March 23, 1937. W. H. NELSON 2,074,852
COMBINED VOLUME AND BASS TONE COMPENSATION CONTROL DEVICE
Filed July 13, 1935

0

G

&

&
AVAVAEAVAVAVAV

~/3

X

700,

8

8

3

)

8

PEPCENT RESISTANCE.
8 3

20

0 70 20 Jo <0 =74 &0 70 &o
SLIDES? ARIT POSIT/ON.,

Fig.3.

76

)7 Inventor:
B Walter H. Nelson,

by Ay E Dl

His Attorney.

2)




Patented Mar. 23, 1937

UNITED STATES

2,074,852

PATENT OFFICE

2,074,852

COMBINED VOLUME AND BASS TONE COM-
PENSATION CONTROL DEVICE

Walter H. Nelson, Nichsls, Conn,, assignor to Gen-
eral Eleciric Company, a corporation of New

York
Application July 13,
9 Claims.

My invention relates to volume control circuits
for audio frequency amplifiers and the like, and
more particularly to such circuits in which means
is provided for effecting bass tone compensation,

5 1. e. means for varying the attenuation of cur-
rents in the high frequency portion of the audio
range by amounts sufficient to compensate for
the effects of variation in volume level upon the
frequency sensitivity characteristic of the human

10 ear. :

In certain types of high frequency receiving
systems it is desirable to employ, for example,
a diode detector tube for feeding audio poten-
tial to an audio frequency amplifier. It is well

15 known that such tubes function to give substan-
tially distortionless detection when the imped-
ance in the output circuit of the detector is
substantially purely resistive and of a value high
relative to the internal resistance of the diode

go detector tube in the conducting direction. It is
also well known that on highly modulated signals
cut-off distortion is introduced in the audio out-
put from the detector if the output impedance
is reactive, or different for alternating current

o5 from its value for direct current. It is highly
desirable to effect volume control and bass tone
compensation in that portion of the audio fre-
dquency circuit between the detector and the first
audio frequency -amplifier. It is, therefore, de-

30 sirable to provide an arrangement whereby the
necessary control operations may ke performed
in this part of the circuit without changing the
value or characteristics of the impedance in the
detector output circuit.

It is an object of my invention to provide in
a high frequency receiving system 2 combined
volume control and bass tone compensation net-
work connected to.the load resistance of an elec-
tron discharge detector, whereby the desired
40 volume control and compensating functions may

be effected without substantially changing the
impedance characteristics of the detector load.

The novel features which I believe to be char-
acteristic of my invention -are set forth with

45 particularity in the appended claims. My inven-
tion itself, however, both as to its organization
and the method of operation will best be under-
stood by reference to the following specification
taken in connection with the accompanying

50 drawing, in which Fig. 1 shows a circuit having
my invention embodied therein; Fig. 2 illustrates
the resistance characteristics of certain of the
elements of the circuit shown in Fig. 1, and Fig.
3 shows my invention in slightly modified form.

p6 - Referring to Fig. 1 of the drawing I have shown
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an audio frequency transmission channel, or cir-
cuit, as comprising the circuit conductors i and
2, which circuit is included in the connections be-
tween an audio frequency amplifier 3 and a diode
detector 4 forming a part of a radio receiving
system. The input circuit of the diode detector
4 includes the secondary of a coupling trans-
former 5 which may be energized through its
primary from a source of audio modulated high
frequency currents, as fcr example the output
from a radio frequency, or intermediate fre-
quency, amplifier. The tunable input circuit of
the tube 4 is provided with a variable condenser
6 for tuning the circuil to resonate with a se-
lected incoming carrier. A resistance-capacity
filter circuit comprising the condensers 1 and 8,
and the resistance 9 is connected in the output
circuit of the detector 4 and functions to filter
the radio or intermediate frequency component
from the rectified carrier which is passed through
the detector 4.

The audio potential across the conductors |
and 2 is impressed on a load comprising a vol-
ume control resistance potentiometer element 10
connected between the two conductors. A cou-
pling network consisting of the resistor (i and
the condenser {2 is provided for coupling the
volume control potentiometer element (8 to the
audio frequency amplifier tube 3. Other forms
of coupling may be used if desired although in
the particular circuit shown the resistance-
capacity coupling is preferable. A resistance 13
shunted by a condenser 14 is connected in the
cathode-anode circuit of the tube 3 for biasing
the grid of the tube negative with respect to the
cathode thereof.. A slider arm 15 is provided
for varying the portion of the resistance element
f0 which is shunted by the coupling network to
the amplifier tube 3.

With the above-described arrangement the
operation is as follows:—The modulated high
frequency currents impressed on the primary of
the transformer § are rectified in the diode de-
tector 4 and the audio and direct current output
is'impressed on the volume control resistance 10.
A variable portion of the audio potential existing
across the impedance (0 is impressed on the
coupling network in the input circuit of the am-
plifier tube 3 through the slider arm i5. In or-
der to vary the value of the audio potential ex-
isting across the coupling network to the ampli-
fier 3, the setting of the slider arm 15 on the re-
sistance I8 may be varied.

In order to obtain the desired bass tone com-
pensation simultaneously with changes in the

10

15

20

26

30

40

4b

60

66




10

40

50

58

60

65

5

setting of the volume control slider arm 15, a
shunt path for high audio frequency current is
provided, comprising a resistance 16 and an audio
frequency by-pass condenser 1, the latter having
a low impedance to currents in the high audio
frequency range. The shunt path thus formed
is connected at one end to the audio frequency
transmission circuit conductor 2 and is arranged
variably to shunt the lower portion of the volume
control resistance 10 included between the arm
15 and the circuit lead 2. A second slider arm
I8 cooperates with the resistance 16 to vary the
impedance of the path 16, IT to high audio fre-
quency currents; this arm being arranged si-
multaneously to move with the slider arm {5
under the infiluence of a single manually operable
control member (not shown). The series-con-
nected resistor 16 is of such a value that with the
slider arm 18 just engaging the open end thereof,
the impedance of the path formed by the series-
connected elements is exceedingly high for cur-
rents having a frequency in the audio range.

With the above circuit arrangement adjusted
for maximum input to amplifier 3, the slider arm
18 is disengaged from the upper or high poten-
tial end of the resistance (6 and the total audio
potential existing across the resistance (0 is im-
pressed on the amplifier input circuit. If now
it be desired to lower the volume level, the slider
arm {5 is manually operated to decrease the por-
tion of the resistance 10 which is shunted by the
amplifier coupling network thereby to decrease
the audio potential impressed on the amplifier
input circuit. Since the slider arm 18 is arranged
to move with the arm 15, it approaches, during
such movement, the free end of the resistance ele-
ment 16 and, after a predetermined movement,
engages the open end of the element 16 and con-
nects the series-connected impedance elements
16 and 11 in parallel with the amplifier input cir-
cuit and also in parallel with the lower portion of
the resistance 10. Further movement of the
slider arms 15 and (8 resulis simultaneously in
a decrease in the portion of the resistance ele-
ment 10 paralleling the amplifier coupling net-
work, and in a decrease in the impedance value
of the high audio frequency impedance path con-
sisting of the resistance {6 and the condenser {7.

With all of the resistance 16 included in the
circuit a very small portion of the high audio
frequency current flows through this branch.
However, as the slider arms 15 and 18 are moved
in a direction to decrease the volume, the value
of the resistance I6 included in the circuit is de-
creased, thereby resulting in increased attenua-
tion of high frequency audio currents produced
by the path 16, IT. This progressive decrease
in the impedance of this shunt path as the lower
portion of the resistance element 10 is decreased
produces the desired bass tone compensation as
the volume is decreased.

In order to obtain the correct relation between
decrease in audio current intensity and attenu-
ation of high frequency currents produced by re-
sistance 16 and capacitance 171, the two resist-
ance elements 10 and {6 are graded, or tapered,
as indicated in Fig, 2 wherein the per cent of
the total resistance of each element included in
parallel with the amplifier input circuit is plotted
against position of the slider arms 15 and 8.
The resistance of element 10 between the lower
terminal and the slider is indicated by curve A
and that of element 16 by curve B. It will be
observed that with all of the resistance element
10 paralleling the amplifier input circuit, the
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slider arm 18 is disengaged from the end of the
resistance element 16 and the high audio fre-
quency current shunt impedance path is excluded
from the circuit. When the slider arms (5 and
18 have been moved sufficiently to decrease the
percentage of the resistance element |6 shunting
the amplifier input by approximately 50 per cent,
the slider arm 18 engages the open end of the re-
sistance 16 to connect the series-connected re-
sistance {6 and condenser 11 in parallel with the
amplifier input circuit. Further movement of
the slider arms 15 and I8 in the same direction
results in a rapid decrease in the per cent of the
resistance 16 included in the shunt circuit and a
more gradual decrease in the per cent of the re-
sistance element [0 paralleling the amplifier in-
put. This relation obtains until the lower por-
tion of the resistance 10 has been reduced to ap-
proximately 25 per cent of the total impedance

thereof, when the value of the resistance 6 in- -

cluded in the shunt path is reduced to a negligible
value such that the condenser T is practically
shunted across the amplifier input circuit. ]

It will be observed that as the slider arm 15

approaches the low resistance end of the resist- &

ance 18, the condenser IT approaches a direct
shunt on the lower portion of the resistance {0,
In order to decrease the capacitive effect of the
condenser i1 on the detector load resistance {0 in
this region of the adjusting range, the arrange-
ment shown in Fig. 3 may be used wherein a
resistance (9 is inserted in the connection be-
tween the slider arm 8 and the circuit lead to
the amplifier coupling impedance.

By. using the slider arms 15 and 18 cooperat-
ing respectively with the resistance {8 and the
resistance 16, in the manner described, the value
of the load resistance on tube 4 remains sub-
stantially the same for both alternating current

and direct current irrespective of movement of :

the slider arms to effect the desired volume con-
trol and bass tone compensation. Obviously,
during the initial movement of the arm 15 to de-
crease the volume, the shunt impedance 16, 17
has no effect on the detector load impedance
since it is excluded from the circuit. When the
arm 18 has been moved so that it engages the
free end of the resistance 16, approximately 50
per cent of the impedance 10 has been transferred
from the lower portion of the potentiometer to
the portion between the arm {5 and the cir-
cuit lead 1, and the value of the series impedance
16, 17 shunting the lower portion of the element
10 is of such a high order that the over-sll im-

pedance between the conductors f and 2 is sub- :

<
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stantially unaffected. This condition is main- ~

tained throughout movement of the slider arms
since a decrease in the value of the resistance
16 included in the circuit is accompanied by a
simultaneous increase in the upper portion of

60

the element {0 included between the conductor {

and the arm {8. In this manner the value of
the impedance between the conductors | and 2
is maintained substantially purely resistive ir-
respective of the control operations, and distor-
tion in the detector tube 4 is avoided.

The operation of the series impedance 185, {1
to give the desired bass tone compensation may
be easily understood by considering the shunt
impedance to be an element of a resistance-
capacity filter circuit. Thus, as the contacts 15
and 18 are moved simultaneously downward the
upper portion of resistance 10 and the condenser
IT operating together become increasingly ef-

70

fective as an element of a resistance-capacity 75



5

10

5,

20

30

35

40

60

2,074,852

filter such: as:that indicated at 9, 8 for example,
except that it is designed to:attenuate high audio
frequency- currents, whereas: the elements 9, 8

attenuate radio frequencies, and except for the

further: fact, that that portion of resistance {6
which: is.in the circuit, is in the capacity arm. of
the: filter. This: type of filter has the desired
characteristic of - substantially equally attenu-
ating all: frequencies: above a fairly definite pre-
determined: frequency. . By proper choice of the
resistances: 10: and: 6 as: indicated by the curves
of Fig. 2, and:proper choice of condenser, IT, the
characteristic. of this filter may be  made such
as to: effect the desired: compensation for the ef-
fect of volume upon the frequency sensitivity
characteristic: of the human eax.

‘One: bass tone compensation expedient of the
prior.art comprises: a series combination  of:re-
sistance and: capacity connected permanently:
across. a. portion of the detector load resistance,
which load resistance is employed as a volume
control. potentiometer. My invention possesses
definite: advantages over such an arrangement,
however, in that in the region of volume levels

: where high frequency attenuation. is not required

the capacity is. entirely out of the circuit. This
permits the use of the entire load resistance for
volume control purposes.. That is, no additional
series load, to- overcome the effect of the ca-
pacity is necessary, and the loss of audio energy
on such: additional load is avoided.

My invention possesses the further advantage
over such an arrangement in that the variation
of tone with change in posifion of the control
element is satisfactorily smooth and gradual
throughout the entire range, there being no un-
desirably abrupt changes in output tone. When
member 18, in its downward movement first en-
gages resistance 16, its resistance in the circuit
is so high that no undesirable click is heard. The
change in resistance efiected upon further move-
ment is then sufficiently gradual to give the de-
sired smooth control operation.

Although I have described my invention with
particular reference to a diode detector, it will
be understood that it is equally applicable in
connection with triode detectors, or in fact, with
other sources of audio frequency current where
it is desired to maintain a- substantially pure
resistance load upon the source.

While I have shown particular embodiments of
my invention, it will of course be understood that
I do not wish to be limited thereto since many
modifications in the circuits may be made, and
I contemplate by the appended claims to cover all
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 volume control and bass toné compen-
sation network for audio frequency circuits com-
prising a source of audio currents requiring a
substantially pure resistance load, and an output
device responsive to audio frequency electromo-
tive force from said source, the combination of
2 resistance potentiometer comprising said load,
said output device being connected between a
fixed point on said resistance potentiometer and
a variable point thereon, a second resistance and
capacity connected in series between said points,
and means whereby upon movement of said vari-
able point along said potentiometer to change
the volume of output to said cutput device said
second resistance is simultaneously varied to vary
the attenuating effect of said capacity at differ-

3

ent: volume levels while:maintaining the: load on:
said source substantially purely resistive.

2. In combination, an electron discharge de-
tector having an output circuit: including a load.
of substantially: pure resistance, an. audio frew
quency amplifier including an input. circuit, said
input. ecircuif being: arranged: to be variably
coupled to said output: circuit, a path including
ar condenser: arranged in. shunt to-said: input cir~
cuit,, said: path. having a variable impedance to
currents: in: the high audio frequency range, and
means. for simultaneously varying the. eoupling
between said input and said.output circuits and

the impedance value:of: said high frequency cur- '

rent’ shunt path while- maintaining the load: on
said: detector: substantially purely resistive.

3. In combination, a diode detector-including
an . output: circuit. having a load: resistance con-

nected: therein, an audio frequency amplifier in-:

b

10+

<

cluding-an: input circuit arranged. in shunt toa. £

variable portion of said resistance;.an impedance
path arranged to:. shunt said input circuit,. said
path having a variable impedance to cutrents in
the high audio frequency range, movable means

for varying the connections of said input circuit: &

to-said load resistance thereby to.vary the por-
tion of said: resistance shunted by said input cir-
cuit,. and: means simultaheously movable with
said:last-named means for connecting said high
audio frequency current’ path. in parallel with:

said: input. circuit after a. predetermined: move-..

ment of said last-named means to decrease the
value of said resistance shunted by said input
circuit.

4. In combination, an electron- discharge de-
vice, an audio output circuit therefor including a
load resistance, a load device connected in shunt
to a variable portion of said load resistance, a se-
ries combination of resistance and capacitance
connected across the same portion of said load
resistance thereby to attenuate high frequency
audio currents, and means to vary said last re-
sistance while maintaining the load on said elec-~
tron discharge device substantially purely re-
sistive.

5. In combination, an electron discharge de-
vice, an audio output circuit therefor including a
load resistance, a load device connected in shunt
to a variable portion of said load resistance, a se-
ries combination of a second resistance and ca-
pacitance connected across the same portion of
said load resistance thereby to attenuate high
frequency audio currents, and means simultane-
ously to vary said portion of said load resistance
to control the current intensity supplied to said
load device, and the value of said second resist-
ance to vary the attenuation of said high fre-
quency currents, the relative rates of said varia-
tions of said portion and said second resistance
being such as to maintain a substantially con-
stant load on said discharge device.

6. The combination, in a coupling network be-
tween a detector requiring a pure resistance load
and an output device, of a pair of tapered resist-
ance potentiometers, said potentiometers having
their terminals at the low resistance ends there~
of connected together through a condenser, and
having their movable members mechanically
coupled together for simultaneous movement to
and from said terminals, said detector being
connected across the terminals of one of said po-
tentiometers, and said load device being con-
nected between the terminal at the low resist~
ance end of said one potentiometer and said mov-

.able members whereby the other potentiometer

el
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and condensér constitute an audio frequency
shunt to said load device, said shunt being vari-
able upon movement of said movable members,
the taper of said potentiometers being such that
in the positions of said movable members where
output currents of large value are supplied to
said load device said condenser has substantially
no attenuating effect at high frequency and upon
movement of said members to reduce said volume
said condenser and said one potentiometer rapid-
ly become effective as a resistance capacity filter
to attenuate currents of high audio frequency.

7. In combination, a resistance adapted to
have electromotive force impressed thereon rep-
resenting  music, a contact variable along said
resistance, a load device connected between one
terminal of said resistance and said variable con-
tact, a second resistance having one end con-
nected to said terminal through a condenser, and
a contact variable along said second resistance,
said variable contacts being mechanically con-
nected for simultaneous movement along said
resistances.

8. In combination, a resistance adapted te
have electromotive force impressed therson rep-
resenting music, a contact variable along said
resistance, a load device connected between one
terminal of said resistance and said variable con-
tact, a second resistance having one end con-
nected to said terminal through 2 condenser, and
a contact variable along said second resistance,

2,074,852

said variable confacts being mechanically coti~
nected for simultaneous movement along said re-
sistances, said resistances having values per unit
of length which increase from the ends nearest
said one terminal to the other, said variable con-
tacts being arranged for simultaneous movement
from said ends nearest said one terminal toward
the other.

9. In combination, a source of currents having
frequencies extending over the audio range, a re-
sistance connected across said source, a load de-
vice connected between one terminal of said re-
sistor and a variable point thereon, said load de-
vice including an audible cutput device, a shunt
path including a capacitance and a variable re-
sistance connected between said variable point
and said resistance, and means whereby the load
on said source is substantially purely resistive
at all positions of said variable point along said
first mentioned resistance notwithstanding said
first capacitance, said means including means to
increase said second resistance as said variable
point is moved away from said terminal, said
capacitance and resistances being of such value
and so proportioned that the attenuation of
higher audio frequency currents increases as said
point is moved toward said terminal to an extent
to compensate for greater sensitivity of the ear
at low volume and high frequencies.

WALTER H. NELSON.
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