequency similar to that of the
vibration of the bar to appear across the extremi-
ties of the coils. While I have shown the poles
of the magnet itself passing through the coils
and forming one side of each of the air gaps 34
and 35, it will be understod, of course, that soft
iron or other pole pieces may be used if desired.

I prefer to connect all the coils, in this case
comprising two for.each bar of the instrument,
in series, although a parallel or various forms
of series-parallel arrangements may be employed;
and to connect the extremities of the group to
the input of an electrical amplifying system which
I have shown in Figure 1 as comprising amplifier
41, potentiometer or volume control 42 and am-
plifier 43. It will be understood, of course, that
the volume control may precede or follow the en-
tire amplifier instead of lying between portions
of it as shown. The output of the amplifier is
connected to the input of a loudspeaker 44 or
other electro-acoustic translating device.

Tt is well known that the fundamental fre-
quency of transverse vibration of bars freely
suspended in air or symmetrically supported about
the center longitudinally is given by the expres-
sion KTL— Y% where T is the thickness of the bar,
I, the length and K a constant depending on the
material of the bar and the units of measurement
employed for T and L. It may thus be seen that
the fundamental frequency of the oscillations
produced by this embodiment of my invention
may be readily regulated by suitable dimensioning

-of the bar, thick and/or short bars being suitable

for the production of high frequencies and
thin and/or long bars for the production of low
frequencies. It is to be noted that as the width
of the bars does not appear in the expression for
frequency, the width of the bars which may be
employed in this embodiment of my invention

- may be varied within wide limits according to

convenience; I have found it preferable, how-
ever, to maintain the width of the bar at a di-
mension at least a fraction greater than the
thickness and in turn less than the mean separa-
tion between the centers of adjacent keys of a
complete instrument.

In Figure 2 I show a top view of such an in-
strument as is shown in Figure 1. ¥or the pro-
duction of a different fundamental frequency by
each bar, the bars are shown as of constant
thickness but varying length; the length may
be held constant, however, and the thickness
varied, or both length and thickness varied, ac-
cording to convenience and as wiil be under-
stood from the expression given above for fre-
quency. :

1,929,087

Other forms of vibrators and other mechanico-
electric translating devices may be substituted
for the bars and magnet-coil assemblies respec-
tively shown in Figures 1 and 2. Thus in Figure
3 I show a me al tuning fork 51 mounted close
to metal plate 53 but electrically insulated there-
from by insulating mounting 52. Plate 53 is
shown connected through a battery 55 or other
source of d. c. poten ial to one side of a resistance
56, to the other side of which is electrically con-
nected the tuning fork. Thus the electrostatic ca-
pacity between fork 51 and plate 53 is charged to
ihe potential of battery 55, but its charge is pre-
vented by the resistance 56 from changing rapid-
ly. The vibration of the fork, which may be
controlled by a striking and damping action simi-
lar to that of Figure 1, varies the electrostatic
capacity be.ween fork 51 and plate 53 at the
fundamental frequency of vibration of the fork;
and by virtue of the relative constancy of the
charge in this capacity an a. c. voltage similar in
frequency appears across the capacity and also
across resistance 56. This potential may be ap-
plied to the input of an electrical amplifying and
controlling system and loudspeaker, as in Figures
1.and 2.

Due largely to the paucity of harmonics of
the fundamental frequency in the vibration ot
bars and of tuning forks, which harmonics are
well known o add timbre or richness to musical
tones, I prefer to employ as vibrators stretched
strings of music wire or similar material, held
under longitudinal tension in a suitable frame.
A top view of such a frame, partially equippzd
with strings, a striking and damping action and
a keyboard, is shown in Figure 4. It may consist
of a base 67 carrying on the bottom struts or
longitud.nal compression bars 68, back end bar 69,
front end bar 70 and pin piece 71. Tuning pins
65, equipped with lock nuts 66, may he screwed
into both pin piece 71 and front end bar "0.
Strings 61 may be secured to a tuning pin, passed

through slan.ing hole 64 in the front end bar, |

through holes 81, 82, 83 and 84 in the back end
bar and ithrough the next hole 64 in the front
end bar and secured to the next tuning pin, pro-
viding by a single length of string two vibra ors;
a sing'e length may of course be utilized for one
vibrator by being secured at the back end bar
after passing through hole 81 and without passing
through additional holes 82 and 83. I prefer to
employ a frame carrying 24 strings so dimen-
sioned ihat the length of the longest string will
be between 3 and 4 times that of the shortest and
that the distance between strings, measured per-
pendicularly thereto, will be the mean separa ion
between centers of adjacent keys on the key-
board. Plate 67 may be provided with a row of
holes 74, prefersbly at approximately % of each
string length away from the front end of thaj
string; and I prefer so to angle the end pieces
with respeet to the strings that the row of ho'es
74 will fall in a s.raight line perpendicular to
the strings. Another row of holes 73 may-be
provided a few inches nearer the back of the
fremme than row of holes 74.

A vertical cross-sectional view of the instru-
ment of Figure 4 taken along a middle string,
is shown as Figure 5 similar numbers in each
view of course designating similar parts. The
frame may be supported on base 91 by suppor s
92 and 93. Key 15 is shown rocking about verti-
cal pin 76 on felt pad 50. The key may be coun-
terweighted so that its front end is normally raised
by means of weight 77 and may be provided with
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back stop 94 and with felf tipped block 19. Front
lateral guide pin 95 may be used to hold the key
in lateral alignment. 47 and 48 may be felt
pieces for reducing noise produced by key mo-
tion. Rocker arm 9, pivoted as at 10 between
supports 11 and equipped with weight 14 and
hammer 8 is shown, similarly to Figure 1. A

" damper 12, of soft material such as felt, is pro-

vided at the rear end of the rocker arm, so that
it rests normally on string 61 through hole 73 in
frame 67. When key 15 is depresed as far as
block 75 and felt 47 permit, rocker arm 9 is moved
so that damper 72 is raised from string 61 and
hammer 8 approaches the string through hole 74.
If the downward motion of the key be other than
extremely gradual, the momentum developed by
rocker 9 causes hammer 8 to strike the string,
setting it into vibration. The amplitude of such
vibration will depend on the degree of such mo-
mentum of the rocker arm, which in turn will be
seen to depend on the manner, and particularly
velocity, of the depression of the key; in other
words, the striking- action is touch-responsive.
When key 15 is released or allowed to rise again,
damper 72 again contacts with the string, stop-
ping its vibration.

Tt is well known that the vibration of a stretched
string possesses not only a fundamental frequency
but also a large complement of harmonic frequen-
cies. While the amplitude of fundamental fre-
quency vibration of the string is normally great-
est at one spot, the center of the string longi-
tudinally, the amplitude of any particular har-
monic frequency vibration is at a maximum at a
plurality of longitudinal positions, known as loops
for that harmonic, and is at zero at other, known
as nodes. At each point between the center of
the string and one end the ratios among them-
selves of the amplitudes of the vibrations at the
fundamental and various harmonic frequencies
are different. Thus by locating a mechanico-
electric translating device at various positions
between the center and one end of the string it
is possible to vary the waveform of the output
of the translating device and hence the quality
of the output tone in respect of timbre. I there-
fore prefer to mount the translating devices, each
of which consists as shown in Figure 5 of a bar
magnet 97 surrounded near its upper extremity
by coil 98, so thdat their longitudinal positions
with respect to the strings may be varied, as on
block 99, which is provided with felt 46 and which
may be moved to and fro along the strings by rod
38 passing through felt 39 in block 57 and through
felt 40 in block 92. The extremities of the group
of coils 98, which may among themselves be con-
nected in series, are shown connected to the in-
put of an amplifying, controlling and translating
system, as in previous figures. The trough formed
by base 91 and blocks 92 and 93 may advantage-
ously be lined with grounded metal shield 45 for
the reduction of the sensitivity of the translating
devices to stray electrostatic and other fields.

The principle of operation of.the string and
uni-polar translating device is similar to that ot
the bar and bi-polar translating device discussed
above, excepting that the magnetic circuit now
comprises the bar magnet, the gap between it and
the string, portions of the string on each side of
the gap and leakage paths from the string back
to the magnet.

The fundamental frequency of vibration of a
string varies inversely with length, inversely with
the square root of mass per unit length and di-
rectly with the square root of tension. It may be

3

seen, therefore, that in the usual twelve note per
octave instrument and with the frame construc-
tion shown in Figures 4 and 5 strings of similar
mass per unit length, i. e., of similar wire, may
be used throughout without necessitating large
departure from a given tension in the cases of the
different strings. For extending the pitch range
of the instrument downward I have found it con-
venient to use another frame, similar to that
shown in Figure 4 but with front and back end
pieces parallel and separated by the greatest string
length in the frame of Figure 4, using wire of
progressively larger mass per unit length for pro-
gressively lower frequencies, employing soft-iron
wound music wire for the lowest frequency vi-
brators. , '

The stringed instrument disclosed will be seen
to be basically a piano, in which the strings are
otherwise than customarily supported, in which
a simplified action is employed, and in which no
soundboard or other resonator is employed; the
vibrations of the strings being translated, instead
of directly into sound waves, into electric oscil-
lations and these in turn into sound waves. The
substitution -of these mesne vibration-oscillation
(mechanico-electri¢) and oscillation-sound (elec-
tro-acoustic) translations for the conventional di-
rect vibration-sound (mechanico-acoustic) trans-
lation, as distinguished from their simple addi-
tion to such direct translation, results in substan-
tial completeness of control over the output sound
in respect of its amplitude—i. e., that effected
by pqtentiometer 42—and of the control there-
over in respect of quality—e. g., the control over
timbre effected by the positioning or block 46.

It will be seen that I have disclosed an instru-
ment and system wherein control over output tone
volume may be effected both by manner of key
depression and my manipulation of the volume
control. Since such dual control of output tone
volume makes available a variety of musical effects
incapable of production if either control be omit-
ted, claims are hereunto appended directed to
this combination of control means.

) While I prefer to set the vibrators into vibra-
tion by key actuated percussion, .other methods
may be employed including striking as by loose
mallets, plucking or stroking as by the finger or
by a suitable key-operated action, and the like.
While I have illustrated bars with bi-polar mag-
netic translating devices, tuning forks with ca-
pacitive translating devices, and strings with uni-
polar translating devices, it will be understood
tl.lat; these and other vibrators and translating de-
vices may be interchanged. Likewise a single
translating device may be employed opposite or in
association with all or a plurality or group of the
vibrators, thus reducing the required number of
such devices. These and other modifications may
be made without departing from the spirit and
scope of my invention, as hereinabove disclosed
and in the appended claims defined.

The specific translating devices disclosed will
be seen to-be characterized by portions in spaced
relationship to the vibrators and to operate in ac-
cordance with vibratory variation of such spacing;
they are directly responsive to oscillatory displace-
ments of active parts of the strings. I do not wish,
however, to limit my invention in all its aspects
to the employment of such translating devices;
and such limitation is intended only to the extent
to which it is actually included in the appended
claims.

Iclaim:—

1. In the production of musical tones from the
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mechanical vibrations of a single vibrator, which
vibrations are characterized by a fundamental
oscillation of predetermined frequency on which
are superimposed oscillations of higher predeter-
mined frequencies producing a resultant complex
vibration, the method of timbre control which
comprises converting said complex mechanical

vibration into complex electric oscillations and

selectively controlling the energy distribution be-

tween various of the component electric oscilla--

tions so produced.

2. In the production of musical tones from the
mechanical vibrations of a single vibrator, which
vibrations are characterized by component vibra-
tions of a plurality of predetermined frequencies
producing a resultant complex vibration, the
method of timbre control which comprises trans-
lating said complex mechanical vibration into
electric oscillations and controlling said transla-
tion selectively with respect to various of said
component vibrations.

3. The method of producing musical tones from
a tuned vibrator and of controlling their timbre

"which consists in producing complex mechanical

oscillations of said vibrator comprising a plurality
of harmonically related partial components, in
translating said complex oscillations from said
mechanical into an acoustic form substantially
entirely by mesne translations thereof first into

the form of complex electric oscillations and

thence into the form of sound, and in selectively
controlling the energy distribution between vari-
ous of the partial components of sald complex
electric oscillations.

4. The method of producing mus1ca1 tones from
a tuned vibrator and of controlling their timbre,
which con51sts in producing complex mechanical
oscillations of said vibrator comprising a plural-
ity of harmonically related partial components,
in translating said complex oscillations from said

. mechanical into an acoustic form substantially
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entirely by mesne translations thereof first into

" the form of complex- electric oscillations and

thence into the form of sound, and in controlling
the first of said mesne translations selectively
with respect to various of said partial components.

5. The method of producing musical tones-from

a tuned vibrator and of controlling their quality,
which consists in producing mechanical oscilla-

tions of said vibrator, in translating said oscilla-
tions from said mechanical into an acoustic form

-substantially entirely by mesne translations there-

of first into the form of electric. oscillations and

. thence into the form of sound, and in selectively

controlling qualitative characteristics of the elec-
tric oscillations produced by the ﬁrst of said mesne
translations.

6. A musical instrument comprising a plurality
of variously tuned vibrators; means selective with

respect to said vibrators for producing in each.

vibrations having a plurality of harmonically re-
lated partial components; a mechanico-electric
translating system associated with said vibrators
and operative to translate said vibrations thereof
into electric oscillators; means included in said
mechanico-electric system for selectively control-
ling the harmonic structure of the said oscilla-
tions translated from each said vibrator; and
means for translating said oscillations into sound.

7. A musical instrument comprising a plural-
ity of variously tuned vibrators; means selective
with respect to said vibrators for producing in
each vibrations having a plurality of harmonical~-
ly related partial components; a mechanico-elec~
tric translating system having sensitive portions

1,020,027

respectively in spaced relationship to said vibra-

_tors, said system being operative to translate said

vibrations -into electric oscillations and being
selective in such operation with respect to said
various partial components of the vibration of
each vibrator; means included in said translating
system for altering at will its said selectivity with
respect to partial components; and rmeans for
translating said electric oscillations into sound.

8. A musical instrument wherein substantially
the entire output sound is translated from elec-
tric oscillations, comprising a plurality of vari-
ously tuned vibrators; means selective with re-
spect to.said vibrators for producing vibrations
thereof; a mechanico-electric translating system
associated with said vibrators and operative to
translate said vibrations thereof into said first
mentioned electric oscillations; and means in-
cluded in said mechanico-electric system for
selectively controlling qualitative characteristics
of the said oscillations translated from each said
vibrator. -

9. A musical instrument wherein substantially
the entire output sound is translated from elec-

_tric oscillations, comprising a plurality of vari-

ously tuned vibrators; means selective with re-
spect to said vibrators for producing vibrations
thereof; a mechanico-electric system having sen-
sitive portions respectively in spaced relationship

-to said vibrators and being operative to translate

said vibrations thereof into said first mentioned
electric oscillations; means included in said me-
chanico-electric system for amplifying said elec-
tric oscillations; and means included in said me-
chanico-electric system for selectively controlling
qualitative characteristics of the said oscilla-
tions translated from each said vibrator.

10. A mucal instrument wherein substantially
the entire output sound is translated from elec-
tric oscillations, comprising a plurality of vari-

_ously tuned vibrators; means selective with re-
spect to said vibrators for producing in each vi-

brations having a plurality of harmonically re-
lated partial components; a mechanico-electric
translating system having sensitive portions re-
spectively in spaced relationship to said vibra-
tors, said system being operative to translate said
vibrations into said first mentioned electric oscil-
lations, and being selective in such operation with
respect to said various partial components of
the vibration of each vibrator; and means in-
cluded in said translating system for altering at
will its said selectivity. with respect to partial
components.

11. In a musical instrument, the combination
of a meéchanical oscillator; means for exciting
said oscillator to produce in different portions
thereof mechanical -oscillations of respectively
different harmonic structures; a mechanico-elec-
tric translating device operative to translate into
electric oscillations the mechanical oscillations of
that portion of said oscillator with which said de-
vice may be associated; and selectively operable
means connected with said device for associating
the same with any of a plurality of said portions
of said oscillator at will.

12. In a musical instrument, the combination

-of a plurality of variously tuned strings: means

selective with respect thereto for vibrating the
same at a plurality of their partial frequencies:
mechanico-electric translating apparatus having
sensitive portions respectively adjacent said

strings; and means connected to said translat-

ing apparatus for moving the same, to move said
sensitive portions thereof in the directions of the
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lengths of the respectively adjacent said Strings.

13. A piano wherein.substantially the entire
output sound is translated from electric oscilla-
tions, comprising a plurality of variously tuned
strings; hammers respectively associated there-

with and each operable at different velocities to -

produce in the therewith associated said string
vibration of form dependent on hammer veloc-
ity; a mechanico-electric system associated with
said strings and operative to translate said vibra-
tions thereof into said first mentioned electric
oscillations; and means included in said mechan-
ico-electric system for selectively controlling the
amplitude of said oscillations, whereby low sound
amplitudes may be obtained with high hammer
velocities, and vice versa, at will.

5

14. A piano wherein substantially the entire
output sound is translated from electric oscilla-
tions, comprising a plurality of variously tuned
strings; hammers respectively associated there-
with and each operable at different velocities to
produce in the therewith. associated said string
vibration of form dependent on hammer veloc-
ity: a mechanico-electric system associated with
said strings and operative to translate said vibra-
tions thereof into said first mentioned oscilla-
tions; -and means included in said mechanico-
electric system for selectively controlling char-
acteristics of said oscillations.

BENJAMIN F. MIESSNER.
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