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""The invention relates to an arrangement for
automatic adaptation of the amplification factor
of a low-frequency amplifier comprising repro-
ducing apparatus to the sound level of the sur-
roundings of this reproducing apparatus. The
arrangement is more particularly intended for
use as & loudspeaker system on railway yards,
where the intensity of sound energy prodiuced by
the station loudspeaker with respect to that of
the surroundings is reguired to be a constant
number of decibels, for example 40 decibels,
higher, since in this case the intelligibility of the
sound emitted by the loudspeaker will always be
the same,

A Eknown arrangement for this purpose com-
prises a microphone, an amplifier and s loud-
speaker, while in the surroundings of the loud-
speaker provision is made of an auxiliary micro-
phone from which a confrol-voltage is taken
which controls the amplification factor of the
said amplifier. Such an arrangement entails the
difficulty that the auxiliary microphone nrot only
receives the sound of the surroundings but also
part of the sound energy of the loudspeaker, so
that there is a risk of acoustic back-coupling.
In the known arrangement, efforts have been
made fo solve this problem by deriving the con-
trol voltage with the aid of which the amplifi-
cation factor of the amplifier is controlled from
the difference between a voltage derived, by rec-
tification, from the auxiliary microphone and a
voltage which is proportional to the amplitude
of the current flowing through the microphone
in such manner that this difference voltage is
only a mesasure of the sound level of the sur-
roundings. This method ensures that the sound
energy produced by the loudspeaker exceeds by
approximately 10 decibels that of the surround-
ings. When aiming at a higher value of this en-
ergy ratio, the difficulty is experienced that the
two components, the difference between which
must yield the control-voltage, have a very high
value with respect to this control voltage, so that
very small phase-displacements hetween these
two' components, provoked, for example, by a
variation of the acoustic spacing between the
loudspeaker and the auxiliary microphone, may
cause acoustic back-coupling,

The invention permits the enrgy ratio between
the sound produced by the loudspeaker and that
produced by the surroundings to acquire an arbi-
trary value, since only during the time in which
no acoustic energy is emitted by the loudspeaker
will a control voltage which controls the ampli-
fication factor of the amplifier be derived from
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the auxiliary microphone. From the instant the
loudsneaker emits acoustic energy, this control-
voltage acquires a value independent of the volt-
age set up at the auxiliary microphone.

In order that the invention may be more clearly
understood and readily carried into effect, it will
now be described more fully with reference to
the accompanying drawing, given by way of ex-
ample, in which Fig. 1 represents in block form
the system according to the invention and Figs.
2 and 3 represent embodiments of the invention.

In Fig. 1 the reference numerals f and 2 desig-
nate two amplification stages with the aid of
which the electrical oscillations derived from a
microphone 3 are amplified and, by means of re-
producing apparatus (for the sake of simplicity
represented by a loudspeaker 4) converted into
acoustic oscillations. The loudspeaker 4 is housed
in a space (for example in a railway yard) where
at the same time other sound sources 5 (for ex-
ample moving trains) are operative. The sound
energy produced by the loudspeaker 4 and the
sources § is picked up by an, auxiliary microphone
6 from which, with the aid of a circuit 7, a con-
trol-voltage is derived which controls, through
8 lead 8, the amplification of the amplifier 2.

According to the invention the circuit 7 is con-
trolled in such manner by an alternating voltage
supplied threugh a lead 8 that only if this alter-
nating voltage is equal to zero and, consequently,
the energy emitted by the loudspeaker 4 is equal
to zero, will the control voitage produced in the
lead 8 depend upon the voltage produced by the
auxiliary microphone §. From the instant the
alternating voltage of the lead 8 is not equal to
zero, for example due to speaking into the micro-
rhone 3, the control-voltage produced in the lead
8 is independent of the voltage set up at the auxil-
iary microphone.

Pigs. 2 and 3 show suitable examples of such g
cireuit 7. They are based on the fact that a con-
denser 14, having g capacity of a few uf., through

vhich a voltage controlling the contro] voltage
is produced, is rapidly charged to g voltage cor-
responding to the sound level of the surroundings
and fed to the terminals 10 during the time the
alternating voltage set up at the terminsls 9 is
equal to zero, whereas this condenser is very
slowly discharged during the time this voltage
is not equal to zero. In order to ensure a very
slow discharge of the condenser {1, the circuits
comprise a series-circuit which is controlled by
& voltage supplied through the lead 18 to the
auxiliary microphone §, this series-cireuit com-
prising the discharge tubes 12 and {3 which pass




2,517,629

3

current in the same direction and a source of
supply voltage 14. - One terminal of the conden-
ser 14 is connected to a point {5 having a poten-
tial defined with respect to the source of supply
voltage {4, whereas the other terminal is con-
nected to a point of the said series-circuit lo-
cated between the two discharge tubes, the two
-discharge tubes {2 and (3 being conductive only
if the alternating voltage set up at the terminals
9 is equal to zero. Consequently, the condenser
{1 can only ke discharged through insulating re-
sistances having a total value of, say 1000 Mg, so
that a very long discharge time constant of sev-
eral thousands of seconds may be achieved.

According to Fig. 2 the oscillations fed to the
terminals 8 are rectified with the aid of a recti-
fier 1§ and smoothing filler i1, whereupon this
rectified voltage is sufficient to open the normally
nonconductive, gas filled discharge tube 18 which
is fed by a source of altérnating voltage 18. The
alternating voltage produced in the output trans-
forrner 28 of the tube (8 is rectified with the aid
of the two rectifying circuits 24 and 22, the out-
put voltages of which sufiice to cut off the two
tubes 12 and I8. The time constant of the cir-
cuit 18, {1 is of the order of magnitude of several
milliseconds and consequently small enough to
prevent any undue acoustic back-coupling phe-
nomena. The discharge time constant of the cir-
cuits 21 and 22 is, for example, of the order of
magnitude of a few tenths of a second.

1f no voltage is produced across the lead @ the

tube 18 is cut off, so that the tubes 12 angd i3 are
conductive. In the grid circuit of the tube 12 the
voltage across a smoothing filter 23 is operative.
This is achieved by rectifying the voltage fed to
the terminals 10 with the aid of a rectifier 24,
owing to which the conductivity of the tube {2 is
controlled in accordance with the voltage across
the terminals I8 i. e. in accordance with the
sound energy of the surroundings. Heuce the
condenser {{ acquires a potential which is de-
termined by the ratio between the resistance of
the tube 12 comprising a. cathode resistance 25
and the sum of the resistances of the tube (2 and
13, the time constant for charging the condenser
I being determined by the product of the. value
of this condenser and the parallel-resistance of
the aforesaid resistance and having, for instance,
a value of 50 msecs.
" The voltage produced across the condenser ti
is ‘amplified with the aid of the tube 26, after
which the control-voltage is token, through the
filter 27 having a time constant of some few
tenths of a second and effecting a gradual varia-
tion of the amplification factor, from the fermi-
nal 8.

In the circuit-arrangement shown in Fig. 3 the
oscillations supplied through the terminals 8 are
amplified and rectified with the aid of the tube
16 comprising a high anocde-resistance 29 and a
decoupling condenser i1. The voltage produced
across the resistance 28 is operative in the grid-
circuits of tubes {2 and {3 and renders these
tubes conductive only when the alternating volt-
age set up at the terminals § is equal to zero.
The time required for charging the condenser 11
for example of 0.1 xf.) is only 1 msec., since the
internal resistance of the tube §§, owing to nega-
tive back-coupling, is, for example, only 10 k@,
the discharging time of this condenser being a
few tenths of a second.

1n the series-connection of the discharge tubes
12 and 13, a voltage supplied to the terminals
t0. through an input transformer is operative
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during the time the tubes 12 and {3 are condue~
tive. This causes the condenser to be charged
through the tube i2 to a value corresponding to
the amplitude of the voltage fed to the terminals
{0, the tube {3 having an anode resistance of,
say, 10 kg, serving as a discharge circuit. The
charging time of the condenser 14 is, for exam-
ple, 50 msec. .

The negative control-veltage taken from the
terminal 8 controls, in a known manner, the am-
plification factor of the amplification stage 2. It
affects, for example, the grid adjustment of one
or more of the discharge tubes included in the
amplification stage 2.

In addition to the conirol as described it is
desirable to provide in the said loudspeaker sys-
tem 2 second control which ensures that the am-
plitude of the input voltage of the amplifier 2
has a substantially constant value, so that the
sound energy emitted by the loudspeaker 4 is
independent of the distance of the speaker from

. the microphone 8. This second control may e

25

provided in the form of a well-known automadtic
gain control (designated 30 in Fig. 1).

The invention is, however, not considered to
be limited to such a loudspeaker system and for
example, also applies to an arrangement in which
the microphone 3 comprising the amplifier { and

_ automatic gain control 30 shown in Fig. 1 is re-

30

placed, for exzample, by a gramophone- Or &
radio-receiving set.

What we claim is:

1. A sound reproduction system of the type

.. adapted to maintain an acoustic energy output
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at 5 fixed level above the ambient noise level,
comprising in combination: a source of audio
frequency electrical impulses including a micro-
phone and an amplifier; a variable gain ampli-
fier connected to said source; at least one loud-
speaker connected to the cutput of said variable
gain amplifier; a second microphone located in
the acoustic range of said loudspeaker; a con-
denser; means including g pair of series-con-
nected normally-conductive electron discharge
tubes connected to charge said condenser; means
coupling said miercphone to said first mentioned
means whereby said condenser may charge in ac-
cordance with the ambient noise level; means in-~
cluding a normally nonconductive thyratron
connected between said source and said first
mentioned means, and connected to apply a cut
off bias to said tubes whenever said thyratron is
triggered by said source; and means including &
third electron discharge tube connected fo ampli-
fy the voltage on said condenser and couple the
resulting control voltage to said variable gain am-
plifier whereby the gain of said amplifier is
caused to. vary in proportion to the ambient
noise level whenever said loudspeaker is de-ener-
gized. :

2. A sound reproduction system of the type
adapted to maintain an acoustic energy output
at a. fizxed level above the ambient noise level,
comprising in combination: a source of audio
frequeney electrical impuises including a micro-
phone and an amplifier; 2 variable gain amplifier
connected to said sourece; at least one loudspeaker
connected to the output of said variakie gain am-
plifier; a second microphone located in the acous-
tic range of said loudspeaker; & condenser;
means including a pair of series-conunected nor-
mally-conductive electron discharge tubes con-
nected to charge said condenser; means coupling
said microphone to said first mentioned means
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Whereby said condenser may charge in accord-
ance with the ambient noise level ; means includ-
ing a vacuum electron discharge tube connecied
between ssid source and said first mentioned
means; a resistor in the anode cireuit of said
tube; means to couple 2 negative voltage from
said resistor to said series-connected discharge
tubes to drive said tubes to cubt-off whenever
acoustic energy is applied to sald first mentioned
microphone; and means including g fourth clee-
tron discharge tupe connected to amplify the
voltage on said condenser and couple the result-
ing control voltage to said variable gain ampli-
fier whereby the gain of said amplifier is caused
to vary in proportion to the ambient noise level
whenever said loudspeaker is de-energized.

3. A sound reproduction system, comprising g
source of audio frequency impulses, a variable
gain amplifier coupled to said source, sound re-
broducing means coupled to the output of said
amplifier and having a given acoustie range, am-
bient sound pickup means located in said acoustic
range, a control voltage producing device coupled
to said sound bickup means, means to apply the
output of said control voltage producing device
to said amplifier to econtrol the gain thereof in
accordance with the ambient sound level in said
acoustic range, and means comprising an elec-
tron discharge tube having an input circuit coy-
pled to said source of audio frequency impulses
and an output cireuit coupled to said control volt-
age producing device to render the output of said
control voltage producing device insensitive to
ambient sound variations when said audio fre-
quency impulses are appiied to said amplifier.

4. A sound reproduction system, comprising 2
source of audio frequency impulses, a variable
gain amplifier coupled to said source, sound re-
producing means coupled to the output of said
amplifier and having a given acoustic range, gm-
bient sound pickup means located in said acoustic
range, a control voltage producing device cou-
pled to said sound pickup means, said control
voltage producing device comprising s capacitor,
means to charge said capacitor proportional to
the ambient sound level in said acoustic range
and means to derive an output control voltage
from said capacitor, means to apply said output
control voltage to said amplifier to control the
gain thereof in accordance with the ambient
sound level in said acoustic range, and means
comprising an electron discharge tube having an
input circuit coupled to said source of audio
frequency impulses and an output eircuit coupled
to said control voltage producing device to pre-
vent charging of said capacitor when said audio
frequency impulses are applied to said amplifier.

5. A sound reproduction system, comprising a
source of audio frequency impulses, a variable
gain amplifier coupled to said source, sound re-
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6

preducing means coupled to the output of said
amplifier and having a given acoustic range, ame-
bient sound pickup means located in said acoustic
range, a control voltage producing device, said
control voltage producing device comprising a
capacitor, first and second serially-connected
normally conductive electron discharge tubes
coupled fo said capacitor, means to couple said
first and second discharge tubes to said sound
pickup means thereby to charge said capacitor
proportional to the ambient sound level in said
acoustic range and means to derive an output
control voitage from said capacitor, means to
apply said output control voltage to said ampli-
fier to control the gain thereof in accordance
with the ambient sound level in said acoustic
range, and means comprising g, third electron dis-
charge tube having an input circuit coupled to
said source of audio frequency impulses and an
output circuit coupled to said first and second dis-
charge tubes to render said first and second dis-
charge tubes non-conductive when said audio fre-
quency impulses are applied to said amplifier,

6. A sound reproduction system, comprising a
source of audio frequency impulses, a variable
gain amplifier, an amplification stage having a
substantially constant gain intercoupling said
source of audio frequency impulses and said vari-
able gain amplifier, sound reproducing means
ccupied to the output of said amplifier and hav-
ing a given acoustic range, ambient sound pick-
up means located in said acoustic range, a con-
trol voltage producing device coupled to said
sound pickup means, means to apply the output
of said control voltage producing device to said
amplifier to control the gain thereof in accord-
ance with the ambient sound level in said acous-
tiec range, and means comprising an electron dis-
charge tube having an input cireuit coupled to
said source of audio frequency impulses and an
output circuit coupled to said control voltage
producing device to render the output of said
control voltage producing device insensitive to
ambient sound variations when audio frequency
impulses are applied to said amplifier,
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