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This invention pertains to a device for utilizing
the signal-intelligence contained in a frequency-
modulated alternating current, by converting the
amount of such frequency changes into corre-
sponding voltage magnitudes, and providing
modification of said voltage magnitudes respon-
‘sive to the rate of frequency change of the ap-
plied frequency-modulated alternating currents,

The principal object of this invention is to -

accomplish this desired function by providing a
simple form of apparatus, having both a high
degree of sensitivity, and economy of necessary
component parts.

Another object of this invention is to provide
a device of the character stated, having a direct
proportionality between the voltage magnitude
produced and the frequency deviation from the
resonant or centre frequency, of the applied fre-
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quencies, and for a very substantial range of fre- .

quency deviations from the centre frequency; also
to provide a device in which the polarity of the
voltage produced is opposite for sub-resonant
frequencies in relation to super-resonant frequen-
cies, so that the produced voltage is zero for the
centre or resonant frequency, and varies in g
substantially straight line relation with the fre-
quency deviation,

Still another object of this invention is to pro-
vide a balanced type of output circuit, and in
relation to the input circuit, and adapted to use
with a push-pull type amplifier. _

These objects, and others, and important fea-
tures of this invention are hereinafter further
pointed out in the specification and appended
claims, and will be better understood by reference
. to the drawing.

Referring to the drawing, Fig. 1 illustrates the
device of this invention, connected to a conven-
tional form of saturation-operated thermionic
tube, on the input side, and to a push-pull type
amplifier on the output side, and having the sat-

uration-operated thermionic tube anode ener-

gized through the input circuit of the device.
Fig. 2, illustrates a modification of Fig. 1,
adapted to connection on the output side to the
same connections as are illustrated in Fig. 1, and
having the anode of the saturation-operated
thermionic tube separately energized through a
separate choke-coil, and having the input circuit
of the device of this invention conductively insu-
lated from said anode by a stopping-condenser.

Fig. 3, illustrates a. vector diagram, illustrating

in a simplified form the principle of operation of
the device, and certain important vector rela-
tions. ’
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Referring to Figs. 1 and 2, at 25 is a thermionic
tube, having an anode 26, a cathode 29, a con~
trol-grid 12, a suppressor-grid 27 connected to
the cathode 29 by connection 27a to terminsl
29a, and a screen-grid 28 connected to the lead
wire 33. The cathode terminal 28a is connected
to ground by the connection 10, The terminals
31 and 32, are connected respectively to the con-
trol-grid 12 and the ground connection 710. The
anode 26 is energized through the connection 12,
and from the source of continuous voltage TI,
connected between the terminals 36 and 36’, the
positive terminal of said source being at 36’, and
the negative terminal 36 being connected to the
ground connection 70. At 35, Fig. 1, is a by-pass
condenser, permitting the alternating current
component of current to anode 26, to pass to
cathode 29 by a direct low-impedance path. Con-
tinuous positive potential is supplied to the lead
wire 33 to the screen-grid 28, the unidirectional
flow of current being as shown by the arrow 34;
this can be provided for example by connection
of the lead 33 to a positive terminal of the source
11, or by other suitable means. For the purpose
of this invention, it is understood that a frequen-
cy-modulated alternating voltage is impressed
across the terminals 31—32, and that the ther-
mionic tube 25 operates as a saturated device,
such that frequency-modulated alternating cur-
rents of constant amplitude are provided in the
external anode-cathode circuit 12--29q, inde-
pendent of any amplitude-modulation which may
also exist in the alternating voltage impressed
across 31—32, It will be understood that this

5 can be accomplished by other thermionic means -

than the saturation of a thermionic tube such as
25, and that the present invention is not con-
cerned with the specific apparatus for providing a
frequency-modulated alternating current of con-
stant amplitude:

Connected between the terminal 4 and the ter-
minal 8, is the input circuit of the device of this
invention. This consists of the series parallel
circuit 8—T1—4, in which a two-branch parallel
resonant circuit is provided between 1—4&, and a
high impedance choke-coil between 1—8, con-
sisting principally of inductive reactance, when
traversed by alternating currents. One branch
of the parallel resonant circuit consists of the
inductance coil |, the other branch consists of
the capacitance {0 in series with the inductance
coil 2, connected together at the terminal 6, and
bridged across the terminals 4—7. At 7, is a
common junction of a terminal of the choke-coil
3, the inductance | and inductance 2. The in-
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ductance |, is divided into two parts by the con-

" nection 5, thus providing the two portions 8 and.

la of the mductance 1.

At 41 is a thermionic double-diode, having a
first anode 37 and a first cathode 39, and a sec-
ond anode 38 and second cathode 40. The termi-
nal 6 of the inductance 2, is connected as shown
to the anode 38, and the connection 5 upon the
inductance {, is connected as shown to the anode
31. Connected across the cathodes 39 and 40,
are the resistances 43 and 44, which are of equal
magnitude, the resistances being connected in se-
ries and having the common connection 58, so
that the connection or terminal 58 is at the half-
resistance point upon the total resistance between
the cathodes 39 and 40, or between 42 and 45, the
latter terminals being connected respectively to
the cathodes 39 and 40 by leads of negligible re-
sistance.
terminal 8 of the choke-coil 3, as shown. Con-
nected between the terminal 45 and the ground
connection 69, is the condenser 46 in series with
the resistance 89, and similarly connected be-
tween the terminal 42 and ground connection
69, is the condenser 48 in series with the resist-
ance 50. The condensers 46 and 48 have equal
capacitance, and likewise the resistances 49 and
50 are of equal value, and have their common
connection 51 connected to the ground connection
69. At 53 and 52 are thermionic tubes of a push-
pull amplifier, having respective anodes 66 and
61 connected respectively to primary windings
54 and 55 of a fransformer, as shown, and re-
spective cathodes 64 and 63 connected to a com-
mon terminal 65, the terminal 65 being con-
nected to a common terminal 66 of the windings
54 and 55, through a source of continuous voltage
67 having its positive terminal at 66, and nega-
tive terminal at 65. At 56 and 51, are terminals
of a secondary winding of said transformer. The
common terminal 65 of the cathodes 63 and 64, is
connected to the common connection 51 of the
resistances 49 and 50, through a source of con-
tinuous voltage, for purposes of providing a bias
voltage, the continuous. voltage source 68 hav-
ing its positive terminal connected to 65, and
negative termina] connected to 51. The grid 59
of tube 53 is connected to the resistance 49 as
shown, and the grid 62 of tube 52 is connected
to the resistance 50 as shown.

In Fig. 2, the source of continuous voltage T,
between the terminals 36 and 36’’, is separately
connected to the anode 26, through a choke-coil
30 connected between terminal 36’/ and lead wire
12, which is connected to the anode 26. Connec-
tions of series-paralle] circuit between:8—7—4,
to the double-diode are otherwise identical with
Fig. 1, the terminal 38" which is connected to 6,
being connected to anode 38, the terminal 37
which is connected to 5, being connected to an-
ode 37, and the terminal 58 which is connected
to 8, being connected to the common connection
58 of the resistances 49, 50. The terminal 4, is
insulated from conductive connection to the an-
ode 26 by the condenser 24, which serves as a
stopping condenser for the steady potential of
the source 11, and otherwise has a negligible im-~
pedance in relation to the impedances of the par-
allel circuit 4—17, or choke-coil 3.

It will be noted that in neither Fig. 1 nor the
modification of Fig. 2, is there any difference of
potential across diode 38—40, or-across diode
3739, of the double-diode 41, occasioned by the
presence of the continuous voltage source Ti. In
Pig. 1, when no alternating current is traversing

The terminal 58 is connected to the-
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- having half the diameter of 19,

({]

the circuit 4—T71—8, the diode elements 38, 39,
40, and 31, are each at the same positive poten-
tial of the source TI. In Fig. 2, under similar
conditions, the diode elements 38, 40, 39, and 31,
are each at ground potential.

For purposes of simplicity, heater elements
commonly used to elevate the temperature of the
various cathodes illustrated, to attain electronic
emission, are not shown in the drawing.

The inductances | and 2, are understood to be -

such as to have a very high reactance-resistance

ratio for the frequency range in which they are -

to be used, so that the resonant circuit 4—17 is
sharply resonant to the centre frequency of the
frequency-band to be employed. At exact reso-
nance, the parallel circuit 4—7 acts as a pure
resistance of high value; the inductive reactance
of the choke-coil 3 should be of at least this order
of magnitude, and preferably higher. -

The operation of the device can best be un-
derstood by reference to a vector diagram, as

shown in Fig. 3. At 21, is a current vector, rep~

resenting the constant magnitude alternating
current applied to the circuit 4—7—8, and of
variable frequency, above and below the centre
or resonant frequency of the paraliel circuit
4—1. The alternating current vector 21, is taken
as a reference vector, while various alternating
voltages vary both in phase and magnitude as
the frequency is varied. A conventional coun-
ter-clockwise rotation of vectors is employed, to
illustrate and identify lagging and leading vee-
tors. Thus, the total alternating current 2{
flows through the choke-coil 3, and because the
choke-coil 3 is essentially pure reactance to this
current, the alternating voltage 3e across 3 leads

the current 21 by substantially 90 degrees in:

phase, that is, the alternating current 2{ lags
the positive direction of the voltage vector 3e, by
90 degrees, the points T’ and 8’ defining respec-
tively the tip.and end of the vector 3e. When
the applied frequency is exactly at the centre or
unmodulated frequency, and the parallel circuit
41 is exactly tuned for this frequency, an al-
ternating voltage 47 is developed across 4—17, in-
dicated by the vector 41 having a tip at 18, and
end at T’, exactly in phase with the current 2i.
As the frequency is varied, the tip of 47 traces
around a circle such as 9. For positive fre-
quency deviations from centre frequency, that is,
for frequencies above resonance, indicated by the
lower half of the circle 19, the voltage vector 47
traces along the lower half circle 19, lagging the
current 21, and for frequencies below resonance,
that is negative frequency deviations, the voltage
vector 47 is positioned somewhere in the upper
half of circle (8, that is, leading the current 21.
The voltage employed upon the anode 37 is the
vector sum of the voltage 3e across the choke-
coil 3, together with a part of the voltage across
the coil 1, that is a part of the vector 41, in
whatever phase position this vector happens to
be, in relation to the existing frequency. This
part of the voltage of coil 1, is the part across
{a, between 5 and 1, the coil | being divided into
two parts 9 and fa by the connection 5. Thus,
for the particular sub-resonant frequency illus-
trated, the tip of vector 41 will be at the position
18a. If half of the total voltage of coil { is em-
ployed, between 5 and 1, as illustrated, then this
voltage is as shown at le, upon the circle 20,
The induct-
ance of coil 2, is proportioned in relation to ia, so
as to have the same magnitude of alternating
voltage at resonance across 6—1 as there is across
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§—1. The alternating voltages across 8—1, and
6—1, are in substantially opposite phase with ref-
erence to the point 7, that is, when one of these
voltages is directed toward the junction 7 the
other is. directed away from the junction 1. As
the frequency changes, the voltage across coil 2
traces around the circle 20’, of equal diameter,
and opposite to circle 20. For the sub-resonant fre-
quency illustrated, when the alternating voltage
across la is as shown by vector fe, the corre-
sponding alternating voltage across the coil 2 is
as shown by the vector 2e. At 46, is shown the
vector voltage across the condenser 10. The uni-
directional or rectified current passing the anode-
cathode 38—40, is dependent upon the magnitude
of the resultant voltage applied acrosg 6—58, and
likewise the magnitude of unidirectional current
passing the anode-cathode 37—39 is dependent

‘upon the magnitude of the resultant voltage ap-

plied across 5—58. 'Thus, for the particular sub-
resonant frequency illustrated, the voltage across
§—58 is the vector sum of 3e and le, or vector
13; the voltage across 6—58 is the vector sum
of 3e and 2e, or the vector 23. In this instance,
the unidirectional current flowing from 42 to 58,
will be greater than the unidirectional current

. flowing from 45 to 58, and there will exist a re-

suitant voltage across the terminals 42—45, di-
rected from 42 to 45. For zero deviation of fre-
quency, that is, at the exact resonant frequency,
the point 5’ will coincide with point 22 at the tip
of the vector 571’, which is the half-diameter of
41, and likewise the point 6’ will coincide with (7.
In this condition, the resultant vectors 23 and

13 will be of equal magnitude, and there will be:

no resultant voltage between the terminals
42—45. Similarly, for super-resonant frequen-
cies, when the vector le has traversed the circle

=20 to point 15, the corresponding vector 2e will

have traversed the circle 20’ to point 16; the vec-
tor 23 will now be greater than the vector 13, and
the resultant voltage across terminals 42—45 as a
consequence of rectified current will be directed
from 45 to 42, It will be noted that the fre-
quency deviations usually employed, are but a
small percentage of the actual centre frequency;
thus in this usage only a part of the circles 20
and 20’ is employed, on either side of resonance,
and likewise the vector 3e is then substantially

constant in magnitude during such small fre- .

quency changes. . : o
There is thus provided by this device, an ap-
paratus of but few necesasry component parts,
and having a very high conversion sensitivity, as
is also evident from the vector diagram. For ex..
ample, a difference of the resultant voltages {3
and 23 equal to about one half the total.voltage
3¢ across the choke-coil 3, is attained by the
relatively small frequency deviation required to

de-phase the voltage le by 45 degrees from reso-

nant position. To accomplish a fifty percent
change in voltage across the choke-coil directly
by a change in frequency would require g fifty
percent change in carrier frequency, with a con-
stant alternating current through the choke-~coil,
whereas this same result is attainable by a fre-
quency deviation of one percent of the centre or
resonant frequency. The sensitivity is thus fifty
times as great as that of the choke-coil 3 in
producing a voltage difference, and is equivalent
to that of a choke-coil of fifty times the self-
inductance of coil 3. The above magnitudes are
given for purposes of illustration only, of the
sensitivity of conversion in relation to the cir-
cuit elements, and are not to be understood as
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limitations, or otherwise than a specific example
given for the better understanding of the oper-
ation of the device. In general, the inductance
of the choke-coil 3, is of the same order of mag-
nitude as the resistance at resonance of the par-
allel resonant circuit. If the reactance-resist-
ance ratio of the resonant circuit elements is des~
ignated by Q, the resistance at resonance of the
parallel resonant circuit is of the general order
of magnitude of Q times the inductive reactance
at the centre frequency, of the coil 1. However,
the choke-coil 3 is of this same order of magni-
tude; the sensitivity is therefore equivalent to
that of an inductance coil Q times as large in
inductance as choke-coil 3, or Q2 times as large
as coil I of the resonant circuit, in either in-
stance, having the same alternating current mag-
nitude passing through, and for the same fre.
quency-deviation. )

For purposes of - illustration, coils | and 2,.of
the resonant circuit, are shown as separate coils,
without mutual inductance between them. A
single coil can also be used, the connections 5 and
T upon a single coil being then chosen with ref- .
erence to the end-terminals 4 and 6, so that the
alternating voltage developed between 6—1 is the
same at resonance as that developed between
5—1

An important feature of this device is the
means provided by the circuit for symmetrical
loading, caused by the diode circuits. Since some
power is necessarily taken from the.input cir-
cuit for establishing voltage acfoss 43 and 44,

" this power is reflected as some additiona] loss, re-

ducing the effective Q-values of the resonant in.
put circuit. The device disclosed provides a bal-
anced arrangement, with a minimum of unde-
sired asymmetry of reaction of the diode loads
upon the phase-determining resonant circuit. -
Having thus described several illustrative em-
bodiments of my invention, it will be evident that -
changes can be made in the form and arrange-
ment of parts without departing from the spirit

-of my invention, as set forth in the appended

claims, and I do not therefore limit the scope of -
the invention to such particular embodiments, or
otherwise than by the terms of the appended
claims, :

‘What is claimed is: .

1. The combination with an alternating cur-
rent limiting apparatus having a thermionic tube

. with cathode, anode and control-grid, frequency.
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modulated alternating voltages impressed across
the control-grid and cathode, and a source of
continuous voltage connected across the cathode
and anode, of a converter device for converting
constant-amplitude ' frequency-modulated alter.
nating currents intg amplitude-modulated alter-
nating voltages, said device having a choke-in-
ductance connected in series with a two-branch
parallel resonant circuit, connected in series be-
tween said source of continuous voltage and said
anode, said parallel resonant circuit having one
branch consisting of a first inductance, the other
branch consisting of a second inductance in se-
ries with a condenser, one terminal of each of
said inductances being connected to a common

‘junction; said device having a double-diode with

a first anode and - first cathode, and a second
anode-and second cathode, a resistance connect-
ed between said first and second cathodes, a con-
nection between the half-resistance point of said
resistance and the terminal of said choke-induct~
ance opposite said junction, a connection between
the first anode and'an intermediate point upon
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opposite said junction, a connection from the
first anode to a terminal upon said first induct-
ance, and a connection from said second anode
to the terminal of said second inductance oppo-
site said junction; said device having connections
to a thermionic tube, including connections from
& cathode of said tube to an anode of said tube,
through a continuous-voltage source, and
through said input circuit.

7. A device for converting frequency-modu-
lated alternating currents into amplitude-modu-
lated alternating voltages, said device having an
input circuit comprising a two-branch parallel
resonance circuit in series with a choke-coil, said
parallel resonance circuit consisting of an induct-
ance coil and a capacitance shunted across said
inductance coil, with a first terminal at a com-
mon connection of the inductance coil and said
capacitance, and a second terminal at a point in-

termediate the terminals of said inductance coil, o

a terminal of said series-connected choke-coil be-
ing connected to said second terminal, a third
terminal upon said inductance coil, and a fourth
terminal upon said inductance coil, said third
and fourth terminals being upon opposite sides
of said second terminal, and so spaced that equal
alternating voltages exist at resonance between
the third and second terminal and between the
fourth and second terminal; said device having
an output circuit including a thermionic double-
diode with a first anode and first cathode, and a
second anode and second cathode, two equal re-
sistances connected between the first and second
cathodes, in series relation, a connection from

the common mid-point of said resistances to the :

terminal of said choke-coi]l opposite said second
terminal, a connection from the first anode to

- said third terminal, and a connection from said
second anode to said fourth terminal, whereby a
frequency~modulated constant-amplitude alter-
nating current applied through said input circuit
establishes voltage between said cathodes, direct-
Iy proportional to frequency deviation from reso-
nance frequency of said parallel circuit, and
whereby the polarity of said established voltage
for sub-resonant frequencies is opposite to the
polarity for super-resonant frequencies.

8. A device for converting frequency-modu-
lated alternating currents into amplitude-modu-
lated voltages, said device having an input-cir-
cuit through which frequency-modulated alter-
nating currents are applied, comprising a two-
branch parallel resonant circuit in series with g
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choke-coil, said parallel resonant circuit having
one branch consisting of a first inductance, and
the other branch consisting of a second induct-
ance in series with a first condenser, a terminal
of said first inductance and of said second induct-
ance being connected to a terminal of said choke-
coil to form a common junction; said device hav-
ing an output-circuit including a first thermionic
diode-means connected between the terminal of
said choke-coil opposite said junction and the
terminal of said second inductance opposite said
junction, through a first resistance, and having
3 second thermionic diode-means connected be-
tween the terminal of said choke-coil opposite
said junction and a terminal upon said first in-
ductance, through a second resistance equal to
said first resistance, a circuit connected across
said first resistance including a second condenser,
and a circuit connected across said second resist-
ance including a third condenser, whereby dif-
ferential-voltage is established across said first
and second resistances in series, proportional to
frequency-deviation from resonant frequency,
and of opposite polarity for sub-resonant fre-
quencies in relation to polarity for super-resonant
frequencies,

9. A frequency-demodulator device, said device
having an input-circuit for impressing fre-
quency-modulated alternating currents, compris.
ing a two-branch parallel resonant circuit in se-
ries with a conductive impedance, said parallel
resonant circuit having one branch containing a
first inductance coil, the other branch contain-
ing a second inductance coil in series with a con-
denser, and said conductive impedance having a
high ratio of reactance to resistance at the centre
frequency of said alternating currents, & terminal
of said first inductance coil and of said second in-
ductance coil being connected to a terminal of
said conductive impedance, to form a common
junction; said device having an output-circuit
including a first diode means connected between
the terminal of said impedance opposite said
junction and the terminal of said second induct-
ance coil opposite said junction, through a first
resistance, and a second diode means connected
between said terminal of said impedance opposite
said junction and a terminaj upon said first in-
ductance coil, through a second resistance equal
to said first resistance, whereby differential recti-
fled-voltage is established across said first and
second resistances in ‘series.
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