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Tone control may be effected, as known in the
art, in an audio amplifier by means of a variable
negative, or reverse, feed-back which affects only
the high pitches of the tonal range.

According to the present invention the relation
of the reverse feedback for the medium tonal
frequencies to the reverse feedback for the low
and high tonal frequencies is made variable by
making the reverse feedback of the medium fre-
quencies, for at least a part of the regulation
range, so great that the rattle, or blur, factor,
that is the non-linear harmonic distortion, is
essentially reduced. B

The advantage of the invention is that either
for the entire range of tone control, or at least
for a substantial part thereof, an appreciable re-
duction practically of all non-linear distortions
is brought about by the tone confrol, since the
most important oscillations lie inside the median
range of the frequency band. This advantage
is unattainable in the arrangement known in the
-prior art, or at best is obtainable only to a limited
extent, for the reason that the high tonal fre-
quencies because of their small amplitudes are
less important so far as the non-linear distor-
tions are concerned. At the same time, in the
arrangement of the invention, simultaneous regu-
l1ation of the high and the low tonal frequencies
with respect to the median frequencies ranges is
obtained in the same sense with the result that
the conditions as affecting the low frequency spec-
trum is essentially preserved.

In the drawings:

PFig. 1 shows a circuit diagram embodying the
invention,

Fig. 2 shows graphically the functioning of the
invention,

Fig. 3 shows a modification,

Fig. 4 graphically shows the operation of Fig. 3,

Tig. 5 shows another modification,

Fig. 6 shows the functioning of Fig. 5,

Figs. 7 and 8 show two other modifications,

Figs. § and 10, respectively show the operation
of two different tone control arrangements,

Fig. 11 shows still another modification,

Fig. 12 shows graphically the operation of
Fig, 11, S

An embodiment of the invention is shown in
PFig. 1, which shows the circuit of a two-stage re-
sistance-coupled audio amplifier of a receiver ap-
paratus. The audic oscillations to be amplified
are fed to the control grid of tube Vi, and after
amplification they are fed from the output end
of the power amplifier tube V2 by way of power
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transformer T to the loudspeaker La. The poteti-
tial acting at the loudspeaker is impressed at the
same time upon the series arrangement of &
pblocking condenser Ci and three ohmic resistances
R, Ri, and Rk. Resistance R is in the form of a
variable voltage divider. The slider S of the lat-
ter is connected with the cathode of tube Vi.
Since the lower end of resistance Rk is connected
with the grounded return lead, it will be seen that
the portion of the resistance R between the left-
hand terminal ¢ and the slider S, and the re-
sistances R:1 and Rx are contained in the cathode
lead of tube Vi. As a result reverse feedback of
the output alternating potential to the cathode of
the input tube is established, since only the re- -
sistance Rk, which substantially is proportioned
for the production of the mean grid biasing volt-
age of tube Vi, is bridged capacitively.

In order to preclude the chance of an unduly
great variation of the grid biasing potential, the
resistance R may be made substantially smaller
than the sum of R: and Rx. If it is impossible to
choose the value thereof as stated;, for reasons
of an insufficient control range, then even for
small resistances Ri1 and Ri an additional cur-
rent, say from the screen grid voltage divider
of ‘the preceding or input tube, may be passed
through Rx whereby the drop of potential across
the same is raised, so that the grid biasing voltage
will be affected less markedly by the regulation
of R. - ) ) :

The slider S and the righthand end of resist-
ance R, are associated with each other by a par-
allel cireuit L—C which is tuned to around 800
to 1000 cycles; in other words to the median
frequencies of the signal band. The said parallel
circuit substantially transmits the very low fre-
quencies, say from zero to around 200 cycles, and
the very high frequencies, say from 2000 up to
10,000 cycles (compared with the resistance R),
whereas for the median frequencies, say from
around 200 up to 2000 cycles, it constitutes a com-
paratively high impedance. If the slider S is po-
sitioned at b, the filter circuit is ineffective and
the reverse feedback has its maximum value, that
is uniformly for all frequencies. Hence, there
results a gain curve which corresponds to graph
B in Fig. 2, where the amplification (V) is plofted
against the frequency (f) in cycles. Bub if the
slider is located at point a, the result is a charac-
teristic like graph A, Fig. 2. In the case of this
curve the amplification for the very high and the
very low frequencies has increased but slightly
since almost the entire alternating output po-
tential prevails across the ohmic resistance in-
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cluded in the cathode lead. But the median fre-
quencies suffer an appreciable drop of potential
" across the parallel arrangement R—C—IL, with
the result that for these. frequency ranges the
reverse feedback is substantially smaller so that
“the gain turns out esséntially higher. In other
words, - the amplification comes pretty close to
what would be obtained in the absence of the re-
verse feedback, as represented in Fig. 2 by the
- dash-line.

* the characteristics as shown in Fig. 2 is particu-
larly adapted to receiver- sets which are not
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tained. The reverse feedback, and thus the am-

plification, for the high and the low notes re-
mains essentially unaltered in the contro] or reg-
ular action, while the reverse feedback and thus
the amphﬁca.tmn for the median tones is vari-
able within wide limits. In.one of the end po-

~-sitions (b) the high and the low pitches are:

10
“The circuit shown in Fig. 1 which- produces_

equipped: with a completely actlng attomatic

volume control, and in which the tone control is
to be used at the same time for the volume con-
trol actuated manually so as to compensate and
balance the differences in signal strength 6f the
various transmitter stations. In this arrange-
ment a local station is received and heard with
comparatively little amplification, little distor=
- tion, and uniform gain for all frequiencies, where-
as ‘a distant transmitter station is heard with
greater amplification; while the high and the low
tonal frequencies are slighted. The attenuation,
or.-slighting, of -the high tonal frequencies
means a reduction in'the atmogpheric interfer-
ence. So far as the important range of the medi-

an frequencies is concerned, the highest possible’

amplification of the amplifier is utilized, though
some of the chances of appreciably reducmg the
non-linear distortions are.lost. .
- A modified form of construction of the ‘inven-
tion is shown in Fig. 3.. The altematmg poten-
- tial used for the negative feedback in this scheme
is derived from a. distinet winding Z of the out-
put transformer T;-and impressed upon the series
path comprising the blocking condenser  Ci, the
voltage divider resistance ‘R -"and the resistance
" Ri. 'The filament of tube Vi-is fixedly connected
with the junction of resistanceé Ri and resistance
R, while between the slider S and the righthand
termmal of resistance R is. connécted the par-
allel” cucult L—C. "What is obtained in such
cases are amphﬁcatlon curves as & function of
the position of the slider S, as shown in Fig. 4
" for-the two limiting or -end posmons ‘In this
~ circuit the reverse feedback so far as the median
ranges of frequency are concerned. is high at all

events; as a result a marked reduction of the :

non-linear distortions is brought about through-
out the entire range. "It is only in one of the
end positions ¢b) where the. negative feedback
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favored with respect to the median frequencies,

while in the other end position (a) they are

slighted. In the case of a receiver set with in-
complete velume control, one of the end. posi-
tions, that is (b) is suited for the reception of
local stations, and thé other end position is suit-
ed for distant station reception, if the same mean
volume is desired. In the presence of stable and -

~constant mean input alternating potential, the

regulation results in orthophonic sound volume .
control;, that is faithful reproduction. -
Symmetric form- of the graphs A and B as
shown is obtainable, according to a closer ex-
amination and consideration, only if the resist-
ances R1 and Rz are of like size.  The range of
variation for the median tonal frequencies in this
instance is given by the ratio of R:R+Ri. -If,
on the confrary, Ra is low in contrast to Ri, then
the form of the curves comes closer to that shown -
in Fig. 2. If resistance Rz is high in comparison
with Ri, then the shape of the curves will come
to resemble more . closely that of the curves in
Fig. 4.
© In the circuit shown in Fig. 5 just as in the
arrangement of Fig. 1, the grid biasing potential

- of tube Vi1 is altered by the regulation here con-

cerned. . This : effect is obtainable by choosing
suitable dimensions for the resistances and, op--
tionally, also by connecting in series with Ri a
capacitively shunted resistance Rk in line Wlth N
the circuit shown in Fig. 1.

In the arrangement shown in Fig. 7 the re=
verse feedback potential acts upon the series path

‘of -condenser Ci, resistance R and resistance Ru

The last-named resistance is permanently in the
cathode lead of tube Vi The righthand termi-

" nal, or end point, b of resistance R by way. of

4

T

is the same for the high and the low notes as

for the middle notes,’ while in the opposite end
,pos1t10n (@) the reverse feedback for the high
and the low pltches is higher than for the medi-
an range.
feedback - increases but. slightly. - The cn*cmt here
disclosed: is- paltlcula,rly recommended for re-
ceiver "apparatus ‘with complete -automatic Vol-
ume control, or- aud.o amplifiers for phonograph
record reproductlon or the like for which the
mean mput alternatmg potential is substantially
the saine, and where 1nvar1ab1y the same average
sound volume is desired to- be obtained. In fact,

Indeed, for the latter the reverse _

60

the efféct in this mstance 1s that ‘of tone control .

plire and sunple

Another eribodiment is shovvn in Flg 5 The
- output alternatmg potentlal serving -for the re.
verse-feedback acts upon the series path of re-
sistances Rs, R, and Ri.- The sliding ‘contact S
is connected Wlth the ﬁlament of tube Vi, where-
as resistance'R is brldged by the parallel ‘branch
L—C F1g 6 shows the control curves to be ob-

70

the series circuit L—C, tuned to median frequen-
ciés, 'is connected with the-slider S.

- In the circuit of Fig. 8 it is the cathode re-
sistance Ri, rather than the resistance R, which
is included in the lead: that is’ provided with a

slider: S - The latter by way of the series circuit =

L—C is connected with the grounded return lead.
In this circuit regulator curves as Shown 1n Flg
2 are obtainable.

If in the circuit shown in Flg. 1 the parallel
circuit is replaced by a series circuit tuned to
the median frequencies, as for example in Fig. 7,
there result regulation curves of the kind shown

in Fig. 8. In other words; in this arrangement . =

the reverse feedback, and thus also the amplifi-
cation, for the mean tonal- fr equencies stays
practlcally unaltered, while the reverse feedback
for the high and the low tonal frequencies can be
made as low as may be desired with a resultant
emphasis upon these frequencies.

If in the.arrangement of Fig. 5. the parallel cir-
cuit: is replaced by a series circuit, there result
control curves as shown in Fig, 10. In this case
the-high and the low tonal frequencies can at
will be attenuated or favered and raised in com-
parison with the median tonsl frequencies sub-
stantially subject to constant reverse. feedback.
Circuits with control curves as shown in Figs. 9.
and 10 are suitably -used in instances where it is-
possible to figure with a ¢onstant mean input
alternating potential, where a constant a,velage"
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output volume is desired, and where tone control
pure and simple is intended. The circuits' com-
prising parallel circuits frequently will be pre-
ferred for the reason that the self-capacitance
of the coil enters into capacity C. In the case of
the series circuit, the self-capacitance of the coil
1, must be minimized to such an extent that for
the frequency band which is concerned the ca-
pacitive reactance of the coil may still be suffi-
ciently high. .

Regulator or control characteristics of a simi~
lar form may be obtained also only with con-
densers. A circuit of this kind is illustrated, for
instance, in Fig. 11 as incorporated in a single-
stage amplifier. Between the plate and the
grounded return of the tube is a series path of
vesistances Re, R, and Rs. The resistance R i3
capacitively bypassed for the high frequencies by
the condenser C. The sliding contact S by way
of the condenser C’ is connected with the fila-
ment of the tube which, in turn, is associated
with the grounded return lead by way of the re-
sistance R1 which is not shunted capacitively.
Condenser ¢’ must be of such value that across it
an appreciable fall of potential will be caused
for the low tonal ranges, but not for the median
tonal frequencies, the said voltage drop diminish-
ing the negative feed-back for the low tonal fre-
quencies. The resulting control curves are shown
in Fig. 12. In one end position (b the amplifi-
cation for the low notes is essentially lower than
for the high ones, and so much more so for the
low tonal frequencies. In the other position, the
amplification for the median tonal frequencies is
essentially raised with the result that it is now
greater than for the high tonal ranges, for which
the amplification has been raised but little. The
amplification factor for the low tonal frequencies
has been increased somewhat, with the result that
it has nearly reached the value of the amplifica-
tion in the absence of reverse feedback (dash-
line). The circuit as shown is suited for receiver
apparatus with incomplete volume control for
which, say for reasons of the fact that no high-~
grade loudspeaker is available, it is at all events
desirable to insure an emphasis on the low tonal
frequencies.

What is claimed is:

1. In 5 wave transmission network of the type
comprising at least one tube provided with input
and output circuits, said input circult being
adapted to have wave energy of a wide band of
frequencies applied thereto, said tube being pro-
vided with at least a control grid, cathode and
output electrode, said output circuit being coupled
to said output electrode; the improvement which
sneludes a degenerative wave voltage feedback
path coupled between said output circuit and a
point of relatively fixed alternating potential,
means connecting said cathode to a second point
on the path which is at a higher alternating po-
tential than said first point, means connecting
said grid to said fized point, and a resonant cir-
cuit tuned to a narrow median frequency band of
said wide band, operatively associated with said
feedback path to diminish the feedback over said
parrow median band.

2. In a wave transmission network of the type
comprising at least one tube provided with input
and output circuits, said input ecircuit being
adapted to have wave energy of a wide band of
audio frequencies applied thereto, said tube being
provided with at least a confrol grid, cathode
and output electrode, said output circuit being
coupled to said output electrode; the improve-
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ment which includes a degenerative wave voltage
feedback path coupled between said output circuit
and a point of relatively fixed alternating poten-
tial, means connecting said cathode to. a sec-
ond point on the path which is at a higher alter-
nating potential than said first point, means con-
necting said grid to said fixed point, and a reso-
nant circuit tuned to a narrow median frequency
band of said wide band and of the order of 800
to 2000 cycles, operatively associated with said
feedback path to diminish the feedback over said
narrow median band.

3. In a wave transmission network of the
type comprising at least one tube provided with
input and output circuits, said input circuit be-
ing adapted to have wave energy of a wide band
of frequencies applied thereto, said tube being
provided with at least a control erid, cathode
and output electrode, said output circuit being
coupled to said output electrode; the improve-
ment which includes a degenerative wave volfage
feedback path coupled between said output cir-
cuit and a point of relatively fixed alternating
potential, means connecting said cathode to a
second point on the path which is at a higher
alternating potential than said first point, means
connecting said grid to said fixed point, and a
resonant circuit tuned to a narrow median fre-
quency band of said wide band, operatively as-
sociated with said feedback path to diminish the
feedback over said narrow median band, said -
tuned circuit being connected in parallel with
a portion of said feedback path between said
second peint and a third point of the path of
higher potential than the second point.

4. In a wave transmission network of the type
comprising at least one tube provided with input
and output circuits, said input circuit being
adapted to have wave energy of a wide band
of frequencies applied thereto, said tube being
provided with at least a control grid, cathode
and output electrode, said output circuit being
coupled to said output electrode; the improve-
ment which includes a degenerative wave voli-
age feedback path coupled between said output
circuit and a point of relatively fixed alternating
potential, means connecting said cathode to a
second point on the path which is at a higher
alternating potential than said first point, means
connecting said grid to said fixed point, and a
resonant circuit tuned to a narrow median fre-
quency band of said wide band, operatively
associated with said feedback path to diminish
the feedback over said narrow median band, said
tuned circuit being connected in parallel with a
portion of said feedback path between said sec-
ond point and a third point of the path of higher
potential than the second point, and means for
varying the potential difference between said
second point and third point.

5. In an audio amplifier of the type provided
with a tube having input and output electrodes,
means impressing audio signals on the input
electrodes, a resistive element in space current

~ path of the tube which is common to the input

and output electrodes, an output circuit coupled
to the output electrodes, a degenerative audio
voltage feedback path coupled between said out-
put circuit and said resistive element, said path
including a second resistive element .in series
with the first resistive element, and a resonant
circuit in shunt with at least a portion of the
second resistive element, said resonant circuit
being_tuned to a median band of audio fre-
quencies.



%

~. 6. In an sudio amplifier of the type provided

with ‘a tube having input and output electrodes,
means impressing  audio signals on’ the input
-electrodes, a resistive element in space.current
bath of the-tube which is common to the input
and output-electrodes, an output circuit coupled

to the output’ electrodes; a degenerative audio .

voltage feedback path coupled between said out-
put 'cirquit and said resistive element, said path
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including -a second -resistive ‘element in  series
with. the first resistive element; and a resonant
circuit in shunt with ‘at-least a portion of the
second resistive element, said resonant: circuit
being tuned to a median band of sudio frequen-
cies, and means for -varying the magnitude -of
the second resistive element portion in shunt
with said resonant circuit, - L
g B -LOTHAR BRUCK. .




