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2 Claims.

My present invention- relates to tuning indi-
cators' for frequency modulgtion: receivers, and
more particularly to an electronic indicating ar-
rangement adapted for use in a frequency mod-

ulation receiver to indicate the proper tuning

point.

In the reception of frequency modulated car-
rier “waves in" a superheterodyne receiver it is
important that the receiver tunable circuits be
adjusted during' the tuning process so that the
modulated intermedidte “frequency - carrier en-
ergy has a mean carrier frequency value which
accurately corresponds to: the middle of the fre-
quency ‘discriminator characteristic. “As is well
known, the latter characteristic has the general
appearance of an inclined S curve wherein the
section of the curve:connecting the two spaced
peaks is substantially linear.: The center of the
Iinear portion of the characteristic, insofar as
frequency is corncerned, corresponds to the mean
carrier frequency value of the modulated car-
rier wave. TUnless the applied frequency modu-
lated energy has its mean carrier.frequency value
equal to the frequency at'the middle of the dis-

criminator characteristic a type of distortion is ¢

encountered which' is- analogous-to the mal-ad-
justment of bias on an audio frequency ampli-
fier tube in amplitude modulation practice.” In
general, it is difficult accurately to tune a fre-
quency modulation receiver.

It is, therefore, one of the main objects of
- this invention to provide a visual indicator de-
vice which is adapted to indicate to the operator
of a frequency modulation receiver when the re-

ceiver is in proper tune so that distortion due-

to frequency mis-alignment between the applied
modulated carrier energy and the frequency dis-
criminator is avoided.,

Another important object of my invention is
to provide. a tuning indicator:. device for a fre-
quency modulation receiver wherein an electron
ray indicator tube of the dual shadow type is
arranged to give balanced shadow angles for
the “in-tune” position, and:oppositely “oif bal-
ance” shadow angles for the two -directions of
mistuning. -

Still - another object -of my invention is to
utilize; in - a frequency modulation receiver, a
pair of amplifiers arranged to drive simultane-

ously audio amplifiers and a visual indicator for -

aiding in accurately tuning the receiver.

Other objects of the invention are to improve
generally the simplicity and efficiency of tuning
arrangements for frequency modulation receiv-

ers, and. more particularly to provide arrange-
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ments of the aforesaid type Wthh are not only
reliable’ in operation, but are economically con-
structed and - assembled for frequency modula-
tion receivers.

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 ftaken in
connection-with the drawings in which I have
indicated diagrammatically several circuit or-
ganizations whereby - my-invention -may be car-
ried into effect.

In-the drawings—

Fig: 1 is a circuit diagram of the detector of a
frequency modulation receiver -employing the in-
vention,

‘Pigs: 2a, 2b, 2c¢ illustrate respectively different
appearances of the tuning indicator tube,

Fig. 3-shows a modification of the invention,

Fig. 4 shows still another modification.

Referring now to the accompanying drawings,

.wherein like reference characters in the different

figures  designate similay circuit elements, in: Fig.
1 there is shown the entire detector network of

.a frequency ‘modulation receiver, as well as those
scircuits which are essential to a: proper under-

standing of this invention. While those skilled
in the art-are fully aware of the manner of de-
signing a receiver of that type, a general review
thereof will be given in order to provide an ade-
quate background for the present disclosure. For
a frequency range of say 40 to- 44 megacycles

‘which- employs some 5 modulation channels,

there would be employed- an-intermediate fre-
quency (I. F.)> of about 3 megacycles. Such a

‘superheterodyne receiver would: employ at- least
.one radio- frequency amplifier tunable over the

signal frequency range; a converter stage having
o similarly tunable circuit; one or more I. . am-
plifiers each fixedly tuned to the operating I. F.
value of 3 megacycles. The signal output of the

last I, F. amplifier would feed a limifer stage

functioning to -attenuate all amplitude compo-
nents of noise and modulation. Such a stage em-

" ploys usually a-sharp cut-off tube having input

and output circuits resonated to the operating
I. F.value. The resonant circuit I, then, is to be
understood as being connected in the plate cir-
cuit of the limiter tube, and the circuit 1 is tuned
to the I. F. value.

As is well known, the I. F. s1gna1 energy in a
frequency modulation receiver comprises a wide
band of radio frequencies whose mid-band ifre-




2 .
quency has the selected I. F. value. The audio
modulation components are represented in the
band as different carrier frequency components
of the same amplitude. In other words, the rate
at which the mid-band carrier is varied corre-
sponds to the frequency of the impressed audio
wave, while the extent of the mid-band fre-
quency variation is proportional to the amplitude
of the audio components employed.

The detection of a frequency modulated wave
is carried out by a network which is capable of
producing a uni-directional voltage varying at an
audio rate, and which voltage depends in magni-
tude on the deviation of the I. F. energy from the
predetermined mid-band frequency. The po-
larity of the detected voltage depends on the
direction of deviation of the I. P. signal energy.
Such a detector network is shown in Fig. 1 as
comprising a pair of diode rectifiers 2 and 3, the
anodes of the two rectifiers being connected to
opposite sides of the resonant circuit 4. which is
‘tuned to the mid-band I. F. value. Circuits I
‘and 4 are magnetically coupled, as at M, while the
mid-point of the coil 5 is connected to the high
‘potential side of cn‘cmt { by a direct current
blocking condenser 6. The cathodes of the di-
.odes 2 and 3 are connected by a resistor whose
mid-point is connected to the mid-point tap on
coil 5 through a radio frequency choke coil T.
The mid-point tap on the output resistor of di-
odes 2 and 3 divides the resistor into the resis-
tive sections 8 and 9.

The junction of resistive sections 8 and 9 is
established at ground potential, and the cathode
end of each of resistive sections 8 and 9 is by-
passed to ground for intermediate frequency
¢irrents by condensers 10 and 11 respectively.
Connections through audio coupling condensers
12 and 12’ from the cathode ends of resistor sec-
tions 9 and 8 respectively provide the coupling to
the audio frequency utilization network, How-
ever, direct current voltage connections to the
cathode ends of each of resistor sections 8 and
9 provide means for feeding detected direct cur-
rent voltages to a visual tuning indicator device.

It is not believed necessary to describe in de-
tail the defection network disclosed herein. Ref-
erence is made to U. S. Patent 2,121,103, granted
to S. W. Seeley on June 21, 1938, for a detailed
description of the electrical functioning of the
detection network shown herein. It is believed
sufficient to point out for the purposes of this ap-
plication that frequency deviations of the I. F.
energy from the predetermined mid-band I. F.
value are converted into voltages which depend
in magnitude and polarity upon the extent and
direction of deviation respectively. As long as
the I. . value of the applied I. F. energy is equal
to the predetermined I. F. value the unidirec-
tional voltages produced across sections 8 and 9
are of opposite polarity and of equal magnitude.

A double triode tube, which may be of the
6SCY7 type, is designated by numeral 13, and is
used to provide direct current voltage amplifica-
tion for the direct current voltages applied to
the control grids (4 and 15. The grid 14 is con-
nected through filter resistor 16 to the cathode
end of resistor section 8, while grid 15 is con-
nected through filter resistor (T to the cathode
end of resistor section 9. In order to eliminate
the audio voltage fluctuations from the voltages
impressed on grid {5 and grid {4, condensers I8
and {9 are connected between the grid end of
each of resistors IT and 16 to ground. The cath-
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connected in common to ground through a com--
mon bias resistor 20.

The indicator tube itself is denoted by numeral
21, and may be a twin shadow indicator tube of
the 6AF6G type. 'This type of tube is well known
to those skilled in the art and is similar in con-
struction to the type of tuning indicator tube
shown by H. M, Wagner in U. S. Patent 2,051,189,
egranted August 18, 1936, except that the triode
section of the tube is omitted, and two opposite
shadow rods are employed. In general, the tube
is provided with an envelope in which is in-
cluded a fluorescent target, which actually has
the shape of a conical anode 22 whose interior
surface is coated with a fluorescent material.
The cathode 23, which is established at ground
potential, is positioned to bombard the interior
surface of anode 22 with electrons, and, there-
fore, the entire interior surface of anode 22 be-
comes luminous as electrons from cathode 23 im-
pinge thereupon. The control rods 24 and 25 are

“'spaced from cathode 23, but are arranged in par-

allel on opposite sides of cathode 23 so that there

‘are provided two diametrically opposite shadow

areas on the fluorescent target. As is well
known to those skilled in the art, each of rods
24 and 25 is connected to potential points such
that normally each shadow-producing rod de-
flects a maximum amount of electrons from that
portion of the fluorescent surface which is in
alisnment with each shadow rod.

Thus, the shadow rod 24 is connected by lead
26 to the plate end of resistor 21, the latter being
connected between the plate 28 of tube 13 and
the positive potential supply lead of the target
22 of indicator tube 2f. Similarly, the shadow
rod 25 is connected by lead 29 to the plate end
of resistor 30, which latter resistor is located
between the plate 31 of tube 13 and the positive
potential supply lead of target 22. It will, there-
fore, be seen that a common positive voltage
supply lead is employed for the plates of ampli-
fier 18 and for the target 22. As a resulf of
these connections, in the absence of received sig-
nal energy there will be no voltage developed
across each of resistors 8 and 9. Hence, each of

grids 14 and 15 will have a normal negative bias

with respect to the cathodes of tube 13 which is
equal to the direct currerit voltage drop across
cathode resistor 28. In this case the rods 24
and 25 will be at a minimum potential differ-
ence with respect to cathode 23 of the indicator
tube.

This means that there will be provided on the
fluorescent target opposed shadow areas of mini-
mum width, since the rods 24 and 25 will repel
practically very few electrons from the portion
of the fluorescent target directly in front of each
rod. However, assuming that signal energy is
received and that the impressed I. F. signal en-
ergy has an I. F. value equal to the predeter-
mined mid-band I. F. value, then there will be
impressed on each of grids 14 and 15 direct cur-
rent voltages which are of positive polarity, but
of equal magnitude. It follows, then, that the
plate current flow in each of the triode sections
of tube 13 will be increased, and, therefore, the
plate ends of each of resistors 27T and 30 will as-
sume a less positive potential than in the normal
no-signal state. As a result the electron-repel-
ling rods 24 and 25 will become less positive in
potential with respect to cathode 23. In this “in-
tune” state the shadow areas on the inner face
of the target 22 will appear as shown in Fig. 2b.
In that latter figure numeral 22 designates the
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~target, whereas the shadow areas-are “indicated
-by numerals 40 and 4. I will be understood
. that the shadow patterns shown in Figs. 2a, 2b
-and 2c¢. are ‘the: appearances of the shadows on

-the fluoresceént target inner face as observed: py ;

the operator of a radio receiver,

Wheh the applied I F. sighal energy is off-

tune with ‘the’ predétermined . mid-band L. F.
‘ yalue  then' the patferns-indicated in: Figs.. 2a
and 2¢ show the appearances of the shadow areas
- depénding on the sense of detuning of the car-
rier;  For example, let it be assumed that shadow
area 40 is produced by rod 24, and that the re-
ceiver tuning means has been ‘adjusted fn such
manner that the I. F. signal energy is-shifted in
frequency fo that side of the predetermined I. F.
value such that the voltage across resistor 8 is
greater than ‘the voltage produced across re-
sistor 9. Tn such case the: grid 14 will become
more “positive than grid 15, and the ambplifier
voltages appearing across resistors 21 and 30
will” likewise be out: of balance.” As a result of
this action the shadow rod 24 produces a greater
- diversion of electrons from its associated target
aven 40; 'The shadow areéa widens out, whereas
the shadow area 41 attually becomes narrower
than the shadow area shown in Fig, 2b. " In Fig.
2¢ is'shown thie reverse case wherein the réceiver
tuning "is to the opposite sidé of the predeter-
mined I F. carrier value.” In other words, in
Fig, 2¢ is shown’ the situation when the voltage
drop across resistor 9 exceeds that across’ re-
sistor 8. . }

Tt will be noted that the width of the shadow
areas 40 and 41 in Figs. 2 a1d 2c¢ respectively
are of less width than their respective areas in
Fig. 2b. This follows from- the fact thai when
the receiver is off the correct turing position, on
either side of the predetermined 1. F. value, one
of the grids of tube 13 has applied to it a posi-
tive® diréct ‘current voltage from the detector
which is Iless than the “in-tune” value, while the
other grid has a positive voltage applied thereto
which is greater than the last named value.
Hence, the opérator can: tell at once that the
receiver is off-turie to that side of the predeter-
mined I. F. value which gives: rise to the wide
shadow area. "Of course; the indicator can be
calibrated in advance so-that-the operator can
tell whether the receiver has been tuned below
or ‘above the predetermined mean-I. F. value.
When the receiver is adjusted in tune so that
each shadow pattern is-as shown'in Fig, 2b then
the receiver is correctly tuned. ‘

In this accurate tuning position the I. F. sig-
nal energy applied to the discriminator circuit
(that is, the network bétween the limiter plate
and the two diodes) has a mid-band carrier fre-
quency which is.equal to the selected common
frequency of circuits. I and 4.° No distortion
effects will' be observed in this case." Since the
characteristic ‘of the discriminator network, as
defined previously, is that of an S curve, it is
éssential to adjust the discriminator to operate
at the central portion of the linear:section of
the discriminator curve, that is to say, centrally
between the spaced peaks of the curve. At this
central position, which corresponds to the pre-
determined I F. value, the.frequency swings of
the carrier, representative of the audio medula-
tion, are symmetrical and distortion effects can-
not be produced. . However, should the receiver
be tuned at the tunable circuits ahead of the
converter so that the I. F. signal energy applied
to the discriminator circuit has its mid-band
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frequency different substantially from the mean
frequency value of the circuits 1 and 4, then it
will readily be seen that the frequency swings
of the I. F. energy will extend into one of .the
peak cufvature areéas of the discriminator curve.

- This gives rise to distortion effects very similar

to the type of distortion which arises when a

“class A audio amplifier has its bias adjusted to
@ point of ifs characteristic other than the cen-

tral portion of the linear part of the amplifier
characteristic curve, ’
| It is; also, pointed out that the common bias

_resistor 20 provides the:advantageous function

'

of increasing the sensitivity of the indicator. -

For éxample; when an increase of positive volt-
age is applied to grid 14 the current flow through
resistor 20 increases: This results in an in-
creased negative bias ‘applied to” both grids.
However, in the case of grid 15 the effective bias
thereof is increasingly negative, and, hence, re-
sults in’ & more pronounced narrowing, or an

:over-lapping, of the shadow area &1. It is, there-

fore, seen that the application of positive volt-
age to one grid of tube (3 causes a simultaneous
augmented application of negative voltage to the
opposite grid. In this way the degree of un-
balance caused by a mean applied voltage is in-
creased.. The time constant- fillers 16—19 and
11—18 function to remove the fast variations of
the detected frequency modulation waves so that
only slow . variationsof the balance are indi-
cated and the indicator is not responsive to the

‘applied frequency modulation envelope,

The voltage appearing on diode resistors 8 and
9 consists of the detected audio frequency poten-
tials and a permanent direct current component.
The permanent direct current eomponent is zero
when the carrier is properly tuned to the dis~
criminator, but varies to positive or negative
values as the frequency of the carrier drifts to
one side or the other. In the circuits of Fig. 1
the audio frequency potentials are filtered from
the indicator circuit by means of time constant
circuits 16, 19:and IT, I8. These resistance and
condenser filters ‘allow slow variations to pass
and operate ' the indicator tube, but attenuate
the fast gudio frequency variations. Thus the
carrier is deviating from the mid-band frequency
value by two variations, one an audio frequency
variation ‘and the other a drift variation, and
by means of the resistance filters the two com-
ponents are separated at the receiver.

In Fig. 3 there is shown a modification of the
invention wherein instead of grounding the junc-
tion of resistor sections 8 and 9, the cathode end
of resistor section 9 is grounded. The grid 14
of tube 13 is connected to the cathode end of
resistor section 8 through the time constant
filter resistor 16. - The grid 15 is connected to
the cathode junction of tube {3 through the
common bias resistor 20, but the junction of
resistor 20 and the grid 15 is grounded. The re-
mainder of the connections of the circuit are ex-
actly as those in'Fig. 1. In this circuit arrange-
ment of Fig: 3 advantage is taken of the com-
mon cathode resistor coupling 20 from one tube
to the other to allow control by voltage with
one side grounded. - Since the common cathode
resistor 20 -causes an automatic application of
negative voltage to one grid when positive volt-
age is applied to the other, the grid 15 may be
grounded and the control voltdge may then be
applied to the opposite grid 14, The control
voltage is developed at the cathode end of re-
sistor section 8, and is applied to grid 14 through
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the time constant filter 16—19. For the in-tune
condition zero:voltage appears between point @
and ground. ) ’

Thisis clearly seen from: the fact that sinée the
voltages produced across sections 8 and 9 are of
opposite polarity and of like magnitude for the in-
tune position; then the resultant voltage appear-
ing at point a is zero:; Accordingly, grids .14 and
15 will: each have the "negative bias developed

‘across resistor 20 and, as in the case of Fig. 1,
the shadow areas 40 and 41 will be of the minj-
mum. width, and may be chdsen to be equal to
about the width of the-shadow rod itself. Now,

-as the applied I. F. carrier drifts in one direction
away from the assigned I. F. value let it be as-
sumed a positive voltage appears at point a, and
that when it drifts in the opposite direction point
e assumes & negative polarity. In the case of
point a assuming a positive polarity the shadow

pattern shown in Fig. 2q will result, it again be-.

ing pointed out that the increased voltage pro-
duced across resistor 20 causes grid I5 to Hecome
increasingly negative: On the other hand, when
point ¢ assumes a negative polarity the shadow
pattern of Fig. 2¢ will result. a

Automatic " frequency control voltage: (AFC)
may be tapped off from the :grid end of filter re-
sistor 16 in Fig. 3. In the circuit of Fig. 1 con-
nections for AFC are made to the grid ends of
filter resistors 16 and i71. There is no need to
describe these AFC connections' in- further - de-
tail, since the manner of applying the AFC voli-
age to an electronic reactance tube operatively as-
sociated with the Iocal oscillator tunable tank

circuit is too well known.  The AFC would act :

to “pull-in” the desired frequency modulated wave
thereby simplifying the tuning process.

In Fig. 4, the amplifier 13 is given a double func-
tion. It will be noted that the ‘resistance-con-

denser filters 16, 19, and 11, 18 are placed in the -

leads to the ray-control tube 21. This allows am-
plifier 13 to amplify both the detected audio fre-
quency potentials to be fed to power output tubes
102 and 103 so as to use tube 13 for two func-
tions.
other circuits is the manner in which the detector
circuit is grounded by means of resistors 100 and
101, It will be noted that these resistors form
the only grounding means for the detected out-
put. By using this type of connection the volt-
ages on the diode resistors-8 and 9 do not provide
permanent bias on the grids 14 and (5. In the
balanced condition of the voltages on 8 and 8
there will be no current flow through resistors

(00 and 101 so that grids 14 and 15 will have r

no bias fed to them from the detector circuit.
‘When the voltages across 8 and 9 are out of
balance a current will flow through resistors 100
and {01 which will produce a positive bias on one
grid and a negative bias on the other. Thus,
-grids 14 and 5 receive voltage from the detect-
ing network only when-the frequency deviates
from the “in~-tune” position by virtue of a fre-
quency modulation or a frequency drift. That
is fo say, there will be no permanent bias fed
from the detector to tube (3 in the absence of
frequency modulation or off-tune drift. It will
be noted that this feature is lacking in the cir-
cuit of Fig. 1 since the latter allows the voltage
.across .the diode resistors to provide permanent
bias on the grids of amplifier tube 13. The cir-
cuit of Fig. 3 has the same characteristic in this

The second feature different from the .
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respect as the icircuit: of PFig. 4; In- Fig; 3 the
connection of the diode resistors causes their per-
manent voltage to cancel so that an output volt-
age.is only present when the carrier frequency
deviates in frequency from the mid-band posi-
tion.

While I have indicated and described  several
systems for carrying my invention into effect, it
will be apparent to one skilled in the art that
my invention is by no means limited to the ‘par-
ticular organizations. 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. T

What I claim is: S o

1. In a frequency modulated carrier wave.re-
ceiver of the type provided with an indicator
tube having a cathode, a positive fluorescent
anode surrounding the.cathode, and at least tivo
contol electrodes disposed- at separatéd. points in
the electron stream from the cathode. to. the
anode, and a detection network comprising op-
posed rectifiers responsive to carrier frequency
deviations in opposite directions from an as-
signed frequency value for producing a pair of
direct current potentials variable in magnitude
in opposite senses; the improvement which ‘com-
prises a pair of electron discharge devices each
having at least a cathode, an- output electrode
and an input electrode, means ‘applying each of
said potentials to a respective input electrode of
one of said devices, means applying the amplified
potential output of each device to a respective
one of said control electrodes whereby a pair of
independent electrical shadows are produced .on
said anode, a pair of series resistors connected be-
tween the input electrodes of said devices, .said
resistors being arranged in . the - space. current
baths of said rectifiers, means for grounding the
junction of said resistors, and a thiid resistor
connected between the cathodes of said devices
and said grounded junction to provide -common
bias for said input electrodes, and-an-audio. am-

" plifier network provided with input terminalscon-

GO

nected to said output electrodes of said. devices
for deriving therefrom amplified potentials whose
magnitude variesatan audiorate. = - -

2. In a frequency modulated carrier wave re-
ceiver of the type provided with an indicator tube
having a cathode, a positive fluorescent anode
surrounding the cathode, and at least two con-
trol electrodes disposed at separated . points in
the electron stream from the cathode: to the
anode, and opposed rectifiers responsive to car-
rier frequency deviations in opposite directions
from an assigned frequency value for producing
@ pair of potentials variable in magnitude in op-
posite senses; the improvement which comprises
a pair of electron discharge ‘devices each having
at least a cathode, an output electrode and an in-
put electrode, means applying each of said poten-
tials to a respective input electrode of one of said
devices, means applying ‘the. amplified potential
output of each device to a respective one of said
control electrodes whereby 2 pair of independent
electrical shadows are produced on said anode,
and & resistor common to the space current paths
of both said devices and being ‘connected between
the cathodes thereof and each of said input elec-
trodes whereby the differential variation of said
shadows is rendered highly sensitive. .

MURRAY G, CROSBY.



