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This invention relates to a method and appa 
ratus for tone control of electric sound reproduc 
ing Systems such as are found in radio receivers 
and phonographs. 
In tone control apparatus heretofore empioyed 

for differentiating the amplification of the upper 
and lower registers of Sound it has been connoin 
practice to first adjust either the treble or bass 
register and then adjust the entire volume level 
of Output. It has thus been necessary to utilize 
Several operations before satisfactory adjustinent 
is obtained. This process has been necessarily 
commonly employed each time a different tone 
adjustment is desired. 
An object of this invention is to provide a novel 

toile control by means of which either the upper 
and lower registers may be accentuated or sup 
pressed without the necessity of altering the gen 
eral Volume level. 
Another object of this invention is to provide 

a tone control nechanism by which the upper 
register may be Suppressed and the lower register 
Simultaneously accentuated. 
A further object of this invention is to provide 

a tone control mechanism by which the upper 
register may be accentuated and the lower reg 
ister simultaneously suppressed. 
A still further object of this invention is to pro 

Wide a tone control system consisting of dual 
channel circuits having mechanically intercon - 2 
nected volume controls in each circuit and speak 
ei's independently associated with each cf said 
Circuit.S. 
The novel features that we consider character 

istic of Our invention are set forth in the ap 
pended claims. The invention itself, however, 
both as to its Organization and its method of 
Operation, together with additional objects and 
advantages thereof, Will best be understood from 
the following description thereof when read in 
conjunction with the accompanying drawing, in 
Which: 

Fig. 1 is a Schematic diagram in block form of 
a radio receiver circuit employing our invention; 

Fig. 2 is a perspective view of one form of a 
tone control for use in Fig. 1; 

Fig. 3 is a diagram of the low-pass filter illus 
trated in block form in Fig. 1; 

Fig. 4 is a diagram of the high-pass 
trated in block formin Fig. 1; 

Fig. 5 is a Schematic diagram in block form of 
a radio receiver circuit, employing a modification 
Of our invention, 

In Fig. 1, the invention is shown as applied to 
a combined radio and phonograph. The radio 
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and phonograph inputS may be conducted to ter 
minals 9 and of a switch 2 whereby either 
input may be selectively connected to the sound 
reproducing System. 
A Volume control 3 which preferably, but not 

necessarily, is of the acoustically compensated 
type is operatively connected between the switch 
f2 and the first audio frequency amplifier S. 
The output of amplifier is is conducted to two 
circuits connected in parallel. The first circuit 
consists of a low-pass filter 5, volume control 
8, IOW frequency amplifier and a speaker S. 
The second circuit includes a high-pass filter 3, 
Volume control 26, high frequency audio angli 
fier 2, and a Speaker 22. Filters 5 and 9 are 
designed, by Way of example, to divide the high 
and low frequencies into separate channels, with 
a cross-Over point at approximately 250 cycles 
per Second. 
The novel tone control mechanism consists of a, 

control which may be a potentiometer, in each 
circuit operatively connecting the output of the 
filter to the audio amplifier of the circuit in which 
the potentiometer is located. Each potenticineter 
is operatively connected to the grid of the ann. 
plifier in its circuit. More specifically, poten 
tioneter 6 operatively connects the output of 
filter 5 to the control grid of amplifier 7, while 
potentiometer 2 operatively connects the output 
of filter 9 to the control grid of audio amplifier 
2. Potentiometers 6 and 20 are further con 
nected in electrical opposition and are mechani 
cally interconnected so that variation of the 
pOWer input to one audio amplifier is simultane 
Ously accompanied by a correspondingly opposite 
Variation of the power input to the other audio 
amplifier. In this manner, a decrease in power 
input to One audio amplifier Will be accompanied 
by a correspondingly increased power input to 
the other audio amplifier, thereby maintaining 
the total volume output of the two amplifiers 
Substantially constant. 
The specific mechanical connection for the two 

potentiometers is shown in Fig. 2. Potentigm 
eters 6 and 2 are mounted in tandem with the 
resistor body surrounding the shaft, 23d. The 
potentiometers may be of the wire wound type 
as shown, or they may be of the well known 
carbon type. 

The potentiometers are connected in the cir 
Cuits in electrical opposition so that a clockwise 
rotation of shaft 2 a will move slidable fingers 
2b and 2c in the same direction but with the 
Opposite electrical effect. Otherwise stated, 
clockwise rotation of shaft 23a will result in an 
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increase in the input to the high frequency an 
plifier 2 of Fig. 1, and a corresponding decrease 
in the input to low frequency amplifier of that 
figure. Thus, by clockwise rotation of shaft 200 
the high frequency gain is accentuated while the 
low frequency gain is correspondingly suppressed 
by a similar amount. Counterclockwise rotation 
of shaft 20a will result in a suppression of the 
high frequency gain and a corresponding accen 
tuation of the low frequency gain so that the total 
volume output of the two speakers will remain 
Substantially constant. 
In Figs. 3 and 4 there is shown the ohmic values 

of the resistors and the values of capacitances of 
the condensers of the low and high paSS. filters. 
These parameters have been found Suitable in one 
illustrative practical embodiments of the inven 
tion. These filters are illustrated as being of the 
resistance-capacitance type, and with the values 
indicated have a cross-over point of approxi 
mately 250 cycles per Second. It will readily be 
understood, however, that the cross-over point 
is purely arbitrary and that the filters may be 
inductance-capacitance filters rather than re 
sistance-capacitance filters as shown. Filters of 
the resistance-capacitance type are preferred be 
cause they provide a relatively sharp cut-off at 
low cost. The high insertion EOSSinherent therein 
is overcome by providing the first amplifier stage 
4. Fig. 3 illustrates the arrangement of the low 
pass filter and Fig. 4 illustrates the arrangement 
of the high-pass filter. 

Referring to Fig. 3, the low-pass filter 5 is 
made up of three filter stages, the first and second 
stages consisting of a series combination of a re 
sistance and a capacitance shunted by another 
capacitance, and the third stage consisting of two 
resistances in Series shunted by a capacitance. 
Stage one consists of a series combination of re 
sistance 23 and capacitance 24 shunted by capac- : 
itance 25, grounded at 26. Stage two which is 
operatively coupled to stage one across capac 
itance 25 and is composed of resistance 27, 
capacitance 28 and capacitance 29 grounded at 30. 
Stage 3 is made up of resistances 3 and 32 
grounded at 33, shunted by a capacitance 34 which 
in turn is grounded at 35. A potentiometer 36 
is provided for the output of the filter. 
In Fig. 4, the high-pass filter is shown consist 

ing of three, stages, the first and second stages 
each consisting of a capacitanice and a resistance 
in Series shunted by means of a combination of a 
capacitance and resistance in series, and also by 
means of still another resistance in parallel with 
that combination. The third stage constitutes 
a single capacitance and resistance in series. 
Stage one consists of capacitanice 37 and resist 
ances 38 and 39 grounded at 48. Resistance 39 
is shunted by capacitance 4 and resistance 42 
which in turn is grounded at 43. Stage two which 
is operatively coupled to stage one across resist 
ance 39, is composed of capacitance 44 and 
resistances 45 and 46 grounded at 47. Resistance 
46 is shunted by means of capacitance 48 and 
resistance 49 grounded at 50. Both of the re 
Sistance-capacitance shunts for stages one and 
two are connected in parallel with the resistance 
shunts of the respective stages. Stage 3, which 
is operatively coupled to stage two across resist 
ance 46, is made up of capacitance 5? and 
resistance 52 grounded at 53. A potentiometer 54 
is provided for the output of the filter. With the 
values of the resistances and capacitances given, 
the low-pass filter is designed to pass audio fre 
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4. 
per second, which the high-paSS filter is designed 
to pass audio frequencies of a value greater than 
250 cycles per second. In this manner, separate 
channels of high and low audio frequencies are 
obtained. It will readily be understood, however, 
that the filters may be arranged to pass audio 
frequencies of a different limited frequency than 
that indicated. The output potentiometers 36 
and 54 are combined into a dual unit, with the 
potentiometers connected in electrical opposition 
So that a clockwise rotation of a single shaft upon 
which they are mounted will increase the high 
frequency gain and simultaneously decrease the 
low frequency gain or vice versa, as explained in 
connection. With FigS. 1 and 2. 
From the foregoing, it will be understood that 

by rotation of a single control, the upper and 
lower registers may be simultaneously accentu 
ated or decreased without changing the general 
Volume level of the output. The general volume 
level may be regulated by volume control 3, 
which, as stated, may be a potentiometer. The 
adjustment of the base register or treble register 
may thus be made in a single operation. 
A modification of the circuit shown in Fig. 1 is 

illustrated in Fig. 5. In this embodiment of the 
invention, a capacitor 55 is connected in series 
With high-frequency potentiometer 20 and ground 
in order to control the high frequency response in 
a different manner than that heretofore de 
Scribed. In this embodiment of the invention 
counter-clockwise rotation of control. 20 will not 
reduce all frequencies by the same amount, but 
rather results in a disproportionate reduction of 
the high and low frequencies, More specifically 
Stated, counter-clockwise rotation of control. 2) 
reduces the extreme high frequencies most, while 
at the Same time resulting in a smaller attenua 
tion of the lower frequencies. 

It will be observed that we have provided a 
System including two independent circuits and 
Speakers, together with mechanically intercon 
nected gain and/or fidelity controls and thereby 
provided a means whereby the volume of one 
register may be either accentuated or suppressed 
and the volume of another register may be simul 
taneously suppressed or accentuated in opposition 
to the variation of the volume in the first register 
So that the total volume output remains substan 
tially constant in spite of the change in tone 
quality. 
While this invention has been shown and de 

Scribed in two particular embodiments thereof, 
it will be understood that various changes and 
modifications may be made therein coming within 
the Scope of the appended claims. 

Having thus described our invention, we claim: 
1. The method of tone control for an electronic 

Sound reproducing system which consists of di 
Viding the energy input to the system into a pair 
of channels, filtering the energy in said chan 
nels to suppress frequencies above a predeter 
mined value in one of said channels and to sup 
preSS frequencies below a predetermined value 
in the other of Said channels, increasing the gain 
in One of Said channels, and simultaneously de 
creasing the gain in the other of said channels 
by a corresponding amount to thereby maintain 
the total output Substantially constant. 

2. Apparatus for tone control of an electronic 
Sound reproducing System of the dual-speaker, 
dual-channel type including a pair of energy 
transmitting circuits each connected to receive 
a portion of the input energy of the system, filter 

quencies of a value less than and up to 250 cycles 75 ing means in each circuit adapted to suppress 
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predetermined portions of the audio frequency 
band, control means associated with one of said 
circuits for varying the gain therein, control 
means associated With the other of said circuits 
and connected in electrical opposition to said 
first mentioned control means for Varying the 
gain in said circuit, means for simultaneously 
actuating said control means, and independent 
transducer means for receiving the output of 
each of Said circuits. 

3. Apparatus for tone control of an electronic 
SOund reproducing System including a pair of 
energy transmitting circuits each connected to 
receive a part of the input energy of said system, 
filtering means in each circuit adapted to sup 
preSS certain portions of the audio frequency 
band, a separate gain control unit associated 
With each circuit, a mechanical connection be 
tween said gain controls for simultaneously ac 
tuating said controls, said gain control units 
being so phased and said mechanical connection 
being So arranged that one of said portions is 
accentuated when the other of said portions is 
attenuated, whereby the general volume level 
is maintained constant, and transducer means 
for receiving the output energy of each of said 
circuits. 

4. Apparatus for tone control of an electronic 
Sound reproducing system of the dual-speaker, 
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dual-channel type including a pair of energy so 
transmitting circuits each connected to receive 
a part of the input energy of said system, filter 
ing means in each circuit adapted to accept cer 
tain different portions of the audio frequency 

6 
band, a gain control associated with one of said 
circuits, a gain control associated with the other 
of Said circuits connected in electrical opposi 
tion to said first-mentioned gain control, means 
for simultaneously actuating said gain controls, 
and independent transducer means for receiving 
the output of each of said circuits. 

5. Apparatus for tone control of an electronic 
Sound reproducing System including a pair of 
energy transmitting circuits each connected to 
receive a part of the input energy of said sys 
tem, filtering means in each circuit adapted to 
Suppress certain portions of the audio frequency 
band, an output potentiometer associated with 
One of Said circuits, an output potentionnetter 
coupled to the other of said circuits, means 
for simultaneously differentially actuating said 
potentiometers, and independent acoustic repro 
ducing means for receiving the output energy of 
each of Said circuits. 

JOHN DRYSDALE RET). 
PAUL F. G. HOLST. 
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