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4 Claims.

My invention relates broadly to modulation
systems, and more particularly to an improved
circuit arrangement for a crystal controlled fre-
quency modulation system.

One of the objects of my invention is to pro-
vide an improved circuit arrangement for a fre-
quency modulation circuit which is extremely
simple in construction and which has excellent
fidelity of modulation.

Another object of my invention is fo provide &
construction of frequency modulation system in
which a minimum number of tubes are utilized
for producing frequency modulations under con-
trol of amplitude modulations.

Another object of my invention is to provide
a circuit arrangement for modulating crystal
controlled oscillator systems for developing oscil-
lations which are impressed upon a mixer circuit
for deriving a frequency modulated difference
frequency with respect to the frequencies of the
crystal controlled oscillator systems.

Still another object of my invention is to pro-
vide a cireuit arrangment for amplitude modu-
lating a twin three electrode electron tube for
producing frequency modulations of extremely
high fidelity. ,

Other and further objects of my invention re-
side in a circuit arrangement for a frequency
modulation system as set forth more fully in the
specification hereinafter following in which Fig.
1 schematically illustrates a circuit arrangement
embodying the modulation system cf my inven-
tion, and Fig. 2 shows an application of a modi-
fied form of the circuit arrangement embodying
my invention.

My invention is directed to a.circuit arrange-
ment for obtaining frequency modulation with a
simple piezo-electric crystal controlled circuit.
The advantages of my circuit are its extreme
simplicity and the excellent fidelity of modula-
tion. T provide a piezoelectric crystal controlled
circuit in which an audio modulating voltage of
small magnitude is arranged to vary the bias
potential applied to the crystal controlled circuit
in such manner that frequency deviation of the
crystal is controlled with corresponding high
fidelity of modulation of the circuit. In one of
the applications of the system of my invention
two crystal controlled oscillator circuits of the
type hereinbefore described are combined to pro-
duce wide band frequency modulation. Two
piezoelectric crystals of different frequencies are
modulated in opposite directions by the push-pull
audio input circuit of an amplitude modulated
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system. The frequency deviation is doubled in
the output of an associated mixer circuit. The
adjustment of cathode bias potentiometers in the
circuits of the two crystal controlled oscillators
will determine the frequency deviation and the
fidelity of modulation. Such modulation may
vary with different tubes and piezoelectric crys-
tals, and the circuits of my invention provide
compensation for all such variations.

Referring to the drawings in detail reference
character {, Fig. 1, discloses a three electrode
electron tube including a heater iq, a cathode 19,
a control grid fc, and an anode {d. The grid ic
and cathode #b are connected.through a high im-
pedance circuit designated as 2, as including a
resistor 3 and shunt connected condenser 4. The
resistor and condenser combination are con-
nected info the cathode circuit through the bias
resistor § shunted by condenser 6. The bias re-
sistor 5 has an adjustable tap T movable there-
over for rendering a selected portion thereof in-
effective for controlling the bias potential sup-
plied to the control grid lc. Suitable means are
provided for activating cathode {a. The anode
id is energized from a suitable potential source
connected to terminals 8 through radio frequency
choke coil 8. A piezoelectric crystal 10 is con~
nected across control grid fe and plate Id. An
output cireuit 1 is connected between plate {d
and cathode 1b, comprising as shown, the capac-
ity 12 and resistor 14. An audio frequency con-
trol circuit {5 is connected across a portion of
the high impedance circuit, accomplished by pro-
viding an adjustable tap 16 on high resistance 3
and connecting the adjustable tap to one side of
the audio frequency control circuit, where the
other side of the audio frequency control circuit
connects to the end of the resistance § as repre-
sented at 17.

Oscillations at the frequency of piezo-electric
crystal I8 are sustained in the electron tube cir-
cuit including the high impedance path 2. These
oscillations are modulated by the audio frequency
variations impressed through circuit 15 across a
portion of high impedance circuit 2 which varies
the bias potential on control grid Ic and de-
velops frequency modulations in the output cir-
cuit 1. Output circuit {1 connects to harmonic
multipliers and power amplifiers of a frequency
modulation system. .

The effective energy developed by the piezo-
electric crystal (0 deviates in frequency as the
load varies in the high impedance circuit 2, this
the  audio frequency variations impressed
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through circuit i5 directly control the deviation
in frequency of piezoelectric crystal 10 and de-
velops frequency modulations in the output cir-
cuit .

In Fig. 2 I have shown a system in which a
high degree of precision is obtained in wide band
frequency modulation. In this arrangement I
employ a twin three elecirode electron tube rep-
resented at 18, containing two sets of electrodes
indicated at 19 and 20. The set of electrodes (9
is constituted by heater 18a, cathode 19b, con-
trol grid {9c, and anode 19d arranged in the order
shown. The set of electrodes 20 includes heater
20a, cathode 28b, control grid 20c, and anode 20d.
Suitable means are provided for activating cath-
odes I8¢ and 208a. - The anodes §9d and 208d are
energized from a suitable potential source con-
nected to terminals 2{ through radio frequency
choke coils 22 and 238 respectively.

The input circuits for each of the twin sets of
electrodes are both of high impedance repre-
sented at 24 and 25. The input circuit 24 in-
cludes high resistance 26 shunted by condenser
27 and connected to the control grig 19¢ and
cathode 19b through the bias control circuit 28.
The bias control circuit 28 includes high resist-
ance 29 shunted by condenser 30, The effective
value of resistance 29 is controlled by movement
of an adjustable tap 31 along resistance 29, there-
by controlling the potential applied to control
grid 19c.

The high impedance input circuit 25 consists
of high resistance 32 shunted by condenser 33
and connected at one end to control grid 20c and
at the other end to cathode 206 through the bias
control circuit 34, which contains high resistance
35 shunted by condenser 38. An adjustable tap
37 on resistance 35 controls the effective value of
resistance 35 for correspondingly controlling the
bias potential on control grid 20c.

Two piezo-electric crystals 38 and 39 are em-
ployed in the oscillation system of my invention.
Piezo-electric crystal 38 connects between con-
trol grid 19c and anode 15d. Piezo-electric crys-
tal 38 connects between control grid 20c and
anode 20d.  These crystals are of different fre-
quencies, displaced from each other in the fre-
quency spectrum to provide for a beat frequency
thersbetween. The crystal frequencies are mod-
ulated in opposite directions by a push-pull audio
frequency input. I have illustrated the modula~-
tion circuit as including an audio frequency input
at transformer 40, having a primary winding 41
connected to the audio frequency modulation cir-
cuit, and a secondary winding 42 coupled thereto.
The secondary winding 42 has a central tap 43
connected to an intermediate point 44 between
the cathodes 180 and 20b through the bias con-
trol circuits thereof. The opposite ends of sec-
ondary winding 42 are connected to adjustable
taps 45 and 48 which are adjustable along high
resistances 26 and 32. Thus, a portion of the
high resistances 26 and 32 in the high impedance
circuits 24 and 25 are rendered ineffective by
short circuit between the ends which connect
with the intermediate point 44 between the cath-
ode circuits and the positions of the adjustable
taps 45 and 46.

Circuits 24 and 25 are aperiodic in character
and oscillations are sustained through the elec-
tron discharge paths across the respective sets
of electrodes 19 and 20, at frequencies corre-
sponding to the frequencies of piezo-electric erys-
tals 38 and 39. These oscillations are impressed
upon a mixer circuit which consists of pentagrid
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tube 47 having a heater 4Ta, a cathode 41D, a
pair of control grids 4Tc and 41d, an output grid
47e, a space charge grid 41/, and a plate 4Tg.
The anocdes of the oscillator tube 18 at 13d and
28d are respectively connected to control grids
47b and 47c through coupling condensers 48 and
49. The cathode 410 is connected through bias
control circuit 58 with the opposite end of the
output circuit of the oscillator tube 8.

The mixer tube 471 has a tank circuit 51 con-
nected across plate 47¢g and the output grid 4Te
thereof through impedance path 52 as shown.
The tank circuit 51 is disposed in the output cir-
cuit of tube 4T in circuit with high potential
source connected with terminals 53. The output
grid 47e has condensers 54 and 55 connected in
circuit therewith on opposite sides of high im-
pedance 52 and leading to the cathode side of the
mixer tube. An output circuit is connected to
the circuit 81 as represented by condenser 56 and
high impedance 57 from which connections lead
to harmonic multipliers and power amplifiers of
a frequency modulation system,

In the circuit of Fig. 2 audio frequency varia-
tions impressed upon the primary winding 41
change the effective bias potential on control
grids 19b and 28b, thereby controlling the effec-
tive energy developed by the piezo-electric crys-
tals 38 and 39 and the impression thereof upon
the mixer circuit 47. The output frequencies will
deviate as the sum of the deviation of the two
crystal oscillators, The frequency deviation is
double in the output circuit 56—57 of the mixer
circuit of tube 41, the two frequencies from piezo
crystals 38 and 39 producing a beat frequency in
the electronic path in tube 47 deriving a stabi-
lized frequency modulated signal in the output
system 55—517.

I have found the circuits of my invention highly
effective in operation and while I have disclosed
my invention in certain preferred embodiments
I realize that modifications may be made and I
intend no limitations upon my invention other
than may be imposed by the scope of the append-
ed claims.

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

1. A frequency modulation system comprising
a-twin three electrode tube, including sets of cath-
ode grid and plate elements, means for activai~
ing. said cathodes, means for energizing said
plates, a high impedance path connected between
the grid and cathode of each of said sets of ele~
ments, a piezo-electric crystal connected between
the grid and plate of each of said sets of elements,
said piezo eiectric crystals being displaced in fre-
quency for producing a beat frequency therebe-
tween, g tap in each of the high impedance paths
associated with said grid and cathode elements,
an audio frequency control circuit connected be-
tween said taps and to a point intermediate said
cathode elements and a mixer circuit compris-
ing a pentagrid tube including a cathode, a pair
of control grids, an output grid, an anode and a
space charge grid, a tank circuit tuned to the
difference frequency between the aforesaid piezo-
electric crystals and connected between said out-
put grid and said anode and connections between
said plate elements of said twin three electrode
tube and the respective control grids.

2. A frequency modulation system comprising
a twin three electrode tube, including sets of cath-
ode grid and plate elemeénts, means for activating
said cathodes, means for energizing said plates, -
a high impedance path connected between the
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grid and cathode of each of said sets of elements,
a piezo-electric crystal connected between the
erid and plate of each of said sets of elements,
said piezo electric crystals being displaced in fre-
quency for producing a beat frequency therebe-
tween, a tap in each of the high impedance paths
associated with said grid and cathode elements,
an audio frequency control circuit connected be-
tween said taps and to a point intermediate said
cathode elements and a mixer circuit comprising
a pentagrid tube including a cathode, a pair of
control grids, an output grid, an anode and a space
charge grid, a tank circuit tuned to the difference
frequency between the aforesaid piezo-electric
crystals and connected between said output grid
and said anode connections between said plate
elements of said twin three electrode tube and
the respective control grids, and a condenser dis-
posed in series with each of said last mentioned
connections and operating as capacity coupling
members.

3. A frequency modulation system comprising
a twin three electrode tube including sets of cath-
ode grid and plate elements, means for activating
said cathodes, means for energizing said plates,
a high impedance path connected between the
grid and cathode of each of said sets of elements,
a piezo-electric crystal connected between the
grid and plate of each of said sets of elements, said
piezo electric crystals being displaced in frequency
for producing a beat frequency therebetween, an
adjustable tap in each of the high impedance
paths associated with said grid and cathode ele-
ments, an audio frequency control adjustable cir-
cuit connected between said taps and to a point
intermediate said cathode elements, and a
mixer circuit comprising a pentagrid tube includ-
ing a cathode, a pair of confrol grids, an out-
put grid, an anode and 2 space:charge grid, a
tank circuit tuned to the difference frequency
between the aforesaid piezo-electric crystals and
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connected between said output grid and said an-
ode and connections between said plate elements
of said twin three electrode tube and the respec-
tive control grids

4. A frequency modulation system comprising
g twin three electrode tube including sets of cath-
ode grid and plate elements, means for activat-
ing said cathodes, means for energizing said
rlates, a high impedance path connected between
the grid and cathode of each of said sets of ele-
ments, a piezo-electric crystal connected between
the grid and plate of each of said sets of elements,
said piezo-electric crystals being displaced in fre-
quency for producing a beat frequency therebe-
tween, a tap in each of the high impedance paths
associated with said grid and cathode elements,
an sudio frequency control circuit connected be-
tween said taps and to a point intermediate said
cathode elements, adjustable means for control-
ling the bias potential on each of said grid ele-
ments and a mixer circuit comprising a penta-
grid tube including a cathode, a pair of control
grids, an output grid and an anode, a tank circuit
connected between said output grid and said
anode, connections between the plate elements
of said twin three electrode tube and the respec-
tive control grids of said pentagrid tube and
means in said tank circuit for adjustably tun-
ing said tank circuit to the difference frequency
between the frequency of each of said piezo-elec-
tric erystals.
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