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My present invention relates to automatic vol 
lume control circuits for radio receivers adapted 
to operate in the ultra high frequency ranges, 
and more particularly to an improved Volume 
control circuit employed in a system for receiving 
signals of the order of 10 to 100 megacycles. 
One of the main objects of my present inven 

tion is to provide a method of controlling the 
transmission of signals through a receiving 
System of the ultra, high frequency type, the 
method including the utilization of an electronic 
device, across at least one tuned circuit of the 
System, which is capable of producing varying 
negative and positive resistance effects in 
response to signal carrier amplitude variation. 
Another important object of the invention is 

to improve automatic volume control circuits for 
tunable ultra high frequency amplifiers; the con 
trol circuit comprising a tube having normally 
a negative input resistance which increases in 
value with control bias increase, finally assum 
ing high positive resistance values which de 
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crease With further increase of control bias. 
Another object of my invention is to utilize, in 

an automatic volume control (A. W. C.) circuit, a 
tube so constructed that it has a negative input 
resistance; the input resistance being connected 
in shunt to a turned circuit of a signal transmis 
Sion System and being varied in magnitude by a 
control bias derived from the signals. 

Still other objects of my invention are gen 
erally to improve automatic gain control circuits 
for ultra high frequency Systems, and more espe 
cially to provide volume control circuits which 
are reliable, efficient and readily assembled in a 
receiving System. 
The novel features which I believe to be chair 

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 
indicated diagrammatically a circuit organiza 
tion whereby my invention may be carried into 
effect. 

In the dra Wing: 
Fig. 1 is a circuit diagram of a receiving sys 

tem embodying the invention, 
Fig. 2 graphically shows the operation of the 

control netWOrk. 
Referring now to Fig. 1, there is illustrated 

in purely schematic manner a Signal transmis 
sion system, such as a radio receiver which may 
be of the Superheterodyne or tuned radio fre 
quency types. Since the former type of receiver 
is commonly employed for signal reception, let 
it be assumed that the signal collector A feeds 
collected signals to the tunable input, circuit 

of the first radio frequency amplifier of a. 

(C1. 250-20) 
Superheterodyne receiver. The input circuit 
comprises coil, 2 and variable condenser 3 pro 
viding a parallel resonant network tunable over 
the desired modulated signal carrier frequency 
range. Since the present invention is of espe 
cial utility in the reception of signals of the 
Order of 10 to 100 Mc., it will be assumed that 
the condenser 3 is adjustable to tune circuit 
over a range of 20 to 50 Mc., for example. 
receiver can be of the type used for television 
reception. The tube 4 can be an 1851 type am 
plifier; Such a tube is a high mutual conductance 
pentode and functions well for ultra high-fre 
quency amplification. 
The cathode circuit of tube 4 includes the 

usual condenser-resistor bias network; the input 
circuit is connected between the input elec 
trodes of tube 4. The plate and screen elec 
trodes of the amplifier 4 may be maintained at 
positive potentials by the usual voltage supply 
Source. The numeral 6 denotes the conventional 
networks following the R. F. amplifier of a super 
heterodyne receiver. 
the input circuit of the first detector, or it may 
be connected to a second R. F. amplifier. Those 
skilled in the art are fully aware that the net 
Works in circuit 6 will comprise, a converter of 
the combined, or separate, local oscillator-first 
detector type; one or more I. F. amplifiers; a 
second detector; one- or more modulation ampli- : 
fiers and a final reproducer. The A. W. C. bias 
may be secured in any well known manner. For 
example, the D. C. voltage component of the 
second detector output may be employed. Again, 
a separate diode rectifier, fed with amplified I. F. : 
signals, can provide the necessary A. W. C. bias. 

Regardless of the source of A. W. C. bias, num 
eral 8 designates the lead connected to tube 9 
for performing the control function. Tube. 9 
is of the 6K8 type, and comprises a cathode 9, 
a plate f, a second plate 2, a grid i3 disposed 
between plate and the cathode, and grids 4, 
5, 6 and 7 arranged in the same successive 

order between cathode 6 and plate 2. Grids 
3 and are connected together, within the 

tube, as are grids 5 and 2. Both plates and 
2 are maintained at a positive potential; the 

resistor-condenser bias network 8, in the 
grounded cathode lead, maintains the grids 
13-14 at a normal negative bias. The A. V. C. 
lead 8, through a proper filter resistor 9, is con 
nected to grids 3, 4 and 6. Grids 5 and 7 
are positively biased, and hence surround grid. 6 
with a positive field. 
Condenser 20 connects grid 6 to the high 

potential side of tuned circuit ; the input resist 
ance R of tube 9 is shown by the dotted line 
representation of a resistor in shunt to input cir 
cuit . 
ing capable of assuming negative or positive re 

The resistor R has been indicated as be-, 
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2 2,221,086 
sistance values; the polarity will depend on the 
magnitude of A. W. C. bias applied to grid 6. 
In explaining the action of the control circuit 
it will be understood that grids 3-4 may, if 

5 desired, be connected to the ground end of bias 
network 8. Further, the A. W. C. bias can be 
applied solely to the grids 3-4 if desired. In 
general, it can be Stated that the Sign and mag 
nitude of the input resistance R of tube 9 will 

10 vary in response to the change in magnitude of 
the A. W. C. bias; the variation Will follow along 
the lines graphically shown in Fig. 2. From the 

- latter it will be seen that as the A. W. C bias in 
creases from Zero to ,-20 volts, by Way of illus 

15 tration, the negative input resistance R. rises 
from a low value to infinity and then assumes a 
positive sign and decreases to a low value. 
This variation of sign and value of R is in 

the correct sense for A. W. C. action. For ex 
20 ample, when the signal carrier amplitude is small, 

as during weak or distant signal reception, it is 
desired to have the tuned circuit as free of 
damping as possible. To secure this result the 
shunt resistance R should be of maximum value, 

25 since the equivalent series value of R will then be 
a minimum and its loading effect will be small. 
From Fig.2 it will be observed that for small 
A. W. C. bias values, the magnitude of.-R is low; 
hence there will be, in effect, a high value of -R, 

30 in series in circuit thereby causing the circuit to 
be free of damping. 
As the carrier amplitude increases however, 

the shunt-R value increases with a concurrent 
increase of the damping of circuit . When the 

35 A. W. C. bias passes into the region where R as 
Sumes a positive value, the damping effect of the 
shunt positive R will still be below maximum. - 
The latter is secured upon the A. W. C. bias as 
suming a value of -20 volts, when the shunt R. 

40 is Small, and, therefore, the equivalent series re 
sistance in circuit f is a maximum. Accordingly, 
it Will be seen, that as the carrier amplitude in 
creases, the A. W. C. bias increases in value and 
causes a gradual increasing loading of the cir 

45 cuit . The variation will be such as to maintain 
the carrier amplitude at the second detector in 
put circuit uniform over a wide range of carrier 
amplitude variation at collector A. 
There Will now be explained the nature of the 

50 electronic reactions in tube 9 which permit the 
input resistance thereof to vary in the manner 
depicted in Fig. 2. The tube 9 acts in the man 
ner of a triode-hexode; cathode 0, grid 3 and 
plate provide a triode, whereas cathode 9, 

55 grids 4, 5, 6, and plate 2 provide a hexode. 
It can be stated that negative input resistance 
in the tube results from a deficiency of electrons 
in the Space between grid f6 and screen grids 
5-7. W 

so. The Space current between grids 4 and 5 is 
relatively independent of the bias on grid 6 due 
to the interposed screen 5. That is to say, the 
sum of the currents in plate 2 and the screens 
5 and is relatively constant. The electrons 

65 passing through grid 5 will be subject to the in 
fluence of grid 6 and at some high negative 
bias on grid 6 will be completely prevented from 
passing through this grid thereby resulting in 
Current cut-off of plate 2 as in the ordinary 

70 triode. However, as the negative bias on grid 
6, is decreased from some high value, plate 2 
current Will not decrease linearly because the 
Supply of electrons, passing through grid 5 is 
limited. This limitation is brought about as foll 

75 lows: The potential of grid 4 exerts the primary 

influence in determining how many electrons 
Shall be available for the remainder of the 
hexode section. The grid 5, by virtue of its po 
tential and its position, Will draw SOme Value 
of current, which current will be relatively inde- 5 
pendent of the potential of grid 6; the re 
mainder of the hexode Section current paSSing 
to plate 2. 

Therefore, by a proper choice of potentials for 
grids 4 and 5 there will be a scarcity of elec- 10 
trons on tine grid 6 side of grid 5 for SOme 
range of low values of negative bias on grid 6. 
Decrease in charge in the 5-6 space Will cause 
electrons to flow into the grid 6, or current to 
flow out. Thus, an increase in potential of grid 15 
6 is accompanied by a change of opposite-Sense 

in the current of that electrode, Which condition 
is the criterion for negative input resistance. 
The net input resistance of the tube Will depend 
in sign and in magnitude upon the relative im- 2) 
portance of the two effects operating simulta 
neously Within the Space between grids 5 and 
6. The frequency also affects the input resist 

ance, because the proportionate magnitude of 
the in-phase, or resistance, component depends 25 
Upon the finite electron transit time, and it is 
for that reason that this negative resistance ef 
fect Occurs only at relatively high frequencies, 
The average potential of grid 6 will effect the 

distribution of electrons within the space 5-6, 30 
and the average potential of grid 4 will deter 
nine the number of electrons passing through 
Screen 5. Therefore, the bias on grids 4 and 
6 Will both affect the magnitude of input resist 
ance R. When the tube is operated with a high 35 
Value of negative bias on grid 6, the current of 
plate 2 Will decrease and the screen grid cur 
rent Will rise. These effects will be accompanied 
by the building up of a Space charge in the space 
between grids 5 and 6. Under these conditions 40 
the tube Will simulate a triode whose plate cur 
rent is Space charge limited insofar as consid 
eration of the input resistance is concerned. For 
high Values of negative bias on grid 6 the tube 
9 behaves as a triode; that is to say, the input 45 
resistance is positive. The input resistance R, 
as it goes from negative to positive, passes 
through infinity, and so as bias is increased the 
positive resistance inust decrease from infinity, 
as long as the tube is operating under “electron 50 
deficiency' condition. When the bias becomes 
Sufficiently negative this condition is departed 
from and the tube acts like ordinary tubes where 
input resistance increases with more negative 
bias; however, that effect is small compared to 55 
the Variation from low negative resistance 
through infinity and thence to decreasing posi 
tive resistance values. Of course, in place of 
tube 3 any other tube can be used that has an 
input resistance which is capable of varying in 
the manner illustrated in Fig. 2. Again, the con 
trol action may be applied to any other tuned 
Circuit of the System. It can be shown that the 
sign and magnitude of R vary much the same 65 
as shown in Fig. 2, when the bias on grids 3-4 
is varied. 
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 inven- 70 
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 for in the 
appended claims. 75 

60 
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put electrodes arranged to provide a negative in What I claim is: 

1. A method of operating a wave transmission 
System of the type comprising at least one tuned 
circuit feeding a wave transmission tube, which 
includes producing a minimum negative resistance 
effect across the tuned circuit for Waves of mini 
mum araplitude, deriving a control voltage from 
the Waves which varies directly in magnitude in 
reSponse to Wave amplitude increase, increasing 
the magnitude of said effect in response to con 
trol Voltage magnitude increase, and converting 
said effect into a positive resistance effect of de 
creasing magnitude in response to further in 
crease of the control voltage magnitude beyond a 
predetermined value. 

2. A method of operating a wave transmission 
system of the type comprising at least one tuned 
circuit feeding a wave transmission tube, Which 
includes producing a negative resistance effect 
across the tuned circuit, deriving a control voltage 
from the Waves which varies in magnitude in re 
sponse to wave amplitude changes, varying the 
magnitude of said effect in response to control 
Voltage magnitude variation, and converting Said 
effect into a positive resistance effect of opposite 
magnitude variation in response to variation of 
the control voltage magnitude beyond a predeter 
mined point. 

3. A method of operating a wave transmission 
system of the type comprising at least one tuned 
circuit feeding a wave transmission tube, which 
includes producing a negative resistance effect 
acroSS the tuned circuit, deriving a control voltage 
from the Waves which varies in magnitude in 
response to Wave amplitude changes in a sense 
Such that the control voltage is increasingly 
negative as the Wave amplitude increases, varying 
the magnitude of said effect in response to control 
voltage magnitude variation, and converting said 
effect to one of opposite sign in response to an 
increase in the control voltage magnitude beyond 
a predetermined point. 

4. In a receiver including at least one tuned 
signal circuit, the method which includes produc 

4.5ing a resistive effect across the circuit, and vary 
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ing the sign and magnitude of the effect acroSS 
said one circuit in a predetermined order in re 
Sponse to signal amplitude variation. 

5. In combination with a receiver having at 
least one tuned signal circuit, an electronic device 
providing a resistance across the circuit, Said 
device being constructed to impart to Said, re 
sistance a variable sign which depends on the 
gain of the device, and means, responsive to signal 
amplitude variations, for adjusting said device 
gain thereby to vary the sign of the resistance 
across said one signal circuit. 

6. In an amplifier having a tuned input circuit, 
an electron discharge tube having input and Out 
put electrodes arranged to provide a negative input 
resistance between the input electrodes at low 
negative bias values, means connecting said input 
electrodes across the input circuit thereby to con 
nect said resistance across the latter, means re 
sponsive to signal amplitude increase for increas 
ing the bias on said tube thereby to increase the 
magnitude of said resistance up to a predeter 
mined value of bias and thereafter to convert the 
sign of the resistance to be positive. 

7. In an amplifier having a tuned input circuit, 
an electron discharge tube having input and out 

put resistance between the input electrodes at low 
negative bias values, means connecting said input 
electrodes across the input circuit thereby to con 
nect said resistance across the latter, means re 
Sponsive to signal amplitude increase for increas 
ing the bias on said tube thereby to increase the 
magnitude of said resistance up to a predeter 
mined bias value and thereafter to convert the 
sign of the resistance to be positive, said tube 0 
comprising a cathode, a positive plate, a negative 
grid, a positive field surrounding the grid, and a 
second negative grid between the cathode and 
positive field, Said resistance being provided be 
tWeen the cathode and first negative grid. 

8. In combination with a receiver having a 
transmission tube whose input circuit is tuned to 
a frequency of the order of 10 to 100 megacycles, 
a tube having its input resistance connected 
across Said input circuit to control the gain of 
Said receiver, Said control tube being constructed 
to provide an electron deficiency between a pair 
of electrodes thereof whereby said input resistance 
may be controlled in sign, and means responsive 
to signal amplitude variation for controlling said 
resistance sign. 

9. In a signal reception system including at 
least one tuned signal circuit, the method of reg 
ulating signal transmission therethrough which 
includes producing a resistive effect across the 
circuit, and varying the sign of the effect across 
Said circuit from negative to positive in response 
to signal amplitude increase. 

10. In a signal reception system including at 
least one tuned signal circuit, the method of reg 
ulating signal transmission therethrough whichin 
cludes producing a resistive effect across the cir 
cuit, varying the sign of the effect across said 
circuit from negative to positive in response to 
Signal amplitude increase, and varying the magni 
tudes of said negative and positive effects in op 
pOSite Senses. 

11. In a signal reception system including at 
least one tuned signal circuit, a method of adjust 
ing the damping of the signal circuit which in 
cludes introducing resistance of a desired sign. 
into Said signal circuit in response to the recep 
tion of signals of a predetermined amplitude, 
varying the value of said resistance in response to 
variation of said signal amplitude, and introduc 
ing resistance of opposite sign into said signal 
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circuit in response to a substantial shift of the 
Signal amplitude from Said predetermined am 
plitude. ... " 

12. In a signal reception system including at 
least one tuned signal circuit, a method of ad 
justing the damping of the signal circuit which 
includes introducing, resistance of a desired sign 
into said signal circuit in response to the recep 
tion of signals of a predetermined amplitude, 
varying the value of said resistance in response to 
variation of said signal amplitude, introducing 
resistance of opposite sign into said signal circuit 
in response to a substantial shift of the signal 
amplitude from said predetermined amplitude, 
and varying the value of the opposite sign re 
sistance in a sense opposed to said first variation 
in response to further change in said signal am 
plitude. 

DUDLEY E. FOSTER. 
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