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My present invention relates generally to im 
proved receivers of angle modulated carrier 
waves, and more particularly to balanced fre 
quency modulation (FM) receivers which are 
'substantially non-responsive to amplitude modu 
lation (AM) effects over a wide range of tuning. 
The prior conventional FM receiver requires 

accurate tuning to a desired FM carrier frequen 
cy to balance out amplitude variations on the 
carrier. Under this “balance' condition the op 
posed demodulator rectifiers, usually diodes, 
carry, equal average signal current amplitudes. 
As the receiver is detuned from resonance with 
the carrier or mean frequency of the desired FM 
wave, the signal currents applied to the respec 
tive demodulator-rectifiers may be made unequal 
by the varying response of the tuned circuits of 
the receiver. Hence, AM effects originally pres 
ent on the FM carrier wave or resulting from 
detuning of the receiver may pass on to the audio 
frequency amplifier circuits. One of the reasons 
for employing an amplitude limiter prior to the 
discriminator section (or FM translating net 
work) of the demodulator, is to reduce undesired 
AM effects on the carrier wave and thereby avoid 
the necessity for critical tuning to the exact 
center or carrier frequency of a desired FM wave. 
One of the main objects of my present inven 

tion is to reduce the need for critical tuning of 
an FM receiver, or more generically an angle 
nodulated carrier wave receiver. 
Another important object of my invention is 

to provide an automatic control circuit in an FM 
receiver, which automatically "locks” the center 
balance (i.e. cross-over), frequency of the dis 
criminator network substantially in step with the 
mean frequency of applied FM wave energy. 
Another important object of my invention is to 

provide various arrangements for automatically 
adjusting, in response to an undesired mean fre 
quency shift of an FM wave relative to a pre 
determined reference frequency, the frequency 
responses of a pair of independent signal trans 
mission channels feeding a pair of opposed recti 
fiers, and the adjustment being made in a sense 
to accommodate the center balance frequency of 
the channels to the mean frequency of the FM 
WaWe. : . . ; 

reference to the following description, taken in 
connection with the drawing, in which I have 
indicated diagrammatically Several circuit Or 
ganizations whereby my invention may be car 
ried into effect. . . .. 

Stil Other features will best be understood by . 

28 Claims. (CI. 250-2) 
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In the drawing: , ; 
... Fig.1 shows, a preferred form of the invention 
embodied in an FM receiver, . . . . . . . . 

Fig. 2 illustrates ideal relations which are de 
sirable between typical characteristics of the 
discriminator and preceding circuits, - 
... Figs. 3, 4 and 5 show respectively differen 
operational characteristics of the System, 
. ; Fig. 6 illustratesa, modification of the inven 
tion, . . . . . . . . . . . . . . - 

Fig. 7, shows another modification of the in 
Vention. * “ ’ ” ... " . . . " . . . .' ????? " . . 

Referring now to the accompanying drawings, 
Wherein like reference characters in the differ 
ent figures denote similar circuit elements, there 
is shown in Fig. 1. an FM receiver of the super 
heterodyne type. While my invention is readily 
incorporated in any form of receiver of FM 
waves, I prefer to explain the preferred form of 
the invention in connection with a superheter 
odyne receiver system. It is to be understood 
that the present invention is not restricted to 
reception of FM waves, since phase modulated 
(PM) carrier waves could be received as well. 
In general, I employ the generic term “angle 
modulated wave' in this specification to include 
an FM wave or a PM wave. An FM wave is pro 
duced at the transmitter by deviating the carrier 
wave relative to its mean frequency to an extent 
proportional to the amplitude of the modula 
tions and independent of the modulating fre 
quency. A PM wave differs in having a frequen 
cy deviation, which increases with modulating 
frequency. The above generic expression is, also 
intended to include a modulated wave of prefer 
ably constant amplitude wherein the modulation 
is neither pure FM nor pure PM, out contains 
components resembling one or both of them and 
is, therefore, a hybrid modulation. 

In the present application it is assumed, by 
way of specific example, that the receiver is de 
signed to operate in the FM broadcast band of 
42-50 megacycles (Mc.), ånd that each trans 
mitter radiates an FM wave having a maximum 
frequency range up to 75 kilocycles (Kc.) with 
respect to the normal transmitter frequency. 
These are the assigned frequency values of the 
present-day FM broadcast band. The receiver 
may include any desired form of signal collector, 
as for example a dipole . The collected FM 
signal waves are applied to the converter. 2 for 
reduction of the mean frequency value without 
change of the deviation; : The converter may be 

55 of any desired construction, and is preferably 
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preceded by one or more stages of selective high 
frequency amplification. The numeral 3 desig 
nates the usual tunable selector circuit preceding 
the converter. The circuit 3 is to be understood 
as being symbolic of one or more similar selector 
circuits whose selecting device 4, usually a varia 
ble condenser or adjustable inductor, is adjusted 
to receive a desired. FM stations. The device 
Would, of course; preferably be adjusted accu 
rately to resonate the selector circuit to the 
center or mean frequency of the desired FISE 
station. ... . 
The numeral 5 generally designates the tunable 

local oscillator tank circuit. Thereactancerdevice. 
6, usually a variable condenser or adjustable int. 
ductor, is customarily adjusted concurrently with 
the device 4 so that circuit 5 will be tuned to a 
local oscillation frequency differing from the de 
sired carrier frequency by the operating inter 
mediate frequency (I. E). The selective circuits 
of and preceding converter 2 may; aficourse, be 
of the fixedly tunediktype if desirable. The inter 
mediate frequency is usually chosen from arrange. 
of 2 to 15, Mc., say; merely bye way of example, 5 
Mc. Theºdotted:line Th demotessaray:suitables actu 
ating mechanism for operating: the selecting de 
Vices 4:and 6. They converter may use: thes well 
known pentagrid tube; or it may use separate 
Oscillator and mixertubes. These various;circuits 
and circuit components are very well-knownto 
those: skilled in the art of radio communication, 
and need only be briefly referred to. . . . 
The I. F. amplifier-8 may embody one or more 

amplifiers selectively: tuned-to-the-operating I, F, 
'Value of.5 m.c. Of course, all signal transmission 
circuits between: the collector and the demadu 
lator will he so- constructed as to-pass efficiently 
a band at least 150 kc. wide. It is also usual to 
design the signal transmission: circuits to have 
a pass bands of approximately 200-kic...in width 
to provide for reasonable tolerances. 
The output transformer 9 of the final I.F.-am 

plifier tube has its primary and secondary circuits 
0 and each tuned to the I.F. value. The pass 
band will preferably, as estated above; be chosen 
to be. of the order of 200 kc. wide, while, the mean 
or center frequency of the band is 5.mc. In Fig.2 
the curve F is an ideal, representation of the I.F. 
paSS. band curve...of transformer 9, it being under 
stood, of course, that the prior. I.F. selector cir 
cuits. Will have similar pass. band characteristics. 

In accordance. With.my invention, the high al 
ternating, potential side of circuit. [...is connected 
in parallel-to.the respective.control, grids. 2...and 
3 of a-pair...of amplifier tubes C. and D. These 

tubes, by Way of specific illustration, may be screen 
grid. tubes of the 1852 type; my invention is to 
be understood, however, as being, completely in 
dependent of any particular tube types. The 
cathodes of tubes. C and ID are connected in com 
non to the ungrounded end of biasing resistor 
-4, the latter being...bypassed for I.F. currents 
by condenser. 5. Grid 2 of tube. Cisconnected 
to the grounded end of bias, resistor 4through 
a resistor f6. 
The separate condensers. Tand. 8 couple the 

respective-parallel control grids 2 and 3 to the 
high potential side of input circuit i?, while the 
low potential side of the latter is grounded, The 
grid 3 of tubeid returns for direct current poten 
tial to the grounded end of bias resistor 4 
through' av series"pathi comprišingº rešistor 9, lead 
20 resistor2, resistor:22, andresistor 23 torground. 
The loweriend of resistor 9 is bypassed to:groud 
'for alli alternating currents: by:coradeaser 24, 75 oscillator, 

4. 
The plates 25 and 26 of tubes C and D are con 

nected to respective tuned circuits A and B. The 
common junction of tuned circuits A and B is 
connected to a point of desired positive voltage 
of a direct current energizing source (not shown). 
The Screen grids of tubes C and D may, also, be 
Connected to suitable positive potential points of 
Saiti current Source. Plate: 25 is connected, as 
shown, to the upper end of circuit A, the latter 

10 comprising parallel-connected coil 27 and con 
denser 28. The parallel resonant circuit A is 
preferably adjusted, as by varying the effective 
inductive magnitude of coil 27, to tune the circuit 
to 4x875 mc. 
{Circuit::B; consists of parallel-connected coil 29 

and condenser 30, and, as shown, the lower end 
of the circuit...is connected to plate 26. The in 
ductance of coil 29 may be adjusted so as to 
resorate:circuit B to a frequency of 5.125 mic. It 

20 it, therefore, seen that circuits A and B are nor 
mally resoraated to frequencies-located on opposite 
sides of the center.frequency of 5.mc. of band.pass 
circuits 0-f. Further, the predetermined...nor 
nal frequencies of circuits A and B differ by equal 

25 amountS. from the: center frequency. The fre 
quency difference, between the spaced frequencies 
is 250 kc., which is...well:in-excess of the:maximum 
frequency. Swing: that... will normally be encoun 
tered in the: received. FM signals. Circuits A and 

5 

30 B functions as the discriminator section of the 
demodulator or detector network. The discrimi 
nator Section functions to develop amplitude 
modulated. (AM) wave energy from the FM wave 
energy delivered to the parallel amplifiers. C 

35 and D. 
The AM wave energy derived from the FM 

Waves is rectified by a pair of opposed diodes E and 
G. The diode electrodes. may be in separate tube 
envelopes, or they may be house in a common 

40 envelope as in the case of the well-known 6H6 
tube. Diode F has its anode 31 coupled to plate 
25, by direct current blocking condenser32, while 
its cathode 33 is connected to the upper end J of 
load resistor 22. The direct current return re 

45 sistor 34 connects anode 3 to the lower end Hof 
resistor 22. Diode G has its anode. 35 coupled 
to plate 26 by direct current blocking condenser 
38, Cathode 36 of the diode is connected to the 
grounded end of load resistor 23, while direct 

60 current return, resistor 37 is connected between 
the ungrounded end of resistor 23 and anode 35. 
The junction of resistors 34 and 37 is directly 
connected to the junction H of load resistors 22 
and 23. Each of load resistors 22 and 23 is shunt. 

.65 ed by a respective one of condensers 39 and 40 
to bypassall I. F. currents, 
The cathode end. J" of resistor 22 connects to 

any succeeding audio frequency amplifier fol 
lowed by a suitable reproducer. The point J is also 

60 connected by lead. 20, which includes the series 
resistors 2 and 19, to the grid control 3 of tube 
D. The connection 20 is designated as...the "Ball 
ance: Control';...the reasons. for this designation 

65 Will be: more...fully-explained.ata.later point. The 
resistors: 2 and 9 and condenser 24 function to 
provide a filter for all alternating current.com 
ponents SO'that solely a variable direct current 
voltage will be applied to grid 3. The voltage 

70 applied over.line 20 varies in polarity as well as 
magnitude, and is: derived; similarly to the auto 
matic:frequency control. (AFC); voltage which has 
been employed in previously known superhetero 
dyne:receivers to correct: the tuning of the local 

OWever, my invention:enbodies.imr 
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portant and valuable distinctions, as will herein 
after appear. 
Automatic volume control (AWC) bias for the 

various tubes preceding transformer 9 may be 
provided by the AWC connection 4 from the junc 
tion point H of load resistors 22 and 23. Filter 
resistors 42 and condenser 43 are provided in the 
AVC connection in the well-known manner. The 
potential of point H is derived by rectification of 
the signal impressed on diode G, and varies in 
response to variations in amplitude of the ap 
plied carrier wave energy. The function of AVC 
line 4 is to vary the gain of each controlled tube 
in a sense Such as to maintain the carrier alm 
plitude at transformer 9 substantially uniform 
despite substantial signal amplitude variations at 
collector . The filter network 42-43 has its 
time constant so chosen as to permit the AVC to 
respond to slow variations in carrier amplitude. 
Those skilled in the art of FM communication 

are fully aware of the functioning of a discrimi 
nator-rectifier of the general type disclosed in 
Fig. 1. A pair of opposed rectifiers provided with 
separate resonant input circuits, individually de 
tuned in opposite senses by equal frequency 
amounts relative to a predetermined center fre 
quency, comprise a system for demodulating FM 
waves shown by F. Conrad in U. S. Patent 2,057 
640, granted October 13, 1936. In accordance 
with my invention the general Conrad type of 
FM demodulator is highly improved, and is pro 
vided with means for automatically adjusting the 
center balance frequency of the discriminator un 
der the control of the Signal being received. 

Before describing the functions performed by itä 
my invention, the ideal relations depicted in Fig. 
2 will first be explained. Curve P shows a typi 
cal I. E. band pass curve of network C-i feed 
ing the parallel amplifiers C and D. The curve 
S is a typical discriminator characteristic having ; 
Spaced peaks located at the resonant frequencies 
of 4.875 m.c. and 5.125 mic. of tuned circuits A 
and B respectively. The ideally linear section 
between the peaks has its center frequency of 5 
Mc, located at the center frequency of band pass 
Curve P. When the resonance curve P of cir 
cuit f-f (as well as prior selector circuits) is 
related to discriminator characteristic S of the 
discriminator circuit A-B as shown, the two cir 
cuits are said to be in perfect alignment. While : 
such alignment is highly advantageous, it is equal 
ly advantageous to have the mean frequency of 
the I. F. energy applied to transformer 9 fall at 
the center frequency of 5 Mc. The dotted ver 
tical line K represents the I. F. carrier or mean 5: 
frequency. When the condition shown in Fig. 2 
exists, there will be no need for an amplitude 
limiter between I. F. amplifier 8 and the dis 
Criminator circuits. So long as noise potentials 
in the receiving system do not exceed the signals 
reception of FM signals will be satisfactory, and 
it will be relatively free of noise without an 
amplitude limiter being employed. 
Should now the line K, representing the car 

rier frequency, be shifted from the center fre 
quency position, while remaining within the band 
P, there may occur considerable noise produc 
tion or signal distortion, because of amplitude 
variations resulting from working down on one 
of the slopes or legs of the band pass response 
Curve. In the past an amplitude limiter was em 
ployed to reduce such effects, since it was known 
that the ideal relations of Fig. 2 were difficult to 
Secure. It may, also, be pointed out that even if 
the I. F. carrier K is located at the center of curve 
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P, but the curve S is shifted to one side within 
curve P. i. e. the tuning of the discriminator 
circuits is not accurately aligned with the I. F. 
selector circuits, unsatisfactory and noisy recep 
tion may result, including beat note interference 
from an adjacent channel station. Here, again, 
an amplitude limiter has been previously con 
sidered to be at least a partial solution of the 
problem of reducing the noise. I secure the 
Operating advantages of the perfect alignment 
depicted in Fig. 2 by providing means for auto 
matically locking the center balance (i. e. cross 
over) frequency of the discriminator (center of 
curve S) Substantially in step with the applied 
I. F. carrier or means frequency (line K). This 
insures that the discriminator balance frequency 
(assumed to be 5 mc.) can be effectively aligned 
with the center frequency of the I. F. amplifier 
(also preferably 5 m.c.), assuming that the sig 
nal is tuned in at the center frequency of the 
I. F. amplifier, even when the discriminator and 
I. F. amplifier circuits are mistuned due to pro 
duction tolerances or changes in circuit constants 
during operation and life of the receiver. 
The present automatic balance control circuit 

also reduces thermal and other low amplitude in 
terference for the case when the receiver is care 
lessly tuned. It must be understood that curves 
S and P can be determined in the construction 

st of each individual receiver, but that the location 
of K, the I. F. mean frequency, is a variable de 
pending solely on how the operator tunes his 
receiver. 
Considering, now, the manner of operation of 

the automatic balance control system, it should 
first be noted that the two resonant circuits. A 
and B are fed from two separate amplifiers C 
and D, rather than from one amplifier as is usual 
in a Conrad type of discriminator. Furthermore, 
there is preferably no appreciable inductive cou 
pling between resonant circuits A and B. Hence, 
these two circuits tune independently of each 
other. The amplifiers C and D have different 
biasing means, although they have biasing resis 
tor 4 in common. The voltage across resistor 
4 provides the sole bias for control grid 2. The 

grid 3 of tube D, however, receives its bias in 
part from the voltage developed across resistor 
4, and in part from the direct current voltage 
developed across load resistors 22 and 23 and 
taken off at point J. The voltage at point J is, 
of course, the differential voltage of the opposed 
rectified voltages developed across the two load 
resistors 22 and 23. Hence, it is a variable quan 
tity, and causes the gain of tube D to vary in a 
Sense, and to an extent, dependent respectively 
upon the polarity and magnitude of the potential 
of point J. The AVC voltage at point H, as stated 
above, is employed to control the gain of preced 
ing tubes, if they are not to act as limiters when 
receiving strong signals. 

Considering now the resonance cUrVes, Or re 
Sponse characteristics, of circuits A and B, the 
Solid line curves A and B of Fig. 3 represent the 
respective response characteristics of the discrim 
inator tuned circuits. The cross-over or balance 
frequency of the curves is designated by Fe. This 
point falls at 5 Mc., and the discriminator is, 
therefore, aligned with the band pass network 
9-l. Furthermore, let it be assumed that the 

I. F. energy applied to circuit G has a mean or 
center frequency of 5 Mc. In other Words the ideal 
situation depicted in Fig. 2 exists. In this case 
rapid deviations in frequency of signal energy are 
translated into variable amplitude currents at 





9 
?ómpensation were perfect, i. e., if the balance 
followed the carrier exactly, then curve L1 Would 
be a straighthorizontal line. 
In Fig. 5 there is shown the noise-reducing 

effect of the automatic balance circuit. There is 
depicted the automatic reduction of AM (which 
may be noise) when tuning the receiver through 
the pass band. The audio voltage output of the 
demodulator is plotted against carrier frequency, 
and the carrier is assumed to be about 20% am 
plitude modulated with 400 cycles, the input being 
about 0.5 volt I. F. Curve E shows the expected. 
high increase in audio output as the I. F. Carrier 
departs from the 5 Mc. balance value, the present 
invention not being employed. Curve El ShoWs 
the marked action of the control circuit in re 
ducing the audio Voltage output to somewhat 
above i volt (as against a peak of 10 volts) when 
the I. F. carrier has Shifted from the center fre 
quency. The AM effects are substantially bal 
anced out by a shiftable balance point. The 
ideal relations of Fig. 2 are approximated to the 
extent that the discriminator balance frequency 
is caused to “lock in' with, or track, the I. F. 
carrier within the flat top portion of curve P of 
Fig. 2. 
The following list of circuit constants have 

been used in one embodiment of my invention as 
shown in Fig. 1. It should be clearly understood 
that the following magnitudes are purely illus 
trative, and that they are in no Way restrictive: 

C10's 56 micromicrofarads (mm.f.) 
C11" = 100 mmf. 

C18", ??-80 mmf. 
C43 C24= 0.05 microfarad (mf.) 

?15-5600 mmf. 
C28, C30=100 mmf. 

C?9, ?40, C32, C??= 33 mmif. 
R14=2.7 megohms 

R34, R37=34,000 ohms 
R22, R23= 120,000 ohms 
R21, R42=l megohm 

In the receiver shown in Fig. the gain of I. F. 
amplifier 8 may be varied either by AVC bias, a 
limiter or manually. Actual listening tests with 
a system of the type shown in Fig. 1 revealed that 
thermal fluctuations and other interferences, not 
exceeding the carrier amplitude in intensity, were 
substantially reduced during the Operation of 
tuning the receiver when employing the present 
balance control circuit. The noise null point was 
broadened in a manner similar to the action in 
a conventional FM receiver employing a limiter. 
This action, it will be noted, is predictable from : 
the curves of Fig. 5. The same improvement WaS 
observed when the discriminator circuits A and 
B were deliberately mistuned, or when the ampli 
fier tubes C and D were picked, at random. 
Tuning is less critical for tolerable audio fre 
quency distortion when the automatic balance 
control circuit is utilized. 
When one or both of the discriminator circuits 

A and B Were deliberately mistuned by adding ca 
pacity to the resonant circuits, the automatic 
balance control circuit restored the discriminator 
center balance frequency to the middle frequency 
of the I. F. amplifier as the carrier was tuned to 
that frequency. A combination of thermal 
fluctuations, ignition impulses and beat note in 
terference is most effectively reduced in its inter 
ference effect on the desired signal, when the 
relation shown in Fig. 2 exists. That is, the 
effective reduction takes place when the center 
frequency of the I. F. amplifier and the balance 
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10 
frequency of the discriminator are both in tune 
with the I. F. carrier frequency. This is also the 
condition for minimum audio amplitude dis 
tOrtion. - 

In Fig. 6 I have shown a modification of the 
invention; separate AVC connections are em 
ployed in place of the automatic balance control 
circuit of Fig. 1. Furthermore, each of amplifiers 
C and D are concurrently controlled with a re 
spective one of a purality of cascaded I. F. ampli 
fiers feeding the parallel tubes C and D. Re 
ferring to Fig. 6, the I. F. amplifiers are desig 
nated as 50 and 5f respectively. These amplifiers 
may be of any well-known form. It will be un 
derstood that the input transformer 52 of ampli 
fier 50 will have a band pass characteristic similar 
to that represented by curve P in Fig. 2. Simi 
larly each of I. F. transformers 53 and 9 will 
have a band pass characteristic as represented by 
curve P in Fig. 2. Amplifiers C and D have their 
signal control grids 2 and 3 connected in 
parallel through the respective direct current 
blocking condensers T and 8 to the high poten 
tial side of the resonant secondary circuit ? of 
transformer 9, 

It will be recognized that the opposed rectifiers 
Fand Gare included in rectifier circuitS con 
nected to the respective discriminator circuits. A 
and B in the same manner as was described in 
connection with Fig. 1. The essential difference 
in the system shown in Fig. 6 from that shown in 
Fig. 1 is that separate AVC connection lines are. 
taken from the respective anodes 3 and 35 of 
the two diodes. The action of this system is 
Substantially the same as that of Fig. 1, and the 
curves of Fig. 3 apply equally well to Fig. 6. 
One of the AWC connections comprises a lead 

54 which is connected to anode 3 of diode F, 
and includes the filter network consisting of series 
resistor 55 and shunt condenser , 56. The filter 
network 55-56 Suppresses any pulsating voltage 
Components in the voltage applied over line, 54 
to the grid circuit of I. F. amplifier 50. It will 
be undertood that the AWC connection to the 
Signal grid circuit of amplifier 50 is made in the 
Well-known and usual manner to the low poten 
tial side of the tuned secondary circuit of trans 
former 52. The AVC line 54 is also connected 
to the control grid 2 through the resistor 57. 
The second AWC connection comprises the line 

58 which includes the series filter resistor 59 and 
shunt condenser 60. The function of filter net 
Work 59-60 is, also, to suppress any pulsating 
Woltage Component in the voltage transmitted 
over line 58 to the grid circuit of amplifier 5. 
Here the AWC connection is made to the low. po 
tential side of the resonant secondary, circuit of 
I. F. transformer 53. The resistor. 6 connects 
the AWC line 58 to the control grid 3 of amplifier 
tube D. It will, therefore, be seen that AVC 
connection 54 applies AVC bias to the signal con 
trol grids of I. F. amplifier 50 and amplifier C, 
Whereas the AVC connection 58 controls the sig 
nal grid biases of I.F. amplifier 5 and amplifier 
D. The AVC connections are the sole sources of 
variable bias in this modification. 

In actual operation the AVC voltage, which is 
applied over connection 54 to amplifiers 50 and 
C, is obtained from the rectified voltage developed 
across series-arranged resistors 34 and 23. On 
the other hand the AVC voltage for amplifiers 5f 
and D is obtained from the rectified voltage de 
veloped across series-arranged resistors 37 and 23. 
The resistors 22 and 23 may preferably be smaller 

75 than resistors 34 and 37 so as to minimize the 



&ontrol of -direet current voltage-aeross resistor 
'23 which-affects both channels. In general, the 
separate AvC connections' 54 and 58 function to 
control the transmission of signal energy to the 
discriminator-circuits A and B in mueh the same 
fashion as was explained in connection with FigS. 
1 to 5 inclusive. As the carrier frequeney shifts 
over the frequency band, the gain of tubes Cand 
D respectively rises and falls, or vice-versa, so as 
:automatically to hold the voltage to the diodes nearly-constant. 
The discriminator section of the demodulator 

ineed knot be of the Conrad-type shown in Fig. i. 
it may be of the type disclosed and claimed by 
S.W.3Seeley in U.S. Patent:No.2121103, grant 
edgune 21, 1938. In that case, and as shown in 
present Fig. 7, the pair of resultant vector volt 
ages formed in the Seeley type of discriminator 
are separately, amplified prior to rectification, and 
'the relative amplification may be controlled in 
the manner generally described in connection 
with Fig. 1. In the system of Fig. 7 the receiver 
is similar to a conventional FM receiver up to 
tubes Cand D. . . . . . ." 
The I. F. amplifier 8 in the modification of Fig. 

7:is shown in more detail than in Fig.1. How 
ever, iti willberecognized that amplifier.8 is con 
ventional ina :coastruction i and &connections. Its 
inputs transformer 703 has a band passicharac 
iteristic of the type sillustrated by curve Pain Fig. 
2. The output transformer 7 chasithe imidpoint 
sof:its::secondary winding 72 connected directly to 
the plate:end of primary winding 73. Shunt con 
denser .4 turness winding 73 to the operating I.F. 
value, (5 Mc. in the illustrative leases of Fig. 1). 
The shunt condenser:S:tunes winding T2:to the 
same.I. F.*yaiue. The resonance curve of imag 
netically coupled: circuits.74-73 and 72-75 is 
similar to that. of curve: off Fig.2. Due to the 
connections between the primary and secondary 
circuits of transformer...if there is provided the 
frequeney, discriminatory-action disclosed in the 
aforesaid. Seeley patent. . . . . . 
The opposite-sides of secondary circuit 12-15 

are connected to the respective- signals control 
grids: t2 and 3of samplifier-tubes C; and by re 
spective: direct current 3locking iconderasers 76 
and Ti. The plates 325; and 26.3 of amplifiers. C 
and D are connected to opposed sides of the res 
onant,output:circuits 80 and 81; The B- "ter 
minal of the direct current source is connected 
in common to the junction of the circuits 80 and 
8. Resistoria, bypassed for I. F. currents; pro 
vides sa common negative bias for:both grids 2 
and 3; this is similar 3 to the function of the 
-cathode bias resistorin Fig.1. The circuits: 80 
and 8 fare; each:tured to the operating.I.F. value. 
The opposed-diodes F and G: have: respective 

resonant input: circuits 82 and 83. The junction 
of series load resistors 22 and 23, each of the lat 
ter being: bypassed by i respeetive eondensers 39 
and 40 for I.F., currents is connected directly to 
the junction ofresonant input circuits 82 and 83. 
the latter input circuits are, also, each tuned to 
the operating I. F. value. Resonant-circuits 80 
and 82 are magnetically coupled to provide a 
band pass network whose response-characteristic 
is a typieal band pass curve depieted by curve '90 

- above the eoupled 'circuits 80- -82. In the same 
way the curve 9 findicates a band pass curve typ 
'ical of the magnetically coupled resonant circuits 
8 and 83. Each of 80-82 and 8-83 provides 
a band pass network whose center frequency is 
the operating.I.F. value. Hence, each band pass 
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plitude signal energy to respective rectifiers if 
and G. The magnitude of signal energy trans 
mitted through these band pass networks is au 
tomatically-controlled in response to any shift 
in the center ormean frequency of the I.F. sig. 
nal energy from the predetermined reference fre 
;Glency of the discriminator circuits. 
The automatic balance control circuit is pro 

Vided by connecting the cathode end of resistor 
22 to the control grid-13 by means of a lead'92. 
The lead 92 includes: the series filter resistors '98 
:and '94, the junction of these resistors being by 
passed to ... ground for alternating currents by 
condenser 95. It will, therefore, be seen that 
the control grid 3, as in the case of Fig. 1, is 
returned to the grounded end of bias resistor 4 
through the Series-connected load resistors 22 
and 23. This means that variations in potential 
“at the cathode end of resistor-22 will cause a vari 
“ation in bias of grid: 3 with a concurrent change 
in gain of amplifier D. The usual AVC circuit 
86. is connected from the junction of resistors 22 
and 23 to the signal grids of those tubes which 
are to be controlled in gain to reduce “slow varia 
tions in carrier amplitude. The .AVC circuit 
is shown connected through filter resistor 97 to 
the low potential side of the tuned input circuit 
..of I. F. amplifier 8. 
The operation of the system of Fig. 7 is, in 

generai, Similar to that described in connection 
With the System of Fig.1. The 'frequency dis 
criminator which provides the respective re 
Sultant vector Voltages for grids. 2 and 3 of 
amplifier tubes C and D-functions in the well 
known manner described in the Seeley patent, 
There is induced in the tuned secondary circuit of 
transformer a pair of signal voltages. One 
of these voltages is directly applied to the sec 
ondary circuit from the primary circuit at the 
midpoint of the coil 12. Since grids 2 and 3 
are connected to, the midpoint of coil 72 in par 
allel relation, the I. F. Voltage will be:applied in 
parallel to control grids 2 and 3. On the other 
hand, the magnetic coupling between the coil 73 
and 72 will cause a substantially, 90° phase shift 
'in the I. F. voltage induced in the secondary 
circuit. 

This phase-shifted I.F. voltage will be applied 
in plish-pull relation stor grids - 342 and 3’ relative 
ito the midpoint of a coil '72: Hence, each grid f2 
and 3 has applied to it a parallel I. F. voltage 
-component and 'a phase-shifted voltage com 
ponent; but the latter-components being of "oppo 
site polarity. Therefore, there will be effectively 
-applied to each control grid a resultant vector 
ivoltage. These resultant vector voltages are of 
equal magnitude if, the mean frequency of the 
E. F. Signal energy is equal to the predetermined 
resonant frequency of transformer 7 ?. Should 
the mean frequency depart from, or shift with 
respect to, the predetermined resonant fre 
quency, then the resultaint vector Voltages at re 

- spective grids i f2 è and - 3 - will ivary in relative 
'magnitudes depending upon the direction and 
extent of the aforesaid frequency shift. 
In Fig. 7 I have, for the purposes of specific 

illustration only, depicted the vectors represent 
ing the parallel voltages and the phase-shifted 
voltages, as well as the resultant vector voltages. 
"These vectors are shown at the input connections 
to tubes C and D. The resultant 'Voltages are 
shown in solid:lines, while the quadrature-related 
voltages -are shown in doötted linaes. “The si vector 
relations shown in Fig. 7 are for the case' when 

network 80-82 and 81-83 will pass variable am-75 the mean frequeney of the I. F. energy is equal 
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to the predetermined I. F. value of the trans 
former 7. It is these resultant vector voltages 
Which are transmitted in amplified form to the 
output circuits 89 and 8. I have, therefore, 
shown within each of the band pass curves 90 and 
9 the resultant vector Woltages in dotted lines. 
This Will indicate that the effective magnitude of 
the... resultant Voltages transmitted through the 
parallel amplifier channels C and D are of equal 
magnitude at the balance frequency of the dis 
criminator network, and that the variations of 
each resultant vector voltage occur within the 
response curves 90 and 9. 

It will now be seen that when the mean fre 
quency of the I. F. energy output of amplifier 8 
shifts relative to the predetermined balance or 
center frequency of the discriminator network, 
then one of the resultant vector Voltages will ex 
ceed the other in magnitude. This Will result in 
the development of a voltage at the cathode end 
of resistor 22 Whose polarity and magnitude Will 
depend upon the direction and extent of the last 
mentioned frequency shift. This voltage will 
vary the bias of grid 3 thereby to change the 
gain of tube D. The latter change causes the 
gain of tube C to Vary in an opposite Sense and, to 
a degree such as to equalize the effective magni 
tudes of the resultant vector Voltages transmitted 
to rectifiers F and G. 

It will be seen that in the form of the inven 
tion shown in Fig. 7, there are located parallel 
amplifier channels between a Seeley type of dis 
criminator and the opposed rectifiers. The gain 
of each amplifier channel is controlled as in Fig. 
1, but unlike the latter the frequency discrimina 
tion is provided prior to the amplifier tubes C and 
D. However, the curves of Figs. 3, 4 and 5 apply 
equally well to the system of Fig. 7. In common 
with the systems of Figs. 1 and 6, there is pro 
vided in the system of Fig. 7 means for auto 
matically controlling the gain of the parallel 
channels so as to feed substantially equal carrier 
voltages to the rectifiers. w 
While I have indicated and described several 

systems for carrying my invention into effect, .. 4 
it will be apparent to one skilled in the art that 
my invention is by no means limited to the par 
ticular organizations shown and described, but 
that many modifications may be made without 
departing from the scope of my invention. 
What I claim is: . . . . " 

1. A frequency discriminator-rectifier circuit 
comprising a signal transmission channel includ 
ing a pair of opposed rectifiers each having an 
output load impedance, said rectifiers providing 
all output potential which is the difference be 
tween the potentials created across their respec 
tive load impedances, resonant circuit means 
coupled to said rectifiers to provide different re 
spective amplitude-frequency response charac 
teristics with different peak frequencies, said 
resonant circuit means having frequency re 
sponse curves which cross each other substan 
tially at said input circuit frequency, means for 
applying frequency modulated Wave energy to 
said resonant circuit means, and amplifier means 
provided in said signal transmission channel for 
automatically locking the Cross-over point of the 
frequency response curves of the discriminator 
network Substantially in Step With the mean 
*frequency of the applied frequency modulated 
Wave energy. . . . . . 

2. A frequency discriminator-rectifier circuit 
comprising a pair of opposed rectifiers each have 
'ing an output, load impedance, said rectifiers 
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providing an output potential which is the dif 
ference between the potentials created across 
their respective load impedances, a source of fre 
quency modulated carrier energy, resonant cir 
cuit means coupled to the inputs to said rectifiers 
to provide different respective amplitude-fre 
quency response characteristics . With different 
peak frequencies, said resonant circuit means 
having frequency response curves which cross 
each other substantially at said input circuit 
frequency, and means including an amplifier and 
coupled to i saidi discriminator-rectifier circuit 
for automatically changing said cross-over point 
of the frequency response curves, as viewed from 
Said Source of frequency modulated carrier 
energy, upon change in the carrier frequency of 
the received signal energy, 

3. A frequency discriminator-rectifier circuit 
comprising a pair of opposed rectifiers each hav 
ing an Output load impedance, said rectifiers 
providing an output potential which is the dif 
ference between the potentials created across 
their respective load impedances, a selective cir 
cuit Substantially Symmetrically responsive to 
frequencies adjacent to a center frequency cor 
responding to a preferred carrier frequency, 
resonant circuit means coupled to said rectifiers 
to provide different respective amplitude fre 
quency response characteristics With different 
peak frequencies, said resonant circuit means 
having frequency response curves which cross 
each other Substantially at said input circuit 
frequency, and amplifier means coupled to said 
rectifiers for automatically changing said cross 
over point of the frequency response curves, as 
Viewed from Said Selective circuit, upon change 
in the carrier frequency of the received signal 
energy and in the same frequency direction as 
the change in the received carrier frequency... 

4. In combination, a pair of opposed rectifiers 
each having an output load impedance, said 
rectifiers providing an output potential which is 
the difference between the potentials created 
aCrOSS their respective load impedances, a source 
of frequency modulated carrier energy, circuit 
means for feeding energy from said source to 
Said rectifiers including a different channel for 
each rectifier, and an amplifier in each of said 
channels responsive to the rectifier, output 
potential for reducing the efficiency of transfer 
of energy to One of said rectifiers through its re 
Spective channel upon change of the carrier fre 
quency in One direction. - 

5. In combination, a pair of opposed rectifiers 
each having an output load impedance, said rec 
tifiers providing an output potential which is the 
difference between the potentials created across 
their respective load impedances, a source of 
frequency modulated carrier energy, circuit 
means for feeding energy from said source to said 
rectifiers including an individual channel for 
each of Said rectifiers, and amplifier means in 
said channels responsive to the rectifier output 
potential for decreasing the efficiency of transfer 
of energy to one of said rectifiers through its as 
Sociated channel and simultaneously increasing 
the efficiency of transfer of energy to said other 
rectifier through the other of said channels, or 
Vice versa, depending upon change of the carrier 
frequency in one direction to the other respec 
tively. . . . . 

6. A frequency discriminator-detector circuit 
comprising a pair of opposed rectifiers, each hav 
ing an output load impedance, said rectifiers pro 
viding an output potential which is the difference 
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of modulated wave voltages in substantially phase 
quadrature relation in response to the mean fre 
quency of said received waves being equal to a 
predetermined center balance frequency, a pair 
of separate amplifier channels for the respective 
voltages, said channels being each tuned to said 
center balance frequency, separate rectifiers, re 
spectively connected to said channels, means com 
bining the rectified voltage outputs of said recti 
fiers in polarity opposition, and means connected 
to said combining means, responsive to a de 
parture of said mean frequency from said center 
balance frequency, for regulating the relative 
gains of said amplifier channels in a sense to ap 
ply the wave voltages substantially equally, to said 
rectifiers. 

16. In a frequency detector of 

onant circuits having amplitude-frequency char 
acteristics which overlap at a predetermined cen 
ter, balance frequency between the peak fre 
quencies of the characteristics; the improvement which comprises at least two parallel amplifiers 
having a common input connection adapted to be 
connected to a source of frequency modulated sig 
nal energy, separate connections from each am 
plifier to a respective one of the resonant circuits, 
means responsive to the differential output volt 
age of the rectifiers for varying the gain of one 
of said two amplifiers in one sense, and means 
responsive to a change in the gain of said one 
amplifier for varying the gain of the secondam 
plifier in the opposite sense. 

17. In combination, a pair of decoupled reso 
nant circuits having respective amplitude-fre 
quency response characteristics with different 
peak frequencies, a pair of output terminals for 
each resonant circuit, a resonant signal input 
circuit tuned to a frequency located equidistantly. 
from said peak frequencies; and the improvement 
comprising a pair of parallel signal transmission 
channels having a common input connection to 
said input circuit, each channel being connected 
to a respective one of the pair of resonant cir 
cuits, and means for regulating the relative signal 
transmission efficiencies of said parallel channels 
in Opposite Senses. 

18. In a system of type comprising a pair of 
resonant circuits having respective amplitude-fre 
quency response characteristics with different 
peak frequencies, a pair of output terminals for 
each resonant circuit, a resonant signal input cir 
cuit tuned to a frequency located equidistantly 
from said peak frequencies, said characteristics 
being Overlapped and having a cross-over fre 
quency Substantially equal to said equdistant fre 
quency; the improvement comprising a pair of par 
allel signal transmission channels having a com 
mon input connection to said input circuit, each 
channel being connected to a respective one of the 
pair of resonant circuits, and means for regulat 
ing the relative Signal transmission efficiencies of 
Said parallel channels in opposite senses and to 
an extent Such as to maintain signal voltages at 
said pair of resonant circuits substantially equal. 

19. In a system of the type comprising a pair 
of resonant circuits having respective amplitude 
frequency response characteristics with different 
peak frequencies, a separate rectifier for each 
resonant circuit, a signal input circuit tuned to a 
frequency located equidistantly from said peak 
frequencies; the improvement comprising a pair 
of parallel signal amplifiers having a common 
input connection to said input circuit, each aim 

the type com 
prising a pair of decoupled resonant circuits each 
feeding into a respective rectifier and said res 
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plifier being connected to à respective one of the 
pair of resonant circuits, and means, responsive 
to a differential voltage output of the rectifiers 
caused by a difference between the mean fre quency of applied frequency-variable signals and 
said input circuit frequency, for regulating the 
relative gains of said parallel amplifiers. 
20. In a system for receiving angle modulated 
rier waves, means for deriving from received 
es a pair of modulated wave voltages in phase 

quadrature relation in response to the mean fre 
quency of said received waves being, equal to a predetermined centerbalance frequency, a pair of separate amplifiers for the respective voltages, 
separate rectifiers respectively connected to said 
amplifiers, means combining the rectified voltage 
outputs of said rectifiers in polarity opposition, , 
and means, responsive to a departure of said mean, 
frequency from said balance frequency, for regu 

rectifiers in polarity opposition, and means : 
onnected to said combining means, responsive to : 

a departure. mean frequency: from said 
balance frequ or regulating the gains of said amplifiers in opposi 
for said departure. 
2 

tude-frequency cha 
a predetermined er lance fréguiency between the peak frequencies. 

of the characteristics; the improvement which 
comprises a Source of frequency modulated signal 
energy, at least two parallel amplifiers having a 
common input connection to said source, a sepa 
rate output connection from each amplifier to a 
respective one of the resonant circuits, means 
Varying the gain of one of Said two amplifiers in 
One Sense in response to said one amplifier feed 
ing a predominant signal voltage to its respective 
resonant circuit, and means responsive to a 
change in the gain of said one amplifier for vary 
ing the second amplifier in the opposite sense 
thereby to substantially equalize the application 
of Signal Voltages to said rectifiers. 

23. In combination with a frequency discrimi 
nator comprising a pair of resonant circuits hav 
ing respective amplitude-frequency response 
characteristics of different peak frequencies, a 
separate detector for each resonant circuit, a 
resonant signal input circuit tuned to a frequency 
located between said peak frequencies, a pair of 
parallel signal amplifiers having a common input 
connection to said input circuit, each amplifier 
being connected to a respective one of the pair 
of resonant circuits, and bias control means re 
Sponsive to the output signal of said detectors 
for automatically controlling the gain of said 
parallel amplifiers So as to feed substantially 
equal Signal Voltages to the detectors. 

24. In combination with a frequency discrimi 
nator Comprising a pair of resonant circuits hav 
ing respective amplitude-frequency response 
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characteristics of different peak frequencies, a 
separate detector for each resonant circuit, a 
resonant signal input circuit tuned to a frequency 
located between said peak frequencies, ? pair of 
parallel signal amplifiers having a common input 
connection to said input circuit, each amplifier 
being connected to a respective one of the pair 
of resonant circuits, and a bias control connection 
for each of said amplifiers responsive to a differ 
ential output voltage from said detectors control 
ling the relative gain of said amplifiers. . . 

25. In combination with a pair of opposed de 
tectors of angle modulated carrier waves, said detectors having respective frequency response 
curves which cross each other at a predetermined 
cross-over frequency, parallel amplifier channels 
feeding modulated carrier wave voltages to said 
detectors, and a bias control connection for said 

O 

amplifier channels responsive to the detector out 
put voltage controlling the relative gain of said 
channels thereby to adjust said response curves 
sufficiently to change said cross-over frequency. 

26. In combination, a pair of resonant circuits having respective amplitude-frequency response 
curves with different peak frequencies, said re 
sponse curves crossing each other at a desired 
frequency, a pair of output terminals for each 
resonant circuit, the improvement comprising a 
pair of parallel signal transmission channels hav 
ing a common signal input connection, each 
channel being connected to a respective one of 
the pair of resonant circuits, and bias control 
means responsive to the voltage developed across 
said pair of resonant circuits regulating the rela 
tive response curves of said parallel channels to 
adjust said cross-over frequency. 

27. In a system for receiving frequency modu 
lated carrier waves, a frequency discriminator 
network for deriving from received waves a pair 
of modulated wave voltages of equal value in 
response to the mean frequency of said received 
waves being equal to a predetermined centerbal 
ance frequency, a pair of parallel amplifiers for 
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the respective voltages, separate rectifiers indi 
vidually connected to said amplifiers, means com 
bining the rectified voltage outputs of said recti 
fiers in polarity opposition, and a bias control 
connection for each of said amplifiers responsive 
to a differential output voltage from said de 
tectors regulating the relative gains of saidam 
plifiers in opposite senses to compensate for a 
departure of said mean frequency from said bal 
ance frequency. . . . . . . 

28. In detector of the type comprising a 
of resonant circuits each feeding into a respec 
rectifier, said resonant circuits having amplitude 
frequency characteristics which overlap at a pre 
determined center balance frequency between the 
peak frequencies of the characteristics; the im provement which comprises a source of frequency. 
modulated signal energy, at least two parallel 
amplifiers having a common input connection to 
said source, a separate output connection from 
each amplifier to a respective one of the resonant 
circuits, means responsive to the differential out 
put of the rectifiers for varying the gain of d 
of said two amplifiers in one sense in response to 
said one amplifier feeding a predominant signal 
voltage to its respective resonant circuit, and 
means in the space current path of said one 
amplifier responsive to a change in the gain of 
said one amplifier for varying the second am 
plifier in the opposite sense thereby to substan 
tially equalize the application of signal voltages 
to said rectifiers. 
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