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Miy present invention relates to a noise control 
circuit for a receiver of the angular velocity 
modulated carrier Wave type, and more particu 
larly to a circuit for automatically silencing such 
receiver in the absence of a carrier magnitude 
above a predetermined value. 

It has been found in the past that when radio 
receivers are operated with automatic gain con 
trol (AGC), noise reproduction is greatly in 
creased when the carrier amplitude drops below 
a predetermined magnitude. Hence, automatic 
Silencing networks have been provided to prevent 
such noise reproduction when the carrier ampli 
tude decreases to a low level which is insufficient 
to actuate the AGC circuit to reduce the sensi 
tivity of the Controlled pre-demodulator Stages. 
In the case of angular velocity-modulated car 
rier Wave receivers, and particularly those of the 
phase modulation type, utilization of AGC cir 
Cuit.S also give rise to the problem of noise re 
production in the absence of a carrier of prede 
termined amplitude. Operation with a phase 
modulated carrier Wave (PM) receiver in the 
400-500 megacycle (mc.) range has indicated that 
automatic noise Silencing is required if AGC is 
to be employed. This is particularly true in the 
case of a PM receiver operating as a relaying 
device. In an ultra-high frequency relay re 
ceiver of the PM type the noise output of the 
receiver, in the absence of a carrier of sufficient 
amplitude, is high enough to actuate a remote 
control stop-start relay. 
Accordingly, it may be stated that it is one of 

the main objects of my present invention to pro 
vide in a receiver of angular velocity-modulated 
carrier waves having an AGC circuit, a device 
responsive to a predetermined decrease of the 
carrier amplitude for automatically preventing 
transmission of electrical impulses to the dis 
Criminator-rectifier employed in the receiver for 
demodulation purposes. 
A more specific object of the invention may 

be stated to reside in the provision of an ultra 
high frequency PM receiver which employs a de 
Vice for automatically rendering the amplitude 
modulation limiter thereof ineffective when the 
carrier amplitude decreases below a predeter 
mined tolerable level. 

Still another object of my invention is to pro 
vide in a PM receiver operating in the 400-500 
mc. band an AGC circuit which inherently causes 
an increase in noise output of the receiver in 
response to a decrease of the carrier amplitude 
below a desired level, there being additionally 
provided a noise control circuit which is respon 
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sive to the device actuating the AGC circuit for 
preventing transmission of electrical impulses to 
the receiver discriminator-rectifier when such 
carrier amplitude decreases occur. 

Still other objects of my invention are to in 
prove generally the efficiency and reliability of 
ultra-high frequency receivers operating as relay 
receivers, and to provide such efficient and re 
liable operation in an economical manner. 
The novel features which I believe to be char 

acteristic of my 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 I have in 
dicated diagrammatically a circuit organization 
Whereby my invention may be carried into effect. 

Referring now, to the accompanying drawing 
wherein are shown only those circuits of a PM 
receiver of the ultra-high frequency type which 
are essential to a proper understanding of the 
invention, it will be understood that the tuned 
circuit is the output circuit of an intermediate 
frequency (I. F.) amplifier. The amplifier may 
Comprise One or more I. F. tube Stages. These 
I. F. stages may be preceded by any type of con 
verter stage which is capable of reducing the 
frequency of the collected ultra-high frequency 
waves to the operating I. F., in this case a value 
of 8 nc. As stated previously, in the specific 
case being considered in this application the PM 
waves are in the 400-500mc. range. Specifically 
the center frequency of the collected waves is 
402 mic. The PM waves themselves may be wide 
band or narrow band with respect to carrier devi 
ation. 
As is well known to those skilled in the art, 

the difference between the PM and FM waves 
resides in the fact that the former includes a 
Wider frequency deviation at the higher modula 
tion frequencies than in the case of the latter. 
The modulation amplitude is translated into a 
proportional carrier frequency deviation at the 
transmitter, while the rate of deviation corre 
sponds to the modulation frequencies perse. The 
Secondary circuit 2 is tuned to the operating 
I. F. value, and is reactively coupled to the 
primary circuit so as to provide the proper pass 
band width to pass the entire carrier frequency 
deviation of the PM waves. 
The amplitude modulation effects which may 

exist on the carrier wave are eliminated by a 
limiter tube 3. These amplitude modulation ef 
fects are caused by fading, noise impulses and 
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even by virtue of the cascaded tuned circuits in 
the various networks preceding the final de 
modulator. The limiter tube, for example, may 
be a pentode whose cathode circuit includes the 
usual by-passed self-biasing resistor 4, the input 
grid being connected to ground through a grid 
leak resistor 5. The plate of the limiter tube 
may be connected to the positive terminal of a 
direct current energizing source, and the limited 
PM waves are transmitted to any well known type 
of discriminator-rectifier network. As is well 
known to those skilled in the art, the limiter 
circuit is designed so as to have an input-output 
characteristic which is substantially horizontal 
beyond a predetermined input energy level. 
The tube functions in the manner of a Saturated 

amplifier, and in that way feeds to the subsequent 
demodulator, or discriminator-rectifier, a PM 
wave which is of substantially constant carrier 
amplitude and free of any amplitude modulation 
effects. The discriminator-rectifier circuit may 
be constructed in any well known manner, and 
it is not believed necessary to describe Such a 
circuit. In general, it functions to convert the 
PM Wave into the modulation frequencies of vari 
able amplitude, and the latter are utilized to 
actuate a modulation frequency utilization cir 
cuit. Such latter circuit may be a remote control 
stop-start relay, printers, facsimile equipment, 
and the like. 
AGC is provided for the pre-limiter networks; 

that is, for the ultra-high frequency amplifier and 
I. F. amplifier tubes. Furthermore, it is desired to 
provide a source of amplitude modulation voltage 
to energize a monitor so that the receiver operator 
may be able to observe for himself when ampli 
tude modulation exists on the received carrier 
wave. Both these functions are accomplished by 
connecting the anode and cathode of a diode 
rectifier 6 across the tuned circuit 2. The anode 
is connected to the high potential side of input 
circuit 2 while the cathode is connected to the 
low potential side through condenser 7. The low 
potential terminal of condenser 7 is connected to 
ground through a condenser 8 having a magni 
tude of approximately 0.1 microfarad (mf.). The 
junction of condensers 7 and 8 may be connected 
to a source of negative bias, establishing for ex 
ample a magnitude of -105 volts, through a 
resistor 9 of approximately 100,000 ohms. . 
The load resistor of rectifier 6 is designated by 

numeral 0, and the resistance thereof may be ap 
proximately 10,000 ohms. One end of the resistor 
is connected to the cathode of diode 6 through 
filter coil , while the other end of the resistor 
O is connected to the junction of condensers, 8 
and 2 through a milliammeter I which may indi 
cate a range of 0 to 1 milliampere. Condensers 
T and f2 in combination with coil form a low 
pass filter to prevent I. F. currents from reach 
ing the load resistor 0. - 
The direct current voltage developed across re 

sistor Ois utilized for AGC purposes, and also to 
actuate the noise silencing tube 20. The control 
grid circuits of the controlled tubes are connected 
through a filter resistor 3 to the cathode end of 
resistor 9. Since that end of resistor ?o becomes 
increasingly positive in polarity With an increase 
in carrier amplitude, some polarity reversing de 
vice is utilized in the AGC lead to the controlled 
tubes. In the absence of received carrier waves, 
or when the received carrier amplitude is below a 
predetermined intensity level, the direct current 
voltage developed across resistor O is then in ap 
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0. 

and is very small. Accordingly, the AGC bias for 
the controlled tubes is essentially Zero with the 
result that the sensitivity of the controlled tubes 
is at its maximum. 
To prevent the noise impulses from being trans 

mitted to the discriminator-rectifier, when the 
carrier decreases below a predetermined ampli 
tude, there is provided the noise control tube 20 
which may be of the 6J5 type. The cathode 2 of 
this tube is connected through resistor 22 to the 
-105 volt direct current source, and the resistor 
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22 may have a magnitude of approximately 2500 
ohms. The control grid of tube 20 is connected 
by resistor 23 to the cathode end of resistor f0, 
and resistor 23 may have a magnitude of approxi 
mately 100,000 ohms. The cathode end of re 
sistor 22 is connected to the positive terminal of 
the direct current voltage source through a re 
sistor 24 having a magnitude of approximately 
35,000 ohms, and the plate 25 is connected to the 
grounded positive terminal of the aforesaid 
source through the winding 26 of the relay 27. 
The relay 27 is schematically represented, and is 
shown enclosed by dotted lines. Since those 
skilled in the art are fully aware of the construc 
tion of a relay of the type shown in 27, it is not 
believed necessary to show more than the 
schematic appearance thereof. 
As is well known to those skilled in the art, 

the relay winding 26 energizes an electro-magnet 
which functions to attract the armature 28. The 
latter is normally in contact with the contact 
point 39 with normal signal level input to the 
receiver. The spring 3 will pull the arnature 
28 away from circuit-closing contact with point 
30 when the current flow through Winding 26 
decreases below a desired intensity. The piv 
oted end of armature 28 is connected to a source 
of positive voltage, as for example --250 volts, 
and the contact point 30 is connected by lead 
40 to the screen grid 3' of limiter tube 3. Lead 
40 is connected to the screen grid through a 
filter network comprising series resistors 50 and 
shunt condensers 51. When the current flow 
through relay winding .26 is of minimum value, 
the spring 3 is able to pull armature 28 out 
of contact with contact point 30 thereby breaking 
the positive supply voltage to the screen grid 3'. 
This causes the limiter tube to be ineffective to 
transmit any electrical impulses to the Subse 
quent discriminator-rectifier. On the other hand 
when the space current flow through tube 20 
rises to an intensity such that winding 26 ener 
gizes its electro-magnet to pull armature 28 into 
contact with point 30, the screen grid 3' will 
be energized and the limiter tube will be of nor 
mal transmission efficiency. 
With no I. F. energy applied to the rectifier 

through circuit 2 there will be substantially no 
direct current voltage across resistor 0, the diode 
load resistor. As soon as I. F. energy is applied 
to 2 there will flow in resistor for a rectified 
current giving a direct current potential across 
this resistor, the positive end of which is con 
nected to the grid of 20 through resistor. 23. 
The cathode of 20 connects to the voltage di 
vider 22, 24 which puts the cathode at a positive 
potential with respect to the negative side of 
the plate supply. Since no direct current flows 
through either resistor 9 or 23, it can be stated 
that the bias between the grid and cathode of 
20 is equal to the voltage across resistor iO minus 
the voltage across resistor 22. The circuit values 
are such that this bias is always negative so 

proximate proportion to the carrier amplitude 75 that no grid current flows in tube. 20. . . . . . . . 
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It is to be noted that the ground on the posi 

tive side of the plate battery in no way affects 
the operation of tube 20, since this one point is 
only ground for direct potentials for the entire 
circuit drawn. The reason for grounding the 
positive side of the battery is to allow the auto 
matic gain control circuits to function properly. 
In view of what has been said above, it should 
be clear that a decrease of I. F. input at 2 will 
cause an increase in bias on tube 20, since the 
voltage across 10 acts in a direction to decrease 
this bias. An increase in bias causes lower cur 
rent to flow in relay 26 thereby opening its 
contacts. The action of the automatic gain con 
trol circuit is to maintain substantially constant 
I. F. input to 2, which, in turn, causes a Sub 
stantially constant potential across to for all sig 
inal levels above the receiver noise. In order for 
the noise silencing circuit to operate propelly 
it is necessary that the diode current, at full 
receiver gain and no signal input, be considerably 
less than normal diode current with signal ap 
plied. Thus, the AGC circuit cannot raise the 
gain of the receiver with no-signal input to Such 
a high value. that the receiver internal noise 
causes the diode current to come up to its nor 
mal operating value. The maximum receiver 
gain may be limited to the correct value by ad 
justing either the screen potentials, or self-bias 
resistors, or by any other convenient means. . 
The receiver is normally operated with the 

AGC circuit active, and with no carrier present 
the receiver noise level is brought up enough to 
give a diode current of approximately 0.2 mil 
liampere (na.). 
about 0.7 m.a. So that a current differential of 0.5 
ma... fiowing through the 10,000 ohm resistor 0 
produces a voltage differential of 5 volts. This 
is sufficient to control the grid of tube 29, and 
in turn operates the relay 2 in its plate circuit. 
Under normal conditions the relay contacts 38 
and 28 are closed thereby supplying the proper 
positive potential to the screen grid of the limiter 
tube 3. When the relay contacts are open, how 
ever, the limiter tube becomes inactive thereby 
cutting off all noise impulses which would other 
Wise be transmitted to the audio utilization cir 
cuit. 
A pair of amplitude modulation nonitor ter 

minals 60 may be coupled to the ends of Winding 
26 by means of the coupling condenser 6 having 
a value of 0.1 mf. The function of these monitor 
terminals is to permit a measurement to be made 
to determine the amount of amplitude modula 
tion existing on the received carrier. The func 
tion of network - -2 is that of a low pass 
filter, to prevent I. F. energy from appearing at 
the load resistor ). The capacitor 8 serves only 
to ground the low potential side of the diode 
circuit for I. F. and audio voltages. NetWork 
50-5 is the usual I. F. filter arrangement which 
prevents I. F. energy from passing between tube 
3 and lead 43. 
While I have indicated and described a system 

for carrying my invention into effect, it will be 
apparent to one skilled in the art that my 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 my invention, as Set forth in 
the appended claims. 
What I claim is: 
1. In an angular velocity-modulated carrier 

wave receiver of the type including an amplitude 

Normally, the diode current is 
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ing discriminator-rectifier; an improvement com 
prising a direct current circuit energizing an elec 
trode of said limiter tube to render it operative 
for substantially minimizing amplitude modula 
tion effects which may exist on the received car 
rier, and additional means responsive to a de 
crease in the received carrier amplitude below a 
predetermined value for rendering said energizing 
circuit ineffective thereby to render said linaiter 
ineffective to transmit any electrical impulses. 

2. In combination in an angular velocity-mod 
ulated carrier wave receiver including an ampli 
tude modulation limiter tube adapted to feed a 
following discriminator-rectifier, direct current 
means energizing a positive electrode of said lim 
iter tube to render it operative for substantially 
minimizing amplitude modulation effects which 
may exist on the received carrier, additional 
means responsive to a decrease in the received 
carrier amplitude below a predetermined value 
for impairing said energizing means thereby to 
render said limiter ineffective to transmit any 
electrical impulses, and additional means re 
sponsive to relatively slow carrier amplitude vari 
ation for automatically controlling the sensitivity 
of stages of said receiver prior to said limiter 
tube. 

3. In combination in an angular velocity-mod 
ulated carrier wave receiver including an ampli 
tude modulation limiter tube adapted to feed a 
following discriminator-rectifier, a direct current 
circuit for energizing a positive electrode of Said 
limiter tube to render it operative for substantial 
ly minimizing amplitude modulation effects which 
may exist, on the received carriei, additional 
means responsive to a decrease in the received 
carrier amplitude below a predetermined Value 
for opening said direct current circuit thereby to 
render said limiter ineffective to transmit any 
electrical impulses, said last means comprising a 
rectifier coupled to the limiter tube input elec 
trodes, an electron discharge tube having an in 
put electrode responsive to the rectified output 
of said rectifier, and means in the output circuit 
of said electron discharge tube for controlling said 
limiter tube energizing circuit. 

4. In combination in a phase modulation re 
ceiver provided with a limiter tube having input 
and output circuits, a rectifier coupled to the 
limiter tube input circuit, and means responsive 
to the rectified voltage output of said rectifier for 
opening or closing the energization circuit of at 
least one electrode of said limiter tube, said one 
electrode consisting of the screen grid electrode. 

5. In a phase modulation receiver of the type 
operating in the ultra-high frequency range and 
including a limiter tube provided with input and 
output electrodes and a screen grid electrode, a 
direct current circuit for keping Said Screen grid 
at a positive voltage, a rectifier coupled to the 
limiter tube input electrodes for deriving from 
relatively slow carrier amplitude variation a 
proportionally variable direct current voltage, 
means for controlling the gain of the receiver in 
response to Said Voltage, and additional means re 
sponsive to said voltage for controlling the limit 
er screen grid energization circuit. 

6. In combination in an angular velocity-mod 
ulated carrier Wave receiver including an ampli 
tude modulation limiter tube of the screen grid 
type adapted to feed a following discriminator 
rectifier, means energizing the screen grid of said 
limiter tube to render it operative for substan 
tially minimizing amplitude modulation effects 

modulation limiter tube adapted to feed a follow- 75 which may exist on the received carrier, and ad 
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ditional means responsive to a decrease in the re 
ceived carrier amplitude below a predetermined 
value for rendering said energizing means inop 
erative thereby de-energizing the screen grid of 
the limiter tube thereby to render said limiter in 
effective to transmit any electrical impulses. 

7. In combination in an angular velocity-mod 
ulated carrier. Wave receiver including an ampli 
tude modulation limiter tube adapted to feed a 
following discriminator-rectifier, said tube have 
ing at least one positive electrode, means ener 
gizing said positive electrode of said limiter tube 
to render it operative for Substantially minimiz 
ing amplitude modulation effects which may 
exist on the received carrier, relay means respon 
sive to a decrease in the received carrier ampli 
tude below a predetermined value for rendering 
said energizing means inoperative thereby to 
render said limiter ineffective to transmit any 
electrical impulses, and gain control means re 
sponsive to relatively slow carrier amplitude vari 
ation for automatically controlling the sensitivity 
of stages of Said receiver prior to said limite" 
tube. 

8. In combination in an angular velocity-mod 
ulated carrier wave receiver including an ampli 
tude modulation limiter tube adapted to feed a 
following discriminator-rectifier, said limiter tube 
having at least one positive electrode, a direct 
current energizing circuit for energizing said pos 
itive electrode of Said limiter tube to reinder it op 
erative for substantially minimizing amplitude 
modulation effects which may exist on the re 
cived carrier, additional means responsive to a 
decrease in the received carrier amplitude below 
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a predetermined value for rendering said limiter 
ineffective to transmit any electrical impulses, 
said last means comprising a rectifier coupled to 
the limiter tube input electrodes, an electron dis 
charge tube having an input electrode responsive 
to the rectified output of said rectifier, and a re 
lay in the output circuit of said electron dis 
charge tube for controlling said limiter tube en 
ergizing circuit. 

9. In a phase modulation receiver of the type 
operating in the 400 to 500 megacycle range and 
including a limiter tube provided with input and 
output electrodes and a screen grid electrode, a 
direct current energizing circuit for the screen 
electrode, a rectifier coupled to the limiter tube 
input electrodes for deriving from relatively slow 
carrier amplitude variation a proportionally vari 
able direct current voltage, means for control 
ling the gain of the receiver in response to said 
Voltage, and a relay responsive to said Voltage for 
controlling the limiter screen grid energization 
circuit. - 

10. In a phase modulation receiver of the type 
including a limiter tube provided with input and 
Output electrodes and a Screen grid electrode, 
a rectifier coupled to the limiter tube input elec 
trodes for deriving from relatively slow carrier 
amplitude variation a proportionally variable di 
rect current voltage, means for controlling, the 
gain of the receiver in response to said voltage, 
and an electromagnetic relay means responsive to 
said Voltage for controlling the limiter screen grid 
energization. 

BERTRAM TREVOR. 


