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UNITED STATES PATENT OFFICE 
vARIABLE FREQUENCY RESPONSE SYSTEM 
Karl Rath, New York, N. Y., assignor to Radio 

Patents Corporation, a corporation of New 
York 
Application March 17, 1941, Serial No. 383,698 

9 Claims. 
This application is a continuation-in-part 

carved out from U. S. application Ser. No. 367,180, 
filed November 26, 1940, entitled “Frequency mod 
ulation system.' 
The present invention is concerned with a vari 

able frequency response system or frequency me 
ter and methods of operating the same serving to 
convert frequency changes of electrical energy 
into corresponding amplitude changes for use in 
Various devices such as in the discriminator or 
detector stage of a frequency modulation receiver, 
in automatic frequency control circuits, in fre 
quency monitors or indicators and numerous 
other devices involving the conversion of fre 
quency changes into corresponding amplitude 
variations of an electric current or potential. 
An object of the invention is to provide a sim 

ple and efficient frequency converter or discrimi 
nator of the impulse counting or integrating type 
involving the alternate charge and discharge of 
an electrical condenser at a rate proportional to 
the frequency to be converted, whereby the aver 
age charge of said condenser will vary as a func 
tion of the instantaneous frequency and may be 
utilized to operate a suitable indicator or trans 
lating device, if desired after additional amplifi 
cation in a low frequency amplifier such as in the 
case of a frequency modulation radio receiver. 
A further object is to provide a highly stable 

and sensitive frequency discriminator wherein 
the output circuit is substantially decoupled from 
the input circuit resulting in a complete absence 
of interaction and consequent distortion of the 
converted or demodulated current as is the case 
in discriminators of known type involving the 
use of tuned circuits and utilizing the relative 
detuning between the circuits or relative phase of 
electrical energies as a means for translating the 
frequency changes into amplitude variations. 
Another object is to provide a frequency dis 

criminator utilizing one or more deflection con 
trol electron discharge tubes as a means for 
charging and discharging an electrical condenser, 
thereby enabling a close and accurate adjust 
ment of the charge and discharge periods and 
resulting in a highly efficient and stable impulse 
counting or integrating action or translation of 
frequency changes into corresponding amplitude 
Variations. 
A further object is to provide a discriminator 

adjusted to act simultaneously as an amplitude. 
limiter so as to be responsive substantially to 
frequency changes only and to eliminate dis 
turbances and objectionable distortion of the out 
put current caused by spurious and other ampli 

(C. 250-2) 
tude modulation of the input signals in a fre 
quency modulation receiver or equivalent electri 
cal circuit. 
These and further objects and novel aspects 

of the invention will become more apparent from 
the following detailed description taken with ref 
erence to the accompanying drawings forming 
part of this specification and wherein: 

Figure is a simple circuit diagram of a fre 
10 quency meter or discriminator embodying the 

principles of the invention, 
Figure 2 represents a graph explanatory of the 

function of the circuit according to Figure 1, 
Figure 3 shows a modification of a discrimi 

5 nator of the type according to Figure 1, 
Figures 4A and 4B are further theoretical dia 

grams illustrative of the operation of the circuits 
according to Figures 1 and 3, respectively, 

Figure 5 is a circuit diagram of a modified dis 
20 criminator circuit constructed in accordance With 

the invention, 
Figure 6 shows a modification of the circuit of 

Figure 5, 
Figure 7 represents a further modification of a 

25 discriminator embodying the principles of the 
invention, and 

Figure 8 is a complete circuit diagram, partly 
in block form, of a frequency modulation receiver 
embodying a discriminator or second detector of 

30 the type proposed by the invention. 
Like reference characters identify like parts 

throughout the different views of the drawings. 
Referring more particularly to Figure , there 

is shown an electron discharge tube of the de 
flection control type comprising a Source of elec 
trons or cathode i?, an apertured anode 2 serv 
ing to produce a concentrated beam or pencil of 
electrons, a pair of electrostatic deflecting plates 
f3 and 4, and a pair of anodes or targets 5 and 

40 6 arranged on either side of the normal or zero 
axis of the electron beam. Alternating current 
voltage of varying frequency such as supplied by 
the RF or IF section of a frequency modulation 
(FM) radio receiver is impressed from input ter 

4 minals i-i upon the deflecting plates 3 and f4 
by way of a resonant transformer or band-pass 
filter 8. The latter is suitably designed to have 
a sufficient band width to cover the frequency 
variation range of the impressed signals (150 kc. 
according to present frequency modulation stand 
ards). In addition to or in place of the focussing 
anode 42 other concentrating or focussing devices 
well known in the art may be provided to obtain 
an electron beam of desired concentration and a 

6 cross-section. The anodes 5 and 6 are con 

5 
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2 
nected to the cathode through a source of high 
potential 20 by-passed by a condenser 2 and a 
load resistance 22, which latter may have its end 
remote from the cathode connected to ground or 
any other zero reference point of the system. 
Resistance 22 is shunted by a preferably adjust 
able COndenser 23 in series with a further re 
sistance 24. The latter is coupled to the input 
control grid and cathode of a low frequency or 
audio amplifier tube 25 provided with a standard 
condenser shunted grid biasing resistance 26 in 
serted in the lead to its cathode. The plate cir 
cuit of tube 25 includes a suitable load impedance, 
in the example shown a low-pass filter compris 
ing a Series resistor 27 and a pair of by-pass 
Condensers. 
The operation of Figure 1 will now be described 

with reference to Figure 2: 
If the targets 5 and fS are arranged sufficient 

ly close and have a width which is small com 
pared with the maximum deflection or excursion 
of the electron beam as effected by the impressed 
input voltage e, short current impulses it will be 
produced in the Output circuit charging the con 
denser 23 by way of resistor 28. During the in 
terval between the impulses i, condenser 23 is 
discharged through resistors 22 and 24 in series, 
whereby the periodic alternate charge and dis 
charge will result in an average voltage developed 
across resistor 24 which will vary substantially 
in proportion to the frequency of the impulses i, 
that is in turn in proportion to the frequency of 
the impressed input potential. In case of a fre 
quency modulated input signal there is thus de 
Veloped a voltage at modulating frequency across 
resistor 24 which is further amplified by the tube 
25. The amplified demodulated energy may be 
derived from load resistor 27 in the plate circuit 
of tube 25 in any suitable manner such as by way 
of coupling condenser 28 and impressed upon a 
further amplifier or Output device such as a loud 
Speaker connected to the output terminals o-o. 
The inner surface of tube 0, if made of glass, is 
advantageously coated with a metallic layer 
connected to the cathode or ground preferably 
through a high ohmic resistance as shown to 
prevent the effect of objectionable wall charges 
On the Operation and stability of the tube. 

Referring to Figure 3 there is shown a circuit 
similar to Figure 1 wherein however condenser 
23 is charged substantially instantaneously to the 
full voltage of the source 20 during the impulse 
periods and subsequently discharged through 
resistor 24 by the provision of a pair of uni-later 
all Conducting paths provided by rectifiers 30 and 
3 which may be of any suitable type such as 
diode or dry rectifiers, respectively. To this end 
condenser 23 is shunted across resistor 22 in 
Series with rectifier 30 and the output or dis 
charge resistor 24 is shunted across the rectifier 
30 in Series with the rectifier 3. If both recti 
fiers are poled in an opposite sense as shown, it 
is seen that during the impulse periods con 
denser 23 is substantially instantaneously 
charged by way of rectifier 30 to the full voltage 
and subsequently discharged through resistor 24 
by way of rectifier 3. In Figure 3 the two tar 
gets 5 and 6 as shown in Figure 1 are replaced 
by a single target 5' located in the central or 
Zero axis of the electron beam and designed to 
produce charging impulses i according to Figure 
2 at the instant of passage through zero of the 
impressed input potential e, 
The operation of the invention will be further 

0. 
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Figure 4A shows the operation preferably used in 
case of Figure 1, wherein the condenser 23, dis 
charge resistor 22, output resistor 24, and the 
length or duration of the impulses (proper size 
and spacing of the targets f5 and 6 or a single 
target 5' as shown in Figure 3 in relation to the 
maximum excursion of the electron beam) are 
correlated in Such a manner that condenser 23 
is never charged to the full or maximum voltage 
supplied by the source 20, whereby an average 
voltage is developed across resistor 24 varying 
substantially proportionately to the instantane 
ous frequency of the impressed input voltage. 
Condenser 23 is charged according to an expo 
nential curve e as shown in Figure 4A and dis 
charged according to an exponential curve e' at 
a much lesser rate as explained hereinabove. If 
the duration of the impulses i and their relation 
to the maximum excursion of the electron beam 
is properly chosen, the charge and discharge 
curve of the condenser 23 Will assume a zig-zag 
line as shown in the drawing resulting in an 
average voltage developed by resistor 24 as shown 
at 2)". In the example illustrated, it has been as 
Sumed that a voltage of medium frequency is 
applied during the period a changing into a lower 
frequency during the period b and assuming a 
higher frequency during the period C. As a re 
sult, the average output voltage 2)' will vary from 
a mean value to a lower and higher value sub 
stantially in proportion to the instantaneous in 
put frequency. As pointed Out above, this Op 
eration is dependent on the condition that the 
length of the impulses is Substantially constant 

35 and independent of the frequency, whereby only 
the spacing intervals between successive impulses 
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will vary as a function of the instantaneous input 
frequency impressed upon the deflecting plates 
3-6. This condition can be easily insured by 

designing the target electrodes in such a man 
ner that the time of contact with the electron 
beam is a fraction only of the total cycle or ex 
cursion of the electron beam from its Zero or cen 
tral position, 

Figure 4B shows an operating diagram pref 
erably used in case of Figure 3 wherein the Con 
denser 23 is charged to Substantially the full 
voltage during each impulse period i and dis 
charged to varying lower potentials during the 
intervening periods whose duration varies as a 
function of the frequency, whereby again in turn 
an average output voltage ' is obtained in an 
analogous manner to Figure 3. 

Referring to Figure 5, there is shown a modi 
fied frequency discriminator acting also as an 
amplitude limiter and embodying a pair of de 
flection control tubes in accordance with the in 
vention. According to this exemplification there 
are provided a pair of deflection control tubes 36 
and 3 of substantially similar construction to 
that described hereinbefore. A frequency modu 
lated input voltage is impressed by Way of band 
pass filter 8 upon the deflecting Systems of both 
tubes, in the example shown connected in paral 
lel, whereby during the opposite half cycles of 
the input frequency the electron beams of the 
tubes will assume left and right positions as 
shown at l and r, respectively. In the example 
illustrated the right hand target of the tube 36 
is connected to the cathode of tube 37 through a 
high tension or output current source 38, while 
the left hand target of tube 37 is connected to the 
grounded cathode of tube 36 through an output 
or discharge condenser 4. The cathodes of both 

understood by reference to Figures 4A and 4.B. 75 tubes are further connected through a charging 
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condenser . The remaining unused oride tar 
gets of the tubes are preferably connected to the 
respective cathodes as stown, if desirable in series. 
with high ohmic resistors as shown in Figure 1, 
to prevent interference with the proper func 
tion of the tubes, or the idle targets may be dis 
connected entirely from any parts of the system. 
The Operation of this system is as follows: In 

5 

the position of the electron beams shown at r 
condenser 40 will be connected to the source 38 
by way of the electron beam of tube 36 forming 
a return path, whereby the condenser will be 
charged to the voltage supplied by the source 38. 

10 

During the opposite half cycle of the impressed 
signal voltage when the electron beams are in a 
position shown at l the source 38 will be dis 
Connected from the condenser 0 and the latter 
will be connected upon the output or discharge 
Condenser 4t by way of the electron beam of 
tube 37. Preferably, the design and adjustment 
of the tubes are such that the full cross-sectional 
area of the electron beams will be impinged upon 
the targets at a predetermined fraction of the 
maximum or peak amplitudes of the impressed 
signal voltage, whereby the tubes will additional 
ly function as amplitude clipping or limiting de 
vices and remove any spurious or other undesir 
able amplitude modulation in the manner de 
scribed in detail in the above mentioned parent 
application. 

In this manner condenser 4 will be sequential 
ly charged by short voltage impulses of equal 
amplitude determined by the limiting or clipping 
action of the tube, the sequence or number of 
charging impulses per second being proportional 
to the instantaneous frequency of the input sig 
nals impressed upon the deflecting systems, in 
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the opposite half cycles of the impressed signal 
voltage, thereby alternately striking the targets 
54 and 55 and charging condenser 40 and sub 
sequently discharging it upon condenser 4 in a 
manner substantially similar to that described 
in connection with Figure 5. The inner surface. 
of tube 46 is advantageously covered with a metal 
coating connected to ground through a high 
ohmic resistor as shown in and serving a purpose 
similar to that according to Figure 1 and having 
the additional function in Fig. 6 of preventing a 
short circuiting of the charging condenser 40 
by the electron beams when striking the metal 
Coating. 

Figure 7 shows a simplified discriminator or 
frequency meter embodying the principle of the 
invention. A two-target deflector tube 56 of the 
same type as shown in the preceding illustrations 
has its input or deflection control electrodes 
excited from a suitable input voltage by way of 
band-pass filter 8. The cathode is grounded 
through charging condenser 58, while the targets. 
are grounded through the high potential source 
57 and discharge condenser 59, respectively. In 
this manner condenser 5S will be charged by the 
Source 5T intermittently at a rate proportional to 
the input signal frequency and as a result there 
of develop an average output voltage proportional 
to the frequency changes. This output voltage is 
impressed upon a subsequent circuit or output 
device by way of low-pass filter comprising a 
series resistor 60 and by-pass condenser 6 in a 

35 

such a manner that the system will act as an 
impulse counter in a manner similar to the pre 
ceding circuits. The average charge of or volt 
age developed by the condenser 4 will there 
fore vary in accordance with the instantaneous 
input frequency, that is in turn with the momen 
tary amplitude of the audio or any other modu 
lating signal to be detected. This voltage is in 
pressed upon the audio amplifier 44, in the ex 
ample, shown by way of a low-pass filter com 
prising series resistor 42 and by-pass condenser 
43, whereby amplified audio energy may be de 
rived from the output terminals O-O for further. 
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amplification or utilization in a suitable output 
device. 

Referring to Figure 6, there is shown an ar 
rangement similar to Figure 5 utilizing a com 
posite deflector-discriminator and limiting tube 
in place of two separate tubes provided in Figure 
5. The composite tube 46 according to this modi 
fication comprises a pair of cathodes 47 and 48, 
a common focussing anode 50 provided with two 
apertures opposite to said cathodes in addition to 
any further focussing or concentrating elements 
known per se which may be provided for obtain 
ing a pair of sharply focussed electronbeams or 
pencils. There is further shown a composite de 
flecting system comprising three deflecting plates 
5, 52 and 53 arranged side by side in spaced 
relation in such a manner that either of the 
electron beams will pass between two adjacent 
deflecting plates. The central plate 53 is con 
nected to the mid tap or center point of the sec 
ondary winding of the input transformer fB 
whose opposed outer ends are connected each to 
one of the outer deflecting plates 5 and 52 re 
spectively. In this manner the electron beams 
will assume positions as shown at r and l during 
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manner understood from the foregoing. . 
Referring to Figure 8 there is shown a circuit 

diagram partly in block form of a complete frew 
quency modulation receiver embodying a de 
flector type discriminator or second detector of 
the type proposed by the invention. Frequency 
modulated radio signals intercepted by a suit 
able antenna such as a dipole 65-66 are im 
pressed by way of a band-pass filter 6 upon 
the deflection control plates of a first deflector 
mixer tube 68 of the type described in detail in 
my copending application Ser. No.380,103, filed 
February 24, 1941, entitled "Electronic modu 
lator." As described in said application, the tube. 
68 includes a pair of grid electrodes 7 and 72 
located between the cathode and the focussing 
anode 3 or other focussing or beam generating 
arrangement. Grid 72 is operated as an anode 
and designed to act as a secondary electron 
emitter to produce a virtual cathode serving as 
a source for the electron beam. Item 74 is a 
resonant circuit connected to the electrodes 7 
and 72 in self-generating arrangement to main 
tain the electron discharge at a constant oscilla 
tion at a frequency determined by the tuning 
frequency of the circuit. T4. By reason of this 
initial control of the intensity of the electron 
beam in accordance with the oscillating fre 
quency and by the subsequent additional con 
trol by the deflection potential in accordance 
with the signal frequency, a potential of inter 
mediate frequency equal to the difference be 
tween the signalling and local oscillating fre 
quencies will be developed in the output circuit 
by the band-pass filter 75 tuned to the interme 
diate frequency and connected to the targets of 
the tube in push-pull in the manner described in. 
said copending application. The intermediate 
frequency signals are impressed upon the deflect 
ing plates of a further deflection control tube 69 
serving as an intermediate frequency amplifier 
and limiter. The amplified intermediate fre 
quency signals supplied by tube 69 by way of 

  



4. 
intermediate frequency transformer 76 are in 
pressed upon the deflecting plates of a frequency 
converter or discriminator tube 70 of substan 
tially, the same type as shown in Figure 7 com 
prising charging condenser 77, high potential 
source or battery 78 and discharge condenser 9. 
The demodulated or audio voltage supplied by 
the discriminator stage is impressed upon an 
audio frequency amplifier 8 of known design to 
produce output energy of sufficient amplitude for 
operating a suitable output device such as a 
loudspeaker 8. 

It will be evident from the foregoing that the 
invention is not limited to the specific steps as 
well as circuits and arrangements of parts and 
details shown and described herein for illustra 
tion and that numerous variations and modifi 
cations may be resorted to differing in size, shape, 
degree, etc., from the specific details shown but 
coming within the broader scope and spirit of 
the invention as defined in the appended claims. 
The specification and drawings are accordingly 
to be regarded in an illustrative rather than a 
limiting sense. 

claim: 
1. A frequency discriminator comprising an 

electron discharge tube provided with a cathode 
and means for producing a concentrated electron 
beam, a plurality of target electrodes, and a de 
flecting arrangement, a source supplying alter 
nating current input energy of varying frequency, 
means including circuit connections from Said 
source to said deflecting arrangement for alter 
nately sweeping said beam over said targets at 
the rate of the input frequency, a circuit includ 
ing a first condenser and a Source of charging 
potential connected to said cathode and one of 
Said target electrodes for intermittently charg 
ing said condenser through said electron beam, 
and a further condenser connected to another 
of Said targets and arranged to be charged from 
said first condenser between the charging periods 
of the latter. 

2. A frequency discriminator comprising an 
electron discharge tube provided with a cathode 
and means for producing a concentrated electron 
bean, a pair of target electrodes and a pair of 
electrostatic deflecting plates for sweeping said 
beam over Said targets, a source supplying alter 
nating current input energy of varying frequency, 
In eans including circuit connections from said 
Source to said deflecting plates for alternately 
SWeeping Said bean over said targets at the rate 
of the input frequency, a circuit including a first 
Condenser and a source of charging potential 
connected to said cathode and one of said tar 
gets for intermittently charging said condenser 
through said electron beam, and a further con 
denser connected to the other target and ar 
ranged to be charged from said first condenser 
through said electron beam between the charg 
ing periods of the said first condenser. 

3. A frequency discriminator comprising an 
electron discharge tube provided with a cathode 
and means for producing a concentrated electron 
beam, a plurality of target electrodes and a de 
flecting arrangement, a source supplying alter 
nating current input energy of varying fre 
quency, means including circuit connections from 
Said Source to said deflecting arrangement for 
alternately sweeping said beam over said targets 
at the rate of the input frequency, a circuit in 
cluding a first condenser and a source of substan 
tially constant charging potential connected to 
Said cathode and one of said targets for inter 
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mittently charging said condenser through said 
electron beam, and a further condenser con 
nected to another of said targets and arranged to 
be charged by said first condenser through said 
electron beam between the charging periods of 
Said first condenser, the size of said targets being 
related to the cross-section and the maximum 
excursion of said beam such that at least said 
first condenser is charged during substantially 
equal periods substantially independently of the 
input frequency. 

4. A frequency discriminator comprising an 
electron discharge tube provided with a cathode 
and means for producing a concentrated elec 
tron beam, a plurality of target electrodes and a 
deflecting arrangement, a source of alternating 
current input energy of varying frequency, means 
including circuit connections from said source to 
said deflecting arrangement for periodically 
Sweeping Said beam over said targets, a circuit 
including a first condenser and a source of sub 
stantially constant charging potential connected 
to said cathode and one of said targets, a second 
condenser connected to another of said targets, 
whereby said first condenser is charged by said 
Source through said electron beam during a frac 
tion of one half cycle and is discharged upon said 
second condenser through said beam during the 
opposite half cycle of the input frequency, and 
an output circuit connected to said second con 
denser. 

5. A frequency discriminator comprising an in 
put circuit traversed by alternating current hav 
ing a varying frequency, a first condenser, a 
Source of substantially constant charging poten 
tial, a second condenser, electron beam discharge 
means including target means connected to said 
condensers and said source, deflecting means 
coupled with said circuit for effecting a periodic 
beam deflection in accordance with the input fre 
quency to charge said first condenser during a 
fraction of one half cycle and to discharge it upon 
Said Second condenser during the opposite half 
cycle of the input frequency, and an output cir 

5 cuit connected to said discharge condenser. 
6. In a frequency discriminator, means for pro 

ducing a pair of electron beams, deflecting means 
for each of said electron beams, a first target ar 
ranged to be impinged by the first beam and a 
second target arranged to be impinged by the 
Second beam, means for impressing alternating 
signal energy of varying frequency upon both 
Said deflecting arrangements to cause said elec 
tron beams to alternately strike said first and 
Second targets during the positive and negative 
half cycles, respectively, of the signal frequency, 
a first condenser connected between said cath 
odes, a source of positive potential connected be 
tween said first target and said second cathode 
and a further condenser connected between said 
Second target and said first cathode, whereby 
said first condenser is charged by said source dur 
ing a fraction of one half cycle and discharged 
upon Said second condenser during the opposite 
half cycle of the impressed signal frequency, and 
an output circuit connected to said second con 
denser. 

7. A frequency discriminator comprising an 
electron discharge device provided with a cath 
Ode and means to produce a concentrated elec 
tron beam, a pair of target electrodes, and a de 
flecting arrangement, a circuit traversed by alter 
nating signal current of varying frequency, means 
including circuit connections from said circuit 
to said deflecting arrangement for alternately 
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sweeping said beam over said targets in accord 
ance with the signal frequency, a source of sub 
stantially constant charging potential having its 
positive pole connected to one of said targets, a 
first condenser connected between said cathode 
and the negative pole of said source, a second con 
denser connected between the other target and 
the negative pole of said source, and an Output 
circuit connected to said second condenser. 
8. An arrangement for converting electrical in 

put energy of varying frequency into energy of 
corresponding amplitude comprising a condenser, 
a source of substantially constant charging po 
tential, an electron beam discharge device in 
cluding target means connected to said condenser 
and said source, electron beam deflecting means 
excited by said input energy for periodically 
closing and opening the circuits connected to said 
target means in accordance with the input fre 
quency, thereby to alternately charge and dis 
charge said condenser during a fraction of one 

10 
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half cycle and during the opposite half cycle, re 
spectively, of the input frequency, and means for 
utilizing the average discharge current of said 
Condenser. 

9. An arrangement for converting electrical 
input energy of varying frequency into energy of 
corresponding amplitude comprising a condenser, 
a source of substantially constant charging po 
tential, an electron beam discharge device in 
cluding a pair of targets connected to said con 
denser and said source, beam deflecting means 
excited by said input energy for periodically 
closing and opening the circuits connected to 
said targets in accordance With the input fre 
quency, thereby to alternately charge and dis 
charge said condenser by way of the electron 
beam during a fraction of one half cycle and 
during the opposite half cycle, respectively, of 
the input frequency, and means for utilizing the 

20 average discharge current of said condenser. 
KARI, RATH, 


