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The present invention relates to a modulated
carrier wave receiving system, and has for its
nrimary cobject to provide a detector and ampli~
fler network in a system of the character re-
ferred to, wherein the reduction of static noises
“and interference from undesired signals may be
prevented or materially reduced for modulated
carrier wave reception.’

This invention is related to a system of the
type shown and describad in my U. S. Patent No.
1,829,088, for Radio telegraph and teleghone re-
ception, wherein g static limiter eircuit is shown,
described  and claimed, which comprises a bal-
anced detector.

In the system referred to, the ‘balanced de-
tector is arranged fo make use of the vrinciple of
a heterodyne straight line defector wherein the
output beat frequency of twe input voltages of
different frequencies has an amplitude depend-
ent only upcn the amplitude of the smaller of the
input voltages and is independent of the larger
voltage. The circuit operates as & signal limiter
when the smaller voltage is supplied by a local
oscillator and the larger voliage is provided by
disturbing effects such . as static or an-interfer-
ing radio.signal wave. )

It is a further object of the present invention
to provide a simplified circuit embodying a bal-
anced detector such as employed in the system
referred to in the patent, wherein -the local os-
cillator coupled to the detector circuit may be
eliminsted for the reception of modulated signals
or & modulated carrier wave.

In carrying out the invention, a balanced diode
detector circuil is employed and a controllable
D. C. bias is provided d6n one of the dicde de-
tectors, which operates to provide signal ampli-
tude limitaticn effectively in . the reception of
meduwlated carrier wave signals without the use
of an-oscillator.” In the halanced output imped-

"ance network for the balanced dicde detector,
means are provided for introducing a biasing po-
tential into one leg of the netwerk, and further
meang are provided for deriving an outpul signal
frem sald network and applying the same to an
amplifier through a connection with the cathode
and control grid of the amplifier. The network
may he balanced with respect to static and. un-
desired signal waves having an amplitude above
2, predetermined normal value, such, for exam-
“ple, as amplitudes above 1007 modulation of a
desired received signal.

This sireplification is of imiportance in the re-
ception of broadcast signals, for example, and in
the production of broadeast receiving apparatus,
for-the reason that the oscillator and means for
maintaining a suitabie odcillator amplitude may
be . eliminated, and in lieu therecf, there may
be substituted a simple diode rectifier circuit in
connection with a balanced output network for
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the detector, which is entirely stable in operation.

It is a further object of the present invention
t0 provide an improved detector circuit for modu-
lated carrier wave recepiion which operates au-
tomaticaily in response to variations in carrier
wave or signal strength to provide a predeter-
mined static and interference reduction without
manual adiustment.

It is another obiect of the present invention to
provide, in a system of the character referred to,
an improved cutpubt coupling network between
the halanced detector and the following: ampli~
fier, wherein an audio frequency coupling trans-
former may be eliminated and an improved con-
trol of the ocutput from the detector may be
obtained.

The invention will, however, be better under-
stood from the following description when con-
sidered. in conneéction with the accompanying
drawing, and its scope will be pointed out in the
appended claims.

In the drawing, Figure 1 is g schematic circuit
disgram of a signal demodulator or detector and
amplifier circuit for a modulated carrier wave
receiving system embodying the invention;

Figure 2 is a similar schematic circuit diagram
of the system shown in Fig. 1 and provided with
automatic control means responsive to signal
amplitude variations or ecarrier wave strength in
accerdance with the invention; and

Bigure 3 is g further schematic circuift dia-
gram showing a modification of the circuit of Fig.
2 and also embodying the invention.

‘Referring to Fig. 1, a double diode rectifier
device B iz provided as a modulated signal de-
tector or demodulator, and in the present exam-
ple-is shown in connection with an intermediate
freguency amplifier output transformer 6. The
tuned secondary 1 of the transformer § is con-
nected at its high potential side to the diode
anodes 8 in parallel, and on its low potential side
to ground or chassis as indicated at 9.

The rectifier is of the double diode type hav-
ing two cathedes 18 and {1, which are indirectly
beated by a heater element 12. The cathodes are
connected into separate circuits forming part of
3, halanced output impedance network 13, by
which the operation of the rectifier as a limiber
is controlled, and through which it is coupled as
a detector to a following amplifier tube #4 for the

10

15

20

26

30

35 -

40

45

50

modulation of -the audio frequency component

of the receiver modulated signal.

In accordance with the invention, the cathedes
18 and {{ arc each connected through a phase
controlling resistor and capacitor branch of a
registance bridge arrangement to ground or a.re-

turn cireuit to the common tuned input circuil’

provided by the secondary 1. The cathode (8§ 1s
conunected through one branch of the balapced
output impedance network, comprising a resistor
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section 15, a resistor section {8, and a potentiom-
eter resistor {7, to ground 18, while the cathode
{1 is connected through the other branch of the
network comprising a resistor section {8 and a
second resistor section 28 to ground 2{.

The amplifier device i€ is provided with an
output anode 2% having an audio frequency out-
put circuit 26 in connection therewith, a control
grid 27, and a cathode 28. The control grid 27 is
coupled through a coupling capacitor 2% and a
lead 36 with an adjustable contact 31 on the
output resistor leg 18—I186 for the cathode 18, and
the cathode 28 is connected to a fixed tap point
32 on the resistor leg 19—26 for the cathode {1,
which in the present example is between the
resistor sections (9 and 20.

The cathode connection for the amplifier (4
includes a self-bias resistor 33 shunted by a suit-
able bypass capacitor 34, and the grid 27 is pro-
vided with a bias supply connection through a
grid resistor 35 to the negative terminal 36 of
the resistor 33.

In the present connection, the capacitor or
ground connection may be considered as the
negative anode potential supply connection, and
accordingly, it will be seen that the anode cur-
rent for the amplifier {4 flows through the re-
sstor 23 and the resistor section 20 to ground 21,
placing the usual fixed self-bias on the grid 27
with respect to the cathode 28.

The resistor {7 is provided with an adjustable
contact 37 whereby it functions as a potential
supply source which may be adjusted to include
a variable portion of the resistor i7 in circuit
with the resistor leg t5—{8 and the correspond-
ing potential drop in the resistor {7, the polar-
ity of the supply source being such that as the
contact 37 is moved to the right, as viewed in
the drawing, an increasing positive potential is
applied to the cathode (6 with respect to the
corresponding anode 8.

The resistance elements in the two branches
of the output impedance network are arranged
to provide substantially equal impedance to the
flow of current from the two cathodes 18 and H
from the common input circuit provided by the
secondary of the intermediate frequency trans-
former 8, whereby the output circuit from the
detector 5 may be balanced for the flow of sig-
nal currents, and the output network is further
balanced by means of shunt capactors indi-
cated at 38 and 39, connected respectively be-
tween the cathodes {8 and ({ and ground, across
the respective branches of the network.

In response to a received carrier wave or in-
termediate frequency signal, it will be seen that
the signal wave is applied to both diode anodes
8 in parallel, and the rectified current from each
cathode flows through the branches of the bal-
anced output network i3—16 and $9—20. The
resistance elements of the two branches are such
that substantially equal current flows through
the two branches to the ground connections 21
and (8, and returns to the ground 9.

In any case, the alternating current and di-
rect current components of the rectified signal
wave are such that the output contact 31 in one
branch of the network may be moved to a point
of balance or equal potential to that at the out-
put terminal 32 in the other branch of the net-
work. With a strong signal on the detector 5,
the contact 3! is adjusted to provide a zero out-
put with respect to the terminal 32, that is, both
the contact 31 and the terminal 32 are at equal
potential points on the two branches of the net-
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work. The capacitors 38 and 39 are also ad-
justed for maintaining the phase relation and
wave form of energy the same in the two
branches, thereby further to balance the two
branches of the network and further to reduce
the output potential existing between the ter-
minals 3! and 32.

The - adjustable bias voltage provided by the
potenticmeter {7 is reduced to zero by moving
the contact 37 to the ground end of the resistor,
and under such conditions it will be seen that the
rectified currents passing through the resistor
section 28 will produce a voltage which is applied
to the cathode of the amplifier tube (4, and the
rectified currents passing through the resistor
section {6 will produce a like potential on the
grid of the amplifier 14. Thus the potential dif-
ference between the grid and the cathode of the
amplifier {4 may be made substantially zero and
the circuit is balanced.

If a D. C. bias potential equal to approximately -

twice the signal carrier voltage is applied to the
cathode 18 with respect to ground and the cor-
responding anode 8, the branch circuit of the
output network, including the cathode (0 and
the resistor sections 5 and {6, will not func-
tion on the signal, and accordingly, the signal
voltage across the resistor section 20 will be ap-~
plied to the amplifier {4 and transmitted to the
output eircuit 26, which may lead to other audio
frequency amplifiers and a suitable output device
(not shown), as is well understood.

Peak voltages from static and other undesired
signal waves which rise above the bias voltage
will produce rectified currents through the re-
sistor section 18 as well as the resistor section
28, and will be balanced out of the circuit. By
adjusting the contact 3! and the capacitors 28
and 39 for zerc output from the balanced out-
put network, and by placing a desired positive
biasing potential on the cathode {8, it will be
seen that the network may transmit signals hav-
ing a peak value below the value of the biasing
potential, and will cut off signals having a peak
value higher than the adjusted biasing potential.
In order te permit the full reception of signals
having 100% modulation, the biasing potential
on the anode {18 should be approximately twice
the signal carrier voltage.

From the foregoing description, it will be seen
that the detector comprises a double diode rec-
tifier having separate cathodes connected each
to one branch of a symmetrical balanced out-
put circuit having resistance and capacity such
that the phase relation and wave form of energy
passing through the output circuits may be the
same in each branch. This includes a balanced
output impedance network having means for in-
troducing a biasing potential into one branch of
the network and a balanced output connection
at equal potential points on each branch for
deriving an output signal from the network when
the signal peak voltage is equal to or less than
the value of the biasing potential.

With a receiver having a comparatively flat A.
V. C. characteristic, no further adjustment of
the bhalance or bias voltage is necessary in op-
eration. However, if the signal level on the de-
tector 5 varies appreciably, the adjustable bias
voltage in circuit with the cathode 18 and its
corresponding anode must be adjusted for opti-
mum results.

Because of the fact that it is generally diffi-
cult to obtain a substantially flat A. V. C. char-
acteristic, it has been found desirable to provide
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an improved arrangement for the biasing po-
tential source IT whereby it requires no manual
adjustment when the signal level at the detector
varies over & relatively wide range, while at the
saine time maintaining the static and undesired
signal reduction at an optimum value. For this
purpcse the circuit of Fig. 2 is provided,. and
attention is'now directed to this figure, wherein
the same circuits and elements as in Fig. -1 are
employed and designated by the same reference
numersls except for the bids control:arrange-
ment which will be described in connection with
Fig, 2.

Referring to Fig. 2, a blas potential supply
source 40 is included in circuit between ground
{8 and the resistor sections 19 and 16 in the out-
pub branch connected with the ancde 10, as in
Fig, 1. However, in this case the input circuit
provided by the tuned secondary T is connected
through a series resistor 41 with the parallel con-
nécted- anodes & of the rectifier 5, and the in-
put circuit is further shunted by a rectifier circuit
G2--43 including a diode rectifier having a cath-
ode 44 and a pair of parallél connected anodes

- §8 included in an amplifier device 48 used in other

portions of the receiver. The lead 42 .is con-
nected with the anodes 45, and the lead 43 is con-~
nected through the potential source or resistor
3 to the cathode: 44, whereby signals received
on the tuned secondary T are rectified and appear
as a . C biasing potential across the resistor 48.

‘With this arrangement, the biasing potential
on the cathode [ is obtained by rectifying the
rignal carrier by means ‘of the diode portion of
the tube 45. This produces a . C. voltage across
the resistor 40 proportional to the carrier ampli-
tude.. The modulation of the carrier is rerhoved
from the resistor 46 by a large bypass capacitor
indicated .at 48 connected in shunt therewith.
The cathode {{ is then biased with respect to its
correvponding anode by an amount proportional
to the carrier amplitude when a modulated sig-
nal or carrier wave is received through the inter-
mediate frequency amphﬁer output transform—
er 8.

As the bias potenmal delivered by the 'source
48 and-also by the source 17'in the circuit of Fig-
ure 1, preferably is substantially twice the value
of the carrier voltage on the detector so that
1009% modulated signal may be received without
distorticn, means. are provided to reduce the car-
rier voltage on the detector by a reguired amount.
In the present example, this is provided by the
resistor 44 -in series with the diode anodes of the

.- detector 5, although it may be oktained by other

suitable means.

The circuit shown in Fig. 2 has beeu iound to
be effective in ultra high freguency receivers for
police work in a band bétween 30 and 40 .mega-
cycles wherein the receiver ‘is subject to consid-
erable interference from noise disturbances about
city streets and in particular from passing auto-
mobiles and trucks.

In cperation, the mrcult i the, same as that
.of Fig. 1 except for the automatic bias control

- for one branch of the diode output circuit where-
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hy the positive potential on the cathode Il in-
creases with signal strength to maintain an opti-
mum voltage for static reduction and interfer-
ence prevention from undesired signals.
Referring now to Fig. 3 and the modifcation
of the circuit of Fig. 2, the diode rectifier or de-
tector 5 is connected %o the intermediate fre-
guency output transiormer 8 snd the tuned sec-
ondary T thereof, with the cathodes 10 and fi

3

connected in parallel to the high potential side
of the circuit, while the anodes & are connected
through the separate branch resistors of the
output circuit as indicated at !B and (6 and {9
and 28. In the present example, the resistor 186
is made variable in value and is grounded at one
end-to the cathode self-bias resistor 33 as indi-
cated at §8 and 5i. The terminal 32 between the
resistor sections {9 and 20 is connected to the grid
27 of the amplifier tube 14 of the cathode. How-~
ever, the output operation is the same as in the
circuit of Figs. 1 and 2. The circuit is balanced
by adjusting the ccmta,ct 3! on. the resistor- (6
as in the previous circuits.
. In the present circuif, the biasing potential
which is varied in accordance with the variations
in signal-strength or carrier wave amplitude, is
provided by a rectifier device 52 coupled to the
transformer & through a coupling winding 53 and
having an- output resistor 54 grounded at its
positive end as indicated at 35 and having the
opposite end connectad to a lead $8—57 with the
resistor {8, In this manner, the resistor 54 is
included in dircuit between the resistor {5 and
the resistor {6 as a variable potential scurce or
biasing voltage for the cathode 12 with respect
to the corresponding anode §.

A csuitable intermediate frequency and audioc
frequency filter is provided between the leads 53
and 57 comprising a series resistor 58 and suit-
able bypass capacitors 58. A corrasponding hy-
pass ‘capacitor 88 is also provided between the
terminal 32 and ground for assisting in bhalanc-
ing the sutput circuit. ‘

The operation of the eircuit of Fig. 3 is as.fol-
Tows: Signals received through the intermediate
frequency outpub transformer § are rectified by
the detector § and the rectified moedulated signal
appears across the output branches of the bal-
anced output impedance network comprising the
resistor sections 12—20 and {5—{6. The cath-
ode of the amplifier device i4 'is' connected to
ground which in effect is a connection at a tap
point between the resisters i5 and 18 and the
grid . 27 is conunected with the tap point 32 he-
tween the resistor sections (8 and 28. By adjust-
ing the contact 31 the cathode and control grid
may be effectively cornected to equal potential
points on the two branches of the output net-
work whereby a zero signal output is obtained
from the balanced network.

However, the carrier wave is rectified by the
rectifier 52 and the D. C. bias resulting there-
from is applied between the cathode 18 and the
corresponding ancde 8 in a direction to cause the
cathode {8 to become more positive with increased
carrier wave strength, thereby to maintain the
noise - suppression at a predetermined optimum
value, preferably for 100% modulation; by pre-
venting rectification up to and including such

medulation. By providing a transformer wind-

ing to supply the diode bias circuit, the voltage
may be stepped up as is desirable for providing
o biasing potential substantially equal to twice
the signal carrier voitage.

The rectifier circuit including the cathode (3
does not function on the signal, and the sighal-
ing voltage across the resistor 28 is then applied
to the amplifier {4, Peak voltages resulting from
static and undesired signals which rise above
this value produce rectified currents through the
resistor 46 corresponding o those throush the

resistor 28, and is thus balanced so that no out-

put voltage is applied to the amplifier 14,
I claim as my invention:
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1. In a modulated carrier wave receiving sys-
tem, a modulated carrier wave signal circuit,
a diode rectifier device connected with said cir-
cuit and having two output electrodes, means
providing two balanced ocutput impedance cir-
cuits for said rectifier device each comprising an
output electrode cf said rectifier, means provid-
ing an output tap connection on said ocutput im-
pedance circuits at substantially equal potential
points thereon whereby the cutput from said
circuits through said tap connections may be
balanced, and means responsive to variations in
the amplitude of a received carrier wave for ap-
plying a biasing potential to said rectifier device
through one of said ocutput impedance circuiis,

2. In a modulated carrier wave receiving sys-
tem, the combination cf a signal rectifier com-
prising a double diode rectifier device, means
providing an output circuit for said rectifier de-
vice having two branches of substantially equal
impedance to the flow of rectified signal currents,
means providing a balanced signal output con-
nection on said branches at substantially equal
potential points thereon, means providing a
source of biasing potential for said rectifier de-
vice in one of said branches, and means for caus-
ing the potential of said source to vary in pro-
portion to the carrier wave amplitude.

3. A modulated carrier wave receiving system
including, in combination, a modulated signal
detector circuit, double diode rectifier means in
said circuit having separate cathodes, means pro-
viding a symmetrical balanced output circuit for
said rectifier means having separate branches
connected one in circuit with each of said cath-
odes, said output circuit including resistance and
capacity means such that the phase relation
and wave form of energy passing through the
output circuit may be substantially the same in
both branches, means for introducing a biasing
potential into one branch of the output circuit,
and means providing a balanced output connec-
tion at equal potential points on said branch
whereby the modulation component of a re-
ceived signal may be derived from the output
circuit when the signal peak voltage is equal to
or less than the value of said biasing potential.

4. A modulated carrier wave receiving system
including, in combination, a modulated signal
detector circuit, double diode rectifier means in
said circuit having separate cathodes, means pro-~
viding a symmetrical balanced output circuit
for said receifier means having separate branches
connected one in circuit with each of said cath-~
odes, said output circuit including resistance and
capacity means such that the phase relation and
wave form of energy passing through the output
circuit may be substantially the same in both
branches, means for introducing a biasing poten-
tial into one branch of the output circuif, means
providing a balanced output connection at equal
potential points on said branch whereby the
modulation component of a received signal may
be derived from the output circuit when the sig-
nal peak voltage is equal to or less than the value
of said biasing potential, and means including a
secongd signal rectifier responsive to variations in
the amplitude of a received carrier wave for sup-
plying said biasing potential.

5. In a modulated carrier wave receiving sys-
tem, the combination of a signal rectifier com-
prising a double diode rectifier device, means
providing a common tuned input circuit for said
device, means providing an output circuit for
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said device having two impedance branches com-
prising phase controlling resistor and capacitor
elements, an amplifier having a cathode con-
nected with one of said branches and a control
grid connected with the other of said branches,
means for adjusting said last-named connections
to provide substantially equal signal potentials
on said grid and cathode, a signal rectifier hav-
ing an output impedance, and means for variably
including said cutput impedance in one of said
impedance branches.

6. In a superhetercdyne receiver, an interme-
diate frequency amplifier having an output
transformer, a diode rectifier circuit connected
to said output transformer to receive modulated
signals therefrom and including two diode signal
rectifiers, means providing an output circuit for
said rectifiers having two substantially equal im-
pedance branches and a comimon return con-
nection to beth rectifiers, an output resistor in
each of said branches, means providing a signal
output connection on eachr of said resistors at
equal potential points thereon, and means pro-
viding a variable potential source in one of said
branches for preventing rectification and signal
output therethrough below o predetermined sig-
nal level, said last named means comprising a
carrier wave rectifier having an output resistor
connected serially in circuit with the resistor
in said branch.

7. In a superneterodyne receiver, an interme-
diate frequency amplifier having an output
transformer, a diode rectifier circuit connected
to said output transformer to receive modulated
signals therefrom and including double diode
signal rectifier means, means providing an out-
put circuit for said rectifier means having two
substantially egqual impedance branches, means
providing a signal output connection on each
of said branches at equal potential points there-
on, and a variable potential source in one of
said branches for preventing rectification and
signal output therethrough below a predeter-
mined signal level, said variable potential source
comprising a diode rectifier output resistor, a
diode rectifier connected therewith, and means
for coupling said rectifier to said intermediate
frequency amplifier to apply signals to said rec-
tifier.

8. In a modulated carrier wave receiving sys-
tem, an amplifier having an output circuit, a
modulated signal detector coupled to said out-
put circuit and comprising a tuned input cir-
cuit and double diode rectifier means connected
in parallel to said input circuit, means providing
parallel branch cutput circuits fer said recti-
fier means, means for selecting the modulation
output from said rectifier means comprising a
circuit connected to substantially equal poten-
tial points on said branch outout circuits, means
for adjusting said last-named connection for bal-
ancing the output including a potentiometer re-
sistor and variable capacity means connected in
parallel with each branch output circuitf, and
means responsive to variations in the amplitude
of a received carrier wave for applying a bias-
ing potential to said rectifier means through
one of said branch output circuits, said last-
named means being adjustable for balancing the
output from said rectifist means in response to
signals having amplitude peaks above a prede-
termined lever.

LELAND E. THOCMPSON.
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