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The present invention relates to hlgh fidelity
radio receivers of the type having variable se-
lectivity control means whereby the audio fre-
guency response thereirom may be extended in
range in response to an inecrease in the strength
of a received carrier wave.

An object of the present invention is to provide
an improved high fidelity radio receiving system
having an audio frequency amplifier which is' au-
tomatically controlied to receive signals through
two. receiving channels having differing degrees
of selectivity, or either of said channels selective-
1y, and an improved control system for a multipie
channel receiving system of that character.

It is also a further object of the present inven- .

tion to provide an improved automatic volume

control and suppression system for a radio re-

ceiver in  conjunction with - selectivity control

. 'means; whereby the receiver is responsive to rela-
20.

tively strong modulated carrier waves with an
extended audio frequency range of: response.

It is a still further object of the present inven-
tion to provide a superheterodyne receiver having
a plurality of intermediate frequency amplifying
channels .terminating in a common audio fre-

~ guency amplifier, with an improved control means

30

therefor.

It may be considered as a further obJect of the:

invention, also, to provide a superheterodyne radio
receiving system having. two intermediate: fre-

" quency amplifier channels of differing selectivity
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and gain, and automatic means responsive to
carrier wave strength for passing signals through

either of said channels in accordance -with the

carrier wave strength,
Tt is also an object of the invention, to provide
a radio receiver with automatic variable selectiv-
ity control means at a moderate cost comparable
with the results obtainable, and an improved and
effective sensitivity control reans therefor.
Other objects and features of the invention will

be apparent from the following description when.

considered in connection with the accompanying
drawings, and its scope will be pointed out in the
appended claims.

In the drawings, Figure 1 is a diagrammatic
representation of a radio receiving system em-
bodying the invention and showing the -relation
of the various amplifier stages and control means
thereof.

Figure 2 is a schematic eircuit d1agram of a
pomon of the system of Figure 1 showing the
circuits in detail, and

Figures 3, 4 and 5° are CUrves showmg vanous

(CL 250—20)

operating characteristics of the system of Fig-
ures 1 and 2.

Referring to Fig. 1, a radio receiving system is
shown comprising a sharp channel and a broad
channel both of which are jointly controlled by &

"~ ¢ontrol channel as designated on the drawings.
The main receiving channel comprises a radio
frequency amplifier (, coupled to a first detector
2 ‘which supplies 1ntermed1ate frequency signals
to first and second stage intermediate frequency
amplifiers, 3 and 4 respectively. The latter is
followed in the receiving channel by a second de-
tector 5, and a suitable audio frequency amplifier
comprising “first and second stages 6 and T re-
spectively, A loud speaker or suitable outpuf de-
vice is provided as indicated at Ta. An oscillator
8§ is connected with the first detector to change
recéived 'signals to the desn'ed intermediate fre-
quency. :

The main s1gnal channel, above described, is
relatively sharply tuned to respond to relatively
weak signals with a high degree of selectivity in
the intermediate frequency amplifier stages 3 and
4. and the second detector 5.

A proadly tuned intermediate frequency ampli-
fier .and - detector are also provided as a second
signal channel in the receiver, and comprises an
amplifier stage § and a second detector 18 coupled
to the output. circuit-of the first detector. The
second -detector 10 is arranged to apply rectified

- gignals. to the audio frequency amplifier and a
control potential to the second intermediate fre-
quency amplifier stage, as indicated by the sche-
matic circuit connections.

A further connection is made with the first de-
tector output circuit for the control channel com-
prising an intermediate frequency amplifier stage
11 to which is coupled automatic volume control
means {2, i3 and {5 in parallel, the automatic
volume control means {3 also being connected
with a suppresser stage (4.

The suppresser stage 14 is connected with the
intermediate frequency amplifier stage 9 of the
broad channel and also the automatic volume con-
trol means {5 is cohnected to the same stage for
joing centrol of the broad channel I, F. amplifier.

The automatic volume control means {2 is ar-
ranged to control the gain in the radio frequency
first detector and the first intermediate frequency
amplifier stages of the sharp channel as indicated.

The operation of the system is suich that for
weak carrier waves, the main sharp signal chan-
nel ds utilized to-apply the signal output to the
audio frequency amplifier and loud speaker while
the broad channel is suppressed and inoperative,
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and as the strength of g received carrier wave in-
creases or a strong carrier wave is received, the
sharp channel comprising the intermediate fre-
quency amplifiers 3 and 4 and the second detector
§ is gradually cut off and the broad channel, com-
prising the intermediate frequency amplifier 9 and
the second detector 8 is placed in operation.

In the first instance, the automatic. volume
control potentials are provided by the device 12
for the sharp channel, while in the second in-

stance the automatic volume control potentials

are supplied by the device 15 to the I. F. ampli-
fier 8.

It will thus be seen that there is provided in
the receiver, a modulated carrier wave or inter-
mediate frequency amplifier having an ampli-
fying and detecting channel providing a high de-
gree of selectivity and a corresponding lesser de-
gree of fidelity, and a broadly responsive. inter-
mediate frequency amplifier channel providing a
high degree of fidelity. The control channel, also
operating in parallel with the first two channels
at the same intermediate frequency, is arranged
for differentially controlling the first. two chan-
nels, that is, to control the change over operation
as above described, from one channel to the other

through a series of automatic volume control and:

suppressor means provided with a common inter-
mediate frequency amplifier whereby effective
control potentials are-available. The operation
of the system, and the sensitivity control means
provided in conjunction with the control channel,
will further be understood by reference to Fig. 2
wherein the circuit details are shown for the three
channels in the intermediate frequency amplifier
and the first stage of the audio frequency ampli-
fier, which operates in conjunction therewith.

Referring now to Fig. 2, wherein the like refer-
ence numerals are applied to the same amplifier
and control stages as in Fig. 1, the intermediate
frequency output from the first detector is ap-
plied to the first intermediate frequency amplifier
tube 3 through a suitable tuned intermediate fre-
quency input transformer- 26. The tube 3 is
coupled through a second intermediate frequency
coupling transformer. 2{, to the second inter-
mediate frequency amplifier 4." The second stage
intermediate frequency amplifier is coupled to a
second- detector 5.  The detector is of the diode
rectifier type having a cathode 22, an anode 23,
and:-further includes amplifier elements compris-
ing the common cathode, a control grid 24 a,nd an
output anode 25.

The coupling between the intermediate  fre-
quency amplifier 4 and the detector 5'is provided
by a tuned intermediate frequency output cou-
pling transformer 28 providing a tuned secondary
circuit ‘27 which is connected between the diode
anode 238 and the cathode 22 through a diode out-
put resistor 28.  The latter is provided with a suit-
able intermediate frequency bypass capacitor 29.
- The-cathode is connected to ground or the com-
mon circuit return system of the receiver as indi-
cated at 80, while the negative terminal 31 of the
output resistor 28 is connected through an output
lead 32, a coupling resistor 33, and a gr1d lead 34,
with the control grid 24.

The - audio - frequency: potentials” estabhshed
across the -diode output resistor 28 are thereby
applied to the confrol grid 24 and are -suitably

-amplified -in - the amplifier .section thereof com-

prising the cathode 22, the'control grid 24 and the

main output anode 28, The latter. is. couplied to-
the audio frequency amplifier-through an output

coupling -impedance 36 and a-coupling capacitor

2,141,301

37. With this arrangement, the detector and first
audio frequency amplifier are combined in one
device although it should be understood that they
may be provided in separate stages as schemat-
ically represented in Fig. 1. Accordingly, the first
audio frequency amplifier is designated in the
device § by the reference numeral § as used in
Fig. 1.

The intermediate frequency coupling devices
20, 21 and 26 represent the usual selective inter-
mediate frequency coupling devices. . Such cou-

_pling devices are represented in the present. ex-

ample, by transformers having tuned primary and

secondary windings suitably coupled to provide a

predetermined high degree of selectivity without
appreciably attenuating the -desiréd signal wave
side bands.

The broad channel, however, is more fully re-
sponsive to the carrier wave and side bands with-
out appreciable attenuation, to permit audio fre-
quency fidelity substantially to the limit of a
desired band such as to 8 kilocycles, for example.

In this channel, the first stage intermediate fre-
quency. amplifier 9 is provided with a. grid cou-
pling resistor 480 connected with the grid potential

- supply lead 4! and through a coupling capacitor

42 with a broadly tuned intermediate frequency
input circuit 43 which is coupled inductively as
indicated, with the intermediate frequency input
transformer 29 through a coupling winding 44.
Any other suitable coupling means for the device
9 may be employed in conjunction with the main
signal channel from the first detector.

The amplifier -device 9 is coupled on its output
side, through a broadly tuned intermediate fre-

.quency coupling ‘transformer 45 -with the diode

second -detector 0 in the broad channel. This
comprises a rectifier device having a cathode 46
and an anode electrode &7 connected with the
tuned -output  circuit 48 of the transformer 45
through a_ diode output resistor indicated at £9.
In this circuit, the cathode 46 is also connected to
ground or the common chassis return:circuit, as
indicated at 50. In the present example g triode
device is utilized as a rectifier, the anode 47 being
a normal grid electrode and the main. anode 5t
being connected to the cathode £5. A suitable
intermediate frequency bypass capacitor 52 is
provided across the diode output resistor 49.

~The detector 10 is connected, in with the de-
tector. B, to the first: audio frequency amplifier

‘stage 6, through a similar coupling arrangement

as provided for the detector 5.. 'This comprises an
audio frequency output lead 53 connected with the
negative terminal 54 of the diode output resistor
49 and -connected further through a high resist-
ance element 55 corresponding to the resistor 33,
to the lead 84:at a Junctlon point 56 between the
two resistors.

‘With this arrangement it will be seen that mod-
ulated signals received from the first detector,
may be amplified through-either or both of the
amplifying channels, and after being rectified in
either or both of the detectors ’§ and {8, the audio
frequency component is applied through the out-
put leads 32 and 53 and the resistance elements
33 and 8% to the grld of the first audio frequency
amplifier 6.

~The latter grid may also receive blasmg poten-
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tial from both circuits with the signal potentials -

therefrom, whereby the sharp.channel may be
effective to ‘provide .a normal audio frequency re-
sponse, or the higher fidelity response may be

effected through the more broadly tuned chan- g
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for the tube 4 comprising
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nel, without changing any of the circuit connec~
tions. : ‘

The series resistors 33 and 55 between the out-
put resistors 28-and 49 are preferably relatively
high in value whereby the two diode circuits are
substantially de-coupled. This is preferable in
order to keep the interference between the two
channels relatively low and in. order to do this;
the ratio of the resistors 33 or. 55 to the resistors
28 or 49 should be kept as large as practically pos-
sible. o :

wither of the two signal channels may SeP-
arately be connected with the audio frequency
amplifier by operation -of-a simple  two-point
switeh having a movable contact 58 connected to
ground 57 and having two contact points 58 and
59 connected with the audio frequency output
leads 32 and 53, respectively, for the two audio

- frequency. channels.

Closure of the switch arm 56 with the contact
58 serves to ground the output lead 32 and cuts
off. the audio frequency output from the sharp
channel, whereby signals are transmitted from
the broad channel through the ledd 53 and the
iead 34 from the tap 56 hetween the two resistor
sections 33 and B9, thereby providing, in effect, a
tap midway of & resistor comprising the two sec-
tions 33 and 55. One-half of the available output
potential on the lead 53 is applied to the lead 34.

Tn @ similar manner, when the switch arm 56
is connected with the contact 59, the lead 53 is
grounded, whereby :signals -are taken from the
sharp channel through the lead 32 and the lead
34 from the tap 56, which again serves as a mid-
tap on the resistor 33—55.

Through the medium: of a simple  two-point
switch having a mid position, signals may be
taken from either or pboth signal channels and
applied to & common audio frequency amplifier
grid circuit. The switching arrangement is fur-
ther simplified by the fact that no additional
biasing potential is necessary other than that pro-
vided by the incoming signal, as derived from
the. diode output resistor or resistors. :

This channel mixing system is shown, described
and claimed in cur Patent No. 2,127,816, issued
August 23, 1938, for Multichannel radio receivilig
systems, and assigned to the same assignee as
this application. Accordingly, further descrip-

tion of this portion of the system is believed t0 -

be unnecessary.
Gain or volume control potential for suppres-
sion in the sharp channel and, in the present

example, for the second intermediate frequency -

amplifier stage 4, is derived from the second de-
tector of the broad channel. A volume control
lead 60 for the stage 4 which includes a filter com-
prising a series resistor 6 and bypass capacitor
62, is connected with the negative output termi-
nal of the diode output resistor 49. : The lead 69
is connected through the
an inductor 65 and the
grid lead 68, to the control grid 671. The cathode
68 is connected to ground 69 through a self-bias
resistor 18 provided with a bypass capacitor TH.

This arrangement serves to place a. fixed bias-

-ing potential of predetermined value on the grid
87, from the self-bias source 10, and an additional

bissing potential, in the presence of - signals; as
derived from the detector output resistor 49,
This operates to reduce the gain-of the stage 4
and thereby to regulate the volume or signal level
in the sharp channel.. The potential derived from

this control source is, on strong signals, sufficient

to fully suppress the sharp channel:

tuned input circuit 64

‘nected through 2 bias supply lead 105 with

3

Autoinatic’ volume control potentials for the
radio frequency amplifier, as diagrammatically
indicated in Fig. 1, are derived from the auto-
matic volume control rectifier- {2, which is pre-
ceded by an automatic volume control intermedi-
ate frequency amplifier {1. In the presen{ €ex-
ample, the intermediate frequency amplifier 11 is
s double diode pentode device containing the
diode electrodes .12 and 15 for the diode devices
designated in Fig. 1 by
having a commnion cathode 15 connected with a
suppressor grid 716 and further having a control
grid T1, a screen grid 18 and an output anode
electrode 19. o . . :

Signals.at intermediate frequency are applied
to the control grid 11 through a lead 86 which is
coupled with the same input circuit 43 as is pro-
vided for the amplifier device 9 in the broad
channel. In this case, the lead 80 is connected
directly through the tuning inductance 44 of the
circuit 43 and receives piasing potential there-
through from a biasing potential supply lead 81
which is connected with a tap point 82 on a
series resistor comprising two sections 83 and 84
between ground 85 and the cathode 15 of the
automatic volume control amplifier- 11. The re-
sistors 83 and 84 are provided with suitable by-
pass capacitors 86, 87 for intermediate frequency
currents. :

The initial biasing potential applied to the grid
171 with respect to the cathode 15 is a normally
self-biasing potential obtained by the drop in
the section 83. :

The output anode 78 of the amplifier i1 is con-
nected to the primary winding 88 of a matural
period intermediate frequency amplifier coupling
transformer 94, the secondary 92 of which is
connected at one end with the diode anode 12 and
through a coupling capacitor 93 with the dicde
anode 15, and also through the coupling capaci-
tor 93, a lead 94, a coupling capacitor 85 and &
lead 96 to the anode electrode 97 of the rectifier
13 which, in the present example, is a triode de-

vice. The grid of the latter serves as the anode "

electrode 971, and the anode 99 is interconnected
with the cathode and an output lead {89. The
remainder of the circuit for the device 13 will
hereinafter be described.

Tt will be.seen that the intermediate frequency
sighal voltage amplified in the device {t, is ap-
plied through the coupling transformer 8{ to

_three diode rectifier devices comprising the an-

odes 12, 15 and 97. When the signal voltage is
of sufficient positive value to overcome ‘the volt-~
age existing on the cathode ‘15 the intermediate

_frequency signhals are rectified and- the output

therefrom is applied to an output resistor {8l
through a series circuit which meay be traced
from the cathode 76, through the resistors 83
and 84, to ground 8% and 2 ground 402 for the
resistor 18f, thence through the resistor i¢f to
a terminal 103, and from the terminal {83 to the
secondary 82 and the anode f2.

The rectified signal current is of relatively low
value with respect to the anode-current of the de-
vice 11 flowing in the resistors 83 and 84, .and
therefore does not serve to change the potential
to any appreciable degree. - However, in the out~
put resistor 01,2 potential having a pelarity as

indicated is set. up and may be-derived from the
terminal 183 for negative biasing purposes and
also from & suitable tap 104. The latter is con-
the
first- intermediate frequency.amplifier 3.
connection- includes: a filter . comprising ‘a series

the same numerals, and.
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resistor 187 and bypass capacitor 108, the sec-
ondary 109 of the transformer 28, a grid lead
{18 and the control grid {{1 of the amplifier 3.
The automatic volure control botentials for the
other input circuits of the receiver. are taken
from the other negative terminal {03 on the re-
sistor 101 through a lead 89—89 which i$ broken
to simplify the circuit diagram.

The cathode 112 of the intermediate frequency

.amplifier 3 is provided with a self-bias resistor

113 and suitable bypass capacitor (14 with g
ground connection as indicated at 115 to estab-
lish on the grid 112 an initial negative bias for
normal or full amplification of received signals.

With this arrangement, the preceding signal
input stages and circuits of the receiving system,
represented by the first intermediate frequency
amplifier, may receive additional automatic vol-
ume control or biasing potentials from the cutput
resistor 181 under control of the diode 2.

It has been found that in connection with the
main gain controlling circuits of the receiving
system, such as above described; there may also
be arranged a manually variable sensitivity or
volume control means for the receiving system,
without the addition of complicated circuits and
with only a limited number of additional control
elements. -

It has been seen that the Dpresent automatic
gain' control system involves the operation of the
diode rectifier 12 to provide with increasing car-
rier wave or-signal strength; an increasing nega-
tive ‘potential across the diode output resistor
181 and a corresponding increasing negative po-
tential with respect to ground -at the point or
terminal 103. A portion of this voltage is utilized

for automatic volume control purposes through

the lead 105 on first I. F. amplifier 3, and the full
voltage is used for automatic volume control pur-
boses on the R. F. amplifier and first detector,
through the lead 89-—89.

If, now, a potential drop is provided in a poten=

tiometer device 118§ having a polarity. as indi-
cated, with the positive end thereof {117 con-

nected to ground as indicated at 118, the poten--

tiometer contact 119 may be connected through
a lead 120 and a series potential drop regulating
resistor 121 with the terminal 183, to supply an
adjustable potential to the automatic volume con-
trol resistor 101,

If the resistor 121 has a relatively high re-
sistance with respect to the output resistor {01
and the contact 119 is moved 0 the terminal
117, the operation of the automatic volume' con-
trol means is the same as previously described
and the only delay on the dicde 2 will be that

set up by the drop in the self-bias resistor sec~

tions 83 and 84. ] i

However, if the contact {19 is moved along
the source (18§ to establish between ground. and
the terminal 183 a negative potential, this will
appear as a delay potential on the anode 12 and
the potential will be dpplied through the re-
sistor 121 across the diodeoutput resistor {01,
and- as the contact is moved toward a negative
terminal indicated at 122, the full potentialavail-
able - will ‘be- applied across the output. resistor

181, and the negative bias applied to the diode
“anode 12 will be the potential derived frem the

resistor 116 as proportioned between the resistors
121 and 101; )

In the absence of.a received signal, it will be

seen that by the adjustment of the contact 119;
the sensitivity of the input circuits of the receiver
may be limited to a desired degree-in’ exactly the

2,141,391

same manner as if a:signal were limited by

reason of operation of the automatic volume con-
trol rectifier 12, since the negative potentials avail-
able on the terminals 103 will be in the same pro-
portion as if they were provided by a rectified
signal on the anode 12. .

However, this portion of the present system,
comprising the sensitivity and noise suppression
control of the diode §2, as above described briefly,
is.more fully shown and described and is claimed
in our copending application, Serial No. 98,746,
filed August 31, 1936, for Noise suppresser Sys-
tems, and is assigned.to the same assignes as
this application. Accordingly, this portion of the
system will not further be described. -

It should be noted that at the same time the
sensitivity is reduced, a further delay potential is
impressed upon the diode anode {2, causing the

10

15

diode -to become inoperative -until the signal -

amplitude is such that it corresponds to the gain
predetermined by the adjustment of the sensi-
tivity control contact £19. For this and higher
signal strengths, the automatic- volume control
means, as described, functions in the same man-
ner as it would if the sensitivity control were set
for maximum sensitivity at the contact point {17,

The broad signal amplifying channel compris-
ing the intermediate frequency amplifier § and
the detector 18 is' similar to the sharp channel
except that the gain is preferably lower as indi-
.cated by the lesser number of stages in the present
example, because of the fact that the broad chan-
nel is used. only in response to relatively strong
carrier waves. -Therefore, it is necessary that the
automatic volume control means which controls
the broad channel be provided with a greater de-
gree of delay than the sharp channel in order to

- obtain substantially constant audio = frequency’

output on the first audio frequency amplifier as
is desired, regardless of the signal strength.

The operation of the system is such that as the
carrier wave strength varies on the receiving sys-
tem, a substantially constant audio frequency po-
tential “is delivered to the first audio frequency
input grid 6 for the same -degrees of modulation.
This is accomplished by utilizing an independent
diode 15 for the automatic volume potential sup-
ply for the broad channel intermediate frequency
amplifier, and by returning the diode output re-
sistor circuit to a peint on. g potential supply
system at. a point more negative than ground, to
which point the cathode or cathodes of the broad
intermediate frequency amplifier channel are re-
turned. - RIS AN
. For the above control arrangement of the broad
channel, the “grid bias supply lead. 8- of the
amplifier 9'is connected through a potential drop
producing resistor-{25 with g tap 126 on a diode
output resistor 127 connected in circuit with the
diode anode 15 and the cathode 75. ‘The connes-
tion is completed through g lead 128 and a source
of -negative biasing potential 128 to ground {18
and -the ground 85, returning through the re-
sistors 83 and 84 to the cathode 75,

Intermediate frequency signals supplied by the
transformer §{ from the amplifier {{ are applied
to the diode {5 through the coupling capacitor 83,
as described, and a portion of the negative po-
tential developed across the output: resistor: 127
is:applied to the control grid 130 of the amplifier
9, through the grid resistor 49, the supply lead 41
and the series resistor {25 from the tap 128. . The
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cathode of the device 8 designated at 131, is con-~

nected through ‘a self-bias resistor 132, having a-
bypass capacitor. 133, with g terminal 138 in y§-
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connection with the lead 128, whereby the po-
tential applied between the grid 130 and the

cathode 131 may be provided by the self-bias

e

10

20

resistor: 132 when the received signal strength is
not sufficient to overcome the. delay on the recti-
fier anode 15, from the sources {29 and 83—84,
and as the signal strength increases to a. value
above the delay potential; the potential derived
across the resistor §27 is added thereto to pro-
vide an increasing negative bias on the grid. 130
with respect to the cathode, thereby to reduce the
gain in the broad channel, for automatic volume
control purposes. . :

The diode 15, however, is not permitted to come
into action until a predetermined signal strength
is available, dependent upon the additional delay
potential provided by the scurce 129 which is in
series between the anode 13 and the cathode 8.

Tt will be seen that the peak amplitude of the
signal delivered to the diode anode 15 must have
a positive value greater than the negative po-
tential available across the resistor {29 and the
self-bias resistors 83 and 84, and the value of the

“delay potential may be adjusted fo any suitable
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" pias potential supply elements in the negative

value, whereby the signal strength or gain
through the broad channel may be reduced only
after a relatively high signal amplitude or carrier
wave strength is applied to the receiving system.
Meantime, through the automatic volume con-
trol diode 12, with less delay, the sharp channel
and the input circuits of the receiver may be con-
trolled by the potentials supplied from the dicde
output resistor 101.  -Also, independently-of the
other automatic volume control means, the broad
channel detector 18- serves to control the gain of
the -intermediate frequency amplifier stage 4,
thereby reducing the gain in the sharp channel

with inereased signal on the broad channel, there-

by providing a proper balance in output to deliver
to the first audio frequency amplifier grid 6 sub-

" stantially a constant.signal, as the transition is

made from sharp-channel to broad channel re-
ceiving conditions. ) :

The biasing potential source provided by the
resistor 116, providing -a negative potential sup-

' ply for the confact 119 and the automatic vol-

ume control diode 12, for sensitivity control of
the receiver, and additional delay on the diode
anode 12, and the potential source provided by the

resistor 129 for the diode anode 15 may be con-.
“ nected in any suitable manner-to provide nega-

tive delay potentials with respect to ground [18.

‘In the present example, resistors are connected
in the negative power supply lead 140 for the re-
ceiver, which is connected with. the chassis or
ground 118 through a choke coil or field winding
144 and the resistor 129, in series. :

The resistor or potentiometer 116 is-then con-
nected between ground and the negative ter-
minal of the choke coil {4{ through a filter re-

“sistor 142 provided with a bypass capacitor 143,

whereby the resistors {42 and the potentiometer
116 are connected in series as a parallel path

across the choke coil 141 and the resistor {29..

This arrangement provides two separate negative

lead of the power supply circuit for the receiver,

and is thereby adapted for the circuits above de-

" geribed to supply biasing potentials thereto. -

L3

The difference. between the potential drop

“through the resistor 129 and through the resistor

{16 is also applied across a potentiometer resistor

{84 which is connected in parallel with said re-

sistors between the terminal 184-on the lead 128
and a cathode lead 145 for the suppressor tube 14

5

which comprises a cathode 146, a control grid
147 and an anode 148.

The' grid of the suppressor tube .147 .is con-
nected through a grid resistor 1498 with the nega-
tive terminal (50 of a diode output resistor 151
for the diode rectifier 13. The diode circuit in-
cludes the anode: electrode 97, the lead 96, the
output resistor 15, and a terminal i52 in con-
nection with the cathode lead 145 and the re-
sistor 144, thence through the resistor 144, and
through a movable tap 145 which is connected
withthe lead 100 for the cathode 98.
arrangement provides a variable negative delay
potential on the anode electrode 97 with respect
to the cathode 98.

“With no ‘signals received :through the input
circuit #3 and the amplifier 11, the signals applied
to the diode anode 97 are zero, with the result
that there is no biasing potential applied to the
control grid 147, with respect to the cathode {46.
The impedance of the suppressor tube {4 is there-
by relatively low and the potential existing across
the terminals of the potential supply source 148
causes. ecurrent to flow through the resistor 127
and the resistor 125, to apply. a cut off potential
to the amplifier tube 9 in' the broad- channel,
thereby, in. the absence of received signhals, serv-
ing to cut off the broad channel response.

If the suppressor tube 14 is cut off by applying
a -strong negative biasing potential between the
control grid {47 and the cathode 146, the auto~

matic volume control system in connection with.

the diode 15 will function to control the amplifier

9 in a normal manner, as hereinbefore described.

For this purpose, the diode rectifier -13 is pro-
vided with a variable delay potential E» between
the potentiometer contact 145 and the terminal
192. This. potential is adjusted to a value such
that when the carrier wave or intermediate fre-
quency signal strength increases, no current is
drawn through the diode output resistor 151 un-

til a predetermined high value of .the carrier

strength is obtained. Up to this point, the broad
intermediate ‘frequency amplifier channel re-
mains cub off, :

Beyond that point, when the. signal reaches a
higher magnitude, the peak intermediate -fre-
quency potential is applied from the circuit lead
84 through the capacitor 95 to the diode 13, pro-
ducing a negative biasing potential across the
output resistor {51 and on the control grid 147
of the suppressor tube {4 to cut off the latter tube
and to permit the automatic volume control po-
tential developed across the bias resistor 127 to
control the grid 130 of the amplifier tube 9.

Thereafter, the broad channelis controlled by the

automatic volume control means, comprising the
diode anode I5.

By adjusting the contact 145 to vary the delay
potential on the diode rectifier controlling the

suppressor tube, a variable delay in the operation

of the broad channel may be provided.

The operation of the system briefly is as follows
and may be considered by referring to both Figs.
1 and 2: -

A signal impressed upon the input circuit of
the receiver. is amplified in the: radio frequency
amplifier and is converted to a predetermined
intermediate frequency by the oscillator and first
detector and may then flow through three chan-
nels, comprising the main intermediate frequency
channel, including the tubes 3, 4 and 5, the broad
intermediate frequency amplifying channel in-
cluding the tubes 9 and {8, and through a con-
trol channel comprising the amplifier {{ and the
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diodes 12, 15 and 13, the latter controlling a sup-
pressor tube 14, e .

The broad channel remains cut off, provided the
signal is not strong enough to cut off the sup-
pressor tube (4. The sharp intermediate fre-
quency channel is controlled above a predeter-
mined delay, by the diode 12, and upon increase
of signal strength to the point where the sup-
pressor cuts -off, the radio frequency signal
strength is maintained constant.on the sharp
detector, comprising the diode 23 in the tube 5.

Increasing the signal strength further causes
the broad channel to operate and to amplify sig-
nals, and the voltage rectified by the detector 10
will begin to suppress the signals in the sharp
channel by applying an automatic volume con~
trol potential to the second intermediate fre-

quency amplifier tube 4.  If the signal or carrier.

wave still further increases in strength, the sharp
channel finally may become entirely cut off by
action of the volume control potential -derived
from the detector 10 which is, therefore, effec-
tively a suppresser tube for the shdrp channel.

It is considered desirable, in. order to provide
proper selectivity for the system, that the broad
channel may be entirely cut off in the presence
of weak signals because even a small portion of
the signal coming through the broad channel
at that time would definitely cause the selectivity
to be below.the desired pérmissible value, in
which " case the signals are received ~entirely
through the sharp channel. : : L

The response of the broad chaniiel without the
suppressor may be represented by: the curve
shown in Fig. 4 at 160, and the addition of the

suppressor modifies the action of the broad chan- -

nel as represented by the curves 61s, 161, and

40
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t61c, the cut off points being extended to operate
in response to-a stronger signal by adjustment of

the contact 145 to apply a high delay potential -

to the diode rectifier which controls the sup:
pressor tube. Thus, the advantage of providing
a variable suppressor. cut off is realizéd.

If now the direct current voltage created by
the broad channel second detector 10 is applied
as an automatic control voltage on the- second
intermediate frequency amplifier; as déscribed,

the overall response curve of voltages applied

to the audio frequency amplifier represented by
the curve {62 may be obtaihed and results from
the smooth change-over of the audio frequency
amplifier from the sharp channel detector output
to the broad channel detectsr output tnder con-
trol of the broad channel detector 10.

If the suppressor control is adjusted to provide

the operating curves {61a, 181y, or 161c, the signal

output on the audio frequericy amplifier may
be reduced with further signal strength increase,
as indicated. ' )

The signals created in the two detectors 5 and
{8 are mixed by means of the mixing circuit and
if the preceding control circuits are adjusted as
described, the.signal output on the first audio
frequency amplifier grid & may be substantially
constant, although the selectivity of the receiving

- system may vary. It is evident that the signal

75

or carrier wave strength at which the change-
over takes place may be varied by changing. the
suppressor cut off in the broad channel and that
the change-over from one.channel to the other
may be effected gradually by proper adjustment
of the control contacts 145 and {189.

The system described has the advantage thai
more than one intermediate frequency channel
is utilized to carry the modulated carrier wave

2,141,391

or signal and the two channels are controlled
simultaneously by a. third control .channel in-
cluding a suppressor -and . separate automatic
volume control means therefor, including a sen-
sitivity control by which the initial sensitivity of
the system may be adjusted, and may be oper-
ative to control the sensitivity up to .a prede-
termined point at which the automatic volume
control means begins to function.

The systém further includes a control circuit
which permits the change of operation from one
channel to the other to be effected at a predeter-
mined signal level and includes a diode rectifier
circuit” therefor and ‘a mixing system- for the
two signal channels which requires no switching
operation to change from' one channel to the
other in connection with a common audio fre-
quency amplifier, :

The last named circuit has the further advan-
tage that the audio frequency amplifier is diode
or sighal biased by the signal from the diods sec-
ond detectors in both channels, either jointly or
separately, depending upon-the operation of the
system through the one or the other, or hoth
intermediate  frequency amplifying channels,
thereby preventing overloading. - -

The use of a plurality of signal amplifying
channels, such as three intermediate frequency
amplifying channels in a radio recéiving system,
with one channel -providing a control potential
for the others, is shown, described and -claimed
in a copending application of Paul Weathers, for
High fidelity receiving systéms, filed -August 29,
1936, Serial No. 98,435, and assigned to the sam
assignee as this application. -

Accordingly, the use of three signal amplifying
channels, per se, are not claimed hérein, but in
all other respects, the invention should be tnder-
stood as being not limited to the specific receiving
system shown, and only by the appended claims.
- We claim as our invention: 7

1, In a radio receiving system having a pair of
signal amplifying channels offefing differing de-
grees of selectivity to received signals, the com-
bination of demodulator means for each of said
chanmnels, means providing a gain controlling
connection for deriving a gain controlling poten-
tial from -only one of said demodulator means
and applying said potential to the other of said
signal amplifying channels to suppress the flow
of signals therethrough in response t6 an in~
crease in the strength of signals applied to said

demodulator means; automatic volume control

means- comprising a diode  rectifier . connected
with one of said channels to receive signals there-
from to be rectified and having an output resistor
for rectified signals, means for applying auto-
matic volume control potentials from said output
resistor to said receiving systemn preceding said

“channels to reduce the gain therethrough in re-

sponse-to an increase in the amplitude of received
signals, means for establishing on’ said output
resistor a fixed biasing potential, and means for
varying. said potential, thereby to vary the gain
of said receiving system independently of the
automatic volume control means. s

2. A radio receiving system comprising, in com-~
bination, signal receiving means, means providing
a signal amplifying channel, means providing a
second signal amplifying channel having a rela-
tively-broad frequency response characteristic and
a control channel for said first and second named
channels comprising ‘an amplifier stage for said
received signals and a’ plurality of rectifier de-
vices ‘connected with said amplifier stage- to
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receive the amplified signal oufput therefrom,
means for controlling the gain of said first named
signal amplifying channel inversely in response
to variations in the strength of a received carrier
wave, means for controlling the gain in the
broadly. responsive signal amplifying channel
directly in response to variations in the strength
of a received carrier wave, means for suppressing
the flow of signals through said broadly respon-
sive signal amplifying channel connected with
another of said rectifying devices to receive recti-
fied signal output potential therefrom, and means
for applying a variable delay potential to sdid last

named rectifler device, whereby said suppressor-

is rendered ineffective above a’ predetermined
signal strength.

3. A radio receiver in accordance w1th claim 2
further characterized by the fact that means are
provided for applying to each of said diode recti-
fler devices a predetermined differing delay po-
tential, certain of said potentials being variable,
whereby the response of said amplifying channel
to the received signal may be controlled and the
change from one amplifying channel to the other
may. be adjusted for a predetermined signal
strength.

4. In 2 radio receiving system havmg three
intermediate frequency amplifying channels, the
combination of means in two of said channels
providing differing frequency band width response
and gain therein, and means in connection with
the third amplifying channel for diffierentially
controlling the signal amplifying operation of
said two channels. in response to variations in
signal strength to bring one channel into operation
and to cut off operation of the other channel, and
means in connection with said third channel
control means for adjusting a control potential
therein whereby the signal strength for determin-
ing the change from one amplifying channel to the
other may be adjusted.

5. In a radio receiving system having a plu-
rality of signal amplifying channels, the com-
bination therewith of a control channel including
signal amplifying means and automatic volume
control means for said first named amplifying
channels, means for controlling said first named
channels in response to signal variations whereby
one of said- channels at a time is effective to
amplify signals, and means in said control channel
for determining the point of change from one
channel to the other and the signal amplitude
required to effect such change.

6.'In a superheterodyne radio receiver, the
combination with a pair of intermediate fre-
guency amplifier channels, one of which has a
relatively broad and the -other of which has a
relatively sharp frequency response characteristie,

- of 2 third intermediate frequency ' amplifying

60

channel including automatic volume control
means for: said receiving system, suppressor
means for the relatively broad channel included
in said channel, and suppressor means in the

" broad amplifying channel for controlling the rel-
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atively sharp amplifying channel whereby -as the
signal strength increases the relatively broad
channel is effective to amplify said signals and
the amplifying effect of the sharp channel is re-
duced, and means for controlling said suppressor
means whereby they operate consecutlvely and in
an .opposite sense.

7. In a superheterodyne radio. receiving sys-
tem, the combination of an intermediate fre-

quency amplifier providing a plurality of inter-

mediate frequency amplifying channels of differ-

7

ing frequency band width and gain, means pro-
viding a separate control: channel including an
intermediate ‘frequency .amplifier device and a
plurality of diode rectifier devices for amplified
signals from  said- device, means responsive to
received signals of predetermined amplitude con-
nected with said control channel for suppressing
the flow of signals through an intermediate fre-
quency amplifying channel having ‘a wide fre-
quency band width, and means for gradually
suppressing the flow of signals through another
of said channels in response to the flow of re-
ceived: signals through said first named channel
when receiving-relatively strong signals.

8. In a radio. receiving system, the combina-
tion as defined in claim 7 further characterized
by the fact that means are provided for con-
trolling the change. from one intermediate fre-
quency amplifying channel to another in response
to variations in the strength of a received carrier

- wave, whereby the audio frequency output from

said signhal amphfymg channels is substantially
constant.

9. In a radio receiving system the combination
of means providing ‘a pair of signal amplifying
channels one of said channels being more broadly
resbonsive to received signals than the other of
said channels, means responsive to signal strength
variations for controlling the sensitivity of said
channels in opposite sense to render the more
broadly responsive channel effective to amplify
signals only in response to signals of predeter-
mined high amplitude, and means for limiting the
more sharply responsive signal amplifying chan-
nel for amplifying signals of a lower amplitude,
said signal responsive controlling means including

. an adjustable control element and a diode biased

amplifier tube having an anode circuit connected
with said more broadly responsive signal channel
for adjustably controlling the point of changeover
from . signal reception in one channel to signal
reception in the other channel.

10. In a radio receiving system the combination
of a pair of paralle]l connected signal amplifying
channels each comprising a gain controllable am-
plifier and one of said channels providing a higher
degree of amplification and being more sharply
responsive to-received signals than the other of
said channels, automatic volume control means
including a diode signal rectifier connected with
said sharply responsive channel amplifier for
controlling the gain therethrough inversely in re-
sponse to signal strength variations, a second
diode automatic volume control means including
a second diode rectifier connected with' the more
broadly responsive signal channel amplifier for
controlling the gain therethrough inversely in
response to signal strength variations and an elec-
tric discharge amplifier device having an ancde
circuit connected in.common with said last named
diode to apply a controlling potential to the more
broadly responsive signal amplifier thereby nor-
mally to suppress. signal flow therethrough, - a
third diode rectifier device connected with said
electric discharge amplifier device to apply a
biasing potential thereto in the presence-of sig-
nals thereby to remove the suppression control
from said more broadly responsive signal cliannel,
and means for applying to said last named diode
rectifier device an  adjustable delay potential

“whereby said suppression is removed in response

to signals of a predetermined amplitude.
11. A radio receiving system in accordance with
claim 10 further characterized by the fact that
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channel -includes a fourth diode rectifier device
providing a control potential responsive to signal
strength variations following the removal of sup-
pression from said channel, and means for apply-
ing sald potential to an amplifier device in said
more. sharply responsive signal amplifying chan-
el in a direction to cause the gain therethrough
gradually to be reduced in response to-increased
signal strength through said broadly responsive
signal channel thereby to suppress signals through
said more sharply responsive signal amplifying
channels, ,

12. In 3 radio receiving system the combina-
tion of means providing a plurality of parallel
connected signal amplifying chanels one of which
terminates in a plurality of diode rectifier devices
each responsive to received signals and having
separate output circuits, means for applying dif-
fering - delay potentials to said rectifier devices
thereby to control the point of response of said
rectifier devices to received signals, means ‘for
applying a controlling potential responsive to
signal strength variations from the ocutput circuit
of each of said diode rectifier devices to one of
said signal amplifying channels, means providing
a. noise suppressor control for one of said signal
amplifying channels having a control potential
source responsive 1o sighal strength variations in

2,141,391

the other of said channels, means providing a.

second noise suppressor control system in con-
nection with one of said first named diode rectifier
devices for said  last named signal amplifying
channel,. and means in said suppressor control
system providing a variable delay potential for
the .diode rectifier device associated therewith
whereby said last named signal amplifying chan-
nel is caused to be responsive to signals having a

-signal amplitude above a predetermined ampli-

tude.

13. In a radio receiving system in accordance
with elaim 12, further characterized by the fact
that said signal channels are terminated by diode
rectifier devices and a resistor network providing
a common output circuit with said diode rectifier
devices connected substantially in parallel rela-
tion to each otherthereby to provide signal output
and biasing potentials for said output circuit and
that the automatic volume control circuit for one
of said diode. rectifier devices connected with
the more sharply responsive. signal amplifying
channel is provided with an adjustable source of
biasing potential for the output circuit thereof
whereby the sensitivity of the receiving system
may be adjusted manually.

POUL F. G. HOLST.
LOREN  R. KIRKWQCOD..
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