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6 Clalms

My mventlon pertams in general 1o p1ezo-

o electricity and spec1ﬁca11y relates to means for

15

- producing vibrations in piezo-electric bod1es by .

- . shearing stresses.

~ causing piezo-electric vibrations in predetermined

- modes such as flexural or torsional vibrations. -

20

T accomphsh these and other des1rable chects

in a novel piezo-electric system having means for |
causing shearing stresses in a piezo- electnc ele-
ment to produce vibrations therein.

In the drawmgs which accompany 'and fcrm a

” 'part of this'specification and in which like refer-

e

ence numerals desxgnate correspondmg parts

throughout
 Pig.1lis a perspectlve view of several crystal |
: _plates showing their orientation with respect to

. the erystallographic axes of the natural crystal;

30

Fig. 2 is a schematic plan view of a Rochelle
.salt crystal plate, together with an electrical cir-
cuit employed therethh m one embodnnent of'

'my 1nvent1on

-85

Fig, 3is a side elevation of the representatmn

- of Fig.2; |
Fig. 4is a representatmn correspondmg to F1g
2 but shcwmg a d1fferent arrangement of the

electrlcal cireuit;

- 40 my invention;
. Fig. 6 is.a schematm plan vxew of a Rochelle_
- .salt crystal plate and circuit employed thereWJ.th )

for producing overtone. frequencles

o 45 Fig. 7 is a rude elevatmn of the repreSentatlon“

Pig. 5 is a thecretical representat1on of the |

: deformatmn of a crystal plate in. accordance w1th
- . _"Rochelle salt crystals and quarvz - crystals for

- pr oducmg predetermined modes of vibrations
It will be underetood 0f course, that
~although I. illustrate my invention in connection
with Rochelle salt crystals and quartz crystals,
other p1ezo -electric bodies having like charac-

* of Fig. 6;

50

'mventmn - _ _
- Fig. 9is a schematic elevatmn of the represen- |

- tation of Fig. 8 showing the deformatwn of a__'_"'-'V1brat1on of a particular crystal with reference

‘Fig. 8. is a schematlc plan vrew cf a quartz.

'crystal and- circuit employed: therewith for pro- ~scription, that the source of energy for supply- -

~ing voltages to-excite the crystals is adjusted so
- that the frequency of the applied alternating

ducing ﬂexural mbratmns m accordance W1th my

| _-crystal at a particular mstant

a ’55

determined modes.

‘therein.

( Cl 171---327)

crlentatmns of crystals that may be used in the
-system shown in Fig. 8; - | -
Fig. 13 is a schematlc representatlon of a
e  quartz crystal and circuit employed therewith in
‘One of the objects: of my 1nvent1on consu;os in"
promdmg an electrical system having a piezo-
electr1c body-set in vibration by shearmg stresses.-
"Another object consists in producing a plezo-*.'-
| electnc resonator adapted to v1brate at extremelyﬁ
__10 lcw frequencies. |
" A further object compnees prcv1d1ng an: elec—
trlcal 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 shearmg stresses for
_'Flg 18 showing the deformation of a transverse
section thereof in accordance- W1th the prmcmles'- |
'of my invention. .

My invention: is d.u'ected to prowdmg meane .
75

a further embod1ment of my invention;

- Fig. 14 is an end elevatlon of the crystal and.

electrodes of Fig. 13; S |
‘Fig. 15 is a plan view of a. quartz crystal and

~the electrodes employed therewith in one embodi-
ment of my invention for producmg torsmnal g

vibrations:
“Fig. 16'is g elde elevatlon of the cryetal of Flg

~Fig. 17 is an end elevatlon of the cry..}tal of

for producing shearing stresses in a piezo- electrlc

body for setting up vibrations therein in pre-
‘The use of such vibrations
-as produced accordlng 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

frequenmes even approaching those which I have

obtained in the systems of my 1nventlon it would

be necessary to provide very large piezo-electric
~elements as compared with the size of those which
1 employ. It will'be easily understcod that use

of large piezo-electric elements, ef-'peclally of
quartz and Rcchelle salt crystals is undesirable

60

65

‘18 together with the electrlcal c1rcu1t employed |
~therewith:; and. |

0

80
85

90

and prch1b1t1ve owmg tc thelr hlgh cost and easy -

| 'breakage

- In the p*'esent speclﬁcatmn bt wﬂl dlsclose hcw '

shearmg stresses may be produced in. both

'ter1st1cs may be snmlarly employed. Fur ther, it
~is'to be understood, throughout the followmg de-

voltage is- equal to the natural frequency of

frequency is, of course, dependent upon the ma-~

-ter1a1 of the crystal that 1s whether 1t is com-

106 -

105

~ to the desired mode of vibration.. This natural =
Figs. 10-12 are schematic representatmns cor-

responmngr to F1g 9 but mchcatmg dlﬁerent_'

110
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30

the X, Y, and Z axes of a natural crystal.
three axes here referred to as the X, Y, and Z
axes are the same, respeotwely, as the ¢, b, and
¢, axes in the termmology commonly. employed by. .
X-cut
- plates, since they. are-in the form of pletes or .
- flat slabs cut perpendicular to the X axis.
"~ larly, the plates C and D are Y-cut, and the
plates B and F.are Z-cut. Such nomeneleture is
‘in accordance with accepted usage. S

on the dlmensmne of the crystal.

" The modes of vibrations produced by sheelmg-
- stresses in piezo-electiric bodles in accordance

with my invention are oi twWo gener al types, viz.,
flexural vibrations and tersional vibrations. For

 simplicity - of exposition, consideration. will  be
~ 10- given,. in the order named, to the produotlon of -

© flexural vibrations by shearing stresses in Ro- -
. chelle salt crystals and quartz crystals, and the.
- production of torsional vibrations in Rochelle

selt crystele and quartz oryste,l:;
FZe_a:_umZ eibmtioﬂe in Roohelle_,sql_t_oz‘yetoi-_s_.i.‘;;_. L

- Referring to the drawings, FlglLsa perepeo-{-
tive representation of several crysstal plates of -

different orientations showing the relation to
The

erysteﬂoelephere Pleﬁ‘es A and B are

- Simi-

Heretofore in .the art it has heen. ouetomery

" in the case of X-cut, Y-cut, and. z-cut plates, to

. apply the eleotrio_.ﬁeld in e,.direetiorizpere,llel';to

38

40 plates shown in Fig. 1. may be utilized in accord-
“ance with the principles of my invention for
‘With 'respect to
orientation, the plate 1 in Fig. 2 will be: consid-

: '_'.-ered as corresponding to plate “E” of Fig. 1.
4ph

38

55

~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 - dir eotlo:n perellel to the oreedth of :

the plate.
g, 2 illustrates how & peltlouler one of the

producing flexural vibrations.

Plate 1 is therefore a Rochelle salt Z-cut: plate
having the length and breadth in - the. XY plene
and the thickness in the Z plane. Fig. 5 is a

- side elevation of the ple.te 1 of Flg 2 tekm in

the X7Z plane.
Referrmg 1o Flb

porting the plete 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--
~ have. lengths eppromma,tely tw:toe the bre,adth

 ously we may use for 7 and 8 two narrow strips
of any suitable solid material extending across

607

- to0 the Y axis.

- the breadth of the crystal plate. _
- Fig. 2, there:are provided electrodes 2, 4 and
35 5 dlepoeed upon copposite sides of plate 1 as
o The pairs of electrodes 2—4 and 3—5 U
- are-centered at the nodes Ta and 7b of the plate.
' 1, respectively, for nroducing electric fields. in

- shown.

the. crystal.

~Referring to

directions parallel-to the breadth of the plate 1 -
‘in.the mste,noe under consideration, and patallel
The electrodes 2—4 and 3—5 are

- out actually touching it. - If prererred very-thin
SR oonduotmg electrodes may be-applied d1reot1y to -
It will be understood that these
of- ﬂexure would thf.-‘:‘l be-in the. plene containing

- -g-'eleotrodes together with the supporting. strips 7

| " and 8, are mechanically mounted in any sultable
" housing structure, which, for the sake of-sim-=

o pllolty, is not shown in the drawings.

U ~In Fig. 2, the electrodes 2 a,nd 5 are conneoted.

3, tWo trlengular strlps 7
and 8 are provided having their thin edges sup-

the Y and Z axes.

,-toﬂether and eleotrodes 3 and 4 are connected
together in circuit with a source of energy 6 for

. ' . . L. ak h
. . TAEI a0 -;* - e R o o "I.'J ' o4 J 'i'.-hfit
, . _ o L':'_-::', In;-. ‘ .I|_ . - ;: .:. w - _;-:_ _5_* 'i:-. . -:'i- - r.: an oL r 1-.-_;_‘_ rh -1-,!_ o E" _
- .I." _-. _:‘ "_r .I'. -'l'_. ?l\.: - d v _..r‘..l 'r' S m - I:. d‘ q.'-t . f . R "‘l .-\-" . ;'.' ':.n.- -I:,I i.-_.T ." -Il“‘. r h f’ . ’
. . ] . . T . .

- posed of quertz Rouhelle selt or some otherj'
“material, and on the orientation of the orystel_*
~with respect to the orysuellogmphlo exee end |

supplying alfernating .voltages across electrode

pa’rs 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-

380

stantaneous polarity and that, therefore, the

fields produced between the pairs of electrodes

2—4 and . 3—5 respeotlvely, Wlll be m oppoelte
-_ dzrec’rlons . |

'-I-

Pig. 4 111ustre,tes an elterne’rwe method of con~

_neetmg 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-
" {rodes'4 and:5 are interconnected. This form of.
. connection will.also produce fields of opposite di-
" rections between the electrode pairs when alfer-
“nating voltages ‘are supplied from the source of
energy 6. The plus and minus signs in Higs, 2

and 4 sre indicative of the relation of the pole,rrty

_of the eleotrodee for a pertlouler instant,. ..

99

95

F1g 5. is an exeggerated replesentetzon of the -

2:and. 4. .

ieft half, under mﬁuenoe of the ﬁeld pro-
tLOH

gram:. oonﬁgu

in-direction,. the “R” and “L’’. halves. of. the plete

1 Wﬂl be . deformed by shearmg etressee m en op—
posite direction as show-n by.the dotted me per-r
_ellelocframs in. Fig. 5. Under 1nﬂuence of altel
nating electric. ﬁelds of opposz.te dlreotlons op-—'
_.Dosed sheermg stresses Wlll be. eet up 111 {he. plete--
1. Whereby the plate Wlll be .set 1ntd ﬂexura’[ Vfl- |
‘brations.
-Sponds to that of Flig. 3,.the. plate -1 bemg ehown
 as an elevation in the X"’ ‘plane .and the eIeotrlo |
fields bemg apphed 111 dlreetlons perpendwuler
to the paper. . -. .
_Although . the 1n1t1e1 stresses produoed 111 the;
the-
_1eeult1ng flexural Vlbretmne are determmed as
1o flequeooy by the -elasticity of . oomprees:ron of |
the piezo-electric meterml 8 |

It will be noted in Fig. 1, thet the. Dlﬂtea ‘ShGWH -*fj;gg

The representatlon of Flg 5 oorre-

plete 1. are. of the neture of pure shears,

which I found in practice, to be ! oonvemeot'
Tatio. .
the plate is a. ma tter of no ooneequenoe as’ the'
frequency of the Vlbretlon is . dependent omy on

However the. exaot Ve,lue of b1 eadth of

the length end thlolmess There 1s nothmg 111

......

--defor'ne,tlon of plate.1 due .to shearing stresses o
‘as produced in the circuit arrangements.of Figs.
For purpsses of . ﬂlustretron the pla,te;; 100
‘1,-in.Fig. 5, will be considered. as; comprising. two
'-'--_ha,lvef* de51gne.ted a8 “R” the. rlght half, and “L” -
'-du ced -between: the eleotrode pairs 3—>5. and. 94
'respe tlvely Under influence of an electrlc ﬁeld;
in one. dir eotlon the-“R” half. of the. plate 1. will
be deformed by shearmg stressee mto a perellelo~ o
as shown Whlle the. . N A
‘half, undel mﬁuenoe of . an. eleotrlo ﬁeld in'the
_oppoelte direction, ‘will be- deformeg by. sheermg
stresses into a perallelogram oonﬁguretlon of the- __
.oppomte d1reot on.; ‘When .the ﬁelds are. 1erersed'

105

10

125

£

greeter then the leng’th it deelred For exemple -

“in the case of plate 1 'which"corresponds to the
-plete “m-of Fig. 1, we: mlght regerd the ‘ditfvien- -
sions perellel to the Y and X axes as the- length:

. mounted as closely as possible to the crystal with- “and ‘breadth, res;pe:::t:o‘fely,r We would ‘then place

140

the electroedes at the ends’of :the plate,: ikistesd.

of along thesides; so thatthe: eleotrlo ﬁeldf* would

be in directions parallel to the X axis. The plane I e

‘Similarly, by placing theelec=
-trodes so that the: eleotrlo field is parallel fo:the:
Z: axis, flexural wbretmns ‘as produced-by shear-

'mg stresses would teke plece m the.XY plane 150
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o Thus, from one. Rochelle salt plate we may ob-

~.tain three different fundamental frequencies of

A I

flexural vibration. In .each case, the particular
Irequency will depend, according to formule 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-
_:.1 ect cn of the effective length of the plate. . =
~“Where only one frequency is desn:'ed it may be
fouud advisable, for economy. of material and @ =
.also to securea greeter 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.

~of the types of ﬂex_ulal v:tbrator descrlbed be-
-- "_.low |

This applies to: ell

' ----to the use of plate “E” of Fig. 1 for producing

flexural vibrations by. sheo,rmg stresses.. The oth-

260 er plates. shown in Fig. 1 may also be utilized for

- menp er.

ducing flexural vibrations at frequencies which

are . overtooes of the fundementel frequency.

- Fig. 6 is a plen v"ow of a Rochelle salt crystal
en ple,te employed in accordance with my. invention

o ;_for producing flexural overtone w.bra,tlons
- 7.1s.3 side elevatlon of the crystal of Fig. 6 show-— -‘

- PFig;

| "_mg, in dotted lines, in an exaggerated manner, the

| deformemon of the crystal plate, at g partlcula,r

a5 metert due to. ehearmg stresses.

11, 14
4D

-__peus of - e_rectrodes 11—-12, 13—14,
'17-—-—18 In the en1bod1ment shown, the electrodes
15 eud 18 are. connected together and the
18, and 17, are. connected to-
-gether in circuit Wlth 2 source of energy 6. The -

'ereououes i2, 13

Refe= rmg to Fte‘ 6, the plate. 10 is prowded w1th

source of- enerﬂ'y 6.is o.,ny suitable means for sup-

plyrog voltages to the electrodes just mentioned
- for producing elterretmg electric ﬁelds therebe-

BB

60

 twreen.

the. connect tions with- the. source of energy being

such that eiectrlc fields. elmulta,neously produced

by the adjacent vairs of elecm odes on elther elae |
- O - .shear takes place about the third axis perpen-

~ are of opposite direction.

7o in Fig.

‘Owing to. the electric ﬁe’lds between each palr

- of the glect 1odes eheermg stresses will be set up
in eagh portron of the cryeta,l plete 10 between.-
- each pair of electrodes whereby the crystal as a
r—moTe will be deformeo as exeggeretwely depict-
ed _n,o'a a pe;! ticular instant by the dotted line 105
7. The dEJ.Ol‘I‘"L&tIOTl mll take plece in the
- opposite directlon when the fields are reversed,
- whereby the plate 18, under the. influence of the

alternating lectz ie ﬂelde uull be set mto ﬂexura,l

vrbrebloos at a T freqguency. which is an overtone of
toe fundemer bol ﬂexural Irequency |

ing flexural vibrations in accordance with either
-of two equations, relating electrical fields with
- mechanical shears, Wthh for quartz, may be

ﬁwrltten thus | o |

X, and Y axes, 1e5pect1vely, as shown in Flg 8

15—186, end'

Owing to the connections of the ‘elec~
trodes, adjacent pairs of electrodes produce fields
| he ving different instantaneous d1rectlons |
.. The nodes of vibration of the plate 10 are in-
. dicated by the dotted lines 22, 23, 24, and 25.
~As in Pig. 3, the plate is supported by strips 7
and 8 POsiti oned tre.,nevel sely of the crystal at two
of the. nodes as 23 e.nd 24, The electrodes POSi~
~ tioned on elther side of the. plate 10 are of a size -
‘such as to extend substentielly ‘From antl—node to
eotl—uode Sl | -
L To excite the nth overtone of the fundamentel’ .
rreouemy; 1. has been found that for best re-
“sults, nl-2 peue of electrodes .should. be used,

Fle:cuml mbmtzon in quartz crystals
In accordance Wlth my mventlon use is made

of opposed electric fields applied to a quartz

plate for producing shearing stresses for caus- 20

Yz___emEl (1)
Z$—814E2 : (2)

In the two foregomg equetlons E1 and Egz repre-

85

sent electric fields parallel to the X and Y axes,

1espect1ve1y, and Y: and Zx are the soeelmg |

stresses about the X and Y. axes, respectively, 90

| | ~ while ¢ iezo-electric' constant of quartz.
“In the foreeomg, conmderetwn has been glven :'-Wh 14 15 & plezo-electric ¢ q -

In e,pplymg these equations I find it most con-

venient to express the stresses in dynes per square
‘centimeter and the other quentltles in electro-

- sta ic umts
the productlon of ﬂexural vibrations in a. similar b

For exemple for plate “F”, the elec-

. trodes would be placed so as to. cause the electrlc |
~field: to be parallel to the Xaxis,

C Coz“lslderetlon will now.be given:to the use of |

shearing stresses in a Rochelle salt plate for pro-

05
In accordance mth one embodlment of my |

-_-system I provide a quartz plate 40 having 1135' '

length, breadth and thickness ‘parallel to the Z

Two pairs of electrodes 41—42 and 4344 ayre 100 .-

- 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 d1-__ B

rection opposite to the direction of the field pro-

duced between the electrodes 43 and 44. Theplus =~ -
and minus signs in Fig. 8 are indicative of the 110

- relative polemtles of the electrodes for a particu-

lar instant. The electrlc fields traversing the
plate 40 in directions parallel to the X axis pro-
duce s‘lea,rmg stresses about the X axis, that is,
in the YZ plane. Electric fields produced between 115

the adjacent pairs of electrodes are in opposzte- |

_'_dzrectlons so therefore the shearing str esses are

also in cor respondmg directions. |
‘Fig. 9 is a side view in the Y7 plane of plate -

40, Figs. 10, 11, and 12, are similar views  of 1290

quertz plates havmg dlffelent orientations with

-respect to the crystallographic axes and which

may be utilized in accordance with my invention.
The dotted lme 400 in Fig. 9 is exee‘geretwely

indicative of the deformation of the plate 40, at 125' '

aQ pa,rtlculer 1nstent as ceused by ehea,rmg

- stresses in the right and left hand halves of the

plate. produced by the electric fields of different

~ directions between the electrode pelrs 41—-—-42 and |
43—44, 150

“In conformlty Wlth Equetlons (1) and (2) the

method of flexural excitation of quartz plel,eo is -

‘applicable to plates cut with any of the orienta-
“tions shown in Figs. 9-12, inclusive, when elec-

tric fields are applled in dlI‘ECtlUIlS perpendicular

Jurmh
B
o

to the plane of the paper. In each instance the

“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 140
natural frequency of the plate will be decreased
as the.longest dimension of the plate isinecreased,

'_and the shorter dimension of the plate - is de-
creased. ‘Equation 1 applies to Figs. 9 and 10 o
and Equatlon 2 epplles to the Pigs. 11 and 12, '_1'-‘%"-’-; B

In experiments, a plate such as in Flg 9 was

“employed, in which the dimensions parallel to

the X, Y, and Z exes were 20 millimeters, 3"" -.
_mllhmeters

o __Such a plezo ~electric plote may. be used as an- 08~ 153

and 50 mllllrpeters respectively.

105
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10

.15
~ that is, in the Y pTane
20

| opp051te ends around rod

in - my Pa.tent Number

Another method for pr oduomg ﬂejmral v1bra-

tions by shearing stresses in- quartz plates is

beeed o1 the equetlon

Xy*_*l*ellEz (3) |

wherein Es is the 1mpressed electric ﬁeld para,llel'

to the Y axis, en is the appropriate piezo-electric

constant, and X;,r represents a shearing stress.
~about the Z axis.

- In this instance the equetmn
is - the same that governs the vibrations com-

~ monly employed in the well-known Y-cut pletes
- However, according to my invention, I dlSDOSE
the electrodes in a manner such as to cause f.lex- |

ural wbratlons to be generated a,bout the Z. ELXIS

1llustra ted in Fig. 13.

In Fig. 13, a quartz prate 50 1S pl owded hevmg_

the lencth ang thickness parallel to the Y. a,nd
X axes;

~ band eleobrode 53 is oenrra,lly dlSpO‘-'-’Ed arcund

95

~ the plate 50.
together in circuit with the scurce of alternating

Eleourodes 51 ano’t 52 are conne seted

voltage 6, Wthh is also oonnooted to the electrode

- 53. 'In accordancé with my invention, for the
fundamental freqaenoy o1c vibration, ‘the plate

- should be so mounted fh&b supports 7 e,nd Q CoIme

30

- of the proper frequency to the electrodes, electric

35

40

approximately 0.22 of the leng,th from each end
Tl::.e nodee |
| of vibration are looated in these Y eglona o

~at the points 55 and 56 in Fig. 20.

“When the source of energy § supplies voltaﬂ*es
fields are set up tr aversing the rod 50 in dlreo
tions eﬂteﬂdmg Il om the eleotrode 53 to the eleo

trodes 51 and 52 2, or vice versa, depending’ upon
the pﬁle,rlty of the eleot“odes

flexural vibral u1ons

 plies e,lterne ting voltages preferably of a fre-

45

20,

 _with Rochelle salt) 72 and 73 shown in Flg 17

‘and loosely encircling the orystel plate.
h quartz plates of the

" In one experlmem with
type mdloered in Fig. 13, I employed 2) plete hav-

ing. dlmensmos of 0.24, 3.71, and 0.55 cm. in the
The eleotrodes'
~were connecied to a source of energy comprising
‘a vacuum tube gener ator circuit of a frequency

X, 'Y, and Z axee,_feSpeo’flvely'

-~ of 9200 cycles per second.  The plate was. ex-

cited 1o resonant ﬂexural Vlbretlons of. the fun-

damental frequenoy

~ In another experiment I utlhzed a, Guartz plate
having X, Y, and Z, dimensions of 0.1 cm,

| ] 'osollle,tor produoed fiexural Vlbretlons at g :fre-

o -01.181’1{337 Of 3,000 CYG].QS DE!I’ S“COFd Th.lS fre-'_ .& thStlI'l moment bO'U.t the 7, ELXIS
- quéncy -is believed to be, by far, the. lowest fre- = S 2
quency yet produoed 111 3, qu'u tz pla,te uullzed e.,e'

an’ oeodlator

. =Y
-F_II

Torszonal ozbmimns i Roo?relle sa:lt crysmls

" Tor sion 2l v1b;.et1ons in Hoohelle sa,lt pla,tes t&ke |
N pleoe in aecordemee Wn,h the followmg three equa-
o "tlo*ls U

(4):. DR

Y?—BleEl ). - '-
Zz=exsEs (B)
XJ-__636E3 (6)

These three equatlons are of course the se,me

tions.

Thls arrengemeot 15

Electrodes 51 and 52 are pomtloned at
59 Woﬂe an enolrolmg'

“square, or: of other. convenient shape. “th
present description the cross-sectional form 1s,

‘Opposite shears |
“are thereby. piodoood 1598 t‘le 1od 50 for proouomg. |
The source of energy. 6 sup-

7 axis.

9.3 -
cm, and 0.5 cm, respectively, which, as a me,ster

1,977,169 |

that express the stresses employed in the flexural
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, |
scribed. :I.shall now show how, by a different
'alrengement of  electrodes, the same shearing

vibrations with quartz described above.

flexural - V1bratlons as previously

stresses may be caused to set up torsional vibra-

voltages shall in: each case ‘be of a frequency

. substantially -equal to the natural frequency of
-torsional vibration of the crystal plate.
foregoing: three -equations Ei, Fz, and Es repre-
sent impressed electric fields parallel to the X,
Y, and Z axes:-respectively, eis, e25, and ess, are the
- three: piezo-electric constants, and Yz, Zx, and Xy -
are shearing stresses about the X, Y, and Z axes
._re's"oeﬂt'ively '
form of a rod with its length parallel to one of the -

In the

-The plate is 'preferably in the

crystal axes.. ‘The cross-section may be circular,

for eonvemen“e aesumed to be rectangular

To? ezonal v*bmtzons m quarte crystals
CO*loldElEtIOn wﬂl now be gwen to producmg

uorelonal vibrations in quartz crystals by means

of shearing stresees in'accordance with my inven-

"tlon To obtam torsional vibrations about the

% or Y- axas the quertz plate is orientated and the
respectively. For producing tor-

prevail in accordance with Equation (3).

duce. flexural wbmtlons can, with proper orien-

tation of the’ erystal plate, disposition of elec-
quency for pr oducmg resonant flexural vibrations -

- of the fundameotelfreqoenoy of the olystel rod

ment be,sed on Equatlon (3) Wlll be oon31dered

'ﬁrnt

CA quartz eryste,l pla,te 80 F1gs 15 end 16 1s

parallel to the Z, X, and Y axes, respectively.

waysin oppomte directions.

to the difféerent directions of the eleotrlo fields.

It follows, then, that the plate 80, is subjected to
The scurce.
'of energy 6 supphes alterna,tmg voltages of a fre- -
- quency proper, for producmg resonant torsional
;_Vlbret:lons in the plate 80. ' The plate may then be -

U - This mode of
Vibratlon is espeolelly useful- and des1r&b1e for

used as a resonetor or oscillator.

1t is, of course, ‘assumed that the applied

80

de-

85
90

In the '

100

105

elactrodss d_le_poeed so-as to conform to Equations
(D) and (), |
sional vibrations-about the A axis, conditions must
AS ex-
] ple..med above in connection with torsional vibra-
tions in Rochelle salt, so also in the case of quartz
it is true that the same sheermg stresses that pro-

110

115

 trodes, and choice of frequency, be made to pro-

“duce torsi onal vibrations as well.
In order to strengthen the electric field and 1 rations W

to concentrate it most e“Ieotwely 1t may be found
- advantageous to have e1ectrodes 51 and 52 in

‘the form of bhands (later described in connéction provided having length, breadth, and thickness

The
- two pairs of ele trodes 81—82, and 83—84, are
provided as shown on opposite sides of the plate 80
- and are oonnected to the source of energy 6 for
‘producing ‘electric fields which, in Fig. 15 will be
-perpendleular to the plane of the paper but al-
~The field parallel to
the Y axis produces a shearing stress about the
- Fig. 17 represents the resulting deforma-
 tion of a rectangular: seotwn of plate 80 into the -
- dotted parallelogram. Such a deformation will-
take place for both r1ght hand and left hand
'halves of the crystal but in opp051te directions due

The arrange-

120

195

130

140

the production of extremely low frequencies of

‘vibration: - For producing ‘low frequencies, the Z
AU dimension should be reletwely large and the o
T other dimensions'small. - -~ | |

148

In order to prodice torsmnel Vlbretmns in.

-' quartz about: the X or Y axes, in conformity W1th'_
Equa,tlons (1) or (2), I d1spose the electrodes as

‘" o
J.L.,o- |
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- in Pig. 13. The quartz pIate is so erlented that
the electric field lies in the direction of that axis

about which torsion is to take Pplace, whlch may

- .be either the X or Y axis.

B electric bodles through the agency of shearing

It will be apparent from the foregomg that my

- invention provides means for producing torsional

and flexural vibrations of low frequency in piezo-

- stresses

w0
| that the quartz or Rochelle salt plates or bars

In practwmg my 1nvent1on 11; 1s not essential

 be precisely oriented with respect to the erys-

15

tallographic axes. In general there will be a com-

B ponent of eleciric 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..

- ample, in order to secure still lower frequencies

20

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
. amass of meta,l or other smt&ble materml a,t e&ch
"'__-..end S -
.25 One of the chief advantages te be derlved 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 cemunctlon 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

o stated. Although I-have dlsclosed my invention

- 35
. to be llmlted thereto except insofar as may be
S -pomted out in the a,ppended claims, =

. What I claim as new and orlglnal and de51re-f

in certain forms and modlﬁca,tmns T do not-desire

Iy . 'to secure by Letters Patent of the Umted States is:

R T1]

1. A pleze-eleetrm system comprising a Rochelle
salt plate having its length paralle]l to one of the
. crystallographic axes, a. plurality of electrodes
- disposed upon opposite sides of said. plate and in
'_'---.planes parallel to said crystallographm axis and
5 one-of the other two crystallographm axes, a -
~rsource of alternatmg 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 producmg
electric fields traversing said Rochelle salt plate
- in opposite directions to produce e,dJa,cently op~
‘posed shearing stresses in said plate to cause the
- same to vibrate flexurally, said electrodes bemg.f
of a conﬁguratlon such as to extend approxi- -
mately from antl-node to ant1-node of the vibra--
"tlon o

g0

-

.m -

%5 o

For ex-

5

9. In - plezo -electric system, a Rechelle salt

pla,te and means for causing said plate to vibrate

at the nth ha,rmemc of the fundamental fre- .

quency of ﬂexura]. vibration comprising, _n-|—2_

pairs of electrodes, each of said pairs comprising
electrodes disposed on opposite sides of said plate,

and means for energizing said electrodes to pPro-

30

duce a,ltemm_ng electric fields traversing said

- 3. A piezo eleetrze_sy.;uem comprising, an elon-

a direction substantially perpen-

thereof towards both ends end from the ends

- piezo~-electric -element, adjacent electrodes on
either side of said piezo-electric element bemg
__01 opposite instantaneous polarity. |

- gated 'piez*e-eleetr‘ie element the major dimension
of which is in a
dicular to the optical and electrical axes thereof,
‘means ior producing an electric field traversing
said element alternately from the central portion

60

thereof towards the central - portion in directions

substamzally parallel to the. dnectlen of said

ma.jor mmensmn for setting up opposite shearing

4, A p:f.ezo-elew iC system eompmemg, a, rec-—

tangular piate of Rochelle salt having its dimen-~
..siens parallel te the three crystal axes respec-
‘tively, pairs of electrodes operatively related to

said pla,ue to cause said plate to flexurally wbrate

in a particular plang and at a particular pre-

determined frequeney and means meludmg said

- electrodes to produce opposing alternating electric
fields traversing said plate

pendleular to said plane 0f ‘iexural vzbre,umn

5. A piezo-electric system comprising, o rec-
tangular plate of Rochelle salt having its dimen- &
-sions parallel to the three crystal axes respec- -
tively, two pairs of elecirodes
to said piate to cause said plaue to vibrate flex-
~urally ina particular plane and at a particular

predetermined frequency and means including

plate and means including electrodes positioned

stresses in said element to cause the same te _
,wbrate " S

100

W

in. directions per- - :

s operatively related -

115

said eleetredes to produce opposing alternating. -~
- electric fields traversing said plate in directions =
perpendicular to said plans ef flexual vibrations.
6. A piezo-electric system comprising; a quartz

190

on either side of said plate for simultaneously -

producing alternating elsctric fields traversing

one of the smaller dimensions: of smd piate for

producing opposing shearing stresses in said plate
to cause the same to flexurally vibrate in a plane L7
at right angles to a line drawn between the cen-

ters of sald eleetrodes
| | WALTER G C'ADY
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