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8 Claims.

The present invention relates to radio receiving
systems of the type having two or more signal re-
ceiving channels, and has for its primary object
to provide an improved radio receiving system of
the character referred to, wherein either or any
one of the signal channels may be put into ef-
* fective operation in response to signals, giving
one channel a preference if desired, and provid-
ing silent standby operation in the absence of
signals with low current consumption.

The invention relates particularly to radio sig-
nal receiving systems adapted for simultaneous
response to a plurality of differing signals or
signals in differing frequency bands as utilized
in police work in patrol cars and the like. Such
systems must be operated from battery power
either through a motor-generated or other rotary
converting apparatus, or from vibrator power
supply means involving a vibrator device for in-
terrupting the primary current and rectifying
the secondary voltage of a step-up transformer.

The use of vibrator power supply devices is
preferable because of simplicity and low cost, but
this involves a distinct disadvantage in connec-
tion with multiple channel receivers of the type
referred to for the reason that in order to carry
the various receiving channels for standby opera-
tion, the steady operation of the vibrator ele-
ments of the power supply means with the rela-

tively heavy load currents involved, greatly re- -

duces the vibrator contact life. ]

It is, therefore, a further object of the present
invention to provide an improved radio receiving
system of the multiple signal channel type, which

causes & minimum current load during standby -

periods with silent operation during such periods,
while providing full signal output from any one
of the several channels in response to signals,
whereby the life of the vibrator contacts is pro-
longed, and which is responsive to signals from
a selected one of the channels regardless of the
condition of operation of any of the other chan-
nels.

It is also an object of the present invention to

provide in a multiple channel radio receiving *

system, for the independent operation of any
signal channel to the exclusion of the others,
together with control of the power output and
current consumption, thereby to provide silent

operation and a prolonged vibrator life in a mo- &t

bile installation. .

In the operation of a police radio receiving
system, it is desirable to provide at least two
signal receiving channels, one of which may be
tuned to a local police signal network, for ex-
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ample, while the other is tuned to the State police
network, both channels being silent during
standby periods and caused to consume relatively
low anode current. .

It is, therefore, a still further object of the
present invention not only to provide in a radio
receiving system a major reduction in the anode
current load in the absence of signals on either
of the two signal receiving channels, but also to
provide in said receiving system means for ren-
dering the system responsive to emergency sig-
nals, whether the receiving system is standing by
or in operation in response to signals from any
other source.

The invention will, however, be better under-
stood from the following description when con-
sidered in connection with the accompanying
drawings and its scope is pointed out in the ap-
pended claims,

In the drawings,

Figure 1 is a schematic circuit diagram of a
two-channel radio signal receiving system illus-
trating one embediment of the invention, and

Figure 2 is a similar schematic circuit diagram
showing a modification of the circuit of Fig. 1
also embodying the invention.

Referring to Fig. 1, the signal receiving system
shown provides two signal channels, A and B,
comprising a second detector & in channel A, and
a second detector 6 in channel B, the preceding
signal-conveying circuits of each channel not
involving the invention being omitted for the
sake of simplicity. Any suitable receiving means
may be provided, such as the usual first detector
and intermediate frequency amplifier in each
channel, terminating as shown in the second de-
tector for each channel.

Each defector is preferably of the diode type
comprising an anode T and a cathode 8 provided
with a signal output impedance 8 from which
audio frequency signals are taken through a
volume control contact 10 and a coupling ca-
pacitor 1. The coupling capacitor is connected
through a lead {2 to a signal input grid 13 of an
audio amplifier tube, the cathode of which is -
indicated at {4 and the anode at 5. The latter
is -coupled through. a suitable coupling means 18
to the cutput stage represented in the present ex-
ample by an audio frequency amplifier power
output tube 7 having a signal input grid i8, a
cathode 18 and an ocutput anode 28. The anode
is connected through an output transformer 21
with a positive anode current supply lead 22 from
a vibrator power supply device 23. A loudspeak-
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er 24 is coupled to the cutput transformer 21 as
indicated.

The same amplifier arrangement, representing
any suitable audio frequency amplifier, is pro-
vided in the second channel B, comprising the
detector 6, volume control output potentiometer
27128, the first stage amplifier tube 29 coupled
to the power output stage 30 having a signal in-
put grid 3i, a cathode 32 and an output anode
33, the latter being coupled through an output
transformer 34 to a second loudspeaker device 35.

The anode current for channel B is derived
from a separate vibrator power supply device
35, each channel peing independently energized
by closure of switches indicated at 37 and 38 to
supply the anode and screen grid current there-
to. The positive anode output lead from the
power supply device for channel B is indicated
at 89, and as in channel A, the negative connec-

tion is made to ground or chassis 48 or other suit- 2

able common return circuit for the respective
channels.

Each of the channels includes a control am-
plifier in addition to the signal amplifier. The
control amplifier is responsive to received signals
to control! the anode current of the output stages
as the major load on the vibrator power supply
device and the operating contacts thereof.

Referring to the control amplifier of channel

A, an amplifier tube having an anode 43 and a &

control grid 44 is provided with a common cath-
ode 8 in the same envelope with the second de-
tector. The grid 44 is connected through a filter
resistor 45 with the negative terminal 46 of the

detector output circuits and also through a lim- :

iting resistor 41 with a potential source 42 pro-
viding an adjustable potential at terminal 49
which is positive with respect to the cathode 8.
In the absence of signals, the terminal 49 may be
adjusted to provide a predetermined positive bias
onthe control grid 44, sufficient to establish a rel-
atively high anode current in the output resistor
48 in the anode circuit £9.

In the presence of signals, the positive bias in
the grid 44 is overcome by the increasing nega-
tive bias provided by the detector resulting in a
reduction of the anode current in the output re-
sistor 48 when the signal strength is above the
predetermined value referred to.

This change in anode current is utilized to pro-
vide a variable bias which increases in a posi-
tive direction with signal increase and which is
applied to a control amplifier 50 provided in the
same envelope 5! with the signal amplifier. This

amplifier is provided with a control grid 52 con-

nected with the negative end of the resistor 48
while the cathode 53 is connected with a positive
end thereof, as shown.

The output anode 54 is connected through the
anode circuit 55 with a relay coil 56 which is en-
ergized as the grid 52 beccres less negative in
response to signals above the predetermined sig-
nal level referred to. In the arrangement shown,
the anode cireuit 55 is connected through the
 relay coil 56 to the positive supply lead 22 from
the vibrator power supply device. In the ahsence
of signals, it will be seen that the anode current
load provided by the tube 58 is reduced. Likewise
in the absence of signals, the anode circuit of
the output stage 17 is opened by providing a pair
of relay contacts 58 and 58 in circuit between
the cathode {8 and a negative anode supply con-
nection provided by the chassis 88, this connec~
tion including a bias resistor 61 in the bleeder
network 62 of the channel.
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The relay contacts 58 and B3 are arranged to
open when the coil 58 is de-energized or when the
current is reduced to a sufiiciently low value, as
in the absence of signals above a predetermined
strength. The operation of the gystem, thus far
described, is as fcllows:

In the absence of signals, the positive bias on
the first stage of the direct current amplifier con-
stituted by the tube § is adjusted by means of
the contact 49 until the negative bias derived
from the output resistor 48 is such that current
through the relay coil 53 is reduced to a suffi-
ciently low value to permit the relay to open the
contacts 58 and 59 thereby reducing the anode
current load on the vibrator power supply device
23, caused by the output tube {7. In this man-
ner also the loudspeaker is rendered inoperative
and the output from the channel A is prevented.

In any case, the bias potential applied to the
first direct current amplifier stage is such that it
determines the level at which signals are to be re-
ceived through the channel and in the presence
of such signals above that level, increasing nega-
tive bias is applied fo the grid &4 causing a de-
crease in the anode current through the resistor
48 and an increase, in & positive direction, of
the bias potential applied between the cathode -
53 and the control grid 52 of the second direct
current amplifier or relay control stage 58. The
resulting increase in anode current through the
anode circuit 55 and the relay coil §§ causes the
contacts 58 and 59 to close, thereby energizing
the anode circuit of the output stage and per-
mitting the output from the channel to he deliv-
ered to the cutput device 24.

As soon as the signals received through chan-
nel A cease or fall to a relatively low amplitude,
the relay contacis open because of a reduction
in the anode current from the control tube fol-
lowing an increase in negative bias to such con-
trol tube from the first stage as a result of the
restoration of the positive bias from the source 42.

Channel B is provided with the same type of
direct-current amplifier and relay control as
channel A and the operation is the same as de-
scribed for channel A. The first stage D. C. am-~
plifier is indicated at 6% and is coupled to the
second stage D. C. amplifier 66 in the output cir-
cuit of which is located the relay winding 67 op-
erative to close contacts £8 and €8 in circuil with
the cathode 32 of the power output amplifier 33
in the signal channel.

It will be noted that a switch 15 is included
in each of the control amplifier circuits between
the first amplifier snd second amplifier stages.
By opening either of the switches, the biasing po-
tential is removed from the control amplifier
stage, causing the relay in connection with the
particular channel to close the cathode circuit
of the output amplifier stage regardless of the
signal strength or the presence of signals in the
channel, whereby either channel may be placed
in operation any time in a normal manner.

It will also be noted that each of the relays is
provided with an additional pair of contacts 1§
and 17 connected with terminals 78 to which an
additional control circuit may be connected for
applying selective control in case it is desired to
have one signal channel operate in prefercnce to
the other or others.

In one embodiment of the invention as shown
herein, the contacts 16 and 77 are arranged {o be
opened when the relay is energized to place either
channel in operation, and are connected in cir-
cuit with the cathode of the other channel to
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open the cathode circuit thereof and to maintain
the cathode circuit open regardless of whether the
control relay for that channel is operating in re-
sponse to signals or not,.

To provide for connecting the contacts 76 and
11 in the cathode circuit of the output amplifier
of either channel, the cathode circuits for the
cathodes {3 and 32 are further provided with
switches 79 and 82 across which terminals 81
and 82 are connected, respectively. '

In the present example, the terminals 18 of
channel A are connected with the terminals 82
of channel B, thereby blacing the relay 56 in
channel A in control of the cathode circuit of
the power output stage of channel B. Therefore,
when the relay 56 in channel A is energized in
response to signals and the channel is in opera-
tion, channel B is maintained in an inoperative
condition by reason of the fact that, whether the
relay €7 operates or not, the cathode circuit of
the output stage 20 cannot be completed in re-
sponse to signals through channe] B, However,
should signals be applied to channel B, as soon
as signals cease in channel A and the relay 56
is deenergized, the channel B output will be re~
stored when the contacts 16 and 11 return to
the closed position by operation of the relay 58.
It will be seen that, by opening the switch 712
and closing the switch 80, connection may he
made between the terminals 78 of channel B to
terminals 8f of channel A, in which case prefer-
ence will be given to the signals from channel
B over those of channel A, ’

From the foregoing description, it will be seen
that the audio frequency, or second detector of
a radio receiver in each of a blurality of signal
channels may supply a controlling D. C. bias
potential to a D. C. amplifier the output circuit
of which includes means for closing and opening
the cathode circuit of the power amplifier, there-
by reducing the cuirent drain during standby
periods by removing the major portion of the
plate load from a vibrator power supply device,
the contact life of which is appreciably pro-
longed.

In addition, the relay circuits are made selec-
tively responsive to either one of two signals to
the exclusion of signals in the other channel, so
that the standby system may be made responsive
to one signal, such as an emergency signal, in
breference to any others regardless of whether
such other signals are being Impressed upon the
receiving system or not.

Furthermore, silencing of the output of either
or both channels is effected without the opera-
tion of short-circuiting means for the signal
channel or for the loudspeaker device, as is the
ordinary practice where silencing is desired.

It will also he noted that the switching means
for silencing and cutting off the major portion of
the plate load from the vibrator and the switch-
ing means for providing selective control of one
channel in preference to the other, are provided
by simple series switching connections in the
cathode lead of each of the output amplifier
stages, thereby greatly simplifying the circuit ar-
rangement and maintaining the switching at low
potential or substantially ground potential.

In certain classes of receiving apparatus pro-
viding a plurality of signal receiving channels, it
may be desirable to provide a single output am-
plifier and a single vibrator power supply device
for the plurality of channels, particularly where
it is desired to operate but one of the two or more
channels at any time.
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In the circuit arrangement of Fig, 2, to which
attention is now directed and in which the same
reference numerals are used to designate - like
parts as in Fig. 1, a single audio frequency am-
plifier and vibrator power supply device is pro-
vided for both channels A and B. The operation
and adjustment of the two channels for signal
reception is the same as described in connection
with Fig. 1.

However, since a common amplifier and vi-
brator power supply device as enclosed in the
dotted rectangle 85 is brovided, the second stage
50 of the D. C. control amplifier is included in a
separate envelope from the first stage audio fre-
quency -amplifier. Furthermore, the relay coil
58 for channel A and the relay coil 67 for channel
B are included in the same relay device to actu-
ate contacts 86 and 87 in the cathode circuits 88
of the first and second stage audio frequency
amplifiers 89 and 98 so that, when either or both
of the channels are receiving signals of the de-
sired or predetermined signal strength, the audio
frequency amplifier will be operative to supply
the output to the loudspeaker device 24,

To provide for selecting the signal output from
a preferred channel, a selector relay having an
operating winding 81 and selector contacts 82, 93
and 84 is connected in the input circuit of the
first audio frequency amplifier 85, and the wind-
ing &l is placed under control of either of the
control amplifiers in the two channels.

As shown, the winding 91 is in circuit with the
amplifier 59 of channel A, and the audio fre-
quency output lead 12 for channel A is connected
to the contact 82, while the corresponding lead
12 of channel B is connected to the contact 93,
The movable contact 24 actuated by the relay
coil is connected to the input circuit of the am-
plifier stage 83 providing for selecting the out-
put of channel A in response to signals in chan-
nel A. . .

Channel B . may be given a breference, how-
ever, by changing the connections as indicated by
the dotted leads 95 to connect the relay coil 84
in circuit with the control amplifier of channel
B. In a similar manner, the connections for ter-
minals 82 and 93 are reversed on terminals indi-
cated at 98 and 97T for channels A and B, respec-
tively, the terminals 98 and 99 being provided for
the purpose of switching the output circuits for
the control amplifiers, as above mentioned.

The selector relay coil 8! may be placed in
circuit with either of the relay coils 56 or 67 but,
in the present example, is placed in series with
the coil 56.

The modification shown in Fig. 2 involves the
use of a single relay for controlling the cathode
circuits of a single audio frequency amplifier,
the relay having actuating coils for each channel
contiol amplifier, and an additional selector re-
lay connected in circuit with one of the relay
coils to provide predetermined selection of one
channel in preference to the other, when signals
are received on both channels, for purposes here-
inbefore referred to.

Either channel may be made operative in g
normal manner by opening the first stage D. C.
control amplifier plate circuit by means of the
switches 15 and, in the case of the circuit modifi-
cation of Fig. 2, opening both switches 75 causes

-the preselected channel to take preference by op-

eration of the selector relay 8i. In the circuit
shown, this will be channel A.

Heretofore, the vibrator life in g police radio
installation for multiple-channel operation has
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been only a. fow hundred hours, whereas the
system may be reguired to operate in the order
of 700 hours a month. With ordinary vibrator
devices commercially available, a system in ac-
cordance with the invention may provide a
vibrator-operating life of several thousand hours.
Thus, the system provides a great advantage in
police work in that maintenance and service costs
are greatly reduced, as well as the interruption
of the service with low cost commaercial vibrator
devices.

e claim as our invention:

1. In a radio signal transmission system, the
combination with a pair of signal conveying
channels of signal rectifier means connected with
each of said channels having output circuits pro-
viding signal variable biasing potentials, direct
current amplifier means having control circuits
connected with said output circuits providing
control currents responsive to varistions in said
biasing potentials, an output load circuit for said
system, relay means connected in circuit with
said direct current amplifier means for response
to the output current of said amplifiers, means
connected with and controlled by said relay
means for energizing said 1oad circuit in response
to received signals in at least one channel, and
a vibrator power supply device connected with
said load circuit to supply energy thereto through
said last named means.

9. In a multiple channel radio signal transmis-
sion system, a signal rectifier connected with
each channel, means connected with each recti-
fier for deriving therefrom a modulation signal
component and a signal variable biasing poten-
tial, a direct current amplifier having a control
grid circuit connected with said last named means
in each channel whereby it is responsive to vari-
ations in biasing potential to provide a variable
output anode current, an output anode circuit
for each direct current amplifier, relay means
in each of said last named output. circuits re-
sponsive to anode current variations therein, an
output amplifier for said system including a
power amplifier tube having an anode-cathode
circuit, means in said power amplifier anode-
cathode circuit actuated by said relay means for
closing said last-named circuit in response to
signals above & predetermined amplitude, and a
vibrator power supply device connected with said
power amplifier anode-cathode circuit to ener-
gize the same.

3. In & multiple channel radio signal transmis-
sion system; a signal rectifier connected with
each channel, means connected with each recti-
fier for deriving therefrom a modulation signal
component and a signal variable biasing poten-
tial, a direct current amplifier having a control
grid -circuit connected with said last named
means in each channel whereby it is responsive
to variations in biasing potential to provide a
variable output anode current, an output anode
cireuit for each direct current amplifier, relay
means in each of said last-named output circuits
responsive to anode current variations therein,
an output amplifier for said system including a
power amplifier tube having an anode-cathode
circuit, means in said power amplifier anode-
cathode circuit actuated by said relay means for
closing said last-named circuit in response to
signals- above a predetermined amplitude, a vi-
prator power supply device connected with said
power amplifier anode-cathode circuit to energize
the same, and means for selectively energizing
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said power amplifier tube in response to signals
in one of said channels.

4. In a multiple channel radio signal transmis-
sion system, a signal rectifier connected with each
channel, means connected with each rectifier for
deriving therefrom a modulation signal com-
ponent and a signal variable biasing potential, a
dirvect current amplifier in each channel having
2 control grid circuit connected with said last
named means to receive said variable biasing
potential therefrom, and having an outpuf cir-
cuit including current responsive relay means,
a power amplifier having an anode-cathode cir-
cuit providing a relatively heavy load current, a
vibrator power supply device connected in said
jast named circuit for energizing said circuit,
means for cpening said last-named circuit under
the control of said relay means, and circuit
means providing connections for said relay means
with said anode-cathode circuits for preferen-
tially selecting the signal output from one of said
channels while suppressing the signal output
from another of said channels,

5. In 3 radio signal receiving system, the com-
bination of means providing a pair of signal con-
veying channels, a signal rectifier connected in
each channel and having a rectified signal output
circuit, a direct current amplifier for each chan-
nel having a control grid connection with one of
said output circuits whereby it is controllable in
accordance with the rectified signal output from
each channel to provide a variable output con-
trolling current, an outpub circuit for each am-
plifier, a power amplifier for said system having
an anode-cathode eircuit providing a relatively
heavy load current, & vibrator power supply de-
vice for said power amplifier connected in said
anode cathode circuit, means connected in each
direct current amplifier outputb circuit for open-
ing said anode-cathode circuit in response to
variations in said controlling current in the ab-
sence of signals, and for closing said anode-cath-
ode cireuit and for preferentially selecting the
output of one of said channels in response to sig-
nals.

6. In a radio signal receiving system, the com-
bination of means providing a pair of signal con-~
veying channels, a signal rectifier connected in
each channel and having a rectified signal out-
put cireuit, a direct current amplifier for each
channel having a control grid connection with
one of said output circuits whereby it is control-
lable in accordance with the rectified signal out-
put from each channel to provide a variable out-
put controlling current, adjustable means for
limiting the response of said amplifier to sig-
nals above a predetermined level, an output cir-
cuit for each amplifier, a power amplifier for said
system having an anode-cathode circuit provid-
ing a relatively heavy load current, a translating
device connected therewith, a vibrator power sup-
ply device for said power amplifier connected in
said anode-cathode circuit, means connected in
each direct current amplifier output circuit for
opening said anode-cathode circuit in response
to variations in said controlling current in the
absence of signals, and for closing said anode-
cathode circuit and for preferentially selecting
the output of one of said channels in response to
signals.

7. In a radio signal receiving system, the com-
hination of means providing two signal receiving
channels each including a signal rectifier, means
in each channel for deriving from the signal
rectifier therein a controlling potfential which
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varies with signal strength, a direct current am-
plifier for each channel having a control grid
circuit connected with said potential deriving
means and having an output anode circuit, relay
means connected in each of said circuits for op-
eration in response to received signals through
said channels, vibrator power supply means for
said system, a power output amplifier having an
cutput anode circuit providing a relatively heavy
load current, and means responsive to operation
of said relay means for connecting said last
named output anode circuit with said vibrator
power supply means.

8. In a radio signal receiving system, the com-
bination of means providing two signal receiving
channels each including a signal rectifier, means
in each channel for deriving from the signal rec-
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tifier therein a controlling potential which varies
with signal strength, a direct current amplifier
for each channel having a control grid circuit
connected with said potential deriving means and
having an output anode circuit, relay means con-
nected in each of said circuits for operation in
response to received signals through said chan-
nels, vibrator power supply means for said sys-
tem, power output amplifier means having out-
put anode circuits providing relatively heavy load
currents, and means responsive to operation of
said relay means for selectively connecting one
of said last named output anode circuits with said
vibrator power supply means.

CHARLES A, BROKAW.
JULIUS A. RENHARD.




