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3 Claims.

This invention relates to frequency modulation
receiving systems having a relatively wide ire-
quency .band response, and has for its primary
object to provide an improved system of the char-
acter referred to for automatically controlling the
frequency band width of the intermediate fre-
quency amplifying portions thereof preceding the
frequency discriminator network and second de-
tector, thereby to provide effective noise reduction
in the operation of said system.

It is also a further object of the present inven-
tion, to provide a frequency modulation receiving
system having a variable band width amplifier
preceding the frequency discriminator network
and means responsive to variations in the per-
centage modulation or signal frequency swing for
controlling said amplifier,

Tt is a further object of the present invention,
to provide means responsive to variations in the
amplitude of the audio frequency signals resulting
from conversion of frequency modulated to am-
plitude modulated signals, to control the band
width of an intermediate frequency portion of the
system, thereby to reduce the band width when
the percentage modulation or frequency swing of
the received signal is relatively low, and to cut off
noise components accompanying a desired signal.

It has been found that this system for noise
reduction in a wide band frequency modulation

receiving system is most effective when the band ’

width control is provided subsequent to the usual
signal voltage limiter and preceding the frequency
discriminator network provided in connection
with the second detector for the frequency mod-
ulation conversion.

In the normal operation of a receiving system,
responsive to frequency modulated signals, a rela-
tively low percentage modulation is normally
present. With wide band frequency modulation
this requires that a relatively wide frequency re-
sponse band be provided in the system to convey
the signals when modulated to a maximum degree.
This relatively wide frequency band permits in-
terference signals to be received and also permits
noise components with low modulation signals to
pass through to the second detector and fo beat
with each other, causing background noise in the
receiving system. )

It is, therefore, a further object of the present
invention to provide a frequency modulation re-
ceiving system having improved means for auto-
matically controlling the band width of the fre-
quency response of the system in accordance with
variation in the percentage modulation or fre-
quency swing and in a direction to reduce said
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pband width during periods of low percentage
modulation. :

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

In the drawing, Figure 1 is a block diagram of
a frequency modulation receiving system,.

Figure 2 is ‘a schematic circuit diagram of a
portion .of the system of Fig. 1 showing certain
of the circuits in detail, and

Figure 3 is a graph showing curves illustrating
an operating characteristic of the system of Figs.
1 and 2.

Referring to Fig. 1, the frequency modulation
receiving system shown includes the usual tuna-
ble high frequency amplifier 5 coupled to a signal
input circuit such as an antenna circuit 6 and
followed by the first detector T and oscillator 8 for
providing the intermediate frequency signal which
is applied to the intermediate frequency amplifier
9. The intermediate frequency signals from the
amplifier 9 are passed through a suitable signal
voltage limiter indicated at 10 and a frequency
discriminator network i1 in connection with the
second detector 12 thereby converting the fre-
quency modulated signals into amplitude modu-
lated signals which are detected and converted

to audio frequency for the usual audio frequency

amplifier 13 and output device or loudspeaker (4.

A variable band width amplifier is interposed in
the signal transmission channel of the receiving
system preceding the frequency discriminator net-
work and preferably following the voltage limiter.
In the present example, the variable band width
amplifier is indicated at 15 and is of a type re-
sponsive to. a variable control voltage applied
thereto through a: control circuit 16 from a con-
trol system 17 connected with the audio frequency
amplifier, as indicated, whereby the control volf-
age applied to the variable band width amplifier
and the band width of said amplifier vary in ac-
cordance with variations in the amplitude of the
audio frequency signals.

"The audio frequency signals are derived from
the second detector through the discriminator
network, and may be taken as a measure of the
percentage modulation or swing of the frequency
modulated signal. Therefore the band width of
the intermediate frequency amplifier may be
varied thereby proportionally with variations in
the percentage modulation or swing and in a
direction to cause the band width.to be reduced
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during periods of low percentage modulation or
frequency swing.

In a preferred embodiment of the invention,
the variable band width amplifier may be ar-
ranged as shown in Fig. 2 and connected with a
quick response, slow recovery band width control
circuit.

Referring to Fig. 2, the variable band width
amplifier includes a plurality of tuned band pass
circuits of which two are shown at 20 and 21 and
may be provided by the tuned primary and sec-
ondary windings 23 and 24, respectively, of an
interstage intermediate frequency coupling trans-
former 25 interposed between an input amplifier
tube 26 and a second stage amplifier tube 21.

The tuned circuits 20 and 21 are coupled
through the transformer arrangement and are
variably tunable by means of control tubes 18
and 19, the anode circuits 29 and 30, respective-
1y, of which are connected through the windings
23 and 24, as indicated, whereby the anode cir-
cuit impedance of the tubes is substantially in
shunt with the tuned circuits.

- The control grids of the tubes 18 and 19, indi-
cated at 31 and 32, respectively, are connected
through suitable resistors 33 and 34, respectively,
to the bias supply or control lead I8 from the
band width control system (1. The grids are
also coupled to their respective anode . circuits
through coupling capacitors indicated at 35,
these capacitors providing a relatively large ca-
pacitive reactance with respect to the resistance
of the resistors 33 and 34, thereby providing a
voltage on the grids 31 and 32 which leads the
plate voltage of the tube by substantially 90°.
As the bias potential applied thereto from the
lead 16 is varied, the anode current and the effec-
tive reactance of the tubes varies to shift the
tuning of the band pass filter comprising the
circuits 20 and 21.

The variable band width amplifier includes a
second variable band pass filter comprising a
pair of tuned coupled circuits 36 and 37 pro-
vided by the tuned primary and secondary wind-
ings, respectively, of an intermediate frequency
interstage coupling transformer 49, This is pro-
vided between the second amplifier stage 27 and
an output amplifier stage 28.

In connection with the second band pass filter,

two selectively control tubes 4f and 42 are pro- °©

vided, with anode circuits 43 and 44, respec-
tively, connected through the windings 38 and
29, respectively, for controlling the tuning of the
circuits 36 and 37 in response to variation in
biasing potential from the control lead 16-in the
same manner as for the first described band pass
filter, the tubes being variable reactance tubes as
before, but connected for response to the same
variation in biasing potential and in the same
direction to vary the reactance load on the cir-
cuits in an opposite sense, thereby to shift the
tuning of the second band pass filter in an oppo-
site direction to that of the first band pass filter.

The shifting of the pass bands of the two filters
is shown in Fig. 3, the curve 45-—46 representing
the selectivity of one filter section, such as the
circuits 20—21 and the curve 41—48 represent-
ing the selectivity of the other filter section, such
as_the circuits 36—37, while the full line curve

49--50 represents the over-all selectivity in re- 7

sponse to substantially full modulation, or the
full band selectivity of the variable band width
amplifier 15.

The audio frequency voltage from the audio
frequency amplifier 13 is derived therefrom
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through a supply lead indicated at 52 and is ap-
plied to the control grid 53 of a band width con-
trol amplifier stage including a tube 54, through
a coupling capacitor 55. Grid bias is applied to
the grid 53, from a self-bias resistor 5T in the
cathode lead 58, through a grid resistor 59. The
control lead 16 is connected to the cathode or
positive end of the resistor 571 through a filter
comprising a resistor 56 and a by-pass capacitor
60, while the negative terminal 6f is connected
to ground. A suitable by-pass capacitor 63 is pro-
vided for the cathode resistor 51. The resistor
57 in the cathode circuit is of such a value that
the tube 54 is biased substantially to cut-off in
the absence of audio frequency signals, and an
increase in the applied signal causes the anode
current to increase, thereby reducing the anode-
cathode impedance of the selectivity control
tubes (8, 19, 41 and 42 in accordance with the
signal strength which, in the case of a frequency
modulation receiver, is substantially in accord-
ance with the percentage modulation or fre-
quency variation of the received signal. It will
be noted that a suitable residual bias is provided
on the selectivity control tubes by self-bias re-
sistors indicated at 685.

In connection with the selectivity control tubes
41 and 42, the capacitive reactances represented
by. the capacitors 66 and. &1 are relatively low
with respect to the resistance of the resistors 13
and 74 inserted between the anode circuits 43
and 44 and the respective control grids 68 and 69
of the confrol tubes 41 and 42, thereby causing
the signal voltage applied to said grids to lag

‘ substantially 90° behind the plate voltage. With

a capacitive reactance at 66 and 87 which is rel-
atively low with respect to the series grid resistor
13 and 74, the tubes 41 and 42 control the se-
lectivity or frequency shift of the circuits 36 and
37 in an opposite sense from the control exer-
cised by the tubes 18 and 19 on the circuits 20
and 21. The coupling capacitors 71 and 12 be-
tween the plate circuits and grids of the tubes
41 and 42 are relatively large in capacity value,
having no appreciable capacitive reactance in
the circuit at the frequencies transmitted there-
through,

In the system shown, the reactance or selec-
tivity conftrol tubes are utilized to shift the tun-
ing of one band pass filter to a higher frequen-
cy, while the reactance tubes across the other
band pass filter shift the tuning to a lower fre-
quency in the absence of a control voltage from
the control amplifier 11. This causes the over-
all selectivity response characteristic to approach
the middle or intermediate frequency 15 of the
resultant curves of Fig. 3, and the gain will re-
main the same throughout the intermediate fre-
quency amplifier. The selectivity characteristic
thus becomes relatively narrow, as indicated by
the curves 45 and 48 substantially without
change in gain. :

When the audio frequency output voltage and
hence the frequency swing or modulation of a
received signal reaches a predetermined value
corresponding to the minimum frequency band
width established in the variable band width am-
plifier, the control tube 54 will conduct current,
making the cathode more positive, and this volt-
age applied to the control grids of the reactance
tubes causes them to pass more reactive cur-
rent, thus tuning the filters to different fre-
quencies, in this case tending to shift them to-
ward the I. F. frequency 15 of Fig. 3 and there-
by effectively widening the band width to per-
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mit higher percentage modulation signals to be
received and passed through to the discriminator
network.

The control tube circuit is such as to give
a quick response, to permit the frequency band
to be widened rapidly and thus avoid distortion
during rapid increases in percentage modulation
or frequency swing of received sighals. It should
also have a slow recovery characteristic to keep
the band width from varying at the modulation
frequency and thereby introducing distortion.

While the inventfion has been shown and de-
scribed in connection with a receiving system
having a variable band width amplifier con-
trollable by variable reactance tubes, it should
be understood that the variable band width con-
trol may be provided by any suitable means re-
sponsive to the audio frequency output of the
signal channel. This may, preferably, have a
relatively rapid response and slow recovery char-
acteristic to provide a variable controlling bias-
ing potential for a variable band width ampli-
fier as shown.

In any case, however, it should be noted that
a band width variation preceding the frequency
diseriminator network is provided and is made
responsive to the variations in swing or per-
centage modulation and directly in accordance
with the amplitude of the demodulated signal
from the second detector. Thus, the band width
may be maximum for low modulation signals

without introducing noise and interference sig--

nals, and for strong modulation or frequency
swing in the received signal, the band width is
automatically increased as required to prevent
distortion.

Although the system disclosed and described
is a preferred arrangement of a frequency modu-
lation system embodying the invention, it may
be applied to other frequency modulation re-
ceiving systems and may be carried out by any
suitable means having the features hereinbefore
referred to.

I claim as my invention:

1. In a frequency modulation receiving system,
the combination with a voltage limiter and a
requency discriminator network, of a variable
band width amplifier interposed in the signal
channel of the receiving system between said lim-~
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iter and discriminator network and comprising
two variable frequency portions resonant on op-
posite sides of a mean pass band frequency, a
signal detector coupled to the discriminator net-
work, means for deriving audio frequency sig-
nals from said detector, and means responsive
to said audio frequency signals for shifting the
frequencies of said portions of said variable band
width amplifier in the direction of said mean
pass band frequency.

2. In a frequency modulation signal receiving
system, the combination of a pair of band pass
filter circuits tuned off resonance to a mean
band pass frequency, reactance control tubes
connected with said circuits and responsive to a
single variable control potential for shifting the
tuning of one band pass filier circuit to a higher
frequency and the tuning of another band pass
filter circuit to a lower frequency in the ab-
sence of 'a control voltage, and means respon-
sive to the audio frequency oufput of said signal
receiving system providing a control voltage for
said control circuit which varies in accordance
with variations in the percentage modulation of
a received signal, thereby to cause the tuning
of said filter circuits to be shifted with respect
to a mean band pass frequency and widening
the effective band width to permit the signal
with increased modulation to pass therethrough
without distortion.

3. A frequency modulation signal receiving
system comprising, in combination, a frequency
discriminator network, a variable band width
amplifier preceding said network and includ-
ing a pair of tuned interstage coupling trans-
formers responsive to signals at differing mean
frequencies, one on each side of a mean pass
band frequency, means providing a variable re-
actance load on said circuits responsive to a
controlling potential for shifting the frequency
of said circuits in the direction of said mean
pass band frequency, means for deriving an audio
frequency potential from said frequency discrim-
inator network, and means for applying a por-
tion of said potential to said variable reactance
load means to shift the tuning of said circuits
in the presence of signals having a predeter-
mined percentage modulation.

WINFIELD R. KOCH.




