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9 Claiins.

This application concerns fube reactances.and
the same as applied as the :tuning-element-in an
electrical circuit.

An object of this:invention is.a tube reactance,
the reactive value of which may be changed .in
aceordance with .control potentials such .as used
in an automatic frequency control ‘¢ircuit .or po-
tentials. representative-of signals, through a range

-considerably greater-than hasbeen pessible here-
tofore.

A further -object of ‘this invention is -a tube
reactance 2s described in the preceding para-
graph in a modulation -circuit with the. tube re-
actance arranged to -be modulated by -signals
through a range much greater than has been
possible heretofore.

An additional .object :.of my invention is.a tube
reactance as described in the preceding para-
graphs wherein the:tube reactance reactive effects
.arelinearly controlled by:the control.or-signal po-
tentials throughout said greater range :and fhe
so controlled tube reactance is g tuning -element
in a-circuit wherein wave -energy -of carrier wave
frequency flows so that the wave energy is free
of distortion of the wave:form:at-control orssignal
potential frequency.

It may be :said then ‘that .a ‘primary : obJect -of
my invention isto0 increase the:ability-of .a react-
-ance tube to .conirol or modulate the timing .of
wave -energy considerably and at-the same time
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to decrease distortion of the wave form by the .

modulation.

The manner in which ‘the above -objects :are
attained and .other .objects and the manner in
which they are obtained will gppear {rom the
detailed description which follows. Jn this de-
scription reference will :be made to the attached
drawings wherein the smgle figure illustrates a
reactance tube arranged in accordance with my
invention to prov1de a much .greater reactance
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range than 'has been possible heretofore, -and’

the same connected in -a movel manner with -a
tuned circuit.and.operated to tune the said circuit
through a range considerably .greater than pes-
sible heretofore.

In the drawings the tuned .circuit ‘inecluding
inductance Li and .condenser C#4 .in which .the
reactive effect is produced is shown as.being the
tank circuit of an oscillation generator including
tube TI. It will be uhderstood that fhe circuit
C4, L1 may be 'a coupling circuit between two tube
stages or a tube input circuit or output circuit.

Oscillatory energy 'is devéloped in the difcuit
L{, C4 by virtue of the fact that one end of C4

1§ coupled to the coritrol grig of tube Tl, the other
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‘end of circuit L, C4 is connected to the anode

of tube T, whﬂe a point on the inductance Ll

is coupled by coupling and direct current blocking

condenser C3 to the cathode of tube Tl1. The con-
nections of tube T provide an oscillation gen-

erator of the Hartley type with the cathode

grounded and the arrangement being operative
when direct current potentials are applied to pro-
duce oscillatory energy of a frequency determined
by inductance Li and condenser C4.

The reactance tube T2 has its anode coupled
to one end of the tank eircuit Li, 'C4, and the
anode of tube Ti. A phase shifting circuit Ci{, R{
is coupled between the anode of tube T2 and the

resistance R2 in the cathode return circuit. Note

that the resistance R2 is unbypassed for alter-
nating current of the generated frequency. A
point on the phase shifting circuit between CI
and R is coupled by coupling and blocking con-
denser C2 to the control grid of T2.

A grid leak resistance R3 is connected between
the control grid and ground and the cathode of
tube TI. The direct current circuit for the anode
and screen grid of tube Tl and for the anode of
tube T2 has a section of the inductance Li in
common. Screen grid potential for the tube T2
is supplied-by way of resistance R4 and the screen
grid of tube T2 is grounded for radio frequency
potentials by condenser CT.

In the phase shifting circuit Ci, Ri{ the im-
pedance of Rl is made small as compared to the
reactance of the capacity Cl, so that the phase
of the alternating current flowing in this con-
nection is determined by the capacitive reactance
of Ci and the potential drop across Rl takes the
phase of the current and leads the anode or plate
voltage on tube T2 by about 90°. Thus the ampli-
fied current in the tube T2 to the anode of tube
T2 leads the anode voltage by about 90° and a
capacitive reactive effect is produced in the tube
T%.  Thus the current in the tube T2 supplied to
the tank circuit Ld, C4 leads the generated cur-
rent in the tank circuit id, -C4 by about 90° and

the ‘tube T2 simulates a capacitive reactance in

parallel with the tank circuit 20.

A point on the inductance Ll at the end thereof
connected to the control grid-of tube Tl is coupled
back to the cathode of tube T2 by blocking and
coupling condenser C3. Out of phase radio fre-
quency voltage is in this ‘manner applied fo the
cathode of tube T2. Thus the cathode is of high
radio frequency potential and this radio Tre-
guency potentialis 180° (about) out of phasewith
respect to the radio frequency potential on the
anode of tube T2. The amount of voltage fed
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back is adjusted for best results by the coupling
tap to inductance Li. The amplitude of this
voltage is not critical.

By controlling the transconductance of tube
T2 the reactive effect is controlled to thereby
correspondingly control the tuning of circuit Li,
C4. This control may be in accordance with
potentials characteristic of signals or of slow devi-
ations in the frequency of wave energy. In other
words, the tuned circuits Li, C4 may be in the
oscillation generator of a modulation system or
may be the local oscillator in a heterodyne re-
ceiver. In the first case the timing of the gen-
erated oscilliations are modulated by signals and
in the latter case the frequency of the generated
oscillations is stabilized by control potentials.

The phase shifting network in the reactance

tube circuit may take any one of numerous forms.
For example, Ci may be replaced by an induct-
ance in which case the circuit may be arranged
to simulate an inductive reactance in place of a
capacitive reactance as in the embodiment of the
single figure. The effective inductive reactance
also tunes the circuit Lf, C4. The essential fea-
ture in any arrangement is that there is a phase
quadrature (substantially) relation between the
grid and anode voltages at T2 and g substantially
180° phase relation between the anode and cath-
ode voltages at T2. The phase shifter shown is
merely illustrative of my invention.

In an embodiment tested the oscillation gen-
erator T{ is operated at 4 megacycles. Ci and
Rl only were used, and C4& had a value of 56
m. m, f. A deviation of plus and minus 30 kilo-
_cycles was obtained. C3 was then added and C4
was increased to 120 m. m. f. and the maximun
deviation then became plus and minus 70 kilo-
cycles. If the condenser C4 was made smaller,
say, for example, 56 m. m f.,, a much greater
deviation would he cbtained. When tested a
meter covering only 150 kilocycles total was avail-
able and when C4 was increased to 120 m. m. f.
the deviation was 150 kilocycles.

I am not entirely sure why the great improve-
‘ment in deviation range results from the arrange-
ment shown, I believe, however, that the results
obtained are due in part at least to the fact that
in my arrangement the resistive component in the
reactance tube is completely wiped out by the
voltage fed back to the cathode through C3.

-Obviously, the resulting pure reactance simulated
in tube T2 would have a greater tuning range.

Furthermore, the tube reactance T2 is in shunt
to a part of the grid end of L{ in series with the
anode end of Li, so that the range should be
greater than the conventional case where the
tube reactance shunts the anode end only of Ll.

Iclaim:

1. In a tube reactance of the type wherein a
tube has an electron receiving electrode and a
cathode connected across a pair of terminals at
which alternating voltage of radio frequency ap-
bears and the tube has an electron flow control
electrode excited by said alternating voltage sub-
stantially in phase quadrature with respect to the
alternating voltage on the electron receiving elec~
trode so that a reactive effect is developed in said
tube of a value which may be varied by varying
the tube transconductance and means for extend-
ing the range through which the reactive effect
may be varied including, a radio frequency con-
nection to the cathode for exciting the cathode of
sald tube by said alternating voltage approxi-
‘mately in phase opposition with respect to the
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4
phase of the alternating voltage on the electron
receiving electrode.

2. In g circuit tuner of the type wherein a
tube reactance has an electron receiving electrode
and a cathode connected to a reactive circuit
wherein alternating voltage of carrier wave fre-
queéncy appears and the tube has an electron flow
control electrode excited by said alternating volt-
age substantially in phase quadrature with the
alternating voltage on the electron receiving elec-
trode so that a reactive effect is developed in said
tube and reflected in said reactive circuit, said re-
active effect being of a value which may be varied
by varying the tube transconductance and means
for extending the range through which the re-
active effect may be varied including, a carrier
wave frequency connection to the cathode for
exciting the cathode of said tube by said alter-
nating voltage approximately in phase opposition
with respect to the phase of the alternating volt-
age on the electron receiving electrode.

3. In a circuit tuner of the type wherein a tube
reactance has an electron receiving electrode and
a cathode connected across a tunable circuit
across which alternating voltage appears, so that
voltage of radio frequency of a first phase is set
up on said electron receiving electrode, and the
tube has an electron flow control electrode cou-
pled to said circuit by a phase shifting network
so that the said electron flow control electrode is
excited by said alternating voltage substantially
in phase quadrature with' the said' alternating
voltage of said first phase so that a redctive effect
is developed in said tube of a value which may be
varied by varying the tube transconductance and
means for extending the said range through
which the reactive effect may be varied includ-
ing:'a radio frequency coupling between said
tuned circuit and the cathode of said tube for ex-
citing the cathode of said tube by alternating volt-
age approximately in phase opposition with re-
spect to the phase of the alternating voltage of
said first phase set up on said electron receiving
electrode.

4. In a timing modulation system of the type
wherein a tube reactance has an electron receiv-
ing electrode and a cathode connected across a
tuned circuit wherein alternating voltage of radio
frequency appears and the tube has an electron
flow control electrode excited by said alternating
voltage substantially in phase quadrature with
the alternating voltage on the electron receiving
electrode so that a reactive effect is developed
in said tube and the transconductance of the tube
is' controlled by signals to control the tube re-
actance and thereby control the tuning of said
circuit and the timing of the alternating current,
and means for extending the said range through
which said reactance is controlled in¢luding a
radio frequency connection from the tuned ecir-
cuit to the cathode for exciting the cathode of
said tube by said alternating voltage approxi-
mately in phase opposition with respect to the

"phase of the alternating voltage on the electron

receiving electrode,

5. In a tube reactance, a tank circuit wherein
oscillatory energy is developed, an electron dis-
charge tube having an electron receiving elec-
trode, an electron flow control electrode and a
cathode, a coupling between the electron receiv-
ing 'electrode of said tube and a point on said

“tank circuit whereat an oscillatory voltage of a

first phase appears, a phase shifting network cou-

.bling the tank circuit to the electron flow con-
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trol electrode of the tube to apply thereto an os-
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cillatory voltage displaced in phase about 90°
with respect to the phase of said first voltage, and
an oscillatory voltage coupling from the tank cir-
cuit to the cathode for applying to said cathode
of said tube an oscillatory voltage of a phase
which is approximately opposed to the phase of
said first voltage whereby a reactive effect is
produced in said tube.

6. In a tube reactance, a tank circuit wherein
oscillatory energy of radic frequency is developed,
an electron discharge tube having an electron
receiving electrode, an electron flow control elec-
trode and a cathode, a radic frequency coupling
between the electron receiving electrode of said
tube and said tank circuit to set up on said elec-
tron receiving electrode a voltage of the frequency
of the oscillatory energy and of a first phase, a
radio frequency coupling to the electron flow con-
trol electrode to apply thereto a voltage of the
frequency of the oscillatory energy which is dis-
placed in phase about 90° with respect to the
phase of said first voltage, and a radio frequency
coupling from the tank circuit to the cathode for
applying to said cathode of said tube a voltage
of the frequency of the oscillatory energy which
is of a phase which is approximately opposed to
the phase of said first voltage, whereby a reac-
tive effect is produced in said tube.

7. In a tube reactance a tank circuit wherein
radio frequency oscillations are developed, a con-
nection between a point intermediate the termi-
nals of said tank circuit and ground or equiva-
lent radio frequency potential the arrangement
being such that the radio frequency oscillations
in said tank circuit on opposite sides of said point
are of opposed polarity, an electron discharge de-
vice having an electron receiving electrode, an
electron flow control electrode and a cathode, a
coupling between the electron receiving electrode
of said tube and a point on said tank circuit at
one side of said intermediate point to set up on
said electron receiving electrode radio frequency
oscillations of a first phase, a phase shifting net-
work coupling the electron receiving electrode of
the tube to the electron flow control electrode of
the tube to apply thereto radio frequency os-
cillations displaced in phase about 90° with re-
spect to the phase of said first oscillations of said
first phase, an impedance to voltages of the fre-
quency of said oscillations coupling the cathode
of said tube to said point of ground or equivalent
radio frequency potential, and a coupling between
the cathode of the tube and a point on said tank
circuit. at the other side of said intermediate
point for applying to said cathode of said tube
radio frequency oscillations of a phase which is
approximately opposed with respect to the phase
of said radio frequency oscillations set up on the
electron receiving electrode of the tube.
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8. In a circuit tuner a tank circuit including an
inductance, with a point intermediate its termi-
nals grounded, wherein oscillations are developed,
an electron discharge tube having an electron
receiving electrode, an electron flow control elec-
trode and a cathode, & resistance connecting said
cathode to ground, a coupling between the elec-
tron receiving electrode of said tube and a point
on said inductance at one side of said interme-
diate point to apply oscillations of a first phase
to said electron receiving electrode, a phase shift-
ing network coupling the tank circuit to the elec-
tron. flow control electrode of the tube to apply
thereto oscillations displaced in phase about 90°
with respect to the phase of said oscillations of
said first phase, and a connection between the
cathode of the tube and a point on said induct-
ance at the other side of said intermediate point
for applying to the cathode of said tube oscilla-
tions of a phase which is approximately opposed
to the phase of said oscillations of said first phase.

9, In a timing modulation system, a tuned cir-
cuit wherein oscillations are developed, said tuned
circuit having a point intermediate its terminals
grounded so that the oscillations on opposite sides
of said point are of opposed phase, an electron
discharge tube having an electron receiving elec-
trode, an electron flow control electrode and a
cathode, an impedance to voltages of the fre-
quency of said oscillations coupling said cath-
ode to ground, a coupling between the electron
receiving electrode of said tube and a point on
said tank circuit at one side of said first point
so that oscillations of a first phase are set up on
said electron receiving electrode, a phase shift-
ing network coupling the tank circuit to the elec-
tron flow control electrode of the tube to apply
thereto oscillations displaced in phase about 90°
with respect to the phase of said oscillations set
up on said electron. receiving electrode, a cou-
pling between the cathode of said tube and a
point on said tank circuit at the other side of said
first point to set up on said cathode oscillations
of a phase which is approximately opposed to the
phase of said oscillations set up on said electron
receiving electrode, and connections to the elec-
trodes of said tube for modulating the transcon-
ductance thereof in accordance with signals,
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