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6 Claims,

This invention relates generally to apparatus
for the reception of amplitude modulateq signals
and particularly to an improved square-law de-
tector employing g biezo-electric device,

The invention utilizes the square-law force of
attraction between the charged plates of a con-
denser, or between parallel conductors carrying
the same current, to obtain the non-linear char-
acteristic necessary for satisfactory detection of
amplitude modulated signals, Briefly, the me-
chanical energy corresponding to the side band
energy in amplitude modulated signals is applied
to distort a piezo-electric crystal along its me-
chanical axis, The resultant distortion generates
electrical voltages between electrodes disposed
normal to the electrical axis of the crystal. The
electrical voltages thus generated are proportional
to the energy derived from the signal sidebands,
and may be applied to the control electrode of a
conventional thermionic tube.

It is not essential that the piezo-electric crystal
be resonant at .. signal carrier frequency, al-
though g resonant crystal may be employed to
provide modulated beat frequency signals be-
tween a modulated carrier and a source of loca]
oscillations,

Among the objects of the invention are to pro-
vide an improved method of and means for de-
tecting amplitude modulated signals. Another 30
object of the invention is to provide an improved
method of and means for detecting amplitude
modulated signals wherein the electrical energy
corresponding to the signal sidebands is converted
to mechaniea] energy to distort g piezo-crystal,
and the resultant distortion of the crystal pro-
vides electrical charges upon electrodes associated
therewith which charges are characteristic of the
signal modulation component,

Another object of the invention is to provide
an improved method of and means for detecting
amplitude modulated signals wherein said signals
are applied to electrodes normal to the mechani-
cal axis of g piezo crystal, and voltages are de-
rived from other electrodes hormal to the elec- ,
trical axis of said crystal, said derived voltages
being characteristic of the signal modulation. An
additional object of the Invention is to provide
an improved method of and means for deriving
beat frequency modulated signals wherein ampli-- 50
tude modulated and unmodulated signals are ap-
blied to electrodes normal to the mechanica] axis
of a piezo crystal which is resonant at the beat
frequency of said signals, and voltages aje derived
from other electrodes disposed normal to the 66
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electrical axis of said plezo crystal, said voltages
being characteristic of the modulated beat fre-
quency of said signals,

The invention will be further described by ref-
erence to the accompanying drawing of which
Figure 1 is a schematic circuit diagram of one
embodiment thereof and Figure 2 is 3 schematic
circuit diagram of g second embodiment thereof.
Similar reference characters are applied to simi-
lar elements throughout the drawing,

Referring to Figure 1, s typical radio detector
circuit employing the teachings of the invention
includes, for example, an untuned antenna coil {
connected between an antenna 2 and a ground
terminal 3. 'The antenng coil 1 is coupled aperi-
odically to a secondary winding 4 which is ter~
minated in two conductive electrodes §, § which
are disposed on the surface of, and normal to, the
mechanical axis of g piezo crystal 1. One ter-
minal of the secondary winding 4 is grounded.
A second pair of electrodes 8, 8 are disposed upon
the surface of the crystal T normal to the elee-
trical axis thereof. Cne of the second pair of
electrodes 9 is connected to ground, and the re-
maining electrode 8 of the second pair is con-
nected to the control electrode of a thermionic
tube (0. Modulated signals derived from the an-
tenna coil 1 are applied to the first pair of elec-
trodes 5, 6 to distort the crystal 7 in accordance
with the sideband signal energy. The resultant
distortion of the crystal 1 provides electrical
charges upon the second palr of electrodes 8, §
which may be employed to provide correspending
anode current variations in the thermionic tube
10. Output from the thermionic tube 10 may bhe
derived, for example, from across a cathode re-
sistor {1 connected between the cathode termina]
of the tube and ground.

Referring to Figure 2, the device may be em-
bloyed as a first detector in g superheterodyne
type receiver wherein the amplitude modulated
signal energy is mixed with oscillations derived
from a local oscillator to provide modulated beat
irequency signals for intermediate frequency am-

5 plification. Amplitude modulated signals induced

in the antenna coil | are applied through the
secondary winding 4 to g first pair of electrodes
5, 6 disposed on the surface of, and normal to, the
mechanical axis of the piezo crystal 1. Similarly,
the resultant distortion of the piezo crystal pro-
vides electrical charges on & second bair of elec-
trodes 8, 9 which ars connected in the control
electrode circuit of 5 first detector tube 1@ in the
Same manner as described in Figure 1, A cou-
pling coil 12 connected to a source of Iocal oscil-
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lations i6, having a frequency which difiers by
& predetermined amount from the carrier fre-
quency of the received signals, is coupled to the
secondary winding 4. The resultant electrical
charges developéed by the second pair of electrodes
8, 9 will be characteristic of the beat frequency
modulated by the signal modulation frequencies.
The piezo electric crystal may be made resonant
to the beat frequency although this is not
essential, .

Output may be derived from the cathode circuit
of the tube 10 by means of a pair of tuned net-
works 13 and 18’. One of the networks {3 is con-
nected between cathode and ground; the other
network 13’ is coupled to the first network. Both
networks are resonant at the selected beat fre-
quency.

Tt should be understood that output may be
derived from the thermionic tube circuits illus-
trated in Figures 1 and 2 in any other way known
in the art, and that the particular connections
illustrated herein are merely illustrative of prac-
tical embodiments of the invention.

The invention thus described comprises a
square-law detector providing extremely high
fidelity detection of amplitude modulated signals
over extremely wide ranges of signal modulation
energy. It should further be understood that any
type of piezo crystal may be employed, and that
various types of electrode elements and mount-
ings known in the art may be utilized to ad-
vantage.

I claim as my invention:

1. An electromechanical non-magnetic modu-

lator for amplitude modulated signals comprising -

a dielectric element having mechanical vibratory
and electrical axes, electrostatic - driving means
disposed adjacent said element in a plane normal
to said mechanical axis thereof and responsive
to the square of the magnitudes of said signals
for providing mechanical vibration of said dielec-
tric element, and means responsive to said me-
chanical vibration of said element for deriving
electrical voltages characteristic of a predeter-
mined modulation component of said signals.

2. An electromechanical non-magnetic modu-
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lator for amplitude modulated signals comprising
a dielectric element having mechanical vibratory
and electrical axes, electrostatic driving means
disposed adjacent said element in & plane normal
to said mechanical axis thereof and responsive
to the square of the magnitudes of said signals
for providing mechanical vibration of said dielec-
tric element, and electrostatic pickup means dis-
posed adjacent said element in a plane normal
to said electrical axis thereof responsive to sald
mechanical vibration of said element for deriving
electrical voltages characteristic of a predeter-
mined modulation component of said signals.

3. Apparatus of the type described in claim 1
including means for coupling additionally a source
of unmodulated signals to said driving means.

4. An electromechanical non-magnetic detector
for amplitude modulated signals comprising a
dielectric element having mechanical vibratory
and electrical axes, electrostatic driving means
disposed in operable relation to said element in
a plane substantially normal to said mechanical
axis thereof, means providing a resonant circuit
including said driving means whereby said ele-
ment is responsive to the square of the magni-
tudes of said modulated signals for providing me-
chanical vibration of said element, electrostatic
pickup means disposed in operable relation to
said element in a plane substantially normal to
said electrical axis thereof for deriving voltages
characteristic of a predetermined modulation
component of said signals, and means responsive
to said derived voltages for detecting said signal
modulation.

5. Apparatus of the type described in claim 4
including means for coupling an additional source
of signals to said resonant circuit and said driv-
ing means.

6. Apparatus of the type described in claim 4
including an additional frequency source, means
coupling said additional source to said driving
means, and means for tuning said detecting
means to derive a modulated beat frequency
signal, ‘

CARL G. SONTHEIMER.



