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My present invention relates to tone control 
devices for audio frequency amplifiers, and more 
particularly to tone control devices capable of ad 
justment such that the low audio frequencies and 
the high audio frequencies may be individually 
enhanced, or reduced, without substantially af 
fecting the amplification of the medium range of 
audio frequencies. 
In its broadest aspect the object of the present 

invention is to provide, in an audio amplifier, 
means for affecting the gain at one extreme of a 
range of frequencies Without thereby substan 
tially affecting the gain at other portions of Said 
range. 
A particular object is to provide means to in 

crease the gain at one frequency extreme without 
appreciably affecting the gain at other fre quencies. 
Another object is to provide means to decrease 

the gain at one frequency extreme of a frequency 
range without noticeably decreasing it at other 
frequencies. 
Another object is to provide in a frequency dis 

criminating amplifying System means for de 
termining a frequency on one side of which there 
is substantially no frequency discrimination. 
In its most particular aspect, the object of the 

present invention is to provide means for Selec 
tively increasing or decreasing the gain at audio 
frequencies below a predetermined middle range 
of frequencies, and independent means for Selec 
tively increasing or decreasing the gain of fre 
quencies above said middle range. 
The novel features which I believe to be char 

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 in 
dicated diagrammatically a circuit organization 
whereby my invention may be carried into effect. 
In the drawing: 
Fig. 1 shows an audio circuit embodying the 

invention, 
Figs. 2a to 2d. inclusive show impedance varia 

tion characteristics of the tone control elements 
of the circuit shown in Fig. 1, 

Fig. 3 illustrates various frequency-gain char 
acteristics of the audio circuit. 
Referring now to the accompanying drawing, 

the audio frequency transmission circuit in Fig. 1 
embodies an amplifier whose signal input grid 
2 is adjustably connected by potentiometer slider 
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be the output load resistor of a radio receiver de 
tector; the electric pick-up of a record repro 
ducer; the microphone output load of a public 
address System; the photo-cell pick-up of a sound 
moving picture system. In general, the source 
may be any desired source of alternating voltage 
Whose frequencies are located in the range of 0 
to 15,000 cycles. The cathode of amplifier tube 

is connected to ground through the usual self 
biasing network 5. The plate electrode 6 of tube 

is coupled to the signal input grid 8 of the next 
amplifier 9 by the audio coupling condenser 7. 
A source of direct current 0, and this current 

source may be the usual supply bleeder resistor 
of a power supply System, has its positive terminal 
connected to the plate 6 through a path including 
adjustable potentiometer slider , variable re 
sistor 2, and variable resistor 3 of total re 
sistance RL. The junction of resistors 2 and 3 
is connected to a slider 4 by a coil 5. The 
junction of the resistors is also connected to the 
slider by the condenser 6. The dotted line 1 
denotes a mechanical coupling arrangement be 
tween sliders and 4. The siders are adjusted 
in unison, and in a manner to be explained at a 
later point. 
The cathode of amplifier 9 is connected to 

ground, as in the case of amplifier , by the self 
biasing network 8. The resistor 9 providees a, 
direct current voltage path between grid 3 and 
the ground end of biasing resistor 8. The cur 
rent source 20, which may be part of the source 
f), has its positive terminal connected to the 
plate 30 of amplifier 9 by a path comprising slider 
2f, variable resistor 22, variable resistor 23 of 
total resistance R.H. The junction of resistors 22 
and 23 is connected to slider 25 by the condenser 
24; and the same junction point is connected to 
tap 2 by coil 26. The dotted line 27 designates, 
again, a mechanical coupling device for adjust 
ing sliders 25, 2 in unison. 
The amplified audio voltage output of tube 

may be transmitted to subsequent audio stages by 
the coupling condenser 28. The subsequent stage 
may comprise Ore Or more amplifiers, or it may 
consist of any desired type of reproducer. The 
sliders 4- are arranged so that resistance 2 
is Zero (that is, tap is maintained at the junc 
tion of resistor f and condenser iS). Whenever 
the resistance value of resistor 3 is greater than 
zero. Similarly, tap 4 maintains a short circuit 
across coil 5 so long as tap if is on any other 
part of 2 except its upper ends. In other Words, 

3 to a source of audio voltage 4. The source may 55 coil 15 and condenser 6 are never both effective 
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at the same time. This same relation exists for 
the adjustment of sliders 2-25. 
With condenser S short-circuited, then for 

any given value R13 of that part of resistance RL, 
across coil 5 (in other words the portion 3) the 
Coupling impedance in the plate circuit of the 
first tube is shown graphically as a function of 
frequency by the semi-circle in Fig. 2d. By a 
suitable choice of coil 5 relative to RL a very 
considerable reduction of this impedance is pos 
sible at low audio frequencies Without Substan 
tial reduction of impedance at medium fre 
quencies. For example, if RL is equal to 200,000 
ohns and the value of resistor section 3 is ad 
justed to 100,000 ohms, then a value of 100 henry's 
is sufficiently large to prevent any appreciable re 
duction of gain at audio frequencies above ap 
proximately 500 cycles, but cuts the gain at very 
low frequencies substantially in half. As tap Aá 
is moved upwards to increase R13 the high audio 
frequency gain is unaffected, but the Very low 
frequency gain is still further reduced and the 
transition frequency, above Which the gain is 
substantially unaffected, is increased. 
On the other hand, for a given Value of R12 

(hence With slider 4 at bottom of 3) Fig. 2b 
shows the variation of coupling impedance of 
tube with frequency. In this case the con 
denser 5 and the Inaxiralun Value of R12 are 
chosen relative to RL so that the very low audio 
frequency gain may be boosted a desired amount 
without appreciably affecting the gain in the 
medium range of frequencies. The Smaller the 
value of R12 the less the low frequency boost and 
the higher the transition frequency. 

Figs. 2c and 2d show the impedance varia 
tions (mutually exclusive) resulting in the 
coupling network between tube 9 and the Sub 
sequent stage. In Fig. 2C, with R22 equal to Zero, 
adjusting tap 25 upwards on resistor section 23 
gives greater attenuation of high frequencies and 
lower transition frequency. With tap 25 at the 
botton end of Section 23, increasing values of 
R22 produce greater high frequency boost and 
lower transition frequency; this variation is 
shown in Fig. 2d. By operating a knob con 
trolling taps & and the various low audio 
frequency. characteristics of Fig. 3 are secured. 
A second knob can be employed for controlling 
taps 2 and 25 to secure the independent Selec 
tion of the high audio frequency characteristics 
of Fig. 3. It will, therefore, be seen that there 
has been provided independent control over the 
high and low audio notes thereby permitting the 
listener to adjust the tone to suit his Wishes. 
The ordinates in Fig. 3 represent the total gain 
obtained by the two stage amplifier. 

If a reduction in gain variation is not objection 
able, it is possible to arrange both the high and 
low audio control networks in a single stage. It 
is, also, possible to omit one or more of the con 
trol units disclosed herein, but this is undesirable 
as there are times when each of the tone control 
units is needed. For example, the low frequency 
attenuation is often desirable to reduce 'bOOmi 
ness' of male voices, while the low frequency 
accentuation is desired in many cases for bring 
ing low frequency musical instruments up to 
proper relationship with other instruments when 
listening to music at low volume adjustment. As 
to the high frequency adjustments, the attenua 
tion is frequently desirable when listening to 
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weak distant signals through interference of 
nearly every type. The high frequency accentua 
tion is desirable when listening to high fidelity 
signals free of interference when the receiving 
System discriminates against the high audio fre 
quencies either by reason of a too sharply Selec 
tive radio frequency system, or a loud speaker 
whose eficiency falls off at high frequencies. 
While I have indicated and described a sys 

ten for carrying my invention into effect, it will 
be apparent to One skilled in the art that my in 
vention is by no means limited to the particular 
organization shown and described, but that many 
modifications may be made without departing 
from the scope of my invention, as set forth in 
the appended claims. 
What I clain is: 
1. In an audio amplifier having input and Out 

put terminals, a passive coupling network con 
nected across the amplifier between Said input 
and output terminals and comprising a resistor 
element of fixed value, a reactance element ad 
justably connected to said resistor element to 
shunt an adjustable portion thereof, a second 
reactance element of opposite sign to the first 
reactance element arranged in series with said 
resistol" element, a variable resistor element in 
Shunt. With Said Second reactance element, and 
uni-control means for varying the magnitudes 
of both resistor elements in Successive order and 
in Such a mainer that at least one of Said re 
actance elements is always short-circuited. 

2. In an audio system of the type comprising a 
Source of audio current of relatively high im 
pedance, a passive coupling network connected 
acroSS Said Source, and audio Voltage Output con 
nections for taking of audio voltage from across 
the entire coupling netWork; the improvement 
which is characterized by said coupling network 
conprising a resistor element of fixed value, a 
reactance element, adjustably connected to said 
resistOr element to shunt an adjustable portion. 
thereof, a second reactance element of opposite 
sign to the first reactance element in series with 

50 

5 5 

60 

65 

said resistor element, a variable resistor element 
in shunt with said second reactance element, and 
means for varying the Inagnitudes of each of said 
resistor elements in successive order and in such 
a manner that at least one of said reactance ele 
ments is always short-circuited. 

3. In an audio signal Woltage transmission cir 
cuit having input and output terminals, a passive 
Coupling network connected across said circuit 
between Said input and output terminals and 
adapted for tone control, said network compris 
ing a fixed coupling resistor, a reactance element 
having an impedance which increases with in 
Creasing frequency, a second reactance element 
having an impedance which decreases With in 
creasing frequency, one of said elements being 
connected in series with said fixed resistor, the 
other element being connected in shunt to a 
variable portion of said fixed resistor, a variable 
resistor connected in shunt to said one element, 
Said fixed and variable resistors being in series 
across said circuit, and uni-control means for 
successively adjusting the magnitudes of said 
portion and Said variable resistor in such a man 
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ner that Solely one of said reactance elements is 
effective at any instant. 

WALTER, WAN B. ROBERTS. 


