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My invention pertains in general to piezo-
electricity and specifically relates to means for
producing vibrations in piezo-electric bodies by
shearing stresses. R

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
low frequencies. :

A further object: comprises providing an elec-
trical system including a piezo-electric element
having pairs of electrodes for producingelectric
fields traversing the piezo-electric element in op-

‘posite directions to produce shearing stresses for

causing piezo-electric vibrations in predetérmined
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 employed therewith, in one embodiment of
my invention; i

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

Fig. 4 is a representation corresponding to Fig.
2 but showing a different arrangement of the
electrical circuit; o
_ Pig, 5 is a theoretical representation of the
deformation of a crystal plate in.accordance with
my invention; S

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; - s v ; .

Fig. 8 is-a schemalic 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

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 bpiezo-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 7¢ and 7b of the plate.

the. crystal.

posed of quartz, Rechelle salt or some other
material, and on the orientation of the crystal
with respect to the crystallographic axes, and
on the dimensions of the crystal.

The modes of vibrations produced by shearing
stresses in piezo-eleciric bodies in accordance
with my invention are of two general types, viz.,
flexural vibrations and forsional 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 vibratiorns-in Rochelle .

salt crystals and quartz crystals.

Flezural vibrations in Rochelle salt crystals. - -

Referring to the drawings, Fig. 1 is a perepec-'
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
¢, axes in the terminology commonly employed by
crystallographers. Plates A and B are

" Simi-
larly, the-plates C and D are Y-cut, and. the
plates B and F .are Z-cut. Such nomenclature:is
in accordance with accepted usage.

Heretofore in the art it has heen 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. - Tn accordance
with my system for producing flexural vibrations,
the electric' field for any.given crystal plate is
applied in a direction parallel to the oreadth of
the plate.

Fig. 2 illustrates how a paltlcular cne 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-cut: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 strlps N
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 lines 7a¢ 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 cpposite 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, very thin
conducting electrodes may be-applied directly to
It will be understcod ‘that these
electrodes, together with the supporting strips 7
and 8; are mechanically mounted in any suitable
housing structure, which, for -the sake of- s1m»
plicity, is not shown in the drawings.

In Fig, 2, the electrodes 2 and 5-are connected

1,977,169

~directions,”

" {rodes 4 and 5 are interconnected. This form of
connection will.also produce fields of opposite di-
" rections between the electrode pairs when alter-

X-cut 4
plates, since .they are-in the form of plates or
- flat slabs cut perpendicular to the X-axis.

the Y and Z axes.

,tovether and electrodes 3 and 4 are connected

together in circuit with a source of energy 6 for
supplying alternating voltages across electrode
pa’ts 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 cpposite in-
stantaneous polarity and that, therefore, the
fields produced between the pairs of electrodes
2—4. and 3—5 respectlvely wi opposrte

80

Fig, 4 1llusrrates an alternaﬁve method of con~
riecting the electrodes 2—4 and 3—b. It will be
seen that the. electrodes 2 and 3 are connected
with the source of energy:6 and that the elec-
90

nating'voltages are-supplied from the -source of
energy 6. - The plus and minus signs in Figs. 2
arnd 4 are indicative of the relation of the polarlty
of the electrodes for a. parmcular instant,- a
Fig. 5 is an exaggerated repxesentatmn o A,f,he
-defor'natmn of plaue 1 due to shearmg

95

S '5100

f" 105

gram conﬁgm etxon -as’; shown, whlle the
half, under infiuence- of. an electrrc ﬁeld P}
oppomte dxrectlon will be- deformea by sh
stresses into a parallelogram conﬁguramo
opposite direction.. When the fields are |
in dlrecmon the “R” and “1J%. halves
1 will be deformed by, shearlng stl,es 5
poclte chrecnon as shown by the d Ot

1110

posed shearnng stresses w1ll be se
1. whereby: the pla’ce will be . set.
brations. Thé representation of T
sponds to that of Fig. 3,.the.plate 1 belng' 0]
as an elevatlon in the XZ. plane. and the electrle
fields bemg applled in d1rect10ns pe
to the pape1

125

plate 1. are. of the nature of \pure shears Ai;
resulting flexural vibrations are determmed as
to. frequency by.-the-elasticity of. compressmn 6t
the piezo-electric material. ]
It will be noted. in. Fig. 1, that the platee } ‘150
have. lengths approxxmately twice  the bre,adth
Wh1ch T found, in plact ce, to be a convement -

frequency of the vrbrauon is dependen oily’” on
the length and. thlcknese There ‘is nothmg i
prineciple to . prevent hav1n° ‘the breadth oven
greaterthan the length, if desired!” -For example
in the:case of plate 1 ‘which" correSponds tothe
plate “E7 of Fig. 1, we might régard the ‘difrie 7-.1-40
sions parallel to the Y and X axes as the - lengs,h
and ‘breadth, respectwely We would ‘then place
the-electrodes at-the ends’of the plate,: ikistesd
of ‘alohg the'sides; so that'theselectiic fields would
be in directions parallel to the X axis. Theplane 145
of flexure would then be-in the -plans-contalning

Similatly, by placiiig theselec=

trodes so that the: electric field-is parallel to:the

Z-axis, flexural vibrations; as.produced by sheéar-

ing stresses, would-take place: in the.XY. plane:yxg

135
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“Thus, from one Rochelle salt plate, we may ob-
Jain three different fundamental frequencies of

flexural vibration. In.each case, the particular
frequency will depend, according to formule for

fexural 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
found 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 lass than the thickness. This applies to all
of the types of flexural.vibrator described he-
low. :
In the foregoing, consideration has been given
to the use of plate “E” of Fig. 1 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
manner. - 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 employed in accordance with my invention
for producing flexural overtone vibrations. Fig:
7183 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

35 instant, due to shearing stresses.

~Referring to Fig. 6, the plate 10 is.provided with
pairs of -elegtrodes 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
clectrodes 12, 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-
tween. Owing to the connections of the elec-
trodes, adjacent pairs of electrodes produce fields
having different instantaneous directions.

« Fhe nodes of vibration of the plate 10'are in-
dicated by the dofted 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, 1t has been found that; for best re-
sults, 742 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 siae
are of opposite direction. .

Owing t0 the electric fields between each pair

" of the electiodes, shearing stresses will be set up

in each portion of the crystal plate 10 between
each pair of electrodes whereby the crystal as a
widle will be deformed as exaggeratively depict-
ed for a partictlar instant by the dotted line 10b
in' Fig. 7., The deformation will take place in the
oppesite. direction: when the fields are reversed,
whereby the plate 16, 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

Flexural vibration in quartz 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:

¢
2)

In the two foregoing equations, Er and Ez repre-

Ye=—enkE 1
Zz—=-e14E>

‘sent electric fields parallel to the X and Y axes,

respectively, and Y. and Z: are the shearing
stresses about the X and Y axes, respectively,
while ei4 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
relative polarities of the electrodes for a particu-
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
indicative of the deformation of the plate 40, at
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. 9-12, inclusive, when elec-
tric fields are applied in directions perpendicular
tothe 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
asthe.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 Octoher 30, 1923.

Another method for producing flexural Vlbra,-
tions by shearing stresses in quartz plates is
based on the equatlon

. XyzenEz »(35

wherein Hs is the 1mpressnd electric field pa,rallel
to the Y axis, en 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 eniployed 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 axlis,
that is, in the XY plane. This arrange_ment s
illustrated in ¥ig. 13. )

Ih Fig. 13, a quartz plate 50 is provided’ having
the length and thickness parallel to the Y and
X axes. Eleciredes 51 and 52 are positioned at
opposite ends around rod 53 while sn encircling
band electrode 53 is centrally disposed around
the plate 59. Electrodes 51 dnhd 52 are connected
together in circuit with the scurce of alternating
voltage 6, which is also connectéd t0 the electrode
53. 'In accordancé 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 cach end
at the points 55 and 56 in  Fig. 20. .The nodes
of vibration are located in these regions. ’

“When the source of energy § subpplies voltaves

- of the p1 oper frequency to the electrodes, electric

fields are set up traversing the rod 50 in direc-
tions extending from the electrode.53 to the elae-~
trodes 51 and 52, or vice versa, depending upon
the pelarity of the electrodes. Opposite shears

are thereby produced in the rod 50 for producing -

flexural vibrations. The source of energy 6 sup-
plies alternafmsr 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 connéction
-with Rochelle salt) 72 and 73 shown in Fig. 11

and loosely encircling the crystal plate,

In one experiment with quartz plates of the
type indicated in Fig. 13, I 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 connecied to a source of energy combprising
a vacuum tube generator circuit of & frequency
of 9200 cycles per second.  The plate was_ ex-
cited to resgnant flexural vibrations of the fun-
da,mental frequency.

‘In another experime nt T utilized a quart7 plate
having X, Y, and Z, dimensions of 0.1 cm, 9.3
cm, and 0.5 cm, respectively, which, asa 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 qu'utz plate uuhzed a8
an oscillator, .

Torswnal vibrations 'in Rochelle salt 'crystals
" Torsional vibrations in Roc helle salt plates take

place in accordance with the followmg three equa-
) tlo*ls N .
Ye—euE1 (4)°
Zz=ezxsE2  (B)
2§y=€36E3 (6)

-y
L

These three equations are, of: course; the:same

-quency,

‘used, ag a resonator or oscillator.

1,977,169

that express the strésses 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-.
: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 Ei, Es, and Es repre-
sent impressed electric fields parallel to the X,
Y, and- Z axes:respectively, eis, e2s, and ess, are the

-~ three: piezo-zlectric constants, and Yz, Zz, and Xy

are shearing stlesses about the. X, Y, and Z axes
respectively.:- The plate is preferably. in  the
form of & rod with its length parallel to one of the
crystal axes.. ‘The cross-section may be circular,
cquare, or: of other . convenient shape. In‘the
present description the cross-sectional form is,
for:convenience; assumed to be rectangular.

. Torsional vibrations in quartz 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
elactrodss dispossd so-as to conform to Equations
(1) 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-

80
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95

100

105

110

tions in Rochelle salt, so also in the case of quartz

it'is true that the same shearing stresses that pro-
duce flexural vibrations can, with proper orien-

. tation of " the-crystal plate, disposition ‘of elec-

trodes; and choice of frequency, be made to pro-
duge- torsional vibrations as well. The arrange-
ment based” on Equatmn (3) will be considered
first: :

‘A quartz crystal plate 80, Figs. 15 and 16, is
provided Hhaving 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. 17 represents the resulting deforma-

115

120

125

130

tion of ‘& 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 1

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 socurce

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
This mode of
vibration is especially useful and desirable.for
the production of extremely low frequencies of

140 -

vibration: - For 'producmg low frequencies; the Z ,.

dimension should" be relatlvely large and- the
other dimensions small,
" "In-order to produce torswnal vibrations in

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

B
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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 everywhere the same.. For ex-
ample, in order to secure still lower frequencies
it is possible to load the plate or bar at each end,
eifher 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 limifted 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 Statesis:

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, conhections 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
bairs of electrodes, each of said pairs comprising
electrodes disposed on oppesite sides of said plate,
and means for energizing said electrodes to pro-
duce alternating electric fields traversing said
pieze-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 prodiicing 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 €5
major dimension for setting up opposite shearing
stresses in. said element to cause-the same o
vibrate. :

4. A piezo-electric system comprising, a rec-
tangular piate of Rochelle salt having its dimen-
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 g particular plane and at a particular pre-
determined frequency, and means including said
electrodes to prodice opposing alternating electric
fields traversing -said plate in directions per-
pendicular to said plane of Hexural-vibration.

5. A piezc-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
predetermitied frequency and means including
said electrodes to produce cpposing alternating.
electric fields traversing said plate in directions
perpendicular to said plane of flexual vibrations.

6. A piezo-electric system comprising; a quartz
plate and means including electrodes positioned 13G
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 flexurally vibrate in a plane 138
at right angles to a line drawn between the cen-
ters of said electrodes. '
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