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8 Claims,

The present invention relates to tuning con-
‘trol systems for oscillatory circuits embodying
-8 reactance control discharge tube for varying
the tuning or resonant frequency of the circuit

in accordance with an electric controlling poten--

tial or current.

In particular, the invention ig concerned with
electrical oscillators of the self-excited type em-
bodying a composite oscillator and reactance
control tube, ‘wherein the oscillating frequency
may be controlled in an easy and efficient man-
ner in accordance with a varying electrical bias
potential applied to said tube,

An object of the invention is therefore to pro-
vide a system for controlling the resonant fre-
quency of an oscillatory circuit utilizing an elec~
tron discharge tube Dperforming the function
both of an ampiifier and reactance control
€lement,

Another gbject ‘is to provide a self-excited
electrical ‘oscillator cireuit utilizing a single elec-
tron discharge tube serving both as an escillat-
ing element and a reactance control device for
varying the frequency of the oscillations,

‘There has been in the past a wide usage of
circuits embodying a reactance control tube
capable of controlling or varying the resonant
frequency of a tuned circuit in a purely elec-
trieal manner by varying a bias botential applied
to said tube. Thus, in automatic frequency con-
trol systems provided in superheterodyne radio
receivers the problem arises of effecting a varig-
tion of the local oscillator frequency as a func-
tion of the sense and ‘magnitude of a direct
current potential developed by a frequency dis-
crimingtor. Likewise, in the field -of phase or
frequency modulation the problem arises of
modulating the frequency of a self-excited
oscilator in accordance with the ‘amplitude
changes of an audio or other modulating signal
wave. In these and other cases in the art a
Special reactance control tube is utilized which
in fact -constitutes an amplifier excited by a
quadrature potential derived from currents flow-
ing in the resonant circuit to be controlled and
supplying an amplified quadrature voltage which
is ‘developed across sdid resonant -circuit there-

by to wvary its apparent or virtual reactance.-

The amount of quadrature current injected into
the resonant circuit is varied by controlling the
transconductance of the reactance fube in ac-
cordance with an -electric biag potential -applied
to a control grid resulting in 4 variation of the
apparent reactance and in turh of the virtual
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tuning adjustment of ‘the resonant circuit. The 55

‘tron discharge tube

quadrature -control -poteritial for the reactance
tube is produced by a suitable phase shifting
means assoctated ‘with the resenarnt ciréuit,

The present invention provides a new -and im-

"Proved -electronic reactance -cireiiit of the: dbove

general type utilizing a single electron -dis-
-charge path as an effective ‘eleftient for Hoth an
oscillator or amplifier and :a varigble reactance

‘device whdse virtual ‘impedance determinative

-of the tuning or oscillating frequency may be
‘varied -over -substantial fimits by aneans ‘of a

direct eurrent <ontrol petemtial,

A further object of the inhvention is o provide
an oscillator~modulator which is ‘simpleé in. de-

‘slgn and reqiiires & minimuin.of parts:and cikciit
‘clements 50 -as to 'be suitable €specially in ssmall

portable or mobile phase or frequency modulated

‘transmitters;.

Still a furthet object is to provide a combined
amplifier and/or oscillator and reactance cor-

trol «circuit, wherein -4 single ‘electron dischurge

Path performs partly the functions of the oscil-
lator or amplifier, tuning reactance as ‘well ‘as
vhase shifting means for €ffecting the resctance
control.

“The above and further objects ‘and novel :as-
pects of the .itwvention will ‘become more ap-

-parent as the following description  procesds

taken with reference to the accompanying draw.-
ings forming part of this ‘specification and
wherein:

Figure 1 .shows a self-excited oscillator sircuit
embodying the principles of the invention where-
in-a special phase shifting metwork. is ‘provided

for producing reactive ostillating: curreit for the

control of the effective oscillating frequency,

Pigure 2 shows 4 tuned amplifying circuit em-
bodying the ‘principles of ‘the imvention,

Figures 3 to 5 are ‘modifications. of oscillating
«cireuits of the type shown in Figure1,

Figures 69 show modifications of «¢ircuits ;go-
-cording to ‘the itvention wherein ‘8 isingle elec-
is ‘wtilized to perform. the
function .of both oscillator, variable Tegctance,
and phase shifting means for controlling the
oscillating frequency in @ purely electrical man-
ner, and )

Figure 10 is a block diagram of 5 ragio receiver
embodying & composite ‘oscillator-reactarice con-
trol tube according to the invention for auto-
matic tuning or frequency control,

Like reference -numeralg identify like parts
throughout the different views of the drawings.

With the aferementioned ‘objects in view the
present invention contemplates the utilization of
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a single electron discharge path operatively as-
sociated with an amplifier which may be a sim-
ple amplifier or of the regenerative or degenera-
tive type or with a self-excited oscillatory circuit
for maintaining sustained electrical oscillations
and at least one further control element excited
by a potential in quadrature phase relation to
the oscillations of the discharge stream through
said path to produce.an additional oscillating
current component suitably coupled with or su-

perimposed upon the normal oscillations of the -

system and resulting in control of the virfual or
offective oscillation frequency. The magnitude
of the quadrature oscillating component is varied
in accordance with a suitable control potential
providing a variable bias for said tube to effect
a corresponding variation of the tuning or oscil-
lation frequency. i

-Referring to Figure 1, there is shown a basic

oscillatory circuit embodying the principles of ¢

the invention. This circuit utilizes an electron
. discharge tube 10, in the example shown of the
hexode type comprising the following electrodes
arranged in the order named: & cathode {1, a
first control grid 12, a screen grid 14, a second
control grid 13, and an anode or plate 15. An
additional suppressor grid connected to ground
or cathode may be provided between the screen
‘grid {4 and the anode 15. The cathode I, first
grid 12 and the screen grid 14 used as an anode
in conjunction with an oscillatory or tank cir-
cuit comprising inductance 16 shunted by a vari-
able condenser {1 form & regenerative oscillator
of the modified Hartley type wherein the screen
grid is operated at zero radio . frequency poten-
tial and the cathode {1 and control grid 12 are
operated above ground or any other zero refer-
ence point of the circuit at radio frequency po-
tentials. The direct current potential applied
to the screen grid 14 as indicated by the < sign
supplies the power for generating and sustain-
ing the oscillations in the oscillatory tank cir-
cuit 16, 171.  The frequency of the oscillations
is determined substantially by the values of the
- inductance 16 and the capacity {1. Item 20 rep-
resents the conventional grid blocking condenser
“and 21 a grid leak resistance for producing suit-
able bias potential for the erid 12 in a manner
well understood. .

Alternating -or oscillating voltage developed
across the inductance 16 is impressed upon a
phase shifting network comprising in the exam-
ple shown a resistance 22 and a reactive imped-
ance such as 'a condenser 23 connected in series
therewith. The potential developed across con-
denser 28 is impressed upon the second control
grid 13 by way of condenser 24 of large capacity.
The constants of the resistance 22 and condenser
23 of the phase shifting network are so chosen
that the potential applied to grid 13 by way of the
capacity 24 which serves to block the direct cur-
rent upon this grid from the phase shifting net-
work is in quadrature with the oscillating voltage
applied to grid 12 from tank circuit 18, IT.

It can be shown in a tube of the type illus-
trated or in general in any electron discharge
tube having a pair of control grids and a posi-
tively biased screen grid interposed between said
conitrol grids, that the plate current will be de-
termined substantially by the following .theoreti-
cal equation: .

Ip=10+k1e1:"k232+k3ele2 ¢))]

wherein e: 'a:nd ez represent the alternating volt-
ages applied to the control grids, Io is the steady
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or quiescent plate current and ki, ke, k3 are con-
stants depending on the characteristics of the
particular tube used.

In the case of Figure 1:

ei=A1 sin wi
ea—Az sin (wt4+90°) =Az2 cos wi

Hence, the above equation may be written as
follows: :

I,,=I-€ k1A, sin wt+k2A2 cos wt+
a b c
ks A A sin wt cos wi
3143 S1 > @

In Equation 2 term & represents the steady
plate current, term b represents the normal oscil-
lating plate current, term ¢ the reactive or quad-
rature oscillating current, and d the second har-
monic term, which will be substantially atten-
uated by the tuned circuit.

From the foregoing it is seen that the term Ip
which is a 'part of the total cathode current of.
the tube contains a reactance term (b) of the
plate current by which is meant a quadrature
oscillating current with respect to the normal
oscillating current. Due to the tapping of the
cathode 12 from the inductance i6 of the oscil-
latory tank circuit this term of the plate current
and hence of the cathode current will be de-
veloped across the lower portion of the oscil-
lating inductance 16 and if varied in its mag-
nitude will have the effect of a variable reactance.
shunted across the oscillating tank coil. Thus,
by varying the direct current bias on the grid
i3 by the provision of a suitable biasing or con-
trol source connected to the terminals a, b the
control by this grid may be varied which will
have the effect of varying the constant k2 i. e. In
turn the value of the quadrature oscillating cur-
rent and the equivalent virtual reactance of the
oscillating tank circuit. The bias for the grid
i3 may be supplied e. g. by the AFC voltage pro-
duced by the discriminator in an automatic tun-
bias volt-
age may represent the output of a microphone
or other modulating circuit of a phase or fre-
quency modulated transmitter. The bias poten-
tial is applied to the grid I3 through a high fre-
quency choke coil or a high ohmic resistance .as
shown in Figs. 2, 3 and 7 to 10 or in any other
suitable manner in order not to short circuit the
radio frequency potential on grid 13 to ground
through the biasing source.

From the foregoing it is seen that in a system
proposed by the invention a single electron dis-
charge stream is utilized both as an oscillating
element for a self-excited oscillator as well as a
reactance control path for controlling the oscil-
lation frequency as distinguished from the prior
art arrangements requiring separate oscillator
and reactance control devices. . It will be evi-
dent, however, that the invention is not limited
to oscillators and means to control the frequency
thereof in the manner described, but that the
novel principle can be applied with equal advan-
tage to a tuned amplifier stage for electrically
adjusting or controlling the tuning or alignment:
of the amplifier. _

A circuit of this type is shown in Pigure 2.

In the latter; an oscillatory input voltage is im-
pressed
‘minals

from a suitable source connected to ter-
c—d between the grid 12 and cathode il
of the amplifier by way of a resonant transformer
16°, and amplified voltage developed by the res-
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‘onant-circuit 47" In the plate cireuit of the tube
is applied to output terminals e—f induetively
‘or in any wother suitable manner. Quadrature
‘potential derived from the phase shifting net-
work: 22, 23 ‘is impressed upon control grid 13
through blocking condenser 24 in manner simi-
lar to that shown in Figure 1 whereby ‘& :quadra-
ture output current component will be developed
in addition to the norms) output current. Ad-
Justment of the circuit may be effected by.con-
trolling the quadrature output current by means
of & suitable bias potential :applied to. grid 18 by
‘way of terminals d—b and via a Jow=-pass filter
1comprising a pair. of .series resistors |9 and 29’
-and a shunt condenser 197, In this manner the

10

eircuit may be adjusted or alighed to the proper -

bedk or resonance point. By using .several tubes
in. cascade, tuning may be effected by :a single
control voltage simultaneously biasing -all the
tubes, thereby eliminating the problem of gang-
ing and aligning a number of ‘mechanically cou-
pbled tuning elements.

Figure 3 shows an oscillator circuit similar. to
that according to Figure 1 utilizing a discharge
tube of the pentagrid converter type comprising
a further positive or anode grid 12’ located be-
tween the control grid {2 and screen grid 4.
The anode grid 12’ in this case is regeneratively
coupled with the oscillating tank circuit 16, 17
through a tickler coil 18 to form a self-excited
regenerative oscillator system -associated with the
lower portion of the electron discharge path of
the tube. ' The remaining portion. of the electron
discharge path serves as an amplifier for the

quadrature or tuning control potential derived |,
from the oscillator tank circuit by means of the

phase shifting network 22, 23 and impressed
upon the control grid 13 by way of condenser 24
of large capacity. The amplified quadrature cur-
rent developed in the plate circuit and controlled
in accordance with the bias voltage on the grid
I3 derived from a control source connected  to
a—b is suitably fed back upon the oscillator cir-
cuit 16, IT such as through the tickler coil 18
by directly connecting the plate I5 with the oscil-
lating grid 12’ as shown. The screen grid 14 in
this case serves to prevent interaction between
the “oscillating and amplifying (reactance) path
of the tube.

The circuit shown in Figure 4 is similar to

Figure 3 but utilizes a hexode type electron tube
in ‘place of a pentagrid converter wherein the
functions of the grids 12 and 13 are interchanged,
that is the oscillating system comprising tank
circuit 16, 17-and the tickler coil 18 are connected
to the grid 13 and plate 15 while the quadrature
‘potential derived from the tank  circuit is im-
pressed upon the grid 12. In such an arrange-
ment the normal and quadrature oscillating cur-
rents are superimposed or coupled through the
electron stream compared with the physical cou-
Ppling through the tank circuit in the case of
Figures 1 and 3. - ‘
" Plgure 5 shows a ‘modification of the circuit
according to Figure 4 utilizing 2 ‘pentagrid con-
‘verter type electron tube provided with an addi-
tional negative control grid 12’ between grid 12
and screen 4 to produce amplified quadrature
eurrent in its output circuit including for this
purpose suitable load impedance such as an
ohmic resistance {8, "The amplified quadrature
current controlled by the bias on grid 12 is elec-
tron stream coupled with ‘the upper ‘or oscillat-
‘ing discharge path of the tube resulting in effi-
cient controlling action and increased range of
the frequency contrel -of ‘this circuit. :
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Referring to Figure 6, there is shown still &
8 Turther modification of ‘an .oscillator-reactance
tube -circuit according to the invention. ‘The
tube utilized in this.embodiment is of the hexode
type similar to that provided in Figure 1 butcom-

Drising an additional (suppressor) control grid
13" arranged between the sereen grid 14 and plate

5. The oscillating ‘tank circuit I8, 1T and tickler
coil 18 are connected to the grid 13’ and ‘plate
{5 to form a regenerative oscillating system. The
contrel -grid 12 is excited in phase with the oseil-
lating frequency by directly coupling it to the tank
circuit 16, 17 throughc0upling,condenser 25. Con-~ -
trol grid 13 is operated at cathode potential or if

-desirable ‘at a negative potential with respect, .to

the cathode whereby this grid will be excited by
8 potential in phase quadrature to the space cur-
rent oscillations by space charge coupling “with
the grid 12 as ‘will be further understood from
the following. Electrons sccelerated by the:scteen
grid 14 are attracted through the control grid 42
and will partly pass the openings of the ‘Scréen
grid to be slowed down or repelled by the deceler-
ating action of grid 18 which is at a Substan-
tially negative potential with respect to the screen
grid 14. As a result of this decelerating action a

.concentrated electron space charge -or virtual
-cathode will be formed within the space between

the screen grid 14 and control grid 3. 'The in-
tensity  of this virtual cathode varies in - the
rhythm of the space current variation i. e, the
same as control potential applied to the grid {2.
The variable space charge or virtual cathode

‘auses a corresponding -current to flow through

the outer circuit connected to grid 13 and includ-
ing a non-reactive impedance such as resistance
26 which current being a displacement .current
will be in phase quadrature to the fluctuations of
the virtual cathode, that is in turn to the potential
upon the grid (2. Asa resulf thereof a potential
will be developed on grid 13 which is in phase
quadrature to the potential on the oscillating con-
trol grid 18’. In this mannera quadrature or re-
active current component due to.the eontrol-action

? of grid i3 will be superimposed upon the rormal

oscillating current in the -output circyit of the
tube resulting in a variation of the effective tun-
ing in accordance with '3 direct current biasing
potential applied to the control-grid 12 from an
AFC circuit or any other biasing -or controlling
source. It is‘seen therefore that in a cireuit se-

‘cording to Figure 6 a single electron -discharge

vath is utilized as .an effective element: in per-
forming the function of both oscillator-as well &s
phase shifting and reactance control means in a -
most simple and efficient manner.

Figure 7 shows a modification of s combined
oscillator-reactance control circuit utilizing a vir-
tual cathode or space charge coupling for pro-

-ducing a reactance or freéquency control compo-

nient of the total oscillating current. - The dis-
charge tube utilized is similar to that shown in
PFigure 1. Grid 13 of this tube is excited in phase
from the tank circuit 16, 17 by way of blocking
cohdenser 30. The plate 15 is grounded to serve
as a decelerating electrode so as to develop &
quadrature potential in the cathode-plate ‘path
‘that -is across the bottom part of the tank cir-
cuit inductance 16 by virtue of the capacitative
coupling of the plate i5 with the space charge
or virtual cathode formed between the screen grid

" 14 and ‘plate 15. The reactance and frequency

(]

‘control is effected by varying the bias potential
‘on the grid 18 resulting in a corresponding varia-
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tion of the intensity of the virtual cathode and
in turn of the reactive control voltage developed

across the oscillating tank circuit. The control
potential in the example ‘shown is supplied by

the secondary of an audio.frequency transform- .

er 21 having its primary connected to a -source
of direct current 28 in series with & microphone
29 or equivalent control element. The source
28 simultaneously serves to supply constant nega-
‘tive bias for the grid I3 to ensure most favor-
able operating conditions. In this' manner fre-
-quency modulated oscillations may be. derived
from the tank circuit i6, 1T exciting an antenna
‘or other transmission circuit by way of an am-
-plifier connected to terminals c—d or alternative-
-1y for exciting & frequency multiplier to increase
the frequency deviation to an extent -required
in wide band frequency modulation. Similarly,
the circuit may be employed as a phase modu-
lator in which case a suitable corrective network
may be inserted between the microphone circuit
and the tube to increase the control potential
directly in proportion to the modulating fre-
quency so as to obtain modulated oscillations hav-

ing a phase deviation proportional only to the.

amplitude of the modulating signals.

Figure 8 shows another circuit utilizing a var-
jable space charge or virtual cathode for -pro-
ducing a quadrature oscillating component. . The
tube used is of the pentode type similar to the
tube shown in Figure 1. The oscillating system
16, 11, 18 is operatively connected to the control
grid 13 and anode 5. Grid 12 connected to the
biasing source is operated at cathode or negative
potential and accordingly will be excited by a
potential in phase quadrature with the space cur-
rent oscillations due to variable space- charge
coupling with the electron stream. This coupling
is due to the space charge formed, between the
grid 12 and the screen 14, by electrons which after
passing the screen I4 and deceleration by. the
grid 13 are returned so as to pass the screen grid
{4 in the opposite direction and become finally
decelerated by the grid 12 to form a second space
charge or virtual cathode adjacent to the latter
in addition to s first virtual cathode formed by
other electrons between the screen 14 and grid: 13
-as described hereinabove. The excitation of grid

12 in quadrature to the space current oscillations '
‘B0

-will cause a corresponding quadrature oscillating
component in the output circuit which in turn
will result in a variation of the effective or virtual
tuning or control of the oscillating frequency in
substantially the same manner as in the preced-
ing circuits.

Referring to Figure 9 there is shown a circuit

similar to Pigure 8 wherein the functions of the
grids 12 and 18 have been interchanged, that is
the oscillatory system 16, 17, 18 is associated with
the grid 12 and the plate 15, while the grid 13-is
space charge excited in quadrature with the oscil-
lating space current by the virtual cathode formed
between the screen |4 ang the grid 13 as under-
_stood from the foregoing. . :

In Figure 10 there is shown a circuit, partly
in- block diagram = form, of a superhetero-
dyne radic receiver embodying  a - composite
osciilator-reactance tube circuit in accordance
with the invention for effecting automatic fre-
quency or tuning adjustment. -Radio signal
waves intercepted by the antenna.35 are im-

pressed upon & radio frequency amplifier by way’

of 2 coupling transformer 36. The amplified radio
frequency signals are then applied to a first de-
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tector or'mixer 38 which may be of the pentagrid
or any other type wherein the incoming signals
are combined with locally generated signals- of
different frequency to produce intermediate fre-
quency signals. The latter are applied to an in-
termediate frequency amplifier 39 including a sec-
ond detector to deliver audio or other demodulated
output signals. . The latter may be further ampli-
fied. by means of an audio frequency. amplifier
40 to 2 level sufficient for feeding a translating
device such as a loud speaker 41. The local 0s-

cillator is of the type as shown in Figure 1 com-

prising a vacuum tube 10 with an oscillating and
reactance control system associated therewith for
controlling the frequency of the oscillating po-
tential impressed upon the mixer 38 by way of
The adjustable tuning members
of the radio frequency amplifier, the mixer and

‘Jocal oscillator are suitably coupled mechanically

as indicated by dotted lines 44 for uni-control of
the receiver in a manner well known. A fraction
of the intermediate frequency signal energy is
applied upon & discriminator 42 of any suitable
type known in the art and adapted to produce
a control potential varying both in sense and mag-
nitude in dependence upon and in proportion to

-the deviation of the intermediate signal frequency

from the assigned center freguency of the reso-
nancecharacteristicof the intermediate frequency
amplifier §8. The discriminating potential is im-

-pressed upon the grid 13 of the oscillator-react-

ance tube with such polarity that the ensuing
variations of the oscillating frequency will coun-
teract the initial frequency deviation of the in-
termediate frequency signal from the assigned
frequency in such a manner as to bring about
or maintain the receiver in exact tuning adjust-
ment. :

It will be evident from the foregoing that the

invention is not limited to- the specific details

and circuit arrangements described and disclosed
herein for illustration but that the underlying
idea and principle of the invention are susceptible

‘of numerous variations and modifications com-

ing within the broader scope and spirif of the
invention as defined in the appended claims. The
specification and drawings are accordingly to
be regarded in an illustrative rather than a lim-
iting sense.

I claim: i

1. In combination, a circuit traversed by alter-
nating current, an electron discharge device com-
prising a cathode and an anode, a first control
grid near said anode and a second control grid
near said cathode, means for impressing alter-
nating potential from said circuit upon said first
grid, phase shifting means consisting of space
charge coupling within said device for applying
alternating potential from said circuit to said
second grid substantially in phase quadrature
to the potential upon said first grid, a source of
variable potential arranged to control the bias
of said second grid, and an output circuit oper-
atively connected to said anode.

2. In combination, a circuit traversed by al-
ternating current, an electron discharge device
comprising a cathode and an anode, a first con-
trol grid near said anode, a second control grid
near said cathode, and a screen grid at zero
alternating potential arranged between said first
and second control grids, means for impressing
alternating potential from said circuit upon said
first .control grid, phase shifting means consist-
ing of space charge coupling within said device
for applying alternating potential from said cir-
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cuit to said second control grid in substantially
phase quadrature relation to the potential upon
said first grid, a source of variable bias poten-
tial connected to said second grid, and an out-
put circuit operatively connected to said anode.

3. A self-excited oscillator comprising an elec-
tron discharge tube having main input and out-
put electrodes and a resonant oscillatory circuit
coupled thereto in regenerative circuit arrange-
ment to generate sustained electrical oscillations,
at least one further control electrode within said
tube effective in controlling the current in. said
circuit, phase shifting means consisting of space
charge coupling within said tube for applying
quadrature oscillating potential from said circuit
to said control electrode to produce a quadrature
oscillating current with respect to and superim-
posed upon the main oscillating current in said
cireuit, and a source of variable potential ar-
ranged to conirol said quadrature current to cor-
respondingly vary the effective frequency of the
oscillations produced.

4. A seli-excited oscillator comprising . an
electron discharge tube having main input and
output electrodes and a resonant oscillatory cir-
cuit coupled thereto in regenerative circuit ar-
rangement to generate sustained electrical oseil-
lations, at least one further control electrode
within said tube effective in controlling the cur-
rent in said oscillatory circuit, a screen grid at
zero oscillating potential arranged to prevent
direct reaction between the oscillator circuit and
said control electrode, phase shifting meang con-
sisting of space charge coupling within said tube
for impressing quadrature oscillating potential
from said ecircuit to said control electrode to
produce a quadrature oscillating current with
respect to and superimposed upon the main
oscillating current in said cireuit, and a source
of variable potential arranged to control said
quadrature current to correspondingly vary the
frequency of the oscillations produced. :

5. A self-excited oscillator comprising an elec-
tron discharge tube having a cathode and an
anode, a first control grid near said anode and
& second control grid near said cathode, a reso-
nant oscillatory circuit connected to said first
grid and anode in regenerative circuit arrange-
ment to generate sustained electrical oscillg~
tions, phase ghifting means consisting of space
charge coupling within said tube for impressing
a phase-shifted oscillating potential from said
circuit upon said second grid to produce a phase-
shifted oscillating current with respect to and
superimposed upon the main oscillating current
in said circuit, said phase shift being of the
order of ninety degrees, and a source of variable
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Potential arranged to control said phase-shifted
current to correspondingly vary the effective
frequency of the oscillations produced.

6. In combination, a circuit traversed by alter-
nating current, an electron discharge device
having a cathode and an anode, a pair of control
grids in said device each being effective in con-
trolling the space current to said anode, means
for impressing altérnating potential from said
circuit upon one of said grids, solely space charge
coupling within said device acting as phase shift- .
ing means for impressing alternating potential
from said circuit upon the other of said grids in ‘
predetermined phase relation with respect to the
potential upon said first grid to cause a phase-
shifted current component with respect to and
superimposed upon the main alternating current
in said circuit, said phase shift being of the
order of ninety degrees, a source of variable
control potential arranged to control said phase~
shifted component, and an output circuit op-
eratively connected to said anode. )

7. In combination, a circuit traversed by al-
ternating current, an electron discharge device
comprising a cathode, an anode and a Pbair of
control grids each being effective in controlling
the space current to said anode, a screen grid at
zero alternating potential arranged between said
control grids, means for impressing alternating
potential from said circuit upon one of said con-
trol grids, solely space charge coupling within
said device acting as phase shifting means. for
Producing phase-shifted alternating potential
upon the other of said grids to cause a phase-
shifted current component with respect to and
superimposed upon the main alternating current
in said circuit, said phase shift being of the order
of ninety degrees, a source of variable control
potential arranged to control said phase-shifted
component, and an output current operatively
connected to said anode.

8. A self-excited oscillator comprising an elec-
tron discharge tube having a cathode, an anode,
a first control grid near said anode, a second
control grid near said cathode, a third control
grid between said first and second control grids,
and an acceleration grid between said second and
third control grids, a resonant oscillatory circuit
connected to said first control grid and anode in
regenerative circuit relation to generate sus-
tained electrical oscillations, means for impress-
ing oscillating potential from said circuit to said
second control grid, a substantially non-reactive
impedance connecting said third control grid to
said cathode, and a source of variable control
potential connected to said second control grid.

HENRY M. BACH.




