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My present invention relates generally to jri=

‘proved receivers ‘of -angle modulated carrier
waves, and more particularly to balanced fre-
quency modulation (FM) receivers which are
‘substantially non- responsive to amplitude modu-
lation (AM) effects over a wide range of tumng

The prior conventional FM receiver requxres
accurate tuning to a desired FM carrier frequen-
¢y to balance out amplitude variations- on the
carrier.  Under this “balance” condition' the op-
posed demodulator ' rectifiers, usually diodes,
carry equal average signal current amplitudes.
As the receiver is detuned from resonance with
the carrier or mean frequency of the desired M
wave, the signal currents applied to the respec-
tive demodulator-rectifiers may be made unequal
by the varying response of the tuned circuils of
the receiver. Hence, AM effects originally pres-
ent on the FM carrier wave or resulting from
detuning of the receiver may pass on to the audio
frequency amplifier circuits. One of the reasons
for employing an amplitude limiter prior to the
discriminator section (or FM translating net-
work) of the demodulator, is to reduce undesired
AM effects on the carrier wave and thereby avoid
the necessity for critical tuning to the exact
center or carrier frequency of a desired FM wave,

One of the main objects of my present inven-
tion is to reduce the need for critical tunirg of

an FM receiver, or more generically an angle

modulated carrier wave receiver.
Another important object of my mventlon 1s
to provide an automatic control circuit in an FM

receiver, which aufomatically “locks” the center

balance (i. e. cross-over), frequency of the dis-
criminator network stbstantially in step with the
mean frequency of applied FM wave energy.

Another important object of my invention is to
provide various arrangements for automatically
adjusting, in response to an undesired mean fre-
quency shift of an M wave relative to a pre-
determined referencs- frequency, the frequency
responses of a pair of independent signal trans-
mission channels feeding a pair of opposed recti-
fiers, and the adjustment being made in & sense
to accommedate the center balance frequency of
the channels to the mean frequency of .the FM
wave.

Still other features wﬂl ‘best be understood by-

reference to the following description, taken in
connection with the drawing, in which I have
indicated  diagrammatically several circuit or-
ganizations whereby my mventlon may be car-
ried into effect.. s .
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In the drawing:

. Fig. 1:shows.a preferred form of the mventlon
emboched in‘an PM receiver,

Fig. 2 1llustrates ideal relatlons wh1ch are de-
sirable:: between :typical - characteristics “of .the
discriminator and preceding circuits,

“Figs.  3,:4 '‘and 5 show respectively dlfferent
operatlonal characteristics ‘of ‘the system,

-Fig. 6 illustrates'a modlﬁcatmn of . the- 1nven-
tlon

Frg 1. shows another mod1ﬁcat10n of -the 1n-
vention. :

. ‘Referring now to the accompanying drawings,

‘wherein’ like reference characters in: the: differ-

ent figures denote similar circuit elements, there
is shown in Fig. 1 an FM receiver of the super-
heteérodyne type.  While my invention is readily
incorporated -in any- form of - receiver of FM
waves, I ‘prefer to explain the preferred-form of

the' invention ‘in conhection with a superheter-

odyne receiver-system. It is to be understood
that the present invention is not restricted to
reception of FM waves, ‘since phase modulated
(PM) carrier waves could be received as well.
In-general, I employ the generic -term “angle

‘modulated wave” in this specification to include
-an FM wave or a PM-wave.

" An FM wave is pro-
duced at the transmitter by deviating the carrier
wave relative to-its mean frequency to an extent
proportlonal to the amplitude of the modula-
tions ‘and independent of the modulating fre-
quency. A PM wave differs in having a frequen-
cy dev1at10n which ‘increases ' with modulating
frequency The above generic expression is, also,
intended ‘to include a modulated wave of prefer-
ably constant amplitude wherein the modulation
is neither pure FM nor pure PM, put contains
components resembling one or both of them and
is, therefore, a hybrid modulation. ‘
In the present application it is assumed, by
way ‘of specific example; that the receiver is de-

sighed to operate in the FM broadeast band of
‘42-50 ‘megacycles (Mc.),

and that each trans-
‘mitter radiates an FM wave having a maximum
frequency range up to 75 kilocycles (Ke.y with

“respect to the normal transmltter frequency.

These are the assigned frequency values of- the
present day FM broadcast band. The receiver
may include any desired form of signal collector,
as for example a dipole 1. The collected FM
signal waves are applied to the converter 2. for

reduction of the mean frequency value without

change of the deviation:- The converter may be
of any-desired construction, ;:and is:preferably
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preceded by one or more stages of selective high
frequency amplification. The numeral 3 desig-
nates the usual tunable selector circuit preceding
the converter. The circuit 8 is to be understood
as being symbolic of one or more similar selector
circuits whose selecting device 4, usually a varia-
ble condenser or adjustable inductor, is adjusted
to receive g :dedired. FM std@tiom “The device
would, of -course; preferably be gdjusted -accu-
rately to resonate the selector circuit to the
center or mean frequency of the desired FM!
station.

The numeral 5 generally designates the tunable

local oscillator tank circuit. "Thewenctance:device: .
6, usually a variable condenser-or adjustable: inw.:

ductor, is customarily adjusted concurrently with
the device 4 so that circuit 5-will:be tuned.to a
local oscillation frequency differing from the de-

sired carrier frequency by the operating-inter-

mediate frequency (I. B:). The selective circuits
of and preceding converter 2 mmay;.af course, he
of the fixedly tunedctype;.ifrdesirable..  The.irter-
mediate frequency is usually-chosen:from: e:rgnge:
of:2:to 15:Mc., say; nrerély: by:way-of‘example, 5
Me. :The dotted:line T: denates; any:suitable: actu-
ating mechanism- for- operating: the: selecting: de~
vices:&:and:6.. - The:converter nay use:therwell--
known -pentagrid tube;.;ar: i may- use:separate
oscillater and mixertubes: These-various:circuits
and circuit components are very well-knowns to
those; skilled: in-the-art of radio communication,
and need only be briefly referred to.

‘The I. F..amplifien-8. may: embody one- or more
-amplifiers selectively-tuned-to.-the-operating I1.:F.
-value of 5. mc.. Of course;-all:signal:transmission
circuits-between. the: eollector § andrthe demadu-
lator will be: so:constructed-as to-pass-efficiently
a-band at-least 150 ke..wide:. It-is also-usual to
‘design -the. signal .transmission : ciceuits vto. have
a pass band-of :approximately 200-ke. in. width
to.provide. for:reasonable tolerances.

Theoutput transf ormer 8:of the final I.:F..am-
plifier:tube has-its.primary-and secondary. circuits
10 and 11 each tuned to.the I, F. value. The'pass
band. will. preferably, as:stated.above; be.chosen
to be.of the.order 0f.200. ke, wide, while.the mean
or.center frequency of the.band is.5.me.. InFig. 2
.the.curve P is an ideal.representation. of: the.I. F.
-pass.band curve.of. transformer:$,.it.being. under-
stood, of course, that.the. prior I..F.:selector ¢ir-
cuits. will. have similar pass.band. characteristics.

In accordance with.my- invention,:the high. al-
ternating potential side.of cireuit. i (.is: connected
in.parallel to.the respective.contreligrids .{2.and
13.0f a.pair of amplifier tubes C.and.D.. These
tulbes, by way of specific illustration, may be screen
grid. tubes of the 1852 type; my invention is to
be understood, however, as Being. completely in-

. dependent of any particular iube types.. The
cathodes of tubes C and I} are connected in com-
mon to the ungrounded. end of biasing resistor
-14,. the latter being bypassed for I, F. currents
by condenser I5. Grid 12 of tube, C'is_connected
to the grounded end’ of. bias resistor [14; through
‘a. resistor: 6.

_ The separata*coﬁdensers. IT and. {8 couple the

‘respective.parallel control grids 2 and 13 to' the
‘high potential side of input circuit {1, while the
lIow-potential side of the Matter is grom’rcfed The
gridt3-of tubeD retitrns for-direet current poten-
‘tial to the grounded -end 'of Bias resistor 14
‘through oy series-path-comprising-resistor- (9, lead

20) resistor: 2t resistor:22 andiresistor 23 to:ground.

‘The lower:end of: resistor: t9:is:bypassed to:ground

“forrallcalternating curvents:hy:condenser-24:;.

15 oseillator,

4

The plates 25 and 26 of tubes C and D are con-
nected to respective tuned circuits A and B. The
common junction of tuned circuits A and B is
connected to a point of desired positive voltage
5 of a direct current energizing source (not shown).
The screen grids of tubes C and D may, also, be
connected to suitable positive potential points of
saidrecurrentsource. Plate: 25 is -connected, as
shown, {o: the: upper end: of’ circuit’ A, -the latter
10 comprising parallel-connected coil 27 and con-
.denser 28. The parallel resonant circuit A is
.preferably adjusted, as by varying the effective
“inductive magnitude of coil 21, to tune the circuit

o 4.875.mec..

«Gircuit:B consists of parallel-connected coil 29
and condenser- 30, and, as shown, the lower end
of the circuit.is connected to plate 26. The in-
ductance of coil’ 29 may be adjusted so as to
resonate circuit B to a frequency of 5.125 me. It
gg it, therefore, seen that circuits A and B are nor-

mallyresonated. to.-frequencies-located.on.opposite

sides-of the eenter frequency of 5.me. of band:pass
circuits. 10-—{:1.. ‘Purther, the predetermined.nor-

.mal frequencies of. circuits A and.B differ by equal
o5 amounts..from..the: center. frequency. The fre-

quency difference. between.the spaced frequencies
is.250.ke., which.is:well:in-eXcess.of . the:maximum
frequency swing: that. will. normally. be. encoun-
tered.in the:received FM signals.. Circuits A.and

15

.30 B.function:-as the discriminator section.of. the

demodulator or detector network. The discrimi-

nator. section functions to develop amplitude

modulated (AM) wave. energy from. the. FM. wave

energy. delivered to. the parallel amplifiers €
85 and. D.

The AM wave energy derived from the FM
-waves is rectified by a pair of opposed.diodes Frand
‘G..  The diode €lectrodes may be.in separate tube
envelopes, or they may Be house in a.common

40 envélope as ih the case of the well-known 6H6
tube. Dicde F'Has its anode 3i coupled to plate
‘25, by. direct current blocking condenser 32; while
its cdthode 33 is connected to the upper end. J of
load resistor 22, The direct current refurn re-

45 sistor 34 connects anode 31 to the.lower end Hiof
resistor 22. Diode G has.its anode. 35 coupled
to plate 26 By direct current blocking condenser
“38. Cathode 36 of. the. diode is connected to the
grounded end of load resistor 23, while direct

B0 current return. resistor 8T is connected between
‘the ungrounded end of resistor 23 and anode 35.
The junction of resistors 34 angd 37 is' directly
.connected. to the: junction H of*load resistors 22
and'23. “Each of JTogd' resistors-22'and 23'is shunt-

b5 ed by a respective one of condensers 39° and: 40

to bypass all 1. F. currents.

The catliode end.J of resistor 22 connects to
any succeeding audio frequency amplifier  fol-
‘lowed by a.suitable reproducer. The point J.is also

80 connected by .lead.29, which. includes the. series

resistors:21 and.19, to.the grid.cantrol 13 of tube
.D. - The. connection. 2. is designated as-the “Bal-
.ance: Contrel”?;. the.reasons. for this designation
g5 ‘Wwillbe:more: fully-explained at-a.later point.. The
resistors- 21 and 19 and.condenser 24 function.to
;provide a. filter-for all alternating current com-
‘ponents. so-that: solely a. varigble: direct: current
voltage will be applied to grid 13. The voltage
70 applied-over:line 20 varies:in:polarity as well as
magnitude;. and. is-derived: similarly - to the auto-
‘maticifrequency-control. (AFC): voltage which has
been: employed: in: previously known superhetero-
dyne:receivers: to.correct: the . tuning of: the:loeal
However, my invention:embadies im-
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portant and valuable distinctions, as will herein-
after appear.

Automatic volume control (AVC) bias for the
various tubes preceding transformer 9 may be
provided by the AVC connection 41 from the junc-
tion point H of load resistors 22 and 23. Filter
resistors 42 and condenser 43 are provided in the
AVC connection in the well-known manner. The
potential of point H is derived by rectification of
the signal impressed on diode G, and varies in
response to variations in amplitude of the ap-
plied carrier wave energy. The function of AVC
line 41 is to vary the gain of each controlled tube
in a sense such as to maintain the carrier am-
plitude at transformer 9 substantially uniform
desplte substantial signal amplitude variations at
‘collector I. The filter network 42—A43 has its
time constant so chosen as to permit the AVC to
respond to slow variations in carrier amplitude.

Those skilled in the art of FM communication o

are fully aware of the functioning of a discrimi-
nator-rectifier of the general type disclosed in
Fig. 1. A pair of opposed rectifiers provided with
separate resonant input circuits, individually de-

tuned in opposite senses by equal frequency o

amounts relative to a predetermined center fre-
quency, comprise g system for demodula.tmg FM
waves shown by F. Conrad in U. S. Patent 2,057,-
640, granted October 13, 1936. In accordance

with my invention the general Conrad type of

FM demodulator is highly improved, and is pro-
vided with means for automatically adjusting the
center balance frequency of the discriminator un-
der the control of the signal being received.

Before describing the functions performed by igh

my invention, the ideal relations depicted in Fig.
2 will first be explained. Curve P shows a typi-
cal I. I, band pass curve of network 10—{1 feed-
ing the parallel amplifiers C and D. The curve

S is a typical discriminator characteristic having «

spaced peaks located at the resonant frequencies
of 4.875 me. and 5.125 me. of tuned circuits A
and B respectively. The ideally linear section
between the peaks has its center frequency of 5

‘Mec. located at the center frequency of band pass °

curve P. When the resonance curve P of cir-
cuit 10—11 (as well as prior selector circuits) is
related to discriminator characteristic S of the
diseriminator circuit A—B as shown, the two cir-

cuits are said to be in perfect alignment. While ?

such alignment is highly advantageous, it is equal-
1y advantageous to have the mean frequency of
the I. F. energy applied to transformer 9 fall at
the center frequency of 5 Mc. - The dotted ver-

tical line K represents the I. F. carrier or mean -

frequency. When. the condition shown in Fig. 2
exists, there will be no need for an amplitude
limiter between I. F. amplifier 8 and the dis-
criminator circuits. So long as noise potentials
in the receiving system do not exceed the signals
reception of FM signals will be satisfactory, and
it will be relatively free of noise without an
amplitude limiter being employed.

. Should now the line K, representing the car-
rier frequency, be shifted from the center. fre-
quency position, while remaining within the band
P, there may occur considerable noise produc-
tion or signal distortion, because of amplitude
variations resulting from working down on one
of the slopes or legs of the band pass response
curve. In the past an amplitude limiter was em-
ployed to reduce such effects, since it was known
that the ideal relations of Fig. 2 were difficult o
secure. It may, also, be pointed out that even if
the I. F. carrier K is located at the center of curve

=i

10

60

65

&
P, but the curve S is shifted to one side within
curve P. i. e. the tuning of the discriminator
cireuits is not accurately aligned with the I. P.
selector circuits, unsatisfactory and noisy recep-
tion may result, including beat note interference
from an adjacent channel station. Here, again,
an amplitude limiter has been previously con-
sidered to be at least a partial solution of the
problem of reducing the noise. I secure the
operating advantages of the perfect alignment
depicted in Fig. 2 by providing means for auto-
matically locking the center balance (. e. ¢ross-
over) frequency of the discriminator (center of
curve S) substantially in step with the applied
I. F. carrier or means frequency (line K). This
insures that the discriminator balance frequency
(assumed to be 5 me.) can be effectively aligned
with the center frequency of the I. F. amplifier
(also preferably 5 me.), assuming that the sig-
nal is tuned in at the center frequency of the
1. F. amplifier, even when the discriminator and
I. F. amplifier circuits are mistuned due to pro-
duction tolerances or changes in circuit constants
during operation and life of the receiver.

The present automatic balance control circuit
also reduces thermal and other low amplitude in-
terference for the case when the receiver is care-
lessly tuned. It must be understood that curves
S and P can be determined in the construction
of each individual receiver, but that the location
of K, the I. F, mean frequency, is a variable de-
pending solely on how the operator tunes his
receiver.

. ‘Considering, now, the manner of operation of
the automatic balance control system, it should
first be noted that the two resonant circuits A
and B are fed from two separate amplifiers C
and D, rather than from one amplifier as is usual
in a Conrad type of discriminator. Furthermore,
there is preferably no appreciable inductive cou-
pling between resonant circuits A and B. Hence,
these two circuits tune independently of each
other. The amplifiers C and D have different
biasing means, although they have biasing resis-
tor 14 in common. The voltage across resistor
14 provides the sole bias for control grid 12. The
grid 13 of tube D, however, receives its bias in
part from the voltage developed across resistor
14, and in part from the direct current voltage
developed across load resistors 22 and 23 and
taken off at point J. The voltage at point J is,
of course, the differential voltage of the opposed
rectified voltages developed across the two load
resistors 22 and 23. Hence, it is a variable quan-
tity, and causes the gain of tube D to vary in a

‘sense, and to an extent, dependent respectively

upon the polarity and magnitude of the potential
of point' J. The AVC voltage at point H, as stated
above, is employed to control the gain of preced-
ing tubes, if they are not to act as limiters when
receiving strong signals.

Considering now the resonance curves, or re-
sponse characteristics, of circuits A and B, the
solid line curves A and B of Fig. 3 represent the
respective response characteristics of the discrim-
inator tuned circuits. The cross-over or balance
frequency of the curves is designated by Fe. This
point falls at 5 Mec., and the discriminator is,
therefore, aligned with the band pass network
{8—14{. Furthermore, let it be assumed that the

1. F. energy applied to circuit {8 has a mean or

center frequency of 5 Mc. In other words the ideal
situation depicted in Fig. 2 exists. In this case
rapid deviations in frequency of signal energy are
translated into variable amplitude currents  at
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edeliof ¢ireuits Aand B, These, variable ampli=
tude:currents are:rectified by rectifiers Frand:. G,
Theirectified: currents:flowing through respective
load resistors:22-and. 23: provide: rectified voltages
of-opposed-polarity. -PointJ will have-a potential
which is thie differential of .the reetified voltages.
Hence, point J- will: supply  modulation: voltage,
since:.the- pelarity. and: magnitude of that. peint
dependron:the sense-.and extent of:frequency. devi-
ation.of the'signal energy-at the output of-ampli-
ﬁeri 8 L

The mean frequency:of the-I.. F, energy, how-

ever; remains-at-5:Me. by assumption; and; henee,
the: steady or-dirvect current veltage: of; point J
willi remain: substantially censtant. The- filber
21—248-—19-prevents: any: pulsating-or modulation
components ‘at-J: from-being-applied over.line.20.
Aslong asthe mean frequeney-of the I. F. energy
i8:8:Me., and-except:for- modulation frequency, po-
tentlals which are-removed by-filter 24 —24—9,
there: will be- developed. rectified. voltages- of the
same magnitude across resistors-22 and23; There=
fore,, the effective: differential resultant voltage
impressed-on . grid. 13-is- zera-relative- fo- ground.
The-grids ‘12.and. 13- of -amplifiers C.and: D- will,
then, have-the-same negative-bias. (.. e;, the bias
developed: across:bias resistor {4). ThlS means
that tubes:C and D are operating at the same-gain
thereby: passing:equal -magnitudes-of I. F. signal
energy-from circuit- i1 to circuits-A:and B.
- Assume;:now; that: for. some-reason the mesn
or:carrier fregqueney of the I. ¥, energy shifts to
5.05 Mc. This could happen because of poor ad-
justment: of tuning mechanism-T; or because-the
discriminator and I, F. tuning circuits-are. mis-
aligned-and. 5.05 Mec. is-at the center-of the I. F.
band pass-respenss-curve. The-effect of the mean
frequency:shift:is-te cause the direct.current volt-
age. of  point J. to become-negative  relative to
ground. Thishappens-because rectifier. G has ap-
plied:to it a. greater amount. of the signal at-the
mean frequency of 5.05 Me., since that value is
closerte the-frequeney of circuit-B than to circuit
A.. ‘The:direct current voltage:across resistor 23
exceeding- that across resistor 22, point .J will be
effectively: negative.

The peint. J. becoming: negatwe ‘with-respect to
-ground, grid. (13- will be:caused- to: become: more
negative in. potential.. The .grid 12 will:be unaf-
fected- i potential se-far as-the change-in. po-
tential. of point J is- concerned.  Therefore, the
gain.of- tube ‘D will ‘be decreased:with respect to
its.gain: when. the mean.frequeney of the I. F.
energy.is at.5 Mec. Since-the space-current. of
tube D flows through -the bias-resistor i4; a re-
duction-in. space current of tube-D will.cause the
voltage.across resistor §4.te decrease. This causes
the effective voltage of grid 12-to become less neg..
ative,.and the gain of tube C will; therefore, in-
Crease.. )

Hence, it will be further seen that tube:C.will
provide.a.greater amplification.of I. F. signal en-
ergy than amplifier D. In Fig. 3 the dotted curves
Az and..B: show. illustratively the. effect. of- the
aforesaid control on the response. curves of circuits
A.and.B. Ifis.assumedin Pig. 3.that the gain of
tube D has-been reduced 40%, and that the gain
of tube C.has been increased 40%. . The result.of
such.changes in the relative gains of tubes D and
C.is to.cause the response characteristics to as-
sumae. the approximate - relations represented- by
the dotted .curves A: and Bi.

The result of this action is to move:the dis-
criminator -balance to-. a. higher. frequency, ap-
;proaching: the-carrier. fregquency at-5.05 Me. In
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Fig. 3.the-new peint.of: balance or. frequeney..of
equal response has been shifted from Fo-to.Fe.
Invother. words; there-has-gceurred. an; automatic
adjustment  of the.center balanece fregquency of
the discriminator cireuit.substantially tothe I, F.
carrier frequency. Such aufomatic-adjustment
effectively reduces-audio. distortion. and. interfer-
emnce, as.well: as- noise: production;, which. weuld
have.otherwise occurred had.the automatic. bal-
ance- control.circuit. not been. used.

Sheuld: the- I, F. earrier frequency. shift.to .a
frequency-less.than:5 Me., for example.4.95-Mec.,
then the.reverse of-the action.described above will
take place. In:this: case point. J- will.assume.a
positive direct current potential. relative to
ground;, - due to. circuit A receiving a. greater
amount of signal.energy than-circuit B, Rectifier
F: will,.therefore, provide a. greater rectified volt-
age :aeross resistor..22. thereby. causing point. J to
be:positive. relative to ground. In that case:the
control:grid-13-of tube D will:be biased.less.nega-
tive thereby inereasing.its gain. This will cause
the. bias.-aeross, resistor: 4. {o increase, and the
gain of. tube C.will:decrease.. Hence, the balance
frequency will. change in.the reverse of the .re-
lation.shown. for A: and.Bi,.and the new balance
point will-be, 2t .4.95.Mec.

It-will-be observed.that. only the gain. to circuits
A and.B.is changed. The voltages of.the. carrier
delivered. to.the twe.dicdes. are to. be equalized.
The resonance.curves Ai.and Bi.in Fig..3.are the
same.as curves-A.and.B.. Only the.amplification
of. the-tubes feeding these. circuits. A. and B has
been changed. Curves.A.and A: represent.circuit
A.and.amplifier. tube.C.at two différent bias values.
. The curves.in Fig. 3:may be taken as represent-
ing maximum degree.(50 Kc.). of shift.of the cross-
over. point. of. the discriminator characteristics
which should-be provided.for,.assuming that the
difference between. the peak freguencies. of the
discriminator circuits.is.250 Ke. This is because
with the.cross-over point at-5.:05 Mec. the slope of
curve.Bi.is. just leng.enough to allow for a.signal
deviation of. 75 Kec. on the high.frequency side of
the. carrier.. The. invention has. been practised
successfully. with frequency differences between
diseriminator circuit peaks up to or in excess of
400 Kc.,.in which. case the circuits. may be de-
signed for incredsed shifts of .the cross-over.point
from the desired mean frequency. In other words,
the greater the frequency. difference. between.the
discriminator peak frequencies, the greater may
be the automatically-effected shift of the eross-
over frequency. )

From another viewpoint it can be said that my
invention confemplates an FM receiver wherein
there is provided a direct current voltage at the
outpbut.of.a discriminator-rectifier, and the volt-
age.is fed back to the input of the discriminator
in a -manner to cause the discriminator center
Balance. to.-follow the carriér frequency. as the
carrier is shifted.over the I. F. acceptance band
during the tuning. of. the receiver system.. The
curves.of Fig. 4 show the. direct current. voltage
output:from the demodulator for unmodulated
carrier. inputs. to tubes C and D of 0.5 voli, and
at frequenecies between 4.7 and 5.3 Me, Curve L
shows. the . variation. in direct’ current voltage
when the balance:control.of this invention .is not
used, while curve Li.indicates.the. effect of using
the present.invention. The control. circuit tends
to “Hatten out” the typical characteristic L:show-
ing:that substantial accommodation of the -dis-
criminater balance:frequency. to the.I. F. carrier
value xis-constantly. provided. If the.automatie
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compefisation were perfect, i. e., if the balance
followed the carrier exactly, then curve I would
be a straight horizontal line.

In Fig. 5 there is shown the noise-reducing
effect of the automatic bhalance circuit. There is
depicted the automatic reduction of AM (which
may be noise) when tuning the receiver through

the pass band. The audip voltage output of the

demodulator is plotted against carrier frequency,
and the carrier is assumed to be about 20% am-
‘plitude modulated with 400 cycles, the input being

about 0.5 volt I. . Curve E shows the expected.

high increase in audio output as the I. F. carrier
departs from the 5 Mc. balance value, the present
invention not being employed. Curve Ei shows
the marked action of the control circuit in:re-
ducing the audio voltage output to somewhat
above 1 volt (as against a peak of 10 volts) when
the I. P. carrier has shifted from the center fre-
quency. The AM effects are substantially bal-
anced out by a shiftable balance point.
ideal relations of Fig. 2 are approximated to the
extent that the diseriminator balance frequency
is caused to “lock in” with, or track, the I. P,
carrier within the flat top portion of curve P of
Fig. 2,

The following list of circuit constants have

been used in one embodiment of my invention as
shown in Fig. 1. It should be clearly understood
that the following magnitudes are purely illus-
trative, and that they are in no way restrictive:

C10’ =56 micromicrofarads (mmf.)
C11’ =100 mmf{.
Cig’, C17==80 mmf{.
Cs3» C24=0.05 microfarad (mf.)
C15=5600 mmf,
S Cas, C30=100 mmf{.
C39, Cao, C32, C38=33 mmf.
Ru==2.7T megohms
R34, R31=34,000 ohms
Raa, Rez==120,000 ohms
Ra1, Raz=1 megohm

In the receiver shown in Fig, 1 the gain of I P
‘amplifier 8 may be varied either by AVC bias, a
limiter or manually. Actual listening tests with
"a system of the type shown in Fig. 1 revealed that
thermal fuctuations and other interferences, not
exceeding the carrier amplitude in intensity, were
substantially reduced during the operation of
tuning the receiver when employing the present
balance control circuit. The noise null point was
broadened in a manner similar to the action in

a conventional FM receiver employing a limiter. -
This action, it will be noted, is predictable from

the curves of Fig. 5. The same improvement was
observed when the discriminator circuits A and
B were deliberately mistuned, or when the ampli-
fier- tubes C and D were picked K at random.
Tuning is less critical for tolerable audio fre-
quency distortion when the automatic balance
control circuit is utilized. ]
‘When one or both of the discriminator circuits
A and B were deliberately mistuned by adding ca-
pacity to the resonant circuits, the automatic
.balance control circuit restored the discriminator
_center balance frequency to the middle frequency
-of the I. P, amplifier as the carrier was tuned to
that frequency. A combination of thermal
fluctuations, ignition impulses and beat note in-
terference is most effectively reduced in its inter-
ference effect on the desired signal, when the
.relation shown in Fig. 2 exists. That is, the
eﬁectwe reduction takes place when the center
frequency of the I. F. amplifier and the balance
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frequency of the discriminator ate Both in futie
with the I. P carrier frequency. This is also the
condition for minimum -audio amplitude dis-
tortion. L

In Fig. 6 I have shown a modification of the
invention; separate AVC connections are em-
ployed.in place of the automatic balance control
circuit of Fig. 1. Furthermore, each of amplifiers
C and D are concurrently controlled with a re-
spective one of a purality of cascaded I. F. ampli-
fiers feeding the parallel tubes C and D. Re-
ferring to Fig. 6, the L. F. amplifiers are desig-
nated as 50 and 51 respectively. These amplifiers

‘may be of any well-known form. It will be un~

derstood that the input transformer 52 of ampli-
fier 50 will have a band pass characteristic similar
to that represented by curve P in Fig. 2. Simi-
larly each of I. F. transformers-53 and 9 will
have a band pass characteristic as represented by
curve P in Fig. 2, Amplifiers C and D have their
signal control grids 12 and 13 connected -in
parallel through the respective direct current
blocking condensers IT and 18 to the high poten=
tial side of the resonant secondary circuit ll of
transformer 9.

It will be recognized that the.opposed rect1ﬁers
F and G are included in rectifier circuits con-
nected to the respective discriminator circuits A
and B in the same manner as was described in
connection with Fig, 1. The essential difference
in the'system shown in Fig. 6 from that shown in
Fig. 1 is that separate AVC connection lines are.
taken from the respective anodes 31 and 36 of
the two diodes, The action of this system is
substantially the same as that of Fig. 1, and the
curves of Fig. 3 apply equally well to Fig. 6.

One of the. AVC connections comprises a lead
54 which is connected to anode 31 of diode F,
and includes the filter network consisting of series
resistor 55 and shunt condenser 56.- The filter
network 55—56 suppresses any pulsating voltage
components -in the voltage applied over line 54
to the grid circuit of I. F. amplifier 50. It will
be undertood that the AVC connection to .the
signal grid circuit of amplifier 50 is made in the
well-known and usual manner to the low poten-
tial side of the tuned secondary circuit of ‘trans-
former 52.. The AVC line 54 is also connected
to the control grid 12 through the resistor 57.

The second AVC connection comprises the line
58 which includes the series filter resistor 59 and
shunt condenser 60. The function of filter net-
work 59-—60 is, also, to suppress any pulsating
voltage component in the voltage transmitted
over line 58 to the grid circuit of amplifier 5f.

‘Here the AVC connection is made to the low: po-

tential side of the resonant secondary circuit of
I. F. transformer 53.. The resistor 61 connects
the AVC line 58 to the control grid 13 of amplifier
tube D. It will, therefore, be seen that AVC
connection 54 applies AVC bias to the signal con-
trol grids of I. F. -amplifier 50 and amplifier C,
whereas the AVC connection 58 controls the sig-
nal grid biases of I. F'. amplifier 51 and amplifier
D. 'The AVC connections are the sole sources of
variable bias in this modification. :

In actual operation the AVC voltage which is
applied over connection 54 to amplifiers 50 and
C, is obtained from the rectified voltage developed
across serles-arranged resistors 34 and. 23..
the other hand the AVC voltage for amphﬁers 5!
and D is obtained from the rectified voltage de-
veloped across series-arranged resistors 87.and 23. -
The resistors 22 and 23 may preferably be smaller
than resistors 34 and 37 so as to minimize the
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‘tontrel of -direct current voltage-aeross resistor
23 which-affeets both-channels. “In-general, “the
separate ‘AVC connections'§d-and 58 function to
control the transmission of signal energy to:the
discriminator-circuits A and’ B in-muc¢h-the same
Tashien as wasexplained-in connection with ‘Figs.
105 inclusive. -As-the- carrier frequeney-shifts
-overithe fregueneyband;thé-gain-ofitubes’ Cand
‘D respeetively-riseés-and’falls, or-vice-versa;-so as
-automatically -to ‘hold’ the weltage to-the ‘diodes
hearly-constant. -
“The -discrimintator section -of ‘the-demodilator
‘héed not’ be -of the.Conrad:-type shown in Fig, 1.
It may be of the type disclosed and: claimed by
B, W.Seeley in U 8. PatentNo.'2,/121,103, .grant-
ed:June’21,11938. In:that-case,:and:as shownin
‘present-Fig. 7, the pair of:resultant wvector volt-
ages-formed tin-the ‘Seeley type -of ‘diseriminator
aresseparately amplified prior-torectificdtion, and
‘the ‘relative amplification - may -be controlled -in
ithe -manner generally :deseribed -in connection
withiFig. 1. Inthe-system of Fig./Tithe receiver
15 ssimilar ‘to-a :conventional :FM:receiver up to
$ubes Ciand'D, o h
The I, F. amplifier 8 in the modification of Fig.
Tdsishown:in ;more.detail than in Pig.'1, “How-
-ever, itiwill be recogiiized thaf:amplifier-8 is-con-
wentlonal in-construction :and sconnections. >Its
input-transformer 10 :has-:a hand “pass-icharac-

‘beristic :0f ithe :type dilustrated by-curvesPuin Fig. .«

2. "The-outputitransiormer T4 thas:the midpoint
:0f:its-secondary:winding \12:connected :directly to
‘theplate-end of primary:winding13:  Shunt:.con-
«denser-14 tunes:winding:73:to the-operating I F.

velue {5 :Me. iin: thesillustrative case -of Fig. 1), -

The shunt «condenser-15:funes winding “12:to the
isame: L7F walie. “Theiresonance. curve.of imag-
anetically :coupled-.circwits - T4-—~I13 -and 12+-75-is
:similar to-that.of curve P of {Fig:i2. ‘Duetothe
conneetions ‘hetween the: primary and-secondary
:ciecuits sof ‘transformer 71 ithere :is -provided the
frequeney. diseriminatory action disclosed in the
-gforesaid Seeley patent, . o T

The opposite:sides of secondary icireuit: 712—-15

are -connected vtothe:respective- signsl :control 4

-gridsil2+and (3 0f :amplifier-tubes-Ciand D by re-
-Spective: direet  current Blocking condensers ‘16
«and M. " The. plates 325’ and '26:10f amplifiers:C
and D are.connected to:opposed:sides:of ‘the res-
sonant.output scircuits 80:and B8 The B4 ter-
‘minal of sthe direct current:source is:connected
incommon to.the. junetion of thecircuits 88 and
B1. “Registor: 14, bypassed for'I, Fi currents; pro-
vides :a.cemmon negative bias foriboth grids #2
-and +43; “this s -similarto: the funétion:  of dhe
-cathode. bias: resistor: in Fig:'1.: - The:circuits 80
santd8t are;each tunedtothe operating I, F.value.
"The -opposed :giodes 'F and G:have:respective
resonant input:circuibs 82 and 83, The- junction
-of :series doad resistors 22-and 28,ieach of theilat-
{er. being bypassed :by- respective eondensers -39
‘and40.for 1.'F. currents,is.connected directly 1o
the junction:of resonantinput ¢ircuits 82:and 83.
“The-latterinput circuits: are,-also;-each tuned to
‘the-operating ‘L. value: "Resonant -eircuits 80
and 82 are magnetieallycoupled- to ‘provide a
‘band’pass-network whose response-characteristic
is-a typieal ‘hand pass curve depicted by curvegs
‘gbove the -coupled ‘circuits 80-282, - Tn “the same
“way the curve ‘9 indicates-a band pass-curvetyp-
‘icgl of ‘the magnetically coupled resonant circuits
‘81 and’'83. ‘Each of 80—82-‘and ‘81—83provides

" a band ‘pass ‘network-~~whgsejcenter “frequency is
‘the operating I-F.-valug. ~Hence; each'band pass
‘network-80-—82 and-81—83-will-pass varigble am-
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plitude signal energy ‘to-réespective réctifiers #
and G. - The magnitude of signal energy ‘trans-
mitted through these:band pass ‘networks -is au-
tomatically -controlled in response to.-any shift
‘inithe center or-mean-frequency of the I F. sig-
nal-energy from thepredetermined: reference fre-
guency. of the-diseriminator-circuits: :

*The -automatic halance :control -circuit “ispro=
vided by :conmecting ‘the -cathode end -of ‘resistor
22:t0 the control.grid 43 by -means-of a lead’§2.
‘The-lead 92:includes-the series filter -resistors 98
:and 94, the junction. of these resistors being by-
‘passed 'to -ground - for ‘alternating -currents by
-condenser 88; ‘Tt will, ‘therefore, be- seen ~that
ithe: control grid {8, as in-the ease-of ‘Fig. 1, is
returned to the grounded end:of bias resistor*14
through ‘the series-connected lead resistors 22
andi23: This means‘that variations in-potentisl
-at.the cathode end of resistor:22- will cause'a-vari-
--gtion dnbias.of;grid:{3 with a concurrent change
An.gain.of .amplifier D The usual AVC circuit
#86: is ;connected from-the junction - of ‘resistors’22
and 23 to :the-signal grids of -those tubes ‘which
are:ito-be controlled in gain ‘to-reduce slow Varia-
‘tons in -carrier - amplitude. 'The - AVC circuip
is shown connected through flter resistor 87 ‘to
the:low.potential side:of ‘the tuned input ¢ireuit
:of I; F. amplifier 8. i

The.operdtion -of the .system -of “Fig, *7-is, "in

-general, similar to that «described in connection
‘with ‘the system :of ‘Fig. ‘1. The frequency “dis-
criminator which : provides :the ’respective re-
sultant vector voltages for grids 12 and 13 of
amplifier tubes C and D -functions-in-the well-
known manner described in the~Seeley vatent.
There Is induced in the tuned secondary circuit of
transformer 11 a pair. of -signal “voltages. One
of these voltages is directly applied to the .sec-
ondary circuit from-the primary circuit at the
midpoint of the coil 72. .Since grids i2 and 13
are connected to.the.midpoint.of-coil 12 in par-
allel relation, the I..F. voltage will be:applied in
parallel to control grids 12 and i3." On the other
hand, the magnetic eoupling between the-coil 13
and 92-will cause a-substantially-90° ‘phase ‘shift
in “the 1. “P. -veltage induced : in “the secontlary
-cireuit. .

This‘phase-shifted T. F. voltage will be -applied
‘n-push-pull relation ‘to-grids 42 -and 2 ‘Telative
ito the midpoint-of:coil 72: Hence, -each :grid {2
-and’' 13 has -applied $0-it a parailel ‘T, P, voltage
-component--and -4 ‘phase-shifted voltage -com-

“ponent;biut-the latter-components being of -oppo-

-site polarity. Therefore, there will be effectively
~applied to-each -control-grid-a resultant vector

“valbage. ‘These resultant-veetor voltages are of

-equal magnitude -if, the mean frequency of the
1. ¥.-signal -energy is-equal 4o the predetermined
resonant- frequency -of ‘transformer 71.- ‘Should
-the mean frequency -depart from, -or -shift with
‘respect ‘to, the 'predetermined resonant fre-
quency, then the resultant ‘vector voltages at -re-
-spective -grids -42:and -48- will ‘vary 4n relative
"magnitudes- depending. upon “the direction -and

~extent -of the aforesaid frequency -shift.

‘In Pig. 7°T1 have, for the purposes -of ‘specific
Allustration -only, depicted ‘the vectors represent-
ing the parallel ‘voltages and ‘the phase-shifted

‘voltages, as well-as ‘the resultant vector voltages.

“These:veetors-are shown- at the input connections

“to-tubes -C -and ‘D. ‘The-resultant -voltages are

shown in solid dines; while the quadrature-related
“voltages-are shown in dotted lines. *“The vector

‘relations-shewn in ‘®ig. 7 -are for the case:when
-the ‘mean frequeney-of the I’ F.-energy s equal
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to the predetermined I. F. value of the .trans-
former 11. It is these resultant vector voltages
which are transmitted in amplified form to the
output -circuits 80 and 81{. I have, therefore,
shown within each of the band pass curves 88 and
81 the resultant vector voltages in dotted lines.
- This will indicate that the effective magnitude of
the.resultant voltages transmitted through the
parallel amplifier channels C and D are of equal
magnitude at the balance frequency of the dis-
criminator network, and that the variations-of
each resultant vector voltage occur within the
response curves 90 and 91.

It will now be seen that when the mean fre-
quency of the I. F. energy output of amplifier 8
shifts relative to the predetermined balance or
center frequency of the discriminator network,
then one of the resultant vector voltages will ex-
ceed the other in magnitude. This will result in
the development of a voltage at the cathode end
of resistor 22 whose polarity and magnitude will
depend upon the direction and extent of the last
mentioned frequency shift. This voltage will
vary the bias of grid 13 thereby to change the
gain of tube D. 'The latter change causes the
gain of tube C to vary in an opposite sense and, to
a, degree such as to equalize the effective magni-
tudes of the resultant vector voltages transmitted
to rectifiers ¥ and G.

It will be seen that in the form of the inven-
tlon shown in Fig. 7, there are located parallel
amplifier channels betWeen a Seeley type of dis-
criminator and the opposed rectifiers. The gain
of each amplifier channel is controlled as-in Fig.

1, but unlike the latter the frequency discrimina~- .

tion is provided prior to the amplifier tubes Cand
D. However, the curves of Figs. 3, 4 and 5 apply
equally well to the system of Fig. 7. In-common
with the systems of Figs. 1 and 6, there.is pro-
vided in the system of Fig. 7 means for auto-
matically - controlling the gain of the parallel
channels so as to feed substantially equal carrier
voltages to the rectifiers.

While I have indicated and descnbed several

systems for carrying my invention into - effect, . 4;

it will be apparent to one skilled in the art that
my invention is by no means limited to the par-
ticular orgamzatlons shown -and described, :but
that many modifications may be made without
departing from the scope of my 1nvent10n

What I claim is:

1. A frequency d1scr1m1nator rectlﬁer clrcult
comprising a signal transmission channel includ-
ing a pair of opposed rectifiers each having an
output load impedance, said rectifiers providing
an output potential which is the difference -be-
tween the potentials created across their respec-
tive load impedances, resonant -circuit means
coupled to said rectifiers to provide different re-
spective amplitude-frequency response charac-
teristics - with different peak - frequencies, said
resonant - circuit means having frequency re-
sponse curves which cross each other substan-
tially: at said input circuit frequency, means for
applying frequency modulated wave' energy ‘to
said resonant circuit means, and amplifier means
provided in said signal transmission channel for
automatically locking the cross-over point of the
frequency response curves of the discriminator
network substantially in stép with the mean
+frequency of the applied frequency mbdulated
wave energy.

2. A frequency d1scr1m1nator rect1ﬁer ‘circuit
comprising ‘a pair of opposed rectifiers each hav-
jng an output load impedance, said.réectifiers
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providing aii output potential which is the - dif<
ference between the potentials created across
their respective load impedances, a source of fre-
quency modulated carrier energy, resonant cir-
cuit means coupled to the inputs to said rectifiers
to provide different respective amplitude-fre-
quency. response characteristics : with different
peak frequencies, said resonant circuif means
having frequency response curves which €ross
each other substantially at said input circuit
frequency, and means including an amplifier and
coupled to - said discriminator-rectifier- circuib
for automatically changing said cross-over point
of the frequency response curves, as viewed from
said source of Ifrequency modulated carrier
energy, upon change in the carrier frequency of
the received signal energy.

3. A-frequency discriminator-rectifier circuit
comprising a pair of opposed rectifiers each hav-
ing an: output. load impedance, said rectifiers
providing .an output potential which is the dif-
ference between the potentials created across
their - respective load impedances, a selective cir-
cuit substantially symmetrically responsive to
frequencies adjacent to'a center frequency cor-
responding - to ‘a preferred - carrier. frequency,
resonant circuit means coupled to said rectifiers
to provide - different respective amplitude Ifre-
quency response  characteristics with different
peak frequencies, said resonant circuit means
having frequency response curves which  cross
each other substantially at said input circuit
frequency, and amplifier means coupled to said
rectifiers for automatically changing said cross-
over point of the frequency response curves, as
viewed fromsaid selective circuit, upon change
in the. carrier frequency of the received signal
energy and in the same frequency direction as
the change in the received carrier. frequency. .

4..In combination, a pair of opposed rectifiers
each ‘having ‘an output load impedance, said
rectifiers providing- an output potential which is
the difference between the potentials created
across their respective load impedances, a source
of frequency. modulated -carrier ‘energy, circuit
means for feeding energy from said source to
said rectifiers including a different channel for
each rectifier, and an amplifier in each of said
‘channels responsive ‘to the rectifierr output
potential. for reducing the efficiency of transfer
of energy to one of said rectifiers through its re-
spective channel upon change of the carrier fre-
quency in one direction.

5. In combination, a pair of opposed rectifiers
each having an.output load impedance, said rec-
tifiers providing an output potential which is the
difference between the potentials created across
their respective load impedances, a ‘source- of
frequency ~modulated carrier energy, circuit
means . for feeding energy from said source to said
rectifiers “including an individual channel for
each of said rectifiers, and. amplifier means in
said chanriels responsive to the rectifier” output
potential for decreasing the efficiency of transfer
of energy to one of said rectifiers through its as-
sociated channel and simultaneously increasing
the efficiency of transfer of energy to said other
rectifier through the other ‘of said channels, or
vice versa, depending upon change of the carrier
frequency in one direction to the other respec-
tively.

6.: A. frequency d1scr1m1nator detector circuit

comprising 2 pair of opposed rectifiers each hav-
ing an output load impedance, said rectifiers pro-
viding an output potential which is the difference
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betweeri ' thepotentials created<aéross their-re-
spective-load {impedances, a:source ‘of “frequency
modilated carrier -energy, -a - ¢ircuit “for feeding
erergy. from: said:source: to-said rectiBersithrough
g different channel for each of-said vectifiers, and
vacuwm: tube -amplifier circuits in said-channels
coupled-io-said ocutputiload: impedances and re-
sponsive to' the rectifier output -potential for de-
creasing/the efficiency ofitransfer of energy:to one
of-said rectifiers-through-its associated: channel
and simultaneously imcreasing the.efficiency cof
transfer of-energy-to:said-other rectifier through
the otherof:said channels: -

-7, {Im-combination, s ‘pdir-of oppesed:rectifiers
eachihaving-an‘output load. impedance, said recti-
flers-providing :an- output: petentis] ‘which .is.the
difference between the potentials. created:across
their respective load impedances; @ souree of angle
modulated carrier energy, means for .feeding
energy‘from-said: source! o said rectifiers through
different channels respectively, and means in said
chiannels.responsive ‘to. direct. current potentials
across said .impedances ifor . decreasing “the . effi-
clency<of-transfer: of -energy to one of-said recti-
fiers through:itsirespective channel:relatively. to
the:efficiency of transfer: of energy :to.said other
rectifier : through ithe other ‘6£:said. schannels, -or
vice versa, depending:upon change of the'carrier
frequency iin. one .direction :or :the :other re-
spectively. ;

8., A discriminator cireuit:comprising: a pair-of
opposed rectifiers:each having an-ontput lead.im-
pedance; :said rectifiers providingan. outputipo-
tential which is'the difference:between the po-
tentials:created :across:their respective: Joad im-
pedances, #a . source .of -angle s modulated carrier
energy, means for feeding-energy from said sourge
to sald rectifiers:through different. channels re-
spectively, and: vacuum- tube: amplifier eircuits in
said.channels:responsive:to direct current:poten-
tials across:said impedances ‘for. decreasing.the
efficiency of transfer of :energy.to:one-of said rec-
tifiers through: ifs:respective channel: relatively o
the refficiency of -transfer of ‘energy ‘to said other
rectifier :fhreugh -the ‘other of -said channels, or
vice:versa, depending upon change. of the carrier
frequency in -one direetion :or ‘the -other
respectively..

8. In g:system of:thetype described, & pair of

opposed rectifiers each having:an output load im- 50

pedance, :said rectifiers ;providing -an output po-
tential which isthe difference between the:po-
tentials created across theirirespective:load im-
DPedances, :a :source - of :angle medulated -carrier
energy, means: for feeding energy from said-source
to :said rectifiers through -different: channels-re-
spectively, -at :least .one vacuum -tube in:.each :gf
said-channels. for; passing: on the alternating -cur-
rent cenergy impressed -upon- the inputs -of - said
fubes,: and ‘means for controlling the transfer: of
signalenergy in:a tube incone of :said¢hannels:in
accordance with direct:current potentials:derived
from:the outputs of said-rectifiers to decrease-the
efficiency ofrtransfer of energy-to one-of said rec-
tifiers through its-respective channel relatively to
the efficiency of-transfer-of-energy-to said :other
rectifier -through-the other of said channéls,
10.-A :frequency ‘modulation -detector -¢ircuit
comprising a: pair-of: opposed:rectifiers each - hav-
ingan-output load impedance, said rectifiers:pro-
viding an output potential which is the difference
‘between  the  potentials -created -across their ire-
spective doad :impedances, a source of: frequency
modulated -carrier -energy, :means for feeding
energyfrom said:sourcetosaid rectifiers through
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different ‘¢hannels ‘Tespectively, ‘resonant efreuit
means:-in ~said .channels ;for increasing :signal
energy transferito.one of said rectifiers:relatively
fo:the pther:upon:changeof signal frequeney: in
one «direction cor ithe other irespectively, -and
thermionicwvacuum.tube means responsivesto di-
rectzcurrent-potentials across:said impedancesifor -
decreasing the- efficiency of ‘transfer-of venergy
to-eithervof said-rectifiers when ‘the carrier:fre-
quency -of “the received: signal moves in:a ‘direc-
tion, suich:as otherwiseito cause inerease:of :en-
ergy transfertosaid rectifier.

11. In combination with:a:pair of resonant-cir-
euits thaving respeetive ramplitude~frequency
response characteristics with .different peak:fre-
quencies,a separate pair of-output:terminals:for
each resonant -cireuit, a resonant:signal iinput
eireuit tuned to afrequency located: equidistant-
Iy from-said peak fregquencies, a pair of parallel
Signal - transmission :¢hannels ‘having a:common
input-connectionito said input circuit, each chan-
nel-being connected $0 a respective one ofi the:pair
of resonant cireuits, and means ‘for regulating
the relative :$ignal transmission efficiencies - of
said parallelchannels. .

"12.7In combination with a:pair of resonant cir~
cuits ‘hiaving ‘respective -amplitude-frequency re-
sponse -characteristics -with - different  peak “fre-
quencies, a pair of output terminals'for each res-
onant - cireuit, -a :sighal input-circuit tuned to a
frequency located between said peak frequencies,
said resenant cireuits:having frequency response
curves ‘Which -cross - each ‘other substantially :at
said -input reircuit ‘frequency, «a pair -6f parallel

5 sigual transmission channels having ‘a ‘common

input' comnection to:said input c¢ircuit, ea¢h chan-
nel being reonnected to a Tespective -one of the
pair -of ‘resonant-eireuits, -and ‘means for ‘aute-
matically regulating the rélative signal transmis-
sion-efficiencies-of - said: parallel channels o pro-
vide -substantially -equai -signal - voltages -across
said -resonant ccireuits. :

13. In combination with'a pair of resonant cir-
cuits tuned to -different -resonant ‘frequencies, a
pair-of -output ‘terminais ‘for-each resonant cir-
cuit, a-signal input cireuit tuned:to-a frequency
loeated - equidistantly “from -said ‘resonant :fre-
quencies, «a ‘pair of -parallel signal :transmission
¢hannels having : . common - input connection to
said input.eirewit, each channel being conneeted
to a respective one of the pair of resonant eir-
cuits,-and means, responsive to a. difference. be-
tween’the mean frequency of applied frequency-
variable signals and said input: circuit frequency,
forregulating the:relative signal-transmission ef-
ficiencies of said parallel channéls,

‘14.In a:system for-receiving frequency modu-
lated - carrier ‘waves, -a frequency discriminator
net .work:for deriving from received .waves -a.pair
of ‘modulated -wave voltages:in phase guadrature
relation inresponse tothe mean frequency of -said
received ‘waves being equal to a .predetermined
center:-balanee:frequency,;a pair of separate trans-
mission. channels: for: the respective voltages, sep~
arate ‘rectifiers respectively -connected to :said
channels,:means .combining the Tectified voltage
outputs -of :said: rectifiers iin :polarity “opposition,
-and ‘means, ‘responsive to o :departure of ‘said
mean “frequency . from :said center -balanmce fre-
quency, for regulating the relative:wave transmis-
sion -efficiencies -of said :¢hannels in a_sense:to
compensate for said departure.

A15. :In:a.system:for receiving frequency modu-
lated -carrier “waves, ~a frequency  discriminator
network for:deriving: from received waves:a pair
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of modulated wave Voltagesv in substantially phase

quadrature relation in response to the mean.fre-

quency of said received waves being equal to a -

predetermined center balance frequency, a pair
of separate amplifier channels for the. respective
voltages, said channels being each tuned to said

center balance frequency, separate rectifiers, re-

Spectively connected to said channels, means com- |
bining the rectified voltage outputs of said recti-

flers in polarity opposition, and means connected
to said combining means, responsive -to .a de-
parture of said mean frequency from sald.center

balance frequency, for regulating the relative

galns of said amplifier channels in a sense to ap- -
ply the wayve voltages substantially equally.to.said

rectifiers.

16. In ‘a frequency detector of Vthe ty;ﬁe com-
: circuits each.

brising a.pair of decoupled resonant

&

feeding into a respective rectifier and said Tes-

onant circuits having amplitude-irequency char-

acteristics which overlap at a predetermined cen-

ter: balance frequency between the peak -fre- .

quencies of the characteristics; the. improvement

which coinprises at least two parallel a)mbliﬁers .

having a.common input connection adapted to be

connected to a source of freqiency modulated sig-
nal energy, separate connections from each am- :

plifier to a respective one of the resonant circuits,

means responsive to the differential output volt-.

age of the rectifiers for varying the gain of one
of said two amplifiers in one sense, and means.

responsive to a change in the gain of said one

amplifier for varying the gain of the second am-

plifier in the opposite sense.

17. In combination, a pair of decoupled reso- -

nant circuits having respective amplitude-fre-
quency - response ‘characteristics with - different
peak frequencies, a pair of output terminals for
each resonant circuit, a resonant signal input
circuit tuned to a frequency located equidistantly.
from said peak frequencies; and the improvement
comprising’ a pair of parallel signal transmission
channels having a’ common input connection to
said input circuit, each chanriel being conhected
to a respective one of the pair of resonant cir-
cuits, and means for regulating the relative signal
transmission efficiencies of said parallel channels
in opposite senses,

18. In a system of type comprising a pair of

resonant circuits having respective amplitude-fre- 3

quency response characteristics with different
peak frequencies, a pair of output terminals for
each resonant circuit, g resonant, signal input cir-
cuit tuned to a frequency located equidistantly
from said peak frequencies, said characteristics
being overlapped and having a cross-over fre-
quency substantially equal to said equdistant fre-
quency; the improvement comprising a pair of par-
allel signal transmission channels having a com-
mon input connection to said input circuit, each
channel being connected to 3 respective one of the
pair of resonant circuits, and means for regulat-
ing the relative signal transmission efficiencies of
saild parallel channels in opposite senses and to
an extent such as to maintain signal voltages at
said pair of resonant circuits substantially equal.

19. In a system of the type comprising a pair
of resonant circuits having respective amplitude-
frequency response characteristics with different
peak frequencies, a separate rectifier for each
resonant circuit, a signal input circuit tuned to a
frequency located equidistantly from said peak
frequencies; the improvement comprising a pair
of parallel signal amplifiers having a common
Input connection to said input circuit, each am-
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plifier being connected to a respective one of the.
pair of resonant circuits, and means, responsive’
to a differential voltage output of the rectifiers :
caused by a difference between the mean fre:
quency of.applied frequency-variable signals and
said input circuit frequency, for. regulating the -
relative gains of said parallel amplifiers, .

20:-In 4 system. for receiving angle’ modulated
carrier.waves, means for deriving from received |
waves:a pair of modulated wave voltages in phase
quadrature relation in response to the mean fre- -
quency of said received waves being.equal to a
predetermined. cenfer balance frequency, a pair
of separate amplifiers for the respective voltages,
separgte rectifiers -respectively connected to said
amplifiers, means combining the rectified voltage.
outputs .of said. rectifiers in polarity opposition, 5
and means, responsive to a, departure of said mean -,
frequency- from said balance frequency, for regu- .
lating the gains. of said amplifiers in, opposite
senses t0 compensate for said departure. ... .
system for receiving frequency modu-.
er, wayes, & frequency discriminator
ving from. recei {
d:Wave, voltages in
An.response fo.the mean fre
Jwayes: being equal to a predetermi
e frequency, a pair of parallel am- .

latéd carr
networ,

of modulated
relation;in;

; the improvement which
comprises a source of frequency modulated signal
energy, at least two parallel amplifiers having a
common input connection to said source, a sepa-
rate output connection from each amplifier to a
respective one of the resonant circuits, means
varying the gain of one of said two amplifiers in
one sense in response to said one amplifier feed-
ing a predominant signal voltage to its respective
resonant circuit, and means responsive to a
change in the gain of said one amplifier for vary-
ing the second amplifier in the opposite sense
thereby to substantially equalize the application
of signal voltages to said rectifiers,

23. In combination with g frequency discrimi-
nator comprising a pair of resonant circuits hav-
ing respective amplitude-frequency response
characteristics of different peak frequencies, a
separate detector for each rescnant circuit, g
resonant signal input circuit tuned to a frequency
located between said peak frequencies, g pair of
parallel signal amplifiers having a common input
connection to said input circuit, each amplifier
being connected to a respective one of the pair
of resonant circuits, and bias control means re-
sponsive to the output signal of said detectors
for automatically controlling the gain of said
barallel amplifiers so as to feed substantially
equal signal voltages to the detectors,

24. In combination with g frequency discrimi-
nator comprising a pair of resonant circuits hav-
ing respective amplitude-frequency response
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charactenstlcs ‘of different peak frequencxes, .'a‘
separate’ detector for each resonant circuit, a

resonant 51gna1 input c1rcu1t tuned to a frequency
located between said peak frequencres, 4 pair of
parallel signal amplifiers having a common input
connection to said input circuit, ‘each amplifier
being connected to a respectlve one of the pair
of resonant circuits, and a bias control connection
for each’ of said amplifiers responswe to a differ-
ential output voltage from said detectors control-
ling-the relative gain of said amphﬁers

95. In combination with & pair of opposed de-
tectors of angle modulated ‘carrier waves, said’

detectors having respective frequency response
curves which cross each other at a predetermlned
cross-over frequency, para.llel amplifier channels
feeding modulated carrier wave voltages to said
detectors, and a bias control connection for said

10

15

amphﬁer channels responsive to the detector out-

put-voltage contrelling the relatlve gam ‘of said
channels thereby to adjust sdid response curves
sufficiently to change said cross-over frequency.

'26. In combination, a pair of resonant circuits
having’ respect1ve amplitude-frequenhcy response
curves with different peak frequencies, said re-
sponse curves crossing each other at a desired
frequency, a pair of output termmals for each
resonant eircuit, the improvement comprising a
pau' of parallel signal transmission channels hav-
ingi-a common signal input connection, each
channel being connected to a respective one of
the pair of resohant circuits, and bias control
means-résponsive to the voltage developed across
said pair of resonant circuits regulating the rela-
tive résponse curves of said parallel channels to
adjust said cross-cver frequency. :

50 P

97. In a system for receiving frequency modu- -

lated carrier waves, a frequency d1scr1m1natorv
network for deriving from received waves a pan"

of: modulated wave voltages of equal value in

response to the mean frequency.of said received
waves being equal to a. predetermined center bal-

ance freduency, a pair of parallel amplifiers for

40
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the respective voltages, sepatate rectlﬁers 1nd1-"
vidually connected to said amplifiers, means comi-
bining the rectified voltage outputs of said recti-"’
fiers in polarity opposition, and a bias controlt;
connection for each of said amphﬁers responsxve'_‘
to a differential output voltage from said de-'
tectors regulating the relatlve gains of sald am-‘, ’
plifiers in opposite senses to compensate for &-
departure of said mean frequency from said ba,l-'
ance frequency,

28. In detector of the type comprlsmg a, air”
of resonant circuits’ each feeding into a respectlve
rectifier, said resonant circuits having amplltude- “‘
frequency characterlstlcs which overlap a,t g pre-
determinéd center balance frequency between the
peak frequencies of the characterlstlcs the 1m-
provement which comprises a source of frequency .
modulated signal energy, at least two ‘parallel’.
amplifiers having a common input conhection to .
said source, a separate output connection from '
each amplifier to a respective one of the resonant
circuits, means responsive to the dlfferentlal out—
put of the rectifiers for varying the gain. of one N
of said two amplifiers in one sense in response ov
said one amplifier feeding a predommant sxgnal‘f
voltage to its respective resonant ecircuit, and -
means in the space current path of sald one
amplifier responsive to a change in the _gain ‘of ;
said one amplifier for varying the second . am-

plifier in the opposite sense thereby to substan-
tially equalize the application of signgl voltages”
to said rectifiers.
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