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This invention relates to a radio signal receiv-
ing system having a variable-frequency band
width within which it is-responsive to received
signals. More particularly, this invention re-
lates to a frequency-modtﬂated signal receiving
system, the band width of which is responsive to
variations in the modulation depth or frequency
swing.

As is known, the band width in frequency-mod-
ulation signal receivers, such as the pass band
of the intermediate-frequency amplifier, for ex-
ample, is preferably variable automatically in
response to variations in the frequency swing or
modulation of a received signal, in order at all
times to pass the desired signal while excluding
undesired signals and noise potentials which

(CL 250—20)

10

16

would otherwise pass through to the output of -

the receiving system if the band width were
maintained sufficiently wide at all times to ac-
cept signals with full modulation.

In frequency-modulation signal transmission
and receiving systems, the percentage modula-
tion is normally relatively low, being of the order
of 20 to 50 percent. Assuming 100 percent mod-
ulation of & carrier or mid-frequency signal of 40
me. to be =+ 100 ke, deviation or frequency swing,
the normal modulation may be of the order- of
+ 20 to 50 ke. deviation or frequency swing.
Thus, the band width required to pass such sig-
nals with full modulation and without distortion,
is from 39.9 to 40.1 mc. Considerable noise and
undesired signal” voltages may be conveyed
through the signal receiving system if the wide
band response is maintained for conditions of
relatively low percentage modulation. :

It is, therefore, desirable to vary the selectivity
or the effective selectivity of frequency-modula-
tion and similar wide band types of receiving
systems, to prevent the transmission of noise and
undesired signals therethrough, and it is an ob-
ject of the present invention to provide an im-
proved selectivity control system for wide band

radio signal receiving apparatus which is auto-

matically responsive to variations in signal
strength, frequency swing, or modulation to pass
the desired signal while excluding undesired sig-
nal and noise potentials. -

Tt is a further object of the present invention
to provide a band-width control system for a rel-

atively wide-band signal receiving system which ‘

lacks certain inherent disadvantages of known
variable band-width signaling systems. For ex-
ample, it is known that in order to change the
band width of the frequency response of a band-

pass filter requires control of the circuit tuning, 5
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the coupling reactance and the terminating re-
sistance, and that this may be accompanied by
an undesirable change in signal gain through the
system. i ’

It is, therefore, a -still further object.of the
present invention to provide means whereby the
effective selectivity of a radio signal receiving
system may be controlled automatically in re-
sponse to variations in signal strength or. fre-
quency swing without appreciable change in gain
through the receiving channel under band-width
control, ' : ' : :

In carrying into effect the objects of the inven-".
tion as referred to, it has been found that the
effective band width of the receiving system may
be varied by passing the received signal through
two successive filter networks substantially equal
in design and frequency response characteristics-
and providing sharp signal attenuation at a fre-
quency adjacent to but outside the. useful side
bands on one side of the carrier or mean fre-
quency and varying the position of the carrier
or the mean frequency with respect to the at-
tenuation frequency of the filter network first
on one side of the carrier and then on the other,
successively, as the signal is passed through the.
signal receiving system, preferably in:the inter-
mediate-frequency amplifier portion thereof. ‘

It is, therefore, a further object of the inven-
tion to provide a band-width control system au--
tomatically responsive to the strength or fre--
quency swing of received signals, for securing ‘a
change in the effective selectivity of at least -a
portion of said system without - appreciable -

5 change in gain therethrough by maintaining the

signal carrier or mean frequency in variably:

" spaced relstion to the cut-off point of a dual

filteF network, thereby removing interference

signals lying outside the side bands of the nar- .’

rowest signal band desired. EE -

In accordance with the invention, this is ac-
complished by. changing the frequencies of two
heterodyne oscillators, connected with converters
in the signal channel in an opposite sense one
with respect to the other, thereby to shift the
carrier or mid-frequency with respect to the cut-
off points of two filter networks through ‘which
the signal is passed. With this system, it has:

been. found that the gain through ‘the- system .

may be substantially unaffected by -change in:
effective selectivity. ' S

_The invention will, however, be further under-
stood from the following description, when con-
‘sidered in connection with the ‘gecompanying
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drawing, and its scope is pointed out in the ap-
pended claims,

In the drawing,

Figure 1 is a block diagram of a radio signal
receiving system embodying the invention,

Figure 2 is a schematic circuit diagram show-
ing the signal conveying and ‘control circuits of
a portion of the system of Fig, 1, further illus-
trating the invention, and

Figures 3, 4 and 5 are graphs representing !

certain operating characteristics of the receiv-
ing system of Figs 1 and 2.

Referring to Fig. 1, g superheterodyne type of -

radio signal receiving system is represented, by
way of example, including a first detector or
heterodyne converter § coupled to a signal source
such as an antenna 7 and to the usual heterodyne
oscillator indicated at 8, to provide intermediate-
frequency signals for intermediate-frequency
circuits represented at 9 and 9.
are. separated to include circuits hereinafter de-
scribed and may contain the usual amplification
and a frequency discriminator network-at {9 pre-
ceding the second detector indicated at i1, from

which audio frequency signals are derived for the ¢

audio frequency amplifier indicated at 12 and
the output. device or loudspeaker {3 coupled
thereto. : :

The receiving system referred to may be-con-

sidered as representing any suitable signal re- :

ceiving ‘system, preferably of the superhetero-
dyne type, providing an intermediate-fre-
quency signal conveying system with or without
amplification, in which band-width control
means are provided. - e

Since the invention is more particularly
adapted: for use in connection ‘with frequency-
modulation - receiving systems, it may be as-
sumed, by way of example and for purposes of

illustration, that the embediment represented -

in-Fig: 1, and as subsequently referred to in Fig.
2, is a frequency-modulation receiving system.

The intermediate-frequency circuits 9 and 10

in the present system are connected by a
band-width control system
signal’ conveying channel having an- effective
band-width variation in response to- the -varia-
tion. of the: frequency of two oscillators 15 and
1§, the former being a relatively high frequency
oscillator and the latter being a relatively low
frequency oscillator,: with .respect to-the i. f.
carrier or mid-frequency. ‘ '

Each. of the oscillators. is provided with fre-

quency . control means indicated at 17 and 18,

respectively, in turn connected through a control

circuit 18 with the second detector { | or other:

suitable source. of variable. frequency control
pbotential responsive to variations in the percent-
-age modulation or signal strength.

The signal channel between the i. f. circuits
9 and 19 comprises two conversion sections, one
associated with. each control oscillator. In the
first section, coupled to the first i. f. cireuit 9,
an intermediate-frequency band-pass filter 20 is

coupled between a first converter 21 and a sec- ¢

ond converter 22 associated with the first or high
frequency oscillator 15. Between the two sec-
tions . a connecting intei‘mediate-frequency -cir-
cuit: 23 is provided. - C ’
The second section, coupled-to the circuit 23,
i§ similar to the first and includes a second in-

termediate-frequency band-pass filter 24 coupled .

between a third converter 25 and a fourth con-

verter 25:associated with the: low: frequency or .
second . oscillator 16, The fourth converter is J

These circuits

14 which forms a -
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coupled to the detector 11 through the discrim-
inator network or intermediate-frequenCy cir-
cuit 10.

The high frequency oscillator 15 supplies os-
cillations to the first and second converters on
either side of the first i. f. band-pass filter 20,
Likewise, the low frequency oscillator 16 Supplies
signals to the third and fourth converters on
either side of the second i. f, band-pass filter
24, Both i. f. band-pass filters preferably have
the same wide band-pass characteristic and
sharp cut-off or side band attenuation charac-
teristic for one side of the carrier and side bands.
Variation in the oscillator frequencies causes the
éarrier'or‘me_a-n.ifreQuency of the signal in each
section to move toward and away from the filter
attenuation or cut-off point in response to varia-
tions .in. signal strength.

. The first converter serves to invert or trans-
bose the side bands, resulting in attenuation of
the upper side band or the noise signals adjacent
thereto;: with - low percentage modulation, in
passing through the i;-f. filter 29, and the second
converter serves. to restore the side bands to
their former position relative to the carrier or
mean frequency and to restore the signal to the
chosen intermediate frequency. The third con-
verter is provided to change the intermediate-~
frequency signal, without inversion of the side
bands, to: the same frequency as that applied to
the first ,intermediate-,frequency‘,ﬁlter, in order
that the other side band-or the undesired signals
adjacent thereto- may similarly be attenuated in
the i. f. filter 24, 'The fourth converter is for
the purpose of restoring the i. f. signal to its

‘former frequéncy for the i. f. circuit 19, which

may-include-the frequency discriminator preced-
ing the detector (I, in a'frequency-modulation
receiving system. - -- o .
Having considered the general arrangement of
the receiving system with reference to Fig. 1, the
signal conveying and control circuits forming
the band-width control system of Fig. 1 are
shown and-described in further detail with ref-
erence to Fig. 2, and the graphs of Figs. 3, 4
and 5, to which- attention is now directed along
with. Fig. 1, In Fig. 2 the same reference nu--
merals are used to refer-to like circuits and cir-

cult elements as in Fig, 1, for comparison with

the general arrangement shown in Fig. 1,

In Fig. 2 the intermediate-frequency circuits
9 are provided by.-an intermediate frequency
coupling: transformer of the tuned brimary-sec-
ondary type.. This is coupled to the signal in-
put grid 30 of the first converter which includes
a converter tube-3l. Oscillations may be ap-
blied 'to -the converter in any suitable manner.
However, in the bresent.example, the tube ig of
the combined oscillator-detector type having an

» oscillation anode electrode 32 and an oscillator

grid: 33 coupled through a tunable oscillator cir--
cuit comprising a feedback winding 34 in circuit
with the anode electrode-and g tuned grid cir-
cuit. 35 coupled thereto and connected to the

-grid 33, the usual grid coupling capacitor 36 and

grid’ resistor. 37 being provided in connection
therewith. . . : .

As indicated. in: Fig. 1, the-second converter
likewise . receives ‘oscillations ~from ' the same
source as the first converter and-includes a tube
40 which. likewise may be of the oscillator-de-
tector .type, provided with an oscillator ‘anode
electrode 4f and-an oscillator -grid - electrode 42
connected in parallel with the corresponding
electrodes in the ‘first converter. -Signals from -
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the first converter are conveyed through the
band-pass filter 20 to the signal input grid 43
of the second converter. The second converter
is followed by the i. f. circuits 23 with preferably
are the same as the i. f. circuits 8 and tuned to
the same frequency. Ce : )
The second section of the band-width control
system is preferably the same as the first sec-
tion, in order that it may have the same fre-
quency characteristics, thereby to impart to the
signal conveyed therethrough the same attenua-
tion characteristics on opposite sides of the car-
rier or mid-frequency, although the second sec-

tion may have other characteristics, if desired.

Tn the present system the third converter, in-
dicated by the tube 45, and the fourth converter,
indicated by the tube 46, are coupled in the same
manner as the first and second . converters, on
opposite sides of the second band-pass filter 24,
and are provided with similar oscillator circuits
comprising a feedback winding 4T and a tuned
oscillator circuit 48, the oscillator elements being
connected in parallel with the circuit elements in
order to impart the same frequency to both the
third and the fourth converters. -

The i. f. circuit 10, coupled to the output of
the fourth converter 46, is in the form of a fre-
quency discriminating network for the detector
which is a double diode rectifier 48 having a dif-
ferential output impedance 50—51 for deriving
and rectifying an amplitude-modulated signal
from the frequency-modulated signal and apply-
ing the same to the remainder of the receiving
system through an amplifier 52 coupled through
2 lead 53 to the detector output impedance. The
output connection for the amplifier 52 is indi-
cated by the output lead 54 through which audio
frequency signals are conveyed to further am-
plifier means and an output device or loudspeak-~
er, as indicated in Fig. 1.

The low frequency and high frequency oscil-

lators are each controlled in frequency by suit-

able means such as a reactance tube 60 having
an anode circuit 61 coupled to the tuned circuit
35 for the high frequency oscillator and having
2 .control grid 62 connected with a variable bias
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control circuit 63 through a filter network .

§4—65—66 for applying to the grid 62 a variable
bias potential, whereby the reactance of the tube

60 and the frequency of the oscillator as estab-

lished by the- tuned circuit 35 is varied within
predetermined limits.

PFor reactance control of both oscillators j ointly, :

the grid 62 is coupled through a capacitor 67 and
a series high resistance element 68 to the grid
circuit 68 of both oscillators, thereby being . cou-
pled back to the anode through the grid capaci-
tor 35. The grid 62 is further coupled to the

cathode 69 of the reactance tube through a ca-

pacitor 10. . - -

Likewise, the third and fourth:converter low
frequency oscillator circuit 48 is controlled by a
reactance tube 71, the anode circuit T2 .of which
is connected with the circuit 48 while the control
grid 13 is coupled to the common oscillator grid
circuit 14 through a capacitor 15. The grid 13
ig further connected with the control circuit 63
through a resistor element 76. “Coupling between

the anode circuit 72 and the grid 13 is provided.

through the oscillator grid capacitor 11.

The frequency control means for ,both'bscil-'

lators is responsive: to variation .in a single bias

potential means, receiving variations in the con- -
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trol potential through the control lead 63. The .

controlling potential is derived from the signal 75

3
channel of the system following the detector i1,
and in the present example, in connection with
the audio frequency output circuit 54 from the
first audio frequency amplifier stage 52. -

“In this connection, a rectifier 80 is coupled to
the circuit 54 through "a suitable coupling -ca-
pacitor 81, and the output impedance of the recti-
fier, indicated at 82, is connected between ground
83 and the control lead 63, thereby to provide a -
variable positive bias potential on the grids 62

- and 13 of the reactance tubes 60 and T1, respec-

tively, in response to received signals, the bias
potential increasing with an increase in per-
centage modulation or frequency swing.

The reactance controlling elements of the
tubes 60-and Tl are arranged to cause the high
frequency oscillator to vary in frequency in one
direction, while the ‘low frequency oscillator
varies in frequency in’ the opposite direction.
Accordingly, the shunt capacitor 70 in the fre-
quency control circuit for the high frequency os-
cillator may have a relatively low reactance com-
pared with the series resistance of the element
68, while, in the low frequency oscillator control
system, the series capacitor 15 may have a low
reactance compared.with the shunt resistance of
element 16. - - -/ .7 : : : :

With this -arrangement, as the positive bias
through the lead 63 increases with increased fre-
quency swing or signal strength, the high fre-
quency oscillator circuit 35 is increased in fre-
quency, while the low frequency oscillator 48 is
decreased in frequency, this being in directions
to cause a decrease in-the selectivity of the band-
width control system, that is, a-relatively wider
frequency response or band width. S

- The operation of the system may be better un-
derstood by considering,. for example, that a 10
me. i. £. signal is applied"to the first i. f. circuit
9 from the heterodyne converter.. The first con-
verter serves to transpose or invert the signal, s0
that the upper and lower side bands are trans-
posed in the signal which is passed through the
first i. f. filter 20. SR S k .

THe high frequency oscillator operates-at a fre-
quency above the i. . frequency and, in the pres-
ent example, may be assumed to operate at a
normal frequency of 16 muec., .thereby providing
a. 6 mc. signal through the filter 20 with the
side bands inverted.- -The inversion is repeated
through the second converter. 40, so that the sig-’
nal with the side bands restored to normal-rela-
tion to the mid-frequency is again at 10.mc: in
passing through the second i: f. circuit 23. :

Referring particularly to Figs. 3 and 4, assum-~
ing an i. f. signal at 10 me., indicated at 85, with
side bands 86 and 87, and that the side bands are
those provided in response to normal or relatively
low modulation such-as 20 ke. on either side of
the mid-frequency 85, interfering signals or noise
signals A and B adjacent to the side bands on
either side thereof may be-passed through with
the signal and side bands to the output of the
system, if the system is maintained at all times
sufficiently broad in its response to accommodate
full modulation. . = - oo o

In the present system, following the conversion
in the first converter, the side bands are inverted
as indicated in Fig. 4, together with the noise sig-

-nals A and B,-and the filter 20 is provided with a

sharp attenuation characteristic on one side of
the signal, such as the low frequency side as in-
dicated at 88, to cut off the interfering signal B,
which is on the high side of the signal band
normally. . S
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The second i. f. filter 28 is provided prefer-
ably with the same. attenuation characteristic,
as indicated at 89 in Fig, 5, and the second con-
verter serves to restore the side band relation
as shown in Fig. 5 o the normal relation, which
is preserved through the second section of the
band width control system, since the second
oscillator operates at a frequency lower than the
intermediate frequency, for example, at 4 mega-
cycles, as indicated, thus Produeing in connec-

10

tion with the 10 me. signal at 23, a 6 mec. signal -

at 24, :

Both i. f. filters 20 and 24, therefore, are ar-
ranged to. provide substantially identical fre-
quency and attenuation characteristics, and in
the present example to attenuate signals on the
low. frequency side of the mid-frequency, while

15

the response on the opposite side of the carrier

or mid-frequency is relatively broad, as indicated

by the characteristic at 90, Ag indicated in Fig. 2

4, this broad characteristic would include one of
the interference signals A which, however, is
cut-off in the second i. f. filter, as indicated in
Fig. 5, assuming normal or low modulation or
frequency swing. '

As the signal strength increases or the fre-
quency swing becomes wider, the control poten-
tial for the frequency control means of -both
oscillator circuits 35 and 48 is increased to cause
the high frequency oscillator to increase in fre-
quency, while the low frequency oscillator is de-
creased in frequency, thereby shifting the mid-
irequency. 85, as indicated in Figs. 3, 4 and 5,
away from the attenuation points of the filter
characteristics and permitting the wider fre-
quency modulation to pass through the signal
channel. This causes the effective band width
of the signal channel to vary with signal strength
or frequency swing and, since the variation is
effected by means of oscillator frequency varia-
tion, the gain through the system is not changed
thereby, as-in certain band width control systems
heretofore known. :

By changing the frequency of the two control
oscillators: with variations in signal strength or
frequency swing, the signal may be placed close
to the cut-off points of the filters, and noise and
undesired signals, and any portion of the high
frequency side band may be attenuated in the
first i f. filter 20, while any portion of the low
frequency side bands and the noise and undesired
" signals: adjacent thereto may be attenuated in
the second i. f. filter 24. = ‘ :

Thus, it is desirable to: provide both filters 20
and 24 with the same attenuation characteristics
and of the order of those indicated in Figs. 4
and 5, so that the same frequency characteristic
and attenuation is imparted to the signal on both
sides of the mean frequency’ or carrier.

The fourth converter serves to restore the in-
termediate frequency to the normal value as in
the input circuit 9 for conversion to amplitude-
modulated signals in the frequency discriminator
network 10 and detector 49.

Since the oscillators must be operated to pro-
vide a frequency shift in opposite directions the
same number -of kilocycles; the reactance tubes
must be connected so that one gives a positive re-
actance and the other a negative reactance, as

Indicated in Fig. 2, in order that both may be 7

controlled by the same control voltage from the

circuit 63. :

While the invention has been described in .

connection with a preferred
for a frequency modulation

embodiment thereof
signal receiving sys-

2,282,074
-tem, it is obvious that it may be applied to any

signal receiving system adapted for band width
control in an intermediate portion of the signal
channel. S O

I claim as my invention: )

1. In a frequency modulated signal receiving
system, means for varying the effective selec-
tivity of said system with substantially constant
gain, comprising two band pass filter networks
each having a predetermined ‘frequency response
and attenuation characteristic providing rela-
tively sharp attenuation on one side of the pass
band .of the network; means for passing a re-
ceived signal through one of said filter networks
with. the side bands inverted, and means for
shifting the mid-frequency of a received signal
with respect to the attenuation side of the pass
band in each filter network in accordance with
variations in the output signal voltage of said
system. N . A :

2.'In a’ frequency ‘modulated signal receiving
System, means for varying the effective interme-
diate frequency selectivity of said system with
substantially constant gain, comprising two in-
termediate frequency band pass filter networks
each - having substantially the same frequency
response and attenuation characteristic providing
relatively sharp attentuation on one side of the

. pass band .of the network, meang for passing a
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received signal. through one of said filter net-
works with the side bands inverted and through
both filter networks at the same mean frequency,
and means for shifting the mid-frequency of a
received signal with respect to the attenuation
side of the pass band-in each filter network’ in
accordance with. variations: in the output signal
voltage of said system. S ‘
3.In a frequency modulated signal receiving

system, means for varying the effective interme-

diate frequency selectivity of said system with
substantially constant gain, comprising two in-
termediate frequency band pass filter networks
each having a predetermined frequency response
and "attenuation characteristic providing - rela-
tively sharp attenuation on one side of the pass
band of the network, means for passing a- re-

ceived signal through one of said filter networks
with the side bands inverted, and medns for
shifting the mid-frequency of a receiveq signal

with respect to the attenuation side of the pass

band in each ‘filter network in accordance with

variations in the frequency swing of a received

signal. - o

4. In a radio signal receiving system, means

for varying the effective selectivity of said system

with substantially»cqnstant gain, comprisihg an

Intermediate frequency amplifying channel, two
band pass filter networks in said”channel each
having a predetermined frequency response and

attenuation characteristic providing relatively
sharp attenuation on one side of the pass band

of the nétwork, a converter connected with one

filter network to apply an inverted side band

signal thereto at a predetermined frequency, a

variable frequency oscillator coupled to said con-~

verter and tuned above the intermediate fre-

quency, a second converter for restoring the

signal with normal side bands, g third converter

connected with -the filter network to apply the

restored side band signal thereto at g predeter-

mined frequency, a second variable frequency

oscillator coupled to said third converter and

tuned below the intermediate frequency, and

means responsive to variations in the frequency

swing of a received signal for jointly varying the -
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frequency of said- osciliators to vary the signal
relative to the cut off frequency of said filter
networks thereby to vary the effective selectivity
of said system. : . E ’

5. In a radio signal receiving system, means
for varying the effective selectivity of said sys-
tem with substantially constant gain, comprising
an intermediate frequency amplifying channel,
two band pass filter networks in said channel
each having a predetermined frequency response
and attenuation characteristic providing rela-
tively sharp attenuation on one side of the pass
band of the network, a converter connected with
one filter network to apply an inverted side band
signal thereto at a predetermined frequency, a
variable frequency oscillator coupled to said con-
verter and tuned above the intermediate fre-
quency, a second converter for restoring the
signal with normal side bands, a third converter
connected with the filter network to apply the
restored side band signal thereto at a predeter-
mined frequency, a second variable frequency
oscillator coupled to said third converter and
tuned below the intermediate frequency, a fre-
quency discriminator network for receiving the
signal output through said filter networks, fre-
quency control means for said oscillators for
varying the frequency thereof in opposite direc-
tions one with respect to the other, a single con-
trol circuit for said frequency control means,
and means for deriving a control potential from
said discriminator network for said control cir-
cuit. .

6. In a frequency modulated signal receiving
system, band width control means comprising a
dual filter network and means for maintaining
the signal mean frequency in variably spaced
relation to a cut-off frequency of said filter net-
work, means for inverting the signal preceding
one portion of said filter network, and means
responsive to variations in frequency swing of
a received signal for controlling said second
named means whereby the effective selectivity of
said system is variable between predetermined
limits.

7. In a radio signal-conveying system, the com-
bination of a pair of filter circuits, means in~
cluding a variable frequency oscillator connected
with the first filter circuit for applying an in-
verted signal thereto, means for reinverting said
signal, means including a second - variable fre-
quency oscillator connected with the second filter
circuit for applying thereto said reinverted sig-
nal, means in said filfer circuits for imparting
thereto attenuation characteristics of the same
order, and frequency control means for varying
the frequencies of said oscillators in an opposite
sense one with respect to the other, thereby to
vary the effective band width of said signal-
conveying channel through said filter circuits.

8. In a radio signal-conveying system, the com-
bination of a pair of filter circuits, means in-
cluding a variable frequency oscillator connected
with the first filter circuit for applying an in-
verted signal thereto, means for reinverting said
signal, means including a second variable fre-
quency oscillator connected with the second filter
circuit for applying thereto said reinverted sig-
nal, means in said filter circuits for imparting
thereto attenuation characteristics of the same
order, and frequency control means responsive
to variations in amplitude of the audio frequency
output of said system for varying the frequencies
of said oscillators in an opposite sense one with
respect to the other, thereby to vary the effective

10

&

band width of said sigrial-conveying 'chahhel

through said filter circuits. ;

9. In a radio signal-conveying system, the com~
bination of a pair ‘of “filter ecircuits; converter
means connected with the first filter circuit for
applying an’ inverted signal thereto, a second
converter means for reinverting said sighal, &
third converter means connected with the second
filter circuit for applying thereto said reinverted
signal at the same frequency as said -inverted
signal, means in said filter circuits for imparting
thereto attenuation and frequency . response

_ characteristics of the same order and band width,
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an oscillator coupled to said first and second con-

verters and operating at a normal frequency

above the signal frequency, a second oscillator -
coupled to said third converter and operating at

a normal frequency below the signal frequency,

and frequency control means for varying the fre-

quencies of said oscillators in an opposite sense

one with respect to the other, thereby to vary

the effective band width of said signal convey-

ing channel through said filter circuits.

10. In a radio signal receiving system, the com-
bination of twe filter networks having prede- .
termined signal attenuation characteristics,
means for passing a received signal through said
filter networks successively including variable
frequency oscillator and converter means con-
nected with the input and output ends of one of
said filter networks for inverting the side bands
of a received signal preceding said filter network
and restoring said side bands to a normal posi-
tion relative to the carrier or mid-frequency fol-
lowing said filter network in the signal channel,
means for converting the signal to the frequency
of the second filter network including a variable
frequency oscillator tunable below the signal fre-
quency in the filter network, frequency control
means connected with said oscillators to vary the
frequency thereof in an opposite sense one with
respect to the other, and means responsive to
variations in the signal strength of a received
signal for applying a controlling potential to said
frequency control means, thereby to effectively
shift a received signal in frequency with respect
to the cut-off frequency of each of said filter net-
works, thereby to vary the effective selectivity of
the receiving system automatically in response
to variations in signal strength with substantially
constant gain. )

11, In a frequency modulated signal receiving
system, the combination with an intermediate
frequency portion of said system, of a pair of
variable frequency oscillators one having an op-
erating frequency above and the other having
an operating frequency below the intermediate
frequency of said system, a pair of frequency
converters connected with one of said oscillators,
a, filter network interposed in circuit between said
converters, a second pair of converters, a second
filter network interposed between said converters,
said filter networks having substantially equal
frequency .response and band pass characteris-
tics and a relatively sharp cut-off for signal at-
tenuation on one side of a mean pass band fre-
quency, and means for deriving a controlling po-
tential from said system which varies in accord-
ance with variations in frequency swing of a
received signal, and means responsive to varia-
tions in said potential for varying the frequency
of said oscillators in an opposite sense one with
respect to the other, thereby to vary the effec-
tive selectivity of said receiving system through
said filter networks, ) '
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12. In a frequency modulated signal receiving band width control means at least once with the
system, band width control means comprising side bands inverted, and means connected. with
successive signal conveying portions having pre- sald frequency discriminator and detector net-
determined cut-off frequencies; a frequency dis- work responsive to variations in frequency swing
criminator and detector network coupled to said 5 of a received signal for controlling said second-
band width control means, means for maintaining named means, whereby the effective selectivity

the signal mean frequency in variably spaced re-  of said system is variable between predetermined
lation to the said cut-off frequencies of said band limits,

width control means, means for presenting the ' WINFIELD R. KOCH.
signal successively to different portions.of said 10 _ .



