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My invention relates broadly to modulation
circuits and more particularly to a frequency
control system for modulation circuits.

One of the objects of my invention is to pro-

& vide a piezo electric frequency controlled modula-
tion system where the constant frequency char-
acteristics of piezo electric plates are employed
for sustaining a carrier frequency which is mod-
ulated in accordance with lower frequencies.

Ancther object of my invention is to provide
means for modulating a piezo electric oscillator
system by directly impressing low frequency me-
chanical vibrations upon the piezo electric. de-
vice.

Another object of my invention is to provide
3 piezo electric oscillator and modulator system
where the constant frequency oscillations of a
piezo electric crystal are modified by superim-
posing audio frequency vibrations upon the con-
stant frequency oscillations sustained by the
piezo electric system.

A further object of my invention is to provide
a piezo electric crystal oscillating system having
means for directly applying mechanical vibra-
tions to the piezo electric crystal modified in ac~
cordance with speech vibrations for correspond-
ingly modulating the high frequency output of
the piezo electric crystal system.

One "embodiment of my invention as herein
disclosed and specifically claimed is in some re-
spects similar to a different species of my inven-
tion as disclosed in my co-pending application,
Serial No. 109,785, filed May 17, 1926. In that
application some of the similar features of the
two species are more or less broadly claimed.

My invention will be more clearly understood
by reference to the following specification and
the accompanying drawing in which: :

Figure 1 is a diagrammatic view illustrating
the principle of my invention; Fig. 2 is a view par-
tially in cross-section and partially in side eleva-
tion illustrating the piezo electric crystal ap-
paratus of my invention; and Fig. 3 is a plan
view showing the arrangement of a piezo elec-
tric plate supported upon a vibratory diaphragm.

The constant frequency oscillations generated
by piezo electric plates have been used for con-
trolling signal transmission circuits for main-
taining constant the carrier frequency trans-
mission system. The frequencies sustained by
piezo electric plates are substantially constant
and a wide change in such frequencies can only
be brought about by utilizing a piezo electric
crystal ground to a different characteristic fre-
quency. An electrical circuit under control of
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a piezo electric crystal element can be arranged '
to sustain only the characteristic frequency of
the piezo electric crystal element. Heretofore in

" the art a piezo electric crystal oscillatory system

has been employed for exciting a signal trans- 60 )
mission circuit, and modulation of the signal- ’
ling current is brought about by a separate mod-
ulation circuit independent of the high frequency
generator. ’

In my copending application, Serial No. 90,934, 65 §
filed February 26, 1926, I have described the re-
sults of certain of my experiments with respect
to piezo-electric crystal oscillators wherein it
has been shown that by a slight variation in
spacial relation between one electrode and one 70
surface of the piezo-electric crystal, the fre-
quency sustained by that crystal may be shifted.

In that application I also disclosed my discov-
ery that by subjecting the piezo-electric crystal

to mechanical strain by the introduction of posi- 75
tive pressure against the crystal, that the fre-
quency of operation may be shifted to a desired
degree.

By my invention herein disclosed I provide
certain specific means and a method for directly 80
modifying the frequency or the amplitude of the
oscillations which are sustained by a piezo elec-
tric crystal element in an electron tube circuit
by subjecting the piezo electric crystal element
to mechanical vibrations modified in accordance
with sound waves. Oscillograph records clearly
show that both frequency and amplitude modu-
lation is present in such circuits. Frequency mod-
ulation, therefore, as well as amplitude modu-
lation, may be regarded as inherent in the oper-
ation of devices constructed in accordance with
the instant disclosure. I support the piezo elec~
tric crystal element between a pair of conductive
plate members, one of which may be constructed
of magnetic material and subjected t0 movement 95
under control of an electromagnetic system. An
electron tube circuit is provided for sustaining
the oscillations generated by the piezo electric
crystal element by subjecting the piezo electric
crystal element to rapid mechanical vibration. 100
By operation of the electromagnetic vibratory
system the high freguency output of the piezo
electric crystal element may be modulated. By
arranging the electromagnetic control system in
a voice frequency or microphone circuit the piezo 105
electric crystal may have mechanical vibrations
in accordance with voice vibrations superimposed
thereon, and correspondingly the high frequency
current sustained in the associated electron tube
circuit' is modulated and may be amplified by 110
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2
means of a power amplifier and then impressed
upon the signal transmission circuit.

Referring to the drawing in more detail, ref-
erence character 1 designates an electron tube
having filament electrode 12, grid electrode 1P
and plate electrode 1¢ interconnected by input
and output circuits, The piezo electric element
2 is supported upon the magnetic plate or dia-
phragm 3 by which electrical connection is es-
tablished with the lower surface of the piezo elec-
tric crystal element. The upper surface of the
piezo electric crystal element is touched by means
of a contact plate 4 which may be connected
through switch system 5 for placing the piezo
electric crystal element in shunt with the grid
and plate electrodes 1¢ and 1¢ or in shunt with
the grid and filament electrodes 1 and 18, The
output circuit includes a resonance system 6, hav-
ing a condenser 7 and an induction 8 coupled to
an output circuit 9. The output circuit also
includes the source of potential 10, the indicat-
ing ammeter 11 and head set 12 with a by-pass
condenser 14 shunted therearound for by-pass-
ing radio frequency oscillations which are devel-
oped in the electron tube circuit. A battery 15
is provided for heating the cathode 12, and a
grid leak 16 is shunted across the grid electrode
1% and filament electrode 1& for controlling the
oscillatory condition of the electron tube 5. The
diaphragm 3 is controlled by means of the elec-~
tromagnetic driver, having a magnetic system 17
and electromagnetic windings 18 associated there-
with, The electromagnetic windings 18 are ar-
ranged in a control circuit where a transformer
21 has its primary winding 20 connected in series
with a source of potential 23 and a microphone
22, while winding 19 connects with the magnetic
windings 18.

The arrangement of the piezo electric crystal
apparatus is shown more clearly in Fig. 2 where
the piezo electric crystal 2 is shown centrally po-
sitioned with respect to a cap member 26 which
fits upon the casing 24 of the electromagnetic
driver with the bobbins 18 wound upon the pole
pieces 25. Piezo electric plate 2 may be in the
form of a disc which rests upon the magnetic dia-~
phragm 3 by which the piezo electric plate is vi-
brated. Various forms of vibrating devices may
be employed and I have illustrated the electro-
magnetic devices shown merely for the purpose
of explaining the principles of my invention, and
it will be understood that other constructions of
vibrating devices may be readily employed. The
low frequency vibrations are superimposed on the
high frequency vibrations generated by the piezo
electric plate and serve to modulate the high
frequency oscillations. The modulation system
may be employed both in telegraphy and teleph-
ony, and the controi circuit may be used in as-
sociation with a variety of forms of signaling sys-
tems, such as wired radio circuits and space radio
circuits, and I desire it to be understood that no
limjtations upon the invention are intended other
than are imposed by the scope of the appended
claims,

What I claim as new and desire to secure by
Letters Patent of the United States is as follows:

1. In a system for generating and modulating
high frequency oscillations, the combination of
an electron tube having grid, filament and plate
electrodes, input and output circuits intercon-
necting said electrodes, a piezo electric crystal
element arranged to be connected with said cir-
cuits for sustaining therein high frequency os-
cillations in accordance with its characteristic

1,945,690

Irequency, and electromagnetic means positioned
directly adjacent said piezo electric crystal ele-
ment for subjecting said piezo electric crystal
element to mechanical vibrations of a lower order
of frequencies than the characteristic frequency
of said piezo electric crystal element for mod-
ulating the high frequency oscillations generated
in said ecircuit.

2. In a high frequency system the combination
of an electron tube having grid, filament and
plate electrodes, input and output circuits in-
terconnecting said electrodes, a piezo electric
crystal for sustaining oscillations in said elec-
tron tube circuits at the characteristic frequency
of said piezo electric crystal, and contact elec-
trodes for connecting said piezo electric crystal
into said electron tube circuits, and an electro-
mechanical vibrator beneath said crystal for va-
rying the pressure exerfed upon said piezo elec-
tric crystal in accordance with sound vibrations
for modulating the high frequency current sus-
tained by said piezo electric crystal.

3. In a high frequency system the combination
of an electron tube having grid, filament and
plate electrodes, input and output circuits inter-
connecting said electrodes, a piezo electric crys-
tal connected in said circuits for sustaining os-
cillations therein at the characteristic frequency
of said piezo electric crystal, and a pair of plate
members one of which supports said piezo elec- 155
tric crystal and is mechanically vibratable there-
with in response to electromagnetic signalling
impulses whereby the amplitude of the high fre-
quency oscillations sustained by said piezo elec-
tric crystal is varied.

4. A piezo electric crystal apparatus for sus-
taining high frequency oscillations comprising in
combination a conductive plate member of mag-
netic material arranged to support a piezo elec-
tric ecrystal element, a second conductive plate 115
member arranged to establish electrical con-
nection with the upper surface of said piezo elec-
tric crystal element, and electromagnetic means
for imparting movement to said magnetic plate
member for varying the piezo electric effect of 120
said piezo electric crystal for modulating the
high frequency oscillations sustained by said piezo
electric crystal element.

5. Piezo electric crystal apparatus comprising
in combination an electromagnetically actuated 125
sound reproducing diaphragm, a piezo electric
crystal supported by said diaphragm, an elec-
trical cireuit for sustaining oscillations of a nat-
ural frequency of said piezo electric crystal, said
circuit including said diaphragm as one of the 130
electrodes of said crystal and a second electrode
thereof, and means for varying the characteris-
tics of the sustained oscillations in accordance
with the movement communicated to said crystal
by said diaphragm.

6. Piezo electric crystal apparatus comprising
in combination a pair of contact plates, a piezo
electric crystal element disposed between and
supported by one of said contact plates,.an elec~
tromagnetic control circuit for subjecting the
crystal-supporting contact plate to mechani-
cal movement, and an electrical circuit connected
with said contact plates for sustaining oscilla-
tions of the characteristic frequency of said piezo
electric crystal element while said oscillations
are modulated in accordance with vibrations im-
parted to the crystal element through the crys-
tal-supporting plate in response to variations in
said electromagnetic control circuit.

- 7. The method of frequency control and modu- 156
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Iation in accordance with signals by means of a
piezo-electric device freely vibrating between two
electrodes, which consists in electromechanically
shaking the crystal and at least one of its elec-
trodes in accordance with signals, and simulta-
neously impressing upon said electrodes electrical
oscillations the frequency of which is controlled
by said piezo-electric device.

8. In & high frequency modulating system,
means to modulate high frequency currents com-
prising a piezo-electric crystal having a pair of
electrodes one of which, coacting with the crys-
tal, is vibrationally responsive to low frequency
signals and the other of which is supported by
and in bouncing relation to the crystal, and means
including an oscillating circuit connected with
said electrodes for generation and transfer of the
high frequency currents thus modulated.

9. In combination, an electronic device ar-
ranged to generate oscillations, a piezo-electric
crystal arranged to control the frequency of the
oscillations generated, a movable diaphragm me-
chanically coupled to said crystal and co-operat-
ing therewith as one of ifs electrodes, a second
electrode for said crystal, an oscillating circuit
including said electronic device and the two said
crystal electrodes, and electro-magnetic means
for actuating said diaphragm so as to modulate
the frequency of the oscillations generated.

10. In & radio frequency system an oscillation
generator, comprising an electron tube, means
comprising a piezo-electric crystal for determin-
ing the oscillation frequency, means including an
electrode supporting said crystal and vibratory

in bouncing relation thereto in response to an

audio frequency, and a second electrode, the two
said electrodes cooperating with the crystal to

3

effect an amplitude variation of the oscillation
frequency in accordance with said audio fre-
quency.

11. In an oscillation generator, a piezo-elec-
tric crystal having an electrode bouncingly vibra-
tory in respect thereto for controlling the oscil-
lations of said generator, mechanical means for
shaking said electrode and said crystal at an audio
frequency and means for varying the amplitude
of the oscillations generated under the control
of said crystal.

12. An electronically actuated oscillator in-
cluding a piezo-electric crystal having one elec-
trode bouncingly vibratory in respect thereto
and a second electrode included in an oscillatory
circuit therefor, said crystal being adapted to
control the frequency of the oscillations produced
by said oscillator, and signaling means acting
upon said crystal and the first mentioned elec-
trode thereof to cause the oscillator at signaling
instants to deliver output oscillations of variable
amplitude.

13. An oscillator having a piezo-electric crys-
tal freely supported by one of its electrodes and
means for electromechanically vibrating said
electrode in response to low frequency signals for
bouncing the crystal in respect to said electrode
so as to vary the characteristics of the oscilla-
tions produced.

14. A piezo-electric crystal oscillator having a
crystal freely supported by one of its electrodes
and means for electromechanically vibrating the
crystal in response to signals and in relation to
its electrodes whereby the frequency of said oscil-
lator is modulated.
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