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1 ,

“This ihvention relates to radio and ‘mote par-
tii;‘iﬂa;rly ‘b demodulation systems.

Oheof the objeets of 'this'i'rivéﬁtionf is to provide

o method and rieans to effect demnodulation of

evierey from a frequeticy modulated wave source. -

A frequency modulated wave may be caused
purposely or othierwise to have variations.in am-
plitude as well as frediiency. These variations in
amplitude, however, render it difficult to obtain
aceurate detnodulation of the frequency modiula-
tion .sighals. Aceordingly, it is ahother object
of my invention to provide for the demodulation
of frequency modulated” ‘waves wheteby effects
due to-amplitude variations present in a frequiency
modulated wave are greatly minimizeéd if not en-
tirely ‘eliminated’ during the demodulation proc-
ess. ’

‘The above objects and others ancillary. thereto,

will become more apparent. from- the following
detailed description to be read in connection with
the.accompanying drawings, in which:

Fig. 1is'a block diagram of a démodulation sys-
tem in accordance with niy invention;

Fig. 2 is o graphical illustration of the method
steps‘of the invention; :

Fig. 3-is'a schematic diagram of a’component
part of the system showxi in Fig. 1; S

Fig. 4 is & block ‘diagram of another form of
demodulation system; and’ ,

Fig. 5 is e schematic diagram of .a component
part of ‘Fig. 4. 7 o

TReferring to Figs. 1 and 2, the system shown
therein“is particularly -gdapted t6 demodulate a
frequeéncy modiulated wave having present fhere-

in~ amplitide rhodulation.or at -least variations. 45

of ‘amplitude: wheréby the distortion effects of
siich amplitude variations are greatly minimized
if not-entirely eliminated from the final recep-

tton output of the frequency modulation signals:

The system ‘comprises a known form of Tmiter 10

to which energy from a frequency modulated in-
put source 8 is. applied wherein the peaks of the
mcomin'g*frEquency'm‘t)dul‘a;ted"wave*s‘ are clipbed

6 Claims. (CL 250=27)

indicated by the wave 9a. The wave 9 is ‘shown

© to vary.in amplitude as well a§'in frequenicy tofur-
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ther illustrate the effects of amplitude variation
in tHe pulses 12a. Frequency modiilation also pro-
duces some variation in the amplitude of ‘the
ptilses 12a, bt since the Thodulstions it frequency
ave usually of very small percentage, the effect
tHereof in amplitude of the pulses [2¢isnegl fible.
The amplitude variations of pulses12e, regairdless
of cotirse, ate satisfactorily ‘vemoved by my meth-
od of demodulation. ‘ Ny
~The puilses 12 are next siibjected to & translat-
ifig process including ‘the opération of thecircults
4. 16 and (8. The plilses 12a are fivst passed
through a trigger circuit 14 so as to produce a sec-
ond rectangular ‘wave f4a’ Havihg: stibstantially
vertical sides and equal amplitiide. As herein-

| sfter described ini‘detall, the circuit 4 s arranged
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off‘at levélsd i-and 13: This ‘produces a wave 10a

which : is- approximatély” rectangular in shape.

This ‘wave is- then-differentiated by passing it
through s :differentiating circult 12 ‘so-as't0 pro-
duce-alternate: positive and negative ‘pulses. 12a
in. accordance with ‘the arrival of “each positive
and: negative:half icycle‘of ‘the input ‘wave. -
‘The-side:slopes- {0 anid f0c-of the’ wave 10a,
however, vary-in ‘steepness-in ‘accordance’ ‘with
amiplitude variations-and this variation i steep-

nessiyreflected in‘th e:amplitude of the pulses‘12a,
*PHiis incredsed steepness for larger amplitiides is

50
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to betriggered successively from one'state of op-
eration to atiother by one of the pulses 12a and
then back to the first-mentioned state of opera-
tion by the next succeeding pulse, etC. By differ-
eritiation it ‘a high-pass flter 18, a series of posi-
tive and negative pulses 16 ‘of substantially con-
stant amplitude are” produced. V'I‘he“ar'fipli‘tuﬂe
vafiations appearing- in" the wave 9 and in the
pulses 12¢ are thus eliminated. By passing ‘the
ptilses 16a-through a rectifier 18,2 W ve ‘train ‘of
positive constant amplitude” pulses” 182 is pro-
duced ‘in which the’ pulses‘oceur ‘at the beginning

of each positive half ¢ycle of the input wave 8,

Thése positive pulses dre passed through a low-
pass ‘filter 20° and integrated fhéreby producing
an-audio wave 21 which variés with ‘the fréquency
of the- in’_(‘:’c)min‘g"frequency"’mo‘dtﬂ“a‘;téd ‘wave 9.
Thus, the frequency modulation ‘signal is detected

without any distortion ' die’ to-amplitude “yatia-
tions ‘present in the input wave,

Tt Tig 3, T have shown ‘a schematic diagram of
a trigger-type of multi-vibrator circuit % suitable
for use in my invention. The circiiit’ comprises
vacuum tubés 22, 24 Having Tespectively, plates 26
and 28; suppressor grids 30, 32; scréen grids 34,

36; control grids 38, 40 and -cathoties 42; 44, said

, c’a&thodes-'?béiqg “jolned by @ common ‘cbhn"’écﬁn'g

rmesnis- 48, - Plate 28 of “tube 22 recéives its po-
tential from a voltage source 48 through ‘ylate
resistor 50, Likewise, plate 28 of ‘tube 24 rec ives
its potential from the.same source 48 throtigh a
resistor 52. Screen’grids 38 and 36 are tied to-
gether and are.also supplied by thé same voltage
source 48. Plate 26 is connected by 2 coupling
xpsiét‘ér‘ 54, if;"pé.faliél with'a coupling ‘capacitance
to grid 40 of tube 24. Likewise, plate 128" of

iibe 24" 15 “contiected by a colipling’ resistor 58
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having a capacitance 60 in parallel therewith to
the control grid 38 of tube 22. A voltage divider
62 is connected across the voltage source 48, and a
single tap is connected therefrom to common con-
necting means 46. A biasing resistor 64 is con-
nected between grid 38 of tube 22 and the nega-
tive -end. of -voltage.source 48. . Another biasing
resistor 86.is’ connected between control grid 48
of tube 24 and the negative end of voltage source

48. One input terminal 68 is connected to sup--

pressor grids 30 and 32, and the other input ter-

minal 65 is connected to the common conducting " “the ‘positive end of voltage source §2 while the

means 46. One output terminal 67 is taken from = —-other-output terminal 87 is connected to plate

10
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voltage source 92. A first tap 104 ig connected
from voltage divider 102 to cathodes 83, 90. A
second tap 106 is connected from voltage divider
102 through a -bias resistor 108 to the grid 84
of tube 76. Another bias resistor i is con-
hected from grid 86 to the negative point of
voltage source 92. One input, terminal 101 is
connected through a coupling ‘capacitance 112 to

grid 84 while the other input terminal 183 is

-connected to the negative end of voltage source

" 92. One output terminal {65 is connected to

said connecting means 46 while the other output .

terminal 69 is taken from plate 28 of tube 24. an

The values of plate resistances 50, 52; bias re-
sistors 64, 66 and coupling resistors 54, 58 are not
critical. However said coupling resistors and said-

-82-of tube 78.
-~ Unequal bias-is used on the grids of the two
- tubes. 16 and 78. " The grid of one tube may have
. Zero bias or a

small positive bias, the flow of high

* grid-eurrent being brevented by the grid coupling

bias resistors may be appreciably larger than said- - -

plate resistors, and usually may be equal to one
another. o . o
The size of coupling. capacitances 56 _and 60
may be such that the time taken by them to
charge or discharge from an equilibrium value of
voltage to the other value is large in comparison
with the duration of the triggering pulse but
small in comparison with the time between suc-
cessive pulses. Condensers of 50.m. m. f. capaci-
tance are satisfactory. =~ .. B
. The circuit-is sensitive to triggering voltage of
either polarity. Of course, reliable friggering
necessitates the use of triggering bulses of very
short duration. The operation of this circuit
will be readily understood by those skilled in the
art. . N

vention which is particularly useful where am-
plitude. variations in the. frequency ‘modulated
wave are either not présent or are of negligible
valule.. Such a frequency modulated wave source
is applied t0 a limiter 68 and then passed through
a_differentiating circuit 70.in the same manner
as explained above. Now, however, differentiated
pulses: obtained from ecircuit 70 are applied di-
rectly to a “flip-flop” circuit 12 which in effect
produces a translation of bositive ‘and negative
bulses to. unidirectional pulses. The circuit. 12
may .be.merely an unbalanced trigger. cireuit
wherein pulses of constant duration are initiated
by single triggering pulses. Such a circuit may
be .triggered from one équilibrium state to an-

In Fig. 4, I show a simplified form of my in-
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other, but returns to the original -equilibrium.. -

state after.a short time interval thereby produc-
ing a series of pulses 73, Fig, 2, of a.desired area
each.  The pulse output of the. circuit 12 is ap-
plied.t6 a low-pass filter 14 for integration, re-
sulting in an audible output wave 21, The wide
duration of the pulses 73 in contrast to the nar.
row pulses 18a are preferred since they present
more power.per pulse and thereby prodice a
smaother audible output. - L .

.- In Fig. 5, T show. a suitable “flip-flop” circuit
which may be employed as the circuit 72. Such
a- circuit -comprises two tubes 76 and -18 having
respectively plates 80, 82,. control. grids 84, 86,
and .cathodes -88, 98, the latter being connected
together. The plate 80 of tube 16 receives its
potential from. a voltage source 92 through plate
Tesistor 94. The plate 82 receives its potential
from the same source 92 through g plate resistor
96. The plate 88 of tube 16 is connected through
&' coupling resistor 98 to the grid 86 of tube 718.
The plate 82 of the tube 78 is connected. through
a coupling” condenser 100 to the grid 84 of tube
18,7 A voltage: divider ‘102 is’ connected -across

86

Tesistor. - The equilibrium of the circuit returns
to its normal state after triggering since one of
the plate coupling resistors normally provided in
a circuit such as shown in Fig .3 is herein elimi-
nated, and.a comparatively large: value of cou-
pling capacitance is' used. The ‘bime “interval
of such a “flip-flop” circuit is determined  prin-
cipally by the magnitude of the Tresistor 108 and
capacitance 108, and to a lesser. extent, by the
value of resistors 96, 88, and by the supply voltage
92, ) : -

The operation of the system shown in Fig. 4 is
very similal to that shown in Fig.'1 except that
the trigger circuit 14, the differentiating - circuit
16 and the clipping circuit 18 of Fig. 1 is replaced
in Fig. 4 by the multi-vibrator circuit 12.. The
output pulses. 13 of the circuit 12 are approxi-
mately rectangular “in -shépe,. and Ssubstantially
constant in duration and ares. These pulses
oceur at the beginning of each positive half cycle
of ‘the input signal. It will be hecessary, of -
course, .that the time constants “of "the circuif
be so adjusted that the pulse duration be less
than the duration of one half cycle of the highest
line frequency to be received. B

It will be clear from the foregoing description
that the “flip=flop” circuit 12 may be substituted.
for the rectifier {8 inh the system of Fig..1. ~ Siich
a substitution will . result in_the production, in
place of the narrow width pulses {8a; of the wider
coustant area pulses ¥3," . - - P

Although I have shown and described two. if-
ferent embodiments of my invention I am fully
aware that many modifications théreof- are pos-
sible, - If “the frequency “of -the ‘incoming gignal
is undesirably high it may be preferable to rediice
the ‘frequency _thereof by. heterodyning. of the

- input -prior to ‘the “flip-flop” cireuit operation.

(]

It will -also"be - understood _that the ~individua}
components illustrated . and described heiein are
merely given by way of illustra,tjqn and. are not to
be regarded as limiting the scope of the appended
caims. . oo o E TR IR :
_ ‘What T claim is: ST : S
-1.”A method of demodulating 5 fréequency mod-
ulat_,ed‘wa,Ve‘chprising clipping’ the waye t0: pro-
duce-a ' wave . of approximately rectangular -form,
differentiating the. rectangular-wave to produce
alternate positive-and negative-pulses -one -each
for each cycle of the -wayve, sald pulses being:dis-
placed in-accordance with the: frequency modu-
lation of said-wave, ‘translating” said- pulses: into
unidirectional Pulses -of - substantially “constant
amplitude -and- substantially constant-width, the
unidirectional pulses varying in-their repetition
rate.according fo- the -irequency -modulation of
sald -wave, and integrating -with_respe

, ¢t-to time



9,441,057

the unidirectional pulses to produce an audible
output wave. )

2. A system comprising 2 frequency modulated
wave solirce means to clip the waves of said wave
source to produce a second wave of approximately
rectangularly pulsed form, means to differentiate
the second wave to produce alternate positive and
negative narrow width pulses one each for each
half cycle of the second wave, said pulses being
displaced in accordance with the frequency modu-
lation of said wave source, means to translate
said pulses into unidirectional pulses of substan-
tially constant amplitude and substantially con-
stant width, the unidirectional pulses varying in
their repetition rate according to the frequency
modulation of said wave, and means to integrate
with respect to time said unidirectional pulses to
produce an audible output wave. -

3. The system defined in claim 2 wherein the
translating means include a circuit having one
mode of stability so that when it is triggered from
one state of operation to another it will return
to the first-mentioned state of operation after a
predetermined interval, whereby pulses of a pre-
determined constant width can be produced which
when integrated with respect to time produce a
smooth audible signal.

4. The system defined in claim 2 wherein the
translating means include a triggering circuit op-
erable in response to the alternate positive and
negative pulses to be triggered by one of the
pulses from one state of operation to another and
to be triggered back again by the next succeeding
pulse thereby producing a second rectangular
wave the side slopes of
vertical, means to differentiate said second rec-
tangular wave to produce alternate positive and
negative pulses, and means to rectify the last-
named pulses. i

5. The method defined in claim 1 wherein the
translating of the alternate positive and negative

which are substantially <
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pulses into unidirectional pulses comprises pro-
ducing a second rectangular wave having sub-
stantially vertical side slopes, a fixed and con-
stant wave amplitude, and a recurrence frequency
equal to that of the frequency modulated wave,
differentiating said second rectangular wave to
produce alternate positive, and negative pulses,
and rectifying these pulses to produce said uni-
directional pulses,

6. The method as defined in claim 1 wherein
the translating of the alternate positive and nega-
tive pulses into unidirectional pulses comprises
producing a second rectangular wave, the sides
of each half cycle thereof being substantially ver-
tical, differentiating said second rectangular wave
to produce alternate positive and negative pulses
of constant amplitude, and producing therefrom
constant width pulses the duration of which is
controlled.

LOUIS A. pE ROSA.
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