SQ Wb Ve kmd i WS ke

455-296 PRI oLl SE
FIP8106 XR 23294,1;;; :3?5 E%;if} | 69""
¥ o X$4/9 e "

Nov. 25, 1941, 4D RED . 2264151

» F‘REQUENCY MODULATION SIGNAL RECEIVER

Filed Oct. 26, 1940

FREQUENEY

o | " FONLI Ty

 FREMENCY

SJnwentor -t
P S

B— T . | % %7%“"25

o | . 2264151 .=
P : = ORTIN 329/139 FREx

Eriis N

N PRt
LA (TR o




L N

]
K

Patented Nov. 25, 1941

4

John D. Reid, Philadelphia, Pa., assignor to Radio -
Corporation of America, a corporation of Dela-

ware

Application October 26, 1940, Serial No. 362,912

. 2264151
FREQUENCY MODULATION SIGNAL
S RECEIVER

2,264,151

 UNITED STATES PATENT OFFICE

8 Claims. (CL 250——20) S

This invention relates to frequency modulation
signal receivers, and has for its primary ohject
to provide an improved frequency modulation sig-
-nal conveying system comprising a series of tuned

‘signal selecting circuits terminating in a fre-.
quency discriminator network and detector, the

overall sensitivity characteristic of which has
substantially zero slope in the frequency range
of an interfering signal. T

In frequency modulation signal receiving sys-

" -tems, the overall selectivity characteristic of a

series of signal selecting circuits, preceding a
discriminator network and second detector, pro-
vides a certain band width of response, for ex-
ample, a band 200 kec. wide, and a selectively
characteristic having substantially a flat top and
sloping sides on either side of the pass band. The
signal output or audio frequency signal derived
from a detector comprising a balanced rectifier
and frequency discriminator network in connee-
tion with such circuits, in response to received
frequency modulated signals, is determined by
the slope of the selectivity characteristic, and the
-steeper the sides of -such characteristic, the
greater the signal output with a given frequency
swing. : o ;
Therefore, in the example above referred to,
signals in the region of adjacent channel signal
frequencies, which may have center frequencies

~-._ substantially 200 kc. on either side of the center
" frequency of a selected signal, may fall within

the selectivity characteristic and, while intercept-
ing the slope on either side of the pass band at
relatively low amplitude levels, may cause an ap-
preciable output and interference in the diserimi-
nator network and detector. In other words, a

- signal that is.relatively low in amplitude with re-

spect to the received signal may fall within the
pass band of the signal selecting circuits and

- intercept the selectivity characteristic at a point

of relatively sharp slope sufficient to provide a
high output in the diseriminator: circuit and
heavy interference. .

It has been found that this interference may
substantially-be prevented by imparting to the
selectivity characteristic of one or more.of the

- T——signal selecting circuits, a reversal of slope such-

that the overall selectivity characteristic at the
discriminator network output circuit and at the
second detector has substantially a zero slope or
horizontal portion. on either side of a desired
pass band and in the region of an adjacent chan-
nel or interference signal frequency. In a pre-
ferred -embodiment of the invention, in accord-
ance with this system, the.signal output to the
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audio frequency or second detector is made sub-

-stantially zero in response to adjacent channel

and other signals in frequency ranges on either
side of the desired pass band. : .

The invention is particularly adapted for use in
connection with the intermediate frequency
amplifier of a superheterodyne receiver and other

-cascaded signal conveying circuits tuned to a pre-
selected signal band, such as an intermediate
frequency band about a predetermined center or

mid-frequency. )
In carrying the invention into effect in- its
present preferred form, in connection ‘with' an

‘intermediate frequency amplifier, one or more of

the successive tuned circuits, such as the primary
or secondary circuit or both circuits of a tuned
intermediate frequency coupling transformer, are
provided with tunable rejection circuits effective
to provide a reverse slope in one or both sides
of the selectivity characteristic of the tuned cir-
cuit or circuits to which. they are connected, the
reversal of slope being to a degree sufficient to
effect a flattening or reduction to subtsantially
zero of the slope of the overall selectivity char-
acteristic at the discriminator network, thereby
to provide substantially zero response to a pre-
determined interfering signal or adjacent chan-
nel signals, ‘ - '

The invention will, however, be further 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 schematic circuit diagram of ‘a
frequency modulation signal receiving system em-
bodying the invention, and

Figures 2, 3 and 4 are curves showing selec-

tivity characteristics at certain points in the re-
ceiving system of Fig. 1. :
Referring to Fig. 1, an intermediate frequency
amplifier § comprising tuned circuits § and 1 is
connected at its output end with a frequency dis-
criminator network 8 provided with s pair of
balanced rectifiers 9 and 0, and at its input end
to suitable tuning and signal receiving means in-
cluding detector and oscillator elements as indi-
cated at ti.
The intermediate frequency amplifier comprises
a first stage amplifier tube {2 coupled through
the tuned circuit § to a second stage amplifier {3.
The circuits 6 may include the tuned primary
and secondary windings of an interstage inter-
mediate frequency coupling transformer 14, the
selectivity characteristic of which is indicated. by
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the curve {5 in Fig. 2. It will be noted that the
selectivity characteristic has substantially a flat
top providing a predetermined pass band, and
that the sides of the ckharacteristic curve are
sloped at points of intersection 16 and {7 with
interference signal frequencies 1 and F2 which
may be the center frequencies of adjacent signal
channels. The center frequency of the desired
signal channel is indicated at 3.

A third intermediate frequency amplifier stage
comprises a tube 20 which is coupled to the sec-
ond stage {3 through a similar tuned-interstage
coupling transformer 21 as is provided at: (4.
This is included in the circuit 7 which also in-
cludes a rejection circuit 22° on the primary side
and a similar rejection circuit 23“on the second-
ary side, the said circuits being tuned to modify

the selectivity characteristic' 15.on:each side in-

accordance with the selectivity characteristic 25

of Fig. 3, to provide reverse slopes 26 and 27

therein, with the frequencies-FI and F? falling
substantially in the center of the:reverse slopes
as shown.

A sufficient numbker of rejection c1rcu1ts are

~ provided in the signal channel preceding the dis-

- criminator network 8 to provide a reverse slope
on one or both sides of the selectivity curve of
one or more of the series- of tuned circuits in
order to impart a horizontal or substantially zero
slope: in the overall selectivity characteristic of
the discriminator network 8.

The network 8 may be of any suitable type re-
sponsive to variation in freguency about a pre-
determined center or mean. frequency, and in the
present example comprises g circuit 38 tuned
above and a circuit 31 tuned below the center
frequency and coupled to the output circuit 32
of the last intermediate frequency amplifier stage

20. The rectifiers 8 are connected to the circuits-

30 and 3{ in balanced relation thereto and to a
balanced output circuit comprising cutput re-
sistors 33 and 34 connected in series between: the
rectifiers 9 and (9. The output circuits 35 and
36 may be connected to any suitable utilization

means such as an audio frequency amplifier 37 -

followed by a loudspeaker device 38 as shown.
Referring to Fig. 4 along with the preceding

figures, the selectivity characteristics 48 and 41-

are those taken at the circuits 38 and 21 respec-
tively showing the voltage output el and e2 for
said circuits with variation in frequency above
and below the center frequency Fi..

It will be noted that the effect of thev-reJectlon
circuits in the preceding signal conveying circuits

js'such that a portion 42 and a portion 43 in the 5;

slope-of the overall characteristic is substantially
flat. or horizontal in . predetermined- frequency
zones or in the region of undesired signal fre-
quencies Ff and F2. Thus the interference from
adjacent channel or other predetermined- inter-
fering signal source is substantially eliminated
by this system. It has been found that attenua-
tion of a relatively high order may be-oktained
in this manner in a frequency modulation signal
receiving system such that practically no.adja-
-cent channel interference is experienced in op-
eration.

By varying the tuning, coupling and damping
of the tuned circuits 22 and 23, the position of
the zero slopes portions.-42 and 43 of the overah
characteristics may be shifted.

I'claim as my invention:

1. In a frequency modulation signal receiving
system, the combination of a signal amplifier in-
cluding a plurality of cascade~connected signal-
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selecting circuits, means for coupling and tuning
each of said circuits to provide a selectivity char-
acteristic having a slope on either side of a pre-
determined passband, means for imparting to the
selectivity characteristic of at least one of said
circuits a reversal of slope of such degree that
the overall selectivity characteristic of said cir-
cuits provides substantially zero slope in a fre-
quency zone on at least one side of said passband,

.and a tuned freguency discriminator network

coupled to the amplifier to utilize said selectivity

-..characteristic. to provide substantiaily zero out-
" put in said frequency zone.
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2. In a frequency modulation signal receiving

"system, the combination of an amplifier having
"a plurality of tuned signal-selecting circuits, each

of said circuits having a selectivity characteristic

‘providing - a slope on either side of a predeter-

mined -passband, a frequency discriminator net-
work connected with said amplifier, and means
for imparting to the selectivity characteristic of
at least one of said circuits a reversal of slope
of such degree-that the overall selectivity charac-
teristic' of said circuits at the output of said dis-
criminator network provides substantially zero
slope in a frequency zone on either-side of sald
passband.

3. In a frequency modulation signal conveying
system comprising a plurality of: tuned cascade-
connected signal selecting circuits, the method of
rejecting undesired frequency modulated: signals
which comprises causing the overall selectivity
characteristic of said circuits to have substan-
tially zero slope in the frequency range of an
interfering signal.

4. In a frequency mcdula.tlonmgna,l conveying
system comprising a plurality of- tuned- signal
selecting circuits, the method of rejecting unde-
sired fregquency modulated signals which com-
prises imparting to at least one of said circuits a
band pass selectivity characteristic, modifying
the:frequency response of said. circuit to.impart
to said.selectivity charactistic a reverse slope sub-
stantially centered in the frequency range of an
interfering signal, and extending the degree to

which said frequency response is modified to pro-

vide an overall selectivity characteristic for said
circuits: having substantially zero- slope in said
last named frequency range.

5. In a frequency modulation signal conveymg
system, the combination with 2. plurality of suc-
cessive band pass circuits tuned to a. common
center frequency, of an absorption circuit coupled
to-one of said circuits and tuned to signals in a
frequency range about a predetermined adjacent
channel frequency for imparting to the selectivity
characteristic of said last named circuit a reverse
slope on at least one side thereof, means for con-
trolling said absorption circuit to impart sub-
stantially a zero slope to the overall selectivity
characteristic of said system in said frequency
range, and a discriminator network coupled' to
the output end of said circuits and tuned for
response to signals within the pass band thereof
to effect substantially zero response and signal
output in said adjacent channel frequency rance.

6. In a superheterodyne frequency modulation
signal receiving system, the combination of an
intermediate frequency amplifier having a plural-
ity of cascade connected tuned amplifier circuits
responsive to -signals in a predetermined fre-
quency band having 2 predetermined center fre-
quency, a . Irequency: discriminator nstwork
coupled to said amplifier, a pair of rectifiers con-
nected to said. discriminator network providing
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3 a balanced detector, and means for imparting to
I the selectivity characteristic of one of said ampli-
’ fier circuits a reversal of slope effective to pro-
vide substantially zero slope in the overall fre-

criminator network. in the region-of an. interier-
ing signal frequency.

7. In a superheterodyne frequency modulation
signal receiving system, the combination of an
intermediate frequency amplifier having a plu-
rality of cascade connected tuned amplifier stages

o~

quency band having a predetermined center fre-
quency, & frequency discriminator network
coupled to said amplifier, a pair of rectifiers con-
nected to said discriminator network providing
T, a balanced detector, a balanced output circuit
N connected with said rectifiers, and a pair of tuned
i absorption circuits coupled to certain of said first
) named circuits for imparting to the selectivity
& characteristic of at least one of said amplifier
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quency characteristic at the output of the dis-

responsive to signals in a predetermined fre--

stages a reversal of slope effective to provide sub-
stantially zero slope in .the overall frequency
characteristic at the output of the discriminator
network in. the region of an interfering signal
5 Irequency, thereby effectively to reduce the dis-
criminator circuit output to zero in response to
said interfering signal.
8. In a frequency modulation signal receiving
system, the combination of an amplifier having a
10 tuned signal-selecting circuit, said circuit having
" a selectivity characteristic providing a slope on
one side of a predetermined passband, a fre-
quency diseriminator network connected with
said amplifier, and means for imparting to the
selectivity characteristic of said circuit a reversal
of slope of such degree that the overall selectivity
characteristic of said circuit at the output of said
diseriminator network provides substantially zero
slope in a frequency zone on said one side of the
20 passband.
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