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Our present invention relates to receivers of 
angular velocity-modulated carrier waves, and 
more particularly to receivers of frequency mod 
ulated carrier waves. 
One of the main objects of our present in 

vention is to provide a frequency modulated car 
rier wave (FM) receiver of the superheterodyne 
type utilizing a local oscillator operating at a 
Sub-multiple frequency of the local oscillation 
frequency, actually applied to the mixer, and both 
local oscillation and signal. energies being applied 
to the mixer from a circuit prior to the mixer 
input circuit. 
Another important object of our invention is to 

provide in a heterodyne receiver of angular veloc 
ity-modulated carrier waves, a local oscillator 
operating at a frequency equal to one-half the 
difference between the center frequency of the 
received waves and the operating intermediate 
frequency (I. F.) value. 
Another important object of our invention is 

to provide a superheterodyne receiver of modu 
lated carrier waves having an automatic fre 
quency control (AFC) arrangement for control 
ling the local oscillator frequency over a narrow 
band of frequencies; the oscillator being of a 
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relatively low radio frequency compared to the 
signal carrier wave frequency range whereby a 
more accurate AFC action is secured. 
Another object of the invention is to provide 

an AFC System for a local oscillator; the system 
Comprising a two-tube reactance circuit asso 
cated with the oscillator tank circuit to control 
the frequency, thereof. 

Yet, another object of the invention is to pro 
vide a novel method of, and means for, mixing 
signals to produce. a heterodyne frequency; the 
method involving the injection into the output, 
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circuit of a signal amplifier of local oscillations. 
whose frequency is an harmonic of the local 
oscillator fundamental frequency, and the re 
Sponse characteristic of the network feeding the 
mixer from the said amplifier output circuit hav 
ing, Spaced peaks separated by the I.F. value. 
Another object of our invention is to provide 

an FM receiving System adapted for use in re 
ceiving.FM. Waves in a range of 70.4 to 72.6 mega 
cycles (mc.), and the operating I. F. value being 
of the order of 5 m.c., a local oscillator being pro 
vided in the system to heterodyne with said 
waves, said oscillator having a frequency equal 
to one-half the difference between the centerfre 
quency of desired FM waves and the said I.F. 

Still other objects of our invention are to...in 
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ers, and more especially to provide an FM receiver 
of reliable construction which is capable of eco 
nomical manufacture and assembly. 
The novel features which we believe to be char 

acteristic of our invention are set forth in par 
ticularity in the appended claims; the invention 
itself, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description taken in 
connection with the drawings in which we have 
indicated diagrammatically a circuit organization 
whereby our invention may be carried into effect. 

In the drawings: 
Figure 1 shows a schematic diagram of a re 

ceiver embodying the invention; 
Figure 2 shows the circuit details of the re 

ceiver; Figure 3 is the frequency response character 
istic of the network between the radio frequency 
amplifier and the mixer. 

Referring, now, to the accompanying drawings, 
wherein like reference characters in the figures 
designate similar circuit elements, in Figure 1. 
there is shown the generalized networks of our 
novel FM receiver. It will be understood that 
we are not limited to receiving FM waves, as 
phase modulated waves could be received. Hence, the generic expression “angular velocity 
modulated carrier wave' is employed herein to 
include both of the aforesaid forms of modula 
tion. While FM reception is employed by way 
of illustration, it will be understood that the in 
vention is not limited thereto, since features 
thereof may be used in amplitude modulated 
(AM) carrier wave reception. Further, it is to 
be understood that the receiver may be employed 
in frequency ranges other than 70.4 to 72.6 mc., 
and that the I. F. value can be other than 5 mc. 
The carrier frequency deviation ratio may be 
high, say of the order of 50 kilocycles (kc.) to 
each side of the center frequency (Fe). Of course, 
where desirable a higher or lower deviation ratio 
"maybe employed. 
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In Figure 1, the collected signals with the cen 

terfrequency Eclare applied to a radio frequency 
samplifier. A local Oscillator produces oscillations 
of frequency Fo. These oscillations are fed to the 
output circuit of the amplifier, The value of Fo 

50 
is one-half of Fc-I. F. Between the radio am 
plifier and the mixer network is employed a cir 
cuit whose frequency response is double-peaked, 
as shown in Figure 3. Peak 2F, is of a frequency 

- equal to the Second harmonic of F. Peak F is . 
the desired center frequency. The peaks are 

prove the efficiency and reliability of FM receiv- 55 spaced by the value of the I.F. 
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The I. F. output of the mixer is amplified, and 

Subjected to FM demodation. The denodula 
tOr embodies the usual discriminator section to 
translate the FM waves into AM waves at the 
I. F. Value. The rectifier derives from the AM 
WaVeS, nodulation Voltage and direct current 
voltage. The former corresponds to the modu 
lation originally used to vary the carrier fre 
quency at the transmitter. The latter is used by 
the AFC circuit to control the oscillator fre 
quency in a sense to maintain the I. F. value at 
its predetermined magnitude. 
The Oscillator is operated at a relatively low 

radio frequency, of the Order of half the ulti 
mate heterodyning frequency, to facilitate AFC 
action. A two-stage reactance simulation net 
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Work is employed for correcting the frequency 
of the oscillator tank circuit. A capacity effect 
is provided across the tank circuit by feeding 
oscillatory energy Fo to a phase amplifier. The 
output of the phase amplifier is fed to a capacity 
amplifier which provides the capacity effect 
across the tank circuit. The magnitude of the 
capacity effect, as well as the sense of magnitude 
change, is controlled by the AFC bias which is 
applied to the phase amplifier. 

In Figure 2 there is shown the specific circuit 
details of the system schematically represented 
in Figure 1. The radio frequency amplifier com 
prises a tube whose cathode is grounded, and 
whose control grid is connected to the high po 
tential side of the input circuit 2. The input 
circuit comprises a band pass tuned primary 
tuned secondary transformer, in which both cir 
cuits are fixedly tuned and have been adjusted 
to cover the ultra-high frequency tuning range 
which has been previously referred to. In other 
Words, the input is a band pass link circuit cov. 
ering the entire band. The low potential side of 
the input circuit may include a series resistor 4 
which is by-passed by condenser 4' for carrier 
Currents. Any desired type of signal collector 
device, or transmission line, may be coupled to 
the input coil of circuit 2 provided its charac 
acteristic impedance is matched correctly. Such 
a signal collector device may consist of a di 
pole, loop, or an ultra-high radio frequency trans 
mission line. In any event, it will be understood 
that the antenna, circuit and input circuit 2 have 
a frequency response characteristic which is suf 
ficiently wide to pass substantially all the mod 
ulated carrier waves of the entire band. The 
network 4-?’ may provide amplitude limiting 
action to minimize input circuit loading. 
The plate of pentode tube is preferably con 

nected to the positive terminal of the direct cur 
rent Voltage supply source. The connection is 
made through a radio frequency choke coil 5 
whose lower end is by-passed to ground for ra 
dio frequencies by a by-pass condenser. The 
output load impedance of amplifier tube f com 
prises a parallel resonant circuit consisting of 
coil 6 and adjustable condenser 7. The high 
potential side of resonant circuit 7-6 is con 
nected to the plate end of coil 5 by a direct. 
current blocking condenser 8. The low poten 
tial ends of condenser 7 and coil 6 are established 
at an invariable radio frequency potential. The 
coil 6 is the primary winding of a transformer 9 
Whose Secondary winding O is shunted by the 
Variable tuning condenser f. 
The high potential ends of coil 0 and con 

denser if are coupled to the input grid of the 
following mixer tube 2 by the condenser f3. 
The low potential ends of the coil 10 and var 
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ing of the I. F. transformer 5. 

2,367,852 
iable condenser fi are also established at an in 
variable radio frequency potential. The mixer, 
or first detector, tube 2 may also be of the 
pentode type, and may be similar to tube . The 
cathode of tube 2 is established at ground po 
tential, while the control grid thereof is con 
nected to ground through the grid leak resistor 
4. The plate of the mixer tube is connected to 

the proper positive terminal on the direct cur 
rent voltage supply through the primary Wind 

The primary 
resonant circuit f6 is fixedly tuned to the oper 
atting I. F. value. The latter, as stated before, 
is of the Order of 5 mo, 
As indicated previously, the network -6, 
0- is so constructed and designed that it 

has the frequency response characteristic shown 
in Figure 3. It will be observed from that char 
acteristic that the tuned primary and seCOEndary 
circuits of transformer 9 are sufficiently Over 
coupled to provide the double-peaked curve With 
the deep valley between the peaks. The left peak 
is located at a frequency which is the Second har 
monic of Fo, the latter being the value of the fre 
quency of the local oscillator. The Second peak 
is located at the center frequency Fe of the Se 
lected modulated carrier waves. The peaks are 
Spaced by a frequency value equal to the I. F. 
Hence, it will be seen that When the receiver is 
adjusted to receive a desired value of Fc of a 
given FM channel, then the condensers 7, 
and 20 are concurrently adjusted So that for 
any adjustment of the tuning condensers there 
will be produced FM waves across the I. F. out 
put circuit 6 whose center frequency is of the 
operating I. F. value. 
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Referring now to the local oscillator, it will be 
seen that that stage comprises a pentode tube 7. 
which may be the same type of tube as and 
2. The tunable tank circuit is designated by 
numeral i8, and comprises a coil 9 shunted by 
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variable tuning condenser 2. The high poten 
tial side of tank circuit, 9-2 is connected by 
the grid condenser 2 to the control grid of tube 

, the grid leak resistor 22 connecting the con 
- trol grid to ground. The low potential side of 
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tank circuit f8 is established at an invariable 
radio frequency potential. The cathode of tube 

is connected to an appropriate intermediate 
point on the tank coil 9. 
The plate of tube 7 is connected by lead 23 

to the plate end of choke coil 5. Hence, it will 
be seen that both the plates of the radio fre 
quency amplifier tube and the oscillator tube 

are provided with positive voltage from a 
common source. It Will, also, be recognized that 
the Oscillator is of the familiar Hartley type. 
The screen grid of tube is connected to the 
source of positive direct current voltage through 
a resistor 24, the upper end of which is by 
passed to ground by a condenser 25. 
The tank circuit 8 is tuned to Fo. As stated 

previously, Fo is equal to a value. Which is one half 
Fe-I. F. It Will be understood that when the 
tuning condensers T and are adjusted concur 
rently to a given value of Fe, then simultaneously 
the tuning condenser 28 will be adjusted to that 
value of Fo which will constantly provide the op 
erating I. F. value. From the circuit shown, it 
will be appreciated that the local oscillatory en 
ergy is injected by lead 23 into the output circuit 

75 

of the amplifier . This is quite contrary to the 
usual practice, wherein the local oscillations are 
applied directly to an electrode of the first detec 
tortube, 



Etwas decided to-operate the local oscillator-at 
one half the frequency of the energy actually 
mixed with the signal energy, because it has been 
found that the difficulty, encountered in con 
trolling the frequency of the local oscillator be 
comes the greater the higher the local oscillator 
frequency. While the oscillator circuit is gen 
erally of the Hartley type, it differs from the con 
wentional Hartley, circuit in that the screen elec 
trode has been by-passed to ground, while in the 
plate-circuit of the oscillator tube animpedance 
networkhas been inserted. This impedance net 
work may generally be considered the network 
7-6, F0-ft. . . . . 
1. An action of the aforesaid impedance network 
is to cause the voltage developed thereacross to 
be twice the frequency of the oscillatory, energy 
fed... through lead, 23. The untuned radio fre 
quency choke.coil 5, as stated before, supplies the 
plates of the oscillator-tube, and radio frequency 
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amplifier tube in parallel. Inasmuch as: both 
tubes are pentodes, the loading effect of each one 
on the other is: negligible. Another way of conn 
sidering the impedance provided in the plate cir 
cuit of the oscillator tube, it is by referring to across 34’ is...rectified by diode 37 and the result the left peak in the response characteristic of 

3. 
tive magnitudes of, condensers 34 and 34 are 
The high-potential side of circuit:33 is also con 

nected to ground through a resistor. 35. The rec 
tifier, of the demodulator network consists of the 
double-diode tube 36 which may be of the 6H6 
type. The anode 3 of . One of the diodes is con 
nected to the ungrounded terminal of condenser 
34', while the cathode 37' is connected to the high 
potential side of circuit 33 through a resistor 38. 
The anode 39 of the second diode of tube 36 is 
connected to the ungrounded end of resistor 35, 
while the cathode of that diode is established at ground potential. 
The primary circuit 3 is overcoupled to the 

secondary which consists of 33-34 and 34. The 
impedance characteristic of the network will, 
therefore, be a double-peaked response curve with 
agilip at the 5-mic. E. F. value. Circuit 33 resonates 

20 at 5.1me. Circuit. 33 and 34’ in series resonate 
at 4.9 m.c. The elements 34-33-34' in series 
resonate at 5 m.c. The alternating voltage across 

Figure. 3. It maybe stated that the impedance in 
the plate circuit, of the oscillator tube corresponds 
to the peak 2Fo in the complete coupling-network 
between the radio frequency amplifier tubet and 
the input electrodes of the mixer tube 2. 

Ehe I. F. energy-output of circuit i? 6 is trans 
hitted through an I.F. amplifiers.network-which 
may comprise a plurality of cascaded I. F. am 
plifier tibes. For example, each of the I.F. aen 
plifier tubes may be of the 6SH.7 type. Each tam 
plifier:functions as a limiter, so asato minimizean 
plitude modulation effects which may exist on 
the : Gai:Eier. The nineral 30 designates the E. F. 
aFaplifier network, and it will be understood that 
the network may be constructed in the same 
manner as-is, disclosed and claimed in our appli 
cation Serial No. 421,286, filed EDec.2, 1941. 
The output voltage of the E. F. amplifiernet 

work:30, whose AM components have been sub 
stantially eliminated by virtue of the limiting ac 
tion of network 30, is applied to the demodulator 
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network. The demodulator, which may be of any 
well known and desirable type, functions in a 
ananner well known to those skilled in the art. 
The discriminator section of the demodulator 
converts the FM waves into AM waves. The AM 
waves are rectified by any rectifier device to pro 
vide the modulation voltage and the AFC bias. 
The specific demodulator network shown in Fig. 
2 may be of the general type disclosed and 
claimed by E. A. Green in U.S. Patent 2,248,229 
granted July 8, 1941. There also may be used de 
mpdulatar networks of the type shown by John D. 
Reid in application Serial No. 353,028 filed August 
17, 1940, . 
More specifically, we prefer to utilize a demod 
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ulator.network of the type shown in the aforesaid 
Reid application. The numeral 3 denotes the 
resonant primary circuit arranged in the output 
of the last I.F. amplifier. This circuit is tuned 
to the operating E. F. value, and has in shunt 
therewith a resistor 32 to provide proper damping 
of the circuit. The secondary circuit is desig 
nated by numeral 33, and the high potential side 
of circuit 33 is connected to the high potential 
side of circuit 3 by the coupling condenser 34. 
The low potential side of circuit. 33 is connected 
to ground through condenser 34. The capacita 

65 

s 

33 and 34' in series is rectified by diode 39 there 
by causing negative direct current voltage to ap 
pear across resistor 35. Likewise, the voltage 

ant positive voltage appears across resistor 38. 
Hence. if the I. F. energy mid-band frequency is 
at 5 mo., the voltages across 35 and 38 are me 
dium and the AFC bias is zero. If the mid-band 
frequency is below 5 m.c., the voltage across 38 is 
high and the AFC bias is positive. If the mid 
band frequency is above 5 m.c., the negative volt 
age across resistor 35 predominates and the AFC 
bias is negative. 
The discriminator-rectifier is of the single 

ended type. The modulation voltage is taken off 
from the cathode end of resistor 38, and may be 
used in any subsequent audio utilization network. 
The AFC bias is also derived from the cathode end 
of resistor 38. It is desirable, for a reason to be 
explained at a later point, that the AFC bias have 
a negative polarity when the mid-band frequency 
of the I. F. energy developed across circuit 3i is 
higher than the predetermined operating I. F. 
Value, 
There will now be considered the manner in 

which frequency correction is applied to the oscil 
lator tank circuit 8. A portion of the local oscil 
lator energy is taken off from the cathode tap on 
tank goil 9, and the energy is impressed upon the 
control grid of a pentode 40. The oscillatory en 
ergy is transmitted to the control grid 4 through 
a path including the coupling condenser 42. The 
tube 40 functions as a phase amplifier, and there 
is also applied to its grid 4f the AFC bias. The 
cathode of tube 40 is connected to ground through 
a grid biasing network 43, and the plate of tube 
40 is connected to a point of proper positive po 
tential on the direct current voltage supply 
through a plate resistor 44. The lower end of 
resistor 44 is connected by resistor 45 to the cath 
ode end of the biasing resistor 43. The AFC lead 
is designated by numeral 46, and includes a filter 
network comprising a pair of series related resist 
ors shunted to ground by by-pass condensers. 
The function of the filter 47 is to suppress audio 
currents in the AFC lead. The network 48 acts 
to prevent the audio filter capacitor from loading 
the input, network of tube 40. 
A second tube 50, which may be of the same 

pentode type as tube. 40, has its cathode estab 
lished at an invariable ... alternating potential, 
The plate 5 of tube 50 is connected to a source of positive potential through the radio frequency 

  



4. 
choke coil 52. The plate end of coil 52 is con 
nected to the high potential side of tank circuit 
8 by the coupling condenser 53. Hence, it will 
be seen that the plate to cathode impedance of 
tube .50 is connected across the tank circuit 8. 
This tube impedance simulates a capacitative re 
actance, and, hence, the expression “capacity 
amplifier' is used in connection with the function 
of tube 5). The tube 50 actually functions to 
amplify a capacitative reactance effect applied to 
the input electrodes of the tube. The control 
grid Of tube 50 is denoted by numeral 54, and the 
latter is connected to ground through the grid 
leak resistor 55. The grid side of resistor 55 is 
connected to the plate end of resistor 44 by the 
direct current blocking condenser 56. The nu 
meral 57 designates the capacity which is the 
principal plate load in tube 40. 

In considering the action of the frequency cor 
rection network, it is first pointed out that by 
virtue of a low plus B voltage employed on the 
plate of the oscillator tube together with the rela 
tively high Oscillator frequency, there is required 
a two tube circuit in the correction network in 
order to obtain sufficient reactance control. A 
fraction of the oscillator voltage existing between 
the Oscillator coil tap and ground is obtained by 
means of a capacity bleeder and is fed to the con 
trol grid 54 of the fixed-bias “phase amplifier' 
tube 40. The resistor 45 is used to provide semi 
fixed bias in tube 40. The plate current in tube 
40 Will be in phase with the input voltage, but 
inasmuch as the load in the plate circuit (due to 
tube and distributed capacitance) is almost pure 
capacitance, it follows that the voltage impressed 
on the grid 54 of tube 50 will be 90 degrees ahead 
of the grid voltage in tube 40. Therefore, the 
plate current drawn by the capacity amplifier 
tube 50 will be 90 degrees ahead of the alternating 
current plate Voltage of the same tube, and this 
voltage-to-current relation denotes a capacitative 
load. On the tank circuit 8. 

If the gain of the phase amplifier tube 40 is 
varied by adjustment of the control grid bias, it 
will be seen that the effective capacitance load of 
tube 50 will vary. More specifically, if the bias 
applied to grid 4 is made more negative, the 
capacitative load of tube 50 will decrease, and the 
local oscillator frequency will increase. Since 
the oscillator frequency is lower than the signal 
frequency, an increase in oscillator frequency will 
result in a decrease of the operating I. F. value. 
It is, therefore, necessary that the demodulator 
circuit be designed in a manner which will cause 
I. F. energy to produce a negative AFC bias when 
its mid-band frequency is higher than the operat 
ing I. F. value. In prior circuits of the single 
ended discriminator type a positive AFC bias is 
usually produced when the mid-band frequency 
of the I. F. energy is higher than the operating 
I. F. value. Hence, the discriminator-rectifier 
Sections of the present demodulator network have 
been designed in the present circuit so as to pro 
vide a negative AFC bias when the mid-band fre 
quency of the I. F. energy is higher than the oper 
atting I. F. value. 

It has been found that the AFC circuit disclosed 
herein is of advantage in a system wherein the 
Voltage regulation on the oscillator tube is poor. 
The AFC circuit functions in a highly satisfactory 
manner and regulates the tank frequency in Such 
a manner that the operating I. F. value is main 
tained substantially constant. The principal ob 
jects which made it desirable to add an AFC cir 
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cuit to this receiver are in Order of their impor 
tance: - 

(1) Ease of tuning. 
(2) Overcome the effects of transmitter fre 

quency drift, 
(3) Overcome the effects of receiver oscillator 

frequency drift. 
If the power supply source is a storage battery 

source which gradually becomes weaker after the 
passage of time, the AFC acts to Overcome OS 
cillator frequency drift. The power Supply source 
may be the usual power rectifier for Operation 
With a commercial alternating current Source. 
It is, also, pointed out that the present AFC SyS 
tem is of particular advantage in the case of a 
mobile receiver unit which is encased in a hous 
ing which does not permit ready change of any 
battery source. In such case the AFC circuit 
must function to maintain a high degree of cor 
rection in spite of considerable variation of the 
direct current voltage supply. 
While We have indicated and described a sys 

tem for carrying our invention into effect, it will 
be apparent to one skilled in the art that our in 
vention is by no means limited to the particular 
Organization shown and described, but that many 
modifications may be made without departing 
from the Scope of our invention, as set forth in 
the appended claims. 
What We claim is: 
1. In a modulated carrier wave receiving sys 

tem of the heterodyne type, a mixer stage pro 
vided with an output circuit tuned to a desired 
heterodyne frequency, a signal amplifier stage, a 
local oscillator stage tuned to a frequency which 
is equal to one half the difference between the 
desired signal frequency and said heterodyne fre 
quency, a reasonant network having a double 
peaked response curve coupling the output elec 
trodes of Said signal amplifier stage and the mixer 
input electrodes, means for injecting the oscil 
latory output of said oscillator stage into the in 
put of Said coupling network, and said coupling 
network response curve having one peak at double 
the frequency of the oscillations produced by said 
OScillator stage and the second peak at the signal 
carrier frequency. 

2. In a modulated carrier wave receiving sys 
tem of the heterodyne type, a mixer stage provid 
ed with an output circuit tuned to a desired het 
erodyne frequency, a signal amplifier stage, a lo 
cal oscillator stage tuned to a frequency which is 
equal to One half the difference between the de 
sired signal frequency and said heterodyne fre 
quency, a resonant network coupling the output 
electrodes of said signal amplifier stage and the 
mixer input electrodes, means for injecting the 
Oscillatory output of said oscillator stage into the 
input of Said coupling network, and said coupling 
network having a frequency response character 
istic with Spaced peak frequencies at Values equal 
to double oscillator frequency and the desired sig 
nal frequency. 

3. In a modulated carrier wave receiving sys 
tem of the heterodyne type, a mixer stage pro 
Vided With an output circuit tuned to a desired 
heterodyne frequency, a signal amplifier Stage, 
a local oscillator stage tuned to a frequency which 
is equal to substantially one half the difference 
between the desired signal frequency and said 
heterodyne frequency, a resonant network 
coupling the output electrodes of said signal 
amplifier stage and the mixer input electrodes, 
means for injecting the oscillatory output of said 
Oscillator stage into the said coupling network, 
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said coupling network being constructed to double 
the frequency of the Oscillations produced by Said 
oscillator stage, and means, responsive to a shift 
of the heterodyne energy from said predeter 
mined heterodyne frequency, for adjusting Said 
Oscillator stage frequency in a sense to maintain 
said heterodyne energy at said desired heterodyne 
frequency and said oscillator stage frequency be 
ing of a sufficiently low radio frequency to facil 
itate said oscillator frequency adjusting action, 

4. In a modulated carrier wave receiving sys 
tem of the heterodyne type, a mixer stage provid 
ed. With an output circuit tuned to a desired het 
erodyne frequency, a signal amplifier stage, a 
local oscillator stage tuned to a frequency which 
is equal to One half the difference between the 
desired signal frequency and said heterodyne fre 
quency, a resonant network coupling the output 
electrodes of Said signal amplifier stage and the 
mixer input electrodes, means for injecting the 
oscillatory output of said oscillator stage into the 

O 
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input of Said coupling network, said coupling net 
WOrk having an output circuit Whose impedance 
is such as to double the frequency of the oscilla 
tions produced by said oscillator stage, said coup 
ling network consisting of an overcoupled pair of 
tuned circuitS having a double peaked response 
curve whose peak frequencies are spaced by the 
Value of Said heterodyne frequency, said signal 
amplifier stage having a Source of angular Veloc 
ity-modulated carrier waves coupled to its in 
put electrodes, and a heterodyne amplifier.net 
work coupled to the mixer output circuit, said 
heterodyne amplifier network additionally func 
tioning to minimize amplitude modulation effects 
On the received carrier Waves. 

5. In a frequency modulated carrier Wave re 
ceiving system of the heterodyne type, a convert 
er provided with an output circuit tuned to a de 
sired heterodyne frequency, a signal amplifier. 
stage, a local oscillator stage tuned to a frequency 
which is equal to one half the difference between 
the desired signal frequency and said heterodyne 
frequency, a resonant network coupling the out 
put electrodes of said signal amplifier stage and 
the converter input electrodes, means for apply 
ing the oscillatory output of said oscillator stage 
to said coupling network, said coupling network 
being constructed and arranged to double the fre 
quency of the oscillations produced by said oscil 
lator stage and said coupling network consisting 
of a pair of tuned circuits overcoupled to provide 
a double peaked response curve whose peak fre 
quencies are separated by the value of the het 
erodyne frequency. 

6. In a frequency modulated carrier wave re 
ceiving system of the superheterodyne type, a first 
detector stage provided with an output circuit 
tuned to a desired intermediate frequency, a sig 
nal amplifier stage, a local OScillator stage tuned 
to a relatively low radio frequency, a resonant 
network coupling the output electrodes of Said 
signal amplifier stage and the first detector input 
electrodes, means for injecting the Oscillatory 
output of Said oscillator stage into the Said coup 
ling network, Said coupling network having an 
impedance such as substantially to increase the 
frequency of the oscillations produced by said os 
Cillator stage, and Said coupling netWork having 
a frequency response characteristic with spaced 
peaked frequencies whose values are respectively 
the desired signal carrier frequency and the in 
creased Oscillation frequency. 

7. In a frequency modulated carrier wave re 
ceiving system of the heterodyne type, a mixer 
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stage provided with an output circuit tuned to a 
desired. heterodyne frequency, a signal amplifier 
stage, a local oscillator stage tuned to a frequen 
cy which is equal to one half the difference be 
tween the desired signal;frequency and said het 
erodyne, frequency, a resonant network coupling 
the output electrodes of said signal amplifier 
stage and the mixer input electrodes, means for 
injecting the oscillatory output of Said oscillator 
'stage into the input of said coupling network, said 
coupling network having an output circuit, whose 
impedance is such as to double the frequency of 
the oscillations produced by said oscillator stage, 
means, responsive to a shift of the heterodyne 
energy from said predetermined heterodyne fre 
quency, for adjusting said oscillator stage fre 
quency in a Sense to maintain said heterodyne 
energy at Said desired heterodyne frequency, said . 
last means including a pair of tubes functioning 
to provide a capacitative reactance across the os 
cillator and Said oscillator stage frequency being 
of a sufficiently low radio frequency to facilitate 
Said OScillator frequency adjusting action. 

8. In a modulated carrier wave receiving sys 
tem of the heterodyne.type, a mixer stage provid 
ed With an output circuit tuned to a desired het 
erodyne, frequency, a signal amplifier, stage, a 
local oscillator stage tuned to a frequency which 
is equal to One half the difference between the 
desired signal frequency and said heterodyne fre 
quency, a resonant netWork coupling the output 
electrodes of Said signal amplifier stage and the 
mixer input electrodes, means for injecting the 
OScillatory output of Said Oscillator Stage into the 
input of said coupling netWork, Said coupling net 
work being constructed and arranged to provide 
a double peaked response curve having its spaced 
peak frequencies Separated by Said hieterodyne 
frequency, said signal amplifier stage having a 
source of angular Velocity-modulated carrier 
waves coupled to its input electrodes, a hetero 
dyne amplifier network coupled to the mixer out 
put circuit, said heterodyne amplifier network ad 
ditionally functioning to minimize amplitude 
modulation effects on the received carrier Waves. 

9. In a modulated carrier wave receiving Sys 
tem of the heterodyne type, a mixer stage pro 
vided with an output circuit tuned to a desired 
heterodyne frequency, a signal input network, a 
local oscillator stage tuned to a radio frequency 
which is relatively lower than the Signal frequen 
cy, a resonant network having input and output 
terminals coupling the Signal input network and 
the mixer input electrodies, means for injecting 
the oscillatory output of Said OScillator stage into 
the input terminals of said coupling network, Said. 
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coupling network having an impedance Such as to 
double the frequency of the oscillations produced 
by said oscillator stage and said coupling network 
consisting of a pair of overcoupled tuned circuits. 
whose response curve is double peaked with 
spaced peak frequencies at the double frequency 
and signal frequency respectively. 

10. In a Signal Carrier Wave receiving System 
Of the heterodyne type, a mixer stage provided 
With an output circuit tuned to a desired hetero 
dyne frequency, a signal input source, a local os 
Cillator stage tuned to a frencuency which is 
equal to one half the difference between the de 
sired signal carrier frequency and said heterodyne. 
frequency, a resonant network coupling said sig 
nal Source and the mixer input electrodes, means 
for injecting the Oscillatory output of said oscil 
lator stage into Said coupling network, said coup 
ling network having an impedance such as to 

  



6 
double the frequency of the Oscillations produced 
by said Oscillator stage, and Said coupling net 
work having a double peaked frequency response 
characteristic with spaced peak frequencies at 
values respectively equal to said double oscillator 
frequency and the desired signal carrier fre 
quency. 

ll. In a modulated signal carrier wave receiv 
ing System of the heterodyne type, a mixer stage 
provided with an output circuit tuned to a desired 
heterodyne frequency, a signal input stage, a local 
Oscillator stage tuned to a frequency which is 
equal to one half the difference between a desired 
Signal carrier frequency and said heterodyne fre 
Cuency, a resonant network coupling the said 
Signal output stage and the mixer input elec 
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trodes, means for injecting the oscillatory output 
of Said OScillator stage into said coupling network, 
said coupling network having an impedance such 
as to double the frequency of the oscillations pro 
duced by Said oscillator stage, and means, re 
Sponsive to a shift of the heterodyne energy from 
Said predetermined heterodyne frequency, for ad 
justing Said OScillator stage frequency in a sense 
to maintain said heterodyne energy at said de 
sired heterodyne frequency and said oscillator 
stage frequency being of a sufficiently low radio 
frequency to facilitate said oscillator frequency 
adjusting action. 
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