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It is air object of our invention to provide. 
for a loudspeaker, such as a speaker associated 
With a phonograph, radio receiving set, or public 
address System, a volurne control means which 
Will" operate automatically to proportion. Speaker 5 
volune to the intensity of sounds originating 
from sources,other than the Speaker. More spe 
cifically, it is our object to produce a control, 
means which Will automatically increase output 
of the Speaker upon an increase in the initensity, 10 
at a definite control point, of sounds, originating 
from other sources. Another object of our in 
vention is to produce control means which will 
function...continuously while the Speaker, is in 

idea, control means which can readily be 
associated with a Speaker and its associated an: 
plifier without materially nodifying the construg 
tion of the speaker and anaplifier. Still another 

speakeryolume can either be controlled, auto 
matically in response to the aggregate, intensity. 
of sounds having other origins or can be manually 
control . . . . In carrying out our invention in its preferred 25 
form. We provide motor-driven means for operatt. 
ing an element, such as a potentiometer, capable, 
of controlling, speaker-volume; and we control 
the diseration of such motordriven means, in 

of, sounds originating at sources. 
the speaker. To create the controlling. 
e prefer to employ a pair of series. 

i resistahces, to pass through, oil of 
istances a current proportional to the 
e interišity of all sounds, received at a predetermined control point, and to pass through 

the other resistance a current proportional to 
speaker output, the two currents respectively 
flowing through the two resistances in such direc- 40 
tions that the voltage drop across both resistances 
will equal the difference between the respective 
voltage drops across the two individual resist, 
ances. If a given potential is maintained at one 
end of the series-connected resistances, the po 
tential at the opposite end will vary in the same 
sense as does the aggregate intensity of all sofinds 
received at the control point from sources other than the speaker and may be employed to control 
the aforesaid motor-driven means to increase speaker-volume upon an increase in the intensity 
of sounds originating elsewhere than at the 
speaker and to decrease speaker, volume upon a décrease in the intensity of such sourids. 

11. Claims. (Cl 179-1) 

ion. A further object of our invention is to 15 

33 "and 34. Such a 

55 

w- 2 
The accompanyirig drawing illustrates our 

invention: ... ... r 

Fig. 1 is a diagrammatic view of the electrical 
apparatus I employ and Fig. 2 is an elevation, 
also somewhat diagrammatic in character, illus. 
trating a stuitable form of motor-driven control 
Iriea, S. V - - . S. Y - W . . . .'' 

In Fig. 1 we haye illustrated portions of the 
complete appaiatus as interconnected through, an 
eight-contactjack or socket 10 and a cooperating 
plug is, as the apparatis is preferably so...ar 
ranged in practice. Interengaging contacts, of 
the plug, and jack. O. are shown in Fig.1 as 
COICESpondingly positioned; and hereinafter, ex 
cept as otherwise noted, it will be assumed that 
the plug, and jack are engaged. . . . . . . . . . 

ge apparatus. Whigh is to be automatically 
controlled cQinprises an a digrfrequency ampli. 
fier...the input.circuit of Whigh includes a poten, 

is to provide a means through which 20 tometershaving a notable contact . The 
potentiometer is adapted to be connected to a 
phonograph, pigklip. 8 or, to some other source 
of audio-frequency rent. The speaker, 2, the 
volume of which is to be automatically controlled. 
is connected in the output circuit of the amplifier 
$5, as indicat . . . . . . . . . . . . . . . . ' ' . . . . . . . . . . ." tWill be 95vious that,in the apparatus as 
illustrated and so fair described the output of the iédsération of such motoi driven means, in speaker 20 can be valid by varying the position response to changes in a voltage which varies with 30 of the novable posteriticinetércontagt (I, and 

gh such meahs, that I prefer to exercise the sired automatié.control. FSF this pirpose, the coitact is operatively coniected to areyersi be electric riotiii.25. Tiepreciseriensen 
dio interconnect the contact and riot If the arrangement show Fig. ii. 37:"''', Sistaieseleriest of the potentio?eteris 

guate infoil, aid the contait 2 is fontes on a shaft 28, which is peatively, connectiid, through a worn r 27' aid worn 28 with 
the shaft 29 of therhötol 
The c. is a 

is 

throu 

incommon to the terminal, 32, and are 25 being connected between the two té 
rotates in orie 

when current is to termiiais 32 ahi a 
and in the opposite direction when currentissils 
pl to termihals, 32 and 34, By co to in the supply.giggleigh. Ebit...saipé made to rotate the shaft in E. and thus 
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to adjust potentiometer 26 to raise or lower 
speaker-volume. Operation of the motor 25 is 
controlled by two relays 35 and 36. To this end, 
one of two current-supply wires 4f and 42, shown 
as the wire 4f, is connected to motor-terminal 32, 
while the other is connected through conductors 
43 and 43 with the movable contacts of relays 
35 and 36. Motor-terminal 33 is connected 
through conductors 44 and 44' with the fixed 
contact or relay 35, while conductors 45 and 
45' interconnect motor-terminal 34 and the fixed 
contact of relay 36. Thus, by selective energi 
Zation of the relays 35 and 36 the motor 25 can 
be caused to rotate in either direction. 
The winding of relay 35, together with the 

grounded portion 50 of a voltage divider, is in 
cluded in the plate circuit of a triode 5 the 
cathode of which is grounded. The winding of 
the relay 36 and the other portion 52 of the 
Voltage-divider are connected in the plate cir 
cuit of a second triode 53. The grid of triode 53 
is connected to the plate of triode 5. 

Plate voltage for the triodes 5 and 53 is pro 
vided by a power-pack 55 having its positive high 
voltage terminal connected by conductor 56 to 
the ungrounded end of the voltage divider 50-52 
and its negative high-voltage terminal grounded 
through a resistance 57. Low-voltage leads 58 
from the power pack 55 may be employed to 
Supply current to cathode-heating filaments (not 
shown) of the triodes 5 and 53 and of other 
electron discharge devices incorporated in the 
apparatus. Current for the power pack 55 is 
supplied through a conductor 59, connected to 
conductor 43', and conductors 60' and 60 ex- 3. 
tending to Supply wire 4. 
The control grid of triode 5 f is connected to a 

point ac between two resistances 6 and 62 Con 
nected in series with a rectifier 63 so arranged 
that any current flowing in the circuit 63-62-6 
Will cause the potential at point ac to be nega 
tive with respect to that at point y at the oppo 
site end of resistance 62. The circuit 63-62-6 
is coupled, as by an audio-frequency transformer 
64, with the output circuit of a voltage amplifier 
65 the input circuit of which is connected to a 
microphone 63 located at the desired control 
point. As a result, the current flowing through 
the resistance 62, and hence the voltage drop 
across such resistance, will be generally propor 
tional to the sound intensity at the microphone. 
The amplifier 65 may include an adjustable ele 
ment (not shown) to control the gain it provides. 
A resistance 67 has one terminal connected 

at the point gy and its other terminal 2 connected 
to a resistance 68, and the two resistances 6 and 
68 are connected in series with a rectifier 69 So 
arranged that the potential at 2 will be positive 
with respect to that at point 2 when direct cur 
rent flows through the circuit 69-68-67. AcroSS 
the resistance 68 we impress an audio-frequency 
voltage proportional to the audio-frequency volt 
age impressed on the speaker 20 by the amplifier 
5. To this end, the point 2 is grounded, through 

a condenser 7 f, and the opposite terminal of 
resistance 68 is connected through a condenser 
T2, a potentiometer 73, and conductors 74 and 
74 with the plate 75 of one of the tubes in the 
last stage of the amplifier 5. The condenser 
T2 isolates the point 2 from the direct-current 
voltage maintained on the plate 75, while the 
condenser T f isolates such point from ground, 
thus making it possible to control the potential 
at the point 2 by means hereinafter to be de 
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resistance 67 and the voltage-drop across such 
resistance will vary in the same sense as does 
the audio-frequency voltage impressed on the 
speaker 20 by the amplifier 5. A condenser 76, 
connected between points ac and 2, co-operates 
with the resistances 61, 62, 67, and 68 to form 
a filter network which will compensate at least 
in part for audio-frequency fluctuations. 
Conductors 77' and 77 connect the point 2 with 

the movable contact 78 of a potentiometer 79 
the terminals of which are connected respec 
tively, through conductors 80-80' and 8-8, 
With the high-voltage terminals of the power 
pack 55. For a purpose which will hereinafter 
become apparent, the contact 78 is operated by 
the motor 25, conveniently by being mounted on 
a shaft 83 driven at reduced speed through a 
Worm 84 and worm-gear 85 from the motor shaft 
29. 

Before proceeding with an explanation of the 
operation of the apparatus as a whole, it may 
be Well to note the manner in which the ener 
gization of the relays 35 and 36 is controlled by 
the triodes 51 and 53. Since the control grid of 
triode 53 is negatively biased by the amount 
of the Voltage drop across the winding of relay 
35, since the current flowing through such wind 
ing is controlled by the bias of the grid of triode 
5, and Since the cathode of triode 5? is ground 
ed, the potential at point ac, to which the grid of 
triode 5, is connected, is the controlling factor 
in the Operation of the relays 35 and 36. Nor 
mally, the bias of the grid of each triode will be 
Such as Will prevent the paSSage of sufficient 
plate current to energize the associated relay. 
A drop in the potential at point ac, if sufficient 
in extent, Will decrease the current in the wind 
ing of relay 35 to a point such that the resultant 
reduction in the negative bias of the grid of 
triode 53 will increase the plate current there 
through to a value great enough to energize 
relay 36. On the other hand, an increase in the 
potential at point ac will cause the triode 5 to 
increase the current traversing the winding of 
relay 35 and thereby to increase the negative 
bias of the grid of triode 53. If the increase 
in potential at point ac is Sufficient, the relay 
35 Will be energized. 
The potential at point ac is determined jointly 

by the potential at point 2 and the respective 
Voltage drops acroSS resistances 67 and 62. More 
specifically, the potential at ac will equal that at 
2 plus the voltage drop from y to 2 minus the 
Voltage drop from y to ac. As long as the posi 
tion of the microphone 66 is not changed, the 
current through resistance 67 and the voltage 
drop from y to 2 Will be generally proportional 
to the intensity of the sound received at the 
microphone from the speaker 20. The current 
through resistance 62 and the voltage-drop from 
gy to ac Will be generally proportional to the ag 
gregate of the intensities of all sounds received 
at the microphone. Accordingly, the potential 
difference between points 2 and a will reflect the 
intensity of Sound received at the microphone 
from all Sources other than the speaker 20, the 
potential at a dropping with an increase and 
rising with a decrease in the intensity of such 
sounds. 

In setting up the apparatus, the microphone 
66 is located at the point where the desired con 
trol is to be exercised. With the speaker oper 
ating to produce Sound of the desired intensity 
at the microphone, With no other Sounds of ma 

scribed. Obviously, the current traversing the 75 terial intensity reaching the microphone, and 
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with the movable contact 78 at or near the low 
potential end of the potentiometer 79, the potent 
tion eter 73 is adjusted to vary the voltage-drop 
across resistance 6 until the potential at 3C is at 
least roughly midway between the Value Which 
results in energization of the relay 35 and the 
value which results in energization of the relay 
36. In this connection, it is to be noted that the 
presence of the resistance 5 in the ground lead 
to the regative terminal of the power-pack 55 
makes it possible to bias the grid of triode 5f 
negatively relative to its associated, grounded 
Cathode. 
The apparatus, after being initially set up as 

above set forth, operates as follows: 
As long as the sound intensity at the micro 

phone from sources other than the speaker 20 
is not too great, the relays 35 and 36 are open, 
the motor 25 is not running, and the poten 
tiometer 6-7, which controls speaker volume, 
remains in a fixed condition of adjustment. As 
sound from sources other than the speaker in 
creases, the potential at point ac and on the con 
trol grid of triode 5 decreases, thus decreasing 
the plate current, the voltage drop across the 
winding of relay 35, and the negative bias of the 
grid of triode 53. When the decrease in the nega 
tive grid-bias of triode 53 becomes sufficient, the 
relay 36 is energized to complete a circuit from 
supply wire 4 through terminals 32 and 34 of 
motor 25, conductors 45 and 45', contacts of 
relay 36, and conductors 43' and 43 to the other 
supply wire 42. In the resultant operation of 
the motor, the contact 7 of potentiometer 6 is 
moved to increase the output of speaker 20. At 
the same time, the motor moves contact 78 toward 
the high-voltage end of the potentiometer 79. 
The increase in the output of the speaker 20 will 
increase sound intensity at the microphone 86 to 
increase the current flowing through the resist 
ance 62, thus tending to lower still further the 
potential at ac and on the grid of triode 5; but 
this tendency is counteracted by the increase in 
the potential drop from u to 2 which accompanies 
increased speaker output. As a result, the poten 
tial difference between points ac and 2 remains 
reasonably unaffected by variations in sound in 
tensity at the microphone which result from 
changes in speaker output. However, as the po 
tentiometer 6-7 is adjusted by motor 25 to in 
crease speaker output, the potentiometer-contact 
78 is adjusted by the motor to raise the potential 
at point a, and thus, the potential at a will be 
restored to the value at which relay 36 is de-ener 
gized. When this occurs, the circuit through 
motor 25 is broken and the motor stops. 
When the intensity of Sound from sources other 

than the speaker decreases, the current through 
resistance 62 decreases to decrease the voltage 
drop from y to ac and raise the potential at ac. 
If these changes are of sufficient magnitude, the 
plate current through triode 5 becomes sufficient 
to energize relay 35 and complete a circuit from 
supply wire 4, through motor 25 between ter 
minals 32 and 33 thereof, conductors 44 and 44', 
contacts of relay 35, and conductors 43' and 43 
to supply wire 42. This causes the motor 25 to 
adjust contact 7 of potentiometer 6 to reduce 
speaker output and contact 78 of potentiometer 79 
to reduce the potential at point 2. The resulting 
increases in the currents through resistances 62 
and 67 and in the voltage drop across such re 
sistances have opposite effects on the potential 
difference between points ac and 2, but the drop in 
potential at point a lowers the potential at ac and 
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6 
reduces the current traversing the winding of 
relay 35. This operation continues until the relay 
35 becomes de-energized to interrupt the supply 
of current to the motor 25. 
The constants of the system are preferably se 

lected so that the contact 8 of potentiometer 79 
may have imparted to it a potential which, if 
imposed on the grid of triode 5, would maintain 
both relays 35 and 36 de-energized and so that 
the potential drop from y to ac will substantially 
equal that from J to 2 when no sound other than 
that originating from speaker 20 reaches the 
microphone 66. The resistances 6,62, 67, and 68 
are so proportioned that a change in speaker 
output will produce Substantially equal changes 
in the respective voltage drops across resistances 
62 and 67. If the normal voltage-drop across the 
winding of relay 35 is not of a magnitude to pro 
duce the desired bias on the grid of triode 53 the 
leads from such relay-winding and the cathode of 
such triode, instead of being connected to the 
Same point on the voltage divider 69-62, may be 
Connected to different points thereon. 
To facilitate the setting up of the apparatus, 

the amplifier 5 may include any suitable form of 
adjustable element (not shown) for varying 
speaker volume independently of potentiometer 
6-f. Also, one or both of the motor-operated 
contacts 7 and 78 may be adjustable on its 
driving shaft, or one or both of the annular re 
sistance elements f6 and 79 may be mounted for 
adjustment about its axis, to vary the relation 
between the respective settings of the contacts 

and 8. 
If it should be desired to substitute manually 

operated control of Speaker output for the auto 
matic control provided by the apparatus con 
nected to socket 9, I may employ a socket 90 
which will receive plug it and which, through 
conductors 44'', 43', and 45', will serve to con 
nect the conductors 44, 43, and 45 respectively 
With the movable contact and fixed contacts of 
a single-pole, double-throw switch 9 the movable 
contact of which is desirable biased to open posi 
tion, By operation of the switch 9, the supply 
wire 42 may be connected to either terminal 33 
or 34 of the motor 25, thus making it possible 
to cause the motor to move the contact 7 of 
potentiometer 6 and lower or raise speaker 
Volume. 
We claim as our invention: 
1. In combination with an electrically oper 

ated, Sound-emitting speaker, means for supply 
ing an audio-frequency current thereto, two se 
ries-connected resistances, means for creating 
through one of said resistances a direct current 
Which flows from the point of interconnection 
of the resistances and which varies in the same 
Sense as does the audio-frequency current sup 
plied to Said Speaker, means for creating through 
the other of said resistances a direct current 
which flows from the point of interconnection 
of the resistance and which varies in the same 
Sense as does the intensity of sound at a pre 
determined control point, and means responsive 
to the potential difference across both resistances 
for controlling the audio-frequency current sup 
plied to the speaker. 

2. In combination with an electrically oper 
ated, sound-emitting speaker, means for supply 
ing an audio-frequency current thereto, two elec 
trical circuits, means for creating in one of said 
circuits an electric current which varies in the 
Same sense as the audio-frequency current sup 
plied to the speaker, means for creating in the 
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other circuit an electric current which varies in 
the same sense as does the intensity of sound 
at a predetermined control point, and means con 
trolled jointly by the currents in said two cir 
cuits for varying the audio-frequency current 
Supplied to the speaker. 

3. In combination with an electrically oper 
ated, Sound-emitting Speaker, means for supply 
ing an audio-frequency current thereto, Sound 
responsive means located at a predetermined con 
trol point, means controlled jointly by said 
Sound-responsive means and by the audio-fre 
quency current Supplied to said Speaker for vary 
ing said audio-frequency current. 

4. In combination with an electrically operated, 
Sound-emitting Speaker, means for supplying an 
audio-frequency current thereto, and automatic 
control apparatus for varying said audio-fre 
quency current, said control apparatus including 
a resistance, means for creating across said re 
Sistance a potential-difference responsive to the 
intensity of sound received at a predetermined 
control point from sources other than said speak 
er, means for imposing on one terminal of Said 
resistance a potential proportioned to the cur 
rent supplied said speaker, and means respon 
sive to the potential at the other terminal of 
Said resistance for controlling said Speaker 
current. 

5. In combination with a loud Speaker, an ad 
justable device for varying the volumes of Said 
speaker, a reversible electric motor for operating 
said device, and means responsive to the in 
tensity of sound received at a predetermined 

5 
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control point from sources other than said Speak 
er for selectively controlling Said motor. 

6. In combination, first and second electron 
discharge devices each having an anode, a cath 
ode, and a control element, a first plate circuit 
including the anode and cathode of Said first 
device and the winding of a first relay, a Sec 
ond plate circuit including the anode and cath 
ode of said second device and the Winding of a 
second relay, a grid circuit including the cath 
ode and control element of said first device, and 
a grid circuit including the cathode and control 
element of said second device, said second grid 
circuit also including the winding of said first 
relay so connected in said Second grid circuit 
that an increase in the current flowing in the 
first plate circuit will reduce the potential of the 
control element of the Second device. 

7. In combination, first and second electron dis 
charge devices each having an anode, a cath 
ode, and a control element, a first plate circuit 
including the anode and cathode of Said first 
device and the winding of a first relay, a Second 
plate circuit including the anode and cathode 

4) 

of said Second device and the winding of a sec 
Ond relay, and means for causing the potential 
of the control element of said second device to 
Vary in a sense opposite to the value of the cur 
rent in the first plate circuit. 

8. In combination, first and second electron dis 
charge devices, each having an anode, a cath 
Ode, and a control element, a first plate circuit 
including the anode and cathode of said first de 
vice, a second plate circuit including the anode 
and cathode of said second device, means for 
imposing a variable potential on the control ele 
ment of the first device, and means responsive 
to the value of current flowing in said first plate 
circuit for varying the potential of the control 
element of the second device in a sense opposite 
to that in which said plate current varies. 

9. In combination, first and second electron 
discharge devices each having an anode, a cath 
Ode, and a control element, a first plate circuit 
including the anode and cathode of said first 
device, a second plate circuit including the anode 
and cathode of Said second device, means for im 
posing a variable potential on the control ele 
linent of the first device, and means responsive 
to the value of current flowing in said first plate 
circuit for varying the potential of the control 
element of the Second device. 

10. The invention set forth in claim 7 with the 
addition of a translating device selectively con 
trollable by said relays. 

11. A method of controlling the volume of an 
electrically operated, Sound-emitting speaker, 
which comprises controlling current supplied to 
said Speaker in accordance with the difference of 
potential between two points in an electric cir 
cuit and automatically varying such potential dif 
ference in accordance with the difference be 
tween the intensity of Sounds received from all 
sources at a predetermined control point and the 
intensity of sound received from said speaker at 
such control point. 

CHARLES N. KIMBALL. 
BEN E. BROWN. 
SIMEON R. TYLER, JR. 
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