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The present invention relates to tone controls
and more particularly to a wide range tone con-
trol particularly suited for radio receivers for
producing certain compensating effects at differ-
ent audio scund levels.

It is well known that a great difference exisis
between the audio sound level of a persen speak-
ing in a broadcasting studio and the audio sound
level of a symvhony orchestra. The level of
transmission as indicated by the depth of modu-
lation radiated by the broadcasting station, how-
ever, does not correspondingly vary. It cf course
is known that the radio station operators “ride
the gain control” so that the transmitted varia-
tions in sound level are kept within a certain
range. Quite obviously no compensation is pro-
vided for at the radio receiver.
duction usually is at a sound level guite different
from the level of sound from the original source.
According to the authority Fletcher a change of
the sound level of the reproduced sound when
compared with the original or normal level of
sound from the source produces on the listener
an efect of an apparent change in tonal char-
acteristic.

It of course has been observed by many indi-
viduals having radio receivers that when it.is
desired to set the volume level at a particular
value it sometimes is necessary to adjust the tone
control in order to make the reproduction more
pleasing and natural. The tone control provided
in the average radio receiver, however, is in-
capable of providing sufficient compensation to
overcome the apparent change in tonal charac-
teristic referred to by Fletcher.

TIt, therefore, is apparent that it would be desir-
able to provide an improved tone control having
a relatively wide range which could be adjusted
so as to provide the desired compensation for any
volume level of reproduction so that the tonal
characteristic would more nearly correspond to
the tonal characteristic of the sound from the
original source.

T+, therefore, is an object of the present inven-
tion to provide an improved wide range tone con-
trol for sound reproducing circuits.

Another object of the present. invention is to
provide a wide range tone contrel which main-
tains the output level constant independent of the
volume control setting.

Still another object of the present invention is
to provide a tone control for compensating at the
receiver for variations in broadcasting. studio
audio sound level.,

Still another object of the present invention is

Thus the repro-
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to provide in a wide range tone control an addi-
tional contrel of the high audio frequency range
independent of the adjustable or variable tone
control.

Other and further objects of the present in-
vention subsequently will become apparent by
reference to the following descrivtion. taken in
conjunction with the accompanying drawings
wherein: ‘

Fig. 1 is a circuit diagram of one embodiment
of the present invention;

Fig, 2 is a graphical representation of the ap-
proximate characteristics’ obtained at certain
points in the eircuit of Fig. 1;

Pig. 3 is another graphical representation of the
approximate characteristics obtained at certain
other points in the circuit of Fig. 1;

Fig. 4 is a circuit diagram of another embodi-
ment of the present invention;

Fig, 5 is g graphical representation of certain .
characteristics obtained by the circuit of Fig. 4;
and

Fig. 6 is a graphical representation illustrating
certain other characteristics of the operation of
the ecircuit of Fig. 4.

Referring to Fig. 1 of the drawing there is
shown a vacuum tube {f having a cathode bias
resistor 12 and a bypass capacitor {3. This repre-
sentation of a tube t§ is intended to denote the
first stage of an audio frequency amplifier. The
present invention consists of a cireuit interposed
between the first audio frequency amplifier and
the audic input thereto which in a radio receiver
is obtained from the detector tube. While it has
been mentioned that the present invention is
particularly suited for producing certain com-
pensating effects because of the difference in
transmission of the levels of sound from a radio
station, it of course will be appreciated that the
circuit likewise may be used for compensation
in the reproduction of phonograph records par-
ticularly where such records are to be reproduced
at certain desired sound levels.

The grid of the first audio amplifier tube {1 is
connected to the adjustable contact (4 of a
variable resistor 15 which is of the potentiometer
type. One terminal of the resistor 5 is connected
to an adjustable contact 16 of a resistor #7. The
other terminal of the resistor {5 is connected to
another adjustable or movable contact 18 of a
resistor 19. :

The resistor §7 is connected between ground
and the input conductor 2l through a coupling
capacitor 22. . At an intermediate point on the
resistor 17 ‘a tap is provided for the connection
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of a capamtor 23 which in turn is connected to
ground.

At a point infermediate the grounded terminal
of the resistor 17 and the point at which the
capacitor 23 was connected to the resistor there
is provided another tap which is connected:to a
capacitor 25 which is connected through the
resistor 25 to ground. The ciréuit including a
relatively large capacitor 22, the resistor {7, the
capacitors 23 and 25 and the resistor 2§ is de-
signed to be predominantly responsive to.the low
frequencies of the gudio frequency range. This
circuit may be so designed that ‘the response
characteristic thereof is Natzsfactory for the re~

ception and reproduction of & symphony orches-" i

tra or it may be so designed that the low fre-=
quency response obtained is slightly greater than
that which would normally be required.

The other circuit which includes the resistor {8
connected between ground and the conductor 21
by hedns of a capacitor 27 is designed to be pre-
dominantly responsive to the higher frequencizs
6f the audio frequericy range. The resistor 18 at
an intermediate point is also provided with a tap
34 whieh' IS cenuected through a resistor 23 to
ground. The resistor 28 is also connected to g
éapacitor 29 whith in turn is connected to the
conductor 2§. At 2 point intermediate the first
menticned tap on the vesistor {8 and dround
there is provided a second tap which is cotinected
to a capacitor 3{ which in turn is connected
through a resistor 32 to ground.. This combina-
tion of a capacitor and resistor serves the same
purpose as the capacitor 25 and résistor 28 con-
nected to the low .(I'BU'L.CHCY resistor 17.

This high frequeney ¢ircuit may be so arranged
as to provide adeguate high freguehcy resporise
of even an over-emvhasis of the higher Ire-
guencies.
high frequency circuit may be so arranzéd a3 to
hé satisfactory for the réeproduction of speech.

It now will hecoms apparent to those skilled in
the art-that the first control which includes the
resistor 17 is supplied from the audio frequehcy
input conductor 21 by a relatively large capacitor
s6 as to insure a good low freguency respotise
&¢foss the entire resistor {7 The intermediate
tap point on the resistor 7 is loaded with a ca~
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The low frequenty response of the -

pagiter 28 or with the conibination of a resistor -

and capacitor in series so that the impedance of ;

this bratich is designed to be low compared to
the impedance of the confrol resistor {7. The
respoiise of the control circuit at the first tap

point wili be suaostantlally the samse as the fre- .

quency response characteristic of the imvedance
of the shunting network represented By thé cas
racitor 23; Sinéé this impedance has béén se=
lected 50 a5 to He high at the 16w frequency, the
low frequency responsé of the circuit cobtained
when the ad;ustable contact is in the proximity
of the first mentionied tap w111 be one which is
relatively h1°‘ﬂ

The second shunting retwork represented by
the capacitor 25 and the resistor 26 serves to
further increase thé low frequency response ab
still lowey levels of rvepreduction.

In the second control’ which includes the’re-

sistor 19 the coupling capaciter 27 is relatively
small-s0 a8 to attenuate the- low fréguency ré:
spdnsé. Thée bypass capacitod 22 which i§ in
shunt to the upper portion of the rasistor 19

bynasses the high freguencies thereby ‘creating a
ition whére high ‘frequedneies are promiinent
5% thie Arsh tap. Smce the first tap is loaded by
the resigtor 38 no' aceehtuation of any low fre:

4
quencies occurs there. The second tap point on
the resistor {8 which includes the capacitor 31
and the resistor 32 as a shunt eircuit, is provided
for the lower levels of reproduction.

By adjusting the contact {6 and 18 simultanc-
ously a change in the volume level is obtained. A
change in the accentuation of the higher fre-
quencies or lower frequéncies is obtained by ad-~
justing the posmon of the contact 14 on the re-
sistor {5.

Thus it will be seen that I have provided, for
use in combination with a source of audio fre-
quency signals, g novel studio tone contrel which
comprises a parallel pair of potentiometers (22,
17 ang 27, 19) connected across the terminals
(21, ground). of said source, each of said poten~
tiometers having a sliding connection terminal
(486 or 18) between its end terminals, one of said
potentiometers (22, {T) having impedance char-
acteristics which favor the low frequency com-
ponents .of the audio frequency signals and dis-
criminate against the high freguency compo-
nents, the other of said potentiometers (27, i
having impedance characteristics which favor the
high frequency components and discriminate
against the low frequency components, a third
potentiometer comprising: a sliding connection
terminal {4 and a resistor {5 connected batwesn
the sliding connection terminals ({6, {8) of said

st and second potentiometers. This tone con-
trol is shown in asscciation with an amplifier
stage #{ which has an input (grid-cathode) cir-
cuit connected to the output circuit formed by
the sliding connection terminals {4 of the third
petentiometer and the low potential terminal
(ground) of the source. The third slide connec-

“tion-terminal 14 is adjustable to vary the rela-

tive -intensities of ‘the high.and low frejuency
components of the signals applied-to the ampiifier
stage if. The first- 16 and second {8 sliding con-
nection terminals are adjustable in unison to vary
the level of said signals: A series resistor-capaci-
tor bass boost network (28, 25 is connected he-
tween the lower poténtial tap on potentiometer
{7 and the low potential end terminal (ground).
A series resistor-capacitor bass boost network (34,
32) is conunected between the lower potential tap
on potentiometer {9 and its low potential end
terminal (ground). A series treble bocst network
comprising capacitor 29 and resistor 28 is also
provided. It comprises a capacitor which is con-
nected between the high potential tap on potenz
tiometer {9 and the high potential end terminal
of the potentiometer circuit (27, 19). It also

3 comprises a resistor 28 connected between the

tap 348 and the low potential end terminal
(ground).

Referring to Fig. 2 there is shown in graphical
representation the approximate characteristic
be expected at various taps on the resistors 17
and i8. The curve 33 shows the response to be
obtained at the first tap on the resistor {7. Curve
84 shows the response at the first tap on resistor
8. The representation in:Fig. 2 illustrates the
percentage of response as compared to the fres
fuency as expressed-in eycles per second:

Fig. 3 shows an‘ approximate  characteristic
curve 88 indicating the response t6 be obtained
at the top of the reésistor (1, In‘asimilar manner
the curve 30 indicates the response to be obtained
at thétop of the resistor {9:

In order to further assist those: skilled in the
art typical values for the components employed
in Fig. 1 in one installation will be enumersted.
The resistors 17-and §94are foudmegehm resistors
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tapped at one and two megohms from the lower
extremity. The resistor 5 is a two megohm vari-
able resistor. The resistors (7 and 19 are con-
tained in a dual volume control resistor. The re-
sistors 26, 28 and 32 are each 100,000 chms.

The coupling capacitor 22 is 5,000 mmf{., and
the coupling capacitor 27T is 560 mmif. The ca-
pacitors 25 and 3! are each 3300 mmf. The cir-
cuit loading capacitor 23 is 2500 mmf. The by-
pass capacitor 29 is 82 mmf. As has been previ-
ously stated the circuit shown in Fig. 1. may have
selected characteristics and hence the values
given for the different components are not to be
considered limitations but merely an explanation
of the values encountered in a typical embodi-
ment.

While the circuit illustrated in Fig. 1 has been
found entirely satisfactory there are certain
times when it would be desirable to have some
kind of high frequency confrol which is inde-
pendent of the action of the control illustrated in
the circuit of Fig. 1. Such an arrangement is par-
ticularly useful where two different types of op-
eration are desired as in the one instance a max-
imum low frequency response with additional
high frequency response and in the other instance
a maximum high frequency response with a less
extreme high frequency response. It will be
noted that similar reference characters have been

applied to similar components in Fig. 4 and that :

only minor changes have been made. It will e
noted that the tap on the resistor I7 is connected
through a resistor 87 to a capacitor 38. The re-
sistor 37 in this instance had a value of 60,000
ohms and the capacitor had a value of 2700 mmf.

The anode of the first audic vacuum tube {1
has the usual coupling capacitor 39 and anode
resistor 41. Interposed between the anode and
these elements is a connection to a capacitor 42
which is connected to one switch contact of an
electrical switch 43 having its contact arm con-
nected to ground.

The change in the shunt circuit connected to
the first tap on resistor {1 changed the response
characteristic from the curve 44 in Fig. 5 to curve
45. The provision of the capacitor 42 and the se-
lector switch 43 at the anode of the vacuum tubs
1t provides a selection between curves 46 and 41
of Fig. 5. Thus it will be appreciated that the
switch 43 may be used to provide a greater or
lesser amount of the higher audio freguencies
without adjustment of the movable contact 4.

While for the purpose of illustrating and de-
scribing the present invention certain preferrsd
circuit arrangements have been disclosed in the
drawings, it is to be understood that the invention
is not to be limited thereby sinece such variations
in the circuit and in the components employed
are contemplated as may be commensurate with
the spirit and scope of the invention as defined
in the accompanying claims,

What I desire to protect by United States Let-
ter Patent is claimed as follows:

1. The combination of a source of audic fre-
quency signals having high frequency and low
frequency components, a parallel pair of poten-
tiometers connected across the terminals of said
source, each of said potentiometers consisting of
a capacitor connected to the high-potential
source terminal and a resistor connected between
the capacitor and the low-potential source termi-
nal, and each of said potentiometers having an
adjustable connection terminal contacting its re-
sistor between its end terminals, one of said po-
tentiometers having impedance characteristics
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which favor said low frequency components and
discriminate against said high frequency compo-
nents, the other of said potentiometers having
impedance characteristics which favor said high
frequency components and discriminate against
said low frequency components, a third potenti-
ometer comprising an adjustable connection ter-
minal and a resistor connected between the ad-
justable connection terminals of said first and
second potentiometers, and an amplifier stage
having an input circuit connected to the outpub
circuit formed by the adjustable connection ter-
minal of the third potentiometer and the low po-
tential terminal of said source, the third adjust-
able connection terminal being positioned to vary
the relative intensities of the high and low fre-
gquency components of the signals applied to said
amplifier stage, the first and second adjustable
connection terminals being positioned in unison
to vary the level of said signals.

2. The combination of a source of audio fre-
quency signals having high frequency and low
frequency components, a parallel pair of poten-
tiometers connected across the terminals of said
source, each of said potentiometers having a slid-
ing connection terminal between its end termi-
nals, said potentiometers having different fre-
quency-response characteristics, a third poten-
tiometer comprising a sliding connection termi-
nal and a resistor connected between the sliding
connection terminals of said first and second po-
tentiometers, and an amplifier stage having an
input circuit connected to the output circuit
formed by the sliding connection terminal of the
third potentiometer and the low potential termi-
nal of said source, the third sliding connection
terminal being adjustable to vary the relative
intensities of the high and low frequency com-
ponents of the signals applied to said amplifier
stage, the first and second sliding connection ter-
minals being adjustable in unison to vary the
level of said signals.

3. The combination of a parallel pair of poten-
tiometers connected across common input termi-
nals, each of said potentiometers having a slid-
ing connection termnal between its end termi-
nals, one of said potentiometers having such im-
pedance characteristics that it favors the low fre-
quency components of an audio signal applied to
said input terminals and discriminates against
the high frequency components, the other of said
potentiometers having such impedance charac-
teristics that it favors said high frequency com-
ponents and discriminates against said low fre-
guency components, and a third potentiometer
comprising a sliding connection terminal and a
resistor connected between the sliding connec-
tion terminals of said first and second potentiom-
eters, an output circuit being formed by the slid-
ing connection terminal of the third potentiom-
eter and the low potential input terminal, the
third sliding connection terminal being adjusta~
ble to vary the relative intensities of the high and
low frequency components of the signals appear-
ing in said output circuit, the first and second
sliding connection terminals being adjustable in
unison to vary the level of said signals.

4. The combination of a parallel pair of poten-
tiometers connected across common input termi-
nals, each of said potentiometers having a tap
and a sliding connection terminal between its
end terminals, one of said potentiometers having
such impedance characteristics that it favors
the low frequency components of an audio signal
applied to said input terminals and discriminates
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against the high: frequency components,: the
ofher of said potentiometers having such imped-
ance characteristics that it favors said high fre-
quency components and discriminates against
said low frequency components, a third potenti-
ometer comprising a sliding connection terminal
and a resistor connected between the sliding con-~
nection terminals of said first and second poten-
tiometers, an output circuit being formed by the
sliding connection terminal of the third poten-
tiometer and the low potential input terminal,
the third sliding connecticn ferminal being ad-
justable to vary the relative intensities of the
high and low frequency components of the. sig-
nals appearing in said output circuit, the first
and second sliding connection terminals being
adjustable in unison to vary the level of said siz-
nals, and a pair of series resistor-capacitor. bass
boost networks individually connected between

each tap and the low potential end terminal of o

the asseciated potentiometer.

5. The combination of a parallel pair of po-
tentiometers connected across common inpub
terminals, each of said potentiometers having a
pair of taps and a sliding connection terminal
between its end terminals, one of said potentiom-
eters having such impedance characteristics that
it favors the low frequency components of an
audio signal applied to said input terminals and

discriminates against the high frequency com- -

ponents, the other of said potentiometers having
such impedance characteristics that it favors said
high fregueney components and discriminates
against said low frequency components, a third

potentiometer comprising a sliding connection 53

terminal and a resistor connected between the
sliding connection terminals of said first and
second potentiometers, an eutput circuit being
formed by the sliding connection terminal of the
third potentiometer and the low potential input
terminal, the third sliding connection terminal
being adjustable to vary the relative intensities
of the high and low frequency components of the
signals appearing in said output circuit, the first
and second sliding connection terminals being ad-
Jjustable in unison to vary the level of said signals,
three series resistor-capacitor bass boost net-
works, twe of which are individually connected
between each tap on .said one potentiometer and
its low-potential end terminal, the remaining net-
work being connected between the low-potential
end terminal of said other potentiometer and its
nearertap.
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6. The combination of a parallel pair of poten-
tiometers connected across common input termi=-
nals, each of said potentiometers having a slid-
ing connection terminal between its end termi-
nals, one of said potentiometers having such-im-
pedance characteristics that it favors the low fre-
quency components of an audio signal applied to
said input terminals and discriminates against
the high freguency components, the other of said
potentiometers having such impedance charac-
teristics that it favors said high frequency com-
ponents and discriminates against said low fre-
quency components, a third potentiometer com-
prising a sliding connection terminal and a re-
sistor connected between the sliding connection
terminals of said first and second potentiometers,
an output circuit being formed by the sliding con-
nection terminal of the third potentiometer and
the low potential input terminal, the third sliding
connection terminal being adjustable to vary the
relative intensities of the high and low frequency
components of the -signals appearing in said out-
put circuit, the first and second sliding conneg-
tion terminals being adjustable in unison to vary
the level of said signals, three series resistor-ca-
pacitor bass boost networks, two of which are in-
dividually connected between each tap on said
one potentiometer and ifs low-potential end ter-
minal, the remaining network being connected
between the low-potential end terminal of said
other potentiometer and its nearer tap, and a
series treble boost network comprising & capaci~
tor between the remaining tap and end terminal
of said other potentiometer and g resistor be-
tween said remaining tap and its low-potential
end terminal.

7. The combination in accordance with claim
6 and means including a series combination of
switch and capacitor selectively effectively cou-
pled in shunt with said output circuit to discrimi-
nate against the high-frequency components of
said signals.

PAUL F. G. HOLST.
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