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This invention relates to methods and appa 
ratus for producing music from a plurality of 
tuned vibrators, and more particularly for pro 
ducing tones whose initial characteristics are 

is or may be modified from those ordinarily pro 

10 

5 

20 

O 

35 

duced by the particular form of vibrator excita 
tion employed. The invention is useful with 
any form of such excitation, percussion excita 
tion being the form herein illustrated; and with 
any form of translation into Sound of vibrator 
vibration- e. g., not only with direct (mechani 
co-acoustic) translation, but also with mechani 
co-electro-acoustic translation, Such as is broad 
ly described and claimed in my co-pending ap 
plication, Serial No. 512,399, filed January 30, 
1931 (on which U. S. Patent 1929,027 has now 
been issued). 

It is an object of my invention to provide 
methods and apparatus for producing, from a 
plurality of vibrators, musical tones whose initial 
characteristics are relatively free of the infill 
ence of the form of vibrator excitation employed, 
It is a further object to provide methods and 
apparatus for minimizing, eliminating, or en 
phasizing particular initial tone characteristics. 

It is another object of my invention to pro 
vide a musical instrument employing percussion 
excitation of vibrators, which yields output tones 
from which the usual percussion-produced ef 
fects are substantially absent; and it is likewise 
an object of the invention to provide Such an 
instrument in the output tones of which Such 
effects may be rendered present, or substantially 
absent, or present in heightened degree, at will. 
A more specific object is the provision, in an 

instrument wherein the vibrations of tuned vi 
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brators are translated into electric oscillations, 
of means and methods for reducing, eliminating 
or increasing the high initial amplitudes of Such 
oscillations which may tend to occur momen 
tarily upon vibrator excitation; and for Selec 
tively producing oscillations having or lacking 
such high initial amplitudes. A further specific 
object is the provision in this class of instru 
ment of means and methods for reducing the 
effective rate of damping of vibrator vibration 
and of translated oscillations. Other and allied 
objects will more fully appear from the followa 
ing description and appended claims. 
In the detailed description of my invention, 

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

Figure 1 is a partial plan view of an instru 
ment in general of the upright piano type, emi 
bodying my invention in a simple form; 

Figure 2 is a cross-sectional view taken along 
the line 2-2 of Figure 1. 

Figure 3 is a partial plan and diagrammatic 
view of an instrument of the grand piano type, 
in which is embodied a preferred form of my 

Renewed May 23, 1933 
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invention wherein the vibrations of the Wilbrae 
tors are translated into sound by mesne vibran 
tion-oscillation (mechanico-electric) and Oscil 
lation-sound (electro-acoustic) translation; 

Figure 4 is a partial cross-section taken along 
the line 4-4 of Figure 3; and 

Figure 5 is a partial cross-section, taken along 
the line 5-5 of Figure 3. 

65 

A basic arrangement involved in my invention . 
is the provision for each musical tone to be pro 
duced of two vibrators similarly tuned i. e., to 
the same frequency and coupled together, the 
first Only being subject to excitation of what 
ever basic form be provided; and translation into 
Sound of the vibration of the Second vibrator, 
either directly or by mesne translations. Wilbra 
tion of the Second vibrator Will be understood to 
be caused by the vibration of the first; but re 
gardless of the abruptness of inception of vibra 
tion of the first, the amplitude of vibration of 
the second may be made to rise far more grad 
ually. This basic arrangement is capable of be 
ing modified and enlarged, and of being applied 
in a variety of combinations of apparatus, as will 
hereinafter become more fully apparent. 

In Figures 1 and 2 I have shown an instrument 
of the upright piano type. Herein 1 may desig 
nate a top frame, 2 and 3 each a pressure bar or 
"capo', and 4 a bottom frame, it being unders 
stood that 1, 2, 3 and 4 Will form portions of an 
integrally cast iron frame or plate. Passing 
through top frame 1 and into Wrest plank 5 may 
be provided in the usual manner tuning pins 6; 
and hitch-pins 7 may be provided in bottom 
frame 4. For each tone there may be provided, 
strung between a hitch-pin 7 and a tuning pin 6, 
two strings 11 and 12, each of which may bear on 
and be secured by pins to bridge 8. This bridge 
is not coupled or connected to any resonator but 
is Secured, as by members 15, to a vibratile Sup 
port or supports such as strips or rods iO. These 
strips may be secured at their extremities to rigid 
top beam 13 and rigid bottom beam 14; they are 
furthermore preferably slightly bowed toward 
the bridge 8 the better to resist the pressure of 
the strings against the bridge. Thus any pair 
of Strings 11 and 12 are coupled together, as well 
as to all the other strings 11 and 12, by a sub 
stantially non-radiating vibratile system. 
The string 11 for each tone, after being passed 

from its hitch-pin 7 over bridge 8, may be passed 
under capo 3 and over capo 2 to its tuning pin 6, 
thus at no point in its entire length being con 
nected to any resonator. The string 12 for each 
tone, however, after being passed from its hitch 
pin 7 Over bridge 8, may bear on and be secured 
to bridge 9, which is affixed to resonator or sound 
board 16. The soundboard 16 and bridge 9 may 
be termed a resonator system engaging the 
strings i2. This soundboard may be reinforced 
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by ribs (not shown) in the usual manner. A 
hammer 1 is provided for exciting each String 
11; and a damper 8 may be provided for damp 
ing simultaneously the strings li and 12 for 
each tone. The usual key-operated action may 
be provided for actuating each hammer 17 to 
strike its associated string 11, and for simulta 
neously raising damper 18 from such string and 
the adjacent string 12. 
Upon the striking of a string 11 by hammer 17 

and coincident raising of damper 18 therefrom 
and from the adjacent string 12, string 11 will 
be caused to vibrate with an amplitude initially 
relatively high and thereafter diminishing. It 
will be seen that, excepting for the inter-string 
coupling effected by bridge 8 and its supporting 
structure, none of the other strings would be 
caused to vibrate at all. Since this coupling ex 
ists, however, energy will be transferred from 
the vibrating string 11 to all other strings, and 
particularly to the adjacent string 12, which is 
similarly tuned and is coincidentally undamped. 
This energy will cause such string 12 to go into 
vibration at an amplitude steadily increasing 
untill of the same order as that of the originally 
excited string 11. Thereafter string 12 will vi 
brate coincidentally with string 11 until both die 
Out or until damper 18 seats against them. The 
vibration of the string 11 is negligibly translated 
into Sound, due to the lack of a resonator at 
tached thereto; the gradually beginning vibration 
of string 12, however, is translated into sound by 
the resonator or soundboard 16 against which 
each string 12 bears through the bridge. In the 
arrangement shown translation into Sound of Wi 
bration of strings 12 is effected at the ends of 
those strings opposite to the ends where coupling 
to stringS 11 is effected; furthermore strings 11 
are excited at a point removed by almost their 
full lengths from the point of their coupling to 
strings 12. Thus momentary displacement or 
shock of the soundboard or resonator 16 upon 
impact of a hammer 17 with a string 11 is re 
duced to a negligible value. 
In Figures 3 and 4 I show my invention in the 

preferred form. Herein i' may designate the 
front frame, 3' a pressure bar or capo, and 4" the 
rear frame, it being understood that l', 3' and 
4' may each form a portion of an integrally cast 
frame or plate. Wrest plank 5, tuning pins 6, 
and hitch pins 7 may be provided as in earlier 
figures. Two stringers per note, 11’, and 12", are 
again employed; but they are similarly strung 
from tuning pins 6 under capo 3’ to hitch pins 7, 
and each bears on and is secured by pins to 
bridge 8. Bridge 8' is preferably supported as 
in earlier figures by strips or rods 10, slightly 
bowed toward the bridge and secured to rigid 
mountings at their extremities. A hammer 17' 
may be employed for each tone, normally posi 
tioned to strike only the string 11'; and a damper 
18" may be provided for each tone, always as 
sociated with both string 11’ and string 12'. 
Keys 99 may control hammers 17' and dampers 
18' through the medium of an action, not shown. 

It is convenient in this embodiment of my in 
vention to have each string electrically insulated 
from the others and from the frame. Accord 
ingly the bottom of capo 3', the hitch pins 7, 
and the ledges in front frame 1" and rear frame 
4' over which the strings pass, may be enamelled 
with an insulating vitreous enamel, or otherwise 
insulated, as indicated by insulation 20. Insu 
lating washers 19 may be provided around hitch 
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pins 7 to prevent the strings from contacting 
directly with rear frame 4". 

In this embodiment of my invention the wi 
brations of the strings 12' are translated into 
electric oscillations by a mechanico-electric 
translating system having portions in spaced re 
lationship to the strings. Such portions may be 
provided by positioning opposite each string 12' 
an electrically conductive stud or screw 21. 
These studs may be mounted in and electrically 
connected together by conductive member 22; 
this member in turn may be secured to but in 
sulated from capo 3’ through the medium of in 
sulation. 23. The ends of the studs should in 
general be as close to their respective strings as 
is possible without actual contact with Such 
strings under conditions of maximum vibration 
of the latter. Conductive member 22 may be 
electrically connected to the grid of a thermionic 
vacuum tube 32, through switch 31 hereinafter 
more fully explained. The cathode of tube 32 
may be energized in any suitable manner, as by 
battery 33; its anode current may be supplied 
as from a tap on battery or other current source 
34. The grid of tube 32 may be connected to the 
negative terminal of battery or Source 34 through 
a high resistance 35; and the grid may be biased 
negatively with respect to the cathode by the 
flow of anode current through a condensively 
by-passed resistor 36. In the output circuit of 
tube 32 may be connected electrical amplifier 37, 
volume control or potentiometer 38, further am 
plifier 39 if desired, and loudspeaker 40. All the 
strings 11" may be electrically connected together 
and all the strings 12' may be connected to 
gether; and the group of strings 11’ and the 
group of strings 12' may each be connected to 
the positive terminal of battery Or Source 34, 
respectively through switches 41 and 42 herein 
after more fully explained. 

Consideration now being given to the manner 
of functioning of the apparatus of Figures 3 and 
4 as thus far described, it will be seen that upon 
striking of a string 11’ by hammer 17' and coin 
cident raising of damper 18' therefrom and from 
the associated string 12', string 11' will be caused 
to vibrate with an amplitude initially relatively 
high and thereafter diminishing. In similar 
manner to that described above for StringS 11 
and 12 of Figures 1 and 2, this vibration of string 
11' will produce a gradually beginning vibration 
of string 12', which is similarly tuned and coin 
cidentally undamped. The vibration of each 
string 12' is translated into electric oscillations 
by virtue of the capacity formed between such 
string and its associated stud 21, which capacity 
is varied oscillatorily in accordance with the fre 
quency, waveform and relative amplitude of the 
vibration of the portion of the string opposite 
the stud. These capacities all being in parallel 
With each other, their total capacity is likewise 
varied, but in reduced degree, by vibration of 
any string or strings 12'. The total capacity is 
charged to the potential of the battery or source 
34 through the high resistance 35; and the OScil 
latory variations in the capacity produced by 
string vibration will cause a similar oscillatory 
variation to occur in the voltage across the capac 
ity, and a similar series of electric oscillations 
to appear across the resistance 35. These OScil 
lations are applied to the grid of tube 32, are 
amplified by that tube and by amplifier 37, may 
be controlled in respect of absolute amplitude by 
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amplifier 39, and are tra:siated into SC332c, Ey Oldspeaker 40. 
In the above described operation, avoidance of 

translation of the vibration of the directiy excited 
strings 11', with their high initial amplitudes, 
is dependent on the absence of appreciable ca 
pacity between those strings on the one hand and 
the studs 2 and conductive member 22 Or, the 
other, and on the absence of appreciable vira 
tion-produced variation of such capacity as may 
exist. 
translation these strings may be connected, as 
by switch 41, to the negative instead of the posi 
tive terminal of battery or source 34, thereby re 
moving any potential difference between them 
and the studs 21 and member 22. If such zero 
potential difference be relied on to avoid transla 
tion of vibration of strings 11", the studs 21 op 
posite the individual strings 12' may be dispensed 
with, if desired, and the conductive member 22 it 
self (or preferably a smaller such member) moved 
as close to all the strings as studs 21 were to 
strings 11. It will thus be seen in general that 
either constructional, or electrical, or combined 
constructional and electrical means may be emi 
ployed to avoid incidental unwanted translation 
from the directly excited strings 11'. 

I also show in Figures 3 and 4 means for pro 
ducing tones which, instead of gradually rising 
in their inception, possess that abruptness of in 
ception which is the natural result of the type 
of original excitation employed-percussion in 
the example illustrated. Thus a conductive mem 
ber or string 24 may be provided adjacent all 
strings, both 11’ and 12, preferably near the 
ends opposite the exciting devices, or hammers 
17. This conductive strip may conveniently be 
cemented to the top edge of bakelite or other in 
sulating strip 25, which may be mounted to the 
frame as by brackets 26. The proper position of 
conductive strip 24 with respect to the strings is 
similar to that of studs 21. With respect to strings 
12'-i, e, in general as near to the strings as it 
may be without contacting therewith under con 
ditions of maximum vibration of the latter. By 
switch 31 strip 24 may be substituted in the elec 
trical circuit for Studs 21. If Such Substitution 
is effected and strings 11’ are connected by switch 
41 to the positive terminal of battery or source 34, 
the vibrations of the excited strings 11' will be 
directly translated into electric oscillations, in 
a manner similar to that discussed above for the 
vibrations of strings 12'. 

It is to be noted, however, that vibration of 
strings 12' will still take place because of the 
coupling thereof to the excited strings 11', as 
above described. This vibration of any string 
12', produced by excitation of the similarly tuned 
string 11", Will be Out of phase with respect to 
that of such string 11. Therefore if strings 12' 
are connected by Switch 42 to the positive termi 
nal of battery Or Source 34, the Oscillations trans 
lated from the vibration of a string 12' by strip 
24 will partially oppose those translated from the 
synchronously tuned string 11'. This opposition 
will of course take place in accordance with the 
amplitude of vibration of string 12'; and since 
this rises from zero more or less gradually upon 
excitation of String 11, the Oscillation opposition 
will take effect gradually, rather than abruptly. 
Thus the net amplitude of Oscillations as trans 
lated from the two strings Will be reduced in a 
degree which increases for a time after excitation. 
Thus results in some emphasis of the beginning 
of the tone with relation to the Succeeding part 
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For the more positive avoidance of such 
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2S last described if and when is effect is die 
Sire. It o'ei to eliginate iis effect, when it 
is alot desired, however, the strings 2.2' may be 
Connected by 8witch 42 to the negative terminal 
of battery or source 34, removing d. c. potential 
difference between them and the conductive strip 
24. 

In addition to the opportunity afforded as 
abovementioned for creating emphasis of tone in 
ception, the presence of the non-excited strings 
2', each closely coupled to its similarly tuned 

string 11. has another effect. This is of reducing 
the rate of damping of vibration of the excited 
strings 11'. This would appear to result from 
the abovementioned phase opposition of the vi 
bration of an excited string 11’ and its corre 
sponding string 12', which tends to stabilize the 
vibratile bridge 8' and thus to reduce its string 
damping tendency. This effect may be percep 
tible either when translation is being effected 
from both strings 11’ and 12' or from one set 
Only. 
A means of eliminating the effect of damping 

rate reduction, and of eliminating the effect of 
tone inception emphasis without removing the 
potential difference between string 12' and the 
frame, is also shown. Thus by handle 50 pro 
truding through hole 51 in front rail 52 and 
Secured to the base 53 to which the hammer 
action) is mounted, or by any other suitable 
mechanism, the hammer action and hence each 
hammer 17' may be moved slightly to the right. 
Under these circumstances any string 11’ and its 
associated string 12' are simultaneously struck 
by a single hammer; and resulting vibrations of 
the two strings are of course in similar phase, 
and are translated into aiding electric oscillations. 

Finally by means of handle 50 the hammer ac 
tion and hence each hammer 17' may be shifted 
to strike only string 12'. Thus three action ad 
justments are provided, whereby the hammers 
are caused respectively to strike either set of 
Strings or both. Thus instead of effecting trans 
lation selectively from the strings 11’ and 12', the 
translation may be effected constantly from one 
Or both sets of strings, and selection effected by 
action adjustment. A special case is that where 
in strings 11’ are differently translated from 
strings 12', as for example will be the case if 
both strip 24 and studs 21 (the latter active only 
as to strings 12') are connected by switch 3 to the 
grid of tube 32; in this case each of the three 
action adjustments provides an output tone of 
respectively different harmonic structure. Ac 
tion shifting may also be employed in the ap 
paratus shown in Figures 1 and 2 to cause 
hammers 17 to strike strings 12 directly (either 
alone or with strings 11) and thus to produce 
modified percussion types of tone. 

It will be appreciated that various modifications 
may be made in the instruments and apparatus 
described and illustrated, without departing from 
the spirit or scope of my invention, as hereinabove 
disclosed and in the appended claims defined. 
I claim:- 
1. In a musical instrument, the combination of 

an oscillator; means for initiating oscillation 
thereof of gradually rising initial amplitude, said 
means comprising a second oscillator similarly 
tuned, means coupling said oscillators together, 
and means for initiating oscillation of said last 
mentioned oscillator; and a work circuit respon 
Sive to Oscillations of said first oscillator only. 

2. In a musical instrument, the combination of 
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a tuned vibrator; means for initiating vibration 
thereof of gradually rising initial amplitude, Said 
means comprising a Second vibrator similarly 
tuned, means coupling Said vibrators together, 
and means for initiating vibration of said last 
mentioned vibrator; and means for translating 
into sound the vibration of Said first mentioned 
vibrator only. 

3. In a musical instrument, the combination of 
two similarly tuned vibrators; means coupling 
Said vibrators together; means for exciting one 
Only of Said two vibrators; and means for trans 
lating into sound the vibrations of the other only 
of said two vibrators. 

4. In a musical instrument, the combination of 
two similarly tuned vibrators; means coupling 
said vibrators together; means for exciting one 
Only of Said two vibrators; and Selective means 
for translating into sound at will either the 
vibrations of said one or those of the other of 
Said two vibrators. 

5. In a musical instrument, the combination 
of two similarly tuned vibrators; means coupling 
Said vibrators together; means for exciting one 
Only of Said two vibrators; and selective means 
for translating into Sound at will either the 
vibrations of one or those of both of said two 
vibrators. 

6. In a musical instrument, the combination 
of two similarly tuned vibrators; means coupling 
Said vibrators together; means for translating 
into Sound the vibrations of one only of said two 
vibrators; and seiective means for exciting at will 
either one or the other of said two vibrators. 

7. In a musical instrument, the combination of 
two similarly tuned vibrators; means coupling 
Said vibrators together, means for translating 
into Sound the vibrations of one only of said two 
vibrators; and Selective means for exciting at 
will either one or both of said two vibrators. 

8. In a musical instrument, the combination 
of a plurality of variously tuned vibrators; a 
Second plurality of tuned vibrators respectively 
similarly tuned to those of said first plurality; 
means coupling all of Said vibrators together; 
vibrator exciting means associated with and oper 
ative upon the vibrators of said first plurality 
only; and a resonator System engaging the vi 
brators of said second plurality only. 

9. In a musical instrument, the combination 
of a plurality of variously tuned vibrators; a sec 
ond plurality of tuned vibrators respectively sim 
ilarly tuned to those of said first plurality; raneans 
coupling all of said vibrators together; vibrator 
exciting means associated with and operative on 
the vibrators of said first plurality only; and a 
mechanico-electric translating system associated 
with the vibrators of said second plurality only, 
Said System having portions in spaced relation 
ship to said last mentioned vibrators and oper 
ating in accordance with vibratory variation of 
Such spaced relationships. 

10. In a musical instrument, the combination 
of a plurality of variously tuned vibrators; a 
Second plurality of tuned vibrators respectively 
similarly tuned to those of said first plurality; 
means coupling all of said vibrators together; 
Selective exciting means associated with and op 
erative on the vibrators of said first plurality 
Only; a mechanico-electric translating system 
having portions in spaced relationship to all of 
Said vibrators and operative in accordance with 
vibratory variation of such spaced relationships; 
and adjustable means included in said translat 
ing System for controlling its operation selectively 
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with respect to the vibrators of said first plural 
ity and those of said second plurality. 

ill. In a musical instrument, the combination 
of a plurality of variously tuned vibrators; a 
Second plurality of tuned vibrators respectively 
Similarly tuned to those of said first plurality; 
means coupling all of said vibrators together; a 
mechanico-electric translating system associated 
with the vibrators of said first plurality only, said. 
System having portions in spaced relationship to 
all of said vibrators and operating in accordance 
with vibratory variation o such spaced relation 
ships; means for exciting said vibrators; and 
Selectively adjustable means associated with said 
exciting means for controlling the Operation 
thereof selectively with respect to the vibrators 
of Said first plurality and those of said second 
plurality. 

12. In a musical instrument, the combination 
of two similarly tuned strings; a vibratile system 
engaging each of said strings at an extremity of 
the active portion thereof, and coupling said 
Strings together; means for exciting one of said 
Strings near the extremity thereof opposite its 
Said first mentioned extremity; and means for 
translating sound from the vibration of the ex 
tremity of the other said string opposite its said 
first mentioned extremity. 

13. In a musical instrument, the combination 
Of two Similarly tuned strings; a vibratile system 
engaging each of Said strings at an extremity of 
the active portion thereof, and coupling said 
strings together; means for exciting one of said 
strings near the extremity thereof opposite its 
said first mentioned extremity; and means for 110 
translating sound from the vibration of a por 
tion of the other said string near the extremity 
thereof opposite its said first mentioned extrem 
ity. 

14. In a musical instrument, the combination 115 of two similarly tuned strings; a vibratile system 
engaging each of Said strings at an extremity of 
the active portion thereof, and coupling said 
strings together; a hammer adapted to strike 
one of said strings at a point thereon near the 120 
extremity thereof opposite its said first men 
tioned extremity; and a mechanico-electric 
translating System having a portion in spaced 
relationship to a portion of the other said string 
near the extremity thereof opposite its said first 125 
mentioned extremity, said system operating in 
accordance with vibratory variation of such 
Spaced relationship. 

15. Jin a musical instrument, the combination 
of a metallic frame; ledges forming portions of 130 
Said frame; a metallic string strung in said frame 
and bearing on Said ledges; a mechanico-electric 
translating system associated with said string 
and including means for maintaining a potential 
difference between said string and said frame; 135 
and a coating of insulating vitreous enamel on 
Said ledges, whereby said string is insulated from 
Said ledges. 

16. In a musical instrument of the type where 
in a plurality of tuned vibrators are selectively 140 
excited, the method of producing output tones 
having characteristics relatively free of the influ 
ence of the excitation employed, which consists 
in transferring a portion of the vibratory en 
ergy of each said excited vibrator to a similarly 145 
tuned vibrator and in translating into sound the 
resulting vibrations of such similarly tuned vi 
brators. 
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