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2,465,782 

FREQUENCY MODULATION RECEIVER, 
Everhard H. B. Bartelink, West Milton, N.Y., as 
signor to General Electric Company, a corpora 
tion of New York 

Application January 30, 1943, Seria No. 474,114 
(C. 250-20) Claims. 

1. 
My invention relates to frequency modulation 

receivers and particularly to frequency modula 
stion limiters and detectors. 

This application is a continuation in part of 
my copending application, Serial No. 342,321, filed 
June 25, 1940, now Patent No. 2,338,395 issued 
Jan. 4, 1944, and assigned to the same assignee 
as the instant application. 
In frequency modulation or FM receivers it is 

customary to use a limiter to eliminate so far 
as possible any components of amplitude modula 
tion appearing in the signal modulated carrier 
wave. A frequency modulated carrier wave of 
uniform amplitude is then supplied to a fre 
quency discriminating apparatus for converting 
frequency variations into amplitude variations 
of a unidirectional potential. Heretofore it has 
been common to use as a limiter a diode or triode 
which Saturates at a control voltage greater than 
a predetermined minimum or threshold signal 
Voltage. Thus so long as the signal voltage is 
above the threshold value, the limiter output is 
of Substantially constant amplitude. 
While limiters of the above type are quite satis 

factory and have certain advantages in some 
applications, it is well recognized that there is 
an unavoidable loss of signal strength in pass 
ing through the limiter due to the fact that to 
obtain limiting action the gain through the 
limiter is necessarily less than unity. The prac 
tice of discarding a portion of the signal voltage 
in this manner requires additional amplifica 
tion in the signal channel, either in the form of 
additional intermediate frequency amplifiers 
preceding the limiter or additional audio fre 
quency amplifiers following the discriminator. 

I have discovered that the loss of gain in a lim 
iter may be avoided and, in fact, that a substan 
tial gain may be obtained in conjunction with the 
limiting action by providing a multivibrator de 
vice arranged to be triggered by carrier wave 
voltages above a threshold value. The triggered 
multivibrator releases, at intervals determined by 
the signal modulated carrier frequency, current 
pulses of a predetermined amplitude, the am 
plitude of the current pulses being determined 
solely by the multivibrator characteristics and in 
dependently of the amplitude of the signal mod 
lated carrier Wave. A device of this character 
may be so arranged that the current pulses in 
One multivibrator tube are of equal amplitude 
and duration and occur at intervals determined 
by the frequency of the carrier wave, while the 
current pulses in the other multivibrator tube are 
of constant amplitude and are spaced apart by 
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equal time periods but have a duration dependent 
upon the carrier frequency. The current pulses 
of uniform magnitude and varying frequency 
may either be supplied to any conventional fre 
quency discriminating circuit to obtain an audio 
Voltage having an instantaneous amplitude pro 
portional to the frequency of the incoming Sig 
nals, or may be combined directly into an un 
dulating current having an average value pro 
portional to signal frequency, the alternating 
component of such undulating current providing 
an audio signal. 
Accordingly, it is a general object of my in 

vention to provide a new and improved limiter 
for frequency modulated carrier WaWes. 

Furthermore, it is a principal object of my in 
vention to provide new and improved means for 
limiting the amplitude of frequency nodulated 
carrier Waves Without incurring a loss of gain in 
the limiting process. 

It is still another object of my invention to 
provide means for simultaneously limiting and 
amplifying frequency modulated carrier Waves. 
My invention also has for its object the provi 

sion of new and improved means for demodulat 
ing the frequency modulated carrier Waves. 

Still another object of the invention is to pro 
vide new and improved means for simultaneously 
limiting and demodulating a frequency modul 
lated Carrier Wave. 
My invention itself, together with further ob 

jects and advantages thereof, will be more fully 
understood by referring now to the following de 
tailed specification taken in conjunction. With the 
accompanying drawings of which Fig. 1 is a 
schematic circuit diagram, partially in block form, 
of a radio receiving apparatus of the frequency 
modulation type embodying my invention in One 
form; Figs. 2, 3 and 4 are schematic circuit dia 
grams showing other embodiments of my inven 
tion; and Figs. 5 and 6 are graphical representa 
tions of certain of the characteristics of an ap 
paratus embodying my invention. 

Referring now to the drawings, and particularly 
to Fig. 1, I have shown my invention by way of 
illustration as applied to a frequency modulation 
radio receiving apparatus of the Superheterodyne 
type comprising an antenna 0 connected by a 
suitable transmission line to a radio frequency 
amplifier 2 where incoming signals are amplified 
and supplied to a mixer or converter 3. In the 
converter 3 the frequency modulated carrier 
wave of radio frequency is mixed with an un 
modulated wave of different frequency generated 
in a local Oscillator 4 thereby to provide a fre 
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quency modulated carrier wave of predetermined 
intermediate mean or center frequency which is 
supplied to an intermediate frequency amplifier 
f5. The output of the intermediate frequency 
amplifier 5 is supplied through a tuned coupling 
transformer 6 to a multivibrator 7 for limiting 
and, if desired, for demodulation. In the en 
bodiment of the invention illustrated in Fig. 1 
the output of the multivibrator f is supplied to 
a frequency discriminator or demodulator 8 and 
thence through an audio frequency amplifier 9 to 
a suitable signal reproducing device 29 such as 
a recorder, loudspeaker, headphone, or the like, 
The multivibrator device comprises a pair 

of electric discharge devices 25 and 26 each con 
nected in parallel circuit relation between the 
terminals of a suitable source of unidirectional 
electric current supply such as a battery 27. The 
electric discharge devices 25, 26 are connected 
in Series circuit relation with associated anode 
load resistors 28 and 29, respectively. The dis 
charge devices 25 and 26 are provided with anodes 
30 and 3, control electrodes 32 and 33 and cath 
odes 34 and 35, respectively. The cathodes 34 
and 35 are connected together and to the grounded 
negative terminal of the battery 27. The control 
electrode or grid 32 of the tube 25 is connected 
through a capacitor 36 to the anode 3 of the 
tube 26 and through a grid resistor 36d to a suit 
able source of positive bias such as a potention 
eter 27a. The grid 33 of the tube 26 is connected 
through a capacitor 37 to the anode 30 of the tube 
25 and through a grid resistor 37 a to the poten 
tioneter 27a. The common terminal of the grid 
resistors 36a and 3a is also grounded through a 3 
suitable bypass capacitor 2b. The secondary 
winding of the coupling transformer 6 is con 
nected through a series coupling condenser 38a. 
and a lead 38 to the grid 33 of the tube 26 and 
through a ground lead 39 to the common cathode 
Connection of the tubes 25 and 26. The lead 38 
is connected to the grid 33 through the grid ca 
pacitor 37 so that the carrier Wave potential ap 
pearing upon the lead 38 is amplified in the tube 
26 and impressed through the grid capacitor 36 
upon the grid 32 of the tube 25. While I prefer to 
Supply the signal potential to the control electrode 
of one of the multivibrator discharge devices in 
the manner described, it will be understood by 
those skilled in the art that, if desired, the signal 
voltage may be supplied directly to the grid of 
One of the tubes as shown in the illustrated em 
bodiment of Fig. 2. Referring back, however, to 
the embodiment of the invention illustrated in 
Fig. 1 the multivibrator connection is connected 
to the discriminating apparatus 8 through the 
Cathode lead 39 and a lead 43 from the anode 3 
of the controlled discharge tube 26. 

Referring now to Fig. 5 and assuming for the 
moment that no carrier potential is impressed 
across the leads 38 and 39, the multivibrator 
may be set in Oscillation between its two limiting 
stable conditions at a fundamental frequency de 
termined by the exponential discharge character 
istics of the grid circuits of the tubes. Let it be 
aSSurned by Way of example that the tubes 25 and 
26 are substantially identical in their character 
istics and that the grid resistors 36a and 37a, the 
grid capacitors 36 and 37, and the anode load re 
sistors 28 and 29, respectively, are substantially 
identical. If now the potential of the battery 27 
is suddenly impressed across both tubes 25 and 
26, both tubes will tend to conduct simultane 
Ously due to the fact that both grids are assumed 
to be at a slight positive potential. This condi 
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4. 
tion, however, is unstable for, due to unavoidable 
inequalities in the tube circuits, the grid poten 
tials in both tubes cannot change at exactly the 
same rate. For example, if the grid 33 becomes 
slightly more positive than the grid 32 the current 
in the tube 26 will increase with respect to that 
of the tube 25. The increasing current in the 
tube 26 and resistor 29 will transfer a slight nega 
tive impulse to the grid 32 through the grid ca 
pacitor 36, thereby decreasing the current in the 
resistor 28 and the tube 25. The decreased cul 
rent in the resistor 28 will increase the potential 
of the anode 30 and thereby give a slight positive 
impulse through the grid capacitor 3 to the grid 
33. This positive impulse will further increase 
the current in the tube 26. It Will be evident that 
this amplification process involves a number of 
frequency components much higher in frequency 
than the fundamental frequency of the multivi 
brator plate current pulses, and that it will con 
tinue until the tube 25 is cut off or the tube 26 
reaches saturation, or both. In practice it is 
found that this condition of equilibrium is at 
tained almost instantaneously as illustrated at 
Fig. 5 at the instant T's-0. In Fig. 5 the Voltage 
of the anode 3 of the tube 26 with respect to the 
battery voltage E27 is represented by the curve E31, 
and the potential of the grid 33 is illustrated by 
the curve E33. In this condition of equilibrium 
the grid 32 of the tube 25 is highly negative, as 
indicated by the curve E32, due to the negative 
impulse transferred through the grid capacitor 
36 when the potential of the anode 3 decreased 
upon the current rise. While the potential of the 
grid 33 will quickly decay to Zero and thus slightly 
reduce the current in the tube 26 thereby slightly 
to increase the plate voltage E31, the tube 26 will 
continue to conduct until the negative charge on 
the condenser 36 has decayed sufficiently to raise 
the potential of the grid 32 in the non-conducting 
tube 25 slightly above its cutoff point Eac. The de 
cay of negative potential on the condenser 36 is 
exponential in form and is determined by the 
R. C. characteristic of the grid circuit including 
the load resistor 29, the capacitor 36 and the grid 
resistor 36a. As shown upon the curve E32 of 
Fig. 5 the potential of the grid 32 will reach the 
cutoff value at a time t1. At this time the tube 
25 will begin to conduct and the increasing cur 
rent in the tube 25 will rapidly bias the grid 33 of 
the tube 26 to cutoff. The voltage of the anode 30 
in the tube 25 is indicated by the curve E30 of 
Fig. 5. 

It will be apparent that the anode voltage 
curves E30 and E31 of Fig. 5 may also be taken to 
represent qualitatively the respective anode cur 
rents in the tubes 25 and 26, respectively, since 
in each case the decrease in plate voltage below 
the battery voltage E27 is simply the I. R. drop 
in the plate resistors 28 and 29 and is thus di 
rectly proportional to plate current. This also 
applies to the current curves E30 and E31 of Fig. 
6 to be discussed hereinafter. 
At Fig. 5 I have shown a curve Ec which repre 

sents the intermediate frequency carrier poten 
tial at mean or center frequency impressed upon 
the grid 33 of the tube 26. By way of simplifica 
tion of the illustration I have shown the center 
frequency of the carrier wave to be the same as 
the fundamental or natural frequency of the 
multivibrator oscillations. It will be evident that 
So long as the carrier mean frequency is the 
same as the multivator natural frequency, or is 
of the same general order of magnitude and an 
even harmonic of the natural frequency, it will 
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not interfere with the balanced operation at 
ratural frequency of the 50% multivibrator:dee 
scribed, that is the firing periods of the two 
tubes will remain equal and alternate in spite 
of the fact that the carrier potential is super 
posed upon the grid potentials obtained through 
the grid capacitors 35 and 37. I prefer in each 
case to set the natural frequency of the multi 
vibrator equal to the mean intermediate fre 
quency of the receiver, and it is for this purpose 
that I provide the positive bias potentiometer. 27a. 
It will be understood that by changing the amount 
of positive bias on the multivibrator grids the 
natural frequency of the multivibrator may be 
controlled as desired and thereby set at Substan. 
tially the same value as the mean intermediate 
frequency of the receiver. It will, of course, be 
understood that, if desired, other means may be 
used to set the natural MW frequency. 
From the above description it may now be 

noted that the rapid amplification of the grid 
voltages when Switching of current from one tube 
to the other occurs is accomplished at a frequency 
much higher than and independently, of the fun 
diamental frequency of the multivibrator. It is 
well understood by those skilled in the art that 
with any predetermined grid bias the funda 
mental frequency of the multivibrator in its free 
running condition is determined solely by the 
R. C. characteristic of the grid discharge circuits 
and very much lower in frequency than the fre 
quency components involved in the buildup of 
the positive and negative grid bias voltages at 
the instant of switching. Furthermore, while the 
timing of switching operations depends upon 

- when the grid voltage in the non-firing tube rises 
to the cutoff point, the anolitude of the current 
pulses through the multivibrator tubes is sub 
stantially constant and is entirely independent of 
the amplitude of the grid voltage, 
: It is also well known that multivibrator oscil 
lations may be synchronized with control voltages 
of slightly, different frequencies than the natural 
frequency of the multivibrator by impressing 
such voltages upon one of the multivibrator grids; 
In such a case the synchronizing grid voltage acts 
only to trigger the multivibrator circuit by con 
trolling the instant at which the grid voltage of 
the non-conducting tube initiates switching oper 
ation. Once switching operation has begun the 
grid has substantially no control of the amplitude: 
of the resulting plate current pulse. Thus the 
Inuitivibrator plate current pulses are of constant 
amplitude and are independent of the amplitude: 
of the synchronizing voltage within certain limits. 
However, the amplitude of the synchronizing: 
voltage does determine, and is in fact, substan 
tially, directly proportional to the range of free. 
quency deviation from the fundamental frequency 
over which multivibrator can be made to operate, 
Thus, the maximum frequency deviation of the 
signal from the center frequency determines: the 
minimum necessary synchronizing voltage by. 
reason of the fact that the amplitude of the 
Synchronizing voltage must beat least sufficient 
to - maintain control of the multivibrator fre. 
quency, or to hold the multivibrator in step over. 
the entire range of signal frequency deviation. 

Referring now to Fig. 6, let it be assumed that 
at a time, t2 the frequency of the carrier wave: 
appearing at the transformer S, being modulated 
to a frequency in accordance, with the desired 
signal, increases as indicated by the curve Ec. 
Now as indicated upon the curve E33 the Super 
position of the: control voltage E?c, on the grid. 
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6 
causes: the grid 33 to rise to the cutoff potential 
Eac more rapidly than normal and to attain this 
potential at a time t3. Thus the firing period of 
the tube 25 is reduced as indicated by the curve 
E30 and the off period of the tube 26 is reduced 
as indicated by the curve E31. Following the 
time t3. Switching is controlled by decay of the 
grid voltage on the tube 25 as indicated by the 
curve E'32 of Fig. 6. Since this grid voltage is. 
not controlled by the carrier potential, the off 
period of the tube 25 is unaffected and the firing 
period of the tube 26 is likewise unaffected. Thus 
Fig.6 shows that when the frequency of the car 
lier. voltage impressed upon the grid 33 is in 
Creased the current pulses through the tube 26 
are increased in frequency but unaffected in am 
plitude and duration, while the current pulses 
through the tube 25 are unaffected in amplitude 
and periodicity but are of shortened duration. 
Similarly it will be clear from the foregoing ex 
planation that, if at a time ta the frequency of 
the nodulated carrier Wave is decreased, the 
current pulses through the tube 26 will remain 
2naffected in amplitude and duration but will 
occur less firequently while the duration of the 
current pulses through the tube 25 Will be in 
creased. 
From the foregoing explanation of Figs, 5 and 

6 it is clear that the curves E31 or E31 may be 
taken to represent either the current pulses 
through the tube 26 or the potential of the tube 
anode 3 referred to the cathode potential. 
Thus the output voltage of the multivibrator 
tube 26 taken between the anode and the cath 
Ode consists of a wave of definitely limited am 
plitude having a frequency controlled by the 
frequency of the signal modulated carrier wave 
appearing at the input transformer 6. It Will 
be evident that this output voltage of the tube 
26 may be impressed upon a discriminator 8 
of any Well-known type and demodulated to 
provide an audio signal in accordance with the 
frequency Variations of the carrier wave but in 
dependent of any amplitude modulations of the 
carrier. Since the curve E31, as drawn, shows: 
the voltage of the anode 3 with respect to the 
positive battery potential, it represents the volt 
age drop across the anode resistor 29. It is evi 
dent" that, if desired, this resistor voltage drop 
may be used to supply the load in place of the 
voltage between the anode and the cathode of 
the tube 26. 
From the analysis of Fig. 6, and particularly 

the curves E3 and E30, it will be evident that 
the current pulses through the tubes 25 and 26 
are of constant, amplitude and of a duration 
varying in a complemental manner under the 
Control of the frequency modulated carrier wave. 
superposed upon the grid of one of the discharge 
devices. The anode voltage characteristics are 
complemental to the current characteristics aS. 
determined by the , plate: resistor I. R. drops. 
At Fig. 2. I have illustrated an embodiment of 
the invention - which makes use- of these char 
acteristics to obtain increased output, fron the 
multivibrator limiter. At Fig. 2 I have shown 
the discriminator 8 connected between the 
anodes 30 and 3 of the tubes 25 and 26 respec 
tively to Supply equal and Opposite voltages to 
the discriminator for. “push-pull' operation. 
By way of variation I have also shown at Fig. 
2, the:manner: in which the modulated Carrier. 
wave may be impressed through the lead 38 
directly upon the grid 33 of the tube 26. In all 
other, respects the embodiment of the invention. 
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illustrated in Fig. 2 is similar to that illustrated 
in Fig. 1 and like parts have been assigned the 
same reference numerals. 

Referring now more particularly to the curve 
E31 of Fig. 6 it will be noted that the average 
voltage upon the anode 3 of the tube 26 is in 
dicated by the broken line curve EA, and that 
this average current increases as the carrier fre 
quency increases and decreases as the carrier 
decreases. Similarly, the average voltage at the 
anode 30 of the tube 25 is indicated by the curve 
EA, and obviously decreases with increasing car 
rier frequency and increases with decreasing 
carrier frequency. Thus it appear that the aver 
age potential across either of the discharge tubes 
or either of the anode load resistors represents 
of itself a demodulated wave varying in ampli 
tude in accordance with the frequency of the 
signal modulated carrier. Thus, as shown at 
Fig. 4, such a voltage, for example the anode.- : 
cathode voltage of the tube 26, may be supplied 
directly to a suitable signal reproducing appara 
tus. At Fig. 4 I have shown such a signal re 
producer at 20’ connected to the anode of the 
tube 26 through a high pass filter comprising 
a series resistor 45 and a shunt capacitor 46 
for integrating the signal output. In all other 
respects the embodiment of Fig. 4 corresponds 
to that of Fig. 1 and like parts have been as 
signed the same reference numerals. 
At Fig. 3 I have shown a further embodiment 

of the invention in which a signal reproducer 
20' is connected through a high pass filter net 
work 47, 48, 49 to the demodulated multivi 
brator output but in push-pull relation in the 
manner of Fig. 2. In all other respects the em 
bodiment of the invention illustrated in Fig. 3 
is similar to that illustrated at Fig. 1 and like 
parts have been assigned the same reference 
numerals. 
From the foregoing detailed description it 

will now be evident that I have provided a new 
and improved limiter for a carrier wave modu 
lated in frequency in accordance with a desired 
signal Such as voice, music, or the like. The 
limiter may, if desired also be used simultane 
ously as a demodulator. My limiter has the 
further advantage that it necessarily produces 
a gain rather than a loss of amplification of the 
carrier wave in passing through the limiter. 
The amplification function is inherent in the 
multivibrator circuit, in that it is a necessary 
condition of multivibrator oscillation that the 
loop gain be greater than unity. The circuit 
is, therefore, by nature an oscillator of Such a 
nature that a Small amount of Synchronizing 
voltage is able to control the frequency of Oscil 
lation but not the amplitude, the amplitude be 
ing many times larger than that of the Syn 
chronizing signal. Furthermore, my invention 
may be embodied in apparatus characterized by 
the greatest simplicity in design, manufacture 
and ease of adjustment. In the illustrative ex 
amples a single multivibrator connected in a 
new and novel manner for Synchronization with 
the frequency modulated carrier wave of a fre 
quency modulation receiver performs all the de 
sired functions. As contrasted with its extreme 
simplicity of construction and arrangement, the 
arrangement possesses numerous advantages in 
that it may be used simultaneously to perform 
the functions of limiting, demodulating and am plifying. 
While I have described and illustrated only 

certain preferred embodiments of my invention 
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3. 
by way of illustration, many further modifica 
tions thereof will undoubtedly occur to those 
skilled in the art. I, therefore, wish to have it 
understood that I intend by the appended claims 
to cover all such modifications as fall within the 
true spirit and scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. In an amplitude limiter for carrier waves 

modulated in frequency about a predetermined 
center frequency in accordance with a desired 
signal, a multivibrator device including a pair of 
electric discharge devices having control elec 
trodes, said multivibrator device having a natural 
frequency of oscillation of the same general order 
of magnitude as said center frequency, and means 
for impressing upon one of said control electrodes 
potentials of carrier frequency having an ampli 
tude at least sufficient to synchronize oscillations 
of said multivibrator with said frequency modul 
lated carrier Wave Over the desired range of fre 
quency modulation. 

2. In an amplitude initer for a carrier Wave 
modulated in frequency about a predetermined 
center frequency in accordance with a desired 
signal, a multivibrator device including a pair of 
electric discharge devices having control elec 
trodes, said multivibrator device being SO ar 
ranged that said discharge devices alternately 
conduct current pulses of a predetermined limited 
and substantially constant amplitude at a natural 
frequency of oscillation of the same general Order 
of magnitude as said center frequency, the ampli 
tude of said current pulses being independent of 

5 the voltage upon Said control electrodes, and 
means for impressing upon One of said control 
electrodes potentials of carrier frequency having 
an amplitude at least sufficient to synchronize the 
frequency of current pulses through the con 
trolled discharge device with said frequency 
modulated carrier wave over the desired range of 
frequency modulation. 

3. In a limiter and demodulator for carrier 
waves variable in frequency in accordance with a 
desired signal, a multivibrator device including a 
pair of electric discharge devices having anodes 
and control electrodes, said multivibrator being 
so arranged that Said discharge devices alternate 
ly conduct current pulses of a predetermined 
limited and substantially constant amplitude at a 
natural frequency of OScillation of the same gen 
eral order of magnitude as said center frequency, 
the amplitude of said current pulses being inde 
pendent of the voltage upon said control elec 
trodes, means for impressing upon one of said 
control electrodes potentials of carrier frequency 
having an amplitude at least sufficient to syn 
chronize the frequency of current pulses through 
the controlled discharge device with Said fre 
quency modulated carrier wave over the desired 
range of frequency modulation, and signal re 
producing means connected to the anode of said 
controlled discharge device. 

4. In a limiter and demodulator for carrier 
Waves variable in frequency in accordance with a 
desired signal, a multivibrator device including a 
pair of electric discharge devices having anodes 
and control electrodes, said multivibrator being so 
arranged that said discharge devices alternately 
conduct current pulses of a predetermined limited 
and Substantially constant amplitude at a natural 
frequency of Oscillation of the same general order 
of magnitude as said center frequency, means for 
impressing potentials of carrier frequency upon 
One of Said control electrodes, said carrier fre 
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quency potentials having an amplitude at least 
sufficient to control the instant of alternation of 
said current pulses and thereby to Synchronize 
the current pulses in the controlled discharge 
tube with said frequency modulated carrier Wave 
over the desired range of frequency modulation, 
and signal reproducing means connected between 
the anodes of said discharge devices. 

5. In a receiver for carrier waves modulated 
in frequency about a predetermined center fre 
quency in accordance with a desired signal, a 
multivibrator device including a pair of electric 
discharge devices having anodes and control elec 
trodes, said multivibrator being so arranged that 
said discharge devices alternately conduct current 
pulses of a predetermined limited and substan 
tially constant amplitude at a natural frequency 
of Oscillation of the same general order of magni 
tude as said center frequency, means for impress 
ing upon one of said control electrodes potentials 
of carrier frequency having an amplitude at least 
sufficient to synchronize the current pulses of the 
controlled discharge device With Said frequency 
modulated carrier Wave over the desired range of 
frequency modulation and to control the period of 
current pulses in the other of said discharge de 
vices, and frequency discriminating means con 
nected to the anode of one of said discharge de 
vices to convert frequency variations of the volt 
age Wave at Said anode into corresponding ampli 
tude variations of a unidirectional electric po 
tential. 

6. In a receiver for carrier waves modulated in 
frequency about a predetermined center fre 
quency in accordance with the desired signal, a 
multivibrator device including a pair of electric 
discharge devices having anodes and control elec 
trodes, said multivibrator being so arranged that 
said discharge devices alternately conduct cur 
rent pulses of a predetermined limited and sub 
stantially constant amplitude at a natural fre 
quency of OScillation of the same general order of 
magnitude as said center frequency, means for 
impressing upon One of said control electrodes 
potentials of carrier frequency having an ampli 
tude at least sufficient to synchronize the current 
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pulses in the controlled discharge tube with said 
frequency modulated carrier wave over the de 
sired range of frequency modulation, and fre 
quency discriminating means connected to the 
anode of Said controlled discharge device. 

7. In a receiver for carrier waves modulated 
in frequency about a predetermined center fre 
quency in accordance With a desired Signal, a 
multivibrator device including a pair of electric 
discharge devices having anodes and control elec 
trodes, said multivibrator device being so ar 
ranged that said discharge devices alternately 
conduct current pulses of a predetermined limited 
and substantially constant amplitude at a natural 
frequency of OScillation of the same general order 
of magnitude as said center frequency, means for 
impressing upon one of said control electrodes po 
tentials of carrier frequency having an ampli 
tude at least sufficient to synchronize the current 
pulses in the controlled discharge device with said 
frequency modulated carrier wave over the de 
Sired range of frequency modulation without af 
fecting the amplitude or period of said pulses and 
complementally to control the period of current 
pulses in the other of said discharge devices, and 
frequency discriminating means connected be 
tween the anodes of Said discharge devices to 
translate variations in frequency of said current 
pulses into corresponding amplitude variations of 
a unidirectional electric potential. 
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