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My present invention relates to acoustic repro 
ducing devices, and more particularly to a com 
bined automatic volume and tone control system 
adapted for use with audio frequency currents. 
In my copending application Serial Number 

446,202 filed April 22, 1930, there has been dis 
closed a control system for audio reproduction 
devices, the utilization of the control resulting 
in a greater contrast between the maximum and 
minimum loudness during the reproduction of a 
Sound passage, and simultaneously preserving 
fidelity of reproduction, or tonal quality, by 
proper proportioning of the low and high audio 
frequencies during all variations of volume. In 
short, means was disclosed in the aforementioned 
application for automatically increasing both the 
total amplification of an audio amplifying sys 
tem, and, also, the ratio of low frequency to high 
frequency amplification in accordance with the 
average audio input intensity. 

Briefly, the embodiment for accomplishing 
these results comprised a plurality of selective 
amplifiers, each of which was arranged to stress 
a predetermined, independent portion of the au 
dible Spectrum, and a control, or pilot circuit, 
for automatically regulating, in a predetermined 
manner and in accordance with the input to the 
amplifiers, the tone of the audio output of the 
amplifiers, as well as the total amplification of 
the latter. Additional investigation, however, 
has revealed the fact that in some cases, the 
aforedescribed embodiment may be unsatisfac 
tory. The latter may be ascribed to a phase 
difference phenomenon occurring between the 
currents during transmission through the inde 
pendent amplifiers, and becoming manifest upon 
the recombination of the amplified currents. 

Now, I have discovered a method of obviating 
Such a phenomenon, by utilizing only a single 
multi-stage audio amplifier, and controlling both 
the total gain and the frequency characteristics 
of the said amplifier. 

Accordingly, it is one of the main objects of 
my present invention to provide a method of, 
and means for, controlling an audio amplifier 
which consists in varying the total amplification 
of the amplifier in a predetermined direction and 
in accordance with the average audio input in 
tensity, and simultaneously varying the ratio of 
low to high allidio frequency amplification in 
the opposite direction. 
Another important object of the invention is 

to provide a method of and means for, controlling 
the tone and volume of a Single multi-stage audio 
amplifier, which consists in employing one of 

REISSUED 
the stages of the amplifier for varying the total 
emplification of the amplifier in a predetermined 
direction and in accordance with the average 
audio input intensity, and, additionally, utilizing 
another stage of the amplifier for varying the 
ratio of low to high audio frequency amplifica 
tion in the opposite direction. 

. Another object of the invention is to provide a 
single, multi-stage audio amplifier circuit, One 
stage of which circuit is employed for auto 
matically controlling the tone of the amplifier and 
another stage of which is employed for auto 
matically and simultaneously controlling the 
volume of the amplifier, both tone and volume 
being regulated in accordance with the acoustical 
conditions within the range of the amplifier re 
producer. 

Still other objects of the invention are to in 
prove generally the efficiency of audio amplifiers, 
and to provide a combined volume and tone con 
trol system for audio amplifiers which is not 
only reliable in operation, but automatic in regul 
lation, and economical in circuit arrangement. 
The novel features which I believe to be chair 

acteristic of my invention are set forth in par 
ticularity in the appended claims, the invention 
itself, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description taken in 
connection with the drawing in which I have 
indicated diagrammatically one circuit arrange 
ment whereby my invention may be carried into 

• effect. 
Referring to the accompanying drawing, which 

presents diagrammatically a circuit embodying 
my invention, an audio amplifier circuit is shown 
the input leads 1, of which, have impressed across 
them modulated audio input energy. The input 
energy may be derived from any desired source 
such as, the output circuit of the detector 
stage of a radio telephone receiver; the Output 
terminals of an electromagnetic pick-up device 
or other electric phonograph device; the output 
terminals of the microphone arrangement of a 
public address system; the output terminals of the 
photoelectric device of a sound motion picture 
arrangement; or, any other source of modulated 
audio frequency currents. I have not shown any 
of these sources in the drawing connected to 
leads 1, for the reason that they are well known 
to those skilled in the art; and, additionally, to 
preserve simplicity of description throughout 
this specification. 
The audio frequency input, applied to the in 

put leads 1,...is divided into two paths. One of 
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2 1,998,861 
these paths, by means of leads 50, conducts the 
input current into a single, multi-stage audio 
anuplifier A; a second path, by means of leads 
52, conducts the audio input current into a reg 
ulating, auxiliary, or pilot circuit P. It will be 
recognized that these two essential elements of 
the invention are basically similar to the ele 
ments of the invention disclosed in my afore 
mentioned copending application. 
The regulating, or pilot circuit P, consists of 

One, or more, stages of audio amplification and a 
rectifier stage, the regulating circuit shown in the 
drawing Specifically including in the input circuit 
of the first audio stage a triode 35, the control 
electrode of which triode is negatively biased by 
means of a resistance 35’ disposed in the negative 
leg of the triode filament, the biasing resistance 
being shunted by a by-pass capacity 35'. An 
audio transformer T couples the input circuit of 
the triode to the leads 1, the latter being con 
nected by the leads 52 to the primary coil 37 of 
the transformer T. 
The anode of the triode 35 has potential ap 

plied to it from a source B, through the primary 
coil 37' of a second audio transformer T1. The 
Secondary coil of the transformer T1 is connected 
across the input circuit of th3 triode 39 of the sec 
Ond audio stage, the control electrode of the tri 
Ode 39 being biased in a manner similar to the 
Control electrode of the triode 35. The anode of 
the triode 39 has potential applied to it from a 
Source B' through the primary coil of the third 
audio transformer T2, it being apparent that the 
Source B could also be used to supply potential to 
the anode of the triode 39. 
A third triode 43 is connected to the output cir 

cuit of triode 39 through the audio transformer 
T2 the control electrode of the triode 43 being 
negatively biased by a source C, to operate it 
as a rectifier stage. The anode of triode 43 has 
potential applied to it from a source B', the posi 
tive terminal of the said source being connected 
to the anode of triode 43 through a choke coil 31. 
A capacity 46 is connected in series with the choke 
coil 31, and is shunted across the output terminals 
of the triode, 43. 
A Second capacity 46' is connected in series with 

the choke coil 31, and in parallel with the capacity 
46, between the choke coil and the positive ter 
minal of the source B'. The negative terminal 
of the latter is connected to one terminal of a 
resistance 53, while the opposite terminal of the 
latter is connected to one side of the capacity 46, 
the first terminal of the resistance 53 being 
grounded. 

It will, thus, be seen that there is connected to 
the Source of audio frequency current, the input 
circuit of a pilot, or controlling circuit P, which 
circuit consists of one or more stages of audio 
amplification, which stages may be of any desired 
type, feeding a rectifier, such as an electron dis 
charge tube of the triode type. The control elec 
trode of the rectifier tube is provided with suffi 
cient bias to reduce the plate current of the tube 
to a Small value in the absence of impressed volt 
ages upon the control electrode. The triode 43 
acts as the rectifiar, the biasing source C biasing 
the control electrode of the triode 43, to sufficient 
ly reduce the anode current of the triode to a small 
value, in the absense of amplified voltages from 
the output circuit of the triode 39, which amplified 
voltages are (to be impressed upon the control 
electroda of the triode 43. 
The rectified output of the triode 43 is Smoothed 

out by the filter arrangement consisting of the ca 

pacity 46, the choke coil 31 and the capacity 46, 
the latter being designed in such a manner that 
the current output of the filter arrangement va 
ries only slightly with variations in audio input 
intensity. The output of the pilot amplifier, rec 
tifier and filter, is impressed across the potenti 
ometer resistance 53, the grounded end of the re 
sistance being the end of lowest potential. 
The leads 50, connected to the audio frequency 

input, are connected to the primary coil 60 of an 
audio transformer T3, the secondary coil 61 of the 
latter being connected across the control elec 
trode and cathode of the triode 62 in the first stage 
of the audio amplifier A. The negative leg of the 
cathode of triode 62 is grounded, it being, addi 
tionally, connected to one end of the coil 61. 
through a capacity 63, the same end of the coil 
61 being adjustably connected, by a lead 64, to a 
point on the potentiometer resistance 53 of higher 
potential than the grounded end of the resist 
ance. A source of "current 65 is connected in 
Series in the lead 64, the positive terminal of the 
source 65 being connected to the adjustable end 
of the lead 64. 
The anode of the triode 62 has potantial applied 

to it from a source B1 (not shown) through a choke 
coil L, the anode of the triode 62 being connected 
to the control electrode of a screen grid tube 70, 
through a capacity 71. The screen element 72, 
of the screen grid tube, is adjustably connected 
by a lead 73 to a point on the pot2ntiometer re 
sistance 53 which is of higher potential than the 
point on the resistance to which the adjustable 
end of the lead 64 is connected. A Source of cur 
rent 74 is connected in series in the lead 73, the 
positive terminal of the source being connected 
to the Screen element 72. 
The control electrode of the tetrode 70 has 

negative bias applied to it by means of a resist 
ance 76 disposed in the lead to the cathode of the 
tetrode, a capacity 77 being shunted across the 
resistance 76, the latter being grounded at One end 
thereof. The grounded end of the resistance 76 
is connected by a capacity 78 to the Screen ele 
ment 72, there being a grid leak resistance 75 
connected to the control electrode of the t3t 
rode 70. 
The anode of the screen grid tube 70 has po 

tential applied to it from a source B2 (not shown) 
through a resistance 79, the anode being con 
nected to the control electrode of the triode 81 of 
tha last audio stage, through a capacity 80. The 
anode of triode 81 is supplied with potential from 
a source B3 (not shown) it being understood that 
the anodes of the three tubes 62, 70 and 81 can 
have potential applied to them from a common 
source. The output circuit of the triode 81 may 
be connected to any type of reproducer Such as 
phones, loud speaker and the like. The control 
electrode of the triode 81 is negatively biased in a 
manner similar to the control electrode of the tube 
70, a grid leak resistance 75' being connected be 
tween the control electrode and the grounded ter 
minal of the bias resistance 76', which bias re 
sistance is disposed in the cathode lead of tri 
ode 81. 

It will thus be observed that a stage of resist 
ance coupled screen grid amplification is provided 
in amplifier A, the said stage being preferably 
designed to have a substantially flat frequency 
response characteristic, but whose amplification 
depends upon the potential applied to the screen 
element 72. The stage of amplification prior to 
the Screen grid Stage has an iron cored reactance 
coil coupling, and this coil L is so designed that its 
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impedance is high even at low frequencies, pro 
vided the steady component of current flowing 
through the coil is small. If the average current 
through the coil L is increased, the iron core be 
comes Saturated and the inductance decreases so 
that the amplification of low frequencies is re 
duced, although the amplification of high fre 
quencies is not reduced to an appreciable extent. 
Again, since the steady current flowing through 

the coil L is determined by the grid potential, it 
is possible to control the relative amount of low 
frequency amplification, as compared with high 
frequency amplification by varying the bias on 
the control electrode of triode 62. Thus, the bias 
On the control electrode of the first triode 62 
controls the frequency response characteristic of 
amplifier A, while the potential applied to the 
Screen element 72 of the tube 70 controls the total 
amplification of the amplifier A. In order to 
have these two controls automatically operated 
in response to the intensity of the audio fre 
quency input, the pilot circuit P is provided in 
which an amplifier feeds a rectifier whose output 
current is filtered, so as to be determined by the 
long-period average of audio frequency input 
intensity. 
This filtered current is impressed across the 

potentiometer resistance 53, the negative end of 
Which is grounded. It is seen that the potential 
at any other point on the resistance 53 is then 
positive to an extent determined by the audio 
input intensity. The control electrode lead of the 
first triode 62 is connected to a point on this re 
sistance 53, and the screen element of the second 
tube 70 to another point on the resistance, the 
points being so chosen as to give the desired 
amount of control action. Again, there are in 
cluded the sources 65 and 74 in the leads 64 and 
73 to these two points, which sources bring the 
normal grid and screen potentials to approxi 
mately the values that should exist for very weak 
audio inputs. 

It will thus be seen that the result of Strong 
signals is to decrease the negative potential On 

50 

55 

the control electrode of the first tube, thus inu 
creasing the average anode current, which in turn 
decreases the low frequency amplification of the 
first tube. Simultaneously, the increased poten 
tial on the Screen element of the Second tube in 
creases the total amplification of the amplifier A, 
So as to obtain the desired expansion of the range 
of loudspeaker output intensity. w 
While I have indicated and described one air 

rangement for carrying my invention into effect, 
it will be apparent to one skilled in the art that 
my invention is by no means limited to the par 
ticular organization shown and described, but 
that many modifications may be made without 

60 
departing from the scope of my invention as Set 
forth in the appended claims. 
What I claim is: -y 
1. In combination with a multi-stage, cascaded 

audio amplifier, automatic means actuated in ac 
cordance with average audio input intensity, for 
varying the total gain of the amplifier in a pre 
determined direction, and additional means con 
nected With the first means for simultaneously 
varying the ratio of low to high frequency am 

... plification in the opposite direction. 
70 2. In combination with a multi-stage audio al 

plifier, a regulating circuit connected between 
one of the amplifier stages and the amplifier input 

75 

for varying the total gain of the amplifier in a 
desired direction in accordance with audio input 
level, said circuit being additionally connected to 

3 
another stage of the amplifier for varying the 
ratio of low to high frequency amplification of 
Said Second stage. 

3. In Combination with an audio amplifier com 
prising at least two stages, a pilot circuit having a 
terminal impedance associated with one of the 
stages and the amplifier input, and operated in 
accordance With audio input level, for varying the 
volume of the amplifier, the other stage having 
its input circuit, additionally, connected to the 
said terminal impedance for simultaneously vary 
ing the tone of the amplifier output. 

4. Means for controlling the relative gain of a 
Vacuum tube audio amplifier with respect to high 
and low frequencies, said amplifier having a 
cathode, control, electrode and output circuit, a 
Coil in Said output circuit, means for normally 
causing a small direct current to flow through 
Said coil, and means operating on said control 
electrode to increase the direct current through 
Said coil whereby its inductance is decreased and 
the gain with respect to low audio frequencies 
is automatically reduced. 

5. The structure recited in claim 4 in which said 
coil has a core of magnetic material which is nor 
mally unsaturated. 

6. In combination with a multi-stage audio 
frequency cascaded amplifier, means connected 
to one of the stages for varying the gain of the 
amplifier, a second means connected to said one 
stage and another stage for varying the tone of 
the amplifier output, and a rectifier connected 
between the amplifier input and said first and 
second means for controlling the operation 
thereof. 

7. The method of electrically transmitting and 
reproducing audio modulated electrical currents 
in a multi-stage audio frequency amplifier which 
consists in impressing the currents upon said 
amplifier, producing a current whose amplitude 
is proportional to the envelope of Said audio mod 
ulated currents, varying in accordance with the 
amplitude of the current so produced the gain 
of one stage of the amplifier, and simultaneously 
varying in another stage the ratio of the ampli 
fication of high and low audio frequencies. 

8. The method of electrically transmitting and 
reproducing audio modulated electrical currents 
in a multi-stage audio frequency amplifier which 
consists in impressing the currents upon said 
amplifier, producing a current whose amiplitude is 
proportional to the envelope of said audio modul 
lated currents, varying in accordance with the 
amplitude of the current so produced the gain 
of One stage of the amplifier, and simultaneously 
varying in accordance with said amplitude in an 
other stage of ratio of the amplification of high 
and low audio frequencies. 

9. The method of operating a multi-stage audio 
frequency amplifier which consists in impressing 
audio frequency modulated electrical energy upon 
the amplifier input, rectifying a portion of the 
energy to produce a current whose amplitude is 
proportional to the envelope of the impressed 
energy, varying the gain of at least one stage of 
the amplifier in accordance with said amplitude, 
and simultaneously varying in another stage and 
in the opposite direction the ratio of.low to high 
audio frequency amplification. 

10. In combination, an amplifier comprising a 
plurality of electron discharge tube stages con 
nected in series, means for connecting the ampli 
fier input to a source of alternating current to be 
amplified, a second means for producing from 
said current a second current whose amplitude is 
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proportional to the envelope of the alternating 
current, means for connecting the second means 
to an amplification control element of a tube of 
at least one of said stages, and an additional 
means for connecting said second means to a 
different amplification control element of a tube 
of another stage. 

11. In combination, an amplifier comprising a 
plurality of electron discharge tube stages coupled 
in CaScade, means for connecting the amplifier 
input to a Source of alternating current to be 
anplified, a second means including a rectifier for 
producing from said current a second current 
whose amplitude is proportional to the envelope 
of the alternating current, means for connecting 

... the Second means to an amplification control 
grid element of a tube of at least one of said 

1,998,861 
stages, and an additional means for connecting 
said second means to a different amplification 
control element of a tube of another stage. 

12. In a signal receiving system, a plurality of 
amplifying devices, coupling means intercon 
necting said devices in cascade, means for in- . 
creasing the high frequency response of the Sys 
tem to a greater extent than the low frequency 
response through at least one of said coupling 
means in response to an increase in the amplitude 
of a signal impressed on the System, and means 
connected with a point in the system between the 
said one coupling means and another coupling 
means for increasing the gain of the system when 
the said high frequency response is increased. 

WALTER, WAN B. ROBERTS. 
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