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5 Claims.

My present invention relates generally to auto-
matic -gain control circuits, and more ‘particu-
larly to automatic velume control circuits of the
type adapted for use in receiving signals in the
ultra-short wave band.

Automatic gain control arrangements which
are in use at the present time in receiving sig-
nals in the 4-30 megacycle (me.) band have sev-
eral operating limitations. In the first place,
the rate of compensation is the same for ascend-
ing and descending signal carrier levels with the
result that on the ascending portions of the fad-
ing periods blasting effects are had. In other
words, during the rapid fading which is experi-
enced in the ultra-short wave band, the con-
ventional type of automatic gain control circuit
produces a rate of compensation which is not
significantly better than the rapid fading itself.
A second undesirable effect which is encountered
when utilizing present automatic gain control
(AGC) circuits in the ultra-short wave band is
a reduction of the amplitude of the lower audio
frequency components. That is to say, there is
discernible a decided droop in the audio fre-
quency response characteristic for frequencies be-
low approximately 100 cycles.

It ‘may, therefore, be stated that it is one of
the main objects of my present invention fo pro-
vide an AGC circuit for a short wave receiver

wherein the action of the control circuit ap- -

proaches that which is had in short wave com-
munication when employing two-set diversity
reception for telephone communication, and the
essential and outstanding characteristics of the
novel control circuit comprising instantaneous
fading compensation without reducing the low
gudio frequency response, and the AGC time
constant network being so chosen as to cause
smooth receiver gain control action thereby sub-
stantially eliminating blasting effects on the as-
cending portion of the rapid fade.

Another important object of this invention is
to provide an automatic volume control circuit
for a short wave receiver wherein the volume
control circuit is provided with a device of uni-
directional conductivity, and a time constant
network whose magnitude is sufficiently large to
provide substantially smooth fading compensa-
tion for rapid fading without effect on the lower
audio frequencies of the modulation range.

Still other objects of my present invention are
to improve generally the efficiency and reliabil-
ity of automatic gain control circuits for short
wave receivers, and more especially to provide
an automatic gain control circuit for short wave
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-receivers which is simply and economically -as-
sembled in-the receiver.

The novel features which I believeito be char-
acteristic of my invention are set forth in-par-
ticularity in the -appended -claims; the ‘invention
itself, however, :as to both -its . organization .and
‘method of operation will best be understood by
reference ‘to the following description ‘taken in
connection with the drawing-in which I have in-
dicated diagrammatically a circuit organization
-whereby my invention may be-carried into effect.

In the drawing:

Fig. 1 shows a short wave superheterodyne
receiver embodying the present invention,

Fig. 2 graphically shows the effect of the in-
vention on the lower portion of the audio range,

PFig. 3 graphically illustrates the manner in
which the present invention provides smooth
fading compensation.

Referring now to the receiving system shown in
Fig. 1, it is to be understood that the latter may
be a superheterodyne receiver of the type shown
employed in short -wave telephony. The receiv-
ing band in such a receiver may be of the order of
4-30¢ me., and the receiver will be provided with
a dipole I' for collecting the short wave signals.
The antenna may be of the usual grounded an-
tenna type if desired, or it may even be a radio
frequency line capable of distributing signals in
the specified signal range. The signal collector
device is coupled to-the tunable input circuit 2
of the radio frequency amplifier 3, and the am-
plifier may comprise one or more stages of tun-
able modulated carrier amplification. The am-
plified modulated carrier signals are impressed
upon the tunable input circuit 4 of a following
first detector 5, and the output circuit of the
latter is designated by numeral 6.

It will be understood that circuit 6 is reson-
ated to the operating intermediate frequency
(I. 7). The latter may be chosen from a range
of '15-450 ke. The numeral T denotes the usual
tunable local oscillator which produces oscilla-
tions of a frequency constantly differing from
the frequency of the signals impressed upon the
first detector 5 by the value of the I. F. The
numeral 8 designates the customary and con-
ventional tuning control mechanism which me-
chanically couples the adjustable elements of the
various tuning devices of the tunable circuits of
networks 3, 5 and 7. The I F. amplifier 9 may
comprise one or more stages of I. F. amplifica-
tion, and the input circuib 19, coupled to the de-
tector .output circuit 6, is fixedly tuned to the I.
P, value,
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The I, F. output circuit (1 is coupled to the
Input circuit 12 of the second detector 13. The
latter is shown as being of the diode type, and
has its anode connected to the high alternating
potential side of the input circuit 2. The lIow
potential side of input circuit 12 is connected to
ground by & load resistor 14, while the cathode
of diode 13 is also grounded. There is developed
across resistor 14 rectified voltage which is de-
rived from the modulated carrier signals at I. P.
The audio frequency component of the rectified
I. F. currents is fed to a succeeding audio fre-
quency network through condenser 5. The
audio network may comprise one or more stages
of audio amplification, and the last stage may
be followed by any desired type of reproducer.
The direct current voltage component of the rec-
tified I, F. currents is utilized in two paths now
to be described.

One of these paths comprises a so-called “noise
silencer” device, The device comprises an elec-
tron discharge tube 16 whose input grid 17 is
connected to the anode end of resistor 4. The
plate 18 of tube 16 is connected to ground
through a path which includes the direct current
source 19 and the resistor 20, il being noted that
the plate 18 is connected to the positive terminal
of source 19. The cathode of tube 16 is at
ground potential. Hence, when normal electron
flow takes place from the cathode to the plate
18 of tube 16 direct current voltage is developed
across resistor 20,

The magnitude of the direct current voltage
developed across resistor 20 depends upon the
bias of grid IT with respect to the cathode of
tube 6. The bias of grid {7 in turn is dependent
upon the direct current voltage developed across
resistor 14 due to rectification of the I. F. signal
currents. The second path which utilizes the
direct current voltage developed across resistor
18 comprises a device of uni-directional conduc-
tivity, such as diode 21. The cathode 22 of the
diode 21 is connected through resistor 23 to the
anode end of resistor 14, The cathode 22 is also

connected through resistor 25 to the ungrounded .

end of resistor 20. The anode 30 of diode 21 is
connected to ground through the resistor ele-
ment 31, the latter being shunted by condenser
32. The anode 30 has direct current voltage

connections 40 and 41 to the stages of the re- ;

ceiver whose gain is to be controlled in de-
pendence on the magnitude of the signal carrier.
In other words, the connections 40 and 41 are
the automatic volume control (AVC), or auto-

matic gain contrcl, which is utilized to vary the ;

gain of each of the controlled stages in such a
sense that the carrier amplitude at the detector
input circuit 12 is substantially uniform over a
wide range of carrier amplitude variation at the
signal collector |.

In the absence of received signals there is sub-
stantially no direct current voltage developed
across resistor f4. Consequently, the grid 1T of
tube 16 has minimum negative bias. This re-
sults in maximum space current flow through tube
16 with a resulting large direct current voltage
developed across resistor 28. Since cathode 22
of diode 21 is connected to the end of the resistor
20 which becomes increasingly negative with re-
spect to ground as the voltage drop across re-
sistor 20 increases, it follows that anode 30 of
diode 21 will assume a positive potential with
respect to cathode 22. In that case diode 21 is
conductive, and, therefore, the controlled stages
3 and 9 will have negative bias applied thereto.

(&3
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In other words, assuming that the signal grids of
each of the radio frequency and intermediate
frequency amplifiers are connected to connections
40 and 41, then these signal grids will be es-
tablished at a high negative bias when the drop
across resistor 20 is a maximum. As a result the
gain of controlled stages 3 and 9 will be greatly

- reduced, and the electrical noise impulses, which
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.audio frequencies.

normally would be detected at 13, will not be
heard due to the greatly reduced gain of am-
plifiers 3 and 9.

However, as the received signals increase in am-
plitude, direct current voltage is developed across
resistor 4. This causes the negative bias on grid
17 to increase thereby reducing the voltage de-
veloped across resistor 20. A point is soon
reached where the diode 2{ is non-conductive,
This means that the gain of each of stages 3 and
9 is restored to optimum. As the received sig-
nals increase in amplitude above a predetermined
weak carrier amplitude the direct current volt-
age developed across resistor 14 increases in mag-
nitude, and eventually completely cuts off tube 16
so that no voltage is developed across resistor 20.
However, since the cathode 22 is connected
through path 23 to the anode end of resistor 14,
the cathode 22 becomes negative with respect to
the diode anode 30 with the result that the diode
21 again becomes conductive, and permits the
increasing negative bias derived from resistor 14
to be applied over connections 40 and 41 as an
AVC bias. Resistors 23 and 25 function as filter
resistors, and may each have magnitudes of ap-
proximately 200,000 ohms.

The network 3(—32 has a large time constant,
and resistor 31 may have a value of approxi-
mately 1 megohm whereas condenser 32 may be
chosen from a range 0.1 to 1.0 microfarad., The
large time constant network 32—31 permits very
fast AVC action to occur without reducing the low
As a matter of fact there is
had an accentuation of the lower audio fre-
quencies. In Fig. 2 there is shown (curve A) the
reduction of the lower audio frequencies, up to
about 100 cycles, when the time constant network
32—31 has a small time constant value. The
curve B denotes the accentuation of the lower
audio frequencies up to about 100 cycles, caused
by the utilization of the large time constant net-
work in conjunction with the diode device 21,
This compensation of low audio frequency cur-
tailment, and indeed accentuation of the lower
audio frequencies, is of advantage in receiving
short wave telephony signals since the quality
of these received signals is maintained substan-
tially higher than has been thought hitherto pos-
sible.

There is also secured smooth control action be-
cause of the provision of a reasonable amount of
“hold over” in the time constant network 32-—31.
In Fig. 3 the full line curve shows an illustrative
rapid fading period. The dash line surve, desig-
nated “Prior art AVC,” illustrates the type of
fading compensation which has been secured in
the prior art when using a fast acting AVC ecir-
cuit. The dash line curve designated “Effect of
large time constant” illustrates the smooth AVC
action which is secured with the present inven-
tion, and such smooth rapid fading compensation
is provided by the combined actions of the diode
21 and the large time constant network 32—31.
Automatic gain control systems in use at the pres-
ent time have a rate of compensation which is the
same for ascending or descending signal carrier
levels.
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On the ascending part of a fade, the present in-
vention permits the number of negative elec-
trons to increase very rapidly in the time con-
stant network 32—=&1 through a one-way circuit
thereby positively confrolling the upper halves
of the carrier magnitude increase. If a conven-
tional gain control system were allowed tc cp-
erate as fast as in the present case, reduction of
the audio frequency compensation would result.
In the present case, as has been previously pointed
out, the magnitudes of the time constant ele-
ments are increased so that there is produced a
considerable amount of audio compression in the
receiver audio output. The instantaneous action
of the AVC circuit through unidirectional device
2i permits the condenser 22 to act in the man-
ner of a low audio response equalizer across the
diode output, but only through that period of
time when the flow of electrons will be increased
through the series feed tube, i. e., on sudden car-
rier level increases or on modulation level in-
creases. A degree of compression with improved
carrier control greatly improves the overall equal~

ity of the set when listening in on short wave,

long distance circuits.

While I have indicated and described a sys-
tem for carrying my invention into effect, it
will be apparent to one skilled in the art that my
invention is by no means limited to the particular
organization shown and described, but that many
modifications may be made without departing
from the scope of my invention, as set forth in
the appended claims.

What I claim is:

1. In an automatic volume control circuit for
a radio receiver, a rectifier having a signal input
circuit and a load element across which is devel-
oped rectified signal voltage, and automatic
volume control path connected to said load ele-
ment which ihcludes a series device of uni-direc-
tional conductivity, said device being rendered
conductive upon development across said load
element of rectified voltage whose magnitude ex~
ceeds a predetermined amplitude, and a relatively
large time constant network operatively associ-
ated with said series device for rendering the
automatic volume control fast and relatively
smooth, a second device having a second load ele-
ment in circuit therewith for developing a direct
current voltage, means for applying said direct
current voltage to said first device thereby ren-
dering the latter conductive for signals less than
a predetermined minimum amplitude, and means
responsive to the voltage developed across said
first load element for rendering the second device
ineffective.

2. In a radio receiver provided with a detector
adapted to develop direct current voltage whose
magnitude is proportional to the received signal
carrier amplitude, an automatic gain control
connection to said detector, sald connection in-
cluding a diode in series therein, said diode being
rendered conductive upon the development of
said voltage to a value above a predetermined
magnitude, means responsive to said voltage
when less than said predetermined magnitude
for rendering said diode conductive independently
of sald developed voltage, a time constant net-
work of relatively large magnitude operatively
associated with sald diode,
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3. In a radio receiver of the type including a
modulated carrier signal amplifier arranged in
cascade with a detector, means operatively asso-
ciated with said detector for deriving a uni-direc-
tional voltage from detected modulated carrier
signals, an automatic gain control connection he-
tween said detector and said amplifier, said con-
nection including a device of uni-directional con-
ductivity which is so constructed, and so arranged
in said connection, that the device becomes con-
ductive in response to said uni-directional volt-
age exceeding g predetermined amplitude, means
responsive to said voltage decreasing bhelow said
amplitude for rendering said device conductive
thereby to bias said amplifier, and said connec-
tion including a large time constant network for
rendering the volume control action relatively
fast but relatively smooth.

4. In a radio receiver of the type including a
modulated carrier signal amplifier arranged in
cascade with a detector, means operatively asso-
ciated with said detector for deriving a uni-direc-
tional voltage from detected modulated carrier
signals, an automatic gain control connection
between said detector and said amplifier, said
connection including a device of uni-directional
conductivity as the sole coupling element between
the detector and amplifier, said device being so
constructed, and so arranged in said connection,
that the device becomes conductive in response
to said uni-directional voltage exceeding a pre-
determined amplitude, means responsive to said
uni-directional voltage in excess cf said prede-
termined amplitude for rendering said device
conductive, said last means being rendered inef-
fective in response to an increase in uni-direc-
tional voltage substantially above said predeter-
mined amplitude, and said connection including
a large time constant network for rendering the
volume control action relatively fast but relatively
smooth, and the constants of said time constant
network being so chosen that the low modulation
frequency amplitudes are substantially accen-
tuated.

5. In a radio receiver of the type including a
moedulated carrier signal amplifier arranged in
cascade with a detector, means operatively as-
sociated with said detector for deriving a uni-
directional voltage from detected modulated car-
rier signals, an automatic gain control connection
between said detector and said amplifier, said
connection including a device of uni-directional
conductivity which is so constructed, and so ar-
ranged in said connection, that the device be-
comes conductive in response to said uni-direc-
tional voltage exceeding a predetermined ampli-
tude, and said connection including a large time
constant network for rendering the volume con-
trol action relatively fast but relatively smooth,
a device adapted to produce a second uni-direc-
tional voltage, means for applying said second
voltage to said device of uni-directional conduc-
tivity thereby rendering the latter conductive
when the second voltage has an amplitude above
a predetermined value, and means responsive to
said first uni-directional voltage for rendering
the said second uni-directional voltage device
ineffective.

R. LEE HOLLINGSWORTH.,




