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This invention relates to the production of
music, and more particularly to music produc-
tion under the control of playing keys, or g key-
hoard. The invention is especially adapted and

5 has been illustrated and described for use with
instruments wherein sound-representing electric
oscillations are supplied to an electro-acoustic
translating device for output tone production,
the supply (or excitation of the translating de-

16 vice) being controlled by the keys—by control

either of the original oscillation generation or
of the transmission of the oscillations to the

translating device. .

An important aspect of the invention is con-
cerned with the control over the- output tone
characteristics through the “touch” employed
by the player on the individual keys. It is an
object to provide effective such control in g sim-
pie, novel and improved manner.

1% is an object to provide effective velocity-
responsive control over the early tone envelope
characteristics in such a manner.

It is an object to provide effective such ve-
locity-responsive control in conjunction with ef-
fective pressure-responsive control over the later
tone envelope characteristies.

It is an object to extend these controls to
characteristics of the tone other than the en-
velope. -

It is an object to adapt a simple displacement-
responsive control to provide effective velocity
response. )

It is an object to provide, in simple and im-
proved manner, a. response of the harmonic
structur® of the output tones to the touch.

It is an object to provide in such'a manner
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hn initial extra brightness of tone such as char-

scterizes the piano and other instruments.

It is an object. to provide an Aimproved com-
“bination of key and means for coupling the
generating means to the translating device.

Other and allied objects will more fully appear
from the following description and the appended
claims. .

In the description reference is had to the ac-
companying drawings, of which:

Figure 1 is a view, partly in elevation and
partly schematic, of a portion of a musical in-
strument embodying my invention in one form;

Figure 2 is a horizontal cross-sectional view
taken along the line 2—2 of Figure 1;

Figure 3 is a vertical cross-sectional view taken
along the line 8—3 of Figure 1; v

Figure 4 is a view, partly in elevation and
partly schematic, of a portion of a musical in-

45

50

66
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strument embodying my invention in another
form; . :

Figure 5 is a view, partly in elevation and
partly schematic, of 2 portion of an instrument

- embodying my invention in still another form;
and

Figure 6 is a view, partly in elevation and
partly schematic, of a portion of an instrument
embodying my invention in yet another form.

It is 2 well-recognized fact that an extremely
effective touch-response, to which players very
instinctively adapt .themselves, lies in response
to velocity of key depression. This is the es-
Sential touch-response of the piano; therein the
amplitude of tone inception, after which the
tone of course decays, is directly responsive to
key velocity. This response is . inherently pro-
vided in the piano type of instrument since the
tonal characteristics depend on the velocity of
the hammer in striking the string, and that
hammer velocity is naturally dependent on key
velocity. The simpler forms of key control of
electric oscillation generation or . transmission,
however, usually provide a response to distance
of key depression, or displacement. This re-
sponse, in its basic form, is not one to which
most players.instinctively or readily adapt them-
selves. I have found, however, that I may very.
readily adapt a simple displacement-responsive
system o provide an effective velocity-responsive
production of decadent-type tones.

By the same arrangement I am able to provide,
after an inherent initial decadence immediately
following the tone inception, a continuing con-
trol over the individual tone through key-pres-
sure. This latter feature, known in itself but not
alone of very great value, is extremely useful in
its integral relationship to the velocity-controlled
tone inception according to my invention; thus
it may be considered that the key control over
the tone becomes automatically transferred from
the -early velocity-control to the lafer pressure-
control. Since, throughout a very wide rade of
tonal variation, it is the initial portion of any
tone which is principally effective in establishing
the sensation of volume and tone-type, these
characteristics are effectively established under
the desirable. velocity-control; the ability to ex-
ert a continuing control over the tone, however,

. frees the later portion of the tone from the lim-
itation of uniquely fixed relationship to the early
portion, and .an almost endless variety of over-
all “envelope” effects are made available—all at
the instant command of the player for every
note he plays. R
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T establish a certain minimum volume (sub-
ject of course to variation by general or master
volume-level controls) which will be reached even
at low key velocities, provided the normal dis-
tance of key depression is traversed (a slow, in-
complete traversal remaining available for even
lower volumes). ' If a low key velocity is used the
note will attain this volume without indulging in
an initial peak and decadence therefrom; and
since it may be maintained at this volume in-
definitely, in view of the automatic transfer of
control abovementioned, true organ-like -tones
may be produced—at will, among the production
of pianistic and other tones, and purely in re-
sponse to the touch employed.

I adapt the simple-displacement-responsive sys-
tem to operate in the manner described essen-
tially by providing an appropriate resilient stop
for the downstroke of the key. This stop is ar-
ranged to be quite abruptly impinged on by the
key, or some portion of the movable system of
which the key is a part, at the end of a “normal”
key depression; and the electrical control exerted
by the key is arranged so that throughout this
normal key depression the tone will be produced
in a substantially smoothly rising amplitude up
to a “normal” amplitude. The stop initially (. e.,
when first impinged on), or after it has yielded
negligibly, may have a substantial resistance,
preferably of the order of the static resistance
of the key to initial depression, or greater, and
for example of several ounces: a light and rela-
tively slow key depression will therefore be ef-
fectively limited by the stop to a normal depres-
sion, and will produce an organ-like tone of nor-
mal amplitude. The stop is yieldable through-
out a substantial further range of key depression,
however, with a resistance materially exceed-
ing the static resistance abovementioned. Thus
the stop may be said to be impinged on at an
intermediate point in the operative downstroke
of the key—i. e, the downstroke throughout
which the key movement causes variation of the
output tone amplitude.

Upon more rapid key depressions the momen-
tum developed by the mass of and associated
with the key—and, if finger contact with the
key is maintained throughout the depression, the
momentum developed by the mass of the player’s
finger and the momentum of the mass connected
therewith, (hand and even fore-arm)—will cause
the key momentarily to overshoot the normally
depressed position, and to produce a tone with
an initial peak, the distance of the overshooting
and the amplitude of the peak being dependent
on the moments abovementioned. The energy
stored in the now-compressed or -deflected stop
will cause a prompt return of key depression
and tone amplitude to lower values. In the case
of only light continued pressure on the key, these
lower values will be substantially the normal
values; but by higher continued pressures the

" values to which the return occurs will be main-
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tained correspondingly above' normal. While
there would :appear a tendency toward return
of the tone, whether of high or only slight initial
peak, to & uniform normal amplitude, this is off-
set to a surprising degree by an inherent tend-
ency of the player to exert a greater continuing
pressure on the key the greater the velocity with
which he has depressed it-—thus tending toward
the more usual proportionality between ampli-
tudes of initial peak and tone continuance. Ac-
cordingly the player with touch habits developed

2,215,709

on the piano, for example, will instinctively pro-
duce quite pianistic effects with the instant ap-
paratus; and so rapidly as his imagination and
desire may dictate, he may develop a facility in
the exploitation of the far wider expressive pos-
sibilities now opened up.

1t is to be understood that the most successful
use of the apparatus depends upon the establish-
ment of a significant normal key depression, at
which there will be a maverial (though prefer-
ably minor fraction of the maximum available)
tone amplitude, up to which the reaction to rapid
key depression is predominantly a mass reaction
rather than a resilient reaction, and at which the
reaction changes to be strongly resilient there-
beyond. The apparatus thus differs from dis-
placement-responsive systems wherein there is
a smoothly continuous reaction of either or both
types throughout the tone-producing range of
key depression. It is also to be observed that the
suecessful use of the apparatus requires that the
tone production shall be progressively or sub-
stantially smoothly responsive to key displace-
ment and, in contrast to the reaction to key de-
pression, uncharacterized by any substantial dis-
continuity.

In general, the broader aspects of my invention
are applicable to any key-controlled electro-

-acoustic instrument whose output tones are re-

sponsive to key displacemgnt; obviously this
comprises a wide variety of instruments. In re-
spect of the point where control is exerted over
the supply of oscillations to the output trans-
lating device, the instrument may involve for
example key control of the transmission of the
oscillations between the generator which produces
them and the output translating device, or on the
other hand key control of the generation of the
oscillations; in either of these or analogous cases,
of course, the controlling device when active may
be said to have one or another form of operative
connection with the generating means, and its
broad function may be said to'be the controlled

subjection of the translating device to excitation .

by the generating means. In respect of the man-
ner in which the control is exerted, the instrument
may involve for example the variation of a cou-
pling (for example of resistive, electrostatic or

electromagnetic type, and for example in series or .

shunt arrangement) either for osciilations of the
tone frequencies or for high-frequency oscillations
modulated at the tone frequencies, or variation
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of a D.-C. sensitization or excitation of the os- .

cillation generators or transmitting devices, or
other appropriate variation. Likewise in respect

of the form of the generators, no limitations as

to broader aspects are intended, as obviously
there may be employed any of a variety of forms
of generators and of interrelationships between
the generators. It will accordingly be understood
that the following description of specific embodi-
ments is presented principally in an illustrative
rather than in a limitative sense.

In Pigures 1, 2 and 3 I show my invention em-
bodied in an instrument wherein the generators
are in the form of a plurality of tuned reeds for
each note and a plurality of mechanico-electric
translating devices or. pick-ups associated with
each reed. In this instrument control is exerted
by the keys over the transmission of oscillations
between the generators and the output loudspeak-
er; and this control is effected by variation of an
electrostatic series coupling.

5.
5
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ib and fe, employed in the oscillation generat-
ing means for one note; each may be mounted
on its own usual reed base (2a, 2b or 2¢), and
may be arranged for continuous pneumatic ex-
citation by means not herein necessary to show,
Adjacent each reed may be provided a plurality
of pick-up electrodes each for example in the
form of an adjustable screw, two such electrodes
being shown with each reed in the figure. One
of these (3a, 3b and 3¢ for the respective reeds)
may be positioned to be approached and receded
from by the free end portion of the reed once
during each cycle of the reed vibration; the other
(8a, 4b and 4c¢ for the respective reeds) may be
positioned to be passed by the free end of the

reed twice each cycle. The reeds are connected -

to ground (by which is meant a reference poten-
tial) through high-resistance means: these have
been shown as resistance 5a for reeds la and s,
and as resistance 5c¢ for reed fc. Between each
pick-up electrode and ground there is impressed
an adjustable voltage. For this purpose there
may be employed a voltage source 9 shunted by
a potentiometer & having grounded center-tap
1, and a plurality of adjustable contacts 8, each

- movable over tlie entire potentiometer resistance
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independently of the positions of the others, the
several ‘contacts 8 being respectively connected
to the pick-up electrodes.

The source 9 being operated as a high-voltage
D. C. source, the minute capacities between the
plck-up electrodes and their respective reeds are
charged to high voltages through the respective
high resistances 3¢ and 5¢: the vibratory varia-
tions of these capacities cause the appearance
across the respective high resistances of tone-

" representing oscillatory voltages each. of funds-
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mental frequency and waveform determined by
the reed frequency and waveform and the rela-
tionship of the respective electrode to the reed.
The amplitudes and phases of these several oscil-
latory voltages are respectively controlled by the
adjustments of the respective potentiometer con-
tacts & relative to the center-tap 7; and it will be
understood that the several voltages which ap-
pear across each single one of the {we high re-
sistances $¢ and §c are therein suverimposed on
one another. The operation of arrangsments of

. this character has been disclosed and more de-
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tailedly describéd in my co-pending applications
Serial No. 758,155, filed December 19, 1934: Se-
rial No. 67,245, filed }March 5, 1938; snd Serial No.

91,092, filed July 17, 1936, in which applications -

various claims to such arrangements have been
made.

If the source 9 be operated as a high—frequéncy
oscillation source, the capacities between the pick-
up electrodes and their respective reeds serve to
transmit the high-frequency oscillations from the
potentiometer 8 to the respective high resistances
5a and §e¢, and in that transmission tc modu-
late those oscillations, to produce across the high
resistances high-frequency voltages in which the
frequencies and waveforms of the modulations

5 correspond in general to the frequencies and

waveforms of the modulations correspond in gen-
eral to the frequencies and waveforms mentioned
in the preceding paragraph for the tone-repre-
senting oscillations across those resistances. The
overation of high-frequency modulating appa-
ratus of this character has been disclosed and
more detailedlv described in U. S. Patent No.

2,140,025, issued December 13, 1938, on applica- -

tion of myself.
In Figure 1 the two reeds lq¢ and ib ind the

. of the output tone.

3
four pick-up electrodes assoclated therewith, all
serving In the impression of voltage across the
resistance 5@, form the main generating means
for the illustrated note. It will be understood
that by employing for la a reed tuned to the
fundamental frequency of that note and for b
& reed tuned to an upper partial (for example,

the second) thereof, and by appropriately shifting

the adjustments of the contacts 6 which are con-,
nected to pick-up electrodes for those reeds, the
tone-representing oscillations (or the modula-
tions of the high-frequency oscillations) across
the resistance 5a may be shifted through a wide
range of waveforms, for control of the timbre
Of course any number of
reeds and any number of pick-up electrodes there-
with may be employed in the main generating
means, the numbers shown being by way of
example only,

. In Figure 1 there will be seen a cascade of appa-
ratus comprising the amplifier 1§, potentiometer
or volume-level control i2 operated for example
by pedal (3, further amplifier 14, and loudspeaker
i5; the voltages from across the high resistances

(e. g., 8a) for the several notes of the instrument -

are controllably transmitted to the input of ampli-
fier {i through a displacement-responsive key-
operated system 28 hereinafter described. It will

of course be understood that if the source 8 be }

operated as a high-frequency source, to result in
the development of modulated high-frequency
oscillations for transmission to the input of
amplifier {1, the latter element will be operated
as a demodulator as well as as an amplifier. Thus
in any event tone-representing audible-frequency
oscillations are passed through the elements (2
and {4 to the output loudspeaker 15, to be trans-
lated by the latter into cutput tones.

The displacement-responsive system 28 for the
illustrated note is immediately associated with
the key 2. This key, for example of usual
wooden form, is pivoted on the pivot rail 22: its
rear portion normaliy rests on a hard felt or
other rear downstop 23; and its front portion is
depressible toward a hard felt front downston 24,
which is of the usual form, substantiaily incom-
pressible and negligibly resilient, and is provided
in this instance only as an ultimate stop for ey
depression. Both front and rear vortions of the
key are provided with inset weights 25. The dif-
ferential weighting of front and rear portions
may be such as to provide the usual 2- to 3-ounce
static -resistance to key depression; the total
weighting of the two portions may be such as to
approximate the dynamic or mass reaction to the
first portion of key depression which is common
in the conventional piano.  Supported on a
suitable rail 29, for example behind the rear key
extremity, 1s a leaf spring 26, which extends for-
wardly to slightly overhang that extremity. The
spring may be biased downwardly; but a limit for
its response to its own bias may be provided by a
screw 27 threaded upwardly through a forward
portion of the rail 29 into contact with the boi-
tom of the spring 2§. The spacing of the forward
spring extremity above the top of the rear end
portion of the key is such that that key portion
will impinge upon and encounter the resistance of

-the spring while the front key portion is still ma-

terially spaced above the front downstop 24. In
this embodiment the spring 26 of course forms the
resilient stop abovementioned, and performs the
function above described. )

Underneath the rear end portion of the key is
provided ‘a coupling capacity 36 serially -con-
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‘grounded) .

4

nected between the ungrounded extremity of re-
sistanee 5a and one of the input terminals of am-
plifier 11 (the other input terminal of which is
The effective value of this coupling
capacity 30 is varied by key displacement; specif-
ically in the showing of this figure, this effective
value is normally rendered zero by a grounded
shield carried by the key and normally extending
fully between the plates of the capacity—to be
upwardly withdrawn, and to expose those plates
to each other, by and in accordance with key de-
pression. In the purely typical construction il-
lustrated, the two plates 31 and 32 of the capacity

30 are shown as generally vertically disposed and,

as seen in Figure 2, they may be of intermeshed
“y-shaped” in horizontal cross-section; they
may be insulatedly supported in any convenient
manner. As seen in Figure 3, their outer por-
tions may be inclined, inwardly toward the top,
to render the inter-plate capacity per unit area
greater in their top than in their bottom por-
tions. The grounded shield 33 is likewise generally
vertically disposed and, as seen in Figure 2, may
be of “S-shape” interwoven between and in slight
spaced relationship to the plates 31 and 32. Fig-
ure 2 further illustrates the optional inclusion of
thin sheets of diclectric 24 secured against the
surfaces of the plate 33.

When the key is in its rest position the shield
33 may extend to just below the bottom of the
plates 31 and 32, rendering zero the effective in-
terplate capacity and hence the output tone for
this note. Upon key movement to its normally
depressed position, wherein its rear portion is just
in contact with the undeflected spring 26, the
shield 33 will be upwardly withdrawn to expose
approximately the lower half, or somewhat less
than-half, of the plates 31 and 32 to each other;
the capacity between those plates is thus raised
from zero to a minor fraction of the total avail-
able, and an output tone of intermediate or re-
latively low volume is produced. As explained
above, however, depression of the key with any
more than very low velocity will cause the key
to execute an excursion beyond its normally de-
pressed position; this excursion causes a corre-
sponding upward excursion of the spring 26, of
the shield 33 to expose still more of the plates
31 and 32 to each other, of the capacity between
the plates (to an especial degree in view of the
higher capacity per unit area toward their tops),
and of output tone amplitude (to a degree cor-
responding to that of the capacity change). And
as explained above, this excursion is followed by
an automatic return of the key (by spring 26)
to a position dependent on pressure—the posi-
tion of shield 33, the capacity between plates 31
and 32, and the output tone amplitude executing
a corresponding return. .

Figure 1 illustrates another feature of my in-
vention. This resides in the introduction into
the output tone of an extra complement of higher
partials at higher tone amplitudes, particularly
during the initial peak above mentioned. By
way of example, a generator for these higher
partials may be provided by the reed fc and its
two pick-up electrodes, above described, the two
adjustable contacts § connected with those elec-
trodes serving to adjust the waveform of the
oscillations (or of the modulations of high-fre-
quency oscillations) appearing from this gener-
ator across the resistance 5c. The reed fc may
for example be of the fundamental frequency
of the note for which it is employed; it may be
of a type best adapted for a large harmonic de-

2,215,709

' velopment. Additionally to cause the oscilla-
tions (or modulations) therefrom to predominate
in higher partials, there may be connected to the
resistance 5c¢ a filter comprising series capacity
38 and shunt resistance 39 appropriately chosen
for attenuation of lower partial components.
The output of the filter, or ungrounded end of
the resistance 39, may be connected to the un-
grounded input terminal of amplifier f{ through
2 coupling capacity 40, whose effective value is
varied by key displacement in a generally sim-
ilar manner to that already described for the
capacity 30.

The capacity 40, which may be positioned un-
derneath the key slightly forwardly of the ca-
pacity 30, may comprise stationary plates 41 and
42, generally similar and analogous to 31 and
32; and its effective value may be varied by a
grounded shield 43 secured to the key and func-
tioning generally as did shield 33 for the capacity
30. The extension of shield 43 below the bot-
toms of plates 41 and 42, however, may be made
sufficient so that the effective inter-plate ca-
pacity remains at zero until the key has been
depressed to or almost to its normally depressed
position; accordingly the introduction of the ex-
tra complement of higher partials will begin after
the main tone has reached appreciable ampli-
tude, and will be most significant in, if not lim-
ited to, the higher tone amplitudes temporarily
occurring during the initial peaks or deliberately
maintained thereafter by heavy pressure on the
key. It will be understood that while I have

thus shown the successive introduction of two se-

ries of progressively higher partials (main and
extra), no limitation to this number of series
i{s necessary or intended. Broadly, this succes-
stve higher partial introduction is highly useful
in the simulation or approximation of the tones

of conventional musical instruments, wherein the -

brightness or stridency of the tone varies mark-
edly with the tone amplitude.

Tt will be understood that grounded electro-
static shielding will be appropriately employed
to suppress sensitivity of the apparatus to stray
electrostatic fields and to prevent undesired in-
teractions between various components of the
circuit, among them components for respectively
different notes. The use of such shielding has
been schematically indicated in Figure 1 by the
dashi-dot line 37, which also serves to indicate
a line of division between apparatus peculiar to
one note and apparatus common to all notes.

In Figure 4 I show a simple illustration of a
modified arrangement wherein, by way of ex-
ample, the coupling capacities are of a different
form which may have a finite minimum or re-
sidual capecity, and wherein the generator cir-
cuit is re-arranged to permit a simple “bucking
out” of the effect of this residual capacity. The
cascade |i—12—I4—15 for all notes again ap-
pears. A single reed for the illustrated note is
shown as fa, mounted on base 2a, and provided
with the pick-up electrodes 3a and 4a. In this
embodiment the electrodes are shown connected
to respective variable contacts 6 on the grounded-
center-tap potentiometer 8 (which shunts the
source 9 as before) through the high resistances
45 and 46 respectively; and to render the lower
extremities of these resistances substantially at
ground potential as far as oscillations are con-
cerned those extremities may be by-passed to
ground through respective condensers 41 and 48,
The reed fa may be connected to ground through
a resistance 44 of a value which is a minor frac-
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tion of that of either 45 or 46. It will be under-
stood that tone-representing oscillations (or
modulations of high frequency oscillations if the
source 9 be operated as'a high frequency source)

wll be developed by the respective pick-up elec- -

trodes 3¢ and 4a across the respective resistances
A5 and 46; while across the resistance 44 there
will appear, in opposite phase, oscillations (or
modulations) representing a superposition of
those across 45 and 46, but in reduced amplitude.

In this embodiment the key is shown as 51, by
way of example pivoted at its rear extremity to
the rail 22, and upwardly biased by spring 49
against the upstop 58; the key is depressible to-
ward the front downstop 24 as in Figure 1, al-

- though again the downstop is only an ultimate
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stop and may even be omitted. The key may be

provided, preferably near its front, with inset
weights 25 for dynamic or mass reaction as men-
tioned in connection with Figure 1; in this in-
stance all the weighting for dynamic purposes
is forward of the pivot, and the spring 49 will
be chosen in view of this weighting to provide
the usual static resistance to key depression.
The displacement-responsive system 50 asso-
ciated with the key 5{, and which may be con-
tained within a grounded shielding enclosure 59
provided underneath the key, includes a- cou-
pling capacity 68 electrically interposed between
the electrode extremity of the high resistance 45
and the ungrounded input termingl of amplifier
1i. This caracity may be formed by a station-
ary electrode 82, mountes to the bottom of the
enclosure through insulation 61, and a movable
electrode 63 thereabove. This movable eléctrode
may be in the form of g plunger conductively
secured to the bottom of .the front portion. of
a leaf spring 86, whose rear extremity is mount-
ed to the enclosure through insulation 65. A
rod 67 secured to the bottom of the key may
extend downwardly to-touch the top of spring

66 a little behind the electrode €3, the spring hav--

ing a light upward bias against the rod and
therefore moving in accordance wth key move-
ment. ‘ :

On top of the elecirode §2 is mounted a piece
64 of resilient, compressible dielectric; rubber
may be satisfactorily employed, and & tough
grade of sponge rubber may he mentioned as one
particular example. This dielectric 84 functions
as the resilient stop for key depression. In the
first portion of that depression the electrode 68
is brought dovmwardly into contact with the top
of the dielectric 64, falsing the value of the
coupling capseity from its very low minimum to
a substantial value; the key has now reached its
normally depressed position. A downward ex-
cursion of the key beyond this position will occur
when higher velocitics or high pressures are em-
ployed, the dielectric being temporarily com-
pressed and ralsing the value of the coupling ca-
Pacity much further; fundamentally this action
is analogous to that already discussed in con-
nection with the earlier figures, and need not be
re-detailed.

The coupling capacity 80 functions to control
the supply to amplifier {{ of oscillations from
the high resistance 45 d. e., translated from the
reed by electrode 3¢). In this embodiment, by
way of example, I have shown the employment
of the oscillations from the high . resistance 46
(. e, translated by the electrode 4a) as a second
series, or extra complement predominating in
higher partials. To control their supply to the
amplifier I have shown & second coupling ca-

5

pacity 70 behind but similar to the capacity 80,
and so comprising stationary electrode 72 mount-
ed on insulation Tf, movable electrode in the
form of plunger 13 conductively secured to spring
66, and dielectric 14 mounted on top of electrode
12. The spacing of 13 above 14 may be some-
what greater than between 63 and 64, so.that
the increase of capacity 10 upon key depression
“lags” behind that of the capacity 60. But after
the plunger 63 has reached contact with dielec-
tric 64 and the downward force of rod 67 is caus-
ing the compression of that dielectric, part of
that rod force will be diverted into causing a
downward bowing of spring 66, bringing plunger
18 into contact with dielectric 14 and even com-
pressing the latter somewhat in the case of more
extreme forces. .

To minimize the residual or “key-up” wvalues
of the capacities 60 and 78, shielding enclosures
69 may be provided around the stationary elec-
trodes, the ericlosux:es being apertured for the
plungers 63 and 78 and those plungers rising to
outside the enclosures. Even then, however,
there may be too much residual capacity for
satisfactory elimination of residual tone with
the key up, and to eliminate this. I have shown
a buckling arrangement. Thus above the spring
66 (which forms a common element connhecting
the two capacities to the amplifier 1) there may
be mounted, in a suitable insulating block 1, a
screw 18 which has an adjustable small capacity
to spring 66 when the key is in up position. This
screw is connected to the reed end of resistance
44, across which there has been seen to appear
& superimposed, reduced-amplitude and oppo-~
site-phase replica of the oscillations across 45
and 48. By proper adjustment of the screw 78
the residual tone from either of the capacities
60 and 10 may be balanced out; and by making
at least one of the resistances 45 and 46 variable
and properly adjusting it relative to the other
(in view of the slightly different residual values
of the capacities 58 and 18, a single adjustment
of the screw 18 will suffice to balance out the
tone from both capacities.

It will be understood that in this embodiment
the variable contacts § on the potentiometer &
serve to adjust the relative amplitudes and phases
of the two series of partials (from electrodes 2a
and 4a respectively), thus providing a master

control for the entire instrument of the degree-

and character of tone “prightening” at higher
tone amplitudes. Although the series from the
electrode 4a inherently predominates in higher
partials in view of the electrode positioning, addi-
tional such predominance may be provided if de-
sired by employing, between it and the electrode

T2 in capacity 19, a filter 38—3¢ such as described

in connection with Figure 1.

In the simple schematic illustration of Figure
5 I have shown the embodiment of my invention
in another one of the many possible forms; hera-
in the displacement-responsive system 8§ func-
tions by varying a magnetic coupling. The key
appears as 24, arranged as in Figure 1 and having
the inset weights 25 as described in connection
with that figure; and there is again provided the
resilient stop in the form of the adjustable spring
26. A generator, for eXample of high-frequency
oscillations modulated at the tone frequencies, is
shown as the voltage source 8, the reed lg and
the electrode 3a, these being connected in series
with a small coil 81 held stationary above the rear
portion of the key, for example with g horizontal
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key. 'The displacement-responsive system com-
prises a “pick-up” coil 82 mounted on top of the
key, for example through a small spacer 83; dis-
placed, for example in the longitudinal direction
of the key, from the coil 81 to permit its being
brought into adjacency therewith; and having its
axis, when the key is in rest position, displaced
below that of coil 81. The coil 81{ is positioned in
the vertical direction so that this axis displace-
ment when the key is in rest position will result
in zero coupling between the coils; and the ver-
tical coil dimensions are so chosen that the full
maximum possible key depression will bring the
axes into substantial coincidence. The coil 82 is
connected to the input of the amplifier {4, which
may be operated also as a demodulator. As the
key is depressed the coupling between the coils,
and the tone oscillations from the amplifier 11,
wil] be progressively increased; the resilient stop
26, however, functions as before to render the
normal key depression only a fraction of the
maximum possible depression, and the system
functions in an ultimate sense as those above
described.

In Figure 6 I have shown the embodiment of
my invention in a case wherein the displacement-
responsive system operates by controlling the sen-
sitizing or polarizing voltage supplied to the gen-
erator. The key appears as 51, arranged as in
Figure 4 and having the inset weights 25 as-de-
scribed in connection with that figure; and there
is provided a resilient stop, for example in the
form of a compressible piece 96 of sponge rubber,
beneath the key and arranged to be impinged on
by the key at an intermediate point in the full-
depression range. A generator is formed by the
reed la and pick-up electrode 3a, the electrode
being connected to ground through a conductor
87 and resistance 98, and the reed being con-
nected to ground through high resistance Sa,
across which amplifier 1 is connected. The am-
plitude of tone-representing oscillations developed
by the generator across the high resistance 5a,
and hence the output tone amplitude, is a func-
tion of the amplitude of a D. C. voltage impressed
across resistance 98, and the displacement-re-
sponsive system operates to control this voltage.
This system may for example comprise a relative-
ly high stack 91 of discs of carbonaceous mate-
rial, positioned in a well 92 helow the key and

" resting on a conductive plate 93 at the bottom
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of the well; and a conductive plunger 84 extend-
ing downwardly from the key to the top of the
stack. The discs are of suitable form so that
the stack is highly compressible, with an attend-
ant wide resistancé variation. A high-voltage
D. C. source 35 is connected from the plate 93 to
ground. The plunger 94 is connected with the un-

grounded extremity of resistance 98, so that the -

resistance of stack 91 and the resistance 98 form
a potentiometer arrangement across the source 95.

When the key is in rest position the resistance
of the stack 8f may be infinite, and the voltage
across resistance 98 therefore zero, there being
then no oscillation supply by the generator to the
amplifier 11. It is desirable, however, that the
resistance of the stack 9! begin to reduce sub-
stantially with the beginning of key depression,
so that a substantial voltage may have been de-
veloped across resistance 98 when the key has
reached its mormally depressed position; this
makes it difficult in practise to arrange for a
completely infinite resistance of the stack 91
at any time. Accordingly I prefer to permit

2,215,709

rest position to be simply an extremely high
resistance, a minute D. C. voltage therefore tend-*

ing to appear across the resistance 98; and to
annul the effects of this tendency by either open-
circuiting the generator (e. g., in the conductor
97) or grounding the sensitizing voltage supply
(e. g., the upper extremity of resistance 98), or
both, when the key is in its rest position. Ac-
cordingly I have shown a leaf-spring switch pole
00 underneath the key, operated by a rod 83
extending downwardly from the key; a leaf-
spring switch contact 101 beneath the pole 00
and contacted thereby except when the key Is
in rest position, 100 and 101 being serially con-
nected in the conductor 97; and a grounded leaf-
spring switch contact 102 above the pole 100 and
contacted thereby only when the key is in rest
position. Since these switch members operate to
change the circtit conditions only when no volt-
age appears across the resistance 88 and the sen-
sitiely of the system is therefore extremely low,
they introduce negligible “clicks” or disturbances
into the tone; residual tendencies toward such
disturbances, however, and tendencies toward
noise generation in the stack 9f, may be sup-
pressed by an appropriate filtering arrangement.
Such an arrangement has been indicated as &
condenser 103 shunted across the resistance 98;
any such arrangement, however, must be appor-
tioned to have a very short time constant, to avoid
impairing substantially instantaneous response
of the voltage and tone amplitude to key displace-
ment. o

It may be noted that particularly in the em-
bodiments of Figures 4 and 6 it is possible to ob-
tain a relatively steep change of output tone am-
plitude with key depression beyond the normal
depression, so that there need not be of great
magnitude a further depression sufficient to
double or still more greatly increase the tone
amplitude; and in general I intend no unex-
pressed limitations in respect of the steepness of
this change.

1t will be understood that the various features
of the disclosed embodiments, and the various
groupings of features therein, are subject to wide
variation without departure from the spirit or
scope of the invention, that scope being defined
in the following claims.

I claim:

1. In a musical instrument including electro-
acoustic translating means and oscillation-gen-
erating means: the combination of a movable
system comprising a depressible key; means for
subjecting said translating means to excitation
by said generating means, connected with said
movable system for progressive operation thereby
in accordance with key displacement and oper-
atively connected with said generating means
throughout the operative downstroke of said key,
whereby output tone amplitude is caused to pro-
gressively vary with key displacement; and a re-
silient stop impinged on by said movable system
at an intermediate point in the operative down-
stroke of the key, said stop being yieldable
throughout at least an additional amplitude-
doubling downstroke of the key.

2. The combination according to claim 1,
wherein said movable system comprises sufficiens
mass to cause a substantial temporary yielding
of said stop at higher key velocities.

3. Th a musical instrument including electro-
acoustic translating means and oscillation gen-
erating means: the combination of a movable
system comprising a depressible key; means for
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subjecting said translating means to excitation
by said genersting means, connected with said
movable system for progressive operation thereby

in accordance with key displacement and oper--

gtively connected with said generating means
throughout the operative downstroke of said key,
whereby output tone amplitude is caused to pro-
gressively vary with key displacement; and a
resilient stop impinged on by said movable sys-
tem at an intermediate point in the operative
downstroke of the key, yieldable through a sub-
stantial range throughout which its resistance
materially exceeds the static resistance of the
key to initial depression.

4, The combination according to claim 3,
wherein said movable system comprises sufficient
mass to cause a substantial temporary yielding
of said stop at higher key velocities.

5. In a musical instrument including electro-
acoustic translating means and oscillation-gen-
erating means: the combination of a movable
system comprising a depressible key: mesans for
subjecting said translating means to excitation
by sald generating means, connected with said
movable system for progressive operation there-
by in accerdance with key displacement and op-
eratively connected with said generating means
throughout the operative downstroke of said key,
whereby output tone amplitude is caused to pro-
gressively vary with key displacement; a resilient
stop impinged on by said movable system at an
intermediate point in the operative downstroke
of the key; and inertia means, carried by said
movable system, for causing a substantial tem-
porary yielding of said stop at higher key ve-
loclties. - _

6. In 2 musieal instrument including electro-
acoustic transiating means and osclilation-gen-
erating means: the combination of a movable
system comprising a depressible key; means for
subjecting sald translating means to excitation

by sald generating mesans, connected with said

movable system for progressive operation there-
by in accordance with key displacement and op-
eratively conmecited with said generating means
throughout the operative downstroke of said
key, whereby output tone amplitude is caused
to progressively vary with key displacement; and

© means, comprising mass included in said movable
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system snd a resilient stop impinged on by said
system at an intermediate point in the operative
downstroke of the key, for causing the key at
higher - velocities to have essentially mass and
resilient reactions in the respective successive
portions of its downstroke.

7. In a musical instrument includlng oscilla-~
tlon-generating . means and electro-acoustic

‘translating means exclted thereby to produce

output tones: the combination of a movable sys-
tem comprising a depressible key; excitation-
contrel means, connected with said key for pro-

gressive operation thereby and operatively con-.

nected with said generating means throughout
the operative downstroke of said key, for render-
ing the output tone amplitude responsive to key
displacement; and means for causing the output
tone to have an initial peak of amplitude respon-
sive to key veloeity, comprising a resilient stop
impinged on by said movable system at an inter-
mediate point in the operative downstroke of the
key.

7

8. In a musical instrument including oscilla-
tion-generating means and electro-acoustic
translating means excited thereby to produce
output tones: the combination of a movable sys-
tem comprising a depressible key; excitation-
control’ means, connected with said key for pro-
gressive operation thereby and operatively con-
nected with sald generating means throughout
the operative downstroke of said key, for render-
ing the output tone amplitude responsive to key
displacement; and substantially yieldable resili-
ent stop means, impinged on by said moving sys-
tem at an intermediate peint in the .operative
downstroke of the key, for both rendering the
initial portion of the output tone envelope re-
sponsive to velocity of the key and rendering the
later portion of the envelope responsive to pres-
sure on the key. .

9. The combination according to claim 7,
wherein sald excitation-control means comprises
variable coupling means interposed between said
generating means and said translating means.

10. The combination according to claim 1%,
wherein said excitation-control means comprises
a variable capacity and wherein sald resilient
stop comprises a dielectric in said capacity.

11. The combination according to claim T,
wherein said generating means is conirollably
sensitizable, and wherein said excitation-control
means comprises means for controlling the sensi-
tization of sald generating means.

12. The combination according to claim 7,
further including a second oscillation-generating

"means for oscillations of higher frequencies har-

monically related to those from said first-men-
tioned generating means; and means, responsive

to higher key displacements, for progressively

subjecting said translating means to excitetion
by said second generating mesns,

13. In a musical instrument including oscilla-
tion-generating mesns and eclectro-acoustic
translating means: the combination of a key de-
pressible from rest position; a variable condenser
operatively connected with said key for variation
thereby, and electrically connected to sald gen-
erating means and to said translating means for
transferring cscillations therebetween, said con-
denser being characterized by a residual capacity
when the key is in rest position; and capacitative
means, electrically connected to said zenerating
means in opposed phase relationship to said vari-
able condenser, for balancing out oscillations
transferred through said residual capacity.

14. In a musical instrument including an oscll-

- lation-generating device and an electro-acoustic

translating device: the combination of & key de-
pressible from rest position; variable coupling
means operatively connected with said key for
variation thereby, and electrically connected be-
tween sald devices for transferring oscillations
therebetween, said coupling means being charac-
terized by & residual coupling when the key is in
rest position; and an suxiliary coupling means,
interposed between said-devices and connected to
one of said devices in opposed phase relationship
to the connection to that device of said first-men-
tioned coupling means, for balacing out oscilla-
tions transferred through sald residual coupling.

BENJAMIN F, MIESSNER.
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