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My present invention relates to improved tum 
ing indicator devices for radio signal receivers, 
and more particularly to an improved visual 
tuning indicator system for a combined frequency 
modulation FM and amplitude modulation AM 
receiver. - 
In U. S. Patent No. 2,366,320 granted January 

2, 1945 to George F. Elston, there has been dis 
closed an improved voltage indicator for visually 
comparing two voltages in one viewing area. 
More specifically, the voltage indicator disclosed 
in the aforesaid patent is adapted for indicating 
the resonance condition of an FM receiver. In 
general, the indicator comprises an electron dis 
charge device having a fluorescent anode or target 
responsive to electron bombardment for visually 
indicating voltages. The electron discharge de 
vice is constructed so as to provide a fluorescent 
line on a, shadow, or non-illuminated, airea, of the 
fluorescent target, and the position of the line 
indicates the resonance condition of the FM 
receiver. 

It is desirable to provide a differentiation be 
tween a "no-signal' and "in-tune' condition while 
using such an indicator device. A special problem 
is presented in providing such differentiation 
where the FM receiver is of the type employing a 
frequency divider of the locked-in oscillator type, 
as disclosed by George L. Beers in U. S. Patent 
No. 2,356,201 granted August 22, 1944. In such 
an FM receiver the locked-in oscillator continui 
ously feeds oscillations into the FM detector cir 
cuit, and thus makes it difficult to distinguish by 
means of a tuning indicator between the 
resonance condition with respect to a received 
signal and the condition of no signal. In addi 
tion, it is highly desirable to avoid utilizing a 
separate indicator device should the FM receiver 
include an AM receiving band, which is expected 
to be the usual case. 

Accordingly, it may be stated that it is one of 
the main objects of my present invention to 
provide an FM receiver utilizing a resonance 
indication device of the type shown in the afore 
said Elston patent, but improved in its operation 
in thát Variations in the received FM signál in 
tensity are automatically employed to vary the 
width of the shadow, or non-illuminated, area of 
the fluorescent target of the indicator device 
thereby to provide a supplemental indication as 
to whether or not FM signals are being received. 
Another important object of this inventioni is 

to provide in an FM receiver of the type utilizing 
a locked-in Oscillator form of frequency divider, 
a tuning indicator arrangement of the fluorescent 
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target type, and a control voltage being derived 
from the signal grid circuit of the locked-in oscil 
lator to control the shadow area on the target. 
A further object of my invention is to provide 

a tuning indicator arrangement that can be used 
in a radio receiver having both AM and FM 
channels, and particularly one that will differ 
entiate between “no-Siginal” and “in-tune” con 
ditions in the case of an FM channel employing 
a locked-in oscillator form of frequency divider. 
A more specific object of the present invention 

iš to utilize the signal grid input circuit of a fre 
quency divider of the locked-in Oscillator type as 
a demodulator circuit for an AM channel, ånd the 
rectified voltage in such case being employed to 
provide an indication on a common resonance 
indicator device of the carrier intensity of a 
re?eived AM signál. 

Still other objects of my invention are to in 
prove generally the efficiency and reliability of 
FM tuning indicators, and more especially to pro 
Wide an economical and compact form of tuning 
indicator device for an FM-AM receiver. 
Other features of my invention will best be 

understood by reference to the following descrip 
tion, taken in connection with the drawing, in 
which I have indicated diagrammatically a cir 
cuit organization whereby my invention may be 
carried into effect. 

In the drawing: 
Fig. 1 shows that portion of an FM-AM re 

ceiver employing my invention; and 
Fig. 2 shows the operative appearance of the 

indicating face of the resonance indicator tube. 
Referring now to Fig. 1 of the accompanying 

drawing, there is shown an illustrative FM-AM 
receiving system of the Superheterodyne type. 
Th? lE*MÎ. Signals, reduced to a Suitable inter 
mediate frequency (I. F.), are subjected to fre 
quency division by a locked-in oscillator, and the 
frequency divided signals are demodulåsted Con 
currently with production of Operating voltage 
for the tuning indicator tube. For AM reception 
the input circuit of the locked-in Oscillator tube 
is employed as a detector, and a common tuning 
indicator tube is employed to indicate resonance 
?onditions. These various functions are per 
formed by the system of Fig. 1. The receiver 
circuits employed prior to the locked-in Oscillator 
tube are not shown in detail, since they are well 
known to those skilled in the art of radio com 
munication. The following general description 
of such prior circuits is believed adequate, and 
the prior circuits are schematically represented. 
Those skilled in the art of radio reception are 
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well acquainted with the nature of the circuits 
customarily employed in multi-band receivers. 
While my invention is readily adapted for FM 
and AM reception on respective bands of 42 to 50 
negacycles (inc.) and 550 to 1700 kilocycles (kc.), 
it is to be clearly understood that the invention 
is not limited to such frequency bands. The 42 
to 50 m.c. band is presented by way of illustra 
tion, since it is the FM broadcast band presently 
assigned by F. C. C. to such transmission. The 
band of 88 to 102 m.c. has been assigned for this 
Service in the future. The 550 to 1700 kc. band is 
the present AM broadcast band assigned to trans 
mission of AM signals. It will further be under 
stood that in the following description and claims 
the generic expression “angle modulated' is 
intended to include frequency modulation, phase 
modulation, or hybrid modulations thereof 
pOSSessing characteristics common to both forms 
of modulation. 
The numerals and 2 in Fig. 1. denote respec 

tively different sources of modulated carrier 
waves. Source i may be any suitable signal col 
lector, such as a dipole, employed for collecting 
FM Waves. The FM Waves are transmitted from 
FM transmitters at a mean, center or carrier 
trequency assigned to the particular transmitter. 
In the presently assumed FM band of 42 to 50 m.c. 
the radiated carrier wave would have a frequency 
in that frequency range, and would be a wave of 
variable frequency and substantially uniform 
amplitude. As is well known, the frequency mod 
ulation of the carrier wave would be in accordance 
with the modulation signals at the transmitter. 
The extent of frequency deviation of the carrier 
frequency is a function of the modulation signal 
amplitude, while the rate of frequency deviation 
is dependent upon the modulation signal fre 
quencies per se. The permissible extreme fre 
quency deviation in the present FM band of 42 
to 50 mc. is -- 75 kc. to either side of the carrier 
freqency; the allotted FM station channels are 
200 kc. wide. These values are purely illustra 
tive. 

Source 2 may be the customary grounded an 
tenna circuit employed in AM broadcast recep 
tion. The allotted station channels are 10 kc. 
Wide in this band. In AM transmission the car 
rier Wave is modulated in amplitude in accord 
ance with the modulation signals. The carrier 
frequency is maintained constant in value at the 
transmitter. The numeral 3 designates a tunable 
radio frequency amplifier having suitable signal 
selector circuits for FM or AM reception. Switch 
ing devices 4 and 5 are provided for separate con 
nection of the sources i and 2 to respective se 
lector circuits of amplifier 3. It will be under 
stood that when switch 4 is in closed position, 
collected FM signal energy will be applied to se 
lector circuits of amplifier 3 capable of selective 
ly amplifying the FM signals over a band at least 
150 kc. wide. Upon closing of switch 5 and open 
ing of Switch 4 the same amplifier 3 will have the 
FM Selector circuits thereof operatively replaced 
by AM Selector circuits. These latter circuits Will 
Select the collected AM signals, and permit ampli 
fier 3 to amplify the same over a 10 kc. band. 
Multi-band selector circuits and Switching de 
vices for suitable change-over are well known to 
those skilled in the art of radio communication. 
Assuming the receiver system is of the Super 

heterodyne type, as is the usual practice at pres 
ent, the converter 6 and intermediate frequency 
(I.F.) amplifier T will, also, be provided with suit 
able FM and AM signal selector circuits. At the 
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4 
converter 6 the FM signals will have the mean 
or center frequency thereof reduced to a value 
which may be chosen from a range of 1 to 20 m.c., 
as for example 4.3 m.c. The AM signals are re 
duced to an I. F. of 455 kc., as an illustrative fre 
quency value, the latter value being a commonly 
employed frequency in AM broadcast receivers of 
the Superheterodyne type. The I. F. amplifier 7, 
which may consist of one or more separate stages 
of amplification, Will have an ultimate output cir 
cuit from which may be derived at separate points 
thereof the amplified FM signals or AM signals. 
The selective circuits 8 and 9 are to be under 

Stood as being arranged in series in the plate cir 
cuit of the last I. F. amplifier tube. Each of cir 
cuits 8 and 9 is resonated to its respective operat 
ing I. F. value for FM or AM reception. Thus, 
circuit 8 is tuned to 4.3 m.c., while circuit, 9 is 
tuned to 455 kc. There will be developed across 
tuned circuit 8 the FM signals at the 4.3 m.c. mean 
frequency when switch 4 is closed, and all FM 
selector circuits of amplifier 3, converter 6 and 
I. F. amplifier 7 are in operative electrica con 
nection. Conversely, when switch 5 is closed, and 
Switch 4 is open, and all AM selector circuits are 
ill operative electrical connection, there will be 
developed across circuit 9 the AM signals at the 
I. F. value of 455 kc. The impedance of circuit 9 
is negligible at 4.3 m.c. Therefore, the insertion 
of circuit 9 in series with circuit 8 will not affect 
the development of FM signal voltage across cir 
cuit 8. Similarly, the impedance of circuit 8 is 
negligible at 455 kc., and circuit 8 Will not affect 
development of AM signal voltage across circuit, 9. 
The series-arranged primary circuits 8 and 9 

are respectively magnetically coupled to resonant 
secondary circuits 8' and 9'. Each of the latter 
resonant secondary circuits 8' and 9 is tuned to 
4.3 mc, and 455 kc. respectively. The resistor 
is connected from the low potential side of circuit 
9' to ground, and is shunted by the I. F. bypass 
condenser i2. An automatic volume control AVC 
lead it is connected from the ungrounded, or 
negative, end of resistor to the several gain 
control electrodes, for example the signal grids, 
of the controlled tubes of stages 3, 6, and 7. Suit 
ble filter resistors i 0' are included in the AVC 

connections to the controlled tubes. The high 
potential side of circuit 8' is connected to the Sig 
inal input electrode of the locked-in oscillator 
tube. The locked-in oscillator circuit, shown, in 
general, is of the type disclosed by George L. Beers 
in his U. S. Patent No. 2,356,201 granted August, 
22, 1944. 
The locked-in oscillator circuit comprises a 

tube 3 which may be of the pentagrid type. 
Between the input grid fi and cathode 5 there 
is impressed the FM signal energy. The plate 6 
has connected in circuit therewith a resonant 
output circuit 7 which is tuned to a Subhar. 
monic of the input energy mean frequency. By 
Way of illustration, the fifth Subharmonic inay 
be employed. The plate 6 is established at a 
positive potential +B with respect to the ground 
ed cathode. The second and fourth grids 8 and 
f 9 of the tube are connected in common to the 
Source of positive potential --B through a volt 
age reducing resistor 20 whose upper end is by 
passed to ground by a suitable condenser 2 i. 
These positive grids function as a positive screen 
grid for the intermediate grid 22. 
The grid 22 is regeneratively coupled, as at M, 

to the plate circuit 7. The fifth grid of tube 
is connected back to the grounded cathode, and 
functions as a suppressor electrode. The cath 
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ode 5, grid 22 and plate or anode 6 provide the 
oscillator section of the circuit. This oscillator 
section continuously produces oscillations at the 
Subharmonic frequency of 860 kc., even in the 
absence of FM signal energy at grid 4. The FM 
oscillations developed across circuit 7 are trans 
ferred through magnetic coupling Mito the FM 
detector network. As indicated in Fig. 1, the 
utilization network is the FM discriminator-rec 
tifier of the frequency modulation receiver. 
The Oscillator coupling transformer M. Consists 

of primary winding Li and a secondary winding 
T2. The Winding T2 has one end connected to 
grid 22, while the opposite end thereof is con 
nected to ground through the resistor 23. The 
resistor 23 is bypassed for high frequency cur 
rents by condenser 24. The resistor 23 functions 
to provide self-bias for grid 22. During positive 
swings of the oscillatory voltage on the grid 22 
current flows through resistor 23. Before ex 
plaining the electrical actions which occur in the 
oscillator tube - circuit, it will be assumed that 
the latter acts as a frequency-dividing network 
in a receiver of the type disclosed in the afore 
mentioned Beers patent. As more fully ex 
plained in the said patent, the locked-in oscillator 
functions concurrently to reduce or divide the 
mean frequency of applied FM signal waves, and 
proportionately to reduce the range of frequency 
deviation of the Waves. 

In other words, the I. F. energy is the original 
selected FM wave whose means frequency has 
been reduced to a much lower frequency, but 
Whose frequency deviation is unchanged. After 
amplification in one or more separate stages of 
I. F. amplifiers, the I. F. energy is applied to the 
locked-in oscillator for concurrent frequency di 
vision and frequency deviation reduction. The 
I. F. transformer 8', which may be of the iron 
core type, preferably has a response curve whose 
mean frequency is located at 4.3 mc, whereas 
the passband is substantially in excess of 150 kc. 
This signifies that the I. F. network up to grid 2 
is capable of efficiently transmitting the entire 
frequency swings of the FM wave whose mean 
frequency has been reduced to the operating I. F. 
value. The function of the network ff, 2 is to 
provide voltage across its resistor element E in 
response to grid current flow through the input 
grid circuit of tube 3. Such grid voltage devel 
oped across the resistor f is used for AVC volt 
age, and is employed automatically to bias the 
gain control grids of preceding controlled am 
plifier tubes in a manner well-known to... those 
skilled in the art. As shown later, this is also 
true for AM reception. 
The plate circuit 1, which consists of the pri 

mary winding L1 and the shunt condenser 25, is 
in the present application of the invention reso 
nated to a frequency of 860 kc. Suitable resist 
ance may be connected in shunt With the reso 
nant circuit 7 to provide an appropriate and 
suitable degree of damping for the circuit. The 
numeral 26 designates a by pass condenser con 
nected to ground from the low potential side of 
resonant circuit 7. Assuming a frequency di 
vision by a factor of 5, there will be developed 
across the plate circuit T FM signal energy 
whose mean frequency is divided by a factor of 5 
with respect to the mean frequency of 4.3 mc. 
In other words the response. curve at the output 
circuit. I will ideally have a passband width in 
excess of 30 kc. With a mean frequency of 860 
kc. This follows by virtue of the action of the 
locked-in oscillator network, which is to divide 
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6 
the mean frequency of the FM wave energy and 
the overall frequency deviation range by the same 
factor. The locked-in oscillator produces an out 
put of substantially uniform amplitude thus tend 
ing to eliminate any amplitude modulation ef 
fects which may have been created on the FM 
wave energy in the transmission through space, 
or during the passage of the signal energy 
through the receiver networks. 
The frequency-divided signal energy may be 

applied to any desired form of discriminator 
rectifier.netWork for the purpose of abstracting 
the modulation signal voltage which will be ampli 
fied and ultimately reproduced. Those skilled in 
the art of radio communication are well ac 
quainted with discriminator-rectifier circuits. 
For example, there may be used the circuit shown 
by Conrad in U. S. Patent No. 2,057,640, granted 
October 13, 1936, or the circuit disclosed by S. W. 
Seeley in U. S. Patent No. 2,121,103 granted June 
21, 1938. The discriminator-rectifier circuit 
shown in the aforesaid Beers patent may be en 
ployed, if desired. That type of discriminator 
rectifier is disclosed by J. D. Reid in U. S. Patent 
No. 2,341,240, patented February 8, 1944. 
The action of the locked-in Oscillator may gen 

erally be explained as follows. Harmonics of 
880 kc. are impressed on the Oscillator grid 22 due 
to the considerable non-linearity of the char 
acteristic relating grid voltage of grid 22 and 
current through the plate circuit 7. These 
harmonics include the fourth and Sixth harmonics, 
of the 860 kc. The presence of the fourth and 
sixth harmonics of the 860 kc. frequency serves 
greatly to extend the oscillator lock-in range. 
The applied FM signals, assumed to be of a 

frequency of 4300 kc. in the present case, will beat 
With the aforementioned fourth and sixth har 
monics to provide a difference frequency whose 
Value is the same as the desired fundamental fre 
quency of 860 kc. (the fifth subharmonic of 4300 
kc.). This new component. (termed "harmonic 
difference component' to differentiate it from the 
normal oscillator current of 860 kc.) will not, in 
general, have the same phase as the normal oscil 
lator current. It is, thus, equivalent to injecting 
into the place circuit an out-of-phase current. 
The oscillator tube acts in the manner of the Weil 
known reactance tube by virtue of this phenom 
enon. If the oscillator frequency is not exactly 
One-fifth of the applied signal, the natural fre 
quency of circuit, it is “pulled over' until the 
frequency of oscillations, is exactly one-fifth. In 
this condition the oscillator section is said to be 
"locked in' with the applied FM signals. 
The maximum amount the natural frequency 

of the oscillator can be pulled over or adjusted, 
and still be locked-in, occurs. When the harmonic 
difference. Current injected into the Oscillator 
plate: circuit is in quadrature (90 degrees ott. of 
phase) with respect to the normal oscillator cur 
rent. This is true: because in this quadrature 
State there exists: laximum reactive current. 
When the injected current (the harmonic differ 
ence current) is leading the normal oscillator cur 
rent, in phase, the frequency of oscillations will 
be pulled to one side of its natural frequency 
(860 kc.). When the injected current lags, the 
oscillatory frequency will be pulled to the other 
side of its natural frequency. It is evident, there 
fore, that there is developed in the plate circuit 
a frequency modulated current which is "locked 
in” with the applied FM signals. This follows 
from the fact that the applied FM energy has 
a frequency which changes from instant to ini 
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stant with respect to the meam or center fre 
quency Fe thereof. 
The FM detector comprises a pair of opposed 

diodes whose electrodes are located in a COm 
mon tube envelope 2. The tube is of the 6H6 
type, although there may be used separate diode 
tubes. The anodes 28 and 29 of the diodes al'e 
connected to opposite ends of secondary coil I 3 of 
transformer M1. The midipoint of coil L3 is con 
nected by lead 35 to the junction of diode load 
resistors 3 and 32. Each half of coil L3 is shunted 
by a respective condenser thereby to provide a 
pair of resonant diode input circuits 33 and 34. 
The cathodes 35 and 35 are respectively connected 
to the upper and lower ends of load resistors 3 í 
and 32, and each of the load resistors is shunted 
by a respective I. F. bypass condenser 3 and 38. 
Condenser 39 bypasses the cathode end of re 
sistor 32 to ground for I. F. currents; the audio 
ground is at the low end of resistor 32. 
The input circuits S3 and 33 of respective diodes 

28, 35 and 29, 36 are oppositely and equally mis 
tuned relative to 860 kc. Thus, circuit 33 may be 
tuned to a frequency of 880 kc., while circuit, 34 
is resonated to a frequency of 840 kc. The peak 
frequencies are, therefore, in excess of the maxi 
mum swing of the FVisignals at circuit, . It 
Will be recognized that the discriminator netWork 

7, 33, 34 is similar to that shown in the Conrad 
Patent No. 2,057,640. The action of the discrim- 3 
inator is well known to those skilled in the art of 
FM signalling. 
In general, the rectified voltages across re 

sistors 3 and 32 will be of equal magnitude When 
the FM signal at circuit has an instantaneous 
frequency equal to 860 kc. This follows from the 
fact that at that frequency both input circuits 
33 and 34 will have equal amounts of Signal en 
ergy applied thereto. Hence, each, of the respec 
tive load resistors 3A and 32 will have developed 
thereacross equal rectified voltages. However, 
the polarities of these rectified Voltages are op 
posed, since the junction of resistors 3A and 32 
is connected by lead 33 to the anode of each of the 
opposed diodes. 
signals at circuit is deviates from 860 kc., the 
rectified voltages across resistors 3 and 32 Will 
vary in relative magnitudes depending upon the 
sense and degree of frequency deviation of the 
energy at circuit i. 

Differential resultant voltage of the rectified 
voltages across resistors 3 and 32 may be utilized, 
and such differential voltage would then represent 
the modulation signal originally applied to the 
carrier at the FM transmitter. The modulation 
signal voltage is taken off from the cathode end 
of resistor 3. The direct current voltage Compo 
nents of the rectified voltages across resistors 3 
and 32 are utilized for actuating the tuning indi 
cator tube. This is accomplished by utilizing the 
direct current voltages to drive a pair of direct 
current amplifiers in push-pull relation. The 
audio output from the FM detector is taken from 
the point 3i, effectively from Cathode 35 to 
ground. The low side of resistor 32 is grounded 
through capacitor 39. The condenser 3' cou 
ples the audio output point 3 i º to any suitable 
audio amplifier. The electrical midpoint 32 of 
the load resistors 3 and 32 is at ground for di 
rect CurrentS. 
While a pair of triodes 40 and 4 are shown in 

Fig. 1, it is to be understood that the electrodes 
thereof may be mounted in a single tube envelope 
if desired, as in a twin triode type tube. The 

As the frequency of the FM 
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8 
lead 44 and slider 45 to a voltage supply resistor 
46 having one end grounded, while its opposite 
end is connected to the H-B terminal of the direct 
current supply network. The slider 45 is ad 
justed to a point on resistor 46 such that the volt 
age between the slider and ground represents the 
initial, or no-signal, bias applied to the grids 47 
and 48 of triodes 30 and 4 respectively. Grid 
47 is connected to the cathode, or positive, end 
of resistor 3 through filter resistor 49, the con 
denser 50 bypassing grid. A to ground for all al 
ternating current voltage components. The grid 
48 is connected by filter resistor 5 to the cathode, 
Or positive, end of resistor 32. Condenser 39 co 
Operates With resistor 5 to filter all alternating 
voltage components from the voltage applied to 
grid 48. 
The plates 52 and 53 are connected to the 

Opposite ends of the output resistor 54, whose 
midpoint is connected to the --B terminal of the 
direct current source. The junction of resistors 
3 and 32 is connected by an AVC lead 55, in 
cluding filter resistor 56, to the ungrounded end 
of resistor . The resistor 56 is of a high re 
Sistance, and avoids loading the lower half of the 
discriminator circuit. 
The direct current voltages across each of load 

resistorS S and 32 are applied in push-pull to 
the respective grids 4 and 48 of the direct cur 
rent voltage amplifiers 40 and 41. The respec 
tive amplified direct current voltages appear 
acroSS each half of the common output load re 
sistor 54. These amplified direct current volt 
ages are utilized to control the potential of the 
pair of control electrodes of the tuning indicator 
tube. The latter is a dual ray-control tuning in 
dicator tube of the type disclosed in U. S. Patent 
No. 2,366,320 granted to G. F. Elston on January 
2, 1945. In Fig. 1 I have shown a schematic rep 
resentation of the tuning indicator tube, par 
ticular reference being made to the aforesaid 
Elston patent for the construction details there 
of. It is to be understood that the tuning indi 
Cator tube is Viewed in plan view in Fig. 1. 

In general, this type of indicator tube is a modi 
fication of the well-known variable shadow angle 
indicator tube which employs a flared fluorescent 
target having the shape of an inverted frustum 
of a cone. The numeral 55 denotes the usual 
tube envelope. The electron emitter, or cathode, 
56 is established at ground potential, while the 
grid 57 is at cathode potential. The flared target 
is denoted by numeral 58, and the latter is con 
nected to the --B terminal of the direct current 
Supply network. In Fig. 1 the target is viewed 
from its flared end, which is the indicating end. 
The inner face of target 58 is provided with a 
fluorescent coating, and the cathode 56 is axially 
located relative to the target 58. The ray con 
trol electrodes are designated by numerals 59 and 
60. Electrode 59 is connected by lead 6 to plate 
52, while electrode 6) is connected to plate 53 by 
lead 62. 
The electron deflection electrodes 59 and 60 

are a pair of rods, or ribbons, of metal between 
which a narrow flat beam of electrons may pass 
to the target 58 to create a line or pencil of light 
extending radially across the sector shadow area. 
On the positive target. In Fig. 2 I have shown the 
shaded and illuminated areas of the viewing sur 
face of the indicator tube. Target 58 is shown 
provided with sector shadow area, 70. The line 
or pencil of light is indicated on shadow area, 
70. In accordance with my present invention, the 

cathodes 42 and 43 are connected in common by 75 width of shadow, or non-illuminated, area 70 



2,451,584 

Varies as a function of signal strength, being a 
maximum in the absence of received signals or 
in the extreme off-tune condition. Further, the 
angular position of line. T varies relative to its 
central position in accordance with the sense and 
degree of mistuning of the receiver relative to a 
desired in-tune condition. 
These functions are accomplished in the foll 

lowing manner. Assume that no signals are be 
ing received, and that switch 5 is closed and Switch 
is is opened thereby to condition the system for 
AM signal reception. There will be no signal en 
ergy at circuit 9', and, hence, there will be zero 
voltage across resistor . The grids 47 and 48 
Will, therefore, have biases determined by the 
Woltage drop Ek across the lower portion of re 
sistor 46 between slider 45 and ground. This volt 
age Ek is the compensation voltage for the high 
positive bias developed at the cathode ends of 
resistors 3 and 32. That is, the voltage Ek is 
normally sufficiently negative to provide an initial 
negative bias for the grids 47 and 48. Since the 
locked-in oscillator is continuously oscillating at 
860 kc., there will be produced rectified voltages 
across each of resistors 3 and 32. Were it not 
for negative voltage Ek, these no-signal voltages 
would drive grids 47 and 48 highly positive. 

the grids 4 and 48 are biased towards the 
upper end of their grid voltage versus plate cur 
rent (Eg-Ip) characteristics, but have sufficient 
range above this point, to handle the unbalance 
of voltages across resistors 3 and 32 during FM, 
reception. The electron deflection electrodes 59 
and 89, being connected to the anode ends of 
resistor 54, will be less positive than target 58, 
since the voltage drop across each half of re 
sistor 54 is a maximum in the absence of voltage 
across resistor . Hence, the electrodes 59 and 
60 repel or deflect the electrons normally travel 
ling in all radial directions from the cathode 56. 
This produces the non-illuminated, or enlarged 
Shadow, area 7 on the positive fluorescent target, 
Or anode, 58. The maximum shadow width may 
be nearly 90' by assigning suitable values to re 
Sistor 54 and voltage Ek. As long as the voltages 
of defection electrodes 59 and 60 are equal and 
less positive than the target the narrow flat beam 
of electrons passing between the electrodes pro 
duces the central illuminated line T on the 
shadow angle 70. In other words, the shadow 
angle is bisected by fluorescent line 7. 
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If, now, AM signals are received, and AM sig 
nal Voltage of 455 kc. is developed across circuit 
9', rectified voltage will be produced across re 
sistor . The existence of II. F. voltage at cir 
cuit 9' has no effect on circuit 8, and, therefore, 
the Signal grid 4 is energized solely in response 
to the I. F. energy at 455 kc. The grid 4 func 
tions as the anode relative to cathode 5, and, 
hence, provides a demodulator device for AM 
signals. 
The nodulation signal component of recti 

fied Voltage is taken off from the ungrounded end 
of resistor f by audio coupling condenser 89, and 
an audio frequency network may be fed with the 
modulation signals. The AVC line 55 applies 
Solely the direct current voltage to grids 47 and 
A8, and the voltage will be directly proportional 
to the received. AM carrier strength. The un 
grounded end of resistor will become increas 
ingly negative relative to ground as the AM signal 
Strength increases. Therefore, the grids 47 and 
68 Will be biased increasingly more negative than 
normal, and the voltage drop across both halves 
of resistor 54 decreases. As a result the voltages 
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of electrodes 59 and 60 will approach the potential 
of target 58. The width of shadow angle 70 will, 
therefore, decrease since the deflection of elec 
trons becomes less. Ultimately, When the poten 
tials of electrodes 59 and 66 are equal to, or near, 
the target voltage no shadow is cast by the de 
flection electrodes. The correct, Or in-tune, in 
dication for AM signal reception is the tuning 
adjustment which in the presence of that signal 
results in minimum shadow angle. During all 
this time the voltages of electrodes 53 and 62 are 
equal. 
Assume, now, that switch 4 is closed and Switch 

5 is opened (as in Fig. 1) for FM reception. The 
FM signals appear across circuit 8', as previously 
explained. Should the receiver be tuned between 
FM channels, or no FM signals be received, there 
will be solely constant frequency energy of 860 
kc, developed at circuit . No voltage appears 
across resistor , since no FM signals are ap 
plied to grid 4. Hence the grids 47 and 48 have 
normal negative biases Ek applied thereto. The 
shadow area, 70 will be of maximum size, as pre 
viously explained. The fluorescent line 7 . . will 
be at the central position on shadow sector 0, 
since the potentials of electrodes 59 and 60 are 
equal. Were it not for the wide shadow angle 
0, it is easily seen that the set operator would 

be confused into thinking that the receiver was 
correctly tuned to the center frequency of an FM 
Station. The maximum width of the shadow in 
forms the Operator that he is either between sta 
tions or is getting no useful FM signal. 
Upon tuning the receiver into an FM channel 

from one limiting frequency to the opposite lim 
iting frequency, there will be two changes in 
dicated on the target 58. First, the FM signals 
applied in increasing intensity to grid A. Will 
CauSe grid current to flow through resistor . 
The grid current produces a voltage drop across 
resistor if thereby supplying AVC voltage for 
increasing the parallel mean biasing of grids 47 
and 48. The shadow angle of area. To is caused 
to decrease, and thereby acts as an indicator of 
the FM signal carrier amplitude. The shadow 
area 10 becoming Smaller indicates the presence 
of FM signal. If the receiver is accurately tuned 
to the center frequency of a desired FM station, 
the voltages across resistors 3 f and 32 will, of 
course, be equal and balanced. Hence, the 
fluorescent line 7 will be “centered' as shown 
in Fig. 2. Hence, the discriminator balance, or 
in-tune condition, is indicated as in a zero center 

- meter. 
Should the receiver be tuned to one or the 

other side of center frequency, the rectified volt 
ages acroSSload resistors 3 and 32 would become 
unequal to an extent and in a sense dependent 
respectively on the magnitude and direction of 
receiver mistuning. The effect of unbalance of 
the rectified voltages across resistors 3 and 32 
is to make one of grids 47 and 48 less nega 
tive, and the Second grid more negative. . The 
Eg-Ip characteristics of triodes 40 and 4 pref 
erably should be of the remote cut-off type, as 
this would provide sufficient range above the 
normal bias points of grids 47 and 48 to handle 
unbaliance voltages due to mistuning. The ap 
plication of the unbalance voltages - tò grids 47 
and 48 results in corresponding inequality of the 
potentials of deflection electrodes 59 and 60. The 

is 

angular position of line 7, changes either to one 
side or the other side of the central position 
shown in Fig. 2. 
The reduction in shadow angle size with the 
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amplitude of the applied signal is determined 
mainly by the shape of the characteristic 
(Eg-Ip) of the amplifier tubes 40 and 4. Tubes 
designed for this service should preferably have 
a remote cut-off characteristic so that the Shad 
OW angle does not reduce to zero until the Signal 
develops about 35 volts. The triode annifici 
used in the conventional electronic indicator tube 
requires about 20 volts for Zero Shadow angle. 
The more remote cut-off is employed in this case 
in Order to maintain a larger shadow angle on 
which to center the fluorescent line . In the 
conventional AM receiver tuning indicator ar 
rangement the design is such that the shadow 
angle reduces to zero under maximum signal 
conditions. With this present arrangement it is 
desirable, of course, to have some shadow angle 
left under maximum signal conditions on which 
to center the fluorescent line. In general, there 
fore, the shadow angle will vary from maximum 
to about one fourth of maximum depending on 
the signal strength. 
The outer boundaries of shadow area. T G move 

but little with variations over a considerable 
range in the Voltages of the deflection electrodes, 
whereas the position of the line 7 f is sensitive 
to unbalance Voltages of the deflection electrodes. 
The shadow boundaries will change to some ex 
tent with the application of unbalance voltage to 
the two grids 4 and 48. The unbalance Woltage 
has a much greater effect on the position of the 
fluorescent line 7 since the latter position is de 
termined by the relative potentials of the two 
ray control electrodes which initially are at the 
same potential, and which change in potential in 
Opposite polarity directions. In other Words, the 
effect on the edges of the shadow angle depends 
on the difference in the potentials of the target 
and ray control electrodes, one of which (the 
target) is essentially fixed so that the relative 
variation is more gradual. If the two electrodes 
59 and 60 are unequal in Voltage, as in response 
to the receiver being detuned to either side of 
resonance with a given FM station, the line 7 
will be swung or shifted to a corresponding side 
of center. Thus, if the voltage across resistor 3 
exceeds that across resistor 32, due the FM sig - 
nals having a mean frequency closer to 880 kc., 
then the grid 4 is biased less negative than grid 
48. This results in more plate current flowing 
through the upper half of resistor 54, and elec 
trode 59 assumes a potential less positive than 
electrode 60. Hence, the beam of electrons paSS 
ing between electrodes 59 and 60 is swung or 
shifted towards electrode 60, the more positive of : 
the pair. The line 7, therefore, is shifted along 
the shadow area, 79 in a direction towards elec 
trode 60. The line will shift in the direction 
towards electrode 59 in response to the rectified 
voltage across the lower half of resistor 54 ex 
ceeding the voltage across the upper half. The 
line simulates an illuminated needle moving 
Over the shadow area. 70 as the receiver is tuned 
from one limit of the desired Station channel to 
the opposite limit. 
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 
organization shown and described, but that many 
modifications may be made without departing 
from the scope of my invention. 
What I claim is: - 
1. In a system for receiving radio Signals, a 

resonance indicator of the fluorescent target type 
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provided with a pair of electron deflection elec 
trodes between which passes a beam of electrons 
to form a fluorescent line on the target, means 
normally applying equal voltages to Said elec 
trodes which are less positive than the tai'get p0 
tential thereby to provide a relatively wide shad 
ow sector on the target, said line being located at 
the center of the sector, and means responsive 
to received signal carrier amplitude variation for 
controlling said applying means to Vary the inag 
nitudes of said voltages equally Whereby the 
Width of the shadow sector is varied to indicate 
said carrier amplitude variation. 

2. In a system for receiving radio Signals, a 
resonance indicator of the fluorescent target type 
provided with a pair of electron deflection elec 
trodes between which passes a, beam of electrons 
to form a fluorescent line on the target, means 
normally applying equal voltages to said elec 
trodes which are less positive than the target po 
tential thereby to provide a relatively Wide Shad 
ow sector on the target, said line being located at 
the center of the sector, and rectifier means re 
sponsive to received signal carrier amplitude Var 
iation for controlling said applying means to vary 
the magnitudes of said voltages equally whereby 
the width of the shadow sector is varied to in 
dicate said carrier amplitude variation, and 
means for deriving modulation signals from the 
rectifier means. 

3. In a system for receiving radio signals, a res 
onance indicator of the fluorescent target type 
provided with a pair of electron deflection elec 
trodes between which passes a beam of electrons 
to form a fluorescent line on the target, means for 
normally applying equal voltages to Said elec 
trodes which are less positive than the target 
potential thereby to provide a relatively wide 
shadow sector on the target, said line being lo 
cated at the center of the sector, means respon 
sive to received signal carrier amplitude variation 
for controlling said applying means to vary the 
magnitudes of said voltages equally whereby the 
width of the shadow sector is varied to indicate 
said carrier amplitude variation, a locked-in OS 
cillator tube provided with a cathode, signal in 
put grid, oscillator grid and anode, Said signal 
responsive means comprising a signal input cir 
cuit in series with a resistor between said signal 
grid and cathode, means applying to the said in 
put circuit frequency modulated radio signals, 
a tank circuit, tuned to a subharmonic of the 
mean frequency of said frequency modulated sig - 
nals, coupling said anode and oscillator grid con 
tinuously to provide oscillations of Said Subhar 
monic frequency but whose frequency deviations 
are locked-in with those of the input signals, and 
means responsive to departures in center fre 
quency of the oscillations relative to said sub 
harmonic frequency for controlling said apply 
ing means to render said voltages unequal there 
by to shift the position of the fluorescent line. 

4. In combination in a system of the type in 
cluding a locked-in oscillator circuit having a 
pair of signal input electrodes and an oscillator 
section, a pair of signal input circuits connected 
in series between the input electrodes, the input 
circuits being tuned to widely spaced signal fre 
quencies, means for selectively applying fre 
quency-variable signals to one of the input cir 
cuits and amplitude-variable signals to the Sec 
ond input circuit, an output circuit tuned to a 
subharmonic of the frequency-variable signals 
and coupled to the oscillator section, means coul 
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pled to said output circuit for producing a pair 
of direct current voltages whose relative polarity 
and magnitude depend respectively on the Sense 
and extent of departure of the mean frequency 
of the output oscillations from Said Subhai'nionic 
frequency, means responsive to Said pair of volt 
ages providing a visual indication of Said depair 
ture, resistor means in circuit with said signal in 
put circuits for providing voltage whose magni 
tude is proportional to the intensity of said fre 
quency-variable signals, and means responsive to 
said last voltage for controlling the visual indi 
cation means thereby to provide a supplemental 
indication of said intensity. 

5. In combination in a System of the type in 
cluding a locked-in Oscillator circuit having a pair' 
of signal input electrodes and as oscillator Sec 
tion, a pair of signal input circuits Connected in 
series between the input electrodes, the input 
circuits being tuned to Widely spaced signal fre 
quencies, means for selectively applying fre 
quency-variable signals to one of the input cir 
cuits and amplitude-Variable signals to the sec 
ond input circuit, an output circuit, tuned to a 
Subharmonic of the frequency-variable signals, 
coupled to the oscillator section, means coupled 
to said output circuit for producing a pair (f 
direct current voltages whose relative polarity 
and magnitude depend respectively on the sense 
and extent of departure of the mean frequency 
of the output oscillations from said subharmonic 
frequency, means responsive to Said pair of Wolt 
ages providing a visual indication of Said depair 
ture, resistor means in circuit with said signal in 
put circuits for providing a voltage whose magni 
tude is proportional to the intensity of said fre 
quency-variable signals, means responsive to Said 
last voltage for controlling the visual indication 
means thereby to provide a supplemental indicar 
tion of said intensity, and said resistor means also 
providing said voltage in response to selective ap 
plication of amplitude-variable signals to said 
second input circuit. 

6. In a system for receiving radio signals uti 
lizing either frequency modulation or amplitude 
modulation, a tuning indicator of the fluorescent 
target type provided with two ray control elec 
trodes so arranged as to provide a substantial 
shadow sector when operated at the proper po 
tential and at the same time focus a beam of elec 
trons on the approximate center of said shadow 
sector when Substantially no difference of poten 
tial exists between the two ray control electrodes, 
said beam of electrons resulting in a fiuorescent 
line on the shadow Sector, means providing a 
direct current voltage whose amplitude varies 
proportionally with the strength of the received 
carrier and which in the case of the frequency 
modulation channel is separate from the fre 
quency modulation detector output circuit, means 
for applying the effect of said last voltage in par 
allel relationship to the two ray control elec 
trodes so as to cause the size of the shadow Sec 
tor to change with variation in the amplitude of 
the received carrier, means for simultaneously 
applying in push-pull relationship to the two ray 
control electrodes the effect of the direct current 
voltages developed across the two halves of the 
frequency modulation detector output circuit so 
that the condition of equal voltages developed 
across the two halves of said circuit is indicated 
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by the centering of the fluorescent line on the . 
shadow sector whose size is made to change With 
variation in the amplitude of the received carrier. 

7. In combination in a system of the type in 

14 
cluding a locked-in Oscillator circuit having a pair 
of signal input electrodes and an Oscillator sec 
tion, a pair of Signal input circuits connected in 
series between the input electrodes, the input cir 
cuits being tuned to Widely spaced signal fre 
quencies, means for Selectively applying fre 
quency-Variable signals to one of the input cir 
cuits and amplitude-variable signals to the sec 
ond input circuit, an output circuit, tuned to a 
subharmonic of the frequency-variable signals, 
coupled to the oscillation section, means coupled 
t0 said output circuit for producing a pair of di 
rect current voltages whose relative polarity and 
magnitude depend respectively on the sense and 
extent of departure of the mean frequency of the 
output oScillations from said Subharmonic fre-. 
quency, means responsive to Said pair of Wolt 
ages providing a visual indication of said depar. 
ture, and resistor means in circuit with said sig 
nal input circuits providing a voltage in response 
to selective application of amplittide variable sig 
nals to Said second input circuit. 

8. In a System for receiving radio signals, a 
Jesonance indicator of the fluorescent target type 
provided. With a pair of electron deflection elec 
trodes between which passes a beam of electrons 
to for in a fluorescent line on the target, means 
Inormally applying equal voltages to said elec 
trodes which are less positive than the target po 
tential thereby to provide a shadow sector on the 
target, Said line being located at an intermediate 
point of the sector, and means responsive to re 
ceived signal carrier amplitude Wariation for con 
trolling said applying means to vary the magni 
tudes of Said voltages in Such a manner as to 
'cause the Width of the Shadow SectOr to Wary SO 
as to indicate said carrier amplitude variation. 

9. In a System for receiving radio signals, a 
resonance indicator of the fluorescent target type 
provided with a pair of electron defection elec 
trodes between which passes a, beam of electrons 
to form a fluorescent line On the target, means 
normally applying voltages to said electrodes such 
as to provide a shadow Sector on the target, Said 
line being located at the center of the Sector, 
means responsive to received signal carrier ann 
plitude variation for Controlling Said applying 
means to vary the magnitudes of Said Voltages 
whereby the Width of the Shadow Sector is varied 
to indicate Said carrier amplitude Wariation, and 
means for deriving modulation Signals from the 
responsive means. 

10. In a system for receiving radio signals, a 
resonance indicator of the fluorescent target type 
provided with a pair of electron deflection elec 
trodes between which passes a, bean of electrons 
to forma, fluorescent liile on the target, means for 
applying voltages to Said eiectrodes Such as to 
provide a shadow Sector on the target, Said line 
being located at the center of the Sactor, means 
responsive to received signal carrier amplitude 
variation for controlling said applying means to 
vary the magnitudes of said voltages whereby the 
width of the Shadow Sector is varied to indicate 
said carrier amplitude Variation, a locked-in oscil 
lator tube provided with a cathode, Signal input 
grid, OScillator grid and anode, said signal re 
Sponsive means comprising a Signal input cir 
cuit in Series with a resistor between said signal 
grid and Cathode, means applying to Said input 
circuit frequency modulated radio signals, a tank 
circuit coupling Said anode and oscillator grid 
continuously to provide oscillations whose fre 
quency deviations are locked in with those of the 
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input signals, and means responsive to departures 
in center frequency of the Oscillations for control 
ling said applying means So as to shift the position 
of the fluorescent line. 

ll. In combination, in a System of the type 
including a locked-in Oscillator circuit having a 
pair of Signal input electrodes and an OScillator 
section, a pair of Signal input circuits connected 
in series between the input electrodes, the input 
circuits being tuned to widely spaced Signal fre 
quencies, means for Selectively applying frequen 
cy-Variable signals to one of the input circuits 
and amplitude-variable signals to the second in 
put circuit, an output circuit, tuned to a Sub 
harmonic of the frequency-Variable signais, cou 
pied to the OScillator Section, a detector coupled 
to the output circuit, resistor means in circuit 
With Said Signal input circuitS, Said resistor means 
providing a rectified Voltage in response to selec 
tive application of amplitude-variable signals to 
Said second input circuit. 

12. In a system for receiving radio signalis, a 
tuning indicator of the fluorescent target type 
provided with two ray control electrodes so ar 
ranged as to provide a Substantial Shadow sector 
when operated at the proper potential and at 
the same time focus a beam of electrons on the 
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approximate center of Said shadow Sector when 
Substantially no difference of potential exists be 
tween the two ray control electrodes, said beam 
of electrons resulting in a fluorescent line on the 
Shadow sector, a frequency variation detector 
provided with a pair of output loads, means for 
applying in push-pull relationship to the two ray 
control electrodes the effect of direct current, 
voltages developed across the two loads of the 
frequency variation detector Output circuit So 
that the condition of equal Voltages developed 
across the two loads of Said circuit is indicated 
by the centering of the fluorescent line on the 
shadow Sector. 

HRED B. STONE. 
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