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This invention relates to detectors for fre 
quency-modulated signals, and has for an object 
to provide a balanced detector having an in 
creased sensitivity, and a decreased loading for 
an input signal circuit, over the conventional 
diode rectifier arrangement at present provided 
in detectors of this type. 
The signal gain from the last I.-Fl. amplifier 

stage to the grid of the first audio frequency 
amplifier stage is relatively low in frequency 
modulated signal receiving systems embodying 
the usual discriminator network provided With 
diode rectifiers. 

It is, therefore, an object of this invention to 
provide a detector for frequency-modulated sig 
nals which provides a higher degree of sensi 
tivity or gain from the input to the output cir 
cuits thereof, and which provides a relatively 
high gain while retaining a balanced operating 
condition which substantially cancels amplitude 
modulated signals. 

It is also a further object of this invention to 
provide a frequency-modulated signal detector 
which is substantially the equivalent of a grid 
leak or plate detector in an amplitude-modulated 
signal receiving system, whereby the same high 
degree of Sensitivity and gain may be provided 
in a frequency modulation signal receiving sys 
tem. 

It is a further object of this invention to pro 
vide a frequency modulation detector System 
wherein a single detector device of the electronic 
discharge type is provided with a cathode, a 
main anode, and, in addition, with an auxiliary 
anode or signal output electrode and two signal 
input electrodes, the mutual conductance char 
acteristics of which input electrodes with re 
Spect to the said output electrode provide op 
posite and equal slope with predetermined bias 
ing potential. 

It is a still further object of the present inven 
tion to provide an improved frequency modula 
tion detector system comprising a frequency dis 
criminator network and a detector tube having a 
cathode, an anode, and first, second and third 
electrodes in the Order named between the cath 
ode and anode, the first and third electrodes be 
ing essentially control grids connected with the 
output terminals of the discriminator netWork 
whereby the latter is substantially unloaded, 
and the second electrode being essentially an 
output electrode or auxiliary anode, the mutual 
conductance characteristics of which With re 
spect to the first and third electrodes provide sub 
stantially equal and opposite slopes with prede 
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termined bias potential, for frequency modula 
tion detection. With a high degree of Sensitivity 
and selectivity. 
The invention will, however, be better under 

stood from the following description when con 
Sidered in connection. With the accompanying 
drawing, and its scope is pointed out in the ap 
pended claims. 
In the drawing, 
Figure i is a schematic circuit diagram of a 

frequency modulation detector system embody 
ing the invention, Figure 2 is a graph showing curves illustrating 
certain operating characteristics of the circuit 
of Figure 1, 

Figure 3 is a schematic circuit diagram of a 
frequency modulation detector system also emi 
bodying the invention and showing a modifica 
tion of the input and output circuits, and 

Figure 4 is a graph showing curves illustrating 
certain operating characteristics of the circuits 
Of Figures 1 and 3. 

Referring to Fig. 1, 5 may be taken to repre 
sent the output or limiter stage of an intermedi 
ate frequency amplifier coupled through an out 
put circuit 6 to a frequency discriminator net 
work 7 of any suitable type. In the present 
example, this comprises a circuit 8 tuned above, 
and a circuit 9 tuned below, the center frequency, 
both circuits being coupled to the output circuit 
6 of the amplifier stage 5 through suitable cou 
pling transformers 0 and , the secondaries of 
Which are in the tuned circuits 8 and 9 and the 
primaries of which are in the circuit 6 as indi 
cated. 
The tuned circuits 8 and 9 provide output 

potentials which are equal at the center fre 
quency. The output terminals 4 and is of the 
network are connected to a pair of control grids 
6 and 7 in a detector tube 8 having a cathode 
and a main output anode 29. In addition, the 
tube is provided with a third electrode 2 be 
tween the cathode and anode which may be 
termed an auxiliary anode. The tube, therefore, 
may be of the pentode type in which the first, 
second and third electrodes 7, 2 and f6 in the 
order named may be located between the cath 
ode and the anode. 
The low potential terminals 22 and 23 of the 

circuits 8 and 9, respectively, are connected to 
a suitable source of biasing potential 24 inter 
posed in circuit with the cathode 9 and compris 
ing in the present example a self-biasing re 
sistor provided with a by-pass capacitor 25, the 



2 
resistor being connected preferably to ground, 
as indicated at 26. 
The terminal 22 is connected to an adjustable 

tap connection 27 on the resistor 24 and is pro 
vided with a by-pass capacitor 28 to ground, 
while the terminal 23 is connected to the ground 
end of the resistor 24, as indicated by the ground 
connection 29. With this arrangement, the bias 
potential from the source 24 on the grids 6 and 

may be adjusted one with respect to the other 
for reasons which will hereinafter appear. 
The main anode 20 is connected to a source of 

positive anode potential indicated by the supply 
lead 30, the chassis or ground being the nega 
tive side thereof, and the auxiliary anode of the 
electrode 2 is likewise connected to the positive 
Source through an output impedance or resistor 
3 to the anode end of which is coupled an out 
put circuit indicated at 32, through an output 
coupling capacitor 33. The output circuit is 
completed through a return lead indicated at 34, 
Connected to ground or chassis. 
With this arrangement, signals applied to the 

receiving system through the amplifier stage 5 
are applied in turn to the discriminator network 
and to the control electrodes 6-7 of the 

detector f8, causing a signal to be established 
in the output circuit from the auxiliary anode 2 f. 
The System operates to detect and convert fre 

quency-modulated signals into audio frequency 
Signals by the action of the two control grids 
6 and f in connection with the discriminator 
network T, and the mutual conductance relation 
between the electrodes f6, f1 and 2, which may 
be understood with reference to Fig. 2, wherein 
the curve Eg3 is the anode current flow to the 
electrode 2, as the bias potential on Eg3 or grid 
6 is varied between predetermined limits, in the 
present example, in a negative direction from 
Zero. Likewise, the curve Eg represents the cur 
rent to the electrode 2 f as the bias potential Eg? 
is varied on the control grid 7, and, in the pres 
ent example, in a negative direction from zero. 

It will be noted that, at a certain biasing po 
tential, as at point a on the curve Eg?, the slope 
of the curve is equal and opposite to the slope of 
the curve Eg3 at the point b. Thus, by adjust 
ing the biasing potential on the two control elec 
trodes 6 and f 1, one with respect to the other, 
the anode current to the electrode 2 f will oper 
ate about the points a and b with plate rectifica 
tion, resulting in a decreased load on the dis 
Criminator circuits and increased sensitivity as 
Compared with diode detectors ordinarily pro 
vided. 
The effect of the circuit arrangement is to pro 

vide the second grid or electrode 2 with equal 
and opposite slope on mutual conductance with 
respect to the first and third grids 7 and f 6. 
Stated in other words, the first grid T has 
positive mutual conductance with respect to the 
second electrode or grid 2, while the third grid 
6 has a negative mutual conductance with re 

spect to the grid of the electrode 2. 
The effect of the mutual conductance is shown 

in Fig. 4 in which the mutual conductance 
curves with respect to the electrode 2 are shown 
for the first and third grids T and f6, respec 
tively, at Egil and Eg3. The bias potentials are 
so chosen on the control grids 7 and 6 that 
slopes are equal and opposite, although the bias 
potential on each grid may be different from 
that on the other. Thus, the system is sensi 
tive to frequency modulation signals and does 
not respond to amplitude-modulated signals, 
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2,279,058 
The modification of the circuit of Fig. 1 where 

in the detector 8 is operated as a grid leak de 
tector rather than with plate rectification, as 
in Fig. 1, is shown in Fig. 3, to which attention 
is now directed. 
In Fig. 3, the amplifier stage 5 may be a lim 

iter as well, and is provided with a tuned output 
circuit 35, across which is coupled a discrimi 
nator network 36 through a coupling capacitor 
37. The discriminator comprises a tuned circuit 
38 connected with a series-resonating capacitor 
39 and the output is taken from terminals 40 
and 4 to the control grids 6 and f of the de 
tector 8. The grid coupling capacitors for the 
grids f6 and 7 are indicated at 42 and 43, re 
Spectively, and the grid leak connection to cath 
ode is provided by grid leak resistors 44 and 45 
to ground to which the cathode 9 is also con 
nected. 
The grid leak operation of the circuit is in 

accordance with the curve shown in Fig. 4, the 
grid resistors being adjusted by a contact 46 
to Suitable relative values for providing bias 
effective to cause the negative mutual conduc 
tance characteristic for the two control elec 
trodes with respect to the auxiliary electrode 2 
to have opposite and equal slopes. 
This system, however, will operate only over a 

limited range of input signal and, therefore, 
should preferably be preceded by a limiter stage, 
as indicated. Also, while this arrangement pro 
vides a greater sensitivity than the circuit of 
Fig. 1, it provides a greater load on the dis 
criminator circuit. As in the preceding figure, 
the discriminator operates to provide output po 
tentials at the terminals 40 and 4 which are 
equal at the center frequency. 
"The output audio frequency signal is derived 

across the output resistor 3 connected with the 
electrode 2, through the coupling capacitor 33 
and the output circuit 32. Suitable bypass ca 
pacitors 47 may be provided for the output cir 
cuit. 
A Series resistor or output impedance may be 

provided in circuit with the main anode 20, as 
indicated at 48, to provide a voltage change in 
response to signals for operation of a tuning 
indicator 49 or other suitable apparatus for 
which operation is desired without affecting the 

() main output circuit or the signal channel through 
the circuit 32. Thus, with the systems shown, 
tuning indication may be provided in connection 
With One of the anode electrodes, such as the 
main anode, while audio frequency output sig 
nals are derived from the auxiliary anode, or 
Second grid, in the present example, in the case 
of a pentode tube, this grid being in a position 
normally Occupied by the screen grid. 
The use of an amplifier tube as a frequency 

modulation detector in connection with a fre 
quency discriminator network has the advantage 
that the signals are amplified, making the de 
tector circuit more sensitive than the usual diode 
circuit, and without loading the signal input 
circuits thereto. 

Furthermore, by providing a positive and nega 
tive mutual conductance characteristic to an out 
put electrode interposed between two signal in 
put electrodes operating as control grids, and 
'with biasing potentials on said grids so chosen 
that the slope of the mutual conductance char 
acteristics of the output electrode are equal and 
Opposite with respect to the control grids, effec 
tive frequency modulation detection is provided 
While maintaining an effective balanced condi 
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tion with respect to amplitude-modulated sig 
nails. 
I claim as my invention: 
1. A balanced detector for frequency modulated 

signals comprising in combination a frequency 
discriminator network having two output ter 
minals, an amplifier tube having two control elec. 
trodes connected With Said terminals and an out 
put electrode interposed therebetween, said con 
trol electrodes having positive and negative mu 
tual conductance characteristics with respect to 
said output electrode providing opposite and equal 
slope with predetermined biasing potentials on 
said control electrodes, an output circuit con 
nected with said output electrode, and means l 
connected with said control electrodes for ap 
plying Said biasing potentials thereto to effect 
frequency modulation detection. 

2. A balanced detector for frequency-modulated 
signals comprising, in combination, a signal an 
plifier stage having an output circuit, a frequency 
discriminator network coupled to said output cir 
cuit for receiving amplified frequency-modulated 
signals therefrom, said network having signal 
output terminals providing signal potentials 
which are Substantially equal at a predetermined 
center frequency, an amplifier tube having a pair 
of control grids one coupled to each Of Said ter 
minals and an output electrode interposed be 
tween said control grids, means connected with 
said control grids for adjusting the mutual con 
duction relation of said, control grids with re 
spect to said output electrode to effect a balance 
in said detector in response to amplitude-mcdu 
lated signals, and an output circuit coupled to 
Said output electrode. 

3. A frequency modulation detector System 
comprising a frequency discriminator network, 
a detector tube having a cathode, an anode, and 
first, second and third electrodes in the order 
named between the cathode and the anode, said 
first and third electrodes being essentially con 
trol electrodes connected with the output ter 
minals of the said discriminator network, where 
by the latter is substantially unloaded, said Sec 
ond electrode being essentially an output elec 
trode having mutual conductance characteristics 
with respect to the first and third electrodes to 
provide substantially equal and opposite slopes 
with predetermined bias potentials for effective 
frequency modulation detection with a high de 
gree of sensitivity, an output circuit connected 
With said second electrode, and means connected 
with said control electrodes for applying said bias 
ing potentials thereto. 

4. The combination of a frequency discrimina 
tor network having output terminals providing 
balanced signal potentials at a predetermined 
center frequency, an amplifier tube having an 
anode, a cathode, and first, second and third 
grid electrodes interposed between said cathode 
and anode in the order named, means providing 
a connection between the terminals of Said net 
Work and the first and third grid electrodes, 
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means providing a cathode connection with said 
network, means for applying a predetermined 
biasing potential to the first and third grid elec 
trodes with respect to the cathode, thereby to 
establish predetermined positive and negative 
mutual conductance characteristics for the first 
and third grid electrodes with respect to the sec 
Ond grid electrode as a signal output electrode, 
the slope of the said characteristics being equal 
and opposite in response to predetermined bias 
ing potentials to provide effective frequency 
modulation detection without amplitude modul 
lation response, and means for deriving an out 
put signal from Said second grid electrode com 
prising an output impedance element and a 
Source of positive anode potential connected be 
tween said electrode and the cathode. 

5. The combination of a frequency discrimina 
tor network having output terminals providing 
balanced signal potentiais at a predetermined 
center frequency, a detector tube having an 
anode, a cathode, an auxiliary anode electrode, 
and a pair of control electrodes connected with 
said terminals, the auxiliary electrode having mu 
tual conductance characteristics with respect to 
Said control electrodes providing equal and op 
posite slopes in response to predetermined bias 
ing potentials on said, control electrodes, means 
for applying a predetermined biasing potential 
to each of said control electrodes, means for de 
riving from said detector an output potential in 
response to frequency-modulated signals applied 
to Said discriminator network, said last-named 
means including an output impedance in circuit 
With Said auxiliary electrode, and means for ap- . 
plying a positive operating potential between said 
cathode and Said auxiliary electrode through said 
output impedance. 

6. The combination of a frequency discrimina 
tor network having output terminals providing 
balanced signal potentials at a predetermined 
center frequency, a detector tube having an anode, 
a cathode, an auxiliary anode electrode, and a 
pair of control electrodes connected with said 
terminals, the auxiliary electrode having mutual. 
conductance characteristics with respect to said 
control electrodes providing equal and opposite 
Slopes in response to predetermined biasing po 
tentials on said control electrodes, means for ap 
plying a predetermined biasing potential to each 
of Said control electrodes, means for deriving 
from Said detector an output potential in re 
Sponse to frequency-modulated signals applied 
to Said discriminator network, said last-named 
means including an output impedance in circuit 
with Said auxiliary electrode, means for apply 
ing a positive operating potential between said 
Cathode and said auxiliary electrode through said 
output impedance, a second output impedance 

60 
in circuit with the first-named anode electrode 
and cathode, and means for deriving a signal 
variable control potential therefrom. 

JOHN B. RED. 


