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This invention relates generally to variable reactance
circuits, and more particularly to such circuits wherein
triodes or transistors may be more efficiently embodied.

Tt is 'well known that a reactance may be simulated by
means of a vacuum tube and associated elements. Such
a reactance circuit usually requires a tube of the pentode
type, and additional circuit elements, such as, a capacitor
and - a‘resistor, are utilized as a phase-splitting network.
A variable reactance circuit of this type may be used
for many purposes, such as, for example, adjusting or
varying the resonant frequency of a tuned circuit. In the
past; three electrode electrical elements, for example,
triodes, have not been adaptable to these purposes be-
caiise-the rather low-plate resistance of the triode presents
a large real component of impedance along with the
imaginary component which results in an unsatisfactory
variable loading effect on the tuned circuit.

Accordingly, the present invention is directed toward
an improved reactance network wherein a triode, or
other three electrode device, may be embodied as a vari-
able - reactance element.. It has been found that this
objective may be attained by providing two feedback
paths to the element, one of which functions to increase
the apparent internal resistance of the element, thus re-
ducing:loading, and the other of which provides a re-
active current through the clement, thus causing the
element to appear as a reactance to the load. This re-
active current may then be easily controlled, thereby
providing a variable reactance device capable of exer-
cising control over a load circut.

The invention. will be better understood as the follow-
ing d%cnptlon proceeds, taken in conjunction with the
accompanymg drawing ‘wherein:

Fig. 1 is a schematic diagram of a reactance network
in accordance with the invention;

Fig. 2 is a plot-of the plate characteristics of a triode
useful in explajning' the operation of the invention;

Fig.-3 is a vector diagram useful in further illustrating
the operation of the mventmn, and

Figs. 4 and 5 are schemat1c diagrams of reactance
networks in accordance with the invention wherein a
transistor may. be embodied as the three-electrode ele-
ment.

Referring now to the drawing, and more particularly
to.Fig. 1 thereof, there is shown a reactance network
comprising a three-electrode element 10, such as, a triode,
for example, having a tuned parallel resonmant circuit
comprising coil 1 and condenser 2 connected to its
plate electrode 3. Triode ‘1¢ is self-biased in a con-
ventional “manner by means of resistor 4 and by-pass
condenser 5, connected in circuit with cathode 6, al-
though it shonld be understood that other biasing methods
may be conveniently substituted. Grid 7 is connected to
a junction point between a condenser 8 and a resistor
9, the other side of condenser 8 being connected to the
resonant circuit, while the other end of resistor 9 is con-
nected to a source of D.C. control voltage through re-
sistor 11. A pick-up coil 12, allows voltage to be fed
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back degeneratively from coil 1 into the circuit of cathode
6 in order to effectively change the bias existing at the
grid 7.

As shown by the curves of Fig. 2, an increase in the
value of voliage, e,, existing at the plate of a triode,
will ordinarily result in an increase in the plate current
iy, if the value of grid voltage eg is maintained constant.
This change of plate voltage and corresponding change
of plate current may be used .to represent the internal
A.C. resistance of the tube, r,, which may be further
represented as

- . Aey
: . » Aiy
This: resistance, rp,, may thus be considered as being
shunted across the tuned circuit of Fig. 1, and since its
value waries with change of plate current or voltage,
it gives rise to-an undesirable variable loading effect on
the tuned .circuit. .In accordance with the present in-
vention, this difficulty is overcome by feeding a portion -
of the voltage developed across the funed circuit, back to
the cathode circuit through pickup coil 12. Since this
voltage is 180° -out of phase with the voltage across the
tuned circuif, the effect will be to move the operating
point from A to B.'as shown in Fig. 2, thus holding the
change in plate current to any desired value. The ratio

Aey

Ay
may thus be controlled to impart a higher value to ry
than. heretofore possible, thereby considerably reducing
the loading on the tuned circuit. »

Since, as shown by the vector diagram of Fig. 3, the
change of current in the plate circuit Ai, due to e, is
180° out of phase with the change Ai’, due to the feed-
back .voltage ¢’;, the amount of mpet current actually
flowing may be controlled by the value assigned to e’y
due to the cancellation effect caused thereby. In order
to make triode 10 appear as a reactance to the tuned
circuit, a second feedback path is provided through con-
denser 8, When signal voltage, as from an oscillator
circiit (not shown), is applied across the tuned circuit,
a current will  flow through condenser 8 and resistance
9, which current will lead by an angle depending on the
value of condenser 8. The voltage drop across resistor
9 due to this current will be in phase with the current
through condenser 8. This voltage drop will tend to
appear on grid 7 of the tube, and is represented as egf
in Fig. 3. The vectorial combination of ¢’ and eg9 thus
provides the total voltage ¢; which is applied to grid 7. .
This. voltage ¢, will then be amplified, and cause a final
plate ‘current 7, to flow which current may be made to
lead the voltage across the tuned circunit by 90° by proper
choice of the size of condenser 8. Tube 10 will thus
function as a capacitive reactance in parallel with the
tuned circuit, the value of the reactance being con-
trollable, as by a D.C. control voltage applied to grid
7, to change the effective reactance of the tuned circuit,
and hence the resonant frequency thereof.

As a further feature of the present invention, it has
been found that the foregoing principles are equally
applicable when .a transistor is embodied in the circuit
as the three-electrodé electrical element. Such a device
may include’ a semiconducting body and at least three
electrodes called the base, emitter and collector elec-
trodes which are in contact with the body. The semi-
conducting body may, for example, consist of a crystal
of silicon or germanium while the emitter and collector
electrodes may be fine pointed wires in rectifying small-
area contact with the body. Such a device is shown em-
bodied in the circuit of Fig. 4. Transistor 15 has an

emitter electrode 16, a collector electrode 17, and a base
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electrode 18 in contact with semiconducting body 19.
Base electrode 18 may be grounded as shown. A vari-
able voltage in the forward direction is impressed be-
tween emitter 16, and base 18, while a bias voltage in
the reverse direction is applied to collector 17 from a
suitable source such as a battery 20. The wvariable
voltage applied to emitter 16 may also be provided by
a suitable battery 21, across which a resistor 22 is con-
nected. A tap 23 on resistor 22 may be grounded as
shown, while a variable tap 24 is connected to emitter
16 through emitter resistor 25. Included in the circuit
is a parallel resonant circuit comprising a condenser 26
and an inductor 27, one end of each of which is con-
nected together. The other end of condenser 26 is con-
nected to emitter 16, while -the other end of inductor
27 is grounded thereby being effectively connected to
base electrode 18. A pick-up coil 28 is provided to feed
a portion of the voltage developed across inductor 27
back to emitter 16. Since the collector characteristics
of a point contact transistor are very similar to the car-
acteristics of a triode as shown in Fig. 3, the feedback
arrangement serves to increase the internal resistance
of the transistor 15 in the manner previously described,
thus reducing the objectionable loading effect on the
resonant circuit. The magnitude of the reactance there-
by placed in circuit with the resonant circuit is easily
controlled by wvariation of emitter bias by means of
tap 24.

If desired, an arrangement, such as shown in Fig. 5,
may be utilized which is identical to that in Fig. 4 ex-
cept that pick-up coil 28 feeds into the base 18 rather
than emitter 16.

Although there have been described what are con-
sidered to be preferred embodiments of the present in-
vention, various adaptations and modifications thereof
may be made without departing from the spirit and
scope of the invention as defined in the appended claims.

What is claimed is:

1. A variable reactance circuit comprising an elec-
trical translation device having at least an input elec-
trode, an output electrode, and an electrode common
to the circuits of said input and output electrodes, an
output load in circuit with said output electrode and said
common electrode, feedback means directly connected
to said common electrode and cooperative with said load
for applying a feedback wvoltage from said output load
to said common electrode which is 180° out of phase
with and responsive to changes in a first voltage existing
across said load whereby the current flowing through
said load remains substantially constant with changes in
said first voltage, and means interconnected between
said load and said input electrode for simultaneously
applying a second voltage substantially out of phase with
said feedback voltage to said input electrode whereby
current flowing through said device is out of phase with
the voltage across said device.

2. A variable reactance circuit comprising an elec-
trical translation device having at least an input electrode,
an output electrode, and an electrode common to the
circuits of said input and output electrodes, a tuned cir-
cujt connected to said output electrode and said com-
mon electrode, feedback means directly connected to
said common electrode and cooperative with said tuned
circuit for applying a feedback voltage from said tuned
circuit to said common electrode which is 180° out of

10

20

30

35

40

45

50

55

60

6
phase with and responsive to changes in a first voltage

4
existing across said tuned circuit whereby the current
flowing through said tuned circuit remains substantially
constant with changes in said first voltage, and means
interconnected between said tuned circuit and said input
electrode for applying a second voltage to said input
electrode which is substantially out of phase with said
feedback voltage whereby current flowing through said
device is out of phase with a voltage across said device.

3. A wvariable reactance circuit comprising an electron
tube having at least an input electrode; an output elec-
trode, and an electrode common to the circuits of said
input and output electrodes, an output load in circuit
with said output electrode and said common electrode,
feedback means directly connected to said common elec-
trode and cooperative with said load for applying a feed-
back voltage from said output load to said common
electrode which is 180° out of phase with and responsive
to changes in a first voltage existing across said load
whereby the current flowing through said load remains
substantially constant with changes in said first voltage,
and means interconnected between said load and said
input electrode for simultaneously applying a second
voltage substantially out of phase with said feedback
wvoltage to said input electrode whereby current flowing
through said tube is out of phase with the voltage
across said tube.

4. A variable reactance circuit comprising an electrical
translation device having at least an input electrode, an
output electrode, an electrode common to the circuits
of said input and output electrodes, said device further
having a family of characteristics such that an increase
in voltage applied to one of said electrodes will cause an
increase in the current drawn by said electrode, a tuned
circuit connected to said output electrode and said
common electrode, feedback means directly connected to
said common electrode and cooperative with said tuned
circuit for applying a feedback voltage from said tuned
circuit to said common electrode which is 180° out of
phase with and responsive to changes in a first voltage
existing across said tuned circuit whereby the current
flowing through said. tuned circuit remains substantially
constant with changes in said first voltage, and means
interconnected between said tuned circuit and said input
electrode for applying a second voltage to said input
electrode substantially out of phase with said feedback
voltage whereby current flowing through said device is
made to be out of phase with the voltage across said
device.

5. A variable reactance circuit according to clajim 1
wherein said electrical device is a transistor.
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