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This invention pertains to thermionic diode-
modulator devices for accomplishing modulation
of alternating currents in a variety of essential
control-networks for reception and transmission
of radio communication, by employment of im-
pulse-excitation with predominant energy storage
or reactance facilities of such modulator circuits,
together with modifications of negative Dbias-
voltage upon one or more diode- anodes, and by
employment of coupling between such diode-
medulater circuits and control-networks, includ-
ing thermionic amplifier coupling. Among the
important uses of the diode-modulator devices
of this invention are amplitude-modulation in
thermionic alternating current generators; lim-
itation of alternating current amplitudes in such
generators to a range providing simple harmonic
oscillations, and for improvement of frequency
stability together with single-frequency phase-
balancing of generator circuits; frequency-modu-
lation in thermionic wave generators; limitation
of amplitudes of alternating voltages to a con-
stant magnitude independent of amplitudes of
impressed voltages beyond a selective threshold
magnitude, in receivers for frequency-modulated
carrier waves; phase-regeneration in frequency-
demodulaters for receivers of frequency-modu-
lated carrier waves, for increasing the conversion
sensitivity of such demodulators; automatic cor-
rection of tuning in superheterodyne receivers for
frequency - modulated or amplitude - modulated
carrier waves; and for a wave-synthesizer, for
evolving output-voltage waves of ‘varying degrees
of complexity from a simple harmonic .input-
voltage wave, with a high degree of selective con-
trol of the output-voltage amplitudes as to their
functional relationship to the input-voltage am-
plitudes, and of phase and frequency. These
structures are hereinafter pointed out in further
detail, together with important features of this
invention.

The principal object of this invention, is to
provide a simple diode-modulation system having
a high degree of utility in radic communication
receiving and transmitting circuits, to effect econ-
omies in necessary electronic eguipment hereto-
fore required to provide some of the above-stated
useful operations, and to provide 8 new and useful
system of phase-regeneration, and of amplitude,
irequency, and phase control in communication
networks. .

An object of this invention is to provide therm-
ionic diode-modulator devices, employing impulse
excitation, together with predommant energy
etorage or reactance facilities of the modulator

10

20

30

40

45

65

(CL 179—1715)

2

circuit, and with modifications of negative bias«
voltage upon one or more diode-anodes, and
coupling between the modulator circuit and con-
trolled network, including the use of thermionic
amplifier coupling, for controlling alternating cur-
rents of the controlled network, with a minimum
of electronic equipment, and without the neces-
sity of special thermionic tubes; or of utilizing
grid control elements to the exclusion of other
simultaneous uses.

Another object of this invention, is to p10v1de
such modulator devices for effecting amphtude-
modulation of alternating currents in a therm-
ionic alternating current generator; also to fur-
nish a simple and selective control of the equi-
librium currents of such alternating current gen-
erators, to confine such alternating currents to
amplitudes yielding a simple harmonic wave-
form, and to combine with these simple harmonic
currents phase-balancing of generator networks,
to attain stabilization of the generated frequency.

Still another object is to furnish simple means
for accomplishing frequency-modulation of the
alternating currents of a thermionic alternating
current generator, and to provide s mew and
useful system of phase-regeneration in frequency-
demodulater networks, for largely augmenting the
conversicn sensitivity of frequency-deviations
into output-veltages; also to utilize the diode-
modulators of this invention to provide important
tuning controls in superheterodyne receivers.

A further object, is to utilize the demodulator
devices of this invention to provide a simple
amplitude~limiter for use in receivers of fre-
quency-modulated carrier currents, providing a
selective control of the threshold magnitude of
impressed alternating voltages, beyond which
output. alternating voltages are maintained con-
stant in amplitude,

A sixth object of this invention, is to furnish a
new and useful diode-modulator device for the
synthesis of waves, for evolving output-voltage
waves of varying degrees of complexity from a sim-
ple harmonic input-veltage wave, with selective
control of incremental and decremental output-
voltage amplitudes in zelation to incremental
input-voltage amplitudes, and of phase and fre-
quency; also for providing inter-control of ampli-
tudes, phase, and frequency in communication
networks.

These objects, and others, will be better under-
stood by reference to the aceompanying drawings,
and to the Tollowing specification and appended
claims..

In the drawings,
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Fig. 1 illustrates a thermionic alternating cur-
rent generator, with a diode-modulator of this
invention, for introducing sinusoidal degenerative
voltages which are threshold determined by nega-
tive bias-voltage upon a diode-anode; also induc-
tive coupling of the dicde-modulator circuit with
the generator network, for providing impulse ex-
citation of the demodulator circuit, and means
for modulating the negative bias-voltage..

Fig. 2 shows a thermionic alternaiing current
generator, with a double-diode modulator device
of this invention, employing impulse excitation
with substantially pure inductive reactance in
the modulator circuit, and coupled with the gen-
erator network, and with a modulation-im-
pedance for modulating the negative bias-voltage
of the diode-anodes.

Fig. 3 illustrates an amphtude limiter device
with a frequency-demodulator for converting
frequency-deviations from a centre frequency of
received :carrier waves into corresponding out-
put voltages upon-a modulation-impedance, and
modulator-devices of this invention for effecting
amplitude-limitation and phase-regeneration in
the demodulator network, for augmenting the
conversion sensitivity of the demoduiator.

-Fig. 4 {llustrates in graph form certain quanti-
tative relationships showing equilibrium of alter-
nating currents of the generator networks, and
determination of amplitudes of these alternating
currents in relation to the dynamic characteristic
of the generator, the oscillation sustaining feed-
back voltage characteristic, and the negative
bias-voltage determined characteristic of sinu-
soidal degenerative feed-back volfage; also a
moduiating voltage modulating the negative bias-
voltage, and corresponding modulation of ampli-
tudes of the alternating currents of the generator.

Pig. 5, illustrates a sinusoidal voltage impressed

upon the modulator circuit by coupling with a
network to be controlled by the diode-modulator
of this invention; and also illustrates the modi-
fications effected in the time of duration and the
net voltage of the impulse, available for energiz-
ing the energy-storage facilities of the modulator
circuit, and in relation to modifications of the
negative bias-voltage upon a ‘diode-anode.
- Fig. 6 shows a ‘graph of & conventional de-
modulator characteristic for converting fre-
quency-deviations - info - output-voltages, and
illustrates the process of phase-regeneration for
inereasing the resultant output-voltage of the
frequency-demodulator in relation to the amount
of’ frequency—dewatlon of impressed carrier
waves.

An important feature of this invention, is the
employment of impulse excitation in thermionic
diode circuits having predominant energy storage
or reactance characteristics, and the determina-
tion of the energization of these circuits from
communication networks to be controlled, by con-
trolling threshold magnitudes of negative bias-
voltage upon one or more diode-anodes, deter-
mining available voltage excess of energizing
pulse above threshold magnitude, and time of
duration’ of pulse, -and in relation to natural pe-
riod of oscillation of ‘the energy storage circuit;
also the modification of currents in the communi-
cation network to be controlled, by employment
of threshold-determined sinusoidal voltage waves
derived from oscillations in said energy storage
facilities, for superposition upon grid control

means of a thermionic amplifying means coupled"

with the communication network; and alterna-
tively, by direct reaction in the communication
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network for modifying reactance of the network
directly, without intervention of the thermionic
amplifying means, when the energy storage facili-
ties of the diode circuits or impulse-excited at
frequencies far removed from a natural frequency
of said storage facilities.

These features, and others, are hereinafter
pointed out in further detail, and in connection
with the structures of this mventlon illustrated
in the drawmgs
" Referring to the dra,wmgs at I3 is a thermionic
tube, having the cathode 2, anode {7, suppressor-
grid {6, screen grid 15, and control-grid 14. At
1, in thermionic tube 13, is a diode-anode, form-
ing a diode with cathode 2. At 308 is a source of

- unidirectional voltage for energizing anode i7,
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and having ifs negative terminal connected fo
ground (8; the source 30 serves also to supply a
positive potential to screen-grid 15. Suppressor-
grid 16 is connected directly to the cathode 2, at
the cathode terminal 2a¢. By-pass condenser 28
connected geross source 38, serves to carry alter-

nating currents from anode {7 around the source

30; also by-pass condenser 31 connected between
screen-grid 15 -and ground I8, serves to by-pass
alternating currents from screen-grid 15 around
source 38, the impedance of condensers 28 and
3§ being negligible in relation to other impedances
of the circuits. The cathode terminal zq is con-
nected to ground {8, through resistance 8, for
example by the varizble contactor 8, and bias-
voltage is established upon resistance 4 in a man-
ner well understood; by passage of the steady
component of current from anode {7 to cathode
2 through resistance 4, points upon resistance 4
having a negative hias-voltage relative to the
terminal 2a¢ of the cathode. At 25 is an induct-
ance coil, tuned by the variable condenser 26
which is shunted across the coil 26, At i2 is a
by:-pass condenser connected from terminal 2¢
to variable contactor 8, for passing alternating
currents around resistance 4.

Referrmg to Flg 1, a thermionic altematmg
current generator is shown, one terminal of the
coil 25 being connected directly to the anode {7,
the other terminal of coil 25 being connected

‘through the phase-balancing condenser 2T and

phase-balancing resistance 29 to variable con-
tactor 19, upon resistance 4. An intermediate
junction k£ upon coil 25, is connected through
conductor G to the positive terminal of source
30. Inductively coupled with coil 25, is the in-
ductance coil 3, one terminal of which is con-
nected through the terminals 9 and 10, to ground
{8, the termingl {0 being connected directly to
ground 8. At {1 is a modulation voltage gen-
erator connected between the terminals 8§ and
{0; when the modulation generator {1 is not used,
or when modulation voltages are not impressed
between terminals 9 and 10, the latter terminals
are understood to be conductively connected to-
gether by a negligible impedance. The other ter-
minal of coil 3 is connected to diode-anode |,
through the conductive circuit between terminals
a and b. Connected between the terminals a
and b, is a highly reactive circuit, capable of ab-
sorbing the major portion of the. eneroy
transferred impulsively to the diode -circuit
20— 2—f8—10—9—3—b—a—I1—2a; such a cir-.
cuit is illustrated for example by condenser 8
connected between terminals a and b, with in-
ductance coil 6§ connected between terminals o
and b, condenser 5 being variable, and the circuit

5—6 having a high- reacta,nce-resmtance ratlo

Coupled with the coil § inductively, is the in-
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ductance coil 1, connected between the terminals
¢ and d. . Control-grid {4 is connected to termi-

nal ¢ of coil 1, and terminal d of coil ¥ is con-;

nected to yariable contactor 32 upon re51stance
28, At 20 is 8 by-pass-condenser of negligible
1mpedance, connected hetween the yariable con-
tactor 19-and the cathode terminal 2q.

-:In order to better understand the operation of
certain aspects of the structure of Pig. 1 of this
invention, reference may next be made to Fig. 5,
and to Flig. 4. In Fig. 1, when the coil 3 is un-
coupled from coil 25, and terminals ¢ and d short-
circuited. by a conductor of negligible impedance,
8 conventional form of thermionic alternating
current generator exists, with phase-balancing
means, and means for adjusting both the nega-
tive :bias-voltage and the oscillation-sustaining
aliernating fed-back voltage upon the control-
grid-14. Means have heretofore been provided for
phase-balancing thermionic alternating current
generators to reduce the well known inconstancy
of .generated frequency of such generators; such
phase-balancing is premised upon & single simple
harmonic frequency, which condition does not
exist when the oscillatory currents are allowed to
reach their equilibrium magnitude in the con-
ventional manner. Thus, for example in the gen-
erator of Fig. 1, a small reactance may be intro-
duced by the variable condenser 27, together with
the high resistance 29, to. shift the phase of the
oscillation-sustaining ‘or. regenerative voltage
upon the control-grid. i4, between 14 and cath-
ode terminal 24, and by a small phase-angle suf-
ficient to maintain the regenerative voltage in
exact phase-opposition to the vector sum of the
voltage across the external 1mpedance e. g. be-
tween cathode 2 and anode {17, and the voltage
drop internally, through the 1mpedance of the
thermionic tube between cathode 2 and anode {7,
and. at the natural, undamped frequency of oscil-
lation of the resonant system. Such a phase—bal-
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ance provides improvement of frequency- stability -

in reference to random changes in thermionic
tube resistance between cathode 2 and anode IT,
and so far as the fundamental natural frequency
alone is concerned; other means for accomphsh-
ing such- phase-balancmg with reference to a
simple harmomc natural frequency are known
for example Method and means for normahzxng
thermlomc oscillators, U. S, Patent No. 2,305 362
of:the present inventor, and wherein the above-
1ndlcated phase-balance is effected to. avoid the
necessity of- the oscillator to sl’nft frequency to
estabhsh a new equilibrium, when the tybe resist-
ance or’ osc1llatory cireuit res1stances are modi-
fied. Such phase-balancing is. hmlted in effec-
tiveness by the fact that a simple harmomc gen-
erated frequency- does not exist, when the gen-

erator alternating current, is. allowed to reach its.

equlhbrium magmtude in, the conventmnal ‘man-
ner; harmonics are present in varying degrees
Whlch limit the effectlveness of the above de-

ed’ frequency The present mventmn provxdes,,

s1mple means for hm1t1ng the generated fre-
duency to a smgle frequency by threshold limit-
ing of alternatmg gnd cathode voltages to any
desired medjum, as well as for modulatlng the am-
plltudes of the smgle generated frequency.
Referrmg to F‘lg 5, at 60 is shown a, sinusoidal
voltage wave, of amplztude E, and w1th reference
to the time axis 1nd1cated by 63. At 62 is indi-
cated a'line deﬁmng a negatwe bias- voltage upon
the diode-~ anode 1, relatlve to cathode 2, and set
for” example by ‘the variable contactor 8.

"The'
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voltage 60 represents a voltage set. up in coil 3
by inductive coupling with the coil 25, and the
shaded portion 61 indicates instantaneous.valiles
of excess of positive voltage E—eq0, above'a nega-
tive bias-voltage of magnitude edo. : The time: of
a half-cycle of the voltage of maximum value E,
is indicated by +/2, and the time of duration of
the positive voltage impulse upon the diode-anode
f as modlﬁed by the negative bias-voltage is in-
dicated by 7'. When the condenser 5§ with in-
ductance coil E is tuned to the fundamental ‘gen-
erated frequency of the currents in the oscilla-
tory circuit 25—26 of the thermionic alternating
current generator, the tuned circuit §—35 receives
an energizing pulse once every cycle. The circuit
5-—§, PFig. 1, has g high reactance-resistance ra-
tio; the effective resistance between the terminals
¢ and b is high in relation to the resistance ‘of
the diode {—2, and the major portion of voltage
drop of the diodé circuit is upon the circuit a—b.
Also, the decrement of the oscillatory circuit 5§
is then very small, and substantially constant am-
plitude is maintained for the alternating voltage
between terminals ¢ and b, and during the time
between energy impulses. The alternating volt-
age-upon the coil § is thus modified in relation
to amounts of negative bias voltage edo; and cor-

respondingly modified threshold- -determined si-
nusoidal voltages are set up in the eoil 1, no sinus-
oidal voltage being developed in the coil T until
the voltage B eXceeds the adjustable negative
bias-voltage edo. Alternating voltages are thus
developed across the terminals a¢—b, and in
proper phase relationship, by means of a highly

6 reactive- network, to provide degenerative volt-

ages with respect to the regenerative or osc1lla-
tion-sustaining voltages upon the resistance 28,
these degenerative voltages being threshold- de-
termined. ‘An impertant feature of this inven-
tion is the provision of means for producing
threshold controlled sinusoidal voltages, as dis-
tinguished from threshold controlled voltages
having harmonics, as for example when the highly
reactive circuit between terminals ¢ and b is re-

s blaced by a high resistance; in this latter case

only bias-excess portions of sine waves are trans-
mitted upon the high resLstance between term1-
nals a and b, for degeneratwe purposes, or for
voltage limiting purposes.

‘Referring to Fig. 4, at 61 is indicated a dy-
namic characteristic of a thermlomc alternatmg
current amplifier, showmg a typlcal relationship,
between the effective values of alternatmg volt-
age impressed upon ‘a control- -grid, e. g. grid 14,
and- alternating currents between cathode and
anode, with an external 1mpedance, e. 8. as. in
Fig. 1, when separately excited. At 15.is indicated.
an oscillation-sustaining feed-back voltage char-
acteristic, showing the feed-back voltage avail-.
able for any particular cathode~anode alternat~
ing current, in relation to the alternating voltage
required for said current, as. indicated by the
characterlstic 67. At 68 is 1ndlcated an equ111br1-
um value of alternating current of the alternatlng:
current generator, determined by, equality of the.
required and available. alternating voltages, in.
conventfional forms of thermionic alternatmg
current generators. The.characteristic 67, has 2
stralcht line relat10nsh1p between. impressed. al~
ternatmg voltage and resultant cathode- anode.
alternating current for a. _substantial pertion, oxer
which sinusoidal currents result from. impressed:
sinusqidal, voltages; heyond. this, portion. the ree.
sultant alternatmg currents have harmo CS,.
troduced for example by cut-off of cathode- anode
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current through large negative grid voltages, and
other causes. ' An important feature of the pres-
ent invention is the means for introducing degen-
erative sinusoidal voltages, after a selective mag-
nitude: of alternatmg voltage upon the confrol-
grid is reached. :

At 10 is indicated a characteristic of degenex a-
tive feed-back, showing the alternating voltage
for opposing the regenerative feed-back voltages,
and in relation to cathode-anode alternating cur-
rents. between 2¢—I17.. Thus. at the particular
alternating current indicated by the point 713, the
degenerative feed-back voltage is zero; this par-
ticular threshold magnitude being determined
by the fact that the specific negative bias-voltage
indicated by eqo is sufficient to prevent impulse
excitation of the: resonator: circuit 5—8. As
greater alternating voltages are impressed upon
the-coil 3, degenerative voltages appear across the
terminals ¢—d, and in relation to increasing al-
ternating currents between cathode 2 and anode
11, as indicated along the axis of ordinates; alter-
nating currents-between cathode 2 and anode {7
being indicated by Ip, and alternating voltages
upon grid 14 being Indicated by Eg, along the axis
of abscissas.. ‘Thus for the specific alternating
current indicated by 18, if the grid {4 were sepa-
rately excited, an alternating voltage correspond-
ing to the abscissa of the point 74 would be re-

quired upon grid 14, whereas the feed-back volt-

age available with this current,and for sustaining
oscillations, is indicated by E’q; the degenerative
voltage available is indicated by E'’s. The result-
ant regenerative voltage is thus E'e—E’’s, and
equilibrium alternating current of the thermionic
alternating current generator is determined
therefore at the magnitude indicated by the point
14 along the straight-line part of the character-
istic 67, instead of at the point 68. If the nega-

‘tive bias-voltage is modified to an amount indi- .

cated by the line 18, for the diode-anode |, the
degenerative voltage characteristic is shifted to
the line T{, and the equilibrium alternating cur-
rent of the thermionic alternating current gen-
erator is shifted to the magnitude indicated by
the point 17. At 19, is indicated a graph of mod-
ulating voltage upon the dicde-anode 1, in rela-
tion to time, the modulating voltages being indi-
cated at any instant by ea, superposed upon the
set negative bias-voltage esc, and such that the
maximum positive value of es does not exceed the
value of the set negative bias-voltage edo. The
resultant bias-voltage upon the diode-anode | is
thus always negative, and modified in relation to
the passage of time. At 79’ is indicated the cor-
responding graph of the envelope of the high-
frequency sinusoidal current waves of the therm-
ionic generator, showing the amplitude-modula-
tion of these current, waves in response to modi-
fied negative bias-voltages upon the diode f.

Thus, the circuit of Fig. 1, can be employed for
frequency-stabilization alone, or also for ampli-
tude-modulatmn of the alternating currents; in
the former instance the terminals 9—I10 are joined
by a conductor having but small impedance in
relation to the impedance of the diode-connected
circuit, and in the latter instance this conductor
is omitted, the conductive circuit being completed
through the source I for providing modulation
voltages across the terminals:8—i{0, to modulate
a resultant negative bias-voltage upon the diode-
anode f. The frequencies of the modulation volt-
ages are understood to be less than the frequen-
cies generated by the thermlomc alternatmg cur-
rent generator. B
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“With reference to the employment of Fig. 1
for frequency-stabilization, it will be noted that
the generated alternating currents are limited o
simple harmonic alternating currents of single
selectable frequency, providing the facility for
precise adjustment of phase of the regenerative
feed-back voltage by condenser 21, or other means
previously referred to herein; likewise the thresh-
cld-determined alternating degenerative voltages
impressed upon the control-grid 14 -are main-
tained in substantial phase-opposition to the
regenerative voltages, through control of phase~
angle of the diode-connected circuit, e. g. by ratio
of reactance of coil 3 to reactance and resistance
of the circuit between the terminals ¢ and. b.
Other phase-determining networks for impulse
excitation, may be employed between the termi-
nals a—b, and c—d, in a manner well understood;
for example quadrature-phase voltages may. be
obtained across the terminals c—d by tuning the
coil 1, or by other well known circuit means.

The operation of the grid-voltage amplitude-
limiting structure of Fig. 3 is similar to that de-
seribed for Fig. 1, in reference to Figs. 4 and 5;
in this instance the degenerative alternating volt-
age between the terminals ¢ and d increases at
nearly the same rate with-increase of cathode-
anode alternating current between 17 and 2, above
the threshold magnitudeof alternating input
voltage upon control-grid {4, as.the impressed
alternating input voltage increases in relation to
this alternating current which it produces. Thus
the effect of any increase in alternating input
voltage upon the grid 14 is annulled; the thresh-
old magnitude beyond which increases in input
aliernating voltage produce no further increase
in the output voltage, being selectively determined
by the variable contactor 8’. Such amplitude-~
limitation is useful in receivers for :frequency-
modulated carrier-waves, and the structure of
Fig. 3 provides both selector means for controlling

- the limited voltage, and means for providing
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amplitude-limited sinusoidal waves as distin-
guished from distorted or 1rregu1ar shaped waves
of constant amplitude.

Referring to Fig. 2, a thermionic alternating
current generator is illustrated, with thermionic
tube 13¢ having anode {71a connected to one ter-
minal of coil 25, the other terminal of coil 25
being connected to the resistance 4, through the
variable condenser 27 in-series with resistance
29; one terminal of resistance 29 is connected to
the variable contactor 19 upon resistance 4, and
the other.terminal of resistance 29 is connected
to the control-grid {4a of tube 13¢. With cathode
2, are the respective diode-anodes | and la, each
providing with cathode 2 a separate diode. Re-
sistance & is connected from cathode terminal 2a
to the ground 18, through variable contactor 8
upon resistance 4. Coils 3 and 3’ are inductively
coupled with the coil 25; these coils have equal
self-inductance, and are connected in series at
the junction p’. It will be understood. that a
single coil may be used for coils 3 and 3’, with the
junction p’ at the half-inductance point upon the
single coil. Connected between the dicde-anode
I and the terminal of coil 3 opposite junction p’,.
is the reactance coil 6¢, and connected between
the diode-anode g and the terminal of coil 3’
opposite junction p’, is the reactance coil 6d.
The reactance coils 6¢ and 6d have a high re-
actance in relation to resistance of the coils, and
coils 8¢ and 6d have equal self-inductance. The
combined series reactance of coils 6¢ and 3 is
large in relation to the resistance of the diode
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"2, and likewise the combined Series réactance
of coils 6d and 3’ is large in relation to thé resist-
-ance of diode -2, the circuits containing sub-
stantially pure inductive: reactanhce. Connééted
between the junction »’ and the terminal 9, is
the conductor y. The términal 9 is connected to
ground {8, through the modulation-impedance
connected between the terminals 8 and 10, having
theé conductive path through the equal resistances
85 and 53, in series, terminal 48 being connected
to ground 8. At 90 is illustrated in block-dia-
gram form a conventional demodulator, connected
to the modulation-impedance between terminals
9 and 10; it is understood for the purposes of this
invention that modulation voltages are provided
between the terminals 9 and {8. Thus for ex-
ample  with a conventional frequency—demodug
lator having frequency-modulated carrier waves
impressed upon the input-terminais i and 7', am-
plitude-modulated voltages are made avaﬂable
upon a modulation-impedance connected between
the terminals' § and 10, proportional to the
amounts of frequency-deviation of the carrier
waves, in a mantier well understood. Such a con-
ventional form of frequency-demodulator is fur-
ther illustrated in Fig. 3, in detail. The imped-
anee between terminals 9 and 19 for frequencies
of the thermicnic generator, is understood to be
negligible in relation to the reactance of the diode
circuits, between diode-anode § and junction p’,
and. between diode-anode {¢ and junction p’,
because of by-pass condensers 5 and 52, respec-
tively across the resistances 53 and 58, and the
frequencies of the modulation voltages across 8

and (0 to be low in relation to the frequencies of -

the thermionic altérnating current generator.

Operation of the diode-modulator of the struc-
ture, Fig, 2, for utilizing threshold-controlled iin-
pulse-excitation of the highly reactive diode eir-
cuits - to modulate the generated frequency of the
theimionic alternating current generator, may be
understood from the following' considerations.
Without any modulatitig voltage present betwesti
terininals 9 and (¢, thé negative bias-voltage upos
diode-ancdes { and ie is controlled by the con-
tactor 8 upon resistance &; if this bias-voltage is
set to zere, by contactor 8, then a full half—cycle
veltage impulse in coil 3 from coil 25, is opera-
tive, and likewise-a full half-cycle impulse in coil
8" from coil 25, is operative a half-bériod later,
to supply a current pulse through the highly re-
active diode circuit. When negative bias-voltage
is introduced by way of contactor 8, the duration
of the voltage pulse effective for ‘determining a
current pulse, is reduced, and likewise the effeé-
tive 1 magnitude of the voltage pulse is redueed,
tesulting in reduced alternating ctirrents in the
coils 3—23’ with the same induced veltage in 3—3'
fzom coil 25, and in an increase of the effective

ezctance of the diode circuits,

In the structures heretofore disclosed hereii,
direct reactxon of the diode circuit in the network
to be controlled has been negligible, only sufficient
coupling being necessary to set up control volt-
ages fot controlling a grid of a thermionic tube
co‘upled with the network to be controlled: in the
present structure however, no grid connection is
employed with the diode-modulator, dnectly'
The diode circuits 2—12—ﬂ8-—‘52—5l—1: 2

fe—1=8 and 2—t8-—i8--BI—$1—p' bl %

lg—-2, are substantially purely réactive citcuits,
and are sufficiently tightly" coupled inductively
with the coil 25 to modn“y the resultant reactance
of coil 25 at the frequencies of the -alternat-
ing current thérmionic generator: From well
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knowil relations for-$uch coupled ciréuits, if the
inductance of coil 45 alorié is de51gnated by Las,
the mutual 1nductance bétween éoil 25 and the
diode ¢ireiitt coils 8; 87, by M, and the total Self«
inductance of either diode cireuit by Lo, the re-
sultant self-inductance of the coil 25 coupled with
the dlode mductance ig: -~ :

L 25——L25—M3/Lo ’ 1

when - modlﬁcatmn -of the currénts through ih-
duetanee L is not effected by a riegatively biased
thermidiiic diodé. Whén modificaticil of the in-
ductance Lo i$ effected by controlling the restili-
ant negativé bidg-voltage upon thé diode-anodes,
it can readily be shown that ihstead of Lo, the
resultaiit selfzinductafice of the dxode circmts is
of thé forim: : .

I=gatgy -

As employed it Fig. 2 for frequency-modulation,
an initial negative bias-voltage edo; is set upon
the resistaiice 4:by the contactor 8. - In Equation
2 the pdrameter. « is-defined by the ratio of the
resultant negative bias=voltage upon the diode-
anodes t¢ the voltage Esrset up-in either coil 3
or coil 3’, from coil 25. .When both positive and
negative medulating voltages are employed upon
the modulation~impedance; as for example when
tlie modulation=impedance: is- connected to the
output side of a frequency-~demodulator; the neg-
ative biag-voltage set at:the contactor 8 is such
as to be always greater than the maximum posi-
tivé voliage upodn the modulation-impedance, he-
tween termingls 9 and .10, so:that: the resultant
bias-valtage upon the diode-dnodes { and fc is
always negative:

Reférring to Fig. 3, the dlode modulatoi devices
of this inverition are shown in ¢onnection with &
frequency~demodulator, for providing amplitude-
limitation of input-voltages upon the démodula-
tor and for providing phase-régéneration in the
démodulator circuit, tolargely increase the ratio

. of otitput-véltage of the demodulator in relation

to the amotint of frequency-deviation of the fre-
quency < modulatéd input - veltages. w Connected
with the anode {7 of tube (83, is 4 conventional
form of ffequency-demoduldator circuit, ong ter-
mifal of coil 25 being connected to anode 17, and
thé other termiiial of coil 25 beéing cohnected 0
the posifive terminal of source 36, Condenser 28
is ‘shunted across coil 25. At 56 is 4 secotidafy
¢oil, cotipled with coil 2% inductively.. - Shunted
across coil 58 is tHe cohdénser &i. Af 42 is g
thermionic tube; havihg diode-cithode 45 with
diode-anode 44, and diode-cathode 46 with dicdé-
anode 41, Connected between te1m1nals 9 and
i0; is the resistance §3 in series with' the resist«
ance 55, these resistances bemg equal. Shunted
across resistance 53 is condenser 5f, and shiinted
across resistanice 55 is condenser 52, Terminsl
g is connectad to diode- cathode 45, and termmal
16 is connected to diode-cathode 486. Choke zcoil
40 is connected between the half- inductarice
functlon j upon coil 56 and the junction q between
resistances 53 and 58. Connected hetween .the
ancde 11 zhd the junction 4; is the low-impedance
condenser 43. The circuit. described, and:. con-
Hected with the anode 17, comprises a conven-
tional type of frequency-demodulator. The im-
provements effected by the diode-modulators of
this invention, will be evident f¥om the following
details. : At iand ¢ :dre-input tériminals, indue-

5 tively éoupled  with:the€oil 25q, ahd. colidenser
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26a is shunted across the coil 25¢. Cathode 2 of
tube 13, has the diode-anocde f, and the diode-
anode fa. Resistance & is connected. between
cathode terminal 2¢ and ground 18, through var-
iable contactor 8. Connected between diode-
anode fa and variable contactor 8’ upon resist-
ance 4, is the coil 3’ in series with the terminals
a—b; coil 6 is connected between ferminals ¢
and b, condenser 5 is shunfed across coil 6, and
coil 3’ is inductively coupled with coil 25. By-
pass condenser 20 is connected between contactor
8’. and cathode-terminal 2a. One terminal of
coil 26a is connected to control-grid 14, and the
other terminal of coil 25¢ ‘is connected: to var-
iable contactor 19 upon resistance 4, through the
terminals ¢—d, the coil T being connected be-
tween the terminals ¢ and d, and coupled with
the coil 6. By-pass condenser 12b is connected
between the contactor {9 and cathode-terminal
2a, and by-pass condenser (2¢ is connected be-
tween contactors {9 and 8. Suppressor-grid {6
is connected to cathode-terminal 2a, and screen-
grid 15 is connected through conductor 30¢ to a
positive potential upon source 30. The above-
described modulator device with cathode 2 and
diode-anode ia, provides a voltage limiting device,
“selectively limiting ‘the amplifudes impressed

upon the frequency-demodulator.
Diode-modulator device including dicde-anode
{ with cathode 2, provides phase-regeneration in
the demodulator circuit, whereby voltages estab-
lished across the modulation-impedance between
the terminals 9—10, of the frequency-demodula-
tor, and responsive to the amount of frequency-
deviation of the carrier waves from a centre-
frequency, through changes in phase of voitages
upon the demodulator circuit, are employed to
further modify such changes:in phase to in-
crease the conversion sensitivity of the demodu-
lator for converting frequency-deviations to out-
put voltage between terminals 9—I0. Diode-
anode | is connected through the high reactance
coil 6c and coil 3 in series, through conductor
48 to the terminal 9 upon -the modulation-
impedance, the coil 3 being inductively coupled
with the demodulator network. Variable con-
tactor 19 serves to adjust the negative bias-
voltage upon grid (4, variable contactor 8’ serves
to adjust the negative bias-voltage upon diode-
anode {a for impulse-excitation of the circuit
between terminals ¢—Db, and variable contactor
8 serves to adjust the negative bias-voltage
on the diode-anode 1, through the -circuit
2—4—8—18—i0—9—48—3—6c—1—2, for im-
pulse-excitation of the reactance coils 6c and 3.
The operation of the diode-modulator in modify-
ing a resultant inductive reactance of a coupled
network, has been described with reference to
Fig. 2. Without phase-regeneration, an incre-
mental change in resultant reactance is effected
in the demodulator network by a change in fre-
quency, that is, by a frequency-deviation from
the centre carrier frequency; thus. if this incre-
mental reactance change is indicated by AX,

then: :

AX=—4xLAf (€))

in which Af is the incremental frequency change,
or frequency-deviation, and L the inductance
determining differential output-voltage upon the
modulation-impedance between terminals 9—10.
Referring to Fig. 6, at 91 is shown a typical graph
relating frequency-deviation to output-voltage
upon the modulation-impedance, for conven-
tional forms of frequency-demodulators, the out-
put-voltage indicated by ea being of : opposite
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polarity for positive frequency-deviations in rela-
tion to the polarity for negative frequency-
deviations. At AX’, is indicated an additional
change of reactance of the inductance L, estab-
lished by the diode-modulator including the
diode-anode i: The regenerative phase-amplifi-
cation thus established will be apparent from
Fig. 6. Due to modification of the inductance L,
by the amount AL, through action of the modula-
tor-device, there is a further change of reactance

of
AX’ =%rfeAL 4)

wherein fc is the centre-frequency of the carrier
waves, and AL change of inductance effected, in
the equilibrium condition. At P is indicated the
phase-reflex line, relating reactance change
available through phase-regeneration, for any
particular modulation-voltage ed, between the
terminals 9—10; at 81 is indicated the line relat-
ing reactance change required to produce the
particular voltage eq, by frequency-modulation
alone, the frequency-deviations being measured
along the axis of abscissas, 82. Thus at the
equilibrium point indicated by B’, the total re-
actance change is indicated by AX+AX', of
which only the amount AX is established by fre-
quency-deviations, directly, and the resultant
output-voltage between the terminals 8—18 is in-
dicated by the ordinate at B’, instead of by the
normal output-voltage indicated by the ordinate
at B. The resultant phase-regenerative amplifi-
cation of the output-voltages is thus seen to be
defined by the ratio:

A 1

in which D is the slope of the demodulator char-
acteristic, and D’ the slope of the phase-refiex
line P, and D’ is greater than'D.

It will be understood, that the polarity of
modulating voltage applied to the diode-modula-
tor from terminals 9—10; in relation to fre-
guency-deviation, is such as to augment the con-
version sensitivity, the polarity being selective;
also that the scope of this invention is not limited
to employment of phase-regeneration in the
specific fregquency-demodulator here illustrated,
there being other forms of frequency-demodula-
tors employing phase-shift to determine output-
voltages, for example, Thermionic device for con-
verting frequency-modulation into amplitude-
modulation, U. S. Patent No. 2,369,055, February
6, 1945, of the present inventor. It will likewise
be evident that when the opposite polarity is
selected, the modification of tuning of the de-
modulator network is in the opposite sense, to-

. ward a tuned condition instead of toward in-
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crease of de-funing.

Referring to the principal object of this inven-
tion, it will be understood that a super-hetero-
dyne receiver may employ the diode-modulator
devices of this invention for automatic adjust-
ment of tuning of the demodulator to inter-
mediate-frequency, or for phase-regeneration in
the demodulator, and that the demodulator may
include a diode-modulator device for limiting the
amplitudes, when receiving frequency-modulated
carrier waves. 'The mixer or frequency-reducer
of the super-heterodyne is understood to have a
thermionic alternating current generator, for ex-
ample as described herein, and containing a
diode-modulator- as described, for modifying the
frequency of the generator, without the necessity
of a separate reactance-modulator tube.

Operation of the diode modulated device of this
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invention as s wave-synthesizer will first be de-
seribed with reference to the simplest employment
of the device, for controlling the functional rela-
tionship between thie amplitudes of impressed si-
nusoidal waves e. g. upon coil 25, Fig. 3, and the
amplitudes of sinusoidal ocutput-voltages e, g. at
the terminals c—d, Fig. 3. It will be understood
that more than one diode modulator may be ener-
gized from coil 25, and independently biased by
means of a variable contactor stuch as 8 upon
resistance 4.
either in phase-conjunction, or phase-opposition,
or combinations of these, are employed in the cir-
cuif connecting the. output terminals such as
¢—d. Thus, as the amplitudes: of the impressed
voltage across coil 25 are increased, the ampli-
tudes of the output-veltages may be controlled to
eonform o various functional relationships; a few
examples will illustrate the synthesis of relative
wave amplitudes.

It will be evident that the negative blas—voltages
can be spaced so that the various impulse-excited
cireuits contribute to the total output-voltage in
a sequence, as the impressed voltage ‘increases
sufficiently to exceed the threshold values. Thus,
increments to the output-voltage can be supplied
in a sequence, so that the output-voltage in the
circuit connecting the output-terminals such as
¢—d increases in relation to the input-voltage in

a relationi approximating the N-th power of the :

input-voltage, N being greater than unity. Or,
alternatively, 41l degenerative or phase- -opposing
voltages can be introduced in sequence into the
eircuit connecting said terminals, to approximate
the N-th power relation, N being fractional.
alternatively, combinations of threshold con-
trolled phase-aiding and phase-opposing voltages
can be used, providing output-voltage character-
istics which are concave downward for a range,

and then concave upward, or alternatively, con- 4

cave upward for a range and then concave down-~
ward. Other functional relations will be appar-
ent, and in relation to the multlphclty of diode~
modulator ¢ircuits émployed.

An impertant feature of the functional 1‘e1a—
tions so evolved, is the facility for providing non-
linear relationships between impressed and out-
put-voltages, without the necessity of distortion
of the output wave-shape, as in the case of con-
ventional forms of transmission through rnon-
linear conductors; in the above process sintusoidal
" threshold-controlled incremental or decremental

voltages are employed, providing a sinusoida] re-
sultant.

Many threshold-determined phase-shift rela-
tionships may be evolved; a single illustration will
suffice. When one of the impulse-excited transfer
circuits provides the facility for introducing quad-
rature-voltage components, as . heretofore  de-
scribed, - threshold-determined  phase-shifts are
obtainable. For example, with a single diode-
anode device, e. g. with diode-anode la, g sinus-
oidal resultant voltage can be made to increase
linearly with the input-voltage until a set maghni-
tude is reached, after which the resultant voltaze
begins to shift phase relative to the input-voltage.

In the employments of impulse-excitation de-
scribed, the tuned transfer circuits have been
tuned to the frequency of excitation impressed

- upon the modulator circuits, that is, when the
source of excitation has a frequency ¥, the tuned
transfer circuits are also tuned to the frequency
F. With this usage, one energy impulse is im-
pressed upon the transfer circuit for each cycle of
impressed voltage, and per diode-ancde con-

In this usage, threshold voltages

Or :

10

20

50

66

2,452,182

14
nected with the oscillatory transfer circuif. Fx-
citation of a transfer circuit having funable os-
cillatory facilities as illustrated, may however,
be effected for maintaining alternating currents
in the transfer circuit by furnishing energy im-
pulses less frequently than one per cyele of natural
oscillations of the transfer circuit. Thus, if the
transfer circuit is tuned for twice the frequency
of the impressed voltage upon the diode-modu-
lator, energy imbpuises can be furnished to the
transfer circuit of duration equal to, or less than,
the time of one half-cycle of the double fre-
quency, as illustrated in Fig, 5 showing duration
' and magnitude of positive pulse upon a diode-
anode, in relation to negative bias~ voltage upon
the- diode-anode, and to the voltage impressed
upon the diode circuit.  Similarly, when the os-
cillatory transfer circuits are tuned for multiple
frequencies of the frequency impressed upon the
diode-modulator circuit, multiple frequency al-
ternating currents can be maintained in the
transfer circuits, through negative bias-voltage
control of the time + of impulse excitation.
When an alternating voltage of frequency F is
impressed upon the circuit 25—26, output-volt-
ages can thus be made available at the output ter-
minals such as ¢—d, with harmonic frequencies
selectively controlled as to amplitude and phase.

In the diode-modulators herein’ deseribed, cou-
pling for supplying impulse-excitation has been
illustrated between the diode-circuit and the out-
put-impedance of a thermionic amplifier; it win
be evident that this coupling can alternately be
with the input-impedance, and likewise the im-
pulse-excited resonator coupled with the inpus-
impedance for combining  alternating voltages
from the input-impedance with threshold-con-
trolled alternating voltages from the resonator
reactance network; e. g. for application of the
combined voltages between the grid and. -cathode
of a thermionic tube, for effecting .controls here-
tofore described, herein. Coupling with the out-
put-impedance affords: larger available- voltages
for impulse-excitation, and correspondingly
larger threshold-controlled alternating voltages.

Having described several:illustrative embodi-
ments of my invention, it will be evident that
changes can be made in the form and arrange-
ment of parts, and by substitution in part of other
well known structures, or otherwise, without de-
parting from the spirit of my invention, and I
do not therefore limit the scope of the invention
to such particular embediments.

‘What is claimed is:

1. In a thermionic amplifier hav1ng a thermi-
onic. tube with cathode, ancde, and grid, an in-
put-impedance connected to said grid and to said
cathode, and an outpui-impedance connected to
said ecathode and to said anode, a diode-modu-
lator device for controlling phase and magnitude
of alternating currents in said cutput- ~impedance,
said device having a thermionic diocde means in-
cluding a diede-anode with said cathode, a diode-
circuit connected between said diode-anode and
cathode, including connections serially through a
negative bias-voltage control means for control-

~ ling negative biasing of said diode-anode relative

70

75

to said cathede, and through a tuned reactance-
circuit capable of free electrical oscillations with
small decrement at a frequency of said alternst-
ing currents; a first coupling means coupling said
diode-circuit with said output-impedance, and z
second coupling means coupling said tuned reac-
tance-circuit with said input-impedance, for
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controlling phase and magnitude of voltages upon
said input-impedance.

- 2. In combination with the structure of claim
1, a third coupling means coupling said output-
impedance with said input-impedance for gener-
ating said alternating currents, a modulation-
impedance in series with said diode-cireuit, and
modulating-voltage means connected with said
modulation-impedance, for varying the resultant
negative bias-voltage upon said dicde-anode, to
modulate said alternating currents. -

3. A diode-modulator device for modulating
alternating current amplitudes, in an alternating
current thermionic generator having a thermi-
onic tube with cathode, anode and grid, an input-
impedance connected between said cathode and
grid, an output-impedance connected between
said cathode and anode, and & coupling means
coupling said input-impedance with said output-
impedance, said device having a thermionic diode
means including g diode-anode with said cathode,
a circuit connected between said diode-anode and
cathode including connections through a negative
bias-voltage means for negatively biasing said
diode-anode relative to said cathode, an induct-
ance coil shunted by a condenser, tuned to said
alternating currents, and a modulation-imped-
ance; a first coupling means coupling said circuit
with said output-impedance, g second coupling
means coupling said inductance coil with said in-
put-impedance, impressing degenerative alternat-
ing voltages upon said input-impedance, and
modulating-voltage means connected to said
modulation-impedance, for varying the resultant
negative bias-voltage upon said diode-anode.

4. A diode-modulator device for moedulating
alternatmg currents in a thermionic alternating
current generator having a thermlomc tube with
cathode, anode, and grid, an input-impedance
connected between said grid and cathode, an out-
put-impedance connected between said cathode
and anode, and a coupling means coupling said
input-impedance with said output-impedance,
said device having a thermionic diocde means in-
cluding a diode-anode with said cathode, a diode-
circuit connected between said diode-anode and
cathode serially including connections through a
negative bias-voltage means for negatively bias-
ing said diode-anode, a transfer-impedance in-
cluding a resonator-circuit for controlling phase
of transferred voltages, and a modulation-imped-
ance; a first coupling means coupling said diode-
circuit with said output-impedance, a second cou-
pling means coupling said transfer-impedance
with said input-impedance, in quadrature with
the voltages upon said output-impedance, and
modulating-voltage. means connected to said
modulation~-impedance, for varying the resultant
negative bias-voltage upon said diode-anode.

5. The combination with a thermionic amplifier
having a thermionic tube with. a cathode, grid,
and anode, an output-impedance connected be-
tween said anode and cathode, and an inpui-
impedance connected between said grid and cath-
ode, of a  diode-modulator device for limiting
alternating voltages upon said output-impedance
to a substantially constant magnitude, independ-
ent of increases of alternating voltages upon said
input-impedance beyond a selectable norm; said
device having a thermionic dicde means includ-
ing a diode-anode with said cathode, a circuit
connected between said diode-anode and cathode
including connections with a bias-voltage control
means for controlling negative biasing of. said
diode-anode relative to said cathode, a resonator-
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circuit means including an inductance coil
shunted by a condenser, tuned by said condenser
to said alternating voltages and capable of free
electrical oscillations of small decrement, and a
coupling  impedance; a first coupling means
coupling said coupling-impedance with one of
said amplifier impedances, and a second cou-
pling means coupling said resonator-circuit means
with said input-impedance, impressing voltages
upon said grid of opposite phase to said input
voltages, when said input voltages exceed said
norm, selectably determined by the magnitude of
said negative bias-voltage upon said diode-anode.

6. The combination with a frequency-demodu-~
lator for converting frequency-modulated carrier
currents to amplitude-modulated output-voltages,
of a diode-modulator device, for increasing the
conversion sensitivity of said demodulator, said
demodulator having a phase-shifting network de-~
termining said amplifude-modulated - output-
voltages responsive to variations of frequencyof
the carrier currents, and an output-impedance
for said amplitude-modulated output-voltages,
said device having a diode with diode-anode
and diode-cathode, a circuit between said diode-
anode and diode-cathode. including connections
with a negative bias-voltage control means for
controlling negative biasing of said diode-anode
relative to said diode-cathode, and an inductive
impedance; a first coupling means coupling said
inductive impedance with said phase-shifting
network, and a second coupling means coupling
said negative bias-voltage control means with said
output-impedance, for increasing the resultant
phase-shift in said phase-shifting network initi-
ated by a variation of frequency of said carrxer
currents. :

7. A diode reactance-modulator device' for.
modifying reactive alternating voltages in a
phase-shifting network, said device having a
thermionic tube with a cathode and a diode-anode
with -said cathode, control-circuit means con~
nected between said cathode and diode-anode
comprising a negative bias-voltage control means
including a modulation-impedance means for
controlling negative biasing of said diode-anocde
relative to said cathode, and an inductance coil
means having large reactance relative to the re-.
sistance between said cathode and diode-anode,
to the inherent resistance of said coil means; and
to said modulation-impedance means, said means
being serially connected; inductive coupling
means coupling said control-circuit means with
said phase-shifting network for transfer of en-
ergy, and voltage-control means connected with
said modulation-impedance means for controlling.
the resultant negative bias-voltage upon said
diode-anode, to control the stored energy of said
control-circuit means. i

8. In combination with the structure of claim
7, said thermionic tube having a second. anode
and a grid for controlling thermionic currents
between said cathode and said second anode, said’
phase-shifting network being connected between:
said cathode and said second anode, an input-
impedance connected between said grid and said
cathode, and a second coupling means coupling
said control-circuit means with said mput-xm-
pedance.

9. In a thermionic amplifier having a thermi-
onic tube with a cathode, a grid, and an anode,
an input-impedance connected to said grid and
to said cathode, and a phase-shifting network
connected to said anode and to said cathode, in~-
cluding connections with an energizing source for-
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said a.node cathode, a dlode;modulator device for  modulator having, a pt ase-shxfting. network. and
‘,an output 1mpedance for ed

a dlode-anode with said cathode ! ] ‘
‘ode-c1rcu1t means 1nclud' 5 ‘means, a first’ ouphng means' oupI
' ',put 1mpedance With' said’ reactan

means for controlhng sald blas VO

_sald _reactance-modu;ator means,

,stormg substantlally all qfva“
transmitted through said, di eans, from said
network through excess of positive voltage upon
said diede-anode over said negative bias-voltage:
couphng means couphng said diode-circuit means
with said network, and a regulating means regu-"
Jlating magnitude of sald negative bias-voltage
“upon‘said diode-anode. ' - N

10. In combination with the structute of ‘claim . 0 £
9, a modulationsimpedance. connected in series 20 alternatmg voltages from an 1mp1es
with said diode-~circuit means, and voltage-modu-~ " ing input-voltage, .said. devme havmg a,
.lating means connected W1th said modulation- ,transfer-mrcmt in ludmg an. 1p_ el
,,Kimpedance for varying the resultant ‘n gathe
,'b1as -voltage upon said’ diode- _andde. ’

’11. In combination with the structure of claim 0¢
:9,,a second . coupling means . couphng said . diode- Wlth said cathodé, a tuned transfe 1mpedance
inductance means with said 1nput-1mpedance capable of free electrlcal ‘osel )3

12 In combination with the structure of claim decrement hav1ng mput. ermma,ls
9, condenser means connected with said  diode- minals, and a conductive’ ‘Dath. bets al
inductance means for tuning said diode- -circuit gy put-térthinals, & bias-voltage control means hav-
means, and a second coupling means coupling said ing a positive terminal connected to said cathode,
diode-inductance means with said input-imped- a conductive circuit between said diode-anode
ance. and a negative terminal upon said bias-voltage

13. In combination with the structure of claim control means, including said conductive path
9, condenser means for tuning said diode-induct- o5 through said input-terminals of said transfer-
ance means, a modulation-impedance connected impedance and a conductive path through a

in series with said diode-circuit means, voltage- diode-coupling means coupling sald conductive
modulating means connected with said modula- circuit with said transfer-circuit for impulsively
tion-impedance for varying the resultant nega-~ energizing said transfer-impedance; and the cir-
tive bias-voltage upon said diode-anode, and a 40 cuit means for combining voltages upon said
second coupling means coupling sald diode-in- transfer-circuit including said output-terminals
ductance means with said input- -impedance, for of said transfer-impedance.
regulating magnitude and phase of alternating 18. A modulator device for modifying alternat-
voltages upon said grid from said diode-circuit ing voltages upon an electrical filter- circuit, said
means. 45 device having a diode means including g cathode
14. In combination with the structure of claim and a diode-anode, a diode circuit connected be~
9, a second coupling means coupling said input- tween said diode-anode and cathode including a
impedance with said network for producing self- tuned-reactance resonator means capable of free

sustained alternating currents, condenser means electrical oscillations of small decrement, s first
for tuning said diode-inductance means, and a 50 coupling means coupling said diode circuit with

third coupling means coupling said diode-induct- said filter-circuit for impulsively exciting reso-
ance means with said input-impedance, for regu- nance oscillations in said tuned-reactance reso-
lating magnitude and phase of alternating voli- nator means, a negative bias-voltage ~control
ages upon said grid from said diode-circuit means. means connected with said diode cirecuit for con-

15. In combination with the structure of claim 55 trolling amount of negative bias-voltage upon
9, a second coupling means coupling said input- said diode-anode, and controlling impulse-excita-
impedance with said network for providing self- tion of said tuned-reactance resonator means

sustained alternating currents, condenser means responsively with excess of positive impulse-volt-
for tuning said diode-inductance means, a third age upon said diode-ancde above said negative
coupling means coupling said diode-inductance 60 bias-voltage, and a second coupling means cou-
means with said input-impedance, regulating pling said tuned-reactance resonator means with
phase and magnitude of alternating voltages said filter~circuit, for combining impuise-excited
upon said grid from said diode-circuit means, a oscillatory voltages from said tuned-reactance
modulation-impedance connected in series with resonator means with alternating voltages upon
said diode-circuit means, and voltage-modulat- 65 said filter-circuit, and for controlling the phase

ing means connected with said modulation-im- and magnitude of said combined voltages.
pedance for modifying the resultant negative 19. A diode reactance-modulator device for
bias-voltage upon said diode-anode. modifying reactive voltages upon a phase-shift-
16. The combination with a frequency-demod- ing network, said device having a diode rectifying
ulator for converting frequency-modulated car- 70 means including a diode-anode with a cathode,
rier currents into amplitude-modulated output- conductive diode-circuit means including said
voltages, of a phase-modulator device for modi- means, comprising predominant energy-storage
fying the specific amount of phase-shift in said means conserving substantially all of any energy-
demodulator for any constant frequency-devia- impulse upon said diode-cireuit means, includ-

tion of said impressed carrier currents, said de- 76 ing inductance means and a negative bias-voltage
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l:control means for controlling the amount of
" negative bias-voltage of said dicde-anode relative

‘to said cathode, said means being serially con-

“nected; energizing means for impulsively ener-
" gizing said inductance means from energy of said

phase-shifting network, responsively with excess
- of ‘positive voltage above said negative bias-voit-
age, including inductive coupling means coupling
said diode-circuit means with said phase-shifting

_ network and a second coupling means including
Yo thermionic conductance means coupling said
““diode-circuit means with said phase-shifting net-

work for reflex-control of voltages upon “said

:, phase-shlftmg network.

20, In combination with the ‘structure of claim

19, resonator-means including capacitance means
- coupled with said inductance means for tuning
- with a frequency of said phase-shifting network,

~for controlling the phase of voltages upon said
~coupling means. :

21.' A diode modulator device for modifying

" voltages upon a phase- shifting network, said de-

vice having a diode-rectifying means including a
cathode with a diode-anode, diode-circuit means

connected between said cathode and dicde-anode

serially including a resonator means and a nega-
tive bias-voltage control means for controlling

“the amount of negative bias-voltage of said diode-

anode relative to said cathode, said rescnator
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means being resonant with a frequency of said
network; energizing means for impulsively sus-
taining-oscillations in said resonator means with
energy from ‘sdid phase-shifting network respon-
sive to excess of positive voltage above said nega-
tive bias-voltage, including a first coupling means
coupling said diode-circuit means with said net-
work, and a second coupling means including a
thermionic conductance means coupling said

diode-circuit means with: said phase-shifting net-
work, for reflex-control of the phase and magm-
tude of voltages upon said network. :
EDWARD H. LANGE.
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