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- My invention relates to frequency-control
dévices, and it has particular relation to de-
vices comprising piezo-electric crystals.

~ One object of my invention is to provide
5 a piezo-electric-crystal-holding device where-
in_the undesirable effects of the electrodes
on the free vibration period of the crystal
are entirely obviated. o . o
 Another object of my invention 1s to pro-
10 vide a piezo-electric-crystal-holding device
wherein the crystal is not subject to wear

when 1n use. L e

- Another object of my invention 1s to pro-
 vide a piezo-electric-crystal-holding device
15- wherein the crystal may be utilized for any
~ period desired with full assurance that the
original calibration of the crystal will not
Tt has been found by experience that piezo-
20 glectric-crystal sections, when utilized for

frequency-control of a thermionic-tube oscil-

lation generator, are subject to a detrimental
amount of wear by reason of their contact
~ ywith the supporting electrodes. The crystal-
25 gection vibrates violently, when electrostatic
fields of the proper period are impressed
‘thereacross, and tends to so move about on
the lower electrode that the surface of the
 crystal in contact therewith is being constant-
80}y abraded to a more or less extent. In the

case of large crystal sections utilized to con-

trol oscillations at relatively low iIrequen-

~ cies, the wear is not particularly disadvanta-

 geous, since the percentage change in the os-

35 cillation frequency of the crystal caused
‘thereby is relatively small. - .

- The situation is different, however, when

the crystal-sections are utilized to control the

ceneration of extremely high frequencies.

40 The vibration period of a piezo-electric crys-
tal, such as a disc of quartz, is principally de-

termined by its physical dimensions, as 18

well known in the art. For extremely high

frequencies, the thickness of the crystal,
45 [heasured in a direction perpendicular to the
face thereof in contact with the supporting

~ electrode, may be of the order of only a few
millimeters. In such event, even the slight-
_est wear will cause a relatively large percent-
o0 age change in the oscillation frequency of

the crystal and, consequently, a Iféla;'tivelyr .

large shift in the frequency of the oscilla-
tions generated by the thermionic-tube device
associated therewith. = S

In accordance with the present invention,
I dispense entirely with the physical contact
between the crystal and the lower support-
ing electrode that has been deemed necessary,
according to the teachings of the prior art,
and suspend the crystal section by filamen-

tary means in the space above such electrode.

An important feature of my invention lies
in the choice of that portion of the
electric oscillator with which the filamentary
supporting means makes contact. In gen-
eral, it may be stated that crystal sections,
of the types commercially utilized for fre-
quency control of thermionic-tube oscilla-
tion generators, are so arranged that they
oscillate symmetrically about a plane that is
parallel to one of the cooperating electrode
faces. The regions of the crystal defined by
the intersection of such plane with the faces
thereof are consequently nodal points, and,
by so arranging the supporting means that
it contacts such nodal points only, wear on
both crystal and supporting means 1s mini-
mized. - - o |

Among the features that I consider char-
acteristic of my invention are those set forth
with particularity in the appended claims.
The invention itself, however, both as to its
organization and its method of operation, to-
oether with further objects and advantages
thereof, will best be understood by reference
to the following description, taken in connec-
tion with the accompanying drawing, 1n
which : | - |

Figure 1 is a view, partly in elevation and
partly in section, illustrating a preferred em-
bodiment of my invention. ~

Fig. 2 is a sectional view taken along a lime

corresponding to the line II—II of Fig. 1.
Fig. 8 1s a sectional view of a piezo-electric
oscillator taken along a line corresponding to
the line I11—TJI1 of the F1g. 2. -
Fig. 4 is a view, in perspective, of the piezo-
electric crystal and a supporting frame there-
for.
~ As shown in TFigs. 1 and 2, a box-like, rec-
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tangular container 1, preferably made of

bakelite, hard rubber or other msulatm
aterlal comprising a top 2, a bottom 3, an

8 pluraht.y of sides 4, 5, 6 and 1, carrles a
5 frame-device 8 centrally pos1t10ned in the

interior thereqgf. The frame 8, w'hmh is

shown in detail in -Fig. 4, may be u

by a plurality of brackets 10 arrangetl) diago-

nally of the corners of the container, or may

10 be supported In any other appropriate

- manner.

The frame 8 preferably comprises a ?
rality of sides 11 and is preferably cu
molded from a single piece of mﬂllatlng
material.

-A hook'12, provided at one end with an eye-
let: 18, is mounted.on each side 11 of the frame,
the eyelets extending toward the center of the
space enclosed by the fraame and being ar-

90 ranged to lie in a plane parallel to the lane
defined by the under sunfaces of the Me-
members 11. The opposite ends of the hooks
may be anchored in small holes 14 drilled in
ﬂle frame-members, as shown in Fig. 4. .

N A piezo-erleetrw—crystal section 15, substan-
tially a rectangular parallelopiped in shape,
has small notches 16 cat into certain of the

' %mers ?:bmoffwlihownhlil Fig. 3. %cord
rpreferably of stlk or ot rgaoodmsu ating

“materwl eneireleathec rystal section and is

retained in position by the sald notehes. The
cerd 17, intermediate the points whepe it lies
in .the notehes, emtends through and is held
hy the eyelet p ortions 13 of the hook devices

% 19..¢hus supportmg the crystal section with

s upper and lower faces. a.rallel to-the lane

dpﬁlwdbytheundersurfwe of the

members.
The top Qoftheeontamerhnsathmadﬁd
# opening extending therethrough, and, in this
opening is mounted a metallic muatm
serew 20 having.a knupled head -21. The
lower end of the adjusting screw is promded
with an enlarged cireular portion 22 that is
¢ rotatably mountad in .a recess in the upper
end of a metallic rectangular stem-element
23 whieh carries an electrode 24. A rectan-
gular guide 25 is affixed to the inner surface
of the top of the container and surrounds the

80 stem 23 to prevent rotation thereof while per-

mitting the said stem to move toward ajnd

from the top, under the influence of the ad-

]ustmg SCrew.

The bottom 3 of the container is provided

15

8 with an adjusting screw 26 which actustes a

stem 27 carrying an electrode 28 analogous to
the Mpper BlﬁCtI‘OdB 24 |

Suitable electrical cannections (nat Bhown)

are for the electrodes 24 and 28,

% whareby they may be canductively, or other-

wise, assoclated with a thermienic device.

“$he opposing surfaces of the electredes are

parallel to each other and are also parallel to

the lower surfaces of the frame members.

46 The erystal is so supported in the frawe that
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its faces are parallel to the lower surface of

the frame members and, consequently, the
sald faces are parallel to the electrode sur-

faces.

The crystal, when subjected to an electro-
static fiedd, at i1ts natural frequency, tends to
vibrate sy mmet.rmall with respect toa plane
which 1s parallel to the faces thereo and
which 1s substantially midway between the
saig faces. The notches which engage the
supportln string or thread are so placéd that

they will %e 1 the said plane. The crystal,
therefore, when vibrating does not tend to
exert any .wear upen the said supporting
means, inasmuch as the points in which the
supportigg means touch the crystal are nodal
points and move to ouly an m&ppmmﬂo-
extent when the crystal is yihrati '

The spacing between the e and:the

two electnodes mnay be made as small as de-
sirgble by mowving the said elactrode in and
out. Pmﬁrahl , the dstance between a face
of the crystal and the olestrode associated
therewith shuuﬂ.df l;.]; an.odd. .t?mber of wave
lﬂ%ﬁm,m air, of the crystal frequancy.

hen in gperatian c:l\yephyslcd nbmtaﬂn
of the crystal is in no way interfered wish
by the elactrodes, and, by reason of.the fact
that the. cryst.a.l],s mlppﬂntedﬂnlyqtn@hl

points, itris fiee to vibrate with respect to W
such paints with maximumn amplitade.

In addition, there is, of ceurse, no WeAr
upon the crystal since vibrating m
thereof.do nat ma.ke contact wih €
sun:faﬂes as is the case in devices constructed W
according to the teachings of the. prior ast.

1 have found that the fmq,uemy of 3 cuys
t.a.l when . mounted aceording to mlﬂl-
tu:m 1S abmlutely Congtant, an?).dﬁdy
tmogphere is kept at a conatm w
tempenture, and the likelihpod of crygts
brea.kap 18 manunized.
ough I haye illustrated and degarihed
only a single specific form of my inxention
modifications theraof will be  apparent to N@
those skilled in the art. My inyention thepe-
fore wnmmhybetiﬁm exceq nlslm&qf&r 8§ 16
RECESS prior ant pndhy the
of the.appended claims. hi mmt

1 claim.as my inyention :

1. In combination, a frame provided with
attaching dewviges, p piez C-OEYSL PB'
cillator, means for supparting said oscill
from spid devices aut of contyct Wﬁh
frame,a.su ntmgﬁtnu@t«ul‘ﬁﬁarr
rality o,fmlmtrodcﬁ,.an means where y salfl
frame may .be 50 carried by saud strycture
that the said oscillator is sugpended between
and. oyt of -contact with ﬁyd alectrodes

2. In cthmﬂhmﬂa B, frome ;walgf‘sd 3 W
-efgctricqe Atb

70

(£

*
.

cillator, means-for supporting said ascilla
fram gadd, deyices qut of contact with saie

frame, p supparti Atructyre G8ITYInE §
plurality. of relatinely admstahle elﬁmlgﬁ%
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and means Whereby said frame Imay be so
“carried by said structure that the said oscil-
lator is suspended between and out of contact

with said electrodes

In testimony whereof, I have hereunto sub-
scribed my name this 11th day of July, 1927.

DONALD

G LITTLE
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