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1 Claim.

For the purpose of regulation of the volume
range of the audio amplifier of a receiver, it is
known in the art to convert part of the output
alternating potential of the amplifier into a di-
rect current voltage roughly proportional to its
amplitude, and to use the resulting direct current
voltage to control the amplification of the input
tube of the amplifier. In the arrangement known
in the art the said direct current voltage is ob-
tained by rectification of the output alternating
potential.

According to the present invention the direct
current control voltage is taken from one of the
two parts of a voltage divider connected with
the terminals of a source of direct current volt-
age supply; one of the parts thereof consisting
of a resistance whose value is a function of the
load and upon which the output alternating po-
tential is impressed, while the other part con-
sists of a resistance which is practically inde-
pendent of the load or which is a function of
the load in an inverse sense.

The advantage residing in the invention, in
contrast with the arrangement known in the art,
is that first a rectifier is saved, while, secondly,
such non-linear distortions are avoided, or at
least minimized, as are due to the coupling of a
rectifier circuit with the amplifier output circuit.
But the chief merit of the present scheme is that,
if constants are judiciously chosen, it is possible
to secure a high direct current control potential
with a comparatively small amplitude of the al-
ternating potential derived from the output, pro-
vided that the voltage of the direct current volt-
age source (with the terminals of which is con-
nected the resistance which is a function of the
load and the resistance which is independent of
the load), or inversely a function of the load, and
the aggregate load of the said source are chosen
sufficiently high.

Fundamentally speaking, the use of load de-
pendent resistances for volume range control is
known in the prior art. In a certain circuit of
this kind the transmission line of the amplifier
itself contains a bridge arrangement consisting
of resistors which are a function of the load.
However, this circuit has the shortcoming that
only a small fraction of the alternating potential
impressed upon the bridge can be fed to the other
amplifier part which means that there occurs a
serious loss of amplification, and further that
the load of the tube preceding the bridge is vari-
able. These drawbacks are obviated in the ar-
rangement here disclosed.

Another scheme disclosed in the prior art is to
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provide negative feedback for an amplifier and
to include in the feedback lead a resistance which
is a function of the load so that when the vol-
ume rises the negative feedback also increases.
Contradistinet to this known scheme, the present
invention offers the advantage that such difficul-
ties as are inherent in negative feedback, par-
ticularly when the degeneration concerns several
stages, are avoided. As a matter of fact, the
bresent dynamic-volume control may be extend-
ed to include quite a number of stages without
any difficulties to speak of. Indeed, it is even
feasible in a receiver to insure volume range con-
trol from the output end of the receiver upon
the radio frequency ampiifier, or the intermedi-
ate frequency amplifier.

An embodiment of the invention is illustrated
in the appended drawing which shows the circuit
diagram of a two-stage resistance-coupled audio
amplifier. The output transformer T included
in the plate circuit of the power, or end, tube V2
contains an additional secondary winding Z. One
end of this winding is connected with the ground-
ed return, while the other end is connected
through a direct current blocking condenser Ci
with the ungrounded end of a uranium-dioxide
resistance Ri. In parallel relation to resistance
R1 is the series arrangement of a source of di-
rect current voltage supply Q and a resistance
Rsa. The potential of the said source of voltage
Q, whose positive pole is connected with the
grounded return, is, therefore, divided between
the resistance Rg and resistance R1 in accordance
with their resistance ratio. If R is high in con-
trast to Ri, then voltage across Ri'is proportional
to the prevailing value of resistance Ri. .

Now, the resistance Ri is regulated by the ad-
ditional load consisting of the alternating poten-
tial which is applied by way of Z. The negative
direct current voltage taken off by way of the
filter mesh Rs, C, whereby it is rid of the alter-
nating component superposed thereon, is, as a
result, an approximately linear function of the
volume of the amplifier. This direct current
voltage is impressed, by way of the grid leak R,
upon the control grid of the input tube Vi the
cathode of which is grounded. Tube Vi is of the
bentode type, and its plate current-control grid
voltage characteristic is exponential so that the
amplification of this tube is variable within wide
limits of variation of grid potential. Care must
be taken in this connection that the grid alter-
nating potential to be amplified will swing the
grid only within very slightly curved portions of
the characteristic. But if non-linear distortions
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are.to be avoided entirely, it will be found more
expedient to use a hexode in lieu of a pentode,
and to provide the first control grid, which is fed
with the alternating potential to be amplified,
~with a straight characteristic, whereas the con-
trol, or regulator, potential is impressed upon the
second control grid. o

In the presence of greater volume, the resist-
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regulation. If -desired, resistance Rx could also
bé of the type dependent upon the load.

If in the circuit shown in the drawing, in heu
of the uranium-dioxide resistance whose resist-
ance value diminishes with increase of the load,
there-is used, a glow lamp whose resistance value

' rises with- increase of ‘the load, then a volume

ance value of the uranium-dioxide resistance Ri*

and thus the negative grid biasing potential of.

the tube Vi will be lower and the amplification
higher. In other words, an expansion effect is
realized. 'The time constant with which the am-

plification control -proceeds, on theone-hand, is -

a function of the time constant of the tempera-
ture rise or temperature decrease of the uranium-.

' dioxide resistance and, on the other hand, it is-

a function of the filter circuit R3, C. It is de-

sirable to choose the time:constant of R1, so high -
that the resistance variation will no longer be ¢
able to follow even the lowest audm Adrequency-

to be handled.

If conditions are to be made so that the regu-
lation time constant, that is; the time constant
with Whlch the - amphﬁca,tmn rises with .in-
_crease of velume, is small in contrast with “the
time- constant with which the amplification de-
clines- aga,m as the volume decreases, this is at-
tamable on the one ha.nd by choosing suitable
values for Ra and, on the other hand, by con-
necting .in. parallel relatlon to Rz a rectifier G
of sulta,ble polarity;’ say a cuprous- -oxide rectifier.
The negative regulator potentlal will then have
a_chance to become “discharged fairly speedily

--through the rectifier, while it will be abkle to be 3

‘built up substantialiy more slowly.

If the filter circuit Rs, C, is entwely om1ttpd
then, ‘apart from volume control, there will arise
a negative feedback .(if the output transformer

be of proper polamty) and this may ‘occasionally .

“be desu'able If, moreover, a resistance Ry is in-

cluded in the return lead, then the negative feed-,

i back in the presence of small amphuudes, will
be more marked than for large amplitudes.. - The
negative feedback thus boosts the volume range
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-or- dynamic compression results rather than a -
“dynamic expansion. However, it is feasible to

obtain a dynamic expansion also with a glow

“lamp if resistance Ri is made ohmic and if Rz

is ‘a glow lamp. In order that in this case a

.. linear relationship may be secured between regu-
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_is high- compared with Ra.

--lator ‘potential -and volume it will be necessary

to make the resistance value Re, that is the resist-
ance of the glow lamp, of an average value that
It is, also, possible
to use .a uranium-dioxide resistance for Ri and a.
glow-lamp for Rs. ‘The regulation gradient will
then turn out to be particularly great :

What is claimed is:

Inan audlo amphﬁer circlit comprising a tube
having input and output electrodes, an audio
output circuit- coupled to the output electrodes,
an audio volume expansion circuit coupled be-

tween said output circuit and said fube input

electrodes, said control circuit comprising a ¢oil
coupled to the output circuit, a source of direc b
current in series with a resistor of predetermmed’;

: value across said coil, a temperature-dependent

uranium-dioxide resistive element in shunt across
said series arranged current source and resistor,
said resistive element being connected hetween
said tube input electrodes in a manner to apply
voltage developed thereacross to said input elec-
trodes in @ sense to vary the amplifier gain
directly with audio signal level at said audio out-.
put circuit, a time. constant network in circuit
between said input electrodes and said resistive
element, anhd a rectifier element connected across
a resistive element of said time constant network
between one of said input electrodes and a ter-
minal of said resistive element to cause spéedy
d1scharge of said ‘developed voltage.
LOTHAR BRUCK.



