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FEEQUENCY MODULATION ‘RECEIVER

Murra,y G Crosby, Riverhead, N. Y., assignor. to
Radio Corporation:of Amerlca, a. corporation of;

‘Delaware

Appllcatlon October 25, 1941, Serial No. 416,443
(CL:.250—20)

9-Claims:

My present invention relates generally to angu-
lar velocity-modulated-.carrier ‘wave receivers,
and:more particularly to a frequency modulation
-receiver wherein :cancellation - of .amplitude
modulation effects is effected without: a limiter
and at a point following the balanced detector:

In - the past undesired amplitude ‘modulation
‘effects existing on'an angular velocity-modulated
carrier wave have been.removed. by means of a
limiter, a balanced detector, or by a/ combination
of 'both devices.
carrier wave” is meant a phase, or fregiiency,
modulated -carrier wave. ‘The expression “tim-
.- ing-modulated” may, also, be used- hereinafter
generically to de&gnate such types of modula-
tion.

The limiter 1s effectwe in removing ampiitude
'modulatlon at all times even in the presence of
‘frequency modulation, but. the balanced detector
is only comp}etely balanced for the condition of
no-frequency modulation present. Hence, when
the balanced detector is depended upon to remove
the undesired amphtude modulation the elimina-
.tion is. only complete in the absence of the de-
sired. modulation, - and becomes. progressively
poorer. as the:desired modulatmn is increased.

Basically, my present. invention  involves the
utilization- of detected amplitude ‘modulation
existing on the angular velocity-modulated car-
rier wave to modulate: the detected modulated
carrier 'wave energy with such polarity that the
undesired  amplitude’ modulation is "greatly ‘re-
© duted. Hence, if desired, the limiter' may be dis-
pensed ‘with, since the ¢limination’'of the ampli-
tude modulation by the balaticed detector'is made
more complete. By omitting 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 provided. " Ec¢onomy of con-
struction and simplification follow as a. result of
gain reduction prior to the demodulator, .

The novel features which. I believe to be. char-
acteristic of my. invention are set forth with
particularity in the appended. claims; the inven-
tion: itself, however, as to both its:.erganization
and method of operation: will best be understood
by reference to the following description-taken
in ‘connection ‘with the drawings in' which I have
indicated ‘diagrammatically ' several: circuit or-
ganizations whereby: my mventlon may be-carried
“into: effect. -

Fig. 1A shows the-wave form of the detected
output of a frequency modulated carrxer wave
(FMD),

Fig. 1B 111ustrates the same wave form when‘

‘using’ the present invention, ‘
Figs. 2 to 6 iriclusive show reSpectwely dlﬁerent
embodxments of the invention. :

By “angular veloc;ty—modulated .
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Referring to the' accompanying - drawings,
‘whertein’like:reférence characters in thedifferent
figures designate similar ecircuit elements,: there -
will first be ‘considered the manner in which my
inverse modulation method ‘éffects  substantial
suppression ‘of the amplitude modulation (AM)
existing on the carrier. Pig.. 1A shows the man-
ner in ‘which the presence-of amplitude modtla=
tion is manifested in the-frequency modulation
receiver demodulator-output, "‘Wave A'is the de-
sired  defected - frequency: modulation - output
which -is' assumed’ to have a higher frequency
than the undesired amplitude modulation fre-
quency. The undesired amplitude’ modulation
appears as an amplitude envelope as ‘shown:. by
wave B:of Fig, 1A, The undesued amplitude
modulation is assumed to prodtice a, 25+ percent ‘

‘modulation of the incoming 51gnal

.~ In the receiver of this invention, an amplitude

‘modulation output is provided having-the wave .

form of the amphtude envelope 'B. This output
is used to modulate the amplitude of wave A-in
a sénse which causés a reduction 'of ‘amplitude
when the wave is at point .@.onithe envelope; and -
an' increase’ in: ‘amplitude:. when' the: wave is.-at
poinf b. 'The"inverse modulation thus applied,
therefore, opposes the undesired’ ‘amplitude
modulation which is present, and tends. to:cancel
it. Fig. 1B shows: the result of dpplying -the
inverse amplitude modulation ‘to-the FM. wave of
Fig. IA." The resulting' AN envelope B’:is of
doublé frequency and greatly reduced amplitude.

“Before evaluating the degree of reduction of
AM effects possible by the present reverse-modu=
lation process, one embodiment: of the invention
will be explained. ' 'In Fig. 2 there-i§ shown only
s0 much ‘of an FM receiver: as is essential to'a
proper understanding of ‘the invention. Let- it
be assumed that the balanced detectors 2—38 are
preceded by the usual pre-demodulator stages of
a superheterodyne receiver'adapted to operate in’
the ultra-high fregquency band, say 42-to. .50
megacycles (me.), in which FM reception is had.

As is well known, the FM wave is produced by
deviating the carrier. frequency in’accordance
with the modulation amplitude; the rate of devia-
tion ‘being ‘g functlon of the modulatlon fre-
quencies per se..

A phase modulated wave (PM) may be con=
sidered’ as an FM wave which' has ‘been’ modu-
lated with an input proportional to the’ modulat-
ing frequency. At present, a-maximum certer

' frequency (F%). deviation ‘of 75. kilocycles (kc.)'is

used for FM broadcastmg In the superhetero— :
dyne receiver the FM waves are reduced to an
intermediate frequency (T. ¥2), although the same
frequency- deviation range is: retained The FM
waves, with: center frequency. of’ the T. 7. value,
are tfo be understood as applied to the resonant
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primary circuit | tuned to the I. F, value. This
invention is applicable to FM waves having a
high or low frequency ‘deviation ratio.

Diodes 2-and 3 -are coupled to the input circuit
! by a network which has been disclosed in my

application Serial No. 402,784, filed July 17; 1941
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being connected to the same source through a
voltage reducing resistor.
. In a modulator of the type shown at tube 4

~'the carrier is Usually fed ‘to the third grid 4,

patented September 15, 1942, as U. S. Patent No. .

2,296,092, - Such a detection network provides
balanced detected FM voltage and a separate AM
voltage.. The anode of diode 2 is connected to
its . cathode through a series path comprising
secondary circuit I’, resistor R1 and resistor Ra,
-the two resistors being shunted by the by-pass
condenser Ci.
to its cathode through a series path comprising
the secondary circuit 1’’, resistor Rs and resistor
R4, the by-pass condenser C2 shunting R:—Ra4.

Each of circuits. {’-and [’ is magnetically cou~
pled to tuned circuit 1, but circuits 1’ and 1’7 are
equally and oppositely mistuned relative to the
I. F. value of circuit { by any predetermined fre-
quency separation. As explained in the aforesaid
patent, detected FM voltage is developed - across
resistors Rz and R« which are arranged in polar-
ity opposition, it ‘being noted that the cathode
‘end of resistor R« is at ground potential.

The detected -AM voltage may be taken off at
the anode end of resistor Ri. This type of dis~
criminator converts applied FM waves to- AM
waves with modulation envelopes 180 degrees out
of phase. These modulation envelopes are de-

The anode of diode 3 is connected-
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and appears across a tuned circuit in. the plate
circuit. The modulation applied to the first
grid is normally of a frequency such that the
tuned circuit: does not pass it. However, in this
type of audio modulator a resistor {0 is employed
in. the plate circuit, and there appears across the
resistor in amplified form the detected AM volt-
age originally applied to grid 4. There, also,
appears across the resistor 10 the inversely modu-
lated detected FM voltage.

In other words, at tube 4 the detected AM volt-
sge is'applied to grid 4’ in such a phase relation
to the detected FM voltage at grid 4’’-that the
wave form of the resultant inversely modulated,
detected FM voltage  is as shown in Fig.1B.
The inverse modulation causes a rise in the gain
of modulator tube 4 when the undesired AM
causes a reduction .of the incoming signal ampli-
tude;- and ‘a decrease in gain ‘when the signal
amplitude is modulated upward.

~The amplified AM voltage appearmg as such
across resistor 10 may be removed from the mod-

" ulator output by means of a balancing .system

‘30

tected by diodes 2 and 3 which make the de- '

tected outputs available across, resistors Ri—Ra
and  Ra—Ra.
and R:—Ru are connected together makes -the
detected - FM ‘voltage available across  Rz—Rua.
 The detected AM . voltage 'is taken from .across
resistors” Ri and Ra. - It will be noted that
these two resistors R: and R4 are connected so
that they both' have their ends which are to-
wards the diode at hieh potential, and the com-
bination of the detected. AM voltage outouts is
in phase. The rormal adjustments of the re-
sistors 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
1. P. currents fed to the diseriminator. but allow
the modulation frequencies to pass.. There will,
then. be derived from the upper end of Re the
detected FM. voltage. which, also, has superposed
the detected AM effects which are to be elim-
inated. ¥From the anode end of R: there is
derived the detected AM voltage per-se.
.. The cathode end of Rz is connected to.ground
through a series path comprising condenser Cs
and resistor 6. .An adjustable tap is provided-to
take off from the potentiometer 6 any desired
magnitude of voltage thereacross.  In the same
way the series path C+—5 acts as-a potentiometer
connected between the anode end of R: and
ground.  The tap slidable along resistor.5 pro-
vides an adjustment for feeding a desired mag-
nitude of detected AM. voltage to tube 4. The
latter acts as a‘ modulator tube and may be of
the pentagrld type.
. Tt includes a-cathode, a plate and five succes-
sive control grids.: Grid 4’ is connected to the
resistor 8, and has the detected FM voltage ap-
plied thereto.. Grid 4’ is connected to resistor
5, and has the detected AM voltage impressed
thereon. The plate of tube 4 is connected to a
source of positive voltage through load resistor
10, the screen grids on. either side of grid 4"

The manner in which Ri—Ra "
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embedying tube 1. The latter; for example, may

‘be-a twin triode tube. The common cathode con-

nection of tube T is connected through a resistor
8’ to the grounded end of potentiometer resistor
8. The upper end of the latter is connected to

‘the plate end -of resistor 19 by a condenser Cs.

The grid 7' of one of the triodes of tube T is
connected by an adjustable tap along resistor
8, while the grid 7'’ of the other triode is con-
nected by lead 18’ to the adjustable tap which
féeds the detected AM voltage to grid 4°.  The
plates of tube T are connected in parallel to a
common sotirce of positive .direct current. volt-
age through load resistor 9.

As the detected AM voltage is amphﬁed by the
modulator fube 4 its phase is reversed. When
combined- in-phase, as is ‘done by tube T, buck-
ing results: -Potentiometer 8 may be adjusted so

‘that the undesired detected. AM voltage trans-

mitted through the modulator: just cancels that
fed to the grid 1’/ 'of tube T.  The output voltage
appearing across resistor ‘9 is, then,. the. pure
modulated cutput which consists of an inverse
amplitude modulation applied to. the detected
FM wave form. ~That is, the output appearing
across resistor 9 has the wave form A’'—B’ of
Pig. 1B.

At first it mlght be assumed that the ‘unde-
sired - amplitude modulation may be completely
‘cancelled by this present modulation process.
However, that this is not possible will be real-
ized when the condition of 100% amplitude mod-
ulatlon is considered. Tt is obvious that when

‘the amplitude modulation modulates the carrier

to " zero  amplitude, it would take an Infinite
amount of gain to brmg it back to normal amph-
tude.

On the other hand, for the upward peaks of
amplitude modulation the condition of 100 per-

‘cent upward modulation may be compensated

for by a reduction in gain of 2:1. : Thus, the

‘upward and downward -swings of -the modula-

tion do not follow & linear law which allows com-
plete cancellation by a simple application of re-

.verse modulation. The degree of reduction -pos-

- sible by this reverse modulation. process will now

5

be evaluated in the following analysis:

The incoming 51gna,1 1s frequency modulated
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and .also, " has an amphtude envelope ‘hence, 1t
is given by:

g= E(1+m sin- pt) sm (wt—f.,,; cos- qt)

in"wh;ch mis the amphtude modulation factor,

'p'is the angular velocity of the amplitude modu-

lating ‘wave; o is the carrier angular velocity, F4q
is the 'peak-frequency deviation, Fm is the modu-

lation frequency of the:applied frequency modu-

TIation, and-gis the angular velocity of the applied

frequency -modulation.  "This -
- through -the ‘two- sloping filters of the balanced

discriminator.” The first of ‘these filters-causes

the frequency ‘modulated wave to have -an am-

plitude ‘envelepe. which i8in aecerdance with the

frequency modulatlon

‘This-restilts in:

e—E(l+m sin pt) (14+EFqsin qt)

sin (wt—Fd

7o €08 qt) @

where k is a constant which is determined by
the 'steepness. of the' sloping filters. - When the
wave. given by (2) is detected, the output is pro-
portional to the amplitude envelope. The am-

10

signal ‘is ‘passed:
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plitude envelope consists of the two quantities in -

parentheses which multiply .out to give:

eo=EK A 4+msinptik Fasinigt+
- k. Famsin pt sin.gf)  (3)

in Wh1ch K is the. constant of proportlonahty of
the detectors.

The second of ‘the. two slopmg ﬁlters has a

slope which is opposite {0  that of the ‘first so
that & is negative.
detector. is thus:
-eozEK-(l-{-:m sin ptFFa sin gt
- kFam sin: ptsingt). - (4)
The output of the balanced- frequency modula-
tion detector is a differential combination of (3)

and (4), so ‘that it is merely the dlﬁerence be-
tween (3) ‘and (4), or;

2E’K (kFa sin qt—l—dem sin pt sin qt)

‘<5>
Whlch may be rewntten :
er—ZEKkFa(l—l-m sin. pt) sin: tIt )

"Prom (B) it ‘can be seen that the detected fre-

quency modulation output-is" modulated in. am-

plitude by the envelope (14m sin pt) .. Tt thus,
»- conforms . to- the -‘amplitude’ modulated “shape
shown in’ Fig.'1A. - Tt ‘may, also, be‘seen that the
ratio-of ‘the @esired signal to the undes1red am-
plitude modulation interference:is equal to the
ratio ‘between the ‘first and second terms in' pa-
. rentheses in (5)." Thig ratic is 1/m sin vt The
signal-to-interference ratio is thus inversely pro-
portional to the modilation factor of the ampli-
‘tude modulation; ‘and, therefore, increases as
the -amplitude modulation factor decreases:

‘The amplitude modulation output ‘from the
‘baldanced detectors is: the result of additive com-
bination of the ‘detected outputs. Tt s, there-
fore, ‘the sum of (3) and 4), or: i

D
" in'which ‘the direct: current iterm has beén"'n’eg-

eo—=EKm. sin; nt

lected. "It'is apparent that the amplitude mod- 7

wulation output isa. true: rendition of that: output

-

by (1) i apphed as modulation, with the wave
given ‘by (6) ‘as ‘the -carrier. Thus «6) :is given
the - amplitude- envelope (1~=m- sin- pf). “The
levels-are adjusted so that ‘the modulation. factor
of ‘the resulting modulation 'is ‘equal ‘to. that of
the origindl amplitude modulation on the incom-
ing wave ‘so- that EK is made ‘equal ‘to unity. .
Multiplying this -envelope by (6) “to ‘obtain the
resultmg output, ‘gives:

e=2EKKFa(1--m? sin?. pt) .sin gt (8)

From a comparison of Equations (6) ‘and (8),
It ‘can: be seen ‘that the result of the inverse
modulation is-to square the term m sin pt in-the
envelope produced by the amplitude modulation.
The new - signal-to-interference . ratio is hence
1/m? sin? ‘pt. "The ratio ‘is, therefore, increased
since the - quantity m is less ‘than unity. ‘Thus,
if 'm is 0.5, the signal-to-interference ratio would
be 2.0 without inverse modulation, but would be
4.0 ‘with inverse modulation. - If m is 0.25, the
ratio is increased from 4.0-to 16.

" It-is apparent that the improvement in 51gnal-
to-interference. ratio, expressed as 'a. number
larger ‘than' unity, is' equal ‘to ‘the ratio of
m'sin pt to m? sin? pt, or 1/m sin pf. The im--
provement ‘is, therefore, “inversely. 'proportional
to'm, and consequently nses rap1dly as m:is made

" smdller.
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"The output of the second
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‘wave ‘given by (8):

=]

"This process: of inverse modulation may be car-
ried to an unlimited - extent depending upon the
degree ‘of 'amplitude ‘‘modulation reduction de-
sired.” "Thus," a second stage -of ‘modulation: may
follow this first -one."’ The second stage would be
fed by the output of the first one which is the
“The “anmplitude modulation
output which 'is to-modulate this second stage
should be passed through ‘a square-law device
before feeding to the ‘second modulator.. This
causes the modulating wave to have the ampli-
tude m¥ sin?: pt so ‘that the envelope applied by

‘the “second ‘moduldtor.is (1-}—m2 sin? pt). 'The
‘second ‘modulator output ‘is, therefore:
e+2EKLFs (1—m? sin? pt)
' (14-m? sin? pt) sin.gt  (9)
er, o f L _
:e=2ERKkFqg. (1-—m# sin® pt) sin gt  (10)

The résulting’ envelope is thus proportional to
‘the fourth power ‘of -the modulation. factor, m.
This - ‘increases the . ‘improvement factor . to

1/m¥ sin3- pt. Hence, the improvement for the -
-case of 50 percent modulation is 8:1, for 25 per-

c¢ent modulation 64:1, and so on.

The eircuit ‘arrangement of Fig. 3 shows how
% second stage of inverse. modulation ‘may ‘be
added ‘to ‘the cireuit:shown in Fig. 2. Tube
is ‘a2 second ‘modulator: tube-which is fed by ‘the °
output ‘voltage of the first ‘modulator tube 4 as
a:source ‘of ‘voltage to be modulated. The modu-

. ‘lation voltage itself ‘is taken from the detected
-AM voltage across potentiometer resistor 5, ‘and

65

undisturbed By the: presence of the frequency -

modulation which has been balanced ot
In: the inverse:modulation method of thisin-
vention the amplitude modulstion output: given

15

the AM voltage is'fed to the tube I8 of the square-

law device which is shown in the dotted box {3”.

‘Tube 16 has a high negative bias:developed across

the self-bias resistor 167 so that the tube is

operated near plate current cut-off, and, there- .

Tore, has a: square law input-output characteris-

tic.'Tn other words, there is fed to the grid of

tube: 16’ the detected-AM voltage which is also ap-
plied to'the:grid T"” of tube 1.
The:grid. 15 of ‘the second modulat‘or tube I

has. applied ‘to’' it “the modulation voltage de-

veloped: geross resistor 9: The first grid i4 has

‘applied’ to: it: the odulating- voltage. developed




4
-across resistor 17. ‘The latter is arranged in: the
plate circuit of tube 16. The voltage across re-
sistor. IT is applied to .grid (4 through a path
.which includes the coupling condenser 1’ of the
potentiometer resistor {2. The lower end of the
latter is connected to the grounded -end of the
_grid biasing resistor of tube 1. The potentiome-
ter is provided with an adjustable tap so that
any desired magnitude of modulation voltage
may be applied to grid {4. The modulation
voltage fed to the grid 14 of tube ! is squared
by virtue of the effect of device 13’. The re-
sulting amplitude modulation envelope will have
the desired fourth-power characteristic ‘as given
by ‘the aforesaid Equation (10). - The box (3’
may’ be replaced by any other square-law de-
vice. It is only essential that the characteristic
of the latter be of a square law, and that voltage
‘of proper polarity is fed to the modulating grid
14,  Potentiometer 12 adjusts the: degree of
modulation of tube {f. The inversely modulated
output of tube i1 is developed across resistor- 3,
and the output voltage may he treated in the
~same manner as in the case of the voltage de-
veloped across resistor 10 in the case of the ﬁrst
modulator tube. .

In other words, a tube 19, which is 51m11ar to
the tube 1, is employed, and the grid 22 of one
of its triode sections may have applied to it by
means of potentiometer 20 the voltage developed
across resistor 13.. The common cathode lead
~of tube {9 is connected to the grounded end of
-tesistor 20 ‘through the resistor 24. The  grid
. 23 of the second triode section of tube 19 is con-
.nected to the potentiometer -resister 21 which
has applied to it the voltage developed across
-resistor. 17 of the square-law tube 16. - The final
output voltage -is developed -across- resistor 9’
which is arranged in the common. plate circuit
of tube 19. - It will, therefore, be seen that the
- amplified amplitude’ modulation - component de-
" veloped across resistor :13.is eliminated in the
same manner as was done in the case of -the
first modulator tube 4.

It is apparent that more stages of modulation .

may be added, if it is desired to reduce the am-

plitude modulation component still further.
third stage of inverse modulation will require
a modulating voltage raised to the fourth power,

and this may be done-by applying. a second -

square-law network to the output of device 13"
“The resulting improvement factor for this system
will be inversely  proportional to the seventh
" power of the modulation factor m. While mul-
tiple stages of modulation may be used to re-
duce the - amplitude modulation to extremely
“low values, for most purposes the use of a single
stage will be sufficient. 'The reason for this is
that for signals which are normally used the per-
centage of amplitude modulation effected by the
noise is relatively low, so ‘that the system. is
‘operating in a condition which produces & high

degree of improvement by the inverse modula-

tion.:

In Flg 4 there is shown another arrangement
-for securing a single stage of inverse modulation.
However, in this case the balancing tube T of
Pig. 2 is dispensed with. ~This is accomplished
"by employing an adjustable connection between
the junction of resistors Ri—Rz and resistor Re.
It will be observed that an adjustable tap 58 is
.provided between the last-named junction point
~and resistor Rs & Furthermore, an adjustable
“tap B{.is provided between the left-hand ter-
“minal 'of condenser C: and resistor Ri. The cir-

A
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cuit arrangement of Fig. 4 is s1m11ar to that
shown in Fig. 2, with the exception that tube T
and its associated circuits are omitted. 'The tap
50 is adjusted along resistor R4 so that the de-
tected FM voltage contains a component of am-

- plitude modulation which -is not balanced out.. -

10

- by the first grid 4’.

15 -

20

25

In other words, the balanced detector is: ad-:
justed: so that it does not - completely  balance
out the amplitude modulation. This applies a.
component of amplitude modulation to the third
grid 4’ of tube'd4 which: cancels that amplified’
In this way.the undesired
amplification of the amplitude modulation. by :
the first grid is eliminated. .

When this .off-balance of  the detected FM
output is effected by adjusted tap 50 there is also
produced an off-balance of the detected AM out-
put. This must not take place since. it would
then allow the detected FM components to ap-
pear. in the detected AM output. Hence, a pure
AM signal wotld not be available for the in-
verse modulation process. In ‘order to com-

pensate for this effect, potentiometer tap 50 is

adjusted in the same manner as tap 50. This
brings the .amplitude modulation component
back into balance, and thereby eliminates. the

. FM component from the detected AM output:
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In the receiving arrangement of Fig. 4 dis-
criminator - 1——1'—I’’ must be adjusted so that
each sloping filter of the discriminator is linear
when taken separately. That is, the push-pull
action. of the discriminator must.not be. de-
pended upon too strongly for linearity. The rea-
son for this is that the detecting system is ad-
justed.by means of tap 50 to a condition of fixed
off-balance of the two ‘detectors. This reduces
somewhat the push-pull effect of the detectmg
system.

It is possible to provide inverse . modulatmn at

'vadio frequency instead of-at audio frequency.

In Fig. 5 there is. shown an arrangement for uti-
lizing a single stage of inverse modulation, but
modulation - being accomplished at radio fre-
quency so that there is no amplification of the
detected AM voltage by the modulator tube. In
the arrangement of Fig. 5 the demodulator
diodes 2 and 3 are shown coupled to a prior T. b
amplifier by means of the discriminater network
shown in Fig. 2. The defected FM voltage is ap-
plied to the grid 4’ of modulator tube 4 through
the potentiometer resistor 6. The AM voltage is
taken off from the potentiometer resistor: 5.

“The grid 4’ of modulator tube -4 has applied to .

it unmodulated radio frequency oscillations from
the oscillator 33. The latter includes a tank cir-
cuit 33’ which couples the plate and grid circuit -
of the oscillator tube in well known fashion.
The tank circuit 38’ is adjusted to a predeter-:
mined  radio frequency value, The radio fre-
guency oscillations are fransmitted through cou-
pling condenser 69 to the grid 4’’.
33 may be the local oscillator of the superhetero-
dyne receiver. If this is done provision must be
made in circuits 38 and 29 to pass the full range
of -tuning of the oscillator. . This could be done
by damping circuits 30 and 29 with proper shunt;
resistance.

The tuned circuit 30 is arranged in the plate

" circuit of tube 4 and is fixedly resconated to the

70

5

‘frequency of oscillation of oscillator 33.

The
voltage developed across circuit 30 -is derived

-from the voltage produced by oscillator 33 with

an amplitude envelope consisting of the detected
.FM wave voltage applied to-grid 4’.. In. other
words, at modulator tube 4 the output energy of

The oscillator - -
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oscillator 23 functions,as a carrier which is modu-
lated by the detected FM voltage ‘applied. to

“The FM wave voltage d’eV‘e‘lbpe‘d‘ ‘8,Cross circuit:‘ ‘

30 is applied to the grid &I of the inverse modu-
lator tube 26. . The first grid 62 of tube 25 Has
applied to. it the AM’ voltage developed across
resistor § and transmitted to grid 62 by lead 63,
The plate ecircuit of inverse modulator-25 in-
_cludes: 2. tuned: circuit’ 29° which' is' fixedly” reso-
nated to the frequency of oscillator 32. At tube
24 ‘the. frequency modulated carrier voltage- ap-
plied; to.grid 61" is modulated with an amplitude

modulation’ voltage applied to grid- §2 which is

in opposite phase to that of the undesired AM
voltage existing on;the FM' wave voltage. applied
to.grid’ 6L . oo ‘ ,
Hence, it will be séen that the output energy
developed. across circuit. 29 consists of an AM
carrier which has an. envelope.in accordance with
* the desired FM. wave form and with the AM en-
velope substantially reduced. . This Tesultant FM
carrier envelope is then- detected by diode recti-
fier 28 to-obtain the desired modulation voltage
which was originally applied to the carrier at the
transmitter.” The resistor. 27 and dondenser- 28
. provide g time constant network which: functions
to.eliminate the radio fréquency carrier, which
was produced ab oscillator 33, from the output
terminals of rectifier 26: - ‘ ‘

The method employed in the present invention =

may. be applied to the reception of phase modu-
lated carrier waves (PM). In phase modulation
reception the presence of amplitude modulation
produces the same kind of modulation of the
output as ih the case of FMI' waves.. Consequent-
ly, the same type of circuits, may be used for
rediicing ' the undesired component: ~ Referring
to Fig, 6 which shows. a receiving system for PM
waves, the tube 49°is an T. F. amplifier on which
are. impressed PM' waves rediiced to the. I F.
value.  The, I. F. transformer 41, whose primary
and’ secondary circuits are each fixedly  reso-
nated to. the operating I. F. value, is adjusted to
be of the band pass type. ‘ ‘ ‘
_The coil of the tuned secondary circuit is mid-
tapped to ground for the purpose 'of providing
neutralizing, voltage..for. the piezo-electric .crys-
tal'd42. The crystal is included in ‘a crystal filter
- metwork, and' provides a’‘phase modulation dis-
criminator of the over- and under-neutralized
type, as described in my. U. 'S. Patent 2;204,575;
The neutralizing condensers 70, Ti are adjusted
so.that an over-neutralized characteristic is fed
‘to one of the two diodes 43; 44, while an under-
neutralized: characteristic. is provided with re-
spect. to. the other of the diodes. This produces
a balanced phase modulation dstector which de-
livers AFC (automatic frequency control)  volt-
age at the terminal designated AFC:. Detected

PM voltage is developed across the potentiometer

resistor 49; ‘ ‘ S .

- Tube 47 is a separate multi-grid. detector for
amplitude. modulation. detection.” For this de:
tection, filtered carrier is obtained. by comibin-
ing the over- and under-neutralized outputs by
means of condensers 80 and'8’. This combina-
tion -produces a neutralized” filter output which
is fed to the grid of limiter tube 48; the construc-
.- tion of the latter is disclosed in application Serial

No. 275,151, filed May 23, 1939.  The output of
the limiter tube is fed to one of the grids of de-
tector tube 47, while the other grid is fed by the
unfiltered signal energy from the .secondary of

transformer 41.

This  combination of filtered"

5

s
and unfiltered signal energy is adjusted for am-
olitude modulation detection by means of phase.
shifters 90-—81 or-92--83, - L

The proper phase relation for a-mpiitude mod-
ulation detection- is either zero  or- 180 degrees.
The detected AM voltage may be taken from the
output circuit’ of ‘detector: tube 41 T is;, also;

" fed to the third grid ‘of modulator tube 45 so--

10

that it amplitude modulates  tie: detectpd: PM
voltage which is-fed’ to- the- first grid' by poten-
tiometer-49: * In- other words; te tulie 45 func-
tions as the inverse modulator-tube in this case:

- The modulation’ cceurring at tube- 45 is adjusted

15

to have'the right polarity'to-oppose the-undesired
AM envelope-which- exists on ‘the: ‘detected PM
voltage envelope.’ The’polarity may be-adjusted’”
by ‘reversing-the: phase of either the ‘carrier- or

. Unfiltered signals féd to the grids of deﬁector“tube"
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4T The tube T operates; as disclosed inr Fig. 2
for-example; to balance out ‘the: ‘amplification of
the-detected AM component in the cutput cireuit
of‘the inverse modulator- tube 45. -~ e
~ 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- medifications' may- be made without
departing: from the scope of my invention, as-set
forth in-the: appended‘claims: - ‘
What T elim is: -0 o L
1. In-combination: with -8 pair- of rectifiers, a
source- of timing modulated carrier waves sub-
Ject-to~ ‘amplitude- modulation: of' the-“carrier
Waves; means for-deriving from*the waves a pair

| of radio- frequency voltages whose-relative am-
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plitudes are equal-at the mean- frequéncy of the
modulated carrier’ waves’ and- vary’ relatively in

~accordance with' the' timing ‘modulation of the

carrier waves, means ' separately- applying. eachi
radio- frequency voltage: to- a- réspective one of
said rectifiers, means for* deriving from said rec-
tifiers in- opposition & modulation voltage. com-
prising & component corresponding to. said’ tim-

ing-modilation” and: & component, corresponding

to said’ amplitude modulation, means for deriv-.
ing ‘fromr said rectifiers in: aiding phase a-modi-
Iation® voltage corresponding essentially- to said
amplitude modulation, and' means for combin-
ing said two moduiation voltages in ‘such rela-
tionr that said’ amplitude modulation component -
of the first modulation voltage is in'opposition to
the second’ modulation voltage thereby to. pro-
vide & resultant timing modulation voltage. with

; amplitude modulation component. substantially.

reduced, . S ‘
2. In.a receiver of timing-modulated: carrier
wayes, a.single means: for. detecting. the waves to
provide &, first modulation. voltage corresponding
to the timing-modulation and. undesired: ampli-

- tude modilation: on the carrier waves, said sin-

gle 'means providing ‘a. second modilation. volt-

“age corresponding, to 5aid. iindesired: amplitude

modulgtion, means: for utilizing ‘the. first. modii-
lation voltage, and additional meang subsequent
to said detecting means for substantially reduc-
ing the effects of ‘undesired amplitude modula-
tion which ‘may’ exist on said’ waves applied to
said. ‘single detecting means, said: " additiona] -
Imeans comprising modulator means for combin-
ing said first modulation voltage from. said de-
tecting :means with said second modulation volt-
age in such a sense to produce said reduction,
and an - auxiliary device for further combining
sald second modulation voltage with the resultant
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of sa1d last combmed modulation voltages to bal-
ance out any residual amplitude modulation
which may exist on said resultant.

3. In 2 receiver of timing-modulated carrier
waves, means for detecting the waves to provide
modulatlon voltage corresponding to the timing-
modulation on the carrier waves, means for uti-
l1z1ng the. modulation . voltage, and additional
means ‘subsequent to said detecting means for
substantially reducing the effects of undesired
amphtude modulatlon which may exist on said
waves applied to'said detectlng means, said addi-
tional means. comprising means for deriving a
second modulation voltage from said waves which
corresponds to said: undesired amplitude modu-
lation, and means for combmmg said first modu-

lation . voltage from: said -detecting’ means. with

said second modulation voltage in such a sense
as to produce said reduction, a square-law. de-
vxce, means to apply. said second modulation
voltage to said square-law device, means to com-
bine. the resultant output of said combining
.means with the output voltage of said square-.
law device in a sense to still further reduce said
- undesired amphtude modulation. ’

4. In a frequency modulated carrier wave sys-
tem, a common detector for such.waves con-
51st1ng of a pair of rectifier networks connected
in opp051t1on to ‘produce a.first modulation volt-
age corresponding to both the frequency modu-
lation component and an amplitude modulation
component of the modulated waves and con-
nected in aiding phase to ‘produce & second modu-
lation voltage correspondmg solely to the ampli-
tucle modulatmn ‘component .of said waves, and
means for inversely modulating said first modu-
lation voltage with said second voltage thereby
to. cancel out modulation effects due to the said
amphtude modulation component
5. Ina frequency modulated carrier wave sys-
tem, a common detector for such waves consist-
ing of ‘a pair of rectifier networks connected in
opposition to produce a first modulation voltage
correspondmg to the frequency- -modulation com-
porent of the ‘modulated waves and connected in
aiding phase to produce a second voltage corre-
sponding 1o an. amphtude ‘modulation compo-
hent of said waves, and means for inversely
modulating said first modulation voltage with
said second’ voltage to cancel out any amphtude
modulation effects on the carrier, said last means
comprising a tube having at least two spaced
control elements, and -means for applying said
two voltages separately to respectlve ones of said
two ‘control elements.

6. A method of reducing undesired amplitude
modulation existing on frequency modulated car-
rier waves which includes deriving a first voltage
from “the waves ‘corresponding ‘to the frequency
modulation; modulating a high frequency car-
tier-of constant amplitude with said first volt-
age to'produce 5 modulated carrier whose ampli-
tude is varied in accordance with the first volt-
age, denvmg a second voltage from the said
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waves corresponding to said undesired ampl1tude
modulation, inversely modulating the modulated
carrier with said second voltage, and rect1fy1ng'
the inversely modulated carrier..

7.In a receiver of frequency modulated car-
rier ‘wave energy, a demodulator circuit con-=
structed and arranged to provide a first modula-
tion voltage:consisting of a component: corre-
sponding to the frequency modulation on the car-
rier . wave and a component corresponding to
undesired amplitude modulation, means to pro+
vide a second modulation voltage correspondmg
solely. to said undesired amplitude modulation,
means for combining said two modulation volt~
ages in relative phases substantially to reduce
any undesired amplitude modulation component
which may exist in said first modulation voltage,
and at least one auxiliary means for combining
the resultant output of said combining means
with a predetermined . portion of the second
modulation : voltage thereby further to reduce
said undesired. amplitude modulatmn compo-
nent.

8. In g receiver of frequency modulated car—
rier wave energy, -a demodulator: circuit con-

structed and arranged to provide a first modu- -

lation voltage composed of one component COr-
responding to the frequency modulation on the
carrier wave and. a second component corre=
sponding to undesired amplitude modulatxon,
means to provide a ‘second modulation voltage
corresponding solely to said undesired amplitude
modulation, means for combining said two modu=
lation voltages in relative phases substantially
to reduce any undesired amplitude modulation
component which may exist in said first modu-
Iation voltage, and at least one.auxiliary means
for combining the resultant output of said com-
bining means with a predetermined. portion: of
the second modulation voltage thereby further
tc reduce said undesired amplitude component,
an inverse modulator following said last com-
bining means, means applying the output of the
last combining means to said modulatqr and |
a ‘square law device coupling an input electrode
of the modulator to said second modulatlon volt-
age means.

9. In combination with a first source of voltage
representative of 4 desired form of ‘modulation
and an undesired different form of modula.tmn,.
means to provide a second voltage representa-
tive of solely said undesired. form of modulation,
an inverse modulator coupled to said first source
and said means and arranged to provide a re-.
sultant output voltagé wherein said desired form
of modulation predominates over said undesired
form of modulation, and Y balancing hetwork
having at least two input connections,” one of
said connections being made to said modulator,
the second connection being made to said means
whereby the balancing nétwork output voltage i
representative of substantially said des1red form
of modulatlon
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