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1. 

This invention relates to piezoelectric crystal 
apparatus and particularly to synthetic piezo 
electric crystal elements comprising sodium 
chlorate. Such sodium chlorate crystal elementS 
nay be used as circuit elements in Oscillation 
generator Systems, filter Systems, temperature 
control Systems, and in electromechanical SyS 
tens generally. 
One of the objects of this invention is to pro 

Wide advantageous orientations and modes of 
notion in piezoelectric crystal elements cut from 

Crystalline sodium chlorate. 
Another object of this invention is to take ad 

Wantage of the low cost, ease of procurement and 
other advantages of synthetic sodium chlorate 
Crystals. 
Another object of this invention is to provide 

Sodium chlorate crystal elements that may possess 
the maximum value of piezoelectric coupling, and 
the minimum coupling of the desired mode of 
notion. With undesired nodes of motion therein. 
Another object of this invention is to provide 

Synthetic piezoelectric crystal elements having a 
frequency which varies over a wide temperature 
range in a nearly linear relation with respect to 
the value of the ambient, temperature applied 
thereto. 
Sodium chlorate (NaClO3) is a Water Soluble 

crystal substance which has no water of crystal 
lization, which Will stand a high temperature, and 
Which crystallizes in the cubic tetrahedral class. 
As a consequence of its Symmetry, there are three 
elastic constants, one piezoelectric Constant and 
One dielectric Constant. The dielectric and piezo 
electric constants increase with increase in ten 
perature. As the crystal approaches its melting 
point, the resistivity and the piezoelectric re 
Sponse are reduced, and the material becomes 
ionized. 
X-ray crystal structure studies show that 

Sodium chlorate has four molecules per unit ce. 
Each molecule consists of three oxygens arranged 
in the form of an equilateral triangle with a sepa 
ration of 2.38 A. between oxygen centers. The 
chlorine is located at a distance of 0.48 A. above 
the plane of the oxygen atoms in a line through 
the Center of gravity of the OXygens. The Sodium 
lies above the chlorine at a distance of 6.i.2 A. 
On account of the large separation of the sodium 
from the chlorate ion, it is probably the latter 
which acts as the dipole in the temperature vari 
able part of the dielectric constant. Experimen 
tal results for the dielectric constant show that 
there is a component of the polarization. Which 
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is practically independent of the temperature and 
another component which increases with ten 
perature and becomes large as the melting point 
of the substance is approached. This is pre 
Sumably due either to an actual orientation of 
the chlorate dipoles as they become unfrozen at 
the higher temperatures, or due to an apex re 
Versal of the position of the chlorine in the 
molecule. Piezoelectric measurements show that 
the piezoelectric stress due to an applied electric 
field is directly proportional to the temperature 
Variable component of the polarization and hence 
it is the change in orientation of the dipoles 
Which Causes the distortion of the Crystal lattice 
and hence the piezoelectric effect. 
Measurements made an Sodium bronnate crystal 

salt show that the temperature-independent Com 
ponent of the polarization for the dielectric con 
stant is larger than that for sodium chlorate, in 
dicating that the polarizability of the bromine is 
larger than that for chlorine. For equal ten 
perature Separations from the Curie point, which 
is close to the melting point, the temperature 
Variable portion of the polarization is nearly the 
same size as that for Sodium chlorate, indicating 
that the effective dipole moment is nearly the 
Sanae for both sodium chlorate and Sodium bro 
inate. Piezoelectric measurements show that a 
given dipole polarization produces over twice aS 
much lattice distortion and hence piezoelectric 
effect for Sodiuin bronate Crystals as for SOdium 
chlorate crystals. Crystal elements comprising 
Sodium bromate are disclosed and claimed in my 
copending application Serial No. 659,680, filed 
April 5, 1946. 

Crystal elements of Suitable orientation cut 
from crystalline sodium chlorate may be excited 
in different modes of motion. Such as the longi 
tudinal length or the longitudinal Width Inodes 
of motion, or the face shear mode of motion Con 
trolled mainly by the major face length and Width 
dimensions. Also, lower frequency flexural modes 
of notion of either the width bending fieXUre 
type or the thickness bending flexure type may be 
obtained. These various modes of motion are 
similar in the general form of their motion to 
those of similar or corresponding names that are 
already known in connection with other crystal 
ine substances Such as quartz, Rochelle Salt and 
annonium dihydrogen phosphate Crystals. 

It is useful to have available synthetic type 
piezoelectric crystal elements having a resonant 
frequency which varies in substantially linear 
relation with respect to temperature. In accord 
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ance with this invention, such crystal elements 
may be provided, and for this purpose, the cuts 
may be for example, X-cut, Y-cut and Z-cut Crys 
tal plates operating in the major face shear mode 
of motion and also 45-degree X-cut, 45-degree 
Y-cut, and 45-degree Z-cut crystal plates operat 
ing in the longitudinal node of motion. 
Such crystal elements having a resonant fre 

quency which varies nearly linearly with respect 
to temperature change may be utilized as a Sen 
sitive thermometer, thermostat or as a thermal 
regulator that may be continuously regulated. 
The crystal element may be used for holding the 
temperature of an enclosure very closely at one 
temperature, or the control temperature may be 
continuously varied by suitable means. The 
crystal elements may be taken over a very wide 
temperature range, and have the property that 
the resonant frequency thereof changes quite 
unifornly With temperature change, and Will 
hold their frequency quite accurately over such 
temperature ranges. Either the face shear mode 
type or the longitudinal mode type of crystal ele 
ment may be conveniently utilized for such ten 
perature control units. 

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 dra Wings, in which like 
reference characters represent like or similar 
parts and in which 

Fig. 1 is a perspective view illustrating the 
form and growth habit in which a tetrahedral 
Crystal of sodium chlorate may crystallize, and 
also illustrating the relation of the surfaces of 
the mother crystalline substance with respect to 
the mutually perpendicular X, Y and Z axes and 
the Crystallographic a, b and c axes; 

Fig. 2 is a perspective view.illustrating 0-degree 40 
X-cut, Y-cut and Z-cut face shear mode crystal 
plates, which may be cut from the sodium chlo 
rate mother crystal as illustrated in Fig. 1; 

Fig. 3 is a perspective view illustrating 45-de 
gree X-Cut, Y-cut and Z-cut longitudinal mode 
crystal plates, which may be cut from the mother 
crystal illustrated in Fig. or from the corre 
sponding X-cut, Y-cut and Z-cut plates illustrat 
ed in Fig. 2; 

Fig. 4 is a graph illustrating the relation be 
tween the frequency and the temperature, for 
X-cut, Y-cut and Z-cut face shear mode sodium 
chlorate crystal elements as illustrated in Fig. 2; 

Fig. 5 is a graph illustrating the relation be 
tween the frequency and the temperature, for 45 
degree X-cut, 45-degree Y-cut and 45-degree 
Z-Cut length longitudinal mode Sodium chlorate 
crystal elements as illustrated in Fig. 3. 
This Specification follows the conventional ter 

minology, as applied to piezoelectric crystal Sub 
stances, which employs a system of three mutually 
perpendicular X, Y and Z axes as reference axes 
for defining the angular Orientation of a crystal 
element. As used in this specification and as 
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shown in the drawing, the Z axis corresponds to 
the c axis, the Y axis corresponds to the b axis, 
and the X axis corresponds to the a. axis. The 
crystallographic a, b and c axes represent con 
ventional terminology as used by crystallogra 
phers. 

Referring to the drawing, Fig. 1 illustrates the 
general form and growth habit in which sodium 
chlorate may crystallize. The mother crystal 
illustrated in Fig. 1 may be grown from a satu 
rated water solution by slowly reducing the ten 
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perature and depositing the Salt on a prepared 
seed. The crystal grows in the cubic tetra 
hedral form and, in the case of sodium chlorate 
crystals, the crystal habit assumes a cubic foral 
as illustrated in Fig. 1, the principal faces aS 
expressed in conventional terminology being the 
001, 010 and 100 planes, and on the cube edges 
the 110, 101 and 011 planes are sometimes in eVi 
dence. 
The mother Crystal , as illustrated in Fig. 1, 

may be grown from any suitable nutrient solution 
by any suitable crystallizer apparatus or method, 
the nutrient solution used for growing the crystal 
A being prepared from any suitable chemical Sub 
stances and the crystal being groWin from Such 
nutrient solution in any suitable manner to ob 
tain a mother crystal of a large size and shape 
that may be suitable for cutting therefrom piezo 
electric crystal elements in accordance With this 
invention. The mother crystal , from which 
the Crystal elements are to be cut, is relatively 
easy to groW in shapes and sizes that are Suit 
able for cutting useful crystal plates or elements 
therefrom. Such mother crystals i may be con 
veniently grown to sizes around 2 inches or more 
for the X, Y and Z dimensions or of any size 
sufficient to suit the desired size for the piezo 
electric circuit elements that are to be cut there 
from. It Will be understood that the nother 
crystal may be grown to size by any suitable 
crystallizer apparatus such as for example, by a 
rocking tank type crystallizer or by a reciprocat 
ing rotary gyrator type crystallizer. 

Crystals comprising sodium chlorate have no 
Water of crystallization and hence no vapor 
pressure, and accordingly, plates cut therefrom 
may be put in an evacuated container without 
change, and may be held in temperatures as 
high as 200° C. or more. At a temperature Con 
siderably higher than about 240° C., surface de 
composition and eventual melting occurs. 
Tetrahedral crystals comprising sodium 

chlorate are characterized by having two inter 
changeable crystallographic axes b and a, which 
are disposed at right angles With respect to each 
other, and a third crystallographic axis C. Which 
makes an angle of 90 degrees with respect to the 
other two crystallographic axes b and a. In 
dealing with the axes and the properties of such 
a crystal , it is convenient to use the mutually 
perpendicular system of X, Y and Z coordinates. 
Accordingly, as illustrated in Fig. 1, the method 
chosen for relating the conventional right-angled 
X, Y and Z System of axes to the a, b and c Sys 
tem. Of crystallographic axes of the Crystallogra 
pher, is to make the Z axis coincide with the c 
axis and the Y axis coincide With the b or a axis, 
and to have the X axis coincide with the d or b 
crystallographic axis. 

Fig. 2 is a perspective view illustrating sodium 
chlorate X-cut, Y-cut and Z-cut crystal elements 
5, 6 and respectively, cut from a suitable mother 
crystal Such as that shown in Fig. 1. The 
crystal elements. 5, 6 and 7 as shown in Fig. 2 
may be made into the form of plates of Substan 
tially rectangular parallelepiped shape having a 
length dimension I, a breadth or width dimen 
sion W, and a thickness or thin dimension T, 
the directions of the length, Width and thickness 
dimensions I, W and T being mutually perpen 
dicular, and the thin or thickness dimension T 
being measured between the opposite parallel 
major or electrode faces of the crystal elements 
5, 6 and 7. The length dimension L and the 
Width dimension W of the crystal elements 5, 6 
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and may be made of values to Suit the desired 
face shear mode frequency thereof. The thick 
ness or thin dimensionT may be made of a value 
to suit the impedance of the system in which the 
crystal elements 5, 6 and T may be utilized as 
a circuit element; and also it may be made of 
a suitable value to avoid nearly spurious modes 
of motion which, by proper dimensioning of the 
thickness dimension T relative to the larger 
length and width dimensions L and W, may be 
placed in a location that is relatively remote from 
the desired face shear mode of motion controlled 
by the length and width dimensions L and W. 

Suitable conductive electrodes 3 and 4 may be 
provided adjacent the two opposite major or 
electrode faces of the crystal elements 5, 6 and 7 
in order to apply electric field excitation thereto. 
The electrodes 3 and 4 when formed integral 
with the faces of the crystal elements 5, 6 and T 
may consist of gold, platinum, silver, aluminum 
or other suitable conductive material deposited 
upon the surfaces of the crystal elements 5, 6 
and 7 by evaporation in vacuum or by other 
suitable process. Accordingly, it will be under 
stood that the crystal elements 5, 6 and 7 may 
be provided With conductive electrodes or coat 
ings 3 and 4 on their faces of any suitable com 
position, shape, and arrangement, such as those 
known for the face shear mode of motion in con 
nection. With Rochelle Salt or quartz crystals for 
example; and that they may be nodally mounted 
and electrically connected by any suitable means 
Such as for example, by a pair of opposite pres 
Sure-type clamping pins or conductive supporting 
Spring Wires 2 which may be securely cemented 
by a spot of conductive cement 2a to the r 
tive coatings 3 and 4 deposited on the 
major faces of the crystal elements 5, 
aS already known in connection with 
Rochelle salt and other crystals having a similar 
Or corresponding face shear mode of motion. 
The support wires 2 are individually connected to 
the electrodes 3 and 4 which are disposed adja 
cent the opposite major faces of the crystal 
elements 5, 6 and 7 and provide an electric field 
in the direction of the thickness dimension T 
of the crystal elements 5, 6 and , thereby pro 
ducing a useful face shear mode of motion in 
the plane of the length and width dimensions 
L and W of the crystal elements 5, 6 and 7. 
The face shear mode crystal elements 5, 6 and 
of Fig. 2 are three differently oriented crystal 

elements of X-cut, Y-cut and Z-cut orientations 
respectively, the frequency of which results from 
a face shear motion which is controlled in fre 
Cuency mainly by the major face length and 
Width dimensions L, and W. As illustrated in 
Fig. 2, the major faces of the crystal elements 
5, 6 and T are disposed perpendicular or nearly 
perpendicular with respect to one of the three 
mutually perpendicular X, Y and Z axes, and 
the Opposite edges of such major faces are dis 
posed parallel or nearly parallel with respect to 
two of the X, Y and Z axes, the length and width 
dimensions L, and W accordingly being disposed 
at an angle of Zero or nearly zero degrees with 
respect to two of the X, Y and Z axes. 
motion in the X-cut, Y-cut and Z-cut crystal 
elements 5, 6 and 7 of Fig. 2 is a shear mode of 
motion controlled by the piezoelectric constants 
d14, d25 and diss respectively which represent con 
ventional terminology for expressing the relation 
between the applied field direction and the re 
Sulting stress or type of motion. These three 
piezoelectric constants are of equal value in so 
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6 
dium chlorate crystals, and consequently any of 
the X-cut, Y-cut and Z-cut crystal elements 5, 
6 and 7 of Fig. 2 may be piezoelectrically driven 
with equal strength and equal characteristics. 
AS illustrated in Fig. 2, the X-Cut crystal ele 

ment 5 may have Square or rectangular-shaped 
major faces which are disposed perpendicular or 
nearly perpendicular with respect to the X axis 
and which have edges disposed parallel or nearly 
parallel to the Y and Z axes in Order to obtain 
the desired face shear mode of motion therein 
free from coupling to longitudinal modes of no 
tion. Similarly, the Y-cut crystal element 6 of 
Fig. 2 may have its square or rectangular major 
faces disposed perpendicular or nearly perpen 
dicular to the Y axis and its opposite edges 
parallel or nearly parallel to the X Or Z axeS. 
Similarly, the 2-cut crystal element of Fig. 2 
may have its square or rectangular major faces 
disposed perpendicular to the Z axis and its edges 
parallel or nearly parallel to the X and Y axes. 
In all three of the crystal elements 5, 6 and 7 
of Fig. 2 where the peripheral edges are disposed 
at a substantially zero angle with respect to two 
of the three mutually perpendicular X, Y and 2. 
axes, the face shear motion is substantially free 
from coupling to longitudinal nodes therein and 
has a resonant frequency which is nearly linear 
With respect to temperature. The frequency 
constants for the first or fundamental face shear 
mode of motion of each of the sodium chlorate 
X-cut, Y-cut and Z-cut crystal elements 5, 6 and 

respectively of Fig. 2 is of the Order of 109 
kilocycles per second per centimeter of the length 
or Width dimension L and W at a temperature of 
about 25° C., and varies uniformly and nearly 
linearly with temperature change, as illustrated 
by the curve in Fig. 4. 
While the face shear mode crystal elements 

5, 6 and 7 of Fig. 2 are shown as having sub 
stantially square-shaped major faces, they may 
be cut in elongated rectangular form with Small 
or selected dimensional ratios of width W to 
length L or of length L to width W, and they may 
be adapted to vibrate either simultaneously or in 
dependently in the first and second shear face 
modes of motion controlled by the width W 
and length L. dimensions of the crystal element 
by means as disclosed for example in my United 
States Patent 2,309,467, dated January 26, 1943. 

Fig. 4 is a graph illustrating an example of 
the variation in the resonant frequency constant 
with varying temperatures from about -20° to 
--250 C., in fundamental face shear mode crystal 
elements 5, 6 and 7 of the X-cut, Y-cut and Z-cut, 
Orientations as illustrated in Fig. 2. As shown by 
the curve in Fig. 4, the frequency constant for 
the fundamental face shear mode of motion in 
any of the X-cut, Y-cut and Z-cut crystal ele 
ments 5, 6 and of Fig. 2 has a value at about 
20° C. of about 109 kilocycles per second per 
centimeter of the length or width dimensions j, 
and W, and as the temperature is increased, the 
value of the frequency constant decreases uni 
formly and nearly linearly with respect to tem 
perature change, giving a decrease in frequency 
constant of about 14 kilocycles per second over 
the temperature range from about -20° to 
--250° C., as shown by the curve in Fig. 4. 
As an illustrative example from the curve of 

Fig. 4, an X-cut, a Y-cut or a Z-cut crystal ele 
ment 5, 6 or 7 of Fig. 2 having a width dimension 
W of i centimeter and a length dimension I of 1 
Centimeter will have a frequency for its funda 
mental face shear mode of motion of about 109 
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kilocycles per second at about -20° C. and of 
about 95 kilocycles per second at --250° C., and 
an intermediate value between -20° and --250° C. 
as given by the curve of Fig. 4. Similar crystal 
elements 5, 6 and it constructed of other di 
mensions will have a corresponding frequency 
which varies inversely as the values of the major 
face width and length dimensions W and T. 

Fig. 3 is a perspective view illustrating three 
differently oriented face longitudinal mode cryS 
tal elements 8, 9 and 0 which may be cut by 
any suitable methods from a mother crystal 
such as that illustrated in Fig. 1, and which may 
be made into elongated crystal plates of Sub 
stantially rectangular parallelepiped shape having 
a relatively large length dimension I, a smaller 
width dimension W, and a small thickness or thin 
dimension T which extends between the two 
opposite major faces of the crystal plates 8, 9 
and O. By proper dimensioning of the thickness 
dimension Trelative to the relatively much larger 
width and length dimensions W and I, Spurious 
resonances may be placed in a location that is 
relatively remote from the desired main face 
mode of motion which in the case of the Crystal 
plates 8, 9 and 0 of Fig. 3 is a longitudinal mode 
of motion. 

Suitable conductive electrodes such as the crys 
tal electrodes 3 and 4 may be placed adjacent 
and formed integral with the opposite major 
faces of the crystal plates 8, 9 and in Order to 
apply electric field excitation thereto in the di 
rection of the thickness dimension T thereof. 
The crystal electrodes 3 and 4 may partially or 
wholly cover the opposite major faces of the crys 
tall plates 8, 9 and D, and when formed integral 
with such faces may consist of gold, platinum, 
silver, aluminum or other suitable conductive ma 
terial deposited by evaporation in vacuum, spray 
ing, painting, or by other suitable process. 
The 45-degree X-cut, the 45-degree Y-cut and 

the 45-degree Z-cut crystal elements 8, 9 and 
respectively of Fig. 3 may be cut from the crystal 
plates 5, 6 and 7 respectively of Fig. 2, or they 
may be cut separately from the nother crystal 
of Fig. 1. The 45-degree X-cut Crystal element 

8 as illustrated in Fig. 3 has its opposite major 
faces disposed perpendicular or nearly perpen 
dicular to the X axis and has its length and 
width dimensions I, and W inclined at an angle 
of 45 or nearly 45 degrees with respect to the Y 
and Z axes. Similarly, the 45-degree Y-cut crys 
tal element 9 and the 45-degree Z-cut crystal 
element 0 as illustrated in Fig. 3 have their 
major faces disposed perpendicular or nearly per 
pendicular to the Y and Z axes respectively, and 
have the lengthwise dimension I, thereof inclined 
at an angle of 45 degrees or nearly 45 degrees 
With respect to the other two of the three 
mutually perpendicular X, Y and Z axes. The 
dimensional ratio of the width dimension W with 
respect to the length dimension E, of the crystal 
elements 8, 9 and C may be of any suitable value 
such as below 0.7 or around 0.5 or less for ex 
ample. A feature of interest is that at the bi 
Secting angle of 45 degrees, the crystal elements 
8, 9 and ?o illustrated in Fig. 3 have for the longi 
tudinal mode of motion, the maximum value for 
the piezoelectric constants d11, d21 and dai, the 
maximum value of longitudinal motion, the mini 
Inum. Or Zero value of coupling with the face 
shear mode of motion therein, and a uniform 
and nearly linear variation in the longitudinal 
mode frequency with temperature change, as 
illustrated in Fig. 5. 
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While the 45-degree-angle as illustrated in Fig. 

3 is of special interest, it will be understood that 
the longitudinal mode crystal elements 8, 9 and 
to may be rotated in effect about their thickness 
dimension T to a position at either side of and 
other than at the 45-degree bisecting angular 
position that is particularly illustrated in Fig. 3. 
And while the longitudinal mode of motion along 
the length dimension L is of special interest, it 
will be understood that the crystal elements 8, 9 
and 0 of Fig. 3 may be operated in the longi 
tudinal mode of motion along the width dimen 
sion W by the same electrodes 3 and 4; or they 
may be operated simultaneously in the length L. 
and width W longitudinal modes of motion by 
electrode means as disclosed in my United States 
Patent 2,292,885, dated August 11, 1942; or they 
may be operated alone or simultaneously in the 
length. T. longitudinal mode of motion and in the 
width W flexural mode of motion by means as 
disclosed in my United States Patent 2,292,886, 
dated August 11, 1942. 
The dimensional ratio of the width dimension 

W with respect to the length dimension I of the 
crystal elements 8, 9 and f may be made of any 
suitable value in the region less than 0.7 for ex 
ample, and as particularly described herein is leSS 
than 0.5 for longitudinal length. I mode Crystal 
elements. The smaller values of dimensional 
ratios of the width. W with respect to the length 
L., as of the order of 0.5 more or less, have the 
effect of spacing the width W mode of motion 
therein at a frequency which is remote from the 
fundamental longitudinal mode of motion along 
the length dimension L. 
Wi the crystal elements 8, 9 and are 

operated in the fundamental longitudinal mode of 
motion along the length dimension L thereof, the 
nodal line occurs at the center of and trans 
verse to the length dimension L of the crystal 
element and is about midway betWeen the op 
posite Small ends thereof, and the crystal element 
8, 9 or ) may be there nodally mounted and 
electrically connected by any suitable means such 
as by one or more pairs of coaxial spring wires 2 
which may be secured or cemented by a spot of 
conductive cement 2a to the metallic coatings 3 
and 4 in the nodal region 2a of the crystal ele 
ments 8, 9 and 0. 
While the crystal elements 8, 9 and 0 are par 

ticularly described herein as being operated in 
the fundamental longitudinal mode of motion 
along the length dimension L, it will be under 
stood that they may be operated in any even or 
odd order harmonic thereof by means of a 
plurality of pairs of opposite interconnected elec 
trodes spaced along the length dimension I, there 
of in a manner known in connection with lon 
gitudinal mode quartz Crystal elements. 
The cuts of special interest illustrated in Fig. 3 

are the 45-degree X-Cut, the 45-degree Y-cut, and 
the 45-degree Z-cut crystal elements 8, 9 and 9 
respectively as illustrated in Fig. 3, which are 
adapted to vibrate in the longitudinal mode of 
motion along the lengthwise dimension L of the 
major faces thereof. These three cuts have simi 
lar characteristics and they are the orientations 
which give not only the maximum value of piezo 
electric coupling for the lengthwise longitudinal 
mode of motion but also a substantially zero value 
of mechanical coupling of that lengthwise 
longitudinal mode of motion to the face shear 
mode of motion therein, and moreover for all 
three of these cuts, the frequency of that length 
wise longitudinal mode of motion varies in nearly 
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linear relation with respect to the temperature 
change over a wide range, a feature which is of 
interest in connection with temperature control 
uses. It will be noted that the 45-degree X-cut, 
the 45-degree Y-cut and the 45-degree Z-cut 
crystal elements 8, 9 and G respectively have 
similar characteristics, and that their frequency 
constants expressed in kilocycles per second per 
centimeter of the length dimension T in a tem 
perature range from about --25 C. to --240° C., 
are roughly from 182 to 160 according to the value 
of the temperature. 
As an illustrative example for a 45-degree Z-Cut 

sodium chlorate crystal element 0 having a 
length dimension I equal to about 20.38 milli 
meters, a width dimension W of about 2.71 milli 
meters and a thickness dimension T of about 1.01 
millimeters, the frequency constant expressed in 
kilocycles per second per centimeter of the length 
dimension L is about 181.8 at --28 C., about 180.9 
at -40° C., about 179.3 at --75° C. and decreases 
uniformly to about 160.2 at --240° C., as given in 
the following table which also gives corresponding 
Values for two other Z-cut crystal elements Where 
the length dimension L is disposed at an ange of 
0 degrees and also at an angle of 22% degrees with 
respect to the X axis: 

TABLE 

MedSired properties of SOdiatin, chlorate 

Z-Cuts22.5° Z-Clt L-45° 0° Z-Cult 
Temperature in LS, im L. Slim L=29.90 mm. 

Degrees C. W-5.65mm. W 37 mm. W.02 In, 
T-6 In T-1.04 mm. 

Ric-cm. Rc.-cm. c-cm. 
1932 18.8 108.6 
192.2 80.9 108.3 
90.2 79.3 O8.2 
87.2 177.2 106.2 
83. 4 173.5 042 
82.3 72.5 03, 8 
1813 713 03.1 

m - - - - - - - 170,3 02.5 

178.6 69.2 102.0 
177.5 68.3 0.2 
76. 67.1 100.4 

175, 66.2 99.9 
178.1 164.5 99. 
1722 163.3 98.3 
70.3 16.3 97.2 
68.5 60.2 96.2 

Fig. 5 is a graph illustrating an example of the 
variation in the resonant frequency constant with 
varying temperatures from about --25° to --240 
C., in longitudinal mode elongated crystal ele 
ments 8, 9 and 0 of the 45-degree X-cut, 45-de 
gree Y-cut and 45-degree Z-cut Orientations re 
spectively which are particularly illustrated in 
Fig. 3. As shown by the curve in Fig. 5, the fre 
quency constant for the fundamental longitu 
dinal length mode of motion in any of the elon 
gated crystal elements 8, 9 and 0 of Fig. 3 has 
at a temperature of about 25° C. a value of about 
182 kilocycles per second per centimeter of the 
length dimension I, and as the temperature is 
increased, the Walue of the frequency constant 
decreases uniformly and nearly linearly with re 
Spect to temperature change, giving a decrease 
in frequency constant of about 22 kilocycles per 
second over the temperature range from about 
+25° to --240° C., as shown by the curve in 
Fig. 5. The frequency of the longitudinal mode 
of motion along the length dimension varies in- 7 
versely as the value of the temperature, and also 
inversely as the value of the length dimension L. 
Although this invention has been described and 

illustrated in relation to specific arrangements, it 
is to be understood that it is capable of applicar 
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10 
tion in other Organizations and is therefore not 
to be limited to the particular embodiments dis 
closed. 
What is clained is: 
1. Piezoelectric crystal apparatus comprising a 

piezoelectric sodium chlorate crystal plate haW 
ing its Substantially rectangular-shaped major 
faces disposed substantially perpendicular to one 
of the three mutually perpendicular X, Y and Z 
axes, the opposite edges of said major faces being 
disposed at One of the angles of substantially 0 
and 45 degrees with respect to one of the other 
two of said three mutually perpendicular X, Y 
and Z axes, and means comprising electrodes dis 
posed adjacent said major faces for Operating 
said Crystal plate in a face mode of motion at a, 
frequency which varies in substantially uniform 
linear relation with respect to the value of an 
bient temperature applied thereto. 

2. Piezoelectric Crystal apparatus comprising a 
Sodium chlorate crystal element adapted for Wi 
bration in the face shear node of notion along 
its substantially rectangular major faces at a 
frequency which Varies unifornly over a Sub 
stantial temperature range in accordance With 
the Value of the temperature thereof, said na 
jor faces being disposed substantially perpen 
dicular to the X axis, and the edges of said 
major faces being disposed SubStantially parallel 
to the Y and Z axes and neans comprising elec 
trodes disposed adjacent Said major faces for 
Operating said crystal element in said face shear 
mode of motion at Said frequency in accordance 
With said temperature value. 

3. Piezoelectric crystal apparatus comprising 
a sodium chlorate crystal element adapted for 
vibration in the face shear mode of notion along 
its substantially Square major faces at a, fre 
duency Which Varies uniformly over a substantial 
temperature range in accordance with the Value 
of the temperature thereof, said major faces be 
ing disposed substantially perpendicular to the 
X axis, and the edges of said major faces being 
disposed substantially parallel to the Y and Z 
axes, and means comprising electrodes disposed 
adjacent Said major faces for Operating Said 
Crystal element in said face shear mode of no 
tion at Said frequency in accordance With said 
temperature value. 

4. Piezoelectric Crystal apparatus comprising a 
Sodium chlorate crystal element adapted for Wi 
bration in the face Shear node Of notion along 
its Substantially rectangular major faces at a fre 
quency which varies uniformly over a substantial 
temperature range in accordance With the value 
of the temperature thereof, said major faces be 
ing disposed substantially perpendicular to the 
Y axis, and the edges of Said major faces being 
disposed substantially parallel to the X and Z 
axes, and means comprising electrodes disposed 
adjacent said major faces for Operating Said 
crystal element in said face shear node of ino 
tion at said frequency in accordance With said 
temperature value. 

5. Piezoelectric crystal apparatus comprising a 
Sodium chlorate Crystal element adapted for Wi 
bation in the face shear node of motion along 
itS substantially Square major faceSat, a frequency 
Which Varies unifornly over a Sistantial ten 
perature range in accordance With the value of 
the temperature thereof, Said inajor faces being 
disposed Substantially peeindicular to tire Y 
Kis, and the edges of said major faces being dis 

posed Substantially parallel to the X and Z axes, 
and means comprising electrodes disposed adja 
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cent said major faces for operating said crystal 
element in said face shear mode of motion at said 
frequency in accordance with said temperature 
value. 

6. Piezoelectric crystal apparatus comprising a 
sodium chlorate crystal element adapted for Wi 
bration in the face shear mode of motion along 
its substantially rectangular major faces at a 
frequency which varies uniformly over a Sub 
stantial temperature range in accordance with 
the value of the temperature thereof, said major 
faces being disposed substantially perpendicular 
to the Z axis, and the edges of said major faces 
being disposed substantially parallel to the Y and 
X axes, and means comprising electrodes dis 
posed adjacent said major faces for Operating 
said crystal element in said face shear mode of 
motion at said frequency in accordance with Said 
temperature value. 

7. Piezoelectric crystal apparatus comprising a 
sodium chlorate crystal element adapted for vi 
bration in the face shear mode of motion along 
its substantially square major faces at a fre 
quency which varies uniformly over a substantial 
temperature range in accordance with the value 
of the temperature thereof, said major faces be 
ing disposed substantially perpendicular to the 
Z axis, and the edges of said major faces being 
disposed substantially parallel to the Y and X 
axes, and means comprising electrodes disposed 
adjacent said major faces for operating said 
crystal element in said face shear mode of mo 
tion at said frequency in accordance With said 
temperature value. 

8. Piezoelectric crystal apparatus comprising a 
Sodium chlorate crystal element adapted for Wi 
bration in the face shear mode of motion along 
its substantially rectangular major faces, said 
major faces being disposed substantially perpen 
dicular with respect to one of the three mutu 
ally perpendicular X, Y and Z axes, the length 
and width dimensions of said major faces being 
disposed substantially parallel with respect to one 
of the other two of said three mutually perpen 
dicular X, Y and Z axes, said length and width 
dimensions having values corresponding to the 
value of the frequency for said face shear node 
of motion, said length and width dimensions ex 
preSSed in centimeters being one of the values 
Substantially from 10 to 95 divided by said value 
of Said frequency expressed in kilocycles per sec 
Ond, and means comprising electrodes disposed 
adjacent Said major faces for operating said crys 
tal element in said face shear mode of motion 
at said frequency, said frequency being a value 
which varies uniformly in accordance with the 
value of the ambient temperature applied to said 
Crystal element and said frequency correspond 
ing to a value substantially as given by the curve 
in Fig. 4 at a point thereon corresponding to the 
value of said temperature. 

9. Piezoelectric crystal apparatus comprising 
an elongated Sodium chlorate crystal element 
adapted for Vibration in the longitudinal node 
of motion along the lengthwise dimension of its 
Substantially rectangular major faces, and means 
comprising electrodes disposed adjacent said ma 
jor faces for operating said crystal element in 
Said lengthwise mode of motion at a frequency 
which varies uniformly over a substantial tem 
perature range in accordance with the Value of 
the temperature of said crystal element, said 
major faces being disposed substantially perpen 
dicular to the X axis, and said lengthwise di 
mension being inclined at an angle of substan 
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tially 45 degrees with respect to the Y and Z 
axes. 

10. Piezoelectric crystal apparatus comprising 
an elongated sodium chlorate crystal element 
adapted for vibration in the longitudinal mode of 
motion along the lengthwise dimension of its 
Substantially rectangular major faces, and means 
comprising electrodes disposed adjacent said ma 
jor faces for operating said crystal element in 
said length Wise node of motion at a frequency 
which varies uniformly over a substantial tem 
perature range in accordance With the Walue of 
the temperature of said crystal element, said ma 
jor faces being disposed substantially perpendic 
ular to the Y axis, and said lengthwise dimen 
Sion being inclined at an angle of substantially 
45 degrees with respect to the X and Z axes. 

11. Piezoelectric crystal apparatus comprising 
an elongated Sodium chlorate crystal element 
adapted for vibration in the longitudinal mode of 
motion along the lengthwise dimension of its 
substantially rectangular major faces, and means 
comprising electrodes disposed adjacent said ma 
jor faces for operating said Crystal element in 
said lengthwise mode of motion at a frequency 
which varies uniformly over a substantial tem 
perature range in accordance With the Value of 
the temperature of Said Crystal element, said 
major faces being disposed substantially perpen. 
dicular to the Z axis, and said lengthwise di 
mension being inclined at an angle of Substan 
tially 45 degrees with respect to the Y and X 
aXeS. - 

12. Piezoelectric crystal apparatus comprising 
35 a. sodium chlorate crystal element adapted for 

longitudinal motion along the length dimension 
of its substantially rectangular major faces, said 
major faces being disposed substantially perpen 
dicular with respect to one of the three mutu 

40 ally perpendicular X, Y and Z axes, said length 
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dimension being disposed at an angle of Sub 
stantially 45 degrees with respect to the other 
two of said three mutually perpendicular X, Y 
and Z axes, the Width dimension of said major 
faces being substantially less than said length 
dimension thereof, said length dimension having 
a value corresponding to the value of the fre 
quency for said longitudinal mode of motion, said 
length dimension expressed in centimeters being 
one of the values substantially from 182 to 160 
divided by said value of said frequency expressed 
in kilocycles per Second, and means comprising 
electrodes disposed adjacent said major faces for 
operating said crystal element in said longitudi 
nal mode of motion at said frequency, said fre 
quency being a value which varies uniformly in 
accordance With the value of the ambient ten 
perature applied to Said Crystal element and said 
frequency corresponding to a value substantially 
as given by the curve in Fig. 5 at a point thereon 
Corresponding to the Value of Said temperature. 

13. Piezoelectric crystal apparatus comprising 
a piezoelectric sodium chlorate crystal element 
having Substantially rectangular-shaped major 
faces, said major faces being disposed substan 
tially perpendicular to one of the three mutu 
ally perpendicular X, Y and Z. axes, the length 
Wise dimension and longest edges of Said major 
faces being inclined at an Orientation angle. of 
Substantially 45 degrees with respect to the other 
tWO of said three mutually perpendicular X, Y 
and Z axes, and means comprising electrodes dis 
posed adjacent said major faces for operating 
said Crystal element in a longitudinal mode of 
motion at a frequency dependent upon said 
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lengthwise dimension and having a value which 
varies uniformly with respect to the value of the 
temperature of said crystal element, said Orien 
tation angle being a value corresponding to the 
maximum value of piezoelectric coupling for said 
longitudinal mode of motion, and corresponding 
to a substantially zero value for the coupling of 
said longitudinal mode of motion to the face 
shear mode of motion along said major faces of 
said crystal element, the ratio of the width di 
mension and shortest edges of said major faces 
with respect to said lengthwise dimension and 
longest edges thereof being a value less than 0.7, 
said lengthwise dimension expressed in centime 
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