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This invention relates to a variable frequency
piezoelectric apparatus generally. More particu-
larly this invention relates to piezoelectric
crystal oscillator apparatus in which the fre-
quency may be readily adjusted throughout a
wide range.

An object of this invention is to provide a
quartz crystal controlled apparatus, the fre-
quency of which may be varied over 2 wide fre-
quency range; by a wide frequency range is
meant a frequency of up to several hundred
kilocycles.

Another object of the invention is to provide
a crystal oscillator employing a holder of special
construction that can be used in conjunction
with a special type crystal, so as to facilitate
rapid variation of the crystal frequency.

Another object is to provide a wide range ad-
justable frequency quartz crystal having a low
irequency temperature coefficient over the com-
plete variable range.

Still another object of this invention is to pro-
vide an adjustable frequency piezoelectric
crystal apparatus particularly suited for high
frequency operation.

A further object of this invention is to provide
a piezoelectric crystal controlled oscillation gen-
erator in which the frequency may be varied up
to several hundred kilocycles.

The use of a variable frequency oscillator has
become more and more important in the com-
munication art, particularly in the amateur field.
As a result, various methods have been devised
for varying the controlling frequency. Electron
coupled oscillators of varicus types as well as
variable frequency quartz crystal controlled
oscillators are being used. The variation cbtain-
able with a single quartz crystal by present
methods known to the art is relatively small, and
is considered insufficient for various services.
The advantages of a quartz crystal controlled
oscillator over the self-excited type of oscillator
are well known to the art, and will not be dis-
cussed here.

A method of varying the frequency of a quartz
crystal over a relatively narrow frequency range
is described in my Patent No. 2,079,540. The
invention disclosed in this patent relates to a
wedge type adjustable air-gap which is associated
with one or more quartz crystals, and the varia-
tion of the air-gap controls the frequency varia-
tion of the crystals. The frequency variation
obtainable by this method, however is limited
to a relatively small percentage of each crystal
frequency approximately .17% for a low tem-
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perature ceefficient type of cut, and this may
be increased slightly with other fypes of crystals.
There was therefore a-need in the art for a
method of obtaining a much wider frequency
variation without sacrificing any of the advan-
tages of crystal control. By taking a quartz
crystal of more or less oblong shape and grinding
it in the shape of a wedge along the longest
dimension so that the thickness at one end is
such as to give the highest frequency required
in the variation, and the thickness at the other
end of the wedge is such as to give the lowest
frequency desired, a variable frequency crystal
is produced. 'Then by employing a narrow mov-
able electrode and moving it along the length
of the crystal, various thicknesses in the crystal
will be encountered and different frequency
osciliations corresponding to these various thick-
nesses will be produced. This electrode should
preferably be in the shape of a small movable
roller which travels along the length of the
crystal.

By employing a high feedback oscillator cir-
cuit, the crystal can be made to oscillate at
any one frequency dictated by the thickness
of the crystal at any one particular point or
elemental length along its length. By moving
the narrow electrode or roller along the wedge
crystal continuously varying thicknesses are
encountered and the frequency of oscillation
varies smoothly and continuously from one end
of the wedge to the other. . For a low tempera-
ture cut crystal, sometimes referred to in the
art as an AT cut, at 3500 kilocycles a difference
in thickness at the ends of the wedge of one
thousandth of an inch will give a frequency vari-
ation of approximately 200 kilocyeles; that is, the
crystal at one end will be approximately .0177"
thick and at the other end .0187’ thick. Greater
or smaller frequency variations may be obtained
by varying the weadge on the crystal. Of course
great precision is required in manufacturing the
crystal to produce a smooth wedge from one end
to the other, that is, one which increased lin-
early with the crystal length, otherwise frequency
jumps are likely to be encountered.

The crystal must also be exceptionally parallel
along its width dimension because at any one
setting of the roller or movable electrode this
small element controls the frequency, and
because of its size good activity is required to
maintain oscillation.

Crystals of various cuts may be used for this
invention, but it has been found that with low
temperature coefficient cuts such as the AT cub
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crystal and also the AC cut (low coupling coeffi-
cient to other modes) the variation is smoother
and did not require quite as great precision in
manufacture to obtain the desired smooth con-
tinuous frequency variation. The length and
width dimensions of the crystal may be any
reasonable values, however good dimensions for
practical use are approximately one and one~
half inches long by three-fourths inch wide.

Various features of this invention will be more
apparent from the following specification and
the drawing in which; briefly, Fig. 1 shows a view
of a crystal holder for use with a wedge shaped
crystal element; Fig. 2 is a view of a wedge shaped
erystal cut; Fig. 3 is a cross-sectional view of
the holder taken in side elevation; Fig. 4 is a
detail view of a form of contact for the cylin-
drical electrode; Fig. 5 is a fragmentary view of
one end of the cylindrical electrode and tension
spring associated therewith; Fig. 6 is a partial
view of a holder having two cylindrical elec-
trodes; and Figs. 7 and 8 are circuit arrange-
ments employing wide frequency variation
crystal frequency control apparatus.

Referring to Figs. 1 and 3 of the drawing in
detail, reference numeral 10 designates the hous-
ing in which is positioned a wedge shaped crystal
I, a cylindrical electrode 12 and a base electrode
13. The bottom electrode {3, in this case is flat

and the movable electrode 12 is in the form of a 3

roller or cylinder actuated or moved over the top
surface along the length of the crystal tl by
means of rotatable arms 18, eprings 21 such as
shown in Figs. 5 and 6 being used to keep the
roller 12 in contact with the crystal.
{2 should be at least one-half inch or greater in
diameter so as to provide a reasonable area in
contact with the crystal, otherwise difficulty
might be encountered in providing encugh feed-
back in the cscillator to start oscillations.

The roller 12 is provided with pins 18 at its
ends for engaging the arms (8 in slots 7 as
shown in Figs. 1, 3 and 5. An clongated contact
har 22 shown in Fig. 4 may bs moeunted in the
side wall {8a of the housing to contact a small
button or cap 46b pressed against said bar by
the spring (8a positioned inside of the cap 15b.
The bar 22 is of conducting material as are also
the cap 16b, spring {8a and pin 16 so that an

electrical circuit iz established beiween the base’

pin 15 and the rcller electrode {2 through these
elements. The bar 22 extends over practically
the entire length of the side wall 18a so that the
contact is maintained with the roller electrode as
said electrode is moved over the crystal surface.

1t is of course obvious that other ways of con-
necting the electrode 12 to the pin {5 may be
employed, such as, for example a flexible wire 23
made up of a multiplicity of fine wires bunched
together may be attached to one of the ping {6
and passed down threough a suitakie hole in the
side 18a and the base to the pin i5. This would
be satisfactory in casez where the roller electrode
12 is of sufficient diameter so that it does not
complete more than twe revelutions in rolling
over the crystal from one end to the other.

In Fig. 6 is shown a modified form of holder in
which two roller electrodes 12 and lZa are em-
ployed and in this case the roller {%a is used in
rlace of the base electrode {2 shown in Figs. 1, 3
and 5. Both of the rollers 2 and {2¢ may be
moved over corresponding surfaces of the crystal
by the member i8 in this form of holder and in
order to accomplish this the crystal element {1
is supported at its ends by the insulation mem-
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ers 24 and 25. The electrodes 12 and [2a are
cennected to contact pins 14 and {5 illustrated in
Fig. 3 and for thig purpose two ceontact bars 22,
one for each roller electrode may be provided or
each electrode may be connected through a suit-
able piece of flexible wire, ribben or the like.
The electrodes 12 and {2« are urged intc contact
with the corresponding crystal surface by means
of springs 21 and 2la, respectively, carried by the
electrede support 18.

Various values for the angle 6 between the optic
axis Z and the principal faces t{e and D have
been employed in the tapered crystal element.
The desirable angles are those between minus 10
and minus 30 degreess and those between plus 15
and plus 35 degrees. High activity crystal ele-
ments having characteristics making thein suit-
able for frequency stabilized cscillators are pro-
duced when angles in these ranges are used. The
optimum angles are the plus 30 and plus 31 de-
grees when the element is cut with substantielly
these angles between its principal faces and the
optic axis and with said principal faces substan-
tially parallel to an X axis as shown in Fig. 2.
The angle of the cut is an important considera-
tion when a satisfactory crystal oscillator is to
be produced because the crystal oscillator ele-
ment must be very active in order to function
properly to control the frequency of the vacuum
tube oscillator. This is because of the fact that
in s tapered crystal only an elemental section of
the crystal functions or vibrates to control the
tube oscillator frequency. Since only an ele-
mental section of the crystal functions at a time
only a small electrode may be used to select this
elemental section or segment and as a result a
correspondingly small driving action or regenera-
tive effect can be applied to the crystal oscillator.
This is not true when the crystal element is used
as a filter since then it is simply an energy ab-
sorbing device and functions when signal energy
of corresponding frequency is impressed thereon.
In the case of an oscillator the crystal must pro-
duce electric charges or potentials to be im-
pressed on the grid or other control electrode of
the tube to control the frequency of the oscilla-
tions produced.

The piezoelectric element may be driven by
using some form of feedback and a circuit adapted
for this purpcse is illustrated in Fig, 8 where the
crystal element 11 is connected between the grid
electrode 30 and the indirectly heated cathode 28
across the grid leak 32. The anode 27 is con-
nected to the oscillatory circuit comprising the
inductance 33 and the condenser 34 and this cir-
cuit is connected to the positive terminal of a
source of current supply, such as, a battery, mo-
tor generator, rectified alternating current and
the like. A by-pass condenser 86 is connected
between the cathode 29 and the anode oscillatory
or tank circuit. A positive potential is also im-
pressed upon the auxiliary grid electrode 28
through the resistor 35 and the high frequency
potential of this grid is reduced to a low value
by means of the by-pass condenser 37 connected
between it and the grounded cathode.

In the circuit shown in Fig. 8 the condenser 21
cennected between the anode 27 and the control
grid 30 is employed for the purpose of increasing
the feedback as explained in my application
Serial No. 296,676 filed Sept. 26, 1939. The cir-
cuit shown in Fig, 7 is a somewhat different form
of cscillator and is on the order of a tuned plate
tuned grid circuit except that the piezoelectric
crystal element |l is connected across the grid
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inductance 3% and in that way coatrols or is
locked to the oscillation frequency of the tube
28. This circuit may be arranged to be suffi-
ciently regenerative to be self oscillating and the
piezoelectric crystal i1 used to lock the oscillator
tube frequency to that of the crystal.

Various modifications of this invention may be
made without departing from the spirit and
scope thereof and therefore I do not desire to
limit the invention to the exact details shown
except insofar as they may be defined by ths
claims.

What I claim is:

1. A pilezoelectric crystal holder adapted for
use in variable frequency piezoelectric crystal
apparatus, comprising: a housing, a piezoelectric
crystal in said housing, a base electrode for said
crystal, a cylindrical top electrode for said crys-
tal, a shaft journaled in said housing, a knob
outside of said housing for rotating said shaft,
and actuating means fixed to said shaft and en-
gaging said cylindrical electrode for shifting said
cylindrical electrode over the top face of said
crystal.

2. A piezoelectric crystal holder adapted for
use in variable frequency piezoelectric crystal ap-
paratus, comprising: a housing, a piezoelectric
crystal in said housing, said piezoelectric crystal
consisting of an element having the principal
{aces thereof cut at a slight angle with respect
to each other, a base electrode for said crystal,
a cylindrical top electrode for said crystal, a
shaft journaled in said housing, a knob outside
of said housing for rotating said shafh, and ac-
tuating means fixed to said shaft and engaging
said cylindrical electrode for shifting said cylin-
drical electrode over the top face of said crystal
for engaging elemental segments of the erystal
having different thicknesses for sclecting differ-
ent frequencies corresponding to said different
thicknesses.

3. A piezoelectric crystal holder adapted for
use in variable frequency bpiezoelectric crystal
apparatus, comprising: a housing, a piezoelectric
crystal in said housing, said piezoelectric crystal
consisting of an element having the principal
faces cut at a high activity angle of substantially
31 degrees with respeet to the optic axis and at
a slight angle with respect to each other, said

principal faces being cut almost parallel to an 5

electric axis of the mother crystal, a base elec~
trode for said crystal, a cylindrical top electrode
for said crystal, a shaft journaled in said hous-
ing, a knob outside of said housing for rotating
said shaft, and actuating means fixed to said
shaft and engaging said cylindrical electrode for
shifting sald cylindrical electrode over the top
face of said crystal for engaging elemental seg-
ments of the crystal having different thicknesses
for selecting different frequencies corresponding
to said different thicknesses.

4. A plezoelectric crystal holder, adapted for
use in variable frequency piezoelectric crystal
apparatus, comprising: a housing, a piezoelectric
crystal in said housing, said piezoelectric crystal
consisting of an element having the principal
faces cut at a high activity angle between plus 15
and plus 35 degrees with respect to the optic
axis and at a slight angle with respect to each
other, said principal faces being cut almost par-
allel to an electric axis of the mother crystal,
a base electrode for said crystal, a cylindrical
top electrode for said crystal, a shaft journaled
in said housing, a knob cutside of said housing
for rotating said shaft, and actuating means
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fixed to said shaft and engaging said cylindrical
electrode for shifting said cylindrical electrode
over the top face of said crystal for engaging
elemental segments of the crystal having differ-
ent thicknesses for selecting different frequencies
corresponding to said different thicknesses.

5. A variable frequency piezoelectric crystal
oscillator apparatus, comprising: a base elec-
trode, a high activity piezoelectric crystal have
ing the principal faces thereof cut at high activ-
ity angles between minus 10 and minus 30 de-
grees with respect to the optic axis and parallel
to an electric axis of the mother crystal and
having sald principal faces thereof disposed at
an angle with respect to each other, an elon-
gated electrode, and means for moving said elec-
trode over sections of the principal face of said
crystal adjacent thereto in substantially abra-
sionless manner to substantially prevent the for-~
mation of dust particles between said electrode
and said adjacent crystal face, said electrode be-
ing moved parallel to said elemental segments
of different frequencies to produce electrical os-
cillations of different frequencies.

6. A piezoelectric crystal holder, comprising: a
housing, a base plate of conducting material, a
biezoelectric crystal having one principal face
thereof facing said base plate, a cylindrical elec-
trode adapted to cooperate with the other prin-
cipal face of said crystal, and means for rolling
said cylindrical electrode over said last mentioned
principal face to contact different surfaces
thereof to vary the frequency response of the
piezoelectric crystal.

7. A piezoelectric crystal holder, comprising: a
housing, a base plate of conducting material, a
piezoelectric crystal, a pair of cylindrical elec-
trodes adapted to cooperate with the principal
faces of said crystal, and means for rolling said
cylindrical electrodes over said faces to contact
different surfaces thereof for varying the fre-
quency response of the piezoelectric erystal.

8. A piezoelectric crystal holder, comprising: a
housing, a base plate of conducting material, a
piezoelectric crystal, a pair of cylindrical elec-
trodes adapted to cooperate with the principal
faces of said crystal, a pair of arms for engaging
said cylindrical electrodes and for rolling said
electrodes over said principal faces to contact
different surfaces thereof for varying the fre-
quency response of the piezoelectric crystal.

9. A piezoelectric crystal holder, comprising: a
housing, a base plate of conducting material, a
biezoelectric crystal, a pair of cylindrical elec-
trodes, means for supporting said crystal between
said pair of electrodes and means for rolling said
cylindrical electrodes over the principal faces of
said crystal to contact different surfaces thereof.

10. A variable frequency piezoelectric crystal
controlled oscillation generator in which the fre-
auency of the oscillations produced may be varied
continuously over wide ranges on the order of a
hundred kilocycles or more, a high activity
biezoelectric crystal having the principal faces
thereof cub at high activity angles to the optic
axis and parallel to an electric axis of the mother
crystal and having said principal faces thereof
cut so that said crystal consists of a plurality of
elemental segments of different frequencies, an
elongated clectrode, and means for moving said
electrode over the principal face of said crystal
adjacent thereto in substantially abrasionless
manner to substantially prevent the formation
of dust particles between said electrode and said
adjacent crystal face, said electrode being moved
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parallel to said clemental segments of different
frequencies to produce electrical oscillations of
different frequencies.

11. A variable frequency piezoelectric crystal
oscillator apparatus, comprising: a piezoelectric
crystal oscillator element having the principal
faces thereof cut at a high activity angle between
plus 15 and plus 35 degrees with respect to the
optic axis and parallel to an electric axis of the
mother crystal, said principal faces being dis-
posed at a small angle with respect to each other,
electrodes for said crystal element, one of said
electrodes being of narrow elongated shape,
means for moving said last mentioned electrode
over the corresponding crystal element face in
substantially frictionless manner to utilize differ-
ent frequency segments of said crystal element
for producing different frequency oscillations
depending upon the segment of said crystal ele-
ment selected.
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12. A piezoelectric crystal holder adapted for
use in variable frequency piezoelectric crystal
apparatus, comprising: a housing, a piezoelectric
crystal in said housing, said piezoelectric crystal
consisting of an element having a plurality of
different frequency segments, a base electrods
for said crystal, a narrow elongated top elec-
trode for said crystal, a shaft journaled in said
housing, a knob cutside of said housing for rotat-
ing said shaft, and actuating means fixed to said
shaft and engaging said elongated electrode for
shifting said elongated electrode over the top
face of said crystal in substantially frictionless
manner to utilize different frequency elemental
segments of the crystal for selecting different
frequencies thereof.

JOHN M. WOLFSEILL.



