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My present invention relates to tuning indi 
cator circuits for receivers of frequency modu 
lated carrier waves, and more particularly to a 
method of, and means for, accurately tuning to 
the center frequency of a desired frequency mod 
ulated carrier wave in a receiver designed for 
Such reception. 

It is well known in the art of receiving fre 
quency modulated (referred to as FM) carrier 
waves, to tune accurately to the center frequen 
cy of such waves in order to improve the signal 
to noise ratio and reduce distortion. In the 
commonly used FM receivers, the FM wave is 
converted to a wave which is both amplitude and 
frequency modulated, the converted wave then 
being rectified. In other words, the frequency 
modulations on the transmitted carrier wave, 
Which appear as frequency deviations of the cen 
ter frequency, are converted to an audio fre 
quency Signal corresponding to the original mod 
ulating signal, the audio frequency signal being 
amplified and converted to sound by a loud 
Speaker. As is Well known, a discriminator net 
work is used which usually embodies a pair of 
cascaded reactively coupled resonant circuits 
each tuned-to the center frequency of the applied 
frequency modulated Waves. 
side of the first tuned circuit is capacity coupled 
to the midpoint of the second tuned circuit. 
Opposed rectifiers are used in such a manner 
that when the applied FM waves have a center 
frequency equal to the center frequency of the 
cascaded resonant circuits, then across the com 
mon load of the opposed rectifiers zero rectified 
voltage is produced. When the center frequency 
of the applied waves departs from the center 
frequency of the discriminator circuits, then di 
rect current voltage is produced of a polarity 
and magnitude dependent upon the direction and 
extent of the frequency deviation from the cen 
ter frequency of the discriminator circuits. 

In the past there has been utilized a visual 
tuning indicator for enabling the set operator 
to tune the receiver so that the center frequency 
of the frequency modulated waves would be ex 
actly equal to the center frequency of the tuned 
circuits of the discriminator network. The 
point of accurate tuning occurs at the center of 
the discriminator characteristic, and, as is well 
known, the mean carrier frequency of the applied 
waves must be held at this point for best signal 
to noise ratio. However, when using an indi 
cator of the well known electronic shadow type 
it has been found that a false reading will be 

The high potential 

0. 

the signal is far off tune. Since the shadow type 
of indicator. tube depends upon a minimum angle 
of shadow to indicate accurate tuning, the pro 
duction of such minimum angle, when weak or 
no FM waves are received, is confusing and mis 
leading to the person tuning the receiver. 
Accordingly, it may be stated that it is One of 

the main objects of this invention to eliminate 
the aforesaid defect, and to have the shadow 
angle attain its minimum value solely when the 
center frequency of the received FM waves is 
exactly equal to the center frequency of the dis 
criminator tuned circuits, this being the condi 
tion for accurate tuning. 
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Another important object of this invention 
may be stated to reside in the provision of a visul 
al current indicator of the electronic shadow type 
which has a predetermined shadow angle to in 
dicate accuracy tuning when used with an FM 
receiver, and means being employed, which is re 
sponsive to the magnitude of the carrier ampli 
tude, for exercising a control over the indicator 
tube in a sense such that the said desired shadow 
angle is secured solely for accurate tuning of the 
receiver. 

Further objects of my invention are to improve 
tuning indicator means which are applicable 
equally to receivers of both frequency and am 
plitude modulated carrier waves, and to provide 
such tuning indicator means in a reliable and 
economical manner. 
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 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 shows a receiving system embodying the 

invention, 
Fig. la graphically shows the discriminator 

characteristics, 
Fig. 2 illustrates, graphically the advantage of 

the present invention over the prior art, 
Fig. 3 shows a modification of the invention, 
Fig. 4 shows a tube construction that may be 

used in conjunction with the indicator circuit, 
Fig. 5 shows a modified tube construction. 
Referring to the accompanying drawings, 

wherein like reference characters in the different 
secured when signals are not present, or when 66 figures indicate similar circuit elements, the cir 
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cuit arrangement in Fig. 1 represents that pore 
tion of an FM receiver of the Superheterodyne 
type following the last intermediate frequency 
(I. F.) amplifier. It is not believed necessary to 
show the various circuits up to the limiter stage, 
since they are well known to those skilled in the 
art. In general, any desired type of signal col 
lector may be used, and particularly one, Such as 
a dipole, which is able to collect desired FM 
waves in the 42 to 50 megacycle (Inc.) band. 
Following amplification at ultra-high frequency, 
the desired FM wave is converted in any desired 
type of converter network to an FM wave whose 
center frequency is at an I. F. value. For ex 
ample, such I. F. value may be 4.2 mc., or, in 
general, any value chosen from a range of 2 to 
5 Inc. 
Subsequent to amplification at I. F., the FM 

waves are applied to the tuned input circuit of 
the limiter tube 2. The limiter tube may be con 
structed in the manner of a saturated amplifier, 
and usually is provided with a resistor. 3 in its 
grid circuit shunted by an I. K. by-pass condenser 
A. The netWork 3-4 is chosen, in addition to the 
constants of the plate circuit, so that the limiter 
functions to produce in its resonant output cir 
cuit 5 waves which have substantially no ampli 
tude variation. In other words, the limiter stage 
has an input-output characteristic which rises 
up to a predetermined input amplitude, and then 
is Substantially flat thereafter. 
The output circuit 5 is tuned to the center fre 

quency fe of the FM waves, and, of course, fc 
will be of the I. F. value, it being pointed out 
that the input circuit is also tuned to the value 
fe. The circuit 5 is connected to a mid-tap on 
the coil of the following resonant circuit 6 
through a coupling capacity . The circuits 5 
and 6 are also magnetically coupled. It is not 
believed necessary to describe in detail the man 
ner in which the discriminator network 5-6 
functions, since that has been disclosed and 
claimed by S. W. Seeley in U. S. Patent 2,121,103 
granted June 21, 1938. It is sufficient for the 
purpose of this application to point out that the 
discriminator has a characteristic as depicted by 
the full line in Fig. 1d. The characteristic is an 
inclined, S-shaped curve which is a result of the 
currents flowing in the double diode rectifier tube 
8. The latter may be of the 6H6 type. This tube 
has a pair of diodes disposed therein, and the 
anodes of the two diodes are connected to oppo 
site sides of the resonant circuit 6. The cathodes 
of the diodes are connected to each other through 
a pair of series related load resistors 9 and iO, 
the junction of the resistors being connected to 
the midpoint on the coil of resonant circuit 6 
through a radio frequency choke coil . The 
condenser f2 is shunted across resistive load 
9-0 to by-pass I. F. currents, and audio volt 
tage developed across resistive path. 9- C is 
transmitted through condenser 3 to the audio 
frequency amplifier network. 
As shown by the characteristic of Fig. 1a when 

the applied FM waves have the center frequency 
located at fo, which is the predetermined frequency 
of the discriminator circuits 5 and 6, then the 
rectified voltage produced across 9-0 will be 
an accurate reproduction of the modulation sig 
nal on the carrier wave. This occurs because at 
One side of the resonance frequency fe one of the 
diodes is impressed with a higher carrier voltage 
than the other diode. At the other side of reso 
nance the latter diode has a higher voltage than 
the first diode. 
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his behavior is due to the changed phase 

difference between the primary and secondary 
voltages existing across circuits 5 and 6 as the 
carrier frequency is deviated with respect to fo, 
At exact resonance with fo each diode has equal 
carrier voltage applied thereto. As shown by the 
dotted characteristic curves in Fig. 1d, first one 
diode then the other receives maximum Voltage 
as the frequency of the carrier is varied relative 
to fe. At the exact fevalue the two diode currents 
are equal, and the voltages produced across 9 
and 80 exactly cancel. The periodic variations 
of the incoming frequency, as in frequency 
modulation reception, gives rise to a periodically 
varying output across 9-0 which corresponds 
to the original modulation. The modulation volt 
age developed across path 9-0 is, of course, the 
rectified voltage corresponding to the instan 
taneous deviations from fo. 

However, the direct current voltage produced 
across 9- ) is utilized for visual tuning indica 
tion. The direct current voltage represents the 
average, or mean, departure of the center fre 
quency of the applied FM waves from the fre 
quency of the discriminator circuits 5 and 6. 
Such a departure produces a direct current volt 
age across 9 and whose polarity and magni 
tude depends upon the direction and extent re 
spectively of departure of the center frequency 
from fic. 

In the past the direct current voltage so pro 
duced has been utilized for tuning indication by 
connecting in shunt with resistors 9 and a 
second pair of resistors is and 5 whose junction 
is connected to a source of negative bias voltage. 
An audio by-pass condenser is connected between 
the lower end of resistor 5 and ground. A tube 
housing a pair of triodes acts as a direct current 
voltage amplifier of the direct current voltages 
developed across resistors 4 and 5. The 
cathodes of the triodes are connected to ground. 
The grid 8 of one triode is connected through 
filter resistor 9 to the upper end of resistor f4. 
The grid 20 is connected through filter resistor 
2 to the lower end of resistor 5. Each of the 
grids of the pair of triodes is connected to ground 
through capacitance to by-pass audio frequency 
voltage components. 
The plates 22 and 23 of tube 7 are connected 

in parallel to the positive terminal of a source 
of direct current through a resistor 24. The elec 
tronic shadow indicator tube is designated by 
numeral 25, and comprises an electron emission 
element 26 which is established at ground poten 
tial. The target, whose inner face is coated with 
fluorescent material, is designated by numeral 
27, and it is connected to the aforementioned 
positive terminal of the direct current Source 
which energizes the plates of tube 7. The 
shadow control rod is denoted by numeral 30, 
and has a direct current voltage connection to 
the plate end of resistor 24. 
AS is Well known to those skilled in the art, 

the rod 30 deflects electrons from the adjacent 
portion of the fluorescent target to an extent 
dependent upon the potential difference between 

That is, if the rod 30 be-, 
comes less positive than the target 27 it deflects 
electrons, and, therefore, produces a shadow or 
dark area, on the target portion in front of it. 
The shadow angle becomes wider, depending upon 
the extent to which rod 30 becomes less positive. 
When the plate current of both of the triode 
Sections of tube 7 are cut off by a sufficiently 
negative bias applied to each of grids 8 and 20, 
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the shadow produced on target 2 by rod 30 is 
of minimum angle. In that case the voltage 
drop across resistor 24 is substantially Zero. 

In normal operation grids 8 and 20 receive an 
initial bias from the aforementioned negative 
bias Source through resistors 4 and 5 respec- . 
tively. In other words, each of grids 8 and 2) 
is normally biased so as to prevent the flow of 
plate current through resistor 24. When the 
receiver is now tuned. So that the applied FM 
waves have a center frequency exactly equal to 
fc, each of the diodes of tube 8 have equal average 
currents so that the total direct current voltage 
drop across 9 and 0 is zero. The grids 8 and 20 
are, therefore, at the same potential, and mini 
nun Shadow angle on the indicator is produced. 

If, now, the receiver tuning is changed so 
that the mean carrier frequency of the applied 
FM waves is no longer of the value fe, the aver 
age current of one diode of tube 8 exceeds that 
of the other, and a net direct current voltage 
exists across resistors 9 and 0 in series. This 
net Voltage results in the grid of one trio de Sec 
tion of tube 7 receiving a more negative bias, 
and the grid of the other triode section the less 
negative bias. The latter triode will then, draw 
plate current, and the shadow angle on the tar 
get will become greater. 
Correct tuning position (fc) the shadow angle 
Will increase. It will, now, be noted that when 
no signal is present, or when the signal is very 
far off tune, the average current of each diode 
of tube 8 is very small and substantially equal 
to that of the other diode. 
The Shadow angle is, therefore, a minimum for 

this condition giving the same indication as for 
a correctly-tuned signal. This prior operation 
of the tuning indicator is more clearly brought 
out by means of the characteristic curve shown 
in Fig. 2. In this figure there is plotted graph 
ically the angle of the shadow on the target of 
indicator tube 25 as a function of frequency to 
which the receiver is tuned. The dotted line 
curve labeled "Prior art’ shows that as the actual 
carrier frequency is approached from the left, 
the angle of the shadow increases from zero, 
passes through a maximum, then decreases 
through Zero, and then increases once more and 
passes through a positive maximum and finally 
decreases to zero. The point of accurate tuning is 
marked by the trough located at the center. It 
is seen that when no signal is present, that is, 
for example, when the receiver is very far off 
tune, the shadow is of a minimum angle. This 
action is undesirable because it is confusing to 
the person who is tuning the receiver. The de 
fect, or false reading, is caused by the fact that 
the grids of the two triode sections of tube 7 
receive a fixed bias independent of the incoming 
signal. 
According to my invention this false indication 

is eliminated by providing a third electron dis 
charge tube, illustrated in Fig. 1 as a triode 3. 
The plate 32 is connected to the ray control elec 
trode 30 along with the plates 22 and 23 of the 
other triode sections. 
Connected to a source of negative direct current 
Voltage which is derived from, or controlled by, 
the incoming signal itself. For example, the 
grid 33 is shown connected through a lead 34 
which may also be the automatic volume control 
(AWC) lead. The limiter resistor 3 develops 
direct current voltage, dependent upon carrier 
amplitude, which is sometimes used in FM re 
ceivers as a source of AVC bias to control the 

On either side of the 

The grid 33 of tube 3 is. 
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signal grids of prior ultra-high frequency, and 
I. F. amplifiers. The network 35 filters out pull 
Sating Voltage components from the AVC bias, 
and the filtered voltage is applied over lead 34 
to grid 33. Lead 34 is connected to the grid end 
of resistor 3. 
The operation of the indicator circuits differs 

now from prior art operation in the mannel 
shown by the full line curve in Fig. 2 labeled 
“With present circuit..'. When no signal is pres 
ent the tube 3 has no negative bias on its grid 
33, and its plate current, therefore, flows through 
resistor 24 thereby keeping the shadow angle 
on either side offe fairly wide. Since the cath 
ode of tube 3 is grounded, the plate current of 
tube 3 necessarily flows through resistor 24 and 
develops a voltage which establishes control rod 
30 at a negative potential with respect to target 
27. However, when the receiver is tuned close 
to the desired value fic, there is applied to grid 
33 sufficient negative bias, from the limiter or 
AVC circuit, to cut of the plate current of tube 
3. From this point the tuning is correctly done 
as before, but the false reading of the shadow 
angle is completely avoided, this being clearly 
shown by the full line curve in Fig. 2. Such a 
characteristic is substantially the same as is 
obtained in the usual amplitude modulated car 
rier wave receiver using a variable shadow in 
dicator tube of the type shown in Fig. 1. 

It Will be noted that in receivers intended for 
the reception of either amplitude or frequency 
modulation, my invention continues to be oper 
ative without change in connection. In such 
receivers it is necessary, of course, to obtain the 
audio frequency signal from the carrier at some 
other point in the system when receiving am 
plitude modulated carrier waves. In other words, 
the FM discriminator cannot be used to receive 
amplitude modulated carrier waves. Alternative 
ly, however, a switch in the connections of the 
discriminator may be made correctly to receive 
either type of signal. 

It should be clear that the bias for the grid of . 
5 tube 33 may be obtained by a variety of means 
Which are apparent to those skilled in the art. 
The limiter grid current provides an automatic 
grid bias which is roughly proportional to the 
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signal carrier, and, hence, provides a ready and 
Convenient means to prevent the false minimiz 
ing of the shadow angle, when no signals are re 
ceived. 

In Fig. 3 is shown a modified arrangement 
which shows the possibility of obtaining the con 
trol bias for tube 3 from the discriminator it 
Self. In this circuit, which is exactly similar to 
that shown in Fig. 1 except for the details to be 
hereinafter explained, the resistor 40 has devel 
oped across it a direct current voltage which de 
pends on the sum of the two diode currents of 
tube 8. The resistor 40 is arranged in series with 
the choke coil , and is in the common path of 
both diodes. The voltage developed across re 
sistor 40 is, therefore, dependent upon the sig 
nal carrier amplitude, but does not vary with 
tuning when the latter is close to the correct ad- . 
justment. The grid 33 is connected through fil 
ter resistor 3' to the junction of choke coil 
and resistor 40. If the cathode of tube 3 were 
connected to ground and the lead 4 were elimi 
nated, then the tube 3 would have to be a tube 
of lower amplification factor than the triode sec 
tions of tube 7. 
This can be avoided by connecting the cathode 

of tube 3 through lead 4 to the junction of re 
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sistors 4 and 5. It will now be seen that in the 
case of the circuit of Fig. 3, and in the absence 
of received signals, the plate current of tube.3 
flows through resistor 24 and provides the in 
creased extremities of the full line curve of Fig. 2. 
As signals are received the carrier amplitude re 
sults in an increased voltage being produced 
across resistor 40. This ultimately cuts of the 
plate current of tube 3 ?, and then the indicator 
tube is responsive solely to the direct current 
voltage developed across resistors 9 and C. 

Since there are tubes commercially available 
which include a triode and a tuning indicator 
Section of the type herein considered in a single 
tenvelope, it will be apparent that the most eco 
nomical application of the circuits of Figs. 1 and 
2 will make use of such a tube. In this case the 
triode 3 will be in the same envelope as the tun 
ing indicator tube. The cathode of tube 38 may 
be a portion of the cathode 26 of the ray-control 
tube. 
From the standpoint of economy, it may be 

desirable to combine the triode sections of tube 
A and the triode section of tube 3d in one tube 
envelope using a common cathode and a common 
plate as shown in Fig. 4. In this latter figure 
the tube 50 has a cathode 5 which would provide 
the electrons flowing to the plate 52. In axial 
alignment between the common cathode 5 and 
Common plate 52 Would be arranged the control 
grid 8, the control grid 20 and the control grid 
33. It will be seen that this tube can be used in 
the circuit of Fig. 1, because the three plates of 
tube and tube 3d are connected to a common 
point on resistor 24, and the three cathodes are 
all at ground potential. 

in Fig. 5 there is shown another tube con 
struction which may be used. Commercially 
available tubes can be had which include a single 
triode and a variable shadow indicator section. 
Such a tube may be made to include all three 
control grids necessary to my invention. Hence, 
the tube 60 of Fig. 5 may have a cathode section 
5f emitting electrons to a common plate 52', the 
control grids 8, 20 and 33 being arranged in axial 
alignment between the cathode 5 and plate 52". 
The Cathode Section 5' may have a second emis 
Sion Section 26 corresponding to the cathode 26 
of Fig. 1, a target section 27' and a ray control 
rod 30'. It is believed that it will be obvious to 
those skilled in the art how the various electrodes 
of Fig. 5 are to be connected to the different por 
tions of the circuit of Fig. 1 or Fig. 3. 
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 particu 
lar organizations shown and described, but that 
many modifications may be made without de 
parting from the scope of my invention, as set 
forth in the appended claims. The expression 
'timing modulated carrier wave' used in the 
claims is to be understood as generically covering 
frequency, or phase, modulated carrier waves. 
What claim is: 
1. In combination with a timing modulated 

carrier wave detector having an input circuit 
upon which are impressed timing modulated car 
rier waves, said detector having an output cir 
cuit, across which is developed direct current 
voltage whose polarity and magnitude depend 
upon frequency departure of the center fre 
quency of the applied modulated waves from an 
assigned center frequency value of said detector 
input circuit, an electronic shadow indicator 
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tube provided with a shadow control electrode, 
means for varying the potential of said shadow 
control electrode in response to said detector 
direct current voltage output whereby the shadow 
angle of the indicator tube indicates the said 
frequency departure, means for controlling the 
potential of said shadow control electrode in the 
absence of modulated waves of a predetermined 
amplitude at Said input circuit for maintaining 
the shadow of said indicator tube at maximum 
width, and additional means responsive to car 
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rier amplitude increase for rendering said last 
named means ineffective. 

2. In combination with a detector having an 
input circuit upon which are impressed timing 
nodulated carrier waves, said detector having 
an output circuit across which is developed direct 
current voltage whose polarity and magnitude 
depend upon the frequency departure of the 
center frequency of the applied modulated waves 
from an assigned center frequency value of said 
detector input circuit, an electronic shadow in 
dicator tube provided with a ray control elec 
trode, means for varying the potential of said 
control electrode in response to said detector 
direct current voltage output. Whereby the Shadow 
angle of the indicator tube indicates the said 
frequency departure, means for controlling the 
potential of said control electrode in the absence 
of modulated waves at Said input circuit for 
maintaining the shadow of said indicator tube 
at maximum width, additional means, responsive 
to carrier amplitude increase, for rendering said 
last named means ineffective, said last named 
means consisting of an electron discharge tube, 
means for deriving a Second direct current Wolt 
age from received modulated waves, and means 
for applying Said Second direct current voltage 
to Said last tube in a sense to prevent plate cur 
rent flow thereof. 

3. In a frequency modulation receiver provided 
with a detection network of the type comprising 
a pair of rectifiers having a common input cir 
cuit tuned to a predetermined center frequency, 
an output circuit across which is developed a 
direct current voltage whose polarity and magni 
tude are a function of the frequency departure 
of applied modulated waves from Said center fre 
quency, a direct current voltage amplifier for 
amplifying said direct current voltage, an in 
dicato tube provided with an emission electrode, 
a fluorescent target, and an electron ray control 
electrode, means for applying the direct current 
Voltage output of said amplifier to said ray con 
trol electrode thereby to control the width of 
angle of the shadow produced on the target, and 
means responsive to a decrease of modulated 
carrier amplitude below a desired value for main 
taining the shadow on said target at a relatively 
Wide angle. 

4. In a receiver for frequency-modulated waves 
including a selective amplifier and a balanced 
detector whose rectified output is substantially 
proportional, over the normal operating range, 
to the departure in frequency of a selectively 
amplified incoming signal from its mean value, 
a tuning indicator, means of the electronic, 
shadow-indicating type which operates from the 
output of said balanced detector and which in 
dicates a correct adjustment of tuning of said 
receiver by a definite shape of shadow, and car 
rier-operated means connected to said indicator 
means in such a manner that said definite shape 
of shadow appears only when a signal is present 
in the output of the selective amplifier. 
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5. In a receiver for frequency-modulated waves 

including a selective amplifier and a balanced 
detector whose rectified output is substantially 
proportional, over the normal operating range, to 
the departure in frequency of a selectively ampli 
fied incoming signal from its mean value, a tun 
ing indicator means of the electronic, shadow 
indicating type which operates from the output 
of said balanced detector and which indicates a 
correct adjustment of tuning of Said receiver by 
a definite shape of Shadow, and carrier-Operated 
means connected to said indicator means to con 
trol the latter whereby said definite shape of 
shadow appears only when a signal is present in 
the output of the selective amplifier, said carrier 

C 

5 
operated means consisting of an electron dis- . 
charge tube whose plate current flow is inter 
rupted by a direct voltage derived from the 
magnitude of said signal independently of its 
frequency. 

6. In a receiver for frequency-modulated Waves 
including a selective amplifier and a balanced 
detector whose rectified output is substantially 
proportional, over the normal Operating range, 
to the departure in frequency of a Selectively 
amplified incoming signal from its mean value, 
a tuning indicator means of the electronic, 
shadow-indicating type which operates from the 
output of said balanced detector and which in 
dicates a... correct adjustment of tuning of Said 
receiver by a definite shape of shadow, and ad 
ditional means for operating said tuning in 
dicator by a direct voltage derived from the 
amplitude of said signal independently of its fre 
quency variations. 

7. In combination with a frequency modulated 
carrier wave detector having an input circuit up 
on , which are impressed frequency modulated 
carrier waves, said detector having an output cir 
cuit across which is developed direct current 
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voltage whose polarity and magnitude depend 
upon the frequency departure of the center fre 
quency of the applied modulated waves from an 
assigned center frequency Value of Said detector 
input circuit, an electronic shadow indicator tube 
provided with a shadow control electrode, means 
for varying the potential of said shadow control 
electrode in response to said detector direct cur 
rent voltage output whereby the Shadow angle of 
the indicator tube indicates the Said frequency 
departure, tube means for controlling the poten 
tial of said shadow control electrode in the ab 
sence of frequency modulated Waves at Said in 
put circuit...for maintaining the shadow of Said 
indicator tube at maximum width, and additional 
means, responsive to carrier amplitude increase, 
for rendering said tube means ineffective. 

8. In a frequency modulation receiver provided 
with a detection network of the type comprising 
a pair of rectifiers having a common input circuit 
resonated to a predetermined center frequency, 
an output circuit acroSS which is developed a di 
rect current voltage whose polarity and magni 
tude are a function of the frequency departure of 
applied modulated waves from Said center fre 
quency, an amplifier for amplifying said direct 
current coltage, an indicator tube provided with 
an ermission electrode, a fluorescent target, and 
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an electron ray control electrode, means for ap 
plying the direct current voltage Output of Said 
amplifier to said ray control electrode thereby to 
control the width of angle of the shadow pro 
duced on the target, and means including a tube, 
and responsive to a decrease of modulated car 
rier amplitude below a desired value, for main 

70 
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taining the shadow on said target at a relatively 
Wide angle. 

9. In combination with a variable frequency 
wave detector having an input circuit upon Which 
are impressed variable frequency waves, said de 
tector having an output circuit acroSS Which is 
developed a rectified voltage Whose polarity and 
magnitude depend upon the frequency departure 
of the center frequency of the applied Waves from 
an assigned center frequency, value of Said de 
tector input circuit, an indicator tube of the flu 
orescent target type provided with a shadow 
control electrode, means for varying the poten 
tial of Said shadow control electrode in response 
to said detector voltage output whereby the shadi 
ow angle of the indicator tube indicates the Said 
frequency departure, a normally operative tube 
for controlling the potential of Said shadow con 
trol electrode in the absence of Waves at Said in 
put circuit for maintaining the shadow of Said 
indicator tube at maximum width, and additional 
means responsive to carrier amplitude increase 
for rendering said last tube ineffective. 

10. In combination. With a variable frequency 
wave detector having an input circuit upon 
which are ipressed variable frequency Waves, Said 
detector having an output circuit across which is 
developed a rectified voltage whose polarity and 
magnitude depend upon the frequency departure 
of the center frequency of the applied waves from 
an assigned center frequency value of Said de 
tector input circuit, an indicator tube of the flu 
orescent target type provided With a shadow 
control electrode, means for varying the poten 
tial of Said shadow control electrode in response 
to said detector voltage output whereby the shad 
OW angle Of the indictor tube indicates the Said 
frequency departure, a normally operative tube 
for controlling the potential of said shadow con 
trol electrode in the absence of waves at said in 
put circuit for maintaining the shadow of Said . 
indicator tube at maximum Width, and additional 
means responsive to carrier amplitude increase. 
for rendering said last tube ineffective, said ad 
ditional means consisting of a direct current 
voltage connection between said normally oper 
ative tube and a point on said detector Output 
circuit Whose voltage varies with carrier ampli 
tude change. w 

11. In a frequency modulation receiver provid 
ed with a detection network of the type compris 
ing a pair of rectifiers having a common input 
circuit resonated to a predetermined center fre 
quency, an Output circuit acroSS which is de 
veloped a direct current voltage whose polarity 
and magnitude are a function of the frequency 
departure of applied nodulated Waves from Said 
center frequency, an amplifier for amplifying 
Said direct current voltage, an indicator tube pro 
vided with an emission electrode, a fluorescent 
target, and an electron ray control electrode, 
means for applying the direct current voltage 
output of said amplifier to said ray control elec 
trode thereby to control the width of angle of 
the shadow produced on the target, and means 
including a tube, and responsive to a decrease 
of modulated carrier amplitude below a desired 
value, for maintaining the shadow on said tar 
get at a relatively Wide angle, and the electrodes 
of said amplifier being located in tube envelope 
of Said last mentioned tube. 

12. In a receiver for frequency-modulated 
waves including a selective amplifier and a bal 

7. 
anced detector whose rectified output is substan 
tially proportional, over the normal operating 
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range, to the departure in frequency of a selec 
tively amplified incoming signal from its mean 
value, a tuning indicator means of the electronic, 
shadow-indicating type which operates from the 
output of said balanced detector and which in 
dicates a correct adjustment of tuning of said 
receiver by a definite shape of shadow, and ad 
ditional means for Operating Said tuning indica 
tor by a direct voltage derived from the ampli 

tude of said signal independently of its frequency 
variations, said additional means including an 
electron discharge device having an Output con 
nection to said indicator means, and means for 
applying Said derived direct current voltage to 
said device from a point of the receiver preced 
ing Said detector. 

EDWARD W. HEROLD, 


