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ventions, Inc., Harding Township, Morris 
County, N. J., a corporation of New Jersey 

Application December 15, 1941, Serial No. 423,010 

(CI. 84-1.11) 10 Claims. 
This invention relates to the production of 

music, and more particularly to that production 
by the translation of musical tones from electric 
oscillations selectively produced and/or controlled 
at the will of a player. 

In instruments adapted for the production of 
music in the stated manner, it is of course the 
most common practice to employ a single electro 
acoustic translating device, or loudspeaker, from 
which there emanate the Sounds of all frequen 
cies within the range of performance of the 
instrument. A fairly common variation of this 
practise is the employment of a plurality of loud 
speakers either inherently most efficient in re 
spective different frequency ranges within the 
range of the instrument, or made so by different 
frequency-discriminating networks respectively 
associated therewith, or both; in such a case the 
loudspeakers operate with some degree of selec 
tivity as to frequency. It further is known (as 
disclosed in Patent No. 2,200,718 to Miessner, and 
as has been disclosed and claimed in the co 
pending application of said Miessner, Serial No. 
335,064, filed May 14, 1940, and assigned to the 
assignee of this application) physically to place 
a plurality of loudspeakers each operating most 
eficiently in a respective different frequency 
range-for example a pair of loudspeakers-in 
respective portions of an electronic instrument 
respectively corresponding to those portions of a 
purely acoustic instrument from which Sounds 
within the respective ranges are most efficiently 
radiated-for example in an electronic piano, to 
place a loudspeaker most efficient in the base 
register near the lefthand, and a loudspeaker 
most efficient in the treble register near the right 
hand, extremity of the keyboard. 
While valuable improvements over single 

speaker performance may be achieved by Sim 
ple recourse to the above mentioned practices, 
they fail to achieve a full simulation of a con 
ventional-instrument performance. I have ob 
served that that is because the selectivity of a 
position in a conventional instrument from 
which respective tones emanate is primarily 
based on the region, within that instrument 
where the tones originate, rather than simply 
on the absolute frequency of those tones. The 
distinction may be without point for the lowest 
partials of a tone, but becomes important for 
the higher partials. For example, all the par 
tial components of a bass tone produced by a 
conventional piano appear to radiate most 
strongly from its lefthand side-the position of 
the string which serves as their origin.--and this 
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is true for the higher partials which are usually 
prominent in such a tone, as well as for the 
lower partials. Yet by the practises above 
mentioned the higher partials would be caused 
to radiate most strongly from the opposite 
(righthand) side of the electronic instrument 
which was designed to simulate the acoustic One. 

It is an object of my invention to improve or 
complete the simulation, by an electronic instru 
ment, of conventional-instrument performance 
in the respect just discussed. 

It is an object to cause the different notes pro 
duced by an electronic instrument to appear to 
originate in respective different portions of the 
instrument. 

It is an object automatically to vary the ap 
parent Source of the different notes according 
to the fundamental frequencies, or pitches, of 
those notes, without distinction within any note 
between its several partials. 

It is an object to accomplish the foregoing for 
the predominate portion, in respect of ampli 
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tude, of each note as produced by the instru 
ment, while permitting the remaining portion 
Of the tone to have a different or diffuse appar 
ent source. 

It is an object to provide means and methods 
appropriate to the fulfilnent of the foregoing 
objects; and it is a particular object to provide 
Such means and methods adapted for use in 
electronic pianos. 
Other and allied objects will more fully ap 

pear from the following description and the ap 
pended claims. 

In the description reference is had to the ac 
companying drawing, in which: 

Figure 1 is a view, partly in vertical section 
and partly schematic, of portions of an elec 
tronic piano in which my invention has been in 
corporated and of one form of associated elec 
trical circuit which may be associated there 
with; 

Figure 2 is a view, partly plan (Figure 1 being 
taken along the line - of Figure 2) and part 
ly schematic, of the same portions of the piano 
illustrated in Figure 1, but by way of example 
with another form of electrical circuit which 
may be associated therewith; and 

Figure 3 is a schematic view of an electronic 
musical instrument in which my invention has 
been incorporated in a modified embodiment. 
Figure 1 and the mechanical portion of Figure 

2 illustrate an embodiment of my invention in an 
electronic piano. (Assuming the piano to be of 
the 'grand' arrangement, Figure 1 will be a ver 



2 
tical cross-sectional view and Figure 2 a partial 
plan view, though it will be understood that this 
is purely by way of example.) The piano is pro 
vided with the strings , supported in any known 
way appropriate to electronic piano construc 
tion; by way of example, it has been assumed that 
only one string per note is employed, and for 
simplicity of illustration only four strings (for 
the lowest, highest, and two separated intermedi 
ate tones) have been illustrated, each terminat 
ing its active portion at the rear bridge 2. The 
strings may be adapted to be excited in the usual 
manner, hammers 3 having been illustrated in 
Figure 2 underneath forward portions of the re 
spective strings; the hammers may be operated by 
the usual keyboard fractionally shown as in 
Figure 2. 

Electric oscillations, whose translation into 
sound will produce the output tones of the in 
strument, are translated from the vibrations of 
the strings by suitable mechanico-electric trans 
lating apparatus. While no unexpressed limita 
tion between the several known types of that ap 
paratus is intended or necessary, I have preferred 
that general type which operates by vibratory 
variation of the spacing of the string from the 
translating apparatus; and among the several 
forms of this type, I have purely by Way of ex 
ample illustrated an electrostatic form. Herein, 
as is understood, an electrode is provided in quite 
close spaced relationship to a region along the 
active portion of the string, for example under 
neath the string; this electrode forms a minute 
electrostatic capacity with the string, and the 
vibration of the string causes the oscillatory vari 
ation of this capacity in correspondence with the 
vibration of the mentioned string region-this OS 
cillatory capacity variation being availed of elec 
trically in one or another known manner, such as 
one of those more detailedly described herein 
below. 

Spaced a convenient distance below the 
strings, and for example at an appreciable dis 
tance forwardly from the bridge 2, there may 
be provided a support 5 for electrodes. This 
support 5, which may be in the form of a strip 
of insulating material (such as the phenol-resin 
composition known as "Bakelite'), may in turn 
be supported in the instrument in any of the 
manners known in the art. Through the Sup 
port 5, underneath each string, may be threaded 
an adjustable electrode 6 in the form of a screw, 
of which the top extremity may be a flat head, 
and of which the bottom extremity may be slot 
ted to facilitate adjustment from the bottom 
when desired. 

Electrically the electrodes 6 may be intercon 
nected through a conductor ; and they may be 
connected through a high resistance 8 to one 
terminal of an electrical source 9. (When a cer 
tain optional feature mentioned below is em 
ployed, the connection of the electrodes 6 to the 
source 9 is preferably made from the electrode 
associated with the lowest-frequency string, and 
it has been so shown.) The other terminal of 
the source 9 may be connected to "ground'-a 
reference-potential point to which the strings, 
as illustrated, may also be connected. 
The series combination of high resistance 8 

and source 9 may be connected through a ca 
pacity le to the input of a control system , 
which may comprise any or all known forms of 
qualitative electric-oscillation control means ap 
propriate to instruments of the character under 
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tem if there may be connected an amplitude 
regulating potentiometer 2, to the output of 
which may be connected the input of an elec 
tronic amplifier 3. To the output of the ampli 
fler 3 there may be connected. in Cascade, po 
tentiometer or volume control 4, further ampli 
fler 5, and loudspeaker 6. 
The source 9 may be operated as a high-volt 

age direct-current source, in which event its 
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effect will be to charge the paralleled Small ca 
pacities formed as abovementioned between the 
strings and their respective electrodes. The 
charge in these capacities being precluded by the 
high resistance 8 from rapid variation, the effect 
of the vibrations of the strings is to modulate, 
or vary oscillatorily, the otherwise steady volt 
age across the capacities; and the oscillatory 
variations in the voltage-constituting vibration 
representing oscillations - are transmitted 
through capacity 0 to the input of the cas 
cade 1-2-3-4 5-6, by which they are 
controlled in various respects, amplified, and 
translated into Sound. 
The source 9 may alternatively be operated as 

a superaudible-frequency alternating-current 
source, in which event its effect will be to pass 
a similar-frequency current through the paral 
leled small capacities between strings and elec 
trodes. The vibrations of the strings, oscillator 
ily varying these capacities, will correspondingly 
modulate this current; and the so modul 
lated current will be transmitted through, 
the capacity ?o to the input of the cascade 
abovementioned. In this event the amplifier 
may be operated as a demodulator as well as an 
amplifier; and it will be understood that the 
modulated current will be controlled, demodul 
lated-to create oscillations representing the 
string vibration-amplified, and translated into 
sound by the cascade. 

In carrying out my invention I may arrange 
the translating apparatus thus far described to 
act most effectively at the base extremity of the 
instrument scale and progressively less efficiently 
in progressively higher-frequency portions of the 
scale; and I may arrange the loudspeaker , 
as illustrated, to radiate from a portion of the 
instrument in the vicinity of the bass extremity 
of the keyboard-since it is from this region in 
a conventional piano that the base tones pre 
dominately radiate. While many methods are 
available for so arranging the translating appa 
ratus, and while I intend no unexpressed limi 
tation in this respect, I may first mention that 
which is probably the simplest for an instrument 
employing translating apparatus which operates 
by vibratory variation of the spacing of the vi 
brator from the translating apparatus. 
Thus it will be appreciated that, however, the 

source 9 be operated, the effectiveness or ef 
ciency of the translation of the vibrations of 
each string will be established by the closeness 
of the spacing of its respective electrode from 
it the maximum practicable efficiency being 
achieved when that electrode is as close to the 
string as is possible without risk of the electrode 
actually being contacted by the string under con 
ditions of maximum vibration of the latter. Ac 
cordingly I may employ as close as practicable 
a spacing for the electrode 6 associated with 
the most extreme lefthand string, and a spacing 
progressively greater for the progressively more 
rightward strings. This I have illustrated for 
the electrodes 6 in Figure 1. It will be noted 

description. To the output of the control sys- 75 that the spacing of these electrodes from the 
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strings in this figure appears approximately simi 
lar throughout the scale; but it is to be appre 
ciated that this actually meets the specification 
just laid down, because of the fact that the 
maximum amplitudes of vibration of the strings 
progressively decrease with higher fundamental 
frequencies of the strings. 
To provide the relative efficiencies of transla 

tion last mentioned, recourse may be had to an 
appropriate adjustment of the spacings of the 
electrodes 6' from the strings. Such an adjust 
ment will involve a very close spacing of the 
electrode 6' associated with the extreme treble 
string (to obtain a high efficiency of translation 
from a string whose vibration amplitude at maxi 
mum is relatively small) and a progressively 
wider spacing of the electrodes 6' associated with 
progressively lower-frequency strings, terminat 
ing in a relatively wide spacing from the lowest 
frequency string. Such adjustments of the elec 
trodes 6' have been illustrated in Figure 1. 

It will now be appreciated that all partial com 
ponents of the tones translated from the most 
extreme bass strings are most efficiently radiated 
by loudspeaker 6, while all partial components 
of the tones translated from the most extreme 
treble strings are most efficiently translated by 
the loudspeaker 6'. This, however, is not the 
only effect of the incorporation of my invention. 
Because of the progressive arrangement of the 
efficiencies of translation in the two translating 
Systems, tones derived from the middle-register 
strings of the instrument are about equally ra 
diated from the two loudspeakers; and if the 
relative phasing of those loudspeakers be prop 
erly established (readily accomplished by test in 
any given case) all components of those tones 
will appear-to the player of the instrument and 
to hearers situated at some distance from the 
instrument-to radiate predominately from a 
region intermediate the two loudspeakers. In 
still more generic terms, the apparent source 
of strongest radiation of all components of the 
tone derived from any string will be a region in 
the vicinity of the key which excited that string-f 
Or a region Corresponding to that from which 
the strongest radiation of that tone would occur 
in a conventional piano. 

Further in carrying out my invention, I may 
provide other translating apparatus arranged to 
act most efficiently at the treble extremity of the 
instrument scale and progressively less efficient 
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ly in progressively lower-frequency portions of . 
the scale; and Imay supply the oscillations trans 
lated by this last-mentioned translating appa 
ratus, after their control and amplification, to 
a loudspeaker arranged to radiate from a portion 
of the instrument in the vicinity of the treble 
extremity of the keyboard-since it is from this 
region in a conventional piano that the treble 
tones predominately radiate. 
Thus in Figures 1 and 2 (reference still being 

had to the mechanical portions only of the latter 
figure) there will be seen, spaced below the 
strings and for example very slightly spaced 
behind the support 5, a support 5' generally sim 
ilar to the support 5. Through the support 5, 
underneath the respective strings, may be 
threaded adjustable electrodes 6' similar to the 
electrodes 6. Electrically the electrodes 6' may 
be interconnected through a high resistance 8" 
to that terminal of the source 9 to which the high 
resistance 8 was connected. The series combina 
tion of high resistance 8' and source 9 may be 
connected through a capacity 0" to the input 
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3 
of a cascade f '-2'-3'-4'-5'-6"-in 
which each element may be generally similar to 
the corresponding element in the cascade - 
2-3-4-5-6, excepting for the distinct 

position of the loudspeaker f6' already noted. 
These statements are of course presented es 

pecially for the right-and-left dimension of the 
instrument-the apparent source of radiation in 
a front-and-back dimension being essentially de 
pendent on the positions in that dimension at 
which the loudspeakers are actually located. 
Since the apparent source, insofar as the front 
and-back dimension is concerned, does not shift 
appreciably for tones throughout the scale, an 
apt choice of the loudspeaker positions is all that 
is required for properly attending to effects in 
this dimension. 

It was above pointed out that my invention is 
not limited in respect of the means or method by 
which the progressive efficiencies of translation 
in each of the two systems may be established. 
Purely by way of example of other methods than 
the Spacing adjustment, I have in Figure 1 illus 
trated the incorporation in the conductor 7 (and 
in the conductor T) of impedances 7 (and T’) 
between the connections of the conductor with 
the translating devices (i. e., electrodes) for suc 
cessive vibrators (i. e., strings) or groups of vi 
brators. With proper choice of the characteris 
tics and magnitudes of the impedances T (and 
7') the efficiency of translation may be caused 

by the impedances to decrease progressively with 
increasing displacement from the point where 
connection is made from the conductor 7 (or 7') 
to the coupling capacity 8 (or 8'). Thus with 
the use of properly chosen impedances it is possi 
ble to relax or eliminate the requirement for pro 
gressive efficiency adjustment by the adjustment 
of the spacing of the translating devices from the 
vibrators. 

In the practise according to the foregoing par 
agraph it is expected that the impedances will be 
so chosen as significantly to impede or attenuate 
the transfer of oscillations from the respective 
translating devices to the coupling capacity (in 
degree depending on how many of these imped 
ances the oscillations must traverse). As still 
another exemplary method of securing the grad 
luated efficiency of translation, when there are 
employed translating devices of the type (such as 
the electrostatic devices above disclosed) whose 
efficiency is determined by the amplitude of some 
parameter (such as a voltage or current) as it 
appears at the translating device, I may mention 
the progressive adjustment of that parameter for 
the successive translating devices. 

For the illustrated electrostatic translating de 
vices this may be accomplished by progressively 
attenuating the voltage or current from the 
source 9 (according to whether that source is be 
ing operated in the first or the second of the 
manners above disclosed) appearing at the suc 
cessive translating devices. As an illustration of 
this Figure i may be read as still envisioning the 
employment of the impedances f and 7'-this 
time in a form and magnitude which need not. 
itself occasion any appreciable attenuation of 
Oscillations-and as additionally contemplating 
the use of a respective impedance connected to 
ground from the extremity of each of the con 
ductors and opposite to that extremity of the 
conductor which is connected to the respective 
high resistance 8. Such additional impedances 
have been illustrated in Figure l as the resist 

8 and 8', respectively connected to 
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ground from the high-frequency extremity of 
the conductor 7 and from the low-frequency ex 
tremity of the conductor 7. 
with this circuit structure it will be appre 

ciated that, in the case wherein the source 9 is 
operated as a high-voltage D. C. source, the 
steady voltage from the Source as it appears at 
the respective translating devices will, by the 
several impedances 7 (or 7') and the imped 
ance B (or 8') acting in combination, be pro 
gressively attenuated at translating devices pro 
gressively further from the point of reference 
(i. e., point of connection of the high resistance 
or 8'). Employing the term "polarizing volt 

age" to denote the voltage from the Source as it 
appears at the several translating devices, it may 
be said that this polarizing voltage-which de 
termines the efficiency of the translating device 
is progressively decreased for the translating de 
vices progressively further from the reference 
point. And obviously in the case wherein the 
source 9 is operated as a superaudible A. C. Source 
the amplitude of the current to be modulated 
and hence the amplitude of the modulations as 
they appear, in the form of sound-frequency 
voltages, in the amplifier 3 or f3' following the 
demodulating action--is correspondingly pro 
gressively decreased for the translating devices 
progressively further from the reference point. 
The electrical-circuit portion of Figure 1 has 

illustrated a translation by the electrostatic 
translating devices, both through modulation of 
a steady high voltage and through modulation of 
the amplitude of a superaudible-frequency. Cur 
rent. It is also possible (as disclosed in the co 
pending application of B. F. Miessner, Serial No. 
243,127, filled November 30, 1938, and assigned to 
the assignee of this application, and which is 
now Patent No. 2,273,975) to translate the string 
vibrations by the electrostatic translating devices 
through modulation of the frequency of a super 
audible-frequency current. The electrical-cir 
cuit portion of Figure 2 has been included to 
illustrate this alternative-it being understood 
that the mechanical portions of Figures 1 and 2 
will be taken together as illustrating the me 
chanical arrangements for either of the illus 
trated circuit arrangements. 

In the Figure-2 circuit structure the paralleled 
capacities between the electrodes 6 and the 
strings are shown connected across a coil 2, with 
which they act as a tuning capacity to form a 
parallel resonant circuit. This circuit may be 
connected from the grid of an oscillator tube 22 
to the lower end of a by-passed bias resistance 
23, that lower end also for example being ground 
ed, and the upper end of that resistance being 
connected to the cathode of the tube 22. In the 
plate circuit of the tube there may be connected 
a coll 24 in feeding-back inductive relationship 
to the coil 2, as well as a battery or other source 
25 of plate current for the tube. It will be recog 
nized that the circuit is one adapted for the pro 
duction of Sustained Oscillations at the frequency 
determined by the tuning of the grid circuit 
abovementioned; and it will be understood that, 
in view of the connection of the electrodes 6 as 
just described, that frequency will be modulated 
upon, and in accordance with the characteristics 
of, the vibrations of any of the strings f. A coil 
26 inductively coupled to the coil 2 may impress 
the frequency-modulated oscillations on a con 
trol system 27 comprising any and all desired 
known forms of control means appropriate to 
the oscillations in their frequency-modulated 
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form; and a frequency-demodulator 28 may be 
associated with the control means 2 to demodu 
late the oscillations, and to pass the demodulated 
oscillations-now of frequencies corresponding 
to those of the string vibrations-to the cascade 
1-2-3-4-5-6 as shown in Figure 1. 
The oscillator and allied circuits just described 

are interposed between the electrodes 6 and that 
cascade-f-12-3-4-5-6-which is to 
function most efficiently for the bass register, by 
reason of appropriate measures taken in the elec 
trode circuit, An essentially similar combination 
of elements, 2’-22'-23'-24'-25'-26'-2'- 
28, will be interposed between the electrodes 6' 
and the cascade l'-2'-3'-f4'-5'-' 
which, by reason of complementary measures, is 
to. function most efficiently for the treble register. 

Insofar as the practise of my invention is con 
cerned, the Overall effect of the frequency-modul 
lation arrangement, just described, will be appre 
ciated to be generally similar to the effect of 
either of the other arrangements heretofore de 
scribed. In this connection it may be noted that 
while, again, any of a variety of methods may be 
employed for securing the graduated eficiency 
in each of the two translating Systems, the sim 
plest is probably the spacing-adjustment method 
first above described; the electrode adjustment 
typically illustrated in Figure 1 may therefore be 
taken as generally appropriate for the frequency 
modulation arrangement. 

In connection with any of the arrangements 
illustrated by Figures 1 and 2 two particular 
further points deserve mention. One is the mat 
ter of electrostatic shielding. Over and above 
the electrostatic shielding (not illustrated) which 
is known to be desirable in instruments of this 
general character, there is also desirable-at 
least when the two electrode systems are rela 
tively close to each other-an electrostatic 
shielding interposed between those systems. 
Such shielding I have illustrated in Figures 1 
and 2 as a thin metal strip f 9 vertically arranged 
and interposed between the supports 5 and 5' 
and the electrodes respectively carried thereby. 
The effect of such shielding is the prevention of 
unwanted transfer of oscillations between the 
electrode systems, and of the undesirable impair 
ment of distinction of their respective outputs 
which would result from such transfer. 
The other particular point is the frequent de 

sirability of interlinking certain of the corre 
Sponding controls in the cascades 1-2-3- 
4-5-6 and f '-2'-3'-4'-5'- 6'- 
more particularly, of interlinking those controls 
Which in a normal use of the instrument would be 
always correspondingly manipulated. By way of 
example Such interlinking has been indicated for 
the volume controls 2 and 2' of the respective 
Cascades, by the Schematically shown linking of 
each of those controls to the common foot-pedal 
20 for joint manipulation thereby-though obvi 
ously no limitation of such interlinking to the 
volume controls is necessary, and none is intended 
excepting as specifically expressed. 
AS above noted, the translating devices to be 

employed in carrying out my invention need not 
be electrostatic devices. And I may here point 
out that while the tone Sources for the several 
notes have in Figures 1-2 been illustrated as me 
chanical oscillators or vibrators (specifically, 
strings), they may in a broader aspect of my 
invention be oscillators of some one of a variety 
of other forms-for example, electrical oscil 
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lators. Purely by way of example, Figure 3 
illustrates an instrument employing Oscillators 
which may be either electrical or mechanico 
electrical, together with what may be termed 
electromagnetic translation of their outputs. 
The several oscillators are schematically illus 
trated as 3, , there being again employed the 
same simplified illustration, of four different 
note oscillators separated throughout the instru 
ment range, as in the case of the strings of 
earlier figures. The oscillators are schematically 
indicated to be placed under the control of re 
spective keys of the keyboard 4 in any desired 
manner. Each oscillator may be considered to 
include a respective output coil 32. Cascades 
- 2-f 3-4-5-6 and f '-2'-3'- 
4'-5'-6" may be employed as before, with 

the loudspeakers similarly radiating from two 
respective positions as above described; by way 
of illustration, however, it will be assumed that 
the conventional instrument being most nearly 
simulated is an organ in which the low- and high 
frequency pipes would be separated from each 
other by a considerably greater distance than the 
length of the keyboard, and accordingly the two 
Speakers have been shown as separated by a cor 
respondingly large distance. The translating de 
vices effective for the cascade first mentioned may 
comprise coils 36 respectively coupled to the out 
put coils 32 of the oscillators and for example con 
nected in a series circuit 37 across the input of 
f; while the translating devices effective for the 
second-mentioned cascade may comprise coils 
36' also respectively coupled to the output 
coils 32 of the oscillators, but connected in a 
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circuit 37 across the input of ff. The graduated 
efficiency of devices 36 may be achieved for ex 
ample, by progressive variation of the numbers 
of turns in the successive devices (the largest 
number being in the device for the lowest-fre 
quency note), and the graduated efficiency of 
the devices 36' by an opposite progressive 
variation of the numbers of turns in those de 
W1CeS. 

turns. Will be carried to or substantially to the 
Scale extremities, so that there will be achieved 
the unimpaired effect of shift of apparent sound 
origin with fundamental note frequency through 
Cut or Substantially throughout the full Scale of 
the instrument. Further description of the in 
strument of Figure 3 will be unnecessary, since 
its operation will be readily understood in the 
light of the foregoing description of other em 
bodiments. 

It may be mentioned that while a principal 
feature of my invention involves the use of the 
Separate Cascades, and separate loudspeakers 
therein, I do not intend to disclaim novel sub 
cornbinational aspects of my invention which 
may not necessarily involve such a separated 
plurality of loudspeakers or of the means for 
supplying the oscillations thereto. 
And while I have disclosed my invention in 

terms of particular embodiments thereof, it will 
be understood that this has been done in an 
exemplary rather than in a limiting sense, for 
modifications will be suggested by these embodi 
ments to those skilled in the art. Such modi 
fications will not necessarily constitute depar 
tures from the spirit of the invention or from 
its Scope, which latter I undertake to define in 
the following claims. 

I claim: 
1. In an electronic piano including vibratable 

strings progressively tuned to the several notes 

Preferably these variations of numbers of 

have respective apparent sources dependent 
note frequency. 
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of the scale: the combination of two separated 
electro-acoustic translating devices; and means 
for translating electric oscillations from said 
stirings and Supplying the same to said devices, 
said means being characterized by a joint selec 
tivity with respect to said devices and with re 
spect to said strings, whereby to cause the differ 
ent, notes as radiated by said devices jointly to 
have respective apparent sources dependent on 
note frequency. 

2. In an electronic piano including vibratable 
strings progressively tuned to the several notes 
of the scale: the combination of two electro 
acoustic translating devices radiating sounds 
from near the bass-string and treble-string ex 
tremities of said instrument, respectively; and 
means for translating electric oscillations from 
said strings and supplying the same to said de 
vices, said means being characterized by a joint 
selectivity with respect to said devices and with 
respect to said strigs, whereby to cause each dif 
ferent-frequency note as radiated by said devices 
jointly to have an apparent source in the side-to 
side region of the string from which it was trans 
lated. 

3. In an electronic musical instrument includ 
ing oscillators progressively tuned to the several 
notes of the scale: the combination of two elec 
tro-acoustic translating devices radiating sounds 
from respective separated positions; and means 
for translating electric oscillations from said os 
cillators and supplying the same to said devices, 
said means being characterized by a joint selec 
tivity with respect to said devices and with re 
spect to said oscillators, whereby to cause the dif 
ferent notes as radiated by said devices jointly to 

O 

4. In electronic piano-tone production from the 
vibrations of tuned strings, the method of creat 
ing the illusion of origin of each note sound in a 
region dependent on note frequency, which com 
prises translating two separate series of electric 
oscillations from the string vibrations; rendering 
the efficiencies of translation of said two series 
highest in respectively opposite first extreme re 
gions of the scale and progressively lower toward 
the respective second extreme scale regions; 
translating each of said series of oscillations into 
sounds; and radiating the respective sounds from separated respective regions. 

5. In electronic tone production from tuned 
Oscillators, the method of creating the illusion of 
origin of each note sound in a region dependent 
on note frequency, which comprises translating 
two separate series of electric oscillations from 
the oscillators; rendering the efficiencies of trans 
lation of said two series highest in respectively 
Opposite first extreme regions of the scale of the 
instrument and progressively lower toward the 
respective second extreme scale regions; trans 
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lating each of said series of oscillations into 
Sounds; and radiating the respective sounds from separated respective regions. 

6. In an electronic piano including vibratable 
strings progressively tuned to the several notes of 
the Scale: the combination of two mechanico 
electric translating systems each associated with 
said strings and responsive to the vibrations 
thereof, said systems being characterized by high 
est efficiencies of translation in respectively oppo 
site first extreme scale regions and by progres 
sively lower efficiencies in regions progressively 
nearer the respective second extreme scale re 
gions; and individual electro-acoustic translating 
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devices respectively radiating sounds from sepa 
rated regions and respectively responsive to said 
translating systems. 

7. In a musical instrument including a series 
of oscillators progressively tuned to the several 
notes of the instrument scale, the combination of 
a translating system associated with the several 
said oscillators and responsive thereto with an 
eficiency greatest for substantially the lowest 
frequency oscillator and progressively decreasing 
for progressively higher-frequency oscillators; a 
second translating system also associated with the 
several said oscillators and responsive thereto 
with an efficiency greatest for substantially the 
highest-frequency oscillator and progressively 
decreasing for progressively lower-frequency 
oscillators; and individual electro-acoustic trans 
lating devices respectively radiating sounds from 
two separated regions, and respectively connected 
with and responsive to said translating systems. 

8. In a musical instrument including a series 
of oscillators progressively tuned to the several 
notes of which the full scale of the instrument 
consists: the combination of a translating system 
associated with the several said oscillators and re 
sponsive thereto with an efficiency greatest for 
substantially the lowest-frequency oscillator and 
progressively decreasing for progressively higher 
frequency oscillators substantially throughout 
said scale; and a second translating system also 
associated with the several said oscillators and re 
sponsive thereto with an efficiency greatest for 
substantially the highest-frequency oscillator and 
progressively decreasing for progressively lower 
frequency oscillators substantially throughout 
said scale. 
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9. In a musical instrument including a series of 

mechanical Oscillators progressively tuned to the 
several notes of which the full scale of the instru 
ment consists: the combination of a translating 
system having sensitive portions in spaced rela 
tion to Said oscillators and responsive thereto 
with an efficiency greatest for substantially the 
lowest-frequency oscillator and progressively de 
creasing for progressively higher-frequency 
oscillators substantially throughout said scale; 
and a second translating system having sensitive 
portions also in spaced relation to said oscilla 
tors and responsive thereto with an efficiency 
greatest for substantially the highest-frequency 
Oscillator and progressively decreasing for pro 
gressively lower-frequency oscillators substan 
tially throughout said scale. 

10. In a musical instrument, including a series 
of vibrators progressively tuned to the several 
notes of the instrument scale: the combination 
of a translating System having sensitive portions 
each separated by a spacing from a respective 
vibrator and operative in accordance with vibra 
tory variation of that Spacing, the ratio of such 
spacing to the maximum amplitude of vibration 
of the respective vibrator progressively increas 
ing for progressively higher-frequency vibrators; 
and a second translating System having sensitive 
portions each separated by a spacing from a re 
spective vibrator and operative in accordance 
with vibratory variation of that spacing, the ratio 
of such spacing to the maximum amplitude of 
vibration of the respective vibrator progressively 
increasing for progressively lower-frequency wi 
brators. 
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