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My present invention relates to automatic gain 
Control arrangements, and more particularly to 
an improved method of, and means for, control 
ling the gain of a high frequency amplifier, es 
pecially Where such amplifiers are utilized in ra 
dio receivers. 
Automatic gain control for the radio frequency 

amplifiers of radio receivers has been employed 
to a great extent in the past. Such gain control 
Systems of the prior art usually employ the direct 
Current component of the detector output for 
automatically controlling the gain of the radio 
frequency amplifier. In some systems a direct 
Current amplifier is disposed between the con 
trolled amplifier and the detector circuit. In 
Still other Systems a special automatic volume 
Control tube has been employed as a rectifier op 
erating from the carrier voltage at the output of 
the radio frequency amplifier and providing a 
direct current component to be utilized for con 
trolling the gain of the radio frequency amplifier. 
In all these systems, however, the control of the 
radio frequency amplifier has not been ideally 
Sharp. 
NoW, I have devised an arrangement for auto 

natically controlling the gain of a radio fre 
quency amplifier Which combines the essential 
features of both the aforementioned systems of 
the prior art, and yet increases the sharpness of 
gain control. That is to say, according to the 
present invention a Special tube is utilized in con 
junction. With the usual detector tube of the radio 
receiver for simultaneously acting as a direct 
Current amplifier for the direct current compo 
nent of the detected output, and, additionally, as 
a rectifier adapted to produce a direct current 
Component for controlling the gain of the radio 
frequency amplifier, this simultaneous use of the 
automatic gain control tube resulting in an in 
Crea.Sed Sharpness of control action. 

It may therefore be stated that it is one of the 
main objects of my present invention to provide 
a method of, and means for automatically con 
trolling the gain of a radio frequency amplifier, 
which consists in disposing a control tube in such 
relation to the detector and radio frequency am 
plifier that the control grid of the control tube 
has a bias established through a path wherein 
there flows the anode to Cathode current of the 
detector tube, deviation in signal carrier intensity 
above or below predetermined limits resulting in 
changes in the flow of current through said path 
whereby the control tube is adapted automatically 
to vary the gain of the radio frequency amplifier 
in that direction which will compensate for a 

(CI. 250-20) 
deviation from One of said predetermined limits. 
Another important object of the present inven 

tion is to provide a radio receiver including a 
multi-stage radio frequency amplifier, a detector, 
and an automatic gain control tube, the control 5 
grid of Said gain control tube being connected 
through a capacity to the radio frequency output 
of said amplifier whereby said radio frequency 
output is rectified by said control tube to provide 
an additional direct current component of Volt-, l0 
age in the anode circuit of said control tube which 
direct current voltage is adapted to control the 
gain. Of Said radio frequency amplifier. 

Still other objects of the invention are to in 
prove generally the eficiency of automatic gain 5 
control circuits, and to particularly provide a, 
gain control arrangement which is not only re 
liable in Operation, but increases the Sharpness 
of control action. 
The novel features which I believe to be char- 20 

acteristic of my invention are set forth in partic 
ularity in the appended claims, the invention it 
self, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description taken in 25 
connection. With the drawings in Which I have 
indicated diagranamatically one circuit arrange 
ment for carrying my invention into effect. 

in the drawings, 
Fig. 1 diagrammatically shows a receiving cir- 30 

cuit embodying the invention, 
Fig. 2 graphically illustrates the relation be 

tween signal carrier intensity and bias Voltage 
variation on the detector and on the control tube, 

Fig. 3 is a graphic comparison between the op- 35 
eration of the present invention and one of the 
systems known in the prior art. 

Referring to the accompanying dra Wings there 
is shown in Fig. 1, in diagrammatic manner, a 
receiving circuit, which embodies the usual 40 
grounded antenna, circuit A, G, the circuit being 
coupled, as at M, to the input of a multi-stage 
radio frequency amplifier. The construction of 
such a radio frequency amplifier is So Well known 
to those skilled in the art that it is not believed 45 
necessary to show such an amplifier in more than 
conventional representation. It is, also, to be 
clearly understood that the aimplifier can be of 
the tuned type well known to the prior art. The 
amplified output of the radio frequency amplifier 50 
is impressed upon the input circuit of a detector 
tube, as at M1, the variable condenser being 
provided for tuning the detector input. It is to 
be understood that the condenser may be ar 
ranged for uni-control, in any well known man- 55 
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2 
ner, with the tuning condensers of the radio fre 
quency amplifier. The detector tube 2, shown as 
a triode for the sake of simplicity, may be an 
electron discharge tube of any type well knowi. 
in the art, and is preferably shown as embody 
ing a cathode 2 of the indirect heated type. 
An audio frequency transformer M2 couples the 

output of the detector to any conventional audio 
frequency amplifier, of one or more stages, in the 
usual manner. The amplifier may then be foll 
lowed by any type of utilization means, Such as 
head phones, loud Speaker and the like. The 
aforenientioned general features of the receiver 
are so well known to those skilled in the art that 
they need not be described in any further details, 
except to point out that they may be replaced 
by any other elements adapted to perform the 
Same functions. 

Tn order to provide automatic control of the 
gain of the radio frequency amplifier a control 
tube 4 is provided, the tube preferably being a 
tetrode of the Screen grid type and employing a 
cathode which is indirectly heated. The various 
electrodes of the detector tube and control tube A 
are energized from a power supply source S. It 
is to be understood that the source S, S1 is adapted 
to receive filtered, rectified alternating Current, 
or where direct current is available from a power 
line, it may be directly connected to such a direct 
current power line. It Will be noted that the 
terminal S is the positive side of the power Source, 
while the terminal S1 is designated as the nega 
tive Side of the SOUrce, an intermediate point S2 
of the Source being grounded. 
A resistor R, is disposed between the terminal 

S and the grounded intermediate point S2, and 
functions as a voltage divider for the various 
electrodes of the receiver requiring positive bias. 
For example, the anode of the detector tube 2 
would be connected for the application of a posi 
tive potential thereto through a path including 
the primary coil of the coupling transformer M2 
and a lead which would be connected to a desired 
point on the resistor R, the latter lead not being 
shown to preserve simplicity of description. 
A resistor R1 is connected in series with the re 

sistor R, and between the points S2 and S1. 
anode of the control tube é is connected through 
a fixed resistor RB and a lead 5 to a point on the 
resistor R1 which is positive with respect to the 
terminal S1. The difference of potential between 
the point S2 and the point 6, to which the anode 
of tube 4 is connected, has been designated by the 
letters Ea and represents the initial bias on the 
grids of the radio frequency airplifier. The 
Screen grid electrode it of the control tube is con 
nected by a lead 8 to a point 9 on the resistor R1 
which is less positive than the point 6, whereby 
the Screen grid electrode is maintained at a less 
positive potential than the anode of the control 
tube. 
The cathode of the latter is connected by a 

lead f for adjustable connection to a point 2 
on the resistor R1, the latter being a point of less 
positive potential than the point 9, and of more 
positive potential than the terminal Si. The con 
trol grid of the control tube is connected to the 
terminal S1 through a path which includes the 
lead 3, the choke coil 4, the resistor 5, the lead 
6 and the lead . The portion 8 of the resistor 
R1 between the point 2 and the terminal S1 is 
connected in series with the lead , and the drop 
of potential across the portion 8 has been desig 
nated by the reference character E2. 
The drop of potential across the resistor 5 has 
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been designated by the reference character E1, 
while the potential of the control grid of the tube 
4 with respect to its cathode 0 has been repre 
sented by the reference character E3. It will now 
be seen that the effective negative bias E3 on the 5 
control grid of tube 4 is equal to E2-El, since the 
control grid of tube. 4 is connected through the 
choke coil 4 to a direct current potential E1 
volts above S1 and the cathode of tube 4 is con 
nected to a direct current potential E2 volts above 10 
S1 and E2 is greater than E1. It will be seen that 

- Since E1 is determined by the flow of anode-cath 
ode current in the detector, E3 Will be decreased 
by a carrier voltage input to the detector. 
The grounded, fixed condensers 9 are em- 15 

ployed to provide a path of low in pedance to 
radio frequency and audio frequency currents 
between the output and input circuits of the 
detector tube 2. The function of the fixed con 
denser 29, in series with the lead i3 and the choke 20 
coil 4 is to apply to the control grid of the control 
tube a carrier voltage input which by rectification 
in the control tube will cause a control bias for 
the radio amplifier to be developed in resistor RB, ... . 
Thus, tube develops a rectified output due to this 25 
carrier voltage, in addition to its use as a direct 
Current amplifier. 

he control grid of the detector tube 2 is main 
tained at a negative bais through a path which 
includes the Secondairy of the coupling trans- 30 
former M1 in series with the lead 7' and T and 
cathode biasing resistor 5, it being, therefore, 
seen that the bias of the grid of tube 2 is equal 
to the direct current voltage furnished by the 
anode to cathode current of tube 2 flowing 35 
through resistor f 5. 
The anode of the control tube 4 is connected 

by means of the leads 2 to the grid circuits of 
the radio frequency amplifier stages. The par 
ticular manner of connection between these grid 40 
circuits and the leads 2 need not be shown since 
they are too well known to those skilled in the 
prior art to require any further explanation. The 
Voltage produced by the potential drop across the 
resistor RB has been designated by the reference 45 
character Ec, and represents the gain control bias 
which is developed during operation of the re 
ceiver. - 

The operation of the present gain control ar 
rangement will now be clear from the aforegoing 50 
description and the dra Wings. If the Siginal car 
rier intensity, represented by the reference char 
acter Eo, increases, there will be produced both by 
rectification and by the decrease in E3 due to in 
creasing E1 an increased flow of current in the 
plate circuit of the control tube 4. This increased 
flow of plate current results in an increased drop 
of potential across the resistor RB with the re 
Sult that the value of Ec becomes greater, and 
necessarily increases the bias on the grids of the 6) 
annplifier tubes thereby reducing the radio fre 
quency amplification and compensating for the 
increase of carrier voltage above the predeter 
nined upper limit. 
The increase of plate current flow in the gain 65 

control tube results because of two factors. One 
of these factors involves a rectification of the 
signal voltage Eo applied to the control tube 
through Condenser 2, and the other factor in 
Wolves the decreasing bias E3 on the grid of the 70 
gain control tube. It will be readily seen that 
With increased values of Eo there will occur a 
greater flow of direct current through the path 
between the anode and cathode of the detector 
tube, which.path includes the resistors R, R1 and 5 

5 5 



- 5 

l 

20 

2 5 

30 

40 

55 

60 

75 

2,016,366 
5. In other words, when Eo increases, the value 

of E1 increases, and hence, since E3 is equal to 
E2-El, the value of E3 is diminished with the re 
suit that a greater value of current is produced 
in the plate circuit of the tube 4. 

Eg in&ans of the present arrangement a more 
rapid increase of plate current flow in the gain 
Control tibe with Eo increase is produced than 
either the direct current amplifier or rectifier 
System of gain control used alone, hence in 
Crea.Sirag the Sharpness of control. Hy sharpness 
of control I refer to the shape of the control 
characteristic, that is the shape of the curve con 
necting audio output versus modulated carrier 
Voltage impressed upon the radio frequency am 
plifier in a receiver system embodying this ar 
rangeinent. This control characteristic is said 
to be sharp when the range of input carrier volt 
age required to go from a point at which the con 
trol action starts to a point beyond which the 
control characteristic is substantially flat is Small. 
In Order to distinguish between nodulation ef 
fects and fading effects a filter system F usually 
made up of resistors and capacities in a manner 
Well known to those skilled in the art, is used on 
the line feeding bias from the control tube back 
to the amplifier tubes. Such a filter is quite 
necessary whatever the sharpness of control, and 
is able to distinguish between modulation and 
fading only upon the basis of the Speed of these 
effectS. 
The sharpness and completeness of an auto 

matic volume control characteristic depends up 
Cn at least three factors: (1) The rate of in 
crease of direct current bias furnished by the 
control tube as a function of carrier voltage 
operating on the control tube, (2) the rate of 
decrease in amplification of a radio frequency 
stage as a function of bias furnished by the con 
trol tube, and (3) the number of stages being 
controlled. The present arrangement provides a 
means of increasing the first of these factors. 

In Fig. 2 there is graphically shown the rela 
tion between the potentials E2, E1 and E3 as the 
carrier input Eo is increased. E3, the negative 
bias voltage of the control tube is thus seen to 
acrease with increasing carrier input since 
E3-E2-E. The control tube will, therefore, Op 
erate as a direct current amplifier, its input be 
ing derived from changes in the direct current 
bias of the detector tube, and its output being 
a direct current voltage across R.B. In addition 
it will operate as a rectifier as shown in Fig. 3. 

In Fig. 3 there is shown a graphic comparison 
between the operation of the present arrangement 
and the rectifier arrangement Of the prior art. 
Carrier voltages “Eo carrier' are plotted against 
“ipRB. A. W. C. Output' for different values of con 
trol grid bias E3 on the control tube. Thus, the 
dotted line D shows the variation, according to 
my present invention of voltage Ee with carrier 
voltage Eo. Without the variation of E3 bias on 
the control tube A, the A. W. C. voltage Ec Would 
vary as the “-12’ curve with the carrier. There 
will be observed from Fig. 3 that the present 
arrangement provides for a sharpness of control 
not possible without the utilization of variation 
of E3 bias on the control tube. 
While i have indicated and described one ar 

rangement for carrying my invention into effect, 
it Will be apparent to one skilled in the art that 
my invention is by no means limited to the par 
ticular Organization shown and described, but 
that many modifications may be made without 

3 
departing from the scope of my invention as set 
forth in the appended claims. 
What I claim is: Yi. 
1. In combination, a radio frequency amplifier, 

a detector tube, a control tube, means connecting 5 
the anode of the control tube to an amplifier 
grid, means connecting the control grid of the 
Control tube to a biasing path connected between 
the cathode and anode of the detector tube where 
by the direct current potential difference between 10. 
the control grid and cathode of said control tube 
is determined by the direct current potential drop 
a CIOSS Said biasing path, and means impressing 
the output of Said radio frequency amplifier up 
On the control grid circuit of said control tube. 5. 

2. In combination, a radio frequency amplifier, 
a detectOi tube, a control tube, means for con 
necting the anode of the control tube to an am 
plifier grid, and means for connecting the coln 
trol grid of the control tube to a biasing path 20, 
Connected between the cathode and anode of the 
detector tube, said path including a high radio 
frequency impedance connected between the Said 
control grid and the cathode of Said detector tube, 
and a capacity for impressing the radio fre-25. 
cuCincy input to the detector upon said control 
grid connected between the detector grid and 
said impedance. 

3. In combination, a radio frequency amplifier, 
a detector tube, a control tube, means for con- 30 
necting the anode of the control tube to an am 
plifier grid, means for connecting the control 
grid of the control tube to a biasing path con 
nected between the cathode and anode of the 
distiector tube whereby the direct current poten- 35. 
tial difference between the control grid and cath 
ode of said control tube is determined by the 
direct current potential drop across said biasing 
path, the cathode of the control tube being con 
Inected to a point On Said path. Which is more 40 
positive than the point to which said control 
grid is connected, and means impressing the 
output of Said radio frequency amplifier upon 
the control grid circuit of said control tube. 

4. In combination, a radio frequency amplifier, 45. 
a detector tube, a control tube, means for coal 
necting the anode of the control tube to an ann 
plifier grid, and means for connecting the con 
trol grid and cathode of the control tube to a 
biasing path connected between the cathode and 50 
anode of the detector tube whereby the direct 
current potential difference between the control 
grid and cathode of said control tube is deter 
mined by the direct current potential drop across 
said biasing path, Said path including a resistor 55 
connected between the anode and cathode of the 
detector tube, and means impressing upon the 
control grid of Said control tube the carrier Volt 
age output of Said radio frequency amplifier. 

5. In combination, a radio frequency amplifier, 60 
detector tube, and control tube, means adapting 
the flow of direct current in the anode circuit of 
Said control tube for providing a bias to control 
the gain of Said radio frequency amplifier, means 
in the anode-cathode circuit of said detector pro- 65 
Viding modulation frequency output, means in 
the anode-cathode circuit of said detector tube 
providing a direct current potential that is a 
function of the output of said radio frequency 
amplifier, means impressing said direct current 70 
potential as a bias in the control grid circuit of 
Said control tube, and means impressing the out 
put of the radio frequency amplifier upon the 
control grid of Said control tube, whereby said 
ocntrol tube functions simultaneously as a direct 75 
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4. 
Current amplifier and as a rectifier, to maintain 
the carrier Voltage output of said radio amplifier 
Within narrow limits over a wide range of carrier 
Voltage input to said amplifier. 

6. An automatic volume control arrangement 
for a radio receiver, which receiver includes at 
east a Super-audible frequency amplifier and a 
detector, said airangenhent, comprising a volume 
control tube having at least Cne output, electrode 
216 at least, one input, electrode, a direct current 
Coinection between the output, electrode and the 
ar:plifier such that a bias is provided to control 
the amplifier gain, a direct current connection 
between the Said input electrode and a point in 
the cathode-anode circuit of said detector, the 
Said last circuit including an impedance for pro 
viding a bias for said input electrode which is a 
function of the carrier voltage output of said ann 
plifier, and a connection, of high impedance to 
direct careint, between said input electrode and 
a point between the amplifier and detector to 
ingreSS Said carrier voltage on said input elec 
trode foi' rectification. - 

7. An automatic volume control arrangerent 
for a radio receiver, which receiver includes at 
least, a Super-audible frequency airplifier and 3. 
detector, Said arrange: inent comprising a Wol 
control tube having at least one output electrode 
and at least one input electrode, a direct cur 
reint connection between the output electrode and 
the amplifier such that a bias is provided to con 
tirol the amplifier gain, a direct current con 
hection between the said input, electiode and a 
goint in the cathode-anode circ; it of said de 
tecter, the said last circuit incitidiag an inniped 
ance for providing a bias for said input, electrode 
which is a function of the carrier voltage output, 
of Said amplifier, and a connection, of high in 
pedance to direct current, between said input, 
electrode and a point between the ainplifier and 
detector to impress said carrier voltage on said 
input electrode for rectification, said carrier volt 
age output being maintained within narrow lim 
its over a wide range of carrier voltage input to 
Said amplifier. 

8. A rhethod which consists in collecting modul 
lated carrier frequency energy, amplifying the 
collected energy, detecting the amplified energy, 
annplifying the direct current component of the 
detected energy, rectifying a portion of the am 
plified carrier energy simultaneously with the 
a tinplification of said direct current component, 
and varying the amplificatioxa of the collected 
carrier energy with the said amplified direct cur 
reint component and said rectified carrier energy 
in a direction such that the amplified carrier 
frequency voltage is maintained within narrow 
linnis over a wide range of collected carrier fre 
gency voltage. 

9. An automatic volume control arrangement 
for a receiver, which receiver includes a high fre 
quency annplifier and detector, comprising a con 
trol tube, a condenser connecting the control grids 
of the detector and control tube, a detector grid 
biasing resistor in the space current path of the 
detector, a radio frequency choke connected be 
tween one side of the resistor and a point inter 
mediate the condenser and the control tube grid, 
a voltage supply resistor, the other side of said 
biasing resistor being connected to a negative 
point of the Supply resistor, the control tube 
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cathode being connected to a more positive point 
on the supply resistor, the control tube anode 
being connected to a point on the Supply resistor 
more positive than Said last two points, and a 
Conductive gain control connection between the 
control tube anode and said amplifier. 

10. In the operation of a receiver of the type 
including a radio frequency amplifier, a detector, 
and means including a rectifier for automatically 
biasing said amplifier to control the gain thereof 
in accordance with the strength of received radio 
Waves, the method which comprises initially bias 
ing Said aimplifier for maximum gain, initially 
biasing Said rectifier to render the same inoper 
ative, and reducing the rectifier bias to render 
the Same operative when the received radio waves 
reach that value which, with maximum ampli 
fier gain, produces a predetermined value of radio 
input on the detector. 

11. In a receiving system, a signal amplifier, 2 
a detector tube provided with a signal grid, 
Cathode and anode, an impedance in the space 
Current path of the detector tube, the signal grid 
of the detector being connected to a point of said 
in pedance which is negative with respect to the 2 
Cathode potential, an amplifier gain control tube 
provided With at least a grid, cathode and anode, 
Ileans for connecting the control tube grid to the 
Said detector Cathode, a connection from the con 
trol tie cathode to said point on the said im- 3 
pedance, an adjustable source of voltage for said 
control tube whereby the initial point of opera 
tion thereof With respect to Signal amplitude may 
be predetermined, a gain control connection be 
tween the control tube anode and said signal am-3 
plifies, and a signal path connected between the 
detector signal grid aid the control tube grid. 

12. In a receiving system, a signal amplifier, 
a detector tube provided with a signal grid, cath 
cde and anode, an impedance in the space cur-4 
rent path of the detector tube, the signal grid of 
the detector being connected to a point of said 
impedance which is negative with respect to the 
cathode potential, an amplifier gain control tube 
provided with at least a grid, cathode and anode, 4 
means for connecting the control tube grid to 
the Said detector cathode through a signal fre 
quency choke coil, a connection from the control 
tube cathode to said point on the said impedance, 
a signal path connected between the detectors 
Signal grid and the control tube grid, and a gain 
control connection between the control tube an 
ode and said signal amplifier. 

13. In a receiving system, a signal amplifier, 
a detector tube provided with a signal grid, cath- 5 
Ode and anode, an impedance in the space cur 
rent path of the detector tube, the signal grid of 
the detector being connected to a point of said 
impedance which is negative with respect to the 
cathode potential, an amplifier gain control tube 6 
provided with at least a grid, cathode and anode, 
means for connecting the control tube grid to 
the said detector cathode, a connection from the 
control tube cathode to said point on the said 
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impedance, a signal path connected between the 6 
detector signal grid and the control tube grid, 
an impedance connected between the control tube 
anode and cathode, and a gain control connec 
tion between the control tube anode and said 
Signal amplifier. 
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