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This invention relates to electrical musical in 
struments of the stringed type wherein animplifica 
tion of sound energy from the StringS is a CCon 
plished electrically. The general object of the 
invention is to provide a system, arrangement 
and construction which provides for controlled 
transduction of the energy of string vibrations 
into electrical energy vibrations. It is also an 
object and a feature of the invention that the 
means employed are extremely simple and of 
such nature that no uncontrollable vibrations are 
introduced to the System. 

Generally speaking, the invention is applicable 
to any type of stringed instrument but, without 
limitation thereto, is here particularly described 
as applied to instruments of the violin, piano and 
similar types. As applied to any Such instru 
ment, the invention contemplates a bridge made 
up of one or more transversely flexible members 
or elements arranged and designed to respond 
under close control to the transverse vibrations 
of the string or strings. These bridge members 
are preferably, though not necessarily, single 
(unitary) vibrating string engaging elements 
with the transducer, or one member of the trans 
ducer, directly affixed thereto or operating di 
rectly thereon. In effect, the bridge element be 
comes a part of the transducer; and because it is 
unitary, rather than made up of a plurality of 
interconnected or articulated parts, it vibrates as 
a single element and no uncontrollable or trouble 
some vibrations of multiple parts are introduced. 

For the purpose of this case, the bridge element 
may be defined generally as a string engaging 
member that defines one end of the length of the 
vibrating string or equivalent member or forms 
a nodal point at its point of engagement with the 
string. The bridge will usually Support the string, 
but that may or may not be so. It is only neces 
sary that the bridge element engage the string 
to form a node for its transverse Vibration. The 
bridge may also, for the purpose of this case, be 
defined generally as an element fixed at One end, 
capable of Vibrational movement with the String 
at the other, string engaging, end. In one em 
bodiment of the invention the bridge members 
are shown more Specifically as bending members 
in the form of short, thick reeds or cantilever 
beams, as shown in the accompanying drawings 
and explained hereinafter. The reeds are so de 
signed that their free vibration frequency pref 
erably lies above the ordinarily audible range, say 
in the neighborhood of twenty to thirty thousand 
cycles per Second. Under these conditions the 
effective bending of the reed is substantially pro 

(C. 84-16) 
portional to the transverse angular displacement 
of the String at the bridge. 

Utilizing such a bridge element which responds 
accurately to the string vibration without the in 
troduction of any foreign vibrations, the electro 
mechanical transducer may take a variety of 
forms, of which I prefer here to show the pieZO 
electric crystal. A simple and effective arrange 
ment is to cement a crystal or crystals directly 
to a bending surface or surfaces of the reed in 
Such a position that the crystal will be distorted 
with the bending reed. Bending of the reed then 
results in straining the crystal in extension and 
compression and those strains produce, on the 
Crystal Surfaces which are parallel to the direc 
tion of strain, electrical charges proportional to 
the bending of the reed. 

illustrative forms of the invention are herein 
after described, as shown in the accompanying 
drawings, in which, 

Fig. is a pian showing an instrument of the 
violin type equipped with my invention; 

Fig. 2 is a side elevation; 
Fig. 3 is a detail perspective showing a typical 

and preferred type of bridge arrangement; 
Fig. 4 is an enlarged section taken on line 4-4 

of Fig. 2, showing the bridge and crystal arrange 
ment in end elevation; and diagrammatically 
illustrating a circuit; 

Fig. 4c represents a modified circuit arrange 
ment; 

Fig. 5 is a diagram illustrating one preferred 
form of circuit; 

Fig. 6 is a fragmentary elevation showing a 
modified bridge structure for an instrument of 
the violin type; 

Figs. 7, 8 and 9 are fragmentary perspectives 
Showing modified forms of bridge Structure ap 
plicable to a piano or harp type of instrument; 

Fig. 10 is a similar view showing the applica 
tion of the last mentioned type of bridge struc 
ture to an instrument of the violin type; and 

Fig. 1 is a similar fragmentary view showing 
another form of reed. 

in the drawings a structure is illustrated which 
is physically somewhat similar to an instrument 
of the violin type, but without the usual sound 
bOX and its appurtenant parts. It will be under 
stood that any invention may be applied to a 
standard violin. The sound amplifying functions 
of the box or sound board are unnecessary in my 
invention; but the box or a frame representing 
it may be desirable from the standpoint of ap 
pearance, or from the standpoint of the per 
forine who is accustomed to the physical form 
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2 
and 'feel' of the standard instrument. Func 
tionally, however, the box is not necessary to the 
invention. Thus the illustrated structure in 
cludes the peg box 0 with the usual pegs ., a 
neck 2 which may carry the usual finger board, 
and a string anchoring member 3 to which the 
ends of the strings are attached. The arrange 
ment of these parts is shown as reversed to that 
of a usual violin though not necessarily so; that 
is, the peg box O is at the end of the instrument 
adjacent the bridge, and the chin piece 5 may 
be conveniently mounted on the peg box. And 
the strings are permanently anchored to the 
member 3 which is at the outer end of the neck. 
As a preferred construction, the parts 0 and 

2 are made as separate pieces and are secured 
together at that part of the instrument which I 
may term generally the bridge mounting 20. 
That part of the instrument is made up of a flat 
faced lug or flange 2 which is formed as a part 
of the peg box O; of another flat faced lug or 
flange 22 which is formed as a part of neck 2; 
and of a flat-faced bridge base or block 23 which 
is clamped between the flat faces of the two parts 
2 and 22, the structure being held together by 
a Screw Or Screws 24. The materials of these 
Several parts may be chosen as desired; they may 
even be metallic. 
The bridge proper is, in this case, composed 

of four relatively stiff reeds 25, one for each of 
the Strings 26. Bridge block 23 is composed of 
a Suitable material, and the reeds 25 are prefer 
ably formed integrally with and project above 
that bridge block. The material of which the 
block and the bridge members 25 are formed is 
Selected primarily in view of the requisite char 
acteristics of the several reeds; that is, that each 
reed shall be "stiff' enough with regard to trans 
Verse bending that its vibration frequency shall 
preferably be above ordinary audibility. As an 
illustration, the bridge block and reeds may be 
made of machine aluminum alloy; and the illus 
trative figures for the bridge reed dimensions are 
based on the use of such a material. In a suitable 
and illustrative design, the reed members may be 
of Somewhat the proportionate dimensions shown 
in FigS. 1 and 2; and their Suitable dimensions 
(for a violin) calculated on the formula 

may be typically as follows: Length (height) 
% inch; width is inch; thickness inch. 
The above described arrangement is preferred; 

but a reed design having a lower periodicity has 
certain advantages. For instance, if the reed 
be such that its frequency is substantially less 
than above stated, say well within audibility, the 
much lessened stiffness of the reed allows it to 
bend proportionately more with the string move 
ment, resulting in a proportionately higher en 
ergy of Output from the transduction element 
connected with the reed. In that case, the re 
Sult is a pronounced resonating of the string 
vibration at the reed frequency; but that limited 
frequency predominance may be eliminated by 
use of a suitable network at some point in the 
Output System. The application and use of such 
a network for such purpose is commonly under 
stood and needs no illustration. 
The reeds, as viewed in the aspect of Fig. 4, 

stand in a fan-like formation, the longitudinal 
axis of each reed being preferably in a direction 
normal to the circular arc which passes through 
the several strings at the bridge. Each reed 

2,222,057 
preferably has an outer end formation composed 
of tWO diagonal faces 30 and a central Small flat 
face 3 in which there is a notch 32 to take the 
String the string cleanly clearing the diagonal 
faces 30. 
The string fitting the notch Snugly, and the 

vibrant periodicities of the bridge reed being as 
aforesaid, the lateral displacement of the free 
or String Supporting end of the reed is at all times 
Substantially proportionate to angular lateral 
displacement of the string at its point of contact 
With the bridge. Consequently the bridge reed is 
set into synchronous flexing vibration or mode 
of Vibration by its string, without any uncon 
trolled vibrations being introduced. It is to be 
noted that the reed, being relatively stiff and 
engaging the String, forms a nodal point in the 
String. This nodal point is common to all of 
the frequencies occurring in the string and re 
Sults irrespective of whether the string is Sup 
ported by the reed as shown in the violin struc 
ture above described, or whether the reed merely 
engages the String as in certain of the Structures 
to be described below wherein the string is en 
tirely supported by other elements. 
AS before stated, the energy of the flexing wi 

brations of the reed may be transduced to elec 
trical energy in a variety of electro-mechanical 
manners, chiefly by electrostatic or electromag 
netic means; but the piezo-crystal is now pre 
ferred in this form of the invention because of its 
Simplicity and high sensitivity. Thus for in 
Stance, and as best shown in Figs. 3 and 4, I may 
utilize, on one or both of the opposite faces of 
each reed 25, a thin crystal slab 35, provided 
On Opposite faces with an electrode foil or sheet 
36, and the whole cemented or otherwise suitably 
intinately fixed to the face of reed 25. One face 
of each crystal is thus grounded on the metal 
frame of the instrument; the opposite electrode 
of each crystal may be connected into a circuit 
wire 4 which, together with a circuit wire 42, 
goes to an amplifier A. As illustrated here, the 
Several crystals may thus be connected in par 
allel to a single input circuit; or, as will be 
readily understood, each crystal, or set of crys 
tals on a reed, or any selected plurality or group 
of crystals, may be connected to the in-put cir 
cuit of a separate amplifier. The manner in 
which the reeds 25 bend will be readily under 
stood. In Fig. 4 for instance their upper ends 
flex back and forth from right to left, the reeds 
bending like a cantilever. On bending in one 
direction, say to the left in Fig. 4, the left hand 
crystal, cemented as it is to the face of the reed, 
is consequently compressed in length; while the 
right hand crystal is elongated. The opposite 
takes place as the reed bends toward the right. 
With the crystals properly oriented, the strains 
accompanying these changes in length set up 
Varying charges on their electrodes. 
With the crystals arranged as illustrated in 

Fig. 4, One on each of the opposite sides of each 
reed, and circuited as shown, their relative orien 
tations must be Such that the elongation of one 
and compression of the other set up charges of 
the same sign in the common parallel circuit. 
That is, their orientations relative to each other 
and the reed may be described as opposite. 
However it will be well understood that a single 

crystal on each reed will produce substantially 
the same results as a double set, and in my pres 
ent work with the invention I have satisfactorily 
used Such a single Crystal arrangement. 
The crystals of the Several pairs may be con 
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2,222,057 
nected in push-pull relation, as shown in Fig. 4d. 
Here the crystals 35 with their electrodes 36 
are shown as if they had insulation 40 between 
them and reeds 25, as the cement may in Sonne 
cases he an insulator. A connection 43 may elec 
trically connect the inner electrodes 36 of each 
pair; and these electrodes grounded through the 
connection 2 as shown. The outer electrodes 
of each crystal set are connected, respectively, to 
the two leads 4, 4 at that go to a push-pull aim 
plifier, indicated at A. The relative crystal 
orientation in this case is such that an exten 
sion of one crystal of a pair produces a charge On 
its outer electrode of the same sign as that pro 
duced by an extension on the outer electrode of 
the other crystal. 

In Fig. 5 several crystals (or sets) are repre 
sented diagrammatically at C, C2, C3, C4, Con 
nected at one side to ground (the equivalent of 
connection 42 in Fig. 4). At their other sides 
the crystals are connected through resistances 
rt, 2, 3, 4, to the common wire 4 leading to 
amplifier A. A resistance r5 connects 4 to 
ground. Resistances r etc. are so chosen that 
the capacity reactances of Ci, etc. are small con 
pared to the resistances. For instance, capacity 
of C?, etc. may be 0.0005 microfarad. The re 
sistance of r, etc. may be 5X106 ohms. Re 
sistance rS is chosen so that its value is Small 
compared to the resistance of the shunt capacity 
of the connecting cable 4; for instance rS may 
be around 105 ohms, 

Fig. 6 shows a modification in the reed struc 
ture, illustrating the fact that a plurality of 
strings may be engaged by, and vibrate, a single 
vibratory bridge member or reed. Here two reeds 
25a, are shown, each engaging two strings 26. 
Each reed has an upper end surface of sufficient 
extent to engage two adjacent strings; and as 
the reed thicknesses are not conveniently of Suf 
ficient dimension for that extent of upper Sur 
face, each reed is provided with a head 25b, as 
illustrated. 

Fig. 7 and following show other dispositions of 
the bridge member or reed; Figs. 8 and 9 show 
ing applications particularly suitable to instru 
ments of the piano or harp type and Fig. 10 
showing application to the violin type. These 
figures illustrate various dispositions of the bridge 
with relation to the string or strings; but in 
each of then it will be noted the length (the 
bending axis) of the reed is at an angle (pref 
erably a right angle) to the direction of vibra 
tory movement of the string. In an instrument 
of the violin type the plane of support, and the 
ength axis of the supporting reed in that plane, 
may be as heretofore described, approximately 
at right angles to the plane of string excitation 
and vibration; although not necessarily SO as 
hereinafter pointed out. In a piano the han 
iner impact, and the plane of normal vibration, 
are in the plane of string support; and it be 
connes necessary to arrange the Supporting reed 
so that, its length is at an angle, preferably a 
right angle, to the plane of impact and vibration. 

Fig. 7 shows such an arrangement. Here a 
string 26c is shown attached at One end to a pin 
; : C which may represent either the anchor pin 
at one end of the piano string or the tuning peg 
at the other end. The pin is mounted on frame 
F, typical of the frame of a piano, harp, or any 
Signifa instrument. Of course no sound board 
is necessary; and because no large annount of 
string energy is necessary I show but a single 
Sting instead of the usual pair or triad. 

3. 
The string rests in a notch 32d On a ledge 

25d formed at the free end of a horizontal reed 
25c. It may be advantageous to have the string 
engage the reed at about the center of its croSS 
Section, and I have so shown it. The other, or 
base end, of the reed 25c is here shown joined 
to a Supporting bracket 23c having a foot 23d 
Supported on frame F. 

In this arrangement the reed, unlike the reed 
in the violin type, Will be under a, normal bend 
ing StreSS, due to the fact that its length is at an 
angle to the plane of string support. If the 
CTyStals 35a, are attached to the reed before it 
is stressed, they also will be under a normal 
StreSS; but that may be immaterial because it is 
Shot the normal or steady crystal charges that 
are used in liny System, but only the charge Wi 
braticas. However, normal stressing and charg 
ing of the crystals may be avoided, if desired, by 
Signply cementing the crystals undistorted to the 
reed after it has been normally stressed. 

Fig. 8 shows another arrangement adaptable 
Specifically to a piano. Here the frame is shown 
at F and a group of three strings 26e is shown 
contacting and supported by each reed 25e. The 
plane of string excitation and vibration is verti 
cal (in the figure) and so also is the plane of reed 
bending. The crystals 35e are therefore mounted 
On the upper or lower faces of the reed. 

Fig. 9 shows a, Similar arrangement for an in 
Strument of the harp type where the string ex 
citation and vibration are more or less in the 
plane of the frame F (shown horizontal in the 
figure). Here the string 26f engages the reed 
25f as in Fig. 8, but the reeds bend horizontally 
and the crystals 35f are shown mounted on the 
Opposite vertical faces of the reed. 

In both Figs. 8 and 9 the strings engage in 
notches 32f in raised ribs 5 at the ends of the 
reeds. The reeds are shown as being formed in 
tegrally with the frames F, that being a con 
venient means of rigidly anchoring their non 
vibratory bases. 

In Fig. 10 a reed formation like that of Fig. 9 
is shown applied to an instrument of the violin 
type. Here the horizontally extending reeds 25g 
are shown attached integrally to the biidge hock 
23g. Their formation and relation to the strings 
26g, and the position of crystals 35g are the same 
as described for Fig. 9. 

Fig. shows another form of reed which is 
used in the relative positions of the reeds of 
Figs. 7-10. Here, instead of the string 367 en 
gaging a notch at the upper Surface of the reed, 
the String engages a notch 32h located. Within 
the reed, and it may be located at or near the 
longitudinal axis of the reed. In this form the 
reed 257 has a bore 6 extending through it lon 
gitudinally at a slight downward angie, and a, 
Sinal insert G is placed in the forward end of 
the bore to carry the notch 32h. The string 
35i engages the notch and extends through the 
bore 83. In this form the string engagement 
may be at the reed axis, although that is not 
necessary; and the form has the practical ad 
vantage that the string cannot Slip down over 
the side of the reed and engage the crystal if it 
should by any circumstance become disengaged 
from the notch. 

I claim: 
1. A musical instrument comprising a substan 

tially rigid frame and an elongated Vibrating 
member supported from said fame, said member 
being adapted to be positively Vibrated substan 
tially in a single plane and transversely to the 
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4 
length of the member, an elastic nodal forming 
reed in contact with said member, Said reed being 
non-vibratorily fixed at one end to Said rigid 
frame with its opposite end free to vibrate in said 
plane and transversely with said member, and 
means operatively associated with said reed for 
producing an electromotive force proportional to 
the flexure of the reed. 

2. A musical instrument comprising a Substan 
tially rigid frame and an elongated vibrating 
member supported from said frame, said member 
being adapted to be positively vibrated Substan 
tially in a single plane and transversely to the 
length of the member, an elastic nodal forming 
reed in contact with said member, said reed being 
non-vibratorily fixed at one end to said rigid 
frame with its opposite end free to vibrate in said 
plane and transversely with said member, Said 
reed having a fundamental frequency above the 
audible range in said mode of vibration, and 
means Operatively associated With Said reed for 
producing an electromotive force proportional to 
the flexure of the reed. 

3. A musical instrument comprising a substan 
tially rigid frame and an elongated Vibrating 
member supported from said frame, said member 
being adapted to be positively vibrated substan 
tially in a single plane and tranversely to the 
length of the member, an elastic nodal forming 
reed in contact with said member, Said reed being 
non-vibratorily fixed at One end to Said rigid 
frame With its opposite end free to Vibrate in Said 
plane and transversely with Said member, Said 
reed having a fundamental frequency above the 
audible range in said mode of vibration, and hav 
ing a much higher frequency in all other modes 
of vibration, and means Operatively associated 
with said reed for producing an electromotive 
force proportional to the flexure of the reed. 

4. A musical instrument comprising a Substan 
tially rigid frame and an elongated vibrating 
member Supported from said frame, Said member 
being adapted to be positively vibrated substan 
tially in a single plane and transversely to the 
length Of the member, an elastic Incoal forming 
reed in contact With said member, Said reed be 
ing non-vibratorily fixed at one end to said rigid 
frame With its opposite end free to vibrate in said 
plane and transversely with said member, said 
reed forming the bridge element for said vibrat 
ing member, and means operatively associated 
With said reed for producing an electromotive 
force proportional to the flexure of the reed. 

5. A musical instrument comprising a substan 
tially rigid frame and an elongated vibrating 
member Supported from Said frame, said member 
being adapted to be positively vibrated Substan 
tially in a single plane and transversely to the 
length of the member, an elastic nodal forming 
reed in contact with said member, said reed being 
non-vibratorily fixed at one end to said rigid 
frame with its opposite end free to vibrate in Said 
plane and transversely With Said member, said 
reed being disposed at an angle with respect to 
Said member whereby said end may vibrate trans 
Versely With said member, and means operatively 
asSociated with said reed for producing an elec 
tromotive force proportional to the flexure of the 
reed. 

6. A musical instrument comprising a substan 
tially rigid frame and an elongated vibrating 
member Supported from said frame, Said men 
ber being adapted to be positively vibrated Sub 
stantially in a single plane and transversely to 
the length of the member, an elastic nodal form 

2,222,057 
ing reed in contact with said member, Said reed 
being non-vibratorily fixed at one end to Said 
rigid frame with its opposite end free to vibrate 
in said plane and transversely with said member, 
said reed being disposed substantially at right 
angles with respect to said member whereby it 
may vibrate transversely therewith, and means 
operatively associated with Said reed for pro 
ducing an electromotive force proportional to the 
flexure of the reed. 

7. A musical instrument comprising a Substani 
tially rigid frame and an elongated vibrating 
nenber supported from said frame, Said member 
being adapted to be positively vibrated substan 
tially in a single plane and transversely to the 
length of the member, an elastic nodal forming 
reed in contact with said member, said reed being 
non-vibratorily fixed at one end to Said rigid 
frame with its opposite end free to vibrate in said 
plane and transversely with Said member, Said 
reed being positioned between said member and 
Said frame and substantially perpendicular to the 
plane of vibration of said member, and means 
Operatively associated with said reed for pro 
ducing an electromotive force proportional to the 
flexure of the reed. 

8. A musical instrument comprising a substan 
tially rigid frame and an elongated vibrating 
Trember Supported from said frame, said member 
being adapted to be positively vibrated Substan 
tially in a single plane and transversely to the 
length of the member, an elastic nodal forming 
reed in contact with said member, said reed be 
ing non-vibratorily fixed at One end to said rigid 
frame With its opposite end free to vibrate in said 
plane and transversely with said member, said 
reed being disposed substantially parallel with 
Said member and disposed to vibrate transversely 
Of the length of said member, and means oper 
atively associated with said reed for producing an 
electronotive force proportional to the flexure of 
the reed. 

9. A musical instrument comprising a substan 
tially rigid frame and an elongated vibrating 
member supported from said frame, said member 
being adapted to be positively vibrated Substan 
tially in a Single plane and transversely to the 
length of the member, an elastic nodal forming 
reed in contact With said member, said reed being 
non-vibratorily fixed at one end to said rigid : 
frame With its opposite end free to vibrate in 
Said plane and transversely with said member, 
and means Operatively associated with Said reed 
for producing an electromotive force proportional 
to the flexure of the reed, said means including is: 
a piezo-electric element disposed on the side of 
Said reed Whereby the flexing motion of the reed 
produces said electromotive force. 

10. A musical instrument comprising a sub 
stantially rigid frame and an elongated vibrating 
member Supported from said frame, said member 
being adapted to be positively vibrated Substan 
tially in a single plane and transversely to the 
length of the member, an elastic nodal forming 
reed in contact with said member, said reed being 
non-vibratorily fixed at one end to said rigid 
frame With its opposite end free to vibrate in 
Said plane and transversely With said member, 
and means Operatively associated with said reed 
for producing an electromotive force propor 
tional to the flexure of the reed, said means 
including piezo-electric devices on each side of 
said reed whereby the flexing motion of the reed 
produces said electromotive force. 

11. A musical instrument comprising a sub 
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2,222,057 S 
stantially rigid frame and an elongated vibrating 
member Supported from Said frame, Said men 
ber being adapted to be positively Vibrated Sub 
Stantially in a single plane and transversely to 

5 the length of the member, an elastic nodal form 
ing reed in contact with said member, said reed 
being non-Vibratorily fixed at One end to said 
rigid frame with its opposite end free to vibrate 
in Said plane and transversely With Said mem 

10 ber, said reed upstanding under the string and 
Supporting the atter, the lengt of the reed being 
Substantially in the line of the normal thrust of 
the Supported String and being at an angle to 
the direction of string vibration, and means 

l5 operatively associated with said reed for pro 
ducing an electromotive force proportional to the 
flexure of the reed. 

12. A musical instrument comprising a Sub 
stantially rigid frame and an elongated Vibrating 

20 member Supported from said frame, said mem 
be being adapted to be positively vibrated Sub 
stantially in a single plane and transversely to 
the length of the member, an elastic nodal form 
ing reed in contact with said member, said reed 

25 being non-vibratorily fixed at one end to said 
rigid frame with its opposite end free to vibrate 
in said plane and transversely with Said mem 
ber, and means operatively associated with Said 
reed for producing an electromotive force propor 

30 tional to the fiexure of the reed, Said meanS in 
cluding an electro-mechanical transducing ele 
ment attached directly to a Vibratorily bending 
surface of the reed. 

13. A musical instrument comprising a Sub 
35 stantially rigid frame and an elongated Vibrating 

member Supported from said frame, Said mem 
ber being adapted to be positively vibrated Sub 
stantially in a single plane and transversely to 
the length of the member, an elastic nodal form 

40 ing reed in contact with said member, Said reed 
being non-vibratorily fixed at One end to Said 
rigid frame with its opposite end free to Vibrate 
in said plane and transversely With Said men 
ber, said reed supporting Said member, the 

45 length of the reed being at an angle to the nor 
mal thrust of said supported member and being 
also at an angle to the transverse direction in 
which the member vibrates, and means Opera 
tively associated with said reed for producing an 

50 electromotive force proportional to the flexure 
Of the reed. 

14. A musical instrument comprising a Sub 
stantially rigid frame and an elongated vibrating 
member supported from said frame, Said men 

55 ber being adapted to be positively vibrated Sub 
stantially in a single plane and transversely to 
the length of the member, an elastic nodal form 
ing reed in contact with said member, Said reed 
being non-vibratorily fixed at one end to Said 

60 rigid frame with its opposite end free to Vibrate 
in said plane and transversely with said member, 
the length of the reed being at an angle to the 
length of the member and being also at Sub 
stantially a right angle to the tranSVerse direc 

65 tion in which the member Vibrates, and means 
operatively associated with Said reed for pro 
ducing an electromotive force proportional to 
the flexure of the reed. 

15. A musical instrument comprising a Sub 
70 stantially rigid frame and an elongated Vibrating 

member supported from Said frame, Said member 
being adapted to be positively vibrated Substan 
tially in a single plane and transversely to the 
length of the member, an elastic nodal forming 

75 reed in contact with said member, said reed being 

non-vibratorily fixed at one end to said rigid 
frame with its opposite end free to vibrate in 
Said plane and transversely with said member, 
the reed being disposed With its length approxi 
mately parallel with the length of said member, 5 
and means Operatively aSSOciated with Said reed 
for producing an electromotive force propor 
tional to the fieXuire of the reed. 

16. A musical instrument comprising a sub 
Stantially rigid frame and an elongated Vibrating 0 
inenber Supported from said frame, said mem 
bel being adapted to be positively vibrated Sub 
Santially in a single plane and transversely to 
the length of the merinber, an elastic nodal form 
ing reed in contact with said member, said reed 15 
being non-vi}ratorily fixed at One end to said 
rigid frame with its opposite end free to vibrate 
in Said plane and tranSVersely With said men 
ber, the length of the reed being approximately 
parallel to the length of the member, the reed 20 
having a longitudina Opening through it, the 
opClining formation including a member engaging 
portion at the free end of the reed, the member 
engaging the reed at Said portion and passing 
longitudinally through the opening, and means 25 
operatively aSSociated with said reed for pro 
ducing an electromotive force proportional to the 
flexure of the reed. 
1. A musical instrument comprising a Sub 

stantially rigid frame and an elongated vibrating 30 
member supported from said frame, said mem 
ber being adapted to be positively Vibrated Sub 
Stantially in a single plane and transversely to 
the length of the member, an elastic nodal form 
ing reed in contact With said member, Said reed 
being non-vibratorily fixed at one end to said 
rigid frame with its opposite end free to vibrate 
in Said plane aid transversely With said men 
ber, the length of the reed being at an angle to 
the length of the member and being also at an in 
angle to the transverse direction in Which the 
member Vibrates, and means operatively asso 
ciated. With Said reed for producing an electro 
motive force proportional to the flexure of the 
reed, said means including a piezo-crystal at 
tached directly to a bending surface of the reed. 

8. A musical instiuinent comprising a Sub 
stantially rigid frane and an elongated vibrating 
neber Supported from Said frame, said merciber 
being adapted to be positively vibrated Substan- it 
tially in a Single plane and tranSVersely to the 
length of the inenber, an elastic nodal forming 
reed in contact with said member, said reed be 
ing non-Vibratorily fixed at One end to said rigid 
frame with its opposite end free to vibrate in is 
said plane and transversely With Said member, 
said reed being disposed at an angie With respect 
to said member whereby Said end may viorate 
transversely With said member, said reed having 
a fundamental frequency above the audible range to 
in said mode of Vibration, and having a much 
higher frequency in all other modes of vibration, 
and means operatively aSSociated With Said reed 
for producing an electromotive force proportional 
to the flexure of the reed. 65 

19. A musical instrument Comprising a Sub 
Stantially rigid frame and an elongated Vibrat 
ing member Supported from Said fraine, said 
member being adapted to be positively vibrated 
substantially in a single plaine and transversely 70 
to the length of the member, an elastic nodal 
forming reed in contact with said inember, said 
reed being non-vibratorily fixed at One end to 
Said iigid frame with its opposite end free to Wi 
brate in said plane and transversely with said is 
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6 
member, said reed being positioned between said 
member and said frame and substantially per 
pendicular to the plane of vibration of said mem 
ber, said reed having a fundamental frequency 
above the audible range in said mode of vibration 
and having a much higher frequency in all other 
modes of vibration, and means operatively associ 
ated with said reed for producing an electromo 
tive force proportional to the flexure of the reed. 

20. A musical instrument comprising a sub 
stantially rigid frame and an elongated vibrat 
ing member supported from said frame, said 
member being adapted to be positively vibrated 
substantially in a single plane and transversely 
to the length of the member, an elastic nodal 

2,222,057 
forming reed in contact with said member, said 
reed being non-vibratorily fixed at one end to 
said rigid frame with its opposite end free to 
Vibrate in said plane and transversely with said 
member, said reed having a fundamental fre 
quency above the audible range in said mode of 
Vibration and having a much higher frequency in 
all other modes of vibration, and means opera 
tively associated with said reed for producing an 
electromotive force proportional to the flexure 
of the reed, said means including a piezo-elec 
tric element disposed on the side of said reed 
Whereby the flexing motion of the reed produces 
said electromotive force. 

HUGO BENIOFF. 
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