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This invention relates to piezoelectric crystal 
apparatus and particularly to piezoelectric 
Rochelle salt or sodium potassium t-artrate type 
crystal elements suitable for use as circuit ele 
ments in electric wave ?lter systems and oscil 
lator systems, for example. I 
One of the objects of this invention is to pro 

vide a Rochelle salt type piezoelectric crystal 
element having one or more useful low frequency 
face shear type modes of motion that may be 
utilized either alone or simultaneously, without 
interference from other modes of motion therein. 
Another object of this invention is to provide 

a Rochelle salt crystal element having a plural 
ity of simultaneously useful and independently 
controlled face shear mode frequencies that may 
be substantially uncoupled with each other and 
relatively free from the e?fects of spurious or 
undesired frequencies. 
Another object of this invention is to provide 

Rochelle salt crystal elements of such an orien 
tation and dimensional ratio that the funda 
mental or ?rst shear face mode of motion there 
of and the second shear face mode of motion 

' thereof may be utilized separately or simultane 
ously. ‘ 

Another object of this invention is to reduce 
the number and the cost of vibratory crystals 
used in electric wave ?lter systems ‘and other 
wave transmission networks, and to take advan 
tage of the high piezoelectric activity and low 
cost of crystalline Rochelle salt. , 
Rochelle salt piezoelectric crystal elements 

generally may be excited in many different modes 
of motion such as, for example, extensional, or 
longitudinal modes of motion, ftexural modes 
of motion, and shear modes of motion. When 
‘crystal elements are to be ‘applied to ?lter sys 
tems, for example, it is generaly desirable tov 
have all of the undesired or extraneous modes 
of motion therein uncoupled with and consider 
ably higher, or lower, in frequency than the de 
sired main mode or modes of motion of the 
crystal element since otherwise the extraneous 
resonance frequencies therein may introduce un 
desirable frequencies or pass bands in the ?lter 
characteristic. :Accordingly, it is often desirable 
in ?lter systems tend elsewhere that the desired 
main mode or modes of motion of a crystal ele 
ment be substantially uncoupled to other modes 
of motion and independently controlled in order 
that such mode or modes of motion may be 
given any desired frequency values to obtain 
prescribed frequency characteristics. 
In accordance with this invention, wave ?lters 
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and other systems may comprise as a component 
element thereof, a piezoelectric crystal element 
of Rochelle salt which may be adapted to vibrate 
simultaneously in a plurality of substantially un 
coupled modes of motion in order to provide 
either separately or simultaneously a plurality 
of useful effective resonances which may be in 
dependently controlled and placed at predeter 
mined frequencies of nearly the same or of dif 
ferent values for use in an electric wave ?lter 
or elsewhere. - 
The crystal element may be a Rochelle salt 

crystal plate of suitable orientation with respect 
to the XtY and Z axes thereof, and of suitable 
dimensional proportions, and provided with a 
suitable electrode arrangement and connections 
for separately driving either, or simultaneously 
driving both, of two uncoupled or independent 
modes of motion therein and independently con- ' 
trolling the relative strengths of such reso 
nances. 

In particular'embodiments, the orientation of Q 
the crystal element may be that of an X-cut or 
a Y-cut or a Z-cut type Rochelle salt crystal 
plate having its major surfaces perpendicular to 

7 its X-axis or Y-axis or Z-axis thickness dimen 
sion, respectively. The width dimension of its 
major surfaces and the‘length dimension thereof 
may be of selected values in order to obtain 
therefrom, separately or simultaneously, either 
or both of two useful independently controlled 
resonant frequencies resulting from two inde 
pendently controlled face shear modes of mo 
tion, one particular set of which is described 
herein as the fundamental or ?rst shear face 
mode of motion and the other as the second 
shear face mode of motion. Both the ?rst 
and second shear face modes of motion referred 
to are in the major plane of the crystal element, 
and due to the crystal orientation and dimen 
sional ratio selected may be used alone or simul 

~ taneously. - 

45 

50 

Such Rochelle salt crystal elements when pro 
vided with suitable electrodes may be connected 
into a ?lter circuit in such a way that one of 
the resonances of each crystal element is effec 
tive in the line branch and another of the reso 
nances is effective in the diagonal branch of the 
lattice portion of the equivalent network there 
of, in order to obtain ?lter circuits using a single ' 
crystal which are electrically equivalent to cir 
cuits requiring two crystals, thereby reducing 
the number and cost of crystals therein. Such 
Rochelle salt crystal elements may be utilized, 
for example, in either balanced or unbalanced 
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?lter structures such as those disclosed, for ex 
ample, in W. P. .Mason U. S. Patent 2,271,870, 
granted February 3, 1942, on my application 
Serial No. 303,757, ?led November 10, 1939, (Case 
58) and in the H. J. McSkimin and R. A. Sykes 
U. S. Patent 2,277,709, granted March 31, 1942, 
on application Serial No. 369,694, ?led December 
12, 1940. ' 
By using two of such doubly resonant Rochelle 

salt crystal elements with or without tempera 
ture control, ?lter systems may be inexpensively 
constructed of frequencies down to as low‘as 16 
kilocycles per second. With the relatively lower 
values of frequency, there is less absolute shift 
in the pass band due to temperature change and 
therefore temperature control often is not need 
ed at the lower values of frequency and electric 
wave ?lters may be made using Rochelle salt 
crystal elements as the vibrating elements there~ 
of, with characteristics nearly as good as those 
obtained when using quartz crystal elements. 
However, due to the relatively high temperature 
frequency coefficient of Rochelle salt, it is often 
desirable to have temperature control to about 
1° or 2° C. to hold the pass bands to their required 
frequency. By the use of both wet and dry 
Rochelle salt material placed in the same enclos 
ing container, the Rochelle salt vibratory crystal 
may be preserved inde?nitely, or for a long pe 
riod of time without change in the characteristics 
thereof. _ 

For a clearer understanding of the'nature of 
this invention and the additional advantages, 
features and objects thereof, reference is made 
to the following description taken in connection 
with the accompanying drawings, in which like 
reference characters represent like or similar 
parts and in which: 

Figs. 1, 2 and 3 are respectively perspective 
views of X-cut,.Y-cut and Z-cut type piezoelec 
tric Rochelle salt type crystal elements in ac 
cordance with this invention, and illustrate par 
ticularly the orientation thereof with respect to 
the X, Y and Z axes of the Rochelle salt crystal 
material from ‘which the crystal elements may be 
cut; . . 

Figs. 4 to 8 are views illustrating types of elec 
trodes and connections therewith which may be 
utilized with any of the six Rochelle salt crys 
tal elements of Figs. 1, 2 and 3 to drive the crys 
tal element separately in either or simultaneous 
ly in both of two independently controlled face 
shear modes of motion, in order to obtain the de 
sired ?rst or second shear mode resonance fre 
quency or frequencies; 

Fig. 4 is a perspective view of an electrode ar 
rangement that may be used to drive any of the 
six piezoelectric crystal elements of Figs. 1, 2 and 
3 in the fundamental or first shear face mode of 
motion; 

Figs. 5 and 6 are perspective views of electrode 
arrangements that may be used to drive any of 
the six crystal elements of Figs. 1, 2 and 3 in the 

. first and second shear face modes of motion, si 
multaneously or separately. 

Fig. 7 is a schematic diagram illustrating an 
example of balanced filter connections that may 
be used in connection with the crystal electrodes 
of Fig. 5; 

Fig. 8 is a schematic diagram illustrating an 
example of unbalanced ?lter‘ connections that 
may be used in connection with the electrodes of 
the crystal element of Fig. 6; ~ 

Figs. 9, 10 and 11 are graphs showing the re 
lation between the width to length dimensional 
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2,309,467 
ratio and the first and second shear mode fre 
quencies of particular X-cut, Y-cut and Z-cut 
Rochelle salt crystal elements I, 2 and 3 illus 
trated in Figs. 1, 2 and 3, respectively. 

This speci?cation follows the conventional 
terminology as applied to crystalline Rochelle 
salt, which employs three orthogonal or mutu 
ally perpendicular a, b and c axes or X, Y and Z 
axes, respectively, as shown in the drawings, to 
designate an electric axis, a mechanical axis and 
an optic axis, respectively, of piezoelectric 
Rochelle salt or sodium potassium tartrate crys 
tal material, and which employs three orthogo 
nal axes X’, Y’ and Z’ to designate the directions 
of axes of a piezoelectric body angularly oriented 
with respectto such X, Y and Z axes thereof. 
Where the orientation is obtained in effect by a 
single rotation of the Rochelle salt crystal ele 
ment, the rotation being in effect substantially 
about the thin or thickness dimension axis X, Y 
or Z of the piezoelectric body as illustrated in 
Figs. 1, 2 and 3, respectively, the effective angu 
lar position of the length axis dimension L of 
the crystal plate is parallel or nearly parallel to 
one of the three X, Y and Z axes. The relation 
of the X, Y and Z axes to the outer faces of a 
grown Rochelle salt crystal body are illustrated 
in W. P. Mason U. S. Patent 2,178,146, dated Oc 
tober 31, 1939. Rochelle salt belongs to the 
rhombic hemihedral class of crystals and has 
three orthogonal or mutually perpendicular axes 
generally designated as the a, b and c axes or > 
X, Y and Z axes, respectively. ' 

Referring to the drawings, Figs. 1, 2 and 3 rep 
resent perspective views of six thin bare piezo 
electric Rochelle salt type crystal elements I, 2 
and ,3 and IA, 2A and 3A cut from crystalline 
Rochelle salt free from defects and made into a 
plate of substantially rectangular parallelepiped 
shape with its major surfaces having a length or 
longest dimension L and a width dimension W 
which is perpendicular to the length dimension 
L. The thickness or thin dimension T between 
the major surfaces is perpendicular to the other 
two dimensions L and W. In accordance with 
the particular mode or modes of motion selected, 
the final width dimension W of the Rochelle salt 
crystal elements of Figs. 1, 2 and 3 may be made 
of suitable value according to the desired reso 
nant frequency. The width dimension W also 
may be related to the length dimension L in ac 
cordance with the value of the desired resonant 
frequency. The thickness dimension T may be 
of the order of 1 millimeter or any other suitable 
value, for example, to suit the impedance of the 
circuit in which the crystal elements of Figs. 1, 
2 and 3 may be utilized. - 
As shown in F18. 1, the length dimensions L of 

the X-cut type Rochelle salt crystal elements I 
and IA illustrated in Fig. 1 lie along the Z axis and 
the Y axis, respectively, in the plane of the me 
chanical axis Y and the optic axis Z of the R0 
chelle salt crystal material from which the ele 
ments l and IA are cut. The major surfaces and 
the major plane of the Rochelle salt crystal ele-, 
ments l and IA of Fig. 1 are disposed parallel or 
nearly parallel with respect to the plane of the Y 
and Z axes. The length dimension L and the 
width dimension W may lie along the Y axis or 
the Z axis, Or may be placed near thereto in the 
plane of the Y and Z axes mentioned and lying 
along a Y’ axis and a Z’ axis which may be in 
clined at an angle up to several degrees with 
respect to the Y axis and the optic axis Z. It will 
be noted that the crystal elements I and IA of 
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Fig. 1 are X-cut Rochelle salt crystal plates ro 
tated 90 degrees apart about the X axis thickness 
dimension T. 

Fig. 2 is a perspective view of Y-cut type Ro 
chelle salt piezoelectric crystal elements 2 and 
2A having their longest or length dimensions L 
along the X axis and the Z axis, respectively, 
or inclined at an angle up to several degrees 
with respect to the X and Z axes, the major ‘ 
surfaces of the crystal elements 2 and 2A being 
parallel or nearly parallel to the plane of the Z 
axis and the X axis. 

Fig. 3 is a perspective view representing Z-cut 
type Rochelle salt crystal elements 3 and 3A 
having their length or longest dimensions L along 
the X axis‘ and the Y axis, respectively, or in 
clined at an angle thereto which may be an angle 
up to several degrees, intermediate the X and Y 
axes, the major surfaces of the crystal elements 
3 and 3A being parallel or nearly parallel to the 
plane of the X and Y axes. 
The six orientations illustrated in Figs. 1, 2 and 

3 accordingly represent X-cut, Y-cut and Z-cut 
type Rochelle salt piezoelectric crystal elements 
which may be adapted for independently con 
trolled ?rst shear and second shear low fre 
quency or face mode vibrations, which may be 
utilized either alone or simultaneously, accord 
ing to the arrangement of the electrodes and 
connections that are used therewith, and the 
dimension-frequency constants that are selected 
therefor. 

Suitable conductive electrodes, such as the 
crystal electrodes of Figs. 4, 5 or 6, for example, 
may be placed on or adjacent to or formed in 
tegral with) the opposite major surfaces of any 
of the crystal plates ofFigs. 1, 2 and 3 in order 
to apply electric ?eld excitation to the Rochelle 
salt plate I, IA, 2, 2A, 3 or 3A which may be 
vibrated alone or simultaneously in a desired 
fundamental or ?rst shear mode of motion 
and/or the second shear mode of motion at in 
dependently controlled resonant response fre 
quencies which depend upon the major surface 
dimensions involving the width dimension W and 
the length dimension L, the fundamental and 
second shear mode frequencies being values 
roughly within the range from about 65 to 145 
kilocycles per second per centimeter of the width 
dimension W, for dimensional ratios of the ‘width 
dimension W with respect to the length dimen 
sion L within the range from 0 to. about 0.25. 
The crystal electrodes and interconnections 

therebetween when formed integral with the ma 
jor surfaces of any of the crystal elements of 
Figs. 1, 2 and 3 may consist of thin coatings of 
conductive material such as colloidal carbon, 
silver, gold} platinum, aluminum or other suitable 
metal or metals deposited upon the crystal sur 
faces by painting, spraying, or evaporation in 
vacuum for example, or by other suitable process. 
When the Rochelle salt crystal plate has an 

orientation such that the length dimension L is 
substantially parallel with respect to the Z axis 
or the Y axis as illustrated in Fig. 1, or substan 
tially parallel with respect to the X axis or the 
Z axis as illustrated in Fig. 2, or substantially 
parallel with respect to the X axis or the Y axis 
as illustrated in Fig. 3, the fundamental or ?rst 
shear face mode of motion and the face second 
shear mode of motion of the crystal plate may 
be used simultaneously. 
To obtain the ?rst and second shear modes of 

motion simultaneously, both of which involve the 
length dimension L and the width dimension W, 
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it is necessary that the crystal element have a 
piezoelectric constant which will generate a first 
shear motion and also a second shear motion. 
In the case of the X-cut type Rochelle salt 

crystal elements I and IA illustrated in Fig. 1, 
‘the requirement of suitable piezoelectric con 
stants may be met when the length dimension L 
is parallel or nearly parallel to the Y or Z axis 
in the YZ plane, the YZ plane being parallel or 
nearly parallel to the, major plane and the ma 
jor surfaces of the Rochelle salt crystal elements 
I and IA of Fig. 1. Reference is made to my 
paper, “A. dynamic measurement of the elastic, 
electric and piezoelectric constants of Rochelle 
salt,” published April 15, 1939, in Physical Re 
view, volume 55, page 775, for information on 
the piezoelectric constants of Rochelle sayt crys 
tal elements. The face shear mode piezoelec 
tric constants reach their maximum values when 
the length dimension L of the X-cut type Ro 
chelle salt crystal elements I and IA of Fig‘. 1 
is parallel with respect to the Y axis or the Z 
axis thereof, the major surfaces thereof being 
parallel to the plane of such Y and Z axes. 
While the maximum values for the face shear 

mode piezoelectric constants in X-cut .type 
crystal elements occur when length dimension 

. L is parallel to one of the Y and Z axes, orienta 

35 

40 

70 

75 

tions that are near thereto also may be used to 
obtain sufficiently good values of piezoelectric 
constants for obtaining the desired ?rst and 
second shear modes of motion that are controlled 
by the length dimension L and the width dimen 
sion W. Such X-cut type Rochelle salt crystal 
elements I and IA of Fig. 1 also have a strong 
electromechanical coupling which varies some 
what with temperature change; and are easily 
driven by suitable electrodes in the two desired 
shear modes of motion, both being controlled by 
the length dimension L and .the width dimension 

I s illustrated in Fig. 2, Y-cut type Rochelle 
salt piezoelectric crystal elements 2 and 2A hav 
ing their length dimensions L along the X axis 
and the Z axis, respectively, also may be used as 
doubly resonant crystal elements. Such ele 
ments have an electromechanical coupling that 
does not vary much with temperature; and. the 
first shear mode of motion and the second shear 
mode of motion thereof are substantially free 
from interference with each other and with any 
other modes of motion therein. ' 

Similarly, Z-cut type Rochelle salt crystal ele 
ments 3 and 3A, as illustrated in Fig. 3, having 
their major surfaces perpendicular to the Z axis 
also may be used to generate ?rst and second 
shear face mode vibrations of the kind useful 
for a doubly resonant crystal element. In such 
Z~cut type crystal elements 3 and 3A,"e_ither of 
the two orientation angles illustrated in Fig. 3 
may be used for obtaining the two‘ modes of shear 
motion referred to since- the piezoelectric con 
stants controlling these modes are of maximum 
value when the length or longest dimension L 
of the crystal element 3 or 3A is parallel to the 
X axis or thevY axis thereof, as illustrated in 
Fig. 3. 

It will be noted that when the length dimen 
sion L of the crystal element is parallel to the 
X, Y or Z axis as illustrated in Figs. 1, 2 and 3, 
all of the motion in the crystal element will be 
shear and none longitudinal, while if the length 
dimension L is midway between the X and Y, 
Y and Z or Z and X axes, the shear motion will 
be zero and the longitudinal motion a maximum. 

3. 
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At or near any of the six orientations illustrated 
by the Rochelle salt crystal elements in Figs. 
1, 2 and 3, both the ?rst and second shear modes 
of motion will be of about equal strength and can 
be excited simultaneously. 
The principal modes of interest that are par 

ticularly considered herein in connection with 
the X-cut, Y-cut and Z-cut type crystal orien 
tations illustrated in Figs. 1, 2 and 3 are the 
?rst shear face mode of motion, and also the 
second shear face mode of motion, both or‘ which 
a.e controlled by the width dimension W and 
the length dimension L of any of the crystal 
elements illustrated in Figs. 1, 2 and 3. The ?rst 
shear face mode vibration operates to alter 
nately extend and contract the opposite corners 
of the crystal element about a nodal region which 
for the fundamental or ?rst shear mode vibration 
is at or near the center of the major surfaces of 
the .crystal element. Similarly, the second shear 
face mode of motion operates to alternately ex 
tend and contract the opposite corners and the 
edges of the crystal element about nodal regions 
which for the second shear mode vibration are 
located on the center line length dimension L of 
the crystal element. The broken lines and ar 
rows shown in Fig. 3 of the H. J. McSkimin and 
R. A. Sykes application hereinbefore referred to 
represent, in greatly enlarged scale, the general 
con?guration of the edges of a crystal element 
operating in the type of motion involved in the 
second shear face‘ mode of motion. The ?rst 
shear face mode of motion is of a similar nature. 

Since the nodes involved in the second shear 
face mode of motion are located near the nodal 
region involved in the ?rst shear face mode of 
motion, the crystal elements of Figs. 1, 2 and 3 
may be mounted near the nodal point or points 
without damping or interfering much with the 
simultaneous operation of either the ?rst shear 
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face mode vibration or the second shear face . 
mode vibration. In the case of .the second shear 
face mode vibration, the two nodal point regions 
on each of the major surfaces would be located 
on the center line length dimension L of the 
crystal element at points spaced about 0.25 of 
the length dimension L from each end thereof. 
Accordingly, at such nodal points the crystal ele 
ment of Fig. 1, 2 or 3 may be ‘mounted by rigidly 
and resiliently clamping it there between two 
pairs or‘ oppositely disposed clamping projec 

_ tions of small contact area which may be there 
placed or inserted in-yery small indentations or 
depressions cut or provided at the four nodal 
points of the crystal element- Such small de 
pressions may be cut in the major surfaces of the 
crystal element at the nodal points thereof and 
may have a depth of about 0.05 millimeter and 
a diameter of about 0.4 millimeter as measured 
on the major surfaces of the crystal element. 
Tne relative values of the resonance frequen 

cies associated with the ?rst shear face mode 
vibration and with thesecond shear face mode 
vibration in a crystal element having an orienta 
tion as illustrated in Figs. 1, 2 or 3, may be con 
trolled by the dimensional ratio of width W 
with respect to length L. The fundamental or 
?rst shear face mode frequency may have a 
frequency-dimension constant of a value with 
in the range from about 65 to 140 kilocycles 
per second per centimeter of the width dimen 
sion W dependent upon the orientation and 
the dimensional ratio of the width W with 
respect to the length L, as illustrated by the 
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curves A, A’ and A" in Figs. 9, 10 and 11. The 
second shear face mode vibration has a fre 
quency-dimension constant of a somewhat high 
er value in kilocycles per second per centime 
ter of the width dimension W dependent upon 
the value of‘the selected dimensional ratio of 
the width W with respect to the length L, as 
illustrated by the curves ‘.8, B’ and B" in Figs. 
9, 10 and 11. The frequencies of these two 
modes of motion, namely the frequency of the 
second shear face mode of motion, and the fre 
quency of the first shear face mode of motion 
approach each other when the ratio of the 
width dimension W with respect to the length 
dimension L is in the region from about 0.05 
to 0.25; and in this region of special interest, 
the resonances of these two shear modes of mo 
tion are substantially uncoupled or only very 
loosely coupled. 

Accordingly, when the dimensional ratio of 
the width W with respect to the length L is a 
value within the region below 0.25 and the 
orientation is that illustrated in Figs. 1, 2 and 3, 
the frequencies of these two independent shear 
modes of vibration may be placed close together 
but remain sufficiently uncoupled to provide 
simultaneously two independently controlled fre 
quencies from the same Rochelle salt crystal 
element, which may be usefully employed in a 
?lter system, for example, to give conveniently 
frequencies of the order of 100 to 200 kilocycles 
per second, for example, within a. range of 
frequencies from 50 or less to 500 or more kilo 
cycles per second, dependent upon the size of 
tne crystal element. 
The frequency, expressed in kilocycles per sec 

ond, for the first shear mode vibration and for 
the second shear mode vibration is given ap 
proximately by the following relations where W 
is the value of the width dimension W of the 
crystal element I, IA, 2, 2A, 3 or 3A of Figs. v1, 2 
and 3, expressed in centimeters, and where L 
is the length dimension L of the crystal plate 
expressed in centimeters. 
For the X-cut type Rochelle salt crystal ele— 

ment l illustrated in Figs. 1 and 9 where the 
width dimension W is substantially parallel to 
the Y axis, the ?rst shear and the second shear 
face mode frequencies 11 and f2 respectively are 
equal to nearly: 

For the other X-cut type Rochelle salt crystal 
element IA illustrated in Fig. 1, where the width 

_ dimension W and the length dimension L are 
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substantially parallel to the Z axis and the Y 
axis, respectively, the first shear and the second 
shear face mode frequencies 11 and 1:, respec 
tively, are also equal to nearly: ‘ 

For the Y-cut type Rochelle salt crystal ele 
ment 2 illustrated in Figs. 2 and 10, where the 
width dimension W and the length dimension 
L are substantially parallel to the Z axis and 
the X axis, respectively, the first shear and the 
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‘ second shear face mode frequencies f1 and f2, 
respectively, are equal to nearly: 

For the other Y-cut type Rochelle salt crystal 
element 2A illustrated in Fig. 2, where the width 
dimension W and the length dimension L are 
substantially parallel to the X axis and the Z 
axis, respectively-the ?rst shear and the second 
shear face mode frequencies f1 and f2, respec 
tively, are also equal to nearly: 

6.705 105 2 

For the Z-cut type Rochelle salt crystal element 
3 illustrated in Figs. 3 and 11, where the width 
dimension W and the length dimension L are sub 
stantially parallel to the Y axis and the X axis, 
respectively, the ?rst shear and the second shear 
face mode frequencies f1 and f2, respectively, are 
equal to nearly: 

_11.24><105 14g 

' ~ 11.24 105 ' ‘4W2 

For the other Z-cut type Rochelle salt crystal 
element 3A illustrated in Fig. 3, where the width 
dimension W and the length dimension L are sub 
stantially parallel to the Y axis and the X axis, 

- respectively, the ?rst shear and the second shear 
face made frequencies f1 and hithereof are re 
spectively equal to nearly: 

.11.24X105 
f2: W 

As indicated by the"foregoing equations, by 
making the width W to length L dimensional ratio 
of the proper value, the second ‘shear face mode 
frequency of any of the six crystal elements of 
Figs. 1, 2 and 3 can be spaced any given number 
of selected cycles higher than the value of the 
?rst shear face mode frequency, and when used 
in a filter system, one resonance may appear in 
one arm, and the other resonance in the other 
arm, so that a band-pass ?lter with two attenua 
tion peaks can be made from one crystal. 
The graphs of Figs. 9, '10 and 11 illustrate the 

resonance frequencies associated with the funda 
mental or first shear face mode of motion (curves 
A, A’, A") and also associated with the second 
shear face mode of motion (curves B, B’, B") in 
the Rochelle salt crystal elements I, 2 and 3 
having their width‘dimensions W parallel to the 
Y, Z and Y axes, respectively, as illustrated in 
Figs. 1, 2 and 3. The ?rst or fundamental shear 
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face mode frequency of the X-cut type crystal ele- ' 
ment l of Fig. l is represented by the more hori 
zontal line curve A of Fig. 9 and has a frequency 
dimension constant ranging from about 133 to 136 
kilocycles per second per centimeter of the width 
dimension W dependent upon the dimensional 
ratio of the Y axis width W with respect to the 
z‘ axis length L. ‘The second shear face mode 

L 

frequency of the same X-cut type crystal element 
l of Fig. l is represented by the more inclined 
curve B of- Fig. 9 and has a frequency-dimension 
constant ranging from about 133 to 144 kilocycles 
per second per centimeter of the width dimension 
W dependent upon the value of the selected di 
mensional ratio of the Y-axis width W with re— 
spect to the Z-axis length L, within the dimen 
sional ratio range from 0 to about 0.20. As shown 
by the curves A and B of Fig. 9, the frequency of 
the second shear mode of motion and that of the 
fundamental or ?rst shear mode of motion ap 
proach each other when the ratio of the width di 
mension W with respect to the length dimension. 
L is in the region below 0.20. 

Similarly, the ?rst shear face mode frequency 
for the Y-cut type Rochelle salt crystal element 2 
of Fig. 2 is represented by the curve A’ of Fig. 10 
and has a frequency-dimension constant from 
about 67 to 69 kilocycles per second per centimeter 
of the width dimension W dependent upon the 
dimensional ratio of the Z axis width W with re 
spect to the X axis length L within the range 
from 0 to about 0.25 as illustrated by the curve A’ 
of Fig. i0. The second shear face mode fre— 
quency of the same Y-cut type crystal element 2 
of Fig. 2 is represented by the curve B’ of Fig. 10 
and has a frequency-dimension constant ranging 
from about 67 to 76 kilocycles per second per centi 
meter of the width dimension W dependent upon 
the value of the dimensional ratio of the Z axis 
width W with respect to the X axis length L within 
the dimensional ratio range from 0 to 0.25 covered 
by the curve B' of Fig. 10. As shown by the curves 
A’ and B’ of Fig. 10, the frequencies of the ?rst 
and second shear face modes of motion approach 
each other below the dimensional ratio value 
of 0.25. _ 

Similarly, the ?rst shear face mode frequency 
for the Z-cut type Rochelle salt crystal element 3 
of Fig. 3 is represented by the curve A" of Fig. 11 
and has a frequency-dimension value from about 
112 to 115 kilocycles per second per centimeter of 
the width dimension W dependent upon the di 
mensional ratio of the Y axis width dimension W 
with respect to the X axis length dimension L 
within the range covered by the curve A" of Fig. 
11. 
the same Z-cut type crystal element 3 of Fig. 3 is 
represented by the curve B" of Fig. 11 and has a 
frequency-dimension value ranging from about 
112 to 122 kilocycles per second per centimeter of 
the width dimension W dependent upon the value 
of the dimensional ratio of the Y-axis width W 
with respect to the X-axis length L within the 
dimensional ratio range from 0 to 0.20 covered by 
the curve B." of Fig. 11. As shown by the curves 
A" and B" of Fig. 11, the frequencies of the ?rst 
and second shear face modes of motion approach 
each other below the dimensional ratio value 
of 0.20. 
For dimensional ratios of values higher than 

those given by the curves of Figs. 9, 10 and 11, the 
frequency-dimension values corresponding there 
to may be obtained from the foregoing equations. 
'In the case of the second shear face mode crystals, 
for example, having dimensional ratios of width 
W with respect to length L within the range from 
about 0 to 0.5, for example, the corresponding 
frequency-dimension values as expressed in kilo 
cycles per second per centimeter of the width di 
mension W will be within the range from about 
132.8 to 188 for the X-cut type crystal elements 
I and IA of Fig. 1; from about 67 to 95 for the 
Y-cut type crystal elements 2 and 2A of Fig. 2; 

5 ~ 

The second shear face mode frequency of‘ 



6 

and from about 112.4 to 159 for the Z-cut type 
crystal elements 3 and 3A of Fig. 3. 
While the curves of Figs. 9, 10 and 11 are desig 

nated as applying particularly to the crystal ele 
ments I, 2 and 3, respectively, of Figs. 1 to 3, 
the corresponding curves for the crystal elements 
IA, 2A and 3A of Figs. 1 to 3 are the same as 
those for the crystal elements i, 2 and 3, respec 
tively. 

Figs. 4, 5 and 6 illustrate forms of electrode ar 
rangements which may be utilized to drive any 
of the crystal elements of Figs. 1, 2 and 3. As 
illustrated in Fig. 4, a single pair of electrodes 
9 and I5 may be used to drive the crystal ele 
ment in either the ?rst or fundamental shear 
mode vibration or certain odd multiples thereof 
to obtain separately, but not simultaneously, any 
of such resonance frequencies of a desired value. 
More particularly, Fig. 4 is a perspective view 

of any crystal element of Figs. 1, 2 and 3 provided 
with a single pair of opposite electrodes 9 and 
i5 which may be utilized to usefully operate sep 
arately, but no together, in the crystal element, 
the fundamental or first shear mode of motion 
at a frequency value ranging from about 60 to 
150 kilocycles per second per centimeter of the 
length dimension L or the width dimension W 
dependent upon the orientation and dimensional 
ratio selected. For this purpose the electrodes 
9 and l 5 may partially or wholly cover the square 
or other rectangular shaped major surfaces of 
the crystal element and may be supported and 
connected in circuit by means of suitable con 
ductive members disposed in contact with each 
of the electrodes 9 and [5. It will be understood 
that Rochelle salt crystal elements of the type 
illustrated in Figs. 1, 2 and 3, and provided with 
a pair of electrodes of the type illustrated in 
Fig. 4 may be utilized to obtain a desired funda 
mental or ?rst shear face mode vibrational fre 
quency or an odd multiple harmonic of such fun 
damental frequency. 
As shown in Fig. 5, the so-called second shear 

face mode of motion illustrated by the curves 
B, B’ and B" of Figs. 9 to 11, may be driven by 
means of two pairs of electrodes l0, H, I! and I! 
placed on both‘of the major surfaces of any of the 
crystal elements of Figs. 1, 2 and 3; and also with - 
suitable connections, the fundamental or first 
shear face mode of motion illustrated by the 
curves A, A’ and A" of Figs. 9 to 11, may be 
driven at the same time by one set of the con 
nected sets of electrode platings Hi to H, with the 
result that the two useful and independently con 
trolled resonance frequencies of the crystal ele 
ment may be made to appear simultaneously. 
More particularly, as illustrated in Fig. 5, the 
Rochelle salt crystal element of Figs. 1, 2 or 3 may 
be provided with four equal-area electrodes l0, 
H, i2 and I3, two of the electrodes [0 and Il 
being placed on one major surface of the crystal 
element with a centrally located narrow trans 
verse split, gap or dividing line 1 therebetween, 
and the other two electrodes I2 and I3, being 
oppositely disposed and placed on the opposite 
major surface of vthe crystal element and sep 
arated with a similar narrow and oppositely dis 
posed split or dividing line ‘I therebetween, the 
dividing lines 7 extending generally in the di 
rection of the width W axis of the crystal ele 
ment according to the value of the angle selected 
between the direction of the dividing line ‘I and 
the direction of the length dimension L. The 
gap or separation between the electrode coatings 
or platings on each of the major surfaces of the 
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crystal element may be of the order of about 0.3 
millimeter, with the center line of such splits 
‘I in the platings ID to II on the opposite sides of 
the crystal plate being aligned with respect to 
each other. 
When the electrode plates have the same sign 

across the whole surface of the major surface, the 
fundamental face shear vibration of the crystal 
element is excited; and when the electrode plates 
have opposite signs on the same major surface 
'of the crystal element, the second shear face 
mode vibration is excited, the second face shear 
mode being a few kilocycles per second higher 
in frequency than that of the fundamental shear 
mode when the proper dimensional ratio of the 
width W with respect to the length L is used. 

Fig. 7 is a schematic diagram illustrating an 
example of balanced ?lter connections which may 
be used with the electroded crystal arrangement 
of Fig. 5 in order to obtain a ?lter system com 
prising a single Rochelle salt crystal element 
having two independently controlled and simul 
taneously effective resonances which may be 
placed at desired frequencies, one of which may 
appear in the line branch of the equivalent lat 
tice and the other in the diagonal branch there 
of, as described more fully in connection with 
Figs. 2 and 3 of the Mason application Serial No. 
303,757 referred to hereinbefore. 
The balanced circuit of Fig. 5 may be converted 

into an unbalancedlfilter structure by intercon 
necting the two electrodes I2 and II on one of 
the major surfaces of the crystal element. In 
this case, the two electrodes l2 and ll of Figs. 5 
and 7 may be replaced by a single electrode I!‘ 
as shown in Fig. 6, and the electroded crystal 
element of Fig. 6 may be connected as shown 
schematically in Fig. 8 and as described more 
fully in connection with Figs. 6 and '7 of the 
Mason application Serial No. 303,757 hereinbe 
fore referred to. 
As illustrated in Fig. 8, to reduce the mag 

nitude of the shunting capacitance appearing in 
' the line branch of the lattice portion, a narrow 
grounding strip ll of metallic or conductive coat 
ing or plating may be placed on one major sur 
face of the crystal element between the electrodes 
i0 and II. The strip Il may extend around one 
edge ‘of the crystal element l to the opposite 
major surface‘ thereof where it may be electrical 
ly connected‘ to the large electrode IS. The 
ground strip ll may be approximately 1 mil 
limeter in width and may be placed between and 
separated from the -~ electrodes II and H on 
the same major surf - of the crystal element I 
in order to provide a 1- g and to reduce stray 
capacities to a minimum. The strip of plating 
H may extend from one major surface continu— 
ously over and around one edge only or both 
edges of the crystal plate I to the opposite major 
face thereof where it-may make contact with the 
integral electrode IS on that surface. It will be 
noted that in order to drive the electroded 
crystal element of Fig. 5 or 6 in the second shear 
face mode of motion, one half of the crystal 
plate is made of opposite polarity to that of the 
other half, as indicated by the + and - signs in 
Figs. 5 and 6, and that this may be accomplished 
by utilizing a crystal element having divided 
metallic coatings l0 and ii placed-on one of its 
major surfaces and connected in the form of a T 
network, for example, as illustrated in Fig. 8. 
Inductance coils may be added in the usual man 
ner in series or in parallel with the network of 
Fig. 8 to produce broad band low or high im 
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pedance ?lters, for example. In order that the 
crystal impedance may appear in both arms of 
the lattice structure of Fig. 8, one mode is driven 
when the terminals 2| and 23 are both of same 
polarity, and the other mode is driven when these 
terminals 2| and 23 are of opposite polarity. 
Since both modes are substantially uncoupled 
they may produce simultaneously two independ 
ently controlled resonances of predetermined fre 
quencies of desired values. 
In order to control the relative impedance 

levels of the two desired crystal resonances, the 
crystal electrodes associated with one-half of 
the major surface or surfaces of the crystal ele 
ment of Figs. 5 and 6 may be extended to cover 
a portion of the other half thereof. As illus 
trated and described in the hereinbefore-men 
tioned patents, namely, the McSkimin and Sykes 
Patent No. 2,277,709 and the Mason Patent No. 
2,271,870, this may be done, for example, by ad 
iustment of the angular position of the electrode 
dividing line ‘I with respect to the length dimen 
sion L. The angle may be any desired value over‘ 
a wide range of angles. This adjustment does 
not materially affect the impedance of the ?rst 
shear face mode resonance, but with decreasing 
values for the 90-degree angle shown in Figs. 5 
and 6 will increase the impedance level of and 
cut down the drive on second shear face mode 
resonance, without materially affecting the im 
pedance of the ?rst shear face mode resonance. 
Thus, by changing the angle of inclination of the 
split or division line 1 between the electrodes l0 
and H with respect to the length dimension L of 
the crystal element illustrated by a 90-degree 
angle in Figs. 5 and 6, the internal capacity as 
sociated with the second shear face mode of mo 
tion, which is nearly a maximum value when the 
angle equals 90 degrees as shown in Figs. 5 and 
6, may be varied and adjusted to a desired value 
without changing the internal capacity asso 
ciated with ?rst shear face mode of motion. 

It will be understood that the circuits illus 
trated in Figs. 7 and 8 represent particular cir 
cuits. These and other forms of ?lter circuits, 
in which a doubly resonant crystal element may 
be utilized, are described in the W. P. Mason ap 
plication Serial No. 303,757 hereinbefore referred 
to. If desired, mutual inductance'may be used 
between the end coils of the crystal ?lter to ob 
tain improved attenuation characteristics as de 
scribed in U. S. Patent 2,198,684, granted April 
30, 1940, to R. A. Sykes on application Serial No. 
230,775, ?led September 20, 1938. ~ 
The electroded doubly resonant crystal‘ ele- - 

ments of Figs. 4, 5 and 6 may be mounted in any 
suitable manner, such as by nodal clamping, or 
otherwise. 
ing is used, ‘opposite conductive clamping projec 
tions may resiliently contact the electroded 
crystal element at or near its nodal points only 
in order to support and to establish individual 
electrical connections therewith. 

Alternatively, instead of being mounted by 
clamping, the electroded crystal plate may be 
mounted and electrically connected by cementing 
or otherwise ?rmly attaching ?ne conductive 
‘supporting wires directly to a thickened part 
of the electrodes of the crystal element at or 
near its nodal points only. Such ?ne supporting 
wires may be secured to the electroded crystal 
element by conductive cement and may extend 
horizontally from the vertically disposed major 
surfaces of the crystal element and at their other 
ends be attached by solder, for example, to ver 
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tical conductive wires or rods carried by the press 
or other part of any evacuated or sealed glass or 
metal tube. The supporting wires and rods may 
have one or more bands therein to resiliently ab? 
sorb mechanical vibrations. Also, bumpers or 
stops of soft resilient material such as mica may 
be spaced closely adjacent the edges, ends or 
other parts of the electroded crystal element in 
order to limit the bodily displacement thereof 
when the device is subjected to mechanical 
shock. Fig. 8, for example, of A. W. Ziegler U. S. 
Patent 2,275,122, granted March 3, 1942 on ap 
plication Serial No. 338,871, ?led June 5, 1940, 
illustrates asuitable mounting of this type for 
the crystal element, the horizontal supporting 
wires being spaced along the vertical rods to suit 
the nodal point of the electroded crystal ele 
ments. It will be understood that any holder 
which will give stability, substantial freedom 
from spurious frequencies and a relatively high 
Q or reactance resistance ratio for the crystal “ 
element may be utilized for mounting the crystal 

. element. 

Although this invention has been described and 
illustrated in relation to specific arrangements, 
it is to be understood that it is capable of appli 
cation'in other organizations and is ,therefore 
not to be limited to the particular embodiments 
disclosed, but only by the scope of the appended‘ 
claims and the state of the prior art. 
What is claimed is: _ 
1. An X-cup type low frequency or face mode 

piezoelectric Rochelle salt type crystal element 
adapted to vibrate simultaneously at a plurality 
of predetermined shear mode frequencies de 
pendent upon the dimensions of its substantially 
rectangular major surfaces, said major surfaces 
being substantially parallel to the plane of the 
Y axis and the Z axis, the major axis length 
dimension of said major surfaces being sub 
stantially parallel with respect to one of said 
Y and Z axes, the dimensional ratio of the width 
dimension of said major surfaces with respect 
to said length dimension thereof being one of 
the values between substantially 0 and 0.25, said 
dimensional ratio being made of a value in ac 
cordance with the values of said frequencies. 

2. A Y-cut type low frequency or face mode 
piezoelectric Rochelle salt type crystal element 
adapted to vibrate simultaneously at a plurality 
of predetermined shear mode frequencies de 
pendent upon the dimensions of its substantially 
rectangular major surfaces, said major surfaces 
being substantially parallel to the plane of the 
X axis and the Z axis, the major axis length 

‘ dimension of said major surfaces being substan 

Where the clamping form of mount- > 
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tially parallel with respect to one of said X and 
Z axes, the dimensional ratio of the width‘ di 
mension of said major surfaces with repect to 
said length dimension thereof being one of the 
values between substantially 0 and 0.25, said 
dimensional ratio being made of a value in ac 
cordance with the values of said frequencies. 

3. A Z-cut type low frequency or face mode 
piezoelectric Rochelle salt type crystal element 
adapted to vibrate simultaneously at a plurality 
of predetermined shear mode frequencies de 
pendent upon the dimensions of its substantially ' 
rectangular major surfaces, said major surfaces 
being substantially parallel to the plane of the 
X axis and the Y axis, the major axis length 
dimension of said major surfaces being substan 
tially parallel with respect to one of said X and 
Y axes, the dimensional ratio of the width di 
mension of said major surfaces with respect to 
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said length dimension thereof being one of the 
values between substantially 0 and 0.25, said 
dimensional ratio being made of a value in ac 
cordance with the values of said frequencies. 

4. A piezoelectric Rochelle salt type crystal‘ 
element having its substantially rectangular major 
surfaces substantially parallel to the plane of 
two of the three mutually perpendicular X, Y and 
Z axes thereof, the major axis length dimension 
of said major surfaces being in said plane and 
substantially parallel to one of said two of said 
three X, Y and Z axes, the dimensional ratio 
of the width dimension of said major surfaces 
with respect to said length dimension thereof 
being one of the values between substantially 
0 and 0.25, and means including a plurality of 
sets of functionally independent electrodes ad 
jacent said major surfaces for operating said 
element simultaneously at a plurality of inde 
pendently controlled frequencies dependent upon 
said major surface dimensions, one of said fre_ 
quencies being dependent upon the fundamental 
or ?rst shear mode vibration in the plane of 
said 'width and length dimensions. 

5. A piezoelectric Rochelle salt type crystal 
element having its substantially rectangular 
major surfaces substantially parallel to the plane 
of two of the three mutually perpendicular X, 
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Y and Z axes thereof, the major axis length di- ' 
mension of said major surfaces being in said 
plane and substantially parallel to one of said 
two of said three X, Y and Z axes, the dimen 
sional ratio of the width dimension of said major 
sufaces with respect to said length dimension 
thereof being one of the values substantially in 
the region from 0 to 0.25, andmeans including 
a plurality ,of sets of functionally independent 
electrodes adjacent said major surfaces for op 
erating said element simultaneously at a plu 
rality of independently controlled frequencies de 
pendent ,upon said major surface dimensions, 
one of said frequencies being dependent upon 
the fundamental 0r ?rst shear mode vibration 
in the plane of said length and width dimensions. 
and another of said frequencies being dependent 
upon the second shear mode vibration in the 
plane of said length and width dimensions. 

6. An X-cut type piezoelectric Rochelle salt 
type crystal element adapted to vibrate simul 
taneously at a plurality of desired independently 
controlled shear mode frequencies which are de 
pendent upon the width and length dimensions 
of its substantially rectangular major surfaces, 
said width dimension being substantially in the 
plane of a Y axis and a Z axis and substantially 
parallel with respect to said Y axis, said major 
surfaces being substantially parallel with re 
spect to said YZ plane, the ratio of said width 
dimension of said major surfaces with respect 
to said length dimension thereof being one of 
the values within the region substantially from 
‘0 to 0.25, said width dimension expressed in 
centimeters and said dimensional ratio being a 
set, of values in accordance with the values of 
said plurality of frequencies, as given by the 
curves A and B of Fig. 9. ' 

7. A Y-cut type piezoelectric Rochelle salt 
type crystal element adapted to vibrate simul 
taneously at a plurality of desired independently 
controlled shear mode frequencies which are 
dependent upon the width and length dimen 
sions of its substantially rectangular major 
surfaces, said width dimension being substan 
tially in the plane of the X axis and the 'Z axis 
and substantially parallel with respect to said 
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Z axis, said major surfaces being substantially 
parallel with respect to said XZ plane, the 
ratio of said width dimension of said major 
surfaces with respect to said length dimension 
thereof being one of the values within the region 
substantially from 0 to 0.25, said width dimen 
sion expressed in centimeters and said dimen 
sio'nal ratio being a set of values substantially 
in accordance with the values of said frequencies 
expressed in kilocycles per second as given by 
the curves A’ and B’ of Fig. 10. 

8. A Z-cut type piezoelectric Rochelle salt 
type crystal element adapted to vibrate simul 
taneously at a plurality of desired independently 
controlled shear mode frequencies which are 
dependent upon the width and length dimen 
sions of its substantially rectangular major 
surfaces, said width dimension being substan 
tially in the plane of an X axis and the Y axis 
and substantially parallel with respect to said Y 
axis, said major surfaces being substantially 
parallel with respect to said'XY plane, the ratio 
of said width dimension of said major surfaces 
with respect to said length dimension thereof 
being one of the values within the region sub 
stantially from 0 to 0.25, said width dimension 
expressed in centimeters and said dimensional 
ratio being a set of values substantially in ac 
cordance with the values of said frequencies 
expressed in kilocycles per second, as given by 
the curves A" and B" of Fig. 11. 

9. An X-cut type piezoelectric Rochelle salt 
type crystal element adapted to vibrate simul 
taneously at a plurality of independently con 
trolled shear mode frequencies dependent main 
ly upon the length and width dimensions of its 
substantially rectangular major surfaces, said 
width dimension being substantially in the plane 
of a Y axis and a Z axis and substantially paral 
lel with respect to said Z axis, said major sur 
faces being substantially parallel with respect to 
said YZ plane, the ratio of said width dimen 
sion of said major surfaces with respect to 
said length dimention thereof being one of the 
values within the range from substantially 0 to 
0.25, said width dimension and said length di 
mension being a set of corresponding values in 
accordance with the values of said frequencies. 

10. A Y-cut type piezoelectric Rochelle‘salt 
type crystal element adapted to vibrate simul 
taneously at a plurality of desired independently 
controlled, shear mode frequencies dependent 
mainly upon the length and width dimension 
of its substantially rectangular major surfaces, 
said width dimension being substantially in the 
plane of an X axis and a Z axis and substan 
tially parallel with respect to said X axis, said 
major surfaces being substantiallyvparallel with 
respect to said XZ plane, the ratio of said width 
dimension of said major surfaces with respect 
to said length dimension thereof being one of 
the values within the range from substantially 
0 to 0.25, said width dimension and said length 
dimension being a set of corresponding values 
in accordance with the values of said fre 
quencies. , 

11. A Z-cut type piezoelectric Rochelle salt 
type crystal element adapted to vibrate simul 
taneously at a plurality of desired independently 
controlled shear mode frequencies dependent 
mainly upon the length and width dimensions 
of its substantially rectangular major‘ surfaces, 
said width dimension being substantially in the 
plane of an X axis and a Y axis and substan 
tially parallel with respect to said X axis. said 
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major surfaces being substantially parallel with 
respect to said XY plane, the ratio of said width 
dimension of said major surfaces with respect 
to said length dimension thereof being one of 
the values within the range from substantially 0 
to 0.25, said width dimension and said length 
dimension being a set of corresponding values 
in accordance with the values of said fre 
quencies. 

12. An X-cut type piezoelectric Rochelle salt 
type crystal element and means including two 
functionally independent pairs of opposite elec 
trodes cooperating with said element for vibrat 
ing said element simultaneously at two inde 
pendently controlled desired shear mode fre 
quencies dependent mainly upon the length and 
width dimensions of the rectangular major sur 
faces of said element, said length dimension be 
ing substantially in the plane of a Y axis and a 
Z axis and disposed substantially parallel with 
respect to one of said Y and Z axes, said major 
surfaces being substantially parallel with respect 
to said YZ plane. 

13. A Y-cut type piezoelectric Rochelle salt 
type crystal element and means including two 
functionally independent pairs of opposite elec— 
trodes cooperating with said element for vibrat 
ing said element simultaneously at two inde~ 
pendently controlled desired shear mode fre 
quencies dependent mainly upon the length and 
width dimensions of the rectangular major sur 
faces of said element, said length dimension be 
ing substantially in the plane of an X axis. and 
a Z axis and disposed substantially parallel with 
respect to one of said X and Z axes, said major 
surfaces being substantially parallel with respectv 
to said XZ plane. , I 

l 4. A Z-cut type piezoelectric Rochelle salt type 
crystal element and means including two func 
tionally independent pairs of opposite electrodes 
cooperating with said element for vibrating said 
element simultaneously at two independently 
controlled desired shear mode frequencies de 
pendent mainly upon the length and width di 
mensions of the rectangular major surfaces of 
said element, said length dimension being sub 
stantially in the plane of an X axis and a Y axis 
and disposed substantially parallel with respect 
to one of said X and Y axes, said major surfaces 
being substantially parallel with respect to said 
XY plane. 

- 15. An X-cut type Rochelle salt type piezoelec 
tric crystal element adapted to vibrate at a de 
sired second shear mode frequency, said crystal. 
element having substantially rectaongular shaped 
major surfaces, said major surfaces having a 
length or longer dimension and a width or shorter 
dimension, said length and width dimensions 
being made of values in accordance with the value 
of said desired frequency, said major surfaces and 
said length and width dimensions being substan» 
tially parallel to the plane of ‘a Y axis and a Z 
axis thereof, and said width dimension being sub 
stantially parallel with respect to said Y axis, the 
ratio of said width dimension with respect to said 
length dimension being one of the values from 
0 to 0.5, and said width dimension expressed in 
centimeters being one of the values substantially 
from 132.8 to 188 divided by said desired frequency 
expressed in kilocycles per second.‘ ' 

16. An X-cut type Rochelle salt type piezoelec 
tric crystal element adapted to vibrate at a de 
sired second shear mode frequency, said crystal 
element having substantially rectangular shaped 
major surfaces, said major surfaces having a 

10 

15 

20 

25 

30 

35 

40 

9 
length or longer dimension and a width or shorter 
dimension, said length and width dimensions be 
ing made of values in accordance with the value 
of said desired frequency, said major surfaces and 
said length and width dimensions being substan 
tially parallel to the plane of a Y axis and‘a Z 
axis thereof, and said width dimension being sub 
stantially parallel with respect to said Z axis, the 
ratio of said width dimension with respect to said 
length dimension being one of the values from 
0 to 0.5, and said width dimension expressed in 
centimeters being one of the values substantially 
from 132.8 to 188 divided by said desired ‘fre 
quency expressed in kilocycles per second. 

17. A Y-cut type Rochelle salt type piezoelec 
tric crystal element adapted to vibrate at a de 
sired second shear mode frequency, said crystal 
element having substantially rectangular shaped 
major surfaces, said major surfaces having a 
length or longer dimension and a width or shorter 
dimension, said length and width dimensions be 
ing made of values in accordance with the value 
of said desired frequency, said major surfaces and 
said length and width dimensions being substan 
tially parallel to the plane of an X axis and a Z 
axis thereof, and said width dimension being sub 
stantially parallel with respect to said Z axis, the 
ratio of said width dimension with respect to said 
length dimension being one of the values from 
0 to 0.5, and said width dimension ‘expressed in 
centimeters being one of the values substantially 
from 67 to 95 divided by said desired frequency 
expressed in kilocycles per second. 

18. A. Y-cut type Rochelle salt type piezoelec 
tric crystal element adapted to vibrate at a de 
sired second shear mode frequency, said crystal ' 
element having substantially rectangular shaped 
major. surfaces, said major surfaces having a 
length or longer dimension and a width or shorter 
dimension, ‘said length and width dimensions be 
ing made of values in accordance with the value 
of said desired frequency, said major surfaces 
and said length and width dimensions being sub 
stantially parallel to the plane of an X axis and 
a Z axis thereof‘, and said width dimension being 

' substantially parallel with respect to said X axis, 
the ratio of said width dimension with respect to 
said length dimension being one of the values 

~ from 0 to 0.5, and said width dimension expressed 
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in centimeters being one‘ of the values substan 
tially from 6'? to 95 divided by said desired fre 
quency expressed in kilocycles per second. ' I 

19. A Z-cut type Rochelle salt type piezoelec" 
tric crystal element adapted to vibrate at a de- ‘ 
sired second shear mode frequency, said crystal 
element having substantially rectangular shaped 
major surfaces, said major surfaces having a 
length or longer dimension and a width or shorter 
dimension, said length and width dimensions be 
ing made of values in accordance with the value 
of said desired frequency, said major surfaces and 
said length and width’ dimensions being substan 
tially parallel to the plane ‘of an X axis and a Y 
axis thereof, and said width dimension being sub 
stantially parallel with respect to said Y axis, the 
ratio of said width dimension with respect to said 
length dimension being one of the values from 0 
to 0.5, and said width dimension expressed in 
centimeters being one of the values substantially 
from 112.4 ‘to 159 divided by said desired fre 
quency expressed in kilocycles per second. 

20. A Z-cut type Rochelle salt type piezoelec 
tric crystal element adapted to vibrate at a de 
sired second shear mode frequency, said crystal 
element having substantially rectangular shaped 
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major surfaces, said major surfaces having a 
length or longer dimension and a width or shorter 
dimension, said length and width dimensions be 
ing made of values in accordance with the value 
of said desired frequency, said major surfaces 
and said length and width dimensions being sub 
stantially parallel to the plane of an X axis and a 
Y axis thereof, and said width dimension being 
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substantially parallel with respect to said X axis, 
the ratio of said width dimension with respect to 
said length dimension being one of the values 
from 0 to 0.5, and said width dimension expressed 
in centimeters being one of the values substan 
tially from 112.4 to 159 divided by said desired 
frequency expressed in kiiocycles per second. 

WARREN P. MASON. 


