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My invention relates to apparatus for con-
trolling the frequency response characteristics
of an amplifying system and, while it is not
limited thereto, it is particularly applicable to a
manual tone control for the audio frequency cir-
cuits of a radio receiver.

It is an object of my invention to provide an
improved control circuit having manual adjust-
ing means which may be actuated to vary the
frequency response characteristics of a signal
amplifier in a predetermined manner.

Another object of my invention is to provide
an improved tone control circuit, in conjunction
with an audio frequency amplifier, by means of
which the relative amplification of the higher and
lower audio frequencies may be varied or ad-
justed in a predetermined manner.

It is often the practice to employ degenerative,
or negative, feedback in low frequency signal am-
plifiers, such as audio frequency amplifiers. Asis
well-known, degenerative feedback tends to flat-
ten the frequency response characteristics of the
system. It is a specific object of my invention to
provide an improved control ecircuit, in conjunc-
tion with such an amplifier, whereby the fre-
quency response characteristics of the amplifier
coupling circuits and also the relative degenera-
tion at different signal frequencies may be varied
simultaneously through movement of a manual
control member having only a single movable
contact.

Still another object of my invention is to pro-
vide a manual tone control for a radio receiver by
means of which the ‘“bass” response or the
“treble” response may be varied at will in order
to suit the individual preference of the listener,
or to provide increased intelligibility in the recep-
tion of weak signals accompanied by ‘“noise,” or
for other purposes.

It is also an object of my invention to provide a
manual tone control which is economical and
readily adapted to existing radio receiver circuits
and which permits manual adjustment of the

.gudio frequency response in a manner which is’

particularly suited to the requirements of com-
mercial entertainment receivers.

The features of my invention which I believe
to be novel are set forth with particularity in
the appended claims. My invention itself, how-~
ever, together with further objects and advan-
tages thereof, may best be understood by refer-
ence to the following description taken in con-
~ nection with the accompanying drawing, in which

Fig. 1 is a circuit diagram of an audio frequency
amplifying and sound reproduc¢ing system em-
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bodying my invention and which may for example
comprise the final stages of a radio receiver; and
Figs. 2 and 3 are graphs illustrating the manner
in which the frequency response: characteristics
of a particular experimental amplifier, of the
general form shown in Fig. 1, could be controlled
in accordance with my invention. i

Audio frequency signals from any ‘suitable
source, not shown, are impressed upon the ter-
minals 10 and (1 of & volume control potentiom-
eter 12. In a superhetrodyne radio broadcast
receiver this potentiometer may be coupled to
the output of the second detector. The signals
are amplified in a three-stage signal amplifier,
comprising a first audio frequency amplifier 13, a
second audio frequency amplifier 14, and the ﬁnal
power amplifier 15. The output of the power am-
plifier 15 is supplied through an audio output
transformer: {6 to a suitable translating device,
represented conventionally by the loud speaker
11. As illustrated, the stages 13, 14 and 1§ are
resistance-coupled together in the usual manner.
Suitable operating potentials are supplied from
the common power supply source, represented
conventionally by & battery 18,

In the circuits of Fig. 1 the second audio fre-
quency amplifier 14 and the final power amplifier -
I5 have unbypassed resistors 19 and 20, respec-
tively, common in their grid and anode circuits.
As is well understood in the art, the purpose of
these resistors is to provide a certain amount of
degenerative, or negative, feedback between the
anode and grid circuits of the respective ampli-
fiers. This not only tends to flatten the frequency
response characteristics of the system, but also
provides proper operating grid bias potentials for
the amplifiers. .

The common cathode return circuit of the am-
plifier {4 also includes a tertiary winding 21 on
the output coupling transformer 16. This wind-
ing 21 is connected in the proper polarity to pro-
vide further degenerative feedback at signal fre-
quencies to the grid of the amplifier 14.. Thus,
the grid circuit of this amplifier may be traced
from its control grid 22 through the grid re-
sistor 23, the negative power supply bus 24, the
coil 21 and the degeneration resistor I8 to the
cathode 26. The anode circuit for the amplifier
14 may also be traced from its anode 26 through
the output coupling resistor 27, a portion of the
power supply source {8, the negative power sup-
ply bus 24, the coil 21 and the degeneration re-
sistor 19 to the cathode 25. ‘

In order to provide manual control of the fre-
quency response characteristics of the system of
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Fig. 1, the grid resistor 23 is provided with an
adjustable tap connection 28 which is connected
to a point 29 upon the common cathode circuit,
located between the cathode 25 and the degen-
eration resistor {9, through an alternating cur-
rent path including a tone control capacitor 30.
The grid resistor 23 is preferably in the form of
a potentiometer and -the adjustable tap 28 is
preferably a sliding contact  which may be ad-
justed to any point on the resistor 23 between the
end connected to grid 22 and the opposite end
connected to the negative power supply bus 24.

If the capacitor 30 is properly proportioned
with respect to the resistor 23 and the feedback
elements (9 and 21, the relative response of the
system to high and low audio frequencies can
be varied over a considerable range in a de-
sired manner by adjustment of the tap 28. The
adjustment and operation of my invention will
be better understood by reference to the curves
of Figs. 2 and 3. These curves were prepared
from test data taken on an experimental audio
amplifying system essentially of the form shown
in Fig. 1. While it will be appreciated that my
invention is not limited thereto, the more impor-
tant circuit constants for this particular ampli-
fler are given in order to assist in understanding
the physical significance of these curves. Thus,
in-this particular system the amplifier 13 was
the triode section of a Type 6SQT tube, the am-
plifier i4 was ‘a Type 6J5 tube, and the power
amplifier 15 was a Type 25L6G beam power
amplifier tube. The constants of some of the
other circuit elements were as follows:

Resistor 19 o oo ohms._. 3300
Resistor 23 ____ e e megohm__ 1
Capacitor 30 ________________ e mfd__ .01

‘Other  eircuit eiemen'ts were conventional.

‘The abscissae of the curves of Fig. 2 corre-
spond to frequencies in cycles per second over the
audio range, and.the ordinates correspond to
voltages at the speaker {1.- The sharp peak in
each of these curves in the vicinity of 200 cycles
‘per second, as well as in the curves of Fig. 3, was
due to the mechanical characteristics of the par-
ticular loud speaker used for the tests.

The curve 40 represents the response char-
acterics of -the system with the capacitor 30 en-
tirely disconnected, and is included for purposes
of comparison. When the capacitor 30 was con-
nected in the circuit, with the sliding contact
28 at the lower end of the resistor 23, the curve
41 was secured. If will be observed that this curve
is essentially of the same form as curve 40 except
that the response at higher frequencies is in-
creased, giving an increased “treble” effect. The
reason for this is as follows: In this position
of the tone control, the capacitor 30 is in shunt

_.to the degeneration path comprising the resistor

I8 and the feedback coil 21 in series. Since the
capacitor 30 was selected so as to have a rela-
tively low impedance only at the higher audio
frequencies (.01 mfd. in this case), these higher
frequencies were largely bypassed around the re-
sistors 19 and coil 2i. Consequently, less de-
generation occurred at the higher audio frequen-
cles, as is seen from curve 4i. The result was
thereby to increase the gain at this end of the
signal band.

With the slider 28 at the grid end of resistor
23 the curve 42 was secured. It will be observed
that under these conditions the response at higher
audio frequencies is decreased with respect to the
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response at the lower audio frequencies, giving an 7%

increased “bass” effect. The reason for this be-
comes evident when it is noted that the capacitor

30, the resistor 19, and the coil 2{ in series now

constitute a shunt load across the grid resistor
23. Therefore, at the higher audio frequencies
the impedance of the grid circuit of amplifier
14 is decreased. As will be apparent to those
skilled in the art, this in turn causes the shunt
load upon the amphﬁer 13 to increase with fre-
quency.

It will also be noted that the shunting effect
of the capacitor 30, when the tap 28 is at the grid
end of resistor 23, is limited by the impedance
of the resistor 19 and the signal voltage appear-
ing across the coil 21. If the .01 mfd. capacitor
30 were connected directly from the grid 22 to the
conductor 24 in this particular amplifier the ai-
tenuation at the higher frequencies in particular
would be far too great. The type of response
curve obtained by this connection is indicated at
43 in Fig. 2 for the purposes of comparison.

The curves 40a, 4ia, and 42a of Fig. 3 corre-
spond respectively to the curves 40, 41 and 42
of Fig. 2 and the data for them were taken under
the same conditions. The abscissae of these
curves likewise correspond to audio frequencies
in cycles per second but the ordinates in. this
figure are expressed in terms of “percent of 400
cycle response.” Such curves give an approxi-
mate qualitative indication of the receiver re-
sponse characteristics as they seem to the human
ear. Therefore, these curves indicate how the
tone quality of the recelver may be adjusted to
produce a ratio of high frequencies to low fre-
quencies most pleasing to the listener. Also, it is
often desirable to cut down the high frequency re-
sponse to provide greater intelligibility of weak
signals partially masked by “noise.” Curves 4ia
and 42a show that the apparent response char-
acteristics may be varied over a wide range to
accomplish this result.

It will be understood that the manner in which
the frequency response varies with adjustment
of the tap 28 may be predetermined by a proper
selection of the various circuit constants so as
to suit the design requirements of any particu-
lar receiver. It may be desirable in some cases
to connect the right-hand terminal of the ca-
pacitor 30 to a point farther down on the com-
mon cathode connection (9, 2. In such case it
will be observed that the shunt loading effect
upon the amplifier 13 is greater when the tap
28 is at the grid end of resistor 23 and that the
reduction in degeneration at the higher frequen-
cies is less when the tap 28 is at the opposite
end. It may also be desirable in some cases to
modify the bypassing effect of capacitor 30 by
employing additional impedance in series with
capacitor 30 between tap 28 and point 29. There-
fore, I wish it to be understood that where the
term “point” is used in the appended claims in
reference to the connections of the tone control
capacitor, it may include intermediate points
upon the grid and cathode impedance elements,
as well as terminal points, unless otherwise qual-
ifled.

Summarizing, it will be seen that my inven-
tion provides an improved means for manually
controlling the frequency response characteris-
tics of a feedback amplifier operating over a band
of signal frequencies. Only a single adjustable
contact is needed to permit simultaneous ad-
justment of the interstage coupling character-
istics and the feedback characteristics of the am-
plifier at different signal frequencies within the
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pass band. Therefore, while I have shown a par-
ticular embodiment of my invention, it will be
of course understood that I do not wish to be lim-
ited thereto since various modifications may be
made. and I contemplate by the appended claims
to cover any such modifications as fall within the
true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States, is:’

1. In a system for amplifying signals having
frequencies extending over a predetermined fre-
quency band, the combination of an amplifier
for said signals having a control element and a
cathode, an impedance element connected be-
tween said control element and a reference point,
a circuit connection between said cathode and
said point including a plurality of means for sup-
plying feedback voltages to said grid at signal
frequencies, and an alternating current connec-
tion from an adjustable point on said impedance
element to a point on said circuit connection be-
tween said reference point and said amplifier,
said connection including an impedance of such
value that the frequency response characteristic
of said amplifier is varied by movement of said
adjustable point on said impedance element with
substantially little change in the gain of said
amplifier. :

L

2. In a system for amplifying signals having -

frequencies extending over a predetermined fre-
quency band, the combination of an amplifier
for said signals having a control element and
a cathode, an impedance element connected be-
tween said control element and a reference point,

said point including a plurality of means for sup-
plying feedback voltages to said grid at signal
frequencies, a contact adjustable on said imped-
ance element and a capacitance element con-
nected from said contact to a point on said cir-
cuit connection between said feedback means and
said amplifier, said capacitance being of such
value that movement of said adjustable contact
on said impedance element is effective to vary
the frequency response characteristic of said am-
plifier with substantially little change in the
gain of said amplifier. ) :

3. In combination, a signal amplifier having
grid and anode circuits, said grid circuit includ-
ing a grid resistance of relatively high imped-
ance, an adjustaple contact slidable along said
resistance, a circuit connection common to said
circuits including a plurality of means for pro-
viding degenerative feedback therebetween at sig-

nal frequencies, and a capacitance having a rel- *°

atively low impedance only at the higher signal
frequencies connected from said contact to a

- point on said common circuit connection between

said feed-back means and said amplifier, ad-
justment of said contact along said resistance
being effective to vary the frequency response
characteristic of said amplifier without substan-
tial change in the gain thereof.

4. In a system for amplifying a band of signal
frequencies, & signal amplifier having grid and
anode circuits, said grid circuit including an ele-
ment of relatively high impedance to signal fre-
quencies, a circuit connection common to said
circuits including a plurality of means for pro-
viding degenerative feedback therebetween at sig-
nal frequencies, a tap adjustable on said imped-
ance element, and a capacitance connected from
said tap to a point between said feedback means
and said amplifier, the valve of said capacitance
being so proportioned that, at higher signal fre-
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quencies in said band, the 1mpedance‘ of said grid
circuit is decreased when said tap is at one end
of said impedance element and the degeneration

is decreased when said tap is at the opposite end, -

the response of said amplifier for lower signal
frequencies being maintained substantially con-
stant for all positions of said adjustable tap.

5. A frequency response control circuit for an
amplifier of signals having frequencies extending
over a predetermined frequency band comprising,
in combination, a thermionic amplifying device
having input and output circuits, said input cir-
cuit comprising an input impedance and a pair
of degenerative feedback means in series, said
means being responsive to amplified signal volf-
ages developed in said output circuit, and a ca-
pacitor having one terminal connected to a point
on said feedback means and the other terminal
connected to a point variable along said imped-
ance, said capacitor having a relatively low im-
pedance only at the higher signal frequencies
within said band whereby as said point is varied
along said impedance the response.of said am-
plifier for signals of higher frequencies is varied
with substantially no perceptible change in the
response of said amplifier for signals of lower
frequencies. )

6. A tone control for an amplifier of signals
having frequencies extending over s predeter-
mined frequency band comprising, in combina-
tion, a thermionic amplifying device having input
and output circuits, said input circuit comprising
an input impedance and a plurality of degenera-
tive feedback means in series, said means being

a circuit connection between said cathode and 45 responsive to amplified signal voltages developed

in said output circuit, a contact slidable along
said input impedance, a capacitance connected

" from said contact to & point between said feed-
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back means and said device, the value of said
capacitance being so proportioned that, at higher
frequencies within said band, the impedance of
said input circuit is decreased when said contact
i{s at one end of said impedance and the degenera-
tion is decreased when said contact is at the op-

5 posite end, the response of said amplifier for

lower frequencies in said band being maintained
substantially constant for all positions of said
contact. ’ ’

7. A tone control for an audio frequency signal

amplifying system comprising, in combination,

a signal amplifier having a grid, a cathode, and
an anode, a grid circuit comprising a grid resistor
and a plurality of degenerative feedback means
in series, said means also being included in the
anode circuit and being responsive to amplifier
signal currents, a tone control capacitor having
one terminal thereof connected to a point be-
tween said cathode and said feedback means and
the other terminal thereof connected to an ad-
justable contact upon said grid resistor, said ca-
pacitor having a relatively low impedance only
at higher audio frequencies and being so pro-
portioned with respect to said feedback means
and said resistor that, at said higher audio fre-
quencies, the impedance of said grid circuit is
decreased when said contact is connected to the
grid end of said resistor and the degeneration is
decreased when said contact is connected to the
opposite end, the response of said amplifier for
lower signal frequencies being maintained sub-
stantially constant for all positions of said adjust-
able contact. ’

8. In a signal amplifying system comprising at
least two cascaded electron discharge amplifiers,
a grid circuit for the second amplifier serially
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including a grid impedance of relatively high im-
pedance to signal frequencies and means for sup-
plying degenerative signal voltages to its grid,
said means being connected to the cathode of said
second amplifier and being responsive to ampli-
fied signal voltages developed in its output cir-
cuit, a capacitor of relatively low impedance to
higher signal frequencies having one terminal
thereof connected to & point between said cathode
and said feedback means.and the other terminal
thereof connected to an adjustable tap on said
grid impedance, said capacitor being so propor-
tioned with respect to said feedback means and
said impedance that, at said higher signal fre-
quencies, the shunt load upon said first amplifier
is increased when said tap Is at the grid end of
said impedance and said degenerative feedback
voltages are decreased when said tap is at the
opposite end. o -

9. In an audio frequency amplifying system
comprising at least two cascaded thermionic am-
plifiers resistance-coupled together, a grid cir-
cuit for the second amplifier including a grid
resistor of relatively high impedance, means com-
mon to the grid and anode circuits of said second
amplifier for providing a degenerative feedback
therebetween at audio frequencies, an adjustable
contact slidable along said grid resistor, and a
tone control capacitor connected between the
cathode of said second amplifier and said contact,
said capacitor having a relatively low impedance
only at the higher audio frequencies, whereby the
shunt load upon said first amplifier at said higher
frequencies is increased when said contact is at
the grid end of said resistor and the degenerative
feedback at said higher frequencies is decreased
when said contact is at the opposite end.

0. In combination, a pair of signal frequency
amplifiers connected in cascade, cach of said am-
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plifiers having an input circuit and an output
circuit, the output circuit of the first of said am-
plifiers being coupled to the input circuit of the
other of said amplifiers, the input cirecuit of said
first amplifier comprising two impedance elements
in series, one of said elements also being ineluded
in the output circuit of said first amplifler and
being adapted to have developed thereacross volt-
ages derived from the output circuit of said other
amplifier, and a capacitance connected from a
point between said one element and said first am-
plifier to an adjustable tap on the other of sald
elements, said capacitance being of such value
that as the position of said adjustable tap is
varied the gain of said amplifiers for higher sig-
nal frequencies is varied with no perceptible
change in the gain of said amplifiers for lower
signal frequencies,

11. The combination, in & system for amplify-
ing signals having frequencies extending over a
predetermined frequency band, of a pair of am-
plifiers for said signals connected in cascade,
Input and output circuits for said pair of ampli-
flers, said input circuit comprising two imped-
ance elements connected in series, one of said
elements being coupled to said output circuit and
being adapted to have developed thereacross volt-
ages of said signal frequencies, and a control
means comprising said elements and a capaci-
tance, said capacitance being connected from a
point between said one element and the first of
said amplifiers to a variable point on the other
of said elements, and said capacitance being of
such value that as said point is varied on said
element the frequency response characteristic of
said amplifiers is changed with substantially little
change in the gain of said amplifiers.

KIRBY B. AUSTIN.




