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Claims. 

This invention relates to transducing devices, 
and particularly to devices for translating 
mechanical energy into electrical energy, and 
vice versa. It has application to transducing de 
vices in which a torsional movement is applied 
to the transducing element to produce an electii 
cal pulsation, and vice versa. It has especial 
application to phonograph reproducers and re 
COrders of the Crystal type. 
In reproducers employing the piezoelectric 

crystal type of transducing element, commonly 
called simply a “crystal,' the record groove is 
traversed by a stylus which is Supported by a 
driving member. The undulations of the groove 
are transmitted by the stylus to the driving men 
ber and a coupling member is usually provided 
for transmitting the vibrations of the driving 
member to the crystal. While the description 
hereinafter contained is directed primarily to the 
use of the device as a reproducer, it may also be 
used as a recorder and where reference is made in 
the specification and claims to the driving men 
ber and the transmission of energy therefrom to 
the crystal, it is understood that the direction 
of energy transfer may be reversed and that it 
may be transmitted from the crystal to the driv 
ing member and from the latter to a recording 
Stylus. 
In transducing devices, the more important 

desiderata are high fidelity of translation, high 
efficiency, minimum noise and long life. 
record life is also important. As will be apparent 
from the discussion contained hereinafter, S.One 
of these factors are interrelated. 
In both reproducers and recorders piezo 

electric crystals have been widely employed be 
cause of their relatively low cost, Small size and 
light Weight. However, they poSSeSS certain in 
herent shortcomings, the most important of 
which are their great mechanical stiffness, high 
internal electrical impedance, and fragility. 

High fidelity of translation may be obtained 
only if the force exerted by the stylus tip against 
the record Surface is small. Because the con 
tact area is small, even a small force results in 
high pressure. High pressure causes deformation 
of the side Wall of a laterally cut groove, and 
when the pressure is excessive it produces inelas 
tic deformation with consequent distortion, noise 
and record wear. It has been showin theoreti 
cally, and confirmed experimentally, that the 
vertical force which is required to be exerted on 
the stylus to keep the stylus tip. Simultaneously 
in contact with both sides of the record groove 
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is substantially equal to the horizontal force 55 

(C. i. 9-100.41) 
2 

required to move the stylus tip laterally. This 
relationship holds for lateral recordings in which 
the groove side Walls Subtend an angle of approx 
imately 45 degrees with the vertical and in which 
the stylus tip radius is sufficiently large that the 
tip engages the side walls, rather than the bot 
tom, of the groove. This is the usual case. 
From this it follows that the stylus tip should 
offer minimum impedance to lateral vibration, 
Where impedance is defined as the quotient of 
the force by the Velocity, both measured in a lat 
eral direction. At low and intermediate audio 
frequencies the impedance is predominantly that 
Of a Stiffness. 
The problem of driving a torsionally stiff crys 

tal by a driving system which must have low 
stiffness in order that the stylus may present 
minimum impedance to lateral vibration was rec 
ognized early in the art and was partially met by 
the introduction of a compliant driving system. 
This basic principle has been practically uni 
Wel'Sally employed since its early adoption. 

Specifically, the problem was dealt with by 
employing an elastic Substance, such as rubber or 
a synthetic elastomer, as the coupling means be 
tween the driving member and the crystal. Such 
construction is subject to several serious disad 
vantages, the first of which is that the intro 
duction of the compliance between the driving 
member and the Crystal renders the relative an 
gular displacement of the two dependent on the 
frequency of Vibration and on the masses, com 
pliances and resistances of the driving member 
and of the crystal and its supports. 
The second disadvantage is that, although the 

compliance which is provided Serves to reduce 
the torsional stiffness of the driving member as 
measured at the stylus tip, the potential energy 
Stored in the compliance member is unavailable 
to produce strain in the Crystal. In the known 
structures, compliance may be provided in a flex. 
ible stylus shank, in the coupling between the 
driving member and the crystal, and in crystal 
supports at the end of the Crystal remote from 
the driven end. When the driving member is 
angularly displaced statically, the displacement 
is divided among these members and the crystal 
itself in direct proportion to the relative compli 
ance of the respective members. Under dynamic 
conditions, a similar effect is present, and the 
division of the displacement depends upon the 
frequency. The effect limits the maximum fre 
quency at which the device can be operated 
Satisfactorily. 
The third disadvantage is that the elastic cou 
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pling material deteriorates with age, whereby its 
elastic properties change and while the operation 
may be acceptable when the device is new, it 
becomes progressively and inevitably less Satis 
factory. 

It is an object of the invention to provide a 
coupling means which transmits the vibrations 
from the driving member to the crystal in a Sub 
stantially positive Inanner whereby the fidelity of 
translation is high at all frequencies, and Sub 
stantially all of the energy of the coupling means 
is available to produce strain in the crystal. 

It is another object of the invention to pro 
vide a transducing device construction in Which 
the efficiency of translation is high and conse 
quently the ratio of the energy of the Signal 
to that of the circuit noise is high. 

It is another object of the invention to pro 
vide a coupling means which results in the stylus - 
point having low impedance to lateral vibra 
tion. 

It is another object of the invention to pro 
vide a coupling means which does not undergo 
any substantial change With age or use, 

It is a further object of the invention to pro 
vide a coupling means which has a minimum 
tendency to fracture the crystal. 

It is another object of the invention to pro 
vide a coupling means in which the angular 
travel of the driving member is adjustable with 
respect to that of the crystal. 

It is a further object to provide a coupling 
means which is in the unstressed condition when 
the device is in the normali or at rest posi 
tion. . 
Other objects and advantages Will become ap 

parent as the following description progreSSes, 
which is to be taken in connection With the ac 
companying drawings, in which: 

Fig. 1 is a pian view of a transducing device 
of the invention with the top half of the casing 
removed; - 

Fig. 2 is a vertical sectional view of the de 
vice along broken line 2-2 of Fig. 1; 

Fig. 3 is an enlarged isometric view of a por 
tion of the device; 

Fig. 4 is a diagrammatic representation of the 
relative amplitude of the notion undergone by 
the driving member and the crystal of the de 
Vice; 

Fig. 5 is a fractional plan view of a different 
modification of the invention; 

Fig. 6 is a plan view of a further modification 
with the top half of the casing removed; 

Fig. 7 is a sectional view along broken line 7 
of Fig. 6; 

Fig. 8 is an enlarged isometric view of a por 
tion of the modification shown in Figs. 6 and 7; 
and 

Figs. 9 to 13 inclusive are fragmental views of 
further modifications of the invention. 
The device illustrated in FigS. 1 to 3 is of the 

torsion type, in which the record has a laterally 
Cut groove and the driving member and the end 
of the crystal which is coupled thereto undergo 
angular oscillation about a common axis, while 
the other end of the Crystal is held stationary. 
The invention is not limited to this particular 
type of transducing device, but is applicable to 
other forms as will be pointed out hereinafter. 
The device comprises a casing to composed of 

complementary top and bottom casing mem 
bers and 2, which may be composed of sheet 
metal or other suitable material and are dished 
to provide a compartment 3 and have coopera 
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4. 
tive flanges 4 along the side edges thereof, which 
flanges are adapted to abut together. At the 
rearward end, the edges of the casing members 
are turned inwardly toward each other and are 
shaped to provide an opening which is closed by 
a terminal block 5 of electrical insulating ma 
terial, such as phenol-formaldehyde resin and 
laminates thereof, etc. The edges of the cas 
ing fit into grooves 6 of the block. At the same 
end, the casing members are held together by 
means of a bolt if which passes through open 
ing 8 in member 2, and at the forward end, 
the members are held together by a number of 
bolts (not shown) which pass through open 
ings f9. 
At the forward end and also at a point Spaced 

inwardly from said end, the casing members 
are pressed inwardly to form generally circular 
bearings 20 and 2, which support a generally 
cylindrical driving member 22 which is arranged 
With its axis in Substantial alignment with the 
longitudinal axis of the casing. At locations reg 
istering With bearings 25 and 2, driving mem 
ber 22 has recesses 23 and 24 extending circum 
ferentially, and in these recesses are nouliated 
flexible elastic bushings 25 and 26, which may 
be composed of natural or Synthetic rubber or 
other suitable flexible elastic material. The re 
CeSSes 23 and 2A form trunnions for Supporting 
the driving member 22, and the elastic bush 
ings are under compression between the cooper 
ating trunnions and bearings. 
A stylus 2 is received in a Suitable opening 

extending generally transversely and diagonally 
through an intermediate portion of the driving. 
member 22 as shown. The stylus is of the re 
producing type but may also be of the record 
ing type, in which case it extends perpendicul 
larly to the driving member axis, instead of diag 
onally. Stylus 2 extends downwardly through a 
clearance opening 28 in the bottom Casing mem 
ber 2. The side edges of opening 23 may be 
adapted to limit the lateral excursions of the 
stylus beyond a predetermined point. The stylus 
is clamped in place by means of a clamping 
screw 29 which is screwed into a threaded open 
ing extending longitudinally into the driving 
member from the forward end thereof until it in 
tersects the stylus-receiving opening. A col 
lar 39 of rubber or other elastic material extends 
around the driving member 22 and covers the top 
end of the Stylus-receiving opening, and acts to 
cushion the top end of the stylus in case the pro 
jecting end receives a sudden blow. 
In the construction described, the casing to 

is arranged with its longitudinal axis generally 
parallel to the record groove at the point of con 
tact with the stylus, and the stylus oscillates 
laterally in response to the undulations of the 
groove. The oscillations of the stylus are trans 
mitted to the driving member 22 and the latter 
undergoes angular OScillation about its longitudi 
nal axis. As stated heretofore, the flexible elastic 
bushings 25 and 26 are under compression be 
tween bearings 2 and 2 and trunnions 23 and 
24, and there is substantially no relative motion 
between the bushings and the said parts, but in 
stead the bushings undergo elastic distortion. 
Within the compartment 3 and spaced rear 

Wardly of the driving member 22 is the piezoelec 
tric crystal 3, which may be composed of 
Rochelle Salt or the like, and is of the so-called 
"Bimorph' type, comprising two fiat crystal slabs 
and three electrocles so constructed and arranged 
as to produce an E. Mi. F. between the electrodes 
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upon the application of a torsional moment to 
the crystal. The structure of Such a crystal is 
Well known and is not shown in the drawings. 
The crystal 3 is in the general form of a thin 
flat plate of greater length than width and is po 
sitioned with its longitudinal mechanical axis of 
Symmetry in Substantial alignment with the axis 
of driving member 22. The rearward end of the 
crystal is mounted in substantially fixed position 
between two blocks 32, which may be composed 
of a rigid or relatively firm material, such as 
WOOd, metal, phenol-formaldehyde resin, hard 
rubber, or a relatively firm rubber or synthetic 
elastomer, or the like. The surfaces of the crystal 
may not conform exactly to the surfaces of the 
blocks, and if rigid blocks are employed, thin pads 
33 of an elastic Substance, such as rubber, may 
be interposed between the blocks and the crystal 
to provide uniform pressure upon the crystal. 
The thickness of the pads 33 is exaggerated in 
Fig. 2 for clearness. They are sufficiently thin 
that the rear end of the crystal undergoes little 
or no motion. The blocks, pads and crystal are 
of such dimensions that they are held firmly un 
der compression and may be joined together and 
to the interior surfaces of the casing 0 by means 
of an adhesive. The terminal conductors 35 and 
36 of the crystal 3 are connected to the bladed 
terminals 3 and 38 of the device, which paSS 
through and are held in position by terminal 
block 5. 
In accordance with the present invention, im 

proved means are provided for coupling the for 
Ward end of the crystal 3 to the rearward end 
of the driving member 22. This means comprises 
a bracket or stirrup member 40, preferably con 
posed of a metal strap which extends transversely 
of the bottom casing half 2 approximately even 
With the forward end of the crystal 3 and has its 
end portions 4 and 42 turned upwardly Sub 
stantially at right angles to the body portion. 
Stirrup member 49 may be fastened to the casing 
by soldering or other suitable means. Mounted 
upon the upper ends of end portions 4 and 42 
is a generally V-shaped yoke 44 formed out of a 
single strip of material llaving resilient flexibility, 
such as spring netal. Phosphor-bronze has been 
found to be satisfactory, but other materials may 
also be used, such as aluminum, iron or steel, or 
the like. The end portions d5 and 46 of the yoke 
are mounted fixedly, as by soidering, upon the 
upright portions and 42, respectively, of the 
stirrup 40. From said stirrup member, said end 
portions SS and 4G extend rearwardly a short 
distance and are then turned back upon then 
selves to form the loops it and 48, and then ex 
tend forwardly and converge toward each other 
to form the main arms 49 and 5. Which are ar 
ranged symmetrically on Opposite Sides of the 
axis of oscillation of the driving member 22 and 
crystal 3 f. At the loops 47 and 48, the width of 
the strip is reduced as shown, for a purpose which 
will be explained hereinafter. At the base of the 
V, the yoke 44 is widened to form a generally 
circular, flat section 5 which rests against the 
rearward end of the driving member 22. The 
section 5 is connected in positive motion trans 
mitting relationship to the driving member 22 by 
means of a screw 52 which passes through an 
opening in the said section 5 and is Screwed into 
a threaded opening or recess in the driving men 
ber. A washer 53 is arranged between the head 
of the screw 52 and the section 5 of the yoke 44. 
The portions of the arms 49, and 50 in close 

proximity to the driving member 22, are necked 
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6 
inwardly toward each other locally to form Sec 
tions 55 and 56 which are substantially parallel 
to each other. An opening is provided in each 
of the sections 55 and 55 and a threaded bolt 5 
passes through the openings and has a nut 38 
upon its end. Bolt 57 is adapted for adjusting 
the distance apart of sections 55 and 56, as Will 
be explained hereinafter. 
The main arms 49 and 50 of yoke 44 have slots 

which are adapted to receive the forward corner 
portions 60 and 6 of the crystal 3. The said 
corner portions pass through the said Slots and 
are fixedly joined to the arms 48 and 58 by means 
of an adhesive or other suitable means, or flex 
ibly attached as by a permanently plasticized 
cement, or by elastic pads as will be described 
hereinafter in connection with a different mod 
ification of the invention. The yoke is arranged 
symmetrically with respect to the axis of Syn 
metry of the crystal. 
The operation of the device is as follows. As 

described heretofore, when the device is used as 
a reproducer, angular oscillation is induced in 
the driving member 22 by reason of the stylus 
27 following the groove in the record. The for 
ward ends of the arms 49 and 50 are joined to 
the section 5 at points on opposite sides of the 
axis of oscillation and Spaced substantially there 
from, whereby they move upwardly and down 
Wardly With the OScillations of the driving men 
ber. The rearward ends of the arms are re 
tained against Substantial lateral motion by the 
Sections 45 and 46. The narrow loop portions 47 
and 48 possess sufficient flexibility to permit ready 
bending in the vertical direction. The arms 49 
and 50, therefore, move vertically or laterally at 
their forward ends and are substantially station 
ary at their rearward ends. Such motion will 
herein be called lateral notion. The lateral mo 
tion of the arms is transmitted to the corners 60 
and 6 of the crysal. When one of the arms 
moves upwardly the other moves downwardly and 
as a result the crystal undergoes a twisting action 
which produces an E. M. F. in the known man 
ner. The yoke, therefore, constitutes a lever Sys 
tem in which the main arms 49 and 56 consti 
tute the levers and the looped sections 7 and 48 
constitute the fulcrums. The arms 9 and 50 
are substantially rigid against bending vertically, 
but possess substantial resilient flexibility in a 
horizontal direction so that they bend in the 
presence of a moderate force and also twist a 
Small annount in the presence of a moderate twist 
ing force. 
Considering the Single lever arm 49, when the 

driving member 22 induces a downward move 
ment of the for Ward end of Said arm, the rear 
ward end, i.e., the looped section A, remains sta 
tionary and the intermediate portion, i. e., that 
joined to the corner 6 of the crystal 3 moves 
downwardly. The arm 49, therefore, is a level 
of the second class, i. e., in which the work (the 
crystal) is located between the fulcrum (section 
47) and the force (the driving member). The 
travel of constricted section 55 determines the 
travel of the corner 60 of the crystal. The rela 
tive travel of these parts is represented diagram 
matically in Fig. 4. Solid line 62 and dotted line 
63 represent the axis of arm 49 in its upper and 
lower positions, respectively. Circle 64 represents 
the path of oscillation of section 55, circle 65 
represents the path of Oscillation of corner 60 
of crystal 3, the line 66 passing through the 
centers of circles 64 and 65 represents the axis 
of oscillation, and the point 6 represents the 
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location of the stationary end of the arm, i. e. 
loop. Section A. While section 55 travels through. 
the relatively large arc. 68 of the circle 64, the 
corner 60 of crystal 33 travels through the rela 
tively. Smali arc 69 of the circle 65. The angular 
travel of the crystal, therefore, is considerably 
less than that of the driving member. By angul 
lar travel of the crystal and the driving member 
is meant the anguiar travel of the ends which 
drive or are driven by the ever arms. The in 
Vention is not limited to the form of driving nem 
ber shown, and the driving member may poS 
sess flexibility and undergo Some twisting. The 
lever arm undergoes some slight twisting due to 
the restriction against turning at its rearward 
end, but its resilience is Such that such twist 
ing takes place readily. The arm 50 undergoes 
a similar action but with its direction of motion 
reversed with respect to that of arm 49, with 
the result that crystal 3; is given a twisting mo 
tion, as explained heretofore. 
The angular displacement of the crystal is ad 

justable. The constricted sections 55 and 56 of 
lever arms 49 and 53 can be drawn closer to 
gether and allowed to move farther apart by their 
own resilience by turning bolt 5. For a given 
angular displacement of the driving member 22, 
when the sections are drawn together, the dis 
placement of said sections is lessened, and the 
displacement of the corners. 68 and 6 of the : 
crystal is also lessened. 
In the device described, the notion of the driv 

ing member is transmitted substantially positively 
to the forward end of the crystal and substan 
tially, ail of the energy imparted to the stylus 
is available to produce Strain in the Crystal. The 
fidelity of translation is, therefore, very high. An 
additional advantage is that the impedance of 
the stylus to latera: vibration is Small. In the 
known devices, the impedance is Sinall only when 
the strain on the crystal is Small. In the device 
of the present invention, the lever System pro 
vides a substantially positive mechanical advan 
tage or inultiplication of torque applied to the 
crystal over that applied by the record groove 
to the stylus, whereby a predetermined safe 
strain can be applied to the crystal by means of 
a smaller force at the stylus tip, resulting in 
reduced stylus wear and record Wear. In addi 
tion, the mechanical eficiency of the device is 
high and, as a result, the ratio of the strength 
of the signai to that of the circuit noise is high. 
Since the relation between the two displacements, 
i. e., of the stylus and of the crystal, are fixed 
substantially positively, they can be established 
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55 
to provide the greatest amplitude of output volt 
age consistent with safe crystal operation. 
As another advantage, the lever System does 

not have any substantiai Yatural or resonant fre 
quency in the direction of motion of the arms 
within the range of tranSiliitted frequencies and 
its, transmission characteristics are substantially 
uniform over said range. 
An additional advantage is that the crystal. 

is in the unstressed, condition. When the device 
is in the normal or at rest position, that is, when 
the stylus is not in engagement with the record, 
and no initial stress is placed upon the Crystal 
in the normal position. A further advantage is 
that the properties of the transmission: Syster 
do not change with age. 
In the structure described, the arms of the 

yoke 44 need not be narrowed at the loops 47 and 
48 but may be of substantially, uniform width 
and may be made ... more flexible - throughout 
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whereby bending is distributed along their length. 
As explained heretofore, when the device is 

used as a reproducer, the levers of the Systern 
illustrated in Figs, 1 to 3 are of the second class. 
They may also be of the first class, i. e., in which 
the fulcrum is located between the force aind the 
Work. Such a System is illustrated in Fig. 5, in 
which the construction and arrangement of most 
of the parts are similar to those of the corre 
sponding parts of the construction of Figs. 1 to 3 
and Will not be described in detail. iihe driv. 
ing. member 10 is mounted for oscillation and is 
fixedly joined to the base of the yoke by a 
screw. 72. The yoke 7 is mounted fixedly at its 
end portions 73 and 74 upon a stirrup Support 5. 
The looped portions 8 and 79 serve as fulcrums 
and relative movement between the lever Sec 
tioras 76 and 77 and the fulcrums E8 and is is 
accomplished by the flexing which takes place 
at loop. Sections 8 and 79, which are of reduced 
width, similar' to the sections 4 and 8 of the 
device of Figs, 1 to 3. Lever arms 6 and fi are 
extended rearwardly from the loop sections 8 
and 79 by means of extensions 82 and 83 which 
are joined, as by Soldiering, to said lever artins 76. 
and 77. Extensions, 82 and 83 are slotted to re 
ceive the corners of crystal. 84, and thin pads 
85 and 86 of an elastic material, such as firm 
rubber or a Synthetic elastomer, are inserted 
under compression in the slots between the edges 
of the arms and the top and bottom surfaces of 
the Crystal. The thickness of the pads. 85 and 
86 is preferably of the Order of .01 inch. 
In this construction, a lever system is provided 

Substantially similar to that of the constructions 
Of FigS. to:3, in Which One lever consists of arm. 
7 and extension 83, and the other of arm 76 and 
extension. 82. The operation of the system is 
Similar to that of the construction of Figs. 1 to 3 
With the exception that when the driving mem 
ber turns in one direction the crystal is twisted 
in the opposite direction instead of in the same 
direction. The pads 85 and 86. permit the turn 
ing notion which the arms undergo relative to 
the crystal but, transmit the lateral motion of 
the arms. Substantially positively to the crystal. 
This construction possesses all of the advantages 
described in connection with the device of Figs. 
1 to:3. 

In the modification illustrated in Figs. 6, 7 
and 8, the general arrangement is similar to that 
of the modification shown in Figs. 1 to 3. The 
device comprises a casing formed of corn 
plenientary top and bottom members and 2 
providing a compartment. 3. The rearward end 
of the casing has an opening which is closed by 
a terminal block 5. Bearings 2) and 2 are 
formed in the forward end of the casing, iry 
which are arranged the elastic bushings. 25. and 
:25, which support the trunnions 23 and 24 of 
the driving member 22. An integral flat blade: 
section 30 extends. rearwardly from the driving 
member 22. The stylus, f2 is held in position 
in driving member 22 by means of the clamping 
Screw 29, and passes, through the clearance 
Opening. 28. in the bottom casing member 2. 
The: crystal 50, which may be similar to the 
Crystal. 3 of the device of Figs. 1 to 3, is located 
within the compartment 3 and to the rear of 
the driving member 22. 
The yoke 36 serves to couple the crystal to: 

the driving member, and consists of a thin strip 
of resilient material, such as aluminum, spring 
bronze, or the like. The arms 3 and 38 there. 
of are spaced apart at their forward ends...and. 
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a vibration damping member 49, composed of 
an elastic material, such as plasticized cellulose 
nitrate, may be supported between the arms by 
an adhesive. The arms extend rearwardly in a 
diverging direction on opposite sides of the axis 
of the driving member and at their rearward 
ends are joined by the transverse yoke section 
f39. The yoke is in the general shape of a V, 
With the arms spaced apart at the base of the 
V and connected together at the top of the V. 
At the rear Ward section 39, the yoke is retained 
in position by blocks 40 and 4 which extend 
transversely of the casing and rest against the 
interior surfaces of the casing members and 
f2, respectively. The arrangement is such that 

yoke 36 is held firmly in position by the said 
blocks. The blocks 40 and 4 are composed 
of a material, such as rubber or a synthetic 
elastomer, which is elastic and relatively firm. 
A firmness which produces a reading of from 
55 to When tested on the Shore durometer has 
been found to be satisfactory. As an alternative, 
one of the blocks may be composed of such a firm 
material and the other of a soft elastic mate 
rial, such as plasticized cellulose nitrate. The 
forward end portions 43 and 44 of the arms 

s 

0 

5 

25 

of the yoke are bent into planes substantially par 
allel to the axis of the driving member aid 
Spaced uniformly from opposite sides of said 
aXS. 

Wardly opening slots f45 and 46. The blade 
f3 of the driving member 22 is received in the 
slots 45 and 46, and between the opposing sur 
faces of the blade and the edges of the slots are 
arranged thin pads 4 and 48 of a relatively 
firm elastic material, such as rubber or a Syn. 
thetic elastomer. Vibration damping nembers 
5 and 52 of an elastic material, such as rub 

ber or plasticized cellulose nitrate, may be in 
Serted between the opposite sides of blade 39 
and the interior surfaces of casing f. 
The rearward end portion of the crystal 5 

extends through an opening in the rearward sec 
tion 39 and forward corner portions of the crys 
tal extend through openings in intermediate por 
tions of the arms 3 and 38 of the yoke. An 
adhesive may be applied so as to join the parts 
together. The terminalis 53 and 54 of the crys 
tal are connected to terminals 55 and 56 of the 
device, which are mounted in the terminal block 

5. 
When this modification is employed as a re 

producer, the stylus 2 follows the laterally cut 
record groove and induces angular oscillation in 
the driving member 22. Such angular oscilla 
tion is transmitted by the blade 3) to the for 
ward end portions 43 and 44 of the yoke arms 
and is transforined into up and down transla - 
tional motion of said arms. The arms 37 and 
38 act as levers in a manner Similar to that de 

Scribed in connection with the arms 49 and 50 of 
the device shown in Figs. 1 to 3. The fulcrums 
for the levers are the blocks 4 and f4 f. The Said 
blocks are sufficiently firm that there is little or 
no vertical movement of the section 39. At the 
same time, the blocks possess Sufficient compli 
ance to accommodate the slight Vertical move 
ment of the edges of the rear Ward portions of the 
said arms. If one of the blocks is of a softer elas 
tic material, as described hereinbefore, the firm 
block maintains the lever system in proper align 
ment while the Softer block absorbs some of the 
vibrational energy at the higher frequencies and 
thereby provide a smoother response. 
At the forward end of the yoke 36, the motion 

They are provided, respectively, with fol'- 

35 

40 

45 

55 

O 

65 

70 

s 

10 
of the driving member results in a torsional stress 
between the blade 3G and the yoke portions 43 
and 44. The blade 39 undergoes rotary or angu 
lar motion, whereas the portions f 43 and 44 each 
tend to undergo a substantially linear transla 
tional motion within a single plane. The elas 
ticity of the pads 47 and 48 is such that they 
comply with the stresses and provide a pivotal 
Support for each yoke arm which accommodates 
any relative turning which the arm and blade 
tend to undergo. At the same time, the pads are 
Sufficiently thin that there is substantially no lost 
Imotion betWeen the driving and the driven mem 
bers and the energy transmission is substantially 
positive. An example of a suitable thickness for 
the pads 41 and 48 is .01 inch, their thickness 
being exaggerated in Fig. 7 for clearness. 
The rearward end of the crystal 50 is re 

strained substantially positively by the rearward 
yoke section 39, while 7ertical motion is trans 
mitted Substantially positively to the forward 
corners of the crystal by the arms 3 and 38. 
When one of the said forward corner portions is 
moved upwardly, the opposite corner portion is 
moved downwardly. In this modification, the 
lever system applies stress directly to the forward 
corners and the rearward end of the crystal 50 
as to impart a twisting effect to the crystal and 
thereby generate an E. M. F. The amplitude 
of travel of the forward corners of the crystal is 
substantially less than that of the forward por 
tions 43 and 44 of the arms. In this modifica 
tion and that of Figs. 1 to 3, the levers apply 
stress to portions of the crystal which are sym 
metrical With respect to the axis thereof. 
The notion of the crystal and the arms is such 

that the slope of their contacting Surfaces, i. e., 
the edge Surfaces of the arms and the top and 
bottom Surfaces of the crystal, is naturally sub 
stantially the same. This effect is promoted by 
the fact that the arms may turn relatively to the 
blade 39, as described heretofore. As a result 
the arms exert substantially no bending or shear 
ing stress upon the corner portions of the crystal. 
Any effect of this character which might be pres 
ent is accommodated by a twisting of the resilient 
arms 37 and 38. Any tendency of the arms 
to shear the crystal may also be avoided by pro 
viding rounded edges upon the contacting Sur 
faces of the arms. A twisting effect is imparted 
to the rearward section f39 of the yoke by reason 
of the described motion of the arms, and this 
effect is accommodated by the resilient flexibility 
of Said section 39. 
The modification of the yoke which is illus 

trated in Figs. 9 and 10 is designed to relieve the 
twisting effect upon the rearward section thereof. 
The said yoke 6) has a shape generally similar 
to that of yoke 36 of the device shown in Figs. 
6, 7 and 8 and may be arranged in a Similar or 
ganization. It comprises a rearward section 6 
and two forwardly coinverging arms 62 and 63. 
The said arms, at points 64 and 65 adjacent to 
the rear section f6, are twisted throughout an 
angle of 180°. The twisted Sections of the arms 
introduce vertical flexibility whereby the forward 
portions move relatively to the rearward portions 
With a sufficient degree of readiness that the twist 
ing effect upon the rearward section 6 is re 
lieved substantially. With this form of yoke, the 
effective fulcrums are at the points 64 and 65 
and these are preferably arranged to be located 
approximately one third of the length of the 
crystal forwardly of the rearward end of the crys 
tal. 
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*AS: explained heretofore, one of the purposes of 
the coupling mechanism is to cause a rediction 
of the airplittide of the langular motion of the 
Crystal. With respect to that of the driving naen 
bei. The modification shown fragmentaily in 
Fig. 11 provides a greater reduction factor than 
do the structures described heretofore. 
modification, a generally channel-shaped clamp 
ing meaber it is fitted tightly over the forward 
end of the crystal and has arms 2 and 3 
projecting laterally therefrom. The arms 72 and 
73 pass through openings in the arms 4 and 
f5 of the yoke. The arrangement is otherwise 

Similar to that shown in Figs. 6, 7 and 8. Move 
ment is transmitted by the lever arms T4 and 

5 to the arms 22 and f3 of the clamping men 
ber 7 and thence to the crystal 3. The am 
plitude of movement imparted to the crystal for a 
given 2.Énplitude of movement of the lever arms 
is: less than in the device of Figs. 6, 7 and 8. 

the modifications described heretofore are 
adapted for use with a record having a laterally 
cut groove. The modification shown in Figs. 12 
and 13 is adapted for use with a vertically cut 
groove. The casing 20 is similar to the casing 
f0 of the device of Figs. i to 3, and contains a 
driving member 2 similar in construction and 
arrangement to driving member 22 except that 
the stylus receiving opening thereof extends sub 
stantially perpendicularly to the axis instead of 
diagonally. The stylus 202 is of angular shape, 
having an end portion 203 which extends into the 
stylus receiving opening of the driving reenber 
20, an intermediate portion 24 which extends 
generally perpendicularly to the end portion 283, 
and a tip portion 25 which extends generally 
parallel to the end portion 203, The stylus is 
arranged so that intermediate portion 24 ex 
tends generally perpendicular to the axis of the 
driving member 20 and the tip portion 25 rests 
in the vertically cut groove.206 of the record 2. 
The tip portion 205 vibrates vertically, as the 
device is viewed in Figs. 12 and 13, in response 
to the undulations of the groove .286, and the 
endportion 203. vibrates angularly about the axis 
of the driving member and induces angular vi 
bration of the driving member. The construc. 
tion and arrangement of the crystal and the 
means for transmitting motion from the driving 
member to the crystal may be similar to that of 
any of the transmitting means described herein 
before. 
'While the invention has been illustrated with 

respect to a twister type of crystal, it is applicabie 
also to a crystal of the bender type. The lever 
System is also adapted for use with an electro 
static transducing device. For example, it may 
be applied to the movable electrode 70 of the 
transducing device shown in Fig. 7 of my Patent 
No. 2,326,280. It is also adapted for use with a 
transducing device of the electromagnetic type 
in which an armature is vibrated or angularly 
oscillated in an electronagaetic field. 
While but a few embodiments of the invention 

are specifictly described and illustrated, it is 
understood that these are by way of example 
only, and that various changes may be made in 
structural features without departing from the 
spirit of the invention as the same is defined by 
the appended claims. 
What is claimed is: 
1. In a transducing device, the combination of 

a driving member, means for mounting said driv 
ing member for angular. OScillation about an axis 
thereof, a transducing element, means for 
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mounting said transducing element at a portion 
thereof, a pair of levers arranged respectively on 
opposite sides of and in spaced relation to said 
driving member axis. and extending in the gen 
eral direction of said axis, means for converting 
oscillatory motion of said driving member into 
lateral motion of:first portions of Said, levers re 
spectively, substantially fixed fulcrums for sec 
Ond portions of said levers, said levers having 
openings therein at third portions: thereof, por 
tions of said transducing element remote from 
said mounted portion thereof extending into Said 
openings, the arrangement being Such that lat 
eral motion of said third portions of said levers 
produces a flexing of said transducing element. 
2. In a mechano-electric transducing device, 

the combination of a driving member, means for 
mounting said driving member for angular Oscil 
lation about an axis, a transducing element, 
means for mounting said transducing element at 
a portion thereof, a pair of levers arranged re 
spectively on opposite-sides of and in Spaced rela 
tion to said axis and extending in the general di 
rection of said axis, means for converting. angll 
lar oscillatory, motion of said, driving member in 
to lateral motion of first portions of said levers 
respectively and vice versa, relatively fixed full 
crums for second portions of said levers, third 
portions of said levers, being connected in notion 
transmitting relationship to a pair of Spaced 
apart portions of said transducing element re 
mote from said mounted portion thereof. 

3. The transducing device construction as 
claimed in claim. 2, in which the means for Con 
verting angular oscillatory: motion of the driving 
member into lateral motion of the levers includes 
an arm extending from the driving member trans 
versely of said axis and being in motion transmit 
ting relationship with, said levers, and resilient 
compressible pads between said arm and Said 
leverS. 

4. In a mechang-electric transducing device, 
the cembination of a, driving member, means for 
mointing said, driving member for angular OS 
cillation about an axis, a transducing. element of 
the flexing type, a pair of levers arranged respec 
tively on opposite sides of and in Spaced relation 
to said axis, means for converting angular oscil 
latory, notion of said driving member into oppo 
sitely directed lateral motion of first portions of 
said levers respectively and vice versa, fulcrums 
for second portions of said levers, third portions 
of said levers being connected in motion trans 
mitting relationship to a pair of spaced apart 
portions respectively of said transducing element, 
and means for holding relatively fixed a portion 
of said transducing element Spaced from said first 
inentioned portions thereof. 

5. In a naechano-electric transducing device, 
the combination of a driving, member, means for 
mounting said driving member for angular oscil, 
lation, about an axis, a transducing element of 
the flexing type, a pair of levers arranged respec 
tively on opposite sides of, and in spaced relation 
to-said axis, means for converting angular oscil 
latory motion of said driving member into oppo 
sitely directed lateral motion of first portions of 
said levers respectively, fulcrums for second por 
tions. Of Said levers, each of said levers being con 
nected in motion transmitting relationship to 
Said transducing element along a substantial por 
tion of the length of said lever, whereby lateral 
allotion of said levers produces a flexing of said 
transducing element. 

6. In a mechano-electric transducing device, 
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the combination of a driving member, means for 
mounting said driving member for angular oscil 
lation about an axis therein, a lever, means for 
converting angular Oscillatory motion of Said 
driving member into lateral motion of a first por 
tion of Said lever, a fulcrum for a second portion 
of said lever, a transducing element, means for 
connecting a third portion of Said lever in mo 
tion transmitting relationship to a portion of said 
transducing element, and means for holding rel 
atively fixed a portion of said transducing ele 
ment spaced from Said first mentioned portion 
thereof. 

7. In a mechano-electric transducing device, 
the combination of a driving member, means for 
mounting Said driving member for angular oscil 
lation about an axis, a yoke having a midsection 
extending generally perpendicular to said axis 
and a pair of arms extending from said midsec. 
tion in the general direction of said axis, means 
for holding said midsection relatively fixed, means 
for converting angular oscillatory motion of said 
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driving merinber into oppositely directed lateral 
motion of portions of said arms remote from said 
midsection and vice versa, said midsection and 
said arms each having an opening therein, and 
a transducing element of the flexing type having 
Spaced apart portions thereof extending respec 
tively into Said openings in said midsection and 
Said arms, whereby lateral motion of said arms 
produces a flexing of Said transducing element 
and Vice versa. 

BENJAMN R. ESAUER. 
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