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11 Claims.

This invention relates to electrical circuit con-
trol devices and more particularly to control cir-

_ cuits for automatically controlling the gain of -

electronic amplifiers in sound translating sys-
tems. o
An object of the invention is to provide an im-
proved method of controlling the volume range
in electro-acoustical translators. .
Another object is to provide means for demod-

ulating a control voltage used for automatic vol-.

ume control so as to prevent sound frequencies
from reaching the gain control member of the
sound translating system. )

Various other objects and advantages will be-
come apparent to those skilled in the art as the
nature of the invention is more fully disclosed.

In automatic volume control circuits in which
the gain of an electronic amplifier is controlled
hy means of a control voltage derived from the
input or output circuits of the sound translat-
ing channel, it is desirable that the control volt-
age should vary in accordance with the sound
energy, and not, as is generally the case in the
existing control circuits for automatic volume

control, according to the peak amplitudes which

occur in the signals,
. 'The fact that in the volume control devices so
" far applied to automatic volume control the con-
trol voltage produced by rectification of the
sound responsive electric oscillations varies as
. the envelope of the rectified amplitudes involves
the drawback that occasional peak amplitudes
occurring in a sound selection will have a pre-
dominant effect on the control voltage. Thus,
for instance, in the case of volume compression
during the recording of sounds the peak ampli-
tudes will cause a sudden decrease of the gain of
the amplifier, whereby the values of the subse-
quent amplitudes of the sound selection are re-
duced below the correct level, and the dynamic
quality of the programme is thereby minimized.
A substantial improvement in the dynamic quali-
ty would be achieved, if the control voltage could
be caused to vary according to the sound energy
- instead of following the envelope of the rectified
currents, as the effect of the peak ‘amplitudes
- would thereby be less pronounced. : o
In electrical filter circuits comprising a recti-
fier, a parallel condenser, a series resistance and
a load resistance, the control voltage across the
condenser may be caused to vary proportionally
with the mean value of the rectified amplitudes,
brovided that the charge time which is essen-
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resistance are substantially of the same order.
If the rectifier has a square law characteristic or
if the input signal has beforehand undergone 2
deformation according to a logarithmic law, the
D, C. control voltage derived from s circuit of

 this kind will vary according to the mean value

of the squares of the amplitudes, i. e., in ac- .
cordance with the energy of the sound responsive
electric oscillations or, in other words, according
to the sound energy.

However, the energy responsive control voltage
derived. from such a circuit will contain audio-
frequency fluctuations, and it is therefore neces-~
sary to provide means for demodulating the con-
trol volfage before it can be applied to the gain
control member, ’ ' )

A feature of the invention consists in the use
of separate circuits for producing an energy re-
sponsive control voltage and for demodulating
the said control voltage. . :

In one embodiment of the invention the con-
trol voltage is derived from the first mentioned
control circuit, wherein the voltage across. the
condenser is caused to vary in accordance with
the sound energy, and the demodulation is effect-~
ed by suitable choice of the discharge time con-

" stant of a parallel condenser included in the
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tially determined by the series resistance and the

discharge time constant determined by the load

65

second circuit.

In ‘another embodiment of the invention the
demodulation of the control voltage is effected by
providing means in the second circuit for main-
taining the control veltage derived from thé first
mentioned circuit at a constant level during a
predetermined time interval after the cessation
of the sound amplitudes. '

For a better understanding of the invention
reference is made to the accompanying drawing
in which ’ :

Fig. 1 illustrates the curves of the signal cur-
rent and the variations of a control current ob-
tained by rectification of said signal current,

Fig. 2 illustrates a circuit for producing a con--
trol voltage proportional to the volume and free

_irom audible modulation,

Fig. 3 is a modified circuit of the same kind,

Fig, 4 Hllustrates a voltage-time curve of the
condensers shown in the ecircuits in Figs. 2 and 3,

Fig. 5 is a diagram of the discharge time for
two different values of the control voltage ac-
cording to the circuit shown in Fig, 3, and
- Fig. 8 Is a modification of the circuit shown
in Fig. 3. ‘

Referring to the accompanying drawing, in Fig.
1, curve ! shows the variation of a signal voltage,
1. e., sound responsive electric oscillations during




2

a time interval, whereas curve 2 shows the resuli-
ing variation after rectification and passage
through a filter condenser. Provided that the
frequency represented by curve { is the normally
lowest frequency, for example 30 cycles, it will be
seen that if the discharge time of the filter con-
denser is a relatively short one, for example of
the same order as the charging time, the voltage
across the condenser will start to fall immedi-
ately after the passing of cne rectified current
impulse. Curve 2 will thus follow the shape of
curve | and will, therefor, have a definite modu-
lation.

Fig. 2 shows
rangement according to the invention in which
the energy responsive control voltage is produced
by feeding a portion of the sound responsive elec-
tric oscillations to a circuit comprising input
terminals a1 and a2, the rectifier Ei, a series re-
sistance Ri, & parallel condenser Ci and a load
resistance Re. The characteristic of rectifier E1
- and the value of the resistances Ra and Rz which
determine the charge and discharge times of
condenser Ci respectively are matched in such
a-way that the voltage variations across the con-
" denser C1 are proportional to the volume of the
signals, or, in other words, vary in accordance
with the sound energy. Connected in series with
the first mentioned circuit is the second circuit

comprising a blocking rectifier Ez, a parallel con- .

denser Cz and a load resistance comprising the
space discharge path of an electron discharge

tube, preferably a pentode P. The output ter-

minals of the second circuit b: and b2 are con-

nected with the anode and cathode respectively

of the said pentode. The demodulation of the
energy responsive control yoltage produced across
the condenser C: is effected by means of the last
mentioned filter circuit including the condenser
Cgz, the discharge time constant of which may be
chosen sufficiently long as to remove audible mod-
ulation from the control voliage. By loading
the condenser Ca with the circuit of the pentode
P the result is achieved that the control voliage
across the condenser Cz decreases proportionally
with the time after cessation of the sound respon-
~ sive oscillations. It will be realised that instead
of using the pentode P any equivalent load re-
sistance such as a resistance in conjunction with
a self-inductance may be applied. The embodi-
ment shown in Fig. 2 may be used in such cases
where conditions permit of a long discharge time
of the control voltage, as for instance when the
reverberation of a room has to be corrected.

In many cases, however, for instance in elec-
tro-acoustical sound transmission using logarith-
mic compression, such a long discharge time as
that of a circuit as shown in Fig. 2 will result in
distortion. In such cases therefor, it is necessary
to take special precautions to render the control
voltage free from modulation. A modified circuit
adapted to this purpose is shown in Fig. 3 in
which the arrangement of the condenser dis-
charge circuit supplying the control voltage is
such that the discharge of the condenser is de-
layed during a suitable time interval so as to
maintain the control voltage at a constant value
during the said time interval, whereupon the con-
denser is rapidly discharged.

The operation of this circuit arrangement is
as follows:

A portion of the sound responsive electric oscil-
jations is impressed on the input terminals a1 and
aa of the primary winding PW in a transformer
T, the secondary winding SW of which is con-

an embodiment of a circuit ar-’
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nected with the anodes of two jodide rectifiers Eo
connected in push-pull. The cathodes of the
said rectifiers Eo are connected through a series
resistance Ri1 with one terminal of 4 filter con-
denser Ci, the charge time of which is essentially
determined by the value of resistance Ri, whereas
the discharge time of the said condenser is de-
termined by the value of the load resistance Ra.
The other terminal of condenser C: is connected
with the midpoint tap Q of the secondary winding

* SW. The values of the resistances R: and Rz
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are so chosen that the charge time and discharge
time of condenser Ci are approximately of the
same order, for example 3 milliseconds and 10
milliseconds. Assuming that the rectifiers Eo
have a square law characteristic or that the
sound responsive electric oscillations have under-
gone a logarithmic deformation, the voltage
across the condenser Ci will consequently vary
according to the sound energy.. However, this
voltage will be heavily modulated having super-
the D. C. component an A. C. com-
ponent as shown in curve 2 of Fig. 1. The am-
plitudes of this A. C. component—an indication
of the amount of modulation—depend partly on
the frequency of the original sound responsive
oscillations and partly on the discharge time of
the condenser Ci, the modulation increasing the
lower the frequency and the shorter the discharge
time. ‘

Parallel with the condenser Ci there is a block-
ing condenser Cz which is being charged at the
same time through a diode rectifier Ex. Now this
blocking condenser Csz, the function of which will
be described in the following, is discharged con-
siderably slower than condenser Ci, namely, with
a discharge time of the order of 100 milliseconds
which is caused by the load resistance of the
blocking condenser. As in the emhodiment shown
in Fig. 2, the load resistance of condenser Cz is
an electron discharge tube, preferably a pentode
P, providing for a constant discharge current,
whereby the voltage of the blocking condenser
decreases proportionally with the time.

Referring again to Fig. 3 it will be seen that
parallel with a part of the 1oad resistance Rz is a4 -
third condenser C: which is being charged
through rectifier E2 with a voltage slightly lower
than that across condensers Ci and Cz, and which
is connected to the anode of the pentode P
through a blocking rectifier Ea.

As long as the voltage across the blocking con-
denser C: is higher than the voltage across con-
denser Ci, the latter will-have an infinite dis-
charge time owing to the blocking rectifier E:
which will prevent discharge through the re-
sistance Re. The voltage across the condenser
C; will therefor remain constant during a certain
time interval, until the voltage across the block-
ing condenser C2 has decreased by discharge
through the pentode P below the value of the
voltage across condenser Cs. At that moment,
however, the last mentioned condenser will be
discharged through the blocking rectifier E3 and
the pentode P. .

) The voltage variations across condensers Ci,
&2 and Cs is illustrated in Fig. 4, wherein the cor-
responding voltages are indicated at 1, 2 and es.
The starting time of all the three voltage, is in-
dicated by the time interval fo—*%1, the voltage
e1 (varying as already mentioned in accordance
with the sound energy) is heavily modulated ow-
ing to the short discharge time constant of con-
denser C: and therefore cannot be used directly
as a control voltage. The voltage ez across the
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blocking condenser Cz of Fig. 3 follows mainly the -

variations of voltage e1. Since, however, the con-

denser Cz has a larger discharge time constant

the audible modulation will be much less.” When
conditions are arranged so as to provide for a

long discharge time, as represented in PFig. 4 by .

the straight line u—t7 which represents the dis-
charge time of condensers Cz and Cs, it may be
possible to obtain a sufficiently low degree of

modulation of the voltage ea so as to permit this'

voltage to be used directly as a control voltage, as
assumed in the embodiment shown in Fig. 2,

" The curve e3 in Fig, 4 represents the voltage
variations across the condenser Cs in Fig.3. Ow-
ing to the function of the blocking condenser Ca
in conjunction with the blocking rectifier Ez the

control voltage e; will remain constant within

certain time intervals t1—# and i3—1%5 and will
consequently be free from audible modulation.
The discharge time-interval of condenser Ci is
represented by ti—is whereas ti—=#r represents
the discharge time of condenser Ca, .
- As is shown from the above, the value of the
control voltage is given by the energy as distinct
from the peak value of the sound responsive elec-
tric oscillations passing through the rectifiers Eo
to condenser Ci. :
The relation between the values of the control

increasing  amplitudes. - ‘The discharge of the
condenser Cs is in this case represented by the
dotted line e’>—¢'’7 in Fig. 5. It will be seen that
the constant voltage interval e’s—z correspond-
ing to voltage e’s is now equal to the constant

.voltage time interval '’y corresponding to volt-

. age e’'3.
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voltage es, Fig, 4, and the time interval during -

which the control voltage remains constant after
- cessation of the sound is illustrated in Fig. 5.

E’s and E’’s are two different values of the con-
trol voltage across condenser C; af the time ¢q
when the sounds disappear. e’z and e’’z are the
corresponding values of'“the
blocking condenser Ca. fi—t’y and {«—%'"7 are
the corresponding discharge times of the latter
condenser, whereas t's—#'7 and t"’s—t''1 are the
discharge times of condenser Cs corresponding to
the control voltages e’s—e’’3 respectively. It will
be seen that the constant voltage interval
t'y(=ts—1t"5) is considerably larger than the cor-

voltage across the :
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responding interval #’v(=ts—#'"s) s0 that the

stant voltage. interval £v.
Owing to the fact, that, in a musical pro-
gramme the low notes which are of particular

bigger the control voltage es; the longer the con-

The  modified circuit arrangement shown in
Fig. 6 is similar to that of Fig. 3, there has been
added, however, a rectifier circuit comprising an

“auxiliary winding SW3 on transformer T, 8 rec--

tifier B4, a parallel condenser Ca and an adjust-
able load resistance Rs the movable contact of
which is connected to the control grid G of the
pentode P. A battery B supplying a negative
bias eg o one terminal of the said load resistance
or potentiometer Rs is inserted in series with one
of the output terminals bz of the control circuit.

- The operation of this circuit arrangement is as
follows:

.Sound responsive electric oscillations induced .
in secondary SW: are rectified by rectifier E: and
the rectified pulses charge condenser Cs  The
voltage across this condenser incresses propor-

-tionally with the amplitudes of the input oscilla-

tions and opposes the negative bias on the control
grid @G so that the discharge current through the
pentode P will increase proportionally with the
increase of the input amplitudes. The rate of
increase may be arbitrarily adjusted by the set- -
ting of the slidable contact of resistance Ras.

I claim: i :

1. In a sound translating and amplifying sys-
tem, & control device for variably controlling the
gain of amplification comprising a rectifier and
a primary filter circuit adapted to produce
control voltage proportional to the mean value
of the rectified pulses, a secondary filter cir-
cuit coupled to the said brimary filter circuit;
and blocking means inserted between the pri-
mary and secondary circuit for rendering the
releasing time of the said -secondary circuit in-
dependent of the time constants of the said pri-
mary circuit. : )

2.Ina sound translating and amplifying sys-

© tem, a control device for variably controlling the

importance with regard to the quality of the -

sounds generally oceur with g large acoustical en-
ergy as compared with the high notes, the low
notes will, in general, give rise to relatively large
. control voltages.
voltage time interval will normally be larger at
lower than at higher frequencies of
sponsive electric osc!llations.

Since, on the other hand, the audible modu-
lation is more pronounced in the control voltage
derived from low notes the increased constant
voltage time interval will normally provide for g
satisfactory demodulation.

In special cases, however, suich as in broadcast-
ing of grammophone recording, the low frequen-
cles are often suppressed such that the lower
notes do not occur with a relatively large acousti-
cal energy. In such cases there is no reason for
having different constant voltage time intervsis
at different control voltages, and it may, there-
fore, be desirable to provide means for keeping
.the constant voltage time interval independent of
the value of the control voltage. o

- In a further embodiment of the invention
which is illustrated in Fig. 6 this result is
achieved by providing means for incljeasing the
discharge time of the control voltage condenser
.C3 so that the discharge current increases with

Consequently, the constant

saln of amplification comprising a rectifier and
a primary filter circult adapted to produce a

" control voitage broportional to the mean value .
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the sound re- -
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of the rectified pulses, a secondary filter cir-
cuit coupled to the said primary filter circuit
and adapted to remove audible modulation from

_the said control voltage, and a blocking circuit

for preventing the release of the said secondary
circuit during a predetermined time interval so
as to maintain the said control-voltage at a con-
stant value during the said time interval.

3. In a sound translating and amplifying sys-
tem, a control device for variably controlling the
gain of amplification comprising a rectifier and
a8 primary filter. circuit adapted to produce a
control voltage proportional to.the mean value
of the rectified pulses, a secondary filter cir-
cuit coupled to the said primary filter ' circuit
and adapted to remove audible modulation from
the said control voltage, a blocking circuit for
preventing the release of the said secondary cir-
cuit during a predetermined time interval so as
to mainfain the said control voltage at a con-
stant value during the sald time interval and
unidirectional means inserted between the said
primary circuit and the said secondary and
blocking . circuits for rendering the discharge
of the last mentioned circuits independent of the
first mentioned circuit, ‘

3
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4. In a sound translating and amplifying sys<
tem, & control device for variably controlling the
gain of amplification comprising a rectifier and
a filter circuit adapted to produce a control volt-
age proportional to the mean value of the rec-
tified pulses, a second filter circuit and a block-

ing circuit: means for impressing & fraction of

the said control voltage on the said second filter -~

circuit, means for impressing a greater fraction
of the said control voltage on the said blocking
circuit, and uni-directional means inserted be-
tween the blocking circuit and the second filter
circuit so as to prevent the release of the second
filter circuit during a predetermined interval

5. In a sound translating and amplifying sys-
tem, a control device for variably controlling the
gain of amplification comprising a rectifier and a
primary filter circuit adapted to produce & con-
trol voltage proportional to the mean value of the
rectified pulses, a secondary filter circuit coupled
to the said primary filter circuit and adapted to
remove audible modulation from the said control
voltage, and a blocking circuit for delaying the
release of the said secondary circuit, said second-
ary circuit and said blocking circuit having sep-
arate condensers and a common discharge path,
means for charging the condenser of the block-
ing circuit to a higher potential than the con-
denser of the secondary circuit, and uni-direc-
tional means inserted between the last mentioned
condenser and the said discharge path so as to

prevent the release of the secondary circuit dur-

ing a predetermined interval.

6. In' a sound translating and amplifying sys-
tem, a control device for variably controlling the
gain of amplification comprising a rectifier and
a primary filter circuit adapted to produce a con-
trol voltage proportional to the mean value of the
rectified pulses and including a condenser and a
parallel resistance, a secondary filter circuit cou-
pled to a part of said resistance and a blocking
circuit coupled to a greater part of said resist-
ance, said secondary circuit and said blocking
circuit having separate condensers and a common
discharge path, and uni-directional means in-
serted between the condenser of the secondary
circuit and the said discharge path so as to delay
the release of the secondary circuit during a pre-
determined interval.

7 In a sound translating and amplifying sys-

tem, a control device for variably controlling the
gain of amplification comprising an input trans-
former, a rectifier and a primary filter circuit
adapted to produce a control voltage proportional
o the mean value of the rectified pulses and in-
cluding a condenser and a parallel resistance, a
secondary filter circuit coupled fo a part of said
resistance and a blocking circuit coupled to a
greater part of said resistance, said secondary
circuit and said blocking circuit having separate
condensers and a common discharge path, a pen-
tode having its anode-cathode resistance inserted
in the said discharge path and uni-directional
means inserted between the condenser of the
-said secondary circuit and the anode circuit of
the said pentode so as to prevent the release of
the secondary circuit during a predetermined
time interval. .

8. In a sound translating and amplifying sys-
tem as defined in claim 7 the addition of a recti-
fer circuit including an auxiliary secondary wind-
ing on the said input transformer, a rectifier,
a parallel condenser adapted to be charged
through the said rectifier, an adjustable load re-
sistance connected across the said condenser, &

10

12,382,536

movable contact on the said load resistance, and
means connecting the said movable contact with
a control grid of the said electron discharge tube
and adapted to impress & variable negative bias
on the said control grid so as to increase the dis-
charge current through the said electron dis-
charge tube proportionally with the increase of

" the signal current.

9. In a sound translating and amplifying sys-
tem, & control channel, means applying a portion
of the signal energy to the said control channel,
an input transformer having its secondary wind-
ing inserted in the said control channel, a pair
of diode rectifiers connected in push-pull in the
said control channel and adapted to rectify the
control energy, & paraliel condenser adapted to
pe charged through the said rectifier and having
charge and discharge time constants of substan-
tially the same order so as to produce a control
voltage proportional to the variation of the signal
energy, means impressing the said control voltage
on a filter circuit comprising a blocking rectifier,
a secondary filter condenser, an electron dis-

" charge tube having its anode connected to one

30

. g parallel condenser and a
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terminal’and its cathode connected to the other
termina) of the said filter condenser, and means
impressing the said control voltage on the am-~
plification of the said sound translating and am-
plifying system.

10. In g sound translating and amplifying sys-
tem, a control device for variably controlling the
gain of said amplifier, a primary rectifying and
filtering circuit including a square law rectifier,
Joad resistance and
having operating and releasing times of substan-
tially the same order, a secondary filter circuit
the said primary circuit through &
tapping on the said load resistance and including
a filter condenser and a rectifier inserted between
one terminal of the last mentioned condenser
and the said tapping, a blocking circuit including
a blocking condenser connected in parallel with
the said load resistance of the said primary cir-
cuit, a rectifier inserted between one terminal of

5 said blocking condenser and said load resistance,

an electronic discharge tube having its anode con-
nected with one terminal and its cathode con-
nected with the other terminal of said blocking
condenser, and a blocking rectifier inserted be-
tween the anode of the said electron discharge
tube and one terminal of the ilter condenser of

" the said secondary circuit.
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11, In & sound translating and amplifying sys-
tem, a control channel, means applying a portion

5 of the signal energy to the said control channel,

an input transformer having its secondary wind-
ing inserted in the said control channel, & pair
of diode rectifiers connected in push-pull in the
said control channel and adapted to rectify the
control energy, a parallel condenser adapted to be
charged through the said rectifier and having
charge and discharge time constants of substan-
tially the same order so as ‘to produce a control
voltage proportional to the variation of the sig-
nal energy, means impressing the said control
voltage on a filter circuit comprising a blocking
rectifier, a secondary filter condenser, an electron
discharge tube having its anode connected to

- one terminal and its cathode connected to the

other terminal of the said filter condenser, and
means impressing the said control voltage on the
sound translating and amplifying system toinflu- -
ence the amplification,

KARL HERMANN FRANZ SCHLEGEL,



