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Exact turning of a radio receiver for signals 
conveyed by amplitude modulations of a carrier 
wave is a matter of some difficulty, both because 
it is difficult to perceive when the receiver is ex 
actly tuned, more especially when it is equipped 
with automatic means of volume control, and be 
cause it is difficult to adjust the tuning means 
with great precision. Inexact tuning results in 
distortion. 
The present invention is a superheterodyne 

radio receiver which when brought approximately 
into tune with an incoming signal will automati 
cally adjust itself into nearly exact tune. 
To this end the receiver includes an error de 

tector which is brought into action by the ap 
proximate tuning of the receiver to an incoming 
signal, and a tune adjuster controlled by the 
error detector. 
The error detector is in essence a circuit in 

which signals of different frequency produce re 
sponses of different magnitude and of different 
sign according as the signal frequency is above 
or below that to which the receiver is tuned. Sig 
nals with respect to which the receiver is so far 
out of tune that their reproduction is impaired, 
either by perceptible Weakening or by perceptible 
distortion, must produce in it sufficient response 
to control the tune adjuster, so that tuning by 
hand accurate enough to satisfy a not very criti 
cal ear will bring the tune adjuster into action. 
The tune adjuster is essentially a means of tuning 
the receiver which is operated electrically, and 
must have a Sufficient range to bring the receiver 
into tune With signals the reproduction of which 
would otherwise be perceptibly impaired. 
There are various forms of error detector based, 

in general, upon the different response of one or 
more tuned circuits to signals of different fre 
quency. In a single tuned Oscillatory cricuit coin 
sisting of inductance and capacity in series the 
difference between the peak voltage across the 
inductance and that across the capacity Will vary 
in magnitude and sign as the frequency of an 
impulse applied to the circuit varies from a fre 
quency below to a frequency above that to which 
the circuit is tuned, the voltages being equal when 
the impulse is in tune. Thus a series oscillatory 
circuit tuned to the intermediate frequency for 
which the superheterodyne receiver is designed 
and Supplied with impulses from any of the in 
termediate frequency circuits of the receiver, will 
have across its inductance and capacity peak 
voltages which differ from each other except when 
the incoming signal produces in it signals of its 
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local Oscillator of the receiver is accurately tuned 
for the reception of the signal; if the local oscil 
lator (tuned for example above the signal fre 
quency) is of too high a frequency the impulses 
produced by heterodyning will be of higher than 
intermediate frequency, and the voltage across 
the capacity of the oscillatory circuit will be less 
than that across the inductance, and if the local 
oscillator is of too low a frequency the voltage 
across the capacity will exceed that across the 
inductance. 
The voltage across an oscillatory circuit con 

sisting of capacity and inductance in parallel will 
also vary in magnitude as the frequency of the 
applied impulse varies but will not change sign 
at exact tune. If, however, such a circuit is mis 
tuned from the intermediate frequency and the 
voltage across it is balanced against a voltage in 
dependent of frequency and equal to that pro 
duced in the mistuned circuit by signals in tune 
with the receiver, the difference in the voltages 
will vary with the error and change sign as the 
error passes through zero. 
Or if two oscillatory circuits sharply tuned the 

one to a frequency above and the other to a fre 
quency equally far below the intermediate fre 
quency of the receiver are Supplied from one of 
the intermediate frequeracy circuits the voltages 
across them will differ except for impulses of the 
intermediate frequency, and the difference of the 
peak voltages will change sign at that frequency. 

In order to enploy for tuning adjustment volt 
ages varying with tuning error obtained in any 
of these ways it is in general convenient to rectify 
them and where there are two to oppose the one 
to the other. Tuning in a superheterodyne re 
ceiver is effected mainly by varying the frequency 
of the local oscillator, a frequency which depends 
on the oscillatory circuit associated with the oscil 
lating valve. To convert a voltage varying with 
the error in tuning into an adjustment of the 
parameters of an oscillatory circuit the invention 
employs as an impedance a passive thermionic 
valve network (i. e. One that is not self-oscillat 
ing) comprising a grid-controlled valve, an im- . 
pedance connected between its anode and control: 
grid, and a second impedance connected between 
the cathode and either the anode or the grid, the 
cathode forming one terminal of the impedance 
and the grid in the first case or the anode in the 
Second case forming the other terminal. An ele 
ment so formed may be made to present at the 
grid and cathode or anode and cathode terminals 
of the valve a reactance variable by variation of natural frequency, that is to say except when the 55 grid bias, or a resistance capable of reduction to 



2 
lower values by variation of grid bias than is the 
internal cathode-anode impedance of the valve; 
moreover the resistance so formed need not. vary 
much on substitution of a valve since it depends 
on the slope of the valve which is reasonably 
constant from one to another. 

In the first instance, namely by the inclusion of 
suitable impedance in its grid and anode circuits, 
those circuits being coupled together (whether by 
inductive or capacitative coupling or direct con 
nection) the valve may be made to present, at 
its grid and cathode terminals, an effective in 
pedance which may be of the nature of an in 
ductance, a capacity, or a resistance according 
to the nature of the impedances employed; and 
the magnitude of the impedance thus presented 
may be varied by varying the potential on a con 
trol grid of the valve. For the effective impedance 
of the grid circuit of such a valve depends not 
only on the external impedance in the grid cir 
cuit, but also upon the impedance in the anode 
circuit and the slope of the valve (i. e. the rate 
of change of anode current with grid voltage); 
consequently with a given arrangement of ex 
ternal impedances the effective impedance be 
tween the grid and cathode terminals may be 
varied by varying the slope of the valve, which is 
done by varying the bias on a controlling grid, for 
example, in the case of a pentode, by varying the 
potential of the suppressor grid. If the effective 
impedance thus presented at the terminals is re 
active it may be connected in parallel with the in 
ductance or capacity associated with the local 
Oscillator; if it is resistive it may be connected in 
series with an actual inductance or capacity across 
a part or the whole of the oscillatory circuit of 
the local OScillator. 
A more convenient method of obtaining an 

effective impedance variable by varying an ap 
plied voltage, rests on the discovery that the ef 
fective impedance between the anode and cathode 
terminals of a high impedance valve may be 
made resistive or reactive by applying to its grid, 
by means of a potentiometer, a part of its anode 
voltage; and that the magnitude of the effective 
impedance varies with the slope of the valve. If 
an effective reactance is required the potentiom 
eter must be made up of resistance. and re 
actance so that the voltage applied to the grid 
is approximately in quadrature with the anode 
voltage. An effective reactance or effective re 
sistance so constituted may be used as just de 
scribed to tune an oscillatory circuit. 
A valve used in any of these ways as an im 

pedance is herein referred to as a thermionic 
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with its anode voltage applied to its grid by a 
potentiometer so that the valve acts as an induct 
ance across the oscillatory circuit of the local os 
cillator, 

Figure 2 is a more generalised form of the 
slope-controlled anode thermionic impedance 
employed in Figure 1. 

Figure 3 is a slope-controlled grid thermionic 
impedance. 

Figures 4, 5, 6 and 8 show alternative means 
of obtaining a Voltage dependent upon the error 
in tuning and of employing it for varying the 
tune of an Oscillator. 

Figure shows a further modification of Fig 
lure 1. 

Figure 9 shows a modification of the slope 
controlled anode impedance and a further ap 
plication of it. 
In Figure 1 those parts of the receiver not 

directly concerned in the invention are shown 
in the well-known diagrammatic block form. It 
is assumed that incoming signals are amplified 
in the high frequency amplifier HF, and hetero 
dyned with oscillations generated by the local os 
cillator O and rectified in the frequency changer 
or first detector FC; the resulting impulses of 
intermediate frequency may be amplified in One 
or more stages in the intermediate frequency an 
plifier IF, and these are followed by a second 
detector and low frequency amplifier LF. 
The oscillator O comprises, as usual, a triode 

f having in its anode circuit an oscillatory circuit 
of variable frequency coupled with its grid circuit 
to generate oscillations. The oscillatory circuit 
comprises inductance 2 and variable capacity , 
to which may be added, by opening the switch , 
further inductance 7 and a fixed capacity , to 
adapt the receiver for the reception of a range 
of longer wave lengths. The amplitude of the 
oscillations generated is limited by the condenser 
shunted resistance 8. The anode circuit is con 
nected to the positive of the high tension supply 
through a choke 3. The grid circuit further in 
cludes a grid leak and condenser 4, 5. 

It will be understood that the receiver is tuned 
by hand in the usual way by movement of the 
variable condenser 4. For the purpose of auto 
matic adjustment of the tuning there is added 

50 

impedance; a valve with impedance in its grid . 
and anode circuits presenting, at its grid and 
cathode terminals an effective impedance vary 
ing with the slope of the valve is referred to as 
a slope-controlled grid thermionic impedance; 
and a valve in which the grid voltage is deter 
mined in magnitude and phase relation to the 
anode voltage by means of a potentiometer so 
as to present an effective impedance at its anode 
and cathode terminals variable with slope is re 
ferred to as a slope-controlled anode thermionic 
impedance. 
Typical embodiments of the invention are ill 

lustrated in the accompanying drawings. 
Figure i shows a receiver employing oscillatory 

circuits tuned above and below intermediate fre 
quency as the error detector and using the series 
opposed rectified voltages obtained from them to 
vary the suppressor grid potential of a pentode 
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to the oscillatory circuit 2, 4, 8, or 2, 4, , , , as 
the case may be, the equivalent of a further re 
actance consisting of the thermionic impedance 
TI. This is shown as a slope-controlled anode 
impedance made up of a pentode 9, the anode 
and cathode of which are connected across the 
oscillatory circuit of the oscillator, a potentiom 
eter applying to the grid a part of the anode 
voltage which makes the valve behave as a re 
actance of the desired kind. As shown the po 
tentiometer consists of a high resistance 2 of 
small capacity and a condenser 2, a blocking 
condenser 22 being interposed to enable their 
junction to be connected with the control grid 
of the pentode. The voltage applied to the grid 
by this potentiometer is approximately in quad 
rature with the anode voltage, and the valve pre 
sents at its anode and cathode terminals an ef 
fective impedance in the nature of an inductance. 
Condenser-shunted resistances 23, and 24 in the 
cathode circuit provide bias for the control and 
suppressor grids, the control grid bias being ap 
plied through the inductance 25 which may pref 
erably be of such magnitude that with the con 
denser 2 it forms a circuit whose natural fre 
quency lies below the range of wave lengths to 

having a voltage approximately in quadrature 75 be received. 
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The advantage of making this bias connection 

through an inductance is that the impedance of 
the now tuned portion of the grid circuit is in 
creased at the low frequency end of each wave 
range, and the range of automatic tuning con 
trol is kept more nearly constant throughout the 
Wave range. W 

It is important that the capacity of the re 
sistance 20 should be small; it may be reduced by 
screening the ends from one another, as indicated 
diagrammatically by the earth-connected screen 
26. The magnitude of the resistance itself will 
be less if the potentiometer 20, 2 is supplied from 
the oscillator anode circuit though a step-down 
transformer. 
The anode circuit of the thermionic impedance 

may conveniently be supplied through the choke 
3 and the inductance 2, 7 of the Oscillator. 
When by the opening of switch 6 the oscillator 

is suited for long wave, lengths the effective in 
ductance of the thermionic impedance should be 
correspondingly modified by adding to the con 
denser 2 a further condenser 27, which may be 
done by a switch 28 mechanically connected with 
the switch 6. 
The effective inductance added by the ther 

mionic impedance TI across the oscillatory cir 
cuit of the oscillator O may be varied by varying 
the potential of the suppressor grid of the pen 
tode 9. This is done automatically by making 
the suppressor grid potential dependent on the 
extent to which the receiver is out of tune with 
the incoming signals to which it has been ap 
proximately tuned by hand. To this end oscilla 
tory circuits 29 and 30 tuned to frequencies re 
spectively above and below the intermediate fre 
quency of the receiver are fed from one of the in 
termediate frequency circuits of the receiver 
through Small condensers 3. Each of these OS 
cillatory circuits 29, 30 supplies through a recti 
fier 32, 33 respectively, a load resistance 34, 35 
and integrating condenser 36, 37, the two resist 
ances being connected together. The rectifiers 
are here shown as diodes, and as combined into 
one bulb. 
The resultant of the series opposed D. C. volt 

ages produced across the resistance 34, 35 is ap 
plied to the suppressor grid of the pentode 9 
through a decoupling resistance 38 with smooth 
ing capacities 39, 40. A switch 4 which can be 
closed during tuning-for instance it may be op 
erated by an initial pressure on the tuning knob 
required to free the knob so that it can be 
turned-short-circuits the resistances 34, 35 and 
puts the automatic control of the suppressor grid 
potential out of action. A sufficiently large Con 
denser 39 and resistance 38 will delay the re 
sponse of the tune corrector to prevent it acting 
during a merely momentary interruption of the 
hand tuning operation. 
The action of the apparatus is as follows. Dur 

ing tuning by hand, when the switch 4 is closed, 
the receiver is not affected by the invention. 
When the switch 4 opens the voltage acroSS the 
resistance 34, 35 is applied to the suppressor grid 
of the pentode 9. If the receiver is already ex 
actly in tune this voltage will be zero, for the cir 
cuits 29 and 30 being equally out of tune, the 
one above and the other below the intermediate 
frequency, will have equal voltages across them. 
If the receiver is not in tune the impulses pro 
duced in the frequency changer FC and amplified 
in the intermediate frequency amplifier IF will 
not be exactly of intermediate frequency, but will 
be nearer to the frequency of one of the circuits 
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29, 30 than to that of the other. It will accord 
ingly produce a greater response in that circuit; 
the voltages across the resistances 34 and 35 will 
then not be equal, and their difference will modify 
the suppressor grid voltage in the pentode 9 and 
so change the slope of the valve and modify the 
reactance of the thermionic impedance IF as a 
whole, thereby altering the frequency of the Oscil 
lator O in the direction requisite to bring theim 
pulses produced by heterodyning more exactly 
to the intermediate frequency. 
To obtain maximum effectiveness of tuning cor 

of the two circuits 29, 30 should be equal to the 
band width of each. The requisite range of tun 
ing correction depends on the selectivity of the 
receiver; it should extend on each side to such 
a degree of mistuning as would involve obvious 
distortion or reduction of volume, so that the user 
will not be satisfied with his tuning by hand until 
he has tuned into the range of automatic error 
COrTection. 
The accuracy of calibration of the receiver as a 

whole will depend upon the tolerances in the de 
sign of the error detector and tuning correction 
circuits, as well as in the rest of the receiver; 
these, therefore, should be kept as small as pos 
sible. It will be noted, however, that excessive 
tolerance cannot lead to over-correction, which 
might be worse than the initial error in hand 
tuning; for the correcting voltage is itself re 
duced by the automatic tune correction. 

It should be understood that the resistance 
capacity potentiometer associated with the pen 
tode 9 is an example only. In general if a poten 
tioneter consisting of impedances Z1 and Z2 is 
connected as shown in Figure 2 between the anode 
and cathode of a valve, and its tapping is con 
nected to the control grid, then the combination 
of valve and potentiometer will behave as an 
impedance Z of a value given approximately by 

2. R 2l -- Za 
1--g2, 

where g is the slope of the valve, i.e. 

Is being the anode current and Vs the grid volt 
age. Or the valve itself may be said to behave 
as an impedance of a value 

21-22 
Z. - Z, 

The value will be affected by the anode-cathode 
capacity of the valve which is assumed in the 
formula to be negligible, and also by the varia 
tion of anode current with anode potential which 
may be made negligible by the use of a screen 
grid valve. Zi and Z2 may comprise any desired 
distribution of inductance, capacity and resist 
ance, and instead of being directly connected the 
grid and anode circuits may be otherwise coupled. 
Also the grid fraction of the anode voltage deter 
mined by the potentiometer may be amplified 
before it is applied to the grid, as hereinafter 
explained with reference to Figure 9. 
As already noted in reference to 20, 2 of Fig 

... ure 1, if Z is a resistance R and Z2 a capacity C 
70 

75 

the impedance Z is an inductance approximately 
of the value 

LRC g 
and of phase angle 

d = tan-'orec 



4. 
If, instead, Zi and Za are such that the grid 

and anode voltages are in phase, 2 is purely re 
sistive. In that case no variation of frequency 
would result from connecting it directly across 
the oscillatory circuit of TI as in Figure 1 but it 
will control frequency if connected across that 
circuit in series with a reactance. A thermionic 
valve without a potentiometer or external in 
pedances may similarly be used as a resistance 
variable by variation of the grid bias. But a 
valve used as a variable resistance in series with 
an impedance will not give a wide range of tuning 
on all wave lengths. To remedy this the react 
ance in series with the valve may itself be vari 
able; for instance it may be a condenser ganged 
with the tuning condenser 4. Or the reactance 
in series with the valve may be a condenser in 
series with a choke, so that the effective capacity 
is increased at the low frequency end of the wave 
range. 

It is also possible to use the grid and cathode 
terminals of a valve with external coupled or 
Connected impedances as a variable impedance 
as indicated in Figure 3. 
To the cathode and Suppressor grid terminals 

is applied the voltage obtained from the error 
detector, which varies the slope of the valve and 
So varies the impedance between the control grid 
and cathode terminals, which are connected 
across the oscillatory circuit to be tuned, directly 
if the impedance is reactive, or in series with a 
reactance if the impedance if resistive. 
These methods of tuning by varying the grid 

voltage of a valve are particularly adapted for 
tuning at a distance. Where, therefore, remote 
Control is desired, for instance in a receiver car 
ried upon a motor car; the initial tuning of the 
receiver by hand may be carried out in this way, 
the control handle merely varying, for instance 
by means of a potentiometer, the voltage applied 
to a grid of the valve of a thermionic impedance 
in the circuit to be tuned. This is illustrated in 
Figure 9. It will be understood that the anode 
and Cathode of the thermionic reactance TI are 
connected as in Figure 1 across the oscillatory 
circuit to be tuned. As in Figure 1 also, there is 
a potentiometer consisting of resistance 20 and 
capacity 2 connected between anode and cath 
ode. Their junction may be connected to the 
control grid of the pentode 9 as in Figure 1; as 
shown, however, to give increased effect the volt 
age across the capacity 2 is amplified before ap 
plication to the pentode grid. For this purpose 
the junction of 20 and 2 is joined to the control 
grid of an amplifying valve 80 the anode of which 
has resistance capacity coupling 8, 82, 83 with 
the control grid of the pentode 9. The mag 
nitude of the thermionic reactance so formed may 
be controlled by varying the voltage on the Sup 
pressor grid of the pentode as in Figure 1, or as 
shown in Figure 9 by varying the slope of the 
valve 80, for which purpose its control grid is 
connected with a potentiometer 84 at the remote 
control point bridged acroSS a Source of Volt 
age 85; the tapping point of the potentiometer 
is adjustable by the tuning knob. Or the slope 
of both valves 9 and 80 may be thus controlled. 
The effective impedance of a thermionic anode 

impedance with amplified slope control as shown 
in Figure 9 is 

Z1 - Z. 

where m is the amplification of the valve 80; in 

O 
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other words the pentode 9 in these circumstances 
presents an effective impedance 

21-2 
2, mg2. 

It is important that there should be no cou 
pling between the two tuned circuits 29, 30 of 
frequencies respectively above and below the in 
termediate frequency employed for error detec 
tion. Figure 1 shows them fed through very small 
condensers S. They could instead be fed through 
high resistances. Or they may be transformer 
fed, as shown in Figure 7, from the anode circuit 
of an intermediate frequency amplifying valve 
65, an earthed screen S6 being placed between the 
windings to minimise the coupling. 
Other ways of obtaining a voltage dependent 

on the error in tuning, for the purpose of tuning 
an oscillatory circuit either by biassing a valve 
grid as above described or by other means, are 
illustrated in Figures 4, 5 and 6. Figure 4 makes 
use of a single tuned circuit consisting of capacity 
42 and inductance in Series. The circuit is fed 
through transformer 44 from an intermediate 
frequency amplifying valve 45. Across the in 
ductance and across the condenser are connected . 
load resistances 46, 47 in series with rectifiers 48, 
49 and shunted by integrating condensers 50, 
5. The rectified voltages arising across 46 and 
47 are used as in Figure 1, or as in the modifica 
tions of that scheme illustrated in Figures 2 and 3. 
The rectifiers 48, 49 may be diodes as in Figure 

1, or metal oxide rectifiers as indicated, or they 
may be triodes working on the bend of their grid 
volts-anode current characteristic in which case 
they will serve for amplification also and the cir 
cuit becomes that of Figure 5. The grid bias of 
the valves 52, 53, shown in Figure 5 as obtained 
from a potentiometer 57, may alternatively be ob 
tained in any, usual way, for instance from a re 
sistance in the cathode circuit, or from a battery. 

Figure 6 also makes use of a single tuned cir 
cuit, but in this case its inductance 58 and con 
denser 5 are in parallel, and the circuit is tuned 
not to the intermediate frequency but to a fre 
quency differing from it by a suitable amount. 
This circuit is inductively fed from an interme 

5 5 
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diate frequency amplifying valve 45 and its re 
sponse is rectified by any suitable rectifier 6 and 
sets up a D. C. voltage across the load resistance 
0. But its response will not be zero when the 

receiver is exactly tuned. 
Unless the receiver has perfect automatic vol 

ume control, the response of the circuit 58, 59 will 
depend not only on the frequency but also on the 
amplitude of the received signals. To com 
pensate for such variations of amplitude the volt 
age produced by the circuit 58, 59 should be bal 
anced against the voltage produced by another 
circuit 62, 63 tuned to the intermediate frequency, 
similarly supplied from an intermediate frequency 
circuit of the receiver, and similarly equipped 
with a rectifier. The difference between the rec 
tified voltages will appear at the terminals 64, 
which will be connected to a galvanometer or into 
the grid circuit of the valve of a thermionic im 
pedance as already explained. 
Yet another method of obtaining a voltage for 

tune correction purposes dependent on the ex 
tent of the error in tuning is to employ an aim 
plifying circuit in which amplification is propor 
tional to frequency. This is illustrated in 
Figure 8. From an intermediate frequency cir 
cuit 67 of the receiver voltage is supplied to a 
frequency changer 68 where it is heterodyned 
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with the output of a local oscillator 69. This pro 
duces modulation at a lower frequency in the 
anode circuit of 68 which contains a choke 70 
with a condenser 7 to by-pass the high fre 
quency component of the current. The effect 
of the choke is to make the amplification of 68 
depend on the frequency, and so its output, recti 
fled by a diode or the like 2, will provide across 
the resistance 73 a voltage varying with the 
error in tuning, which can be applied through a 
de-coupling resistance 74 and condenser 5 in 
any of the ways heretofore described. But this 
rectifier voltage will also vary with the ampli 
tude of the received signal unless the input to 
the frequency changer 68 is rendered constant by 
automatic volume control. To compensate for 
variations of signal amplitude the rectified out 
put of the frequency changer is balanced against 
the rectified output of another circuit 76 tuned 
to the intermediate frequency and fed from an 
intermediate frequency circuit, and equipped with 
a rectifier and load resistance 8. The differ 
ence in the two voltages which should vary with 
the error in tuning alone is available at the ter 
minals 9 and may be used as above described. 

It will be appreciated that in general any of 
the error detectors above described may be Con 
bined with any of the tune correcting means, but 
not all combinations are convenient; for example 
where the correcting voltage is produced between 
points neither of which is at earth potential it 
cannot readily be employed as bias between the 
grid and cathode of a valve, unless a separate 
high tension supply is provided for the valve to 
be so biased. - 

Also the characteristic of the error detector, 
that is to say the volts produced per kilocycle 
error in tuning, and the characteristic of the tune 
corrector, that is to to say the kilocycles correc 
tion produced per volt applied to the corrector, 
should be adapted to each other so that the 
remanent error is a small fraction of any initial 
error in hand tuning within the range of cor 
rection desired. 
We claim: 
1. An electrically tunable oscillator comprising 

a thermionic valve with coupled grid and anode 
circuits, one of them oscillatory, a shunt bridged 
across said oscillatory circuit, a second thermionic 
valve containing at least one control grid and 
having its anode-cathode circuit included in Said 
shunt, a potentiometer bridged acroSS the anode 
and cathode of said Second valve and having a 
tapping connected to the control grid of said 
valve, and means for varying the bias on a grid 
of Said Second valve. 

2. An electrically tunable oscillator comprising 
a thermionic valve with coupled grid and anode 
circuits, one of these oscillatory, said oscillatory 
circuit including the anode-cathode circuit of a 
second thermionic valve containing at least one 
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control grid and having a high resistance con 
nected between its anode and control grid and 
a capacity connected between its control grid and 
cathode, and means for varying the bias on a grid 
of said second valve. 

3. An electrically tunable oscillator comprising 
a thermionic valve with coupled grid and anode 
circuits, one of them oscillatory, said oscillatory 
circiut including the anode-cathode circuit of 
a pentode having a high resistance connected be 
tween its anode and control grid and a capacity 
connected between its control grid and cathode, 
and means for applying a variable potential to 
the suppressor grid of Said pentode. 75 

5 
4. In a superheterodyne radio receiver pro 

vided with a frequency changer, the combina 
tion of a local oscillator comprising a thermionic 
valve with coupled grid and anode circuits, one of 
them oscillatory, said oscillatory circuit includ 
ing the anode-cathode circuit of a second ther 
mionic valve having at least one control grid and 
having a high resistance connected between its 
anode and control grid and a capacity connected 
between its control grid and cathode, an induct 
ance connected with said control grid forming 
with said capacity a circuit of natural frequency 
outside the range of wave lengths of the oscilla 
tor, and means for applying a bias to said con 
trol grid through said inductance, with means 
for applying to a grid of said second valve a bias 
varying with the frequency of the output of said 
frequency changer to vary the reactance of the 
anode-Cathode circuit. 

5. In a superheterodyne radio receiver having 
a frequency changer, a local oscillator including 
a thermionic valve with coupled grid and anode 
circuits one of which is oscillatory and tunable, 
and means for feeding to said frequency changer 
received signals and oscillations generated by 
said oscillator, the combination with said local 
oscillator comprising a second thermionic valve 
having its anode-cathode circuit bridged across 
the oscillatory circuit of said oscillator, a poten 
tionetter including resistance and reactance 
bridged across the anode and Cathode of Said sec 
Ond valve with a tapping connected to the Con 
trol grid of said second valve, and means for ap 
plying to a grid of said second valve a bias vary 
ing with the frequency of the output of said fre 
(quency changer to vary the reactance of the 
anode-cathode circuit. 

6. In a Superheterodyne radio receiver having 
a frequency changer, a local oscillator having a 
tunable circuit for varying the frequency of 
oscillations generated, means for feeding re 
ceived signals and the oscillations generated by 
Said oscillator to said frequency changer to 
heterodyne them, circuits fed from said frequency 
changer tuned to an intermediate frequency, two 
oscillatory detector circuits one tuned to fre 
quencies above and the other tuned to frequencies 
below said intermediate frequency, and means for 
feeding said tuned detector circuits from an in 
termediate frequency circuit, the combination 
with the tunable circuit of said oscillator com 
prising a pentode provided with an anode, 
cathode, grid, control grid and a suppressor grid, 
said pentode having an anode-cathode circuit 
included in said tunable circuit, a high resistance 
connected between the anode and control grid 
of said pentode, a capacity connected between 
the control grid and cathode of said pentode, 
means for rectifying and opposing to each other 
voltages produced in the tuned detector circuits 
of said receiver, and means for applying the dif 
ference of said voltages to the suppressor grid of 
Said pentode. 

7. In a superheterodyne radio receiver, an elec 
trically tunable oscillator comprising a thern 
ionic valve with coupled grid and anode circuits 
one of which is oscillatory, said oscillatory circuit 
including the anode-cathode circuit of a second 
thermionic valve having at least one control grid 
and having a high resistance connected between 
its anode and control grid and a capacity con 
nected between its control grid and cathode, an 
inductance connected with said control grid and 
forming with said capacity a circuit of natural 
frequency below the range of wave lengths of the 



Oscillator, and means for varying the bias on a 
grid of said second valve. 

8. In a superheterodyne radio receiver, an 
electrically tunable oscillator comprising atherm 
ionic valve with coupled grid and anode circuits 
One of which is oscillatory, said oscillatory cir 
cuit including the anode-cathode circuit of a 
pentode having an anode, cathode, grid, control 
grid and suppressor grid, a high resistance con 
nected between the anode and control grid of 
said pentode, a capacity connected between said 
control grid and the cathode of said pentode, an 
inductance connected with said control grid and 
forming with said capacity a circuit of natural 
frequency below the range of wave lengths of the 
oscillator, and means for applying a variable 
potential to said suppressor grid. 

9. In a superheterodyne radio receiver, an elec 
trically tunable oscillator comprising a therm 
ionic valve with coupled grid and anode circuits 
one of which is Oscillatory, said oscillatory cir 
cuit including the anode-cathode circuit of a 
pentode having an anode, Cathode, grid, control 
grid and suppressor grid, a high resistance con 
nected between the anode and control grid of 
said pentode, a capacity connected between said 
control grid and the cathode of said pentode, 
condenser-shunted resistances in the cathode 
circuit of said pentode providing bias for the con 
trol and suppressor grids, and an inductance 
connected between said resistances and said con 
trol grid, said inductance forming with the con 
Condenser, connected between the anode and con 
trol grid, a circuit of natural frequency lying 
below the range of wave lengths of the oscillator. 

10. In a superheterodyne radio receiver, an 
electrically tunable oscillator comprising a therm 
ionic valve with coupled grid and anode cir 
cuits one of which is oscillatory, said oscillatory 
circuit including the anode-cathode circuit of a 
pentode having an anode, cathode, grid, control 

d and suppressor grid, a high resistance con 
hected between the anode and control grid of 
said pentode, a capacity connected between said 
control grid and the cathode of said pentode, 
condenser-shunted resistances in the cathode cir 
cuit of said pentode providing bias for the con 
trol and suppressor grids, an inductance Con 
nected between said resistances and said control 
grid, said inductance forming with the condenser, 
connected between the anode and control grid, a 
circuit of natural frequency lying below the range 
of wave lengths of the oscillator, and means for 
applying a corrective potential to said suppressor 
grid. 
. 11. In a superheterodyne radio receiver, an 
electrically tunable oscillator comprising a thern 
ionic valve with coupled grid and anode circuits 
one of which is oscillatory, said oscillatory cir 
cuit including the anode-cathode circuit of a 
pentode having an anode, cathode, grid, control 
grid and suppressor grid, a high resistance con 
nected between the anode and control grid of 
said pentode, a capacity connected between said 
control grid and the cathode of said pentode, 
condenser-shunted resistances in the cathode 
circuit of said pentode providing bias for the 
control and suppressor grids, an inductance con 
nected between said resistances and said control 
grid, said inductance forming with the condenser, 
connected between the anode and control grid, 
a circuit of natural frequency lying below the 
range of wavelengths of the oscillator, and means 
for applying to said suppressor grid a potential 
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ident upon the error in tuning said oscil 
ator. 

12. In a superheterodyne radio receiver, a local 
Oscillator comprising a thermonic valve with 
coupled grid and anode circuits one of which is 
oscillatory, said oscillatory circuit including the 
anode-cathode circuit of a second thermonic 
valve having a high resistance connected between 
its anode and control grid and a capacity con 
nected between its control grid and cathode, and 
means for applying to a grid of said valve a 
potential responsive to the mistuning of said 
oscillator. 

13. In a superheterodyne radio receiver, a local 
Oscillator comprising a thermionic valve with 
Coupled grid and anode circuits, One of which 
is oscillatory, a pentodehaving an anode, cathode, 
grid, control grid and suppressor grid, the oscilla 
tory circuits including the anode-cathode circuit 
of said pentode, high resistance connected be 
tween the anode and control grid of said pentode, 
a capacity connected between the control grid 
and cathode of said pentode, and means for ap 
plying to said suppressor grid a potential re 
sponsive to the mistunning of said oscillator. 

14. A modulated carrier wave receiver compris 
ing tuning control means, discriminating means 
for developing a potential difference which in its 
sign and magnitude, is dependent upon the sense 
and magnitude of the mistuning of said receiver 
with respect to a desired carrier, a thermionic 
valve having a cathode, an anode and two con 
trol grids arranged to control the space current 
in said valve in succession, means for establish 
ing said potential difference between One of said 
control grids and said cathode, a connection in 
cluding a condenser between the anode and the 
other control grid, means for causing the effec 
tive reactive impedance between the other of said 
control grids and said cathode to control the tun 
ing of at least a part of said receiver, and con 
pensating means for varying the magnitude of 
said effective reactive impedance corresponding 
to a fixed amount of mistuning in accordance 
with the frequency of said desired carrier so that 
pull-in tuning of substantially constant effec 
tiveness is obtained at all frequencies within a 
pre-determined range. 

15. A superheterodyne receiver comprising a 
frequency changer network including a turiable 
local oscillator circuit, an intermediate frequency 
network, means for demodulating the interme 
diate frequency energy, a discriminator network, 
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connected to the intermediate network, to have 
intermediate frequency energy impressed there 
on, constructed and arranged to produce a direct 
current voltage whose magnitude is solely de 
pendent upon the frequency of said impressed 
energy, an electron discharge tube including at 
least an output electrode and a pair of input elec 
trodes and having its output electrode connected 
to the oscillator circuit, an impedance coupled 
to the oscillator circuit across which is developed 
an alternating voltage substantially in quadra 
ture with the output electrode alternating poten 
tial of said electron discharge tube, means for 
impressing said last voltage upon the input elec 
trodes of said tube, and means for impressing 
the direct current voltage produced by said dis 
criminator upon an input electrode of said tube 
whereby the frequency of said local oscillator 
circuit may be adjusted in a predetermined direc 
tion, and said impedance being a condenser 
whereby said tube reflects a negative inductance 
across the oscillator circuit. 
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16. In combination with an electron discharge 

tube having input and output circuits reactively 
coupled to produce oscillations, at least one of 
the coupled circuits being resonant to a desired 
oscillation frequency, means for adjusting the 
frequency of the resonant circuit comprising a 
tube having at least an input electrode and an 
output electrode, means feeding alternating 
potential from the second tube output electrode 
to a point of relatively high potential of said 
resonant circuit, means for impressing upon said 
input electrode alternating voltage derived from 
the oscillation tube which is in phase quadrature 
with Said potential, and means for controlling 
the gain of said second tube, said impressing 
means including a reactance in the space current 
path of the Oscilalition tube. 

17. In combination with an electron discharge 
tube having input and output circuits reactively 
coupled to produce oscillations, at least one of 
the coupled circuits being resonant to a desired 
oscillation frequency, means for adjusting the 
frequency of the resonant circuit comprising a 
tube having at least an input electrode and an 
output electrode, means feeding alternating 
potential from the second tube output electrode 
to a point of relatively high potential of said 
resonant circuit, means for impressing upon said 
input electrode alternating voltage derived from 
the oscillation tube which is in phase quadrature : 
with said alternating potential, and means for 
controlling the gain of said second tube. 

18. An electrically tunable oscillator compris 
ing a thermionic valve with coupled grid and 
anode circuits, one of them oscillatory, a second 
thermionic valve containing at least one control 
grid and having its anode-cathode circuit in 
cluded in said oscillatory circuit, means for ap 
plying to said control grid of said Second valve a 
fraction of the alternating component of its 
anode-cathode voltage, and means for varying 
the gain of said second valve. 
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19. An electrically tunable oscillator compris 

ing a thermionic valve with coupled grid and 
anode circuits one of them oscillatory, a therm 
ionic reactance associated with said oscillatory 
circuit to form a tunable element thereof, said 
thermionic reactance comprising a Second thern 
ionic valve having at least One control grid with 
means for applying to its grid a fraction of its 
anode voltage approximately in quadrature with 
its anode voltage, and means for varying the 
gain of Said Second valve and thereby varying 
the reactance of said thermionic reactance. 

20. In combination with an electron discharge 
tube having input and output circuits reactively 
coupled to produce oscillations, one of said cir 
cuits being Oscillatory, means constituting a 
variable component reactance of said oscillatory 
circuit, said means comprising a tube circuit in 
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cluding at least one tube and having input and 
output electrodes, means feeding alternating 
voltage from the output electrodes of said tube 
circuit into said oscillatory circuit, means for im 
pressing upon the input electrodes of Said tube 
circuit alternating voltage derived from the oscil 

5 lation tube which is in phase quadrature with the 
alternating voltage fed from the output electrodes 
of said tube circuit, and means for varying the 
gain of said tube circuit. 

21. An electrically tunable oscillator compris 
ing a thermionic valve with coupled grid and 
anode circuits, one of them oscillatory, a second 
thermionic valve containing at least one control 
grid and having its anode-cathode circuit effec 
tively connected across said oscillatory circuit, 
means for applying to said control grid of Said 
second valve a fraction of the alternating con 
ponent of its anode-cathode voltage, and means 
for varying the gain of said second valve. 
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