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FREQUENCY MODULATION RECEIVER, 
Murray G. Crosby, Riverhead, N. Y., assignor to 

Radio Corporation of America, a corporation 
of Delaware 

Original application March 20, 1942, Serial No. 
435,467. Divided and this application January 
5, 1944, Serial No. 516,999 

(C. 250-2) 3 Claims. 
1. 

My present invention relates generally to angu 
lar Velocity-modulated carrier wave receivers, and 
more particularly to a frequency modulation re 
ceiver wherein cancellation of amplitude modu 
lation effects is effected without a limiter and at 
a point following the balanced detector. This 
application is a division of my parent applica 
tion Serial No. 435,467, filed March 20, 1942, U. S. 
Patent No. 2,383,847, dated August 28, 1945. 
In the past, undesired amplitude modulation 

effects existing on an angular velocity-modulated 
carrier wave have been removed by means of a 
Special limiter device, a balanced detector, or 
by a combination of both devices. By “angular 
Velocity-modulated carrier wave' is meant a 
phase, or frequency, modulated carrier wave. 
The expression “timing-modulated' may, also, 
be used hereinafter generically to designate such 
types of modulation. The limiter is effective in 
removing amplitude modulation at all times and 
even in the presence of frequency modulation, 
but the conventional balanced detector of fre 
quency modulation signals is only completely bal 
anced for the condition of no-frequency modul 
lation present. Hence, when the balanced de 
tector is depended upon to remove the undesired 
amplitude modulation the elimination is only 
complete in the absence of the desired frequency 
modulation, and becomes progressively poorer as 
the desired nodulation is increased. 
In my application Serial No. 416,443, filed Oc 

tober 25, 1941, patented November 28, 1944, as 
U. S. Patent No. 2,363,649, there has been dis 
closed the utilization of detected amplitude mod 
ulation existing on the angular velocity-modu 
lated carrier wave to modulate the detected mod 
ulated carrier wave energy with such polarity 
that the undesired amplitude modulation is great 
ly reduced. Hence, if desired, the special limiter 
stage may be dispensed with, since the elimina 
tion of the amplitude modulation by the bal 
anced detector is made more complete. By omit 
ting the limiter the gain of the receiver may be 
decreased, since the large signal voltages required 
to saturate the limiter do not have to be pro 
vided. Economy of construction and simplifica 
tion follow as a result of gain reduction prior 
to the demodulator. 
An important object of my invention is to pro 

vide improved and simplified detectors which dif 
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fer from the prior art detectors in that undesired 
amplitude modulation is removed by a compen 
Sating modulation instead of by means of a lim 
iter per se; the compensating modulation being 
applied to the audio output so that amplitude 
variations which cause a variation of the audio 
output are compensated for. 

Still other objects are to provide improved and 
efficient detectors of frequency and phase modu 
lated carrier waves which need no limiter stage 
ahead of them, and which detectors are simple 
to construct and are reliable in operation. 
The novel features which believe to be chair 

acteristic of my invention are set forth With 
particularity in the appended claims; the inven 
tion itself, however, as to both its organization 
and method of operation will best be understood 
by reference to the following description taken 
in connection. With the drawing in which I have 
indicated diagrammatically several circuit Organi 
zations whereby my invention may be carried into 
effect. 
In the drawings: 
Fig. 1 is a schematic representation of the 

invention, 
Fig. 1A shows a simple form of modulator, 
Fig. 2 illustrates one form of the invention, 
Fig. 3 is a modification of the system of Fig. 2, 
Fig. 4 is another modification, 
Fig. 5 shows still another embodiment. 
Referring to the accompanying drawings, 

wherein like reference characters in the various 
figures denote similar elements, the basic circuit 
of the inverse modulation system is shown in 
Fig. 1. This is the type of system shown in my 
aforesaid parent application. The I. F. (inter 
mediate frequency) channel of the FM (frequency 
Jmodulation) receiver feeds a balanced frequency 
modulation detector which is capable of produc 
ing the detected frequency modulation and the 
detected amplitude modulation (AM). The de 
tected frequency modulation signal is then fed 
to a balanced modulator in which the amplitude 
of this detected output is modulated (in proper 
inverse phase) by the detected amplitude modul 
lation signal Output. In this way as the unde 
sired amplitude modulation swings the ampli 
tude of the signal, and in turn the amplitude 
of the detected FM output, upward, the ampli 
tude modulation detected output which is fed to 
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the balanced modulator has such a polarity as 
to decrease the gain and thereby cancel the up 
ward swing of the detected FM output. The 
downward Swings of modulation are similarly can 
celled. This process is more completely consid 
ered in my aforesaid parent patent application, 
and particularly in Figs. 1A and 1B thereof. 

Fig. 1A of this application shows the conven 
tional circuit of a balanced modulator as de 
Scribed by Carson. The usual and well known 
function of this type of modulator is to produce 
an amplitude modulation with the elimination 
of the carrier. However, its function in the pres 
ent inverse modulator circuit is to provide a mod 
ulation of the detected FM signal, and to bal 
ance out the modulating voltage consisting of the 
detected AM signal. For this arrangement, the 
detected AM signal is fed cophasally to the modul 
lator grids so as to balance out in the push-pull 
output transformer C. The operation is some 
what in the manner of a push-pull amplifier, 
having input and output transformers A and C, 
which has its gain modulated in accordance with 
the detected AM signal applied at common grid 
transformer B. Since the modulating AM signal 
is fed in push-push, it is balanced out in the out 
put C. 

Fig. 2 shows how the balanced modulator of 
Fig. 1A is connected to a frequency modulation 
detector of the type disclosed and claimed in my 
U. S. Patent No. 2,296,092, granted September 18, 
1942. In Fig. 2 there is shown only so much of 
an FM receiver as is essential to a proper un 
derstanding of the invention. Let it be assumed 
that the balanced detector 4-5 are preceded by 
the usual pre-modulator stages of a superhetero 
dyne receiver adapted to operate in the ultra 
high frequency band, say 42 to 50 megacycles 
(mc.), in which FM reception is had. As is well 
known, the received FM wave is produced by 
deviating the carrier frequency at the transmit 
ter in accordance with the modulation amplitude, 
the rate of deviation being a function of the 
modulation frequencies perse. 
A phase modulated wave (PM) may be con 

sidered as an FM wave which has been modulated 
With an input proportional to the modulating 
frequency. At present, a maximum carrier, or 
center, frequency (Fe) deviation of 75 kilocycles 
(kc.) is used for FM broadcasting. In the su 
perheterodyne receiver the FM waves are re 
duced to an intermediate frequency (I. F.), al 
though the same frequency deviation range is 
retained. The I. F. value may be chosen from 
a range of approximately 4 to 20 mic. The FM 
Waves, with center frequency of the I. F. value, 
are to be understood as applied to the input elec 
trodes of the I. F. amplifier. This invention is 
applicable to FM waves having a high or low 
frequency deviation ratio. 

Diodes 4 and 5 are coupled to the respective 
Series output circuits 2 and 3 of amplifier ly 
a network which has been disclosed and claimrd 
in may aforesaid patent. Such a detection net 
work provides balanced detected FM voltage and 
a separate AM voltage. The anode of diode 4 is 
connected to its cathode through a series path 
comprising secondary coil S, resistor R1 and re 
sistor R2. The two resistors are shunted by the 
by-pass condenser C1. The anode of diode 5 is 
connected to its cathode through a series path 
comprising the secondary coil. S1, resistor R3 and 
resistor R4. The by-pass condenser C2 shunts 
R3-R4. 
Each of tuned circuits 2 and 3 is magnetically 
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4. 
coupled to its respective secondary coil S and S1. 
Circuits 2 and 3 are equally and oppositely mis 
tuned relative to the operating I. F. value by any 
predetermined frequency separation. This pro 
vides FM discriminator action. Detected FM 
Voltage is developed across resistors R2 and R4 
which are arranged in polarity opposition, it 
being noted that the cathode end of resistor R4 is 
at ground potential. 
The well known type of discriminator shown 

herein converts applied FM waves to AM waves 
With modulation envelopes 180 degrees out of 
phase. These modulation envelopes are rectified 
by diodes 4 and 5 which make the rectified out 
puts available across resistors R1-R2 and R3-R. 
The manner in which R1-R2 and R3-R4 are 
Connected together makes the detected FM volt 
age available across R2-R4. The detected AM 
Voltage is taken from across resistors R1 and R4. 
It will be noted that the two resistors R1 and R4 
are connected so that they both have their ends 
which are towards the diode at high potential, 
and the combination of the detected AM voltage 
OutputS is in phase. The normal adjustments 
of the resistors are to make them all equal in 
Order to effect balanced conditions for both AM 
and FM reception. By-pass condensers will by 
pass the I. F. currents fed to the discriminator, 
but allow the modulation frequencies to pass. 
There will, then, be derived from the upper end 
of R2 the detected FM signal voltage, and the 
latter has superposed thereon the detected AM 
signal voltage to be eliminated. The detected 
AM signal voltage is derived from the anode end 
Of R. 
The detected FM signal voltage is applied to 

the modulator tubes 8 and 9 in push-pull rela 
tion. Push-pull transformer 6 has its primary 
ends connected to the cathode ends of R2-R4. 
The detected amplitude modulation voltage is ap 
plied to tubes 8 and 9 by the common-leg trans 
former 7. Isolating resistors R and R' prevent 
the respective transformers 6 and 7 from shunt 
ing the diode resistors. Isolating, or blocking, 
condensers may be substituted for resistors R. 
and R'. The output transformer O balances out 
the amplitude modulation component which is 
amplified by the modulator tubes, and delivers 
the FM component which has been modulated 
So as to remove its undesired amplitude vari 
ations. 

Fig. 3 shows another arrangement of the type 
of circuit of Fig. 2. It will be noted that the 
transformer 7 for feeding the AM component to 
the COmnon leg of the modulator input circuit 
has been eliminated, and the common-leg cir 
cuit is fed directly from the diode resistors. This 
is possible since with the split-resistor type of 
diode connection, a point C is available which 
gives the sum of the diode outputs for the am 
plitude modulation while point B provides the 
difference output for frequency modulation. In 
the circuit of Fig. 3 the tubes 8 and 9 are biased 
by biasing resistors , each bypassed for audio 
frequency currents. The point C of resistor R1 
is connected by condenser 8' and lead O' to 
the midpoint T of the secondary 6' of trans 
former 6. Resistor 9 is connected to ground 
from lead O' to provide a direct current return 
path for the input grids 8' and 9' of tubes 8 
and 9. 
Study of the circuits of Figs. 2 and 3 will re 

weal. that the voltage applied to the modulator 
grids is in each case the summation of the de 
tected FM and AM components. Such a summa 
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tion of voltages is present in each diode resistor 
taken separately. Hence, the circuit of Fig. 4 
is the electrical equivalent of the circuits of Figs. 
2 and 3. That this equivalence is true may be 
seen from the following analysis. 

Referring to Fig. 3, the voltages fed to the 
two modulator grids are E1 and E2, E1 is equal 
to the Summation E3--E4 and E2 is equal to the 
Summation E3-E5. The Voltage E3 is equal to 
the summation of the Voltages across OA and AC. 
The voltages E4 and E5 (assuming a one-to-one 
transfer through transformer 6 and resistance 
R) are equal to the Summation OA plus AB. 
Thus: 

E1=E3--E4 and E2=E3-E5 or E3-E4 (1) 
E3=OA-AC (2) 
E4s-OAl--AB and Since AB = - AC (3) 
E4= OA-AC. (4) 

Adding relations (2) and (4) to give E1, we 
find that El is equal to 2 (OA). Similar reason 
ing Will show that the Voltage E2 is equal to 
2 (AB). Hence, if the separate diode voltages, 
from each diode are fed directly to the modulator 
grids 8' and 9', the same voltage distribution 
Will be obtained as is obtained in Fig. 3, or in 
Fig. 2. 
In the circuit of Fig. 4, the bias for the modula 

tor grids 8' and 9' of tubes 8 and 9 is obtained 
by connecting the respective grids directly to the 
anode side of the diode resistors 4 and 5. The 
anode side of each of the diode resistors must be 
connected to its respective modulator grid so as 
to produce a negative bias which increases when 
the modulated carrier voltage increases. The 
common junction of resistors 4 and 5', each 
properly bypassed for I. F., is grounded, and each 
diode cathode is grounded. With this connection 
an increase in carrier strength, as would be 
caused by an upward Swing of amplitude modula 
tion, produces an increase in negative bias to the 
grids of the two modulator tubes 8 and 9. This 
reduces the gain of the modulator tubes so as to 
compensate for the increase in FM Output caused 
by the increase in carrier strength. The opposite 
change in gain occurs when the carrier amplitude 
decreases. The resultant effect is a Smoothing 
out of the amplitude variations of the FM de 
tected output. The FM output of the detectors 
appears as a push-pull Voltage on the diode re 
sistors, and is combined in push-pull output trans 
former O. The amplitude variations appear co 
phasally, and are, therefore, balanced out by the 
push-pull transformer f0. 
The circuit of Fig. 4 may be connected so as to 

prevent the modulator bias from being varied by 
the carrier variations by using the circuit of Fig. 
5. Blocking condensers 3 and 3' and respective 
grid-return resistors 2 and 2' are inserted So as 
to eliminate the direct biasing connection to the 
diode resistors 4 and 5. This blocks the per 
manent direct current component, and allows the 
audio variations to pass. Proper bias is applied 
to the modulator grids of tubes 8 and 9 by means 
of the conventional bypassed cathode resistors f4 
and 4. The anode end if resistor 4 is coupled 
to the grid 8' of tube 8 by condenser f3, and con 
denser 3' couples the anode end of resistor 5’ 
to the grid 9' of tube 9. 

It is to be clearly understood that the present 
invention is not limited to the utilization of the 
the oppositely-mistuned type of discriminator. 
As shown in Fig. 2 of my aforesaid patent there 
may be utilized a discriminator of the type dis 
closed by S. W. Seeley in U. S. Patent 2,121,103, 
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granted June 21, 1938. In this type of dis 
Criminator the diodes are coupled in op 
position to the Secondary circuit of the dis 
criminator, and both primary and secondary cir 
Cuits are tuned to the same carrier frequency 
value. In general, it is only required to secure 
Separate detected FM and AM components from 
the detector circuit regardless of the construction 
thereof. 
While I have indicated and described several 

Systems for carrying my invention into effect, it 
Will be apparent to One skilled in the art that 
my invention is by no means limited to the par 
ticular Organizations shown and described, but 
that many modifications may be made without de 
parting from the scope of my invention, as set 
forth in the appended claims. 
What I claim is: 
1. In combination with a source of modulated 

carrier waves wherein the waves have a modula 
tion component of a desired character and a sec 
Ond modulation component of a different char 
acter, means for detecting the waves to provide 
modulation. Voltage of the desired character and 
additional modulation voltage of the different 
character, a pair of electron discharge devices, 
each device having an input circuit and an Out 
put circuit, means to apply said desired modula 
tion Voltage to both said input circuits in one 
phase relation, means to apply said different 
modulation voltage to said input circuits in a 
phase relation which is Substantially different 
from the one phase relation, and said applying 
means consisting of common connections adapted 
additionally to apply negative gain control biases 
to said pair of devices thereby to reduce the gain 
of the latter in response to carrier wave ampli 
tude increase, and means to connect said out 
put circuits in phase relation to balance out said 
modulation of different character. 

2. In a system for receiving timing modulated 
carrier waves, a detection circuit having an in 
put network upon which is impressed said waves, 
means in said circuit for deriving from the de 
tected waves a modulation voltage corresponding 
to the timing modulation and a second voltage 
corresponding to an undesired modulation of a 
different character, at least two electron dis 
charge devices, each device having a pair of in 
put electrodes and a pair of output electrodes, 
means applying the tinning nodulation voltage to 
the input electrodes of said devices in push-pull 
relation, means applying the second voltage to 
said input electrodes in push-push relation, said 
applying means consisting of common connec 
tions adapted to negatively bias the input elec 
trodes of said devices in a gain-reducing sense in 
response to carrier wave amplitude increase, and 
means connecting the output electrodes of said 
devices in push-pull relation thereby to cance 
Out said undesired modulation. 

3. In a System for receiving timing modulated 
carrier waves, a pair of rectifiers, a discrimina 
tor input circuit connecting said rectifiers in op 
posed relation, a separate load resistor included 
in circuit with a respective one of the rectifiers, 
each load resistor having developed thereacross 
modulation voltages representative respectively 
of the tinning modulation and an undesired an 
plitude modulation, each load resistor addition 
ally having developed thereacross a direct cur 
rent Voltage representative of carrier wave 
amplitude variation, a balanced modulator com 
prising a pair of tubes, each tube having at least 
a cathode, control grid and anode, means con 
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necting the anodes in a Common push-pull Out 
put circuit, means connecting the tube Cathodes 
in common to a junction of Said load resistors, a 
Separate direct current Voltage connection from 
the respective control grid of each tube to a re 
Spective point of each load resistor of like nega 
tive polarity relative to said junction potential 
whereby said timing modulation voltages are ap 
plied in opposite phase to said control grids and 
Said undesired modulation voltage in like phase 10 
while said direct current voltages are applied in 
gain-reducing Senses to said control grids. 

MURRAY G. CROSBY. 
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