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Our present invention relates to receiving sys 
tems. for angular velocity-modulated carrier 
waves, and more particularly to super-regenera 
tive receivers adapted to receive frequency modu 
lated carrier waves. 
One of the main objects of our present inven 

tion is to provide a super-regenerative detector 
circuit for angular velocity modulated carrier 
waves, wherein the detector has a signal collector 
input circuit of the tunable loop type which is 
sufficiently broad in pass band to pass efficiently 
waves having a high frequency deviation range. 
...Another highly important object of this in 

vention is to provide a compact receiver, of the 
super-regenerative type wherein the quench, Or 
interruption, frequently is permitted to pass, with 
demodulated signal energy from the Super-re 
generative detector to the first audio stage there 
by to increase the volume output of the receiver, 
and the quench frequency being removed subse 
quent to the first audio stage. . . . . . . 
Another important object of our invention is 

to provide a highly simplified and economical fre 
quency modulated carrier wave (FM) receiver; 
the latter essentially comprising a Super-regen 
erative detector tube having a tunable loop input 
circuit, and but one audio amplifier stage between 
the detector and reproducer. 
Another object of our invention is to provide 

an FM receiver using a demodulator fed directly 
by a tunable loop circuit thereby avoiding the 
need for an amplitude limiter.network prior to 
the demodulator; the receiver cabinet housing, 
in addition to the demodulator tube, an audio 
stage and a reproducer of the loudspeaker type, 

Still other objects of our invention, are to lim 
prove generally the simplicity, and efficiency of 
FM receivers, and more especially to provide such 
receivers with minimum parts and maximum sig 
nal pick-up capabilities in relation to size. 
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 drawing in which we have 
indicated diagrammatically several circuit or 
ganizations whereby our invention may be car 
ried into effect. . . . . . . . 
In the drawing: - ". . . . . 

Fig.1 shows an embodiment of the invention, 
Fig. 2 graphically illustrates the operation 

thereof, ... . . . . : . . . . . . . . . 
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Fig. 2a shows a magnified portion of the curve 
of Fig. 2, 

Fig. 3 illustrates a modification. 
Referring, now, to the accompanying draw 

ing, wherein like reference characters in the vari 
ous figures designate similar circuit elements, 
Fig. 1 shows a highly simplified form of FM re 
ceiver. Essentially the receiver employs a su 
per-regenerative detector tube , say of the screen 
grid type, provided with a tunable loop input 
circuit 2-3. The tube has a cathode 4 con 
nected by lead 5 to a point on loop 2. The tun 
ing condenser 3 is adjustable to tune loop 2 over 
a desired ultra-high frequency range. When used 
for FM broadcast reception, the assigned band 
is 42 to 50 megacycles (mc.). In that band the 
channel width is 200 kilocycles (kc.) thereby per- . 
mitting a carrier deviation of 150 kc. within each 
channel. . . . . . . - - . . . . . . . 
Those skilled in the art well know that at the 

transmitter, for FM broadcasting, the particular 
carrier frequency is deviated in accordance with 
the amplitude of the modulating audio frequen 
cles, and the rate of deviation corresponds to the 
audio frequencies perse. At the receiver, there 
fore, for proper transmission of the received FM 
signal energy the input network to the demodu 
lator should have a pass band of at least 150 
kc. in width. According to our invention the 
loop 2, tuned by variable condenser 3, has a pass 
band which is capable of passing a channel ex 
ceeding 200 kc. in width. Preferably, and as 
shown in Fig. 2, the response curve of the tun 
able loop circuit has a linear portion which is 
some 200 kc., relative to the center frequency 
(Fe) of applied waves. . . . . . . . . 
It is to be clearly understood that the present 

invention is not limited in any way to reception 
of high deviation FM waves, since the demodula 
tor circuit shown herein is adapted to function 
with equal efficiency for narrow deviation FM 
waves. Furthermore, phase modulated carrier 
waves (PM) may be detected. In phase modu 
lation the deviation is stressed at the higher 
modulation frequencies, and, therefore, a correc 
tion network for de-emphasizing the higher mod 
ulation frequencies would be utilized at a point 
following the demodulator. The term “angular 
velocity-modulated carrier waves' is generically 
employed hereinto cover both FM and PM waves. 
The generic expression "timing modulated car 
rier waves' is alternatively utilized for the same 
purpose. In addition, it is to be clearly under 
stood that where desired the present invention 

55 may be utilized for the reception of amplitude 
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modulated carrier waves, particularly where the 
carrier frequency is in the ultra-high frequency 
range. For example, the method of retaining the 
quench oscillation frequency during the first 
stage of audio amplification, which method is to 
be described in full at a later point, can be uti 
lized with equal facility for the reception of alm 
plitude modulated carrier waves. 

Returning to the specific details of the circuit 
shown in Fig. 1, the tube it has its signal con 
trol grid 6 connected to the high potential side 
of tuning condenser 3 through the grid leak-con 
denser 7. The grid leak resistor 8 is connected 
between the control grid 6 and ground. The 
plate 9 is connected to a point of proper. posi 
tive potential on the energizing direct current 
source, not shown to preserve simplicity of dis 
closure, through a radio frequency choke coil 0. 
and an output load resistor . 
The load resistor f is shunted by the carrier 

by-pass condenser 2. The modulation Voltage 
developed across resistor f is adapted to-be uti 
lized by any desired audio amplifier network. The 
audio coupling condensers 3 may be utilized to 
transmit the audio voltage developed across re 
sistor if to the audio. utilization network. The 
screen grid of tube may be connected to a point 
of proper positive potential through...the resistor 
4, the carrier by-pass condenser 5. connecting. 

the-screen grid lead to ground. 
Where the energizing source utilizes a source 

of alternating current followed by a rectifier to 
supply the energizing direct-current, the rectifier 
element may be included in the tube. envelope of 
tube-f. For example, a tube of the 117N7GT type : 
may be used for this purpose. In- such case, the 
receiver would consist of a single tube, and the 
output of the detector could be supplied to any 
desired type of audio amplifier system. It is to be 
understood, of course, that the invention is not 
limited to energization from a rectified alternat 
ing current source. For example, a commercial 
direct current supply may be used. The inven 
tion may, also, be employed in connection. With 
portable receivers of the type utilizing batteries 
for energizing the circuits. W 
In Fig, 2 there is graphically shown, in a purely 

qualitative, manner, the response characteristic 
of the tunable loop input, circuit of the detector 
The coupling of cathode 4 to the loop 2 provides 
a regenerative feedback circuit which permits 
the signal energy to build up in the loop circuit to 
a point of self-oscillation. The constants of con 
denser 7 and resistor 8 are so chosen as periodi 
cally to quench, or interrupt, the oscillations in 
the tunable loop circuit so as to produce the well 
known super-regenerative effect. The quench 
frequency is preferably super-audible, and merely 
by way of illustration, may have a value of 20,000 
cycles. It is to be clearly understood that this 
value of quench frequency is purely illustrative, 
it being only essential that the quench frequency 
be above the audio frequency range. 
Merely by way of illustration, condenser - may 

have a magnitude of 150 micro-microfarads 
(mm.f.) while resistor 8 may have a value of 
200,000 ohms. The time constant of network 
7-8 is chosen sufficiently long so as to permit the 
quenching. of the oscillatory loop circuit at the 
desired frequency rate. Those skilled in the art 
are well aware of this phenomenon of Super 
regeneration, and know that the periodic inter 
rupted oscillation will have a frequency deter 
mined by the frequency-of loop circuit 2-3. In 
other words, the oscillatory frequency is deter 
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2,351,221 
mined by the setting of adjustable tuning con 
denser 3. As a result of the Well knoWn Super 
regenerative action the damping of the loop cir 
cuit is periodically greatly decreased. The loop 
circuit has a very sharp response characteristic. 

Fig.2 shows the manner in which Such response 
characteristic would appear. While the response 
characteristic is sharp, yet it is readily capable of 
efficiently passing the desired FM channel. By 
virtue of this super-regenerative action the de 
tector circuit is extremely sensitive, and provides 
efficient detection. That is, the modulation fre 
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quency Voltage developed across resistor Will be 
relatively high. Indeed, the voltage will be of 
such magnitude that a single stage of audio am 
plification is sufficient to permit a reproducer to 
be driven; The insertion of the radio frequency 
choke coil 0 in the plate lead provides a second 
regenerative feedback path which is constituted 
by the inherent capacity 6, shown in dotted lines, 
existing between the plate 9 and the control grid 6. 
The loop 2 may be as small as four inches 

Square, although this dimension is not limiting, 
and, therefore, may be included in a small cabi 
net with the other circuit elements. It will now 
be seen that the loop 2 not only functions as the 
tunable inductance coil for the input circuit of 
the detector tube, but, also, provides a portion 
thereof to function as a feedback coupling coil 
for the cathode of detector tube . The tuning 
condenser 3 is adjusted to tune the loop to a 
small frequency value off the peak frequency of 
the response curve in order to secure efficient 
demodulation of the applied angular velocity 
modulated carrier Waves. 
Assuming FM waves are being received, and 

that the center frequency of the desired FM chan 
nelis. Fe, then condenser 3 is adjusted to tune the 
loop. to: One side of the peak frequency by a sub 
stantially small frequency spacing in order tose 
cure detection. Such as will give modulation out 
put of good quality and loudest volume. As 
shown in Fig. 2; there are four zones of possible 
dermodulation. In the Zone closest to peak fre 
quency, and on either side thereof, the output of 
the detector is distorted and of weak volume. It 
can be stated, for example, that this zone ex 
tends for a few kilocycles, on either side of the 
curve peak. In other words, if condenser 3 were 
adjusted to tune the loop to the peak frequency, 
then the output of the receiving system would be 
distorted and very weak. 
Modulation output of good quality and loudest 

Volume is Secured in a second Zone which covers 
a practically linear range of approximately 100 
ke. On either side of the point denoted as Fc. Be 
yond that range there is a third zone in which 
demodulation produces good quality output of 
relatively strong intensity, but not as loud as in 
the aforementioned second zone. As noted in 
Fig. 2, adjustment of tuning condenser 3 to tune 
the loop to a relatively great frequency spacing 
from peak frequency on either side thereof, re 
sults in Weak signals, and a definite increase in 
noise level. - 

It Will, therefore, be seen that for each incom 
ing signal channel, condenser 3 is adjusted to 
point Fe. Of the response curve. In other words, 
the detector input circuit is tuned to one side of 
the center-frequency of the response curve, and 
detection is produced by virtue of the linear por. 
tion ac-y of the response characteristic. It can 
be pointed out that this type of off-center fre 
quency tuning to demodulate FM waves is known 
per Se, In actual practice, the operator of the 
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receiver Will find the Optimum detection point on 
either side of the response curve center fre 
quency Fe, but it will, also, be noted by the opera 
tor that the frequency. Spacing between these op 
timum detection points is relatively, small con 
Sidered from the viewpoint of the adjustment of 
the tuning device. The receiver operator actu 
ally will find it difficult to find the intermediate 
distortion point, and will find it much easier to 
adjust the loop to produce good quality output 
With loud volume. 

In Fig. 2d there is shown in magnified form the 
linear portion ac-y of the response curve of Fig. 2. 
It Will be seen that F is at the center of this 
linear portion. Further, the horizontal frequency 
spacing between ac and y is 200 kc. Hence, de 
modulation can readily take place if the loop 2-3 
is tuned to either point Fc of the response curve. 
Due to the linearity of the curve between points 
ac and g the FM wave will be demodulated effi 
ciently. Obviously the width of the curve in Fig. 
2 between points ac-ac will be in excess of 400 kc. 

It may be desirable to utilize a stage of radio 
frequency amplification between the demodula 
tor and the signal collector. For example, a 
pentode type tube may be used, provided with a 
tunable input circuit which may have a damping 
resistor shunted thereacross to impart to it a wide 
response characteristics. The tuned input cir 
cuit could then be coupled to a signal Collector 
of the grounded antenna, type. It will, there 
fore, be Seen that the present invention is not 
restricted to a loop circuit, but may be employed, 
Where desired, with a grounded antenna circuit. 
It is preferred to have the tuned input circuit of 
such a prior ultra-high frequency amplifier suf 
ficientiy, broad in response to pass all carriers 
in the 42 to 50 mc. band. Such a prior amplifier 
would act to prevent radiation of oscillatory en 
ergy from the Super-regenerative circuit. The 
resistor f4 could be made adjustable to control 
regeneration. 
In Fig. 3 there is shown a modification wherein 

a super-regenerative detector stage, two stages of 
audio amplification and the alternating current 
power supply rectifier may all be provided in a 
common compact receiver cabinet of the Small 
type, using merely two tubes. The loop pick-up 
and the reproducer may, also, be provided within 
the compact cabinet. The loop 2 is shunted by 
the variable tuning condenser 3. Instead of re 
lying on a section of the loop to provide regenera 
tive feedback, a special coil 30 is provided in the 
grounded side of the loop. The Cathode lead 5 
is connected to the ungrounded end of coil 30. 
The tube 3 may be a pentode-triode employing 
independent cathodes; for example, a tube of the 
25B8GT type may be utilized. The pentode sec 
tion of tube 3 acts as the super-regenerative 
detector. 
Condenser and resistor 8 are connected as in 

Fig. ; these elements again act to provide the 
periodic interruption of the oscillations built up 
across the loop circuit. The plate 32 is connected 
to its proper positive voltage point of the power 
Supply source through the choke coil 0, carrier 
by-passed load resistor if and voltage reducing 
resistor 33. The screen grid, by-passed for car 
rier currents, may be connected to the upper end 
of resistor 33. It will be understood that the pen 
tode section with its tunable loop circuit acts 
exactly as the screen grid detector in Fig. 1. 
The triode of tube 3 acts as the first audio am 

plifier stage. The cathode 34 is grounded, while 
the grid 35 of the audio triode is coupled to the 
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resistor 3 of potentiometer 38-37 shunted across 
load resistor f. Potentiometer 38-37 is con 
nected from the plate end of resistor f to ground. 
Grid 35 is connected to ground by the grid leak 
resistor 39, while the slidable tap 40 of the poten 
tiometer resistor 37 is, connected to grid 35 by 
audio coupling condenser 4. Tap 40 may be 
used as the volume level control. The by-pass 
condenser 42 has a magnitude of approximately 
250 mm.f. The latter magnitude should not be 
sufficient to permit substantial filtering out of 
the quench frequency. In other words, and con 
trary to prior practice in Super-regenerative cir 
cuits, the major filtering of the quench frequency 
is not accomplished until a point Subsequent to 
the first audio amplifier. 
We have found. that a very substantial im 

provement in quality and volume occurs if the 
quench frequency currents are permitted to re 
main in the System through at least the first 
audio amplifier stage. The quench frequency 
may then be considered as a carrier of 20 kc. 
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modulated by the audio. The first audio tube may 
be considered as functioning as a demodulator. 
The percentage modulation being low, the distor 
tion introduced by this procedure is inconsequen 
tial. The improvement in amplification thus ob 
tained over a System in which the quench is fil 
tered out at the detector is very marked. This 
explanation is purely theoretical, and is given to 
explain an action which is entirely reversed from 
usual Super-regenerative practice. We have 
found it to be highly advantageous in increasing 
receiver output volume to permit the quench fre 
quency to pass through the first audio stage, 
and filter the quench thereafter. 
The amplified audio output of the triode sec 

tion 34-35-36 is developed across resistor 43. 
The latter may be inserted in circuit between plate 
36 and resistor 33. The condenser 44 acts as a 
low frequency filter, while condenser 45 is con 
nected from the upper end of resistor. 43 to 
ground. Condenser 45 has a magnitude of 1000 
mm.f., and functions to filter off the quench fre 
quency current at that point. We have found 
that the quench frequency is best removed prior 
to the second audio stage thereby preventing 
overload of the Second audio stage. The Second 
audio tube need not be used. 
The Second audio amplifier stage may comprise 

an audio power output tube 46 which may be of 
the bean type. For example, a tube of the 
7OL7GT type may be used. This typ of tube 
contains a beam amplifier section as well as a 
diode Section. The diode Section functions as 
an alternating current rectifier, but the diode is 
omitted from Fig. 3 to preserve simplicity of dis 
closure. By including the diode as a part of the 
second audio tube, it will be seen that the receiver 
may consist of but two tubes. The Second audio 
stage is of usual and well known form, and may 
Comprise a properly by-passed Self-bias resistor 
47 connected between the cathode and ground. 
The control grid of tube 46 is coupled to the 

upper end of resistor 43 by the audio coupling 
condenser 48, and grid leak resistor 49 connects 
the Control grid to ground. The plate of tube 46 
is connected to the primary winding of the out 
put transformer 50, while the secondary winding 
may be connected to the voice coil of the repro 
ducer. It will be understood, as stated before, 
that within the small receiver cabinet both the 
reproducer and loop 2 will be included. It will. 
now be seen that there has been provided in the 
arrangement Of Fig. 3 a highly efficient and com 



pact type of FM receiver wherein but two tubes 
are required to receive FM signals with quality 
and relatively loud volume, and wherein it is 
merely necessary to utilize a loop of small dimen 
sions which can be located within the compact 
receiver cabinet. As explained in connection 
with Fig. 1, the loop 2 need only be of the order 
of 4 inches square to perform in a satisfactory 
manner. Of course, the receiving circuit shown 
in Fig. 3 may be energized from a commercial 
direct current supply source, or it may be ener 
gized by batteries as in the case of portable re 
ceivers of the so-called "personal” type. 
While we have indicated and described several 

systems for carrying our invention into effect, 
it will be apparent to one skilled in the art that 
our 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 our invention, as set 
forth in the appended claims. 
What we claim is: - 
1. In a receiver of ultra-high frequency signal 

modulated carrier energy provided with a super 
regenerative detector, the method which includes 
quenching the oscillations produced in the de 
tector at a super-audible frequency, deriving 
signal modulation energy and quench frequency 
components from the detector, amplifying the 
signal modulation and quench frequency com 
ponents, removing the amplified quench fre 
quency component Without in any way affecting 
the modulation component, and directly repro 
ducing said signal modulation component. 

2. A method of receiving signal modulated car 
rier Waves of ultra-high frequencies which in 
cludes producing oscillations at a selected ultra 
high frequency, quenching the oscillations at a 
super-audible rate thereby to provide super 
regenerative amplification of the received carrier. 
waves, demodulating the received carrier waves 
to provide modulation frequency components and 
a quench frequency component, subjecting both 
said modulation frequency and quench frequency 
components to amplification thereby greatly to 
increase the amplification of said modulation 
frequency components, removing substantially all 
the quench frequency component subsequent to 
said last amplification without in any way affect 
ing the modulation component, and subjecting 
the amplified modulation frequency components 
to a repeated modulation frequency amplification. 

3. In a receiver of angular velocity-modulated 
carrier waves, a super-regenerative detector pro 
vided with input and output electrodes, a tunable 
loop circuit coupled to said input electrodes, a 
modulation voltage utilization circuit coupled to 
Said output electrodes, and said tunable loop cir 
cuit including means for adjusting the frequency 
of the loop to a frequency displaced from the 
response curve peak frequency by a frequency 
value sufficient to provide demodulation of ap 
plied carrier waves, said loop circuit having a re 
Sponse characteristic which is relatively sharp 
at its peak, and whose pass band adjacent the 
upper half of the characteristic is in excess of 
200 kilocyles. 

4. In a receiver of angular velocity-modulated 
carrier waves, a super-regenerative detector pro 
vided with input and output electrodes, a tunable 
loop circuit coupled to said input electrodes, 
means in circuit with the loop to provide quench 
Oscillations, a modulation voltage amplifier cir 
cuit coupled to said output electrodes, and said 
tunable loop circuit including means for adjust 
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ing the frequency of the loop, means for pre 
venting removal of quench frequency components 
from the detector output circuit, and additional 
means operatively connected to the output of 
said amplifier circuit for filtering out quench 
frequency components. 

5. In a frequency modulation receiver, a Super 
regenerative detector tube having input and out 
put electrodes, a tunable loop circuit coupled to 
the input electrodes, an audio amplifier coupled to 
said output electrodes, solely a condenser-grid 
leak network connected to said input electrodes 
for providing quenching of oscillations produced 
due to regenerative action, said quenching being 
at a super-audible frequency, and said tunable 
loop circuit including an adjustable tuning ele 
ment for tuning the loop circuit to different car 
riers in a relatively wide reception band. 

6. In a frequency modulation receiver, a Super 
regenerative detector. tube having input and out 
put electrodes, a tunable loop circuit coupled to 
the input electrodes, an audio amplifier coupled 
to said output electrodes, solely a condenser-grid 
leak network connected to said input electrodes 
for providing quenching of oscillations produced 
due to regenerative action, said quenching being 
at a Super-audible frequency, and said tunable 
loop circuit including an adjustable tuning ele 
ment for tuning the loop circuit to different car 
riei's in a relatively wide reception band, means 
for preventing filtering out of quench frequency 
Components from any point between the detector 
tube output electrodes and the output circuit of 
said audio amplifier, and additional means for 
filtering Said components from the output circuit 
of Said audio amplifier. 

7. In a receiver of signal modulated carrier 
Signals provided with a Super-regenerative de 
tector, the method which includes quenching the 
OScillations produced in the detector at a desired 
frequency, deriving signal modulation energy and 
quench frequency components from the detector, 
amplifying the signal modulation and quench 
frequency components, but removing the ampli 
fied quench frequency component, and subse 
quently amplifying said signal modulation com 
ponent. 

8. A method of receiving modulated carrier 
Waves of ultra-high frequencies which includes 
producing Oscillations at a selected ultra-high 
frequency, quenching the oscillations at a de 
Sired rate thereby to provide super-regenerative 
amplification of received carrier waves, demod 
ulating the received carrier waves to provide 

5 modulation frequency components and a quench 
frequency component, subjecting both said modul 
lation frequency and quench frequency compo 
nents to amplification thereby greatly to increase 
the amplification of said modulation frequency 
Components, and removing substantially all the 
gluench frequency component subsequent to said 
iast amplification. 

9. In a receiver of frequency modulated carrier 
Waves, a Super-regenerative detector provided 
With input and output electrodes, a tunable loop 
circuit coupled to said input electrodes, a modu 
lation voltage utilization circuit Coupled to said 
output electrodes, and said tunable loop circuit 
including means for adjusting the frequency of 
the loop, said loop circuit having a response char 
acteristic which is relatively Sharp at its peak, and 
Whose pass band adjacent the upper half of the 
characteristic is of the order of 400 kilocycles. 

10. In a receiver of frequency modulated C3's 
lie Waves, a Super-regenerative detector provided 
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with input and output electrodes, a tunable loop 
circuit coupled to said input electrodes, solely a 
condenser-resistor network connected to the loop 
circuit providing quench Oscillations of a Super 
audible frequency, a modulation voltage ampli 
fier circuit coupled to said output electrodes 
amplifying both modulation and quench Oscil 
lations, Said tunable loop circuit including means 
for adjusting the frequency of the loop to a fre 
quency displaced from the response curve peak 
frequency by a frequency value sufficient to pro 
vide efficient demodulation of applied carrier 
WaWeS. 

11. In a receiver of frequency modulated car 
rier Waves, a Super-regenerative detector pro 
Wided With input and output electrodes, a tunable 
loop circuit coupled to said input electrodes, 
means in circuit with said loop circuit to pro 
vide Super-audible quenching, a modulation volt 
age amplifier coupled to said output electrodes, 
Said modulation amplifier having its electrodes 
in the same tube envelope as said detector, and 
Said tunable loop circuit including means for 
adjusting the frequency of the loop to a fre 

quency displaced from the response curve peak 
freqeuncy by a frequency value sufficient to pro 
vide demodulation of applied carrier waves, said 
loop circuit having a response characteristic 

5 which is relatively sharp at its peak, and whose 
pass band adjacent the upper half of the chare 
acteristic is in excess of 200 kilocycles, 

12. In a receiver of frequency modulated car 
rier Waves, a super-regenerative detector provided 

o with input and output electrodes, a tunable loop 
circuit coupled to said input electrodes, a quench 
Oscillation network in the loop circuit, a modula 
tion voltage amplifier coupled to said output elec 
trodes, the electrodes of the amplifier being in 

5 the same tube envelope as the detector elec 
trodes, and said tunable loop circuit including 
means for adjusting the frequency of the loop, 
means for preventing removal of quench fre 
quency components from the detector output 

20 circuit, and additional means operatively con 
nected to the Output of said amplifier for filter 
ing Out quench frequency components. 

GARRARD MOUNTOY. 
CHARLES. W. ENNIGAN. 


