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PIEZ0ELECTRIC CRYS''TAL, ELEMENT 
Charles f', Baltlwin, Schemectatiy, N. Y, and Sam 

ue1 A. Bokowoy, Audubon, N. M., assignors to 
Radio Corporation of America, a corporation of 
0elaware 

Application March 28, 1936, Serial No. 1,388 
{CI. 11-32) 8 Claims. 

This case is a continuation in part of applica 
tion. Serial No. 733.362 entitled '''Piezo-electric 
crystal elements''' to Samuel A. Bokowoy and 
Charles F. Baldwin, filed July 2, 1984, and aS 
signed to the same assignee aS the instant caSe. 
'his invention relates to the piezo-electric art, 

particularly to the cutting of quartz CrystalS and 
has special reference to the manufacture of pieZo 
electric elements of the type poSSeSSing a useful 
natural mode of vibration which is a function 
of length, or of width. Such crystal element.S 
are known in the art, as **contour-mode'' or aS 
**length-mode'' or **width-mode'' Oscillators , and 
resonators. Usually the fundamental frequency 
to which Such crystal elements are cut is loWer 
than that characteristic of so called '''thickneSS 
mode'' crystalS. 
The principal object of the present invention 

is to provide a quartZ |pieZo-electric element 
which shall exhibit a Zero or other desired l0W 
temperature coefficient of frequency When wi 
brated at a frequency which is a function of itS 
length or breadth. ~ 
Another object of the invention is to provide 

a simple, accurate and efficient procedure for the 
cutting of contour-mode crystals and to elim 
inate as far as possible any uncertainties with 
regard to the temperature coefficient of frequency 
and other Operating characteristics of the finished 
element.S. 
Another object of the inWention is to prowide 

a system of orientation for use in the cutting 
of low temperature coefficient of frequency piezo 
electric elements which is applicable, without 
change, to quartz hawing a, crystalline Structure 8 
of either ''left-hand' or *'right-hand' type. 
Other objects and adwantages will be apparent 

and the invention itself will be best understood 
by reference to the following Specification and 
í0 the accompanying draWings, wherein: 

Fig. 1 is plan wiew of a natural or ''mother' 
quartz cryStal, the optic (Z) axis of which is per 
pendicular to the plane of projection; the rela 
tive location of the apex, the major and minor 
apex.Surfaces, an electric (X) axis, a mechanical .4· 
(Y) axis, a reference W axis and a reference 
Y-+6) axis are also marked as an aid to a clear 
understanding of the System of orientation fol 
lowed in producing contOur-mode quartZ ele 
ments in accordance with the inwention. 

? Fig. 2 shows in outline and in . perspective a 
piece of natural quartz hawing a Section cut and 
divided to provide a rough bar hawing top and 
bottom Surfaces lying in planes which are nor 
mal to the Z-axis and its long edges parallel tQ 

a, W-axiS Which is 20° remowed from an X-axis. 
Fig. 3 is an elevational wiew looking in the 

direction of the arrow of Fig. 2 showing the po 
| sition of tWo blankS cut from the bar of Fig. 2, 
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one of these blanks is tilted towards parallelism 
With the plane of a major apex Surface of the 
mother crystal and the other towards paralleliSm 
with the plane of a minor apex Surface of the 
rnOther Crystal. 

Fig. 4 Shows the left-hand blank of Fig. 3 re 
mowed and trimmed, the plane of projection be 
ing perpendicular to the plane of the paper. 

Fig., 5 shows the right-hand blank Of Fig. 3 
removed and trinnned. 

Fig. 6 is a croSS-sectional wiew taken on the 
line W--W of Fig. 1 showing the rotation of the 
blanks about a Y-+6 reference axis of a mother 
crystal and With reSpect to the major and minor 
apeX Surfaces thereof. 

Fig. '' is a chart, Showing the correiation be 
tween certain angles W--V**, and WP?-Wm, re 
quired to achiewe a, contOur-mode oScillator haw 
ing a. Zero or other low temperature coefficient, of frequency. 

Fig. 8 is a chart indicative of the character 
iStics of contour-mode quartZ |plates rotated 
throughout the entire 360° Scale about the 
Z-aXis. ~ 

The present invention involves a system of 
orientation in Which (d) the major and minor 
apex Surfaces of the mother crystal are em 
ployed aS reference planes and (b) certain W 
axis and (c) certain Y-+6) axes are employed as 
reference axes. It is, therefore, necessary to 
identify these planes and axes. 
AS to (d) , referring to FigS. 1 and 2 of the 

drawings and hawing in mind that all unbroken 
quartz crystals are uniformly shaped hexagonal 
bl-pyramids, it will be seen that certain of the 
terminal Surfaces of the quartZ extend to the 
apex of the pyramid. These surfaces are desig 
mated M and are the major apex Surfaces. The 
terminal Surfaces which do not touch the apex 
are designated N and are the minor apex sur 
faceS of the mother crystal. Occasionally a 
mother crystal will be found in which more than 
three of the cap or apex faces extend to the tip 
of the pyramid, other crystals may have their 
pyramid ends broken off. No confusion, how 
ewer, need exist as to the Wirtual location of the 
major and minor apex faces of a broken or other 
WiSe abnormal crystal providing that the side 
faces **m' and **ma,'' or one of them, is intact, for 
it will be apparent from an inspection of Fig. 2 
that those side edges of the mother crystal which 
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approach each other in the direction of its ends 
terminate in a major apex face, While those 
which diverge in this direction terminate in a 
minor apex face. This is So in the case of both 
**left-hand? and *'right-hand' quartZ. 
As to (b) , Fig. 1 is marked to show an electric, 

>K-axis and , an adjacent mechanical or cryS 
tallographic, Y-axis. The optic or Z-axis, marked 
in Fig. 2, is perpendicular to the plane of projec 
tion in Fig. 1. The W-axes lie in the 2?-Y 
plane, i. e. in a plane normal to the Z-axis. All 
axes which in interSecting a reference 29-axiS 
form W-angles of from 0° to 30° therewith are 
reference W-axes within the purwiew of the in 
'wention. In accordance with this definition a 0° 
'W-axis coincides with an 29-axis and a 80° W= 
axis coincides with a, Y-axis 80° remowed (in 
either direction) from said ><-axis. In Fig. 1, 
there is a, W-axis marked which forms a, W-angle 
of 20° with that; 2K-axis which is designated 2K-289.. 
As to (c) , there is Y-+6) axis for each W-aXis, 

each Y-+-6 , axis is normal to its own W-axis and 
normal to the Z-axis. It is about a, Y-+6) aXiS 
that, the element is rotated or tilted to achieWe 
3, desired temperature coefficient of frequency. 

1fn order to produce a quartz pieZ0-electric ele 
rnent; or **plate'' hawing a predetermined loW 
temperature coefficient, a, Suitable angle of ori 
entation (angle W) With respect to an 2X-aXiS, 
and a, coordinated angle representing the in 
clination of the electrode (i. e. **top'' and ''bot 
torn??) faces must be chosen. This latter angle 
will be referred to generally as the '''W-angle'' 
and more specifically as the '''W'* angle' or the 
**Wn angle' as deterrmined by the direction of 
rotation, i. e. Whether tOWard parallelishm With 
the plane of a major apex Surface (hmt) or a minor 
apex Surface (?) of the mother crystal, 

Beferring now to 'F'ig. 't which shows the cOr 
relation between the temperature coefficierat and 
the angles W and W. In this chart an 29-axis 
and an adjacent; ̀ Y-axis are indicated by the wer 
tical, correspondingly designated, lines and the 
Space or region therebetWeen is calibrated in de 
grees from the 2K-axis, the calibrations being 
along the horizontal line Which interSects the 
centrally marked optic axis, Z. In agreement; 
with the previously given definition a ?ine ex 
tending at right angles at any point, along this 
0°-30° 1irae will coincide with a, 'W-axiS. 

It will be noted that there are WO Scales 
marked along the iine representing the 2x-aXiS. 
That; scale which reads in an 'upWard' direction 
from 0° represents a, rotation of the electrode 
faces of the element, about itS Y-+6 axis in a di 
rection away from parallelism With the Z-aXis 
and towards parallelism with the plane of a 
minor apex Surface of the mother crystal, the 
galibrations Wn being in degrees from parallelism 
(0°) with the Z-axis, . Thai Scale Which reads 
in a, **downward' direction from 0° represents a, 
rotation of the electrode faces of the element, 
about its Y-+-6) axis in a direction aWay from par 
allelism with the Z-aXis and toWards paralleliSm 
with the plane of a major apex Surface of the 
nother-crystal; the calibrations W*** like those of 
Wn being in degrees from parallelism with the 
optic (Z) aXis. x 
Now, hawing in mind that there is a, Y-+6) axis 

for and normal to each W-axis, then, from an 
examination of this Fig. 'f it Will be Seen that 
for each W-axis which forms a 0° to 30° angle 
(W) there is a definite angle of rotation (W* O' 
'Wn) required to achieve a desired temperature 
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that a piezo-electric element is required which 
shall exhibit a, Substantially zero temperature co 
efficient of frequency, assuming further that Such. 
element is to be so cut that its electrode faces 
are tilted in a direction away from parallelism 
With the Z-axis and towards parallelism with the 
plane of a minor apex Surface of the mother 
crystal. NoW, Selecting a W angle on the upper 
Scale, Say 20°, (read along the horizontal line 
Which interSects the Z-axis), then, the correlated 
W* ahgle of rotation of the electrode Surfaces 
about the Y-+6) axis is Substantially 43°, this lat 
ter reading being obtained by obserwing at what; 
point on the upper left hand Scale a, line will fall 
projected at right angles to a 20° W-axis from 
a point (fp) at Which the said W axis crosses the ' 
Zero temperature-coefficient; line. 
An elemeht; exhibiting a zero temperature co 

efficient of frequency may likewise be achiewed 
by tilting the electrode surfaces about a. Y-+-6 
axis toWards parallelism With the plane of a ma 
jor apex Surface. Thus, aSSuming as in the above 
example that a 20° W-axis is selected, then, read 
ing the lower left-hand Scale at the point; (p') 
Where a 20° W-axis crosses the zero temperature 
coefficient; line it will be seen that; the correlated 
W*** angle of rotation is substantially 55°. 
The curves of Fig. 't show clearly that the in 

Wention is not limited in itS Scope to the cuiting 
of pieZo-electric plates haWing an exactly Zero 
temperature coefficient of frequency. For cer 
tain uSeS the characteristic to be sought; is a, 
definite positiWe or negative temperature coeffi 
cienti. Such crystal elements have great utility 
in 0Scillator circuits Which inherently have cer 
taina temperature coefficients of frequency irre 
spectiWe of the crystal frequency control there 
for. Thus it becomes adwantageous at times ' to 
use a cryStal control element haWing a termpera 
ture coefficient of frequency which is of oppo 
Site Sign to, and substantially compensates for, 
the natural temperature coefficient of frequency 
of the OScillator network per se, 
To deterrmine the Win or the Wim angle of rota 

tion required to achieWe a piez0-electric element 
hawing a particular coefficient of frequency the 
left-hand Scale of Fig. 't should be read at the 
point; Where the Selected W-axis crosses the line 
specific to the termperature coefficient; desired. 
But three termperature coefficient; curWes are 
marked in each of the charts of Fig. 7. There 
is a, Zero temperature coefficient curwe (the cen 
ter curWes, each marked (**+0??) for each direction 
of tilt. The curves on opposite sides of the **zero 
line''' of the upper chart, ermbrace the Wim and Win 
?ngleS, required to achiewe an element, exhibit 
ing a temperature coefficient of frequency of -+5 
cycles and -5 cycles, respectively, per million, 
per degree centigrade. The curves on the oppo-- 
Site sides of the ''zero line''' of the lower chart 
embrace the Wn and Wr angles required to 
achieWe an element, exhibiting a, temperature co 
efficient of frequency of -5 cycles and +-5 cycles, 
respectively, per million, per degree centigrade. 
Tt is obwious that other curwes representative of 
other temperature coefficients of frequency may 
be derived from the Ones illustrated. 
As a matter of manufacturing convenience it 

is often desirable to select; ''standard' W-angles 
from the substantially infinite number aWailable 
within the 0°-30° range. Recommended '''stand 
ard' W-angles and their correlated W-angles re 
quired to achiewe a, 'contour-mode'' piezo-elec 

coefficient of frequency. For example, assuming 'f5 tric quart4 6lement of a desired loW temperature 
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coefficient of frequency (as derived from the direction of tilt; and with the temperature co 
chart of big. '',') are: efficient. Furthermore, it is possible to produce 

Electrode faces titted toapdf"ds d maintOff' ' (ma) dpeat; 
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Any X-axis may be selected as the reference 
axis from which the W-axis is measured. This 
is brought out, in the chart of Fig. 8 Which ShoWS 
the correlation required between the W and W 
angles for zero temperature coefficient, 'contOur 
mode'' quartz plates, throughout the entire 360'' 
scale about the Z-axiS. 

Referring in detail to Fig. 8, there are three 
X-axes and three Y-axes paSSing through the 
Z-axis and dividing the 360° Scale into tWelve 80" 
segments. Each 2K-axis coincideS With a 0° W 
axis, each. Y axis coincides with a 30° W-axis, 
all of these X and `Y axes and all of the Sub 
stantially infinite number of axes lying in the 
same (X-Y) plane are W-aXeS and any One 
may be selected as a reference axis in carrying 
the invention into effect. There is a Zero tem 
perature coefficient line Which paSSeS through 
each (W) axis in the X-Y plane. This line haS 
dissimilar opposite Shaped SegmentS, Which are 
marked for purposes of illustration, by the curved 
arrows Vm and Vm'. Wherever a, W-axis touches 
one of these segments V* or Vr of the Zero ten 
perature coefficient line, there, is the Second Or 
W-angle of rotation required to be knoWn in the 
cutting of contour-mode quartz crystal elementS 
possessing a zero temperature coefficient of fre 
quency. The scale for reading W-angleS is marked * 
in degrees in two directions along that 2X-axiS 
which divides the main 360° Scale horizontally. 
The exponents **ma?’ and **ma? are indicative of the 
direction of tilt with respect to the plane of a 
major (ma) and minor (12) apex Surface of the 
mother crystal. The readings obtained from thiS 
scale will be found to correspond to those of the 
chart of Efig. ''. `? 
The dimensions of the finished elementS neceS 

sary to produce a desired frequency may be de 
termined according to the usual methods. One 
preferred method, however, is that taught in 
U. S. Patent 2,064,288 to Samuel A. BokOWOy. In 
that patent; it was shown how a dimension (other 
than thickness) perpendicular to the Optic axis 
may be chosen according to known frequency 
constants, and the other of the two greater 
dimensions may gradually be reduced until the 
desired frequency is obtained. 

It is not deemed eSSential to a complete diS 
closure of the present invention that Specific con 
stants be given with reSpect to the relation be 
tween dimensions and frequency characteristicS. 
These constants wary extensiwely not Only with 
the W-angle and with W-angle but also with the 
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satisfactory crystal elements hawing a consider 
able range of length-to-breadth ratioS. Square 
faced crystals have prowen wery satisfactory aS 
well as those of more or less oblong proportionS. 
The thickneSS dimension is of almost negligible 
moment in determiming the length-and-breadth 
mode frequency characteristic. 
AS illustrative of a preferred manner of cut 

ting contour-mode quartz pieZ0-electric elementS 
hawing a zero or Some other low temperature 
coefficient of frequency reference is had to FigS. 
1 to 6 iraclusive. 
Referring first, to Fig. 2, a Section 2, say one 

inch thick, is first sliced from the body of the 
mother crystal, the thickneSS dimension of this 
Section is parallel with, and the length-breadth 
dimension of this Section is normal to the Zé-axis, 
A bar 3, Say one inch wide, is then cut from this 
Section 2, preferably at Substantialhy . the exact 
W-arngle Selected as a reference axis. In the il 
lustrated embodiment the long dimensions of the 
bar 3 coincide with a W-axis which is 20° re 
rnowed from that, X-axis (and hence 10° removed 
from that Y-aXiS) Imarked in b0th BigS. 1 and 2. 

Referring to FigS. 3 and 4, the blanks 4 and 5 
from Which the finished elements are formed are 
then sliced fron bar 2 at either a Wffi angle or Win 
angle dictated by the temperature coefficient de 
Sired. The electrode faces of blank 4, as shown 
have been rotated Substantially 48° (the Wn an 
gle) about itS Y-+6 axis in a direction away from 
paralleliSm with the Z4-aXiS toward paralleliSm 
With the plane of that minor apex Surface of the 
mother crystal which is designated N1 in FigS. 1 
and 4. (In Fig. 2, N1 is opposite the major apeX 
Surface designated M1.) This 43° Wm angle is 
Shown in FigS. ' and 8, to be the precise angle 
1required to achiewe a Substantially Zero tempera 
ture coefficient of frequency-when the selected 
W-aXis forms a, W-angle with an X-axis of 20°. 
The electrode faces of blank 6 of F'igS. 3 and 4 

haWe been rotated Substantially 55° (the Wm an 
gle) about itS Y+6) axis in a direction away from 
parallelism With the Z-axis toWards parallelism 
With the plane of that major apex Surface of 
the mothe1' crystal which is designated M1 in 
FigS. 1, 2 and 4. This blank 5, like blank 4, will 
exhibit, a Substantially Zero temperature coeffi 
cient of frequency when wibrated at a frequency 
Which is a function of one of itS greater dimen 
S1Of1S. 

The proper length-Width dimensions required 
t0 achieve a desired contour-mode frequency hav 
ing been determined, it remains only to grind 
and lap these blanks to Size, and to trim the edges 
(€, e* Fig. 4, e', e° Fig., 5) so that planes of 
the electrode faces 2-+V are normal to the W7-+-V 
thickneSS dimension. It is preferable to bevel the 
edges and round the cornerS of the otherwise fira 
ished elements of FigS. 4 and 5 in order to re 
mowe minute irregularities in the cutting and to 
preverati chipping in case the crystals should be 
excited at wery great amplitudes of oScillations. 
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As in prior art, contour-mode oScillators and reS 
onators the thickness-dimension has little or no 
effect upon 0Scillationa performance. 
Although certain specific ways and means for 

accomplishing the objects of the inWentiora haWe 
been Set; forth it ds to be understood that they 
have been• given for the purpose of explaining 
the inventive concept and should not · be cora 
strued as limitationS to the Scope of the inven 
tion. Neither is it to be understood that any 
Statements herein made in regard to the walue or 
relationships between angles or' orientation and 
''temperature coefficientS 0f frequency'' 8re other 
than close approximationS. 

'The inwention, therefore, is not to be limited 
except inSofar as is necessitated by the prior art 
and by the Spirit of the appended claims. 
What is claimed is: 
1. The invention as Set forth in claim 2 where 

in the angle formed by the interSection of Said 
electric (2K) axis and said W-axis is at least 1° 
and not more than 29°. 

2. A quartZ |piezo-electric element cut from a 
mother crystal haWing a 'major apex Surface, a 
mainOr apex Sturface, an Optic (Z) axis, an elec 
tric (X) axis, a mechanical (Y) · axis, a, W-axis 
and a Y-+6) axis, Said W-axis lying in the X---Y 
plane and Said Y-+6 axis being normal to Said 
W-axis, said element hawing its electrode faceS 
So tilted about said Y-+-6 aXis in a direction away 
from Said optic (Z) axis and aWay from the 
plane of one of Said apex SurfaceS, tOWard paral 
lelism with the plane of the other of said apex 
faces, that it poSSeSSes a temperature coefficient 
of frequency within Substantially +=5 cycles per 
million per degree centigrade when wibrated at 
a fundamental contour-mode frequency, the di 
rection and the angle of tilt of said element 
about the Y-+6) axis neceSSary to achiewe Said 
temperature coefficient of frequency being Such 
a function of the angle formed by the interSec 
tion of the W-axis and the electric. (2K) axis as 
indicated by the curves of Fig. ''. 

8. A quartz pieZo-electric element cut from a, 
mother crystal hawing major and minor apex 
Surfaces, Said element hawing its electrode faces 
parallel to a plane which is rotated from Sub 
Stantially 'f0° to Substantially 35° about a Y-+-6 
aXis in a direction away from parallelism with 
the Z-axis and toWards parallelism with the 
plane of a minor''<apex Surface, Said Y--6) axis 
being normal to a W-axis which lies in a plane 
containing an X-axis and a `Y-axis the angle 
formed by the interSection of said W-axis and 
Said 2K-axis being betWeen the limits of Substan 
tially 0° and not more than 30°, whereby said 
element exhibitS a temperature coefficient of fre 
quency Within Substantially +=5 cycles per mil 
lion per degree centigrade when wibrated at a 
fundamental contour-mode frequency. ~ 

4. A quartZ |pieZ0-electric element cut from 
mother crystal hawing major and minor apex 
SurfaceS, Said element haWing' its electrode faces 
parallel to a plane which is rotated from Sub 
stantially '70° to substantially 42° about a Y-+-6 
axis in a direction away from parallelism with 
the Z-axis and towards parallelism with the 
plane · of a minor apex surface, said Y-+-6} axis 
being normal to a W-axis which lies in a plane 
containing an X-axis and a Y-axis the angle 
formed by the interSection of Said W-axis and 
Said 2K-axis being between the limits of Substan 
tially 0° and not more than 30°, whereby said 
element exhibits a temperature coefficient of 
frequency of Substantially +-5 cycles per million 
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per degree ceratigrade When W')rated at a funda 
mental contour-node frequency. 

5. A quartz piezo-electric element cut from a, 
nother crystal having major and minor apex 
Surfaces, Said element hawing its electrode faces 
parallel to a plane which is rotated from Sub 
Stantially 45° to substantially 35° about a Y-+-6 
axis in a direction away from parallelism with 
the Z-axis and towards parallelism with the 
plane of a minor apex surface, said Y-+6) axis 
being normal to a W-axis which dies in a plane 
containing an 2K-axis and a Y-axis the angle 
formed by the interSection of Said W-axis and 
Said X-axis being between the limitS of Substan 
tially 0° and not more than 30°, whereby said 
element exhibits a temperature coefficient of fre 
quency of Substantially -5 cycles per million per 
degree centigrade when wibrated at a fundamen 
tal contour-mode frequency. 

6. A quartZ |piezo-electric element cut from a, 
mother crystal hawing major and minor apex 
Surfaces, Said element hawing its electrode faces 
parallel to a plane Which is rotated from Sub 
stantially 57° to substantially 38.6° about a Y-4-6 
axis in a direction away from parallelism with 
the Z-axis and towards parallelism With the 
plane of a minor apex Surface, Said Y-+6) axis 
being normal to a W-axis which lies in a plane 
containing an 2K-axis and a Y-axis the angle 
formed by the interSection of Said W-axis, and 
Said 2K-axis being between the limits of Substan 
tially 0° and not more than 30°, whereby said 
element exhibitS a Substantially zero tempera 
ture coefficient of frequency when wibrated at a 
fundamental contOur-mode frequency. 

'7. A quartZ |pieZo-electric element cut from a 
mother crystal hawing major and minor apex 
SurfaceS, Said element, hawing itS electrode faces 
parallel to a, plane which is rotated from Sub 
stantially '70° to substantially 45° about a Y-+6) 
axis in a direction away from parallelism with 
the Z-axis and toward parallelism with the plane 
of a major apex Surface, said Y-+6 axis being 
normal to a W-axis which lies in a plane con 
taining an 2C-axis and a Y-axis the angle 
formed by the interSection of Said W-axis and 
Said 2K-axis being between the limits of Substan 
tially 0° and not more than 30° whereby said 
element exhibits a temperature coefficient; of 
frequency within Substantially -+5 cycles per mil-- 
iion per degree centigrade when wibrated '' at a 
fundamental contour-mode frequency. 

8. A quartZ |pieZo-electric element cut from a, 
mother crystal hawing major and minor apex 
Surfaces, said element hawing its electrode faces 
parallel to a plane which is rotated from Sub 
stantially 70° to substantially 59° about a, Y-+-6 
axis in a direction away from parallelism with 
the Z-axis and toward parallelism with the plane 
of a major apex Surface, said Y-+-6} axis being 
normal to a W-axis which lies in a plane con 
taining an X-axis and a Y-axis the angle formed 
by the intersection of said W-axis and said X 
axis being between the limits of Substantially 0° 
and not more than 30° whereby said element 
exhibits a temperature coefficient of frequency 
of Substantially -+5 cycles per million per degree 
centigrade when " wibrated at a fundamental con 
tOur-mode frequency. 

9. A quartZ |piezo-electric element cut from a 
mother crystal hawing major and minor apex 
Surfaces, said element hawing its electrode faces 
parallel to a plane which is rotated from sub 
stantially 45° to substantially 49° about a Y-+-6 
axis in a direction aWay from parallelism with 
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the Z-8axds and toward parallelism with the plane 
of a major apex surface, sadd Y-+6) akis being 
normal to a W-axis which lies in a plane con 
taining an X-axis and a Y-axis the angle formed 
by the interSection of said W-axds and said 2K 
axis being between the limits of substantilally 0° 
and not more than 30° whereby said element ex 
hibits a temperature coefficient of frequency of 
-5 cycles per million per degree centigrade.whena 
wibrated at a fundamental contour-mode fre 
queracy. 

10. A quartz piezo-electric element cut from a 
mother crystal hawing rnajor and minor apex 
Surfaces, said element hawing its electrode faces 
parallel to a plane which is rotated from Sub 
Stantially 57° to Substantially 54° about a Y-+6) 
axis in a direction away from parallelism with 
the Z-axis and toward parallelism with the plane 
of a major apex surface, said Y-+6) axis being 
normal to a W-axis which lies in a plane con 
taining an 2K-axis and a Y-axis the angle formed 
by the interSection of said W-axis and said 2K 
axis being between the limits of Substantially 0° 
and not more than 30° whereby said element ex 
hibits a Substantially zero temperature coefficient 
of frequency when wibrated at a fundamental 
contour-mode frequency. 

11. The invention as set forth in claim 2 
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wherein the angle formed by the intersection of 
said electric (X) axis and said W-axis is leSS 
thara 1°. 

12. A quartZ |piezo-electric element, haWing itS 
electrode faceS Substantially parallel to an elec 
thic (X) axis and inclined Substantially 38 de 
grees with respect to the optic (Z) axis in the 
positive direction or toward parallelism. With a 
minor apex face of the mother crystal from 
which Said element is cut, whereby Said element 
exhibits a substantially zero temperature co 
efficient of frequency when wibrated at a funda 
mental frequency which is a function of one of 
itS greater dimensions. 

13. A quartZ |piezo-electric element hawing itS 
electrode faces Substantially parallel to an elec 
tric (X) axis and inclined Substantially 53 de 
grees with respect to the optic (Z) axis in the 
negative directiora or toward parallelism. With a 
major apex face of the mother crystal fron 
which Said element is cut, whereby Said element 
exhibits a substantially zero temperature coeffi 
cient of frequency when wibrated at a fundamen 
tal frequency which is a function of one of itS 
greater dimensions. 

CHARLS 1. 1BADWTN. 
SAMUE A 1BOOWOY. 


