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The present invention relates to tone control 
Systems for audio frequency amplifiers and the 
like, and has for its object to provide an im 
proved tone control system which is adapted to 

5 compensate certain portions of the audio fre 
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quency range of an amplifier, and which may 
have also a wide range of tone control. 
A further object of the invention is to provide 

a compensating tone control System having a 
relatively wide range of control, wherein a single 
variable means may be employed to adjust the 
System. 

In accordance with the invention, an audio fre 
quency transmission circuit is provided with a 
series impedance device, which may be any suit 
able impedance device adapted to attenuate signal 
potentials in a desired range. A shunt tone con 
trol circuit is provided for the transmission cir 
cuit and is so combined therewith that frequency 
compensation is effected by the same control 
means, in connection with an output impedance 
of any Suitable type. 
In providing a practical embodiment of the 

invention, a Series impedance device and a Shunt 
impedance device are arranged in circuit with 
a third and manually variable impedance device, 
preferably of the potentiometer resistance type, 
whereby at one end of the control range of the 
variable impedance device the Series impedance 
device is by-passed by means providing a low 
impedance shunt path therefor and at the oppo 
site end of the range the shunt impedance device 
is connected across the audio frequency circuit. 
A tone control system embodying the invention 

5 may be arranged for tone control and audio fre 
quency compensation in any suitable audio fre 
quency amplifier circuit, and is particularly 
adapted for use in connection with impedance 
and transformer coupled thermionic amplifiers. 
As is well known, a tone control System is de 

sirable in a radio receiver circuit and is of prac 
tical use when arranged to vary the high fre 
quency response characteristic of the receiver for 
the purpose of reducing background noises inci 
dent to signal reception under unfavorable 
weather conditions or in locations unfavorable to 
radio reception. 
A tone control system arranged in accordance 

with the present invention is adapted not only 
to provide a compensating control in the higher 
portions of the audio frequency range, but in 
other portions thereof as well, through a single 
variable instrumentality, and in addition it may 
provide a desired compensation for undesirable 
transmission characteristics of the radio receiver, 

(C. 178-44) 
of the audio frequency amplifier connected there 
with, and in which last named apparatus, pref 
erably, the tone control system is incorporated, 
or for unfavorable acoustic characteristics of the 
room Or hall wherein the receiver is located, 
The invention will, however, be better under 

stood from the following description when taken 
in connection with the accompanying drawing, 
and its scope will be pointed out in the appended 
claims. 

In the drawing, Fig. 1 is a schematic wiring 
diagram of a portion of a radio receiver, includ 
ing an audio frequency amplifier circuit provided 
with a tone control System embodying the inven 
tion, the audio frequency amplifier being in 
pedance coupled; 

Fig. 2 is a portion of the same diagram as 
shown in Fig. 1, showing a detail modification 
of the tone control system; 

Fig. 3 is a similar wiring diagram showing a 
modification in which the audio frequency ampli 
fier is transformer coupled; and 

Figs. 4 and 5 are curve diagrams illustrating 
certain operating characteristics of the tone con 
trol systems shown in connection with Figs. 1 and 
2, respectively. 

Referring to Fig. 1 of the drawing, 5 and 6 are 
circuit leads, indicating generally, an audio fre 
quency transmission channel or circuit, which, in 
the present example, is included in the cascade 
connection between an audio frequency ampli 
fier tube 7 and a preceding tube 8. The latter 
tube is represented as a screen-grid, equi-potential 
cathode detector which receives modulated Sig 
nals through input terminals 9 and a tuned 
coupling transformer ?o connected between said 
terminals and the control electrode or grid 
of the detector. 
The detector device 8 and the audio frequency 

amplifier device 7 are connected in cascade rela 
tion through the audio frequency amplifier chan 
nel 5-6, by an impedance coupling network or 
circuit means of the resistance-condenser type, 
including the usual output or plate resistor 2, 
an input or grid resistor 3 and a coupling capa 
citor f4. The resistors and condenser represent 
any suitable impedance coupling elements for 
the input and output circuits of a cascade con 
nected amplifier. The condenser is of a value, 
such as .01 mfd. for example, whereby it offers 
a relatively low impedance to signal potentials 
or currents within the desired audio frequency 
range for which the transmission circuit 5-6 is 
designed, and is intended to have no appreciable 
effect upon the transmitted signal. 
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It has been found that, in connection with in 

pedance coupled amplifier circuits of the type 
above described, particularly in connection with 
high impedance screen grid tubes, such as the 
detector or tube 8, the plate capacity of Said de 
tector, or first tube, the capacity of the leads in 
the coupling means between tubes, and the grid 
or internal capacity of the following tube, Such 
as the tube 7, with such coupling means, as well 
as that introduced by other connected circuit ele 
ments, is sufficient to form an appreciable load 
at the high frequency end of the audio frequency 
range, whereby signals in that range are unduly 
attenuated, with consequent distortion. 

It will be appreciated that the high frequency 
attenuation load cannot be reduced below Certain 
practical limits, and in order to compensate for 
this, and the tendency to loss of high frequency 
response in an audio frequency signal transmis 
sion circuit, such as that provided in a thermionic 
audio frequency amplifier, for example, the cir 
cuit is, in accordance with the invention, pro 
vided with compensating and tone control means 
wherein the tone control and frequency com 
pensating functions are combined, and the means 
provided for each function cooperate through 
single control means to provide an improved 
operating characteristic in a tone control System. 
The system in accordance with the invention 

may be considered to have a tone control portion 
including a condenser 5 arranged to be con 
nected gradually in shunt relation to the trans 
mission circuit 5-6, and the input or grid 
coupling resistor 3, through a variable imped 
ance device Such as a potentiometer comprising 
movable tap 6 in connection with a resistor , 
substantially in series with said condenser across 
the transmission circuit and the coupling resistor 
3. 
In the present example, the condenser 5 is con 

nected between the variable tap 16 and the high 
potential or grid end of the coupling resistor 3 
which is also the high potential side of the audio 
frequency transmission circuit. However, the 
condenser may be arranged in any Suitable con 
nection with the variable resistor 6-7, whereby 
it is in series with said resistor and arranged to be 
connected thereby gradually in shunt relation 
to the transmission circuit, preferably at a point 
adjacent to the output or grid circuit end in 
which the coupling or input resistor 3 is included. 
With the above described arrangement it will 

be seen that, as the resistance in series with the 
condenser 5 is reduced, the shunting effect 
of the condenser across the audio frequency 
transmission channel is increased. The con 
denser is of a capacity value, such for example as 
.0012 mfd., that its impedance within the high 
frequency end of the audio frequency range is 
relatively low, and thereby, when fully in shunt 
to the audio frequency transmission circuit, it 
serves to attenuate appreciably, the signal poten 
tials within that end of the audio frequency range. 
The effect of the condenser 5 upon the circuit 

is likewise reduced by movement of the variable 
tap 6 in the opposite direction along the resis 
tor 7 and the latter is of such value that when 
fully in circuit with the condenser, the effect of 
the latter is negligible as a shunt impedance 
means. Resistor 7 may be of the order of 2 
megohms in the circuit network of the present 
example. 
As a tone compensating means in connection 

with the tone control circuit 5 - 6 - 7 there 
is provided in the audio frequency transmission 
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channel 5-6 and preferably in the high poten 
tial side 5, an impedance means 8 which is not 
responsive to variations in the frequency of trans 
mitted signals. 
The impedance means or device f8 is connected 

in series with the audio frequency transmission 
channel and in the present example, between the 
coupling resistors 3 and , whereby it is intro 
duced into the coupling network formed by Said 
resistors and the coupling condenser 4. The in 
pedance device 8 is preferably a resistor, as indi 
cated in the drawing, whereby, as above stated, 
it has no appreciable frequency response char 
acteristic teruding to cause attenuation of any 
particular portion of the audio frequency range. 

In the above described circuit arrangement it 
will be seen that signal potentials transmitted 
through the audio frequency channel, Or, as in 
the present example, delivered by the detector 
tube 8, are divided in their application to the 
control electrode of the amplifier tube 7 between 
the series impedance element f8 and the coupling 
resistor or shunt impedance element 3 in the 
grid circuit of the amplifier tube 7. This results 
in an apparent loss of amplification. However, 
the circuit then Operates to compensate for at 
tenuation of signals in the higher audio fre 
quency range through the cooperative relation of 
said resistors and condensers including a second 
condenser or similar circuit impedance means f9, 
arranged to be variably connected in shunt rela 
tion to the series impedance element 8 all by 
the same control means 6-7. 
The capacity value of the condenser 9 is so 

chosen that at the lower end of the audio fre 
quency range, its impedance is high as compared 
with that of the resistor element 8, and the cir 
cuit arrangement is such that, with the variable 
contact 6 located as shown, at the maximum 
“high' position of adjustment, A, the condenser 
9 is connected effectively in shunt relation to 
the series impedance element 8 through the 
condensers 4 and 5, both of which are of Such 
high capacity values relative to the capacity 
value of condenser 9, that they have no appre 
ciable effect upon the controlling effect of the 
condenser 9. 
With this arrangement it will be seen that only 

a portion of the low frequency signal potential 
or detector output voltage will be applied to the 
output of the network and to the grid of the 
amplifier tube 7, the ratio of the low frequency 
voltages available across the resistor element 8 
and the coupling resistor 3 being dependent upon 
the respective values of said resistors. In the 
present example and as preferred values, the re 
sistor 3 is substantially A megohm while the 
series impedance element f8 is Substantially one 
megohm, and the shunt capacity element 9 is of 
a value Substantially .0001 mfcd. 
At the high frequency end of the audio fre 

quency range, the impedance of the condenser 9 
becomes low enough practically to short circuit 
the resistor element 8 so that nearly all of 
the signal potential or the detector output voltage 
is applied to the coupling resistor 3 and to the 
grid of the amplifier tube 7. It is, therefore, clear 
that the ratio of the amplifier or output voltage 
to the detector or input voltage Will increase as 
the upper end of the audio frequency range is 
approached. This rising characteristic, combined 
With the drooping or falling detector output char 
acteristic hereinbefore pointed out, tend to coun 
teract one another, and the result is substantially 
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1997,762 3 
a uniform signal output potential supplied to the 
grid of the output tube. 

It is obvious that the values of the resistor ele 
ment 8, the condenser 9, and the resistor ele 
ment 3, may be so chosen that the frequency 
transmission characteristic of the coupling net 
work may have any desired form whereby, for 
example, the high frequency end of the range may 
be slightly peaked for emphasizing the high fre 
quency response. 
From the foregoing description it will be seen 

that the two functions of tone control and tone 
compensation may be combined in the same cou 
pling network and may be controlled by the same 
instrumentality, as by the manually variable im 
pedance element or potentiometer device f. 

It will further be seen that the coupling network 
includes an output circuit impedance element or 
resistor 3 connected in shunt relation to the 
audio frequency transmission channel, a Series 
circuit impedance element or resistor 8 in the 
audio frequency transmission channel SO con 
nected with the first named impedance element 
that the low frequency signal potentials trans 
mitted through said channel may divide between 
them in a predetermined relation, dependent 
upon the relative resistance values of Said ele 
ments. The manually variable circuit impedance 
element f is connected also substantially in shunt 
relation to the audio frequency transmission 
channel on the input end of the channel or net 
Work. It is also SO connected with a shunt im 
pedance element 9 for the impedance element f8 
and a third shunt impedance element 5 for the 
transmission channel, that each of Said last named 
elements may selectively and gradually be con 
nected effectively with the network to function 
in the attenuation of certain portions of the audio 
frequency range. 
At the high frequency or maximum “high' posi 

tion of adjustment A of the contact 6 as shown 
in the drawing, the shunt impedance element 9 
is connected effectively in shunt with the Series 
impedance element f8, while the shunt impedance 
element 5 is rendered ineffective as a shunt 
means across the transmission channel through 
the introduction of impedance element in Series 
thereWith. 
At the opposite end B of the control range of 

the variable impedance element 7 it will be seen 
that the resistor element T is then connected in 

... series with the impedance element 9 thereby to 
render it substantially ineffective as a shunt for 
impedance means 8 and that the impedance ele 
ment 5 is effectively connected in shunt relation 
to the signal transmission circuit and the signal 
output impedance 3, whereby the condenser 5 
is effective as a tone controlling means across the 
signal channel. 

Referring to Fig. 4, the Overall operating char 
acteristic of the combined tone control and tone 
compensating system shown in Fig. i is illus 
trated for the two above described extreme po 
sitions of adjustment, A and B, of the signal con 
trol device 7 by the curves 20 and 2, respectively, 
applied with respect to frequency and percent re 
sponse of the coupling network at 400 cycles. 

It should be understood that intermediate 
points between positions A and B provide char 
acteristics between those illustrated. 

It will be seen from an inspection of the curves 
20 and 2 that the normal response is Substan 
tially flat throughout the audio frequency range 
and that the high and low ends thereof are 
slightly peaked for pleasing tone. This result is 

effected by a proper choice of the circuit elements 
which have hereinbefore been pointed out. 

It will further be seen that in accordance with 
the curve 2, the tone control means serves to 
attenuate disturbing signals in the high frequency 
end of the audio frequency range without ma 
terially suppressing the mid-frequency range 
which is desirable for a good speech characteris 
tic. 
The flat characteristic curve 20 is the result of 

compensating for the attenuation of the high fre 
quency end of the audio frequency range by the 
inherent load on the system, which as has been 
hereinbefore described, is a function of the con 
pensating series impedance element 8 and the 
high frequency shunt means 9 therefor, together 
with the shunt circuit impedance f3. 
The circuit shown and described has a further 

advantage in that, as the variable contact 6 is 
moved toward the position B the high frequency 
compensation provided by the condenser 9 in as 
SOciation with the series impedance element f8 is 
gradually removed, while at the same time the 
high frequency shunt path provided by the con 
denser 5 is gradually applied across the trans 
mission circuit So that in the maximum low posi 
tion at B, the high frequency compensation is 
Wholly removed and only the tone control circuit 
is effective. This circuit arrangement results in 
reducing the high frequency response a desired 
amount when moving the tone control device to 
the minimum position at B and without affecting 
the middle range of audio frequency response ap 
preciably. 

It will further be seen that With the combined 
tone control and audio frequency compensation 
means provided in the Signal transmission net 
work illustrated, not only is the single instru 
mentality Such as the potentiometer 7, arranged 
to control both the compensation and the tone, 
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but it is arranged in such a way that the effects 
of the tone control and tone compensation in 
either direction are additive, that is, each con 
tributes in the same and in a co-operative man 
ner to produce the same desired result. 
The tone control condenser 5 may be located 

at 22, Fig. 2 in series with the potentiometer re 
sistor f7, for the reason that it has no cooperative 
relation with the condenser 9 per se and, since 
it is of a relatively greater capacity value, it may 
be connected in series with the condenser f9 any 
where in circuit without affecting the operation 
of the condenser 9. 

Referring now to Fig. 3, a further modification 
of the tone control circuit is shown, which is 
adapted for use in a transformer coupled audio 
circuit, but not necessarily limited thereto, where 
in the tone control condenser indicated at 22 in 
Fig. 1 is utilized in Series with a tone control po 
tentiometer. 
In Fig. 3 a detector or amplifier device 23 cor 

responding to the device 8 of Fig. 1 is connected 
with the audio frequency signal circuit 24-25 to 
an output transformer 26 having a primary wind 
ing 27. Interposed between the primary winding 
27 and the tube 23 is a tone control and com 
pensating System including a Series impedance 
device 28 in the form of a choke coil or reactance 
winding, a tone control potentiometer device 29 
connected in shunt relation to the transmission or 
output circuit 24-25 and in Series with a tone 
control condenser 30 at its low potential end. 
The high potential end of the potentiometer is 

connected with a input end or terminal 3 of the 
series impedance device 28, while the variable 
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4 
contact 32 thereof is connected with the output 
end or terminal 33, all as shown in figure 3 of the 
drawing. As an impedance limiting means, a 
resistor 34 is connected in parallel with the po 
tentiometer device 29 and the condenser 30 as 
shown. The operation of the circuit network 
above described is substantially like that of the 
preceding embodiment, the series impedance de 
vice 28 being effectively short circuited when the 
tone control contact 32 is moved to the maximum 
“high' position, A. The resistance of the poten 
tiometer 29 is such that in position. A the con 
denser 30 is also effectively out of circuit and in 
effective for tone control purposes, and conse 
quently the circuit offers practically no attenua 
tion to the signal at any frequency. 
As the potentiometer arm 32 is moved toward 

the minimum “high' position B, the series im 
pedance device 28 becomes more and more effec 
tive in circuit as an impedance for attenuating 
the high frequency end of the audio frequency 
range, while the condenser 30 is gradually con 
nected more and more effectively into circuit in 
shunt with the transmission circuit 24-25. The 
condenser 30 is of Such value that it also Serves 
to attenuate the high frequency end of the audio 
frequency range and signal potentials which at 
such frequencies may appear on the Ouput side of 
the impedance device 28. The combined action 
of the Series impedance device 28 whose in 
pedance rises with frequency and of the condenser 
30 whose impedance decreases with frequently 
tend to give a sharp cut-off of the higher audio 
frequencies without materially affecting the mid 
dle range. This has the advantage of Suppress 
ing the high frequency disturbances without ap 
preciably affecting the volume of the desired sig 
nal. 
The value of inductance 28 is of a suitable 

value Such as 8 henries, while the resistance of 
the potentiometer 29 is of any Suitable value such 
as A. megohm and the condenser 30 has a capac 
ity value of Substantially .01 mifd. 
The operating characteristics of a tone con 

trol and compensating network of the character 
above described are indicated in Fig. 5, plotted 
to the same Scale as the preceding figure and 
showing at 35 a curve indicating the response 
characteristic of the network when the poten 
tioneter contact 32 is at position A, while the 
curve 36 shows a characteristic as changed when 
the contact 32 is moved to the extreme posi 
tion B. 

It will be appreciated that the response char 
acteristics for other positions of adjustment of 
the tone control device will fall between the 
curves 35 and 36. The middle frequency response 
is maintained at a relatively high level as is de 
sirable when the high frequency response is fully 
attenuated, as indicated by the curve 36. 
A characteristic of the tone compensating 

means in the network of the circuit of Fig. 3 will 
be noted in connection with the curve 36. In 
this case the compensation is provided at the 
lower or bass portion of the control range of the 
device 29-32, and serves to maintain a high 
quality in the mid frequency range as indicated 
by the high mid frequency response 37 and the 
sharp cut-off of higher frequency signals. 
As hereinbefore described, this desired con 

pensation is effected by the circuit of Fig. 3 by 
the tuned relation of the choke coil 28 and the 
condenser 30 in series when the contact 32 ap 
proaches the position B. 
In an ordinary impedance coupled amplifier 

1997,762 
the response with a tone control means is much 
less pronounced than that provided by the im 
proved circuit and is characterized by a gradual 
slope of the response curve in the mid frequency 
range indicating a lack of sharp cut-off. 
From the foregoing description it will be seen 

that the control circuit shown in Fig. 3 embodies 
a single variable control device which in opera 
tion serves not only to provide a variable tone 
control action, but also a frequency response 
compensation. 
circuit of Fig. 1 in its operation and application, 
but is more particularly adapted to output or 
transmission circuits in which the output termi 
nals are connected with an inductive device, such 
as a transformer primary winding as shown. 

In each of the circuits shown, the audio-fre 
quency transmission circuit is connected with a 
Vacuum tube device, but it should be understood 
that it is applicable to any audio frequency trans 
mission circuit requiring a tone control System 
and for which frequency compensation simulta 
neously therewith is desired. 
The advantages in a tone control System en 

bodying the invention lie in the fact that a sin 
gle instrumentality is provided and arranged in 
a network circuit such that, in association with 
Other impedance elements, a wide range of Con 
trol is provided and also undesirable frequency 
response characteristics of the system may be 
compensated, such as a falling high frequency 
characteristic of the impedance coupled ampli 
fier circuit of Fig. 1 and the circuit of Fig. 3 
wherein the elements 28 and 30 cooperate to in 
prove the high frequency cut-off and the mid 
frequency range when the tone control is ad 
justed to reduce the high frequency response. 

I claim as my invention: 
1. The combination with an audio frequency 

transmission circuit, of a series in pedance ele 
ment connected in said circuit, audio frequency 
coupling means connected in Said circuit and in 
cluding a shunt impedance element, means 
adapted to provide a frequency-compensating 
shunt connection in parallel with one of Said in 
pedance elements, and a single variable means 
for selectively establishing said connection in 
parallel with either of said elements. 

2. The combination with an audio frequency 
transmission circuit, of a Series impedance ele 
ment connected in one side of Said circuit, a 
shunt impedance element connected across said 
circuit, means adapted to provide frequency com 
pensating shunt connections in parallel with 
Said impedance elements, said last named means 
including a common variable impedance device 
for gradually connecting one of Said elementS in 
circuit substantially to the exclusion of another. 

3. The combination with an audio frequency 
transmission circuit, of a tone control and fre 
quency compensating circuit network therefor, 
including a series impedance element in Said cir 
cuit, means providing shunt paths acroSS Said 
circuit on opposite sides of Said impedance ele 
ment, Said last named means including a con 
denser, and a Common variable means for va 
riably and selectively connecting said impedance 
element and said condenser effectively in circuit 
as signal attenuating means, the one to the ex 
clusion of the other. 

4. The combination with an audio frequency 
transmission circuit, of a Series impedance de 
vice therein, means providing a high frequency 
shunt connection for said device, means provid 
ing a high frequency shunt connection for the 
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audio frequency transmission circuit, and a sin 
gle variable potentiometer device included in 
both of Said shunt connections for simultaneous 
ly controlling the same. 

5. The combination with an audio frequency 
transmission circuit, of a series impedance device 
therein, an output impedance device for said 
circuit, means providing a variable shunt connec 
tion for said Series impedance device and a va 
riable shunt connection for the audio frequency 
transmission circuit, and said output impedance 
device including a condenser having a capacity 
value such that it serves to tune the output im 
pedance device within a predetermined frequency 
range, and a single variable impedance device 
Common to both of Said shunt connections. 

6. In an audio frequency transmission circuit, 
a tone control and frequency compensating net 
work including an impedance device connected 
in series with said circuit, a shunt impedance de 
Vice connected in parallel. With Said circuit and in 
Series with said first named impedance device 
Whereby signal potentials transmitted through 
said circuit are divided between said devices, a 
shunt impedance means connected across Said 
circuit and including a variable resistance device 
and a condenser in Series therewith, Said variable 
resistance device having a variable contact con 
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nected with the series impedance device at the 
Output end thereo. 

7. In an audio frequency transmission circuit, 
a tone control and frequency compensating net 
Work including an impedance device connected 
in series with said circuit, a shunt impedance de 
vice connected in parallel with said circuit and 
in Series With said first named impedance device 
whereby signal potentials transmitted through 
said circuit are divided between said devices, a 
shunt impedance means connected across said 
circuit and including a variable resistance de 
vice and a condenser in Series therewith, said 
variable resistance device having a variable con 
tact connected with the series impedance device 
at the output end therof and a second condenser 
in said connection. 

8. The combination with an impedance coupling 
network providing an audio frequency transmis 
sion circuit and including an output coupling im 
pedance, an input coupling impedance, and a 
coupling condenser connected therebetween, of a 
Series impedance device connected in said circuit, 
a condenser and a potentiometer device connected 
in series across said circuit, said potentiometer 
device having a movable contact connected with 
the transmission circuit adjacent to the output 
end of Said Series impedance element. 

9. The combination with an audio frequency 
transmission System having an inductive output 

5 
circuit, of a choke coil impedance device con 
nected in series with said output circuit, a con 
denser, and potentiometer means for selectively 
connecting said condenser gradually in parallel 
With said output circuit when operated in one 
direction and for gradually providing a shunt 
connection for said series impedance device when 
Operated in another direction. 

10. The combination with an intertube coupling 
network having a variable frequency-transmis 
Sion characteristic, characterized by the fact that 
signal potentials in a portion of the audio fre 
quency range are attenuated thereby, of signal 
potential attenuating means in said network, 
means providing a frequency variable shunt con 
nection therefor, a tone control circuit in said 
netWork, and a single variable impedance device 
Connected in the tone control circuit and inter 
connected With Said attenuating means and shunt 
connection means therefor whereby said last 
named means is simultaneously controllable with 
said tone control circuit. 

11. The combination with a thermionic vaccum 
tube having an output circuit and an output 
coupling impedance means in said circuit, of a 
Second impedance means in Said circuit in Series 
therewith, a high frequency bypass condenser for 
Said Second named impedance means, a tone con 
trol condenser, and a potentiometer resistor con 
nected with said condensers for selectively con 
necting the bypass condenser effectively across 
the series impedance means and the tone con 
trol condenser across the output circuit, whereby 
the tone control and frequency response compen 
Sation of Said output circuit are controlled by a 
single instrumentality. 

12. The combination with an audio frequency 
signal transmission circuit, of a coupling network 
including a coupling impedance in shunt with 
said circuit, means providing a series impedance 
in said circuit, a shunt reactance device for said 
series impedance, a shunt reactance device for 
said circuit, and a potentiometer device having a 
variable tap connection and terminals connected 
in circuit with said shunt reactance devices for 
selectively connecting said devices effectively lin 
circuit. 

13. An audio frequency tone control system in 
cluding in combination, an audio frequency signal 
transmission circuit, a Series impedance means 
and a shunt impedance means therein intercon 
nected to divide signal potentials applied to said 
circuit, means providing a high frequency shunt 
connection Selectively acroSS the One or the other 
of said impedance means, and including a variable 
impedance device interconnected with said last 
named means to control said connections. 

RUDOLPH. A. BIERWIRTH. 
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