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2 Claims. (CL 250—27)

. This invention relates to new and improved will be in quadrature relation for the unmodu-
means for and a method of receiving a high fre- lated or carrier wave, but the relative phase angle
quency carrier wave modulated in phase or in  will vary if the impressed carrier frequency varies
frequency by intelligence to be transmitted. The in dependence upon variations of a lower fre-

5. term intelligence is to include all kinds of sig- Quency or modulating signal being transmitted. s
nals such as audio, video and other signals, or The input and output potentials of varying mu- -
impulses and the like to be transmitted from tual phase differences are then applied to a de-
one point to another by the aid of a carrier ~ vice or system adapted to generate an output
wave. : potential varying in dependence upon the mutual

10:  Asis well known, a frequency or phase modu- DPhase angle between the applied potentials, that 10
lated high frequency carrier wave may be re- is according to the low frequency signal wave,
garded as a sine wave of substantially constant or intelligence impressed upon the carrier wave
amplitude and continuously variable instanta- by frequency modulation. '
neous frequency. In demodulating a wave of this The nature of the invention and the manner

15. type, that is in reproducing the low frequency of its operation will become more apparent from 15
signals or intelligence transmitted by the aid of the following detailed description of several spe-
such a wave, it is necessary to generate a po- cific embodiments taken in conjunction with the
tential which varies in dependence upon the in- accompanying drawings forming part of this
stantaneous deviation of the frequency of the specification and throughcut which like reference

20 wave from a predetermined average (carrier) characters indicate like parts. 20
frequency. Several methods have been proposed In the drawings,
to accomplish this purpose. Figures 1 and 2 illustrate resonant circuits

Thus, it has been suggested to provide a = suited for effecting phase rotation for the pur-
resonant circuit detuned relatively to carrier fre- pose of the invention,
25 quency of the received high frequency wave in Figure 3 shows a modified resonant circuit with o5
such a manner that all the instantaneous fre- a multi-grid vacuum tube as a demodulating de-
quencies fall within the uniformly curved or  vice for carrying out the invention,

practically straight portion of one branch of the Figure 4 is a modification of Figure 3 embody-
resonance curve of the resonant circuit. In this ing a rectifier bridge as a demodulating device,

30 manner the frequency modulation is converted Figure 5 is a modification of Figure 4, 30
into an amplitude modulation whereupon a de- Figure 6 is a further modification employing
modulation may be carried out in the usual man- - vacuum tube rectifiers,
ner by means of any one of the known detectors Figures 7, 8 and 9 illustrate further medifica-
or demodulating arrangement for receiving am- tions of the invention embodying a modulator

35 plitude modulated carrier waves. . or rectifier bridge circuit as a demodulating de- 35

According to the present invention demodula- vice,
tion of a phase or frequency modulated high Figure 10 shows a further resonant circuit for

frequency wave is effected by comparing the effecting phase rotation suited for the purpose of
phases of the high frequency potentials or cur- the invention,

40 rents at different points such as in the input Figure 11 shows a combination of a circuit ac- 49
and output of a resonant circuit or network. cording to Figure 10 embodying a rectifier or
Such a network may comprise two mutually cou- modulator bridge as a demodulating device,

pled tuned circuits one of which is excited by Figure 12 illustrates a further resonant ecir-
the signal waves to be demodulated. In carry- cuit in combination with a vacuum valve de-
45 ing cut the invention the arrangement is prefera- modulator, 45

bly such that the input and output phases differ Figure 13 is a modification of Figure 12 em-
exactly by 90° for waves having a frequency cor- ploying a rectifier bridge as a demodulating ar-
responding to the resonant (carrier) frequency rangement,
of the circuit, and deviate in either sense from Figures 14 and 15 illustrate in block diagram
50 a 90° mutual phase angle according to the sense  form improved systems for receiving frequency 50
and in proportion fo the amount of detuning of = or phase modulated high frequency waves in
the impréssed frequency relative to the resonant accordance with the invention. ‘
frequency of the circuit. Thus, if the circuit is The novel features of the invention and its
exactly tuned to the carrier frequency of the function will be further understood from the
55 waves being received, the input and output phases  following theoretical discussion. 55
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Let it be assumed that fo is the average (car-
rier) frequency of a high fréequency wave being
received from which the instantaneous frequency
f deviates by an amount fi1.- This frequency de-
viation f1 in case of frequency modulation is rep-
resentative of the instantaneous value u of the
low frequency or modulating signal wave (in-
telligence) being transmitted and is related there-
with according to a definite, preferably linear
law as follows:

fi=Au

wherein A is a constant.

The phase shift b effected by the phase ro-
tating resonant circuit may then be expressed
as follows:

(09)

b=bo-+b1 (ID

wherein bo represents the normal relative phase
angle for the frequency fo (+90°) while b1 rep-
resents the instantaneous phase deviation from
this normal angle depending upon the frequency
deviation f1 and being functionally related to the
latter as follows: .

b1=g(f1) =g(4u) (I1D)

" wherein ¢ signifies the functional relation be-
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tween b1 and fi.

Let it be further assumed that a=daea1 rep-
resents the amplitude transmission ratio or
propagation factor of the phase rotating circuit,
that is the ratio of the output amplitude to the
input amplitude whereby ao corresponds to the
average (carrier) frequency fo and a1 corresponds
to the frequency deviation fi. - Accordingly, there
exists the following relationship: :

a1=h(f1) =h(Au) av)

wherein 7 signifies the functional relation be-
tween a: and fi.

As g result the potential es (see Figure 1) ob-
tained at the output of the phase rotating circuit
is phase shifted relative to the input potential es
applied to the input of the phase rotating circuit
by an amount b=bo-b.. . Furthermore, the ampli-
tude Es of the high frequency potential es differs
from the amplitude Es of the input high frequency
potential es by an amount a=(dod,) .

By mutual modulation or combination in a non-
linear device of the two potentials es and es there
is obtained a resultant product potential contain-
ing a low frequency component v which varies in
accordance with the low frequency or modulating
signal and represented by the following expres-
sion:

v=K Es* a cos (bo+bs)
=V asin b
=V h(Ausing (A u)

wherein K and V are constants and bo=90° as
above pointed out. By suitably choosing the
propagation characteristics g and k of the phase
rotating circuit as a function of the frequency,
the desired linear relation

W

v=ku (VD

may be obtained between v and the frequency
deviations u resulting in a linear demodulating
of the frequency modulated high frequency wave.

A demodulation is further possible by separate
linear rectification of the sum and the difference
potentials (est-es and es—es respectively) and
subsequent differential combination of the recti-
fied potentials (balanced demodulation). Assum-
ing that a=1 for the entire range of frequencies

employed, so that Es=Es=E, the amplitude of the
sum potential (es-+es) will be as follows:

En=2E cos (45°—b1/2) (VID

and the amplitude of the difference. potential
(es—es) Will-be as follows:

E3=—2F cos (45°4-bis2) (VIID

By rectification of Er and Es the peak voltages
obtained are as follows:

En/2 and Es/2

respectively and by differentially combining the
latter the low frequency (modulating) potential
is obtained as follows:

v=(E1—Es)V2=4E sin bi/2 Ix

By properly choosing the propagation charac-
teristies of the phase rotating circuit it is possible
in this manner to secure a linear relation between
v and u# and to obtain linear demodulation without
distortion.

Referring to Figures 1 and 2 of the drawings,
there are shown band-pass filters suited as phase
rotating networks for the purpose of the invention
and comprising a pair of tuned or resonant cir-
cuits mutually coupled with each other inductively,
capacitatively or in any other suitable way. The
network shown in Figure 1 comprises a first reso-
nant eircuit constituted by an induction coil 10
shunted by a condenser Il which may be fixed
or variable as in the example shown. To this
resonant circuit is applied through input ter-
minals a—b a high frequency input potential es
which may be a phase or frequency modulated
carrier potential. The resonant network further
comprises a second resonant circuit constituted by
an induction coil 12 shunted by a condenser (3
and having its lower side connected directly and
having its upper side connected through a suitable
coupling reactance such as an induction coil {4
in the example illustrated with the corresponding
sides or terminals of the resonant circuit 10—Ii1.
The output potential es is derived from the reso-
nant circuit 12—13 through terminals e—d.

In the modification according to Figure 2, there
is provided a common induction coil 14’ in series
with the induction coils 40 and 12 of the resonant
circuits forming a common coupling link there-
between with or without additional inductive
coupling between the coils 10 and 2. 'This cir-
cuit may be iurther modified by omitting the in-
duction coil 14’ and providing an inductive cou-
pling only between the coils 10 and 12 thereby
obtaining a band-pass filter of known design as
shown in the embodiment according to Figure 3.
The band-pass filters may also be constructed
symmetrically as shown in Figures 7 and 8.

In resonant networks or band-pass filters of
the above described type the phase of a high fre-
quency output potential (es) relative to the phase
of the impressed input potential (es) varies in
dependence upon the frequency within the range
from 0 to 180°. If both resonant circuits {9—I
and 12—I13 are in tune with the impressed fre-

- quency the mutual phase angle hetween the input

and output potentials (es and es) is exactly 90°
and varies in either direction from this value in
dependence upon the sense and in.proportion to
the amount of detuning relative to the impressed
frequency.

According to the present invention, the input
and output potentials e5.and es are combined by
means of a non-linear or modulating device
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tial which is a function of the produet of the po=
tentials being combined and which contains a
steady or.direct current component varying ac-
cording to the relative phase angle between the
impressed potentials that.is in turn according to
the instantaneous frequencies of the impressed
high frequency carrier signal es. Since in case
of a frequency modulated carrier wave .the fre-
quency variations correspond to the instantaneous
values of a low frequency or signal wave there is
obtained in this manner a demodulated or low
frequency signal directly without necessitating an
intermediate conversion into a corresponding am-
plitude modulated carrier as required in previously
known demodulating systems for high frequency
modula+ed carrier signals.

~A.complete demodulating arrangement accord-
ing: to. the invention utilizing an electronic' con-
verter or mixer valve is shown.in Figure 3, wherein
the mixer valve 15 has a cathode 16, a first con-
trol grid 17, a second control. grid 18, the latter
being shielded from the control grid {7 by a posi-
tively biased screen (9 in a manner well known,
and an anode or plate 20. ' The input potential es
developed by a frequency modulated wave im-
pressed upon the resonant circuit 18—11 is:appiied
to the cathode and control grid 18 of the valve,
while the output potential 'es of variable  phase
depending on the instantaneous values of the low
frequency or .demodulating signal and developed
across the tuned circuit 12-—13 is applied to the
cathode and control grid 17 of the valve 15. 'There
is thus produced by the action of the two grids
iT and {8 in the output or plate circuit .of the
valve a current which is a function of the product
of the potentials es' and es impressed upon the
grids {8 and 17, respectively, which current con-
tains a component » varying according to the rela-
tive phase difference between the impressed po-
tentials or in turn according to the low frequency
or-demodulating signal variations. - 'Thelatter may
beapplied to a further utilization or translation
device connected to the terminals e—f through a
coupling condenser 21 and coupling impedance
such as a high chmic resistance 22 inserted be-
tween the plate 29 and the positive pole of a high
tension source for supplying the plate current as
indicated by the +B sign.
. According to another modification, the sum and
difference potentials es+-es and es—eg, respectively,
may be rectified separately by means of suitable
rectifiers. and the rectified potentials combined
differentiaily in a balanced demodulator arrange-
ment stich as of the type shown in Figure 4. In
this manner too an output current containing the
Iow frequency or signal component is obtained.
" Referring more particularly to Figure 4, there
are provided a pair of rectifiers 16’ and 171’ seri-
ally connected with their conductive directions
opposed to each other across the secondary tuned
circuit- 12—43 through a pair of blocking con-
densers 14’ and 15’. The opposite sides of the
primary circuit 10—11 are connected to the elec-
trical center point of the secondary circuit 12—13
such as to the mid-point of the induction coil 12 as
shown-in the example and to-the common ter-
minal of the rectifiers 16’ and IT’. In this man-
ner, there are formed two rectifying circuit: paths
each inciuding one of the rectifiers 18’ and 17’
and one of which has impressed thereon the sum

(es+es) and the other of which ‘has impressed

thereon the difference (es—es) of the relatively
dephased input and output potentials developed in
the  primary -and secondary circuits 10-—11 and
12—13, respectively. - In this manner, a differen-

3

tial -rectified potential v :is obtained from the
output terminals e<—f of rectifiers 16’ and 17’
preferably -through - smoothing - choke coils or
resistances .20’ and..:2{’. . ‘This circuit is also
suited : for producing: an amplitude responsive
(AVC) - potential 7 which latter in the exam-
ble. illustrated : is: derived from the common
terminal (g) -of the rectifiers 18’ and 11’ on the
one hand and from the common terminal of a pair
of additional high ohmic resistances 22’ and 23’
serially connected across the rectifiers.  The con-
densers 14’ and 15’ serve for blocking the demod-
ulated potential v from the resonant.circuits of
the filter network.: In order to afford a constant
discharge ‘of these condensers there are provided
a pair of leak resistances- 18" and (9’ connected
between the right-hand terminals of the con-
densers 14" and 15" and the common terminal of
the rectifiers. 16’ and 171’ preferably through a
common .potential source 24 providing a biasing
potential in the conductive direction of the recti-
fiers.: Alternatively, the leak resistances 18’ and
18" may be connected in parallel to the condensers
{4’ and {5, respectlvely, as will be readily under-
stood. -

In view of the relatlvely rapid variations of the
frequency and accordingly of the output potential
v it is necessary that-the time constant of the
condensers 14’ and ‘15’ in combination with their
associate: leak resistances should be small com-
pared with the oscillating period. of the highest
low frequency. or: sxgnal component to be ex-
pected. ‘ N

“The rectifiers: 14' and l5’ may be of any known
type such as dry rectifiers:or valve rectifiers hav-
ing a sharply pronounced - blocking -potential.
Alternatively, rectifiers with a gradually curved
characteristic” such -as those with a square law
characteristic may be provided as is customary in
push-pull modulators. ~Moreover, grid leak or

audion rectlﬁcatlon may be employed as shown.

in Pigure 6.

In specific cases 1t ‘may be adv1sab1e to use an
arrangement of the rectifiers as shown in Figure 5
wherein the position of condensers 14’ and ‘15
and the rectifiers 16’ and 17’ are exchanged and
the former are-charged additionally with:the rela-
tively . slow - varying output potential supplied
through the inductance coils and resistances 20’
and 21", In this case too it is necessary that the
time constant of the leak resistances 18’ and 18’
and associate condensers 14’ and 15’, respectively,
is kept sufficiently low to enable the output poten-
tial v tofollow the low frequency fluctuations of a
received high frequency carrier wave.

Referring to the embodiment of Figure 6, there
is shown therein a band-pass filter of the type ac-
cording to Figure 2...The induction coils 10’ and
12’ may or may not be inductively coupled to pro-
vide additional coupling between the primary and
secondary resonant circuits in addition to the cou-~
pling afforded by coil 26 arranged symmetrically
between-the coils 168’ and 12’. In place of the
induction coil 25 a capacitative coupling reactance
or condenser may be provided to form a common
coupling impedance between the primary and sec-
ondary resonant-circuits. The balanced demodu-
lation of the primary and secondary potentials
es and e is carried out: by .grid leak detection by
means of a twin: triode valve 26 having a pair of
control grids:27, 28 cooperatively arranged with
a common- cathode 29. ‘The potentials developed
at the opposite sides of the output resonant circuit
are applied to the grids 27 and 28 through cou-
pling condensers (4’ and 15’, the grids 27 and 28
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being further provided with grid leak resistances
‘18’ and 19’ in series with a common grid biasing
source 24. The cathode 29 is further connected to
one end (terminal b) of the input resonant .cir-

“cuit.  The anodes of the two triode units of tube 26

are connected through a pair of resistances 32 and
33 the common terminal of which is connected
to the cathode 28 through a high tension source
21 and a further resistance 30. The latter serves
to supply an amplitude responsive (AVC) poten-
tial 7 derived from terminals ¢ and %. In this
manner the average grid biasing potential of both
grids 27 and 28 is controlled according to the im-
pressed -sum or difference potential (es+}-es.and
es—eg), respectively, and an amplified demodu-
lated or signal potential v is cbtained at the out-
put terminals e—f connected to the plates of the
valve through smoothing impedances 20’ and 21°.

A further demodulating arrangement according
to the invention is shown in Figure 7. The latter
also comprises a band-pass filter constituted by a
pair of resonant circuits {0-—41 and t2—13 in in-
ductive coupling relation with each other and
connected to-.a rectifier or modulator bridge for
producing a demodulated or frequency responsive
output potential. The rectifier bridge comprises
four rectifiers 35, 36, 37, 38 connected in series in
like sense as regards their conductive directions to
form a closed circuit. - The opposite sides of the
input resonant circuit 10—{1{ are connected to one
pair of diagonal points of the rectifier bridge and
the opposite ends of the secondary .resonant cir-
cuit 12—13 of the hand-pass filter are connected
to the remaining pair of diagonal points of the
bridge, while the demodulated or frequency re-
sponsive output potential » is derived from the
electrical centers. of the circuits 10—i1 and 12—I13
such as the center tap points 7 and i of the induc-
tion coils 10 and 12, respectively, as shown in the
example illustrated. : The rectifiers 35, 36, 31, 38

. are preferably dry rectifiers whose impedance may

be increased by providing high ohmie resistances
in series therewith to reduce the damping im-
posed upon the associate filter circuits.

In an arrangement of the aforedescribed type,
if the received instantaneous frequency is low, the
potentials s and es developed by the primary and
secondary circuits are substantially in phase. In
this case, due to the rectifying effect the center
tap i of the secondary 12 assumes a positive charge
relative to the center tap j of the primary 10.

If, on the other hand, the received instantaneous

frequency is higher than the ayerage or carrier
frequency fo, the potentials es and es will be In
counter-phase and the point i will become negative
relative to the point j. For the average or carrier
frequency 7o the mutual phase angle between the
potentials is 90° whereby the output potential v
between ¢ and § becomes zero. In this manner
there is supplied at the terminals i, j or e, f,
respectively, a demodulated or output potential »
varying according to the frequency deviations fi
of the received high frequency carrier wave from a
predetermined average or carrier frequency (fo).
The damping of the circuits should be chosen in
such a manner that the phase rotation and in
turn the output potential v is linearly related to
the frequency variations to be dealt with.

The circuit according to Figure 7 may be de-
rived- from the principal circuit diagram accord-
ing to Figure 2 by reducing the inductance 14’ to
a small value. If a band filter coupling is em-
ployed with large coupling impedances according
to Figure 1, an arrangement is obtained as shown
in Figure 8 wherein 39 and 40 represent sufficiently

2,231,997

high inductive or capacitative - coupling im-
pedances. The latter should be designed in such
a manner to prevent a short circuit or circulatory
ctirrent path for the output or demodulated po-
tential » occurring between terminals e—f. The
operation of the rectifier or demodulator bridge
35, 36, 31, 38 in Figure 8 is substantially similar
to the embodiment of Figure 7.

In Figures 1 to 8, the input impedance of the
band-pass filter is determined essentially by the
impedance of the primary resonant circuit 18—11.
A frequency responsive or output potential » may
be obtained also in the case that the condenser
I1 is omitted and replaced by a sufficiently high
inductive or ohmic impedance. An arrangement
of this type is shown in Figure 9 wherein a tuned
primary circuit is dispensed with. There is pro-
vided in place of the tuned circuit a sufficiently
high impedance such as an chmic resistance 41
connected across the input terminals a—b and
having a center tap leading to the output terminal
e. This impedance serves merely for restoring the
symmetry of the terminal e relative to the ter-
minals ¢—b which symmetry is required for pro-
ducing the demodulated potential v in view of the
described function and operation of the rectifier
bridge 85, 36, 31, 38.

Referring to Figure 10 there is shown a differ-
ent type of resonant network for effecting &
phase rotation suited for the purpose of the in-
vention. The circuit shown comprises a series
combination -connected across the input terminals
a—b including a parallel tuned circuit constituted
by an induction coil 44 shunted by a condenser 33
and an induction coil 45 in series with the tuned
circuit.© In such an arrangement, a potential
derived from the circulatory current is within the
tuned circuit 43, 44 is compared with a potential
derived from the total current i« flowing into the

tuned circuit. The currents és and ia will be in !

phase in case of resonance of the circuit 43, 44
with the impressed input signal es (frequency fo).
In case of detuning of the circuit 43, 44 relative to
the instantaneous impressed frequency, the phase
relation between the currents will assume values
differing from zero. If the impedance 45 is in-
ductive or capacitative for all the frequencies
to be dealt with the potential er between the ter-
minals I and n and the potential es between ter-
minals 7 and m will be phase shifted by 90°
relative to each other in case of resonance while
the phase rotation in case of detuning deviates in
either sense and in proportion to the amount of
detuning from this value. Thus, a frequency re-
spensive or demodulated cutput potential may be
obtained by differential demodulation of the two
potentials in a.manner similar to the embodiments
described hereinbefore.

Referring to Figure 11, there is shown a com-
plete demodiulating circuit arrangement employing
a phase rotating resonant network of the type ac-
cording to Figure 10 and a rectifier or modulator
bridge of the type described previously. In order
to maintain the symmetry of the circuit, the im-
pedance £5 in the example chosen an inductive
impedance is split into two halves 4%’ arranged
serially at opposite sides of the tuned circuits
43-—44. Both inductances 45’ are in symmetrical
coupling relation with a further inductance coil 46
serving to supply the potential e7 to be combined
with the potential es developed. by the circuit
43-—44 by means of the rectifier bridge 45, 46, 41,
48 thereby to produce a frequency responsive or
demodulated potential v at the output terminals
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e—f connected to the center-tap points of the m-
ductances 44 and 46, respectively.

According’ to 4 further modification of the- m-
vention, 2 simple series tuned circuit is employed
as -a phase rotating circuit for carrying .out the
method acecording to the invention. An-arrange-
ment of this type is illustrated in Figure 12. In
the. latter, a - series tuned circuit comprising an
induction coil ‘47" and -a- condenser 48 is con-
nected across the input terminals a—b- whereby
the total potential es impressed upon the cireuit
may be compared with the potential es developed
by the inductance 47 by impressing both potentials
upon ‘'the grids 18 and 11, respectively, of- an
electronic modulator or mixer valve in substan-

tially a similar manner as described in ccnnection-

with ‘Figure 3. In case of resonance. (carrier
frequeney fo) the resonant circuit 41; 48 cffers.s
pure ohmic impedance to the impressed potential
whereby the potential drop es across the in-
ductance 47 is in phase quadrature to the total
input potential es. In case of deviation of the
impressed  frequency from the resonance fre-
quency of the circuit the relative phase between
the potentials-es and es varies in either dirvection in
dependence upon the sense and in proportion to
the amount of detuning whereby . a- ‘frequency
responsive or demedulated cutput petential v is
obtained at terminals e—f in a-manner well under-
stood from the above.. As is: obvious, the same
result is obtained by comparing and combining
the potential drop er developed. across the .con-
denser 48 with the total input potential es.

Referring to Figure 13, there is shown a circuit
arrangement -embodying a series tuned circuit
and a rectifier bridge for effecting balanced modu-
lation in place of a direct conversion obtained by
a mixer valve provided in the arrangement ac-
cording to Figure 12. In the example illustrated,
the series tuned ecircuit is constituted by an in-
duction coil 88 in series with condensers 49 and
51 of equal capacity and arranged symmetrically
to and at opposite sides of the coil 50 to maintain
the symmetry of the system.- There is further
provided an impedance in the example shown a
high chmic resistance connected across the input
terminals a—> and having its center tap-con-
nected to one of the oufput terminals (e) the
other output terminal (f) being connected to the
center tap of the inductance 59 of the series tuned
circuit. - The potentials es and es are impressed
upon different pairs of diagonal points of the
rectifier bridge 35, 25, 37, 38 in substantially the
same manner as described hereinbefore to produce
a demodulaied or frequency responsive oubput
potential ».

The arrangements hereinbefore described con-
stitute examples of the invention for deriving
currents or potentials hetween definite points of
a tuned electrical network and for. combining
the same with the aid of dry or valve rectifiers
or other modulating devices to produce a result-
ant current or potential varying according to the
deviations of the frequency of a carrier wave im-
pressed upon . said network relative to a prede-
termined frequency such as the carrier frequency
in the case of a frequency modulated signal. As
is inderstood, numerocus variations and modifica-
tions differing from . the exemplifications illus-
trated may be resorted to coming within the
broader scope and spirit of the invention.

The frequency demodulating or conversion
systems as described may be energized by the
high frequency signals received directly or the
received signals may be converted to signals of

- sources,

% fixed intermediate frequéency by combination
with local sighals of auxiliary fréquency in which
case ‘the conversion or demodulation of ‘the sig-
nals-of varying frequency is carried out at inter-
mediate frequency whereby the demodulating cir-
cuit ‘may be fixedly -designed and adjusted for
this frequency.

In carrying out the process according %o the
invention it has been found desirable that the
amplitude -of the received frequency . modulated
signals-should have g substantially constant value.
In practice rapid amplitude variatiofis msy occur
for one reason or another liable to interfere with
the demodulation or conversion of the signals.
In most cases 'a certain amplitude ‘modulation
in addition to the frequency modilation of the
transmitted carrier wave cannot.be avoided.” In
other cases the amplitude of the amplified high
frequency carrier varies in aceordance with fluc-
tuations of the operating potentials if the supply
potentials “are insufficiently filteted or smooth-
ened. Moreover, an apparent amplitude modii-
lation-of the received carrier Wave may be caused
by interference with oscillations received from
disturbing transmitters or o¢ther interfering
In these cases, it i§ advisable to resu-
late the amplitude of the potentials applied to
the frequency demodulation or conversion cir-
cuit by a special limiting afrangement so as to
maintain the amplitudes at a substantially con-
stant value. This can be effected by the aid of
transmission elements having a pronounced
saturation characteristic such’ as dry rectifiers
suitably biased or electron valves having a bent
characteristic operating curve. In the latter case
the high frequency oscillations of  sinusoidal
shape are converted into substantially rectangular
curves of constant height from which the fiuin-
damental wave may be segregated by the aid of
funed circuits and low-pass filters if required.
Tt is furthermore possible to employ a limiting
impedance varying according to the amplitude
of the current passed therethrough in the form
of a hot wire resistance to obtdin the desired
effect. .

The regulation to a constant amplitude may
also be effected by means of a control system of
the type of the anti-fading or automatic volume
control arrangements by regulating the amplifi-
cation of a control valve in accordance with an
amplitude responsive control potential. The
time constants  of this arrangement should be
suificiently low to ensure equalization of the very
rapid amplitude fluctuations corresponding to
the low frequency modulation. The arrange-
ments for receiving frequency modulated carrier
waves may furthermore be combined with a sys-
tem for automatic frequency control (AFC) to
the average or carrier frequency of the received
oscillations. For this purpose the resonant cir-
cuits -are controlled by a tuning responsive po-
tential which may be generated in a simple man-
ner by proper smcothmg or filtering of the output
potential v.

A principal arrangement of the aforementioned
type is shown in block diagram form in Pigure 14.
In the latter, the frequency modulated high fre-
quency potential e is amplified in an amplifier
53 to a value es sufficient for impression upon theé
frequency converter or demodulator 54 which may
be of any of the previously described types and
which serves to produce a freguency responsive
or output potential » in the manner describéed.
Since this potential v is proportiorial to the de-
viations of the received frequency from a normal
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(carrier) frequency, it corresponds to the low fre-
quency or modulating signal except for an addi-
tional direct current component. This direct
current component is caused by small deviations
of the tuning of the receiver relative to the
average (carrier) frequency of the received sig-
nals and may be suppressed by means of a high-

pass filter 55 to obfain a true demodulated or -

low frequency output signal v from the output
of the filter 55.° At the same time, this direct
current component is applied through a low-pass
smoothing filter 56 which latter is impermeable
to all speech and modulating signal frequencies,
to the variable tuning elements of the selective
or rescnant circuits of the amplifier 52 and the
demodulator 54 (potential v2) in such a manner
that the amount of detuning of the latter rela-
tive to the average (carrier) frequency fo is au-
tomatically maintained at a predetermined small
value.

In addition, the degree of amplification or gain
of the amplifier 53 may be controlled in accord-
ance with an amplitude responsive control poten-
tial r obtained for instance in a manner described
in connection with Figures 4 to 6 to substantially
suppress any disturbing and undesired amplitude
modulation of the received signals.. An addi-
tional automatic volume control to ‘compensate
slow variations of the carrier amplitude due to
fading and similar causes may be employed by
impressing a normal AVC potential 71 obtained
from the potential » by suitable filtering by means
of a filter 57. Thus, the amplitude control po-
tential r is obtained by ordinary rectification of
the high frequency potential and under circum-
stances may be derived from the demodulator 54
as shown in Pigures 4 to 6.

Referring to Figure 15, there is shown a similar
receiving arrangement to Ficure 14 as applied to
a, superheterodyne receiver. The frequency modu-
lated input potential e: is applied to a radio
frequency preamplifier 58 and the amplified po-
tential ez impressed upon a frequency converter
or mixer 59 to be combined therein with a locally
generated auxiliary potential es of different fre-
gquency (oscillator 60) resulting in a beat or in-
termediate frequency potential e« in a manner
well known. The latter is amplified by the aid
of an intermedite frequency amplifier 61 and the
amplified intermediate frequency potential es ap-
plied to a demodulator 54 in substantially. the
same manner 2s in the case of Figure 14. The
demodulated or output potential v is again im-
pressed uvon a high-pass filter 55 to- obtain a

5 final output potential v1 free from any direct cur-

rent component while the unfiltered potential »

‘is passed through a low-pass filter 56 and the

filtered output v: thereof applied to a frequency
controlling element of the local oscillator 60 in
such a manner that the intermediate average
frequency never deviates to an undesirahle degree
from the predetermined value. The amplitude
control potential in the example shown is de-
rived from the demodulator 54 and applied to
a gain control element of the intermediate fre-
quency amplifier 6! to suppress undeésirable am-
plitude modulation of the potential es. The slow
variations of potential r derived by means of a
filter 62 are applied to a gain control element of

‘the preamplifier 53 to effect a normal automatic

volume control (AVC) in a manner similar to
the arrangement in Figure 14.
The arrangements according to the invention

are also suited for the reception of a phase modu-

2,231,097

lated carrier wave as it is well known that a phase
modulation is equivalent to a frequency modula-
tion with a linearly distorted low frequency or
modulating wave. In this case, it is only neces-
sary to provide a special filter in the low Ifre-
quency section having a propagation factor in-
versely proportional to the frequency of the modu-
lating or low frequency signal components to com-
pensate for the linear amplitude distortion in de-
pendence upon the frequency.

Tt will be obvious from the above that the in-
vention is not limited to the specific exemplifica-
tions and methods disclosed herein for illustra-
tion and that many possible embodiments and
changes may be made in the embodiments above
set forth. Accordingly, it is to be understood that
all matter hereinbefore set forth or shown in the
accompanying drawings is to be interpreted as il-
lustrative and not in a limiting sense.

I claim:

1. In a frequency discriminator, a network com-
prising a capacitative and an inductive reactance
element in series, said network being resonant
to a predetermined frequency, means for impress-
ing a high frequency signal potential upon said
network, the relative frequency of said signal po-
tential with respect to the resonant frequency of
said network being varied in either direction from
said predetermined frequency, an electron dis-
charge tube having a cathode and an anode for
producing an electron space current, a pair of
control grids located in the path of said space
current, a further grid located between said con-
trol grids, means for maintaining said further grid
at a positive potential with respect to said cathode,
an output circuit connected to said anode, means
for impressing the total signal potential developed
by seid network upon one of said control grids,
further means for impressing signal poténtial de-
veloped by one of said reactance elements upon
said other control grid, and impedance means in
said output circuit adapted to develop output po-
tential having an amplitude varying in sign and
magnitude proportionately to the frequency de-
parture of said signal potential from the frequency
to which said network is resonant.

2. In a frequency discriminator, a network com-
prising a cspacitative and an inductive reactance
element in series, said network being resonant to
a, predetermined frequency, means for impressing
a high frequency signal potential upon said net-
work, the relative frequency of said signal poten-
tial with respect to the resonant frequency of said
network being varied in either direction from said
predetermined frequency, an electron discharge
tube having a cathode and an anode for producing
an electron space current, a pair of control grids
located in the path of said space current, a fur-
ther grid located between said control grids, means
for maintaining said further grid at a positive
potential with respect to said cathode, an output
circuit connected to said anode, means for im-
pressing the total signal potential developed by
said network upon one of said control grids, fur-
ther means for impressing signal potential de-
veloped by said inductive reactance element upon
said other control grid, and impedance means in
said output circuit adapted to develop output po-
tential having an amplitude varying in sign and
magnitude proportionately to the frequency de-
parture of said signal potential from the fre-
quency to which said network is resonant.

GUSTAVE GUANELLA.
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