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My present invention relates to frequency mod-
ulated (FM) wave detectors, and more particu-
larly to FM detectors of the oppositely mistuned
type.

One of the main objects of my present ihven-
tion is to provide an FM detector of the “back
to back” type, the. signal input circuits of the
rectifiers being oppositely and equally mistuned
from the center frequency of the applied FM
waves, and perfect symmetry being provided in
the detection characteristic by utilizing mutual
inductance between the input circuits to cancel
the effects of any capacitance coupling thereto
from prior networks.

Another important object of this invention
is to provide in an FM detector network a pair
of diode rectifiers whose outputs are in phase
opposition, while the input circuits thereof are
in series relation across the prior network, and
the input circuits being mistuned from a center
frequency by equal frequency values in opposite
senses.

Another object of my invention is to provide
an FM detector of minimum component parts
having good linearity and easily adjusted, the
detector having, furthermore, a low impedance
with consequent low contribution to intermediate
frequency (I. ¥.) regencration in the prior cas-
caded amplifier.

Still other objects of my invention are to pro-
vide an FM detector of perfect symmetry and
high efficiency, and more especially to provide
an FM detector capable of economical manu-
facture and assembly in a receiver.

‘The novel features which I believe to be char-
acteristic of my invention are set forth in par-
ticularity in the appended claims; the invention
itself, however, as to both its organization and
method of operation will best be understood by
reference to the following description taken in
connection with the drawing in which I have
indicated diagrammadtically a circuit organization
whereby my invention may be carried into effect.

In the drawing:

Fig. 1 shows a detector network embodying the
invention, .

Fig. 2 graphically shows the detection charac-
teristic of the network of Fig. 1.

Referring now to the accompanying drawing,
there are shown the limiter and second detector
stages of an FM receiver of the superheterodyne
type. Such receivers are so well known at the
present time that a general description thereof
should suffice. The FM band at this time is 42
to 50 megacycles (me.).
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usually a dipole, would feed collected signals to
one or more funable radio frequency amplifiers.
The amplified signals would then be applied to
a converter stage to reduce the center frequency
of the FM signals to an I. F. value. It is the
general practice at the present time to use an
I. F. (intermediate frequency) value of 4.3 mec.
If wide band frequency deviation is employed
in the production of the FM signals, the over-
all frequency deviation will be 200 kilocycles
(kc.). Hence, the tuned circuits, whether of ra-
dio frequency or 1. F., will have a band width
of 200 kc. On the other hand if narrow band
FM signals are used, the frequency swing could
be of the order of 30 or 40 ke.

Assuming, for the purposes of illustrating this
invention, that the FM carrier is swung up to 160
kc. on either side by the modulating signals, then
the I. F. amplifiers will feed to the limiter stage
FM signals whose carrier is at the I. F. value
of 4.3 me., while the over-all frequency deviation
is 200 kc. Of course, the modulation, whether
of audio frequency or higher, is represented in
the I. F. energy as carrier frequency deviations.
The amplitude of the audio modulation corre-
sponds to the extent of frequency deviation of
the catrrier, while the modulation frequency cor-
responds to the rate of carrier frequency de-
viation.

Since the amplified FM signals of I. F. value
must be applied to the FM detector with uniform
carrier amplitude, a limiter stage is interposed
prior to the detector input circuits. The limiter
I is schematically represented in Fig. 1. Those
skilled in the art are fully aware of its con-
struction and functions. For example, the limiter
tube may be a 6J7 pentode whose input elec-
trodes are coupled to the last I. P.-tuned circuit,
while the plate is connected to a source of posi-
tive voltage through resistor 2. The limiter tube
is designed, and has its constants chosen, to
produce an amplifier which is very easily over-
loaded. That is, grid current is caused to flow,
and plate current saturation is produced on one
half of the signal cycle and plate cut-off ig cre-
ated on the other half of the cycle. The primary
purpose of the tube is to wipe out all amplitude
variations present in the output of the I. P net-
work prior to the limiter, and to transmit to
the detector a constant amplitude-variable fre-
quency signal.

The limited FM signals are applied to the sec-
ond detector stage which comprises the 6H6 type
tube 3. The latter is a double diode tube, and
consists of diodes 5—4 and 6—~1. The cathodes
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4 and 6 are connected in common to the junc-
tion of resistors 8 and 9. Anode 5 connects to
the upper end of resistor 8, while anode 7 is con-
nected to the grounded end of resistor 8. Re-
sistors 8 and 9 function as the load impedances
of diodes 5—4 and 6—T respectively, The res-
onant input circuit for diode rectifier 5—4 con-
sists of coil 10 shunted by condenser {f. The
circuit 10—11 is tuned to one side of the center
frequency of 4.3 me. The frequency value is
4.4 mc. That is, the circuit 10—!1 is resonated
to a frequency 100 ke. above the FM center fre-
quency.

The tuned input circuit 12—1{3 of the other
diode rectifier 6—17 is resonated to 4.2 mec., or
100 ke. below the center frequency. The upper
end of coil 10 is coupled to the anode 5 by con-
denser 14, while condenser i% connects the junc-
tion of coils 10 and 12 to the junction of re-
sistors 8 and 9. The low end of coil 12 is es-
tablished at ground potential. The direct cur-
rent blocking condenser 16 connects the upper
end of resistor 2 to the upper side of input cir-
cuit 10—Ii1.

The modulation signal voltage, audio in the
present case, is taken off at the upper end of load
resistor 8, and transmitted through de-emphasiz-
ing network 20 to the audio amplifier stages.
The network 29 reduces the response of the high
audio frequencies; it being known that at the
transmitter in wide band FM transmission the
higher audio frequencies are emphasized. The
dotted line capacity 21 designates the capacitance
coupling which is due to the plate to ground
capacity of the limiter tube plus the attending
plate wiring and circuit capacitance to ground.
In general, numeral 21 represents the inherent
circuit capacity coupling between the prior net-
work and the detector input circuits. The ca-
pacity 21 tends to render the detection char-
acteristic unsymmetrical. Proper poling and ad-
justment of M, the mutual inductance between
coil 10 and 12, will cancel out the effect of the
undesired capacity 21, and a perfectly symmetri-
cal detection characteristic will result.

In Fig. 2 there is shown the FM detector char-
acteristic. This characteristic is secured by plot-
ting “off-center frequency” as abscissae, and
“rectified output” as ordinates. It will be ob-

served that the spaced peaks of the curve occur g

at 100 kc. off the center frequency. This curve
has good linearity and perfect symmetry. The
curve was secured with 2.5 R. M. S, volts input
to the limiter signal egrid at the center frequency
of 4.3 mec. The mutual M is so poled and ad-
justed that the effect of the capacitance coupling
2| is cancelled out. In this way the perfectly
symmetrical characteristic shown in Fig. 2 is
secured. The choice of the Q of the two circuits
i6—Ii1 and 12—I13 dictates the linearity of the
output voltage. More or less sensitivity may be
obtained by proper choice of the values of in-
ductances 10 and 2. Coils 10 and 12 may be
made small, since the limiter output may be large.
The input of the detector has a low impedance
which is due to the effect of two mistuned circuits
in series. These series circuits are tied directly
across the limiter plate. The series circuits have
a much smaller impedance than the I. F. im-
pedance of a network which relies on primary
coupling to the circuits (89— and (2—13.
Considering specifically the functioning of the
detection network it will be understood that the
maximum rectified voltage appears across resistor
8 when the frequency of the PM carrier is sub-
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stantially that of the circuit 10—il. Similarly,
maximum rectitified voltage appears across re-
sistor § when the FM carrier frequency is equal
to the resonant frequency of circuit i2—I13. Be-
tween these two frequencies of the FM carrier
the rectified voltage across each of resistors §
and 9 will depend upon the frequency displace-
ment of the carrier frequency with respect to the
resonant frequencies of each of the input circuits.
Hence, at the center frequency the over-all cut-
pui voltage taken off at the upper end of resistor
8 will be equal to zero, since the diode output
resistors are arranged in phase opposition. This
follows from the fact that at the center frequency
of the FM carrier the rectified voltages across
resistors 8 and 9 are equal. For frequency devia-
tions of the FM carrier the effective output volt-
age at the upper end of resistor 8 will depend
upon the difference between the rectified voltages
produced across resistors 8 and 9. The curve in
Fig. 2 gives the relation between the rectified
output voltage of the detector load 8—$ for the
various frequency deviations of the FM carrier.
Since the audio frequency voltage components
are represented by frequency deviations of the
FM carrier, it will be seen that the voltage taken
off at the upper end of resxstor 8 is the audio
modulation voltage. -

For production adjustment of this detector net-
work only one input frequency is required. This
is the center frequency. One circuit is initially
mistuned. The second circuit is resonated, and,
the output read on a measuring instrument. It
is then detuned until the output becomes a cer-
tain predetermined percentage of maximum out-
put. The first circuit is then adjusted to pro-
duce zero output. The ftwo input circuits are
now equally and oppositely mistuned with respect
to the center frequency. The percentage mistun-
ing of the second circuit need only be determined
once in the laboratory.

The plate to ground capacitance 21 may also
be cancelled by the use of a plate choke coil in-
stead of the load resistor 2. In this case the
choke coil is made to resonate with the plate
circuit capacitance 2i to the I. F. value. In this
case there would be no M between coils {0 and
12, but the latter would be wound further apart.
This method is not as desirable as the mutual
balance method, since it adds one more complex
component. .

The following constants are given by way of
illustration, and are not to be considered in any
way limiting:

Rag =100,000 ohms

Rs =50,000 chms

Rs =50,000 ohms

Rao ==150,000 ochms
Ci16=C14=C15=500 micro-microfarads (mmf.)
C11=Cis =approximately 400 minf.
Lio=Ia2 =3.6 microhenries

‘While I have indicated and described a system
for carrying my invention into effect, it will be
apparent to one skilled in the art that my in-
vention is by no means limited to the particular
crganization shown and described, but that many
modifications may be made without departing
from the scope of my invention, as set forth in
the appended claims. The term “timing modu-
lated” is used in the claims generically to cover
frequency modulation and/or phase modulation.

What I claim is:

1. In combination with a network supplying
frequency modulated carrier waves, a detection
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rietwork comprising a pait of rectifier circuits,
each rectifier circuit having a resonant input cir-
cuit and an audio output circuit, said rectifier
input circuits being oppositely and equally mis-
tuned with respect to the center frequency of said
modulated waves, said output circuits being ar-
ranged in phase opposition, and said input cir-
cuits being arranged in series relation with each
other and with the space current paths of the
rectifiers, said supply network having capacity
coupling to said input circuits, said input cir-
cuits being magnetically coupled with each other
to provide sufficient mutual inductance to cancel
out the effect of said capacity coupling.

2. In combination with a network supplying
frequency modulated carrier waves, a detection
network comprising a pair of rectifier circuits,
each rectifier circuit having a resonant input
circuit and an audio output circuit, said rectifier

input circuits being oppositely and equally mis- o

tuned with respect to the center frequency of
said modulated waves, said output circuits being
arranged in phase opposition, and said input
circuits being arranged in series relation with
each other and with the space current paths of
the rectifiers, said supply network comprising a
limiter stage for eliminating carrier amplitude
variation, a resistance-capacity coupling between
said limiter stage and said input circuits and said
input circuits providing a low impedance load
across said limiter stage.

3. In combination with a network supplying
frequency modulated carrier waves, a detection
network comprising a pair of rectifier circuits,
each rectifier circuit having a resonant input cir-
cuit and an audio output circuit, said rectifier in-
put circuits being oppositely and equally mis-
tuned with respect to the center frequency of said
modulated waves, said output circuits being ar-

ranged in phase opposition, and said input cir- |

cuits being arranged in series relation with each
other and with the space current paths of the
rectifiers, said supply network being coupled to
said input circuits by resistance coupling which
has an undesirable capacity component, and
said input circuits being magnetically coupled
with each other to provide sufficient mutual in-
ductance to cancel out the effect of said capacity
component.

4. In combination, a diode rectifier circuit pro- ;5

vided with a resonant input circuit and a resis-
tive output load, a second diode rectifier circuit
provided with a second resonant input circuit
and a second resistive output load, means con-
necting said resistive loads in phase opposition, a
source of frequency modulated carrier waves, said
input circuits being oppositely and equally mis-
tuned relative to the center frequency of said
waves and arranged in series relation with each
other and in series with the space discharge paths
of said rectifier diodes, said resistive loads being
connected in series between the anodes of said
dicdes, and said loads being connected directly
in shunt with said series-arranged input circuits.

5. In combination, a diode rectifier circuit pro-
vided with a resonant input circuit and a resistive
output load, a second diode rectifier circuit pro-
vided with a second resonant input circut and a
second resistive output load, means connecting
said resistive loads in phase opposition, a source
of frequency modulated carrier waves, said input
circuits being arranged in series relation with
each other and in series with the space discharge
paths of said rectifier diodes, coupling means
between the source and input circuits having un-
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desirable capacity to ground, said input circuits
being inductively coupled with each other to pro-
vide sufficient mutual inductance for cancelling
out the effect of said capacity coupling fthereby
to maintain said rectifier circuits symmetrical in
their rectification of the modulated carrier waves.

6. In combination, a diode rectifier circuit pro-
vided with a resonant input circuit and a resistive
output load, a second diode rectifier circuit pro-
vided with a second resonant input circuit and a

second resistive output load, means connhecting

said resistive loads in phase opposition, a source
of frequency modulated carrier waves, said inpub
circuits being arranged in series relation with
each other and in series with the space discharge
paths of said rectifier diodes, one of said rectifier
input circuits being mistuned from the carrier
wave center frequency by a frequency equal to
the permissible frequency swing of the carrier,
the other rectifier input circuit being mistuned
in the opposite direction by an equal frequency
value, coupling means between the source and
input circuits having umdesirable capacity cou-
pling to said input circuits, and said input circuits
being magnetically coupled to provide mutual in-
ductance sufficient to cancel out the effect of
said capacity coupling.

7. In combination with a network supplying
timing modulated carrier waves, a detection net-
work comprising a pair of diode rectifier circuits,
each rectifier circuit having a resonant input cir-
cuit and an audio output circuit, said rectifier in-
put circuits being oppositely and equally mistuned
with respect to the center frequency of said mod-
ulated waves, said output circuits being arranged
in phase opposite, and said input circuits being
arranged in series rleation with each other across
said supply network, said supply network having
undesirable capacity coupling to said input cir-
cuits, and said input circuits being magnetically
coupled to provide sufficient mutual inductance
to cancel out the effect of said capacity coupling.

8. In combination, a 'diode rectifier circuit
provided with & resonant input circuit and a re-
sistive output load, a second diode rectifier circuit
provided with a resonant input circuit and a re-
sistive output load, means connecting said re-
sistive loads in phase opposition, a source of tim-~
ing modulated carrier waves, said input circuits
being arranged in series relation with each other
across said source and in series with the space
discharge paths of said rectifier diodes, coupling
means between the source and input circuits hav-
ing undesirable capacity coupling to ground, and
said inpug circuits being coupled to provide suf-
ficient mutual inductance for cancelling out the
effect of said capacity coupling thereby to main-
tain said rectifier circuits symmetrical in their
rectification of the modulated carrier waves.

9. In combination, a diode rectifier circuit pro-
vided with a resonant input circuit and a resistive
output load, a second diode rectifier circuit pro-
vided with a resonant input circuit and a resistive
output load, means connecting said resistive loads
in phase opposition, a source of timing modulated
carrier waves, said input circuits being arranged
in series relation with each other across said
source and in series with the space discharge
paths of said rectifier diodes, coupling means be-
tween the source and input circuits having unde-
sirable capacity coupling to ground, said input
circuits being magnetically coupled to provide
mutual inductance for cancelling out the effect
of said capacity coupling therehy to maintain
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said rectifier circuits symmetrical in their recti-
fication of the modulated carrier waves, and each
of said input circuits being oppositely mistuned
with respect to said modulated carrier wave cen-
ter frequency by equal frequency amounts.

10. In a detector for timing modulated car-
rier waves having a predetermined center fre-
quency, a pair of diodes, means establishing the
dicde cathodes at a common potential, a resis-
tive load connected between the anodes of said
diocdes, means establishing substantially the mid-
point of said load at said potential, a pair of
resonant input circuits connected in series rela-
tion between the anodes of said diodes, said in-
put circuits being adapted to have said waves im-
pressed thereon, said circuits being oppositely
mistuned by substantially equal frequency incre-
ments relative to said center frequency, and
means connecting the junction of said input cir-
cuits to said midpoint.
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11, In a detector for timing modulated carrier
waves having a predetermined center frequency,
a pair of diodes, means establishing the diode
cathodes at a common potential, a resistive load
connected between the anodes of said diodes,
means establishing substantially the midpoint of
said load at said potential, a pair of resonant in-
put circuits connected in series relation between
the anodes of said diodes, said input circuits be-
ing adapted to have said waves impressed there-
on, said circuits being oppositely mistuned by
substantially equal frequency increments relative
to said center frequency, and means connecting
the junction of said input circuits to said mid-
point, said input circuits being magnetically cou-
pled to provide a predetermined value of mutual
inductance, and said last connecting means in-
cluding a condenser.

GARRARD MOUNTJOY.



