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Patented May 17, 1938 

UNITED STATES 

2,117,664 

PATENT OFFICE 
2,117,664 

AUTOMATIC VOLUME CONTROL SYSTEM 
Poul F. G. Holst, Audubon, N. J., assignor to 
Radio Corporation of America, a corporation of 
Delaware 
Application June 29, 1935, Serial No. 29,014 

16 Claims. 

My present invention relates to control devices 
for high frequency signaling systems, and more 
particularly to improved automatic gain control 
mechanisms for radio signaling Systems. 

In the co-pending application of W. L. Carlson, 
application Serial No. 29,003, filed June 29, 1935 
there has been disclosed an automatic Volume 
control arrangement for a radio receiver wherein 
the anode of the gain control diode is normally 
maintained positive with respect to the cathodes 
of the tubes whose gain is under control; and 
during such normal condition of the receiver the 
initial negative bias of the control grids of the 
controlled amplifiers is provided by an auxiliary 
diode circuit. In such a prior arrangement de 
layed AWC action is secured; the initial grid biaS 
of the controlled stages being replaced by the 
gain control bias upon the impression on the 
receiver of a signal having an amplitude above 
a predetermined intensity level. 
One of the main objects of the present in 

vention is to provide improved delayed AWC 
systems fer radio receivers, which systems gen 
erally follow the mode of operation disclosed in 
the aforesaid Carlson application; however, the 
present arrangements differing from the latter 
prior arrangement in that the fixed grid bias 
diode circuit and the automatic gain control bias 
diode circuit are energized from a common direct 
current Voltage Source. 
Another important object of the present in 

vention may be said to embody the provision of a 
highly commercial type of automatic volume con 
trol arrangement for a radio receiver wherein the 
signal detector functions as the AWC tube, but 
has its cold gain control electrode maintained 
positive with respect to the cathodes of the 
fontrolled amplifier, and wherein an auxiliary 
bias circuit is provided to supply the normal 
fixed grid bias for the controlled amplifier until 
signals of a desired amplitude are received, and 
the auxiliary bias circuit embodying as a control 
element thereof a device of uni-directional con 
ductivity which is under the control of the signal 
detector, the energization of the signal detector 
and the auxiliary bias circuit device being de 
pendent, upon at least two sources of direct cur 
rent voltage of predetermined magnitude, as 
well as upon the magnitude of the incoming 
signal waves. 
Another object of the invention is to provide 

various types of delayed automatic volume con 
trol circuits for radio receivers wherein the delay 
action is secured by a special diode circuit whose 
functioning is dependent upon a predetermined 

(C. 250-20) 
relation between direct, current voltages, and 
Whose functioning is interrupted for replacement 
by an automatic biasing circuit when signal 
Waves of a predetermined amplitude are received. 
Other objects of the invention are to improve 

generally the simplicity and efficiency of auto 
matic gain control networks for radio signaling 
Systems, and more especially to provide delayed 
AVC arrangements for radio receivers which are 
not only reliable and efficient in operation, but 
are economically manufactured and assembled 
in radio receivers. 
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, both as to its Organization 
and method of operation will best be understood 
by reference to the following description taken 
in connection with the drawings wherein I have 
indicated several circuit organizations whereby 
my present invention may be carried into prac 
tical effect. 

In the drawings: 
Fig. 1 shows a circuit diagram of a receiver 

embodying one form of the present invention, 
Fig. 2 graphically shows the operation of the 

invention, 
Fig. 3 illustrates a modification of the inven 

tion, 
Fig. 4 illustrates still another form of the pres 

ent invention, 
Fig. 5 graphically shows the operation of the 

modification embodied in Fig. 4, 
Fig. 6 shows a further modification of this 

present invention, 
Fig. 7 illustrates still another modification, 
Fig. 8 Schematically shows an additional form 

of the invention, 
Fig. 9 shows still another embodiment, 
Fig. 10 graphically shows the operation of 

the embodiment shown in Fig. 9. 
Referring now to the accompanying drawings, 

wherein like reference characters in the different 
figures designate similar circuit elements, there 
is shown in Fig. 1. a, Superheterodyne receiver of 
a commercial type, and which receiver embodies 
a practical embodiment of the present invention 
Which has been successfully operated. The re 
ceiver is shown as embodying customary networks 
preceding the second detector stage, and such 
networks usually comprise a conventional signal 
collector , which may be of the grounded an 
tenna, type; a loop antenna; a pick-up device of 
an automobile radio receiver; or even a radio 
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2 2,117,664 
frequency distribution line as commonly em 
ployed in hotels and apartment houses. 
The signal collector, regardless of its construc 

tion, is coupled to the tunable Signal input cir 
5 cuit 2, of the converter network whose output 

includes the resonant circuit 3, the latter being 
fixedly tuned to the operating I. F. The Operat 
ing I. F. may be chosen from a rainge of fre 
quency values depending upon the use to Which 

10 the receiver is put. If the receiver is of the 
multi-range type, then the Operating I. F. Will 
have a frequency value depending upon the range 
in which the receiver is operated. The mixer, 
or first detector-local oscillator, netWork is shown 

5 in conventionalized manner, and is to be under 
stood as embodying a tube of the pentagrid con 
verter type. Such tubes are well known to those 
skilled in the art, and the circuit netWorkS aS 
sociated with such a tube have been disclosed 

20 and claimed by J. C. Sinith in application Serial 
No. 654,421, filed January 31, 1933. For the pur 
poses of the present application, it is believed Suf 
ficient to point out that the nuneral 4 designates 
a pentagrid converter tube, and that the numeral 

25 2 denotes the tunable signal grid circuit of the 
tube; the numeral 5 designating the tunable local 
osciliator network, and the numeral 3 denoting 
the I. F. output circuit. 
A dotted line is shown between the variable 

30 condensers of the circuits 2 and 5, and this dotted 
line represents the uni-control tuning mechanism 
of the receiver. The details of the pentagrid 
converter circuit are not shown, but it is to be 
understood that the signal grid and cathode cir 

35 cuits of the network are similar to those shown 
in connection with the Succeeding I. F. amplifier 
tube 6. Of course, there may be utilized in place 
of the composite mixer stage, separate first de 
tector and local CScillator tubes. The I. F. arn 

40 plifier 6 is shown as of the pentode tyipe, the 
Signal input, circuit thereof being magnetically 
coupled to the circuit 3 in the customary fashion. 
The cathode of amplifier 6 is grounded, and the 
cathode of the converter tube 4 is to be under 

45 stood as grounded. 
The plate circuit of the amplifier 6 includes the 

resonant circuit 8, and the latter is magnetically 
coupled to a succeeding resonant circuit 9 Which 
is disposed between the anode and cathode of the 

50 following diode functioning as the second de 
tector-AWC control tube. Each of circuits 3, , 
8 and 9 is to be understood as being fixedly tuned 
to the operating I. F. Further, if desired the 
couplings between these circuits may be such that 

55 optimum transmission efficiency is in parted to 
the networks preceding the Second detector. The 
Inumeral designates the double diode tube 
which is utilized for performing three functions. 
One of these functions is the demodulation func 

60 tion; a second function is that of controlling the 
gain of the preceding tubes 4 and ; and the 
third function is that of providing the normal 
fixed grid bias for tubes 4 and 6. 
The audio component of detected signal energy 

65 is impressed upon an audio amplifier , and the 
output of the latter may then be impressed upon 
an output tube, the final output being reproduced 
in any desired manner. While in the commercial 
embodiment of the receiving system shown in 

70 Fig. 1, the tubes employed are of the so-called 
metal envelope type. it is to be clearly under 
stood that the electron discharge tubes may be 
of the conventional glass envelope type. It will 
be understood that the ground designations shown 

I5 in connection with tubes 4, 6, 40 and denote 

the fact that the envelope of the tube is metallic 
and performs the dual function of housing the 
electrodes of each tube, and at the same time 
shields the electrodes from the remaining pol 
tions of the System. Since the specific construc 
tion of these metal envelope tubes is not a part 
of the present invention, they are schematically 
ShoWn. 
The various tubes of the receiving Systern are 

energized from the usual power Supply netWork 
which is customarily connected to the 60 cycle 
line. Since such power supply networks are Well 
known at the present time, it is only believed 
necessary to specifically describe those portions 
of the supply network which are of particular 
utility in the functioning of the present inven 
tion. Thus, there is connected in the negative 
side of the power supply network, and in the 
output of the power supply filter, a resistor 2, 
a resistor 3, and a resistor it. The junction of 
resistors 3 and it is grounded, and the posi 
tive side of resistor it is connected to the posi 
tive side of the power supply network through 
resistors connected in series. The last named 
pair of series resistors are denoted by the nu 
merals 5 and 5', and the junction of these two 
resistors is connected by lead 6, for furnishing 
he positive voltage for the screen grids of the 
converter tube 4. 
The lead 6 is by-passed to ground through 

a condenser , and the positive side of resistor 5' 
is by-passed to ground through condenser 8. 
The piate circuits of tubes t, 6 and are shown 
energized from the positive side of resistor 5', 
and the plate circuit of tube is connected to 
the positive side of resistor 5’ through resistors 
9 and 9 connected in series. The normal fixed 

grid bias for the signal grids of tubes A and 6 is 
provided by the voltage drop across resistor 3. 
This is So because the cathodes of these tubes 
are grounded, and the negative side of resistor 
3 is connected to the signal grids of tubes 4 
and 6 through a path which includes the lead 
20, the diode cathode 2, the diode anode 22, the 
lead 23, and the AWC lead 24. 

It will be observed that, the ground side of 
resistor 3 represents the fixed direct current 
potential of the cathodes of tubes is and S. The 
positive side of resistor f3, that is the junction 
of resistors 4 and 5, is connected to the cathode 
25 of the detecting diode of tube (, through a 
path which includes lead 26 and resistor 2. The 
detection diode anode 29 is connected to the 
cathode 25 through the series path which in 
cludes the tuned circuit 9, the resistor SS and 
resistor 3 , resistors 3:3 and 3 being by-passed 
for high frequencies by condenser 32. The dilect, 
curi'ent Voltage component of the rectified signal 
Currents foWing through resistors S. and 3 is 
utilized for AWC purposes by connecting the lead 
24 to the junction point, 33 through resistor 34. 
Each of the Controlled signal grids is connected 
to the AWC lead 24 by a direct current connec 
tion, and the signal grid of converter tube 
is connected to lead 24 through resistor 35. 
The audio voltage component of the rectified 

Signal Currents is impressed upon the signal grid 
of audio tube through a path which includes 
the condenser 36 having one side thereof con 
nected to the junction point, 33, and its other side 
Connected to ground through the manual volume 
control resistor 37. The signal input grid of 
audio tube is connected to any desired point, 
along resistor 3 by the adjustable tap 38. The 
cathode of tube is connected by lead 39, and 
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2,117,664 
lead 26, to the positive side of resistor 4, and the 
voltage drop across resistor f4 provides the op 
erating negative grid bias for the audio amplifier 
lf. In other words the resistor 4 performs the 
double function of maintaining the detector diode 
anode 29 at a normal positive potential with re 
Spect to the grounded cathodes of the controlled 
tubes 4 and 6, and at the same time provides the 
requisite operating negative grid bias for the sig 
nal grid of audio amplifier , it being noted that 
the signal grid of tube i? is connected to the 
ground Side of resistor 4. 
By means of this construction the usual by-pass 

electrolytic condenser used in the grid bias net 
Work of the audio amplifier is saved, and it need 
not be employed. The grid bias of the audio 
amplifier following tube is derived from across 
resistor f2. Returning to the double diode tube 
0, it will be observed that the two diodes have 

their electrodes shielded from each other by 
means of the metal shield 49, and the shield is 
grounded because of its connection to the metal 
envelope of tube (). From a general viewpoint 
the Voltage drop across resistor 3 furnishes 
the normal operating grid bias for the signal 
grids of tubes 4 and 6. After a signal amplitude 
of a desired intensity has been attained, this 
normal grid bias is replaced by the automatic 
gain control bias which is tapped off from the 
junction point 33. 

Considering now the specific functioning of 
the delayed AVC system shown in Fig. 1, atten 
tion is directed to Fig. 2 which graphically shows 
the manner in which the fixed bias diode is re 
placed by the AWC diode upon the reception of a 
signal of a predetermined amplitude. From Fig. 
2 it will be noted that up to a predetermined 
aInplitude of signal the diode 2 f-22 is active, or 
conductive, thereby permitting the signal grids 
of tubes 4 and 6 to be at Substantially the direct 
current potential of the cathode 2. In other 
Words, during the entire period that the diode 
2f-22 is active, the voltage drop across resistor 
13 furnishes the sole negative bias for the signal 
grids of the controlled tubes; and this is so be 
Cause the cathodes of these tubes are connected 
back to the ground point of resistor 3. Also, 
during this period the anode 22 is at a potential 
with respect to the cathode 2 which is equal to 
the voltage drop across resistors 3 and 4. 

Furthermore, during the period when the nega 
tive grid bias for tubes 4 and 6 is derived across 
resistor 3, the detector diode anode 29, being 
connected to the positive side of resistor 4, is at 
a positive direct current potential with respect 
to the grounded cathodes of controlled tubes 4 
and 6. AS Soon as signals are received whose 
amplitude exceeds the voltage developed across 
resistors 3 and f4, then the diode 2-22 is 
rendered inactive, or non-conductive. This 
occurs by virtue of the fact that the anode 22 is 
connected through lead 23 to the junction point 
33. The resistor 34 functions as a filter resistor, 
and it is also pointed out that resistor 27 and con 
denser 27' function as a filter network to by 
pass low frequency hum. In Fig. 2 the upwardly 
ascending curve shows the manner in which the 
negative bias on the signal grids of controlled 
tubes 4 and 6 increases as the signal strength 
increases when the diode 2-22 has been rend 
ered inactive. 
At the point. When the received signal amplitude 

exceeds the voltage across resistors 3 and f4 the 
negative bias applied through lead 24 is equal to 
the Voltage developed by rectification in the cir 

3 
cuit of diode 25-29 minus the positive voltage 
developed across resistor f4. It will be seen that 
When the diode 21-22 has been rendered inactive, 
then the biasing path through resistor f3 is 
broken. It will now be appreciated that without 
utilizing the usual self-bias networks in the cir 
cuits of tubes 4 and 6, a normal fixed grid bias has 
been provided; and additionally, the AVC action 
has been delayed until a signal of a predetermined 
amplitude is received. Upon the AWC action be 
coming Operative, the fixed bias device becomes 
inoperative. It is also important to note that 
during normal operation of the receiver, the cold 
electrode of diode 29-25, the signal detector, is 
maintained positive with respect to the cathodes 
Of the controlled tubes. 

Merely by Way of illustration, and in no way 
limiting, the following specific examples are given 
of circuit constants which may be employed in 
conjunction with the circuit shown in Fig. 1. : 
ASSuming that the tubes employed in the con 
Verter and I. F. amplifier stages utilize a normal 
fixed bias of -3 volts, and that the tube is of a 
type which can utilize a grid bias of -1.5 volts, 
the following circuit constants may be utilized: 

Resistor f2-75 ohms 
Resistor 3=4.0 ohms 
Resistor A-130 ohms 
Resistor 3-56,000 ohms 
Resistor 3-220,000 ohms 
Resistor 27-220,000 ohms 
Resistor 34=2.2 megohms 
Resistor 3Ts-2 megohms 
Resistor 35-100,000 ohms 
Condenser 32=175 mm.f. 
Condenser 27 's-0.1 Infod. 
Condenser 36-0.01 mfc. 
The audio transmission leads between junction 

point 33 and the signal grid of tube are shown 
shielded. The dotted line designation 4, and 
the dotted line 42, are to be understood as com 
prising grounded shields for their respective leads. 
Again, it is emphasized that the present invention 
is applicable to additional circuit arrangements. 
For example, the fixed bias diode 2-22 need 
not necessarily be embodied in the same tube 
as the denodulator diode 29-25. This diode 
2-22 may be embodied in any of the other 
tubes, since its function is to provide the fixed 
initial bias during normal reception. 
In Fig. 3, there is shown a modification of the 

invention wherein the fixed bias diode is disposed 
in the tube envelope of the audio amplifier '. 
The circuit elements of the embodiment shown in 
Fig. 3 are substantially the same as those shown 
in Fig. 1; however, many of the circuit elements 
have been omitted which are duplicates of those 
shown in Fig. 1. It Will be observed that the 
power supply network includes the ground con 
nection at the junction of resistors 3 and f 4, 
and that the cathode 25 of the demodulator tube 
f'' is connected through its lead 26 to the posi 
tive Side of resistor 4. The fixed bias diode an 
ode 22' is connected through its leads 23 and 24 to 
the signal grids of tubes 4 and 6. The cathode of 
the audio tube is connected to the junction of 
resistors 2 and 3, instead of to the positive side 
of resistor is as in Fig. 1. 

his change must be made because the signal 
grid of tube must be maintained at a negative 
potential With respect to the cathode of the tube. 
For this reason, the signal grid of tube is 
connected through resistor 37 and tap 37" to a 
point on resistor 2 which is at a negative volt 
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age with respect to the point thereon to which the 
Cathode of tube ' is connected, and the value 
of this voltage is equal to that desired for normal 
operation of the audio tube. The tube may 
be of the type Well known to the art as a duplex 
diode triode, wherein the diode anodes are 
strapped together to provide the single anode 22'. 
In this modification, then, the fixed bias diode 
is in another tube envelope, and yet all the func 
tions noted in connection with Fig. 1 are still ob 
tained. 
The arrangement shown in Fig. 4 in general 

embodies the circuit elements shown in Fig. 1. 
Only those portions of the circuit are shown 
which are essential to a clear understanding of 
the differences in the embodiment. The delayed 
AVC system shown in Fig. 4 is usually employed 
in commercial practice in connection with a mul 
ti-range Superheterodyne receiver which uses Sep 
arate first detector and local oscillator tubes, and 
a stage of radio frequency amplification ahead of 
the first detector. Further, the receiver is pro 
vided with a tuning indicator 50 of any Conven 
tional and well known type. The purpose of the 
tuning indicator is to facilitate the tuning ma 
nipulation, the latter being rendered somewhat 
more difficult by the inclusion of the AWC system. 
To provide the actuating negative bias for the 

tuning indicator device 50, the junction of the 
detector diode load resistors 3 and 3 is con 
nected to ground through a path which includes 
resistors 5 and 52, the junction 53 of the Series 
resistors being by-passed to ground through Con 
densel 54. The negative bias for the tuning indi 
cator 50 is derived from the junction point 53, and 
it will be observed that the lead 55 over which this 
partial bias is transmitted, is shielded. The AVC 
bias is transmitted through the lead 24, the lat 
ter being connected in this case to the anode 
side of resistor 30 through a resistor 34, and the 
audio component of rectified signal currentS is 
transmitted to the audio tube by the audio 
connection to the junction point of resistorS 30 
and 3i, the latter connection being similar to that 
shown in Fig. .. 
Otherwise the circuit arrangement shown in 

Fig. 4 is similar to that shown in Fig. 1. The 
anode 22 of the fixed bias diode is connected 
through lead 23 to the AWC lead 24, and the 
cathode 2 is connected through lead 2 to the 
negative side of resistor f3. The demodulator 
diode cathode 25 is connected through lead 26 
to the positive side of resistor f4. Of course, by 
proper proportioning of the resistors 5 and 52, 
any partial negative bias, or any fraction desired, 
may be supplied to the tuning indicator 5. The 
input circuit 9 of the demodulator diode has its 
coil arranged to buck out hum frequencies; the 
circuit constants may be changed to Suit the pur 
poses of the present receiver. For example, re 
sistors 3 and 4 may now have values of 28 and 
50 ohms respectively; resistor 34' may have a val 
ue of 2.2 megohms; resistors 5 and 52 may have 
values of 2.2 megohms and 880,000 ohms, respec 
tively. 
The audio tube is here shown as enploying 

a self-bias resistor 56, by-passed in the usual 
nanner by condenser 57. This self-bias network 
is employed where the tube is of a type re 
quiring a higher negative bias than that de 
veloped across resistor f4. For example, a tube 
of the type shown at may utilize a bias of -9 
volts, and therefore, could not utilize the lesser 
negative voltage developed across resistor 4. 
The manual volume control connection between 

2,117,664 
the diode deinodulator and audio tube has 
been simply shown, but it may be of the tone com 
pensated type if desired. It is to be noted that 
unlike the arrangement shown in Fig. 1, there is 
no need to utilize in this modification the filter 
network 2-2. 
In Fig. 5 there is shown the operation of the 

System disclosed in Fig. 4; the two curves shown 
in this figure illustrating the difference in varia 
tion between the negative bias supplied to the 
tuning indicator, and that Supplied to the con 
troiled tubes. The curve A is the same as the 
curves shown in Fig. 2. The curve B shows the 
Wariation in negative biaS at junction point 53 in 
Fig. 4. It will be seen that the negative bias for 
the tuning indicator develops as soon as signal 
Currents are rectified across the demodulator load 
resistors. This is explained by the fact that the 
biaS transmitted to the tuning indicator is not 
affected by the fixed bias diode network. 

It is also to be noted in these different circuit 
arrangements embodying the present invention 
that a certain degree of delayed detection is se 
cured by Virtue of the voltage drop across re 
Sistor 3f. When it is realized that this resistor 
is disposed in the path of the fixed bias diode, 
it Will be seen that the diode demodulator 29-25 
Will not rectify until received signals have at 
tained at least that amplitude which Will exceed 
the Voltage developed across resistor 3. This is 
best seen by reference to Fig. 1 wherein it will 
be seen that the resistor 3 is in series between 
the electrodes 2 and 22 with the voltage drops 
across resistors 3 and 4. Such delayed detec 
tion reduces the noise reproduction to a great ex 
tent. 
In each of Figs. 1, 3 and 4 the grids of the con 

trolled tubes are shown connected to the same 
control bias point of the AVC network. Such a 
manner of connecting the circuits is not essen 
tial since the control bias may be applied to the 
Successive controlled tubes in gradually dinin 
ishing intensity. In Fig. 6 such a modification is 
ShOWn. 
The circuit arrangement of Fig. 6 shows the 

various stages thereof in conventionalized form. 
The detector is shown as preceded by cascaded 
tradio frequency amplifiers, and followed by an 
audio amplifier. It is to be clearly understood 
that these radio frequency tubes may be the : 
various stages of a Superheterodyne receiver 
which precede the second detector; as, for ex 
ample, shown in Fig. 1. In any case, the Symbol 
D1 designates the demodulator diode whose cath 
Ode includes the resistor 2 having one side 
thereof grounded. The cathode of the audio 
amplifier is connected to the cathode side of 
resistor 2, as disclosed in connection with Fig. 1. 
The direct current voltage component of the 
rectified signal currents is utilized for AVC ac 
tion by transmitting it through resistor 7 to 
the AVC leads. The fixed bias diode D2 has 
its anode connected to the resistor 7, and its 
cathode is connected to ground through the re 
sistor ). 
A condenser it is connected in Shunt, with 

the diode D2, and the resistor 75 is connected in 
shunt with the diode D2 and condenser 4. The 
negative lead of the power supply network is 
connected to the cathode side of resistor 5, and 
the voltage drop across resistor 70 furnishes the 
normal grid bias for the radio frequency tubes 
preceding the denodulator. To Secure the bene 
fits of graduated control on the cascaded ampli 
fiers, the grid of the second controlled tube is 
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2,117,664 
connected to the point 75 on resistor 75, and 
the grid of the tube preceding the detector is 
connected to the point, 5'. It will be noted 
that the cathodes of each of the controlled tubes 
is grounded, and that the AWC leads to the 
grids each include filter resistorS. 
The arrangements shown in Fig. 6 function in 

a manner similar to that, described in connection 
With Fig. 1. The diode D1 not only furnishes the 
AVC bias, but also supplies the audio Signal 
for the succeeding audio amplifier. The resistor 
i5 is a bleeder resistor for the purpose of apply 
ing AVC bias to the successive grids of gradu 
ally diminishing negative values. The bleeder 
75 in turn is connected to a point in the Supply 
circuit which is below ground potential by the 
voltage drop across resistor 70. When the diode 
D2 is conductive, then the voltage drop across 
resistor O furnishes the normal fixed bias for 
the various grids of the controlled tubes. 
The resistor is made sufficiently large not to 

interfere with the detection action occurring in 
the circuit including diode D1. When no Sig 
nails are received, the anode of diode D2 is posi 
tive With respect to its cathode by the potential 
equal to the drops across resistors 7 and 72. 
This causes the diode D2 to be conductive, and 
the anode side of the diode is at Substantially 
the same direct current potential as the cathode 
side thereof. When Signals are received, which 
are of an amplitude sufficient to just overcome 
the aforementioned voltage drops acroSS resistors 
0 and 12, then the diode D2 becomes inactive, 

and the AVC action is the biasing element. 
Here, again, it is to be noted that there will be 
a slight, biasing voltage developed across re 
sistor 73, assuming that the resistor 73 causes 
an appreciable voltage drop, with the result that 
there will be a suppressor action for extremely 
Weak Signals. 

In Fig. 7 is shown a modification of the air 
rangement in Fig. 6 wherein the diode D2 is non 
conductive for low signal intensities. It becomes 
conductive when signals are received which are 
strong enough to overcome the potential differ 
ence between points y and ac. It will be observed 
that this is the reverse of the situation shown 
in Fig. 6, and is secured by connecting the diode 
D2 in series between the bleeder 5 and resistors 

and 3. It is believed that the operation and 
functioning of this modification will be obvious 
from the description given in connection With 
Fig. 6. 

In both Figs. 6 and 7 the diodes D1 and D2 
may be disposed in a single tube envelope. Fur 
thermore, at least one of the diodes may be dis 
posed in the envelope of another tube, as shown 
in connection with Fig. 3. While Figs. 6 and 7 
disclose the application of different AVC volt 
ages to the controlled tubes, it is within the 
scope of the present invention to more generally 
provide different initial voltages and different 
delay action to the controlled tubes. 

In Fig. 8 there is shown a circuit diagram of 
a receiving system embodying such a circuit 
Wherein the controlled tubes are given different 
delays and different, initial voltages by means of 
a plurality of auxiliary diodes. Each of the 
controlled tubes 80, 8 and 82 is provided with 
self-bias networks 83, 84 and 85. The diode D1 
is the demodulator, and it is to be understood 
that the controlled tubes preceding it may be 
the customary Superheterodyne receiver net 
Works, or they may be amplifiers Which are tun 
able through a common signal frequency range. 

5 
The audio voltage component developed acroSS 
resistor 86 is fed to the succeeding audio ampli 
fier, and the latter includes in its cathode cir 
cuit the resistor 8, which develops Voltage e1. 
An intermediate point on resistor 86 is con 

nected to three parallel bleeder resistors, the 
grid of tube 8 being connected to an interme 
diate point on the first bleeder resistor 88; the 
grid of tube 8 being connected to an interme 
diate point on the second bleeder resistor, and 
the grid of tube 32 being connected to an inter 
mediate point on the third bleeder resistor 89. 
In order to explain the Operation of this modifi 
cation, the biasing actions in connection with 
tube 8 will be considered. The initial bias on 
this tube is equal to minuS Ce3--ee). The delay 
bias on tube 3 is equal to (e1--e2). The frac 
tion of the AVC voltage applied to tube 8 is 
equal to 

- R - 
R - R --Rs 

It is believed that the biasing actions With re 
spect to tubes 89 and 82 Will be clear from the 
explanation in connection with tube 8. Fur 
thermore, it is pointed out that the point a in 
the circuit of diode D1 need not be connected to 
the cathode of the Succeeding audio amplifier, 
but may be tied to any available potential. The 
numerals 90, 9 and 92 designate the auxiliary 
diodes operatively aSSociated With the parallel 
bleeder resistors. 
In Fig. 9 there is shown a further modification 

wherein the present invention is applied to a 
circuit Which Will permit the control Voltage on 
a given tube to be varied within predetermined 
limits as may be desirable to avoid undue dis 
tortion from one stage. The controlled tube foo 
utilizes in its cathode circuit a Self-bias netWork, 
and the voltage developed across the self-bias 
resistor is denoted by the symbol e4. The diode 
demodulator D1 has an intermediate point on 
its load resistor 0 connected through resistor 
(2 to the anode of an auxiliary diode D2. 
The cathode of the latter diode is connected to 

ground through a resistor Which developS a 
voltage e6, and the cathode of diode D1 is con 
nected to ground through a resistor which de 
velops the Voltage e5. The diode D2 is shunted by 
resistor iO3, and an intermediate point thereon 
is connected to the cathode of a Second auxiliary 
diode D3. The anode of diode D3 is connected 
to resistor (3 through a resistor which develops 
a voltage e7. The cathode of diode D3 is con 
nected to the grid of the controlled tube through 
resistor 04. 
The curve in Fig. 10 illustrates the biasing 

actions in Fig. 9. The Voltage on the control 
grid of tube O varies as shown in Fig. 10, a 
variable negative bias being applied to the grid 
between negative bias Values of constant in 
tensity ea and eb. The values of these latter 
limiting constant negative bias Values is desig 
nated in Fig. 10 in terms of the various voltages 
shown in Fig. 9. From Fig. 10 it will be observed 
that the AVC action applies a variable negative 
bias to the controlled tube between predetermined 
initS. 
While I have indicated and described several 

circuit arrangements for carrying my invention 
into effect, it Will be apparent to one skilled in 
the art that my invention is not limited to the 
particular systems described herein, but that 
many additional modifications may be made 
without departing from the scope of my inven 
tion as set forth in the appended claims. 
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What I claim is: 
1. In a radio receiver provided with a signal 

demodulator including an electron emission ele 
ment and a cold output electrode, a load in 
pedance connected in circuit With Said element 
and electrode, a signal transmission tube in Said 
receiver which includes at least a signal grid, 
a cathode and an anode, the anode being coupled 
to the demodulator output electrode for the im 
pression of signals upon the demodulator, Said 
tube cathode being maintained at a predeter 
mined fixed direct current potential, an auto 
matic gain control connection between the Con 
trol grid of said tube and the point on Said load 
impedance adjacent the demodulator output elec 
trode, a normal grid bias path connected between 
said control grid and a potential point which is 
at the same potential as the cathode of said Sig 
nal transmission tube, said normal biasing path 
including in Series a diode and a source of nega 
tive potential of a predetermined value, a Second 
Source of negative direct current potential having 
its negative terminal connected to said last named 
potential point and its positive terminal Con 
nected to the emission element side of said de 
nodulator load impedance. 

2. In a receiver as defined in claim 1, Said diode 
having its cathode connected to the negative 
terminal of said first source of negative poten 
tial, and said demodulator comprising a diode. 

3. In a receiver as defined in claim 1, Said 
first and Second potential Sources comprising 
bleeder resistol's connected in the power Supply 
network of the receiver. 

4. In a radio receiver provided with a plu 
rality of cascaded signal transmission tubes, each 
tube including a cathode at ground potential, 
a demodulator diode including a load resistor 
between its anode and cathode, means connected 
betWeen ground and the cathode Side of Said 
load resistor for maintaining the demodulator 
anode normally positive with respect to Said 
grounded Cathodes, means for applying a normal 
negative bias to the Signal grids of Said Cascaded 
tubes, Said last means including a diode having 
its anode connected to said signal grids, and its 
Cathode connected to ground through a source 
of negative direct current, potential, and a gain 
Control connection between the said Signal grids 
and a point on said load resistor which is at a 
negative direct current potential With respect 
to the demodulator cathode when signals above 
a predetermined amplitude are received. 

5. In a receiver as defined in claim 4, an audio 
amplifier following said demodulator, and con 
nections between the input electrodes of said 
audio amplifier and Said first named means for 
maintaining the Signal grid of the audio amplifier 
at a negative direct current potential with re 
Spect to the Cathode thereof. 

6. In a receiver as defined in claim 4, the elec 
trodes of both said diodes being disposed within 
a common tube envelope. 

7. In a receiver as defined in claim 4, addi 
tional means for impressing the direct current 
potential developed acroSS Said demodulator load 
resistor upon the signal grids in progressively 
decreasing manner. 

8. In a radio receiver of the type utilizing a 
rectified alternating current supply network for 
energizing the tubes of the receiver, and said 
receiver being of a type including a plurality of 
Cascaded signal transmission tubes followed by 
a demodulator tube, the improvement which 
Comprises a connection between the cathode of 

2,117,664 
the demodulator and a point in said power supply 
network which is at a positive potential With 
respect to ground, a load resistor connected be 
tween the cold electrode of the demodulator and 
its cathode, the cathodes of Said transmission 
tubes being maintained at ground potential 
whereby the demodulator cold electrode is nor 
nally positive With respect to ground, a Signal 
grid biasing connection between the signal grids 
Of Said cascaded tubeS and a point On Said Supply 
network Which is negative With respect to ground, 
and a control connection between the Cold elec 
trode side of Said demodulator load resistor and 
Said grid biasing connection for rendering the 
latter inoperative to bias the signal grids when 
Signals above a predetermined amplitude are re 
ceived. 

9. In combination with a wave transmission 
tube having at least a cathode, a wave input 
electrode and an output electrode, a wave de 
modulator diode having its electrodes coupled 
to the output electrode of Said tube, a load re 
Sistor connected betWeen the anode and cathode 
Of Said diode, means for normally maintaining 
the diode anode at a positive direct current po 
tential with respect to the cathode of the Wave 
transmission tube, additional means including 
a non-rectifying device of uni-directional con 
ductivity for maintaining the Wave input elec 
trode of Said tube at a negative direct current 
potential With respect to its cathode, and means 
responsive to a predetermined signal amplitude 
increase for rendering said additional means in 
operative, and biasing said input electrode in 
direct proportion to the wave amplitude increase. 

10. In a receiver as defined in claim 8, an audio 
amplifier following said demodulator tube, an 
audio connection between the input electrode of 
Said audio amplifier and an intermediate point 
On Said demodulator load resistor, and a bleeder 
resistor connected between said last named inter 
mediate point and ground, there being a con 
nection from a predetermined intermediate point 
On Said bleeder resistol to a turning indicator. 

il. in a receiver as defined in claim 9, said 
additional means including a diode connected in 
Series with a source of negative direct current 
potential, and Said last named diode and the 
demodulator diode having their electrodes dis 
posed in a COmnon tube envelope. 

12. In a receiver as defined in claim 9, an audio 
amplifier following said demodulator diode, and 
Said additional means being connected to the 
input electrodes of Said audio amplifier for main 
taining the signal input electrode of the latter 
at a desired negative potential with respect to 
the cathode thereof. 

13. In a receiver as defined in claim 9, an 
additional diode operatively associated with the 
Said Wave input electrode and said last named 
means for maintaining the said wave input elec 
trode at a predetermined constant negative po 
tential with respect to its cathode upon impres 
Sion. On Said Wave transmission tube of Waves 
above a predetermined amplitude. 

14. In a receiver as defined in claim 9, said 
last means including a diode, and said last diode 
also being included in said additional means. 

15. In a radio receiver provided with a plu 
rality of Cascaded signal transmission tubes, each 
tube being provided with at least a signal con 
trol grid, a cathode, and an anode, a demodu 
lator diode following the last of the cascaded 
tubes, Said diode including a load resistor for 
developing direct current and audio frequency 
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Components from received signal waves, gain 
control connections from the signal grids of the 
Cascaded tubes to a point on the demodulator 
Oad resistOr Which is at a negative direct cur 
rent potential With respect to the demodulator 
Cathode potential When signals above a prede 
termined amplitude are received, each of said 
gain control connections additionally being con 
nected to a point of negative direct current po 
tential with respect to ground, and the cathodes 
of Said cascaded tubes being connected to ground, 
additional means for maintaining the demodul 
lator anode at a predetermined positive poten 
tial With respect to ground, each of said gain 
Control connections additionally including a diode 
Constructed and arranged to have its conductivity 
dependent upon the magnitude of the direct 
current potential of said negative point on the 
demodulator load resistor. 

7 
16. In combination with a signal transmission 

tube and a signal Irectifier having its rectifying 
electrodes coupled to the said tube, a load re 
sistor connected with said electrodes and acroSS 
which a direct current voltage is developed by 
rectified signal currents, a biasing circuit for 
the input electrodes of Said transmission tube 
comprising a direct current Voltage Source con 
nected between said input electrodes With a de 
Vice functioning to close the biasing circuit, 
and means for applying at least a portion of 
said developed voltage to the said input elec 
trodes as a gain control bias, and additional 
means for applying at least a portion of said 
developed Voltage to said device in a sense to 
cause the biasing circuit to become ineffective 
When the signal intensity assumes a predeter 
mined value. 

POUL. F. G. HOLST 
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