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The present invention relates to radio signal
receiving systems, and more particularly to a
radio receiving system of the heterodyne type and
has for its primary object to provide an improved

5 signal limiter system in connection with a re-
ceiver of that character.

Limiter systems heretofore known usually em-~
bloy non-linear load or saturation circuits where-
by the attenuation varies with applied voltage so

1¢ as to suppress peak signal amplitudes exceeding a
predetermined value.

An object of the present invention is to provide
a signal limiter system avoiding the necessity of
saturation circuits which are often objectionable
or cannot be readily designed in a particular
circuit. .

It is also a further object of the invention to
provide a heterodyne beat signal limiter from
which the intermediate frequency signal output
20 is substantially flat or constant when the signal

voltage exceeds the applied voltage from the local

oscillation source.

It is a still further object of the present inven-
tion to provide a limiter system which may oper-

25 ate to receive amplitude modulated signals from

8 carrier wave approximately equal to or less

than the local oscillation voltage as impressed

upon the limiter, means whereby excessive sig-
nal and noise potentials are prevented from being
50 transmitted through the receiving system.

A still further object is to provide a limiter
system for receiving frequency modulated signals
when the input sighal as impressed upon - the
limiter circuit is greater than the local oscillator
voltage whereby amplitude modulation is pre-
vented from being transmitted through the re-
ceiving system. :

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

In the drawing, Figure 1 is a schematic cir-
cuit diagram of a portion of a superheterodyne
5 radio receiving system provided with noise limiter
means embodying the invention,

Fig. 2 is a similar schematic circuit diagram of
a super-heterodyne radio receiving system pro-
vided with a modification of the noise limiter
means of Fig. 1 and also embodying the inven-
ticn, and ) :

Fig. 3 is a curve illustrating the operation of
the limiter systems shown in Figs. 1 and 2.

Referring to Fig. 1, radio signals or a carrier
95 wave applied to input terminals 5 and 6 are
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applied to a rectifier circuit 7 through an electric
discharge amplifier device § having a control
grid 9 connected with a volume control potenti-
ometer {8 across the input terminal and having
an output anode ¢ connected to the primary {2 5
of a coupling transformer {3, the secondary 14

of which is included in the rectifier circuit,

The strength of the signal potential applied to
the rectifier circuit 7 is controllable by the volume
control potential 18. The amplifier device 8 is 10
preferably of the screen grid pentode type having
a screen grid 12 which effectively isolates the
signal input circuit from the output anode circuit
including the primary winding 12 thereby isolat-
ing the signal input circuit from the rectifier’
circuit. . ‘

" Local oscillator signals for producing a hetero-
dyne beat with incoming signals applied to input
terminals indicated at {5 and {8 are amplified in
a similar amplifier electric discharge device 17
provided ‘with a volume control input potenti-
ometer 18 and coupled to the Tectifier circuit 7
through an output anode connection {9 with the
primary winding 12 of the coupling transformer.
As will be seen, the amplifier {7 for the oscillator
signals is also of the screéen grid type whereby the
oscillator input circuit is effectively electrically
isolated from the rectifier circuit: " In order that
a relatively strong signal may be ‘applied ‘to the
coupling winding (2 with a relatively wide range
of control of the vclume Ilevel by the potentiom-
eters {0 and 18, the amplifier devices 8 and {7 are
preferably further of the pentode type, as shown,
having a suppressor grid 20 connected with the
cathode 21, as shown, in connection with the 35
device 8. The device 17 is similarly provided with
& suppressor grid 22, a cathode 28, a control grid
24, 3 screen grid 25, and an outpuit anode 26. The
input terminals 6 and 16 are connected with a
common ground lead 27 connected separately to 4
each cathode through self-bias resistors 28 and 29
whereby the amplifier devices 8 and (1 may be
separately biased for any preferred degree of
amplification,

The rectifier circuit 7 is preferably broadly
tuned to receive hoth the signal or carrier wave
and the local oscillation voltages, and, in the
present example, may be considered to be broadly
tuned through the transformer 13 to the 700
kilocycle signal and the 875 kilocycle oscillator
signal. : ' :

The rectifier circuit includes a diode rectifier
device 30 preferably of the hot cathode type hav-
ing an anode 31 connected with the high potential
side 32 of the rectifier circuit and.to the high po-
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tential end of the secondary (4. The cathode of
the rectifier device indicated at 33 is connected to
ground 34 and to a resistor or diode output im-
pedance 35 and a tuned circuit 36 with the low po-
tential terminal 37 of the secondary of the input
transformer. The resistor 35 is provided with a
by-pass capacitor 38 for providing a low impe-
dance to currents at the signal and oscillator fre-
quencies.

The tuned circuit 36 interposed between the
secondary 14 and the diode rectifier output impe-
dance 35 comprises a coupling winding or induc-
tor 39 provided with a shunt variable funing ca-
pacitor 36a by which the circuit 36 is sharply
tuned to the intermediate or beat frequency.

The inductor 39 is inductively coupled to a sec-
ond inductor 40 included in a tuned circuit 4!
for which it is provided with a shunt variable tun-
ing capacitor 42. The tuned circuit is included in
the input circuit of an intermediate frequency
amplifier electric discharge device 43, the control
erid 44 of which is coupled to the tuned circuit
through a coupling capacitor 36. A resistor. 49
is arranged to supply a biasing potential to the
control grid 44 by a self bias resistor 47T in circuit
with a cathode 48 of the amplifier device 43. The
return connection to cathode is provided through
ground connections 49 with which the tuned cir-
cuit grid leak and self bias resistor are provided.

The intermediate frequency amplifier device 43
is the screen grid pentode type having a screen
grid 50 and a suppressor grid B! connected with
the cathode. . The output anode indicated at 52
is connected with an output intermediate ampli-
fier circuit indicated at 53. ’

The tuned circuits 36 and 4! are coupled as
indicated for the transfer of intermediate signals
from the rectifier circuit 7 to the intermediate
frequency amplifier circuit 4f; the circuit 41 be-
ing sharply tuned like the circuit 36 for the trans-
fer of intermediate frequency signals at 175 kilo-
cycles, for example. .

The operation is as follows: the input poten-
tiometer for the oscillator amplifier 17 is adjusted
to apply to the rectifier 30 an alternating current
potential of substantially one volt. The signal
control potentiometer 10 is then adjusted to pro-
vide substantially the same voltage from the sig-
nal source on the rectifier 30 or a signal level ap-
proaching that of the local oscillator. For exam-
ple, in accordance with the curve 54 of Fig. 3,it
will be seen from the curve that as the input
signal voltage is increased above one volt the de-
veloped intermediate frequency voltages fall off
rapidly and flatten out with substantially no in-
crease above four volts. - Thisiis with a resistance
in the rectifier circuit of 50,000 ohms at 35. A
curve 55 is also shown for operation of the diode
circuit with zero resistance at 35.

The signal and oscillator potential of substan-
tially equal value and at approximately one volt
are rectified and the combined signal or beat fre-
quency is applied through the coupled tuned cir-
cuits 36 and 41 to the intermediate frequency am-
plifier 43. Any increase in the signal strength
causes no appreciable change in the output of the

limiter system above four volts peak from the sig- -

nal and comparatively slight increase between one
volt and four volts as will be seen from the curve
54 of Fig. 3. DR

Assuming that an oscillator voltage of two and
a signal voltage of two, the sum of the voltages
is equal to four and the difference equal to zero,
when superimposed on éach other forming a het-
erodyne beat. If now a signal of 10 yolts be ap-
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plied with the same oscillator voltage (2 volts)
the sum of the voltages will equal twelve and the
difference 8 which results in the same envelope
amplitude of four volts. Therefore, it will be
seen that with the circuits shown, a wide varia-
tion in signal amplitude is permissible without
changing the output voltage from the limiter cir-
cuit.

Referring now to Fig. 2, a radio signal receiver
60 is provided with a normal oscillator 61 and sig-
nals from the oscillator and receiver are mixed in
an electric discharge mixzer device 62 whereby the
use of separate amplifier devices is eliminated.
In the present exampile the mixer device comprises
a cathode 63, an output anode 64 between which
are located two control grids such as an inner
control grid 65, the latter being provided with
two screen electrodes 67 providing a screen grid
structure and a suppressor grid €8 is provided
adjacent to the output anode 64 and connected to
cathode. Oscillator signals are applied through
a tuned circuit 69 and a volume control potenti-
ometer device 10 to the outer control grid 86, the
tuned circuit being returned to cathode through
a lead 71 and a source of biasing potential 72.

The radio signal is applied to the inner con-
trol grid 65 through a tuned circuit 73 and a vol-
ume control potentiometer device 14 having a
common return to the cathode through the lead
1i. :

The signals from the oscillator and receiver
are mixed in the electronic stream of the mixer
device 62. 'The screen 61 serves to isolate the two
input circuits.

The terminals of the tuned input circuits €9
and 73 correspond to the terminals 15, 16, § and
6 of Fig. 1. 'These circuits are relatively sharply
tuned to the oscillator and signal frequencies re-
spectively and the adjustment of the volume con-
trol means 10 and 714 is such that substantially
equal signal and oscillation potentials are applied
to the mixer tube control grids.

The output circuit of the mixer tube includes
the primary winding 15 of an output transformer
15, the primary winding being broadly tuned by
shunt capacitor 11 to both the oscillation and
signal frequencies. .

The secondary 18 of the transformer 76 is in-
cluded in the rectifier circuit 19 with the recti-
fier device 80 having an anode 81 and a cathode
82. The rectifier circuit further includes 2 recti-
fier output resistor 83 grounded at one end as in-
dicated at 84 and connected with the cathode
and connected at its opposite or high potential

end 85 with- the low potential end 86 of the :

secondary winding 78. The output resistor 83 is
provided with a shunt bypass capacitor 87 hav-
ing a low impedance to the signal frequencies to
which rectifier circuit is broadly tunable. The
combined signal and oscillation potentials. or
intermediate frequency signal voltage appears
across the terminals of the output resistor 83
and is applied between the control grid 88 and
the cathode 89 of an intermediate frequency am-
plifier tube 90 through a coupling capacitor 91
of the screen grid type. The screen grid is in-
dicated at 92 and serves to isolate the rectifier
circuit from the output circuit 93 which is coupled
to the succeeding stages through an intermediate
frequency coupling transformer 94 having a
tuned primary winding 95 and a tuned secondary
winding 96 to-provide a high degree of selectivity
immediately succeeding the impedance coupled
amplifier and preceding the additional amplifier
stages and the second detector (not shown). The
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grid 88 is provided with the usual grid leak con-

nection 97 to the cathode and self-bias supplyv

means 98. ) . .

The rectifier circuit of the present example op-
erates in a similar manner to that of Fig. 1 to
provide an intermediate frequency envelope by
the rectification of the signal and oscillator en-
ergy applied to the circuit. The -intermediate
frequency signals applied to the output circuit

of the rectifier are limited to substantially the:

same values by the heterodyne limiter action of
the rectifier. An increase in signal strength
merely causes the intermediate frequency voltage
wave or envelope to be displaced with respect
to the axis of rectification. This is true particu-
larly with a detector such as a-diode having a
relatively sharp cutoff which substantially en-
tirely eliminates the negative portion of each
wave or cycle. It is important that the detector
have a linear charactertistic, that is, it is neces-
sary to operate over a portion of the detector
characteristic which is substantially linear,  Con-
fining the operation to g square low character-
istic will give diminished limiter action.

From the foregoing description it will be seen
that a limiter system in accordance with the
invention comprises a mixer circuit for the signal
and local oscillator voltages which mixer circuit
is relatively breadly tuned and includes a diode
detector. The intermediate frequency output
circuit from the diode is tuned to the beat fre-
quency derived from the reaction of diode inpuc
voltages.

For amplitude modulated signals, the oscillator
vcltage and normal signal voltage appplied . to
the rectifier or detector are substantially equal
and may be of the order of onie volt whereby the
detector is operated near its linear characteristic
and prevents the intermediate frequency output
voltage from exceeding a predetermined low
limit' in the event that strong signals are re-
ceived such as may be produced by the reception
of static and other noise producing signals. The
two tuned coupled intermediate frequency out-
put circuits serve to pass the heterodyne beat or
intermediate frequency while suppressing the
input signal and oscillation voltages, .

Stated in other words, the system described
pbrovides a heterodyne limiter which effectively
limits the signals to the predetermined ampli-
tude determined by the local oscillator voltage
impressed on the limiter. :

To receive frequency modulated signals, it
will be seen that the signal voltage may be in-
creased to provide a condition of operation with
reference to Fig. 3 which provides a signal
strength of 5 to 10 times the strength of the local
oscillator whereby the limiter operates along the
straight portion of the curve above the knee and
suppresses amplitiude modulation. * This change
of operation is effected merely by operating the
volume control potentiometer of the signal cir-
cuit to increase the signal strength above that
of the oscillator. .

While it has been found with the hot cathode
type of diode rectifier, a signal and oscillation
voltage of substantially one volt is effective for
noise limitation, it should be understood that the
Invention is not limited thereto. It is desirable,
however, that the detector be substantially linear
and that the local oscillation voltage be held
substantially constant for any adjusted value.

I claim as my invention:

1. In a radio receiving system, the combina-
tion with a source of signal voltage and source

3

of oscillator voltage, of a diode rectifier circuit in-
cluding a diode rectifier device and a diode out-
put resistor, means for mixing the signal and
oscillator voltages, means. for controlling at least
one of said voltages to provide s modulation en-
velope on the signal voltage wave, means broad-
ly tuned to the oscillator and signal frequencies
for applying said mixed voltages to the rectifier
circuit to-limit the amplitude of the signal volt-
age by rectification -of the modulation envelope,
and means for deriving a beat frequency voltage
from said rectifier circuit, said means including
at least one relatively sharply tuned circuit re-
sponsive to the beat frequency, -

2.-In a radio receiving system, a signal limiter
circuit of the heterodyne beat type including a
linear detector, a broadly. tuned ‘input cirecuit
for said detector, means for applying a modu-
lated signal to said circuit to rectify - the modu-
lation envelope, and means for deriving a beat
frequency signal from said modulated signal in
said detector circuit, said means including an
output circuit sharply tuned to said beat fre-
quency. )

3. In a radio receiving system, a signal limiter
circuit of the heterodyne beat type including ‘a
diode rectifier as a limiter, an input circuit for
said rectifier broadly tuned to signal and local

- oscillator frequencies, means for applying an in-

termediate frequency signal to said circuit to
limit the signal amplitude, and means for. de-
riving said intermediate»fr'equency signal from
said diode rectifier circuit, said means including
an output circuit sharply tuned to said beat fre-
quency. )

4. A radio signal limiter comprising substan-
tially linear rectifier means, means providing a
signal input circuit for said rectifier broadly re-
sponsive to sighal and oscillation voltages at
frequencies differing by the amount of a prede-
termined beat frequency, means for applying
said signal and oscillation voltages to said cir-
cuit, means: for adjusting the amplitude of one
of said voltages to substantially the same ampli-
tude as the other voltage, an outpbut resistor and
a tuned circuit connected in'.series with said in-
put circuit and said rectifier, and s second tuned
circuit coupled to said first named tuned circuit,
sald circuits being sharply responsive to a signal
at said beat frequency., :

5, A radio signal limiter comprising diode: rec-
tifier means, means providing a -signal input
circuit for said rectifier broadly responsive to
signal and oscillation voltages at frequencies dif-
fering by the amount of a predetermined beat
frequency, means for applying said signal and
oscillation voltages to said circuit whereby the
modulation envelope of mixed sighals and oscil-
lations is rectified, means for adjusting the ampli-
tude of one of said voltages to provide said mod-
ulation envelope and to permit the other of said
voltages to be limited in the rectifier circuit, a
diode output resistor, an amplifier coupled to said
diode output resistor, and a second tuned cir-
cuit for said amplifier sharply responsive to
signals at said beat frequency.

6. In a radio receiving system, a signal limiter
circuit ‘of the heterodyne beat type, comprising
substantially linear detector means, a signal volt-
age source, a .local oscillation voltage source,
means for impressing signals from said sources
on the detector, an output circuit coupled to said
detector for passing the heterodyne beat and
suppressing the input and oscillation signals,
and means for adjusting one of said voltages to
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a fixed value below the saturation point of the
detector characteristic, and means for adjusting

‘the other of said voltages to provide signal cut-

off above the point on said detector characteristic
established by said first named voltage.

7..In a radio receiving system, a signal limiter

circuit of the hetercdyne beat type including a
diode rectifier- device, means: for impressing on
said device through said circuit a local ‘oscilla-
tion - voltage of predetermined amplitude, and
means for limiting the signals applied to said rec-
tifier to the predetermined amplitude of the local
oscillation voltage, whereby the beat . frequency
output from- said rectifier is' substantially con-
stant when one of said voltages exceeds that of
the other, by reason of the displacement of the
voltage wave with respect to the axis of rectifica-
tion. Sl . .
8. In a radio receiving system, the combination
of a source of signal voltage, a source of local
oscillation voltage, a screen: grid amplifier de-
viee coupled to each of said sources, volume con-
trol means for adjusting the signal and oscilla-
tion voltage applied to each of said amplifier de-
vices, a diode rectifier circuit including a diode
rectifier device and a diode output resistor, means
broadly responsive to.the frequency of the oscil-
Jation and signal voltages for coupling said diode
rectifier circuit to said amplifier devices, tuned
output coupling means in said diode circuit be-
tween said output resistor and said last named
coupling means, an intermediate frequency am-
plifier device of the screen grid type, and means
providing a tuned input circuit for said device
inductively coupled to said last named output
coupling means, said last named circuit and
said output coupling means being sharply re-
sponsive to a beat signal resulting from the re-
sction of the signal and oscillation 'voltages in
said diode rectifier circuit. ’

9. In a radio signal receiver, the combination
of a signal mixer tube having a pair of control
grids, a tunable input circuit for one of said
control grids coupled to the oscillator, a second
tunable input circuit for the other of said con-
trol grids coupled to the signal receiver, means
for controlling the oscillation and signal voltages
applied to. said control grids, an output circuit
for said device relatively broadly responsive to
the oscillation and signal frequencies, & diode
rectifier circuit coupled to said output circuit and
including a linear rectifier device of the diode
type, a diode output resistor in circuit with said
rectifier device, an amplifier device coupled to
said output resistor, and relatively sharply tuned
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intermediate frequency output circuit means for
said ‘last named amplifier device.

10. The combination with a radio signal re-
ceiver and a local oscillator therefor, of a signal
mixer tube having a cathode, an output anode,
a pair of control grids interposed between said
cathode and anode, a screen electrode for one of
said control grids, a suppressor grid adjacent to
the anode and connected to the cathode, a tun-
able input circuit for one of said control grids
coupled to the oscillator, a second tunable input
cireuit for the other of said control grids cou-
pled to the signal receiver, means for controlling
the oscillation  and signal voltages applied to
said control grids, an output circuit for said de-
vice relatively broadly responsive to the oscilla-
tion and signal frequencies, a diode rectifier
circuit coupled to said output circuit and includ-
ing a linear rectifier device of the diode type, a
diode output resistor in circuit with said rectifier
device, an amplifier device coupled to said output
resistor, said device having a screen-grid where-
by the input and output circuits thereof are elec-
trically isolated, and relatively sharply tuned in-
termediate frequency output circuit means for
said last named amplifier device.

11. In a radio signal receiving system, an in-
termediate frequency amplifier circuit including
in combination, means for receiving a carrier
wave at a predetermined frequency, means pro-
viding a signal of lower voltage amplitude than
the voltage amplitude of the carrier wave to
modulate the latter, a circuit for receiving said
modulated carrier wave, a substantially linear

rectifier in said cireuit for rectifying the modula- -

tion envelope of said carrier-wave, said circuits
being relatively broadly tuned to the beat fre-
quency of said carrier wave and modulating sig-
nals, and means providing a sharply tuned output
circuit coupled to said last named circuit for
conveying therefrom the beat frequency signal
of said carrier wave and said modulating signals.

12. In a radio receiving system, a signal limiter
cireuit of the heterodyne beat type including a
substantially linear rectifier device, means for
impressing through said circuit a local oscilla-
tion voltage of such amplitude as to operate the
rectifier substantially up to the linear part of its
characteristic, means for impressing through said
circuit a signal voltage having a normal ampli-
tude substantially equal to or greater than the
amplitude of the local oscillator voltage, means
for selecting the resultant beat frequency output
from said rectifier.

WENDELL L. CARLSON,
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