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Claims. (CI. 250-20) 
My present invention relates to automatic gain 

Control arrangements for radio signalling sys 
tems, and more particularly to a novel and im 
proved type of delayed automatic volume con 

3. trol circuit for a radio receiver. 
One of the main objects of my present inven 

tion is to provide an automatic volume control 
arrangement for a radio receiver, wherein the 
Volume control action is delayed until signals. of 
a predetermined amplitude are received, the vol 
lume control circuit essentially comprising a de 
vice of uni-directional conductivity whose con 
ductivity is directly controlled by a signal. recti 
fier of the diode type. . . . . 
Another important object of the invention may 

be stated to reside in the provision of a delayed 
automatic volume control circuit for a radio re 
ceiver, wherein the control circuit comprises a 
diode rectifier circuit adapted to render a second 
diode circuit operable and conductive upon re 
ception of signals above a predetermined ampli 
tude, the current flow in the second diode circuit, 
being utilized to provide the volume control bias. 

Still other objects of my invention are to im 
prove generally the efficiency of operation of de 
layed automatic gain control circuits for radio 
receivers, and more especially to provide such 
control circuits in an economical and reliable: 
construction capable of ready assembly in radio 
receivers of present day design. 
The novel features which I believe to be chair 

acteristic of my invention are set forth in par 
ticularity in the appended claims; the inven 
tion 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 
indicated diagrammatically, a circuit organiza 
tion whereby my invention may be carried into 
effect. 

Referring now to the accompanying drawing, 
"there is shown in the latter a superheterodyne re 
ceiver of a well known type. The receiver em 
bodies the usual signal collector A, such as a 
grounded antenna circuit; the latter impressing 
the collected signals upon one, or more, stages of 
tunable radio frequency amplification. The ra 
dio frequency amplifier is denoted by the refer 
ence numeral , and the tunable input circuit. 
thereof includes the tuning condenser 2. The 
grounded cathode circuit of amplifier may in 
clude the customary biasing network 3 which 
provides initial bias for the signal, grid of the am 
plifier, and the amplified output of amplifier 
is impressed upon the tunable input circuit 4 of 

. 

the mixer, or converter, stage. The variable tun- ... . 
ing condenser 5 of the input circuit 4 has its 
rotors, arranged for uni-control adjustment with 
the rotors of condenser 2. The dotted line 6 will 
be understood as designating the uni-control ad 
justing element of the receiver tuning mechan 
ism. The converter stage has been convention 
ally represented, but the reference numeral 7 is 
to be understood as-designating the usual first 
detector and local oscillator circuits which are 
provided in present day. Superheterodyne receiv 
e.S. . . . 

For example, the numerall may designate a 
tube of the 2A7 type whose circuits are arranged 
to-enable it to function as a pentagrid converter. 
In such case it will be understood that the cont 
denser rotors of the oscillator. tank circuit, and 
detector input circuit. Will be arranged for uni 
control by the element 6. Of course, and as is 
well known, the network T. may employ separate 
first detector and, local oscillator tubes. 

art that further description is not believed necess 
sary. It is merely essential to point out... that in 
the output circuit 8 of the converter network 
there appears signal energy of intermediate fre 
quency; and the circuit 8 is tuned to the oper 
atting IF. The latter may be chosen from a range 
of frequency values of 75 to 500 k, c. Of course, 
higher frequency ranges may be used. The IF 
amplifier may comprise as many stages as de 
sired, and the numeral 9 denotes conventionally 
one, or more, such stages of IF amplification. 
The IF-tuned input circuit 0 is 'reactively cou 
pled to the output circuit 8 of the converter net 
Work, and the resonant Output circuit , tuned 
to the IF, is reactively coupled to the resonant 
input circuit 2 of the last stage of IF amplifica 
tion 3. - 

The circuit 2 is tuned to the IF, and the reso 
nant output circuit 4 of amplifier 3 is similarly 
tuned to the operating. IF. The numeral 5 de 
notes a signal grid biasing network disposed in 
the grounded cathode circuit of amplifier 3, and 
it will be understood that similar biasing net 
works are employed to provide the normal signal 
grid bias in each of networks 7 and 9. The tuned 
input circuit 6 of the second detector stage 7 
is reactively coupled to the output circuit 4, and 
is also resonated to the operating IF. The de 
tected signals of the network 7 which includes a 
signal detector of suitable type such as a diode, 
may be impressed upon one, or more, audio fre 
quency amplifiers, and the amplified audio cur 

These. 
circuits are so: Well known to those skilled in the 
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rents can be utilized in any translating device, 
such as a reproducer of the loudspeaker type. 

In order to overcome the effects of fading, an 
automatic volume control arrangement (herein 
after referred to as AVC) is employed. The 
function of this volume control circuit is to vary 
the gain of each of the amplifying tubes in such 
a manner that the signal carrier amplitude at 
the input circuit f6 of the second detector is 
maintained substantially uniform over a wide 
range of Signal carrier amplitude variation at the 
signal collector A. Early AVC systems were 
affected by the modulation of the carrier which 
resulted in compression of the volume range of 
the received signal. 

to generate the AVC bias. Systems which get 
audio voltage and AVC voltage from the same 
diode have several faults. 
Voltage is not large enough, or does not increase 
rapidly enough with increase in signal at the 
diode. This can be partially corrected by driving 
the diode harder and introducing delay. Delay 
in this circuit results in amplitude distortion, 
and it is difficult to get enough delay to make the 
AVC characteristic really flat. A better Scheme 
is to use separate diodes for signal and for AWC, 
working at a fairly low signal level, and amplify 
ing the AWC diode Output with a direct current 
amplifier. Any amount of delay can then be 
introduced. The principal bad feature of this 
circuit is that it almost invariably motorboats. 
A minor drawback is that the SPU has to be 
connected to give both negative and positive 
voltages with respect to ground. A less trouble 
some procedure is to tap off signal at the second 
detector, and pass it through an IF amplifier 
followed by a diode detector. Most circuits using 
this arrangement attempt to apply the necessary 
delay to this signal-rectifying diode. This re 
sults in dependence on the modulation, if the 
delay is large enough to be very effective in 
flattening the output variation curve. My pres 
ent arrangement applies the delay to a second, 
non-rectifying diode, and thus largely avoids 
effects of the modulation on the AVC voltage. 
Considerable help in this direction is given by the 
reduction in modulation which occurs in the out 
put creuit of the rectifying diode, because of 
the long time constant of this circuit. 

Signal energy for the automatic volume con 
trol circuit is taken off from the plate circuit 
of amplifier 3, and such IF energy is impressed 
upon the signal grid 8 of the multiple function 

55 tube 9. The signal grid B is connected to the. 
tap 2 on resistor 20, resistor 20 being connected 
to ground through condenser of and at the 
other-end being connected to the plate side of 
output circuit 4 through condenser 22. A sub 
stantially fixed grid bias is maintained by con 
necting grid 8 through the high resistance f O2 
to the negative end of the cathode resistor 25. 
The tube f9 is of the well known duo-diode 
pentode type, but the two anodes of the tube are 
strapped together and are conventionally repre 
sented by a single anode designated by the num 
eral 23. As is well known, such tube comprises 
a pentode section and two diodes, all three hav 
ing their cathodes connected together, but being 
otherwise independent. 

... The plate of the pentode section of tube 9 
is connected to a desired point of positive poten 
tial through the primary winding T1 of a 
coupling transformer T. The secondary winding 
Ta of the coupling transformer is connected in 

ors 25 and 2. 

This is avoided by using a 
diode instead of a triode, or pentode, rectifier 

Generally, the AVC 

2,144,804 
series between the cathode bias resistor 25 of 
tube 9 and the diode anode 23. In series be 
tween the cathode 24 and diode anode 23 there 
are arranged the resistor 25, shunted by con 
denser 26; the resistor 27, shunted by condenser 
28; and the secondary winding Ta. The junction 
of resistors 25 and 27 is adjustably connected to 
a desired point on potentiometer P, and it will 
be understood that the reference numeral 30 
denotes a tap connected to the junction of resist 

This tap can be adjusted to a 
desired point on potentiometer P which has a 
predetermined positive potential with respect to 
ground. 
. The terminals of potentiometer, or bleeder, 
resistor P are connected to points of predeter 
mined positive and negative direct current po 
tential, the negative terminal being at ground 
potential. Those skilled in the art will readily 
understand that the bleeder resistor P may be 
included in the usual direct current power supply 
circuit of the receiver. A second diode device 40 
has its cathode connected by a conductor 4f 
to the anode side of resistor 27. The anode of 
diode 40 is connected to ground through resistor 
42, a condenser 43 shunting the resistor 42 to 
ground. 
The anode side of resistor 42 is conductively 

connected to the signal grid circuits of the var 
ious signal transmission tubes whose gains are to 
be automatically controlled, by means of the 
conductor designated by the reference letters 
'AVC''. The AVC or control circuit includes a 
filter network comprising a series resistor 50 
and shunt condenser 5. An additional bias cir 
cuit for controlling the last IF tube is connected 
from a tap on grid circuit of tube 3. A circuit 
for controlling the converter tube is connected 
from the Same tap, or a separate tap, as shown, 
on resistor 42, through filter f06-07, to the sig 
nal grid circuit of the converter tube included in 
the converter system 7. Appropriate direct cur 
rent blocking condensers are disposed in the in 
put circuits of the controlled tubes as exemplified 
by condenser 04. 

In considering the operation of the delayed 
AVC circuit disclosed herein, it is first pointed 
Out that the IF signal voltage is impressed on the 
signal grid, 8 of the pentode section of tube 9 
by means of the tapped resistor 20. Tap 2f regul 
lates the input signal voltage impressed on the 
grid of tube f9, which will generally be in the 
range from 10% to 50% of the signal voltage de 
veloped across tuned circuit f4. The upper limit 
of permissible input is that at which tube 9 is 
On the verge of overloading when signal collector 
A is picking up the maximum signal which the 
receiver is required to receive and control. The 
IF energy is amplified by the pentode section of 
tube 9, and is impressed on the rectifier circuit 
including diode 24-23, through transformer T. 
It is desired that the selectivity at the diode anode 
23 be no greater than that applied to the signal 
detector f7. This is conveniently arranged by 
connecting 8 to primary circuit 4 rather than 
to secondary circuit f6, and by making T much 
less selective than circuit 6, preferably by making 
T1 and T2 so large that they are approximately 
tuned to the IF by the distributed capacities plus 
the electrode capacities of the tube elements con 
nected to them. The resistor 27, shunted by the 
condenser 28, functions as the diode load, and the 
cathode and anode electrode of the diode are both 
maintained at a common positive potential with 
respect to ground by connection 30. The diode 
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the order of 10 to 20 volts, it 40 has connected in circuit therewith its load re 

sistor 42, which is shunted by the condense 
Since diode 40 and resistor 42 are connected 
across resistor 27 and to ground, the voltage E2, 

.5 tapped off from across bleeder resistor P, is in 
series with the diode 40 in such a sense as to bias 
'the anode of diode 40-negatively with respect to its 
cathode. This results in the diode 40 being non 
conductive, if the voltage developed across resistor 

10:27 is less than the voltage E2. This follows from 
the fact that the direct current voltage developed 
across resistor 27 by the flow of rectified current 
therethrough, is opposite in polarity to the volt 
age E2. . . 

15°. As the voltage drop across resistor 27 increases, 
due to the increase in IF voltage impressed be 
tween the diode electrodes 24-23 which occurs if the 'signal applied to A is gradually increased 
from a small value, the anode of diode 40 becomes 20 less negative. Eventually it becomes positive 
with respect to the cathode, with the result that 
current begins to flow through the diode 40 and 
the load resistor 42. From that point on, the di 
rect current voltage across resistor 42 increases in 

i step with that across resistor 27 proportionally 
to the increase in input voltage impressed on 9, 
but is smaller in magnitude than the voltage 
across resistor 27 by the amount of the voltage 
E2 and the voltage drop through diode 40, the lat 
ter being small. In other words when the voltage 
drop across resistor 27 exceeds the voltage E2, 
then the voltage across resistor 42 plus the small 
drop in diode 40 plus the voltage E2 is equal to 
the voltage drop across resistor 27. On the other 
hand, if the drop across 27 is smaller than E2, 
there is no voltage across 42. 

It will, therefore, be seen that the signal grids 
of the controlled signal transmission tubes do 
not have bias applied to them from the AVC cir 
icuit until the diode 40 becomes conductive, and 
current begins to flow through resistor 42. In 
other words, the AVC action is delayed until the 
signal amplitude applied to the pentode section 
of tube f9 attains that value which will cause the 
cathode of diode 40 to become negative with re 
spect to the anode thereof. The AVC bias ap 
plied to the controlled signal transmission tubes 
increases in magnitude as the received signal car 
rier amplitude increases. The AVC bias is im 

to pressed on the controlled stages after suitable 
filtration. The filter 50-51 denotes a filternet 
work which is used in each of the grid connec 
tions, and the function of the filter network is 
to suppress audio frequency fluctuations of the 
AVC bias. In practical use it might be desirable 
to insert a separate filter, similar to 50-51, so 
as to prevent feedback among the various tubes 
connected to one point on 42. - 
The condenser 43 should ordinarily be very 

small, or zero, as its effect is to cause rectifica 
tion of the audio component of the voltage im 
pressed on diode 4), and the audio component 
may be quite large in comparison with the steady 
component. If the condenser 43 is too large the 
AVC bias will increase when the received signal 
is strongly modulated, and decrease as the modu 
lation decreases thereby reducing the fluctuation 
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of the audio signal level. This last effect is not 
customarily desired, because it amounts to a re 

70 

oped across 42 is applied to the last IF tube 3, 
since the gain of this tube must not be reduced to such a degree that the amplified signalim 

75 

duction of the volume range of the output. Pref 
erably, a fraction of the total AVC voltage devel 

pressed on the 2nd detector, which may be 6f 

volts, is distorted. Tube 
"olled by the voltage at a tap 

on resistor 42. The amount of control (if any) 
applied to the signal circuit of the converter T 
m so be limited to a relatively small amount, 
by a similar connection, to avoid amplitude dis 
tortion of the IF output. 

3 is therefore co, 

The diode 24-23 should be capable of gener 
ating a steady voltage of 50 to 100 volts across 
load resistor 27. The delay voltage E2 can then be 
15 to 30 volts, which leaves 35 to 70 volts for AVC 
action. If only two or three tubes are controlled 
in gain, the higher limit is satisfactory, but if 
five or six tubes are controlled or if some of the 
amplifiers are of the 6L7 or similar type with 
control applied to two successive grids, the lower 
value of control voltage would be adequate for 
broadcast receivers. The delay in the AVC action 
is adjustable by virtue of the tap 39. Tap 30 
should be so adjusted, in cooperation with tap 
2 i, that diode 40 becomes conductive at an in 
put signal level slightly below that which estab 
lishes the desired signal voltage at the second 
detector. Delay voltage can, alternatively, be in 
creased to limit the noise produced between sta 
tions when tuning. 
The condenser 28 may be quite large so as to 

take out a great deal of the audio component 
in the voltage impressed on diode 40, the limit 
to the size of condenser 28 being determined by 
the magnitude of resistor 27 and by the permis 
sible leg in the operation of the system. The 
larger the elements 28 and 27, the greater will 
be the time lag between a change in signal level 
applied to the pentode section of tube 9 and the 
resulting change in AVC bias. The lag should be 
great enough so that the lowest frequencies which 
it is desired to reproduce in the signal output 
channel, including the second detector, 
cause fluctuation of the AVC bias, for this would 
cause the output at these frequencies to be re 
duced. The permissible and necessary delay must 
be divided between network 28-27 and 50-51 in suitable proportions such that suitable lag is 
produced while audio frequencies are prevented 
from reaching the signal grids of the controlled 
tubes. 
While I have indicated and described a system 

for carrying my invention into effect, it will be ap 
parent to one skilled in the art that my inven 
tion is by no means limited to the particular or 
ganization 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 combination with a signal transmission 

tube, a source of signal waves connected to the 
input electrodes of the tube, a signal utilization 
network coupled to the output electrodes of the 
tube, a signal rectification network, responsive to 
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waves impressed upon said transmission tube, 
for producing a direct current voltage varying in 
magnitude with the signal wave amplitude, a 
device of uni-directional conductivity, a source 
of direct current voltage connected in circuit 
with said device and the first direct current volt 
ige, the two direct current voltages being of op 
posite polarity and rendering said device non 
conductive for signals of less than a predeter mined amplitude, and an impedance in circuit 
with said device which is adapted to have a 
direct current voltage developed thereacross 
l'-. first direct current voltage exceeds the magnitude of the second voltage and said device 
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4. 
becomes conductive, and means for impressing 
the third direct current Voltage upon Said trans 
mission tube as a gain control voltage. 

2. In a receiver of the type provided with a 
signal amplifier and a detector, an automatic 
volume control circuit of the delayed type, Said 
control circuit including a diode rectifier net 
work coupled to a point between said amplifier 
and detector for the impression of amplified sig 
nails on the rectifier network, a load resistor in 
the rectifier network adapted to develop a direct 
current voltage from the rectified signal current, 
a second diode, a source of fixed direct current 
voltage connected in series with said load re 
sistor between the electrodes of the second diode, 
the two direct current voltages being in polarity 
opposition and rendering said second diode non 
conductive for signals of less than a predeter 
mined amplitude, a second load resistor disposed 
in the space current path of the Second diode 
and adapted to develop a direct current voltage 
thereacross when said first direct current voltage 
exceeds said fixed voltage and renders said Sec 
ond diode conductive, and means for impressing 
the direct current voltage acroSS Said Second load 
resistor between the input electrodes of Said sig 
nal amplifier in a sense to reduce the amplifier 
gain as the received signal amplitude increases 
above a predetermined amplitude. 

3. In a receiver of the type provided with a sig 
nal amplifier and a detector, an automatic vol 
ume control circuit of the delayed type, Said con 
trol circuit including a diode rectifier network 
coupled to a point in the receiver for the in 
pression of signals on the rectifier network, a. 
load resistor in the rectifier network adapted to 
develop a direct current voltage from the recti 
fied signal current, a second diode, a Source of 
fixed direct current voltage connected in Series 
with said load resistor between the electrodes of 
the second diode, the two direct current voltages 
being in polarity opposition and rendering said 
second diode nonconductive for signals of less 
than a predetermined amplitude, a second load 
resistor disposed in the space current path of 
the second diode and adapted to develop a direct 
current voltage thereacross when said first direct 
current voltage exceeds said fixed voltage and 
renders said second diode conductive, means for 
impressing the direct current voltage acroSS Said 
second load resistor between the input electrodes 
of said signal amplifier in a sense to reduce 
the amplifier gain as the received signal ampli 
tude increases above a predetermined amplitude, 
and additional means for amplifying the signal 
energy prior to impression upon the first diode 
rectifier network. 

4. In a receiver of the type provided with a 
signal amplifier and a detector, an automatic 
volume control circuit of the delayed type, said 
control circuit including a diode rectifier network 
coupled to a point between said amplifier and 
detector for the impression of amplified signals 
on the rectifier network, a load resistor in the 
rectifier network adapted to develop a direct cur 
rent voltage from the rectified signal current, a 
second diode, a source of fixed direct current 
voltage connected in series with said load re 
sistor between the electrodes of the Second diode, 
the two direct current voltages being in polarity 
opposition and rendering said second diode non 
conductive for signals of less than a predeter 
mined amplitude, a second load resistor disposed 
in the space current path of the Second diode 
and adapted to develop a direct current voltage 

2,144,804 
thereacross when said first direct current volt 
age exceeds said fixed voltage and renders said 
second diode conductive, means for impressing 
the direct current voltage across said second load 
resistor between the input electrodes of Said Sig 
nal amplifier in a sense to reduce the amplifier 
gain as the received signal amplitude increases 
above a predetermined amplitude, and means for 
adjusting the magnitude of said fixed direct cur 
rent voltage thereby to delay the development of 
said gain control voltage. 

5. In a receiver of the type provided with a 
signal amplifier and a detector, an automatic 
volume control circuit of the delayed type, Said 
control circuit including a diode rectifier netWork 
coupled to a point in the receiver for the im 
pression of signals on the rectifier network, a 
load resistor in the rectifier network adapted to 
develop a direct current voltage from the recti 
fied signal current, a second diode, a Source of 
fixed direct current voltage connected in series 
with said load resistor between the electrodes of 
the Second diode, the two direct current voltages 
being in polarity opposition and rendering said 
isecond diode nonconductive for signals of less 
than a predetermined amplitude, a second load 
resistor disposed in the space current path of 
the second diode and adapted to develop a direct 
current voltage thereacross when said first direct 
icurrent voltage exceeds said fixed voltage and 
renders said second diode conductive, means for 
impressing the direct current voltage across said 
Second load resistor between the input electrodes 
of said signal amplifier, and means in said gain 
control connection for filtering the pulsating 
voltage components from the gain control 
voltage. 

6. In a receiver of the type provided with a 
signal amplifier and a detector, an automatic 
volume control circuit of the delayed type, said 
control circuit including a diode rectifier net 
work coupled to a point between said amplifier 
and detector for the impression of amplified 
signals on the rectifier network, a load resistor 
in the rectifier network adapted to develop a 
direct current voltage from the rectified signal 
current, a second diode, a source of fixed direct 
current voltage connected in series with Said load 
resistor between the electrodes of the Second 
diode, the two direct current voltages being in 
polarity opposition and rendering said second 
'diode nonconductive for signals of less than a 
predetermined amplitude, a second load resistor 
disposed in the space current path of the second 
diode and adapted to develop a direct current 
voltage thereacross when said first direct current 
voltage exceeds Said fixed voltage and renders 
said second diode conductive, means for impress 
ing the direct current voltage across said second 
load resistor between the input electrodes of said 
signal amplifier in a sense to reduce the amplifier 
gain as the received signal amplitude increases 
above a predetermined amplitude, and means for 
adjusting the signal input to the control circuit 
in relation to the input to said detector. 

7. In combination with a signal transmission 
tube, a source of signal waves connected to 
the input electrodes of the tube, a signal uti 
lization network coupled to the output elec 
trodes of the tube, a signal rectification net 
work, responsive to waves impressed upon said 
transmission tube, for producing a direct current 
voltage varying in magnitude with the signal 
Wave amplitude, a device of uni-directional con 
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nected in circuit with said device and the first 
direct current voltage, the two direct current 
voltages being of opposite polarity and render 
ing said device non-conductive for signals of less 
than a predetermined amplitude, and an imped 
ance in circuit with said device which is adapted 
to have a direct current voltage developed there 
across when said first direct current voltage 

ar. exceeds the magnitude of the second voltage and 

5 
said device becomes conductive, means for im 
pressing the third direct current voltage upon 
said transmission tube as a gain control voltage, 
said rectification network including an imped 
ance across which said first direct current voltage 
is developed, and said device comprising a diode 
having its cathode connected to a point on said last impedance. 

- RENE A. BRADEN. 
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