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This invention relates to musical instru-
ments and systems, with particular refer-
ence to those in which the vibrations of
mechanical vibrators are translated into
clectric oscillations. Mechanical vibrators
as contemplated in the invention are those
whose vibration contains not only a funda-
mental frequency component but also coin-
cident higher frequency components har-
monically related to the fundamental. The
fundamental and these higher frequency
components may each be termed a partial of
the composite vibration. Typical of such
vibrators are, of course, strings under longi-
tudinal tension; and strings are shown as
the vibrators in the accompanying draw-
ings. I do not wish to limit my invention
to use with strings, however, it being adapta-
ble for use with any other such mechanical
vibrator as above mentioned.

It is an object of my invention to provide
methods and means for translating the vi-

.bration of mechanical vibrators into electric

 oscillations of a harmonic structure selecta-

i)

ble within wide limits. It is a further and
allied object to provide methods and means
for selectively varying over a large range
the harmonic structuré or waveform of elec-
tric oscillations produced by translation of
the vibration of mechanical vibrators.

A further object is the provision in a
musical instrument of the class described
of vibration-oscillation translating methods
and means suitable for producing almost
any desired quality of tone. A still further
object is the provision in such an instrument
of vibration-oscillation translating methods
and means suitable for producing a quality
of tone selectively variable over a wide
range. »

A further object is the provision of such
means characterized by relatively low sus-
ceptibility or sensitivity to stray electro-
static and electromagnetic fields. A general
object is the provision of an improved elec-
trical musical instrument, by which music
of widely variable tone quality may be pro-
duced. Otber and allied cbjects will' more
fully appear from the accompanying draw-
ings and the appended claims.

In the detailed description of my inven- °

tion, hereinafter set forth, reference is had
to the accompanying drawings, of which:—

Figure 1 is a combined plan and schematic
view of a portion of a musical instrument
embodying my invention in one formj;

Figures 2 and 8 are cross-sectional views
taken along lines 2—2 and 3—3 in Figure 1,
respectively ;

Figure 4 is a combined plan and schematic
view of a portion of a musical instrument
embodying my invention in the preferred
form, modified from that shown in Figures
1, 2 and 3 in respect of the translating de-
vices and of the electrical controls;

Figure 5 is a cross-sectional view taken
along line 5—35 in Figure 4; and

-Figure 6 is a schematic view illustrating
a further modification of my invention in
vespect of the electrical controls.

It is well known that when the vibration
of a mechanical vibrator comprises a series
of harmonically related partial components
(of which the fundamental frequency com-
ponent may be considered as the first par-
tial component, its octave the second, etc.),
for any given such partial component except
the fundamental there will be found on or
in the vibrator one or more positions where
there takes place no vibration at the frequen-
cy of that partial, such positions being
known as nodes for that partial: likewise
that there will be found, for the fundamen-
tal as well as other partials, one or more po-
sitions of vibration maxima of substantial-
ly similar absolute values, such positions be-
ing known as loops or anti-nodes. Thus in
the case of a vibrating string the number
of anti-nodes for any given partial is equal
to the index of that partial—i. e., there are
two anti-nodes of second partial vibration,
three of third etc.—and the number of nodes,
exclusive of the ends of the strings, is equal
to one less than such partial index.

At positions on or in the vibrator other
than the nodes and anti-nodes for any given
partial, intermediate amplitudes of vibra-
tion at the frequency of such partial take
place. In the case of a vibrating string
of active length L, the instantaneous dis-
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placement D, from mean position due to N't»
harmonic vibration, of a given point dis-
tant by P from one end of the string, is re-
lated in the following manner to the similar
coincident displacement K, of the anti-node
for such partial vibration which is nearest
such end of the string :—

D,/E,=sin (180°-N-P/L) . .. (1)

It will be noted that the expression may as-
sume a positive or a negative algebraic sign:
such signs denote respectively similar or op-
posite directions of the two displacements
D, and E,. Consideration of the expression
will also show that in the vibration of the
string at any given partial frequency, no
involved phase relations exist between the
vibrations of different points: thus any two
points vibrate exactly in phase or exactly
opposed in phase with respect to each other,
and the instant of peak amplitude of the Nt
partial vibration of one point is likewise an
instant of peak amplitude of such partial
vibration of all other points. Consequently
expression (1) may be considered as show-
ing the ratio of the Nt partial peak vibra-
tion amplitude at a given point to the Nt
partial peak vibration amplitude at the first
N*" partial antinode, a positive or negative
value indicating respectively exact phase
coincidence or opposition of the vibrations
of the two points. Expression (1) of
course in no way defines the relationships
existing in a vibrating string between dif-
ferent partial components. Such relation-
ships are established by a particular mode of
vibration which resulfs from the character-
istics of the string itself, the manner of ex-
citing it, etc, as is well understood by those
skilled in the art.

It is further well known, and by way of
example may be readily deduced for a string
from the expression (1) above, that at dif-
ferent positions on or in a mechanical vi-
brator vibrating in any given mode there
are an infinite number of combinations of
relative vibration amplitudes between the
various partial components. Thus if a

‘mechanico-electric translating device be em-

ployed to translate the vibrations, first of
one point on or in the vibrator, then of an-
other, etc., into electric oscillations, and if
these oscillations be translated into sound
waves, changes in the tone quality of the
sound produced will be apparent as such

. point of translation is changed. It will be

C9
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found, however, that despite the availability
of an infinite number of harmonic structures
in electric oscillations or in sound waves
produced in this manner, a larger order of
infinity is required to express those inca-
pable of production ; and it this method alone
be employed for the control of output tone
in an electrical musical instrument, the
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range of tone qualities available is quite
limited.

I have discovered, however, that changes
of wider scope and of greater significance,
particularly from a musical point of view,
in oscillation and sound harmonic structure
can be obtained by employing a plurality of
devices, each to translate into electric oscil-
lations the vibration of a different point on
or in the vibrator, by controlling and vary-
ing as between themselves the relative ara-
plitudes of the composite oscillations pro-
duced by each device, and by thereafter com-
bining the oscillations in ‘an algebraically
additive or subtractive manner each with re-
spect to the others. I have further found
that the flexibility of any such arrangement
may be further increased by making vari-
able and varying the position of one or more
of such points of translation.

Thus in Figure 1, T show in plan view a
plurality of vibrators 1, which may be
strings of magnetic material, parallel and
in a horizontal plane for example, strung
under tension between tuning pins 2 in plank
3 and pins 4 in rear block 5, over triangular
bars 6 which physically define the active
vibratory lengths of the strings 1. Ham-
mers 7 may be provided underncath the
strings for vibrating the latter. Centered
under each string at a similar fractional dis-
tance, shown for example as 5/7, of its ac-
tive length from the rear end thereof ap-
pears a translating device 10, the position
of which may be fixed. Each such device
may comprise for example a simple vertical
bar magnet 11 with its upper pole slightly
below the associated string 1, and with a
coil 12 surrounding magnet 11 near such up-
per pole. The coils 12 of the several de-
vices 10 may be electrically connected in
series and across high resistance potentiom-
eter 13 and equally valued resistance 9 in
series.

Also underneath each string 1 but nearer
its rear end appears another similar trans-
lating device 20, the coils of the several de-
vices 20 being electrically connected in se-
ries, similarly to coils 12, and across center-
tapred potentiometer 14, each half of which
may have a resistance value equal to that of
potentiometer 13 and of resistance 9. In-
stead of being fixed in position, however,
each device 20 is mounted at its lower ex-
tremity to a block 21, slidable on base 29.
On the top and near the front extremity of
each block 21 may be provided a vertical pin
22, slidingly engaged in the long slot in
slotted bar 23, which latter is pivoted as at
24. When the bar 23 is moved about its
pivot, as may be done by the aid of handle
26 and rod 25 hooked into the slot in bar 23
as at 27, the several blocks 21 are moved for-
ward and backward. This effects a change
in the position of cach of the translating
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devices 21 longitudinally with respect to its
associated string 1. Sideward motion of the
bars 21 is prevented by a plurality of ver-
tical members 28 mounted to base 29, the
members 28 also if desired forming sup-
ports for block 5 and plank 3.

The motion of the several blocks 21 in the
arrangement shown will be seen to be
greater, the longer the associated string;
and, for the customary progression of string
lengths useful in the production of successive
notes of the equally-tempered chromatic
scale, the point of pivoting of slotted bar 23
can usually be so chosen as to provide dis-
tances of motion of the several blocks 21 al-
most exactly proportional to the active vi-
bratory lengths of the respectively associat-
ed strings. It is desirable so to mount the
several translating devices 20 on the several
blocks 21 that their fractional distances from
the rear ends of the active vibratory portions
of the respectively associated strings are
similar when bar 23 is in some given posi-
tion, such as that shown in Figure 1. As
shown each device 20 is centered under its
associated string at a distance, from the rear
end of the active vibratory length of the
latter, of approximately 45/100 - of such
length. If the motions of the several blocks
91 are made proportional to the active vi-
bratory lengths of the associated strings, as
above mentioned, this fractional distance
may be uniformly altered for the several
strings by motion of bar 23. .

In Figure 1 I also show schematically
further electrical apparatus. Thus thermi-
onic vacuum tube 31 may be provided, sup-
plied with anode current by battery or
other source 32, and its cathode or filament
excited as by battery 89. The flow of its
anode current through condensively by-
passed resistor 33 may serve suitably to bias
its grid with respect to its cathode. The
grid circuit of tube 81 includes a selectable
portion of either half of the total resist-
ance of center-tapped potentiometer 14 and
a selectable portion of the total resistance
of potentiometer 13. A. C. voltages ap-
pearing in the anode circuit of tube 31 are
applied across resistor 34 and through stop-
ping condenser 35 to potentiometer 36, by
the manipulation of which a selectable per-
centage of such voltages may be applied to
the input of the amplifier 37. Finally a
loud-speaker or other electro-acoustic trans-
lating device 38 may be conmected to the

‘output of amplifier 37.

Consideration being given to the man-
ner of functioning of the apparatus shown
in Figure 1, it will be seen that each string
1 has associated therewith two translating
devices, one device 10 and the other 20.
Each of these translates the vibration of the
point of the string 1 under which it is cen-
tered into substantially corresponding elec-

3

tric oscillations in its coil, due to the vibra-
tion of the string point in the field of the
magnet of the device and the intersection
of the coil by this field. As a result of the
electrical connections, through other coils
of each coil 10 to potentiometer 13 and of
each coil 20 to potentiometer 14, vibration
of any string 1 will cause an A. C. voltage
to appear across each of the potentiometers

13 and 14. Each of these voltages may be

considered to have a harmonic structure
similar to that of the vibration of the string
point producing it, and the phase relations
between any given partial component in the
two voltages may be considered similar to
the phase relations between the correspond-
ing partial component in the vibrations of
the two string points.

Considering any of the strings 1 to be
caused to vibrate in a given mode, as by
a certain blow imparted by its associated
hammer 7, let us denote by A, the ampli-
tude of fundamental component of the A. C.
voltage which would be produced across its
potentiometer and resistance by a -transiat-

70-

75

85

90

ing system similar to devices 10, potentiom- -

eter 13 and resistance 9, but positioned un-
der the strings at their centers—the only
anti-node for the fundamental component.
Likewise let us denote by A, the amplitude
of second partial component of the voltage
which would be produced by a similar
translating system positioned at the first
anti-node from the rear end of each of
strings for the second partial; by A; the
amplitude of third partial component pro-
duced by a similar translating system posi-
tioned at the like anti-node fcr the third
partial, etc. Then by virtue of expression
(1) and of the correspondence of the elec-
tric oscillations to the string point vibra-
tions from which they are translated, there
may be compiled the following table of
peak amplitudes for the various partial
components of the voltage produced across
potentiometer 13 and resistance 9 by the
translating devices 10, for which P/L: is
5/7, the respectively positive or neaative
algebraic signs indicating phase coincidence
or opposition between the values shown
and the respectively corresponding “A”
values :—

Table 1
Fund., .782A: 4thH. .433A( 7TthH. .000 A
2nd H., —.975 A 5th H., —.975 As 8th H., —.782 Ag
3ra .. 433 As 6th H. .782As Sth H., .975 Asete.

Due to the division of voltage between re-
sistor 9 and potentiometer 13, half of each
of these voltage components appears across
the latter; and by virtue of the sliding con-
tact of the potentiometer there may be ap-
plied to the grid of tube 31 either such half
or any desired smaller fractional part of
each of such components.
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For any given position of the translating
devices 20, longitudinally with respect to
strings 1, there may be compiled a similar
table of partial components of the voltage
appearing across potentiometer 14, Thus
if the deviees 20 are located at 45/100 of
the active length of each string from the
rear end thereof, P/L becomes 45/100 and
the tables becomes :—

Table 2
Iund., 988 A, 4(h1l, —.5S8A, TthH. —.454 A,
ond H., 3094 Athil, 707 Ay Sth L. — 951 Aq
Srd H., —.891A, Gthil, 809 A Oth i1l 156 3,
ote.,

> wherein the symbels Ay, AL, A, ete., have

the identical significance with those in the
preceding table. Due to the arrangement
of center-tapped potentiometer 14, there
may be applied to the grid of tube 31 half
or any desired smaller fractional part of
each of such components; or such half or
smaller fractional part may be applied to
the grid with all components reversed in
phase—i. e., with the sign of each
changed—as will be understood. Thus by
virtue of the setting of the contacts of po-
tentiometers 13 and 14, voltages corre-
sponding to either the sum or difference of
half of Table 1 and half of Table 2, or of
any smaller fractional part of either or
both, may be applied to the grid of tube 31.
Furthermore by virtue of the movability of
translating devices 20, Table 2 may be re-
placed with an infinite number of other
tables.

Tube 31 may therefore be actuated by a
total A. C. voltage of fundamental fre-
quency similar to that of the vibration of
the particular string 1, but of harmonic
content widely variable in amplitude be-
tween any and all the components. The
exact amplitude relationships among the
several components are, of course, depend-
ent on the relative values of ;. A., A,, etc,,
which in turn depend on the characteris-
tics of the particular string and on the man-
per of its excitation; but the variations dis-
cussed above are available for any given set
of inter-partial vibration amplitude rela-
tionships, as will be understood. Tt will b>
obvious, of course, that upon the simulta-
neous vibration of a plurality of strings 1,
tube 31 will be actuated by the simple alge-
braic additions of the voltages actuating it
upon vibration of each of such strings sepa-
rately. The voltage actuating tube 81 is
thereby amplified, may be controlled in am-
plitude by potentiometer 36, amplified to
any extent desired as by amplifier 37. and
converted into sound by loudspeaker 38.

It will be understood that an apprecia-
ble change in oscillation harmonic struc-
ture, and in the quality of tone produced by
translation thereof into sound, may be ob-
tained simply by the movement of translat-

1,906,607

ing devices 20 in Figure 1, but without con-
trol of relative amplitudes or phases be-
tween the oscillations or voltages produced
by the row of translating devices 10 and
those produced by row of devices 20. It
will furtl..r be apparent that the particular
means which I have disclosed for moving
the several translating devices 20 is appli-
:able to the case wherein only one such de-
vice per vibrator or string is employed.

In Figures 1 and 8 I show each of the
rows of coils 10 and 20 electrically connect-
ed within themselves in a certain manner.
This is such that, viewing the coils say from
the top, an electric impulse passing through
either of the two series of coils will travel
in a clockwise direction in one coil, counter-
clockwise in the next, clockwise in the next,
etc. As shown in the figures, the coils are
similarly wound, similarly terminalled and
similarly mounted; and the top of one is
connected to the top of the next, the bottom
of this to the bottom of the next, the top of
this to the top of the next, etc. This great-
ly reduces the susceptibility or sensitivity
of the series of coils to stray electromag-
netic fields such as those emanating from
nearby power apparatus. Such fields as
they intersect two adjacent coils, which are
very close together, are almost identical in
strength and configuration and hence in-
duce similar voltages in the two coils, which
voltages are caused to buck each other by
the arrangement shown. I prefer, al-
though I have not found it imperative, sim-
ilarly to pole all the magnets of the devices
i each one series:—e. g.. to mount all with
north poles up.

It will be understood of course that wide
modifications may be made from the exact
arrangements shown and described, many of
which latter can be only illustrative. Thus
the fixed translating devices 10 may be posi-
tioned at other points than at 5,7 of active
string length from the rear end thereof, this
particular position having been chosen only
by way of example; the translating devices
20 may be fixed in some one position, the
bars 21 and associated apparatus for mov-

'ing them being omitted; a greater number

of translating devices per vibrator may be
employed; etc. Thus in Figure 4 T show
my invention in what, for simplicity of con-
struction, I conceive to be a preferred form.
This form involves modifications from Fig-
ures 1, 2 and 3 which include the substitu-
tion of electrostatic translating devices for
the electromagnetic devices of preceding
figures; the employment of a larger num-
ber of translating devices per vibrator than
previously illustrated, each being fixed; the
use of a separate thermionic tube following
cach translating device or series thereof;
and a rearrangement of the electrical con.
trols, appropriate to the other modifications.
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In Figure 4 strings 1, tunin¥ pins 2, plank
3, pins 4, rear bar 5, triangular bars 6 and
hammers 7 are shown as before. In this case
the strings need not necessarily be of mag-
netic material but should be electrically con-
ductive; and one or both triangular bars 6
may conveniently be made electrically con-
ductive, in order to connect the strings to-
gether electrically. Instead of the rows of

translating devices 10 and 20 of preceding

figures, a plurality of electrically conductive
bars, as 40, 41 and 42, may be disposed un-
derneath the strings, each slightly separated
from the strings so that under conditions of
maximum vibration of any string the lat-
ter will not quite touch any of the bars. In
Figure 5, a cross-sectional view taken along
the line 5—5 of Figure 4, the bars 40, 41
and 42 may be seen to be mounted on one
or more insulating strips 43 and thereby in-
sulated from other parts of the apparatus.
The top center line of each bar may pass
under each string at a similar fractional part
of its active length from the rear end there-
of. Thus as shown in Figure 4, the top
center-line of bar 40 passes under a point
on each string distant. 4/10 of the active
length from the rear end of the latter; that
of bar 41 under a point on each string dis-
tant 8/15 of the active length from the rear
end of the latter; and that of bar 42 at
9/14 position. It will be understood, how-
ever, that other positions for the bars, or more
or less than three bars, may be employed
as desired. A base 29 may be provided un-
derneath and supporting the mechanical ap-
paratus shown in Figure 4. _

For each bar 40, 41 and 42 there may be
provided a thermionic vacuum tube. Such
tubes are shown in Figure 4 as 50, 51 and
52; and each bar may be electrically con-
nected to the grid of its associated tube. The
cathodes or filaments of the tubes may be
connected together and energized as by bat-
tery 39. Between the cathodes and the nega-
tive terminal of battery or other anode cur-
rent source 32 may be provided a conden-

sively by-passed resistor 33 for the biasing

of the grid of each tube, through its as-
sociated high resistance 49, negatively with
respect to its cathode. The anodes of the
tubes 50, 51 and 52 may be connected to
the positive terminal of battery or other
source 32, through the respective primaries
70,71 and 72, of the respective transformers
60, 61 and 62. A D. C. potential difference

between the bars 40, 41, 42 and the strings

1 may be established by connecting one of
the triangular bars 6 to a point different
in potential from the grids of tubes 50, 51,
and 52; and this point may conveniently be
the positive terminal of battery or source
32. - '

Across the center tapped secondaries 80,
81 and 82 of the respective transformers 60,

5

61 and 62 are provided potentiometers 90,
91 and 92, preferably similar; and the two
terminals formed by the center tap of sec-
ondary 80 and the sliding contact of poten-
tiometer 90, the two formed by the tap of
secondary 81 and contact of potentiometer
91, and the two formed by the tap of sec-
ondary 82 and potentiometer 92, are con-
nected together in series and form an input
circuit for thermionic vacuum tube 54. The
cathode or filament of this tube may con-
veniently be paralleled with those of tubes
50, 51 and 52; and its anode current may be
supplied through resistor 55 from battery
or source 82, augmented by additional source
56, is desired, as will be understood. A. C.
voltages appearing across resistor 55 are
applied through condenser 57 and poten-
tlometer 58 to amplifier 37, the output of
which may actuate loudspeaker 38, as in
Figure 1.

Jonsideration being given to the manner
of functioning of the apparatus shown in
Figure 4, it will be seen that between each
string 1 and each bar 40, 41, 42, a small
electrostatic capacity exists; and that each
such capacity, in parallel with similar ca-
pacities formed by the same bar with other
strings 1, forms a series circuit with one of
the resistors 49 and battery or source 32.

70
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Upon vibration of any string 1 the capacity .

between bar 40 and the region of the string
above bar 40 will vary oscillatorily ; and this
capacity variation produces an A. C. volt-
age across the resistor 49 at the input of
tube 50, which voltage substantially corre-
sponds to the vibration of the point of the
vibrated string 1 above the center of bar
40. This action is similar to that of the well
krown condenser microphone, as will be
understood. Similarly a voltage substan-
tially corresponding to the vibration of the
point in the vibrated string 1 above the
center of bar 41 will appear at the input of
tube 51, and a voltage corresponding to the
vibration of the string point above the center
of bar 42 at the input of tube 52. These
voltages, in amplified form, respectively ap-
pear across the secondaries 80, 81 and 82.

By virtue of the connections between the !

center taps of the secondaries 80, 81, 82 and
the movable contacts of the potentiometers
90, 91, 92, a portion of each of such volt-
ages, regulable in each case from half to
none, may be applied to the grid of the tube:
54; and the phase of any one or more of these
voltages may be reversed with respect to
that of the others, as will be understood. The
composite voltage thus applied to the grid
of tube 54 is thereby amplified and appears
across resistor 55 and through stopping con-
denser 57 across potentiometer 58. By this
latter its general amplitude may be con-
trolled and it may thereafter be amplified
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* by amplifier 37 and translated into sound by
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loudspeaker 38.

The underlying principles of control and
combination of A. C. voltages produced by
each of the plurality of translating devices
associated with the several strings—I1. e., bars
40, 41 and 42—are identical with those out-
lined above for the two rows of electromag-
netic translating devices. In Figure 4 such
voltages are amplified by tubes 50, 51 and
52 before being controlled and combined,
but this is incidental only and in no way
affects the principles involved, providing in-
termediate and different phase shifts by the
respective circuits of transformers 80, 81
and 82 are avoided. This may readily be
done by proper and similar design of these
transformers, as will be understood. Also
in Figure 4 three separate voltages are pro-
duced and combined—this may be resolved
merely into algebraic addition of three
tables of partial components instead of two
as for Figure 1, each one table being first
subject to multiplication by some given posi-
tive or negative fraction, depending on the
setting of one of the potentiometers.

In the case either of the arrangements
shown 1n earlier figures or of that shown in
Figures 4 and 5, various combinations of set-
tings of the several electrical controls (and
of the mechanical control 26 in Figure 1)
will produce a wide variety of oscillation
harmonic structures or waveforms and, upon
translation by loudspeaker 38, of sound tone
quality. Combinations may be found where-
by odd partials are emphasized, others
whereby even partials are emphasized, others
whereby certain ranges of partials are sup-
pressed and intermediate ranges empha-
sized, others whereby various combinations
of partials may be simultaneously elimi-
nated, ete. It may be desired, however, to
restrict to a readily selectable few the har-
monic structures and tone qualities to be pro-
duced, these corresponding for example to
the tone qualities of certain selected well-
known musical instruments. In this case cer-
tain modifications may advantageously be
made in the control system, such as I have
shown in Figure 6.

Subject to these modifications, Figure 6 is
similar to the schematic electrical portion
of Figure 4; and it is intended to be capable
of substitution therefor in Figure 4. 1In

Figure 6 the secondaries 80, 81 and 82 are

seen to be shunted by tapped resistors 100,
101 and 102 respectively, preferably of high
and equal total value; and taps on each of
these resistors are connected to the several
contacts of a single-pole, multi-contact
switch 104, the group of such three switches
104 being operated in tandem. The tapped
resistors 100, 101 and 102 are thus substi-
tuted for the resistance elements of the po-
tentiometers 90, 91 and 92 in Figure 4 and

the switches 104 for the sliding contacts
thereof. The positioning of the taps on the
resistances 100, 101, 102 and the manner of
connection thereof to the several contacts of
the switches 104 are conveniently determined
by employing the circuit as shown in Figure
4, with potentiometers 90, 91 and 92, having
total resistance equal to that of the resistors
100, 101 and 102 to be substituted therefor.
The settings of the sliding contacts of the
three potentiometers are varied until a de-
sirable quality of tone is effected and the
respective settings thereupon duplicated by
a corresponding tap on each of the resistors
100, 101 and 102. Such tap on each resistor
is then wired, for example, to the leftmost
contact of the switch 104 associated .with
that resistor. Another tone quality may be
determined with the potentiometers and sim-
ilarly duplicated by a tap on each of the
three resistors wired to the next-to-left con-
tact of the associated switches, and so on for
as many different tone qualities, or oscilla-
tion harmonic structures, as may be desired
or for as many taps as are available on each
of the switches 104.

It frequently may happen that with differ-
ent tone qualities as produced by various
settings of the tandemed switches 104 the
apparent sound volume changes appreciably.
To counteract this I have shown in Figure
6 another tapped resistance 103, with its
taps wired to a fourth switch 104, similar
to the other such switches. Across this re-
sistance will be seen to he applied the volt-
ages from the secondaries 80, 81 and 82
made available by resistors 100, 101 and 102
and the associated switches 104; and from
this resistance by means of switch 104 there
may be taken off and applied to the grid of
tube 54 a selectable portion of such voltages.
By such choice of the positions of the taps
on resistor 103 and arrangement of connec-
tion thereof to the associated switch 104 as
may readily be determined by test, this
switch may be tandemed with the other
three switches 104, the group then providing
quality change without change of apparent
volume, as will be understood. The tapped
resistors shunted across the transformer sec-
ondaries may of course be replaced by taps
directly on the sccondaries if desired; or the
tap-and-switch arrangement shown in Fig-
ure 6 may optionally be employed with a sim-
pler circuit wherein no tubes 50, 51 and 52
separate it from the translating devices,
such for example as with the circuit of Fig-
ure 1.

In Figures 4 and 6 I also show a ground
connection to the potential of the strings 1,
which is also the positive potential of the
battery or source 32. This ground connec-
tion may signify not only an actually-con-
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- such as may be employed for the electrical
" :-apparatus shown and of certain other such
‘parts as it is frequently considered by those
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- gkilled in the art advisable to ground. This

connection, althouch novel, I consider desir-
able in order that the strings 1 and such
large metal parts as may be connected to
them, all of which are frequently exposed,
may not be at a dangerous potential with
respect to ground.

Thus for example in Figures 4 and 6 I
show schematically an electrostatic shield
109 grounded in this manner. It is usually
desirable not only to shield the amplifier,
but also to some extent at least the bars 40,
41 and 42 in Figure 4. To this end portions
of the mechanical apparatus such as pins 4,
rear bar 5 and base 29 may be made elec-
trically conductive and rendered at the po-
tential of strings 1 by successive contact with
each other and the strings. Similarly in
Figure 1, it may be found desirable to make
electrically conductive pins 4, rear bar 5,
vertical members 28 and base 29 and to con-
nect one of these parts to shield 109 disposed
about the electrical apparatus and leads.

In both Figures 1 and 4 the strings 1 are
shown without dampers. It will be under-
stood of course in either case that an indi-
vidual damper, released by depression of the
associated hammer-actuating key, may be
employed for each string 1 if desired, in
similar fashion to common piano practice.

Hammers have been shown as the means
for vibrating strings 1 in all the figures.
It is well known that variation of the ve-
locity of the blow imparted by a hammer
to a string will produce variation of the
mode of vibration of the string—e. g., would
produce different relative values of A, A,
A,, etc., as employed in the illustrative
mathematics above. Such inter-partial rela-
ticnship changes, in combination with those
produceable as I have outlined above, may
be made by a skilled musician to yield ex-
traordinarily diverse musical effects. I
therefore intend to claim my invention not
only without, but also with, means for vary-
ing the mode of vibration of the string or
other vibrator.

‘While I have shown and described in de-

* tail the use of strings as the mechanical
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vibrators, it will be understood that other
vibrators whose vibration comprises a series
of harmonically related partial components
may equally well be employed.. Thus for
example bars vibrated longitudinally, with
translating devices suitably positioned with
respect thereto, may be substituted for the
strings as shown. I further do not wish to
limit my invention to the electromagnetic
and electrostatic translating devices; others
are equally capablc of employment therein.
Tt will further be understood that the par-
ticular combinations of apparatus shown are

7

representative only, wide modifications
thereof being possible without departing in
manner of employment or in spirit from
the scope of my invention. Thus the ampli-
fication provided by 59, 51 and 52 may be
dispensed with in the circuits shown in Fig-
ures 4 and 6 such amplification may be pro-
vided in the circuit of Figure 1; other modi-
fications may be made as hereinabove sug-
gested, etc., as will be understood. Finally
the invention may of course be employed in
any case, with the omission of all variable
controls, for the production of oscillations
and tones of a particular harmonic strue-
ture, such for example as may be incapable
of production by the aid of a single trans-
lating device.

I claim:—

1. The method of producing a musical
tone and of varying its harmonic structure,
which includes generating a plurality of se-
ries of electric oscillations of the same funda-
mental frequency and of respectively dif-
ferent harmonic structures, in varying the
relative phases of the oscillations of the
several said series, and in combining said
oscillations.

2. The method of producing a musical
tone and of varying its harmonic structure,
which includes generating a plurality of
series of electric oscillations of the same
fundamental frequency and of respectively
different harmonic structures, in varying the
relative phases and amplitudes of the oscil-
lations of the several said series, and in com-
bining said oscillations.

3, The method of producing a musical
tone and of varying its harmonic structure,
which includes generating a plurality of
series of electric oscillations of the same
fundamental frequency and of respectively
different harmonic structures, in varying the
relative phases and amplitudes of the oscil-
lations of the several said series, and in
simultaneously translating said oscillations
into sound.

4. The method of producing a musical
tone and of varying its harmonic structure,
which includes generating a plurality of
series of electric oscillations of the same
fundamental frequency and of respectively
different harmonic structures, in varying the
relative phases of the oscillations of the sev-
eral said series, and in simultaneously trans-
lating said oscillations into sound.

5. The method of producing electric os-
cillations of particular harmonic structure
from a mechanical vibrator, which consists
in vibrating said vibrator at a plurality of
its partial frequencies to produce in different
portions of said vibrator vibrations respec-
tively having different waveforms but the
same fundamental frequency, in translat-

ing the vibrations of each of a plurality of

such different portions of said vibrator into
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a series of electric oseillations, and in com-
bining the oscillations of the several such
series.

6. The method of producing clectric oscil-
lations from a mechanical vibrator and of
regulating their harmonic structure, which
consists in vibrating said vibrator at a {)lu-
rality of its partial frequencies to produce
in different portions of said vibrator vibra-
tions respectively having different wave-
forms but the same fundamental frequency,
in translating the vibrations of each of a
plurality of such different portions of said
vibrator into a series of electric oscillations,
in regulating the relative characteristics of
said oscillations between the several such
series, and in combining the so regulated os-
cillations.

7. The method of producing electric oscil-
lations from a mechanical vibrator and of
regulating their harmonic structure, which
consists in vibrating said vibrator at a plu-
rality of its partial frequencies to produce
in different portions of said vibrator vibra-
tions respectively having different wave-
forms but the same fundamental frequency,
in translating the vibrations of each of ‘a
plurality of such different portions of said
vibrator into a series of electric oscillations,
in selectively regulating the relationships be-
tween the oscillations of the several such se-
ries in respect of at least one of the two
characteristics, amplitnde and phase, and in
thereafter combining the oscillations of the
several such series.

8. The method of producing electric. os-
cillations from a mechanical vibrator and
of regulating their harmonic structure,
which consists in vibrating said vibrator at
a plurality of its partial frequencies to pro-
duce in different portions of said vibrator
vibrations respectively having different
waveforms but the same fundamental fre-
quency, in selectively regulating the mode of
vibration of said vibrator, in translating the
vibrations of each of a plurality of such
different portions of said vibrator into a se-
ries of electric oscillations, and in combin-
ing the oscillations of the several such series.

9. In a musical instrument, a plurality of
sources of electric oscillations of the same
fundamental frequency and of respectively
different harmonic structures; means for
varying the relative phases of the oscilla-
tions from the several said sources; and
means for combining said oscillations.

10. In a musical instrument, a plurality of
sources of electric oscillations of the same
fundamental frequency and of respectively
different harmonic structures; means for
varying the relative phases and amplitudes
of the oscillations from the several said
sources; and means for combining said os-
cillations.

11. In a musical instrument, a plurality of

1,008,607

sources of clectric oscillations of the same
fundamental frequency and of respectively
different harmonic structures; means for
altering the relative phases of said oscilla-
tions; and means for simultancously trans-
lating said oscillations into sound.

12. In a musical instriument, a plurality of
sources of electric oscillations of the same
fundamental frequency and of respectively
different harmonic structures; means for aji-
tering the relative phases and amplitudes
of said oscillations; and means for simulta-
neously translating said oscillations into
sound.

13. In a musical instrument, the combina-
tion of a plurality of systems cach opera-
ble to produce sound of the same fundamen-
tal frequency and of respectively different
harmonic structure; means for simultane.
ously operating said systems; and means for
altering the relative phases of sounds re-
pectively produced by the several said sys-
tems.

14. In a musical instrument, the combina-
tion of a plurality of systems each operable
to produce sound of the same fundamental
frequency and of respectively different har-
monic structure; means for simultaneously
operating said systems; and means for al-
tering the relative phases and amplitudes of
sounds respectively produced by the sever-
al said systems.

15. In a musical instrument, the combina-
tion of a tuned vibrator; a plurality of sys-
tems for translating the vibrations of re-
spectively different portions of said vibrator
into electric oscillations of respectively dif-
ferent harmonic structures but of the same
fundamental frequency; a work circuit; and
means interposed between said translating
systems and said work circuit, and selective
with respect to said translating systems, for
applying the oscillations thereby produced
to said work circuit.

16. In a musical instrument, a plurality of
sources of electric oscillations of the same
fundamental frequency and of respectively
different harmonic structures; and selective
means connected to said sources for combin-
ing the oscillations from the several said
sources in any of a plurality of predeter-
mined phase and amplitude relationships.

17. In a musical instrument, the combina-
tion of a mechanical vibrator, the vibrations
of various portions of which inherently pos-
sess dissimilar waveforms but the same
fundamental frequency; a plurality of me-
chanico-electric translating devices, each as-
sociated with a different portion of said
vibrator and arranged to translate into a
series of electric oscillations the vibration
of such portion; and means for combining
the oscillations of the several such series.

18. In a musical instrument, the combina-
tion of a mechanical vibrator, the vibrations
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of various portions of which possess inher-
ently dissimilar waveforms but the same
fundamental frequency; a plurality of me-
chanico-electric translating devices, each as-
sociated with a different portion of said
vibrator and arranged to translate into a
series of electric oscillations the vibration of
such portion; selective means for varying
the characteristics of the oscillations of the
several such series relative to each other;
and means following said selective means
for combining the oscillation of the several
such series.

19. In a musical instrument, the combina-
tion of a mechanical vibrator, the vibrations
of various portions of which inherently pos-
sess dissimilar waveforms but the same
fundamental frequency; a plurality of me-
chanico-electric translating devices, each as-
sociated with a different portion of said
vibrator and arranged to translate intc a
series of electric oscillations the vibration of
such portion ; selective means for varying the
relationships between oscillations of the sev-
cral such series in respect of at least one
of the two characteristics, phase and ampli-
tude; and means following such selective
means for combining the oscillations of the
several such series.

90. In a musical instrument, the combina-
tion of a mechanical vibrator, the vibrations
of various portions of which inherently pos-
sess dissimilar waveforms but the same
fundamental frequency; a plurality of me-
chanico-electric translating devices, each for
translating into a series of electric oscilla-
tions the vibrations of a therewith associated
portion of said vibrator; means for asso-

 ciating said devices with respectively differ-

45

ent portions of said vibrator, at least one
of said means being selective to associate its
«aid device selectively with any of a plural-
ity of portions of said vibrator; and means
{6r combining the oscillations of the several
such series.

91. Tn a musical instrument of the class
described, the combination of a plarality of

- tuned strings; means for vibrating said
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strings; a plurality of mechanico-eiectric
translating systems, each system being asso-
ciated with a portion of each string different
from that with which each said other sys-
tem is associated and being arranged to
translate into a series of electric oscillations
the vibrations of the therewith associated
such portions; and means for combining the
oscillations of the several such series.

92. In a musical instrument of the class
described, the combination of a plurality of
tuned strings; means for vibrating said
strings at a plurality of their partial fre-
quencies; a plurality of mechanico-electric
translating systems, each for translating into
a series of electric oscillations the vibra-
tions of a therewith associated portion of

v
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each string; means for associating said sys-
tems with respectively different portions of
each string, at least one of said means being
selective to associate its said system selec-
tively with any of a plurality ofy portions of
each string; and electrical means for com-
bining the oscillations of the several such
series.

28. In a musical instrument of the class
described, the combination of a plurality of
tuned, electrically conductive strings; means
for vibrating each of said strings; a plural-
ity of electrical resistance elements; means
for applying across each of said resistance
elements electric oscillations corresponding
to the vibration of a portion of each of said
strings, said means comprising an electrical-
ly conductive bar for each of said resistance
elements positioned adjacent and forming
an electrical capacity with a portion of each
string different from that to which each said
other bar is adjacent, and an electrical cir-
cuit for each of said resistance elements in-
cluding said element, the associated said bar
and a source of D. C. potential; and means
for combining such oscillations.

24. In a musical instrument the combina-
tion of o plurality of tuned vibrators;
means for vibrating each of said vibrators
at a plurality of 1ts partial frequencies;
means for varying the mode of such vibra-
tion; & plurality of translating systems, each
system being associated with a portion of
each vibrator different from that with which
each szid other system is associated and be-
ing arranged to translate into a series of
electric oscillations the vibrations of the
therewith associated such portions; and
means for combining oscillations.

95. Ina musical instrument, a plurality of
sources of electric oscillations of the same
fundamental frequency and of respectively
different harmonic structures; selectively ad-
justable means connected to said sources for
combining the oscillations from the several
said sources in any of a plurality of pre-
determined phase and amplitude relation-
ships; and means, linked to said first-men-
tioned means for adjustment therewith, for
regulating the ampiitude of said combined
oscillations.

96. Tn a musical instrument of the class
described, in combination, & plurality of
tuned, electrically conductive vibrators; at
least one electrically conductive member
forming electrical capacities with said vi-
brators; electrical amplifying apparatus in-
ciuding at least one vacuum tube having a
grid; a source of anode current for said vac-
uum tube, having at least two terminals;
an electrical connection from said conduc-
tive member to said grid; and a connection
from all of said vibrators to a terminal of
positive D. C. potential on said source.

27. In a musical instrument of the class

70

78

80

86

80

96

100

105

i1

116

120



10 1,006,607

- described, in combination, a plurality of
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substantially parallel tuned strings; at least
one mechanico-electric translating device
positioned adjacent each of said strings and
arranged to translate into electric oscilla-
tions the vibration thereof; and means for
changing the position of one of said trans-
lating devices associated with each string,
said means comprising a plurality of slid-
able blocks adjacent each other ‘and each
carrying one of said translating devices, at
least one fixed track for said blocks, a pin in
each of said blocks, a pivoted arm, a slot in
sald arm engaging each of said pins, and
means for moving said arm about its pivot.

28. In a musical instrument of the class
described, in combination, a plurality of
tuned vibrators; a plurality of electromag-
netic translating devices for translating into
electric oscillations the vibrations of said vi-
brators, said devices including a dlurality
of substantially parallel coils; and electyi-
cal connections between said coils to form
thereof a series circut wherein the passage
of an electric impulse is reversed in direc-
tion in each succeeding coil.

CHARLES T. JACOBS.



