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CIRCU S 

Stuart W. Seeley, Bayside, Flushing, N.Y., assign 
or to Radio Corporation of America, a corpora 
tion of Delaware 

Application October 1, 1935, Serial No. 45,413 
18 Claims. (C. 250-20) 

My present invention relates to high frequency 
variation response circuits, and more particu 
larly to frequency response networks of a type 
utilizing changes in phase relations of primary 
and Secondary circuit voltages which occur in 
coupled tuned circuits, when the applied high 
frequency energy departs from resonance with 
the tuned circuits. 

In the past frequency variation response cir 
cuits have been proposed for many uses. Such 
uses have involved the indication of frequency 
departure from a predetermined frequency value; 
the maintenance of a resonant circuit at a fre 
quency of a predetermined magnitude; or the 
utilization of signal energy in a receiver for auto 
matically tuning a resonant circuit to a prede 
termined frequency. Such proposed circuits have 
usually employed frequency discriminator net 
works embodying resonant circuits mistuned by 
equal. frequency values to opposite sides of a 
predetermined operating frequency. The direct 
current component of the rectified output of a 
discriminator network is utilized, in Such prior 
proposed circuits, to perform the functions re 
ferred to above. One of the chief disadvantages 
of such prior discriminator networks has been 
the difficulty in aligning the mistuned circuits 
of the discriminator with the resonant circuits 
of the receiving system which are tuned to the 
operating frequency. 

Accordingly, it may be stated that it is one of 
the primary objects of my present invention to 
provide a high frequency variation response net 
Work wherein there is not employed Side circuits 
tuned above and below a predetermined center 
frequency, but wherein the frequency discrimi 
nating circuits are tuned to the common operat 
ing frequency of the entire system with the re 
sult that the aligning of such a discriminator 
network with other circuits of the receiving Sys 
tem is greatly simplified, and signaling systems 
embodying such discriminator networks are ren 
dered highly practical. 
The aforementioned proposals of the prior art 

have all substantially utilized mistuned circuits 
in the discriminator network in such a manner 
that the differential direct current output of the 
mistuned circuits was obtained by virtue of alter 
nate operation of rectifiers coupled to the mis 
tuned circuits. That is to say in such prior 
circuits each mistuned circuit of the discrimi 
nator network is connected to a rectifier, and as 
the applied frequency departs from resonance 
with the desired operating frequency, the center 
frequency of the mistuned circuits, either one 

or the other of the mistuned rectifiers becomes 
Operative to derive a direct current from the 
applied signal energy. 

It is, then, one of the important objects of my 
present invention to provide a frequency varia 
tion response network which functions in an en 
tirely different manner from such prior proposed 
circuits, and wherein there is established in the 
frequency response network a predetermined 
phase difference between a primary and second 
airy potential of a tuned network embodying pri 
nary and Secondary circuits, the phase angle 
between the primary and secondary potentials 
varying as the applied energy varies in frequency 
from resonance. 
Another important object of the present in 

vention is to provide a method of, and apparatus 
for, obtaining differential direct current poten 
tials, or currents, whose magnitude and polarity 
are determined by the amount and the sign, re 
Spectively, of the difference between an applied 
frequency and a certain fictitious frequency, and 
wherein the action depends upon the fact that 
a 90° phase difference exists between the primary 
and secondary potentials of a double tuned 
transformer when energy of the resonant fre 
quency is applied, and that this phase angle var 
ies as the applied frequency varies. 
An additional object of the invention is to pro 

vide a frequency discriminator network wherein 
the primary and Secondary voltages of a double 
tuned transformer, which voltages differ 90° in 
phase when energy of the resonant frequency 
is applied, are added vectorially whereby the 
absolute magnitude of the resultant vector will 
be greater on One side of resonance than on 
the other. 

Still another object of the invention is to pro 
vide a discriminator network utilizing primary and 
Secondary resonant circuits tuned to a common 
operating frequency, and wherein the primary 
and secondary circuits are so related that two vec 
tor sum potentials of the primary and secondary 
voltages may be realized, one maximizing above 
and one maximizing below the center frequency, 
which latter frequency is the common resonant 
frequency of the primary and secondary circuits, 
and rectifiers being utilized to rectify those sum 
voltages in such a manner that the resulting di 
rect current voltages are added in opposition; 
thus the sum of the direct current voltages will 
be zero at resonance, and the sum will be some 
real value whose polarity will depend upon the 
sign of the frequency departure when the ap 
plied frequency departs from resonance. 
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Still other objects of the invention are to utt 

lize the frequency variation response network of 
the present invention in the demodulator stage of 
a system adapted to receive amplitude-modul 
lated, or frequency-modulated, carrier waves, and 
wherein the demodulator networks are not only 
adapted to produce voltages corresponding to the 
modulation voltages, but also produce direct cur 
rent voltages to regulate the gain of carrier wave 
amplifiers, and the frequency of the local oscil 
lator of the receiving System, when the latter is 
of the superheterodyne type. 

Still other objects of the invention are to in 
prove generally the simplicity and efficiency of 
high frequency variation response networks, and 
more especially to provide such networks in a 
simple and economical manner which will not 
Only be reliable in operation, but readily manu 
factured and assembled in desired signaling sys 
tems. 
The novel features which I believe to be char 

acteristic of my invention are set forth in particu 
larity in the appended claims; the invention it 
Self, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description taken in 
connection with the drawings in which I have in 
dicated diagrammatically several circuit organi 
zations whereby my invention may be carried into 
effect. 
In the drawings: 
Fig. 1 schematically shows a circuit arrange 

ment for analyzing the fundamental principle 
underlying the invention, 

Fig. 2 illustrates a frequency discriminator 
network embodying a practical form of the inven 
tion, 

Fig. 3 graphically illustrates the mode of oper 
ation of the arrangement in Fig. 2, . 

Fig. 4 is a circuit diagram of a superheterodyne 
receiver embodying the invention, 

Fig. 5 is a modification of the demodulator net 
work of the receiver of Fig. 4 when employed to 
receive frequency-modulated carrier waves, 

Fig. 6 shows still another application of the 
present invention. 

Referring now to the accompanying drawings, 
wherein like reference characters in the different 
figures designate similar circuit elements, there 
is shown in Fig. 1. a circuit arrangement for ana 
lyzing, and visually indicating, the fundamental 
principle underlying the present invention. As 
stated heretofore, the functioning of the present 
invention depends upon a predetermined phase 
relationship which exists between the potentials 
of coupled tuned circuits. In particular, the ac 
tion depends upon the fact that when a pair of 
resonant circuits are coupled, and each circuit is 
tuned to the same operating frequency, then a 
90 phase difference exists between the poten 
tials across the coupled circuits. As a result the 
phase angle between these potentials varies as 
the frequency of the energy applied to the coul 
pled circuits departs from resonance therewith. 

In Fig. there is shown a pair of coupled reso 
nant circuits P and S; the circuit P is tuned to a 
desired frequency by shunt condenser , while 
circuit S is tuned to the same frequency by con 
denser 2. The high frequency waves which are 
to be applied to the double tuned network P-S 
are derived from a source 3 of high frequency 
waves; and the source may be, for example, a 
signal generator capable of generating waves 
having a frequency of about 465 k. c. Such a 
source includes a device enabling it to be adjusted 

2,121,108 
in frequency so that the frequency of the waves 
can be varied; and those skilled in the art are 
fully aware of such devices. An amplifier 4 is 
used to amplify the waves from source 3 prior to 
impression upon circuit P. The numeral 5 desig 
nates an oscilloscope of a well known type; the 
deflector plates being denoted by numeral B, and 
the fluorescent screen thereof bearing numeral 7. 
To visually depict the relations between the 

voltages across primary and secondary circuits P 
and S off and on resonance with the impressed 
waves from source 8, a pair of the plates are 
connected across circuit P, while the other pair of 

() 

plates 6 are connected across circuit S. Assume, 
now, that each of circuits P and S is tuned to a 
predetermined frequency of source 3, say 465 k. C., 
and waves of that frequency are impressed on 
amplifier 4 by source 3. A circular pattern 8 will 
form on the screen . This circle was observed to 
increase, or decrease, in diameter as the ampli 
tude of the waves from source 3 increased, or de 
creased, respectively. Again, as the frequency of 
the waves generated by source varied, the shape 
of pattern 8 was observed to change. The dotted 
ellipse 8' denotes the appearance of the pattern 
shape when the frequency of the impressed waves 
is varied. The degree of coupling between P and 
S determines whether or not the major axis of 
the ellipse will exceed the diameter of circle 8. 
Thus, if the coupling is adjusted to critical value, 
or over, the major axis will be greater as the ap 
plied frequency departs from resonance. 

It will, therefore, be seen that the shape of 
the pattern on the screen T is dependent on the 
phase relations of the voltages applied to plates 
6 by circuits P and S. Changes in amplitude off, 
or on, resonance only varies the size of the pat 
tern. Further, a change of impressed frequency 
of resonance with circuits P and S will result in 
an appreciable change in the form of the pat 
tern 8. These relations are readily understood 
when it is realized that a 90° phase difference 
exists between the potentials of circuits P and 
S When energy of the resonant frequency is ap 
plied, and that this phase angle varies as the 
applied frequency varies. The oscilloscope 5, 
then, demonstrates in a visual manner the effect 
of the applied frequency on the phase relation 
between the potentials across P and S, and 
proves that for applied frequencies other than 
the resonant frequency of circuits P-S the volt 
ages across these two circuits are not in time 
quadrature. 

If, now, the primary and secondary voltages 
are added vectorially the absolute magnitude of 
the resultant vector will be greater on one side 
of resonance than on the other side. This vector 
sum can be physically realized, by way of ex 
ample, if the circuits P and S are connected in 
tandem, applying the input potentials to one cir 

. cuit, and taking the output off across both cir 
cuits in series. In this manner an action simil 
lar to that of a side circuit is produced even 
though the primary and secondary are both tuned 
to the center frequency. - 
A more suitable nanner of realizing the vector 

Sum of the primary and secondary voltages is 
shown in Fig. 2. The primary. tuned circuit is 
designated by numeral fo, and is connected in 
the plate circuit of an amplifier . A source 
2 of high frequency waves is connected to in 
press such waves on the input electrodes of an 
plifier . The secondary tuned circuit 3 is 
resonated to the frequency of circuit O. The 
high alternating potential side of circuit to is 
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2,121,108 
connected through condenser 6 to a center tap 
on coil 4 of circuit 13, the coil 14 and coil 15 
being magnetically coupled. The condenser 6 
merely serves to isolate the direct current plate 
potential (from source B) of the primary cir 
cuit, and its reactance is small enough to be 
disregarded as far as the frequency of opera 
tion is concerned. - 
The potentials at either end of the-winding 
4 with respect to the center tap thereon are 
180° out of phase. Hence if the center tap, rather 
than one end, of the secondary circuit f3 is con 
nected to the primary circuit 10, two potentials 
will be realized. One of these potentials Ea maxi 
mizes above the center frequency fe (the reso 

... nant frequency of both circuits 0 and 3); the 
other potential Ei maximizing below the center 
frequency. This is graphically represented in 
Fig. 3, wherein the relations, in scalor magni 
tudes, between E, E2 and frequency are shown 
in solid line curves. . . . - 

If a transformer, such as f 5-4, is connected 
in the manner shown in Fig. 2, and the fre 
quency of the waves from source 2 is equal to 
fe, then the two resulting output potentials will 
be equal in magnitude. If these potentials E1 
and E2 are applied to two, separate, like detec 
tors, or rectifiers, 7 and 18, and the resulting 
direct current voltages (or direct currents) are 
added in opposition, the sum will be equal to 
zero. The output load comprises resistors 9 
and 20, of like magnitude, connected in series 
between the cathodes of the diode rectifiers, a 
condenser 2, of low impedance at the operating 
frequency, being connected in shunt with the 
load resistors. The junction of resistors 9 and 
20 is connected to the center tap on the coil 14 
through a radio frequency choke. 22. Condens 
er 23, in shunt with resistor 20, acts with coil 
22 to decrease the effect of the resistors on the 
Q value of the primary; the symbol Q being 
equal to . . . . . 

2rfL . . 
If the frequency of the waves applied from 

source f2 departs from resonance, that is the 
resonant frequency of each of circuits 10 and 3, 
the sum of the rectified outputs of these two 
circuits combined in opposition will be some real 
value whose polarity will depend upon the sign 
of the frequency departure. The dotted line 
curve in Fig. 3 designates the difference in scalor 
magnitudes of the potentials E1 and E2, assum 

55 ing the latter are rectified and added in oppo sition. It will be observed from Fig. 3 that at 
the resonant frequency of the primary and sec 
ondary circuits the differential voltage is zero, 

3 
above conditions. This does not mean that a 
larger secondary with the same primary, or a dif 
ferent value of coupling, would not give a greater 
number of volts per cycle change in the primary 
plus one half the secondary sum, but in such event 
the resultant itself would be greater. Circuit, or 
other, requirements might necessitate an ex 
ceedingly low tuned primary impedance; in 
which case a much higher ratio would be in order. 

It will thus be seen that there is shown in Fig.2 
an embodiment of the present invention, where 
in there is obtained differential direct current 
potentials (or currents), whose magnitude and 
polarity are determined by the amount and the 
sign, respectively, of the difference between an 
applied frequency and a certain fictitious fre 
quency. With regard to the sensitivity of the 
frequency variation response network shown in 
Fig. 2, a measure of the sensitivity may be the 

20 developed direct current volts, or amperes, per 
cycle of frequency deviation, per volt applied to 
the grid of the tube? whose plate circuit con 
tains the primary 5... Regardless of the type of 

0 

detectors employed this quantity will be a func 
tion of the rate of change, with frequency, of the 
difference between the magnitudes of the input 
potentials to the two detectors IT and 18, or the 
slope of curve E-E2 (Fig. 3). If these magni 
tudes are plotted against frequency difference 
(both positive and negative), the curves will in 
tersect on the zero abscissa-ordinate with slopes 
equal but opposite in sign, as shown in Fig. 3. 
The slope of the curve representing their dif 

ference is, therefore, equal to twice the slope at. 
the center, frequency, of the curve of input. po 
tentials to one of the detectors. This estab 
lishes the significance of a factor which will be 
termed Swhich equals two times the first deriva 
tive with respect to frequency, at resonance, of 
an expression for absolute magnitude of input 
potential to one of the detectors. S is the slope 
of the curve E1-E2 in Fig. 3. It is pointed out 
that the value of the ordinate at the point of in 
tersection of the two curves E. and E2 becomes 
significant only when detectors other than those 
with linear characteristics are used. From theo 
retical considerations it can be shown that s is independent of frequency, and that among other 
things it is a function of the secondary to pri 
Inary inductance ratio, as well as the ratio. be 
tween actual and critical couplings between pri 
mary and secondary. Further, it can be demon 
strated that the optimum value of coupling will be 
less than critical for any ratio of secondary to primary inductance. The sensitivity of the net 5 
work can be made very great. For example, with 
proper constants and with 1 volt from source 2 

his order 
desirable, 

ensitivities 

constants, and 
: a maximum maxima will normally appear at positive and as 
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4. 
which are sufficiently well separated to give ade 
quate operating range for most circuit applica 
tions of the response network. This is particul 
larly true if the range of frequencies applied to 
the network is limited by the selectivity of pre 
ceding circuits. 

If it becomes necessary to increase the fre 
quency separation of the two maxima it may be 
done by either increasing the value of coupling 
above the optimum, or by decreasing the Q of 
the circuits. Either method will decrease the 
factor S at the center frequency, although an 
increase in coupling will cause the least change 
in sensitivity for a given increase in separation. 
If square law detectors are used, their outputs 
will be proportional to the square of the scalor 
magnitudes of the applied potentials. It can be 
shown that if square law detectors are used, the 
optimum coupling is independent of the ratio 
between secondary and primary inductances, and 
is equal to 0.578 times critical coupling, 
The response network shown in Fig. 2 shows 

one specific manner for combining the direct cur 
rent output potentials, or currents, of the recti 
fiers f and 8 to produce the differential effect. 
It is to be clearly understood, however, that de 
tectors of the plate rectification type may be 
used instead of the rectifiers shown. In that 
case a differential winding would be placed be 
tween the two plates of the detector tubes; and 
the magnetic field of the differential winding 
will then be zero at resonance, and in opposite 
directions on the two sides. Thus, detected out 
put currents would be added in opposition. The 
response network of Fig. 2 is capable of many 
circuit applications. The diodes f and 8 need 
not be separate tubes, but may be disposed with 
in a common tube envelope, as in the 6H6 type 
tube. Where the waves from source 2 are mod 
ulated carrier frequencies, the condenser 2 not 
Only has a low impedance at the operating fre 
quency, but, in general, it is desirable that it be 
low at useful modulating frequencies. 
The resistances of the series resistors is and 20 

may be between 0.5 and 1.0 megohm, and it is 
further pointed out that the radio frequency 
choke coil 22 is optional. However, if this choke 
coil is used, then it is desirable that the con 
denser 23 be used. If the resonant, or center, 
frequency is applied to the grid of the amplifier 
tube if, the voltages Ea and E1 will be equal. 
These voltages are rectified by the diodes 7 and 
8, and direct currents will flow into resistors f 9 
and 20 in opposite directions with respect to 

5 ground. Thus, the net direct current potential 
produced by the two voltage drops between the 
cathode side of resistor 9 and ground is equal to 
aero. 

If, however, the applied frequency departs 
from resonance the potentials across the diodes 
will be unequal in magnitude. As a result uns 
equal voltage drops will be produced in the re 
sistors f and 20 and a direct current potential 
will exist across both resistors, the polarity of 
which net direct current potential will depend 
upon the sign of the frequency departure. 
The network of Fig. 2 is capable of many uses. 

Fig. 4 illustrates one such use wherein a super 
heterodyne receiver utilizes the response network 
for a triple function. The received signals are 
demodulated; automatic volune control (AVC) 
voltage is provided from the demodulated sig 
nals; and automatic local oscillator frequency 
control (AFC) voltage is also derived from the 
demodulated signals. The receiver is of a con 

2,121,108 
ventional type adapted to receive amplitude 
modulated carrier waves; for example, those in 
the broadcast range of 550 to 1500 k, c. The 
receiver may comprise the usual signal collector 
A followed by a tunable signal amplifier 30. The 
amplified signals are fed to a first detector if 
which has a tunable input circuit 32, local oscil 
lations being impressed on the detector 3 by a 
local oscillator. The latter may be of any de 
sired type; it is shown as comprising a triode 88, 
of the 6F7 type, which has a tunable circuit 4 
connected between its control grid and cathode. 
Direct current blocking condenser 85 is connected 
between the high alternating potential side of cir 
cuit 34 and the grid, while a grid leak resistor it is 
connected between the grid and cathode. 
The rotors of the variable tuning condensers of 

the amplifier 30, first detector 3 and oscillator 
33 are mechanically coupled for uni-control tun 
ing adjustment. The plate of tube 33 is reac 
tively coupled, as at M, to the circuit 34 to pro 
duce local oscillations. Any well known method 
of transmitting the local oscillations to the mix 
er, or first detector, 3 may be used. For exam 
ple, the oscillations may be impressed upon the 
Cathode of the detector 3 through coupling M1. 
The plate circuit of the mixer tube includes cir 
cuit 37 which is tuned to the operating I. F., for 
example 465 k. c. Any well known device may be 
electrically associated with the local oscillator to 
maintain the oscillatortuning "tracking' properly 
so as to keep the I. F. value constant over the re 
ceiver tuning range. Such a device, for exami 
ple, comprises condensers in series and shunt 
with the oscillator tuning condenser, and the : 
condensers being properly chosen for the re 
quired function. 
The I. F. energy in circuit 3 is amplified 

through amplifier 8 containing one, or more, 
amplifier. tubes; the input circuit 39 being cou 
pled to circuit 37 and being tuned to the operat 
ing I. F. The amplified I. F. energy is impressed 
upon the network including the two rectifiers. 
This network is constructed substantially the 
same as that shown in Fig. 2. For this reason 
corresponding elements will be designated by the 
same numerals, but differentiated by prime nota 
tions. Thus, the primary circuit O’ is tuned to 
thé I. F. Of 465 k. c., and is magnetically coupled 
to the secondary tuned circuit 3', tuned to the 
same I. F. The high alternating potential side 
of the circuit 5’ is connected through blocking 
condenser 6 to the midpoint of coil 4'. 
The condenser 2' has a low impedance at the 

Operating I.F., and in general it is desirable that 
it be low at useful modulating frequencies. AS 
shown the junction of resistors 9 and 20' is con 
nected to ground through condenser 23, and the 
audio and AVC voltages are taken off at this 
point. The junction point 40 is connected to the 
subsequent audio utilization network through an 
audio coupling reactance 4. The AVC voltage 
is impressed on the stages whose gain is to be 
regulated by a lead 42. The latter is connected 
to the signal grid circuits of the amplifier 30, 
mixer 3 and I. F. amplifier 38 through pulsating 
current filter resistors 48. Those skilled in the 
art are fully aware of the manner of operating 
of the AVC circuit; this acts to regulate the 
gain of the controlled tubes in a sense to main 
tain the carrier amplitude at the circuit f' sub 
stantially uniform despite carrier amplitude vari 
ations at collector A. 
The differential direct current potential for the 

AFC function is taken from the Cathode side of 
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2,121,108 
resistor. 9'. The lead 44 is connected, through 
filter resistor 45, from the cathode side of re. 
sistor 9 to the grid 46 of the frequency control 
tube 47. The latter may be a pentode of the 
6FT type and is then the pentode section of 
the tube whose triode section is oscillator 33. 
The plate 48 is connected by lead 50 to the high 
alternating potential side of circuit 34. Direct 
current potential of proper magnitude is supplied 
to the plate 48 from a positive potential source 
--B. Direct current blocking condenser 5 f is 
connected in series with the coil 34’ of circuit 34. 
The bleeder 4 is connected between -B and 
ground. The cathodes of oscillator 33 and tube 
47 are connected to a tap 48' on bleeder 47". 
The initial bias for grid 46 is provided by the bleeder section 49, a high frequency by-pass 
condenser 50 being shunted across section 49'. 
The resistor 53 may have a magnitude of the 

order of 20,000 ohms, and condenser 52 may have 
a value of 0.0002'mfd. The grid 46 of tube 47 is 
connected to the junction of resistor 53 and con 
denser 52 through condenser 54. 
"Considering the operation of the system shown 
in Fig. 4, it is first pointed out that the audio 
voltage component of the detected I.F. current is 
taken off at point 40, because at resonance, when 
receiving amplitude-modulated carrier waves, the 
audio, as well as direct current, voltages across 
resistors 9 and 20' will be equal and opposed. 
Hence, at I. F. resonance there will be no audio 
potentials between point 40 and ground. As far 
as audio components are concerned the system 
acts exactly as though point 40 were grounded 

5 with the outputs of the two diodes 7' and 8 
acting in parallel. Therefore, the point 40, at 
the junction of resistors f9 and 20, is a potent 
source of audio voltage to supply the following 
audio network (which may comprise one, or more 
stages of audio amplification followed by a re 
producer), and no other audio detector is nec 
essary. - - - w 

The direct current voltage taken off between 
point 'O' and ground has the properpolarity for 
AVC action. This potential will bear the same 
ratio to the developed audio voltages as is found 
in the conventional diode detector AVC system. 
The fact that it maximizes at one side of reso 
lance is "of no significance if the AFC network 

When the AFC is cut out of circuit, as 
fmanual control 60, the point 40 is grounded, 

and this will cause the direct potential at point 40 
to maximize on resonance. If it is necessary to 
maximize the A. C.-D.C. impedance ratio it 
can be seen that the D.C. impedance is equal 
to one half the resistance of one of the series 
resistors, even though the resistors are not in 
parallel as far as direct currents are concerned. 
"The use of a normally active control element 

in an automatically controlled frequency system 
will not permit the carrier to depart sufficiently 
far from resonance to hazard the above facts. 
Incidentally, it is to be noted that the "transla 
tion'gain of the rectifier network (audio output 
divided by I.F. input) will be greater than with 
conventional circuits since the primary and one 
half secondary voltages are added (vectorially), 
but that the selectivity will approximate that of 
the primary circuit 10 alone. 
The direct current voltages taken off from 

between 40 and ground are equal and opposed 
at I.F.resonance. However, and as illustrated 
in Fig. 3, when the energy applied to circuit to 
is Öf a frequency off resonance AFC voltage will 
be applied to the control grid 46 of control tube 

5 
47. The connections between the plate circuit 
of tube 87 and oscillator circuit 34 are such that 
a negative capacity is reflected across the oscil 
lator circuit. - 

It can be seen that the resistor 53 and con 
denser 52 are in series across the oscillator tuned 
circuit. If the resistance of 53 is large compared 
to the reactance of the condenser 52, currents 
through this series circuit will be substantially 
in phase with the voltage across the oscillator 
tuned circuit. This current passing through the 
condenser 52 produces a voltage across condenser 
52 which lags the voltage across the oscillator 
tuned circuit by substantially 90°. This voltage 
is applied to the grid of the control tube 47 
which is preferably of the high mu, high plate im 
pedance type. It can then be seen that the plate 
current flowing in connection 50 to tube 47 will 
be substantially 90° ahead of the voltage across 
the oscillatortuned circuit. The current through 
the tuning condenser of the oscillator tuned cir 
cuit lags the voltage across that circuit about 
90°. Thus, any plate current flowing in connec 
tion 50 to tube 47 acts as though the current 
flowing in the variable tuning condenser had been 
decreased. 
In other words, the tube 47 produces a negative 

capacity effect on the oscillator circuit. The 
magnitude of this negative capacity is, of course, 
a function of the mutual conductance of tube 47. 
Thus, if the AFC voltage applied to the grid of 
tube 4 is positive thereby overcoming some of the 
bias applied in the cathode circuit of that tube, 
its mutual conductance is increased. The 
amount of leading current flowing in connection 
50 is thereby increased, which is the same as 
though the lagging current flowing through the 
variable tuning condenser had been decreased. 
This in turn acts as though that condenser had 
been decreased in value thereby causing the tuned 
frequency to increase. 
Assuming, now, that a signal impressed on pri 

mary circuit O’ is approaching the I. F. value 
of 465 k.c., but is less than the latter, and that 
point 40' will have a positive potential with re 
spect to ground. The frequency departure may 
be due to a shift in oscillator frequency towards 
a lower frequency, or due to tuning the receiver 
towards the high end of the tuning range. Thus, 
the grid 46 becomes positive, and increases the 
gain of, tube 47. This will result in an increase in the negative capacity reflected across oscil 
lator circuit 34; and the frequency of the oscil 
lator circuit will increase. Thus, the frequency 
difference between the signal and oscillator cir 
cuits will automatically be made to increase, and 
approach, towards the desired I. F. value. The reverse is true of the case where the signal energy 
applied to circuit O’ is departing from I. F., and 
becoming greater in magnitude. The AFC action 
will commence as soon as a little of the side band 
energy of a modulated carrier wave is applied 
to the primary circuit 10'. 

It can be seen that if the applied frequency is, 
for example, lower than the resonant frequency, 
the absolute magnitude of the alternating poten 
tials.applied to one of the diodes will be greater 
than those applied to the other diode. If the 
coil 14 of the secondary circuit 3 were re 
versed in its connection to the diodes, the diode 
formerly receiving the greater potential would 
now receive the lesser potential. The polarity of 
the differential direct current voltage is then re. 
versed from the former case. It will, therefore, 
be seen that the polarity of point 40' can be 
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made either positive or negative when the given 
off-resonant frequency is applied. It is apparent 
that interchanging the dode connections at the 
ends of coil 4' produces the same result as re 
versing the phase of the coupling between coils 
5' and 4'. Accordingly, it will be seen that the 

polarity of the direct current voltage produced at 
point 40', when a given off-resonant frequency is 
applied, depends on the phase of the coupling 
between coils 5' and f4. In the circuit shown 
in Fig. 4 the coupling between the coils 4' and 

5'' is phased so that point 40' becomes positive 
with respect to ground when the applied signal is 
lower than the resonant frequency. 

It is a relatively simple matter to service an 
AFC system of the type shown in Fig. 4. Those 
skilled in the art are fully aware of the relative 
ease of aligning circuits O' and 3' with the other 
I. F. circuits 37 and 39. Of course, the receiver 
may be of a type using a combined Oscillator 
first detector network in place of independent 
circuits. In such a case, a pentagrld converter 
tube is used, as is well known. 

Further, the frequency control circuit actu 
ated by the AFC voltage may be replaced by other 
types of networks which will accomplish the de 
sired results. For example, networks disclosed by 
C. Travis in application Serial No. 19,563, filed 
May 3, 1935 may be used. Again, if the choke 22' 
and condenser 23' are not used, a choke must be 
included in any external connection to the 
point 40. 
The receiving system shown in Fig. 4 can be 

employed to receive frequency-modulated carrier 
waves. That is to say, the frequency variation 
response network shown embodied in the System 
of Fig. 4 can be utilized in connection with de 
tecting frequency modulated waves. In Fig. 5 
there is only shown, in order to preserve simplicity 
of disclosure, the portion of the response network 
between the primary circuit 10’ and the audio 
frequency network. It will be observed that the 
networks are substantially similar except for the 
following changes. In the first place the con 
denser 2, when receiving frequency modulated 
waves, is given a magnitude which is sufficiently 
small to by-pass energy of intermediate fre 
quency, but is small enough not to shunt the 
audio frequency currents. Furthermore, the 
condenser 23' is replaced by condenser 23', and 
the latter is connected in shunt with resistor f'. 
Lastly, the audio voltage component of the recti 
fied intermediate frequency energy is taken of 
from point 40', instead of from point 40 as shown 
in Fig. 4. - 

In every other respect the circuit arrangement 
may be exactly as that shown in Fig. 4. The 
detection network in Fig. 5 will result in AVC 
voltage which is taken off at point 40; 
AFC voltage which is taken off at point 40”; and 
audio voltage which is also taken of at point 4'. 

. In the case of a receiver of frequency-modulated 
waves the AFC network will be of particular ad 
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vantage since it is especially desirable in such 
reception to keep the oscillator circuit resonant 
to that frequency which will result in the operat 
ing. F. when a desired station is tuned in. How 
ever, it will be observed that detection of the fre 
quency-modulated waves is accomplished without 
the utilization of mistunedirectifer circuits, which 
are tuned to opposite sides of the operating car 
rier frequency, a method which has been employed 
heretofore. In the present detection arrange 
ment of frequency-modulated waves the primary 

is circuit fe' is tuned to the same carrier frequency 
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as the secondary circuit 3', and the audio volt 
age at point 40 varies in polarity and magnitude 
in dependence upon the frequency departure cor 
responding to the modulation applied to the car 
rier Wave, 
Another use for the frequency variation re 

Sponse network shown herein is illustrated in 
Fig. 6. In this figure, there is shown a circuit 
arrangement for indicating in a visual nanner 
when the carrier of a transmitter departs from 
its predetermined operating frequency. Conven 
tional, and well understood, circuit networks are 
Conventionally represented in the circuit ara 
rangement of Fig. 6. The numeral D represents 
the transmitter oscillator which may be consid 
ered as operating, for example, at 1000 k, c. The 
usual monitoring oscillator operates at a fre 
quency of 1,000.5 k. c. 
Those, skilled in the art are fully aware of the 

method employed for monitoring transmitter os 
cillators so as to maintain them at the frequency 
of 1000 k. c. In order to indicate to the trans 
mitting station operator when the oscillator fre 
quency shifts, there is employed the arrangement 
of Fig. 6. In this arrangement the monitoring 
and transmitter oscillator energies are fed to a 
detector 6, and there is filtered out from the de 
tected output the 500 cycle energy resulting from 
the detection process. The numeral 2 desig 
nates any desired type of filter network which 
can pass energy of 500 cycles. The 500 cycle en 
ergy is impressed upon the frequency response 
network which comprises the primary winding 8, 
which is coupled as shown to the secondary wind 
ing. The primary and secondary windings may 
be of the iron core type, and are tuned to the 500. 
cycle frequency. The diode rectifier has its 
anode connected to the high potential aide of the 
secondary winding, and the cathode of rectifer 
65 is connected to the low potential side of the 
secondary winding through a series path which 
includes resistor 6, resistor 7 and the cathode 
to anode space current path of diode rectifier B. 
An alternating current by-pass condenger E is 
connected in shunt with resistors and ST, and 
the visual indicating device T0 is connected in 
shunt with condenser 69. Condenser 8' pre 
vents resistor ST from being short circuited. The 
condenser 8' could be placed, if desired, between 
ground and the low potential side of resistor . 
The indicator may be an annetter which is 

properly calibrated to indicate departures as low 
as 0.1 cycle off the 500 cycle input energy. It is 
possible to generate a voltage of 10 volts across 
the meter O to indicate a One cycle variation. It 
will be recognized that this indicating network is 
very sensitive, particularly at the frequency war 
iations which are required in transmitter prac 
tice. 
While I have indicated and d 

systems for carrying my invention into effect, it 
will be apparent to one skilled in the art that my 
invention is by no means limited to the particular 
organizations shown and described, but that 
many modifications may be made without de 
parting from the scope of my invention, as set 
forth in the appended claims. 
What claim is: 
1. In a frequency variation response network, 

a primary resonant circuit connected to a source 
of high frequency waves, said circuit being tuned 
to a desired frequency, a secondary resonant cir 
cuit including a coil tuned to the same frequency, 
means for reactively coupling said circuit, neans 
for connecting the high alternating potential side 
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of the primary circuit to the midpoint of the coll 
of the secondary circuit, means forrectifying the 
potentials at the two ends of the secondary cir 
cuit coll with respect to the low potential side 
of the primiary circuit and means for adding the 
resulting direct current voltages in opposition. 

2. In a radio receiving system, a primary resor. 
nant circuit tuned to a desired operating signal 
frequency, a secondary resonant circuit tuned to 
the same operatirig frequency, said primary and 
secondary circuits being reactively coupled, 
connections between the primary and sec 
ondary circuits such that two alternating cur 
rent potentials of like polarity exist between the 
ends of the secondary circuit and the low poten 
tial end of the primary, one of said potentials 

25 

30. 

maximizing above the operating frequency, and 
one maximizing below the latter, means for recti. 
fying the two potentials, means for adding the 
resulting direct current voltages in opposition, 
means for deriving from said last-named means 
a voltage corresponding to the modulation of the 
received waves, and another voltage varying in 
magnitude with the wave amplitude. 

3. In a radio receiver of the superheterodyne 
type and which employs a local oscillator, a recti 
fier network comprising reactively coupled pri 
mary and secondary circuits tuned to the operat 
ing intermediate frequency, means for rectifying 
the alternating current output of the secondary 
circuit, connections between the primary and sec 
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Ts. frequency, means 

ondary circuits such that the rectified signal 
potentials have a magnitude and polarity deter 
mined by the amount and the sign of the differ 
ence between the frequency of the coupled cir. 
cuits and the frequency of the applied signal en 
ergy, and means for utilizing the differential di 
rect current potential of the rectified signal cur 
rents for automatically regulating the frequency 
of the local oscillator. m 

4. In combination with a source of modulated high frequency energy having a predetermined 
carrier frequency, a frequency response network 
comprising a primary circuit which is tuned to the 
said carrier frequency, a secondary circuit in 
cluding a coil tuned to the same carrier fre 
quency, said primary and secondary circuits being 
reactively coupled, means for connecting the high 
alternating potential side of the primary circuit 
to the mid-point of the secondary circuit coil 
whereby two alternating current potentials of like 
polarity exist between the opposite sides of the 
secondary circuit and the low potential sides of 
the primary circuit, one of said alternating poten 
tials maximizing above said carrier frequency, 
and the other maximizing below the latter fre 
quency, a path, connecting the opposite sides of 
said secondary circuit, said path including a pair 
of diode rectifiers and a resistor connecting the 
cathodes of the diodes, means for connecting the 
mid-point of said resistor to said mid-point on 
the secondary circuit coil, and means for main 
taining the low alternating potential side of said 

one side of said resistor. . . . . . . . . 
5. In combination, in a superheterodyne re 

ceiver of the type including a first detector, local 
oscillator and an intermediate frequency ampli 
fier, 

being tun 

primary circuit at the same fixed potential as 

least two resonant circuits each including 
upled to each other and arranged in 
the first of said circuits being coupled to 
fier to receive energy of intermediate 
therefrom, each of said resonant cir 

othe, operating intermediate 
ir reactively coupling said cir 
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cuits, the high alternating potential side of said 
first circuit being coupled to the midpoint of the 
second resonant circuit coil, means for rectifying 
the alternating potentials of like, polarity at the 
two ends of said second resonant circuit with re 
spect to the low potential side of the first circuit, 
means for adding the resulting direct current 
voltages in opposition, means electrically asso 
ciated with the local oscillator for determining 
the frequency thereof, and additional means op 
eratively associated with said rectifying means 
and said frequency determining means for apply 
ing said resultant direct, current voltage to the 
frequency determining means in response to a 
variation in the frequency magnitude of said 
intermediate frequency energy. . . . . . . 

6. In combination, in a superheterodyne re 
ceiver of the type including a first detector, local 
oscillator and an intermediate frequency ampli 
fier, at least two resonant, circuits each including 
a coil coupled to each other and arranged in cas 
cade, the first of said circuits being coupled to 
said amplifier to receive energy of intermediate 
frequency therefrom, each of said resonant cir 
cuits being tuned to the operating intermediate 
frequency, means for reactively coupling said 
circuits, the high alternating potential side of 
said first circuit being coupled to the mid-point 
of the second resonant circuit coil, means for 
rectifying the alternating potentials of like 
polarity at the two ends of said second resonant 
circuit with respect to the low potential side of 
the first circuit, means for adding the resulting 
direct current voltages in opposition, means elec 
trically associated with the local oscillator for 
determining the frequency thereof, additional 
means operatively associated with said rectifying 
means and said frequency determining means for 
applying said resultant direct current voltage to 
the frequency determining means in response to a 
variation in the frequency magnitude of Said in 
termediate frequency energy, and means for 
utilizing the modulation component of the recti 
fied potential. 

7. In combination, in a superheterodyne re 
ceiver of the type including a first detector, local 
oscillator and an intermediate frequency ampli 
fier, at least two resonant circuits coupled to 
each other and arranged in cascade, the first of 
said circuits being coupled to said amplifier to 
receive energy of intermediate frequency there 
from, each of said resonant circuits being tuned 
to the operating intermediate frequency, means 
for reactively coupling said circuits, the high 
alternating potential side of said first circuit be 
ing coupled to the mid-point of the second reso 
nant circuit, means for rectifying the potentials 
at the two ends of said second resonant circuit 
with respect to the low potential end of the first 
circuit, means for adding the resulting direct cur 
rent voltages in opposition, means electrically as 
sociated with the local oscillator for determining 
the frequency thereof, and additional means op 
eratively associated with said rectifying means 
and said frequency determining, means for apply 
ing said resultant direct current voltage to the 
frequency determining means in response to a 
variation in the frequincy magnitude of said in 
termediate frequency energy, and automatic vol 
ume control means for impressing the direct cur 
rent voltage derived from said rectified interme 
diate frequency energy to the input circuit of at 
least one of the transmission netw. 
the first of said coupled resonant cir 
8. In combination, with a source of high fre 
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quency oscillations of a predetermined frequen 
cy, a second source differing therefrom by a 
predetermined frequency amount, means for 
detecting the difference frequency of the oscilla 
tions from said two sources, a primary circuit, 
tuned to said difference frequency, coupled to 
the output of said detector, a secondary circuit, 
tuned to said difference frequency, reactively 
coupled to said primary circuit, the potentials 
across said coupled primary and secondary cir 
cuits differing 90 in phase when energy of said 
difference frequency is impressed on the primary 
circuit, and means, responsive to a phase angle 
change solely between said potentials when the. 
high frequency energy applied to the primary 
circuit departs from resonance with said coul 
pled circuits, for varying the frequency of one of 
said sources in a sense to correct said departure. 

9. In a superheterodyne receiver adapted to 
receive frequency-modulated carrier waves, and 
which receiver includes, in addition to, a first 
detector, local Oscillator network including a 
frequency determining element, intermediate 
frequency amplifier and audio frequency trans 
mission network, a detection network comprising 
a primary circuit, tuned to the intermediate fre 
quency, coupled to the output of the interme 
diate frequency amplifier, a secondary circuit, 
tuned to the intermediate frequency, reactively 
coupled to said primary circuit, a path of low 
impedance to the intermediate frequency energy 
connected between the high alternating potential 
side of said primary circuit and the mid-point of 
the secondary circuit, a diode rectifier having its 
anode connected to one side of Said Secondary 
circuit, a second diode rectifier having its anode 
connected to the other side of Said secondary 
circuit, a resistive impedance connected in series 
between the cathodes of said two diodes, means 
for connecting the mid-point of said resistive im 
pedance to said first named mid-point, an audio 
frequency transmission path connected to one 
side of said resistive impedance, the opposite side 
of said impedance being at a relatively fixed po 
tential, means for applying the direct current 
potential developed across the entire resistive 
impedance to said frequency determining ele 
ment in said local oscillator network for auto 
matically varying the frequency of the Oscil 
lator when the energy impressed on said primary 
circuit departs from said intermediate frequency 
value. 

10. In a superheterodyne receiver which in 
cludes a local oscillator tube having a tunable OS 
cillation circuit, means for heterodyning the 
local oscillations with an incoming signal for 
producing energy of a predetermined interme 
diate frequency, means for deriving a direct cur 
rent voltage from said intermediate frequency 
energy, when the frequency of the intermediate 
energy departs from the predetermined value, an 
electron discharge tube having its space current 
path connected in shunt across said tunable os 
cillation circuit, an electrode in the space cur 
rent path of said last named tube connected 
to have said derived direct current voltage im 
pressed on it, a reactive path, including a resistor 
in series with a condenser, connected in shunt 
with said space current path and said tunable 
oscillation circuit, and means for impressing 
the alternating current potential developed 
across said reactive path condenser upon the 
electrode disposed in said space current path 
whereby variation of the direct current voltage 

Ts of said electrode will result in a variation of the 
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effective reactance in said tunable oncillation 
circuit. 

11. In combination with a resonant circuit 
tuned to a desired wave frequency, a second res 
onant circuit tuned to the same frequency, said 
circuits being reactively coupled, a source of 
waves coupled to the first circuit, a pair of diode 
rectifiers, one of the diodes having its anode 
connected to a point of high alternating poten 
tial on the second circuit, the other diode having 
its anode connected to a point of relatively low 
alternating potential on the second circuit, a 
resistive impedance connecting the cathodes of 
said diodes, means establishing a point of said 
Second circuit intermediate said two points at 
the potential of the high alternating potential 
side of the first circuit, means establishing an 
intermediate point of said impedance at said 
first intermediate point potential, and means for 
utilizing direct current voltage developed across 
Said impedance by the rectification action of the 
diodes. - - 

12. In combination with a first circuit tuned 
to a desired frequency, a second circuit tuned 
to the same frequency, said circuits being reac 
tively coupled, a source of alternating current 
coupled to the first circuit, a pair of diode rect 
fiers, one of the diodes having its anode con 
nected to a point of high alternating potential on 
the second circuit, the other diode having its 
anode connected to a point of relatively low 
alternating potential on the second circuit, a re 
sistive impedance connecting the cathodes of 
said diodes, means establishing a point of said 
Second circuit intermediate said two points at 
the potential of the high alternating potential 
side of the first circuit, means establishing an 
intermediate point of said impedance at said first 
intermediate point potential, and a visual cur 
rent indicator means for utilizing direct current 
voltage developed across said impedance by the 
rectification action of the diodes. 

13. In a superheterodyne receiver of the type 
provided with a local oscillator having a tank 
circuit tuned to a desired frequency, a network 
utilizing Oscillations from the oscillator and pro 
ducing a beat frequency, a first resonant circuit 
tuned to the beat frequency, a second resonant 
circuit tuned to the same beat frequency, said 
beat circuits being reactively coupled, a pair of 
diode rectifiers, one of the diodes having its 
anode connected to a point of high alternating 
potential on the second circuit, the other diode 
having its anode connected to a point of relative 
ly low alternating potential on the second cir 
cuit, a resistive impedance connecting the cath 
odes of said diodes, means establishing a point 
of said second circuit intermediate said two 
points at the potential of the high alternating 
potential side of the first circuit, means estab 
lishing an intermediate point of said impedance 
at said first intermediate point potential, and 
means, responsive to the direct current voltage 
developed across said impedance by the rectifica 
tion action of the diodes, for automatically ad 
justing the tank circuit frequency. 

14. In combination with a first circuit tuned 
to a desired intermediate frequency, a second 
circuit tuned to the same frequency, said circuits 
being reactively coupled, a source of interned 
ate frequency energy coupled to the first circuit, 
a pair of diode rectifiers, one of the diodes hav 
ing its anode connected to a point of high alter 
nating potential on the second circuit, the other 
diodes having its anode connected to a point 75 
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of relatively low alternating potential on the Sec 
ond circuit, a resistor connecting the cathodes of 
said diodes, means including a condenser estab 
lishing a point of said second circuit interne 
diate said two points at the potential of the high 
alternating potential side of the first circuit, a 
condenser of low impedance to intermediate fre 
quency current connected in shunt with said 
impedance, means establishing an intermediate 
point of said impedance at said first interne 
diate point potential, and means for utilizing 
direct current voltage developed across said im 
pedance by the rectification action of the diodes. 

15. In combination with a resonant circuit 
tuned to a desired wave frequency, a Second 
resonant circuit tuned to the same frequency, 
said circuits being reactively coupled, a Source 
of waves including an amplifier coupled to the 
first circuit, a pair of diode rectifiers, one of the 
diodes having its anode connected to a point of 
high alternating potential on the Second circuit, 
the other diode having its anode connected to a 
point of relatively low alternating potential on 
the second circuit, a pair of series resistors of 
equal value connecting the cathodes of said di 
Odes, means establishing a point of Said Second 
circuit intermediate said two points at the po 
tential of the high alternating potential side of 
the first circuit, means establishing the junc 
tion point of said resistors at said first inter 
mediate point potential, and means for utiliz 
ing direct current voltage developed across Said 
resistors by the rectification action of the diodes. 

16. in combination with a first circuit trans 
mitting waves of a desired frequency, a second 
circuit tuned to the said frequency, said circuits 
being reactively coupled, a source of Waves COll 
pled to the first circuit, a pair of diode rectifiers, 
one of the diodes having its anode connected to 
a point of high alternating potential on the sec 
ond circuit, the other diode having its anode 
connected to a point of relatively low alternating 
potential on the Second circuit, a resistive in 
pedance Connecting the cathodes of said diodes, 

; means establishing a point of said second circuit 
intermediate Sadd two points at the potential of. 
the high alternating potential side of the first 
circuit, means establishing an intermediate point 
of said impedance at said first intermediate 
point potential, means for utilizing direct cur 
rent voltage developed across the entire imped 

9 
ance by the rectification action of the diodes, 
and additional means for utilizing direct current 
voltage developed between the impedance inter 
mediate point and One end of Said impedance. 

37. In combination with a resonant circuit 
tuned to a desired wave frequency, a Second 
resonant circuit tuned to the same frequency, 
said circuits being reactively coupled, a Source 
of waves coupled to the first circuit, a pair of 
diode rectifiers, one of the diodes having its 
anode connected to a point of high alternating 
potential on the second circuit, the other diode 
having its anode connected to a point of rela 
tively low alternating potential on the second 
circuit, a resistive impedance connecting the 
cathodes of said diodes, means establishing a 
point of said second circuit intermediate Said 
two points at the potential of the high alternat 
ing potential side of the first circuit, means es 
tablishing an intermediate point of said imped 
ance at said first intermediate point potential, 
means for utilizing direct current voltage de 
veloped across said impedance by the rectifica 
tion action of the diodes, Said last means Corles 
prising a network provided with a frequency 
determining circuit, and a direct current volt 
age connection being connected between one end 
of the impedance and said frequency determin 
ing circuit for frequency adjustment of the 
latter. 

18. In combination with a resonant circuit 
tuned to a desired wave frequency, a second reSO 
nant circuit tuned to the same frequency, said 
circuits being loosely coupled, a source of Waves 
coupled to the first circuit, a pair of diode recti 
fiers, one of the diodes having its anode Con 
nected to the high alternating potential side of 
the second circuit, the other diode having its 
anode connected to the low alternating poten 
tial side of the second circuit, a resistor cons 
necting the cathodes of said diodes, one end of 
the resistor being at ground potential, means 
establishing the mid-point of said second circuit 
at the potential of the high alternating potential 
side of the first circuit, means connecting the 
mid-point of said resistor to said first mid-point, 
and a direct current voltage path connected to 
the ungrounded end of the resistor for utilizing 
direct current voltage developed across the re 
sistor by the rectification action of the diodes. 
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