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My invention relates to frequency modulation
receivers and more particularly to improvements
in detectors or demodulators for frequency mod-
ulated carrier waves. o

In the tuning of amplitude modulation radio
or television receivers it is a characteristic that

" as the channel is tuned through, for example, In

a superheterodyne receiver as the intermediate
frequency approaches and then recedes from the
resonant frequency of the intermediate frequency
channel, the signal gradually increases in in-
tensity to a maximum and then gradually. de-
. creases in intensity and fades-out. This single
maximum in the signal response is a highly de-
sirable tuning characteristic,. since it enables an
unskilled operator readily to select the proper
" position of the tuning control for the reception
of any desired broadcasting station.
It is equally ‘well recognized, however, that de-
tector or demodulator circuits which are cur-
_rently in common use for the detection of fre-
quency modulated carrier waves possess a tuning
characteristic which exhibits three definitely dis-
tinguishable maxima of signal response. That
is, as the channel is tuned through a fairly good
signal is first observed, then a period of high dis-
tortion, then a range of good reception, then a
second period of high distortion, then a second
period of fairly good reception, and finally the
signal fades out. While it is well known to those

skilled in the art that the central of these three

maxima is the optimum tuning position, it is also
well recognized that this characteristic is confus-
ing to unskilled operators who are not familiar
with the cause of the three maxima and there-

fore unable to select the proper tuning position. -

This tuning characteristic whereby three maxima
in signal response are presented is a function of
the relative values of the resonant frequency ot
the signal channe! and the mean frequency of
the frequency modulated carrier wave being
transmitted through the channel. Accordingly,
the same characteristic will be observed in sets
where the resonant frequency of the channel is to
be tuned to the mean frequency of the incoming
carrier and also in superheterodyne sets in which
the mean intermediate frequency is to be tuned
to the fixed resonant frequency of the interme-
diate frequency channel. It will be evident from
the following description that my invention
avoids both the distortion and the maxima of
signal response on both sides of the optimum tun-
-ing position. - .
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It is a general object of my invention to pro-

vide a new and improved discriminator or de-

modulator for frequency modulated carrier
waves. \

It is a further object of my invention to pro- ‘

" vide a frequency discriminator or demodulator for

frequency modulation receivers which shall be
readily tunable to the desired coincidence of
mean frequency and channel resonant fre-
quency without evidencing undesired tuning in-~
dications upon either side of the desired position
and without severe distortion at any tuning posi-
tion. '

It is a still further object of my invention to
provide a frequency discriminator or demodu-
lator for a frequency modulation receiver which .
evidences tuning characteristics similar to that
of a conventional amplitude modulation receiver
in so far as the signal response gradually ap-
proaches a single maximum and then slowly
fades out if the channel is tuned through.

It is a specific object of my invention to pro-
vide in a balanced discriminator circuit biasing’
means for st™stantially preventing signal re-
sponse from a discriminator diode which is pro-

In carrying out my invention I provide a dis-
criminator circuit comprising a pair of diode rec-
tifler circuits interconnected o provide in-phase
signal voltages at selected points in the circuits.
The signal voltages thus obtained are supplied
through a pair of parallel connected channel-
separating electric discharge devices to a suitable
signal reproducing device such as & headphone,
loudspeaker, cathode ray tube or the like, Ordi-
narily it is desirable to jintroduce signal ampli-
fying apparatus intermediate the channel-sepa-
rating devices and the signal reproducing device.
From suitable points in the rectifier circuits I ob-
tain biasing potentials which, when applied to the

_channel-separating -discharge devices, serve to

diminish the signal response from that rectifier
circuit which is producing signal distortion upon
mistuning in one sense. Preferably, also, the sig-
nal response from the undistorted rectifier circuit
is enhanced. .

"My invention itself will be more fully under-
stood and its objects and advantages further ap-
preciated by referring now to the following de-
tailed specification taken in conjunction with the
accompanying drawings in which Fig. 1is a sche-.
matic circuit diagram of a frequency modulation
discriminator embodying my invention; Figs. 2,3
and 6 are graphical representations of certain of
the electrical characteristics of my discriminator;
Fig. 4 is a graphical representation of certain of
the characteristics of a conventional frequency
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discriminator upon which my invention is an im-

provement; and Fig. 5 is a schematic circuit dia-
. gram of a frequency modulation discriminator

embodying my inverntion in a modified form.

Referring now to the drawings and particularly
to Fig. 1, I have shown that portion of a fre-
quency modulation receiver preferably of the su-
perheterodyne type, which is essential to a full
understanding of the invention. The circuit
shown at Fig. 1 is that portion of a frequency
modulation receiver which serves to derive, from
a carrier wave modulated in frequency about a
mean frequency in accordance with a desired sig-
nal, a signal voltage proportional in instantane-
ous magnitude to the instantaneous deviations of
the carrier from the mean frequency. The re-
ceiver comprises an electric discharge device 10
which may serve either as the last intermediate
frequency amplifier, or, if desired, as a limiter.
The discharge device {0 comprises an anode and
a cathode connected to an output circuit includ-
ing the primary winding 11 of a discriminator
input transformer which is tuned to resonance
at an intermediate frequency by a suitable shunt
capacitor 12. ,
cludes a control electrode or grid 13 which is ar-
ranged to be connected to a suitable source 10a
of frequency modulated carrier waves. Such a
source of waves may be the intermediate fre-
‘quency channel of a superheterodyne radio re-
ceiving apparatus, and the signal modulation
may represent musie, voice or the like. The in-
termediate frequency channel {0¢ is provided
with suitable manually controllable tuning means
100 for adjusting the mean frequency of the in-
termediate frequency carrier wave to a desired
value, It is understood that when the tuning is
correct for optimum response the mean frequency
of the carrier coincides with the resonant fre-
quency of the channel,

Although. it will be clear from the following
description that my invention is not limited to
a superheterodyne receiver, such a receiver com-
monly comprises a signal channel tuned to 3 fixed
intermediate frequency, such as 2 to 5 megacycles,
and including suitable amplifying and limiting
devices preceding the discharge device 10. It
will be understood that in a superheterodyne re-
ceiver the incoming frequency modulated carrier
wave at radio frequency, for example 42 to 50
megacycles, is reduced in frequency by mixing
the frequency modulated carrier wave with an
unmodulated wave from a local oscillator to ob-
tain a signal modulated intermediate frequency
carrier wave at the difference frequency. Tun-
ing of the set to receive carrier waves of different
radio frequencies is effected by changing the fre-
quency of the local oscillator so that the dif-
ference frequency between the received carrier
.and that of the local oscillator is made equal to
the fixed resonant frequency of the intermediate
frequency channel terminating in the electric
discharge device 10,

The primary winding 11 of the tuned discrimi-
nator input transformer is magnetically coupled
/ to a pair of secondary windings 14 and 15, and
' the high potential terminal of the primary wind-
ing It is electrically connected to the adjacent

inner or low potential terminal of the secondary .

windings 14 and 15 through suitable coupling

The discharge device 10 also in- ¢
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difference of potential with respect to their mid-

. point, the polarities of the outer terminals being
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capacitors 16 and I7 respectively. The second- °

ary windings 14 and 15 are tuned as a unit to the
intermediate frequency by means of & shunt ca-
pacitor 18, Since at any instant the outer ends
; of the windings {4 and. I§ are at the greatest

75

opposite with respect to the mid-point, the outer
ends will be hereinafter referred to as the high
potential terminals of the secondary windings.
Each secondary winding 14 and 15 of the dis-
criminator input transformer is connected to a
series diode rectifier circuit comprising a two-
element electric discharge device, a load resistor
and an intermediate frequency choke coil con-
nected in series circuit relation. Specifically, the
high potential terminal of the secondary winding
14 is connected to the anode 19 of a diode 20,
the cathode 21 of which is connected through a
pair of load resistors 22 and 23 and an intermedi-
ate frequency choke coil 24 in series circuit rela-
tion to the low potential terminal of the winding
14. The other rectifier circuit is oppositely con-
nected in that the low potential terminal of the
secondary winding 15 is connected through an
intermediate choke coil 25 and a pair of load
resistors 26 and 27 in series circuit relation to
the anode 28 of a diode rectifier 289, the cathode
30 of which is connected to the high potential
terminal of the secondary winding {5. The re-
sistors 22 and 27 are of equal resistance, and the
resistors 23 and 26 are of equal resistance. Pref-
erably, the resistances of all four resistors are
equal. The common terminal of the resistors 22
ahd 23 is connected to the common terminal of
the resistors 26 and 271 and grounded at 3i. ‘The
cathode 21 of the diode 20 and the anode 28 of
the diode 29 are bypassed to ground for inter-
mediate and higher frequencies by capacn:ors 32
and 33 respectively..

Referring now only to the connections thus far
described, it will be evident that equal voltages
of opposite phase are induced in the transformer
secondary windings 14 and 15. When the carrier
frequency is the same as the resonant frequency
of the signal channel these induced voltages are
each 90 electrical degrees out of phase with the
voltage across the transformer primary winding
i1 by reason of the fact that both the primary
and secondary windings of the transformer are
tuned to resonance at that frequency. Further-
more, the connection of the high potential side
of the primary winding to the midpoint of the
secondary winding superposes upon each diode
rectifier circuit the voltage of transformer pri-
mary winding {i{. Thus the total voltage sup-
plied to each diode rectifier circuit is the vector
sum of the transformer primary voltage and the
phase displaced voltage induced in the associated
secondary winding. When the mean frequency
of the carrier wave is the same as the resonant
Irequency and no signal modulation is present the
induced voltages are 90 electrical degrees out of
phase with the primary voltage in opposite senses,
so that the net voltages applied to the two diode
rectifier circuits are equal at all tlmes There-
fore, with proper tuning and no signal only uni-
directional currents of equal scalar magnitude
flow in the rectifier circuits, and the voltage drops
across the resistors 22 and 27 and across the
resistors 23 and 26 are equal. As the carrier fre-
quency deviates insténtaneously from the mean
center frequency in accordance with signal mod-
ulation, the induced voltages in the transformer
secondary windings {4 and (5 remain equal and -
opposite but are shifted in phase with respect
to the primary voltage applied to the secondary
winding midtap, the direction of the phase shift
depending upon the direction of the instantan-
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éous frequency deviation of the carrier wave.
Thus signal modulation of the carrier wave
_ changes ‘in opposite .senses the instantaneous
magnitudes of the net voltages supplied to the
diode circuits, the direction of the frequency devi-
ation: determining the direction of the voltage
change. Accordingly, the instantaneous scalar
magnitudes. of the rectified currénts in the load
resistors 22 and 21 vary in opposite senses at the
signal frequency of modulation - of the carrier
wave, thereby to give rise to signal frequency

components of voltage across the resistors 22

and 21.

At Fig. 2 T have shown a graphical representa-
tion of the voltage drops across the resistors 22
and 27 with respect to time upon the occurrence
of signal modulation of the carrier wave. It will
be observed from Fig. 1 that the diodes 20 and 29
are so arranged that the rectified currents in the
resistors 22 and 27 flow in opposite directions with
respect to ground. Accordingly, with no signal
modulation of the carrier, the potentials of elec-
trically remote terminals of the equal resistors

tube #5. The midpoint of the resistors 58 and 86
is connected through a high resistance grid leak
resistor 58 to the grid #2a of the channel-sepa-
rating discharge device 44.

Let it first be assumed that the carrier wave is
unmodulated and that its frequency is equal to
the resonant frequency. Under such conditions

. the direct current components of the rectified cur-

10

.22 and 27 are equal and opposite with respect to -

ground, as indicated in Fig. 2 up to a time t If
now at the time #1 the carrier wave is modulated

" in frequency to produce & signal voltage Eaza across
the resistor 22, the signal voltage across the re-
sistor 27 will be represented by Ee. It will be
noted from Fig. 2 that while the instantaneous
scalar magnitudes of the voltages Es2 and Ea7
change in opposite senses with modulation, the
voltages are in phase with respect to ground po-
tential; i. e., the instantaneous values of Ez and
Eg change in like phase with respect to ground
potential, -

The signal voltages appearing across the load
resistors 22 and 21 are tapped at suitable points,
as by potentiometer arms 40 and 41, respectively,
and applied through a pair of blocking capacitors
42 and 43; respectively, to the control electrodes
42¢ and 43a of a pair of parallel connected grid
controlled electric discharge devices 44 and 45,
respectively. The blocking capacitors 42 and 43
remove the unidirectional components of the sig-
nal voltages shown at Fig. 2 and apply to the grids
42q¢ and 43a only the in-phase alternating com-
ponents of the signal voltages. The. electric dis-
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charge tubes 44 and 45 each includes a cathode -

46 and an anode #1. The cathodes 46 are con-
- nected together and to ground through a grid bias
resistor 48 and a signal frequency bypass con-
.denser 49 in parallel circuit relation. The anodes
41 are connected together and through a load re-
sistor 50 to the positive terminal of a suitable
source of direct electric current supply, such as
a battery 51, the negative terminal of which is
connected to ground at §2.

According to my invention the uéual distortion

and undesired maxima of audio response upon’

both sides of the optimum tuning position are
avolded by providing suitable biasing potentials
for the control electrodes 42a and 43a of the dis-
charge devices 44 and 45 respectively. For this
. purpose the electrically remote ‘terminals of the
load resistors 22 and 21 are interconnected
through & pair of serially connected and prefer-
ably equal voltage dividing resistors 83 and 34.
Similarly the electrically remote terminals of the
resistors 23 and 26 are interconnected through a
pair of serially connected and preferably equal
voltage dividing resistors ‘85 and 8¢. The mid-
point of the resistors 83 and B4 is' connected
through a high resistance grid leak resistor 81 to
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rents in the circuits of the diodes 20 and 29 are
equaland flow in opposite directions with respect
to ground through the load resistors 22 and 21,
For proper operation the potentiometer arms 40
and &1 should be positioned upon the load re-
sistors 22 and 27 at points of equal potential
above and below ground potential, respectively.
However, due to the blocking capacitors 42 and’
43, no bias potential is supplied to the grids 42a
and 43a from the resistors 22 and 21, respectively.
Furthermore, with ;proper tuning and no signal
modulation the voltage dividing resistors 53 and
54 and the voltage dividing resistors 55 and 56
produce no biasing effect upon the grids 42a and
43q. This is evident from the fact that, with
equal direct currents flowing in the diode rec-
tifier circuits, the electrically remote terminals
of the similar resistors 22 and 21 are at equal po-.
tentials above and below ground, respectively, and
the electrically remote. terminals of the similar
resistors 23 and 26 are at equal potentials below
.and above ground, respectively. Accordingly, the
midpoint of the resistors 53 and 54 and the mid-
point of the resistors 58 and 56 are both at ground
potential and thus exert no biasing effect upon
the grids 42a and 43a. Therefore, under the con-
ditions described above the channel-separating

_triodes #4 and 48, being unbiased, provide parallel

paths for the passage of & predetermined  ditect
current through the signal output resistor §0.

If now it is assumed that the carrier wave is
modulated in frequency in accordance with a
signal, it will be clear from the foregoing descrip-
tion in connection with Fig. 2 that the alternat-
ing or signal components of the potentials ap-
pearing at the potentiometer brushes 40 and 44
experience in-phase variations of instantaneous
magnitude in accordance with the signal modula-
tion of the carrier wave. For example, when the .
signal modulation is such as to produce an in- ~
stantaneous increase in the rectified current.

_through the diode 20 and a decrease in the rec-

tified current through the diode 28, the instan-
taneous potential at both potentiometer brushes
40 and 41 changes in a positive sense with respect
to ground potential. Similarly, signal modula-
tion in the opposite sense produces an in-phase
change in potential at the brushes 40 and 41 with

respect to -ground potential. The signal fre--

quency potential thus developed is supplied to the
grids 42a and 43a.of the channel-separating dis-
charge devices 44 and 48, respectively, and pro-
duces in-phase changes at signal frequency in
the instantaneous value of current passed through
both of the devices 44 and 46. Since these de-~-
vices are connected in parallel circuit relation,.
they, under these conditions, contribute equally

‘to the supply of an alternating component of cur- .

rent at signal frequency in the signal output re-
sistor 8. It will be observed that the triodes 44
and #8 serve as amplifiers of the signal voltage as .
well as serving as channel-separators in a manner
which will be hereinafter described. . '
"The alternating component current at signal -
frequency in the resistor 88 produces across the

- resistor & voltage at signal frequency which may

the grid 43 of the channel-separating discharge 76

be applied to any qﬂtable signal reproducing
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device, For this purpose I have shown a leag
60 connected to the high potential side of the
load resistor 60 through a suitable biocking ca-
pacitor 6{. The capacitor 8! serves to separate
the unidirectionai and alternating components
of the current through the resistor 68, so that
. the signal voltage appearing at the terminal 60
is independent of the unidirectional component
of current through the resistor §8. It will be
understood that the lead 66 may be connected to
any suitable loudspeaker, earphone or the like.
To illustrate the manner in which may inven-
tion avoids distortion and undesired maxima of

the signal response upon opposite sides of the

correct tuning position, I have shown at Figs. 3
and ¢ a group of curves graphically illustrating
certain characteristics of a balanced double
diode discriminator in which the signal voliage
is taken off directly across equal porifons of the
diode load resistors. At ¥Fig. 3 is shown a pair
of voltage characteristic curves E; and Ea, These
curves represent the manner in which the scalar
magnitude of diode load resistor voltage varies
with carrier frequency in & circuit such ag that
of Fig. 1 where a pair of diode rectifier circuits
are connected to similar secondary windings of &
tuned discriminator input transformer. For ex-
ample, the voltage E1 may represent the drop
across the load resistor 22 of Fig. 1 as the car-
rier frequency deviates from the center or mean
frequency Fo, and the voltage Ez may represent
the voltage drop across the resistor 21 ag the
carrier frequency devietes from the mean fre-
quency Fo. Now if & pair of rectifier circuits
having these characteristics were connected in
balanced opposition sc that the unidirectional
components of current through the load resistors
flowed in the same direction with respect to the
grounded midpoint, it is well understood that &
signal voltage such as Ea of Fig. 4 could be ob-
tained directly across elecirically remote points
of the load resistors, The reason for the dis-
tortion and undesired maximg in signal response

1
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which is common in such a balanced double- .

diode discriminator circuit will how be apparent
from Fig. 4. The signal voltage curve Ea of Fig. 4
is substantially linear in the central region so
that in this region the signal response is g maxi-

mum. However, at the maximum and minimum

points of the curve Es it will be observed that
any modulation of earrier frequency, either an
increase or a decrease in instantaneous fre-
quency, produces a decrease in the instantaneous
magnitude of signal voltage. Such a condition
produces maximum distortion in the signal out-
put. It will also be noted that the curve E. of
Fig. 4 is characterized by- substantially linear
portions on each side of the maximum and mini-
mum points as the signal voltage fades. out.
These small linear portions produce undesired
maxima . in the signal response upon opposite
sides of the center frequency. ’

According to my invention the side band dis-
tortion and undesired maxima in signal response
on opposite sides of the proper tuning position
are avoided by-biasing toward cutoff that one
of the channel-separating amplifying tubes 44
and 4% which is associated with the diode recti-
fler producing distortion. The diode rectifier pro-

. ducing distortion is that'one which is conducting
the greater, and particularly a maximum, uni-
directional current component. It will be re-
called that to provide demodulation the grids
of the channel-separating amplifying tubes #4
and 45 are controlled by in-phase signal poten-

45
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tials obtained from the load-resistorg 22 and 27.
The resistors 22 and 27 are not connected in
balanced or back-to-back relation to provide the
characteristic of Fig. 4, but are so connecied thas
the direct current components of rectified cur-
rent flowing through these resistors flow in op-
posite directions with respect to ground. .

Let it now be assumed that a condition of mis-
tuning exists such that the resonant frequency
of the intermediate frequency channei and the
mean frequency of the carrier waves do not.co-
incide. In the illustrated example of the inven-
tion the resonant frequency is fixed, and it will
be assumed that the meah frequency of the car-
rier wave is displaced therefrom and lies in the
region' of maximum conduction of one of the
diode rectiflers, for example, the diode 28. With-
out the benefit of my invention the diode 20
would now ke producing distortion in the signal
response by reason of the fact that sny modula-
tion of the carrier wave, either an increase or
decrease in instantaneous frequency, would Pro-
duce & decrease in the voltage drop across the
resistor 22. However, under these conditions the
direct current components of the rectifed cur-
rents in the diode rectifier circuit are not equal,
so0 that the unidirectionsl potentials of eleciri~
cally remote terminals of the resistors 28 and
26 are unequally displaced from ground noten-
tial. Qualitatively, the negative terminal of the
resistor 23 is farther below ground potential than
is the positive terminal of the resistor 26 gbove
ground potential. Accordingly, the midpoing of
the resistors 65 and 66 has g net unidirectional
component of "potential which is negative with
respect to ground. This negative biasing poten-
tial is superposed upon the grid 42q of the chan-
nel separating discharge device 44 through the
high resistance grid resistor 68, and biases the
device 44 toward cutoff. Preferably the resist-
ance of the resistor 88 is so high that the alter-
nating component of potential appearing gt the
midpoint of the resistors 55 and 58 upon signal
modulation of the carrier wave is sufficiently st-
tenuated so that substantially no alternating
current component appears upon the grid 42¢.
In this manner, the amplifying discharge device
44 is substantially disabled whenever the direct
current component of rectified current through
the diode 20 is in the region of its maximum -
value, and almost the entire audio response is
conducted through the channel-separating am-
plifier 45. A like effectin lesser degree is present
whenever one diode rectifier circuit conducts a
greater unidirectional component than the other
circuit, even though the unidirectional compo-
nent does not attain its maximum value, ]

It will now be noted that the negative biasing
Potential superposed upon the grid 42z of the
tube 44 is accompanied by a positive biasing po-
tential upon the grid 43a of the tube 45 derived

. from the voltage dividing resistors §3 and B4,

70.
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This positive biasing potential upon the grid 83
increases the conduction of the tubé 45 tc com-
pensate for the decreased conduction of the tube
44. . Under the conditions assumed, that is, with
the diode 20 conducting in the region of its magi-
mum unidirectional component of rectified cur-
rent, the unidirectional. components of potential
at the electrically remote terminals of the re-
sistors 22 and 27 are unequally spaced with re-
spect to ground, - Specifieally, the positive ter-
minal of the resistor 22 is higher in unidirectional
potential above ground than is the negative ter-
minal of the resistor 21 below ground, There-
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fore, the midpoint of the resistors 53 and 84 has
a net positive unidirectional component of poten-
_tial which is superposed upon the grid 43a of the
device 45 through the high resistance resistor 81.
The resistor §1 is of sufficiently high resistance
to attenuate any alternating components of po-
tentfal and prevent their reaching the grid A8a.
In this manner the conduction through the un-
distorted channel-separating triode 48 is in-
creased upon decrease of conduction through the
distorted triode #4. By thus maintaining the

total current through the signal load resistor 80 .

substantially constant decrease in the volume of
the signal upon the occurrence of & cutoff bias
in one of the channel-separating tubes is avoided.
It will be appreciated from the foregoing ex-

_ planation that mistuning in the opposite sense,
- such that the dipde 29 tends to produce distor-

" t'on, results in a negative bias upon the grid 43a -
of the triode 45 and a compensating positive bias

upon the grid #2a of the triode #4. It will now
be clear that upon mistuning, that is, upon rela-
" tive displacement of the resonant and carrier
mean frequencies in either direction, & squelch.
b'as is applied to one -of the channel-separating
devices 44 or 45 to decrease the effectiveness of
that rectifying diode which-is conducting the
larger unidirectional component of current. Si-
multaneously the effect of the other diode, which
is undistorted, is enhanced by the imposition of

& positive bias upon the channel-separating tube .

associated therewith,

As explained above distortion is avoided by

reducing, or eliminating, the response from the
distorted diode and enhaneing the response from
the undistorted diode by means of a positive bias
.upon the associated channel-separating amplifier.
1t will be appreciated that such positive bias must
be maintained within predetermined limits so
- that distortion of the audic output will not re-
‘sult from driving the positively. biased channel-
separating triode info a region of poor gain. The
cathode resistor 48 provides protection against
such -excessive positive bias. For example, let it
be assumed that the triode 45 is biased positively.
“This causes the direct component of the plate
.current to increase, thereby causing the potential

drop across resistor 48 to increase. The direc- .

tion of the potential across resistor 48 is such as
to give negative bias to the grid of triode 45;
- hence, the net bias on the grid does not increase
as fast as the positive potential applied from the
-junction of resistors 58 and 54 increases.. The
effect of this degenerative action on bias changes

is to greatly extend the bias variations tolerable

. before grid current flows. However, let it be as-
" sumed that a condition of very high positive po-
teritinl is present between the grid of triode, 45
arid grounid. When such positive bias reaches

" a predetermined limit the positive peaks of the
signal voltage appearing on the grid 43e are rec--

tified in the grid-cathode circuit of the tube 45.
This circuit includes the condenser 43 and the
resistor 61. Such rectification leaves a negatiye
charge upon the grid side of the condenser- 43,
thereby tending to decrease the positive bias of
“the grid 43a. The condenser 43 is shunted
through the resistors 87, 84, and a portion of ‘the
res'stor 21. However, the resistance 8T is very
high, so that the decay of charge upon the con-
denser 43 is very slow. Therefore, only a small
grid current is required to maintain the negative
charge upon the condenser 43. . :
At Fig. 5 I have shown another embodiment g

my invention in'which diodes rather than triod&;¥4s
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amplifiers are used as channel-separating de-
vices. Fig. 5 shows a discriminator circuit for a
frequency modulated carrier wave comprising a
diseriminator input transformer 10 having a pri-
mary winding 7| connected to the output circuit -
of a grid controlled electric discharge device 12.
By means of a capacitor 1la the winding 1 is
tuned to resoi ance at a predetermined frequency
which, under proper tuning conditions, coincides
with the mean frequency of the received inter-
mediate frequency carrier wave. As previously .
explained in connection with Fig. 1 the discharge

“device 12 is preferably either the last intermedi-

ate frequency amplifier stage or the limiter stage
of a frequency modulation radio receiving appa-

. ratus of the superheterodyne type. The discrim-

inator transformer 10 is similar to the discrim-
inator transformer shown in Fig. 1 and comprises
a pair of similar secondary windings 14 and 15
having their inner or low potential terminals con-
nected to the high potential terminal of the pri-
‘mary winding Ti through suitable coupling ca-
pacitors 16 and 11, respectively. The secondary
windings 74 and 76 are tunéd as a unit to the
resonant frequency of the intermediate frequency
channel by means of & shunt capacitor 18.

The discriminator transformer secondary wind-
ings of Fig. 5 are connected to a pair of diode
rectifier circuits in the same manner as previ-

. ously described in connection with Fig. 1. Spe-

cifically, the high potential terminal of the wind-
ing 18 is connected to an anode 19 of a diode 80,

" the cathode 8t of which is connected through a

pair of serially connected load resistors 82 and 82
and a high frequency choke coil 84 to the low
potential terminal of the winding 74, The high
potential terminal of the secondary winding 15
.is oppositely connected to the cathode 85 of a
diode 86, the anode 87 of which is connected
through & pair of serially connécted load resistors.
88 and 89 and through a high frequency choke
coil 80 to the low potential terminal of the wind-
ing 75." The midpoint of the resistors 82 and 83
is connected to the midpoint of the resistors 88

-~ and 89 and to ground at 81. The load resistors

82 and 88 are of equal resistance, and the resist-
ances of the load resistors 83 and 88 are likewise
equal. The resistors 82 and 88 are by-passed for
intermediate frequencies by condensers 82a and
88a, respectively. .
Thus far I have described only a pair of series

- diode rectifier circuits connected to similar sec-

ondary windings of & tuned input transformer in
the same manner herefofore described in connec-
tion with PFig. 1. The diode rectifler circuits are
also interconnected in the same manner as:the
rectifier circuits of Fig. 1 in that the unidirec-
tional components of current through the load -
resistors 82 and 88 of Fig. 5 flow in opposite di- .

rections with respect to ground, as indicated by

the polarity’ marks upon the drawings. It will,"
therefore, be understood that the alternating

voltage components at signal frequency appearing

across the load resistors 82 and 88 upon signal

modulation of the carrier wave are in phase for
the reasons heretofore explained in connection
with Fig. 2. . ' ’

At Fig. 6 I have shown curves similar to those
of Fig. 2 and graphically illustrating the instan-

vo taneous voltages across the load resistors 82 and

88 in the absence of and also in the presence of
signal modulation of the carrier wave, : From the
explanation of Fig. 2 it will be recognized that
up to the time #1 at PFig. 8 the carrier wave is
unmodulated. ‘The curve Easa represents the com-




e
kined D. C. and A. C. potential across the re-
sistor 82, and the curve Ess represents the coms
bined D. C. and A. C. potential across the re-
sistor 88, :

The in-phase signal potentials appearing at
simila> electrically spaced points of the resistors
82 and 88 are tapped off through suitable poten-
tiometer brushes 82 and 93 and supplied through
direct current blocking capacitors 84 and 95, re-
spectively, to a pair of channel-separating diodes
98 and 99. The brush 82 is connected through
the condenser 94 to the ancde 96 of the diode- 98,
and the brush 93 is connected through the con-
denser 88 to the cathode 87 of the dlode 88, It
will be understood that the blocking capacitors
84 and 93 serve to separate ous the unidirectional
componenis of the potentials appearing across the
load gesistors 82 and 88, so that only the alter-
nefing components of potential at signal fre-
quency are supplled to the channel separating
diodez 98 and 88. The diode 88 includes a
cathcde $60 which is conbected directly to an
anode 184 of the diode 99 and through a suitable
blocking capaciior 102 to the contro] electrode or
grid of g sultablesigne] amplifying discharge de-
vice 104, The amplifying device (68 includes also
& cathode 100 which is conmerted to ground snd
through & grid leak vesisior 186 to the grid 193,
The anode (87 of the dischiarge device {86 is
connected through a signel output resistor 188
to the positive terminal of g suitable source of
unidirectional current supply, such as s battery

{08. As iz well understood by those skilled in the

art the slgnal frequency component of potentiai
appesring across the resisior (88 may be supplied
through & suitabie blocking capaciter 148 §o any
slgnal reproducing device such as o headphone,
loudspesker or the like, : .

According to the modificailon of Fig, § of my
invention, the usual distortion snd undesired
mexime of slgnel respense on both sides of the
optiznun tuning posttion are svoided by providing
suitable éifferential bissing votentinis for the
ancdes and cothodes of the channel-geparating
discharge devices 58 and 89, For thig purpose:

" the electrically remote terminals of the load re-
tors 82 and 88 are connected, respectively,
through high resistance resistors 104 and 112 $o
the cathode (08 of the channel-separaiing diode
83 and to the anode 84 of the diode 89. Also, the
€lectrically remote terminals of the load resistors
83 and 89 are interconnected through a pair of
voltage dividing resistors 143 and (14, the mid-
point of which is connected through high re-
sistance resistors {16 and 45, respectively, to the
anode 96 of the diode 98 and to the cathode 87
of the diode 98. Preferably the resistors fi1, g42,
115 and 46 are of sufficiently high resistance to
attenuate any aliernating components of ‘poten-
. Hal which may be impressed upon them from the
diode rectifier circuits, .
In view of the foregoing description of the cir-
. cult arrangement of Pig. 5, the mode of opera-
“tion of the discriminator circuit there {llustrated
will be understocod from the following brief de-
" scription. The demodulating action of the appa-

ratus under proper tuning conditicns will first be .

described. It will be understood that by proper
tuning it is meant that the mean frequency of
the carrier wave coincides with the resonant fre-
quency of the intermediate frequency channel.
Under such conditions the direct current com-
. ponents of current in the load resistors 82 and

38 are equal, and signal modulation of the carrier
‘wave produces signal] voltages, such as Be2 gnd 7

4o hrough the resistor {4,

43 sense throligh the resistor 112,
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Ess of Fig. 6, between the potentiometer brushes
82 and 93, respectively, and ground. Now it may
be noted that the channel-geparating diodes 98
and 89 are connected in parallel circuit relaiion

5 between the ground connection §1 and the block-

ing capacitor 102, These parallel circuits may be
traced from the ground connection 81, through
adjacent portions of the load resistors 82 and 88,
the potentiometer brushes 82 and 83, the blocking .

10 capacitors 94 and 98, and the diodes 98 and 99 to

the blocking capacitor 102. An cutput circuit for
the parallel connected diodes 398 and 99 is com-
pleted through the blocking capacitor 102 and the )
grid resistor 106 to the grounded cathode {95 of -

15 the signal amplifier 104. When signal frequency

potentials are generated in the load resistors 82 .
and 83 by signal modulations of the carrier wave,

the signa] frequency currents passeq by the dlodes
98 and 29 are in like phase relation and are com-

oo Plned in the grid resistor 188 to produce across

the resistor 188 a signel voliage which is applied
to the amplifying. device 184. An gmplified sig-
nal voliage thus sppears scross the load 1@~
sistor 188, '

og  Let It now be assumed that o condition of mjs-

tuning exisis such that the regonent freguency
of ihe Intermiedinte frequency channel no longer
coincides with the mesn frequency of the carrier
wave. For the purposs of jliusirative anaiysis let

20 it be further assumed $hat the carvier mean fre-

quency Is displaced from fhe resonant freguency
in such a direction that the direct current com-
ponent of cuyrrent in the load resistor 82 of Fig. B
is greater than the direcs current component of
current in the load resistor 85. In such a case
the unidirectional poteniial of the high potential
terminal of the resistor 52 is greater than normal,
50 that a positive bias potential is Impressed upon
the cathode 80 of the separating diode 28
Similarly the potential
of the low potential termingal of the resistor £8 is
less negative, or more positive, than normel sc
that the unidirectional potensiaj of the anode 181
of the separating diode 99 is reised in o positive
The resisiors §14
and {{2 are very high in comparison 0 the re-
sistance of the grid resistor 608, so that aiternat-
Ing potentials a2t signal irequency appearing ot
the resistors 111 and 12 are attenuated by voli-

€2

¢ age division between thege resistors and the re-

sistor 186. Therefore, very itttle, ¥f any, alter- .
nating potential is impresseq upon the elecirodes
of the channel separsting tubes 88 and 99 through
the resistors 11 and 112, The resistors (44 and

55 442 may be regarded ss voltage dividing resistors

- connected between the remote terminals of the
resistors 82 and 88 with their midpoint connected .
to th/e anode 101 and the cathode 186,

Under the conditions assumed the separating

‘co diode 88 is blased further toward cutof and the

conductivity of the diode 98 is further increased
by impressing g suitable potential upon the snode
86 of the diode 88 and upon the cathode 97 of
the diode 89. This potential is derived from the

05 midpoint of the voltage dividing resistors {18 and

{14 which are connected between electrically re-
'mote terminals of the load resistors 83 and 39.
When the direct current component of current in
the load resistor 88 is greater than normal, as

70 assumed, the negative potential of the low poten-

Hal terminal of the resistor 83 is greater than
normal and the positive potential of the high po-
tential terminal of the resistor 88 is less than
normal. Accordingly, the potential of the mid.’
point of the resistors {13 and 114, which is nor-
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mally at ground potential, is now appreciably be-
low ground potential. This negative bias poten-

tial is impressed through the resistor 115 upon
the cathode 97 of the discharge device 99 and

through the resistor 116 upon the anode of the
diode 98. ' ' .
1t will now be observed that under the condi-
tion of mistuning in the sense assumed, the chan-
nel separating diode 98 is differentially biased to-
ward cutoff by increasing the positive bias of its
cathode through the resistor 111 and increasing
the negative bias of its ancde through the resistor
{16. To compensate for the decreased conduc-
tivity of the diode 98, an opposite differential bias
is impressed upon the diode 99. The cathode 97
of the diode 99 is biased negagively through the

resistor 115, and the anode 101 of the diode 99 is -

biased positively through the resistor 112. In this
manner the effectiveness of the channel-separat-

ing diode 98 is decreased and the greater part of .

the signal response is obtained through the sep-
arating diode 99. In a manner similar to that
_previously described in connection with Fig. 1 the

increased conductivity of the diode 99 occurring

upon decrease in the conductivity of the diode 98 |

sefves to prevent. a diminution in the volume of
* the signal output as a result of disabling the
diode 98. ,
From the foregoing description it will be clear
that upon mistuning in the opposite sense the
separating diode 99 will be disabled or its con-
ductivity materially decreased, and the diode 98
will be so biased as to increase its conductivity to
compensate for the cutoff bias of the diode 89.
Therefore, it appears that from the electrically
- remote terminals of the load resistors 82 and 83
and from the electrically remote terminals of the
~load resistors 83 and 89 differential biases are
impressed upon the channel-separating diodes 98
and 99 in such a sense that that separating diode
associated with the diode rectifier 80 or 86 which
is conducting the greater unidirectional com-
ponent of current is biased toward cutoff, while
the other separating diode experiences a compen-
sating increase in its conductivity.
It will be clear from the foregoing description
that my invention not oniy eliminates undesired

~ distortion and maxima in signal response as the

signal channel is tuned through to receive a de-
sired signal wave, but also serves to prevent dis-
tortion if the mean frequency of the received sig-
nal wave drifts from the resonant frequency of
the signal channel after tuning.

Whilé I have shown and described only certain
preferred embodiments of my invention by way

of illustration, many other modifications will

doubtless occur to those skilled in the art. For
‘example, it will be understood that my invention
is not limited to receivers of the superheterodyne
type, but that receivers of this type have been
referred to in the illustrative embodiments only
because of the current extent of their use and

the convenience of reference to a pretuned inter--

- mediate frequency channel, - Furthermore, it will
be understood that neither illustrative embodi-
ment of my invention is limited to inverse con-
nection’ of the diode rectifiers to the transformer
secondary windings, but that, if desired, the diode
rectifying circuits may be connected in back-to-
back or balanced opposition. It is only necessary
that points of proper potential on the load re-
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such modifications as fall within the true spirit
and scope of my invention. )

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

1. In a discriminator for electric oscillations,
means for supplying a carrier wave signal modu-

"lated in frequency about a desired mean fre-

quency, means including a pair of rectifier cir-
cuits for deriving from said carrier wave signal
potentials having mean values varying opposite-
Iy and linearly in intensity within a predeter-
mined range of frequencies with variation of said
carrier frequency from said mean frequency and
having beak values of intensity at the limits of
said rsnge, means including a pair of signal
channels controlled by said signal potentials re-
spectively, and means for reducing the ‘transmis- -
sion of one or the other of said channels when
the mean value of the controlling signal poten-
tial attains an intensity in the region of its peak
value. - ' )

2. In combination, a pair of unilateral con- -
ducting devices, a source of oscillations having its
frequency modulated in accordance with desired
signals about a desired average frequency, means
tuned to said average frequency for supplying
said oscillations to said unilateral conducting de-
vices with intensity varying oppositely on said

"two devices with variations in the frequency of

said oscillations whereby currents flow in said
devices varying oppositely’ in intensity and at
signal frequency as the frequency of said oscil-
lations varies, an output circuit, a pair of electron
discharge devices, means for supplying the signal
frequency variations in current flowing through
said unilateral conducting devices through a re- -
spective one of said pair of electron discharge de-
vices to said output circuit in aiding relation, and
means responsive to variations between the aver-
age frequency of said wave and the frequency to
which ‘said first means is tuned to decrease the
conductivity of one or the other of said electron
discharge devices in dependence upon the direc-
tion of said variation. :

3. In combination, a pair of unilateral con-
ducting devices, a source of oscillations signal
modulated in frequency about a desired mean fre-
quency, means tuned to resonance at said mean
frequency for supplying to said devices oscilla-
tions from said source varying oppositely in in-

tensity with frequeicy modulation of said oscil-

lations, a signal channel having a ‘separate por-
tion associated with each of said devices, means
including said devices for supplying to said por-

- tions of said channel in-phase potentials at signal

frequency to control said channel, and means
responsive to a variation between said mean and
resonant frequencies for reducing the transmis-
sion of one or the other portions of said channel
in dependence upon the direction of said varia-
tion.

4. Tn combination, a pair of unilateral conduct-
ing devices, a source of oscillations signal modu-
lated in frequency about a desired mean. fre-
quency, means tuned to resonance at said mean
frequency for supplying to said devices oscilla- |
tions varying oppositely in intensity with fre-
quency modulations of said oscillations abouf said .
mean frequency whereby currents varying op-

- positely in intensity with said modulations flow

sistors be selected -for deriving the desired bias

potentials for the channel-separating discharge
tubes. Accordingly, I wish to have it understood
that I intend in the appended claims to cover all
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through said devices, a signal channel including
a pair of electric discharge devices, means for
supplying to said discharge devices in-phase con-
trol potentials at signal frequency derived from
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said currents respectively, and means responsive
to a variation between said mean and resonant
frequencies for inversely controlling the conduc-
tivity of said electric discharge .devices.

5. In combination, a pair of rectifier circuits
including load resistors, a source of oscillations
-signal modulated in frequency about a desired

2,362,806

mean frequency, means tuned to resonance at -

said mean frequency for supplying to said circuit
oscillations from said source varying oppositely
in intensity with frequency modulations of said
oscillations about said mean frequency, said load
resistors being arranged to derive thereacross in-
phase potentials of signal frequency, a pair of
electric discharge devices having a common out-
put cireuit, means for applying said signal poten-
tial to said discharge devices respectively to con-
trol said output circuit, and means responsive to
a difference between said mean and resonant
frequency for inversely controlling the conduc-
tivities of said electric discharge devices.

6. In combination, means tuned to resonance
at a desired frequency for supplying carrier waves
signal medulated in frequency about a mean fre-
quency, means including a pair of unilateral con-
ducting devices for deriving from said carrier

20
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waves in-phase signal potentials proportional to .

frequency modulations of said carrier waves, a
pair of electric discharge devices having a com-
‘mon output circuit, means for applying said sig-
nal potentials to said discharge devices respec-
tively to control said output circuit, and means
responsive to a difference between said mean and
resonant frequencies for decreasing the conduc-
tivity of one of said electric discharge devices.

7. In a discriminator for electric oscillations,
means tuned to resonance at a desired frequency

30

for supplying carrier waves signal modulated in .

frequency about a mean frequency, means in-
cluding a- pair of unilateral conducting devices
for deriving from said carrier waves in-phase
signal potentials proportiona] within a predeter-
mined band of frequencies to frequency modula-~
tions of said carrier waves, a pair of electric dis-
charge devices having a common output circuit,
means for supplying said signal potentials to said
discharge devices respectively to control said out-
put circuit, and means responsive to a difference
between said mean and resonant frequencies for
inversely controlling the conductivities of said
electric discharge devices to reduce the transmis-
sion through the discharge device controlled by a
non-proportional signal potential.

8. In a receiver for electric oscillations, means
tuned to resonance at a desired frequency for
supplying carrier waves signal modulated in fre-
quency about a mean frequency, manually con-
trollable means for effecting coincidence of said
mean and. resonant frequencies, means including
a pair of rectifier circuits for deriving from said
carrier wave in-phase signal potentials propor-
tional to signal modulations of said waves, a pair
of parallel-connected electric discharge devices
having a common output circuit, means for sup-
plying cne of said signal potentials to each of said
devices to control said output circuit, and means
responsive to a variation between said mean fre-
quency and resonant frequencies for decreasing
the conductivity of one or the other of said elec-
tric discharge devices in dependence upon the
direction of said variation. .

9. In a receiver for electric oscillations, mears
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tuned to resonance at a desired frequency for

supplying carrier waves signal modulated in fre-
quency about a mean frequency, manually con-

trollable means for effecting coincidence of said
mean frequency and resonant frequencies, means
including a pair of diode rectifier circuits for
deriving from said carrier waves signal potentials
including unidirectional components and in-phase
alternating components at signal frequency, said
unidirectiona' components being equal when said
mean and re onant frequencies coincide, a pair
of ‘parallel-connected electric discharge devices
having a common output circuit, means for sup-
plying one of said alternating components of
potential to each of said discharge devices to con-
trol said output circuit, and means differentially
responsive to said unidirectional components of
potential for controlling the conductivity of said
discharge devices,

10. In a receiver for electric oscillations, means
tuned to resonance at a desired frequency for
supplying carrier waves signal modulated in fre-
quency about a mean frequency, manually con-
trollable means for effecting coincidence of said
mean frequency and resonant frequencies, means
including a pair of diode rectifier circuits for
deriving from said carrier waves signal potentials
including unidirectional components and in-phase
alternating components at signal frequency, said
unidirectional components being equal when said
mean and resonant frequencies coincide and
varying in opposite senses upon relative displace-
ment of said frequencies, a pair of electric dis-
charge devices having a common output cireuit,
means for supplying said in-phase components
of signal potential to said devices to control said
output circuit, and means differentially respon-
sive to said unidirectional components of poten-
tial and operable upon relative displacement of
said mean and resonant frequencies to hias to-
ward cutoff the discharge device controlled by
the signal potential having the greater unidirec..
tional component. )

11. In a receiver for electric oscillations, means
tuned to resonance at a desired frequency for
supplying carrier waves signal modulated in fre-
quency about a mean frequency, manually con-
trollable means for effecting coincidence of said
mean and resonant frequencies, means including
a pair of rectifier circuits connected to said signal
channel for deriving from said carrier waves sig-
nal potentials including unidirectional conpo-

‘nents and in-phase alternating components ai

signal frequency, said unidirectional components
being equal when said mean and resonant fre-
quencies coincide and varying in opposite senses
upon relative displacement of said frequencies,
a pair of electric discharge devices having a com-
mon output circuit, means including said in-phase
components of signal potential for controlling
said discharge devices, and means differentially
responsive to said unidirectional components of
potential and operable upon relative displacement
of said mean and resonant frequencies to bias
toward cutoff the discharge device controlled by
the signal potential having the greater unidirec-
tional component and simultaneously to increase
the conductivity of the other electric discharge
device. )

12. In a receiver for electric oscillations, a
tuned signal channel for supplying carrier waves
signal modulated in frequency about a mean fre-
quency, manually controllable means for effecting
coincidence of said mean frequency and the reso-
nant frequency of said channel, a pair of diode
rectifier circuits connected to said signal channel

“and including separate load resistors having a

common point of fixed potential, said rectifier
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circuits being arranged to provide across adja-
cent portions of said load resistors signal poten-
tials of opposite polarity with respect to said
fixed potential, said signal potentials including
in-phase alternating components at signal fre-
quency and unidirectional components, a pair of
parallel-connected electric discharge devices con-
trolled by said alternating potentials and ar-
ranged jointly to supply a common output circuit,
and Mmeans differentially responsive to the uni-
directional potentials at electrically spaced points
of said load resistors for controlling the con-
ductivity of at least one of said discharge devices.

13. In a discriminator for electric oscillations,
a tuned signal channel for supplying carrier
waves signal modulated in frequency about a
mean frequency, manually controllable means
for effecting coincidence of said mean frequency
and the resonant frequency of said channel, a
pair of diode rectifier circuits connected to said
signal channel and including separate load re-
sistors having a common point of fixed potential,
said rectifier circuits being arranged to provide
across adjacent portions of said load resistors sig-
nal potentials of opposite polarity with respect to
said fixed potential, said signal potentials includ-
ing in-phase alternating components at signal
irequency and unidirectional components of equal
magnitude when said mean and resonant fre-
quencies coincide, a pair of parallel-connected
electric discharge devices controlled by said sig-
nal potentials and arranged jointly to supply an

- output signal to a common output circuit. and
means differentially resporisive to the unidirec-
tional potentials at electrically remote points of
said load resistors and operable upon relative dis-
placement of said mean and resonant freouencies
to decrease the conductivity of that discharge de-
vice controlled by the signal potential having the
greater unidirectional component and simulta-
neously to increase the conductivity of the other
discharge device.

14. In a receiver for electric oscillations, a
tuned signal channel for supplying carrier waves
signal modulated in frequency about a mean fre-
quency, manually controllable means for effect-
ing coincidence of said mean frequency and the
resonant frequency of said channel, a pair of di-

ode rectifier circuits connected to said signal ;

channel and including separate and equal load
resistors having like intermediate points con-
nected together and to a point of fixed potential,
means for deriving from said resistors signal po-

tentials of opposite polarity with respect to said

fixed potential, said signal potentials including
in-phase alternating components at signal fre-
quency and unidirectional components which are
of equal magnitiide when said mean and resonant

frequencies coincide, a pair of parallel-connected’

electric discharge devices controlled by said sig~
nal potentials jointly to supply to a common
output circuit an output signal voltage, and volt-
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age dividing means connected between terminals
of opposite polarity on separate load resistors to
provide biasing potentials operable upon relative
displacement of said mean and resonant fre-
quencies to reduce the conductivity of the dis-
charge device controlled by the signal potential
having the greater unidirectional component and
to increase the conductivity of the other dis-
charge device.

15. In combination, a signal channel for sup-
plying carrier waves signal modulated in fre-
quency about a mean frequency, manually con-
trollable means for effecting coincidence of said
mean frequency and the resonant frequency of
said channel, a pair of diode rectifier circuits con-
nected to. said channel and including separate
load resistors having a common point of fixed po-
tential, said rectifier circuit being arranged to
provide across adjacent portions of said load re-
sistors signal potentials of opposite polarity with
respect to said fixed potentials, said signal po-
tentials including in-phase alternating compo-
nent of said signal frequency and unidirectional
component, & pair of parallel connected grid-
controlled electric discharge devices having a
common output circuit, means for supplying said
alternating components of signal potential to the
control grids of said discharge devices to. provide
in said output circuit an amplified signal voltage,
and means differentially responsive to said uni-
directional components of potential for supplying
to said control grids biasing potentials varying
oppositely in response to variations between said
mean and resonant frequencies thereby inverse-
1y to control the conductivities of said discharge
devices.

16. In combination, a tuned signal channel for
supplying carrier waves signal modulated in fre-
quency about a mean frequency, manually con-
trollable means for effecting coirgdence of said
mean frequency and the resonant frequency of
said channel, a pair of diode rectifier circuits
connected to said signal channel and including
separate load resistors having a common point of
fixed potential, said rectifler circuits being ar-
ranged to provide across adjacent portions of said
load resistors signal potentials of opposite po-
larity with respect to said fixed potential, said
signal potentials including in-phase alternating
components at signal frequency and unidirec-

. tional components, a pair of parallel connected
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diodes having a .common output circuit, means
for supplying one of said alternating components
of signal potential to each of said diodes to pro-
vide in said output circuit an output voltage, and
means differentially responsive to said unidirec-
tional component of potential for supplying to
said diodes differential bias potentials' varying
oppositely in response to variations between said
mean and resonant frequencies thereby inversely
to control the conductivities of said diodes.
ROBERT B. DOME.




