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Patented June 10, 1941 2,245,353 

UNITED STATES PATENT OFFICE 
2,245,353 

GAN CONTROL CRCUITS 

William J. Morlock, Collingswood, N.J., assignor 
to Radio Corporation of America, a corporation 
of Delaware 

Application June 14, 1938, Serial No. 213,571. 
(C. 179-11) 4 Claims. 

This invention relates to gain control circuits 
Such as are applicable to public announcement 
and other radio or audio frequency amplifying 
Systems, and has for its principal object the 
provision of an improved circuit and method of 
Operation whereby a higher average acoustical 
Output may be obtained from an amplifier with 
out increased rating and without overload from 
eXcessive signal input. 
In accordance with the present, invention, 

there are provided a plurality of gain control 
Circuits One of which gradually compresses the 
Output as the signal level increases up to a point 
near the normal rating of the amplifier and 
another of which rapidly compresses the output 
beyond this point. Under these conditions, sig 
nals of a very low level are highly amplified, the 
amplifier gain decreases as the input signal level 

O 

increases, a higher average acoustic output is : 
realized Without increasing the peak rating of 
the equipment, and the output at high signal 
level is compressed to an extent which prevents 
Overloading. 
The invention will be better understood from 

the following description considered in connec 
tion with the accompanying drawings and its 
SCOpe is indicated by the appended claims. 

Referring to the drawings 
Figure 1 is a wiring diagram of an amplifying 

System to which the invention is applied, 
Figure 2 is an explanatory diagram relating 

to the operation of the System of Fig. 1, and 
Figure 3 is a wiring diagram of a resistance 

Coupled amplifier system involving the invention. 
The System of Fig. 1 includes input terminals 
0- and output terminals 2-3 between 

which signals are transmitted through an ampli 
fying channel including a coupling transformer 
4, a pair of parallel connected tubes 5-6 
which are of the exponential characteristic type, 
a Coupling capacitor , a single tube stage 8, 
a coupling transformer 9, a push-pull stage 
2-2 and a coupling transformer 22. Power 
for operating these various stages of the ampli 
fying channel is derived from the direct current 
supply terminals 23 and 24, the negative side 
of this power Supply line being grounded. It 
should be understood that the parallel connected 
tubes 5-6 and the push-pull connected tubes 
29-2 may be replaced by a single triode with 
out altering the operation of the System. 
The input circuit of the tubes 5-6 includes 

(1) the Secondary Winding of the transformer 
4 through which the signal is applied, (2) a 

resistor 25 through which a gradually increasing 
volume compression potential and an anti-over 
load bias derived through a lead 28 are applied 
and (3) a bleeder resistor 26 from a part of 
which a bias is derived through the lead 28 to 
a diode 36. 
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The Volume compression bias potential of the 
resistor 25 is derived from the secondary wind 
ing of the transformer 22 through relatively low 
Woltage leads 29-3, a diode 3 and a Switch 32 
and the lead 3. A capacitor 33 is connected 
in shunt to the resistor 25 for timing the action 
of this Volune control circuit. 
The anti-overload bias of the resistor 25 is 

derived from the relatively high voltage Sec 
Ondary leads 34-35 through a diode 36, the 
lead 28, the lower Section of the resistor 26 and 
the lead 3. Since this overload control circuit 
includes the lower section of the resistor 29, it 
is subjected to a bias potential which allows 
current to flow through the diode 36 only when 
the signal output attains a predetermined high 
Value. 

It should be noted that the resistor 26 and 
the cathode lead resistors 38 and 39 are shunted 
by signal by-pass capacitors 40, 4; and 42 and 
that a direct current Stopping condenser 43 is 
provided in the Signal Output circuit of the am 
plifier stage 8 which is also provided with an 
output resistor A4 and an input resistor 45. 

Fig. 2 illustrates the characteristic operation 
of the system of Fig. 1, the point 0 being taken 
as the reference point of the curves D-E, C-A 
and A-B. The curve D-E will be recognized 
as the normal characteristic load curve plotted 
With amplifier input as abscissae and with am 
plifier output as ordinates. Otherwise Stated, 
the curve)-E is the normal load curve of the 
amplifier in the absence of the volume compres 
sion and anti-overload control circuits. 
The curve C--A is the amplifier load charac 

teristic resulting from the bias potential pro 
duced in the resistor 25 of the Volume compres 
sion circuit 29-3, 3 and 3. Thus, a part of 
the output signal is fed to the diode 3, this 
signal is rectified by the diode 3 and the recti 
fied current flows through the resistor 25. This 
current will begin flowing at a signal level at 
east - 40 db. below the normal input signal of 
the amplifier, this signal being represented by 
the reference numeral 0. A bias voltage is pro 
duced in the resistor 25 which forms a part of 
the input circuit of the amplifier 5-6. This 
amplifier has an exponential characteristic which 
permits a variation of amplification by changing 
its grid bias Voltage. It is thus apparent that 
the amplification of this amplifier will vary with 
the potential drop of the resistor 25 and it Will 
amplify less as the signal output level increases. 
Otherwise stated, the Woltine is compressed as 
the output signal level increases. 
The curve A-B is the amplifier load charac 

teristic resulting from the bias potential pro 
duced in the resistor 25 by the anti-overload 
or relatively high compression circuit 34-35, 36 
and 37. The diode 36 has applied to its cathode 
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a bias potential derived from the lower Section 
of the bleeder resistor 26 through the lead 28. 
This bias potential is adjusted to equal the signal 
output voltage applied to the diode 36 When the 
amplifier is delivering its rated output. As the 
signal output voltage applied to the diode must 
exceed the value of the bias potential before 
rectification occurs, it follows that no current 
is delivered through the diode 36 until the ampli 
fier delivers its normal output. This point is 
indicated at A. At this point, the Overload con 
trol circuit begins to function to add more Cur 
rent to that flowing through the resistor 25, thus 
increasing the bias potential and producing a 
more rapid compression of the amplifier output. 
The system of Fig. 3 accomplishes the same 

result as the system of Fig. 1 but differs there 
from in that the volume compression and Over 
load bias potentials are applied to different stages 
of a resistance coupled amplifying channel. This 
channel includes signal input terminals 0-f 
and signal output terminals 2-3 which are in 
terconnected through an amplifier 6, a coupling 
capacitor 57, an amplifier 48 and a coupling ca 
pacitor 49. 

It will be noted that the amplifiers 46 and 8 
are of the pentode type and that power for Oper 
atting the amplifying channel is derived from the 
power supply terminals 23-24. The input sig 
nal is applied to a resistor 5 which has its upper : 
terminal connected to the control grid of the 
amplifier 46 and its lower terminal grounded for 

O 

alternating current through a capacitor 5. . 
Anode-cathode potential is applied to the ampli 
fier 46 from a filter resistor 52 and capacitor 53 
through an output resistor 57, a bleeder resistor 
54-55 partly shunted by a capacitor 56 being 
provided for producing a constant bias potential 
in the amplifier input circuit. The Screen grid 
potential of the amplifier 46 is derived from a 
filter resistor 58 and capacitor 59. The similar 
connections of the amplifier 48 Will be under 
stood without detailed explanation. 
From the output circuit of the amplifying 

channel is derived a control signal which is ap 
plied to the control circuit terminals 60 and 6. 
Connected to the terminals 60 and 6 through 

coupling capacitors 62 and 63 and resistors 64 
and 65 is a diode double wave rectifier 3 pro 
vided with a cathode lead resistor 66 from which 
a volume compression bias potential is applied 
through a resistor 67 to the control and Sup 
pressor grids of the amplifier stage 46. The ap 
plication of this bias potential to both the grids 
is advantageous in that it makes the amplifier 46 
operate with an exponential type of load char 
acteristic. 

Also coupled to the control terminals 60 and 6 
through capacitors 63 and 69 and resistors 70 
and is a diode double wave rectifier 36 pro 
vided with a cathode lead resistor T2 from Which 
overload bias potential is applied through a re 
sistor S to the control and suppressor grids of 
the amplifier stage 48. For the purpose of pre 
wenting the flow of current through the rectifier 
36 from affecting the input of the amplifier 48 
until the amplifier output has attained normal 
value, an adjustable part of a bleeder resistor 74 
shunted by a capacitor 75 is interposed in the 
input circuit. The resistor 72 is shunted by a 
timing capacitor 6. 
The operation of the system of Fig. 3 is the 

same as that of Fig. 1, the double diode 3 func 
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2,245,353 
tioning to gradually compress the output as the 
signal level increases and the double diode 36 
functioning to prevent overloading of the output 
circuit. 

I claim as my invention: 
1. The combination of an amplifier provided 

with input and output circuits, a resistor Con 
nected in said input circuit, means for deriving 
from said output circuit and producing in Said 
resistor a bias potential whereby the gain of said 
amplifier is gradually reduced as the signal level 
increases to its normal value, means for deriving 
from said output circuit and producing in said 
resistor a bias potential whereby the gain of Said 
amplifier is reduced more rapidly when the Sig 
nal level exceeds its normal value, and means for 
preventing the production of said latter bias po 
tential until said signal level has attained its 
InOrnal Valle, 

2. The combination of an amplifier provided 
with input and output circuits, a resistor con 
nected in said input circuit, means for deriving 
from said output circuit and producing in Said 
resistor a bias potential whereby the gain of said 
amplifier is gradually reduced as the signal level 
increases to its normal value, means for deriving 
from said output circuit and producing in said 
resistor a bias potential whereby the gain of Said 
amplifier is reduced more rapidly when the Sig 
nal level exceeds its normal value, and means for 
tinning the relation of the gain controlling action 
of said bias potentials on said input circuit. 

3. In a signal amplifying channel including a 
plurality of amplifying stages, the combination 
of an amplifying tube in an initial stage having 
an amplification control circuit, means providing 
a signal output impedance for said amplifying 
channel to which said amplification control cir 
cuit is connected, means providing low signal 
voltage and high signal Voltage output connec 
tions on Said impedance means on opposite sides 
of said last-named connection, a rectifier for 
each of said low voltage and high voltage output 
connections, a common output resistor for said 
rectifiers, said amplifier tube having a cathode 
and said resistor being connected between the 
cathode and said amplification control circuit, 
and means providing a delayed potential in cir 
cuit With the rectifiers for the high signal voltage 
output connection of a value to prevent opera 
tion of the high voltage rectifiers until the am 
plifying channel delivers a, normal signal output 
eWel. 
4. In an audio frequency amplifier, the com 

bination of an initial amplifying stage compris 
ing an amplifying tube having a cathode and an 
amplification control electrode, an output trans 
former for said amplifier having a secondary pro 
vided With low and high signal potential output 
connections and a connection common thereto 
for said control electrode, a biasing resistor con 
nected between said last-named connection and 
the Cathode, a rectifier connected between each 
of said low and high Signal Voltage output con 
nections and said resistor whereby said resistor 
provides a common Output potential means for 
said rectifiers, and means providing a fixed source 
of delay potential in circuit with said high signal 
potential rectifiers having a potential value such 
that said high signal voltage rectifiers are ren 
dered inoperative until a predetermined normal 
signal output level is attained. 

WILLIAM J, MORLOCK. 


