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RADIO RECEIVING SYSTEM 
Henry Magnuski, Chicago, Ill., assignor to Galvin 
Manufacturing Corporation, Chicago, Ill., a 
corporation of Elinois 

Application July 3, 1943, Serial No. 493,322 
(C. 250-20) i6 Claims. 

The present invention relates to radio receiv 
ing Systems and more particularly to improved 
methods and apparatus for blocking or muting a 
radio receiver to prevent the reproduction of 
noise Voltages appearing in the system during 
periods when the System is conditioned for oper 
ation but a desired signal is not being received. 
One of the problems involved in the design of 

a Satisfactory radio receiving system is that of 
quieting the System against the reproduction of 
noise voltages appearing in the receiving chan 
nel during periods of no signal reception. Such 
noise voltages may be produced as a result of 
thernal agitation or shot effects within the tubes 
provided in the System, by physical shock to the 
circuit elements of the system, or they may be 
picked up from extraneous noise voltage sources 
by the antenna-ground circuit of the system. 
The frequencies of noise voltages thus introduced 
into a radio receiving system fall indiscriminate 
ly Within the audio and super-audible frequency 
ranges, and regardleSS Of the Origin thereof the 
audio components of such voltages may be re 
produced at the loud speaker end of the system 
as objectionable noises. In those receivers which 
are used as communication equipment for emer 
gency, police or military communication service, 
in particular, the receiving channels are nor 
mally maintained tuned to a single frequency 
and are normally conditioned for operation, so 
that the receiver will always pick up and re 
produce at any time, signals of the selected fre 
quency which may be radiated from a transmit 
ting point either continuously or intermittently. 
In Such receivers the reproduction of noise volt 
ages of the character mentioned is annoying at 
best, and becomes unbearable in many instances. 
Various arrangements have been devised and used 
to minimize the reproduction of such noise volt 
ages in radio receiving systems. In the usual 
arrangement, however, the magnitude of either a 
signal or noise voltage introduced into a radio re 
ceiver is the determining factor in the blocking 
and unblocking of the receiver. In other words, 
When the signal or the noise voltage introduced 
into the receiving channel exceeds a predeter 
mined value, the channel is unblocked so that 
he noise or signal voltage is passed through the 
channel for reproduction by the loud speaker 
provided at the end thereof. The undesired open 
ing of the receiver channel as a result of noise 
voltages appearing therein is particularly notice 
able in areas of high noise level such as areas 
of heavy traffic or zones in which other sources 
of electrical interference are present. If it is 
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attempted to so adjust one of the prior art ar 
rangements that noise voltages Will not have 
the effect of opening the receiver channel and 
hence render the audio section of the channel 
operative, then the receiver is not sensitive and 
is rendered incapable of reproducing received 
signals of low signal carrier intensity. 
In the copending application Serial No. 386,- 

989 of Daniel E. Noble, filed April 5, 1941, and 
assigned to the same assignee as the present 
invention, an improved arrangement for muting 
the audio section of a receiver is disclosed and 
claimed, wherein the problems referred to above 
are wholly obviated. In this improved arrange 
ment, the muting or squelch apparatus responds 
differently to noise voltages and to received sig 
nal voltages. More specifically, the arrangement 
is such that the audio section of the receiving 
channel is blocked with increasing effectiveness 
the greater the magnitude of noise voltages ap 
pearing therein. A received signal carrier is 
utilized in the system to decrease the noise volt 
age components by an amount sufficient to per 
mit the audio section of the receiving channel to 
be opened. This arrangement has the important 
advantage that its operation and effectiveness 
are not reduced or lost when noise voltages of 
large magnitude appear in the receiver in which 
it is provided. While the system of muting dis 
closed in the above referred to copending appli 
cation is highly satisfactory in operation, the 
arrangement of the biasing circuits incorporated 
therein is such that one or more electron dis 
charge tubes of the indirectly heated cathode 
type must be used therein. Although Such tubes 
are not objectionable in broadcast receivers, they 
do require an appreciable amount of time and 
current to heat the cathodes of the tubes after 
the energizing circuits therefor are completed. 
Accordingly, they are not ordinarily used in police 
and military receivers. When, however, it is at 
tempted to use tubes of the filamentary cath 
ode type in the Noble arrangement, it is difficult 
to obtain the bias voltages which are required in 
the biocking of the audio section of the receiver during no-signal periods. 

It is an object of the present invention, there 
fore, to provide in a radio receiving System, an 
improved arrangement, utilizing tubes of the fila 
mentary cathode type, for positively rendering 
the system nonresponsive to noise Voltages ap 
pearing therein, regardless of the magnitude 
thereof. 

It is another object of the invention to provide 
an improved muting or squelch arrangement of 
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the character described which is particularly 
adapted for use in a radio receiver of the fre 
quency modulated type. 

It is a further object of the invention to pro 
vide an improved method for preventing noise 
voltages appearing in a radio receiving System 
from being passed through the System to operate 
a signal responsive device. 
According to another object of the invention, 

an oscillator, which is controlled by noise and Sig 
nal voltages appearing in the receiver, is utilized 
Selectively to control the audio Section of the re 
ceiver So that noise voltages appearing in the re 
ceiver are not translated. 

In accordance with still another object of the 
invention, the muting or Squelch apparatus aSSO 
ciated with the receiver is provided with an elec 
tron discharge tube having a screen electrode, 
and provisions are made for automatically con 
trolling the operating potential applied to this : 
electrode so that the system is rendered inactive 
when a desired signal is not being received and 
is rendered active when a desired signal is re 
ceived. 
According to a still further object of the inven 

tion, noise voltages appearing in the receiving 
channel of the system in the absence of a received 
signal are used to control the potential applied 
to the screen electrode of the OScillator tube SO 
that the noise signals are not reproduced, and 
a received desired signal is utilized to change this 
potential in the required sense to render the 
system active. 

It is still another object of the present inven 
tion to provide improved muting apparatus of the 
character described which is so arranged that it 
will operate in areas of either high noise level or 
low noise level and yet when operating in an area 
of high noise level will not prevent the reception 
of a weak signal, all without adjustment of the 
System or any of the parts thereof. 
More generally stated, it is an object of the 

present invention to provide a squelch or muting 
System of the character described which is simple 
in arrangement, positive and reliable in operation, 
does tot materially reduce the sensitivity of the 
associated receiving System, and cannot be falsely 
operated in response to noise voltages of large 
magnitude appearing in the System. 
The invention, both as to its organization and 

method of operation, together with further ob 
jects and advantages thereof, will best be under 
stood by reference to the following specification 
taken in connection with the accompanying 
drawings, in which: 

Figs. 1 and 2, when laid end to end in the order 
named, illustrate a frequency modulation radio 
receiving System having incorporated therein im 
proved muting or squelch apparatus character 
ized by the features of the invention briefly re 
ferred to above; 

Fig. 3 is a graph illustrating the noise response 
characteristic of the receiver shown in Figs. 1 and 
2; and 

Fig. 4 illustrates a modified arrangement of cer 
tain parts of the System shown in Figs. 1 and 2. 

Referring now more particularly to Figs. 1 and 
2 of the drawings, there is illustrated, in partially 
Schematic form, a frequency modulated radio re 
ceiving System having combined therewith im 
proved muting or squelch apparatus character 
ized by the features of the present invention. 
Briefly considered, the system comprises an an 
tenna-ground circuit fo, a tunable antenna cir 
cuit !, a tunable radio frequency amplifier 2, 

5 

30 

35 

40 

(5 

() 

75 

4. 
a tunable first mixer stage 3, a first interme 
diate frequency amplifier 4, a fixed tuned Sec 
ond mixer stage i 5, a second intermediate fire 
quency amplifier 6, first and second limiter Stages 
f7 and 8, respectively, a frequency discriminator 
or signal detecting device 9, an audio frequency 
amplifier 20, and a loud speaker 2A, all connected 
in cascade in the order named. As indicated by 
the dash line U, the tuning elements of the three 
tunable stages , 2 and 3 are ganged together 
for unicontrol operation in an entirely conven 
tional manner. In general, the improved muting 
or squelch apparatus comprises a high pass filter 
network 22 coupled to the output Side Cf the dis 
criminator í3, a noise amplifier and rectifier 23, 
a direct current amplifier 24 and a muting Oscil 
lator and rectifier 25. These stages are likeWise 
connected in tandem in the Order named and 
respond to noise voltages appearing in the receiv 
ing channel to impress a blocking bias voltage 
upon the audio frequency amplifier 20 in the 
manraer explained below. 
More specifically to consider certain of the ele 

ments provided in the receiver, it will be noted 
that the discriminator 9 is capacitance coupled 
through the coupling condenser 29 to the output 
circuit of the second limiter stage 8. This dis 
criminator comprises a resonant circuit 26, a pair 
of diode rectifier tubes 9a and 9b, the space 
current paths of which are respectively shunted 
by load resistors 3 and 32, a radio frequency by 
pass condenser 33 having substantially a negli 
gible impedance to frequencies of the order of the 
Second intermediate frequency, and a stabilizing 
or unbalancing condenser 30 connected in shunt 
with the load resistor 32 and the space current 
path through the diode 9b. The resonant circuit 
26 comprises a pair of series connected condensers 
26b and 26c which are shunted by an inductance 
element 26a for tuning the circuit to the second 
intermediate frequency, i. e., the center frequency 
of a modulated carrier Voltage appearing in the 
three stages 6, 7 and 8 during signal recep 
tion. Preferably, the last-mentioned element is 
of the variable permeability type, being provided 
With an adjustable powdered ferrous metal core, 
the position of which may be changed to alter 
the inductance of the element within the desired 
limits. The circuit constants of the resonant cir 
cuit 26 are so chosen that this circuit is provided 
With a band pass characteristic such that all de 
sired signal components of a frequency modulated 
carrier appearing in the Second intermediate fre 
quency section 5, 7, 8 of the receiver may be 
detected and impressed upon the input circuit of 
the audio frequency amplifier 20. As indi 
cated above, the voltage appearing across the out 
putside of the second limiter 8 is impressed upon 
the discriminating network 9 through a cou 
pling condenser 29 which is connected at one side 
thereof to the junction point between the two 
condensers 26b and 26c. Audio frequency volt 
ages detected through operation of the discrin 
inator 9 appear across the condenser 33, and are 
impressed upon the input side of the audio fre 
quency amplifier tube 20a through a coupling cir 
cuit which includes a radio frequency decoupling 
resistor 34, an audio frequency filter comprising 
the resistor 35 and condenser 36, an audio fre 
quency coupling condenser 37, and a voltage 
dividing netWork comprising the two resistors 38 
and 40 and a direct current blocking condenser 
4. It will be understood in this regard that the 
proportion of the available audio frequency volt 
age appearing acroSS the series connected re 
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sistors 38 and 40 which is impressed between the 
input electrodes of the amplifier tube 20a, and 
hence the volume of signal reproduction, is de 
termined by the setting of the wiper 39 along the 
resistor 38. 
As Will be explained more fully below, noise 

voltages appearing in the signal transmission 
channel of the receiver in the absence of a re 
ceived signal modulated carrier are passed 
through the discriminator f9 and appear as de 
tected audio frequency and super-audio frequency 
Voltages across the condenser 33. Such detected 
Voltages are impressed across the high pass filter 
network 22 and those components thereof having 
frequencies above the cutoff frequency of the 
filter network are impressed between the input 
electrodes of the tube 23a included in the noise 
amplifier and rectifier 23. More specifically con 
sidered, the high pass filter 22 comprises a pair 
of Series condensers 47 and 48 and a pair of 
shunt resistors 45 and 48, and is designed to pass 
those components of noise voltages having fre 
quencies above the normal signal reproducing 
band of the receiver. The noise amplifier section 
Of the tube 23a works into a noise rectifier cir 
cuit which comprises the diode section of the tube 
and a load resistor 52. This rectifier circuit is 
coupled to the anode of the tube 23d, through a 
coupling condenser 54 which is of appropriate 
impedance to pass any noise currents which may 
be transmitted through the high pass filter 22. 
Anode and Screen potentials are supplied to the 
tube 23a through the resistors 50 and 5, the sec 
Ond of which is by-passed to ground through a 
condenser 53. 

Rectified noise voltages appearing across the 
load resistor 52 are utilized to control the 
bias between the input electrodes of the tube 24a. 

- provided in the direct, current amplifier 24. The 
initial or threshold bias established between the 
electrodes of this tube is derived from a voltage 
dividing network which comprises the series con 
nected resistors 58a, 58b and 58c bridged across 
the available source of anode potential, and is 
provided with a tap 57a, adjustable along the 
resistor 58b to impress a variable positive poten 
tial upon the control electrode of the tube 240 
through the filter resistor 57. A filter network 
comprising the resistor 55 and the condenser 56 
is provided for preventing alternating components 
of the Woltage appearing across the load resistor 
52 from being impressed between the input elec 
trodes of the tube 24a. Screen and anode poten 
tials are supplied to the amplifier tube 24a 
through the resistor 60 and the resistors 6 and 
59 in series, respectively. y 
The direct current amplifier 24 as controlled 

by the variable bias voltage derived from the load 
resistor 52, is utilized to control the starting and 
stopping of the muting oscillator and rectifier 25. 
This stage of the muting or squelch apparatus 
comprises a dual purpose tube 25a, having an 
Oscillator Section. Which includes a tuned fre 
quency determining circuit 63 connected between 
the output electrodes of the tube through a con 
denser 6. The resonant circuit 63 is fixed tuned 
to a particular frequency of from 200 to 300 kilo 
cycles and comprises an inductance element 63a. 
shunted by a tuning condenser 63b. It is re 
generatively coupled to the input electrodes of 
the tube 25a by means of a feed-back circuit 
which comprises an inductance element 68 in 
ductively coupled to the inductance element 63d 
and connected in series With a parallel con 
nected grid leak resistor 67 and condenser 66 
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between the control grid and cathode of the tube 
25a. Anode potential is supplied to the tube 25a. 
OVer a path which includes the inductance ele 
ment 63d and a blocking resistor 65, this resistor 
being by-passed to ground by a condenser 64. 
The oscillator section of the tube 25a is coupled 
to the rectifying circuit of the tube through a 
coupling condenser 62, and the indicated rectify 
ing circuit Serially includes the diode rectifier 
Section of the tube, a resistor 69 and the encir 
cuited portion of a voltage dividing resistor 7. 
Any bias voltage appearing across the load re 
sistor 69 and the encircuited portion of the re 
Sistor during operation of the oscillator and 
rectifier stage 25 is negatively applied to the con 
trol grid of the audio frequency amplifier tube 
2d over a path which comprises the resistor 6, 
the resistor 43 and the lower encircuited portion 
(of the resistor 38. In this regard it is pointed out 
that the resistof T is shunted by a source of bias 
potential 7 and is provided with a tap 72 adjust 
able therealong for the purpose of impressing a 
normal operating bias voltage between the input 
electrodes of the tube 28a, during periods when 
the muting Oscillator and rectifier stage 25 is in 
active. The biasing arrangement comprising 
the current source 7, the voltage dividing re 
sistor í f and the adjustable Wiper 72 is illus 
trated for explanatory purposes only, it being 
noted that the normal operating bias for the 
audio amplifier tube 20ct may conveniently be de 
rived from a stage of the receiver preceding the 
frequency discriminator 9. More specifically, 
this bias voltage is preferably derived from the 
control grid biasing netWork utilized at the sec 
ond mixer stage 5 of the receiving channel. 
In Order to insure that the System will be 

speedily conditioned for operation when cathode 
heating current is supplied to the cathodes of the 
various tubes provided in the system, all of the 
tubes, with the exception of the discriminator di 
Ode Sa are of the filamentary cathode type. 
The excepted diode rectifier 9a must of neces 
sity be of the indirectly heated cathode type 
since the cathode thereof is, during operation 
of the discriminator 9, maintained at poten 
tials substantially above the reference ground po 
tential present upon the filamentary cathodes of 
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the remaining tubes provided in the system. 
In this regard it is noted that, preferably, the two 
diodes 9a, and 9b are of the commercial types 
1A3 and S5, respectively, the noise amplifier 
and rectifier tube 23a and the muting oscillator 
and rectifier tube 25a, are commercial type 1 S5 
pentodes, and the direct current amplifier tube 
24a is a commercial type 1.L.4 pentode. 

Briefly to consider the operation of the sys 
ten, it Will be understood that when cathode 
heating current is supplied to the cathodes of 
the various tubes provided therein, these cath 
odes are immediately heated to their normal 
electron enitting temperatures, at which time 
the System is fully conditioned for operation. 
Due to the filamentary character of the ener 
gized cathodes, they are rapidly heated to elec 
tron emitting temperatures following the en 
ergization thereof. Assuming that the system is 
thus conditioned for signal reception and that 
the tunable Stages of the system are appropri 
ately tuned to the center frequency of a desired 
frequency modulated carrier, the signal carrier 
voltage appearing across the antenna-ground 
circuit is transmitted through the tunable 
antenna circuit to the input side of the tun 
able radio frequency amplifier 2. This voltage 
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as amplified by the amplifier 2, is mixed with 
the carrier output of the local oscillator provided 
in the first mixer stage 3 to be converted into 
a signal modulated intermediate frequency car 
rier which is selected and amplified in the first 
intermediate frequency amplifier 14, and is im 
pressed across the input circuit of the Second 
mixer stage 5. In the second mixer stage, the 
intermediate frequency carrier output from the 
amplifier 4 is mixed with the carrier frequency 
produced through operation of the local oscil 
lator provided at this mixer stage, so that a beat 
frequency carrier, modulated with the signal 
voltage and of the desired second intermediate 
frequency, appears at the output side of the Sec 
ond mixer stage. This modulated carrier is alm 
plified and transmitted successively through the 
second intermediate frequency amplifier 6 and 
the limiter stages 7 and 8 to the input side of 
the discriminator 9. In this discriminator, the 
modulation components of the Second intermedi 
ate frequency carrier, as represented by devia 
tions in the carrier frequency from the estab 
lished center frequency, are detected and in 
pressed across the voltage dividing network com 
prising the resistors 38 and 40 through the car 
rier frequency decoupling resistor 34, and the 
audio frequency coupling condenser 37. The 
portion of this voltage which appears between 
the wiper 39 and ground, is impressed between 
the input, electrodes of the audio frequency ann 
plifier tube 20c, amplified by this tube, and 
transmitted through the coupling transformer 
43 to the loudspeaker 2 for reproduction in the 
usual manner. Referring now nore particularly to the opera 
tion of the discriminator 9, it will be noted that 
this circuit is essentially a four terminal bridge 
circuit having two arms which respectively in 
clude the condensers 285 and 26c of equal capac 
itances. A third aim of the bridge comprises the 
capacitive impedance of the diode 3a. The 
fourth aim of the bridge comprises the combined 
capacitive impedances of the diode 3b and the 
coladenser 3. The inductance element 26a is : 
thus: biridged between two terminals of the bridge 
circuit, and the frequency modulated signal volt 
age is applied to the circuit across the other two 
terminals thereof. Since the load resistors 3 í 
and 32 have impedances, at the frequencies in 
volved, which are far in excess of the capacitive 
impedances of the diode legs of the bridge cir 
cuit, they may be neglected in analyzing the cir 
cuit. Again, the capacitance of the condenser 
33 is so much greater than that of either diode 
leg of the circuit, that this condensel may also 
be neglected in an analysis of the circuit. In the 
bridge circuit arrangement thus provided, the 
voltage appearing at the output side of the dis 
criminator is the difference between the abso 
lute voltages to ground at the upper and lower 
terminals of the inductance element 26a. More 
specifically considered, if the capacitance of the 
condenser 26b equals that of the condensel 26C, 
which it does, and the capacitance of the two 
diode legs of the circuit are equal, Such that the 
bridge is balanced, the currents respectively trav 
ersing the condensers 26b and 25C are equal so 
that equal voltage drops appear across these con 
densers. Accordingly, no difference between the 
voltages, to ground is developed at the upper and 
lower terminals of the inductance element 26a, 
regardless of the frequency of the exciting volt 
age-applied to the circuit. In the actual circuit, 
however, the capacitance of that leg which in 
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8 
cludes the diode 9b is greater than the capac 
itance of the leg including the diode 9a, by an 
amount equal to the capacitance value of the 
condenser 30, such that the bridge is unbalanced. 
Accordingly, during excitation of the circuit, the 
current traversing the condenser 26c exceeds the 
current traversing the condenser 26b so that a 
current is caused to flow through the inductance 
element 26a. The magnitude of this current 
obviously depends upon the reactive impedance 
of the inductance element 26a at the particular 
frequency of excitation, and the direction of cur 
rent flow is such that the voltage drop across the 
condenser 26b is enhanced and that across the 
condenser 26c is decreased. It will be understood, 
therefore, that by suitably proportioning the im 
pedance of the inductance element 26a relative to 
the reactive impedances of the condensers 26th 
and 26c at a particular center frequency, thereby 
to establish a given relationship between the cur 
rents traversing. the circuit elements 28d, 26b and 
26c, the absolute voltages between the upper and 
lower terminals of the inductance element 26a. 
and ground become equal. In their relationship 
to each other, however, these voltages are out of 
phase, so that a difference voltage actually exists 
between the upper and lower terminals of the 
inductance element 26a. This difference voltage 
is of course equal: to the vector sum of the abso 
ute-Voltages between the upper and lower ter 
minals of the inductance element 26d and ground. 
The particulai' frequency at which these absolute 
voltages become equal to balance the bridge, rep 
resents the center frequency at which the voltage 
appearing at the output side of the discriminator 
between the cathode of the diode 9a, and ground, 
becomes Zero. In this regard it is pointed Out 
that, when the bridge is balanced, so that the 
voltages from the upper and lower terminals of 
the inductance element 26d to ground are equal, 
equal direct voltages are produced across-the load 
resistors 3 and 32. These direct voltages are 
opposingly combined in a direct current path 
through the inductance element 26a, So that 
when equal, no direct voltage appears between 
the cathode of the diode 9a, and ground. 
As the exciting voltage for the discriminator 9 

is increased above the center frequency, due to 
the signal modulation thereof at an audio rate, 
the reactive impedances of the circuit constants 
change to alter the relative magnitudes of the 
currents traversing the circuit elements 26a, 26b 
and 25c. So that the voltage front the upper tel 
minal of the inductance element 26d to ground 
exceeds that between the lower terminal of the 
inductance element 26d. and ground. Accord 
ingly, a voltage which is positive with respect to 
ground is produced between the cathode of the 
diode 9tt and ground. If, on the other hand, the 
exciting frequency for the discriminator 9 is 
decreased below the center frequency, the re 
active impedances of the circuit constants change 
to , alter the relative magnitudes of the currents 
traversing the circuit elements 26a, 26b; and 26c 
so that the voltage between the lower terminal 
of the inductance element 26d. and ground exceeds 
that between the upper terminal of the induct 
ance: element 26a and ground. As a result, an 
output voltage which is negative with respect to 
ground is produced between the Cathode of the 
diode 9a, and ground. It has been found that 
the extent or magnitude of the discriminator out 
put voltage varies linearly in accordance with 
the departure of the exciting frequency from the 
center intermediate frequency to which the dis 
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criminator network 9 is center tuned. It will be 
understood, therefore, that if the frequency of 
the carrier appearing at the output side of the 
limiter 8 is frequency modulated in accordance 
With a given audio signal a corresponding audio 
frequency voltage is accurately reproduced across 
the condenser 33 at the output side of the dis 
Criminator 4 9. 
To consider somewhat more fully the action of 

the condenser 30 in stabilizing the operation of 
the discriminator network 9, it may be pointed 
out that if the impedances of the four legs of the 
bridge circuit are perfectly balanced, changes in 
the exciting frequency Will not produce the de 
sired differences of potential between the upper 
and lower terminals of the inductance element 
26a and ground. By providing the condenser 30 
connected in the manner illustrated, however, 
thereby to insure that the Over-all capacitance 
between the lower terminal of the inductance elle 
ment 26d. and ground exceeds that between the 
upper terminal of this inductance element and 
ground, the desired circulating current within the 
resonant circuit 26 will always be produced to in 
Sure stability of circuit operation. 

Operation of the muting apparatus 
As will be apparent from the foregoing ex 

planation, When the System is conditioned for sig 
nal reception but is not receiving a desired signal, 
noise signal Woltages appearing in those stages of 
the receiving channel which precede the discrimi 
nator 9 appear as audio and Superaudible fre 
quency voltages at the output side of this discrim 
inator. 
transmitted through the intermediate frequency 
and mixer stages of the receiver, and are de 
tected by the discriminator 9 to appear as audio 
frequency and super-audible frequency Voltages 
at the output side of the discriminator. Such 
noise voltages may be produced as a result of 
thermal agitation within the tubes provided in the 
receiver, shot effectS, extraneous noise Voltages 
appearing across the antenna-ground circuit to 
or by physical shock to the circuit elements pro 
vided in the receiver. Regardless of the origin 
thereof, however, the noise Signals are mani 
fested as audio and super-audible frequency 
voltages appearing between the cathode of the 
diode rectifier Sa and ground at the output side 
of the discriminator 9, and in the absence of the 
described muting apparatus would be passed 
through the audio frequency amplifier 20 to the 
loud speaker 2 for reproduction. 
More specifically considered, the noise re 

sponse of the receiver is graphically illustrated in 
Fig. 3 of the drawings wherein the noise voltage 
appearing between the cathode of the diode 9a 
and ground is plotted as a function of the Selected 
signal carrier input voltage appearing across the 
antenna-ground circuit (). From a consideration 
of this curve it will be noted that when no signal 
carrier is being received, the noise Voltage ap 
pearing at the output side of the discriminator 9 
is high, and that the magnitude of this voltage is 
sharply reduced in response to the application of 
a selected signal carrier to the antenna-ground 
circuit fe). The decrease in the level of the noise 
voltage which accompanies the transmission of 
a selected signal through the receiver is largely 
effected in the amplitude limiters 7 and 8. 
To consider the action of the muting apparatus, 

it is pointed out that the noise voltage appearing 
between the cathode of the diode 9a and ground 
at the output side of the discriminator 9 is in 

More Specifically, these voltages are 
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10 
pressed upon the inputside of the high pass filter 
22. This filter acts to pass only those components 
of the noise voltage having frequencies above the 
normal signal reproducing band of the receiver. 
For example, this filter may be designed to pass 
frequencies above 20 kilocycles. The noise volt 
age appearing across the output side of the filter 
22 is implessed between the input electrodes of 
the noise amplifier and rectifier tube 23d and 
appears in amplified form acroSS the coupling 
condenser 54 and the diode section of the tube 
23d. Due to the rectifying action of the diode 
section of this tube, a direct voltage is produced 
across the ioad resistor 52 which varies in mag 
nitude in accordance with the magnitude of the 
noise voltage impressed between the input elec 
trodes of the tube. This direct Voltage, i. e., that 
across the resistor 52, is negatively applied to the 
control grid of the direct current amplifier tube 
24d through the resistor 55 in opposition to the 
fixed bias voltage normally positively applied to 
the control grid of the tube 24 a through the re 
sistor 5. The negative voltage appearing acroSS 
the resistor 52 So greatly predominates Over that 
positively applied to the control grid of the tube 
24a that this tube is biased beyond its space 
current cutoff point. Accordingly, the voltage 
drops across the two resistors 60 and 59 are 
sharply decreased to very iOW Walues, with the 
result that the full voltage of the available Source 
of anode current is positively applied to the Screen 
electrode of the oscillator and rectifier tube 25a. 
The application of this voltage to the screen elec 
trode of the tube 25a initiates the operation of the 
oscillator section of this tube, SO that an OScilla 
tory voltage is developed acroSS the Series con 
nected coupling condenser 62 and the Space cur 
rent path between the diode electrodes of the 
tube. Due to the action of the diode section of 
the tube 25a in rectifying the OScillatory Woltage, 
a direct bias voltage is produced across the diode 
load circuit comprising the resistor 69 and the en 
circuited portion of the resistor 12. This bias 
voltage is negatively applied to the control grid 
of the audio frequency amplifier tube 200 over 
a path which includes the resistor S, the resistor 
4) and the encircuited portion of the resistor 38. 
The magnitude of this bias voltage is sufficient to 
bias the tube 20a, beyond cutoff, whereby the noise 
signals are prevented from being transmitted 
through the audio frequency amplifier 20 to the 
loud speaker 2 for reproduction. 
As will be apparent from further considera 

tion of the curve shown in Fig. 3 of the draw 
ings, when a selected Signal carrier of Substan 
tial magnitude appears acroSS the antenna 
ground circuit 0, the limiters 7 and 8, together 
with the discriminator 9, function sharply to 
decrease the noise voltage developed at the out 
put side of the discriminator. This produces a 
corresponding decrease in the bias Voltage de 
veloped across the load resistor 52. When the 
negative bias applied to the control grid of the 
tube 24a is thus reduced to a low value, the cur 
rent flow through the resistors 6 and 59 and the 
space current path of the tube 24a is sharply 
increased to produce a corresponding increase 
in the voltage drops acroSS the two identified re 
sistors. As a result, the Woltage which is posi 
tively applied to the screen electrode of the oscil 
lator and rectifier tube 25a through the two re 
sistors 60 and 59 is sharply decreased to a Value 
Such that operation of the Oscillator Section of 
this tube cannot continue. When the produc 
tion of an oscillatory Voltage across the Space 
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current path of the tube 23d is thus arrested, 
the negative bias voltage developed across the 
rectifier load circuit comprising the resistor 69 
and the encircuited portion of the resistor in 
the manner just explained is reduced to Zero, 
permitting the normal negative bias voltage ap 
pearing between the adjustable tap 2 and ground 
to be impressed upon the control electrode of the 
audio frequency amplifier tube 26a. When this 
amplifier tube is thus unblocked or biased to a 
normal value, the audio section of the receiver is 
rendered operative to amplify the signal fre 
quency components of the received Signal and to 
transmit the same to the loud Speaker 2 for re 
production. 

From the foregoing eXplanatiOn it will be Un 
derstood that normally, i.e., when the System is 
conditioned for signal reception, the noise Signals 
appearing in the receiver are utilized to com 
pletely block the audio section of the receiver 
against the transmission of noise signals to the 
loudspeaker 2. More specifically, the component 
circuit elements of the muting apparatus should 
be so chosen that in the absence of a desired 
signal the negative bias voltage developed at the 
upper terminal of the resistor 6 is approximately 
20 volts. To this end, from 40 to 50 volts must 
be positively applied to the Screen electrode of 
the oscillator and rectifier tube 25a, when a tube 
of the commercial 1 S5 type is employed in the 
Oscillator and rectifier stage 25. Further, the 
component circuit elements of the muting ap 
paratus should be such that when a selected 
frequency modulated carrier is received having 
a magnitude exceeding a predetermined low 
value, the voltage positively applied to the screen 
electrode of the tube 25a is dropped to approxi 
mately 20 volts such that operation of the Oscil 
lator Section of the tube is arrested. In the 
absence of an Oscillatoly Voltage between the 
anode and cathode of this tube, the Only nega 
tive bias voltage applied to the control grid of 
the audio frequency amplifier tube 2Ga is that 
developed across that portion of the resistor T 
which is connected between the adjustable tap 
72 and ground, which voltage is of the order cf 
a few VoltS. 
When the apparatus is designed to have the 

characteristics just described, the audio channel 
of the receiver will at all times remain blocked 
during periods when a selected signal is not be 
ing received and will be automatically unblocked 
when a selected signal is transmitted through. 
the receiver to the discriminator 27 for detec 
tion. In this regard it will be understood that 
since the high paSS filter 22 will not pass fre 
quencies Within the normal signal reproducing 
band of the receiver, the muting apparatus is not 
responsive to the audio frequency components 
of a received signal carrier and thus this appa 
ratus is prevented from blocking the audio sec 
tion of the receiver against the transmission of 
detected signal voltages to the loud speaker 2. 
It will also be understood that the magnitude of 
the voltage developed across the load resistor 
52 in the noise amplifier and rectifier stage 23 
is directly proportional to the magnitude of the 
noise voltage components which are passed 
through the high pass filter 22 and impressed 
betWeen the input electrodes of the tube 23d. Ac 
cordingly, the greater the magnitude of the noise 
Voltages appearing in the receiver, the greater 
the bias voltage impressed between the cathode 
and control grid of the direct current amplifier 
tube 24a. Once this tube is biased beyond cut 
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12 
off, the voltage drops across the two resistors 59 
and €9 are unaffected by changes in the noise 
level and the positive potential applied to the 
screen electrode of the muting oscillator and 
rectifier tube 25a remains constant. Accord 
ingly, the bias voltage negatively applied to the 
control grid of the audio frequency amplifier tube 
26d, remains constant with increases in the mag 
nitude of the noise Voltage appearing at the out 
put side of the discriminatol 9 above a pre 
determined Value. Thus it is apparent that in 
the novel muting or Squelch apparatus disclosed 
above, the inherent disadvantages of those prior 
art Systems which operate strictly upon a noise 
Or signal voltage amplitude basis is wholly obvi 
ated. It will also be apparent from the preced 
ing explanation that no tubes of the indirectly 
heated cathode type are required in the muting 
apparatus. Thus, by providing the Oscillator 
and rectifier stage 25, operative in the manner 
described above, it is possible to utilize a direct 
current amplifier 24 having a filamentary type 
cathode which is maintained at the reference 
ground potential. Accordingly, the muting ap 
paratts is immediately rendered operative to 
perform its intended function when cathode 
heating current is supplied to the cathodes of 
the tubes provided therein. This novel feature 
of the arrangement is of particular utility in port 
able or fixed position units which are to be uti 
lized in police, military or other emergency Work. 
AS indicated above, the greater the noise in 

tensity, the greater the negative voltage applied 
to the tube 2la from the resistor 52 and the 
farther beyond cut off this tube is biased. This 
of course means that in areas of high noise level 
a greater Signal Strength is required to open the 
audio channel than Would be required in an area 
of low noise level. Thus the difficulty of adjust 
-ing the threshold bias to a value suitable for uni 
Versally correct operation under widely varying 
noise level conditions to insure reception of both 
Strong and relatively weak signals becomes read 
ily apparent. The ideal arrangement is that in 
which the voltage across the load resistor 52 will 
remain constant with increasing noise intensity 
after it has been increased to a value just suffi 
cient to bias the tube 24d beyond cut off. 
In Order to obviate the difficulties referred to 

in the preceding paragraph, the modified ar 
rangement illustrated in Fig. 4 of the drawings 
may be employed. In this arrangement, refer 
ence characters corresponding to those used in 
Figs. 1 and 2 have been employed for the pur 
pose of identifying corresponding portions of the 
System. In fact, the four stages 8, 9, 22 and 
23 as shown in Fig. 4 may be incorporated in the 
System of Figs. 1 and 2 as a unit. From an ex 
amination of the modified arrangement of Fig. 4, 
it Will be noted that a biasing link has been 
provided between the biasing circuit for the con 
trol grid of the Second limiter tube 8a and the 
control grid of the noise amplifier and rectifier 
tube 23d. In this regard it is noted that the 
Second limiter 8 is of entirely conventional de 
Sign, Such, for example, as that illustrated in Fig. 
85 of August Hund's book entitled "Frequency 
Modulation,' first edition, published in 1942 by 
the McGraw-Hill Book Company, Iac. This cir 
Cuit is provided with a grid leak resistor 76 hav 
ing a Wiper fila adjustable therealong which is 
connected through a filter network comprising 
a condenser 19, a resistor 79a and a resistor 78, 
to the control grid of the noise amplifier and 
rectifier tube 23a. The filter network also pre 
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vents audio or radio frequency feed-back from 
the output side of the high pass filter 22 to the 
input side of the limiter 8. A condenser 80 is 
also provided for isolating the biasing circuit 
just described from ground through the filter 
resistor 48. 

In considering the Operation of the alrange 
ment shown in Fig. 4 of the drawings, it will be 
understood that a voltage which is negative with 
respect to ground is developed across the resistor 
76 when signal or noise voltages are applied to 
the input side of the Second limiter 8 from the 
preceding limiter . The magnitude of this 
Voltage varies directly in accordance with the 
noise or signal intensity and reaches a maximum 
When the second limiter becomes Saturated. 
Thus, the cathode-control grid biasing circuit of 
the Second limiter functions as a source of nega 
tive bias potential during off-signal periods, the 
extent or magnitude of the negative bias appear. 
ing across the resistor 76 varying in proportion 
to the intensity of the noise voltages appearing 
in the System. A portion of this voltage, i. e., 
that appearing between the Wiper a and ground, 
is negatively applied to the control grid of the 
noise amplifier and rectifier tube 23d through the 
resistor i8. Thus, an arrangement is provided 
for varying the noise voltage gain through the 
tube 23a inversely in accordance with the noise 
level as measured at the second limiter stage 8. 
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In other words, when the noise voltages appear 
ing at the output side of the high paSS filter 22 
are at a maximum and thus tend to produce the 
maximum rectified voltage across the resistor 52, 
the bias voltage negatively applied to the control 
grid of the tube 23a from the second limiter stage 
8 is also at a maximum With the result that the 

gain or amplification of the noise voltages 
through the tube 23d, is a minimurn. As the noise 
in the System decreases, the voltage appearing at 
the output Side of the filter 22 decreases in like 
manner and this decrease is accompanied by a 
corresponding decrease in the negative bias volt 
age applied to the control grid of the tube 23d, 
from the second limiter stage 3. Accordingly, 
the gain through the tube 23a is increased to 
prevent a large decrease in the Voltage appear 
ing acrOSS the load resistor 52. It Will thus be 
apparent that by providing the biasing link be 
tween the second limiter i 8 and the noise ampli 
fier and rectifier 23, the tendency of the voltage 
across the load resistor 52 to increase with an 
increase in the noise appearing at the output 
side of the filter 22 is substantially reduced. Con 
versely, the tendency of the voltage across the 
resistor 52 to decrease sharply with a sharp de 
crease in the noise voltage appearing at the out 
put side of the filter 22 is also minimized through 
the action of the described biasing circuit. Thus 
by properly proportioning the values of the cir 
cuit constants involved, the Voltage appearing 
across the load resistor 52 may be held substan 
tially constant over a relatively wide range of 
noise inten SitieS. 
When a signal is received, the two limiter 

stages and 8 and the discriminator stage 9 
operate in the exact manner explained above to 
produce a sharp decrease in the noise voltage 
appearing at the output side of the filter 22. 
Thus, the voltage across the resistor 52 is dropped 
to a value such that operation of the muting 
oscillator and rectifier 25 is arrested. It will be 
understood from the above explanation that the 
biasing link between the second limiter 8 and 
the noise amplifier and rectifier 23, by holding 
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14 
the rectified noise Voltage which appears across 
the resistor 52 Substantially constant, prevents 
the tube 24.a from being biased far beyond cut 
off. Accordingly, relatively weak signals may be 
received in Such an area. The extent of the lim 
iting action as provided by the added biasing link 
is of course determined by the setting of the 
wiper Tia along the resistor S. This wiper, in 
its relationship to the setting of the potentiom 
eter Wiper along the resistor 53b, should be so set 
that the muting oscillator and rectifier 25 Will be 
Operated. When the System is used in areas having 
a wide range of noise level intensities and yet 
the Operation thereof will be arrested when a 
Signal of sufficient amplitude for discernible re 
production is received. In practice the proper 
Settings for the two potentiometer wipers may 
easily be ascertained by manual adjustment of 
the two wipers in different Zones of the particu 
la,r area, Where the System is to be used. 
While different embodiments of the invention 

have been described, it will be understod that 
various modifications may be made therein, 
which are Within the true spirit and scope of the 
invention. 
I claim: 
1. In a Wave signal receiving system which in 

cludes a signal responsive device, means respon 
Sive Solely to undesired noise signals appearing in 
Said System in the absence of a received desired 
signal for developing a control voltage, means re 
Sponsive to a received desired signal in the pres 
ence of noise Signals for changing said Voltage, 
an Oscillator, means responsive to said voltage 
for controlling an electrical characteristic of the 
output of said Oscillator, and means controlled by 
Said oscillator output for determining the respOn 
Siveness of said device. 

2. In a radio receiving System which includes 
a signal responsive device, means responsive to 
undesired noise signals appearing in said System 
for developing a control voltage, means respon 
Sive to a received desired signal in the presence 
of noise signals for effecting a decrease in Said 
Voltage from One value to a lower value, an Oscil 
lator controlled by said Woltage and operative to 
produce an OScillatory Voltage. Only when said 
control voltage exceeds said lower value, and 
means controlled by Said Oscillatory Woltage for 
preventing said device from responding to noise 
signals appearing in Said System in the absence 
of a received desired signal. 

3. In a radio receiving system which includes 
a signal responsive device, means responsive to 
undesired noise signals appearing in said system 
for developing a control voltage, means for pre 
Venting said last-named means from responding 
to a received desired signal, means responsive to 
a received desired signal in the presence of noise 
Signals for changing said voltage, an oscillator, 
means responsive to said voltage for changing an 
electrical characteristic of the output of said os 
Cillator, and means controlled by said oscillator 
output for preventing said device from respond 
ing to noise signals appearing in said system in 
the absence of a received desired signal. 

4. In a radio receiving System which includes 
a signal responsive device, means responsive to 
undesired noise signals appearing in said system 
for developing a control voltage, means for pre 
Venting said last-named means from respond 
ing to a received desired signal, means responsive 
to a received desired signal in the presence of 
noise signals for effecting a decrease in said volt 
age from one value to a lower value, an oscillator 

  



2,409,139 
15 

controlled by said voltage and operative to pro 
duce an OScillatory Voltage only When Said con 
trol voltage exceeds said lower value, and means 
controlled by Said oscillatory voltage for prevent 
ing Said device from responding to noise signals 
appearing in Said system in the absence of a 
received desired signal. 

5. In a radio receiving system which includes 
a signal transmission channel and a signal re 
Sponsive device, an oscillator, means responsive 
to the appearance of undesired noise signals in 
Said channel in the absence of a received desired 
signal for causing the Operation of Said oscillator, 
means controlled by the Oscillatory voltage devel 
oped by said OScillator for blocking Said channel 
against the transmission of signals to said device, 
and means responsive to a desired signal received 
in the presence of noise signals for decreasing 
the Control exercised by said first named means 
until said OScillator stops oscillating, thereby to 
render Said device responsive to the desired 
Signal. 

6. In a radio receiving system which includes a 
signal transmission channel and a signal respon 
sive device, means responsive to the appearance 
of undesired noise signals in Said channel in the 
absence of a received desired signal for develop 
ing a control voltage, means responsive to a de 
Sired signal received in the presence of noise sig 
inals for decreasing Said control voltage below a 
predetermined value, an oscillator including an 
electron discharge tube provided with a screen 
electrode and operative to produce an oscillatory 
Voltage only when a voltage exceeding said pre 
determined value is applied to said screen elec 
trode, means for impressing the control voltage 
developed by Said first named means upon said 
Screen electrode, and means controlled by said 
OScillatory voltage for preventing said device 
from responding to noise signals appearing in 
Said channel in the absence of a received desired 
signal. 

7. In a frequency modulated radio receiving 
System which includes a signal responsive device 
preceded by a signal carrier transmission chan 
nel haVing a limiter provided therein, means 
coupled to Said channel at a point following said 
limiter and responsive to the appearance of un 
desired noise signals in said channel in the ab 
sence of a received frequency modulated carrier 
for developing a control voltage, means including 
Said limiter for effecting a decrease in said con 
trol voltage below a predetermined value in re 
sponse to the reception of a frequency modulated 
carrier in the presence of noise signals, an oscil 
lator controlled by Said voltage to operate only 
When said Control voltage exceeds said predeter 
mined value, and means controlled by the output 
of said Oscillator for preventing said device from 
responding to noise signals appearing in said 
channel. 

8. In a frequency modulated radio receiving 
System which includes a signal responsive device 
preceded by a signal transmission channel com 
prising a limiter and a frequency discriminator 
connected in tandem in the order named, means 
coupled to said channel at a point following said 
frequency discriminator and responsive to the 
appealance Of undesired noise signals in Said 
channel in the absence of a received frequency 
modulated carrier for developing a control volt 
age, means including said limiter, and said fre 
quency discriminator for effecting a decrease in 
Said control voltage below a predetermined value 
in response to the reception of a frequency mod 

5 

0 

25 

30 

40 

5 5 

60 

65 

70 

75 

16 
ulated carrier in the presence of noise signals, 
an oscillator controlled by said Voltage to oper 
ate only when said voltage exceeds Said predeter 
mined value, and means controlled by the output 
of Said oscillator for preventing said device from 
responding to noise signals appearing in said 
channel. 

9. In a frequency modulated radio receiving 
system which includes a signal responsive device 
preceded by a Signal transmission channel Com 
prising a limiter and a frequency discriminator 
Connected in tandem in the order named, means 
Coupled to said channel at a point following said 
frequency discriminator and responsive to the 
appearance of undesired noise signals in Said 
channel in the absence of a received frequency 
modulated carrier for developing a control volt 
age, means including said limiter and said fre 
quency discriminator for effecting a decrease in 
Said Control Voltage below a predetermined value 
in response to the reception of a frequency mod 
ulated carrier in the presence of noise signals, 
an oscillator including an electron discharge tube 
provided with a screen electrode and operative 
only when a voltage exceeding said predeter 
mined value is applied to said screen electrode, 
means for impressing the control voltage de 
veloped by Said first named means upon said 
Screen electrode, and means controlled by the 
output of said oscillator for preventing said de 
Vice from responding to noise signals appearing 
in Said channel. 

10. In a radio receiving system which includes 
a signal responsive device, an oscillator which 
includes an electron discharge tube provided with 
a Screen electrode and having an output con 
trolled in accordance with the potential applied 
to Said screen electrode, means for applying a 
potential to said Screen electrode, means con 
trolled by noise voltages appearing in said sys 
tem for controlling the potential applied to said 
Screen electrode to change said oscillator output, 
and means controlled by Said oscillator output 
for preventing said device from responding to 
noise voltages appearing in Said system. 

li. In a radio receiving system which includes 
a signal responsive device, an oscillator including 
an electron discharge tube provided with a screen 
electrode and operative to produce an oscillatory 
Voltage only when a control voltage exceeding a 
predetermined value is impressed upon said 
screen electrode, means controlled by noise sig 
nals appearing in said system for impressing a 
control voltage exceeding said predetermined 

5 Value upon said screen electrode, and means con 
trolled by said oscillatory voltage for preventing 
Said device from responding to noise signals ap 
pearing in Said System. 

12. In a radio receiving system which includes 
a signal responsive device, an oscillator including 
an electron discharge tube provided with a screen 
electrode and operative to produce an oscillatory 
Voltage only when a control voltage exceeding a 
predetermined value is impressed upon said 
Screen electrode, means controlled by noise sig 
nals appearing in said System for impressing a 
control voltage exceeding said predetermined 
value upon said screen electrode, means for pre 
venting said last named means from responding 
to a received signal, and means controlled by said 
Oscillatory voltage for preventing said device 
from responding to noise signals appearing in 
said System, 

13. A radio receiving system comprising a sig 
inal responsive device, a signal transmission 
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channel for transmitting signals to said device, a 
plurality of electron discharge tubes coupled to 
said channel in cascade and having cathodes of 
the filamentary type connected to operate at 
substantially the same potential, and means in 
cluding said tubes operative in response to unde 
sired noise signals appearing in Said channel in 
the absence of a received desired signal for pre 
Venting said device from responding to the noise 
Signals. 

14. A radio receiving System comprising a Sig 
nal responsive device, a signal transmission 
channel for transmitting signals to said device, a 
plurality of electron discharge tubes coupled to 
Said channel in cascade and having Cathodes of 
the filamentary type connected to operate at Sub 
stantially the same potential, means including 
said tubes operative in response to undesired 
noise signals appearing in said channel in the 
absence of a received desired signal for blocking 
Said channel against the transmission of Said 
noise signals to said device, and means included 
in Said channel and responsive to a desired sig - 
nal received in the presence of noise signals for 
controlling said last-named means to unblock 
said channel. 

15. In a radio receiving System which includes 
a Signal responsive device, means for selecting 
noise appearing in Said System in the absence of 
a received signal, means controlled by the select- 30 
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ed noise for developing a voltage which tends to 
increase with increasing noise intensity, means 
controlled by said voltage for preventing Said 
device from responding to noise appearing in 
Said System so long as Said voltage exceeds a 
predetermined Value, means for adjustably vary 
ing the predetermined value of said Voltage at 
which said last-named means is rendered oper 
ative to prevent said device from responding to 
the noise, and additional means for controlling 
Said Second-named means to variably decrease 
the tendency of Said voltage to increase with in 
creasing noise intensity. 

16. In a radio receiving System, means for se 
lecting noise signals appearing in said System in 
the absence of a received signal which have fre 
quencies different from the frequencies of re 
ceived desired signals, means responsive to the 
Selected noise Signals for developing a control 
Voltage, means including an Oscillator responsive 
to Said Voltage for preventing signal or noise 
translation in said System, and means responsive 
to a received desired signal in the presence of 
noise signals for effecting a predetermined de 
crease in said control voltage, thereby to render 
Said OScillator non-responsive to said control 
Voltage and thus render said last-named means 
ineffective to prevent signal translation in said 
System. 

HENRY MAGNUSKI. 

  


