
Oct. 16, 1934. W. G. CADY 1977,169 
PIEZO ELECTRIC SYSTEM 

Filed Dec. 7, 193 3. Sheets-Sheet l 

F = -- 

f ? NVENTOR 

- x Walter G. Cad 
7-7 3 

  



Oct. 16, 1934. W. G. CADY 1977,169 
PIEZO ELECTRIC SYSTEM 

Filed Dec. 17, 1931 3. Sheets-Sheet 2 

INVENTOR 
Y 

tz Walter G. Cad 

  



Oct. 16, 1934. W. G. CADY 1977,169 
PIEZO ELECTRIC SYSTEM 

Filed Dec. 17, l93. 3. Sheets-Sheet 3 

X INVENTOR 
-z Walter G. Cad 

7.E. 74/4----- ATTORNEY 

  



Patented Oct. 16, 1934 

UNITED STATES 

1977,169 

PATENT OFFICE 
- 1977,169 

PIEZO-ELECTRIC SYSTEM 
Walter G. Cady, Middletown, Conn. 

Application December 17, 1931, serial No. 581,630 
6 Claims. 

My invention pertains in general to piezo 
electricity and specifically relates to means for 
producing vibrations in piezo-electric bodies by 
shearing stresses. 
One of the objects of my invention consistS in 

providing an electrical system having a piezo 
electric body set in vibration by shearing stresses. 
Another object consists in producing a piezo 

electric resonator adapted to vibrate at extremely 
10 low frequencies. 
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A further object comprises providing an elec 
trical system including a piezo-electric element 
having pairs of electrodes for producing electric 
fields traversing the piezo-electric element in op 
posite directions to produce shearing stresses for 
causing piezo-electric vibrations in predetermined 
modes, such as flexural or torsional vibrations. 

I accomplish these and other desirable objects 
in a novel piezo-electric system having means for 
causing shearing stresses in a piezo-electric ele 
ment to produce vibrations therein. 
In the drawings which accompany and form a 

part of this specification and in which like refer 
ence numerals designate corresponding parts 
throughout: . 

Fig. 1 is a perspective view of Several Crystal 
plates showing their orientation with respect to 
the crystallographic axes of the natural crystal; 

Fig. 2 is a schematic plan view of a Rochelle 
salt crystal plate, together with an electrical cir 
cuit enhployed therewith, in one embodiment of 
my invention; 

Fig. 3 is a side elevation of the representation 
of Fig. 2; 

Fig. 4 is a representation corresponding to Fig. 
2 but showing a different arrangement of the 
electrical circuit; -- a 

Fig. 5 is a theoretical representation of the 
deformation of a crystal plate in accordance with 
my invention; 

Fig. 6 is a schematic plan view of a Rochelle 
salt crystal plate and circuit employed therewith, 
for producing overtone frequencies; 

Fig. 7 is a side elevation of the representation 
of Fig. 6; - . . - 

Fig. 8 is a schematic plan view of a quartz 
crystal and circuit employed therewith for pro 
ducing flexural vibrations in accordance with my 
invention; 

Fig. 9 is a schematic elevation of the represen 
tation of Fig. 8 showing the deformation of a 
crystal at a particular instant; 

Figs. 10-12 are schematic representations cor 
responding to Fig. 9 but indicating different 

(C. 171-327) 

Orientations of crystals that may be used in the 
System shown in Fig. 8; 

Fig. 13 is a Schematic representation of a 
quartz crystal and circuit employed therewith in 
a further embodiment of my invention; 

Fig. 14 is an end elevation of the crystal and 
electrodes of Fig. 13; 

Fig. 15 is a plan view of a quartz crystal and 
the electrodes employed therewith in one embodi 
ment of my invention for producing torsional 
Vibrations; 

Fig. 16 is a side elevation of the crystal of Fig. 
18 together with the electrical circuit employed 
therewith; and 

Fig. 17 is an end elevation of the crystal of 
Fig. 18 showing the deformation of a transverse 
Section thereof in accordance with the principles 
of my invention. 
My invention is directed to providing means 

for producing shearing stresses in a piezo-electric 
body for setting up vibrations therein in pre 
determined modes. The use of such vibrations 
aS produced according to my system may be of 
extremely low frequencies as compared with the 
frequency of piezo-electric vibrations produced by 
Systems heretofore known. In the present state 
of the art, in order to produce, by modes of vibra 
tions now known, piezo-electric vibrations of 
frequencies even approaching those which I have 
obtained in the Systems of my invention, it would 
be necessary to provide very large piezo-electric 
elementS as compared with the size of those which 
I employ. It will be easily understood that use 
of large piezo-electric elements, especially of 
quartz and Rochelle Salt crystals, is undesirable 
and prohibitive owing to their high cost and easy 
breakage. 

. In the present specification I will disclose how 
shearing stresses may be produced in both 
Rochelle Salt crystals, and quartz crystals for 
producing predetermined modes of vibrations 
therein. It will be understood, of course, that 
although I. illustrate my invention in connection 
with Rochelle salt crystals and quartz crystals, 
other piezo-electric bodies having like charac 
teristics may be similarly employed. Further, it 
is to be understood, throughout the following de 
scription, that the source of energy for supply 
ing Voltages to excite the crystals is adjusted so 
that the frequency of the applied alternating 
voltage is equal to the natural frequency of 
vibration of a particular crystal with reference 
to the desired mode of vibration. This natural 
frequency is, of course, dependent upon the ma 
terial of the crystal, that is, whether it is com 
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shown. 
are centered at the nodes 7d., and 7b of the plate 

the crystal. 

posed of quartz, Rochelle Salt, or Some other 
material, and on the orientation of the crystal 
With respect to the crystallographic axes, and 
On the dinnensions of the crystal. 
The modes of vibrations produced by shearing 

stresses in piezo-electric bodies in accordance 
with my invention are of two general types, viz., 
flexural vibrations and torsional vibrations. For 
simplicity of exposition, consideration will be 
given, in the order named, to the production of 
flexural vibrations by shearing stresses in RO 
chelle salt crystals and quartz crystals, and the 
production of torsional vibrations in Rochelle 
salt crystals and quartz crystals. 

Flea'ural vibrations in Rochelle Salt crystals: 
Referring to the drawings, Fig. 1 is a perspec 

tive representation of several crystal plates of 
different orientations showing the relation to 
the X, Y, and Z axes of a natural crystal. The 
three axes here referred to as the X, Y, and Z 
axes are the same, respectively, as the , a, b, and 
c, axes in the terminology commonly employed by 
crystallographers. Plates A and B are X-cut 
plates, since they are in the form of plates or . 
flat slabs cut perpendicular to the XaXis. Sini 
larly, the plates C and D are Y-cut, and the 
plates E and F. are Z-cut. Such nomenclature is 
in accordance With accepted usage. , , 

Heretofore in the art it has been customary 
in the case of X-cut, Y-cut, and Z-cut plates, to 
apply the electric field in a direction parallel to 
the X, Y, and Z axes, respectively. In accordance 
With my system for producing flexural vibrations, 
the electric field for any given crystal plate is 
applied in a direction parallel to the breadth of 
the plate. . . . . 

Fig. 2 illustrates how a particular one of the 
plates shown in Fig. 1: may be utilized in accord 
ance with the principles of my invention for 
producing flexural vibrations. With respect to 
orientation, the plate 1 in Fig. 2 will be consid 
ered as corresponding to plate. “E' of Fig. 1. 
Plate 1 is therefore a Rochelle Salt Z-cult plate 
having the length and breadth in the XY plane 
and the thickness in the Z plane. Fig. 5 is a 
side elevation of the plate 1 of Fig. 2 taken in 
the XZ plane. . . . . . . . 

Referring to Fig. 3, two triangular strips 7 
and 8 are provided having their thin edges Sup 
porting the plate 1 across the breadth of the 
plate 1 at the regions where the nodes of Vibra 
tion occur. These nodal regions are indicated 
in Fig. 2 by the dotted ines 7c, and 7b. Obvi 
ously we may use for 7 and 8 two narrow Strips 
of any suitable solid material extending across 
the breadth of the crystal plate. Referring to 
Fig. 2, there are provided electrodes 2, 4 and 
3, 5-disposed upon opposite Sides of plate 1. as 

The pairs of electrodes 2-4 and 3-5 

1, respectively, for producing electric fields in 
directions parallel to the breadth of the plate 1 - 
in the instance under consideration, and parallel 
to the Y axis. The electrodes 2-4 and 3-5 are 
mounted as closely as possible to the crystal with 
out actually touching it. If preferred, verythin 
conducting electrodes may be applied directly to 

It will be understood that these 
electrodes, together with the Supporting strips 7 
and 8, are mechanically mounted in any suitable 
housing structure, which, for the sake of Sims 
plicity, is not shown in the drawings. 
In Fig. 2, the electrodes 2 and 5 are connected 
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directions. , 

trodes 4 and 5 are interconnected. This form of 
connection will also produce fields of opposite di 
rections between the electrode pairs when alter 
nating voltages are supplied from the source of 

1, in Fig. 5, will be considered as compr 

together, and electrodes 3 and 4 are connected 
together in circuit with a source of energy 6 for 
Supplying alternating voltages across electrode 
pairs 2-4 and 3-5. It Will be evident, from the 
connection, that adjacent electrodes on either 
side of the crystal plate will be of opposite in 
stantaneous polarity and that, therefore, the 
fields produced between the pairs of electrodes 
2-4 and 3-5, respectivel in opposite 

80 

Fig. 4 illustrates an alternative method of con 
necting the electrodes 2-4 and 3-5. It Will be 
seen that the electrodes 2 and 3 are connected 
with the source of energy 6 and that the elec 

90 

energy 6. The plus and minus signs in Figs. 2 
and 4 are indicative of the relation of the polarity 
of the electrodes for a particular instant, is 

Fig. 5 is an exaggerated representation of the 
deformation of plate 1 due to shearing stresses 
as produced in the circuit arrangements of Figs 
2. and 4. For purposes of illustration, the 

95 

halves designated as 'R'', the right hal 
the left half, under influence of the field pr 

and 2-4, 

the pl; 
ural 

posed shearing stresses will bese 
1 whereby the plate will be set it 
brations. The representation of Fi 
sponds to that of Fig. 3, the plate 1 being 
as an elevation in the XZ plane and the electric 
fields being applied in directions pe W. 
to the paper... . . . . . . . . . . . 
Although the initial stresses produced...in 

plate 1 are of the nature of pure shears, 
resulting flexural vibrations are determine 
to frequency by the elasticity of compressi 
the piezo-electric material. . . . . 

It will be noted in Fig. 1, that the plates showri 
have lengths approximately twice, the breadth, 
which I found, in practice, to be a convenier 
ratio. However, the exact value of breac 
the plate is a matter of no consequen 
frequency of the vibration is d 

25 

"30 

ependent 
the length and thickness. There is nothi 
principle to prevent having the breadth 
greater than the length, if desired: xampl 
in the case of plate 1 which corresponds to the 
plate “E” of Fig.1, we might regard the dimien 
sions parallel to the Y and X axes as the length 
and breadth, respectively. We would then place 
the-electrodes at the ends of the plate, instead 
of along the sides; so that the electric fields would 
be in directions parallel to the X axis. The plane 45 
of flexure would then be in the plane containing 
the Y and Z axes. Similarly, by placing the elec 
trodes so that the electric field is parallel to the 
Z axis, flexural vibrations; as produced by shear 
ing stresses, would take place in the.XY. plane. :159 
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Thus, from one Rochelle salt plate, we may ob 
tain three different fundamental frequencies of 
flexural vibration. In , each case, the particular 
frequency Will depend, according to formulae for 
flexural vibration, on the two dimensions of the 
plate. that are at right angles to the electric field, 
and On the value of Young's modulus in the di 
rection of the effective length of the plate. 
Where only one frequency is desired it may be 

foluid advisable, for economy, of material and 
also to Secure a greater field strength. With a given 
Supply voltage, to make the breadth of the plate, 
that is, the dimension parallel to Y in Fig. 2, 
even less than the thickness. This applies to all 
of the types of flexural vibrator described be 
loW. - 

In the foregoing, consideration has been given 
to the use of plate “E” of Fig. for producing 
flexural vibrations by shearing stresses. The oth 
er plates shown in Fig.1 may also be utilized for 
the production of flexural vibrations in a similar 
nanner. For example, for plate 'F', the elec 
trodes would be placed so as to cause the electric 
field to be parallel to the X axis. 

Consideration will now be given to the use of 
shearing stresses in a Rochelle Salt plate for pro 
ducing flexural vibrations at frequencies which 
are overtones of the fundamental frequency. 
Fig. 6 is a plan view of a Rochelle salt crystal 
plate enployed in accordance with my invention 
for producing flexural overtone vibrations. Fig. 
7 is a side elevation of the crystal of Fig.6 show 
ing, in dotted lines, in an exaggerated manner, the 
deformation of the crystal plate, at a particular 
instant, due to shearing stresses. 

Referring to Fig. 6, the plate 10 is provided with 
pairs of electrodes 11-12, 13-14, 15-16, and 
17-18. In the embodiment shown, the electrodes 
11, 14, 15, and 18 are connected together and the 
electrodes. 2, 13, 16, and 17, are connected to 
gether in circuit with a source of energy 6. The 
source of energy 6 is any suitable means for sup 
plying Voltages to the electrodes just mentioned 
for producing alternating electric fields therebe 

Owing to the connections of the elec 
trodes, adjacent pairs of electrodes produce fields 
having different instantaneous directions. 
The nodes of vibration of the plate 10 are in 

dicated by the dotted lines 22, 23, 24, and 25. 
As in Fig. 3, the plate is supported by strips 7 
and 8 positioned transversely of the crystal at two 
of the nodes as 23 and 24. The electrodes posi 
tioned on either side of the plate. 10 are of a size 
such as to extend substantially from anti-node to 
anti-node. 

to excite the nth overtOne of the fundamental 
frequency, it has been found that, for best re 
sults, n-1-2 pairs of electrodes should be used, 
the connections with the source of energy being 
such that electric fields simultaneously produced 
by the adjacent pairs of electrodes on either side 
are of opposite direction. 
{wing to the electric fields between each pair 

of the electrodes, shearing stresses will be set up 
in each portion of the crystal plate 10 between 
each pair of electiodes whereby the crystal as a 
Winole will be deformed as exaggeratively depict 
ed for a particular instant by the dotted line 10b 
in Fig. 7. The deformation will take place in the 
opposite direction when the fields are reversed, 
Whereby the plate 10, under the influence of the 
alternating electric fields will be set into flexural 
Vibrations at a frequency which is an overtone of 
the fundamental flexural frequency. 

3 
Fleacuiral vibration in quarte crystals 

In accordance with my invention use is made 
of opposed electric fields applied to a quartz 
plate for producing shearing stresses for caus 
ing flexural vibrations in accordance with either 
of two equations, relating electrical fields With 
mechanical shears, which, for quartZ, may be 
Written thus: 

Yeace14E. 
Zac-rel4E2 

() 
(2) 

In the two foregoing equations, E1 and E2 repre 
sent electric fields parallel to the X and Y axes, 
respectively, and Yz and Zx are the shearing 
stresses about the X and Y axes, respectively, 
while e14 is a piezo-electric constant of quartz. 
In applying these equations I find it most con 
Venient to express the stresses in dyneS per Square 
centimeter and the other quantities in electro 
static units. 

In accordance With one embodiment of my 
System, I provide a quartz plate 40 having its 
length, breadth and thickness parallel to the Z, 
X, and Y axes, respectively, as shown in Fig. 8. 
TWO pairs of electrodes 41-42 and 43-44 are 
positioned as shown. The electrodes 42-44 are 
connected together, and the electrodes 41-43 are 
connected to the Source of energy 6. The Source 
of energy 6 supplies voltages for producing al 
ternating electric fields between the electrode 
pair 41-42 and the electrode pair 43-44, the field 
between the electrodes 41 and 42 being in a di 
rection opposite to the direction of the field pro 
duced between the electrodes 43 and 44. The plus 
and minus signs in Fig. 8 are indicative of the 1. 
relative polarities of the electrodes for a particul 
lar instant. The electric fields traversing the 
plate 40 in directions parallel to the X axis pro 
duce shearing stresses about the X axis, that is, 
in the YZ plane. Electric fields produced between 
the adjacent pairs of electrodes are in opposite 
directions so therefore the shearing stresses are 
also in corresponding directions. 

Fig. 9 is a side view in the YZ plane of plate 
40. Figs. 10, 11, and 12, are similar views of 
quartz plates having different orientations with 
respect to the crystallographic axes and which 
may be utilized in accordance with my invention. 
The dotted line 40b in Fig. 9 is exaggeratively 
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indicative of the deformation of the plate 40, at 125 
a particular instant, as caused by shearing 
stresses in the right and left hand halves of the 
plate produced by the electric fields of different 
directions between the electrode pairs 41-42 and 
43-44. 

In conformity with Equations (1) and (2), the 
method of flexural excitation of quartz plates is 
applicable to plates cut with any of the orienta 
tions shown in FigS. 9-i2, inclusive, when elec 
tric fields are applied in directions perpendicular 
to the plane of the paper. In each instance the 
shear takes place about the third axis perpen 
dicular to the paper, that is, the plane of the 
shear is in the plane of the paper. In accord 
ance with the principles of flexural vibration, the 
natural frequency of the plate will be decreased 
as the longest dimension of the plate is increased, 
and the shorter dimension of the plate is de 
Creased. Equation 1 applies to Figs. 9 and 10 
and Equation 2 applies to the Figs. 11 and 12. 
In eXperiments, a plate such as in Fig. 9 was 

employed, in which the dimensions parallel to 
the X, Y, and Z axes were 20 millimeters, 3 
millimeters, and 50 millimeters, respectively. 
Such a piezo-electric plate may be used as an os 
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Cillator as disclosed, in my Patent Number 
1,472,583, issued October 30, 1923. s 
Another method for producing flexural vibra 

tions by shearing stresses in quartz plates is 
based on the equation 

X-e11E2 - (3) 
Wherein E2 is the impressed electric field parallel 
to the Y axis, e11 is the appropriate piezo-electric 
constant, and Xy represents a shearing stress 
about the Z axis. in this instance the equation 
is the same that governs the vibrations com 
monly employed in the well-known Y-cut plates. 
However, according to my invention, I dispose 
the electrodes in a manner such as to cause flex 
ural Vibrations to be generated about the Z axis, 
that is, in the XY plane. This arrangement is 
illustrated in Fig. 13. 
In Fig. 13, a quartz plate 50 is provided having 

the length and thickness parallel to the Y and 
X axes. Electrodes 51 and 52 are positioned at 
opposite ends around rod 53 while an encircling 
band electrode 53 is centrally disposed around 
the plate 50. Electrodes 51 and 52 are connected 
together in circuit with the source of alternating 
voltage 6, which is also connected to the electrode 
53. In accordance with my invention, for the 
fundamental frequency of vibration, the plate 
should be so mounted that supports 7 and 8 come 
approximately 0.22 of the length from each end 
at the points 55 and 56 in Fig. 20. The nodes 
of vibration are located in these regions. 
When the source of energy 6 supplies voltages 

of the proper frequency to the electrodes, electric 
fields are set up traversing the rod 50 in direc 
tions extending from the electrode 53 to the elec 
trodes 51 and 52, or vice versa, depending upon 
the polarity of the electrodes. Oppositeshears 
are thereby produced in the rod 50 for producing 
flexural vibrations. The source of energy 6 sup 
plies alternating voltages preferably of a fre 
quency for producing resonant flexural vibrations 
of the fundamental frequency of the crystal rod 
50. In order to strengthen the electric field and 
to concentrate it most effectively it may be found 
advantageous to have electrodes 51 and 52 in 
the form of bands (later described in connection 
with Rochelle salt) 72 and 73 shown in Fig. 17 

, 50 

CO 

O 

and loosely encircling the crystal plate. 
In one experiment with quartz plates of the 

type indicated in Fig. 13, employed a plate hav 
ing dimensions of 0.24, 3.71, and 0.55 cm. in the 
X, Y, and Z axes, respectively. The electrodes 
were connected to a source of energy comprising 
a vacuum tube generator circuit of a frequency 
of 9200 cycles per second. The plate was ex 
cited to resonant flexural vibrations of the fun 
damental frequency. . . 
In another experiment, I utilized a quartz plate 

having X, Y, and Z, dimensions of 0.1 cm, 9.3 - 
cm, and 0.5 cm, respectively, which, as a master 
oscillator produced flexural vibrations at a fre 
quency of 3,000 cycles per second. This fre 
quency is believed to be, by far, the lowest fre 
quency yet produced in a quartz plate utilized as 
an oscillator. - 

Torsional vibrations in Rochelle salt crystals 
Torsional vibrations in Rochelle salt plates take 

place in accordance with the following three equa 
tions: . . . . . . 

Ye-e14E1 (4) 
2=e25E2 (5) 
2Ky=e36 E3 (6) 

These three equations are, of course, the same 

1977,169 
that express the stresses employed in the flexural 
vibrations with quartz described above. In Figs. 
"1-12 the plates are so cut and the electrodes SO 
disposed that the stresses set up in accordance 
with these equations produce, under the influence 
of alternating electric fields of the proper fre 
quency, flexural vibrations as previously de 
scribed. I shall now show how, by a different 
arrangement of electrodes, the same shearing 
stresses may be caused to set up torsional vibra 
tions. It is, of course, assumed that the applied 
Voltages shall in each case be of a frequency 
Substantially equal to the natural frequency of 
torsional vibration of the crystal plate. In the 
foregoing three equations E1, E2, and E3 repre 
sent impressed electric fields parallel to the X, 
Y, and Z axes...respectively, e14, e25, and e36, are the 
three piezo-electric constants, and Yz, Zx, and Xy 
are shearing stresses about the X, Y, and Z axes 
respectively. The plate is preferably in the 
form of a rod with its length parallel to one of the 
crystal axes. The cross-section may be circular, 
Square, or of other... convenient shape. In the 
present description the cross-sectional form is, 
for; convenience, assumed to be rectangular. 

Torsional vibrations in quarte crystals 
Consideration will now be given to producing 

torsional vibrations in quartz crystals by means 
of shearing stresses in accordance with my inven 
tion. To obtain torsional vibrations about the 
X or Y axes the quartz plate is orientated and the 
electrodes disposed so as to conform to Equations 
(i) and . (2), respectively. For producing tor 
Sional Vibrations about the Z axis, conditions must 
prevail in accordance with Equation (3). As ex 
plained above in connection with torsional vibra 
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tions in Rochelle salt, so also in the case of quartz 
it is true that the same shearing stresses that pro 
duce flexual vibrations can, with proper orien 
tation of the crystal plate, disposition of elec 
trodes, and choice of frequency, be made to pro 
duce torsional vibrations as well. The arrange 
ment based on Equation (3) will be considered 
first. 
A quartz crystal plate 80, Figs. 15 and 16, is 

provided having length, breadth, and thickness 
parallel to the Z, X, and Y axes, respectively. The 
two pairs of electrodes 81-82, and 83-84, are 
provided as shown on opposite sides of the plate 80 
and are connected to the source of energy 6 for 
producing electric fields which, in Fig. 15 Will be 
perpendicular to the plane of the paper but al 
Ways in opposite directions. The field parallel to 
the Y axis produces a shearing stress about the 
Z axis. Fig. i7 represents the resulting deforma 
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tion of a rectangular section of plate 80 into the 
dotted parallelogram. Such a deformation will 
take place for both right hand, and left hand 
halves of the crystal but in opposite directions due 
to the different directions of the electric fields. 
It follows, then, that the plate 80, is subjected to 
a twisting moment about the Z axis. The source 
of energy 6 supplies alternating voltages of a fre 
quency proper for producing resonant torsional 
vibrations in the plate 80. The plate may then be 
used as a resonator or oscillator. This mode of 
vibration is especially useful and desirable for 
the production of extremely low frequencies of 
vibration. For producing low frequencies, the Z. 
dimension should be relatively large and the 
other dinnensions. Small. . . 
In order to produce torsional vibrations in 

quartz about the X or Y axes, in conformity with 
Equations (1) or (2), I dispose the electrodes as 

40 
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in Fig. 13. The quartz plate is so oriented that 
the electric field lies in the direction of that axis 
about which torsion is to take place, Which may 
be either the X or Y axis. 

It will be apparent from the foregoing that my 
invention provides means for producing torsional 
and flexural vibrations of low frequency in piezo 
electric bodies through the agency of shearing 
stresses. 
In practicing my invention, it is not essential 

that the quartz or Rochelle salt plates or bars 
be precisely oriented with respect to the crys 
tallographic axes. In general there will be a com 
ponent of electric field capable of producing the 
desired result even though the geometric axes of 
the plate depart somewhat from the crystallo 
graphic axes. Further, it is not essential that the 
cross-section be every Where the same. For ex 
ample, in order to secure still lower frequencies 
it is possible to load the plate or bar at each end, 
either by cutting it from the parent crystal with 
the ends relatively wide or thick, or by affixing 
a mass of metal or other suitable material at each 
end. 
One of the chief advantages to be derived from 

my invention resides in that vibrations of ex 
tremely low frequencies can be produced with 
great stability and precision. Any of the Crystal 
plates herein disclosed can be utilized as resona 
tors or oscillators in conjunction with appropriate 
electrical circuits. For example, the crystal plates 
can be incorporated in the electrical circuit dis 
closed in my Patent Number 1,472,583, as before 
stated. Although I have disclosed my invention 
in certain forms and modifications, I do not desire 
to be limited thereto except insofar as may be 
pointed out in the appended claims. 
What I claim as new and original and desire 

to secure by Letters Patent of the United States is: 
1. A piezo-electric System comprising a Rochelle 

salt plate having its length parallel to one of the 
crystallographic axes, a plurality of electrodes 
disposed upon opposite sides of Said plate and in 
planes parallel to said crystallographic axis and 
one of the other two crystallographic axes, a 
source of alternating voltage, connections between 
said electrodes and said source of voltage where 
by adjacent electrodes on either side of said plate 
are of different relative polarities for producing 
electric fields traversing said Rochelle Salt plate: 
in opposite directions to produce adjacently op 
posed shearing stresses in Said plate to cause the 
same to vibrate flexurally, Said electrodes being 
of a configuration Such as to extend approxi 
mately from anti-node to anti-node of the vibra 
tion. 

5 
2. In a piezo-electric system, a Rochelle salt 

plate, and means for causing Said plate to vibrate 
at the nth harmonic of the fundamental fre 
quency of flexural vibration comprising, n--2 
pairs of electrodes, each of Said pairs coimprising 
electrodes disposed on opposite sides of Said plate, 
and means for energizing said electrodes to pro 
duce alternating electric fields traversing Said 
piezo-electric element, adjacent electrodes on 
either side of said piezo-electric element being 
of opposite instantaneous polarity. 

3. A piezo-electric System comprising, an elon 
gated piezo-electric element the major dimension 
of which is in a direction substantially perpen 
dicular to the optical and electrical axes thereof, 
means for producing an electric field traversing 
Said element alternately from the central portion 
thereof towards both ends and from the ends 
thereof towards the central portion in directions 
substantially parallel to the direction of said 95 
major dimension for setting up opposite shearing 
stresses in said element to cause the same to 
vibrate. 

4. A piezo-electric system comprising, a rec 
tangular piate of Rochelle salt having its dimen- 00 
sions parallel to the three crystal axes respec 
tively, pairs of electrodes operatively related to 
said plate to cause said plate to flexurally vibrate 
in a particular plane and at a particular pre 
determined frequency, and means including Said 
electrodes to produce opposing alternating electric 
fields traversing said plate in directions per 
pendicular to said plane of ilexural vibration. 

5. A piezo-electric System comprising, a rec 
tangular plate of Rochelle Salt having its dimen 
Sions parallel to the three crystal axes respec 
tively, two pairs of electrodes operatively related 
to said plate to cause said plate to vibrate flex 
urally in a particular plane and at a particular 
predetermined frequency, and means including 
said electrodes to produce opposing alternating 
electric fields traversiing Said piate in directions 
perpendicular to said plane of flexual vibrations. 

6. A piezo-electric Systern comprising, a quartz, 
plate and means including electrodes positioned i20 
On either side of Said plate for simultaneously 
producing alternating electric fields traversing 
one of the Smaller dimensions of Said plate for 
producing opposing shearing stresses in Said plate 
to cause the same to fiexurally vibrate in a plane .33 
at right angles to a line drawn between the cen 
ters of Said electrodes. 
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