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Application November 2, 1648, Serial No. 57,966
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-12 Claims.

This invention relates to frequency stabilizers
for radio frequency generators, and it relates
more particularly to autematicaily operated, fre-
quency stabilizers for radio frequency generators
used in high frequency induction and dielectric
heating systems.

A material heated by energy from a radio fre~
guency generator in conventicnal circuits, has
an impedance which is reflected back into the
load circuit of the generator, and as the imped-
ance of the material changes with the change
in temperature, the generator is detuned from its
assigned frequency. Other condifions such as
changes.in the characteristics of circuit compo-
nents, and fluctuations in veltage of the power
source, may act to change the frequency of the
generator.

If is desirable for reasons of efficiency, and for
compliance with the requirements of the Fed-~
eral Communications Commission, that the as-
signed frequency of a radio frequency generator
used for heating, be maintained within close
limits. Accordingly, it is the practice to provide
automatically operated, frequency adjusting sys-

tems which retune a radio freguency generator .

to its assigned frequency when it departs there-
from. Many such systems use discriminators of
considerably narrower band widths than the totai
tunable ranges of the generators, requiring means
for autematically bringing the generator frequen-

_ ¢y within the discriminators’ band width in order
to correct for large abrupt load changes during
overation, or for marked changes in conditions
between the end of one heat cycie and the begin-
ning of ancther. A so-called search system may
be used to accomplish this purpose. Such a sys-
tem is disclosed in the copending application
Serial No. 780,970, now Patent No. 2,542,837, in
which I am a joint applicant.

A disadvantage of such a search system is
that it has no ‘“sense.” That is to say, when
the discriminater relinquishes control tc the
search circuit near the discriminator band edge,
the search circuit may drive the correcting vari-
able reactance in the generator tank circuit in the
wrong direction for frequency correction instead
of in the right direction, since search circuit
operation depends merely upon the magnitude of
voltage developed across a parallel circuit res-
onant at the desired, mean generator frequency.
If the control circuit happens to be in the condi-
tion which causes searching in the wrong direc-
tion for frequency correction, the variable re-
actance operating element must run to its limit
to trip a reversing switch, and then run all the
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way back in the proper direction to bring the
frequency back within the discriminator band,
and allow it to make the final correction. Ob-
viously, such a system allows the generator to
sweep almost completely across its entire tunable
band width bhefore locking in, if the frequency
changes abruptly beyond the range of the dis-~
scriminator.

If the descriminator band width were wider
than the total tunable range of generator, then
no search system would be necessary since the
discriminator would maintain ‘“sense” even for
sudden changes of frequency. A discriminator
must, however, have a sharp characteristic at
cress-over, and it is not practical to provide a
single cdiscriminator having such a characteris-
tic, and at the same time covering such a wide
band that a search system would not be needed.

This invention overcomes the difficulties of the
prior systems by combining in a single system a
sharp discriminator and a broad-band discrimi-
nator. In one embodiment of the invention for

maintaining the frequency of a radio frequency

generator at 13.56 megacyeles (me.) within plus
or minus 6780 cycles, a sharp discriminator which
crosses over from one maximum to the other in
19 kiloeyeles (ke.) is provided. The generator has
a variable, frequency adjusting reactance, the
range of which is about 250 ke. on each side of
13.56 me. The broad-band discriminator has an
effective width of 500 ke., and has its cross-over
point coincident with that of the sharp discrim-
inator. The peaks of the broad-band discrimina-
tor are within approximately 50 ke. of cross-
over so as to overlap the peaks of the sharp dis-
criminator.

A feature of this invention is that the broad-
band discriminator is provided by using a first
band-pass filter to provide one-half of the desired
broad-band characteristic on one side of cross-
over, and by using a second similar band-pass
filter to provide the other half of the desired
broad-band characteristic on the other side of
cross-over. Energy from the generator, the fre-
quency of which is to be controlled, is mixed with
energy from a fixed frequency generator, op-
erating at a frequency which may be 2 me. above
the mean frequency to be maintained, and sup-
plied into the input of one of the band-pass fil-
ters. Energy from the generater is mixed with
energy from a fixed frequency generator, operat-
ing at a frequency which may be 2 me. below the
frequency to be maintained, and supplied into
the input of the other band-pass filter. The
outputs of the two fillers are fed 180° apart in
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phase, into & common detector for providing the
desired wide band discriminator characteristic.
An cobject of the invention is to maintain the
frequency of a radio frequency generator con-
stant within narrow limits.

Another object of the invention is to combine -

in a frequency stabilizer circuit for a radio fre-
quency generator, sharp and broad-band dis-
criminators.

Another object of the invention is to provide
the two halves of & broad-band discriminator on
the opposite sides of cross-over, with the outputs
of two band-pass filters.

Another object of the invention is to combine

the outputs of two, simiiar, band-pass filters, 120° i;

apart in phase, to provide a broad-band discrimi-
nator.

The invention will now be described with ref-
erence to the drawing of which:

Figure 1 is a graph illustrating the output char-
acteristics of a sharp diseriminator which may
be used in this invention;

Fig. 2 is a graph illustrating the outout char-
acteristic of one of the hand-pass filters used in
the broad-band discriminator of this invention;

Fig. 3 is a graph illustrating the output char-
acteristic of the other of the band-pass filters
used in the broad-band discriminator of this
invention;

Fig. 4 is a graph illustrating the output char-
acteristics of the sharp and broad-band diserinii-
nators as combined in this invention;

Fig. 5 is a simplified block diagram illustrating
a circuit embodying this invention;

Fig. 8 is a circuit schematic illustrating compo-
nents which may be used in the blocks of Fig. 4;
and

Fig. 7 is a vector diagram illustrating the
phase relations of the voltages at the input at
the sharp discriminator detector.

Figure 1 is an output-frequency characteristic
curve of a sharp discriminator, and shows that
in order to have a desired sharp characteristic at
cross-over, one which for example, crosses over
from one maximuim to the other in 10 ke. cannot
ordinarily have a band width greater than 100 ke.

Fig. 2 illustrates the output characteristics of
one band-pass filter of the broad-band discrimi-
nator of this invention, its total band width ex-
tending from 1.6 me. to 2 mc., and Fig. 3 illus-
trates the output characteristic of the other
band-pass filter before it is inverted, its band
witith extending from 2 me. to 2.4 me.

Pig. 4 illustrates the output characteristics
of the sharp and broad-band discriminafor and
shows that the effective band width is at least
500 ke. wide, and that there is a cross-over of
10 ke. from peak-to-peak.

Referring now to Fig. 5, it is assumed by way
of exampls, that the radio frequency (RF) gen-
erator 1§ is designed to operate at an assigned
frequency of 13.56 mec., plus or minus a tolerance
frequency of Af which may be 6780 cycles. It is
desired that the discriminator used in the fre-
quency control system have a sharp output char-
scteristic at cross-over of 10 ke. peak-to-peak,
and at the same time to have a wide-band char-
actertistic of 500 kc. 'To accomplish this, en-
ergy from the generator {8 at 13.56 mc. = Af is
mixed in the mixer il with energy from the
frequency standard {2 at 13.56 mec. The mixer
11 supplies energy at the difference frequency
Af to the sharp discriminator 3.

Energy is also fed from the generator 10 at
13.56 mec. = Af to the mixer {4 where it is com-
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bined with energy from the oscillator 15 oper-
ating at 11.56 mc. ZEnergy at the difference fre-
quency of 2 me. + Af is passed through the band-
pass filter 18, the output of which has the char-
acteristic shown by the curve of Fig. 2.

Energy is also fed from the generator {0 at
13.56 + Af to the mixer {7 where it is combined
with energy from the oscillator {8 operating at
15,56 me. Energy at the differenit Ifrequency
of 2 mc. F Af is passed through the band-pass
filter {9, the output of which has the charac-
teristic shown by the curve of Fig. 3.

The cutputs of the band-pass filters 1§ and
19 are fed into the broad-band discriminator de-
tector 28 in which the output of the filter 19 is
inverted and mixed with the cutput of the filter
{8, the combined rectified energy being supplied
together with the output of the sharp discrimi-
nator {8, into the reactance correcting unit 24,
which acts to retune the generator 18 when, due
to load or other changes, it departs from the
tolerance limits of its assigned frequency.

The output of the broad-band discriminator
detector 28, combined with the output of the
sharp discriminator {3, provides the output
characteristic curve shown by Fig. 4.

The total band width of the combined dis-
eriminators extends over a frequency band of
2.4 mc.—1.6 me. which equals 0.8 me. or 800 ke.
There is seen to be sufficient gain at 500 ke. to
cause the econtrol system which will be described
in the following, to operate satisfactorily. The
combined discriminators have substantially the
same cross-over characteristic as that of the
sharp discriminator alone.

Referring now to Fig. 6, the RF generator (9
is a conventional vacuum tube oscillator using
the two, push-pull vacuum tubes 38, the plates
of which are connected through the tank induct-
ance 31 to a positive terminal (B+) of a plate
voltage supply source which is not illustrated.
The tank inductance is inductively coupled to
the load 32 which may be a dieleetric, inductive,
or other load. The tank circuit is tuned by the
variable capacitors 34, the rotors of which are
adapted to be rotated by the electric motor 35
when the oscillator departs from its assigned
frequency of 13.56 mc. The tuning range pro-
vided by the capacitors 34 extends about 259
ke. each side of 13.56 me.

The pick-up coil 3% is inductively coupled to
the inductance 31, and is connected at one end
to ground, and at the other end through the
wire 371 and the coupling capacitor 38, to the
grids 41 and 42 of the two similar pentagrid
converter tubes 39 and 40.

The resistor 43, connected between the grid
41 of the tube 39 and ground, and the resis-
tor 44 connected between the grid 42 of the tube
40 and ground, are bias resisters for the tubes.
The tube 39 performs the functions of the oscil-
lator 15 and the mixer 14 of Fig. 5, and the tube
40 performs the function of the oscillator 18
and the mixer I7 of Fig. 5.

The grid 45 of the tube 39 is connected through
the piezo-electric crystal 46 to ground, the grid
resistor 47 being shunted across the crystal. The
cathode of the tube 39 is connected through the
bias resistor 48 to ground, the bypass capacitor
49 being shunted across the resistor #8. The
sereen grid 50 of the tube 48 is connected through
the inductance 51 to B+4.

The oseillator portion of the tube 39 employs
a tuned-grid tuned-anode ecircuit. The crystal
46 is in the tuned grid circuit and determines
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the frequency of oscillation. The screen grid 50
serves as an anode in the oscillator circuit in
which the inductance 51 is tuned to the frequency
of the crystal 46, which in this case is 11.56 me.
The feed-back is through the inter-electrode ca-
pacity.

The plate of the tube 39 is connected through
the inductance 52 to B4, the capacitor 53 being
shunted across the inductance 52 and forming
therewith a parallel-resonant circuit which is
tuned slightly higher than 2 me., the difference
frequency between the 11.56 me. frequency of
the oscillator portion of the tube 39, and the
mean frequency 13.56 mec. of the generator (4.

This difference frequency voltage from the
plate circuit of the ftube 39 is supplied to the
input of the band-pass filter 16, through the ca-
pacitor 54 to the parallel circuit consisting of
the capacitor 55 shunted across the inductor 56,
and which is tuned to a frequency slightly lower
than that to which the plate circuit of the tube
39 is tuned. The inductor 5§ is connected at
one end to the control grid of the tube amplifier
87, and at the other end to ground through the
grid leak 58 and its bypass capacitor 59. The
voltage developed across the inductor 56 is ap-
plied to the control grid of the tube 571.

The cathode of the tube 571 is connected to
ground through the bias resistor 60 across which
is shunted the bypass capacitor 61. The screen
grid of the tube 57 is connected through the re-
sistor 64 to B4, and is connected through the
bypass capacitor §5 to ground. The plate of the
tube 57 is connected through the inductor 6§ to
B, the capacitor 67 being shunted across the
inductor 66. The parallel circuit formed by the
inductor 68 and the capacitor 67 is resonant at
approximately the same frequency as the plate
circuit of the tube 39.

The coupling capacitor 69 is connected to the
plate of the tube 51, to the diode plate 13 of the
broad-band discriminator diode tube 20, and to
one side of the inductor 70, the other side of
which is grounded. The capacitor T1 is shunted
across the inductor 70. 'The load resistor 14 is
connected to the diode cathode 68 of the tube
20 and to ground, the bypass capacitor 15 being
shunted across the resistor T4. A direct-current
voltage is developed across the load resistor 14
which is proportional to the radio frequency volt-
age appearing across the inductor 170.

The grid 83 of the tube 40 is connected through
the piezo-electric crystal 16 to ground, the grid
resistor 77 being shunted across the crystal. The
cathode of the tube 40 is connected through the
bias resistor 78 to ground, the bypass capacitor
18 being shunted across the resistor 18. The
screen grid 80 of the tube 40 is connected through
the inducfance 8i to B+.

The oscillator portion of the tube 40 employs
a ftuned-grid tuned-anode circuit. The crystal
16 is in the tuned grid circuit and determines
the frequency of oscillation. The screen grid 80
serves as an anode in the oscillator circuit in
which the inductor 81 is tuned to the frequency
of the crystal 76, which in this case is 15.56 me.
The feed-back is through the inter-electrode ca~-
pacity.

The plate of the tube 40 is connected through
the inductor 82 to B+, the capacitor 83 being

shunted across the inductor 82 and forming

therewith a parallel-resonant circuit which is
tuned slightly higher than 2 me., the different
frequency between the 1556 me. frequency of
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“the oscillator portion of the tube 40, and the

mean frequency 13.56 me. of the generator 10.

This difference frequency voltage from the
plate circuit of the tube 40 is supplied to the
input of the band-pass filter 19, through the
capacitor 84 to the parallel circuit consisting of
the capacitor 85 shunted across the inductor 86,
and which is tuned to a frequency slightly lower
than that to which the plate circuit of the tube
48 is tuned. The inductor 86 is connected at one
end to the control grid of the amplifier tube 87,
and at the other end to ground through the grid
leak 88 and its bypass capacitor 89. The voltage
developed across the inductor 86 is applied to
the control grid of the tube 87. -

The cathode of the tube 87 is connected to
ground through the bias resistor 90 across which
is shunted the bypass capacitor 91. The screen
grid of the tube 87 is connected through the
resistor 94 to B+, and is connected through by-
pass capacitor 95 to ground. The plate of the
tube 87 is connected through the inductor 96 -
to B+, the capacitor 97 being shunted across the
inductor 95. The parallel circuit formed by the
inductor 96 and the capacitor 97 is resonant at
approximately the same frequency as the plate
cireuit of the tube 40,

The coupling capacitor 99 is connected to the
plate of the tube 81, to the diode plate 712 of the
broad-band discriminator diode tube 20, and to
one side of the inductor 106, the other side of
which is grounded. The capacitor 101 is shunted
across the inductor 100. The load resistor 104 is
connected to the diode cathode 103 of the tube 29
and ground, the bypass capacitor 105 being
shunted across the resistor 104. A direct-cur-
rent voltage is developed across the load resistor
134 which is proportional to the radio frequency
voltage appearing across the inductor i00.

The output voltages of the two band-pass
filters are supplied 180° apart in phase into the
detector tube 20 so that the characteristic curve
of Fig. 3 is inverted and combined with the char-
acteristic curve of Fig, 2 so as to form 4 curve
below the frequency base line of the upper curve
which is similar to the upper characteristic curve
but inverted, the two curves merging together.

Radio frequency from the generator 10 is also
applied from the pick-up coil 36 through the
wire 37 and the coupling capacitor 110 to the
grids Il and (12 of the pentagrid converter
tubes (13 and {14 respectively, in the mixer 11,
and is combined in the mixer with the oscilla-
tions supplied by the crystal controlled frequency
standard 12.

The frequency standard (2 includes a triode
vacuum tube (18, with the piezo-electric erystal
16 connected between its grid and cathode, and
providing a tuned grid circuit. The grid resistor
197 is connected between the grid and cathode of
the tube (15, the cathode being grounded. The
plate of the tube 115 is connected to B4 through
the plate inductor 117 across which the capacitor
118 is shunted, the inductor i 17 and the capacitor
ti8 providing an output circuit tuned to the fre-
quency of the crystal 116 which in this case is
13.56 mec., the mean assigned frequency of the
RF generator 10. Feed-back is through the inter-
electrode capacitance,

The output of the oscillator tube {15 is con-
nected through the series-connected coupling
capacitors 102 and 119, to the grid 129 of the
tube (13, and through the coupling capacitor {42
and the resistor i21 to the grid 122 of the tube
114, The midpoint connection of the capaeitors
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‘102 and 148 is connected through the resistor
109 to ground. The grid {28 of the tube i3 i3
connected through the grid resistor 108 to ground.
The capacitor ({8 and the resistor 188 produce
a voltage at grid 128 leading by 45° that appear-
ing across resistor [88. The resistor 121 and
input capacitance (not shown) of tube #{4§ pro-
duce a voltage at grid {22 lagging by 45° that
appearing across resistor 183. Hence, a phase
shift of 90° results between the voltage provided
to the grid 128 of the mixer tube {13 and that
applied to the grid (22 of the mixer tube (14,

-The output circuits of the mixer tubes 113 and
114 have RF currents flowing therein which have
a frequency equal to the difference between the
13.56 me. voltage from the oscillator {15 and the
13.56 mec.+Af voltage from the generator {8, the
RF current in the output circuit of the tube 113
being displaced 90° from that in the output cir-
cuit of the tube {i4.

The plate of the mixer tube ({3 is connected
through the resistor 128 to B+, and its screen
grid 126 is connected through the resistor 127
to B4, is connected through the bypass capacitor

129 to ground, and through the resistor (28 to 2

the cathode of the tube [{3. The cathode of
the tube {13 is connected through the bias resistor
123 to ground. The capacitor 129 bypasses the
sereen 126 to ground.

The plate of the mixer tube {{2 is also con- ¢

nected to the input of the sharp discriminator
13, through the coupling capacitcr {385 which
is connected to the control grid of the amplifier
tube (31, the plate of which is connected through
the resistor 132 to B+, and the sereen grid of
which is connected through the resistor 133 to
B+, the bypass capacitor 135 being connected
between the screen grid and ground. The grid
resistor 134 is connected between the control
grid of the tube 131 and its cathode which is
grounded.

The plate of the amplifier tuke {3f{ is con-
nected through the coupling capacitor 136 to the
control grid of the phase-splitter tube 1237, the
plate of which is connected through the resistor
138 to B--. The cathode of the tube {37 is con-
nected through the series-connected resistors
139’ and {38 to ground, the junction-point con-
nection of the resistors {38 and (38 being con-
nected to the grid resistor 148, and through the
capacitor {41 to cne end of the resistor {42 and
to one diode plate 144 of the sharp discriminator
diode tube 145. The resistor 142 is connected in
series with the similar resistor {43 which is con-
nected to the diode plate 149 of the diode i45.
The junction point of the resistors {82 and (43
is connected to the junction point of the series-
connected, lcad resistors i47 and {48 which are
connected to the two cathodes of the diode {43.

The plate of the phase-splitter tube {37 is con-
nected to the diode plate 189 of the tube {45
through the coupling capacitor 188 which has the
same value as the capacitor {£1.

The voliages at the plate of the phase-splitter
tube 137 which are supplied to the plate {49 of
the diode 45, are 180° out-of-phase with the
corresponding voltages at ifs cathode which are
supplied to the diode plate {44 of the diode i45,
se that the voltages at the two diode plates are
180° apart-in-phass.

The plate and the screen grid 179 of the mixer
tube 114 are connected through the resistors #53
and 180 respectively, to B--. The resistor 182
connects the screen grid of the tube !4 to its
cathode. The bias resistor {83 connects the
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cathode to ground. The grid resistor 185 con-
nects the grid 112 of the tube 114 to ground. The
capacitor 18§ bypasses the screen 173 to ground.

The plate of the mixer tube (14 is connected
to the input of the sharp discriminator 13,
through the coupling capacitor 152 which is con-
nected to the control grid of the amplifier tube
t53. The plate of the tube ({4 is connected
threugh the resistor 455 to B+, and its screen
grid {78 is connected through the resistor {80 to
B+, the bypass capacitor {8{ being connected
between the screen grid and ground. The re-
sistor 182 is connected between the cathode of
the tube Fi£ and its screen grid. The bias re-
sistor 18% is connected to the cathode of the
tube {14 and to ground.

The grid resistor 158 connects the control grid
of the tube amplifier 153 to its cathode and to
ground. The plate and the screen grid of the
tube 153 are connected through the resistors 157
and 158 respectively, to B4-. The screen grid is
connected through the bypass capacitor 54 to
ground. 'The plate of the tube {53 is also con-
nected through the coupling capacitor 158 to the
junction points of the resistors {42 and 143 and
of the resistors 147 and {43,

The two outputs of the phase-splitter tube
137 are supplied 180° apart in phase to the diode
plates of the tube {48, and the output of the tube
{52 is supplied to the diode plates 90° apart in
phase from the outputs of the phase-splitter tube.

Ths voltages at the input of the diode tube
{45 may be best understood by reference to Fig.
7. The solid line, voliage vecior E:1 represents
the voltage from the plate of the phase-splitter
tube 187. 'The equal and opposite, solid line,
voltage vector e represents the voltage from
the cathode of the phase-splitter tube. These
equal voltages are sesn 1o be 180° apart in phase.
The solid line vecior Fs represents the voltage
from the plate of the amplifier tube 153 and is
seen to be 90° apart in phase from the vectors
E: and Ea.

When the difference between the frequency of
the RP generator i) is within its tolerance lim-
its, the voltages of opposite phase from the phase-
splitter tube, and the voltage from the amplifier
tube {53 are in phase guadrature, as illustrated
by the solid lLine veciors of Fig. 7, so that the
voltage drop across the load resistors {471 and
14g connected between the cathodes of the diode
tube {45 is substantially zero.

The capacitors {41 and i5§, and the resistors
{42 and 143 in the output circuit of the phase-

= spiitter tube (3% have such values that when

the frequency of the RF generator exceeds the
toleranice iimits, the opposite phase voltages Ei
and Ea2 shift in phase with respect to the quad-
rature voltage E3, an amount proportional to the
difference frequency bhetween the RF generator
id and the frequency standard {2, as illustrated
by the dashed line vectors of Fig. 7. The output
of one cr the other of the dicde sections of the
tuke {84 then predominates, and a voltage of
one polarity or the other is impressed between
the resistors 167 and (48 interconnecting its
cathicdes.

The cathodes of the diode 145 are connected
to ground through the bypass capacitors 180.
The cathodes of the broad-band discriminator
diode 28 are connected to the corresponding
cathodes of the sharp diseriminator diode 145 so
nat the outputs of the two diodes are super-
imposed toc provide the overall characteristic
curve shown by Fig. 4.
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The cathodes of the diodes 20 and 145 are con-
nected to the control grids of the push-pull am-
plifier tubes i8] and {62, the grid resistors 163
being connected between the control grids of the
tubes 161 and 182 and ground, the screen grids
of the tubes {81 and 152 being connected through

the resistor (54 to B--. The plates of the tubes.

161 and 162 are connected to the series-con-
nected, relay energizing windings 166 and 165 re-
spectively, of the relay 167, the junction connec-
tion of the windings being connected to B-+-. )

The armature 168 of the relay [87 is connected
to one side of the battery 171, the other side of
which is connected to the reversible electric
motor 35. The relay armature 168 is movable
between the contacts 189 and 170, and the field
winding of the motor 35 is so connected to its
armature and to the contacts 169 and 170 in a
conventional motor reversing circuit, that when
the relay armature touchss the contact 169, the
battery 1Tl rotates the motor in one direction,
and when the relay armature touches the con-
tact 170, the battery is reversely applied to the
motor field, causing the motor to rotate in the
opposite direction.

As a result of the actions in their input cir-
cuits as described in the foregoing, correspond-
ing cathodes of the diode fubes 20 and 145, those
cathodes connected to the control grids of the
amplifier tube 181 will provide voltages on the
grids of the tubes 161 and 162 which will cause
the tube 161 to draw more plate current than the
tube 162, and to thereby energize the winding 166
of the relay {87 more strongly than the relay
winding {55 is energized, when the frequency of
the RF generator 10 increases above its tolerance
levels. This will cause the relay armature {68
to touch the contact 189, causing the field and
armature of the motor 35 to be connected to-
gether and to the battery {71 in such a way that
the motor will revolve to rotate the rotor of the
capacitor 34 in a direction to increase the capac-
ity in the tank circuit of the RF generator, until
its frequency is decreased to its mean assigned
value.

When the frequency of the RF generator de-
creases below the tolerance limits, the diode
cathodes will provide voltages at the grids of the
amplifier tubes 161 and 162 which will cause the
tube 182 to draw more plate current than the
tube 181 and to thereby energize the relay wind-
ing 165 more strongly than the relay winding
166 is energized. This will cause the relay arma-
ture {68 to strike the contact 176 causing. the
field and armature of the motor 25 to be con-
nected to the battery {7l in a direction to cause
the motor 85 to rotate the rotor of the capaci-
tor 34 in a direction to decrease the capacity in
the tank circuit of the RF generator, until its
frequency is increased to its mean assigned fre-
quency.

When the RF generator is operating within
the tolerance limits of its assigned frequency,
both of the amplifier tubes 161 and 162 will be
conductive to the same extent so that their plate
currents will be balanced with both relay wind-
ings energized the same, causing the relay arma-
ture to be spaced from both contacts 168 and 169
so the motor 35 will be deenergized, and the rotors
of the tank capacitor 34 will remain stationary.

I claim as my invention:

1. A frequency stabilizing system for a radio
frequency generator, comprising a first oscillator
operating at the mean assighed frequency of
said generator, a first mixer connected for receiv-
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ing energy from said generator and from said
first oscillator, a sharp discriminator connected
to said first mixer, a second oscillator operating
at a frequency above said assigned frequency,
a second mixer connected for receiving energy
from said generator and from said second oscil-
lator, a first band-pass filter connected to said
second mixer, a third oscillator operating at a
frequency below said assigned frequency, a third
mixer connected for receiving energy from said
generator and from said third oscillator, a second
band-pass filter connected to said third mixer,
means for inverting the output of one of said
filters and for combining the inverted output
with the output of fthe other filter, reactance
adjusting means for tuning said generator, and
means for connecting the outputs of said sharp
discriminator and the combined outputs of said
filters together and to said reactance adjusting
means so as to cause same to retune said gen-
erator to said assigned frequency when it departs
therefrom.

2. A frequency stabilizing system for a radio
frequency generator, comprising a first oscilla-
tor operating at the mean assigned frequency
of said generator, a first mixer connected for re-
ceiving energy from said generator and from said
first oscillator, a sharp discriminator connected
to the output of said first mixer, a second oseil-
lator operating at a frequency on one side of
said assigned frequency, a second mixer con-
nected for receiving energy from said generator
and from said second oscillator, a third oscillator
operating at a frequency on the other side of
said assigned frequency, a third mixer connected
for receiving energy from said generator and
from said third oscillator, means for inverting
the output of said third mixer and for combin~
ing the inverted output with the output of said
second mixer, reactance adjusting means for
turning said’ generator, and means for con-
necting the output of said sharp discriminator
and the combined outputs of said second and
third mixers to sald reactance adjusting means
S0 as to cause same to retune said generator to
said assigned frequency when it departs there-
from,

3. A frequency stabilizing system for a radio
frequency generator, comprising a first oscillator
operating at the mean assigned frequency of said
generator, a first mixer connected for receiving
energy from said generator and from said first
oscillator, a sharp discriminator having its input
connected to the output of said first mixer, said
sharp discriminator including means for recti-
fying its output, a second oscillator operating at
a frequency at one side of said assigned fre-
quency, & second mixer connected for receiving
energy from said generator and from said second
oscillator, a band-pass filter having its input
connected to the output of said second mixer, a
third oscillator operating at a frequency on the
other side of said assigned frequency, a third
mixer connected to receive energy from said gen-
erator and from said third oscillator, a second
band-pass filter having its input connected to
the output of said third mixer, means for in-
verting the output of one of said filters and for
combining the inverted output with the output
of the other of the filters and for rectifying the
combined outputs, reactance adjusting means
for tuning said generator, and means for com-
bining the rectified outputs of said filters and of
said sharp discriminator and for applying same
to said reactance adjusting means for retuning
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said generator to said assigned freguency when
it departs therefrom.

4. A frequency stabilizing system as claimed in
claim 3 in which the second and third oscillators
operate at frequencies which are spaced the same
number of eycles from the assigned frequency of
the generator.

5. A freguency stabilizing system as claimed in
claim 4 in which the band-pass filters are similar.

8. A frequency stabilizing system as claimed in
claim 3 in which the band-pass filters are similazr.

7. A broad-band discriminator for use with a
radio frequency generator having an assigned
frequency, comprising a first oscillator operating
at a frequency on one side of said assigned fre-
quency, a first mixer connected to receive energy
from said generator and from said first oseillator,
a band-pass filter having its input connected to
the output of said first mixer, a second oscillator
operating at a frequency on the other side of said
assigned freguency, a second mixer connected
to receive energy from said generator and from
said second oscillator, a second band-pass filter
having its input connected to the output of said
second mixer, and means for inverting the out-
put of one of said filters and for combining it
with the output of the other filter.

8. A broad-band discriminator for use with a
radio frequency generator having an assigned
frequency, comprising a first oscillator operating
at a fixed frequency higher than said assigned
frequency, a first mixer connected to receive en-
ergy from said generator and from said first os-
cillator, a first band-pass filter having its input
connected to the outpul of said first mixer, a
second oscillator operating at a fixed frequency
which is below said assigned frequsncy by the
same number of cycles the operating frequency
of said first oscillator is above said assigned fre-~
quency, a second miger connected to receive en-
ergy from said generator and from said second
oscillator, a second band-pass filler having its
input connected to the output of said second
mixer, and means for inverting the output of
one of said filters and for combining its inverted
output with the output of the other filter.

9. A broad-band discriminator as claimed in
claim 8 in which the filters are similar.

10. A freguency stabilizing system for a radio
frequency generator, comprising a source of
fixed frequency, a first mixer connected for re-
ceiving energy from said generator and from
said source, a sharp discriminator having ifs in-
put connected to the output of said first mixer,
. a first, fixed frequency oscillator operating at a
frequency spaced a predetermined number of
cycles above the mean assigned frequency of said
generator, a second mixer connected to receive
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energy from said generator and from said oscil~
lator, a second, fixed frequency first fixed fre-
guency cscillator operating at a frequency spaced
said predetermined number of cycles below said
assigned frequency, a third mixer connected to
receive energy from said generator and from said
second fixed frequency oscillator, means for in~
verting the output of one of said second and
third mixers and for combining the inverted
output with the output of the other thereof, re-
actance adjusting means for tuning said gener-
ator, and means for connecting the output of
said sharp discriminator and the combined out-
put of said second and third mixers to said ad-
justing means for retuning said generator to its
assigned frequency when it departs therefrom.

11. A frequency stabilizing system for a radio
frequency generator, comprising a source of
fixed frequency, a first mixer having its inpub
connected for receiving energy from said gener-
ator and froem said source, a sharp discriminator
having its input connected to the oulput of said
mizer, a first, fixed frequency oscillator operat-
ing at a fregquency spaced a predetermined num-
ber of cycles above the mean assigned freguency
of said generator, a second mixer having its in-
put connected for receiving energy from said
generator and from said first fixed frequency os-
cillator, a first band-pass filter having its input
connected to the output of said second mixer, a
second fixed frequency oscillator operating at a
frequency spaced said predetermined number of
cycles below said assigned frequency, a third
mixer having its input connected to receive en-
ergy from said generator and from said second
fixed frequency oscillator, a second band-pass
filter having its input connected to the output
of said third mixer, reactance adjusting means
for tuning said generator, means for inverting
the output of one of said filters and for com-
bining the inverted output with the output of the
other filter, and means for connecting the out-
put of said sharp discriminator and the com-
bined output of said filters to said adjusting
means for retuning said generator fto its as-
signed frequency when it departs therefrom.

12. A frequency stabilizing system as claimed
in claim 11 in which the band-pass filters have
similar characteristics.

SHELDON I. RAMBO.
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