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My present invention relates to automatic vol 
lume control circuits, and more particularly to 
an improved method of, and means for, auto 
matically regulating the signal transmission to 
the demodulator of a radio receiving System. 

in general, automatic volume control circuits 
have in the past utilized an automatic variation 
of mutual conductance of high frequency ampli 
fier tubes; this has been accomplished by a varia 
tion in the bias of the signal grids of the high 
frequency amplifiers in response to a signal car 
rier amplitude Variations. As is well known, such 
alltonatic Volume control method has inherent 
disadvantages even when tubes of the exponen 
tial characteristic type are used for high fre 
quency amplifiers under control. The signal volt 
age handling capabilities of Such controlled tubes 
are a frequent handicap. 
NOW, I have found that Such disadvantages of 

the prior automatic volume control (AWC here 
inafter) method are avoided if the tuned imped 
ance of a circuit, or circuits, to Which a high 
frequency amplifier tube is connected, is varied 
in proportion to the carrier amplitude change. 
By such method of AVC the control action is se 
cured without undue signal Swing. 

Accordingly, it may be stated that it is one 
of the main objects of my present invention to 
provide an AVC arrangement for a radio receiv 
er, and wherein the arrangement functions by 
automatically regulating the input impedance of 
the tuned input circuit coupled to the signal col 
lector of the receiving System. 
Another important object of the present inven 

tion is to provide a method of, and means for, 
providing AVC in a radio receiver, wherein there 
is employed a negative feedback circuit between 
the first tuned input circuit and the signal col 
lector, and the magnitude of negative feedback 
is varied in response to the carrier amplitude 
variation of received signals. 
Another object of my present invention is to 

provide in association. With the signal collector 
and first tunable input circuit of a radio receiver, 
a negative feedback amplifier circuit which ulti 
lizes signal Voltage developed at the first tunable 
input circuit and which feeds it back to the 
signal collector circuit in degenerative phase: 
and the magnitude of degenerative feedback be 
ing regulated in response to carrier amplitude 
variation in Such a manner that the signal trans 
mission to the demodulator is reduced with car 
rier amplitude increase and at a rate such that 
the carrier amplitude at the demodulator input 
circuit is substantially uniform. 

(Cl. 250-20) 
Still other objects of my present invention are 

to improve generally the simplicity and efficiency 
of AVC circuits, and more especially to provide 
an AVC circuit which is not only reliable and 
effective in operation, but is economically manu 
factured and aSSembled in radio receivers Of all 
types. 
The novel features which I believe to be chair 

acteristic Cf 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 
indicated diagrammatically a circuit Organization 
Whereby my invention may be carried into effect. 

Referring now to the accompanying drawing 
Wherein there is shown in Schematic form a radio 
receiving System, it Will be observed that the Sig 
nal collector A is of the grounded antenna type. 
Of course, the collector A may be a radio fre 
quency line, a loop Collector, or even the usual 
type of collector employed on mobile structures, 
Such as an autoinobile. The antenna circuit A 
includes the primary Winding of the radio fre 
quency coupling transformer MI; the secondary 
Winding 2 of the latter being included in the 
tunable input circuit of the first radio frequency 
amplifier tube 3. The Winding 2 has connected 
thereaCrOSS a variable tuning condenser 4. The 
reference letter M. denotes the mutual inductance 
coupling the Signal collector circuit and the tuna 
ble input circuit 2-4; and it is to be understood 
that the magnitude of the mutual inductance M. 
is such that Weak signals are efficiently trans 
mitted between the signal collector and the input 
circuit 2-4. 
One side of input circuit 2-4 is at ground 

potential, Whereas the Opposite side is connected 
to the signal input grid 5 of amplifier tube 3. 
The cathode of the amplifier 3 is connected to 
ground through the usual self-biasing resistor 
condenser netWork 6, and the bias developed by 
this network will be of the Order of -3 volts. 
The amplified signal output of amplifier 3 may 
be transmitted through a signal transmission net 
work , and it will be noted that the network 
is Schematically represented. Regardless of the 
construction of network , it will be understood 
that the output energy thereof will be impressed 
on the tuned input circuit 8 of the demodulator, 
or detector, 9. 
The numeral 9 denotes a diode type of demodu 

lator, and the anode is connected to the cathode 
thereOf through a Series path which includes in 
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put circuit 8 and the load resistor fe; the load 
resistor being shunted by the carrier by-paSS Con 
denser . The anode terminal of load resistor 
A ) is established at ground potential; While the 
audio voltage component of the rectified Volt 
age, developed across load resistor 0, is taken 
off by a connection 2 for utilization in the Subse 
quent audio frequency amplifier network. The 
iatter network may comprise one or more stages 
of audio frequency annplification, and a repro 
ducer Will terminate the amplifier network. 
The receiving system described up to this point 

is of a general character, and, of Course, Spe 
cifically the receiver may be of the tuned radio 
frequency type or of the superheterodyne type. 
Where the receiver is of the tuned radio fre 
quency amplifier type, the network will include 
one or more additional stages of tunable radio 
frequency amplification similar to the Stage in 
cluding tube 3. The variable tuning condenser 
of the circuit 8 will be uni-controlled in adjust 
ment with the variable tuning condensers in the 
preceding networks. The tuning range of the 
receiver may be in the broadcast band of 500 to 
1500 k. c.; the receiver may be of the multi-range 
type. If the receiver is of the superheterodyne 
type, then the network I may include the first 
detector circuit whose resonant input circuit is 
tunable over the same range as the input circuit 
2-4 and a local oscillator network Will be used 
to supply oscillations to the first detector, whose 
oscillations differ in frequency from the Signal 
frequencies by the operating I. F. value. The I. F. 
energy will be amplified in one or more stages of 
I. F. amplification, and the input circuit 8 of the 
diode 9 Will be fixedly tuned to the operating I. F. 
value. It is not believed necessary to show these 
circuit details, for the reason that those skilled 
in the art are fully aware of these two general 
types of circuit.S. 
The AVC circuit functions, as is well known, to 

compensate for signal carrier amplitude varia 
tions which occur over a wide range at the col 
lector A. Such variation may be due to fading, 
or other causes. The AVC circuit is employed to 
maintain the signal carrier amplitude at the de 
tector input, circuit 8 substantially constant re 
gardless of the relatively wide variation in car 
rier amplitude at the collector A. In the present 
circuit this is accomplished, unlike in the prior 
art, by providing a negative feedback path be 
tween the input circuit 2-4 and the signal col 
lector circuit. More specifically, there is Con 
nected across the secondary Winding 2 a path 
Which includes the resistor 3 and the Condenser 
24. The junction of resistor 3 and condenser 
4 is connected to the grid 5 of tube 6 through 
a path which includes condenser . The tube 
a 6 may be an electron discharge tube of the 
pentode type, and the cathode thereof is con 
nected to ground through a resistor 8 Which is 
shunted by a signal carrier by-pass condenser 9. 
The voltage developed across resistor 8 is em 
ployed to provide the normal operating bias for 
the grid fs. 
There is provided a direct current Voltage con 

nection between the control grid 5 and ground 
through a path which includes the filter resistor 
20, the resistor 2 and the lead 22. The condenser 
23, connected between resistor 2F and ground, 
functions to provide With resistor 2 a filter net 
work having a time constant Such that the AVC 
circuit will be responsive Solely to carrier ampli 
tude variations. The resistor 28, as well as net 
work 2-23, functions to Suppress pulsations in 

2,183,609 
the AVC bias transmitted to grid 5. The lead 
2 is connected to the cathode side of load re 
sistor 9, and an increase in current flow through 
resistor results in an increase in the potential 
of control grid 5 in a positive polarity Sense. 
The plate 33 of tube 3 is connected by lead 

3 to the high alternating potential side of Wind 
ing . A direct current blocking condenser 32 is 
disposed between the collector A and the high 
potential side of winding . Similarly a direct 
current blocking condenser 32' is Connected be 
tween ground and the low alternating potential 
side of winding ; it being noted that a lead 40 
connects the positive potential terminal of a di 
rect current voltage source (not shown) to the 
junction of condenser 32 and winding . Hence, 
it will be seen that the plate 3 of tube A6 is con 
nected to a point of proper positive potential 
through a path which includes lead 3f, Winding 
A and lead #8. It will be understood that the 
various energizing potentials for the electrodes 
of tubes G, 3, as well as any tubes in network E, 
may all be derived from a common direct Voltage 
SOCe. 
In explaining the operation of the present in 

vention, it is first pointed out that there has been 
provided between an antenna A and the first high 
frequency amplifier tube 3 a pair of coupling 
paths. One of these paths feeds Signal energy 
towards the amplifier 3 and is reactive in nature; 
the other path feeds signal Voltage back from 
the input circuit of the amplifier towards the 
signal collector circuit, and it may be said that 
this coupling is electronic in nature. The rela 
tion between these two couplings is Such that 
they are in opposition, and the magnitude of elec 
tronic coupling is varied by the direct current 
voltage developed across resistor 0 in a Sense 
such that the signal voltage fed back to the Sig 
nal collector circuit increases in its opposition. 
effect, as the signal carrier amplitude increases. 
This biasing effect is at a rate Such that the Sig 
nal carrier amplitude at the input circuit 8 is 
maintained substantially constant. 
the signal voltage fed through coupling M a 
maximum during weak signal reception and the 
Signal voltage fed through tube 6 a minimum at 
Such reception, it will be seen that carrier alm 
plitude increase Will cause the biasing Signal Wolt 
age fed to amplifier 6 to decrease the transmis 
Sion of signal voltage through coupling M. 
The specific mechanism of the negative feed 

back arrangement through tube 6 will now be 
Considered. By Virtue of the series path includ 
ing resistor 3 and condenser 4, and the tube 
6, there is impressed across coil signal voltage 
Which is in degenerative phase with the signal 
Voltage impressed upon collector A. The tube 6 
may have a cut-off bias applied to the grid f5 
thereof in the absence of signals above a prede 
termined amplitude. This is done by choosing 
the magnitude of resistor 8 so that in the ab 
Sence of Voltage developed across resistor f0, the 
grid 5 will be biased to cut-off at the voltage 
across the resistor 8. As the signal carrier an 
plitude increases above this cut-off bias value the 
cathode side of resistor () will become increas 
ingly positive, and the grid 5 will be varied in a 
positive polarity sense in potential. This will in 
crease the mutual conductance of tube 6, and, 
therefore, increase the magnitude of the signal 
Woltage fed to the Winding in degenerative 
phase. 
When a signal from the collector A traverses 

path 32-i-32' to ground the current in coil 

By having, 
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2,183,609 
lags the voltage therea cross by Substantially 90 
degrees; this current induces a voltage in coil 2 
by Virtue of the mutual inductance M, and Which 
Voltage again undergoes a 90 degree phase rota 
tion. This phase rotation may be in either posi 
tive or negative direction depending upon the 
relative polarity of coil and 2; that is, they may 
be connected in Series aiding phase, or series op 
position. The induced Voltage in circuit 2-4 

10 produces an in-phase current since the circuit 
Will be tuned to resonance with the impressed 
frequency; this in-phase current producing a 
Voltage across coil 2 in quadrature With the in 
duced Woltage. The Voltage across coil 2, also, 

5 flows through the path f3-4, and, if the abso 
lute magnitude of resistance 3 be high in com 
parison With impedance of capacity 4, the cur 
rent will be Substantially in phase with the volt 
age. This in-phase current produces a leading 

20 Voltage acroSS capacity f4 which is then applied 
to the grid of tube 6. 
The radio frequency plate current of tube 6 

flowing through lead 3 to coil is responsive to 
Variations of mutual conductance of tube 6 pro 

25 duced by change in the direct current bias of that 

30 nal frequency in coil . 

tube. The radio frequency current flowing in the 
lead 34, by proper polarity of mutual inductance 
M, Will be in opposition to the signal current, and, 
therefore, be made to decrease the current Of Sig 

The effect of the connec 
tion of tube 6 across coil is similar to the ad 
dition of a resistor thereaCross, the magnitude of 
the resistance being varied by the direct current 
bias on tube fi; that is by the AVC voltage. Since 

35 Coil is coupled to coil 2 any resistance con 
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nected acroSS coil Will affect circuit 2-4. The 
tuned impedance of circuit 2-A is equal to the 
Square of the reactance divided by the circuit 
resistance. The Variations of Virtual resistance 
acroSS coil , due to tube 6, Will therefore vary 
the effective resistance, and consequently the 
tuned impedance of circuit 2-4. With resistor 
f3 and capacity is connected as shown, the po 
larity of autual inductance M Which causes a 
reduction of Woltage acroSS coil With increas 
ing mutual COnductance of tube 6 produces an 
effective positive resistance across coil independ 
ent of frequency. The opposite polarity of M. Will 
produce a, negative resistance, and an effective 
increase in coupling between the circuits with 
increase of mutual conductance of tube 6. 

If the positions of 3 and be reversed so that 
the grid Voltage of tube is taken across re 
sistor 3, the polarity of M, which produced an 
effective positive resistance independent of fre 
quency a CrOSS Coil With 3 and f4 connected as 
in the dra Wing, Will produce a negative imped 
ance acroSS coil Varying inversely as the square 
Of the frequency. In general the connection of 
33 and A as shown is to be preferred. With tube 
A biased to cut-Off in the no-Signal condition, 
the magnitude of Mi Should be Such that optimum 
transfer occurs. The polarity of M should be 
such that increased signal causeS radio frequen 
cy currents to flow in plate of tube 5 in a di 
rection to oppose the Signal Voltage across coil , 
and, therefore, to act so that the effective cou 
pling between and 2 is reduced with strong Sig 
nals. 

It Will be seein that the use of the AVC arrange 
ment disclosed does not Vary the bias of the signal 
grid 5 of the high frequency aimplifier; the present 
arrangement is free froin cross-nodulation ef 
fects. Further, the signal Voltage handling capa 
bilities of the high frequency signal amplifier 

3 
need not be considered. For example, it is not 
necessary to use tubes Of the exponential type. 
The tube 6 which has the variable signal-de 
rived bias applied thereto, does not feed signal 
energy towards the demodulator, and a the can 
be chosen for its purpose without considering 
its effects on signal reproduction. 
While I have indicated and described a Systern 

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 Inally 

Odifications may be made without departing 
from the scope of my invention, as set forth in 
the appended claims. 
What is claimed is: 
1. In a radio receiver of the type including an 

anteran 3, circuit, a radio frequency amplifier hav 
ing a tunable input circuit, a coil in said antenna, 
circuit reactively coupled to said input circuit, 
a rectifier having an input circuit coupled to the 
Said anglifier, means common to the amplifier in 
put Circuit and said antenna circuit for impress 
ing upon Said antenna circuit signal voltage de 
rived from Said amplifier input circuit but in de 
generative phase With respect to the signal voitage 
at the antenna, circuit, means, responsive to the 
Variation in magnitude of the direct current woit 
age at Said rectifier, for varying the magnitude 
Of Said degenerative voltage, said iast means in 
cluding the load resistor in circuit with said recti 
fier, and a connection between a point on the 
iresistCi', Which assumes an increasingly positive 
potential as the carrier amplitude increases, and 
Said Connon means, said coinmon means corn 
prising a tube which includes said antenna coil 
in its Space current path. 

2. In Combination With an antenna, circuit, a 
high frequency amplifier having a resonant sig 
nal circuit aSSociated therewith, a coil in said an 
tenna circuit reactively coupling the antenna, cir 
cuit and said resonant circuit, means in said res 
Onant circuit for deriving a voltage from signals 
impressed by the antenna, circuit upon said reso 
nant circuit through the reactive couping, means, 
consisting of a tube having said coil in its space 
Current path, for impressing the derived voltage 
Upon the antenna circuit in Substantially degen 
erative phase With respect to the signal voltage 
transmitted through said reactive coupling, and 
means, responsive to an increase in signal callier 
amplitude, for increasing the magnitude of the 
degenerative Voltage and thereby reducing tine 
effective magnitude of said reactive coupling. 

3. In combination. With an antenna circuit, a 
high frequency amplifier having a resonant sig 
nal circuit associated therewith, a coil in said 
antenna circuit reactively coupling the antenna, 
circuit and Said resonant circuit, a reactive in 
pedance in shunt across Said resonant circuit for 
deriving a Voltage from signals impressed oy the 
antenna, circuit upon said resonant circuit through 
the reactive coupling, means impressing the de 
rived Voltage upon the antenna circuit in Substan 
tially degenerative phase with respect to the Sig 
nal Voltage transmitted through said ireactive cou 
pling, means, responsive to an increase in signal 
carrier annplitude, for increasing the magnitude 
of the degenerative voltage thereby to vary the 
Value of Said reactive Coupling, and said in press 
ing means including an electron discharge tuba 
having said Coil in its Space current pati and 
having an input electrode connected to Said volt 
age deriving means, and an Output electrode of 
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4. 
said last tube being connected to said antenna, 
circuit. 

4. In combination with the tuned input circuit 
of a signal transmission tube of a signal receiv 

s ing System, a coil reactively coupled to said input 
circuit, a Source of signals coupled to said coil, 
an automatic volume control circuit comprising 
a tube having at least an input electrode, a cath 
ode and an anode, a reactive impedance in shunt 

O across said input circuit for developing signal 

2,188,609 
voltage in degenerative phase to the signal voltage 
at the coil, means for impressing the degenerative 
voltage between said cathode and input electrode, 
said coil being in the space current path of said 
tube and having a direct current connection to 
said anode, and means responsive to signal ampli 
tude increase for varying said tube gain in an 
increasing Sense. 

DUDLEY E. FOSTER. O 


