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4 Claims. (CL 250-40) R 
Figure: 5 illustrates the invention employing an The present invention relates to tuning. circuits 

for radio receivers or the like and more particul 
larly to a novel circuit arrangement for and a: 
method of controlling the tuning of radio Systems 
So as to increase the sharpness and accuracy of 
the tuning adjustment. 
An object of the invention is the provision of 

an arrangement responsive to deviations. Of the 
tuning or natural frequency of a selective circuit 
or network in a radio receiver from the frequency 
of a radio signal impressed thereon for indicating 
and/or controlling the tuning of the receiver. 
A more specific object of the invention is the 

provision of an arrangement responsive to devia-. 
tions of the natural or tuning frequency of a selec 
tive circuit or network in a radio receiver from the 
frequency of an impressed radio signal wherein 
the direction of detuning of the circuit whether 
below or above the signalling frequency is in 
dicated. 
Another object is the provision of an error de 

tector or tuning indicator for a radio. receiver or 
the like operating in accordance with a null meth 
od or compensation principle, wherein the in 
dication and/or control at exact resonance is zero 
as compared with the adjustment to maximum 
signal in strength in the case of the known...turn 
ing indicators heretofore... provided in radio re 
ceivers. 
A further object of the invention is the provision 

of an error detector or discriminator arrangement 
embodied in a radio receiver adapted to. Supply 
a control potential varying in accordance with 
the degree of tuning of the receiver in respect to 
the frequency of an incoming. radio signal and 
being of opposite sign dependent on whether the 
signal frequency is above or below the tuning 
frequency of the receiver whereby such control 
potential may serve to operate: a tune adjusting 
device to automatically correct the tuning of the 
receiver to be in exact resonance with an incom 
ingradio. Signal. 

Further objects and features of the invention 
will become more apparent from the following 
detailed description taken with reference to the 
accompanying drawings forming part of this spec 
ification and wherein 

Figure, 1 illustrates diagrammatically a basic 
circuit Constructed and operated according to the 
invention, 

Figure 2 is a modified arrangement of a circuit 
shown in Figure 1, 

Figures 3 and 4 illustrate practical: circuit ar. 
rangements employing rectifying devices for prac 
ticing the invention, 

electronic mixer valve for producing tune respon 
sive potential variations, 

Figures 6 and 7 illustrate circuits comprising a 
band pass filter or network used as a tune re 
Sponsive means to produce indicating and/or con 
trol potentials according to the invention, 

Figure 8 illustrates an arrangement similar 
to Figure.7 for producing both a volume and tune 
indication in a receiver, and 

Figure 9 illustrates an alternative method of 
practicing the invention utilizing rectifying de 
vices. w 

like reference characters identify like parts 
throughout the different views of the drawings. 

It is common practice in modern radio receivers 
to provide a station indicator to facilitate exact 
tuning but despite such provision correct tuning 
of a receiver especially one equipped with an anti 
fading or volume control arrangement is by no 
means an easy matter to be accomplished by un 
skilledpersons. One of the undesirable results of 
inexact tuning resides in a non-linear distortion 
of the demodulated or low frequency currents 
caused by an unsymmetrical position of the mod 
ulating side bands with respect to the central fre 
quency of the pass band of the selector circuits 
normally used in radio receivers of present day 
Construction. It is therefore desirable to provide 
an arrangement for indicating both the magni 
tude and direction of detuning of the receiver. 

It has already been proposed to provide what 
may be termed semi-automatic tuning systems or 
Systems for automatic fine adjustment of the tun 
ing wherein accurate or fine tuning of a receiver 
to an incoming carrier signal is effected auto 
matically after the receiver has been brought ap 
proximately in tune-manually with the incoming 
signal frequency such as by operating an ordinary 
or mechanical dial or the like for roughly select 
ing the station which it is desired to receive. 

In One type of semi-automatic tuning systems, 
especially adapted for superheterodyne receivers, 
two resonant circuits are provided at a suitable 
point in the intermediate frequency amplifier one 
of which circuits is sharply tuned a few kilocycles 
above and the other is sharply tuned by the same 
amount below the exact intermediate frequency 
for which the receiver is designed. By a super 
heterodyne receiver is meant a receiver in which 
incoming signal impulses of radio frequency are 
combined in a frequency changer with locally gen 
erated impulses, of different radio frequency to 
produce impulses of an intermediate preferably 
SuperSonic frequency which are selected by tuned 
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2 2,231,996 
circuits and demodulated. In an arrangement of 
the above type the current in one of the resonant 
circuits predominates over the current in the 
other resonant circuit depending on whether the 
incoming frequency combines with the local oscil 
lating frequency to provide a beat or intermediate 
frequency above or below the predetermined in 
termediate frequency for which the receiver is 

5 

designed. The currents in the two circuits are." 
10 then rectified and differentially combined to pro- . . 

duce a resultant direct current potential whose 
magnitude and sign will be a measure of the ex 
tent and direction of the detuning of the receiver. 
This potential may be applied to an indicating in 

l6 strument thereby to indicate the extent and sense 
of detuning or it may serve to effect an automatic 
tuning adjustment by controlling a suitable tune, 
adjuster device such as a thermionic. valve suit 
ably aSSociated with the oscillating circuit of the 

20 local oscillator to determine the frequency thereof 
in a manner well known. In this manner the 
tuning of the receiver will be automatically regu 
lated so as to correspond exactly with the prede 
termined intermediate frequency for which the re 

25 ceiver is designed, it being necessary for the op 
erator or listener only to bring the tuning ap 
proximately to the point of resonance such as by 
means of a mechanical dial or the like. 
A disadvantage of this type of error detector or 

30 discriminator for tuning indication or automatic 
tune adjustment is due to the necessity of two 
exactly and sharply tuned resonant circuits pro 
Vided Somewhere within the intermediate fre 
quency Section of the receiver and to the fact that 

35 it is the difference between the natural frequency 
of the two resonant circuits and the fixed inter 
mediate frequency of the receiver which deter 
mines the magnitude of the control potential. 
The two circuits in practice do not operate at their 

40 resonance points and are detuned relative to the 
intermediate frequency of the receiver, as by a 
few kilocycles and accordingly if they are directly 
coupled With an intermediate frequency stage 
from which they are to be controlled they will in 

45 pose a considerable damping effect upon this stage 
resulting in a Substantial impairment of the ac 
curacy and sharpness of tuning. For this reason 
the circuits are usually energized through a Sep 
arate coupling valve provided for this purpose 

50 which in turn involves increase of parts and bulk 
as Well as cost of the receiver. m 
By the present invention the above drawbacks 

and other defects of fixed and slightly detuned 
resonant circuits acting as a discriminator or error 

55 detector are substantially eliminated by a novel 
Brrangement and method utilizing the phase dif 
ference of the current in a resonant circuit at pre 
determined points of the circuit with variations of 
the frequency of the currents, to derive a potential 

60 which Will depend upon the extent and direction 
of detuning of the circuit with respect to the in 
preSSed frequency. As is well known, the total 
impedance of a resonant circuit is equivalent to a 
pure ohmic resistance when the circuit is exactly 

65 in tune with the impressed frequency. For a 
slightly higher frequency the circuit presents a 
capacitative reactance and for a slightly lower 
frequency the circuit presents an inductive re 
actance. If the impressed frequency is in exact 

70 resonance with the tuning or natural frequency 
of the circuit the input current is exactly 90° out 
of phase or in phase quadrature with the oscilla 
tory current developed within the circuit. In the 
case of detuning this phase displacement becomes 

Sgreater or Smaller than 90°. 

In carrying out the invention both series or 
parallel tuned circuitS or selective netWorks such 
as band selectors or any other complex circuit 
arrangement may be used to produce indicating 
and/or control potentials dependent on both the 5 
extent and amount of detuning of the circuit. 
Thus for example in a band paSs type of filter the 
mutual phase position of the potentials at the in 
put and the output ends is in one direction, say 
in a negative direction where the applied fre- l0 
quency is low, in the case of resonance the mutual 
phase relation becomes Zero and then changes to 
the other direction (positive) when the applied 
frequency is too high. It is thus possible, in 
carrying out the invention, to use either simple 15 
or complex resonant circuits already existent in 
the receiver, preferably resonant circuits of the 
band selector type in order to obtain a desired 
extent of phase shift for a given amount of de 
tuning for tuning control and/or indicating pur-20 
poses. However, if desired special resonant or 
selector circuits may be provided for the tune in 
dication or adjusting System fed from an incom 
ing RF or IF signal in any suitable manner as is 
understood. 25 
According to one embodiment and feature of 

the invention, a so-called Watt meter type circuit 
or a modulating or mixer device is employed to 
produce a direct current potential from a pair of 
alternating currents varying in accordance With 30 
the degree of detuning or mutual phase relation 
of the currents and having a direction dependent 
On the sense of detuning of one current With re 
spect to the other. In a wattmeter or nodulating 
type arrangement there is obtained a direct cur- 35 
rent component or potential proportional to the 
product of the amplitudes of the two currents or 
potentials impressed upon the device and to the 
cosine of the phase angle therebetween, thereby 
enabling the generation of a tuning error or dis- 40 
criminating potential fortuning indication and/or 
automatic control for the purpose of the invention. 
A basic circuit arrangement of the type ac 

cording to the invention is illustrated in Figure 1. 
In the latter there is shown a multiple tuned cir- 45 
cuit comprising a condenser O shunted by an in 
ductance in series with a non-reactive in 
pedance such as an ohmic resistance i2. This 
circuit may be connected anywhere in a radio SyS 
tem and may constitute for instance the output 50 
circuit of an amplifying waive in the IF Stage of 
a superheterodyne receiver in which case the upper 
terminal at of the circuit may be connected to the 
anode of the valve. While the lower terminal is 
connected to the positive pole of an anode poten- 55 
tial Source indicated by the plus sign in series 
with a further non-reactive impedance 3 pro 
vided in accordance With the present invention. 
The voltage dropS E1 and E2 developed across the 
impedances 2 and 3 are applied to a watt meter 60 
type or modulator device 4 adapted to produce 
a combined direct Output potential E at its Output 
terminals band c varying in accordance with the 
degree of detuning of the incoming frequency 
relative to the natural frequency of the circuit O, 65 
ff, 2 and having a sense dependent on whether 
the detuning of the circuit is below or above the 
impressed signal frequency. 
In an arrangement of the above type the oscil 

latory current io is displaced by 90° with respect to 70 
the total current ia flowing into the circuit if the 
impressed frequency is in exact resonance with 
the natural or tuning frequency of the circuit. If 
the voltages E1 and E2 set up across the resistances 
2 and 3 by the currents io and ia, respectively, 5 
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are combined or mixed-in-the-arrangement. I4, a 
direct output potential E is obtained in therman 
ner described which is zero in the case of reso 
nance when the currents are in phase quadrature 
and which varies towards positive and negative 
values if the phase of the currents is less or more 
than 90 respectively, i.e., according to the degree 
of detuning of the circuit relative impressed sig 
nal frequency. Device 4 may be of any known 
type such as a wattmeter type or balanced modu 
lator comprising in the example shown a pair of 
input transformers 5’ and 5', the former Serv 
ing to excite the grids of a pair of electron valves 
f6 and 6' in opposite phase by connecting the 
ends of its secondary each to one of the grids, and 
the latter exciting the grids of valves f6' and 6' 
in like phase by connecting its secondary between 
the common cathode of the valves and the center 
tap of the secondary of transformer 5. The 
anodes of the valves are connected through load 
resistances 7 and 7' to the positive terminal 
of an anode or B-supply. Source On the one-hand 
and to the output terminals b, c on the other hand. 
There is obtained in this manner by mutual modul 
lation or product formation of the impressed in 
put potentials E, E2 an output potential Eat 
terminals b, c varying both in sign and magnitude 
in dependence upon variations of the mutual 
phase relation between the input potentials in 
either sense from a normal 90° phase relation as 
a result of deviations from resonance of the tuned 
circuit ft), i?, 2 relative to the impressed signal 
frequency. 

Referring to Figure 2, there is shown an alter 
5 native arrangement similar to Figure 1 wherein 

the potential E1 is derived from the drop across 
the inductance of the resonant circuit. In 
this case the potentials Ei and E2 are in phase in 
the case of resonance and in order to obtain an 
output potential E. varying in accordance with the 
phase relation of the currents and being Zero in 
the case of resonance the device 4 must be of the 
type and operated according to a reactive power 
watt meter. Alternatively one of the potentials 
E1 or E2 may be phase shifted by 90° by means of 
any suitable phase shifting device of well known 
type in which case an ordinary wattmeter Or 
mixer arrangement may be employed. An ar 
rangement of this type is shown in Figure 2 where 
in the modulator 4 is of the reactive watt meter 
type differing from the arrangement according to 
Figure 1 by the provision of a quadrature phase 
shifting network in the secondary circuit of the 
transformer f5'. This network in the example 
shown comprises a resistance 8' and a condenser 
3' in series. By proper design of the latter, the 

potential across condenser 9’ will lag the cur 
rent by 90° in such a manner that a tune respon 
sive output potential is obtained at the terminals 
b, c which is Zero or a minimum in the case of 
resonance and increases in a positive or negative 
direction in proportion to the degree of detuning 
of the resonant circuit in either sense relative to 
the impressed signal frequency. 

In the accompanying Figure 3, there is shown a 
circuit arrangement for practicing the invention 
employing rectifying devices which may be me 
tallic rectifiers, valve type rectifiers or the like. 
For this purpose, the inductance f is provided 
with a secondary 5 and a further transformer is 
inserted in the lead from the resonant, circuit to 
the high potential source comprising a primary 
6 and a secondary 7. The potential E1 is thus 

developed across the secondary 5, and the poten 
tial E2 is developed across the secondary 7. The 

3. 
secondary 5.is connected in series with a pair of 
rectifiers 8 and f9 to an ohmic or non-reactive 
impedance 20, while the center taps of the second 
ary f5 and, the impedance 20 are connected 
through the secondary 7 in the manner shown. 
Preferably the portions of the impedance 20 are 
shunted by Smoothing condensers 2i to improve 
the steadiness of the control potentials obtained 
at the output terminals band C. ASSuming that 
the circuit.0, presents a high ohmic resistance 
as in the case of resonance, the secondary po 
tentials E1 and E2 may be represented by the foll 
lowing "theoretical equations well known to those 
versed in the art: 

In these expressions, M1, and M2 represent the 
mutual inductances of the transformers and 
p=2arf. Thus it is seen that the phase differences 
are retained in the potentials E1 and E2. The re 
sistance 20 is preferably given a high value. 

Referring to Figure 4 there is shown a modifica 
tion of a circuit described by Figure 3. According 
to Figure 4 the rectifiers 18 and f9 are connected 
in series and in opposition across the secondary 5 
through a pair of condensers 2 and 22 and the 
secondary 7 is connected between the center 
point of the secondary f5 and the junction point 
of the rectifiers. As is understood, the function 
and operation of this circuit in combining or mix 
ing the currents set up by the potentials Ei and 
E2 is substantially similar to Figure 3. 
The circuit so far illustrated and described in 

volves the comparison of the amplitudes of two 
alternating potentials or of the vectorial sum and 
difference of the two potentials derived from dif 
ferent points in an oscillatory circuit and rectified 
to obtain corresponding direct current potentials 
for tuning indication and/or control. A great 
advantage of arrangements of this type is the fact 
that even if the circuit or device, energized by the 
final resultant control potential has a relatively 
Small resistance any additional danping imposed 
upon the Oscillatory circuit disappears as Soon as 
the exact tuning is reached; that is, when the 
output potential is zero. 
In place of a modulating or mixing arrange 

ment utilizing dry rectifiers or the like, any other 
phase indicator circuit arrangement such a a ther 
mionic valve or the like may be employed for 
the purpose of the invention. Thus, referring 
to Figure 5 of the drawings there is shown an elec 
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tron mixer valve 25 having a cathode 26, a first 
grid 27, a second grid 28 surrounded by shield 
grid. 29, and an anode 30. As is well known in 
valves of this and similar construction in which 
two. Control grids are provided, Shielded from each 
other by a positively biased screen, the electron 
current may be controlled separately and inde 
pendently at two or more points so as to produce 
a direct modulation. Or product combination of 
the impressed potentials in the output circuit of 
the tube. In the present example the secondary 
voltage E supplied by the winding. 5 is impressed 
upon the electron path between the cathode and 
the grid. 28 while the potential E2 produced by the 
Secondary is impressed upon the path between 
the cathode 26 and the grid 27. In this manner 
the two potentials are mixed and a steady output 
potential. E. produced varying in accordance With 
the degree of detuning Ormutual phase relation 
of the impressed potential and having a sign which 
is either positive or negative in respect to a normal 
mean value. Item 28' is a source of Space cur 

60 

70 
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4. 
rent and items 29' and 30' a load resistance and 
by-pass condenser across the Output terminals 
b-c adapted to develop output potential in Sub 
Stantially the same manner as shown in the re 
maining diagrams. 
In the examples so far illustrated, simple tuned 

circuits have been shown but as pointed out the 
invention may be practiced in using any type of 
selective system or network. This is shown in 
Figure 6 where a so-called band pass circuit is pro 
Vided comprising a primary circuit having an in 
ductance shunted by the capacity 0 and a 
Secondary circuit having an inductance 5 shunted 
by a capacity 32. The inductances and 5 are 
in mutual coupling arrangement thereby forming 
a band pass or filter circuit of well known type. 
The circuit may serve as a tuned coupling trans 
former in the anode circuit of an intermediate 
frequency amplifier Or may be arranged at any 
Other Suitable point in a radio receiver. The lower 
points of the secondaries and 5 are shown con 
nected through a coupling condenser 33, while the 
upper termina of the input circuit and is 
connected to the grid 28 and the grid 2 is con 
trolled by the secondary circuit 5, 32. The phase 
of the output potentials of Such a band pass filter 
Varies Substantially in regard to the phase of the 
input potential, the variation in the vicinity of 
the predetermined intermediate frequency being 
from Zero to 180. In the case of resonance the 
phase difference is equal to 90° and the two po 
tentials may therefore be compared and utilized 
to produce a resultant control potential in sub 
stantially an analogous manner as described by 
the previous illustrations. In this arrangement 
the additional damping imposed by the Output 
current is zero when the detuning is zero, an im 
portant feature if the band filter is used in a nor 
mal manner as a frequency selective circuit in 
the receiver. 

In Figure 7 there is shown another circuit en 
ploying a band pass filter and a pair of ordinary 
rectifiers 3 and 38 as modulating devices. The 
latter are connected in opposition across the Sec 
ondary of the band pass filter through the con 
densers 34 and 36. The junction point between 
the rectifiers is connected to the terminal a. of the 
primary tuned circuit 0, through a condenser 
35 and the electrical center point of the secondary 
inductance 5 is connected to the lower terminal 
of the primary circuit 9, through the condenser 
33 which latter also serves as a blocking condenser 
if terriniinal d is connected to the grid of a second 
ary amplifier Stage. In this manner the circuit 
for the nodulating or watt meter arrangement is 
completed similarly as in the previous figures. 
The output terminals, b, c are connected to the 
rectifiers through smoothing resistors 39 and 4) 
with a decoupling condenser 4 being provided 
across the output terminals. 
According to a further feature of the invention, 

a phase or tune responsive arrangement for indi 
cation or control of the tuning may be combined 
with an automatic volume indicator varying in 
accordance With the unmodulated or carrier com 
ponent of a modulated signal for either indica 
tion or automatic control of the volume as known 
in automatic volume control or anti-fading sys 
tems. An arrangement of this type is Schemat 
ically shown in Figure 8 which is otherwise sub 
Stantially identical to Figure 7. In Figure 8 the 
Operating potential for a station indicator or for 
automatic volume control is derived from ter 
minals e, if connected between the junction point 
of the rectifiers 37, 38 and the center of the re 

2,231,996 
Sistance 2 across the output terminals while the 
potential for the tuning indication or adjustment 
is Supplied from terminals b, c in a manner as 
described hereinabove. 
A very satisfactory form of optical tuning indi 

cation is obtained if points e and f are directly 
Connected and the voltage between points f and c 
is applied to one indicator and the voltage between 
points f and b is applied to another indicator ar 
ranged adjacent thereto. In an arrangement of 
this type the total deflection or indication of both 
indicators is a measure of the amplitude of an 
incoming carrier wave, while the difference be 
tWeen the two indications or deflections is a meas 
lure of the degree of detuning. If the indicators 
are such as to be responsive to high frequency such 
as in the case of glow discharge lamps no special 
rectifiers are required. Thus, referring to Figure 
4 the latter may be modified by substituting two 
gow devices for the rectifiers shown and by con 
necting the leak resistance 2 directly between 
the junction of the rectifiers and the terminal b 
Or between the junction of the rectifiers and the 
terminal c. In any one of the arrangements il 
lustrated, one or more of the elements or circuits 
Such as band pass filters or dry or valve rectifiers 
may be combined with already existing devices and 
partS provided in the receiver. 

Referring to Figure 9 there is shown a further 
arrangement for practicing the invention com 
prising a Wheatstone bridge arrangement asso 
ciated With the oscillatory input circuit. There 
is shown a bridge comprising rectifiers 4, 42, 
43 and 44. The diagonal points m, n of the bridge 
aire Connected to the lower terminals of the con 
denser 8 and the inductance , respectively, 
While the remaining diagonal points o and pare 
Connected to the output terminals b and c across 
which is placed a center tapped resistance com 
prising equal parts 45 and 46 shunted by con 
densers 4 and 48. 
The Operation of an arrangement of this type 

is as follows: The path for the oscillatory cur 
rent during one-half cycle is through the rectifiers 
4 and 42 as indicated by the full arrows and dur 
ing the other half cycle through the rectifiers 44 
and 43 indicated by the dashed arrows. The valve 
circuit in whose anode circuit the tuned circuit 
0, is assumed to be connected is completed via 

the bridge points o and p and the center tap r 
between the resistances 45 and 86. The rectifiers 
between n and p and m and p are simultaneously 
non-conducting during the first half cycle of the 
Oscillating currents in which case no current 
can flow from the outside via the point p to the 
rectifier bridge. Simultaneously during the first 
half cycle the point o may be regarded as con 
nected electrically with points m and in so that a 
total current flows to the bridge and the Oscillatory 
circuit via this point during the first half cycle. 
The same applies as regards the point p during 
the Second half cycle. Thus if the total current 
ia, is in phase With the oscillatory circuit is the 
positive half Wave of the total current in each 
case Will flow through O and during the negative 
half cycle through p in such a manner that the 
condensers 4, 68 are charged to the total direct 
potential E. If the Oscillatory current is out of 
phase With the total current, the sense of E 
changes. In the case of 90° a resonance phase 
displacement between the oscillatory current and 
the total current the resultant of the total cur 
rent through b and through c is equal to zero. 
This circuit arrangement offers the advantage of 
great. Simplicity for only one tuned circuit is re 

O 

20 

30 

40 

50 

60 

65 

70 



2,231,996 
quired and this may be the same circuit as is used 
for Ordinary frequency selection purposes in the 
stage in question of the intermediate frequency 
amplifier. This arrangement does result in a 

5 slight additional damping of the Oscillatory cir 
cuit, but this defect is outweighed by its Sim 
plicity. It is to be recommended when Small 
tuning indicating potentials are all that is neces 
Say. 
Where the present invention is employed for 

automatic fine tuning, the actual utilization of the 
tuning control potential to effect tuning variation 
may be effected in any well known Way, e. g. in 
the case of Superheterodyne receivers it may be 

15 used to vary the local oscillator frequency by vary 
ing the dynamic grid capacity of a thermionic 
valve connected in parallel. With the normal tuning 
condenser in the circuit determining the local 
Oscillating frequency. In such a case the other 
tuning circuits of the receiver, i. e. the inter 
mediate frequency circuits and the high fre 
quency preselection tuning circuits, if any, do 
not require any control. In some cases, for in 
stance in the case of “straight'. Or TRE receivers 
automatic control of turning circuits may be ef 
fected by means of a motor controlled by the 
tuning control potential. In such a case auto 
matic tuning correction should be applied to all 
the resonant circuits of the receiver including the 
circuit from which the tuning control potentiai 
is obtained. 
The automatic fine tuning methods of the in 

wention are obviously not limited to their applica 
tion to ordinary broadcast receivers; for example, 
they may be applied to television receivers, in 
which, as is Well knoWn, exact tuning to an in 
coming carrier wave is of great importance. 
The invention is Well Suited for use in connec 

tion with short wave and ultra short Wave super 
heterodyne receivers, for here great difficulty is 
commonly experienced with known receivers, in 
obtaining and maintaining accurate tuning. 

It will be apparent from the above that the in 
vention is not limited to the specific circuits and 
arrangements of parts shown and described herein 
for illustration, but that numerous variations and 
modifications may be made coming Within the 
broad scope and Spirit of the underlying novel idea, 
and inventive concept as defined in the appended 
claims. The specification and drawings are ac 
cordingly to be regarded in an illustrative rather 
than a limiting Sense. 
We claim: 
1. A frequency variation response circuit Com 

prising a resonant network having a predetermined 
resonating frequency, means for feeding radio 
frequency signal energy to said network, means 
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5 
for deriving a pair of signal potentials from Such 
points of said network that the phase angle be 
tween the derived potentials will vary in either 
direction from a normal phase relation both a,c- 
cording to the sense and in proportion to the 
amount of detuning of said network relative to 
the signal frequency, an electron tube having a 
cathode and an anode to produce an election space 
current, a pair of control grids located in the path 
of said space current, a further grid located be 
tween said control grids, means for maintaining 
said further grid at a positive potential With re 
spect to said cathode, means for impressing each 
of said signal potentials upon one of Said control 
grids, an output circuit for said tube, and load 
means operatively associated with said output 
circuit to develop energy having an amplitude 
varying proportionately to the phase angle between 
said impressed potentials. 

2. A frequency variation response circuit com 
prising a resonant network having a prede 
termined resonating frequency, means for feeding 
radio frequency signal energy to Said network, 
means for deriving a pair of signal potentials from 
such points of said network that the relative 
phase angle between the derived potentials Will 
vary in either direction from a normal 90° phase 
relation between the derived potentials according 
to the sense of and proportionately to the amount 
of detuning of said network relative to the signal 
frequency, an electron tube having a Cathode and 
an anode to produce an electron Space current, a 
pair of control grids located in the path of Said 
space current, a further grid located between Said 
control grids, means for maintaining said further 
grid at a positive potential with respect to said 
cathode, means for impressing each of said poten 
tials upon One of Said COntrol grids, an Output 
circuit for said tube, and load means Operatively 
associated with said output circuit to derive energy 
having an amplitude varying proportionately to 
the phase angle between said impressed potentials. 

3. A System as claimed in claim 2, wherein said 
network is a parallel tuned resonant circuit and 
said potentials are derived from the circulatory 
current flowing Within Said circuit and from the 
total input current to said circuit. 

4. A system as claimed in claim 2, Wherein said 
network is a band-paSS filter comprising a primary 
and Secondary tuned circuit inductively coupled 
with each other, said potentials being derived 
from points of said primary and Secondary cir 
cuit carrying potentials at 90° phase difference 
when said network is in tune with the impressed 
signal frequency. 
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