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Claims. 

This invention relates to signal wave trans 
mission and amplification, and more particular 
ly to inaproyed circuits for automatically con 
tracting the volume range or limiting the peak 
amplitude of signal waves. r 5 
The use of a fixed amount of degenerative 

feedback to improve the operation of amplifiers 
is well known. For example, Systems for utiliz 
ing degenerative feedback to reduce or stabilize 
the gain of thermionic amplifiers and to reduce 10 
distortion thereira are described in United States 
Patent 2,025, which issued to H. S. Black on 
December 2, i93i. 
Wolume contractors and expanders which mod 

ify the anpitade of a signal Wave in accordance 5 
with Some ROn-linear function are likewise well 
known. Such Systerns conventionally utilize a 
direct bias voltage to yary the gain of an am 
plifier. As a result, transient voltages are in 
duced in the systern by reason of this change of 20 
bias, thus introducing distortion into the system. . 
It is the principal object of this invention to pro 
vide a Systeria for contracting or limiting the am 
plitude of a signal wave which has the advan 
tages of degenerative feedback and which is free 25 
fro?ta transient inguises and distortion. 
The present intention differs from the known 

prior art in this essential, that the amount or " 
degree of degeneratiye feedback is varied as a 
function of the average signal amplitude, thus 30 
utilizing the principle of degeneration to reduce 
the transients and distortion produced by the 
control operation itself. The invention may be 
utilized to produce an overall contraction of the 
signal anpitude or to limit to some predeter- 35 
mined level the maximum signal amplitude. 
The former system is usually employed to effect 
transmission within a comparatively small range 
of Signal anpitude, in Conjunction with an ex 
pander which restores the original dynamic 40 
range of the signal. The latter system may be 
Sed to prevent over nodulation in a transmitter 
by reducing excessive modulated voltage peaks. 
This invetation yi be better understood from 

the following description when considered in 
connection with the accompanying drawings, 
and its Scope is indicated by the appended claims. 
Similar reference numerals refer to similar ele-- 
ments throughout the Several drawings. 50 
Referring to the drawings, 
Figure is a simplified diagram illustrating the 

principle of this invention; 
Figure 2 is a circuit diagram of a limiting cir 

cuit; 
Figure 3 is a circuit diagram of an alternative 55 

embodiment of the system illustrated in Fig. 2; 
Figure 4 is a circuit diagram of a preferred 

embodiment of this invention; and 
Figure 5 is a circuit diagram of a modification 

of the arrangement illustrated in Fig. 4. 
A simplified form of this invention is illustrat 
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(C. 79-7) 
ed in Fig. 1 to which reference is now made. An 
amplifier is provided with input terminals 9 
and output terminals ff. A resistor 3 is con 
nected between one of the input terminals 9 and 
the amplifier . A variable impedance device 
5 is connected between the output terminals 

of the amplifier and resistor 3. A rectifier 7 
is energized by a voltage derived from the input 
terminals 9 although the rectifier may be ener 
gized by a voltage derived from the output ter 
minals f , as will subsequently appear. Connec 
tions are made between the rectifier and the 
variable impedance device 5 so that the imped 
ance of the latter is varied in accordance with 
the amplitude of voltage produced by the former. 
The operation of the device illustrated in Fig. 

1 will now be described. A degenerative voltage 
is obtained from the output terminals of the 
amplifier 7 and is impressed across resistor 3 
by means of Connections which include a varia 
ble impedance 5. Consequently, the degree or 
percent of degeneration is determined by the 
variable impedance device 5. It is to be under 
stood that the voltage impressed across resistor 
3 by the variable impedance device is in phase 

opposition to the input voltage which is applied 
to the input terminals 9. It is also to be under 
stood that the amplifier. may include one or 
more stages of amplification, as is well known. 
The variable impedance device 5 is controlled 
by the voltage developed in the rectifier T, and 
Consequently the degree or percent degeneration 
is a function of the signal amplitude which is 
applied to the rectifier, which may be operated 
as a "biased rectifier.' By the term "biased rec 
tifier' is herein meant a rectifier which is pro 
vided with a fixed bias voltage which prevents 
rectification until the applied signal amplitude 
exceeds the bias. Consequently, the degree of 
feedback remains constant until such time as 
the applied signal voltage exceeds the predeter 
mined bias. When operated without such a fixed 
bias, the rectified control voltage is proportional 
to the average signal amplitude, and uniform 
volume contraction will be effected over the en 
tire operating range. 
An actual circuit corresponding to the illus 

trative diagram of Fig. 1 is illustrated in Fig. 2 
to which reference is now made. For conven 
ience, amplifier has been illustrated as a single 
stage amplifier comprising a triode tube (9. In 
put terminals 9 are coupled to the amplifier input 
circuit by means of a transformer 2 having two 
Secondary windings 23 and 25. Resistor 3 is 
Connected in Series with one terminal of the 
secondary winding 23 between ground and the 
grid 2 of the amplifier tube 9. The output cir 
cuit of this tube is connected to the output ter 
minals , for example, by means of a trans 
former 29. 
A degenerative feedback voltage from the 



2 
output circuit is impressed across resistor 3 by . 
means of a path which includes a blocking ca 
pacitor 3, a resistor 33 and the anode-cathode 
path of a thermionic tube 35. Grid voltage for 
thermionic tube 35 is derived from a rectifier 
which includes, for example, a pair of diode tubes 
37 and 39 whose anodes are connected to the 
outer terminals of the secondary winding 25, and 
whose cathode electrodes are connected through 
a diode load resistor 4 and a biasing battery 3 
to the center tap of the secondary winding 25. 
A second biasing battery 45 is connected be 
tween cathode and the junction of resistor 4 and 
battery 43. 
In operating the device illustrated in Fig. 2, 

the amplitude of the bias voltage produced by 
battery 45 is adjusted to that value which causes 
the variable impedance tube 35 to impress the 
desired normal degenerative voltage on the am 
plifier input circuit. It will be observed that 
resistor 33 and the anode-cathode impedance 
of tube 35 constitute a voltage divider. Conse 
quently, the degree of feedback may readily be 
determined by varying the impedance of the 
tube. A variable bias is likewise impressed on 
the grid of the tube 35 when a voltage appears 
across the anode load resistor 4f. Such a volt 
age is developed in the illustrated circuit When 
the amplitude of the input voltage reaches that 
value which is sufficient to overcome the negative 
bias, due to battery 43, on the anode electrodes 
of the rectifier tubes 37 and 39. The polarity of 
the variable bias is chosen. So that an increase in 
signal: amplitude causes the grid of thermionic 
tube 35 to become more positive, thus decreasing 
its impedance, and permitting a larger feedback 
voltage to be impressed upon the amplifier in 
put. By removing battery 43, the system will 
function as an automatic volume control to re 
duce the dynamic range of the output voltage 
with respect to that of the input voltage. 

Fig. 3 represents an alternative system in which 
the variable impedance tube is connected in 
shunt with a fixed voltage divider which provides 
the normal feedback voltage. In addition, an 
alternative method of impressing the feedback 
voltage on the amplifier input circuit is illus 
trated, and finally, the control voltage is obtained 
from the amplifier output. 
As before, the input voltage is applied to the 

amplifier 9 through a transformer 2, and its 
output is connected to the output terminals 
through a transformer 29. A degenerative volt 
age is developed across a voltage divider which 
includes, in series, blocking capacitor 3, re 
sistor 33, a second blocking capacitor 4 and a 
second resistor 49, connected between the anode 
of amplifier 9 and ground. It is to be under 
stood, however, that the feedback voltage may, if 
desired, be obtained from the secondary circuit 
of the output transformer 29. In the embodi 
ment, illustrated in Fig. 2, the feedback voltage 
was superimposed on the grid of the amplifier 
tube. In the present instance, a separate tube 
5 has been provided. The cathode and anode 
electrodes of the control tube 5 are connected 
in parallel with the corresponding electrodes of 
the first amplifier tube 9. The grid electrode, 
however, is connected to a suitable tap on re 
sistor 49. An alternating. degenerative voltage 
is, therefore, applied to the control tube 5f which 
has the same effect as a similar voltage Superim 
posed on the grid of the amplifier tube 9. The 
degree of feedback is controlled by means of a 
thermionic tube 35 whose anode-cathode path 
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is connected in parallel with a portion of the 
voltage divider. Specifically, the anode of the 
control tube 35 is connected to the junction of 
resistor 33 and blocking capacitor 47. A suitable 
positive anode potential for the control tube is 
supplied by means of a resistor 53. It will be 
appreciated that the alternating feedback po 
tential on the grid of the auxiliary tube 5 will 
be determined by the impedance of the control 
tube 35, which is in turn controlled by a direct 
voltage derived from a rectifier , as before. 
In this instance, however, the variable bias po 
tential developed across the diode resistor 4 has 
such a polarity that the bias on the control tube 
35 becomes more negative when the signal am 
plitude increases, thus permitting the maximum 
feedback voltage to be applied to the amplifier. 
It will be noted that the rectifer in Fig. 3 is 

connected to the amplifier output. This connec 
20 tion is desirable when it is not necessary to cause 

the curve representing the input versus output 
voltage characteristic of the amplifier to be hori 
zontal beyond the point at which control is ini 
tiated. That is, the feedback can change only 

25 when the output voltage changes. Consequently 
when connected in this manner the control will 
not be able to hold the output voltage at a pre 
determined maximum, but there will always be 
a slight increase in the amplitude of the output 

30 voltage when the amplitude of the input voltage 
is increased. However, when the control voltage 
is derived from the amplifier input circuit, it is 
possible to over-compensate the amplifier so that 
its output actually decreases when the amplitude 

35 of the input voltage is increased. The selection 
of the type of operation desired is largely a mat 
ter of choice. 
In utilizing circuits of the type described above, 

... We have found that a certain amount of distor 
40 tion is inherently introduced into the system by 

resaon of the change of anode current in the 
control tube as its grid bias is varied in response 
to a change in amplitude of the applied voltage. 
A System for overcoming this disadvantage is 

() 

5 

5 illustrated in Fig. 4 to which reference is now 
made. Input terminals 9 are connected to an in 
put transformer 2 having two secondary wind 
ings 23 and 25, as before. The first secondary 
winding 23 is connected to the input of a ther 

50 mionic tube 9 which is intended to represent 
one or more stages of amplification. The out 
put circuit is taken from the secondary of an out 
put transformer, as before. Feedback is provided 
by means of connections between secondary wind 

55 ing 25 of the input transformer 2 and a pair 
of similar windings 55 and 57 which are coupled 
to the Output transformer 29. A center tap of 
the Secondary winding 25 is grounded through a 
battery 59. The outer terminals of secondary 

60 25 are connected respectively to the outer termi 
nails of windings 55 and 5 through a pair of re 
sistors 6 and 63. The inner terminals of the two 
windings 55 and 5 are connected respectively 
to the anode electrodes 65 and 67 of a pair of 
control triodies 69 and 7 f. The cathode electrodes 
of the latter tubes are connected to ground 
through a bias battery T3. The grid electrodes 
of the same tubes are connected to the cathodes 
of rectifier tubes 37 and 39 which are energized 

0 by Woltage derived from the output transform 
er 29. 

It is to be noted that in the arrangement ilius 
trated in Fig. 4, the-amplitude of the degenera 
tive feedback voltage is determined by the plate 

75 impedances of control tubes 69 and 7 f, which are 
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in turn controlled in like manner by a voltage 
which is proportional to the output signal ampli 
tude. A change in the output signal amplitude 
changes the plate current of the two control tubes 
9 and in like manner. The resultant current 

impulses, which are the cause of distortion in the 
circuits described heretofore, now flow in oppo 
site directions through windings 55 and 57 and 
likewise in opposite directions through the two 
halves of the secondary 25, and are consequently 
cancelled out. As a result, the control tubes may 
be made to respond rapidly to changes in the av 
erage amplitude of the signal output without in 
troducing transient voltages into the circuit. 
A limiting amplifier must be made to respond 

rapidly to changes in the signal amplitude if dis 
tortion is not to be produced in the signal wave 
front when its amplitude changes suddenly. It 
has been found that in the Systems illustrated in 
Figs. 1 to 3 the transient introduced into the sys- : 
tem when the control voltage was applied reacted 
on the amplifier through the feedback network 
in a direction which tended to oppose the change. 
This fact made it impossible to obtain a quick 
response to changes in signal amplitude. By the 
arrangement now proposed, however, these un 
desirable transients have been removed, thus per 
mitting the control voltage to vary the degree of . 
feedback almost instantly. 

Fig. 5 is a modification of the arrangement 
illustrated in Fig. 4. The essential difference be 
tween the two arrangements lies in the method 
of applying the normal feedback voltage. In the 
present instance, the feedback voltage is taken 
from the output circuit by means of a transformer 2, 
75 and is applied to a pair of triode amplifier 
tubes 77 and 79 which are connected in push 
pull, and coupled to the amplifier input circuit 
by means of a transformer 8. As before, a di 
rect control voltage is produced across the diode 
load resistor 41 by means of a rectifier which has 
been indicated by a rectangle 83. The rectified 
voltage is polarized so that the grids of the ampli 
fer tubes TT and 79 become more positive when 
the amplitude of the signal input is increased. 
The operation of this embodiment is essentially 
the same as that of the arrangement described in 
connection with Fig. 4. The advantage of the 
present system lies in the utilization of the con 

() 
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3. In combination with a wave translating de 

vice having input and Output circuits, a pair of 
thermionic amplifier tubes connected in push-pull 
relation between said output and input circuits 
for applying to said device a degenerative feed 
back voltage, a biased rectifier connected to said 
input circuit for producing a direct voltage whose 
amplitude is proportional to the average ampli 
tude of Waves exceeding a predetermined fixed 
amplitude, and means for varying the bias of said 
tubes in accordance with said direct voltage. 

4. In combination with a wave translating de 
vice having input and output circuits, a pair of 
thermionic tubes, means including the anode 
cathode path of said tubes for applying to the 
input of said device a degenerative feedback volt 
age Corresponding to a predetermined proportion 
of the output of said device, means for deriving 
a bias voltage proportional to the average am 
plitude of Waves in said device, and means for 
applying said bias to said tubes to vary the am 
plitude of said feedback voltage, said tubes being 
So connected that the change in anode-cathode 
current due to said variation of bias is balanced 
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50 trol tubes as amplifiers to improve the Sensitivity 
of the control. 
We claim as Our invention: 
1. In combination with a wave translating de 

vice having input and Output circuits, a pair of 
thermionic amplifier tubes Connected in push 
pull and coupled from said output circuit to said 
input circuit for producing a degenerative feed 
back voltage in said device, means for simultane 
ously varying the amplification of said tubes to 
control the amplitude of said feedback voltage in 
accordance with the average amplitude of said 
waves whereby said changes in the amplification 
of said tubes do not apply distorting impulses to 
said device. 

2. In combination with a wave translating de 
vice having input and output circuits, a pair of 
thermionic amplifier tubes connected in push-pull 
relation between said output and input circuits 
for applying to said device a degenerative feed 
back voltage, a rectifier Connected to said device 
for producing a direct voltage whose amplitude 
is proportional to the average amplitude of said 
waves, and means for varying the bias of said 
tubes in accordance with said direct voltage. 

55 
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Out and does not affect said device. 
5. In a wave translating device having input and 

output circuits the combination of a feedback cir 
cuit for applying a feedback voltage to said in 
put circuit including thermionic variable imped 
ance means, means for varying said impedance 
means in accordance with the average amplitude 
of the waves flowing through said translating de 
vice, and balanced coupling means connecting 
said variable impedance means to said input and 
output circuits in such manner as to prevent cur 
rents generated by said impedance variation 
from producing resultant currents in said trans 
lating device. 

6. In a wave translating device having input 
and output circuits, the combination of a feed 
back circuit including a pair of variable imped 
ance electron discharge devices connected in bal 
anced circuits coupling said output circuit to said 
input circuit for applying degenerative wave volt 
ages to said input circuit, and means including a 
rectifier for varying the impedances of said vari 
able impedance devices in accordance with the 
average amplitude of the waves flowing through 
said translating device, whereby currents gener 
ated in said coupling circuit by reason of changes 
in said impedances are balanced out and do not 
appear in said translation device. 

7. The method of controlling the amplification 
of an alternating voltage input by an amplifier, 
comprising the steps of deriving a feedback volt 
age from the alternating voltage output of said 
amplifier, deriving a unidirectional voltage pro 
portional to the average amplitude of one of said 
voltages, combining said feedback voltage with 
said unidirectional voltage so as to provide two 
resultants, each comprising one alternating Com 
ponent similar to said feedback voltage but vari 
able in magnitude with respect thereto in accord 
ance With the magnitude of Said unidirectional 
voltage and another component similar to said 
unidirectional voltage, combining said resultants 
so as to provide addition of the alternating com 
ponents of said resultants and cancellation of the 
variations of said unidirectional components, and 
combining said combined resultants with said 
input voltage in such polarity as to oppose said in 
put voltage. 

HAROLD. J. SCHRADER. 
JOHN MI. BRUMBAUGH. 


