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The present invention relates to electrical fre-
quency sensitive devices or frequency variation
response networks of the type in which the ampli-
tude and sign of an output current or voltage de-
pends upon the departure of the frequency of an
alternating input signal from some predeter-
mined frequency.

Among other- applications, devices or systems
of the above character are employed in auto-
matic frequency control systems for radio trans-
mitters or automatic tuning control (AFC) sys-
tems for radio receivers to produce a discriminat-
ing potential or current as a result of and in
proportion to deviations of the transmitting fre-
quency from its assighed value or a detuning of
the receiver, respectively, said potential or cur-
rent serving to readjust the frequency or cor-
rect the tuning to the desired value.

Another use of frequency sensitive devices or
circuits is to serve as a demodulator in frequency
modulation receivers to convert a frequency
modulated carrier signal into a direct current
varying in amplitude proportionately to the vari-
ations of the sound signals or other intelligence
being imparted upon the received signal by fre-
quency modulation of the carrier oscillations.

More particularly the invention is concerned
with frequency variation response circuits of the
type comprising a retarding network such as a
resonant transformer, band-pass circuit or the
like upon which the alternating signal of vary-
ing frequency is impressed to produce a pair of
voltages at predetermined points of said network
or circuit, said voltages having a relative phase
varying proportionately to the frequency devia-
tion of the impressed signal to be detected. The
thus established voltages of varying relative
phase are cecmpared with each other or combined
to produce sum and difference voltages thereof
and the latter are rectified separately and in turn
combined differentially in a balanced rectifier,
whereby the differential rectified output poten-
tial or current obtained will vary in amplitude
proportionately to the frequency departure of the
impressed signal from a predetermined, such. as
the carrier frequency to which the retarding cir-
cuit or network is resonant.

Thus, in the case of a double tuned transform-
er or band-pass circuit, the primary and sec-
ondary voltages will he 90° out of phase if the
impressed signal frequency is equal to the reso-
nant frequency to which the circuit is tuned.
This resonant frequency may represent the car-
rier frequency of a received radio signal and this
carrier frequency may vary in either direction
from the assigned or normal value either spuri-
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ously or in aceordance with the amplitude of a
sound signal, picture signal or other intelligence
being transmitted. -If the impressed frequency
deviates in either direction from the resonant
frequency of the circuit, the phase angle of the
primary and secondary voltages will increase be-
yond or .decrease below, respectively, the. nor-
mal 90° angle depending upon the sense and in
proportion- to the frequency deviation.. Since
the numerical value of the sum and difference of
two.vectors in quadrature i. e. relatively dephased
by 90° are alike, the differential rectified output
will be zero for the resonant or carrier frequency
and increase in either. direction proportionately
as the frequency- deviates from the normal or
carrier frequency.

In order to produce sum and difference volt-
ages in systems of the aforedescribed type, one
of the voltages to be compared has to be reversed
in polarity or inverted and the customary method
has been to employ a center tapped transformer
for this purpose. Such a transformer besides
being expensive suffers from several disadvan-
tages that seriously impair its efficiency. Thus,
the center tap has to be adjusted accurately or
correct balancing of the sum and difference volt-
ages applied to the rectifiers for resonant lnput
(carrier) frequency is not obtained. This disad-
vantage is of special importance in receiving fre-

quency modulated signals in which case lack of
balance will result in substantial distortion of the
sound signals or other intelligence being received.

The object of the present invention is to sub-
stantially eliminate the above defects and draw-
backs inherent in a center tapped winding or
special transformer employed in frequency varia-
tion response circuits’ of the type heretofore
known and to provide a novel method for and
system of frequency conversion or detection en-
suring h1gh1y stabilized and ‘efficient perform—
ance over a prolonged operating period.

Other objects and advantages of the invention
will become more apparent from the following de-
tailed description taken with reference to the ac-
companying drawings forming part of th1s speci-
fication and wherein:

Figures 1 to 4 are circuit dlagrams 111ustrat1ng
various modifications of frequency variation de-
tecting or response circuits embodylng the prm-
ciple of the invention,

Figure 5 illustrates, partly in_ block dlagram
form, a frequency modulation receivingcircuit
embodying a demodulator or frequency variation
detector constructed in accordance Wlth the in-
vention,

Figures 6 to 8§ illustrate fulther modlﬁcatlons




. of variable frequency response circuits designed
. in accordance with the principle of the invention,
Cand

Figure 9 is a diagram of a frequency variation

" detecting circuit suited for embodiment in the
intermediate frequency section of a radio receiv-
ing system.

Iike reference characters identify like parts in
the different views of the drawings.

Referring to Figure 1 there is shown a simple
cireuit diagram of a system according to the in-
vention with customary elements. such :as ‘power
supply sources, etc., not forming a part of the

. invention having been omitted for simplicityis
' sake. The circuit shown comprises an :amplifier
for pre-amplifying an alternating input signal
and a frequency detecting network to produce
output energy having an amplitude varying pro-
. portionately to the frequency variations :of -the
i input signal to be converted or detected. The
input ‘signal ‘potential which may have a vary-
ing frequency- is ‘impressed by way of input ter-
minsls -a—b and a -tuned transformer 10 upon
the grid I3 -and cathode 12 of an electron tube
amplifier 11 of known design further comprising
in-the example shown a screen grid 14, a sup-
i pressor grid 15 connected internally to the
cathode 12 -and :an -anode -or plate 16. Item {7
is a biasing-network comprising a resistance by-
" passed by a condenser ‘in.the cathode lead of
the ‘tube to provide proper grid operating bias
“in 3 manner well ‘understood by those skilled in
the art. "The plate {6 is connected to the posi-
tive pole of a suitable space current source in-
dicated by the 4+ sign through a suitable cou-
' pling impedance such as a choke coil 18 designed
to develop .amplified signal potential on the plate
. 16 which is impressed through s blocking con-
denser 20 upon the refarding or phase shifting
network ~of the frequency detector or dis-

" criminator,

" The retarding network in the example shown
is comprised of .a parallel :tuned -circuit 21—22
. In series with.a. suitable reactance in the em-
. bodiment .shown .an.inductance coil 23. In an
- arrangement .of this type,.if the impressed signal
. frequency. is in tune with the resonant frequency

- of the.circuit 24—22, the voltage v developed by

. the.inductance 23, that is, between points. A and
. B will be in .quadrature to the voltage u de-
veloped by the. circuit 2422, that is, between
points B and -C.as shown in the drawings. If
the impressed frequency deviates from the tun-
ing frequency of the circuit 24—22, the phase
' angle -between the -voltages v and u will increase
beyond -or decrease below .the normal .90° angle
in proportion to the relative -departure between
: the impressed..signal frequency and the tuning
- frequency towhich the-circuit 24-—22 is resonant.
“'Thus, if the impressed frequency is- relatively
- higher -than the tuning frequency of the -circuit
i 2422, -the phase angle between the voltages u
and v-will ;become less than 90° and vice versa,
1 if the .impressed - frequency becomes smaller
i than the tuning frequency of the circuit 21-—22
. the: phase:.angle between the voltages -u and »
will increase beyond 90°.

In: the: example shown, the potential drop or
voltage u is applied to the grid 27 .and cathode
286 of :a-three .element electron :tube 25 having an

~-anode or plate 28. “This ‘tube serves :as s phase
' inverter and in order ‘to stabilize its operation
and to- obtain an-inverted voltage —u. of proper
amplitude an inverse feedback impedance such’
‘as-gn inductance -coil or an-chmic resistance 30
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according to the embodiment shown is provided
in the cathode lead forming a common return
path for both the grid and plate circuits of the
tube. Any other type of inverter tube and in-
verse feedback arrangement known such as
shown in Figure 8 may be employed for the pur-
pose of the invention as will be understood.
The plate 28 is connected to the cathode through
a load resistance 31 which may be replaced by

10 an induction coil and a source of space current
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in the example shown a battery 32.
There is produced by the action of the tube
25 an inverted potential —u between the cathode

and plate of the tube, that is between points B

and D in-the-diagram. Point D is connected to
the output terminal ¢ through a blocking con-
denser 38 and a smoothing impedance such as
a resistance 49 and point C is connected to the
output terminal d through a smoothing re-
sistance 40’. Terminals ¢ and d are further con-
nected to the plates or -anodes 37 and 37, re-
spectively, of -a double diode rectifier having
cathodes 36 and 36’ which are connected to-
gether -and to the point A of the phase shiffing
network -21—22—23. There are thus provided
two rectifying paths traced as follows: First
rectifying path from the cathode 36’ to point A,
through inductance 23, injecting voltage v,
through the tuned circuit 21—22 injecting volt-
age u, through resistance 40’, anode 37’ back
to the cathode 36’; second rectifying path from
cathode 386 to point A, through inductance 23,
injecting voltage v, through tube 25 injecting
voltage —u, condenser 38, smoothing resistance
40, anode 387 and back to the anode 368. Thus,
the effective voltage in one of the rectifying cir-
cuits will be equal to the sum v4u and the .volt-
age effective in the other rectifying circuit will
be. equal to the difference v—u between the
phase shifted voltages established by the reso-
nant network 21—22-—23. Since the two diode
paths are connected iIn opposition with respect
to the-output terminals ¢—d, differential of the
rectified .sum and difference voltages will appear
across the output. This differential output will
have an amplitude varying proportionately to
the relative frequency departure of the im-
pressed input signal from the tuning frequency
to which the circuit 21—22 is resonanf as will
be further understood by reference to the vector
diagrams shown in Figures 1A to 1C discussed
in the following.

Assuming the two voltages v and u to be equal
which condition can be fulfilled by the proper
design ‘of the circuit, it is seen from Figure 1A
showing the condition of ‘the input frequency
being equal to the. tuning frequency of circuit
21—22, that the vector sum and difference
v+u and v—u are of equal magnitude resulting
in a complete balance of the rectified potentials
and zero output response between the terminals
c—d; that is, in other words, if the input signal
is in resonance with the tuned circuit as in the
case of the carrier frequency of a frequency
modulated signal, no output energy will be de-
livered from the terminals c—d. If the signal
frequency decreases below the resonant fre-
quency of the circuit 21—22, the phase shift
between the voltages uand » will increase beyond
90° as shown in Figure 1B resulting in the dif-
ference voltage v—u exceeding the sum voltage
v4u, thus causing a rectified voltage response
between terminals c-—d in one direction from
zero. Vice versa, if the input signal frequency
increases beyond the resonant frequency of the
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circuit 2i—22, the phase shift between the volt-
ages v and u# will become less than the normal
90° angle as shown in Figure 1C resulting in a
sum voltage v}u exceeding the difference volt-
age v—u and causing a response in the opposite
direction at the terminals ¢—d. It is seen,
therefore, that relative frequency variations of
the impressed signal are converted into pro-
portionate amplitude variations of a direct
potential or current derived from the output of
the system.

- It will be evident that an arrangement ac-
cording to the invention may serve to convert or
detect both frequency variations of an alternat-
ing signal such as a frequency modulated signal
as well as variations of the natural tuning fre-
quency of the eircuit 2{—22. In the latter case,
the impressed signal frequency is fixed and pref-
erably equal to the resonant frequency of the
circuit 2(—22. If now the tuning of the latter is
varied as by varying the inductance 21 or con-
denser 22 which for this purpose has been shown
as being variable in the diagram, the relative fre-
quency variations and in turn the inductance or
capacity changes will be translated into current
variations in substantially the same manner as
described hereinbefore.

Referring to Figure 2, there is shown a system
similar to Figure 1 embodying a different kind
of phase shifting or retarding circuit. 'The re-
tarding circuit according to this meodification
consists of a double tuned transformer or band-
pass filter having a primary circuit comprised
of an inductance 21 shunted by a condenser 22
and a second circuit comprised of an inductance
21’ shunted by a condenser 22’. The high po-
tential side of the primary circuit is coupled such
as by a direct connection with the low potential
side of the secondary circuit, whereby the pri-
mary and secondary voltages will be added and
subtracted and rectified in a manner substan-
tially similar to that according to Figure 1. Here
again, if the circuits 21—22 and 21’'—22’ are in
exact resonance with the impressed signal fre-
quency, the voltages developed across the primary
and secondary will be in quadrature phase rela-
ticn and this phase angle will vary in either di-
rection in proportion to the departure of the
impressed signal frequency from the resonant
frequency of the circuits resulting in a direct
output current or potential having an amplitude
varying proportionately to the frequency devia-
tion to be detected.

Referring to Figure 3, there is shown a diagram
similar to Figures 1 and 2 embodying a phase
shifting or retarding circuit in the form of a
series resonant network comprising an induc-
tance 41 and a condenser 42. The potential drop
v across the condenser and the potential drop
across the inductance are again added and sub-
tracted and applied to the differential rectifier
in substantially the same manner as in the pre-
ceding embodiments. In a system of this type
the response at terminals c—d will be a maximum
for the carrier or resonant frequency and fall
off rapidly as the frequency deviates in either
direction in the manner of a normal resonance
curve, This circuit is especially suited as a tun-
ing indicator by connecting a suitable direct cur-
rent indicating instrument across the terminals
c—d for supervisory frequency control, alignment
of tuned circuits and similar purposes.

Referring to Figure 4, there is shown a further
modification of a retarding or phase shifting cir-
cuit comprising a parallel tuned circuit 21—22
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3
similar to that in Figure 1 and a series reactance
in the form of a condenser 43, the latter being
shunted by a choke coil 44 to provide a direct
current ground return for the tube 25. In this
embodiment there is furthermore shown a modi-
fied rectifying circuit wherein the plates 37 and
371’ of the double diode 35 are connected to the
blocking condenser 38 and the grid 27 (point C),
respectively, and the cathodes 36 and 36’ of the
double diode 35 are connected to the output ter-
minals c—d, respectively. The latter are shunted
by a pair of smoothing resistors 40 and 40’ in
series, each by-passed by a condenser 45 and
49’, respectively. The low potential end of the
condenser 43 of the phase retarding network is
connected to the junction of the resistors 40 and
40’. As will be understood from the foregoing,
there will be obtained by an arrangement of this
type an output response -varying both in sign
and magnitude in dependence upon the relative
frequency departure of an impressed alternating
signal from the tuning frequency to which the
circuit 21-—22 is resonant.

Referring to Figure 5, there is shown partly
in block diagram form a complete receiver for
frequency modulated radio signals embodying a
detector of the type according to the invention.
The signals received by a pair of dipole antennae
50—56’ are impressed by way of a radio frequency
amplifier 51 upon a first detector or mixer 52
wherein the received signals are combined with
local signals generated by an oscillator 53 to
produce signals of intermediate frequency am-
plified in an intermediate frequency amplifier 54
designed for selective and efficient amplification
of the fixed intermediate frequency of the re-
ceiver. The amplified intermediate frequency
signals are applied to a limiter 55 of any known
type to remove any spurious amplitude modula-
tion due to noises and other interference and to
cause pure frequency modulated signals to be im-
pressed from the output of the limiter upon the
frequency detecting or demodulating circuit con-
structed in accordance with the invention. The
latter comprises a retarding circuit 2{—22—283,
a phase inverting tube 25, and a balanced double
diode rectifier 35 substantially as shown in Fig-
ure 1. In the emkbkodiment shown the load im-
pedance for the inverter 25 has the form of an
inductance coil 56. The demodulated or output
signals developed across the anodes 87 and 371’
of the double diode 35 is additionally filtered
and freed from radio frequency components by
the aid of series resistors 57 and 57’ and a pair
of shunt condensers §8 and 59, the latter arranged
in series and having their junction point con-
nected to ground and their outer ends connected
to the resistors 57 and 57’.. The demodulated
signals are impressed upon the grid and cathode
of an audio amplifier tube 60 by way of coupling
condensers or in any other desired manner. The
cathode of the tube 60 is connected to ground
through a choke coil 61 forming a load impedance
and a hiasing resistance 62 by-passed by a con-
denser. Thus, the cathode of tube 80 is at float-
ing (signal) potential, while the grid is grounded
for alternating potential through condenser 58,
resulting in a confrel of the space current and
an amplified output current in the plate circuit.
This output current may be further amplified in
an audio amplifier serving to energize a suitable
translating device such as a loud speaker 84.

Referring to Figure 6, there is shown another
modification of a frequency. variation response
circuit embodying the principle of the invention,
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Accerding to this ‘modification, the voltage u is
inverted. and:combined-with the voltage v-and for

this 'purpose. -the grid 27 . of the inverter tube.

is grounded for alternating potential and the
cathode majintained at floating (control) poten-
tial to effect plate current control. Figure 7 is
substantially the same as Figure 6 with the ex-
ception that the voltage-v.is inverted by the tube
28.:t0-obtain sum and difference voltages effective
in-both rectifying paths. o
Figure 8 shows a system similar to Figure 2
embodying a modified inverter circuit. Accord-

- ing to this modification the high potential side

of the secondary circuit 24/, 22’ is connected to
the output terminal ¢ (by way of smoothing re-
sistor 48). through a voltage divider comprising
a pair of resistors 70 and 7! in series. The
junction between the resistors 70 and 7! is con-
nected to the grid 27 of the inverter tube 25 to
obtain an. inverted output potential of the proper
amplitude. There is further .provided a con-
denser 13 connected between the plate 28 and
the output terminal ¢ serving both as a blocking
condenser and a2 means to impress inverse feed-

back potential upon the grid 21 from the plate 2

circuit. This system was found to ensure both
high operational stability and conversion fidelity.
- Referring to Figure 9 there is shown a modified
variable frequency conversion circuit especially,
though not limitatively, suited for use in the I. F.
section of g superheterodyne receiver. Input
signals of varying frequency applied by way of
terminals a—b are pre-amplified in a two stage
amplifier comprising radio frequency pentodes 15

and 718 intercoupled through a double tuned °

transformer 16—1717. The amplified signal poten-
tial is impressed upon. a doubled tuned trans-
former type phase shifting network 2{--22,
21'--22", resonant to the intermediate frequency.
The. high potential side of the primary circuit
24-—22 is connected to the low potential end of
the secondary circuit 21’—22’ through a. block-
ing condenser 88. Proper amplitude of the in-
verted potential is secured by a potential divider
comprising a pair of resistors 82, 83 in series and
connected across the secondary circuit 21’'—22’.
The grid 27 of the inverter tube is directly con-
nected to the junction of resistors 82, 83.
Furthermore, the grid 27 is properly biased with
respect to the cathode by the provision of a bias-
ing network in the cathode return and the
cathode is further returned to ground for direct
current through a radio frequency choke coil 87.
The plate 28 of the inverter tube is connected to
g suitable space current source through a re-
sistor 88 in series with choke coil 85 with the
junction . point therebetween by -passed to
cathode through condenser £8. The output is

derived from -the cathodes 36 and 36’ of the:

diodes 37 and 37 by the provision of suitable load
resistors 88 and 88’ by-passed by condensers be-
ing connected between the cathodes and ground
or any other potential reference point of the
system. The function and operation of this sys-
tem will ‘be readily understood from the fore-
going being substantially identical .tc the em-
bodiments described hereinbefore. The circuit
has been proven to operate satisfactorily and to
ensure stable and faithful performance by ex-
periments.  The rectifiers in. the balanced de-
tector circuit are preferably of the linear ktype
such as diode rectifiers to ensure faithful repro-

duction of the sounds -or other signals in a fre-"
cT6

quency modulated receiver,
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As is understood, the circuit proposed by the
invention ‘has many: uses ‘whenever a potential
or current is required of varying amplitude repre-
senting relative frequency -deviation both of an
alternating .signal 'or the resonant ‘frequency of
@ tuned circuit from seme particular frequency.
Thus, in addition to the use of a frequency modu-
lation: detector as described in .connection with
Figure 5, the frequency sensitive or detecting
circuit of the invention may be employed as a
diseriminator in radio transmitting or receiving
systems to control a frequency determining ele-
ment for automatically maintaining the fre-
quency of an oscillation being :generated or the -
tuning frequency of -a circuit at a desired con-
stant value. .

It will be-evident from the foregoing that the
invention is not limited to the specific details
and arrangement of parts-and circuits shown-and
disclosed herein for: illustration .but that the
underlying principle andnovel inventive thought
are susceptible of numerous variations and modi-
fications coming within the broader scope and
spirit of the invention as defined in the appended
claims: The specification and drawings are ac-
cordingly to be regarded in ‘an illustrative rather
than a limiting sense. :

I claim: :

1. A frequency variation response circuit-com-
prising an inpub circuit, a first resonant im-
pedance tuned to a predetermined frequency and
reactively -coupled with -wsaid input circuit, a
second .‘substantially non-resonant impedance
coupled with said input circuit, an electron tube
phase inverter having its input excited from said
resonant impedance and embodying a third im-
pedance in its output.circuit to develop a voltage
of opposite phase to the voltage developed by said
resonant impedance, said first, second and third
impedances having one end thereof coupled to
a common point, a pair of circuit paths each in-
cluding rectifying means and a load resistance,
said circuit paths having one -end thereof con-
nected to the same open end of one of said im-
pedances and having their other ends each con-
nected to one of the remaining open ends of said
impedances, and an output circuit connected be-
tween -points on the load resistances of said cir-
cuit paths to develop a voltage varying in sense
and magnitude in- accordance with and substan-
tially in proportion to the departure of an im-
pressed input frequency from said predetermined
frequency. )

2. A frequency variation response circuit com-
prising.an input circuit, a first parallel-tuned im-
pedance resonant to a predetermined frequency
and reactively coupled with said inputcircuit, a
second substantially non-resonant. impedance
coupled with said input circuit, an electron tube
phase inverter having its input excited from said
first impedance and embodying a third irhpedance
in its output circuit to develop a voltage of op-
posite phase to the voltage developed by said first
impedance, said first; second and third imped-
ances having one end thereof coupled to a com-
mon . point, a pair of circuit paths each including
rectifying and load resistance means, said circuit
paths having one end thereof connected to the
same open end of one of said impedances - and
having their other ends each connected to one of
the remaining open ends of said impedances, and
an output circuit including smoothing means con-. .
nected between electrically symmetrical points-of
the load resistance means of said paths to derive
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a voltage varying in sensé and magnitude in ac-
cordance with and substantially in proportion to
the departure of an impressed input frequency
from said predetermined frequency.

3. A frequency variation response circuit com-
prising a parallel-tuned input circuit resonant to

(3

a predetermined frequency, a first parallel-tuned

impedance also resonant to said predetermined
frequency and being reactively coupled with said
input circuit, a second substantially non-resonant
impedance coupled with said input circuit, an
electron tube phase inverter having its input ex-
cited from said first impedance and embodying a
third impedance in its output circuit to develop a
voltage of opposite phase to the voltage developed
by said first impedance, said first, second and
third impedances having one end thereof coupled
to a common point, a pair of circuit paths each
including rectifying and load resistance means,
said circuit paths having one end thereof con-
nected to the same open end of one of said im-
pedances and having their other ends each con-
nected fto one of the remaining open ends of said
impedances, and an output circuit including
smoothing means connected between electrically
symmetrical points of the load resistance means
of said circuit paths, to derive a voltage varying
in sense and magnitude in accordance with and
substantially in proportion fto the departure of
an impressed input frequency from said prede-
termined frequency.

4. A frequency variation response circuit com-
prising a parallel-tuned input circuit resonant to
a predetermined frequency, a first parallel tuned
impedance also resonant to said predetermined
frequency and inductively coupled with said in-
put circuit to develop voltages across said input
circuit and said impedance having g relative phase
varying in either direction from a normal phase
relation in accordance with and substantially in
proportion to the departure of an impressed in-
put frequency from said predetermined fre-
quency, a second substantially non-resonant im-
pedance coupled with said input circuit, an elec-
tron tube phase inverter having its input excited
from said first impedance and embodying g third
impedance in its output circuit to develop a volt-
age of opposite phase to the voltage developed by
said first impedance, said first, second and third
impedances having one end thereof coupled to a
common point, a pair of circuit paths each in-
cluding rectifying and load resistance means, said
circuit paths having one end thereof connected to
the same open end of one of said impedances and
having their other ends connected each to one of
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the remaining open ends of said impedances, and
an output circuit including smoothing means con-
nected between electrically symmetrical points to
the load resistance means of said circuit paths.
5. A frequency variation response circuit com-
prising an input circuit, a first resonant imped-
ance tuned to a predetermined frequency and re-
actively coupled with said input circuit, a second
substantially non-resonant impedance coupled
with said input circuit, an electron tube phase
inverter having its input excited from said first
impedance and embodying a third impedance in
its output circuit to develope a voltage of opposite
phase to the voltage developed by said first im-
pedance, said first, second and third impedances
having one end thereof coupled to a common
point, a pair of circuit paths each including recti-
fying and load resistance means, each of said
circuit paths having one end thereof connected
to the open end of said second impedance and
having their other ends connected each to one of
the open ends of said first and third impedances,
and an output circuit including smoothing means
connected between points of the load resistance
means of said circuit paths electrically symmetri-
cal with respect to the open end of said second
impedance, to derive a voltage varying in sense
and magnitude in accordance with and in pro-
portion to the departure of an impressed input
frequency from said predetermined frequency.
6. A frequency variation response circuit com-
prising an input circuit, a first resonant imped-
ance tuned to a predetermined frequency and
reactively coupled with said input circuit, a sec-
ond substantially non-resonant impedance cou-
pled with said input circuit, an electron tube
phase inverter having its input excited from one
of said impedances and embodying a third im-
pedance in its output circuit, said first, second
and third impedances having one end thereof
coupled to a common point, a pair of circuit paths
each including rectifying and load resistance
means, said circuit paths having one end thereof
connected to the same open end of one of said
impedances and having their other ends each
connected to one of the remaining open ends of
said impedances and an output circuit connected
between points on the load resistance means of
said circuit paths to develop a voltage varying in
sense and magnitude in accordance with and
substantially in proportion to the departure of an
impressed input frequency from said predeter-
mined frequency.
KARL RATH.




