
Re.21,691 R. L. FREEMAN 
FREQUENCY-RESPONSIVE NETWORK 

Jan. 14, 1941. 

Original Filed Sept. 20, 1938 

2914 
º walan« v º 

INVENTOR 
BERT 1, FRESMAN 

BY 

ATTORNEY 

  

  

  



Reissued Jan. 14, 1941 

21,691 
FREQUENCY-RESPONsvENETwork 

Robert. Freeman, Flushing, N.Y., assignor to Haseltine Corporation, a corporationa of Dela 
Vyr 

Original No. 2,184,072, dated December 19, 1939, 

Re. 21,691 
UNITED STATES PATENT OFFICE 

Serial No. 280.820, September 20, 1938. App 
cation for reissue June 27, 1940, Serial No. 
342,705 

i 17 Claims, (CI. 250-40) 
The present inventition relates to an improved 

frequency-responsive network and particularly 
to such a network adapted to be utilized in an 

| automatic-frequency control system of a modu 
lated-carrier signal-translating apparatus, the 
frequency-responsive network of the invention 
having a relatively limited response range but 
having a relatively high sensitivity over the 

() 
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range. As used in this specification, the terms 
"relatively limited response range' and "limited . 
frequency range' refer to a range of frequencies 
which is narrow relative to the mean frequency 
of the range. '. w 
One type of frequency-selective network which 

has previously been used in automatic-frequency 
control systems utilizes the principle of rectify 
ing separately the sum and the difference of the 
voltages existing across the primary and second 
alry windings of a double-tuned circuit and dif 
ferentially combining the rectified voltages so 
obtained to provide a voltage varying in magni 
tude and polarity with deviations of the frequen 
cy of the signal input to the system from its mean 
Of normal value. . A disadvantage of such an 
arrangement is that with usual design of signal 
translating and control circuits and at usual 
alignal frequencies, the magnitude of the output 
of each of the rectifiers varies quite gradually 
and over a considerable frequency range. Thus, 
the difference of the rectified voltages also varies 
gradually with respect to frequency, decreasing 
the sensivity of the system, and between maxi 
nun and minimum values which are relatively 
remotely separated, permitting the control to 
extend over adjacent signal channels, effectively 
blanking then out. : 

It is an object of the invention, therefore, to 
provide a frequency-responsive network which 
overcomes the above-mentioned disadvantages of 
such arrangements of the prior art. 

It is a further object of the invention to pro 
vide a frequency-selective network operable over 
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a relatively narrow frequency range at the fre 
quencies commonly utilized in the intermediate 
frequency channel of superheterodyne receivers. 

It is still another object of the invention to 
provide a frequency-responsive network operable 
over a relatively narrow frequency range and 
having a relatively high sensitivity over the 
Ange. 
In accordance with the invention, a fre 

quency-responsive network for operation over a 
given frequency range comprises means for de 
veloping from an applied signal a first voltage 
which decreases with frequency in the vicinity o 

the mean frequency of the range and means for 
developing from the applied signal a second volt 
age which increases with frequency in the vicin 
ity of the mean frequency of the range. The 
network includes means for applying each of the 
two voltages to one of a pair of rectifiers. 
There is also provided means for applying a 
part of the output voltage of each rectifer as 
a delay bias on the other rectifier, each of the 
bias voltages being sufficient to reduce the output 
Of the rectifer to which ilt, is applied to zero at 
a frequency in the vicinity of the mean fre 
quency of the range. The network further in 
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cludes means for deriving from the output of 
each of the rectifiers an effect which varies in 
accordance with the frequency of the applied 
signal. As used in this specification, the term 
"delay blas' is intended to mean an amplitude 
delay bias. : • 

In accordance with one embodiment of the 
invention, a frequency-responsive network com 
prises an input circuit to which is coupled means 
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for deriving a first voltage and means for deriv 
ing a second voltage variable in phase with fre 
quency over the operating range of the system 
with respect to the first voltage. Two rectifiers 
are provided together with means for applying 
to One of the rectifiers the sun and to the other 
of the rectifiers the difference of the two derived 
voltages, and means for applying an amplitude 
delay bias to each of the rectifiers derived from 
the applied voltages. Each of the bases is suf 
cient to reduce the output of the rectifer to 
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which it is applied to substantially zero at a fre 
quency in the immediate vicinity of the mean 
resonant frequency of the operating range. 
Means are provided for deriving an output from 
the system which varies in accordance with the 
voltages developed by the rectifiers. . 
in a preferred embodiment of the invention, 
the means of obtaining the two derived voltages, 
the relative phase of which varies, comprises in 
ductively-coupled tuned circuits, one of the volt 
ages being that across the primary tuned circuit 
and the other being that across the secondary 
tuned circuit. Also in accordance with a pre 
ferred embodiment of the invention, the above 
mentioned rectifiers are of the diode type and 
have individual load circuits incluiding a con 
mon load impedance and individual load imped 
ances, the value of the individual impedances 
being smaller than that (f the common imped 
ance. In this embodiment, the common imped 
ance comprises the means for developing the 
delay biases, a bias being developed thereacross 
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of the rectifer circuits and applied to 
errecter. 

another. embodiment of the invention the 
rectifiers are of the triode type and the mutual 
delay biases are developed by self-rectification in 
the grid circuits of the rectifiers. 
The novel features which are believed to be 

characteristic of this invention are set forth with 
particularity in the appended, claims. The no 
vention itself, however, both as to its Organiza 
tion and method of Operation, together with fur 
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ther objects thereof, will best be understood by 
reference to the specification taken in connec 
tion with the accompanying drawing in which 
Fig. 1 is a circuit diagran, partly schematic, of 
a complete superheterodyne receiver including an 
automatic-frequency control system embodying 
the present invention; rigs 2 and 3 illustrate 
certain of the operating characteristics of the 
circuit of Pig. 1; and Pig. 4 illustrates a different 
embodiment of a frequency-responsive network 
constructed in accordance with the invention. 

Referring to Fls. 1 of the drawing, there is 
shown a circuit diagram, partially schematic, of 
a complete modulated-carrier signal receiver of 
the superheterodyne type embodying the inven 
tion. This receiver comprises, in cascade, an 
antenna-ground circuit: , , a radio-frequency 
amplifier 2, a frequency changer or oscillator 
modulator , intermediate-frequency amplifiers 
4 and , another stage of intermediate-fre 
quency amplification comprising a vacuum tube 

and a frequency-responsive selector network 
, a detector and automatic amplification eon 

trol or A. W. C. supply , an audio-frequency 
amplifier of one or more stages , and a sound 
reproducer 20. Automatic amplification contro 
is secured in R, well-known manner by a undi 
rectional bias voltage derived from the A. W. C. 

to supply and applied over conductor 2 to the 
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control electrodes of one or more of the tubes 
included in radio-frequency amptner 2, ?? 
lator-riodulator 8, and intermediate-frequency 
amplifers land . Automatic-frequency con 
trol is secured in a well-known manner by apply 
in a unidirectional voltage, derived from fre 
quency-responsive network in a manner to be 
described in detail hereinafter, over conductor 22 
to a frequency-adjusting device 28 which, in turn, 
is coupled to the oscillator section of Oscator 
modulator by means of a conductor 28. A 
of the elements or assemblies hastrated in ache 
matic form may be of suitable conventional con 
struction and arrangement. 

Neglecting for the moment the Qperation of 
that part of the system embodying the present 
invention, the chrodt described Oonstitute, in 
general, a conventional superheterodyne reeever 
including automato votine control and auto 
matic-frequeñory control systema, the operatoa o 
such a receiver behins well understood in the art 
In bref, nas intereepted by antenna-ground 
circuit , f are selected and amped in radio 
frequency amplifier 12 and tran dated to o???? 
tor-modulator 8 wherein they are converted to 
an intermediate-frequency signal. The inter 
mediate-frequency signal is selectively amplined 
in intermediate-frequency anpiers , and 

and delivered to the detector wherein the 
audio-frequency signals and the A. V. C. biasing 

Are derived be gradio-trequesney axda 
mals are in turn amplified by audio 

automatic-Reapeation 
?8 control bias derived from unt ID is elective to quency voltage applied to diode 34 so that diode 

frequency 
Amper i and suppled to bound reproducer O 
for reproduction. The 

81,091 

varying in magnitude and polarity with the fre 

control the amplification of one or more of the 
unitas 12, 3, 4 and US to mantain the signal in 
put to the detector within a relatively narrow 
range for a wide range of received signal inten 
sites, while the automatic-frequency control bias 
derived from unit 7 is effective to control the 
frequency-adjusting device 2 to maintain the 
frequency of the signal input to the detector 
at a substantially constant value. 

Referring now more particularly to the circuit 10 
of the invention for deriving a potential auto 
natically to control the tuning of the receiver, 
the frequency-responsive network 7 comprises a 
primary tuned circuit including a condenser 
and an inductance 3 inductively coupled to an 15 
inductance 2 of a secondary circuit tuned by 
condenser . Circuits 3D, and 2, are 
tuned to the normal intermediate frequency of 
the receiver. The input to detector 8 is derived 
from a circuit including an inductance 2' induc- 20 
tively coupled to inductance 2. Network also 
includes dode rectifers 34 and 35 to which are 
respectively applied the sum and the difference 
of the voltage across the primary tuned circuit . 

, and the voltage across half the secondary 25 
tuned circuit 2, 38. Rectifiers 34 and 35 com 
prise individual load circuits having a common 
inpedance, shown as a resistor 36, and individual 
impedances, shown respectively as resistors 3 
and 38. To this end, resistor it is connected be 
tween the common terminal of resistors and 

and a mid-tap on inductance 32, while a 
coupling condenser is connected between the 
high potential side of tuned circuit 30, and the 
mid-tap on inductance 82. A by-pass condenser is 

is connected across load resistors 37 and 88 in 
series. . As explained further hereinafter, the 
value of resistor 8 should be at least of the same 
order of magnitude as, preferably several times 
greater than, that of resistors 87 and 8. 

In considering the operation of the circuit just 
described, it will be seen that, neglecting resistor 
39, the frequency-selective network 7 ils ingen 
eral sinlar to conventional frequency-responsive 
networks utilizing the principle of rectifying 
separately the sum and difference of the voltages 
across the primary and the secondary of a double 
tuned circuit and combining differentially the 
rectified voltaged so obtained to provide a voltage 

Quency applied to the system. For a complete 
explanation of the effect of resistor 3B on the 
characteristics of the frequency-responsive net 
work , reference is made to ig. 2 in which the 
curves represent the unidirectional output cur 
rent of one of the rectifiers, for example diode 34, 
as a function of frequency, for various values of 
retor . The corresponding characteristics 
of diode are not shown but are similar to those 
of tode 8 but rotated 180 degrees about the ver 
tical axis of the figure. The curve for Res-O is 
representative of the conventional discriminator 
circuits of the prior art, mentioned above, in 
which the resistance of the common portion of 
the two rectifier circuits is either zero or some 
Value very ?inal relative to that of regtors 
and 8. The other curves for successively in 
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creasing values of resistoral indicate that diode . 
4 is cut off at some frequency above the mean 

frequency of the system but of progressively 
lower value as the value of Rae is increased. 
This cutoff is due to the fact that the bias de 

veloped across resistor by the current of diode 
exceeds the peaks of the intermediate-fre 
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44 and 45 but with opposite polarity. One-half 34 becomes inoperative at these cutoff frequencies. 

Conversely, in the frequency range between the 
maximum of the characteristics of diode 34 and 
the lower frequencies of the operating range, 
diode 35 is biased to cutoff by the delay bias across 
resistor 3 developed by diode 4. In the fre 
quency range between the point of maximum 
response of diode 4 and that of diode 3, each 
diode is partially delayed by the other, the amount 
of delay increasing gradually from Zero at ap 
proximately its own point of maximum response, 
corresponding approximately to cutoff of the 
other diode, to a maximum or full cutoff at the 
approximate point of maximum response of the 
other diode. This varying delay action is the 
cause for the progressively increasing slopes of 
the diode characteristics of Fig. 2 in the vicinity 
of the intermediate frequency of the receiver, 
that is, the mean resonant frequency of the sys 
tem, as the value of resistor 36 is progressively 
increased. However, this increase in slope does 
not become appreciable until the value of resistor 

is of the same order as, or greater than, that 
of resistors T and 38. At the same time, it is 
noted that the peaks of the diode characteristic 
fall progressively closer to the mean resonant 
frequency of the system, thus reducing the range 
of control. This is probably due primarily to the 
decreased loading of the tuned circuits of the se 
lector. 

In Flg. 3 there are shown characteristic dis 
criminator 8 curves for the circuit of Fig. 1 for 
values of resistor varying from zero to 5 meg 
ohms, as indlcated in the figure, the circult hav 
ing the following constants: 
Tube =type 6K7 
Diodes 34 and 35-type 6H6 
Inductance S-882 microhenries 

40 
Inductance 2-810 microhenries 
Mutual inductance. between inductances 3 and 
32=4.4 microhenrles (K=0.5%) 

Q of circuit 0, 8 -Q of circuit 32, 3-50 

5 5 

00 

Mean frequency of the system fo=450 kilocycles 
Condenser slo micro-microfarads 
Condenser 40=0.1 microfarad 
Resistors 7 and 8-1 megohm each 

In summary, it is pointed out that the ad 
vantages of the discriminator of the invention 
over the usual type are (1) the peak gain is 
reduced while the slope of the characteristic in 
the vicinity of the mean frequency, that is, the 
sensitivity is improved with respect to the con 
ventional type of discriminator, (2) peak sepa 
rations of the order of -1 kc. are obtainable 
with an intermediate frequency of 450 kc., and 
(3) the slope of the 8 curve away from the peak. 
is more uniform and corresponds more closely 
to that of ordinary control tube characteristics, 
thereby making the operation of the system, when 
utilized in an automatic-frequency control, more 
uniform when tuning toward and away from a 
signal. 

in Fig. 4 there is shown another embodiment 
of the invention which is similar in operation to 
that of Fig. 1 and in which corresponding circuit 
elements have been given identical reference 
numerals. In the circuit of Fig. 4, the diodes 
34 and SS have been replaced by triode vacuum 
tubes 44 and 4. The voltage across tuned cir 
cult D, 3 is applied through a coupling con 
denser 48 to the cathode-grid circuits of tubes 
44 and 5 with the same polarity while one-half 
the voltage across the circuit 82, is also ap 
plied to the control grid-cathode circuits of tubes 
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of the voltage across the circuit 32, 33 is applied 
to the anode-cathode circuits of tubes 44 and 
45 with opposite polarity. A load circuit is pro 
vided for the system comprising series-connected 
resistors 4, 8 by-passed for alternating cur 
rents by condensers 50, 5. 
The operation of the circuit of Fig. 4 is gen 

erally similar to that of Fig. 1. The vector sum 
and difference of the voltages of the primary and 
secondary tuned circuits of the system are applied 
respectively to the control grid-cathode circuits 
of tubes 44 and 45, while the voltage of the 
Secondary tuned circuit 32, 33 is applied to the 
anode-cathode circuits. . A voltage is developed 
across resistor 46 by rectification in the grid 
cathode circuits of each of the rectifiers 44 and 
45, dependent upon the input signals thereto, 
and is applied as a delay blas to the other of the 
rectifiers, thereby effecting an operation similar 
to that of the circuit of Fig. 1. The bias de 
veloped across resistor 46 is double-peaked with 
respect to frequency. When the receiver is of 
tune the alternating voltage developed between 
the cathode and grid of one of tubes 4 and 45 
exceeds the bias across resistor 46. This allows 
the anode-cathode circuit of that triode to be 
conductive for a small fraction of the cycle. At 
this time the alternating voltage between the 
Cathode and grid of the other tube is less than 
the bias developed across resistor 46 and the 
tube is cut off during the entire cycle. Vacuum 
tubes 44 and 4 also function as limiters in the 
circuit of Fig. 4, rendering the output voltage 
derived from resistors 47, 8 more nearly constant 
for variations in the signal input to primary 
circuit 8, 8. 
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While the invention has been described with 
reference to a frequency-responsive network uti 
lized as the discriminator circuit of an automatic 
frequency control system, it will be understood 
that the frequency-responsive network of the in 
vention is not limited to this particular use but 
is applicable generally to frequency selective sys 
tems. 
While there has been described what is at 
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present considered to be the preferred embodi 
ment of this invention, it will be obvio's to those 
skilled in the art that various changes and modi 
fications may be made therein without departing 
from the invention, and it is, therefore, aimed in 
the appended claims to cover all such changes. 
and modifications as fall within the true spirit 
and scope of the invention. 
What is claimed is: 
1. A high-sensitivity frequency-responsive net 

work for operation over a limited frequency range 
comprising, an input circuit, means coupled to 
said input circuit for deriving a first voltage, 
means coupled to said input circuit for deriving a 
second voltage variable in phase with frequency 
over said range with respect to said first voltage, 
two rectifiers, means for applying to one of said 
rectifers the sum and to the other of said recti 
fers the difference of said two voltages, and 
means for developing a delay bias for each of 
said rectifiers from at least one of said sum and 
difference voltages, each of said biases being 
suficient to reduce the output of the rectifler to 
which it is applied to zero at a frequency in the 
vicinity of the mean resonant frequency of said 

5 5 
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range, and means for deriving from said rectifiers 
an output voltage varying in accordance with the 
amplitudes and frequency of their corresponding 
applied voltages. 5 
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2. A high-sensitivity frequency-responsive net- being a major portion of the output voltage of 

work for operation over a limited frequency range 
comprising, an input circuit, means coupled to 
said input circuit for deriving a first voltage, 
means coupled to said input circuit for deriving a 
second voltage variable in phase with frequency 
Over said range with respect to said-first voltage, 
two rectifiers, means for applying to one of said 
rectifiers the sum and to the other of said rect 
flers the difference of said two voltages, and 
means for developing a delay bias for each of said 
rectiflers from at least one of said sun and dif 
ference voltages, one of said biases being suf 
cient to reduce the output of the rectifer to 

above the mean frequency of said range and the 
other of said biases being suficient to reduce the 
Output of the rectifer to which it is coupled to 
Zero at a frequency slightly below the mean fre 
quency of said range, and means for deriving 
from said rectifiers an output voltage varying in 
accordance with the amplitudes and frequency of 
their corresponding applied voltages. 

3. A high-sensitivity fréquency-responsive net 
work for operation over a limited frequency range 
Comprising, an input circuit, means coupled to 
said input circuit for deriving a first voltage, 
means coupled to said input circuit for deriving a 
second voltage variable in phase with frequency 
over said range with respect to said first voltage, 
two rectifiers, means for applying to one of said 
rectifiers the sum and to the other of said rect 
fers the difference of said two voltages, means 
for developing from each of said rectifiers a delay 
bias for the other, each of said biases being suf 
ficient to reduce the output of the rectifer to 
which it is applied to zero at a frequency in 
the vicinity of the mean resonant frequency of 
said range, and means for deriving from said 
fectifiers a voltage varying in accordance with 
the amplitudes and frequency of their corre 
sponding applied voltages. 

4. A high-sensitivity frequency-responsive net 
Work for operation over a limited frequency range 
comprising an input circuit, means coupled to 
said input circuit for deriving a first voltage, 
means coupled to said input circuit for deriving 
a second voltage variable in phase with fre 
Quency over said range with respect to said first 
Voltage, two rectifiers, means for applying to one 
of said rectifiers the sun and to the other of 
said rectifiers the difference of said two voltages, 
means common to said two rectifiers for develop 
ing from each of said rectifiers a bias mutual to 
said rectiflers, each of said biases being sufficient 
to reduce the output of the rectifer to which it 
is applied to sero at a frequency in the vicinity 
of the mean resonant frequency of said range, 
and means for deriving from said rectifiers a 
voltage varying in accorance with the ampli 
tudes and frequency of their corresponding com 
bined voltages. . . . . . . . . . 

which it is applied to zero at a frequency slightly. 

the rectifier from which it is derived, and means 
for deriving from said rectifiers a voltage vary 
ing in accordance with the amplitudes and fre-* 
quency of their applied voltages. 

6. A high-sensitivity frequency-responsive net 
work for Operation over a limited frequency range 
comprising, an input circuit, means coupled to 
said input circuit for deriving a first voltage, 
means coupled to said input circuit for deriving 
a second voltage variable in phase with fre 
queney. Over said range with respect to said first 
voltage, two rectifiers each comprising individual 
load circuits having a common impedance and 
individual impedances, the value of each of said 
individual impedances being not substantially 
greater than that of said common impedance, 
means for applying the sum of said first and sec 
ond voltages to one of said rectifiers, means for 
applying the difference of said first and second 
voltages to the other of said rectifiers, and means 
comprising said individual impedances for deriv 
ing an Output voltage from said system. 

7. A high-sensitivity frequency-responsive net 
work for operation over a limited frequency range 
Comprising, an input circuit, means coupled to 
said input circuit for deriving a first voltage, 
means coupled to said input. circuit for deriving 
a second voltage variable in phase with fre 
quency over said range with respect to said first 
voltage, two rectifiers each comprising individual 
load circuits having a common load resistor and 
individual load resistors, the value of each of said 
individual load resistors being not appreciably 
greater than that of said common resistor, means 
for applying the sum of said first and second 
voltages to one of said rectifiers, means for ap 
plying the difference of said first and second 
voltages to the other of said rectifiers, and means 
comprising said individual impedances for deriv 
ing an output voltage from said system. 

8. A high-sensitivity frequency-responsive net 
work for operation over a limited frequency range 
comprising, an input circuit, means coupled to 
said input circuit for , deriving a first voltage, 
means coupled to said input circuit for deriving 
a second voltage variable in phase with fre 
quency over said range with respect to said first 
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voltage, two rectifiers comprising individual load - 
circuits having a common load resistor and in 
dividual load resistors, the value of said common 
resistor being at least three times that of each 
of said individual load resistors, means for ap 
plying the sum of said first and second voltages 
to one of said rectifiers, means for applying the 
difference of said first and second voltages to the 
other of said rectifiers, and means comprising 
said individual load resistors for deriving an out 
put voltage from said system. 

9. A high-sensitivity frequency-responsive net 
work for operation over a limited frequency range 

... comprising, an input circuit, means coupled to 
5. A high-sensitivity frequency-responsive net-said input circuit for deriving a first voltage, 

Work for Operation over a limited frequency range 

said input circuit for deriving a first voltage, 
means coupled to said input circuit for deriving 
a second Voltage variable in phase with fre 
quency over said range with respect to said first 
voltage, two rectifiers, means for applying to one 
of said rectifiers the surn and to the other of 

- sad rectifiers the diference of said frast" and Sec 
ond voltages, means common to said rectifiers for 
developing from each of said rectifiers a delay 

recter, e of said 

comprising, an inputschrcuit, means coupled to . 

biases 

means, comprising two inductively coupled res 
onant circuits for deriving from said input, cir 
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cuit a second voltage variable in phase with free 
quency over said range with respect. to said first 
voltage, two rectifiers each comprising individual 
load circuits having a common impedance and 
individual impedances, the value of each of said 
individual., impedances being not appreciably 
greater than that of said common impedance, 
means comprising a mid-tap on One of said two 
resonant circuits for applying the surn of said 
first and second voltages to one of said rect 

O 
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fiers and for applying the difference of said first 
and second voltages to the other of said rectifiers, 
and neans comprising said individual impedances 
for deriving an output voltage from said system. 
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10. A high-sensitivity frequency-responsive 
network for operation over a limited frequency 
range Cornprising, an input circuit, means cou 
pled to said input circuit for deriving a first volt 
age, means coupled to said input circuit for de 
riving a second voltage variable in phase with 
frequency over said range with respect to said 
first voltage, two rectifiers comprising individual 
load circuits having a common impedance and 
individual impedances, the value of each of said 
individual impedances being appreciably smaller 
than that of said common impedance, means for 
applying the sum of said first and second voltages 
to one of said rectifiers, means for applying the 
difference of said first and second voltages to the 
other of said rectifiers, and means comprising 
said individual impedances for deriving as an out 
put voltage the algebraic sum of the voltages 
across said individual impedances. 

1. A high-sensitivity frequency-responsive 
network for operation over a limited frequency 
range comprising, an input circuit, means coupled 
to said input circuit for deriving a first voltage, 
means coupled to said input circuit for deriving 
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a second voltage variable in phase with frequency 
over said range with respect to said first voltage, 
two vacuum-tube rectifiers each having input and 
output electrodes, means for applying to the in 
put electrodes of one of said rectifiers the sum, 
and to the input electrodes of the other of said 
rectifiers the difference, of said first and second 
voltages, means comprising a grid-bias resistor 
for said tubes common to the input circuits of 
said tubes for developing a delay bias from the 
input electrodes of each of said tubes and apply 
ing it to the input electrodes of the other of said 
tubes, each of said biases being suficient to re 
duce the output of the rectifer to which it is 
coupled to a low value in the vicinity of the mean 
resonant frequency of said range, and means for 
deriving from said rectifiers a voltage varying 
in accordance with the amplitudes and frequency 
of their applied voltage. 

12. A high-sensitivity frequency-responsive 
network for operation over a limited frequency 
range comprising, an input circuit, means cou 
pled in said input circuit for deriving a first volt 
age, means coupled to said input circuit for de 
riving a second voltage variable in phase with 
frequency over said range with respect to said 
first voltage, two rectifiers, means for applying 
to One of said rectifiers the sun and to the other 
of said rectifiers the difference of said first and 
second voltages, and means for developing a de 
lay bias for each of said rectifiers from at least 
one of said sum and difference voltages, each . 
of said bases being suficient to reduce the out 
put of the rectifer to which it is applied to a low 
value in the vicinity of the mean frequency of 
said range, said rectifiers comprising means for 
limiting their outputs to relatively uniform 
values for a wide variation of the amplitude 
of the signal input to the system, and means for 
deriving from said rectifiers a voltage varying in 
accordance with the amplitudes and frequency of 
their applied voltages. . 

13. A frequency-responsive network for oper 
ation over a given frequency range comprising, 
means for developing from an applied signal a 
first voltage. which decreases with frequency in 
the vicinity of the mean frequency of said range, . 

5 
means for developing from said applied signal 
a second voltage which increases with frequency 
in the vicinity of the mean frequency of said 
range, a pair of rectifiers, means for individually 
applying each of said voltages to one of said 
rectifiers, means for applying a part of the 
output voltage of each rectifier as a delay bias 
on the other, each of said biases being suffi 
cient to reduce the output of the rectifier to 
which it is applied to zero at a frequency in the 
vicinity of the mean frequency, and means for 
deriving from the output of each of 'said recti 
fers an effect which varies in accordance with 
the frequency of the applied signal. 

14. A frequency-responsive network for oper 
ation over a given frequency range comprising, 
means for developing from an applied signal a 
first voltage which decreases with frequency in 
the vicinity of the mean frequency of said range, 
means for developing from said applied signal a 
second voltage which increases with frequency 
in the vicinity of the mean frequency of said 
range, a pair of rectifiers, means for individually 
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applying each of said voltages to one of said 
rectifiers, means for applying a part of the 
output voltage of each rectifier as a delay bias 
on the other, each of said biases being a major 
portion of the output voltage of the rectifier 
from which it is derived, and means for deriv 
-ing from the output of each of said rectifiers an 
effect which varies in accordance with the fre 
quency of the applied signal. 

15. A frequency-responsive network for oper 
ation over a given frequency range comprising, 
means for developing from an applied signa a 
first voltage which decreases with frequency in 
the vicinity of the mean frequency of said range, 
means for developing from said applied signal a 
second voltage which increases with frequency 
in the vicinity of the mean frequency of said 
range, a pair of rectifiers, means for individually 
applying each of said voltages to one of said 
rectifiers, means common to said two rectifiers 
for developing from each of said rectifiers a bias 
mutual to said rectifiers, each of said biases being 
sufficient to reduce the output of the rectifier to . 
which it is applied to zero at a frequency in the 
vicinity of the mean frequency, and means for 
deriving from the output of each of said recti 
fers an effect which varies in accordance wit 
the frequency of the applied signal. 

16. A frequency-responsive network for oper 
ation over a given frequency range comprising, 
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means for developing from an applied signal a 
first voltage which decreases with frequency in 
the vicinity of the mean frequency of said range, 
means for developing from said applied signal 
a second voltage which increases with frequency 
in the vicinity of the mean frequency of said 
range, a pair of rectifiers, means for individually 
applying each of said voltages to one of said 
rectifiers, individual load circuits for said recti 
fers having a common impedance and individ 
ual inpedances, the value of each of said irudi 
vidual impedances being not substantially greater G; 
than said common impedance, and means for 
deriving from the output of each of said recti 
flers an effect which varies in accordance with 
the frequency of the applied signal. 

17. A frequency-responsive network for oper 
ation over a given frequency range comprising, 
means for developing from an applied signal a 
first voltage which decreases with frequency in 
the vicinity of the mean frequency of said range, 
means for developing from said applied signal a 
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second voltage which increases with frequency in being at least three times that of each of said 
the vicinity of the mean frequency of said range, 
a pair of rectifiers, means for individually ap 
plying each of said voltages to one of said rect 
filers, individual load circuits for : sald rectifiers 
having a common impedance and individual in 
pedances, the value of said common impedance 

individual impedances, and means for deriving 
from the output of each of said, rectifers an 
effect which varies in accordance with the fre 
quency of the applied signal. . . 

ROBERT L. FREEMAN. 
  

  

  


