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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 nodifications of negative bias 
voltage upon one or more diode-anodes, and by 
employment of coupling between such diode 
modulator 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 
demodulators for receivers of frequency-modul 
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 radio communication 
receiving and transmitting circuits, to effect econ 
omies in necessary electronic equipment hereto 
fore required to provide some of the above-stated 
useful operations, and to provide a new and useful 
System of phase-regeneration, and of amplitude, 
frequency, and phase control in communication 
networks. 
An object of this invention is to provide therm 

ionic diode-modulator devices, employing impulse 
excitation, together with predominant energy 
storage or reactance facilities of the modulator 
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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. w 
Another object of this invention, is to provide 

such modulator devices for effecting amplitude 
modulation of alteraating 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 a new and 
useful system of phase-regeneration in frequency 
demodulator networks, for largely augmenting the 
conversion sensitivity of frequency-deviations 
into output-voltages; 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-Voltage wave, with selective 
control of incremental and decremental output 
voltage amplitudes in relation 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 accompanying drawings, 
and to the following 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 induct 
tive coupling of the diode-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 alternating 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-in 
pedance for modulating the negative bias-Voltage 
of the diode-anodes. . . . . . . . . . . . 

Fig. 3 illustrates an amplitude-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 demodulator. 

Fig. 4 illustrates 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 voltage; also a 
modulating voltage modulating the negative bias 
voltage, and corresponding modulation of ampli 
tudes of the alternating currents of the generator. 

Fig. 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 a conventional de 
modulator characteristic for converting fre 
quency-deviations into output-voltages, and 
illustrates the process of phase-regeneration for 
increasing the resultant output-voltage of the 
frequency-demodulator in relation to the amount 
of frequency-deviation of impressed carrier 
WWES. 

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 invention illustrated 
in the drawings. 

Referring to the drawings, at 3 is a thernionic 
tube, having the cathode 2, anode 7, SuppreSSOr 
grid 6, screen grid 5, and control-grid 4. At 
, in thermionic tube 3, is a diode-anode, form 
ing a diode with cathode 2. At 3 is a Source of 
unidirectional voltage for energizing anode it, 
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and having its negative terminal connected to 
ground 8; the source 38 serves also to supply a 
positive potential to screen-grid 5. Suppressor 
grid 6 is connected directly to the cathode 2, at 
the cathode terminal 2a. By-pass condenser 28 
connected across source 30, Serves to carry alter 
nating currents from anode 7 around the Source 
30; also by-pass condenser 3 connected between 
screen-grid A5 and ground 8, serves to by-paSS 
alternating currents from screen-grid 5 around 
source 30, the impedance of condensers 28 and 
3 being negligible in relation to other impedances 
of the circuits. The Cathode terminal 2d. is co 
nected to ground 8, through resistance 4, for 
example by the variable 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 to cathode 
2 through resistance 4, points upon resistance 4 
having a negative bias-voltage relative to the 
terminal 2a of the cathodie. At 25 is an induct 
ance coil, tuned by the variable condenser 26 
which is shunted across the coil 25. At 2 is a 
by-pass condenser connected from terminal 2a. 
to variable contactor 8, for passing alternating 
currents around resistance 4. 

Referring to Fig. 1, a thermionic alternating 
current generator is shown, one terminal of the 
coil 25 being connected directly to the anode , 
the other terminal of coil 25 being connected 
through the phase-balancing condenser 2 and 
phase-balancing resistance 29 to variable con 
tactor 9, upon resistance 4. An intermediate 
junction ic 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 0, to ground 
i8, the terminal 0 being connected directly to 
ground 8. At is a modulation voltage gen 
erator connected between the terminals 9 and 
f; When the modulation generator is not used, 
or When modulation voltages are not impressed 
between terminals 9 and 0, the latter terminals 
are understood to be conductively connected to 
gether by a negligible impedance. The otherter 
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 energy 
transferred impulsively to the diode circuit 
2a-2-8-0-9-3-b-d-i-2a; such a cir 
cuit is illustrated for example by condenser 5 
connected between terminals a and b, with in 
ductance coil 6 connected between terminals a 
and b, condenser 5 being variable, and the circuit 
5-6 having a high reactance-resistance ratio. 
Coupled with the coil 6 inductively, is the in 
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ductance coil 7, connected between the terminals 
c and d. , Control-grid 4 is connected to termi 
nal c of coil 7, and terminal d of coil is is con 
nected to variable contactor 32 upon resistance 
29. At 20 is a by-pass condenser of negligible 
impedance, connected between the variable con 
tactor 9 and the cathode terminal 2a. 
... In order to better understand the operation of 
certain aspects of the structure of Fig. 1 of this 
invention, reference may next be made to Fig. 5, 
and to Fig. 4. In Fig. 1, when the coil 3 is un 
coupled from coil 25, and terminals c and d short 
circuited by a conductor of negligible impedance, 
a 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 
alternating fed-back voltage upon the control 
grid 4. 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 a 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 f4, between 4 and cath 
Odeterminal 2a, 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 impedance, e. g. be 
tween cathode 2 and anode 7, and the voltage 
drop internally, through the impedance 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 17, 
and so far as the fundamental natural frequency 
alone is concerned; other means for accomplish 
ing such phase-balancing with reference to a 
simple harmonic natural frequency are known, 
for example Method and means for normalizing 
thermionic oscillators, U.S. Patent No. 2,305,362 
of the present inventor, and wherein the above 
indicated phase-balance is effected to avoid the 
necessity of the oscillator to shift frequency to 
establish a new equilibrium, when the tube resist 
ance or oscillatory circuit resistances are modi 
fled. Such phase-balancing is limited in effec 
tiveness by the fact that a simple harmonic gen 
erated frequency does not exist, when the gen 
erator alternating current is allowed to reach its 
equilibrium magnitude in the conventional man 
ner; harmonics are present in varying degrees, 
which limit the effectiveness of the above-de 
Scribed phase-balance for stabilizing the generat 
ed frequency. The present invention provides 
simple means for limiting the generated fre 
quency to a single frequency by threshold-limit 
ing of alternating grid-cathode voltages to any 
desired medium, as well as for modulating the am 
plitudes of the single generated frequency. 

Referring to Fig. 5, at 60 is shown a sinusoidal 
voltage wave of amplitude E, and with reference 
to the time axis indicated by 63. At 62 is indi cated a line defining a negative bias-voltage upon 
the diode-anode is relative to cathode 2, and set for example by the variable contactor 8. The 
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6 
voltage 60 represents a voltage set up in coil 3 
by inductive coupling with the coil 25, and the 
shaded portion 6 indicates instantaneous values 
of excess of positive voltage E-edo, above a negas 
tive bias-voltage of magnitude edo. The time: of 
a half-cycle of the Voltage of maximum value E, 
is indicated by t/2, and the time of duration of 
the positive voltage impulse upon the diode-anode 
f as modified by the negative bias-voltage is in 
dicated by t'. When the condenser 5 with in 
ductance coil 6 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 5-6 receives 
an energizing pulse once every cycle. The circuit 
5-6, Fig. 1, has a high reactance-resistance ra 
tio; the effective resistance between the terminals 
a and b is high in relation to the resistance of 
the diode 1-2, and the major portion of voltage 
drop of the diode circuit is upon the circuit a-3. 
Also, the decrement of the oscillatory circuit 5-6 
is then very small, and substantially constant am 
plitude is maintained for the alternating voltage 
between terminals a, and b, and during the time 
between energy impulses. The alternating volt 
age upon the coil 6 is thus modified in relation 
to amounts of negative bias voltage edo, and co 
respondingly modified threshold-determined si 
nusoidal voltages are set up in the coil 7, no sinus 
oidal voltage being developed in the coil 7 until 
the voltage E 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 

3 reactive network, to provide degenerative volt 
ages with respect to the regenerative or oscilla 
tion-sustaining voltages upon the resistance 29, 
these degenerative voltages being threshold-de 
termined. An important 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 a and b is re 

; placed by a high resistance; in this latter case 
only bias-excess portions of sine waves are trans 
mitted upon the high resistance between termi 
nals a and b, for degenerative purposes, or for 
voltage limiting purposes. 

Referring to Fig. 4, at 67 is indicated a dy 
namic characteristic of a thermionic alternating 
current amplifier, showing a typical relationship. 
between the effective values of alternating volt 
age impressed upon a control-grid, e. g. grid 14, 
and alternating currents between cathode and 
anode, with an external impedance, e. g. as in 
Fig. 1, when separately excited. At 75 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 
characteristic 67. At 68 is indicated an equilibri 
um value of alternating current of the alternating 
current generator, determined by equality of the 
required and available, alternating voltages, in 
conventional forms of thermionic alternating 
current generators. The characteristic. 67, has a 
straight-line relationship between impressed al 
ternating voltage and resultant cathode-anode. 
alternating current for a substantial portion, over: 
which sinusoidal currents result from impressed, 
sinusoidal, Voltages; beyond this, portion the re 
Sultant alternating currents have harmonics, in 
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 alternating Woltage, upon the control 
grid is reached. w 
At 70 is indicated a characteristic of degenera 

tive feed-back, showing the alternating voltage 
for opposing the regenerative feed-back voltages, 
and in relation to cathode-anode alternating cur 
rents between 2a-fi. Thus at the particular 
alternating current indicated by the point 73, 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 edo is sufficient to prevent impulse 
excitation of the resonator: circuit 5-6. As 
greater alternating Voltages are impressed upon 
the coil 3, degenerative voltages appear across the 
terminals C-d, and in relation to increasing al 
ternating currents between cathode 2 and anode 
f, 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 4 being indicated by Eg, along the axis 
of abscissas. Thus for the specific alternating 
current indicated by 76, 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 4, whereas the feed-back volt.- : 
age available with this current, and for sustaining 
oscillations, is indicated by Eg; the degenerative 
voltage available is indicated by E'g. The result 
ant regenerative voltage is thus Eg-E'g, and 
equilibrium alternating current of the thermionic 
alternating current generator is determined 
therefore at the magnitude indicated by the point 
74 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 78, for the diode-anode , the 
degenerative voltage characteristic is shifted to 
the line if , and the equilibrium alternating cur 
rent of the thermionic alternating current gen 
erator is shifted to the magnitude indicated by 
the point 77. At 79, is indicated a graph of mod 
ulating voltage upon the diode-anode , in rela 
tion to time, the modulating voltages being indi 
cated at any instant by ed, superposed upon the 
set negative bias-voltage edo, and such that the 
maximum positive value of ed 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 9 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 . 
Thus, the circuit of Fig. 1, can be employed for 

frequency-stabilization alone, or also for ampli 
tude-modulation of the alternating currents; in 
the former instance the terminals 9-0 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 for providing modulation 
voltages across the terminals 9-0, to modulate 
a resultant negative bias-Voltage upon the diode 
anode?. The frequencies of the modulation volt 
ages are understood to be less than the frequen 
cies generated by the thermionic alternating cur 
rent generator. . . . . . . . . 
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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 to 
simple harmonic alternating currents of single 
selectable frequency, providing the facility for 
precise adjustment of phase of the regenerative 
feed-back voltage by condenser 27, or other means 
previously referred to herein; likewise the thresh 
old-determined alternating degenerative. Voltages 
impressed upon the control-grid 4 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, d. and .b. 
Other phase-determining networks for impulse 
excitation, may be employed between the termi 
nails d-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 , or by other well known circuit means. ... 
The operation of the grid-Voltage amplitude 

limiting structure of Fig. 3 is similar to that de 
scribed for Fig. i., in reference to Figs. 4 and 5; 
in this instance the degenerative alternating Wolt 
age between the terminals c and d increases at 
nearly the same rate with increase of cathode 
anode alternating current between 7 and 2, above 
the threshold magnitude of 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 4 is annulled, the thresh 
old magnitude beyond which increases in input 
alternating 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 irregular shaped waves 
of constant amplitude. 

Referring to Fig. 2, a - thermionic alternating 
current generator is illustrated, with thermionic 
tube 3d having anode a 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 9 upon resistance 4, and 
the other terminal of resistance 29 is connected 
to the control-grid i4a of tube i3a. With cathode 
2, are the respective diode-anodes and fa, each 
providing With cathode 2 a separate diode. Re 
sistance is connected from cathode terminal 2a. 
to the ground i8, 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 diode-anode 
and the terminal of coil 3 opposite junction p', 

is the reactance coil 6e, and connected between 
the diode-anode a and the terminal of coil 3' 
Opposite junction p", is the reactance coil 6d. 
The reactance coils 6c and 6d have a high re 
actance in relation to resistance of the coils, and 
coils 6c and 6d have equal self-inductance. The 
combined series reactance of coils 6c and 3 is 

75 large in relation to the resistance of the diode 
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-2, and likewise the combined series reactance 
of coils 6d and 3’ is large in relation to the resist 
ance of diode fa-2, the circuits containing sub 
Stantially pure inductive reactance. Connected 
betWeen the junction p' and the terminal 9, is 
the conductor J. The terminal 9 is connected to 
ground i8, through the modulation-impedance 
connected betWeen the terminals 9 and O, having 
the conductive path through the equal resistances 
55 and 53, in Series, terminal being connected 
to ground 8. At 90 is illustrated in block-dia. 
gran form a conventional demodulator, connected 
to the modulation-impedance between terminals 
9 and 0; it is understood for the purposes of this 
invention that modulation voltages are provided 
between the terminals 9 and . Thus for ex 
ample, with a conventional frequency-demodul 
lator having frequency-modulated carrier waves 
impressed upon the input-terminals i and i', am 
plitude-modulated voltages are made available 
upOn a modulation-impedance connected between 
the terminals 9 and ), proportional to the 
anolints of frequency-deviation of the carrier 
Waves, in a manner well understood. Such a con 
Ventional form of frequency-demodulator is fur 
ther illustrated in Fig. 3, in detail. The imped 
ance between terminals 9 and 0 for frequencies 
of the thermionic 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 a and junction p', 
because of by-pass condensers 5 and 52, respec 
tively across the resistances 53 and 55, and the 
frequencies of the modulation voltages across 9 
and to be low in relation to the frequencies of 
the thermionic alternating current generator. 
Operation of the diode-modulator of the struc 

ture, Fig. 2, for utilizing threshold-controlled in 
pulse-excitation of the highly... reactive diode cir. 
cuits to modulate the generated frequency of the 
thermionic alternating current generator, may be 
understood from the following considerations. 
Without any modulating voltage present between 
terminals 9 and G, the negative bias-voltage upon 
diode-anodes and la is controlled by the con 
tactor 8 upon resistance 4; if this bias-voltage is 
Set to zero, by contactor 8, then a full half-cycle 
voltage impulse in coil 3 from coil 25, is opera 
tive, and likewise a full half-cycle impulse in coil 
3' from coil 25, is operative a half-period 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 effec 
tive magnitude of the voltage pulse is reduced, 
resulting in reduced alternating currents in the 
coils 3-3 with the same induced voltage in 3-3' 
from coil 25, and in an increase of the effective 
reactance of the diode circuits. 
In the structures heretofore disclosed herein, 

direct reaction of the diode circuit in the network 
to be controlled has been negligible, only sufficient 
coupling being necessary to set up control volt 
ages for controlling a grid of a thermionic tube 
coupled with the network to be controlled; in the 
present structure however, no grid connection is 
employed with the diode-modulator, directly. 
The diode circuits 2-2-8-52-5 f-p'-3- 
la-2, are substantially purely reactive circuits, 
and are sufficiently tightly coupled inductively 
with the coil 25 to modify the resultant reactance 
of coil 25 at the frequencies of the alternat 
ing current thermionic generator. From well 
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known relations for such coupled circuits, if the 
inductance of coil 25 alonie is designated by L35, 
the mutual inductance between coil 25 and the 
diode circuit coils 3, 3’, by M, and the total self. 
inductance of either diode circuit by Lo, the re 
sultant self-inductance of the coil 25 coupled with 
the diode iriductance is: . . . . 8 

. L'25L25-M/Lo (...) 
when iiiodification of the currents through in 
ductance Elio is hot effected by a negatively biased 
theranionic diode. When modification of the in 
ductance L0 is effected by controlling the result 
ant negative biasevoltage upon the diode-anodes, 
it can readily be shown that instead of L0, the 
resultant self-inductance of the diode-circuits is 
of the form: . . . . 

1-go + 
AS employed in Fig. 2 for frequency-modulation, 
an initial...negative bias-voltage edo, is set upon 
the resistance 4. by the contactor 8. In Equation 
2. the parameter. o. is defined by the ratio of the 
resultant negative bias Voltage upon the diode 
anodes to the voltage E3 set up in either coil 3 
or coil 3, from coil...a5. When both positive and 
negative modulating. Woltages are employed upon 
the nodulation-impedance, as for example whesh 
the modulation-inpedance is connected to the 
outputside of a frequency-demodulator, the neg 
ative bias-Voltage set at the contactor 8 is Such 
as to be always greater than the maximum posi 
tive Woltage upon the modulation-impedance, be 
tween terminals 9; and ), so that the resultant 
bias. Woltage upon the diode-anodes and c is 
always negative. 

Referring to Fig. 3, the diode-modulator devices 
of this invention are shown in connection with a 
frequency-demodulator, for providing amplitude 
limitation of input-voltages upon the demodula 
tor arid for providing phase-regeneration in the 
demodulator circuit, to largely increase the ratio 
of output-voltage of the demodulator in relation 
to the amount of frequency-deviation of the fre 
quency-modulated input-voltages. Connected 
with the anode 7 of tube 3, is a conventional 
foin of frequency-demodulator circuit, one ter 
minal of coil 25 being connected to anode 7, and 
the other terminal of coil 25 being connected to 
the positive terminal of source 3G. Condenser 26 
is shunted across coil 25. At 58 is a secondary 
coil, coupled with coil 25 inductively. Shunted 
across coil 56 is the condenser 4?. At 42 is a 
thermionic tube, having diode-cathode 45 with 
diode-anode 44, and diode-cathode 46 with diode 
anode 47. Connected between terminals 9 and 
?o, is the resistance 53 in series with the resist 
ance 55, these resistances being equal. Shunted 
across resistance 53 is condenser 5 f, and shunted 
across resistance 55 is condenser, 52. Terminal 
9 is connected to diode-cathode 45, and terminal 
f G is connected to diode-cathode 46. Choke-coil 
40 is connected between the half-inductance 
jiriction i upon coil 56 and the junction q between 
resistances 53 and 55. Connected between the 
anode and the junction i, is the low-impedance 
condenser 43. The circuit, described, and con 
liected with the anode; f, comprises a conven 
tional type of frequency-denodulator. The in 
provements effected by the diode-nodulators of 
this invention, will be evident from the following 
details. . At i and is are: input terminals, induct 

5 tively coupled with the 'eoil 25d, and cofidense 
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26a is shunted across the coil, 25a. Cathode 2 of 
tube 3, has the diode-anode , and the diode 
anode fa. Resistance 4 is connected between 
cathode terminal 2a and ground 8, 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 terminals a 
and b, condenser 5 is shunted acroSS coil 6, and 
coil 3' is inductively coupled with coil 25. By 
paSS condenser 20 is connected between contactor 
8', and cathode-terminal. 2d. One terminal of 
coil 25a is connected to control-grid 4, and the 
other terminal of coil 25d is connected to War 
iable contactor 9 upon resistance 4, through the 
terminals c-d, the coil being connected be 
tween the terminals c and d, and coupled with 
the coil 6. By-pass condenser 2b is connected 
between the contactor 9 and cathode-terminal 
2a, and by-pass condenser 2d. is connected be 
tween contactors 9 and 8. Suppressor-grid 6 
is connected to cathode-terminal 2a, and screen 
grid 5 is connected through conductor 300 to a 
positive potential upon source 30. The above 
described modulator device with cathode 2 and 
diode-anode fa, provides a voltage limiting device, 
selectively limiting the amplitudes impressed 
upon the frequency-demodulator. 

Diode-modulator device including diode-anode 
with cathode 2, provides phase-regeneration in 

the demodulator circuit, whereby Voltages estab 
lished across the modulation-impedance between 
the terminals 9-0, of the frequency-denodula 
tor, and responsive to the amount of frequency 
deviation of the carrier waves from a centre 
frequency, through changes in phase of Voltages 
upon the demodulator circuit, are employed to 
further modify such changes in phase to in 
crease the conversion sensitivity of the demodul 
lator for converting frequency-deviations to Out 
put voltage between terminals 9-0, Diode 
anode is connected through the high reactance 
coil Sc 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 9 serves to adjust the negative bias 
voltage upon grid f4, variable contactor 8 Serves 
to adjust the negative bias-voltage upon diode 
anode a for impulse-excitation of the circuit 
between terminals a-b, and Variable contactor 
8 serves to adjust the negative bias-Voltage 
on the diode-anode f, through the circuit 
2-4-8-8-0-9-48-3-6c--2, for in 
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: 

AK-47EAf (3) 
in which Alf is the incremental frequency change, 
or frequency-deviation, and E, the inductance 
determining differential output-voltage upon the 
modulation-impedance between terminals 9-fo. 
Referring to Fig. 6, at 9 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 ed 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 . The regenerative phase-amplifi 
cation thus established Will be apparent from 
Fig. 6. Due to modification of the inductance I, 
by the amount AI, through action of the modula 
tor-device, there is a further change of reactance 
of 

AX' =2Trfca, (4) 
wherein fe 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 9-0; at 9 is indicated the line relat 
ing reactance change required to produce the 
particular voltage ed, by frequency-modulation 
alone, the frequency-deviations being measured 
along the axis of abscissas, 92. 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 3-0 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 sie 1. DID (5) 
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-nodula 
tor from terminals 9-0, in relation to fre 
quency-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 frequency-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-tuning. 
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 



13 
invention as a wave-synthesizer will first be de 
scribed with reference to the simplest employment 
of the device, for controlling the functional rela 
tionship between the amplitudes of impressed si 
nusoidal waves e. g. upon coil 25, Fig. 3, and the 
amplitudes of sinusoidal output-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 Such as 8' upon 
resistance 4. 
either in phase-conjunction, or phase-opposition, 
or combinations of these, are employed in the cir 
cuit connecting the output terminals such as 
c-d. Thus, as the amplitudes of the impressed 
voltage across coil 25 are increased, the ampli 
tudes of the output-voltages may be controlled to 
conform to various functional relationships; a few 
examples will illustrate the synthesis of relative 
wave anplitudes. s 

It will be evident that the negative bias-Voltages 
can be spaced so that the various impulse-excited 
circuits 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 
C-d increases in relation to the input-Voltage in 
a relation approximating the N-th power of the 
input-voltage, N being greater than unity. Or, 
alternatively, all degenerative or phase-Opposing 
Woltages can be introduced in sequence into the 
circuit 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 multiplicity of diode 
modulator circuits employed. - 
An important feature of the functional lea 

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 non 
linear conductors; in the above process sinusoidal 
threshold-controlled incremental or decremental 
Woltages are employed, providing a sinusoidal 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 a, a sinus 
oidal resultant voltage can be made to increase 
linearly with the input-voltage until a Set magni. 
tude is reached, after which the resultant voltage 
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 F, 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 

In this usage, threshold voltages 
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nected with the oscillatory transfer circuit. Ex 
citation of a transfer circuit, having tunable 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 cycle 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-modul 
lator, energy impulses 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 
t' 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 r' 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 outputter 
minals such as c-d, with harmonic frequencies 
selectively controlled as to amplitude and phase. 

In the diode-modulators herein described, cou 
pling for supplying impulse-excitation has been 
illustrated between the diode-circuit and the out 
put-impedance of a thermionic amplifier; it will 
be evident that this coupling can alternately be 
with the input-impedance, and likewise the im 
pulse-excited resonator coupled with the input 
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 embodiments. 
What is claimed is: 
i. In a thermionic amplifier having a thermi 

onic tube With cathode, anode, and grid, an in 
put-impedance Connected to said grid and to said 
cathode, and an output-impedance connected to 
said cathode and to said anode, a diode-modu 
lator device for controlling phase and magnitude 
of alternating currents in said output-impedance, 
said device having a thermionic diode means in 
cluding a diode-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 
to said cathode, and through a tuned reactance 
circuit capable of free electrical oscillations with 
small decrement at a frequency of said alternat 
ing currents; a first Coupling means coupling Said 
diode-circuit with said output-impedance, and a 
Second coupling means coupling said tuned reac impressed voltage, and per diode-anode con- 75 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 
i, 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-circuit, and 
nodulating-voltage means connected With said 
modulation-impedance, for varying the resultant 
negative bias-voltage upon said diode-anode, to 
modulate said alternating currents. . 

3. A diode-nodulator 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 a coupling means 
coupling said input-impedance with said output 
impedance, said device having a thermionic diode 
means including a 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, a 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-Woltage upon said diode-anode. 
4. A diode-modulator device for modulating 

alternating currents in a thermionic alternating 
current generator having a thermionic 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 diode 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 coul 
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 input 
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 diode 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 condensel 
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-demodul 
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 amplitude-modulated output 
voltages responsive to variations of frequency of 
the carrier currents, and an output-impedance 
for said amplitude-nodulated 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 carrier 
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-anode 
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 
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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. . 

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 input-in 
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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transmitted through said diodeme 
network through excess of positive upOl 
said diode-anode. Over said negative bias-voltage; 
coupling means coupling said diode-circuit means 
With Said netWork, and a regulating means regu 
lating magnitude of as 
upon said diode-anode. -- - 

10. In combination with the structure of claim 
9, a modulation impedance, connected in series 

aid negative bias-voltage 

de, 5 means, a first coupling means 

with said diode-circuit means, and voltage-modu 
lating means connected with said modulation impedance, for varying the resultant negative 
bias-voltage upon said didieranode. 

11. In combination with the structure of claim 
9, a second coupling means coupling said diode 
inductance means with said input-impedance. 

12. In combination with the structure of claim 
9, condenser means connected with said diode inductance means for tuning said diode-circuit 
means, and a second coupling means coupling said 
diode-inductance means with said input-imped 
ance, 

13. In combination with the structure of claim 
9, condenser means for tuning said diode-induct 
ance means, a modulation-impedance connected 
in Series with said diode-circuit means, voltage 
modulating means connected with said modula 
tion-impedance for varying the resultant nega 
tive bia S-Voltage upon said diode-anode, and a 
second coupling means coupling said diode-in 
ductance means With Said input-impedance, for 
regulating magnitude and phase of alternating 
voltages upon said grid from said diode-circuit 
83.S. 

14. In Combination with the structure of claim 
9, a second coupling means coupling said input 
impedance with said network for producing self 
sustained alternating currents, condenser means 
for tuning said diode-inductance means, and a 
third coupling means coupling said diode-induct 
ance means With Said input-impedance, for regul 
lating magnitude and phase of alternating Volt 
ages upon said grid from said diode-circuit means. 

15. In combination with the structure of claim 
9, a Second coupling means Coupling said input 
impedance with said network for providing self 
Sustained alternating currents, condenser means 
for tuning said diode-inductance means, a third 
coupling means coupling said diode-inductance 
means With said input-impedance, regulating 
phase and magnitude of alternating voltages 
upon said grid from said diode-circuit means, a 
modulation-impedance connected in series with 
said diode-circuit means, and voltage-modulat 
ing means connected With said modulation-in 
pedance for modifying the resultant negative 
bias-voltage upon said diode-anode, 

16. The combination with a frequency-demod 
ulator for converting frequency-modulated car 
rier currents into amplitude-modulated output 
voltages, of a phase-modulator device for modi 
fying the specific amount of phase-shift in said 
demodulator for any constant frequency-devia 
tion of said impressed carrier currents, said de 
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18 modulator having, a phase-shifting.network and 
an output-impedance for amplitudes d 
output-voltages, said device havi 
modulator means including a bias-voltag 
put-impedance 

ing input-voltage, said device h; . . . 
transfer-circuit including an input impedance 
for impressing said, alternating voltag --- 
output-impedance coupled with said inp 
ance, a diode having a cathode and a di 
with said cathode, a tuned transfer-impedance 
capable of free electrical oscillations of l 
decrement, having input terminals, 
minals, and a conductive path betweens. put-terminals, a bias-voltage control means hav 
ing a positive terminal connected to said Cathode, 
a conductive circuit between said diode-anode 
and a negative terminal upon said bias-Voltage 
control means, including said conductive path 
through Said input-terminals of said transfer 
impedance and a conductive path through a 
diode-coupling means coupling said conductive 
circuit. With said transfer-circuit for impulsively 
energizing said transfer-impedance; and the cir 
cuit means for combining voltages upon said 
transfer-circuit including said output-terminals 
of said transfer-impedance. 

18. A modulator device for modifying alternat 
ing voltages upon an electrical filter-circuit, said 
device having a diode means including a cathode 
and a diode-anode, a diode circuit connected be 
tween said diode-anode and cathode including a 
tuned-reactance resonator means capable of free 
electrical oscillations of small decrement, a first 
coupling means coupling said diode circuit with 
said filter-circuit for impulsively exciting reso 
nance oscillations in said tuned-reactance reso 
nator means, a negative bias-voltage control 
means connected With said diode circuit for con 
trolling amount of negative bias-voltage upon 
Said diode-anode, and controlling impulse-excita 
tion of said tuned-reactance resonator means 
responsively. With excess of positive impulse-Volt 
age upon Said diode-anode above said negative 
bias-Voltage, and a second coupling means cou 
pling said tuned-reactance resonator means with 
Said filter-circuit, for combining impulse-excited 
oscillatory voltages from said tuned-reactance 
resonator means With alternating voltages upon 
said filter-circuit, and for controlling the phase 
and magnitude of said combined voltages. 

19. A diode reactance-modulator device for 
modifying reactive voltages upon a phase-shift 
ing network, said device having a diode rectifying 
means including a diode-anode with a cathode, 
conductive diode-circuit means including said 
means, comprising predominant energy-storage 
means conserving Substantially all of any energy 
impulse upon said diode-circuit means, includ 
ing inductance means and a negative bias-voltage 
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control means for controlling the amount of 
negative bias-voltage of said diode-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 
a thermionic conductance means coupling said 
diode-circuit means with said phase-shifting net 
work for reflex-control of voltages upon said 
phase-shifting 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 diode-anode 25 
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 resonator 
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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 said 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 magni 
tude of voltages upon said network. 

EDWARD H. LANGE. 
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