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9 Claims. (C. 18-44) 
My invention relates broadly to volume limit 

ing electron tube amplifier circuits and more par 
ticularly to an improved limiting amplifier circuit 
arrangement which is adaptable to resistance 
coupled amplifiers. 
One of the objects of my invention is to pro 

vide a balanced bridge type of volume limiting 
amplifier circuit that is adaptable to a resistance 
coupled amplifier with the elimination of audio 
frequency transformers. 
Another object of my invention is to provide 

an improved arrangement for a volume limit 
ing circuit in which transient currents, incident 
to a change in attenuation in the circuit, are bal 
anced out by the establishment of counter E. 
M. F.'s which do not affect the passage of the 
desired current. 

Still another object of my invention is to pro 
vide a current limiting amplifier including a tube 
constituted by double triodes each having inde 
pendent control grids arranged in Separate cir 
cuits with a fixed bias applied to the control grid 
of one triode and a variable bias applied to the 
control grid of the associated triode and with 
the coacting anodes connected in balanced rela 
tion for delivering to an output System con 
trolled current. 
A further object of my invention is to provide 

a volume limiting amplifier circuit arrangement 
in which a pair of electron tube discharge sys 
tems are arranged to form the arms of a Wheat 
stone bridge circuit in association with balanc 
ing resistors constituting the complementary 
arms of the bridge circuit with an input circuit 
connected across one portion of the Wheatstone 
bridge circuit and an output circuit connected 
across another portion of the Wheatstone bridge 
circuit and with the tubes in the arms thereof 
operating to balance the Wheatstone bridge cir 
cuit for effectively controlling the attenuation of 
energy impressed upon the input circuit and 
delivered to the output circuit while substantially 
eliminating transient currents in the amplifica 

...tion system which are incident to a sudden 
change in the plate current (and therefore the 
plate resistance) of the tube. other and further objects of my invention 
reside in the balanced Wheatstone bridge circuit 
arrangement as set forth more fully in the speci 
fication hereinafter following by reference to the 
accompanying drawings, in which: 

Figure 1 is a theoretical diagram showing the 
fundamental circuit of the volume limiting c 

sicut of my invention; Fig. 2 is a diagrammati 
view showing one form of electron tube circuit 
rangement embodying the principles of my in 
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vention; Fig. 3 is a chart showing the character 
istics of the particular tube which has been used 
in the volume limiting circuit of my invention; 
Fig. 4 is a diagrammatic circuit arrangement of 
one of the forms of the volume limiting circuit 
of my invention; Fig. 5 shows a double Wheat 
stone bridge circuit and balancing amplifier Sys 
tem constructed in accordance with my inven 
tion and showing the means employed for bal 
ancing out transient currents; Fig. 6 shows a 
modified form of limiting amplifier circuit ar 
ranged in accordance with my invention: Fig. 7 
is a theoretical diagram explaining the oper 
ation of the circuit of Fig. 4; Fig. 8 is a vector 
diagram of the voltage components existent in 
the volume limiting circuit of Fig. 4; Fig. 9 is a 
chart showing the frequency response character 
istics of the volume limiting circuit of my inven 
tion; and Fig. 10 shows a modified circuit ar 
rangement embodying the principles of my in 
vention in a push-pull or double-bridge volume 
limiting circuit. 

Figure 1 shows the fundamental Wheatstone 
circuit employed in the system of my invention 
in which the four resistances R1, R2, R3 and R4 
comprise the four arms of the bridge. Assuming 
that the audio frequency transformer 2 is without 
transmission loss, the power loss from the input 
circuit 3 to the output circuit 4 is a function 
of the ohmic values of the resistances R1, R2, R3 
and R4 in the bridge. If R1XR4=R2XR3, the 
loss in the circuit is infinite, whereas if one of 
the resistance values in the bridge is very large 
compared to the other three, the loss in the cir 
cuit may be small. 
In the circuit illustrated in Fig. 2, the resist 

ance arms R3 and R4 have been supplanted by 
electron tubes Vi and V2 whose plate resistances 
serve as the third and fourth arms of the bridge. 
The input terminals are represented at 3 con 
nected to the bridge circuit through condenser 6 
while the output terminals are shown at 4 con 
nected through audio frequency transformer 2 in 
the output circuits of tubes V1 and V2. In order 
to provide the tubes V1 and V2 with plate volt 
age, modifications of the circuit in Fig. 1 are nec 
essary. The tubes V1 and V2 in Fig. 2 are shunt 
fed from a source of plate potential through re 
sistance Rs. Resistance R5, if made sufficiently 
large, will not cause much additional loSS in the 

The tubes W1 and Wa are biased such 
that when there is no compression in the circuit, 
V? has a low plate resistance and V2 has a verg 
high plate resistance. The grid electrode W2g of 
tube Wa is connected to a control tube while the 
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grid electrode Vir of tube V is connected to a 
source of fixed bias. The term "no compression" 
refers to the point at which the circuit is in 
tended to operate normally. At this point the 
rectified voltage from the control tube would have 
no effect on the plate current of the tube Wa. 
When there is no compression in the circuit, the 
grid Vag of tube Va is at a potential more nega 
tive than the grid Wig of tube W. and the plate 
current of tube Wa is therefore very small since 0 
the Voltage across bias resistor Rs also biases the 
tube Va. Bias resistor R8 S shunted by con 
denser . The value of resistor Rs is such that 
the bias on the grid Wils of tube Wii is sufficient to 
limit the plate current to a normal value. From 
Fig. 2 it may be seen that changes in grid or 
plate voltages in one tube will affect the other 
because of the common cathode circuit S. Con 
pression in the circuit begins to take place as the 
grid of Wag of tube Wa becomes less negative in 
potential. This increases the plate current in 
tube Wa, causing its plate resistance to drop. 
An increase in the plate current of tube Wa causes 
the bias on the cathode Vie of tube Wii to increase, 
thereby decreasing the plate current of tube W1, 
but increasing its plate resistance. As the plate 
resistance of tube Wa decreases toward the value 
of the plate resistance of tube V1, or the plate 
resistance of tube V increases toward that of 
tube Va, the bridge will approach a balanced con 
dition, assuming that R1=R2, and the power loss 
through the circuit will increase rapidly. 

Fig. 3 shows the plate resistance character 
istic of the type 6C8G tube I have used in this 
circuit. The 6C8G tube consists of two low mu 85 
triodes in one glass envelope. "A" represents the 
normal operation point of triode Va and 'B' rep 
resents the normal operating point of triode V1. 
As the compression in the circuit is increased, 
the plate resistance of each of the triodes moves 
toward the point indicated by "C." At this point 
the plate resistances of tubes Vi and Wa are equal 
and, assuming R1=R2, the circuit has an in 
finite loss in the ideal case, but practically this 45 
value is about 45 to 50 db. with the particular 
circuit constants which have been employed. 

Fig. 4 shows the circuit of my invention for 
which the data set forth herein is given. The 
electron tube constituting the equivalent of tubes 
V and Va is indicated at 8 containing within the 
same envelope the cathodes 8a and 8a, the co 
acting control grids 8b and 8b' and the coacting 
anodes 8c and 8c'. The cathodes 8a and a' are 
connected together and to the biasing resistor 
shunted by condenser and connected to ground 
at O. The input terminals 3 connect through the 
network comprising condensers 2, 3 and 4 
and resistors 5 and 6 connected as shown. The 
network is connected to the arms of the bridge 
through resistors 7 and 8 (R1 and R2) terminat 
ing at anodes 8c and 8c'. The circuit to the 
cathodes from the network f is completed 
through resistors 9 and 20 connected in series 
with intermediate tap 2 extending to control 
grid 8b for establishing the fixed bias. The con 
trol grid 8b' is shown connected to tap 22 in the 
resistance circuit containing resistors 23 and 24. 
the resistor 24 being variable so that the gain may 
be varied manually in place of a rectifier circuit 
from the audio output circuit as would normally 

2,872,248 
er 2 having its primary winding 26 connected 
through condenser 27 with anodes 8c and 8c' and 
its secondary winding 28 connected to output ter 
minals 4 with regulating resistance 29 connect 
ed in shunt therewith. 

It will be observed that the fixed bias is ap 
plied to control grid 8b while variable bias is 
applied to control grid 8b'. The graph for the 
response data obtained from this circuit is shown 
in Fig. 9. In this circuit it was found that sud 
den changes in compression Caused slight low fre 
quency transients in the output circuit due to 
the change in D. C. potential between the anodes 
c and c' of tubes Wii and Wa. 
Fig. 5 shows a double bridge circuit for a bal 

anced input which has the same characteristics 
as the circuit în Fig. 4 except that no transients 
were observed in this circuit. In this circuit the 
D. C. pulses are balanced out since they set up 
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counter E. M. F.'s in the two primary windings 
30 and 3 of the output transformer 32. The ar 
rangement of tubes is similar to the arrangement 
set forth in Fig. 4 except that two such double 
triode tubes are provided. I have shown these 
tubes at 33 and 34, each including cathodes 33a 
and 33a'; control grids 33b and 33b'; coacting 
anodes 33c and 33c' in tube 33; and in tube 34 
cathodes 34a and 34a'; control grids 34b and 
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be employed. The variable resistor 24 is con 
nected to ground at 25. The output circuit of 
the Wheatstone bridge which is thus established 

34b; and anodes 34c and 34c. Bias voltage is 
provided for the grid electrodes by the cathode 
current through resistor 9 shunted by con 
denser 7 and connected to ground in a man 
ner similar to a biasing arrangement in the cir 

| cuit of Figs. 2 and 4. The input circuit termi 
nals 3 are connected through coupling condensers 
35 and 36 to the resistance network including 
resistors 3 and 38 connected through tap 39 to 
condenser 40 which is connected to ground at (38. 
A connection is completed from one end of the 
network through resistors 42 and 43 to anodes 
33c and 33c' respectively. A connection is com 
pleted from the other end of the network through 
resistors 44 and 45 with anodes 34c and 34c' as 
shown. The input circuits are completed through 
resistors 9 and 20 connected to ground 0 in 
a manner similar to the arrangement illustrated 
in Fig. 4 and in a similar way a lead from tap 
2 is extended to control grids 33b and 34b as 
shown. The circuit from control grids 33b' and 
34b' is completed in a manner similar to that 
illustrated in Fig. 4. Resistor 23 and variable 
resistor 24 are provided connected to the positive 
side of the source of B potential and including the 
{??????mediate tap 22 and the connection to ground 

The circuit includes as heretofore pointed out, 
two separate output systems including a path 
from anode 33c through primary winding 30 and 
condenser 46, returning to anode 33e'. The com 
plementary primary winding 3 is included in a 
circuit connected at One end to anode 34c and 
extending through condenser 47 returning to 
anode 34c'. The counter E. M. F.'s in the pri 
mary windings 30 and 3 balance out transient 
currents transferring only the currents impressed 
at and desired at the terminals 4 connected to 
the secondary winding 28 of transformer 32 to 
which the two primary windings 30 and 3 are 
coupled. 

Fig, 6 shows the volume limiting circuit in 
which the input and output connections are 
reversed from those shown in Figs. 4 and 5. This 
circuit requires a balanced input voltage but re 

extends from anodes 8c and 8c' to the transform-Ts quires no output transformer. It has charac 
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teristics very similar to those of the circuit shown 
in Fig. 4. A tube similar to the tube represented 
in Fig. 4 is employed containing cathodes 8a and 
8a, control grids 8b and 8b' and coacting anodes 
8c and 8c'. The cathodes 8a, and 8a' are con 
nected through biasing circuit including resistor 
9 and shunt condenser to ground O and to the 
potentiometer circuit including resistor 9, 20, 
variable resistor 48, and resistor 49 connected 
to the B supply circuit between terminal 50 and 
ground to as shown. The anodes 8c and 8c' are 
connected through resistors 7 and 8 to the 
positive potential supply circuit through regulat 
ing resistance 5 as shown. The input circuit at 
3 is balanced and is connected through condens 
ers 52 and 53 with anodes 8c and 8c' respectively. 
The output circuit requires no output trans 
former but is connected through condenser 54 
to output terminals 4, one terminal of which is 
connected to ground as shown at 0. 

Fig. 7 is a theoretical diagram showing the 
equivalent A. C. circuit for the circuit in Fig. 4. 

O 

s 

AE represents the voltage which appears across 
the primary winding 26 of transformer 2. 

Fig. 8 is a vector diagram showing the relation 
of the currents in the circuit of Fig. 4 where Eo 
designates the input voltage; E1 the voltage 
across arm R1 (7); Ea the voltage across arm 
R2 (8); E3 the voltage across arm R3 (W1) and 
E4 the voltage acroSS arm R4 (V2). AE represents 
the voltage across the primary winding 26 of the 
transformer 2. 
Measured values of the voltages of the circuit 

in Fig. 4 (see FigS. 7 and 8) are as follows for 
several operating conditions. The equivalent 
plate resistance for each tube is also given: 

Amount of con- Eo E=E-Es E-Eo-E Es E. ?? 
pression 

Volt Volts Vots Volt | Volt | Volts 
0 db-...--- 2.0 0.86 0, 17 1,14 1.83 0.67 
5 db-...----- 2.0 0.88 0.50, 1.12 .50 0.37 
10 db-...---- 2.0 0.89 6.67 i. i.33 6.5 

Calculated Calculated 
Amount of collapression plateresist-plate resist ance of ance of 

tube V tube W. 

Ohms Ohms 
0db--------------------------------------- 17,800 398,000 
5 db. VM 18,000 50,600 
10db-------------------------------------- 21,500 31,300 

Fig. 9 shows the characteristic frequency re 
sponse curves for the volume limiting circuit of 
my invention in which curve 55 shows the fre 
quency response of the volume limiting, circuit 
for a condition of no compression; curve 56 
shows the characteristic of the frequency re 
sponse in the volume limiting circuit for 5 db. 
compression; and curve 57 shows the frequency 
response characteristics for the volume limiting 
circuit of 10 do. compression. It will be seen that 
the balanced circuit arrangement operates to 
give substantially flat frequency response Over a 
relatively broad range of frequencies. 
In Fig. 10 I have shown a modified form of my 

invention in which a push-pull or double-bridge 
volume limiting circuit is provided. A single duo 
triode 58 is provided including cathode 58a, con 
trol grid 58b and anode 58c and also including 
cathode 58a, control grid 58to' and anode 58c. 
The cathode bias illustrated in Fig. 5 is replaced 
by a fixed grid bias so that there is no longer a 
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need for tubes in both arms of the bridge circuit 
as previously required. The control rectifier as 
illustrated at 59 includes the cathodes 59a and 
59a' and associated anodes 59b and 59b' having 
input transformer 60 with primary winding 6 
and magnetically coupled secondary windings 62 
and 63 connected to the anodes 59b and 59b' re 
spectively and connected to the source of negative 
bias Voltage through lead 64. The windings 62 
and 63 are mutually connected at 65 and connect 
through resistor 66 with the cathodes 59a and 
59' which connect to ground through condenser 
67. The primary winding 6 connects in the out 
put circuit of the audio frequency amplifier sys 
tem 68, the volume of whose output is to be lim 
ited. A connection is made to one side of the 
primary winding 6 to the source of B potential 
indicated at 69 through plate supply resistor 0. 
A connection is made to ground around plate 
supply resistor 70 through condenser f. The 
amplifier system 68 is shown leading to the suc 
ceeding stage through coupling condenser 72. 
Normal grid bias is provided through cathode 
resistor 73 shunted by condenser 74. The input 
circuit to the limiter tube 58 is similar to that de 
Scribed in connection with Fig. 5, that is, the in 
put terminals 3 connect through coupling con 
densers 35 and 36 to the resistance network in 
cluding resistors 37 and 38 and the associated 
resistors 5, 76, 77 and 78. The anodes 58c and 
58c' are connected with the network through re 
sistors 9 and 80. The cathodes 58a and 58d' 
connect to ground at 8 and to tap intermediate 
resistors 76 and 77 at 82 through condenser 83 
to tap 84 intermediate resistors 37 and 38 to lead 
85, resistor 86, to the positive side of the B po 
tential source indicated at 69. The primary 
winding 30 of transformer 32 is connected at one 
end with anode 58c and at the opposite terminal 
with tap 87 intermediate resistors 5 and T6. The 
primary winding 3 of transformer 32 connects 
at one end to anode 58c' and at the other end to 
tap 88 intermediate resistors 7 and 78. 
The circuit including the control rectifier has 

been found to be entirely satisfactory and eff 
cient in operation. The several forms of the vol 
ume limiting circuit of my invention have been 
Successfully used in the control of current in 

While 
have described my invention in certain preferred 
embodiments, I realize that changes may be 
made by those skilled in the art in the details of 
the circuit arrangement and it is not my inten 
tion that my invention be limited to the precise 
circuit arrangement or frequency range shown 
but that my invention shall be construed to cover 
various modifications of the circuits illustrated 
and various frequencies including radio frequen 
cies within the scope of the appended claims. 
What I claim as new and desire to secure by 

Letters Patent of the United States is as follows: 
1. A volume limiting circuit for operation at 

audio frequencies Comprising a pair of electron 
discharge devices, each of said devices including 
a pair of triodes, each comprising a cathode, a 
control grid and a coacting anode and forming 
the arms of a pair of Wheatstone bridge circuits, 
balancing resistors connected with said anodes 
and constituting the complementary arms of each 
of the Wheatstone bridge circuits, an input cir 
cuit common to said pair of Wheatstone bridge 

75 

circuits, Separate Output circuits connected with 
the anodes of each of said devices, and an output 
circuit connected in common to said separate out 
put circuits. 
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4. 
2. A volume limiting circuit for Operation at 

audio frequencies comprising a pair of electron 
discharge devices, each of said devices including 
a pair of triodes, each comprising a cathode, a 
control grid and a coacting anode and forming 
the arms of a pair of Wheatstone bridge circuits, 
balancing resistors constituting the comple 
mentary arms of each of the Wheatstone bridge 
circuits and electrically connected with said 
anodes, an input circuit common to said pair of 
Wheatstone bridge circuits, an output circuit in 
cluding inductive windings connected in shunt 
with the anodes of the triodes in the respective 
Wheatstone bridge circuits, said inductive wind 
ings being coupled in opposed relation for cancel 
ling transient currents in said circuits, and an 
output winding coupled with each of said induc tive Windings. 

3. A volume limiting circuit for operation at 
audio frequencies comprising a pair of electron 
discharge devices, each of said devices including 
a pair of triodes, each comprising a cathode, a 
control grid and a coacting anode and forming 
the arms of a pair of Wheatstone bridge circuits, 
balancing resistors constituting the complemen 

..) 

tary arms of each of the Wheatstone bridge cir 
cuits and electrically connected with said anodes, 
an input circuit Common to said pair of Wheat 
stone bridge circuits, a circuit including induc 
tive windings and condensers disposed in series 
and terminating at the anodes of the respective 
triodes in said Wheatstone bridge circuits, said 
inductive windings being coupled in opposed re 
lation for Cancelling transient currents incident 
upon said Wheatstone bridge circuits, and an out 
put winding coupled With each of Said inductive. 
windings for receiving attenuated current sub 
stantially free from transients. 

4. A volume limiting circuit for operation at 
audio frequencies comprising a pair of electron 
discharge devices, each of Said devices including 
a pair of triodes, each comprising a cathode, a 
control grid and a coacting anode and forming 
the arms of a pair of Wheatstone bridge circuits, 
balancing resistors constituting the complemen 
tary arms of each of the Wheatstone bridge cir 
cuits and electrically connected with said anodes, 
an input circuit common to said pair of Wheat 
stone bridge circuits, means for impressing a 
fixed bias on the control grid of one of the tri 
'odes of each of Said Wheatstone bridge circuits, 
means for impressing a variable bias upon the 
control grids of the other triodes of each of said 
Wheatstone bridge circuits, an output circuit each 
including an inductance and condenser disposed 
in series and connected with each of said Wheat 
stone bridge circuits, and means coupling said 
output circuits for cancelling transient currents 
therein while transferring the current impressed upon the input circuit. 

5. A volume limiting circuit for operation at 
audio frequencies comprising an electron dis 
charge system constituted by a pair of triodes, 
each of said triodes including a cathode, a control 
grid and a coacting anode, a pair of Wheatstone 
bridge circuits, one arm of each of said Wheat 
stone bridge circuits being constituted by one of 
said triodes and the other arms of said Wheat 
stone bridge circuits being constituted by balanc 
ing resistors connected with the anodes of said 
triodes, an input circuit common to each of said 
Wheatstonebridge circuits, an output circuit con 
nected with the anode of the triode of one. 
Wheatstone bridge circuit and with the balancing 

4) 
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connected with the anode of the other of said 
triodes in the other of said Wheatstone bridge 
circuits and with the balancing resistors in said 
last mentioned Wheatstone bridge circuit, and a 
common output circuit coupled with each of Said 
separate output circuits. - 

6. A volume limiting circuit for operation at 
audio frequencies comprising an electron dis 
charge system constituted by a pair of triodes, 
each of Said triodes including a cathode, a con 
trol grid and a coacting anode, a pair of Wheat 
Stone bridge circuits, one arm of each of said 
Wheatstone bridge circuits being constituted by 
one of said triodes and the other arms of said 
Wheatstone bridge circuits being constituted by 
balancing resistors, an input circuit common to 
each of said Wheatstone bridge circuits, an out 
put circuit connected with the anode of the tri 
Ode of One Wheatstone bridge circuit and with 
the balancing resistors of that circuit, a separate 
Output circuit Connected with the anode of the 
other of Said triodes in the other of Said. Wheat 
stone bridge circuits and with the balancing re 
sistors in Said last mentioned. Wheatstone bridge 
circuit, and means in said output circuits for sub 
stantially cancelling. transient currents in said 
Wheatstone bridge circuits while transferring 
the current impressed upon the input circuit and 
desired at the output circuit. 

7. A volume limiting circuit for operation at 
audio frequencies comprising an electron dis 
charge system constituted by a pair of triodes, 
each of said triodes including a cathode, a con 
trol grid and a coacting anode, a pair of Wheat 
Stone bridge circuits, one arm of each of said 
Wheatstone bridge circuits being constituted by 
the electron discharge path through one of said 
triodes and the other arms of said Wheatstone 
bridge circuits being constituted by balancing 
resistors, an input circuit common to each of 
Said Wheatstone bridge circuits, an output cir 
cuit Connected With the anode of the triode of 
One Wheatstone bridge circuit and with the bal 
ancing resistors of that circuit, a separate output 
circuit connected with the anode of the other of 
Said triodes in the other of said Wheatstone 
bridge circuits and with the balancing resistors 
in Said last mentioned Wheatstone bridge circuit, 
means for impressing a predetermined bias po 
tential upon each of said control grid electrodes, 
and means coupled with both of said output cir 
cuits for transferring current from said output 

5 

circuits substantially free of transient currents. 
8. A volume limiting circuit for operation at 

audio frequencies comprising an electron dis 
charge System constituted by a pair of triodes, 
each of said triodes including a cathode, a con 
trol grid and a coacting anode, a pair of Wheat 
stone bridge circuits, one arm of each of said 

60 Wheatstone bridge circuits being constituted by 
the electron discharge path through one of said 

35 
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triodes and the other arms of said Wheatstone 
bridge circuits being constituted by balancing re 
sistors, an input circuit common to each of said 
Wheatstone bridge circuits, an output circuit con 
nected with the anode of the triode of one Wheat 
stone bridge circuit and with the balancing re 
Sistors of that circuit, a separate output circuit 
connected with the anode of the other of said 
triodes in the other of said Wheatstone bridge 
circuits and with the balancing resistors in said 
last mentioned Wheatstone bridge circuit, a com 
mon source of bias potential, means for impress 
ing said bias potential on each of said control resistors of that circuit, a separate output circuit 75 grid electrodes, and means for inductively -an 

  



2,872,243 
nuling the effect of transient currents generated 
in Said. Wheatstone bridge circuits incident to 
varying the attenuation of the current impressed 
upon the input to the circuits. 

9. A volume limiter circuit for Operation at 
audio frequencies comprising a duo-triode tube 
including two sets of cathode control grid and 
anode electrodes, an input circuit connected in 
symmetrical arrangement with said anodes and 
cathodes, a resistance network connected in 
shunt with the cathode and anode of each of the 
sets of electrodes, a control rectifier disposed in 
circuit with said control grid electrodes for im 
pressing bias potential thereon, a pair of output 

circuits each connected between an anode and a 
tap in said resistance network for each of said 

5 

sets of electrodes, a primary winding in each of 
said output circuits, a secondary winding coupled 
to both of said primary windings, an audio fre 
quency amplifier coupled with said secondary 
winding and a circuit extending from the output 
of said audio frequency amplifier to said control 

i rectifer for controlling the operation of Said con 

O 
trol rectifier and governing the bias potential 
impressed upon the grid electrodes of said duo 
triode tube. 

PAUL GERHARD w ULFSBERG. 
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