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My present invention relates to automatic vol-
ume control circuits, and more particularly to

‘an improved type of quiet aqutomatic volume

- control system. |

One of the main objects of my present inven-
tion is to provide an sutomatic volume . control

arrangement for a radio receiver, the volume
control arrangement having 1its action supple-

mented by a quieting, or muting, device adapted

to render the transmission of sienal energy

through the receiver inefficient whenever the am-

plitude of the signal waves impressed upon the

‘receiver decreases below 2 predetermined in-
~ tensity level, and the muting device deriving 1its
sienal energy input from a point in the signal

receiver which has a sharper selectivity char- .

acteristic than the point in the receiver from

which the automatic volume control arrange-

ment derives its signal energy.

ume control circuit and a supplementing muting

circuit, the automatic volume control circuit be-
ing provided with a signal ihput network hav-
-ing a resonance curve characteristic of the band
pass type, and the muling circuit being provided
‘with a signal input circuit which has a relatively.
sharper resonance curve characteristic, whereby
the action of the muting circuit is eliminated
. only when a signal of sufficient intensity 1s tuned.
~ to the mid-peak frequency of the muting circult -
. characteristic. . o S

Still another object of the present invention

is to provide in a superheterodyne receiver an

intermediate frequency transmission network
between the second detector and a preceding

stage of intermediate frequency amplification,
" the transmission network comprising. a plurality
of ‘resonant circuits tuned to the operating in-
termediate frequency, the receiver additionally .

including an automatic volume control “circuit

~ arranged to be fed by the last resonant: circuib

45

50

of the said transmission network, there being
a.dditionally provided a noise suppressor tube ar-.

-

put of said transmission network, and said noise

suppressor tube functioning to render the audio

amplifier of the receiver operable only when a
signal of sufficient intensity is tuned in and the

- signal frequency corresponds to the middle peak

" stood by reference to the

~ Another important object of the invention is -
to provide in a radio receiver an automatic vol-

ranged to be fed with signal energy from the in-

of the selectivity curve of the first of said reso-
nant cireuits, and this middle peak correspond-
ing to the mid-frequency of the relatively broader

yesonance curve -of the transmission network.:.

‘The novel features which I believe to be chat-
acteristic of my invention are set forth in par-

‘ticularity in the appended claims. The 1nven-
tion itself, however, both as to its organization -

and method of operation, will best be under-

taken in connection with the drawing, in which
I have indicated diagrammatically a circult or-

ganization whereby my invention may be car- -
‘ried into effect. e

In the drawing:— o .
Pig. 1 diagrammatically shows. & superhetero-
dyne receiver embodying the present’ invention,
- Tig, 2 graphically lustrates the resonance
curve characteristics of the intermediate fre-
quency coupling network in Fig. .

‘Referring now to the accompanying 'drawing,' |
there is shown in Fig. 1, in purely diagrammatic

‘manner, that portion of & superheterodyne re-

ceiver associated with my -present invention.

because all other elements of ‘the receiving sys-
tem are sufficiently well known to those skilled

in the art. For this reason, the network preced- 30 :
ing the intermediate frequency amplifier tube [

has been. conventionally represented, and it will

‘be understood that the numeral Z designates any
“well known source of intermediate frequency
sienal energy. Such a source, for example; may 35

include the usual tuned radio frequency- ampli-.
fier network followed by a local oscillator and

first- detector tube, or a combined -detector-os-. -

cillator tube, the output: of the mixing circuit

mediate frequency amplification. . .. =~ .
In any case, the numeral 3 denotes the inter-

mediate frequency coupling transformer, whose
primary and secondary windings are each tuned
‘to the operating intermediate frequency, com- 49

monly disposed between the input electrodes of

the last intermediate frequency &mpli_ﬁe__r_' _ﬁub el

and the next preceding tube.

[

The numeral 4 designates

| ]
£all

iR
following -description, 104
15.'
20.

‘Only the last stage of intermediate frequency 25
‘amplification, the second detector and the first
-stage of audio frequency amplification are shown,

_ being followed by one .or more stages of inter- 40

an electron discharge -

tube of the 55 type, also known as 2 duplexdlﬂdef’oﬁﬂ
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acquainted with the fact that the tube comprises,
in addition to the usual cathode control grid and
plate, a pair of diode anodes 5 and 6. The elec-
tron stream between the cathode and both diode
anodes, and the electron stream between the
cathode, grid and plate are independent. The
audio amplifier tube T has its control grid con-
nected to the plate of tube 4 through a couphng
condenser 8, a resistor 9 being dlsposed in the
plate voltage supply lead of tube 4. -

The operating potentials for the VELI‘IOU.S elec~

trodes of the receiver tubes are supplied from a
power supply network generally denoted by the

reference letter S. This supply network includes

the customary transformer (0 whose primary is

connected to the alternating current supply, and
whose secondary is connected between the anodes
of the full wave rectifier tube 11. The

nected bhetween an intermediate - tap on the
secondary of the transformer 18 and the cathode

work S. The grounded side of the filter network
includes the usual series chgokes, and if desired
one of these chckes may also function as the

field coil of the loud speaker of the system. A

plurality of shunt condensers are connected

across the bleeder resistor 12, and the cathode
- of tube 4 is connected to g point intermediate the

series chokes of filter S through a resistor 3.
A condenser {4 is connected between the cathode
side of resistor 13 and the p051t1ve potent:.al sude
of bleeder resistor 12,

As is well known to those skilled in the a,rt the
various electrodes of the tubes used in the re-
ceiving system may be connected to appropriate

points along the bleeder resistor 12, and it will be.
noted that the plates of tubes I and 4 are con-
nected to the 4-B terminal of the bleeder re-.
~.~igtor, while the screen grid of tube I, for ex~

ample would be connected to the pomt 1D on
the bleeder resistor. |

The intermediate frequency signal energy 1s
impressed between the sienal grid and cathode
of tube [, the smplified output of the tube is

fransmltted through a coupling network com-

prising a tuned circuit A, a tuned eircuit B, and
a tuned cireuit C couplmsr the circuits A and B,

Fach of these three circuits is md1V1dua,11y tuned

to the operating intermediate fr equency, and it

will be noted that the tuned circuit A is con-

nected in the plate circuit of tube i, while the

‘tuned circuit B is connected in a serles path be-

tween the diode anode B and the cathode of tube 4,

the series path including the tuned circuit and a

load resistor 15. The tuned circuit C includes gz
coil 16 magnetically coupled to the tuned circuit

A and a coil I8’ magnetically coupled to the cir-

cuit B, both these coils being connected in series
with a condenser I7T. The low alternating po-
tential side.of circuit C is grounded, and a resistor

'8 is connected across the tuned circuit A. The
function of resistor I8 is to control the da.mpmg;_-* |

of network A—C—B. The diode demodulator
a1s0 has some effect on the damping.- |

The grid of tube 4 is connected to the nega-—.

tive side of resistor 15 through g resistor 19, and a
radio frequency by-pass condenser 20 is con-
nected in shunt with resistor i5.
frequency voltages existing across condenser 20

are attenuated by this resistor 19, in combing-
’ tmn with the mput capaclty of the tube 4, so that

usual
filter network S has its input termmals con-

the swnal grid of audio amplifier tube 1.

. slde of resistor 317.
audio and radio frequency voltage from the bias

the characteristm at circuit A.

Side peak frequencies.

- curve A would be completely eliminated by the
Any small radio .
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triode, and those skilled in the art are well

these Voltages will not reach the grld of the tube
in any appreciable amount.
The diode anode § is connected to lead 29, also .

designated by the reference letters A. V. C to

denote the automatic volume control connection: 5

‘the anode 6 being connected to ground through a.
~ resistor 21, and a resistor 22 being included be-

tween the lead 29 and the anode 6. A direct
voltage filter resistor 23 is inecluded in lead 29,

~and it will be understood that the lead 25 is to 1¢
be connected to the grid circuits of the various
high frequency amplifier stages, one such con-

nection of the grid circuit of intermediate fre-

quency amplifier | being designated by the nu-
- meral 24. Both resistors 22, 23 function to filter 15

the audio component from the direct voltage

-Pomponent - only one re31stor may be used if
~ desired.

The numeral 30 denotes the muter Oor noise
suppressor, tube which may be of the 2B7 type. 20
This tube includes at least one diode anode 31
connected through a sighal. energy by-pass con-

denser 32 to the plate circuit of the intermediate
| frequency amplifier tube |I.

It will be noted that
the diode anode 3! is disposed adjacent a portion 25
of the cathode of tube 30, and that the electron
stream from the cathode to this diode anode is
independent of the electron stream flowing from
the cathode to the plate through the interposed
three grids. The grid 33, disposed between the 30

.signal grid and the suppressor grid, is maintained

at ground potential, and is also connected to the
plate of tube 30 through the resistor 34. 'The
plate side of resistor 34 is connected through 2a
path which includes lead 35 and resistor 35’ to 35
This
lead 35 is also designated by the reference letters
A. N. 8. to denote that this is the automatic
noise suppressor path, and that this connection
controls the effective bias on the grid of audio 40
amplifier tube 7.

The cathode of tube 30 is connected through

'lead 35 to the negative side of resistor i3. A

resistor 36 is connected between the diode anode
31 and the cathode of the muter tube, a path ¢5
including series. arranged resistor 37 and COn-

- denser 38 being connected in shunt 2Cross re-

sistor 36. 'The grid 1mmed1&+ely adjacent the
cathode of tube 30 is connected to the condenser
The latter resistor filters the 50

voltage, so that the pentode portion of tube 38
works only: at g sub-audible rate. The drop

‘across the resistor furnishes the bias for the pen-

tode portion of tube 30. In other words. 11; serves 95
as a leak for charges on condenser 32.

In order to clearly understand the operation
of the present receiving arrangement, it is pointed
out that in Fig. 2 there is shown the resonance
curve characteristics of the coupling network A, 60
C, B at circuit A and at circuit B. It will ne
observed that the dotted line curve A represents
In laboratory
mea,surements the outside peaks of the selectivity

curve A were found to be separated from the 65

middle peak, which middle peak is located at the

operating Irequency of the system, sufficiently in
Irequency so that the selectivity of the rest of

the receiver prevents any response to these out-
The side peaks of this 70

selectivity of the preceding I. F, transformer 3,
which would have a curve of the same genersl
shape as B, Assummg that it would have the
same curve as B, there is shown a selectmty 75
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" gnode 31 and the cathode of tube 30. The diode
system of the muter tube rectifies the impressed

90

of tube 30 without side peaks.
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curve D between the source 2 and the diode 3f
The selectivity
at circuit B may be either double or triple
peaked, and in Fig. 2 it is shown double peaked,

depending on the resistance I8 across the primary

circuit A.. . : - | o
Through the action of the automatic volume

control, ‘the selectivity of the receiver, and the
- selectivity of the coupling system disclosed, the -

noise suppressor can be made to render the audio
amplifier T operable only when a sienal of suf-

ficient intensity is tuned to the middle peak of

the selectivity curve A, which, as stated before,

is the center of the band selected by the re-
- ecejver.

The selectivity of the three coupled cir-
cuits is substantially flat topped, as shown in
Fig. 2, and the voltage across the primary circuit
A will tend to be quite selective.
volume control arrangement Iis operated from
the output of the three coupled circuits, while
the noise suppressor, or muter, network is oper-

ated from the input of the three coupled circuits.
This mode of operation of the two control cir-

cuits insures an accurate tuning of the receiver,

5 since the muting action will not be eliminated

until the receiver is tuned to the desired signal
frequency. Of course, the variable tuning means
commonly disposed in the network 2 ahead of
the intermediate frequency amplifier has not been
shown, since those skilled in the art are well

acquainted with such devices.

Considering the precise _Operatitm of the auto-
matic volume control and muter networks, it 1s

first pointed out that the noise suppressor tube
a0 utilizes the voltage drop across the speaker

feld as screen and plate voltages, by virtue of
the connection of these two electrodes to the
eround side of bleeder 12. When the receiver is
tuned to the desired signal frequency, interme-

diate frequency energy is impressed upon tuned |

circuit A, and such energy is transmitted through
condenser 32 and is impressed between the diode

signal voltage and biases off the pentode por-
tion of the tube 30. This results in a decrease

‘in the flow of current through the plate circult
of tube 30, which reduces the normal cut-off blas

applied through lead 35 and resistor 35’ to the
orid of audio amplifier tube 1. In other words,

when signal voltage is not impressed upon cir-

 cuit A, the flow of plate current through lead 3%

b5

60

" resulting decrease in plate current reduces the .

‘is at a maximum and this results in a cut-off
bias being applied to the signal grid of ampli-

fier 7. -

With respect to the operatidnl of the automatic

volume control network of the receiver, it 1s point-

ed out that this network operates in the follow-
ine manner: A signal on the diode b causes a

voltage drop across resistor i5. This voltage 1S
impressed on the grid of the triode portion of

the tube 4, making the grid more negative. The

‘voltage drop across resistor 13, making the cath-

65

ode of tube 4 go from a positive voltage to 2
negative voltage with respect to ground. Diode 6

is maintained at ground potential by resistor 21

- until the cathode becomes negative, and current

70

75 -

flows through the diode-cathode path. When

this occurs, diode 6 and the grids of the con-
trolled tubes follow very closely the cathode volt-~

age of tube 4. The stronger the signal, the more

negative this cathode becomes, and because the
grids of the amplifiers become more negative the

less will be the gain in the controlled tubes.

The automatic

3

While I have indicated and. dEScribed:a system:
for carrying my invention into effect, it will be
apparent to one skilled in the art that my inven-

~tion is by no means limited to the particular or-
canizations shown and described but that many - §:

modifications may be made without departing

from the scope of my invention, as set worth in

the appended claims. L
What I claim is: -

‘1. In combination with a high frequency ampli- 10

fier and an automatic volume control network for

regulating the gain of the amplifier in response
to variations in the amplitude of signals impressed

- on the amplifier, a coupling network connected

between the amplifier and the automatic volume 18
control arrangement, a signal transmission tube

having its input electrodes coupled to the. out-

put of said coupling network, a muter tube having

an output electrode connected to the input circuit
of said signal transmission tube, the muter tube 20
having & maximum flow of space current when

signals below a predetermined amplitude are im-

pressed upon said high frequency amplifier, a Sig-
nal path connecting an input electrode of said
muter tube to the input of said coupling network, 28

~and said coupling network including a plurality

of resonant circuits tuned to an operating signal
frequency, said coupling network being con-
structed in such a manner that the resonance
curve characteristic at the output of the coupling 30
network is substantially broader than the reso-
nance curve characteristic at the input of said net-

work. R -
9. In a system as defined in claim 1, said cou-

pling network consisting of three coupled resonant 33
‘circuits tuned to the sald operating signal fre-

quency, the resonance curve characteristic of the
coupling network at the last resonant circuit being .
of the band pass type, and the resonance cCurve |
characteristic at the first of said resonant circuits 40
being relatively more selective and having & sharp

peak located at the mid-Irequency of said banda

pass characteristic. o | -
3. In a system as defined in claim 1, said muter
tube including at least one diode anode disposed 45

adjacent its cathode, the diode anode and cathode

including a load impedance whereby a diode rec-

tifier circuit is provided, and said signal path con-
necting said diode anode to the input of said

coupling network. 50

4. In a superheterodyne receiver of a type in-
cluding an intermediate f{requency amplifier, &

second detector, an audio frequency amplifier, and
‘an automatic volume control circuit electrically |

associated with the second detector and the grid 95

circuit of said intermediate frequency amplifier,

a coupling network connected between the plate

~circuit of said intermediate frequency amplifier
and the second detector, a muter tube having an

input electrode coupled to the input of said cou- 60

pling network and an output electrode directly

connected to the grid circuit of said audio ampli-
fier, said coupling network including a sufficient
number of circuits tuned to the operating inter-
mediate frequency to impart a relatively broad
resonance curve characteristic to the circuit feed-

ing said second detector, and the circuif feeding

said muter tube having a resonance curve char-
acteristic characterized by a relatively sharp peak
located at the mid-band frequency of sald first 0
characteristic. o
'5. In a radio receiver of the superheterodyne -
type, an intermediate frequency transmission net-
work including a plurality of tuned circuits ar-

ranged in cascade, a demodulator coupled to the (N

65



4 - 2021,039

last of the cascaded circuits, an audio frequency
transmission network arranged to receive demod-~
ulated signal energy from the demodulator, means
responsive to signal amplitude variations at the

- demodulator input for automatically regulating
the efficiency of signal transmission through the
intermediate frequency network, means, respon-

sive to signal amplitude variations at a point in
~the intermediate frequency network preceding

said last of the cascaded clrcult.s for a,utoma,tlcally
regulating the e ciency of signal transmission
through the a,udm network, the resonance curve
characteristic of the intermediate network at. said

last -circuit being substantially broader than the
ch&ra,cterlstlc at said precedmg pomt in the net- .
work. -

WINFIELD R. KOCH.
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