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This invention relates to frequency modulation signal receiving systems of the type in which fre 
quency variations of the carrier wave or mean 
frequency of the signal are employed for the re production of transmitted signals. 
An important object of the inventioh is to pro 

vide an improved receiving system of the char 
acter referred to which achieves improved noise 
reduction, particularly in response to weak sig 
nals, and improved adjacent channel selectivity. 

It is a further object of the invention to pro vide an improved frequency modulation signal 
receiving system in which the frequency variation or swing corresponding to a predetermined per 
centage modulation of the received signal is re 
duced prior to demodulation and reproduction of 
the signals. In the particular embodiment of 
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the invention which will be described herein, de 
modulation is effected by a discriminator-rectifier network which converts frequency variations into amplitude variations prior to detection. 
Another object of my invention is to provide an improved frequency modulation signal receiv 

ing system in which the frequency deviation of 
the received signal is reduced by a predetermined 
ratio, such as 5 to 1, before demodulation. 25 modulation receivings 

It is also a further object of the present in 
vention to provide novel means for preventing in terfering frequencies which would operate over a 
frequency variation range extending outside of 
the useful portion of the discriminator character 
istic from reaching the discriminator netw 
Another object of the invention is to provide improved frequency modulation signal rece 

of the desired modulated wave, the oscillator is prevented from shifting its frequency sufficiently 
to lock in with interfering frequencies outside of. 
such range or with an undesired signal on an ad jacent channel. 
In accordance with other objects hereinbefore stated, the locked-in oscillator produces voltages 

at sub-harmonics or submultiples of th 
- the intermediate or other supplied modulated wave, and the oscillator is coupled to 

selective circuits in the discriminator network which are responsive to the band of sub-multiple 
frequencies produced by the oscillator. The sig 
nal applied to the locked-in oscillator may, in 
one embodiment of the invention, shift the oscil lator frequency only the equivalent of a small 
percentage modulation, such as from 20 to 35 
percent. It is, therefore, a further object of my invention to provide an improved frequency 

-- - which a dynamic frequency control is provided in connection with 
the modulation, sufficient to lock in the oscillator for signals over a frequency range corresponding 
to a predetermined maximum percentage modula tion 

emyye my y yyLmLL LLLLLyyy yyyyyyyyy kk to frequency variations in a received si 
a restricted range, and means for au -- 
causing said circuit to accept variations in 
frequency of the received signal over a wider range of frequencies. 
A receiving system in accordance with the pres 

ent invention may include means for hetero 
dyning a received frequency modulated carrier 
wave, or signal, to produce a corresponding in 
termediate frequency wave modulated over a range of frequencies. The latter is applied to 
an oscillator which is locked in with the fre 
quency modulated wave over a range of frequency 
variations including, and substantially limited to, 
the range of frequencies of the modulated wave. 
The output of the oscillator is fed to the discrim inator network. 
The locked-in oscillator is important in carry 

ing out the objects of improved noise reduction 
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ance tube and therefore do not control the os cillator frequency, the frequëncy shift of the oscil 
lator which the reactance tube can produce is 
limited to the useful modulation range. The 
oscillator will not follow beyond its restricted lock-in range frequencies, even though they are 
within the range of useful frequencies impressed 
on the oscillator, which if demodulated would and improved adjacent channel selectivity. The 55 produce superaudible output potentials. More 

  

  

  



2 
over, the reactance control tube cannot shift the 
oscillator frequency so that it will lock in With 
the signal on an adjacent channel because the cir 
cuit elements are so designed that if the fre 
quency of the oscillator were to change beyond 
the useful range of the discriminator and towards 
the adjacent channel, the phase and magnitude 
of the potential applied from the demodulator to 
the reactance tube would shift in Such a manner 
that the effect of the reactance tube on the oscil 
lator would be to reverse the direction of the 
oscillator frequency change So that its frequency 
would nevertheless stay within the limits of the 
desired channel. This frequency swing limita 
tion is also effective to minimize noise. 
One of the major problems in the design of 

frequency modulation receivers is to obtain ade 
quate sensitivity with stability. The Sensitivity or 
voltage gain which can be obtained at a given 
frequency without resorting to special precall 
tions which materially increase manufacturing 
costs is limited. This difficulty is diminished if 
the gain is obtained at two different frequencies, 
as in the superheterodyne receiver. However, in 
some frequency modulation receivers of conven 
tional design it has been found necessary to 
resort to a double heterodyne type of super 
heterodyne receiver in which two successive in 
termediate frequencies are used in order to obtain 
the desired sensitivity and stability. The double 
heterodyne type of superheterodyne has the dis 
advantage that strong, signals from local trans 
mitters produce additional spurious responses 
which frequently interfere with the reception of 
weaker signals. . . . . 

It is, accordingly, another important object of 
my invention t? provide a frequency modulation 
receiver in which satisfactory sensitivity is ob 
tained with a high degree of stability. 

It is likewise another object of the invention 
to obtain the desired voltage gain between the 
antenna and discriminator in a frequency modul 
lation receiver at three different successive fre 
quencies without encountering the complications, 
or disadvantages, of the double heterodyne type 
of superheterodyne receiver. ? 
Wherever the term frequency modulation is 

used throughout the specification and claims, it 
should be understood to refer to any modulation 
wherein the instantaneous frequency of the 
transmitted waves is varied by the application 
of modulating voltage of an alternating character 
such as music or speech. There are many pos 
sible functional relations between the instanta 
neous wave frequency and the modulating volt 
age, which are or can be used. For example, if 
the instantaneous frequency is caused to shift in 
direct proportion to the instantaneous value of 
the modulating voltage, there results one con 
mon form of frequency modulation, or if the 
instantaneous frequency is caused to vary as the 
time integral of the modulating voltage there 
results a type of frequency variation, which is 
usually called phase modulation because it is with 
equal correctness, and somewhat more simply, 
definable as a modulation which causes the phase 
of the transmitted waves to shift in direct pro 
portion to the instantaneous value of the modu 
lating voltage. In other words, the terms “phase 
modulation' and "frequency modulation' are 
tied together by the fact that a changing fre 
quency necessitates a changing phase and vice 
versa. Furthermore, in many practical systems 
going under the name of frequency modulation 
(FM), the instantaneous frequency does not vary 
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2,356,201 
directly as the voltage of the modulating volt 
age, nor yet as its integral, but in some inter 
mediate fashion. Regardless of the exact nature 
of the functional relation mentioned above, how 
ever, the System of the present invention can be 
employed and hence such terms as 'frequency 
modulation,' 'frequency modulated,' and the like 
should be taken in the broad sense here defined. 
The novel features which I believe to be char 

acteristic of my invention are set forth with 
particularity in the appended claims. The in 
vention both as to its organization and method 
of Operation will best be understood by reference 
to the following illustrative description taken in 
connection with the drawings in which I have 
indicated diagrammatically several circuit organ 
izations whereby my invention may be carried 
into effect. 

In the drawings: 
Fig. 1 is a schematic circuit diagram which 

illustrates one form of a frequency modulation 
Signal receiving System embodying the invention, 

Fig. 2 is a schematic circuit diagram illustrat 
ing another form of frequency modulation receiv 
ing system incorporating my invention and pro 
viding certain performance advantages over the 
System shown in Fig. 1, 

Figs. 3 and 4 are graphs illustrating certain 
operating characteristics of the circuit of Fig. 2, 
and 

Fig. 5 depicts additional control means for the 
reactance tube employed in one embodiment of 
my invention. 

Referring to the accompanying drawings, 
Wherein like reference characters in the different 
figures designate similar circuit elements, the 
Signal input circuits of my receiving system may 
be of any suitable type. To simplify the draw 
ings, block diagrams are employed to represent 
the radio frequency amplifier 5, first detector B, 
local oscillator , and intermediate frequency (I. 
F.) amplifier 8 of the usual superheterodyne type 
of vacuum tube receiver circuit. A conventional 
dipole antenna is indicated at as a suitable 
collector of signals for the radio frequency ann 
plifier 5. 
The intermediate frequency amplifier 8 is pro 

vided with an output transformer 10 having pri 
mary and Secondary circuits resonant to the in 
termediate frequency. As illustrated, the primary 
and Secondary circuits of transformer O are 
suitably coupled and a variable resistor f' is con 
nected in shunt with the secondary receiving 
circuit to give the transformer a resonance 
curve of the desired breadth. In the present 
example, the intermediate frequency may be as 
Suned to be 4.3 m.c. (megacycles), and the trans 
former O is designed to pass the frequency band 
occupied by the modulated carrier wave with 
100% modulation. For the frequency modulation 
broadcasting standards in use at the present 
time, the input circuits of the receiving system, 
including the intermediate frequency trans 
former O. With its secondary circuit (, are con 
structed to receive a carrier wave with a total 
frequency swing of the order of 150 kc. (kilo 
Cycles). 

It Will be understood by those skilled in the 
art that the devices 5, 6, and 7 are provided with 
the usual variable tuning means. The input cir 
cuits of amplifier 5 and first detector 6 are each 
tuned to the mean or center frequency of the 
desired station channel, while the oscillator 7 is 
tuned to an oscillation frequency differing from 
Said mean frequency by the value of the desired 
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intermediate frequency. The present frequency 
modulation (FM) band is 42 to 50 m.c., with each 
transmitter station allotted a channel width of 
200 kc. - 

The output circuit f is followed by a vacuum 
tube oscillator 2, which includes a tuned tank 
circuit 3, and a suitable frequency selective net 
work, or discriminator, which as shown com 
prises tuned circuits 14 and 15 by which the ap 
plied signal is converted to amplitude modula 
tion. The signal is detected by suitable rectifiers 
f6 and 7 coupled to said circuits 4 and 5 which 
are preferably shunted by resistors 4' and 5' 
respectively for reasons which will be hereinafter 
set forth. The usual rectifier output impedance, 
or resistor, is indicated at 8. An output circuit 
9 is connected thereto, one side of the output 

circuit being grounded as indicated at 20. The 
audio frequency, or modulation, output connec 
tion lead 2 f is coupled to the circuit 9 through 
a suitable capacitor 22. 
The invention in its broader aspects and as set 

forth in some of the appended claims may be 
employed with a locked-in oscillator operating 
at the same frequencies as the modulated inter 
mediate frequency Wave. In its preferred em 
bodiments, however, the oscillator f2 which im 
mediately precedes the discriminator network 
produces voltages of frequencies less than the 
intermediate frequency and having a frequency 
swing less than that of the intermediate fre 
quency wave. The Oscillator tube envelope con 
tains a grid. 35 connected to the intermediate 
frequency secondary circuit f which in turn is 
connected to ground through a by-pass con-. 
denser 2'. In the present example, the tank 
circuit 3 connected to the anode 40 of oscillator 
2 comprises a variable magnetic core inductance 
3 and a shunt tuning capacitor 32, and is tuned 
to a sub-multiple frequency of the intermediate 
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oscillator 2 and the discriminator network is 
provided through a circuit lead 26, a resistor 25, 
and a variable coupling capacitor 27 connected 
to the anode. 40 of the oscillator and to the high 
potential sides of circuits 4 and 5. Since the 
oscillator applies its Output voltage to the dis 
criminator whether a signal is being received or 
not, and since both the frequency and the fre 
quency swing of the voltages which it produces 
are different from the intermediate frequency 
signal which is applied to the grid 35, it is ap 
parent that the radio frequency. Signal Waves 
collected at the signal collector device, such as 
the usual antenna, do not themselves pass 
through the receiving System to the discrimi 
nator, but operate to control the frequencies of 
the voltages produced by the oscillator. 

It is common practice to include limiter means 
in a conventional frequency modulation receiving 
system, for limiting the amplitude variations re 
Sulting from noise impulses or other causes. By . 
proper choice of the circuit constants of the os 
cillator 2 and in particular of the coupling be 
tween the circuits 3 and 47 and the operating 
potentials applied to the tube electrodes, the os 
ciliator voltage applied to the discriminator can 
be made Substantially independent of the strength 
of the intermediate frequency signal. 
Grid current on grid 35 may be employed in 

place of the usual separate diode for automatic 
Volume control (AWC) of the preceding tubes 5, 
6, and 8. Through a tap connection on the 
series resistor elements 38-39 (if desired resistor 
38 may be omitted), the AVC lead 62 is connected 
to ground 37. The other end of lead 62 is con 
nected to grid control circuits 63 through a suit 

40 
frequency signal applied to the grid 35 to cause - 
the tube 2 to produce oscillations of such sub multiple frequency. 
The circuit f3 is grounded at 29 through a 

by-pass condenser 30 and is caused to oscillate. at the predetermined sub-multiple frequency by 
feedback through inductive couplings between 
the inductance 3 and an inductance indicated 
at 42. The latter has a shunt tuning capacitor 
43 included in a circuit 4T which is preferably 
shunted by a resistor 47' and is connected be 
tween a second control grid 44 and ground, or 
cathode, through a suitable grid resistor 45 
shunted by a grid capacitor 46. The normal 
oscillator frequency is primarily determined by 
the tuning of circuit f3. The tube 2 may be a 
pentagrid tube of the 6SA7 type, and is prefer 
ably locked-in by the impression of the 4.3 m.c. 
signal on the first grid of the tube, which is the 
grid 35 in the present example. The cathode 
36 of tube 2 is grounded at 37. Screen grids 
36' and a suppressor grid 3' are arranged as 
shown on the drawings. 

In the oscillation circuits above described, the 

43, has a natural frequency of resonance higher 
than that of circuit f3. In a successful embodi 
ment of the invention, the inductance 42 of cir 
cuit 47 was between one-fifth and one-sixth of 
the inductance of winding 31, and the capacity 
of condenser 43 was approximately 100 mmf. 
(micromicrofarads), whereas condenser 32 had 
a capacity of approximately 35 mmf. 
Coupling connection between the locked-in 

able filter network 64. Those skilled in the art 
are fully acquainted with this manner of effect 
ing gain control. If the carrier amplitude in 
creases above the desired level the negative volt 
age fed over the lead 62 to the control grids of 
the controlled tubes increases, acting to decrease 
the gain of the tubes and to prevent them from 45 
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65 circuit 47, comprising winding 42 and condenser 
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being overloaded. A diode and appropriate load 
resistor, connected in shunt with the primary cir 
cuit of the transformer O or at some other suit 
able point in the receiver system, could be used 
to provide the AVC potential in conventional 
ale. 

Since the locked-in oscillator 2 operates at a 
submultiple of the instantaneous frequency of the 
modulated carrier impressed on grid 35, frequen 
cy division is obtained in which not only the 
mean-carrier frequency is reduced, but also the 
frequency swing is correspondingly reduced. In 
the present example with an intermediate fre 
quency of 4.3 mc. supplied by the circuit f, the 
circuits 3, 4 and f5 may be made responsive to 
a mean sub-multiple frequency of 860 kc. there 
by providing at 5:1 frequency reduction and a 
corresponding reduction in the frequency swing. 
For example, if at any instant, the received sig 
nal has been heterodyned to an intermediate fre 
quency of 4.375 mc. (up 75 kc. from the mean or 
center frequency of 4.3 m.c.) the frequency of 
the locked-in oscillator will then be 875 kc., (up 
15 kc. from the mean sub-multiple frequency of 
860 kc.), preserving the 5:1 ratio with the inter 
mediate frequency on grid 35. Thus there oc 
curs in the circuits 3, il 4 and 5 a frequency de 
viation from the mean frequency of +15 kc. for 
full modulation, assuming that the applied sig 
nal has a maximum frequency deviation of E75   



kc. The maximum frequency swing of the signal 
applied to the discriminator is thus limited in 
this example to an audio frequency of 15 kc. On 
each side of the mean frequency, 
The discriminator network may be of any suit. 

able type for converting a frequency modulated 
signal into an amplitude modulated signal for de 
tection by the rectifiers 6 and 7. As shown, it 
comprises a Selective system of the type more 
fully described in the application of John D. Reid, 
Serial No. 353,028, filed August 17, 1940, and in 
Cludes tuned parallel-resOnant circuit 5 compris 
ing inductance and capacity connected between 
the anode of rectifier 6 and that of rectifier T. 
The capacity existing across the electrodes of rec 
tifier T is indicated in broken lines by capacity 
5' and provides in combination with circuit 5 

a series circuit tuned to resonance at the lower 
frequency end of the admittance band of the dis 
criminator which in this example of the inven 
tion is somewhat below 845 kc., while the paral 
lel-resonant circuit 5 resonates at the higher fre 
quency of the discriminator admittance band, 
i. e., somewhat above 875 kc. This frequency se 
lective network provides a linear operating char 
acteristic for a frequency swing of t5 kc., as 
will be more fully described below. 
Each of the coils of transformer O and the 

coils of circuits 4 and 5 may have adjustable 
cores composed of powdered magnetic material. 
A Single core of Such material may be used with 
coils 3 and 42. 
tively coupled either to the oscillator circuits f3 
or 47 or to the discriminator circuit í 5. 
The description of the invention, as thus far 

given, applies to the forms shown in both Figs. 
1 and 2 and refers to elements which are de 
noted by similar reference characters on such 
figures. In each case, the discriminator circuits 
associated with the rectifiers 6 and 7 are simi 
lar to those described in the application of John 
D. Reid, Serial No. 353,028, filed August 17, 1940, 
to which reference is made for a more detailed 
description of construction and manner of Op 
eration, 

In the discriminator circuit shown in Fig. 1, 
the end of circuit 4 remote from condenser 27 is 
connected to a midtap on the resistor 8 in the 
output of rectifiers 6 and fl. A high frequen 
cy by-pass condenser 68 is connected across the 
upper half of resistor 8 and to the cathode of 
rectifier 6, and a similar condenser 6 is con 
nected across the lower half of resistor 8 and to 
the cathode of rectifier 7. The upper ends of 
circuits 4 and 5 are conductively connected to 
gether both for alternating and direct currents. 
The capacity between anode and cathode of rec 
tifier T is represented by condenser 5' shown 
in broken lines. As more fully described in the 
said Reid application, Serial No. 353,028, the cir 
cuit 5 in combination with capacity f5', is 
series resonant to the lowest frequency of the 
admittance band of the discriminator, and the 
circuit i 5 per se is parallel-resonant to the high 
est frequency of such admittance band. 
The above circuits provide a direct current 

path from circuit 4 to the mid-tap on resistor 
18, which is completed through the upper half of 
resistor 18, and rectifier í 6 back to circuit í 4 and 
a second direct current path which is completed 
through the lower half of resistor 8, rectifier 7, 
circuit 5, and circuit 4 back to the mid-tap on 
resistor 8. It will be noted that direct current 
in the first-mentioned path including rectifier 6 
tends to make the upper end of resistor 8 posi- 75 pacity of condenser 27. 

The coil 4 need not be induc 
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tive with respect to ground, and that current 
through the second direct current path including 
rectifier tends to make the upper end of re 
sistor 8 negative to ground. 
The circuit 4 functions mainly as a tuned cir 

cuit resonant in the example of the operation of 
the invention described herein to approximately 
860 kc. and interposed between the output of the 
locked-in oscillator 2 and the input to the dis 
criminator-rectifier. Its lower end is effectively. 
grounded at 20, through the high, frequency by 
pass condenser 67. The circuit f4, however, acts 
as part of the discriminator-rectifier in that it 
provides a direct current path from the midpoint 
of resistor 8 to the anode 6 of the upper diode. 
Such a D.-C. path may, of course, readily be 
provided in other ways as appears from the 
above-mentioned Reid application and as will 
further appear below in the description of Pig. 2. 

If an unmodulated carrier is received, it pro 
duces , an intermediate frequency of 4.3 Inc., and 
the Oscillator 2 produces a sub-multiple fre 
quency of 860 kc. The impression of a frequency 
of 860 kc. on the discriminator causes equal cur 
rents to flow in the upper and lower halves of re 
Sistor 8. Inasmuch as such currents flow in 
opposite directions, they do not affect the poten 
tual of the upper end of resistor 8 with respect 
to ground. If, however, a modulated signal 
causes a frequency higher than 860 kc. to be 
impressed on the discriminator, there results 
greater current flow through rectifier 6 than 
through rectifier fl, causing the upper end of 
resistor 8 to have a positive potential of a value 
depending upon the difference in current flow in 
the respective rectifier paths, whereas when fre 
quency modulation causes a frequency lower than 
860 kc. to be impressed on the discriminator, 
there results greater current flow through rect 
fier 17 than through - the other direct current 
path. This impresses a negative potential at the 
upper end of lesistor 8, again dependent upon 
the difference in the flow of current in the re 
Spective direct current paths. 

It is necessary in a receiver as shown in Fig. 1 
that the oscillator 2 be locked in with the in 
termediate frequency wave impressed on grid 35 
over the range of 100% modulation. It has been 
found, however, that by restricting the lock-in 
range of the OScillator substantially to that re 
quired for 100% modulation, i. e., the useful por 
tion of the discriminator characteristic, the ad 
jacent channel selectivity of the receiver can be 

60 

materially increased. It is known that the higher 
the 

?] capacity 

ratio of the oscillator circuit 3 the wider the 
frequency range over which the oscillator will 
lock-in, and I have also found that the degree 
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of coupling between the oscillator circuit 3 and 
the discriminator network 4, 5 is an important 
factor in controlling the width of the lock-in 
range. In a Successful embodiment of Fig. 1 the 
Oscillator circuit 3 was coupled to the discrimi 
nator network through a resistance 25 of 5600 
ohms and a condenser 27 of 8.2 mmf., which were 
found to give suitable coupling for full modula 
tion over a frequency swing of t15 kc. at the 
input to the discriminator. This degree of cou 
pling may, of course, be increased by reducing 
the value of resistance 25 or increasing the ca 

With this arrangement, 
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an increase in the degree of coupling widens the 
lock-in range and a decrease, assuming that the 

L 
? 

ratio of oscillator f3 remains the same, reduces 
the lock-in range. " . . 

It will be noted that Fig. 2 shows a discrimi 
nator-rectifier network. Somewhat different from 
that shown in Fig. 1. In Fig. 2, the low potential 
side of the circuit 4 is connected directly to 
ground, as at 28, instead of to the center tap 
on resistor 8 and the circuits 4 and 5 are coul 
pled by condenser 80. The anode of diode 6 is 
connected to the center tap on resistor 8 to pro 
vide the D.-C. path which in Fig. 1 is completed 
through circuit 4, and a single high frequency 
by-pass condenser 8 is employed in place of the 
condensers 67 and 68 of Fig.1. This results in 
an arrangement specifically described in the said 
application of John D. Reid, Serial. No. 353,028, 
with particular reference to his Fig. 4. The 
specific discriminator-rectifier circuits shown in 
Figures 1 and 2 are not an essential part of the 
invention, and other circuits can be employed 
which will give satisfactory results. For exam 
ple, a discriminator-rectifier of the type shown 
by S. W. Seeley in U. S. Patent No. 2,121,103, 
granted June 21, 1938, may be used. Again, a 
pair of opposed rectifiers with oppositely, and 
equally, mistuned input circuits as disclosed by 
Conrad in U. S. Patent No. 2,057,640, granted 
October 13, 1936, may be employed. Likewise 
the discriminator circuit.shown in Figure 1 can 
be interchanged with that in Figure 2, and vice 
Versa. 

It may be noted that in all of Figs. 1, 2 and 4 
of the Reid application, Serial No. 353,028, the 
direct current connection from the midpoint of 
the resistor corresponding to resistor 8 of this 
application goes to the anode of the lower. diode, 
whereas in Fig. 1 of the present application the 
corresponding D.-C. lead goes through circuit f4 
to the anode of the upper diode, and in Fig. 2 
is directly connected to the anode of the upper 
diode. The connection to the anode of the upper 
diode rather than to that of the lower diode is, 
however, not a departure from the disclosure of 
the Reid application, since Reid pointed out that 
this D.-C. connection may be made with the 
anode of either of the rectifiers or to any point 
between them which provides a D.-C. path to the 
diode plates. With all of the connections shown 
in the Reid application and in this application, 
the high frequency potential at the anode of the 
upper diode is effective in producing rectified 
potential across the upper half of the output 
resistor f0, and the high frequency potential at 
the anode of the lower diode is effective in pro 
ducing rectified potential across the lower half 
of the output resistor. 

It has been stated in the description of Fig. 1 
that when the coupling between the discrimi 
nator, i. e., frequency selective, circuits 4, 5 and 
the oscillator 2 is decreased from the value used 
in Fig. 1, the frequency deviation range over 
which the oscillator will lock-in is also decreased. 
In describing Fig. 2 we may assume that the cir 
cuits associated with the Oscillator f2 provide a 
lesser degree of coupling between the oscillator 
and discriminator circuits than in Fig. 1 and in 
the absence of apparatus other than that in 
cluded in Fig. would lock in over a limited range 
only. This may conveniently be effected by em 
ploying a smaller condenser 27, a larger resist 

O 

5 

20 

25 

30 

35 

40 

5 
ance 25, or both, and the lock-in range may rep 
resent only a relatively small part, such as be 
tween 20 and 35 percent, of the modulation fre 
quency range. In the present description of this 
invention we may assume, for convenience, that 
the intermediate frequency signals impressed on 
the grid 35 in Fig. 2 can cause a frequency shift 
of the voltage delivered from the oscillator 2 
only of the order of 5 kc. from the oscillator 
frequency determined by the tuning of circuit 
3 before the oscillator falls out of control of 

the potentials on such grid. This is of advantage 
in preventing the reproduction of noise and of 
undesired signals. Without further provision 
useful signals requiring an oscillator frequency 
swing wider than 5 kc. would not be properly 
reproduced. In order to cause the oscillator 2 
to be controlled by wider variations in the fre 
quency of a received signal up to 100% modula 
tion, the oscillator is provided with automatic 
frequency control means as follows: 
The circuit 13, which immediately precedes the 

discriminator, is associated With a reactance con 
trol tube indicated at 50. The latter has a screen 
grid 50', a suppressor grid 50' and an anode 5 
connected through a lead 60 to the high potential 
side of circuit 3 and through the inductance 
3 of circuit 3 to the positive power supply lead 
4 . . . The control grid 52 of reactance tube 50 is 
connected through a control circuit lead 53, in 
cluding the condenser if shunted by a switch 70, 
to a tap 54 adjustable over a potentiometer 55 
connected across the circuit 9-20 and is coupled 
to the circuit 3 through a phase shifting net 
work 56 comprising series resistors 57 and 57' 
and suitable quadrature capacitors 58 and 58. 
Anode potential is prevented from reaching the 
grid 52 by a blocking capacitor 59 located be 
tween the phase shifter 56 and the lead 60. By 
the use of high resistances at 57 and 5' and 
condensers 58 and 58' of high capacitive react 

45 

50 

55 

60 

85 

70 

75 

ance there is developed across condenser 58' a 
voltage of the frequency of circuit f3, which is in 
lagging phase quadrature. With the oscillatory 
voltage across circuit 3. The quadrature voltage 
across 58' is applied to grid 52. The plate to 
cathode impedance of tube 50 is connected across 
the circuit 3, and the quadrature voltage on grid 
52 causes the plate to cathode impedance of tube 
50 - to º simulate an inductive reactance, as more 
specifically described in the application of 
Charles Travis, Serial No. 19,563, filed May 3, 
1935. 
As the frequency of the modulated signal ap 

plied to control grid 35 of locked-in oscillator 2 
starts to shift by a small amount within the re 
stricted lock-in range of the oscillator 2, the 
sub-multiple frequency of the oscillator 2 is 
changed as heretofore set forth. Such varied 
sub-multiple frequency is impressed upon the 
selective circuits of the discriminator, and a cor 
responding change in potential is developed 
across resistor 8. This action will not be de 
scribed in detail here, being effected as described 
above in connection with the operation of the dis 
criminator of Fig. 1 and also more particularly 
described in the said. Reid application, Serial 
No. 353,028. The frequency swing on grid. 35 is 
converted by network. 4, 5, 6, 7 into variations 
in rectified voltage across resistor 8, and con 
sequently across potentiometer 55 in parallel with 
it, the magnitude and direction of Which are a 
function of the amount and direction of the fre 
quency swing. This variable potential acroSS po 
tentiometer 55 is applied to the grid 52 of the 
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reactance tube 50 in the proper magnitude and 
phase to shift the tuning of the oscillator tank 
circuit 3 in the same direction as the frequency 
shift of the intermediate frequency signals on 
grid 35. Thus, the restricted lock-in range of 
the oscillator 2 is shifted back and forth so that 
it is always such as to permit the oscillator to 
lock in with the frequency of a desired modulated 
Wave over a frequency swing corresponding to 
100% modulation. Thus a system which is made 
very selective with respect to its response to in 
terfering impulses is through the use of a re 
actance tube feedback system made fully respon 
sive to the desired modulation. This operation 
may be effected either by combined audio fre 
quency and direct current potentials from po 
tentiometer 55, when switch 70 is closed, or by 
audio frequency potentials through condenser 
7, when switch 70 is open. 
The frequency reduction from the intermediate 

frequency to the sub-harmonic frequency is 
shown graphically in Fig. 3, to which attention is 
now directed along with Fig. 2. The upper part 
of Fig. 3 shows the intermediate frequency of 
4.3 m.c. with the limits of its full frequency swing 
separated by 150 kc. resulting from a frequency 
shift, or deviation, of d. 75 kc., and in con 
parison therewith the lower part of the figure 
shows the sub-multiple frequency of 860 kc. 
providing a frequency reduction in the ratio of 
5:1 and a corresponding reduction in the fre 
quency swing, or frequency deviation, to it 15 
kc. ? The limited frequency “lock-in' range of the 
oscillator in following the frequency swing of the 
controlling intermediate frequency is also indi 
cated in Fig. 3. The three, heavy vertical lines 
in the lower part of the figure represent fre 
quencies to which the oscillator 2 may be ad 
justed by the reactances in or across circuit f3. 
In the present example, the oscillator may be 
adjusted to the frequency of 860 kc. indicated 
by the central vertical line, without reference to 

º reactance tube 50. By the reactance shunted 
across circuit f3 by the tube 50, the oscillator 2 
may be adjusted to a frequency of 15 kc. lower 
than the central frequency of 860 kc. as indi 
cated by the vertical line at the left, to a fre 
quency of 15 kc. above the central frequency, as 
indicated by the vertical line at the right, or to 
any frequency intervening between said limits. 
The horizontal lines, in Fig. 3 denoted 5 kc. 
show that at any frequency to which the oscil 
lator may be tuned, it has a lock-in range, for 
example, of the order of +5 kc. under the imme 
diate control of frequency swing on grid 35. 
As previously stated, the phase and magnitude 

of the potential impressed from potentiometer 55 
on the control grid 52 of the reactance tube 50 
control its effect on the frequency of the tuned 
circuit 13. The amplitude of the control poten 
tial applied to the reactance tube is normally kept 
slightly below the value which would shift the 
oscillator to the correct frequency, assuming that 
the oscillator had no lock-in range. In other 
words, for 100 percent modulation the reactance 
tube shifts the oscillator frequency by slightly 
less than 15 kc., the discrepancy being com 
pensated for by the oscillator lock-in action. 

In the operation of my receiving system, inter 
fering frequencies within the 75 kc. response 
range of the intermediate frequency transformer 
O may be impressed on the grid 35 of oscillator 
2. If sub-multiples of these interfering fre 
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they may beat with each other or with the desired 
carrier to produce superaudible noise impulses. 
In order to prevent such interfering frequencies 
from beating with a desired carrier wave, the dis 
tributed capacities and impedances of the ele 
ments in the discriminatorrectifier circuit 4, U, 
6, 7, etc. and in the phase shifting network SB 
are made such that superaudible noise impulses 
either are not fed back to the reactance tube 5 
at all or are not fed back in such phase and ampli 
tude as to permit the oscillator tube 2 to follow 
them. Accordingly, the oscillator will not follow 
beyond its restricted lock-in range frequencies, 
even though they are within the range of fre 
quencies impressed on the grid 35, which if de 
modulated would produce superaudible output 
potentials, because the feedback connections be 
tween the discriminator-rectifier circuits and the 
reactance tube are designed to pass only the de 
sired modulation frequencies, and the frequency 
shift of the oscillator which the reactance tube 
can produce is therefore limited to the useful 

In other words, the receiv 
ing System is provided with a circuit, which is re 
Sponsive. Only to Small frequency variations, and 
this restricted response range is moved back and . 
forth at a rate which follows the desired modu 
lation of received signals but is not moved back 
and forth at a rate which will follow superaudible 
noise impulses which may be present with the 

In this way, frequency swing 
limitation is provided for superaudible noise fre 
quencies, such frequencies being prevented from 
combining with the carrier in the discriminator 
rectifier system. This increases the ratio of the 
Carrier energy to the combined energies of the 
side bands including the noise components. 
The effect of the reactance tube circuit on ad 

jacent channel selectivity is also of interest. This 
can best be understood by reference to Fig. 4 
which shows the demodulator, i.e., discriminator 
rectifier, voltage-frequency response character 
listic. As the output potential of the discrimina 
tor-rectifier and hence the potential applied to 
the reactance tube 50 varies over the useful por 
tion of the discriminator characteristic (the 
linear portion of the characteristic between the 
points A and B), the effect of the reactance tube 
is to shift the oscillator frequency in the same di 
rection as the frequency changes which give rise 
to the demodulator potentials. If, on the other 
hand, we assume that a signal on the adjacent 
channel could reach the discriminator circuits 
and produce potentials caused by frequency varia 
tions over the side of the discriminator charac 
teristic as indicated by the portion A.-C. of ther 
curve, the phase of the potentials applied to the 
reactance tube would be such that the effect of the 
reactance tube on the oscillator would be to re 
verse the direction of the oscillator frequency 
change. That is, the reactance control tube can 
not shift the oscillator frequency so that it will 
lock in with the signal on an adjacent channel 
because the circuit elements are so designed that 
if the frequency of the oscillator were to change 
beyond the useful range of the discriminator and 
towards the adjacent channel, the phase and 
magnitude of the potential applied to the reac 
tance tube would shift in such a manner that the Oscillation frequency would be shifted away from 
the adjacent channel frequencies. . It will be 
noted further that the effect of the reactance tube 
on the frequency of the oscillator 2 for a signal 
at a frequency represented by the point C on the 

quencies are permitted to reach the demodulator, 75 discriminator characteristic is just the same as 
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a signal of the same intensity at the frequency 
indicated by the point D. Thus, the reactance 
tube provides an additional restriction which 
limits the frequency variations of the lock-in 
oscillator to the range represented by the useful 
portion of the discriminator characteristic. 

It is not essential that resistances. 14' and 5', 
in shunt with circuits 4 and 5 respectively, be 
employed. They have, however, been found to 
be desirable to broaden the resonance curves of 
the circuits and to increase the linearity of the 
demodulator voltage-frequency response curve 
shown in Fig. 4. The values of these resistors 4' 
and 5' are not critical. In one embodiment of 
my invention they were 560,000 and 180,000 ohms 
respectively. · · - m 

The ability of the oscillator to lock-in with a 
desired signal diminishes as the strength of the 
signal applied to the control grid drops below a 
certain value. This effect exhibits itself by a re 
duction in the lock-in range of the oscillator. 
From a practical standpoint the oscillator will 
lock in satisfactorily with any intermediate fre 
quency signal which will produce a satisfactory 
audio output in a conventional receiver, assum 
ing that the sensitivity or gain, preceding the 
Oscillator is comparable to that ahead of the lim 
iter in the conventional frequency modulation 
receiver. However, it is possible to extend the 
lock-in range by having the effectiveness of the 
reactance tube control increase when very weak 
signals are being received. This is accomplished 
by having the effectiveness of the reactance tube 
controlled by the AVC potential. For this pur 
pose control grid 52 may by means of switch con 
tact member 15 be connected through contact 76 
and resistors 18 and 78' to an adjustable contact 
9 slidable along the resistor 39. The resistors 
18 and 18 and grounded condenser TT are used 
to filter out any alternating current potentials 
which may be set up across resistor 39. 

Referring to Fig. 2 and assuming that th 
Switch 0 is open circuited, and the contacts on 
switch 72 in shunt with the resistor 84 and con 
denser 83 in the cathode circuit of tube 50 are 
closed while contact arm 75 completes the circuit 
through contact 76, the AVC potential developed 
across resistor 39 is then applied to control grid 
52 of the reactance tube to control its effective 
ness. The oscillator may, if so desired, be de 
signed to in itself have sufficient lock-in range 
for strong signals, but require the frequency con 
trol provided by the reactance tube to provide . 
Satisfactory lock-in for weak signals. This can 
be accomplished by using the AVC. potential to 
provide the desired control of the effectiveness of the reactance tube. . . . . 
On the other hand, it may be desirable to pre 

Vent the reactance tube from effecting a control 
of the oscillator frequency when it is not tuned 
to a desired modulated signal, as when the re 
ceiver is being tuned between stations. This can be accomplished by causing the plate current of 
one of the tubes, which is controlled by the AVC, 
to pass through the cathode resistor 84 of the 
reactance, tube. Thus, when no modulated car 
rier signal is being received the amplifier plate 
current passing through resistor 84 increases the 
negative bias on the grid 52 of the reactance tube. 
Sufficiently to render it ineffective. When the 
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... receiver is tuned to a modulated carrier signal, 
the plate current is decreased, and the grid bias 
of the reactance tube then returns to a value 
where the reactance tube is effective in control. s 
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ling the oscillator frequency. Such an arrange 
ment is illustrated in Fig. 5 in which the cathode 
se of intermediate frequency amplifer Bis con 
nected to the upper end of resistance 4 so that 
the current between anode 92 and cathode 
of one or more tubes in amplifier 8 also passes 
through resistance 84 in a direction to make the 
cathode of tube 50 positive with respect to ground. 
Inasmuch as the grid 52 of tube 50 is connected to ground either at 94 directly through resistance 
13 or at 96 through a resistance network includ 
ing A. V. C. resistor 39, a corresponding negative 
biasis impressed on grid 52 relative to its cathode 
in tube 50. Figs. 1 and 2 indicate that the in 
termediate frequency amplifier 8 is controlled by the AVC. 

It will be seen that in the arrangement here 
inabove described and illustrated in Fig. 5, re 
sistance 84 provides negative grid bias both to 
the grid 52 of tube 50 and to the control grids 
of one or more tubes contained in I. F. amplifier 
8. The resistance 84 is therefore preferably 
chosen to give normal bias as a cathode bias elle 
ment for the intermediate frequency amplifier 
8 in the absence of AVC action, while the reac 
tance tube 50 is so constituted that the same voltage drop impressed as negative bias on the 
grid 52 renders the reactance tube 50 ineffective. 
This result may be effected in various ways known 
to the art, one of which involves the use of con 
ventional screen grid amplifiers, of which pen 
todes would be one example, in intermediate fre 
quency amplifier 8 and choosing the relation be 
tween the screen voltages of the I. F. amplifier 

... 8 and the reactance tube 59 such that for the par. 
ticular types of tubes employed, a bias sufficient 
to make the reactance tube 50 ineffective is of 
the correct value to provide normal amplification 
in the intermediate frequency amplifier. There 
are, of course, other circuit arrangements by 
which these results may be accomplished. 
desired, additional selectivity may be included in the circuits controlling 
reactance tube. 

If 

the effectiveness of the 
As previously indicated, when the switch T0 is 

closed both the alternating and direct current 
components of the potential developed across re 
sistor 55 are applied to the control grid of the 
reactance tube. When the switch T0 is open cir 
cuited only the alternating component is utilized. 
Under the latter condition, if AVC of the read' 
tance tube is not desired the contact arm 7-5 is adjusted to complete the circuit through contact 
4 and the resistor 73. 

pletes the ground circuit for control grid 52. The latter then con 

It is, of course, obvious that in both the cir 
cuits shown in Figs. 1 and 2 the frequency swing 
can be reduced by ratios other than the 5:1 used 
in the examples previously described. It is like 
Wise apparent that intermediate frequencies other 
than the 4.3 mc.can be used. An intermediate frequency up to 18-mc. may be used. An inter 
mediate frequency such as 8.25 mc.might be used 
to provide greater lock-in range, if this is desired, 
Since the percentage change in frequency is 
thereby reduced. • , . . . . . 

In the receiving system of this invention, as 
exemplified by both Figs. 1 and 2, the received 
signal as has been previously indicated does not 
pass through the receiving system to the discrimi 
nator in the conventional manner. The Only 
effect of a received signal is to shift the fre. 
dency of the locked-in oscillator in accordance 
With the modulation, thereby causing the fre 

/ 
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quency of the voltage applied to the discriminator 
to vary in accordance with the modulation of 
the received signal but with a reduced frequency 
SWing. If Oscillations are not produced by the 
oscillator 2 the System is inoperative to receive 
signals, inasmuch as energy at the intermediate 
frequency impressed on the grid 35 cannot pass 
through tube 2 and even if it could the selective 
circuits f4 and 5 designed to operate over +15 
kc. could not respond to its frequency swing of 

75 kc. . V 
By the use of the circuits described above, satis 

factory "lock-in' of the oscillator has been ob 
tained with a signal potential applied to control 
grid 35 of approximately one volt and with a 
potential of at least 15 volts applied to the dis 
criminator from the oscillator. It will be noted 
that this voltage gain is obtained at a frequency 
which differs from either that of the radio fre 
quency or intermediate frequency circuits, and 
therefore contributes materially to the overall 
stability of the receiver as previously discussed. 
Since one of the major problems in frequency 
modulation receivers is to obtain high sensitivity 
or gain with stability, and since the gain which 
can be obtained with reasonable precautions at 
any specific frequency. is definitely limited, the 
additional gain obtained at a considerably lower 
frequency is important. Another advantage of 
the receiving system which has been described 
is that because the discriminator operates at a 
much lower frequency than in conventional re 
ceivers, the circuit constants can be more readily 
Controlled Since the frequency band over which 
the circuits operate is correspondingly reduced. 
A third, and likewise important, advantage of the 
invention lies in the improved adjacent channel 
Selectivity obtained. In a conventional frequency 
modulation receiver, the adjacent channel selec 
tivity is determined by the response curves of the 
radio frequency, intermediate frequency and dis 
Criminator circuits. If the signal on the channel 
adjacent to a desired signal is sufficiently strong 
to produce a voltage of a certain value at the 
discriminator-rectifier network, interference with 
the desired signal will be obtained even though 
the frequency deviations of the undesired signal 
do not operate over the useful portion of the 
discriminator characteristic. In the receiver of 
this invention the only Signal which reaches the 
discriminator is represented by the frequency 
variations in the voltages produced by the locked 
in oscillator. By limiting the "lock-in' range of 
the oscillator to the useful band width of the 
discriminator characteristic, the selectivity of the 
receiver is materially increased without resorting 
to the use of additional selective circuits. 
Two embodiments of a frequency modulation 

receiving system have been described in which 
the frequency swing of a received signal is re 
duced with a corresponding reduction in the mod 
ulation index, or effective percentage modulation, 
before the signal is converted into amplitude vari 
ations in the fretuency selective network or dis 
criminator. Interfering frequencies which would 
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differ from the carrier wave by a frequency above 
audibility are substantially prevented from Com 
bining with the carrier wave in the demodulator 
since the discriminator circuits are responsive 
only to a narrow frequency band. Thus the ratio 
of the signal to side band energy is materially 
'increased. 
The arrangement of Fig. 2 has been found to be 

particularly effective in separating desired signal 
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ing either from noise impulses or adjacent chan 
nel signals. . Good reception has been achieved 
despite low signal to noise ratio, even with weak 
Signals. 
Automatic frequency control of the heterodyne 

oscillator T may be employed to improve the tun 
ing of the receiver and to compensate for fre 
quency drift of the oscillator 7. Fo this end the 
potentials developed across resistor 8 in Fig. 1 
or resistor 8 and potentiometer 55 of Fig. 2 Inay 
control a reactance tube associated with the os 
cillator. 7, as fully shown in the prior art includ 
ing United States patents to G. L. Beers, No. 
2,203,857, granted June 11, 1940, and to S. W. 
Seeley, No. 2,121,103, granted June 21, 1938. 
Also inter-Station noise Suppression systerns, 

Such as the types described in United States pat 
ents to G. L. Beers, No. 2,135,557, granted Nov. 
8, 1938; Jarvis, No. 2,115,813, granted May 3, 1938, 
Starrett No. 1,925,825, granted Sept. 5, 1933, can 
be used in conjunction with this receiving system. 
Since the locked-in Oscillator 2 can be started 
and stopped by control of the potentials applied 
to grids 35 and 44 and noise suppression poten 
tials derived as described in the above mentioned 
patents may be applied to grid 35 or grid 44 or 
both, a simple means is provided for giving such 
noise Suppression systems an ON/OFF character 
istic which cannot be obtained in a similar man 
ner in conventional receivers. 
While I have indicated and described several 

Systems for carrying my invention into effect, 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, as set 
forth in the appended claims, 
What I claim is: 
1. In a frequency modulation receiving system, 

a circuit for receiving frequency modulated waves, 
means for supplying frequency modulated signal 
Waves to said circuit, a demodulator, selective cir 
cuits in the input of the demodulator for con 
verting frequency variations to amplitude varia 
tions, and connections between said receiving cir 
cuit and said selective circuits, said connections 
including means for increasing the selectivity of 
the System and said last-named means including 
Oscillation producing means locked in step with a 
desired frequency modulated wave over a range of 
frequency variations including, and substantially 
limited to, the range of frequencies of the desired 
modulated waves, whereby interference due to 
noise frequencies or adjacent channel frequencies 
is reduced. 

2. In a frequency modulation receiving system, 
a circuit for receiving frequency modulated waves, 
means for Supplying frequency modulated signal 
waves to said circuit, a demodulator, selective 
circuits in the input of the demodulator for con 
verting frequency variations to amplitude varia 
tions, and means connected between said receiv 
ing circuit and Said Selective circuits for in 
proving the signal to noise ratio of the system, 
said last-named means including an Oscillator, 
means for coupling the output of the oscillator 
to said selective circuits, and means including said 
coupling means for causing said oscillator to lock 
in with a desired frequency modulated wave Over 
a range of frequency variations including, and 
substantially limited to, the range of frequencies 
of the desired modulated Wave. 

3. In a frequency modulation receiving System, 
frequencies from interfering frequencies result- 75 a circuit for receiving frequency modulated waves, 
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means for supplying frequency modulated signal 
waves to said circuit, a demodulator, oscillation 
producing means connected between said receiving 
circuit and the demodulator for improving the sig 
nal to noise ratio of the system, means for cou 
pling the output of the oscillation producing 
means to the demodulator, means including said 
coupling means for causing said oscillator to lock 
in with a desired frequency modulated wave over 
a range of frequency variations, including, and 
substantially limited to, the range of frequencies 
of the modulated wave, and means for varying 
the degree of coupling between the oscillator and 
the demodulator to control the width of the fre 
quency range over which the oscillation produc 
ing means will lock in with the desired modulated 
Wave supplied to said receiving circuit. 

4. In a frequency modulation receiving system, 
a circuit for receiving frequency modulated waves, 
means for supplying frequency modulated signal 
waves to said circuit, a demodulator, selective 
circuits in theinput of the demodulator for con 
Verting frequency variations to amplitude varia 
tions, an oscillator having a tank circuit contain 
ing inductance...and capacity and having its out 
put coupled to said selective circuits, and means 
including the inductance-capacity ratio of the 
Oscillator tank circuit and the degree of coupling 
between the oscillator and said selective circuits 
for causing the oscillator to lock in with a desired 
frequency modulated wave over a range of fre 
quency variations substantially restricted to the 
range of frequencies of such modulated wave, so 
as not to respond to undesired noise or adjacent channel frequencies. 

5. In a frequency modulation receiving system, 
a circuit for receiving frequency modulated waves, 
means for supplying frequency modulated signal 
waves to said circuit, a demodulator, selective cir 
cuits in the input of the demodulator for con 
verting frequency variations to amplitude varia 
tions, a vacuum tube containing an anode, cath 
ode, and a plurality of grids, means for impress 
ing frequency modulated signal waves from said 
receiving circuit on one of said grids, an oscil 
lator including said anode, another of said grids, 
and a tank circuit containing inductance and 
capacity and having its output coupled to said 
selective circuits, and means including the in 
ductance-capacity ratio of the oscillator tank cir 
cuit and the degree of coupling between the 
oscillator. and said selective circuits for causing 
the oscillator to lock in with a desired frequency 
modulated wave over a range including, and sub 
stantially limited to, the range of frequencies of 
such modulated wave. 

6. In a frequency modulation receiving system, 
a circuit for receiving frequency modulated waves, 
means for supplying frequency modulated signal 
waves to said circuit, a demodulator, a vacuum 
tube containing an anode, cathode and a plural 
ity of grids, means for impressing frequency mod 
ulated signal Waves from said receiving circuit 
on one of said grids, an oscillator having its out 
put coupled to Said Selective circuits and includ 
ing said anode, another of said grids, a tank cir 
cuit connected to ther anode and containing in 
ductance and capacity, and a resistance shunted 
by a capacity in the circuit of said other grid 
together with parallel-resonant inductance, and 
capacity resonating at a frequency higher than 
that of the tank circuit, and means including 
the inductance-capacity ratio of the oscillator 
tank circuit and the degree of coupling between 
the oscillator and said selective circuits for caus 

O 
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9. 
ing the oscillator to lock in with a desired fre 
quency modulated wave over a range of frequency 
variations substantially restricted to the range of 
frequencies of such modulated wave, so as not to 
respond to undesired noise or adjacent channel frequencies. 

7. In a frequency modulated carrier wave re 
ceiving system, a receiving circuit, means for 
supplying to said circuit waves modulated over 
a range of frequencies, a demodulator having an 
input network responsive to frequencies which 
are sub-multiples of the first-mentioned frequen 
cies and having a pass band of a width bearing 
substantially the same ratio to the width of said 
first-mentioned range of frequencies as said sub 
multiple frequencies bear to the first-mentioned 
frequencies, oscillation producing means inter 
posed between the receiving circuit and said de 
modulator input network, said oscillation pro 
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ducing means impressing voltages on the de 
modulator input network at frequencies of opera 
tion of the oscillation producing means and which 
are sub-multiples of the first-mentioned frequen 
cies and which vary over a correspondingly re 
duced frequency range, and means for causing 
the oscillation producing means to lock in with 
a desired frequency modulated wave over a range 
including, and Substantially limited to, the range 
of frequencies of such modulated wave. 

8. In a frequency modulated carrier wave re 
ceiving system, a receiving circuit, means for 
supplying to said circuit signal waves modulated 
over a range of frequencles, a demodulator hav 
ing an input network responsive to frequencies 
which are sub-multiples of the first mentioned 
frequencies and having a pass band of a width 
bearing substantially the same ratio to the width 
of said first-mentioned range of frequencies as 
said sub-multiple frequencies bear to the first-, 
mentioned frequencies, a vacuum tube oscillator 
interposed between the receiving circuit and said 
demodulator input network, said oscillator hav 
ing an input circuit tuned to receive signals over 
the first-mentioned range of frequencies and pro 
ducing voltages at frequencies which are sub 
multiples of the first-mentioned frequencies and 
which vary in frequency over a correspondingly 
reduced frequency range, and means including 
coupling elements between the output of the os 
cillator and the demodulator input network for 
causing the oscillator to lock in with a desired 
frequency modulated wave over a range includ 
ing, and substantially limited to, the range of 
frequencies of the modulated wave. 

9. In a frequency modulation receiving system, 
a circuit for receiving frequency modulated waves, 
means for supplying frequency modulated signal 
Waves to said circuit, a demodulator, selective 
circuits in the input of the demodulator for con 
verting frequency variations to amplitude varia 
tions and responsive to sub-multiples of the fre 
Quency modulated waves, a vacuum tube oscil 
lator, devices including resistance and capacity 
for coupling the output of the oscillator to said 
Selective circuits, and means including said cou 
pling devices for causing the oscillator to deliver. 
to said selective circuits voltages at frequencies 
directly produced by said oscillator and which 
are sub-multiples of the frequencies of a desired 
frequency modulated wave supplied to said re 
ceiving circuit over a range of frequency varia 
tions substantially restricted to the frequencies 
of said wave. - - . 

10. In a frequency modulation receiving sys 
tem, a circuit for receiving frequency modulated 
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waves, means for supplying frequency modulated 
signal waves to 'said circuit, said means including 
vacuum tube devices for increasing the strength 
of the modulated waves, a demodulator having an input network responsive to sub-multiples of 
the frequency modulated waves, a vacuum tube. 
oscillator, including a control grid and a plu 
rality of oscillation-producing electrodes for Sup 
plying voltages of said sub-multiple frequencies 
to the demodulator, and means energized by figw 
of current in the circuit of said control grid for. 
automatically controlling the gain of said vacuum 
tube devices. . . . . , . , : : : , : - 

11. In a frequency modulation receiving sys 
tem, the combination of a circuit supplying signal 
waves modulated over a range of frequencies, a 
demodulator having an input network responsive 
to the fifth sub-multiple frequencies of the range 
of frequencies of said applied waves and having 
a pass band of a frequency width approximately 
equal to one-fifth of the width of said range of frequencies, frequency division means.interposed 
between said supply circuit and said demodulator 
input network and controlled by the signal waves 
over said range of frequencies, said frequency 
division means being constructed to reduce said 
supplied frequencies to said sub-multiple fre 
quencies and to reduce said range of frequencies 
to the narrower range to which said input net 
work is responsive, and circuits associated with 
the frequency division means for limiting its con 
trol substantially to the range of frequencies of 
a desired wave. 12. In a frequency modulation receiving sys 
tem, the combination of a circuit supplying signal 
waves modulated over a range of frequencies-in 
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...'...'...'. ...' ...,' ss than saidrange.of frequencies and 
means interposed in direct path...between said 
circuit and said demodulators for: reducing the 

??????????? ?? gnals; applied: to:said 

. . . Y. responsive, said means in 
cluding a vacuum tube oscillator including an 
anode, a -cathode, a plurality of other electrodes, 

25 and, at least one-tuned circuit, connected; with 
certain of said electrodes to determine: the ap 
proximate frequency: of operation ofisaid oscil 
lator, and input signal means connected to an 
electrode of said tubes other than: said certain 

30 electrodes for varying the frequency of said osell 
islator within a range limited by constants of said 
tuned circuitor circuits. 2 : : : 

... 16. In a frequency modulation receiving sys 
tem; a circuit for:receiving waves over arange of 

35 frequencies corresponding to full-modulation; a 
demodulator including a reactance network, re 

| sponsive ito a frequency: swing substantially leSS cluding frequencies having superaudible fre ?d meaths inter quency differences from the mean-frequency of 
said range of frequencies, a demodulator having 
an input network responsive to sub-multiple fre 
quencies of the range of frequencies of said ap 
plied waves and having a pass band of a fre 
quency width within the limits of audibility on 
each side of the mean frequency and bearing 
approximately the same ratio to the width of 
said range of frequencies as said: sub-multi 
ple frequencies bear. to said first-mentioned 
frequencies, an oscillator interposed between 
said supply circuit and said demodulator in 
put network and controlled by a desired signal 
wave over the range of frequencies of said:waves: 
said oscillator being constructed to produce oscil 
lations of the range of frequencies to which said 
demodulator input network is responsive and to : 
reduce Said supplied frequencies to said sub 
multiple frequencies and to reduce the range of.. 
frequencies of a desired signal wave to the nar 
rower range to which said input network is re 
sponsive, and i circuits associated with the oscil 
lator for limiting its control substantially to the 
range of frequencies of the desired signal wave... 

13. In a frequency modulation receiving sys 
tem, a receiving circuit for waves modulated over 
a range of frequencies, means for reproducing 
the received signals, and means for discriminat 
ing in favor of a desired signal and against in-ji: 
terfering noise and undesired signals, comprising 
oscililation producing means constructed for con 
trol by incoming potentials only over the fre 
quency swing of the desired signal. . . . 

14. In a frequency modulation receiving sy 
tem, a receiving circuit for waves modulated over 
a range of frequencies, means for reproducing 
the received signals and means for discriminat 

posed indirect path; between 
said demodulator for reduci 5 ? ?? 

- quencies of signals applied to said circuit to the 
narrower frequency swing to which the demodu 
lator is responsive, said means including ava 
uum tube oscillator including anian 

- said certain electrodes for varyin 
; of said oscillator: within a •” -? 
iconstants of said second 

17. In a frequency mo 
- item, a circuit for receivi !. ... a range of frequencies; means 

() the signal to noise rat 
ing oscillation produc " - - - - -- : - g ån '. 

and of itself to lock, in with the frequencies 
of a desired modulated wave. Över, a portion only 
of its range of frequenc means 5 
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responsive automatically to changes in frequency 
of the modulated wave for causing said oscilla 
tion producing means to lock in with it over the 
whole of its range of frequencies. 

19. In a frequency modulation receiving Sys 
tem, a demodulator, means inherently responsive 
to only small frequency variations in a received 
signal for supplying to the demodulator energy 
modulated in accordance with the signal, means 
controlled by the modulation of received signals 
for shifting in frequency the narrow response 
range of said first named means including the 
mean frequency of said range so that wide fre 
quency variations in received signals can be ac 
commodated, and means for rendering the fre 
quency shifting means normally ineffective in the 
absence of received signals. 

20. In a frequency modulation receiving sys 
tem, a circuit for receiving waves modulated over 
a range of frequencies, means including a de 
modulator for reproducing the desired signals, 
and interference preventing devices comprising 
oscillation producing means which, in the ab 
sence of other provisions, locks in with a desired 
modulated wave over a portion only of its range 
of frequencies, and additional means controlled 
by voltages produced in the output of the de 
modulator for extending the lock-in range of said 
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oscillation producing means sufficiently to include 
the whole of the range of frequencies of the de 
sired modulated wave but not enough to include 
frequencies substantially outside of said last 
mentioned range. 

21. In a frequency modulation receiving sys 
tem, a circuit for receiving waves modulated over 
a range of frequencies, means for reproducing 
the desired signals comprising a demodulator, 
and means for discriminating in favor of desired 
signals as against interfering frequencies, com 
prising a vacuum tube oscillator having a tank 
circuit and operating, in the absence of other 
provisions, to lock in with a desired modulated 
wave over a portion only of its range of fre 
quencies, a reactance tube connected across the 
tank circuit, and means for impressing voltages 
from the output of the demodulator on the re 
actance tube to change the tuning of the tank 
circuit in the direction of frequency change of 
the desired modulated Wave, 

22. In a frequency modulation receiving sys 
tem, a circuit for receiving waves modulated over 
a range of frequencies, means for reproducing the 
desired signals comprising a demodulator having 
an input network responsive to frequencies which 
are submultiples of the range of frequencies of 
the modulated waves and having a pass band of 
a width bearing approximately the same ratio to 
the width of said range of frequencies as the sub 
multiple frequencies bear to the frequencies in 
said receiving circuit, oscillation producing means 
connected between said receiving circuit and the 
demodulator input network and constructed to 
lock in with a desired modulated wave over a portion only of its range of frequencies to produce 
in the output of the oscillation producing means 
voltages at sub-multiple frequencies of the modul 
lated wave, and means operating automatically 
in response to a desired modulated wave for caus 
ing the oscillation-producing means to produce 
voltages at sub-multiples of the frequencies of 
such modulated wave over the whole of its range of frequencies. 

23. In a frequency modulation receiving sys 
tem, a circuit for receiving waves modulated over 
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11. 
a range of frequencies, means for reproducing 
the desired signals, and interference preventing 
means comprising a vacuum tube oscillator hav 
ing an input circuit which receives signals from 
said receiving circuit and an output circuit which 
feeds alternating current to said signal repro 
ducing means and having a tank circuit which, 
in the main, controls the frequencies of the volt 
ages produced by the oscillator, said OScillator 
being constructed to lock in with a desired modul 
lated wave on each side of the tank circuit fre 
quency and over a portion only of the range of 
frequencies of the desired wave, and means under 
the control of a desired modulated wave for 
automatically varying the frequency of the tank 
circuit in the direction of frequency change of 
the modulated wave so as to enable the vacuum 
tube oscillator to lock in with it over the whole 
of its range of frequencies. 

24. In a frequency modulation receiving sys 
tem, a circuit for receiving waves modulated over 
a range of frequencies, means for reproducing 
the desired signals comprising a demodulator hav 
ing an input network responsive to sub-multi 
ples of said range of frequencies, and means for 
discriminating in favor of desired signals as 
against interfering frequencies comprising a 
vacuum tube oscillator constructed to produce 
voltages of said sub-multiple frequencies and op 
erating inherently to lock in with a desired modu 
lated wave over a portion only of its range of 
frequencies, said vacuum tube oscillator having a 
tank circuit, a reactance tube connected across 
the tank circuit, means for impressing voltages 
from the output of the demodulator on the re 
actance tube to change the tuning of the tank 
circuit in the direction of frequency change of 
the desired modulated wave, and automatic vol 
ume control means for controlling the efective 
ness of the reactance tube in changing the fre gluency of the Oscillator. 

25. In a frequency modulation receiving sys 
tem, a demodulator, means inherently responsive 
to only small frequency variations in a received 
signal for Supplying to the demodulator energy 
modulated in accordance with the signal, means 
for shifting in frequency the narrow response 
range of Said first named means so that wide 
frequency variations in the received signal can 
be accommodated, means for making the fre 
quency shifting means normally ineffective in 
the absence of received signals, and means for 
rendering the frequency shifting means operative 
under the control of received signals. 

26. In a frequency modulation receiving sys 
tem, a receiving circuit responsive to a desired 
signal and to interfering frequencies which can 
beat either with themselves or the received signal 
to produce superaudible noise impulses, a de 
modulator, means inherently responsive to only 
small frequency variations in the received signal 
for supplying frequency modulated energy to the 
demodulator, and means for shifting in frequency 
the narrow response range of said first named 
means including the mean frequency of said range 
so that wide frequency variations in the re 
ceived signal can be accommodated, said last 
named means including circuits controlled by 
the modulation of the received signal and unre 
sponsive to said superaudible noise impulses. 

27. A frequency modulation receiving system 
comprising means including a demodulator for 
reproducing the audio frequency modulations of 
received signals, and means for limiting the range 
of frequencies to which the receiver is respon 
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sive, said means comprising Oscillation produc 
ing means, and means controlled by the demodul 
lator for changing the frequency of the oscilla 
tions produced by the Oscillation producing means 
in the direction of changes in the frequency of 
a desired modulated wave and at a rate corre 
sponding with and Substantially restricted to the 
audio frequency modulation of the wave, where 
by interference from frequencies varying at a 
rate above audibility is suppressed. 

28. In a frequency modulating system, a circuit 
for receiving modulated waves, means for repro 
ducing the desired signals comprising a demodul 
lator which produces a voltage varying substan 
tially linearly with frequency over a range of fre 
quencies necessary for reception of full modul 
lation, a frequency division network connected 
between the receiving circuit and the demodulator 
for supplying to the demodulator sub-multiple 
frequencies of said first-mentioned range of fre 
quencies, and means controlled by the demodu 
lator for preventing the division network from 
Supplying to the demodulator frequencies sub 
stantially outside of the range required for full 
modulation reception. 

29. in a frequency modulation receiving system, 
a circuit for receiving waves modulated over a 
range of frequencies, means for reproducing the 
received signals including a demodulator con 
structed to produce voltages varying substantially 
linearly with frequency over a band of fre 
quencies which enables reception of said range of 
frequencies, and interference preventing means 
comprising a vacuum tube oscillator having a 
tank circuit, a reactance tube connected across 
the tank circuit, and circuits for impressing out 
put potentials from the demodulator on the re 
actance tube to cause said tube to vary the fre 
quency of the oscillator in the direction of the 
frequency changes of a desired modulated wave 
Over a desired operating range, said last-men 
tioned circuits being so constructed as not to pass 
demodulator output potentials of frequencies out 
side of the desired modulation frequency band. 

30. In a frequency modulation receiving system, 
a circuit for receiving frequency modulated waves, 
means for supplying frequency modulated signal 
waves to said circuit, a demodulator, selective cir 
cuits in the input of the demodulator for con 
verting frequency variations to amplitude varia 
tions, and connections between said receiving 
circuit and said selective circuits, said connec 
tions including tuned circuit means and thermi 
onic means connected in cascade with the tuned 
circuit means for materially increasing the selec 
tivity of the receiving system without altering the 
selectivity of the tuned circuit means, said thermi 
onic means operating to produce oscillations 
locked in step with a desired frequency modul 
lated wave over a range of frequency variations 
including, and substantially limited to, the range 
of frequencies of the desired modulated waves, 
whereby interference due to noise frequencies or 
adjacent channel frequencies is reduced. 

31. In a frequency modulation' communication 
system, a circuit responsive over a range of fre 
quencies of a frequency modulated wave, a second 
circuit responsive to a frequency Swing Substan 
tially less than said range of frequencies, means 
interposed in direct path between said first circuit 
and said second circuit for reducing the range of 
frequencies of Signals applied to Said circuit to 
the narrower frequency swing to which the second 
circuit is responsive, said means including a 
vacuum tube oscillator including an anode, a 
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cathode, a plurality of other electrodes, and at 
least one tuned circuit operatively connected 
with certain of said electrodes to determine the 
approximate frequency of operation of said oscil 
lator, and input signal means connected to an 
electrode of Said tube other than said certain 
electrodes for varying the frequency of said oscil 
lator within a range limited by constants of said 
tuned circuit or circuits. 

32. In a frequency modulation communication 
system, a source of high frequency carrier energy 
which is frequency modulated over a range of fre 
quencies, a circuit responsive to a frequency lower 
than said first-mentioned carrier frequency and 
to a frequency Swing substantially less than said 
range of frequencies, and means interposed in 
direct path between said source and said circuit 
for dividing the carrier frequency to reduce it to 
the frequency of said circuit and for reducing the 
range of frequencies of energy supplied to said 
circuit to the narrower frequency swing to which 
the circuit is responsive, said means including a 
vacuum tube oscillator including an anode, a 
cathode, a plurality of grid electrodes, and at 
least one tuned circuit operatively connected 
with said anode and one of said grid electrodes to 
determine the approximate frequency of opera 
tion of Said oscillator, input signal means con 
nected to a grid electrode of said tube nearer the 
Cathode than said first-mentioned grid electrode 
for varying the frequency of said oscillator within 
a range linited by constants of Said tuned circuit 
or circuits, and a screen electrode interposed be 
tween said first-mentioned grid electrodes. 

33. In frequency modulation signalling appa 
ratus, a tuned circuit having a substantially flat 
response over a range of frequencies of a fre 
quency modulated wave, said circuit being tuned 
to substantially the mid-frequency of the range, 
a Second circuit having a flat response over a 
band substantially less than the said range of 
frequencies, said second circuit consisting of a 
coil and a condenser connected in parallel and 
tuned to a submultiple of the frequency to which 

45 the first circuit is tuned, a vacuum tube having 
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an anode, a cathode, a control grid adjacent the 
cathode, a suppressor grid adjacent the anode, 
an intermediate grid and a shielding grid ad 
jacent the intermediate grid, said second circuit 
being connected to and between said anode and 
cathode of said tube, an inductance coll coupled 
to the coil of said Second circuit and connected 
to and between said intermediate grid and said 
Cathode, means for developing and subjecting said 
intermediate grid to a negative potential with re 
spect to said cathode, whereby said second circuit 
and the coil coupled thereto regeneratively set up 
oscillations of Submultiple frequency in said sec 
ond tuned circuit, means connecting the sup 
pressor grid directly to the cathode, means sub 
jecting the shielding grid to a positive potential 
with respect to said cathode, a resistance con 
nected between the control grid and Said cathode 
for subjecting said control grid to a negative 
potential with respect to said cathode, a circuit 
coupling said first tuned circuit to said control 
grid, whereby frequency modulated waves fed to 
said first tuned circuit cause the oscillations 
regeneratively set up in said second tuned cir 
cuit to vary in exact submultiple proportion with 
the frequency modulated wave, and means for 
utilizing the frequency modulated waves of re 
duced frequency range so set up, 
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