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3 Claims.
1

This mventmn relates to g racho rECEIV“’l;" SY5-
tém for receiving frequency modulated ¢arricr
waves so that the effect of amplitude modidations
is'reduced or avoided without using convéntional
limiting circuits.

As is well known in the art, limiting is accom-
plished by overloa.dlng a-vacuum tube, viz, by
operating it under conditions such 45 after & eer
tainr input voltage is reached the ot utput remai
constant. This is d1sadvantageous in tnat it en
tails" a loss of selectmty and results-in o low
eﬁectwe sens1t1v1ty An: object of the présent in-
ventlon is to reduce amphtude modulations sugh
as caused by interference or“‘noize™ wzthou* the
use of the conventronal lm'ntmg clrcults and vrth~
out impairing selectmty Further ohjeots arg 0
pr0V1de amplitude modulatlon reducm" means
thatare more sens1t1ve than +those that havs hera-
tofore been ysed; to simplify the manufacty 18 0f
frequemy modulation. receivers and to rediics
the. cost thereof,

The novel features that we consider chalactex -
istic of our invéention ave set forth in the 'Lpoended
claims; the invention itself, however, both as
to its organization and method of operation, to-
gether with. addltlonal obJects and advantages
thereof will best be. understood from the follow-
ing description. of specific embodlmenw whei
read in conjunction with the aceompanying draw-
ings.in which—

Fig. 1 is a block diag ram showmg how our -
vention may be utilized in 5 receiver for fr equency
modulated waves.

]
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resistance of such time constant that a rapid con-
trol Jmay be effected.

Frr I'is' g block dlagx am of &' supereet rodyngs
rece1Ver for fr equency modulated waves; showmg
the stages of converting the incoming signal to
an mtermedlate frequency; amphfymg the 1nte1_
medlate frequency, dlscrlmmetmg the f equeney
modula,tmn that ‘is 1mpreSSed o the m"ommg
carrier amphfymg the same and converting it £o°
sound waves. A diode {8 is connected at § e
tween the hlgh side'of the 1ntermed1ate frequency
output and ground by couphng capacitance FE
A voltage is developed 4Cross dlode 19 whichv 00‘

) responds to the amplitude modulated envelope of
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Fig. 2 is a circuit d1agram of..a mod1ﬁcet10'1 :

of our invention, showing an amplifier stage used &

in: conjunction therewith.

Fig. 3.is a circuit diagram of a. complete réceiver
for, standard broadcast, short wave and Far - .
Pig. 4 is a circuit diagram showing how smph
tude modulated waves may be amplified and rec-

tified for obtaining additional bias,

- Briefly described, our invention comprises am-
plifying and. uniformly rectifying a frequencs
modulated radio frequency carrier; deriving: a
voltage therefrom to bias the control grids of trz

amplifiers toward cutoff according to-tire amzii-
tude of the signal envelops, and substa, ntially
dependent of the frequency variation of the car-
rier, and simultaneously a,pplymg a portion of the
direct current voltage deve1oped during rectifi-
cation to such grids, thereby preventing overload-

ing. The audio frequency voltage derived from
the carrier is'applied to the control grids of ampii-
fying stages'in conjunction with cepacztanoe and
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the carrier and appears across capaomavc
An audio voltage correspondihg to the amph
modulation on the carrier is then applied thiough
aydio couphng capacitance {%to the control &
of preceeding amplifiers at 18, thus autom
blasmg them, in a'sense fending to-reduce the ani-
plitude modula,tlon of the carrier. -Resistors %
and 11 act as a voltage divider, dividing the B ¢,
components of the rectified Vo‘tage the resultant
of which is also applied fo the preceding ampli-

8

5 fiers” through an audio pass filter network: as

shown in detail in Fig. 3. This controls the gain
of the amplifiers and thus prevcnte overloading,

The amount of D; C. applied may ke controlled
by selecting appropriate values for resistances 16
and (1. If resistance i7 is made fen or more: times
as large as resistance 1§, substantially the fu'il
D. C. voltage developed will be applied for contby ol
purposes. - Conversely, if resistanee {7 is made
one-tenth of: the value of resistanice 4, then
slightly less than one-tenth of the de ve%aped D.c
voltage will be applied for control pur poses. Ii
no D. C. is-desired to be applied for control pur-
poses, resistor 18 may be -omitied and resmtor 4
shown in. dotted lines may be cohnected across
capacitance 13 as indicated in Fig. 1.

A ¢hoke coil .12 is inserted batwesn ths dicde
plate and the higly side of eapacitancs 13 for the
purpose of completmg the D C. mrcmt W 1tho 15

voltages applled to the diode plate and for
pose: of couplmg the diede to the L.
without appreciable selectivity over
band so as to obtain uniform reetrﬁcr.taon o[ the
FM modulated carrier,

Fig. 2 shows a modlﬁcatmn incorporating an
add1t10na1 stage of amplification bPetween the
s1gna1 channel'and our control means. An ampli-
fler 20 is connected to the signal ¢hannel at 8%
through couplmg capacitance f{a.. The outpuo
of the amplifier is transformer coupléd to our
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control device by a double permeability tuned
transformer 22 having primary 21 and secondary
23, and a pass band substantially the same as the
I.F. amplifier. The radio frequency output of this
transformer is connected between the cathode of
diode {8a and ground as shown, Between the
plate of the diode and ground is included a load
resistance 14a, shunted by intermediate frequency
bypass capacitance 13¢.. The desired audio con-
trol voltage corresponding to the amplitude modu-
lation on the carrier is developed across the load
resistor {4a. This audio control voltage tozether
with the full D. C. component is applied to the
control grids of the amplifiers desired to be con-
trolled. Of course, any part of this control voltage

‘may be used, different amounts may be used on
different tubes, the control bias may be applied to
tubes preceding or following point 94 in the signal
channel, and as described in connection with Fig.
1, circuits may be used fo obtain different ratios
of D. C. to audio voltage.

In Fig. 3 is a circuit diagram of a combined
standard broadcast, short wave and FM receiver.
On the standard broadcast and short wave band,
the receiver functions as a triple detector or
double superheterodyne, but on the FM band it
operates as a single superheterodyne. . The first
1. P stage operates at approximately 8.25 mega-
cycles and the second I. F. stage operates at
either 8.25 megacycles or 245 kc. As shown in
Fig. 3, the receiver is connected for FM reception.
The tube 46 relating to the present invention is a
duplex diode triode of the 6SQ7 type, the diode
plate 10b being connected to the signal channel
at 9b through capacitance {§b. Connection 8b
is in the output of the last I. F. amplifier desig-
nated as 8b. .

In Fig. 3 the elements corresponding to Fig. 1
are shown with the letter suffixes “b.” In addi-
tion, other components connecting to the confrol
‘grids of the I. F. amplifiers and first detector are
indicated by suitable reference characters. As an
illustrative embodiment, these components may
conveniently have the following values: -

f ib—10 micromicrofarads
125—100 microhenries
135100 micromicrofarads
{45—-100,000 ohms
150—.5 microfarad

§§b—1 megohm

175—2 megohms
42.-10,000 ohms

43—.001 microfarad
87—10,000 ohms

5EB—.001 microfarad
5{—10,000 ohms

52-——.001 microfarad

53—2 megohms

Control voltages of the type previously de-
scribed are communicated from the point (8b:
to the control grid 46 of I. F. amplifying tube 8b
through resistor 42 and the secondary 44 of the
245 ke. I. P. transformer and the secondary 45 of
the 8.25 megacycles I. F. transformer. Capaci-
tance 23 completes the intermediate frequency
circuit to the cathode of tube 8b.

Control voltages are also communicated
through point 18b to control grid 49 of I. F.
amplifier 1, through resistor 47, and through the
secondary 48 of the 8.25 megacycle I. F. trans-
former. Capacitance 50 is connected to. the
cathode of tube T for the purpose of completing
the I F. circuit. These control voltages are also
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applied to the control grid 54 of the first detector
6 through resistors 5f and 53. Capacitance §2 is
connected between the cathode of the first de-
tector and the junction point of resistors 51 and &3
for the purpose of bypassing this junction to
ground with respect to R. F. and I. F. poten-
tials. - )

A further embodiment of our invention is shown
in Fig, 4, in which amplitude modulation com-
ponents are amplified, rectified and applied in
order to provide additional D. C. control bias in

=cess of the audio frequency control bias. This
is of advantage in order to prevent the contrelled
tubes from drawing grid current. This is accom-
plished by providing a duplex diode-triode 33 such
as a standard 6SQY, and connecting into the signal
channel at 9¢, in the manner previously described
through a capacity | lc. Components correspond-
ing to those indicated in the other figures are
denoted by the suffix “c.” One plate of the diode
section of the tube 88 is connected through in-
ductance i2c to load resistance {éc shunted by
capacitance 13c, - Voltage components appear
across load resistor i4c as described in connec-
tion with the other figures. An audio voltage
corresponding to the amplitude modulation is ap-
plied through ecapacitance i5¢ to one or more of
the control grids in preceding amplifier stages
through connection 18c. The D. C. component is
not utilized in this -embodiment.  In order to
obtain additional bias corresponding to the in-
tensity of the amplitude modulation the audio
signal is also applied to the grid 29 of the triode
section of tube 30. This amplified voltage appears
across the load resistor 81 and whatever voltage
thus appears is connected through capacitance 22
to the other diode of the tube 30 and again recti-
fied. The rectified voltage appears across capaci-
tor 38. The voltage appearing across this capaci-
tor is applied through filter network 34, 85, 36 and
37, to the control grids of the amplifiers by the
connection shown at I8c. The constants of this
low pass filter network are such that substantially
all audio components of the rectified voltage are
removed. . . .

It will ‘be observed that with circuits con-
structed in accordance with the foregoing em-
bodiments it is possible to utilize the voltage de-
rived from the amplitude modulations on the car-
rier to bias the control grids of the amplifiers in
a sense tending to reduce the effect of said ampli-
tude modulations. Furthermore, it is possible to
utilize all or part of a D. C. voltage corresponding
to the signal strength to exercise a further con-
trol upon the amplifiers so as to prevent over-
loading with its attendant loss of sensitivity.

It should also be noted that the amplitude mod-
ulation reducing means is effective and will op-
erate at relatively low levels of signal at the dis-
eriminator, -One or two volts of intermediate fre-
quency signal at the input of the discriminator
will be effective when applied through the de-
seribed amplitude  modulation reducing means.
With conventional frequency modulation receivers
embodying a limiter, one or two volls of inter-
mediate frequency are required at the grid of
the limiter, which is the last I. F. amplifier tube,
before any amplitude modulation reduction is ob~
tained. Accordingly, the effective sensitivity (the
gensifivity at which amplifude modulation reduc-
tion is effective) of our system is increased by the
gain of the last intermediate frequency amplifier
which may be 50 or more. This cbviates the
necessity of an additional amplifying stage, sim-
plifies receiver design and reduces cost.



2,477,391

5

Having thus described our invention, we claim:

1. In a receiver for angular velocity modulated
waves comprising an amplifier for amplifying the
modulated  carrier and a discriminator for de-
tecting the desired modulations, an auxiliary de-
tector connected therebetween and coupied there-
to by means no more selective than the amplifier,
said auxiliary detector comprising a diode and a
load circuit connected thereto, whereby it may
rectify both the signal carrier and undesired am-
plitude modulations thereof, ahd selective means
eomprising an audio pass filter network connect-

10

ing said load circuit to said amplifier, said filter .

network including a-direct current voltage di-
vider whereby substantially all the audio voltage
derived from said auxiliary- detector and a . por-
tion of the direct current voltage derived there-
from is applied to said amplifier.

2. In g receiver for angular velocity modulated
waves comprising an amplifier for amplifying the
modulated. carrier and a: discriminator for: de-
tecting the desired modulations,; an auxiliary de-
tector connected therebetween and coupled there-
to by means no more selective than the ampli-
fier, said auxiliary ‘detector comprising a diode
and a load circuit connected. thereto whereby it
may rectify both the signal carrier and undesired
amplitude modulations: thereof, and  selective
means. comprising an -audio pass filter network
connecting said load circuit to said amplifier, said
fitter network including a direct current voltage
divider whereby selected portions of audio and
direct current voltages are applied to said am-
plifier.
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3. In a receiver for frequency modulated waves
having amplifiers a. diode for uniformly rectify-
ing the FM carrier, means inciuding a load cir-
cuit for deriving a voltage therefrom correspond-
ing to the amplitude modulation on said carrier;
means comprising a coupling capacitance and an
audio pass-filter network for applying a portion
thereof to the control grid of said amplifier; addi-
tional means comprising an amplifier and a recti-
fier for-deriving an amplified direct current volt-
age proportionately to the average value of:said
amplitude modulations and a low pass filter net-
work for applying a portion of said direct cur-
rent voltage to said first amplifier.

JOHN D. REID.
CHARLES E, KILGOUR.
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