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1

This invention relates to wave-signal ampli-
tude-limiting systems and, particularly, to wave-
signal amplitude-limiting systems which provide
a limiting level that varies with the average am-
plitude of a wave signal applied to the system.
Although the invention is not limited thereto, it
has particular utility as a limiting system in a
frequency-modulation wave-signal receiver and
will be described in that connection.

Amplitude-limiting systems are frequently em-
ployed in frequency-modulation wave-signal re-
ceivers to reduce noise disturbances and distor-
tion which otherwise may appear in the output
circuit of the receiver due to undesired ampli-
tude variations of the translated frequency-
modulated wave signal. Some of these limiting
. systems perform their amplitude-limiting action
only when the amplitude of the applied wave
signal exceeds a predeterminad fizxed level. Ac-
cordingly such systems are ineffective to remove
undesired amplitude modulation from a wave
signal having amplitude values which are less
than the above-mentioned predetermined level.
Other limiting systems heretofore proposed are
effective to provide a limiting level which varies
with the average amplitude of the applied wave
signal and therefore are able to remove to a
considerable extent undesired amplitude varia-
tions appearing in the applied wave signal at both
the lower amplitude and higher amplitude levels,
thus ensuring less noise disturbance and distor-
tion in the output signal of a frequency-modula-
tion receiver employing such a limiting system.
A system of the last-mentioned type is dis-
closed in the copending application of Harold
A. Wheeler, Serial No. 693,268, filed August 27,
1946, entitled “Wave-signal amplitude-limiting
system,” and assigned to the same assignee as
the present invention.

The limiting system disclosed in the above-
mentioned copending application employs a series
cireuit including a rectifier device and a resistor-
condenser network which is coupled effectively
in parallel with a high-efficiency or high-@ par-
allel-resonant circuit resonant at the mean fre-
quency of the frequency-modulated wave sig-
nals applied thereto. As is well known, the “Q”
of a resonant circuit is conveniently defined as
the ratio of its inductive reactance to resistance.
Peak rectification of the half cycles of but 2
single polarity of the applied wave signal takes
place in the described series eircuit due to the
unidirectional conductivity characteristic of the
rectifier device. The resistor in this series cir-
cuit, by loading the rectifier device, provides a
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substantial part of the total damping of the
resonant circuit. 'This damping reduces the
magnitude of the wave-signal potentials devel-
oped across the resonant circuit and thereby
limits the amplitude of the wave signal at a
jevel established by the average-amplitude value
of the applied wave signal. Since the rectifier
device of this arrangement provides a damping
action only during the interval when it is con-
ductive, the instantaneous damping action takes
place primarily on alternate half cycles of the
wave signal. Consequentiy, the rectifier device
may be considered effectively to control the peak
amplitudes, and hence the limiting level of the
wave signal, for only those alternate half cycles
of the proper polarity to render the rectifier de-
vice conductive. The resonant circuit, however,
tends to integrate this damping action over a
complete cycle of the wave signal to an extent
which is proportional to the magnitude of the
Q of the resonant circuit. For best limiting
operation with such a system, therefore, it is
desirable to employ a resonant circuit having a
high Q. For some applications, however, cer-
tain considerations such as space and cost may
make it desirable to employ resonant circuits
which do not have a high Q.

The type of limiting action afforded by a sys-
tem of the type disclosed in the above-mentioned
application, while diminishing considerably the
effect of undesired amplitude modulation in the
frequency-modulated wave signals which are
translated by the limiting system, does not quite
assure the greatest possible reduction in un-
wanted amplitude modulation. It is well known
that in most cases the limiting of the amplitude
of a wave signal results in the production of
numerous harmonic-frequency components in
the resultant wave signal. When significant
harmonic voltages are thus produced, the fre-
quency detector which is coupled to the limit-
ing system may respond to these harmonic volt-
ages to the detriment of its response to the
desired fundamental-frequency components.
The second-harmonic components, due to their
closer proximity to the fundamental-frequency
components in the case of the higher order har-
monic components, are most troublesome. It
may, therefore, in some applications, be desirable
to avoid the production of second-harmonic com-
ponents in the limiting system in order to en-
sure that the frequency detector has better re-
sponse to the fundamental-frequency compo-
nents of the wave signal applied thereto. All

harmonic components, and particularly the un-
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wanted second-harmonic components, are more
pronounced when the Q of the parallel-resonant
circuit associated with the limiting system is
not high. This may be a disavantage for those
applications wherein it is desirable to employ
in association with the type of limiting system last
described a resonant circuit which does not have
a high Q.

It is an object of the present invention, there-
fore, to provide a new and improved wave-signal
amplitude-limiting system having improved lim-
iting characteristics particularly when used in
association with a resonant circuit of relatively
low Q.

It is another object of the inventicn to pro-
vide a new and improved wave-signal amplitude-
limiting system which is effective to reduce the
amplitudes of certain of the more troublesome
harmonic-frequency components of the wave
signals translated by the limiting system.

It is a further object of the invention to pro-
vide a new and improved wave-signal amplitude-
limiting system which tends to eliminate the sec-
ond and other even-order harmonic-frequency
components which might otherwise appear in the
wave signal translated by the limiting system.

It is another object of the invention to provide
8 new and improved wave-sighal amplitude-lim-
iting system of the variable-threshold type which
automatically establishes a lmiting level in
accordance with the average amplitude of the
frequency-modulated wave signal applied there-
to and one which affords improved rejection of
undesired amplitude modulation.

In accordance with a particular form of the in-
vention, a system for removing the undesired am-
plitude modulation of a frequency-modulated
wave signal comprises a frequency-modulation
wave-signal translating channel including a par-
allel-resonant circuit -substantially resonant at
the center frequency of the pass band of the
channel and having much less than critical
damping. The system also includes a pair of rec-
tifier devices and at least one pair of condensers
connected to provide two series ecircuits each in-
cluding an individual one of the rectifier devices
and effectively including at least one of the con-~
densers. Each of the series circuits is coupled
effectively in parallel with the resonant circuit
with the conductive direction of one of the series
circuits opposite to that of the other, and each
of the series circuits has in the conductive direc-
tion thereof at the aforesaid frequency an im-
pedance much less than the impedance of the
resonant circuit. 'The amplitude-limiting system
includes at least one resistor effectively connect-
ed in parailel with at least one of the condensers
and having a value of resistance much greater
than the conductive-direction impedance of
either of the series circuits to effect peak rectifi-
cation of each wave-signal half cycle. However,
this value is sufficiently small relative to the reso-
nant-circuit impedance to cause by loading the
rectifier devices an average conductance provid-
ing a substantial part of the tofal damping of the
resonant circuit but much less than critical
damping thereof. The condenser of each of the
parallel-connected condensers and resistors has
a value to provide with the resistor in parallel
therewith a time constant both greater than the
greatest radian period of the amplitude modula-
tion to be removed from a wave signal translated
by the channel and greater than the greatest
radian period of the frequency modulation of the
translated wave signal, whereby the bias poten-
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tial developed across each parallel-connected
condenser and resistor by rectification varies with
the average amplitude of the translated wave sig-
nal to vary the amplitude level about which am-
plitude modulation is removed,

For a better understanding of the present in-
vention, together with other and further objects
thereof, reference is had to the following descrip-
tion taken in connection with the accompanying
drawing, and its scope will be pointed out in the
appended claims.

Referring now to the drawing, Fig. 1 is a cir-
cuit diagram, partly schematic, of a complete fre-
quency-modulation wave-signal receiver which
includes a wave-signal amplitude-limiting sys-
tem embodying the present invention in a partic-
ular form; and Fig. 2 is a circuit diagram of a
wave-signal amplitude-limiting system embody-
ing the present invention in a modified form.

Referring now more particularly to Pig. 1 of the
drawing, there is represented a complete fre-
quency-modulation wave-signal receiver of some-
what conventional design which utilizes an am-
plitude-limiting system embodying one form of
the present invention. In general, the receiver
includes an oscillator-modulator {0 having an in-
put circuit coupled to an antenna system (1, 12
and having an output circuit coupled to an inter-
mediate-frequency amplifier {3 of one or more
stages. Connected in cascade with the amplifier
{3, in the order named, are a wave-signal ampli-
tude-limiting system (4, more fully to be de-
scribed hereinafter, a frequency detector 15 in-
cluding a rectifier system 18, an audio-frequency
amplifier {7 of one or more stages, and a sound
reproducer (8. The frequency detector 15 is
preferably one having a linear frequency-re-
sponse eharacteristic and may be of the type hav-
ing side-tuned resonant input circuits as repre-
sented in Fig. 1.

An automatic-amplification-control or A. V. C.
bias which is developed in unit 14 is applied in
a conventional manner through a circuit desig-
nated as A. V. C. to the input circuits of one or
more tubes of the oscillator-modulator {8 and the
intermediate-frequency amplifier 13.

It will be understood that the various units
just described may, with the exception of the
wave-signal limiting system 14, be of conven-
tional construction and operation, the details of
which are well known in the art rendering fur-
ther detailed description thereof unnecessary.
Considering briefly the operation of the receiver
as a whole, and neglecting for the moment the
detailed operation of the wave-signal amplitude-
limiting system (4 presently to be described, a
desired frequency-modulated wave signal is se-
lectively received and converted to a frequency-
modulated intermediate-frequency wave signal in
the oscillator-modulator @, amplified in the in-
termediate-frequency amplifier 13, further am-
plified and limited in unit {8 to a limiting level
varying in accordance with the average ampli-
tude of the intermediate-frequency wave signal,
and detected by the frequency detector {5, there-
by to derive the audio-frequency modulation
components thereof, The .audio-frequency
modulation components are, in turn, amplified in
the audio-frequency amplifier {7 and are re-
produced by the sound reproducer {8 in a con-
ventional manner. The A. V. C. bias developed
in unit 14 is effective to contrel the amplification
of one or more of the units {6 and 13 to main-
tain the signal input to unit 14 within a rela-
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tively narrow range for a wide range of received
signal intensities.

Referring now more particularly to the por-
tion of the receiver embodying the present in-.
vention, the wave-signal amplitude-limiting sys-
tem 14 comprises a wave-signal translating
channel which conveniently includes one of the
intermediate-frequency amplifier stages of the
receiver. This channel is shown as including
one such stage comprising a conventional vac-
uum-tube repeater 20 having a tuned input cir-
cuit which is connected through a transformer
21 to the tuned output circuit of the interme-
diate-frequency amplifier 13. The output ecir-
cuit of the repeater 20 includes a parallel-reso-
nant circuit 24 which is substantially resonant
at the center frequency of the pass band of the
intermediate-frequency channel and which has
much. less than critical damping. The parallel-
resonant circuit 24 includes the primary wind-
ing 26 of a transformer Z1, one terminal of the
winding being connected to the anode of the re-
peater 20 while the other terminal is connected
‘to a source of potential indicated as -+B and to
ground through an intermediate-irequency by-
pass condenser 29, The parallel-resonant cir-
cuit 24 also includes in shunt to the winding 26
s condenser 30, shown in broken lines since it
may be comprised in whole or in part of the in-
herent interelectrode and output-circuit capac-
itance of the repeater 20 and the capacitances
of the rectifier devices 48 and 41 to be described
in detail hereinafter. Transformer 27 includes
two secondary windings 32 and 38 which are
tuned by condensers 34 and 35, respectively, to
opposite sides of the center frequency of the in-
termediate-frequency wave-signal translating
channel, thus forming two side-tuned resonant
circuits 36 and 37. These tuned circuits are, in
turn, coupled to individual rectifier circuits to
provide a conventional side-tuned frequency de-
tector 5.

The limiting system also includes a pair of
rectifier devices 40 and 41, preferably low-im-
pedance thermionic diodes, and at least one pair
of condensers 42, 43. The rectifier devices are
connected to provide two series circuits each in-
cluding an individual one of the rectifier devices
and effectively including at least one of the con-
densers last mentioned. The anode of the rec-
tifier device 40 is connected directly to the cath-
ode of the device 41 while the grounded cath-
ode of the former is connected to the anode
of the last-mentioned rectifier device through
the condenser 43. Condenser 43 has a relatively
large value of capacitance. The condenser 42,
which has a smaller value of capacitance than
that of the condenser 43, is connected between
the anodes of tubes 40 and 20. It will be seen,
therefore, that in the particular arrangement
shown the pair of rectifier devices and the pair
of condensers form two series circuits, one ecir-
cuit comprising the condenser 42 and the recti-
fier 40 while the other includes the rectifier de-
vice 41 and both of the condensers 42 and 43.
Tt will also be manifest that each of the de-
scribed series circuits is coupled effectively in
parallel with the resonant circuit 24 with the
conductive direction of one of the series cir-
cuits opposite to that of the other. In accord-
ance with the present invention, the circuit
parameters of the limiting system are selected
that the series circuits have in their conductive
directions at the center frequency of the pass
band of the intermediate-frequency channel an
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impedance much less than the impedance of the
resonant circuit. -

The amplitude-limiting system also includes
at least one resistor effectively connected in par-
allel with at least one of the condensers in the
above~-mentioned series circuits and having a
value of resistance much greater than the con-
ductive-direction impedance of either of the de-
seribed series circuits to effect peak rectifica-
tion of each wave-signal half cycle. This ele-
ment comprises a resistor 45 which is connected
in parallel with the relatively large-capacitance
condenser 43. Alternatively the resistor 45 may
comprise two portions preferably having equal
values, each portion being connected in parallel
with an individual one of the rectifier devices
40 and &1 and thus effectively in parallel with
the condenser 43. The value of the resistor 45,
while being greater than the conductive-direc-
tion impedance of either series circuit, is suffi-
ciently small relative to the impedance of the
resonant circuit 24 to cause by loading the recti-
fier devices 40 and 4i and average conductance
which provides a substantial portion of the total
damping of the resonant circuit but much less
than critical damping thereof.

The condenser of each of the parallel-con-
nected condensers and resistors, namely the con-
denser 43 since there is only one such combina-
tion in the described rectifier arrangement, has
a value to provide with the resistor 45 in parallel
therewith a time constant which is greater than
the greatest radian period of the amplitude mod-
ulation to be removed from a wave signal trans-
lated by the intermediate-frequency channel.
For this value of the condenser or condensers, the
bias potential developed across each such paral-
el-connected resistor-condenser combination by
peak rectification varies with the average-ampli-
tude value of the translated wave signal to vary
the limiting level of the system in accordance
therewith yet has a substantially constant value
for the undesired amplitude modulation to effect
amplitude limiting by the system at the aforesaid
level.

The described arrangement of the rectifier de-
vices 40, 41 and condensers 42, 43 provides a volt-
age-doubling rectifier system in which the uni-
directional voltage developed across the condenser
43 has a value equal to twice the average peak
amplitude of the intermediate-frequency wave
signal. Since this value of unidirectional voltage
may be too large to provide correct A. V. C. action,
the A. V. C. circuit may be connected as indi-

_ cated to an intermediate point on the resistor 45

for supplying a portion only of the bias developed
across the condenser 43 to units 16 and {3 to con-
trol the gain thereof as previously described.
Considering now the operation of the wave-
signal amplitude-limiting system just described,
the wave signals developed across the resonant
circuit 24 are also applied to the two series cir-
cuits of the rectifier arrangement 46. Assuming
first that the instantaneous polarity of the wave
signal is such that the ungrounded terminal of
the resonant circuit 24 is positive, the positive
half cycle of the developed signal is effective to
render only the device 40 conductive, thus pro-
ducing an increase in the charge on the condens-
er 42. 'The unidirectional potential developed
across the condenser 42 from the increased charge
is substantially equal in magnitude to the posi-
tive peak value of the frequency-modulated wave
signal. On the next or negative half cycle, the

75 device 40 ceases to conduct but the rectifier de-
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vice'd! then has. proper polarity 4o be rendered
conductive. There is applied at this time to the
series circuit comprising the rectifier device 4(
and the:condenser-43 an instantaneous peak po-
tential comprising the potential appearing across
the -winding 26 plus the increased potential earlier
developed: across the condenser 42. These poten-
tials are in series-aiding relationship:so that sub-
stantially the peak-to-peak potential of the ‘wave
signal developed :across the paraliel-resonant icir-
cuit-24.in a complete wave-signal cycle is applied
to the rectifier device 41 :and condenser 43. : Con-
denser 43 is therefore charged to a potential
value which is substantially twice that developed
across ‘the .condenser 42 .on the. preceding half
tycle, and the condenser 42 is simultaneously ‘dis-
charged. The described peak-to-peak rectifica.-
‘tion woperation is repeated for successive wave-
signal cycles.

"The amount of damping .afforded by the recti-
fier arrangement.46 is determined by the amount
of .energy taken from the peak portion -of the
wave-signal oscillation during each half cycle
thereof. This is, in turn, determined by the
amount of energy .discharged during -each cycle
from the condenser:43 through the resistor 45,
and' the -energy discharge during -each -cycle is
controlied by the time -constant of the resistor-
condenser combination 45, 43. - Peak-rectification
action requires that the two series circuits includ-
ing the rectifier-devices 40 and 44 shall include no
additional impedance sufficient substantiglly ‘to
reduce the peak current which flows through the
rectifier devices 40 and 4 -during their respective
conductive periods. “The resonant circuit: 24, ‘per
se, is-one of relatively small damping; so thatpeak
rectification of each half -cycle by devices 40 and
41, while providing a substantial ‘portion of the
total damping of the ‘resonant--circuit,. -affords
much: less than critical damping thereof. ' This
damping reduces the magnitude of the ‘wave-
signal. potential -developed across the resonant
circuit 24.and therefore gffords a limiting action.

‘When “the condenser 43 and the - resistor 45
have values as mentioned above, the described
loading of the rectifier devices 48 and 41 permits
the amplitude of the wave-signal Ppotentials de~
veloped -across the resonant cireuit 24 to rise and
fall slowly with the variations of ‘the wave-signal

average amplitude. ‘During slow variations of 5

the wave-signal amplitude, the -condenser 43 has
time to charge .or to discharge slowly. However,
the time .constant-of the resistor-condenser com-
bination 45, 43 is substantially greater than the
greatest radian period-of the ‘gmplitude modtila-
tion which is-to be removed from the ‘wave signal.
This time constant: prevents the condenser -§3
from charging ‘or discharging at as rapid a rate
as the undesired -amplitude modulation -so- that
the condenser voltage acts like a fized bias ‘volt-
age for such modulation. As g result, the bias
potential adjusts .or varies the limiting 1evel of
the limiting system 14.'in accordance with: the
average.amplitude. of the translated intermediate-
frequency -wave -signal, yet- has ‘a substantiglly
constant walue with nespect to the ‘undesired -gm-
plitude modulation te be removed -andthus -effects
-amplitude limiting at this 1evel inthe system 14,
A portion .of the bias potential, when - applied as
an.A.V. C. bias to units £8-and 18 Trom an inter-
mediate potential:point.on the resistor 48§, iseffec-
tive to limit the average-amplitude ‘Variations of
the wave signal applied to the Jimiting system: 4.

As..a result of the peak.rectification by the
rectifier -arrangement 46 of: each::half cycle.of
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the:signal applied to the resonant circuit.24, in-
stead of every other half eycle as with prior limit-
ing :arramgements which employ a resonant cir-
cuit, the effective conductance which damps the
parallel-resonant -circuit provides -a -more uni-
form damping action. This, in turn, perntits the
use in the limiting system of a parallel-resonant
circuit which need. not have a particularly high
Q. The peak-to-peak rectification afforded by
the.arrangement 46 produces.a symmetrical con-
duction on both ‘half cycles of the . frequency-
modulated wave signal applied “to. the resonant
circuit 24. Rectification of both half: cyeles of
the applied wave signal also tends to .cancel-out
the troublesome second and other even-order
‘harmonic -components. It has been determined
that a significant increase in:amplitude-modula-
tion rejection is provided by the instant system
over that which is cbtained with limiting systems
which peak rectify only the alternate half cycles
of ‘the applied wave signal. In the higher wave-
signal average-amplitude levels, this improve-
ment may be-as much as four to one.

The following circuit constants are given: for

an embodiment of the invention of the type rep-
resented in Fig. 1:

Resistor 45______ . _______ 270 kilohms
Condenser 42____________ 100 micromicrofarads
Condenser 43___.________. 0.25 microfarad

Tube 26 ____ Type 6AU6

Tubes 406 and 4 _______ 6AL5 (Duplex .diode)
Winding 26 __._______. 30 turns No. 30 D. S. C,

wire close wound on

Y2'* diameter -wind-

ing form.
Intermediate frequency.__.10% megacycles

Referring now .to Fig. 2 of the drawing, there
is represented schematically a ‘wave-signal -am-
blitude-limiting system embodying: the. present
invention in g modified form which is generally
similar to that represented in Fig. 1, similar-ele-
ments being .designated by the same. reference
numerals primed. The output circuit of g: re-

5 peater “20” includes a parallel-resonant -circuit

24’. The.anode of ‘a rectifier device 40" is con-
nected to the anode of Tepeater 20’ through -a
coupling -condenser 52 while the cathode of the
device is .connected to ground. The cathode 6f
a rectifier device 41’ is also connected to the:anode
of the repeater 20’ through a coupling ‘condenser
58 and the anode.of this device is grounded. - Rec-
tifier device 40’ has connected between the ter-
minals thereef a series circuit comprising -an in-
termediate-frequency -choke ‘55 -and the parallel
combination of g resistor 56 and a -condenser: 57.
The A. V. C. bias-potential for stages-in the wave-
signal translating channei preceding -the par-
allel-resonant circuit 24’ is taken from the junc-
tion of the choke 55 and the resistor 56. -The rec-
tifier device 41’ has connected between -its ‘ter-
minals a -series circuit -comprising a choke 65
and ‘a parallel resistor-condenser ‘combination
68, 671. 'The network including the condenser ‘82,
the rectifier -device 40’, the choke '65; the resistor
56, and the condenser 57 comprises g first-series
circuit ‘while the ‘network ‘including -the -corre-
sponding elements 58, 41,65, ‘66, and 67 com-
prises-a second series circuit, each of-which ‘in-
cludes an individual one of the rectifier -devices
and effectively includes at least one of the con-
densers 57-and 61. The described-series circuits
have-substantially identical characteristies -and
are coupled in parallel with the resonant eircuit
24’. :Each. of the described :series. circuits ‘has,
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in its respective conductive direction and at the
center frequency of the intermediate-frequency
pass band, an impedance which is much less than
the impedance of the resonant circuit. In the
conductive direction of the first series circuit this
impedance comprises that of the condenser 52
and that of the rectifier device 40’ while in the
conductive direction of the second series circuit
this impedance comprises that of the rectifier de-
vice 41’ and that of the condenser 53. Each of
the condensers 57 and 67 has a value to provide
with the particular resistor in parallel therewith
a time constant which is greater than the greatest
radian period of the amplitude modulation to be
removed from a wave signal translated by the
system.

The resistors 56 and 66 may be connected if
desired in parallel with their corresponding rec-
tiflers 40’ and 41’ instead of being connected in
parallel with the condensers 57 and 61, as shown.
Other variations of the limiting system repre-
sented in Fig. 2 will be manifest. For example
the condensers 571 and 87 may, if desired, be
omitted. In this case the condensers 52 and 53
are selected with reference to the resistors 56 and
66, in the manner previously explained in detail,
to provide the required time constants. 'The
chokes 55 and 65 may also be omitted from the
1ast-mentioned arrangement. The resistors 56
and 66 then load the tuned circuit 24’ and are
effective to decrease the range of the damping
effect which may be obtained with the devices
40’ and 41’. When automatic volume control is
desired, the connection therefor must be isolated
for intermediate-frequency wave signals from
the resistor 56.

The operation of the Fig, 2 amplitude-limiting
system is quite similar to that of Fig. 1. Peak
rectification of wave-signal half cycles of posi-
tive polarity are effected by a series circuit in-
cluding the rectifier device 4%’ while peak rectifi-
cation of wavesignal half cycles of negative
polarity are effected by the other series circuit
including the rectifier device 41’. Thus the ar-
rangement including the rectifier devices 48’ and
41’ tends to limit on individual ones of the posi-
tive and the negative peak amplitudes of the ap-
plied wave signal, as distinguished from the con-
joint peak-to-peak action as jn the Fig. 1 sys-
tem. Otherwise the operation of the two limit-
ing systems is essentially the same. Symmetrical
limiting of the frequency-modulated wave signal
which is translated by the amplitude-limiting
system 14’ results, and the translated signal is
substantially free from undesired amplitude
modulation. The entire unidirectional potential
developed across the condenser 51 may be em-
ployed in the usual manner as an A. V. C. bias.

Tt will be apparent from the foregoing descrip-
tion that a wave-signal translating system em-
bodying the present invention is effective, by sub-
stantially eliminating the second and higher order
even-harmonic components from the translated
wave signal and by affording a symmetrical wave~
signal limiting action, to provide an output signal
which is substantially free from undesired am-
plitude modulation. The amplitude-limiting sys-
tem of the present invention has the advantage
of permitting the use therein of a resonant cir-
cuit which does not require a high Q. Further-
more the amplitude-limiting system of the in-
stant invention provides good amplitude limit-
ing at any average-amplitude value of an applied
wave signal within a substantial range of such
amplitude values.
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While there have been described what are at
present considered to be the preferred embodi-
ments of this invention, it will be obvious to those
skilled in the art that various changes and modi-~
fications may be made therein without departing
from the invention, and it is, therefore, aimed in
the appended claims to cover all such changes
and modifications as fall within the true spirit
and scope of the invention.

What is claimed is:

1. A system for removing the undesired am-~
plitude modulation of a frequency-modulated
wave signeal comprising: a frequency-modulation
wave-signal translating channel including a par-
allel-resonant circuit substantially resonant at
the center freguency of the pass band of said
channel and having much less than critical damp-
ing; a pair of rectifier devices and at least one
pair of condensers connected to provide two series
circuits each including zn individual one of said
rectifier devices and effectively including at least
one of said condensers, each of said series cir-
cuits being coupled effectively in parallel with
said resonant circuit with the conductive direc-
tion of one of said series circuits opposite to that
of the other and each of said series circuits hav-
ing in the conductive direction thereof at said
frequency an impedance much less than the im-
pedance of said resonant circuit; and at least one
resistor effectively connected in parallel with at
least one of said condensers and having a value
of ‘resistance much greater said conductive-di-
rection impedance of either of said series circuits
to effect peak rectification of each wave-signal
half cycle yeb sufficiently small relative to said
resonant-circuit impedance to cause by loading
said rectifier devices an average conductance pro-
viding a substantial part of the fotal damping of
said resonant circuit but much less than critical
damping thereof; the condenser of each of said
parallel-connected condensers and resistors hav-
ing a valve to provide with the resistor in parallel
therewith a time constant both greater than the
greatest radian period of the amplitude modu-~
lation to be removed from a wave signal trans-
lated by said channel and greater than the great-
est radian period of the frequency modulation
of the translated wave signal, whereby the bias
potential developed across said each parallel-
connected condenser and resistor by rectification
varies with the average amplitude of said trans-
1ated wave signal to vary the amplitude level about
which amplitude modulation is removed.

2. A system for removing the undesired ampli-
tude modulation of a frequency-modulated wave
signal comprising: a frequency modulation wave-
signal translating channel including a parallel-
resonant circuit substantially resonant at the
center frequency of the pass band of said chan-
nel and having much less than critical damping;
a pair of low-impedance rectifier devices and at
least one pair of condensers connected to pro-
vide two series circuits each including an indi-
vidual one of said rectifier devices and effectively
inciuding at least one of said condensers, each of
said series circuits being coupled effectively in
parallel with said resonant circuit with the con-~
ductive direction of one of said series circuits op-
pogite to that of the other and each of said series
circuits having in the conductive direction there-
of at said frequency an impedance much less than
the impedance of said resonant circuit; and at
least one resistor effectively connected in paraliel
with at least one of said condensers and having
a value of resistance much greater than said
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conductive-direction impedance of either of said
series circuits to effect peak rectification of each
wave-signal half cycle yet sufficiently small rela-
tive to: said resonant-circuit impedance to cause
by loading said rectifier devices an average con-
ductance providing a substantial part of the total
damping of said resonant circuit but much less
than critical damping thereof; the condenser af
each of said paraliel-connected condensers and
resistors having a value to provide with the re-
sister-in parallel therewith a time constant both
greater than the greatest radian period of the
amplitude modulation to be removed from a wave
signal translated. by said channel and greater
than the greatest radian period of the frequency
mrodulation of the translated wave signal, where-
by-the bias potential developed across said- each
parallel-connected condenser and resister by
rectification varies with the average amplitude
of said translated wave signal to vary the ampli-
tude: level about which amplitude modulation is
removed.

3. A system for removing the undesired ampli-
tude: medulation of a frequency-modulated wave
signal cemprising: a frequency modulation wave-
signal translating channel including a- parallel-
resonant circuit substantially resonant. at the
center frequency of the pass band of said channel
and having much: less than critical damping; a
pair of rectifier devices and at least one pair of
condeners. connected. to provide two series eir-
cuits. each including an individual one of said
rectifier devices and effectively including a$-least
one-of said condensers, one. of said condensers be-~
ing cemmon. to. said pair of series circuits, each
of said series circuits being coupled: effectively in:
parallel with. said resonant circuit with the con-
ductive direction: of one of said: series circuits. op-
‘bosite to that of the other and each of said series
circuits having in the conductive. direetion there-
of at said frequency an impedance much less than
the.impedance of said resonamnt. circuit; and at
least. one resistor effectively conneected. in' parallel
with. at least one of said condensers. and having g
value of resistance much greater than said. eon-
ductive-direction impedance of either of said. se~
ries. cireuits to. effect peak rectification of each
Wwave-signal half cycle yet sufliciently small rela-
tive: to said resonant-circuit impedance to cause
by loading said rectifier deviees. an. average con-~
ductance providing the major part of the total
damping of said resonant. circuit but much: less
than critical damping thereof ; the condenser of
each of said parallel-conneched .condensers and
resistors. having a- value to provide: with the re-
sistor in paralle] therewith a time constant. both
greater than the greatest radian period. of the
amplitude.modulation to be removed from a wave
signal translated by said channel and greater
than the greatest radian period. of the fregquency
modulation of the translated wave signal, where-
by the bias potential developed across said each
barallel-connected condenser and resistor by
rectification varies with the average amplitude: of
said translated wave signal to vary the ampli--
tude level zbout which amplitude ‘modulation is
removed.

4. A system for removing the undesired ampli-
tude modulation of a frequency-modulated wave
signal cemprising: a frequency modulation wave-
signal translating channel including a parallel-
resonant circuit substantially ‘resonant at the
center frequency of the pass band. of said.channel
and having much. less than critical damping; a
pair of rectifier-devices and at least one pair of
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condensers commected: to provide: twe: series:citt=
cuitseach: including: an: individual:: one: of said
rectifier devices: and. effectively including ab least
oue of said condensers, one-of: said condensers bes
ing: commen« to-said. pair of series-cireuits, each
of said series  eircuits being coupled  effectively
im parallel with said: resonant. cireuit with .the
conductive: direction of ‘one. of. said. series cireuits
opposite: to: that. of the other and each: of said
series:circuits- having in the conductive: direction
thereof at said: frequency- an impedance. much
less than- the;impedance: of said. resonant. circuit;
and. a. resistor. effectively connected. in parailel
with. the: other. of .said condensers and. having.a
value. of ‘resistance much greater than. said, con-
ductive-direction impedance of either of said se~
ries -circuits. to. effect peak rectification. of each
wave-signal half cycle. yetsufficiently small rela-
tive to said. resonant-circuit impedance to cause
by.loading said. rectifier devices an. average. con-
ductance providing. a. substantial part ef the.total
damping of.-said. resonant. circuit but. much Jess
than. critical: damping thereof; said other. con-
denser. having a. value.to provide. with said. re-
sistor in parallel therewith a.time constant both
greater. than the.greatest radian period. of.the
amplitude moduldtion to be.removed from a. wave
signal translated by said channel and. greater
than the greatest radian period of the frequency
modulation. of 'the translated wave signal, whereby
the bias. potential developed across said parallel-
connected. condénser and. resistor by rectification
varies. with the average amplitude of said trans-
Iated wave .signal to vary the amplitude Ievel
about which amplitude modulation: Is'removed:

5." A system for removing the undesired ampli-
tude modulation of a frequency-moduiated wave
signal comprising: a: frequency mrodulation wave-
signal translating channel including g,  parallel<
resonant  circuit substantially resonant at- the
center frequency of the pass band of said channel
and having much less than critical ‘damping a
Dair of rectifier devices and at least one pair-of
condensers connected- to. provide two. series-cirs

5 cults each including an individual one of ‘said

rectifier devices and effectively including at- least
one of said condensers, one of said" condemnsers
being common to said pair of ‘series circuits; each’
of said series circuits being: coupled-‘efféctively i
parallel with said resonant circuit with the com-
ductive direction of one of said series circuits op-
posite to that of the other and each of said seriés
circuits having in the conductive direction there-
of at said frequency animpedance much less than
the impedance of said resonant circuit; a resistor
effectively connected in parailer with the other of
said condensers and having & value of resistance
much greater than said conductive-direction im=
pedance of either of said' series circuits: to-effact
peak rectification of each ‘wave-signal half cycle
yet- sufficiently small relative to said resonant=
circuit impedance to cause by foading said ‘recti-
fier devices an average conductamce providing a;
substantial part of the total damping of said ress
ognant circuit but much less than critical damp-~
ing thereof; said other condenser having z value-
to provide with said resistor in parallel tHere-
with a time constant both greaterthan the great-
est radian period of the amplitude modulation to
be removed from a wave signal translated by said
channel and greater than the greatest. radian.
period of the frequency medulation of the trans-
lated wave signal, whereby the bias. patential de~-
veloped across. said parallel-connected.condenser.
and resistor by rectification varies. with the aver-




. 2,485,781

13

age amplitude of said translated wave signal to
vary the amplitude level about which amplitude
modulation is removed; and means connected to
an intermediate potential point on said resistor
for utilizing a portion of the bias potential devel-
oped across said condenser to control the gain
of said channel to reduce the range of average-
amplitude variations of said translated wave
signal.

6. A system for removing the undesired ampli-
tude modulation of a frequency-modulated wave
signal comprising: a frequency modulation wave-
signal translating channel including a parallel-
resonant circuit substantially resonant at the
center frequency of the pass band of said chan-
nel and having much less than critical damping;
a pair of rectifier devices and at least one pair
of condensers connected to provide two series cir-
cuits each including an irndividual one of said rec-

tifier devices and effectively including at least o

one of said condensers, each of said series cir-
cuits being capacitively coupled by at least one of
said condensers effectively in parallel with said
resonant circuit with the conductive direction of

one of said series circuits opposite to that of the .

other and each of said series circuits having in
the conductive direction thereof at said frequency
an impedance much less than the impedance of
said resonant circuit; and at least one resistor

effectively connected in parallel with at least one ;

of said condensers and having a value of resist-
ance much greater than said conductive-direction
impedance of either of said series circuits to ef-
fect peak rectification of each wave-signal half
cycle yet sufficiently small relative to said res-
onant-circuit impedance to cause by loading said
rectifier devices an average conductance provid-
ing a substantial part of the total damping of
said resonant circuit but much less than critical
damping thereof; the condenser of each of said
parallel-connected condensers and resistors hav-
ing a value to provide with the resistor in par-
allel therewith a time constant both greater than
the greatest radian period of the amplitude modu-
lation to be removed from a wave signal trans-
Jated by said channel and greater than the great-
est radian period of the frequency modulation of
the translated wave signal, whereby the bias po-
tential developed across said each parallel-con-
nected condenser and resistor by rectification
varies with the average amplitude of said trans-
lated wave signal to vary the amplitude level
about which amplitude modulation is removed.
7. A system for removing the undesired ampli-
tude modulation of a frequency-modulated wave
signal comprising: a frequency-modulation wave-
signal translating channel including a parallel-
resonant circuit substantially resonant at the
center frequency of the pass band of said channel
and having much less than critical damping; a
pair of rectifier devices and at least one pair of
condensers connected to provide two series cir-
cuits each including an individual one of said
rectifier devices and effectively including at least
one of said condensers, said condensers having
unequal values of capacitance and the one of said
condensers of smaller capacitance being common
to said pair of series circuils, each of said series
circuits being coupled effectively in parallel with
said resonant circuit with the conductive direc-
tion of one of said series circuits opposite to that
of the other and each of said series circuits hav-
ing in the conductive direction thereof at said
frequency an impedance much less than the im-
pedance of said resonant circuit; and a resistor

10

35

40

42

60

a5

70

75

14

effectively connected in parallel with the other
of said condensers and having a value of resist-
ance much greater than said conductive-direction

impedance of either of said series circuits to effect

peak rectification of each wave-signal half cycle
vet sufficiently small relative to said resonant-
circuit impedance to cause by loading said rec-
tifier devices an average conductance providing a
substantial part of the total damping of said
resonant circuit but much less than critical damp-
ing thereof; said other condenser having a value
to provide with said resistor in parallel there-
with a time constant both greater than the great-
est radian period of the amplitude modulation to
be removed from a wave signal translated by said
channel and greater than the greatest radian
period of the frequency modulation of the trans-
lated wave signal, whereby the bias potential de-
veloped across said parallel-connected condenser
and resistor by rectification varies with the aver-
age amplitude of said translated wave signal to
vary the amplitude level about which amplitude
modulation is removed.

8. A system for removing the undesired ampli-
tude modulation of a frequency-modulated wave
signal comprising: a frequency-modulation wave-
signal translating channel including a parallel-
resonant circuit substantially resonant at the
center frequency of the pass band of said channel
and having much less than critical damping; a
pair of rectifier devices and at least one pair of
condensers connected to provide two series cir-
cuits each including an individual one of said
rectifier devices and including at least one of
said condensers, each of said series circuits being
coupled effectively in parallel with said resonant
circuit with the conductive direction of one of
said series circuits opposite to that of the other
and each of said series circuits having in the
conductive direction thereof at said frequency an
impedance much less than the impedance of said
resonant circuit; and a pair of resistors, each
effectively connected in parallel with an indi-
vidual one of said condensers and having a value
of resistance much greater than said conductive-
direction impedance of either of said series cir-
cuits, to effect peak rectification of each wave-
signal half cycle, yet the value of each of said
resistors being sufficiently small relative to said
resonant-circuit impedance to cause by loading
said rectifier devices on alternate wave-signal
half cycles an average conductance providing a
substantial part of the total damping of said
resonant circuit but much less than critical damp-~
ing thereof; the condenser of each of said par-
allel-connected condensers and resistors having a
value to provide with the resistor in parallel there-
with g time constant both greater than the great-
est radian period of the amplitude modulation to
be removed from a wave signal translated by said
channel and greater than the greatest radian
period of the frequency modulation of the trans-
lated wave signal, whereby the bias potential de-
veloped across said each parallel-connected con-
denser and resistor by rectification varies with
the average amplitude of said translated wave
signal to vary the amplitude level about which
amplitude modulation is removed.

9. A system for removing the undesired ampli-
tude modulation of a frequency-modulated wave
signal comprising: a frequency-modulation wave-
signal translating channel including a parallel-
resonant circuit substantially resonant at the
center frequency of the pass band of said chan-
nel and having much less than critical damping;
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apair- of rectifier-devices and. at. least. one pair
of-conndensers connected: to provide two: series. eir-
cuits having substantially identical electrical

characteristics, each of said:series: circuits in-.

cluding. an individual one of said rectifier devices
and: at least one: of said condensers anmd being
coupled effectively in parallel with: said resonant
circuit with the conductive direetion: of one of
said series:circuits: opposite to that of the other
and having in the conductive directiomn.thereof
al said: frequenecy an impedance much: less than
the-impedance of said resonant circuit; and a
pair of resistors, each: effectively connected:in
parallel with an individual one of said condensers
and having a value of resistance whiech is much
greater than said conductive-direction impedance
of: either of said series circuits, to- effect iden-
tical peak rectification of each wave-signal half
cyele, yet the value of each. of said resistors being
sufficiently small relative to said resonant-cireuit
impedance to cause by loading said rectifier de-
vices onx alternate wave-signal half cycles an
average conductance providing a substantial part
of the. total damping of said resonant cireuit but
much less than critical damping thereof; the con-
denser. of each of said parallel-connected con-
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densers:- and resistors: having a value:to provide
with: the resistor in parallek therewith, a time gon-
tant-both greater than the greatest radian period
of the amplitude modulation to be removed from
a wave-signal translated by.said channel and
greater than:the -greatest radian- period of: the
frequency modulation of the translated wave gig-
nmal, whereby: the bias potential developed across
sald each parallel-connected condenser and. re-
sistor- by rectification varies with the average
amplitude of said translated. wave signal - to vary
the.amplitude level ahout which amplitude modu~
lation is removed.
WOLF: JOACHIM GRUEN. .
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