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Jarrett L. Hathaway, Manhasset, N. Y., assignor 
to Radio Corporation of America, a corporation 
of Delaware 

Application January 22, 1936, Serial No. 60,175 
8 Claims. 

This invention relates to gain control devices 
and has particularly to do with a system having 
a timing circuit for automatically governing the 
dynamic level range in audio frequency circuits. 
My invention has particular utility in micro 

phone circuits and amplifiers and may be asso 
ciated with modulators for radio transmitters, 
or with public address systems, or sound re 
corders. Gain control is generally required in 
Such Systems and quite frequently it is necessary 
to compress the volume range within narrower 
limits than those actually occurring in the 
rendition of speech and musical programs. 
Audio gain control was found in the very early 

Stages of broadcasting to be very essential in order 
to produce modulation of a radio wave at a 
reasonably high level, and without distortion. 
Such gain control was at first entirely manual 
in operation. The gain was not changed so 
rapidly as to cause appreciable wave form distor 
tion. Later on in the development of the art, 
automatic gain control devices were tried in the 
modulator circuits. As a rule, these devices in 
their operation involved a time lag prior to the 
reduction or increase in the gain. It was found, 
however, that the time delays could not satis 
factorily be fixed at Such values as would escape 
perception by the human ear. It was not pos 
Sible to attenuate a sudden high level audio peak. 
Furthermore, the rate of gain recovery usually 
pOSSessed the same time delay element as the rate 
of gain reduction. At best such devices were 
limited in operation and could not be used on 
high quality circuits. 

It is an object of my invention to provide a 
System of automatic audio gain control in which 
perceptible wave form distortion is avoided. 

It is another object of my invention to provide 
a System of the class above indicated in which 
Severe changes of accent, emphasis or expression 
of speech and program are avoided. 

It is a still further object of my invention to 
provide a means for automatic gain control in 
which high level Surges are instantly dealt With 
by reducing the gain in the amplifier circuit, so 
as not to overload the equipment following the 
control apparatus. 

Still another object of my invention is to pro 
vide a system of the class described in which a 
relatively slow increase in the gain may be ob 
tained following a sudden reduction of gain in 
response to a high level passage. 
Other objects and advantages of my system will 

become apparent in the following detailed de 

(C1, 179-11) 
Scription thereof When read in View of the accom 
panying drawings in which: 

Figure 1 shows diagrammatically a preferred 
circuit arrangement having volume control means 
applied to certain portions of an audio frequency 
amplifier System; 

Fig.2 shows a modification of my invention; 
Fig. 3 shows still another modification of my 

invention; 
Fig. 4 represents graphically the frequency re 

sponse characteristics of a typical gain control 
system as illustrated in certain of the embodi 
ments of my invention herein shown; and 

Fig. 5 shows a modification of one portion o 
the circuit arrangements of Fig. 3. - 

Before describing the circuits in detail, it may 
be Well at the outset to call attention to the fact 
that automatic audio gain control as practiced 
in the broadcasting art and as used, particularly 
in microphone-modulator circuits is based on the 
broad fundamentals of manual control, that is: 
after average gain has been adjusted manually 
for a particular program, gain Variation is made 
such as to raise the low level passages and to re 
duce the excessively high level passages. 
Whether the gain control is manual or auto 

matic, it is, of course, essential that audible Wave 
form distortion be avoided. If a high level peak 
Suddenly occurs following a low level passage the 
gain control can not be applied manually with 
sufficient promptness to give satisfactory re 
sults. According to my invention, however, it is 
possible to apply the gain reduction almost in 
stantaneously in response to the high level peak 
and, paradoxical as it may seen, a distortion 
which accompanies this gain reduction is insig 
nificant because it takes place in so short a period 
of time as .005 second and the human ear can 
not recognize an effect lasting for so short a 
period. It is found desirable, however, follow 
ing the application of a sudden suppression of a 
high level peak to restore the normal level of 
amplification by slow degrees. The gain recovery 
is, therefore, accomplished without audible dis 
tortion. The entire program is thus compressed 
within suitable limits of volume range, consider 
ing the particular Sound reproducing equipment 
to be employed, and the transmitter or other cir 
cuits involved. 
Referring now to Fig.1, I show in the circuit 

diagram thereof an amplifier having connected 
thereWith a suitable automatic gain control de 
Vice. The input terminals 5 are connected to 
the primary winding 6 of a transformer 7 which 

O 

5 

20 

25 

30 

35 

40 

45 

preferably has two secondaries 8 and 9. The 55 



2 
secondary 8 feeds energy across two resistors ( 
(say of 10,000 ohms each) to the control grids 
of a set of push-pull amplifier tubes 2. The 
tubes 2 are “super-control,' preferably of the 

5 pentode type having. Screen grids 3 and sup 
pressor grids 4, the latter being connected to 
the cathodes 5. The anodes 8 are connected to 
Opposite terminals of the primary winding of 
an output transformer 8. This transformer has 
a Secondary Winding 9 connected to any suitable 
utilization circuit. 
A Source of direct current potential is applied 

between the cathodes 5 and the anodes 6 
through the primary windings 7 of the trans 
former 8. In the diagram this source is repre 
Sented as having a value of substantially 400 
volts above a grounded zero level. The same or 
another Source includes a biasing potential of 
approximately -14. Wolts below the Zero ground 
potential. The cathodes 5 are preferably main 
tained at a somewhat positive potential with re 
Spect to ground, this being accomplished by the 
insertion between the cathodes and grounds of a 
resistor 20. 
In Order to apply a normal no-signal biaspo 

tential to the control grids , I preferably em 
ploy a biasing circuit which may be traced from 
ground through resistors 4r and 56, and thence 
to the circuit including resistors 23, each of 
which is connected to a control grid through 
conductors 24. A further biasing source is ap 
plied from its -14 volt terminal through re 
sistor 22, having a value of, say 150 megohms. 
The positive side of this source is grounded, as is 
the negative side of the 400 volt direct current 
Source Whose positive terminal only is shown in 
the dra Wings. The -14 volt biasing source con 
pensates for leakage to the grid circuit from the 
high potential source; hence a normal zero po 

40 tential across the resistor 56 is produced. The 
Overall bias, due to this compensating resistor 22 
and the space current of tube 25 through resistor 
4f r is such as to produce a bias of approximately 
-4 volts on the control grids of the tubes 2 

45 When no signal is coming in. 
The tubes 2, being "Super-control' tubes, are 

Such that amplification is a function of the grid 
bias over a wide usable range. The bias is made 
to vary automatically as a function of the signal 

50 level in order to accomplish automatic gain con 
trol. Higher bias created by higher signal level 
causes lower amplification. This bias change 
with signal level variation is made rapid for in 
creasing signal level but the recovery rate is slow 

55 when the signal level decreases. The unsym 
metrical rate of gain change is achieved by a 
rectifier time delay circuit which comprises ca 
pacitors 26 and 27 and a resistor. 56. The time 
required to charge the condenser 26 plus a por 

60 tion of the condenser 27 and to establish a given 
bias on the grids of the tubes 2 with respect 
to their cathodes 5 is dependent upon the prod 
uct of the capacitances by the impedance of one 
half of the secondary winding 30 on a trans 

65 former 3 plus the resistance of the rectifier anode 
Space path in the tube 25. Suitable values for 
these components have been found such that the 
charging time is less than .005 second. The dis 
charge rate of the capacitors 26 and 27 is de 

0 pendent upon the product of their capacity by 
the resistance Value of the resistor 56 shunted 
by the resistor 22. 
The portion of the input signal appearing 

across the terminals of the secondary winding 
759 of the transformer T is applied to the grid 32 
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Of the pentode amplifier tube 33. This tube is 
connected in the conventional pentode manner 
and Serves as an audio frequency amplifier feed 
ing energy into its output circuit which includes 
the primary winding 34 of the transformer 3f. 
The secondary 30 of this transformer is con 
nected to the anodes 35 of a full wave diode 
rectifier tube 25. The self-biasing resistor 36 
and by-pass condenser 37 are inserted in circuit 
between the cathode of tube 33 and ground so as 
to enable this tube to function in the usual man 
ner. A Series-connected resistor 38 and capacitor 
39 serve to improve the frequency characteristic 
of the transformer 3 and, at the same time, to 
decrease the transformer secondary impedance 
So that the charging time of the condensers 26 
and 27 can be reduced to a satisfactory low value. 
The rectified voltage appearing across the re 

sistor 56 due to the action of the diode rectifier 
portion of the tube 25 is applied negatively to the 
grids if of the amplifier tubes 2 and simultane 
Ously to the grid 40 of the tube 25 which renders 
the amplifier portion of this tube less conductive 
and lowers the potential on the cathode 29. The 
amplified direct current voltage output of this 
tube then appears across the resistor. 4 r. 
Greater signals make the cathode 29 less posi 
tive. The rate of this voltage change across the 
resistor 4 r is dependent upon its value with 
respect to that of the capacitor 4 c as well as on 
the impedance between the cathode 29 and anode 
28 in the amplifier section of the tube 25. These 
values are such as to give a very small time 
delay in reducing the gain in the amplifier tubes 
f2. The voltage variation across the resistor 4 fr 
and capacitor 4c referred to ground is added 
to the Original dicole rectifier D. C. voltage. It 
is the sum of these two which furnishes the vary 
ing bias on the grids of the tubes 2, although 
it should be noted that the maximum biasing po 
tential from the direct current amplifier section 
of the tube 25 is small in magnitude, say 8 volts, 
and that after tube 25 is biased to cutoff by its 
diode rectifier, that the diode rectifier voltage 
Only is the source of higher bias on grids f. 
This last effect may produce as great a bias as 
-40 volts. 
The control grid circuit between the trans 

former Secondary 9 and the grid 32 includes a 
resistor 42 which serves to prevent the possibility 
of grid current on the tube 33 causing wave form 
distortion in the voltage output of the trans 
former T. A resistor 43 is inserted between the 
high positive Voltage supply lead to the anodes 6 
and the leads to the screen grids 3. 
A tap off the Screen grid lead connects through 

a 50 megohn resistor 44 to a control grid 45 of 
a twin amplifier tube 46, the function of which 
is to act as an absorption device having a vari 
able impedance dependent upon the strength of 
the input Signal. It will be understood, of course, 
that if the impedance of the amplifier tubes 2 
is varied through the control action upon their 
control grids , the current flow in the screen 
grid circuits is also varied and this varies the 
potential drop across the resistors 43 and 44, 
and 62. The values of the resistors 44 and 62 
are So high that an appreciable time delay occurs 
before the variations of voltage swing upon the 
Screen grid can be applied to the control grid 
45 of the tube 6. The tube 46, therefore, acts 
as a variable resistor which is by-passed to ground 
by a time delay condenser 4 whose value is pref 
erably 2 microfarads. The anodes 4 are con 
nected to opposite terminals of the secondary 
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winding 48 on a transformer 49. The primary 
winding 50 of this transformer is connected in 
parallel. With the input leads to the transformer 
primary 6. Under a condition of low input signal 
volume the tube 46 is substantially biased to cut 
off. No shunting action takes place and the Sec 
Ondary winding 48 of the transformer 49 is sub 
stantially open-circuited. The transformer pri 
mary 50 under these conditions offers a substan 
tially infinite impedance and there is no loSs of 
power through this primary circuit. When, how 
ever, the tube. 46 becomes conductive due to the 
control action upon its grid 45, a certain amount 
of the input energy is dissipated through the 
transformer 49 to the tube, 46, thereby reducing 
the volume which is applied to the transformer 7. 
The variable shunting action of this circuit oc 
curs at a slow rate of Speed, due to the delay ac 
tion of the large condenser 4 in the high resist 
ance, circuit composed of resistors 62 and 44, 
and acts to adjust the average signal level Sup 
plied to the grids of tubes 12. Control action in 
tubes. 2, as stated, is extremely rapid for in 
creasing signal input level, and slow for decreas 
ing signal level. Since transformer leakage nor 
mally increases at the higher audio frequencies, 
the shunting action of tube 46 is not reflected 
through to the primary side to as great an ex 
tent as on the lower frequencies. Therefore, the 
effect is to increase high frequency response on 
high level signals. For low level signals the high 
frequencies therefore fall off thus preventing ex 
cessive amplification of the hiss of microphones 
or other high frequency noises. The low fre 
quency response characteristic is also controlled 
to some degree by the variable shunting action of 
tube 46 through transformer 49. Without ter 
mination on the secondaries 48 a low frequency 
reactive shunting loss is caused by the primary 
50. With termination this reactive shunting loSS 
becomes negligible compared with the shunting 
loss of tube 46. 
The input energy which is shunted off through 

the transformer 49 and absorbed in the tube 46 
may be controlled in annount by the use of a rheo 
stat 5, preferably interconnecting two of the 
terminals of the divided primary. Winding 50. 
In order to manually adjust the normal output 

level a rheostat 52 is connected across the con 
ductors 24. This rheostat has preferably, a re 
sistance value in the neighborhood of 75,000 ohms 
from end to end. A shunting resistor 53 may also 
be used for attenuation, if desired, in connection 
With the terminals of the transformer secondary 
9. This resistor may be of approximately 800 
ohms in value, depending upon the impedance 
values of other portions of the circuit. 
The extent to which the gain control is used 

can be varied by the use of a rheostat 54 in con 
nection with the terminals of the transformer 
secondary 9. Since one terminal of this. Sec 
ondary is grounded the voltage Swing will appear 
at the opposite terminal. In order to Secure the 
maximum degree of gain control the movable 
contactor on the rheostat 54 should be in the 
uppermost position, whereas if it is moved to 
ward the grounded end the minimum or no gain 

70 

s 

control will be obtained. 
The rate of gain recovery following high level 

passages may be adjusted by the use of a three 
position switch 55 having steps a, b and C. Dif 
ferent values of capacitance are thereby shunted 
across the resistor 56. Step a adds two Sections 
of .1 mid. each, in capacitor 27, to the .05 m?d. 
value of capacitor 26, making a total of .25 mfd. 

3 
Step b : connects only one...lmfd, section of ca 
pacitor 27...in parallel with capacitor. 26, making 
a total of .15 mi?d. Step. c. cuts out the capacitor 
27 entirely, leaving only the .05mfd, capacitor 26 
in circuit. The capacitance values stated are, of 
course, merely by Way of example. If adopted 
in combination with the other circuit constants 
herein suggested, then the average rates of re 
covery to be expected are as follows: step d, 1.5 
decibels per second; step, b, 2.5 decibels per Sec 
ond; and step c, 7 decibels per Second. 
The resistor. 56 which is in shunt with the 

capacitors. 26 and 27 may be of the conventional 
fixed value type, although this gives, an uneven 
and undesirable, rate of recovery of gain after 
high level signals. With an ordinary linear re 
sistor in the position of 56 after high level sig 
nals have caused a maximum gain reduction, the 
rate of gain recovery is very slow compared to 
that following medium or low level signals. This 
is just the reverse of the desired recovery action. 
The desired action is closely achieved, how 
ever, by utilizing a special non-linear resistor of 
variable value which is an inverse function of 
the terminal Voltage. The material known as 
"Thyrite' has this characteristic and functions 
to give a more rapid gain recovery rate following 
extremely high level signals than following. medi 
um, or low level signals. “Thyrite' , as Well 
known in the trade is a conglomerate substance 
composed of finely comminuted particles of con 
ductive material imbedded in a non-conductive 
binder. The characteristics of this substance 
have been fully disclosed in Patent #1,822,742, 
granted September 8, 1931, to K. B. McEachron. 
In the particular embodiment shown, such a 
Thyrite resistor preferably has a value of 5 
megohms, resistance with a 40 volt drop there 
across and approximately 30 megohms resistance 
With no voltage drop. 
The various adjustments which have been 

mentioned for obtaining proper output level, 
proper gain control and proper timing of the 
gain control may be performed to the best ad 
vantage with the aid of , a milliannetter MA 
which is here shown connected through a double 
pole three-position switch 58. In the first posi 
tion of this switch the milliammeter is connected 
in Shunt With a 500 ohm resistor 63 which is in 
circuit between the 400 volt supply source and 
the anode of the tube. 33. In this position there 
fore the milliam meter registers, approximately 
the amount of current impressed upon the trans 
former 3. In the intermediate position of the 
Switch 58 the milliammeter is connected across 
a 500 ohm resistor 64 and is in circuit with the 
plate Supply, lead of the twin amplifier tube 46 
through resistor. 6 and transformer secondary 
48. In this position of the Switch 58 it is there 
fore possible to note the variations in the amount 
of input energy which is diverted and absorbed 
in the tube 46. . . . . . 

In the third position of the switch 58 the mil 
liammeter is connected in reversed polarity for 
indicating plate current in the tubes 2. 
500-ohm resistor 57 provides a bucking voltage 
Which may be balanced by the voltage drop to the 
movable tap on the potentiometer 59 so as to ob 
tain a Zero Setting of the milliammeter with no 
Signal input. - 

It is preferable that all of the transformer 
COres be grounded and that grounded electro 
static shields between the windings of certain of 
the transformers, principally transformers 7 and 
3 should be provided. is . . . . . . 
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4 
. The control characteristics of my system as il 
lustrated in Fig.1 are readily appreciated when 
the milliammeter readings are compared under 
conditions. Which give effect to more or less con 
trol action. With the variable adjustments that 
are provided the System can be used either as a 
dynamic range compressor or as a level limiter. 
Assuming first that the switch 58 is set to the 
third position, then the milliammeter pointer 
may be adjusted for a Zero reading with the gain 
control device inoperative. Then by adjusting 
the potentiometer 54 for maximum gain control, 
the milliammeter pointer Will make Wide SWings 
over the instrument scale, thereby indicating op 
eration of the device as an output level com 
pressor. The Output level can, in this manner, 
be readily held within 6 decibels variation for an 
input level variation of from 30 to 40 decibels. 
Over a more limited portion of the input volume 
range the average compression ratio can be made 
as high as 20 to 1...That is, for an input change 
of 20 decibels there is a variation of only 1. 
decibel of output level. This range is quite Suit 
able for level limitation provided the input level 
variation...is not excessive. For Operation as a 
limiter, sufficient control must be used to place 
the program peaks on this highly compressed 
range. 

Referring now to Fig. 2, I show a modification 
of my invention in Which the circuit is SOme 
what simplified by the use of dry plate rectifiers 
in place of a thermionic rectifier. This circuit 
is particularly useful in connection with an am 
plifier System having a carbon microphone on 
the input side and a telephone line on the output 
side. Other uses may, of course, be found for 
the embodiment herein shown. 
The circuit shows an arrangement of electron 

discharge; tubes as used in an actual set-up 
where the average gain of the unit was in the 
neighborhood of 55 decibels. The actual mo 
mentary gain was a function of the momentary 
input level so that amplification varied continu 
ously in accordance with the program input. 
The change of gain between input levels of -70 
and -15 (referred to a 2.5 volt Zero level across. 
a 500-ohm impedance) amounted to 38 decibels. 
Thus when the input level was -70 decibels, the 
output level became -15 decibels; also when the 
input level was - 15 decibels, the output level be 
came --2 decibels. This automatic. Control action 
is accomplished with a minimum of audible dis 
tortion, yet peaks, say, above normal are reduced 
to prevent overloading of subsequent equipment. 
This -15 decibel input, level is found to be as 
high as can be used without objectionable dis 
tortion. The output impedance is made Sufi 
ciently low so that a telephone line impedance 
has little effect on operation. 
The details of the circuit are as follows: The 

input signals are impressed upon the primary 
6 of a transformer 7. This transformer has two 
secondary windings: 8 and 9. Energy is fed to 
the amplifier section from the secondary 8 to 
two grids 94 of a push-pull tube G. This tube 
is constructed as a double triode and is the 
equivalent of two triode tubes operated in a 
push-pull manner. The cathode 7 may be 
grounded. The anodes 12 are connected to op 
posite terminals of the primary winding 73 on 
the transformer 74. A mid-tap on the primary 
13 connects through a resistor 00, with the posi 
tive side of the direct current plate supply source 
T5 having a value of say 167 volts above a zero 
ground potential. 

2,221,541 
Output energy from the transformer T4 is fed 

from its secondary 76 to the control grid of a 
screen grid discharge tube 77. The cathode of 
this tube is grounded. The anode has impressed 
upon it a potential from the Source 75 and inter 
posed therebetween is a resistor 78. The screen 
grid 19 derives its potential preferably from the 
same source through a resistor. 80. The tube 
TT may be capacitively coupled to a further stage 
of amplification which is conventionally indi 
cated as including the tube 8... The output from 
the tube 8 is conducted through the primary 
82 of a transformer 83 having two secondaries 
84 and 85. The secondary 84 is used for con 
veying the signal to a utilization device (not 
shown). For improving the quality of the re 
sponse a resistor 86 may be connected across the 
terminals of the secondary 84. This resistor 
may have a grounded center-tap, if desired. 
The secondary winding 85 is used for deriving 

energy for gain control purposes. This portion 
of the signalling energy is fed back to the ter 
minals 8 of a full-wave oxide plate rectifier 
system, consisting of four uni-directional devices 
arranged to feed towards the positive terminal 
88 and away from the negative terminal 89 which 
connects to the grids 94, through the resistors 
93 and also to a voltage-divider 9, 92, to the 
negative terminal of a biasing source 99, the lat 
ter being grounded on the positive side thereof. 
The section 9 has a value of, say, 1 megohm 
and the section 92 a value of approximately 10 
megohms. The interconnecting point between 
the two sections is by-passed to ground through 
the capacitor C, having preferably a value of 
about 3 afd, thus effecting a time delay circuit. 
A normal negative bias is impressed upon the 

grids of the push-pull tube 70 through the oxide 
rectifier from the bias battery ? 5...to each grid 
94 and through the respective resistors 93. When 
the gain in this tube 0 is to be reduced in re 
sponse to a high level signal, a portion of the 
signalling energy derived from the secondary 85 
of the transformer 83 is rectified and renders the 
grids 94 more negative with respect to the 
grounded cathode 7 . . Hence the gain in this 
push-pull amplifier tube is reduced momentarily 
at a rate dependent upon the product of the 
capacity 95 and the rectifier output impedance, 
between terminals 88 to 89. A gradual recovery 
of the gain is effected by equalizing the poten 
tials across the condenser 95 at a rate depend 
ing upon the current leakage across the dry plate 
rectifier from the terminal 88 toward the ter 
minal 89. 
The circuit of Fig. 2 includes a variable ab 

sorption device such as the tube 96 connected 
With a secondary winding 9 on the transformer 

... This absorption device acts as a slow speed 
automatic gain control and at the same time 
an automatic frequency characteristic control. 
This frequency characteristic control action is 
illustrated in Fig. 4 and is due to the fact that 
transformer leakage increases on the higher 
audio frequencies and consequently the shunt 
ing action decreases. The absorption device dis 
charge tube 96 has a grounded cathode 97 and 
a control grid 98 which connects to a suitable 
point. 99 on, a voltage divider between the 167 
Wolt positive lead of the battery 75 and the ,-22 
volt negative lead of the battery 98. The poten 
tial drop across this potential divider at the point 
99 may be varied in accordance with the ampli 
tude of the signals due to variations in the plate 
current in the tube 70 which in turn results in 
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2,221,541 5 
a variation in the drop of potential between the 
two terminals of a resistor OO constituting part 
of the Voltage divider. The value of the resistor 
00 may be made approximately 500,000 ohms. 

5. Between the resistor OO and the point 99 is a 
resistor 0 having a value of, say, 50 megohms. 
Between the point 99 and the negative terminal 
of the grid biasing battery 90 is a resistor iO2 
having a value of, say, 2 megohms. This is by 

10 passed to ground by a condenser 09 of, say, 1 
mfd. in Order to establish a time delay circuit. 
It. Will thus be seen that the control action may 
be. Varied at a slow rate through the use of the 
tube, 96 which absorbs more or less of the energy 

5. impressed upon the secondary 9 of the trans 
former T. The fast gain reduction action, how 
ever, is accomplished through the use of the dry 
plate rectifier System. Which varies the bias po 
tential supplied to the grids 94 of the tube 70. 

20. The amount of control may be adjusted through 
the use of a three-position switch f O3 having 
contact points connected to different taps on a 
three-section resistor f04 intervening between 
the secondary 85 and one of the terminals 87 

25. Of the rectifier System. The three sections of 
the resistor 04 preferably have values of 400 
ohms, 1000 ohms and 3000 ohms respectively, 
as successively viewed from left to right in the 
diagran. 

30: The frequency characteristics of the trans 
former may be improved by connecting in series 
With the two sections of its primary 6 a filter 
System consisting of a choke 06 having a ground 
ed center-tap, a resistor OT and a capacitor f08. 

35 Walues of the condenser and choke inductance are 
Such as to resonate in the frequency region of 
excess response. 

Referring noW to Fig. 3, I show still another 
embodiment in which, although the circuit is 

40 considerably simplified as compared with the 
circuits of Figs. 1 and 2, certain objects and ad 
Wantages of my invention are none the less mani 
fested. In the circuit diagram therein shown I 
have provided a pair of push-pull amplifier tubes 

45 O of the triode type although, of course, it is 
to be understood that screen grid tubes, pentode 
tubes or any other type of tubes may be employed. 
The control grids if f are connected to opposite 
terminals of the Secondary winding 2 of an 

50, input transformer 3. The primary winding 4 
of this transformer has impressed upon it the 
input signalling energy from any desired source. 
ASSuming that Such a Source is a carbon micro 
phone, it is usual to supply a positive biasing po 
tential to the translating circuit and Such a poten 
tial has been here shown as having a value of 6 
volts impressed across a 50 ohn resistor 5 and 
thence to a center-tap on the primary winding 

4. A leakage path from the center-tap to 
(), ground is also provided through a 100 ohm re 

sistor 6. It will be understood, although it is 
not shown, that the microphone itself would be 
grounded at a suitable point. 
The input circut to the grids is provided 

tj.5 with a normal negative biasing potential with re 
Spect to the cathodes , . Such potential being 
derived from a C-battery 8 connected between 
the negative side of an oxide rectifier and the 
resistors 20 which connect to the grids . The 

70 mid-tap of the secondary shunting resistors 20 
is by-passed to the cathodes by a condenser 

9 of say 25 mifd. 
The output circuit for the push-pull tubes 

is fed to the input circuit of a balanced high in 
75 pedance amplifier 34 having a gain of, say, from 

s 5 

30 to 60 decibels. A direct current source 24 
Supplies a Suitable potential by way of a mid-tap 
on the resistor 23, which has two equal 50,000 
ohm Sections, to the anodes 25 of the push-pull 
tubes 0. The negative pole of the source 24 s. 
is connected directly to the cathodes 7. 
The circuit diagram of Fig. 3 as thus far de 

Scribed is more or less conventional. I have 
found, however, that the circuit in its entirety 
provides new and improved results over what 10 
was known in the art, particularly when it in 
cludes a full wave dry oxide plate rectifier System 
26 connected up in the manner shown. In this 

rectifier System the terminals f2 are fed. With 
energy derived from the secondary winding 28 5 
of a transformer 29, the primary 30 of which 
is connected between One terminal of the trans 
former secondary 3 and ground. As an alter 
native, the primary 30 may be bridged across 
either all or part of the secondary 3, as shown so: 
in Fig. 5. Transformer 22, the primary of which 
is fed from the amplifier 34, supplies energy to 
the utilization circuit in addition to transformer 
29. The other terminals of the rectifier 26 are 
connected in a circuit, which includes the cath- 25. 
odes 7, the biasing battery 8 and the return 
leads to the grids . The cathodes 7 are 
also grounded. ." 
The operation of the gain control device is as 

follows: When, in response to a high level sig- 80. 
nal, additional output energy is derived from the 
transformer secondary 3, an increase in alter 
nating current potential occurs across, the Sec 
ondary Winding 28 of the transformer 29. A 
potentiometer 32 preferably shunts the second- 35. 
ary and is provided with a movable contactor 
33 in connection with one of the terminals 27 

of the oxide rectifier. The purpose of this po 
tentiometer is to permit adjustment of the en 
ergy supplied to the oxide rectifier in order to 40 
regulate the amount of automatic gain control 
action. The alternating current so derived is 
rectified and renders the grids more negative 
with respect to ground, thereby reducing the gain 
in the amplifier. This reduction occurs rapidly. 45. 
After a suitable time delay following the gain 
reduction, a normal gain is restored, a SSuming 
that the high level signalling peak has passed. 
The time constant in respect to this delay action 
is a function of the capacitance 9 and of the 50: 
inherent leakage resistance of the rectifier 26. 

Referring now to Fig. 4, I show typical curves 
of the frequency characteristics to be expected 
of certain of the embodiments of my invention 
herein described and illustrated typically in Figs. 55 
1 and 2. The graphs of frequency response in the 
amplifier at low signal level, medium signal level 
and high signal level are coordinated to show the 
decibels of gain in the amplifier in relation to 
the frequency value of a given portion of the 60: 
signal. It is assumed that the System is operated 
in the audio range, say, between 50 cycles and 
from 8,000 to 10,000 cycles. It will be noted that 
the frequency characteristic curve of low level 
signals has very steep slopes both at the low fre- 65. 
quency end and at the high frequency end there 
of. This indicates that the gain contro device 
operates to suppress the noise level accompany 
ing the useful Signal, both as regards rumble and 
hiss. The curves tend to become levelled off at 70. 
all audible frequencies when medium and high 
level signals are received and when the accom 
panying noise level. Would be less noticeable than 
Otherwise, 
A further feature to be noted in the diagram of 75; 
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Fig. 4 is that the gain in the amplifier as meas 
ured in decibels is very much greater for a low 
level signal than for a high level signal. Thus 
the volume range is compressed within de 
sirable limits for avoiding the overloading of 
equipment used. Subsequently to that of the 
amplifier. 

It will be appreciated by those skilled in the 
art that many modifications of my invention 
may be made other than as herein shown without 
departing from the spirit and scope of my in 
vention. The invention itself, therefore, is lim 
ited only as defined by the claims. 

I claim: . 
1. In combination. With a gain-controlled dis 

charge tube amplifier system, a gain control de 
vice therefor comprising input energy diverting 
means, an electron discharge tube amplifier un 
der ... control of said means, a double-diode recti 
fier, a transformer having a primary connected to 
the output side of the last said amplifier and a 
center-tapped secondary, the end terminals of 
which are connected respectively to the anodes 
of said rectifier, a grid biasing circuit extending 
between the cathodes and the control grids of 
the first Said amplifier Systern, means including 
a capacitor and a non-linear resistive con 
glomerate Substance composed of particles of 
conductive material imbedded in a non-conduc 
tive binder, both said capacitor and said resis 
tive substance being in shunt between the cath 
Ode of Said amplifier in the gain control device 
and the center-tap of said transformer second 
ary, for appreciably retarding the rate of gain 
recovery in said gain controlled amplifier System 
in relation to the time constant of the gain re 
duction therein, said capacitor being one of a plu 
rality of Selectable fixed capacitances having 
different values and each being provided with 
means for SWitching the same into Shunting re 
lation to the resistor of Said grid biasing circuit. 

2. In a gain control system for use with an 
amplifier having at least One electron discharge 
tube stage in Which the amplification ratio is a 
function of the direct current grid bias poten 
tial applied thereto, means for diverting and 
rectifying a portion of the Signalling energy from 
a source with which said amplifier is connected, 
means responsive to an increase in the rectified 
energy for suddenly increasing the negative grid 
bias applied to said amplifier stage, means com 
prising a capacitor in shunt with a non-linear 
resistive substance composed of finely commi 
nuted particles in bedded in a non-conductive 
binder, said means being responsive to a de 
crease in the rectified energy for slowly de 
creasing said negative grid bias, and means for 
manually adjusting to a suitable value the time 
delay factor involved in the operation of the 
means for slowly decreasing said bias. 

3. Apparatus connected with and operable to 
COntrol the gain in an electron discharge tube 
stage of audio-frequency amplification, where 
said stage includes a grid biasing circuit, said 
apparatus comprising means including an ab 
sorption device bridging the Source of input en 
ergy which is applied to said stage and operable 
under control of variations in the conductivity 
of the space path in said stage for diverting more 
or less of said input energy away from Said stage, 
said apparatus also comprising a System of double 
diode rectification and amplification of another 
portion of the signalling energy diverted from 
said stage of audio-frequency amplification, Said 
system including means connected to said grid 
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biasing circuit for quickly reducing the gain in 
said stage and for slowly increasing the gain 
therein, and means manually operable in ac 
cordance with the character of the program to be 
amplified for fixing at a suitable value the time 
constant pertaining to the rate of gain recovery 
to be permitted by said system. 

4. The combination with a main amplifier 
System having at least one electron discharge 
tube stage and a circuit for varying the bias be 
tween the cathode and grid electrodes of said 
tube stage of a volume control device responsive 
to the volume of the undulatory energy impressed 
upon Said amplifier system, said device compris 
ing an electron discharge tube amplifier receptive 
of a portion of said undulatory energy, a trans 
former having its primary in the output circuit 
of the last said amplifier, an electron discharge 
tube having a double diode rectifier portion and 
an amplifier portion, the anodes of said recti 
fier portion being connected respectively to the 
Secondary terminals of said transformer, a non 
linear resistor composed of finely comminuted 
particles Of conductive material imbedded in 
a non-conductive binder, said resistor being con 
nected between a mid-tap on the secondary of 
Said transformer and the cathode of the last 
Said tube, the Space path of said amplifier por 
tion being disposed in and forming a part of 
Said bias varying circuit, a fixed resistor in shunt 
With Said Space path and means including a ca 
pacitor in shunt with said non-linear resistor 
for introducing a time delay constant into the 
gain recovery action of said main amplifier foll 
lowing a Sudden reduction therein of the gain 
incident to the reception of a high level signal. 

5. The combination with a main amplifier sys 
ten having at least one push-pull electron dis 
charge tube stage, a transformer connected to 
the output circuit of Said tube stage, and a cir 
Cuit for varying the bias between the cathode 
and grid electrodes of said tube stage, of a vol 
line Control device responsive to the volume of 
the undulatory energy impressed by said ampli 
fier System upon said transformer, said device 
COmprising a full-Wave dry plate rectifier form 
ing a portion of said grid biasing circuit of the 
main amplifier, means including a capacitor in 
shunt with said rectifier for producing a rapid 
gain reduction while enabling said push-pull 
amplifier to . cancel out the effects of sudden 
Surges of rectified control potential, means con 
nected to the alternating current terminals of 
Said rectifier for deriving control energy which 
is impressed thereon according to the output 
level from Said main amplifier, thereby to com 
preSS the range of amplitude variations in said 
output level, and means for controlling the out 
put level of undulatory energy from said main 
amplifier, the last said means being slow-acting 
aS Compared with the action of the device for 
controlling the grid bias on said main amplifier. 

6. The combination with a push-pull amplifier 
System having at least one electron discharge 
tube stage and a circuit for varying the bias 
between the cathode and grid electrodes of said 
tube stage of a volume control device respon 
sive to the volume of the undulatory energy de 
rived from Said amplifier System, said device 
comprising a rectifier stage to which a portion 
of Said undulatory energy is fed, means acting 
in response to an increase in the volume of said 
energy when rectified for suddenly increasing 
the grid bias in said push-pull amplifier System 
and in response to a decrease in the volume of 
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said energy when rectified for slowly decreasing 
the grid bias in Said push-pull amplifier, and 
means including an absorption device coupled 
to the input circuit of said push-pull amplifier 
for compressing the range of volume variations 
of the input energy to said push-pull amplifier 
while maintaining a relatively small difference 

20 

between the rate of gain reduction and the rate 
of gain recovery, both Said gain reduction and 
Said gain recovery being essentially slower than , 
that which is produced by the first said volume 
control device. 

7. The system as defined in claim 6 and hav 
ing means adapted to compress the volume range 
to a greater extent in the intermediate portions 
of the audio frequency spectrum for which the 
System is usefully adapted than at the extremes 
of said spectrum. 

8. In combination. With an audio Wave am 
plifying System of the type having a multi-elec 
trode space discharge amplifier the gain in which 
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is controllable by varying the direct current po 
tential between the Cathode and the control grid 
electrodes thereof, a non-linear resistive sub 
stance composed of finely comminuted conduc 
tive particles imbedded in a non-conductive 
binder and a shunt connected capacitor con 
nected to a source of biasing potential between 
said cathode and control grid electrodes, a rec 
tifying device for rectifying a portion of the 
audio-wave energy, means for impressing the 
potential of the rectified current upon the con 
trol grid electrode of said amplifying System, 
means for simultaneously varying the charge 
upon said capacitor at a rapid rate in response 
to an increase in the amplitude of said rectified 
current, said non-linear resistor constituting 
means for slowly discharging said capacitor at 
a rate Such that the recovery of the gain is a 
direct function of the peak level of the input 
potential applied to said amplifying system. 

JARRET. L. HATHAWAY. 
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