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-12 ‘Glalms

‘The present -invention relates to certam new
and useful improvements:in aradio signaling.sys-
tem andis-particulazly directed to:acarrier-wave
system wherein the amplitudes -and the- oscillator

.generation periods -of :the -carrier -wave :are -con- :

trolled directly by the modulating 4input to the
ccontrol circuit :of the -amplifier ‘which -is ‘made
dynamically -2 part of -the -oscillator - circuit, and
vicewersa.

- The -invention jprovides :an -improved - control
system -to. modulate the yamplitudes of ‘high fre-
duencies by -low frequencies, -and affords .a fast
operating control ssystem. to :automatically start
;and:-stop :the carrier ‘wave generator, and :also.gf-
{fords voice :control «of sthe duration ‘of the: trans-
‘amission:periods.

My :improved. carrier ‘wave ‘system Lemboches a
‘constant ‘frequency ‘oscillator which ‘is rendered
«operative :and:inoperative by the: ‘operation of:an
‘amplifier which not -only serves as the modulator
-and.- the mmnplifier, ‘but :also automatmally starts
and ‘stops the radio ‘frequency in the: osc111ator
circuit, thereby :eliminating ‘the necessity for:me-
-chanjeal switches -or ¥élays :commonly ‘used for
‘this purpose. I -also-eliminate the necessity ‘for
eithera ‘tuned circuit or else a radio ‘frequency
transformer ‘in’ the ‘oscillator -circuit, “and -also
eliminate the need:of the mtermed1ate amplifier
stage ‘commonly vsed as-a - buffer'in‘the prior art
practicés of control:grid ‘modulation. I -dlso'elim-
ingdte ‘the necessity: of shielding the-oscillator from
the: amplifier,

“The ‘constant frequency oscillator ‘includes ‘a
piezo-electric-crystal, and the invention automatl-
cally -controls ‘the oscillator feedback potennalﬁ:
and excludes excessive currents -from ‘the piezo
electric crystal, therebymamtalnmg the oscillator
output ‘in direct relation “with the ‘control grid
modulation requlrements as i1s7in contradistine-
tion ‘to the inverse relation ‘which ‘exists ‘in ‘the
prior -art practice of control. grid medulation.

"~ Inthe:priorart of control grid modulation ofa
carrier wave, it is the conventional practice ‘to
shunt ‘connect the carrier wave input of the am-
phﬂer wn&h an mterstage resonant circuit which
is tuneq to ‘the ‘cdrrier wave or ‘some harmonic
thereof, and to employ: a high Trequency. reactor
as ‘a bypass between .this ‘tuned cireuit and zero
botential or ground. 'This .practice requiires tun-
ing adjustments to -be ‘made whenever the fre-
quency of the carrier wave.is.altered. .None -of
these prior-art practices are .necessary with the
present. invention.  Itis also unnecessary to 1esor+
to .the -prior art pracmce .of -employing .a radieo §
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‘plifier sdinput.
‘carrier-wavednput from the.oscillator is;applied:to

frequency transformer as.a-coupling between-the

oscillatorand the amphﬁer

In the prior art pragtice.of .control grld modu-

dation, -the .output resonant .circuit ‘has-no- infly-

ence -on - the input 1o -the amphﬁer, oeca,use the
screen grid shields or isolates the 1nput .circuit
from :the .output circuit. To enable the input to

drive the output, the prior.art supplies the neces-
saly -xesonance :energy -from .an -inductive -circuit

coupled -between the-oscillator:and the-amplifier;

and -the resonange:energy necessary-to-drive-each

ional-amplifier is.also-supplied by an induc-

tive.coupling-between amplifiers.

e-present invention .departs from th1s prior
art practice .and sconverts the amplifier -into a

.coupling :so ithat the ‘resonance energy necessary

to:drive the amplifier, is.derived from the resonant
oscillatory output circuit, instead of from an in-

-ductive :input -circuit such as employed by ‘the
:20 jprior-ant.

:In -the ipresent dinvention, the input -electrodes

are reversed in .relation-to-the .prior art practices

of control;grid modulation and:carrier wave am-
Agcording : to :my invention, the

the cathode of the amplifier, and the modulating

input is :applied -to.the control grid-of :the ampli-

fier, and this control grid is maintdined ‘at:a-con=
stant :potential irrespective :of the carrier wave
frequency, and -there is relatively low impedance
between the .cathode and anode 6f the amplifier,
s0-that ‘the .electrion flow .acts:asia ‘coupling be-
tween sthexresonant oscillatory output ecircuit and
the -oscilator. The modulation :is :accomplished

5 by yaryingithe dmpedange of ithis coupling or am-

plifier tube. -That is to .say that the potential
changes-occurring in the low frequency modulat-
ing-input ito the:control grid of the amplifier will
alter the impedance -of this coupling, ‘thus alter-
ing the reactance:between the:resonant oscillatory
output-circuit:and theioscillator, thus sltering the

. feedhack:in the-oscillator eircuit:and thereby:con-
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trolling the :output -of the- oscillator, and also af-
fording a fast -operdting :automatic :starting ana
stopping .of the :generation periods iof the carrler
wayve.

In this> ma.nner the invention provides a gim-
phﬁed sgontrol :system which requires but a. sin-
gle resonant circuit; and affords various degrees
of .amplitude :modulation ‘which :may be either
linear modulation, ‘or :else with variable modula-
tion factors. Voice contro] ‘of the starting and
stopping of the generation . periods:of the carrier
wave ds ;provided with @& minimum of - equipment
5 heretofore not -considered :possible,
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For interrupted continuous wave communica-
tions, the variations of the coupling of the in-

vention, automatically interrupts the carrier -

wave, at an audio frequency rate, to thereby pro-
duce the intended tone train, which may be keyed
from a remote distance W1thout the necessity of
a keying relay; and due to this coupling, the car-
rier wave is suppressed when the key is open,
thereby affording the advantage. of break-in op-
eration, whenever occasion requires.
tinuous wave communications, there is also pro-
vided the advantage of keying from a remote dis-
tance without the necessity of a keying relay, and
the advantage of break-in operation whenever
occasion requires. In either instance; there is
afforded a high speed keying with exceptlonal
clarity of the make and break tones.

The accompanying drawings d1ag1ammat1ca1—
ly illustrate the nature and principle of my in-
vention.

Fig. 1 is a diagram of the preferred form -in
which the invention has been reduced -to prac-
tice and is now in extensive use.

Figures 2, 3, and 4, show various control input
circuits that may be used in operating my in-
vention.

Fig. 2 shows a simple keying circuit, which may
be employed when it is desired to operate my in-
vention for keying carrier waves to produce space
and marker impulses of continuous waves. )

Fig. 3 shows a well known circuit for operating
my invention for modulation from a microphone.

Fig. 4 shows a well known circuit which may be
employed when it is desired to operate my inven-
tion for keying interrupted continuous waves.

Fig. 5 shows a fragmentary view of Fig. 1, with
an antenna connected to the output of the am-
plifier.

Figures 6, 7, 8, 9 and 10, show several charts
of waves produced by the present invention. All
charts indicate the transfer characteristics of the
control tube and show the control potentials and
their effect on the carrier wave amplitudes.

Fig. 11 shows an arrangement of amplifier
tubes connected in cascade to the showing of
Fig. 1.

Fig. 12 is a diagram of a sxndle cathode em-
bodiment of the invention.

The invention embodies a single resonant cir-
cuit which is the resonant oscillatory output from
the amplifier which is here shown as a beam type
tetrode utilized ‘as a coupling between the reso-
nant oscillatory output circuit and the oscillator
circuit,

wave input from the oscillator is applied directly
to the cathode of this beam tube ‘which has its
control grid bypassed to’ ground for radio fre-
quency and its screen grid at relatively constant
potential. This prevents the amplifier from be-
coming regenerative and objectionably function-
ing as an oscillator, and also provides for the
carrier wave potentials in the: resonant oscilla-
tory outputb circuit to effectively control the os-
cillator circuit, so that the carrier wave input to
the amplifier is in direct relation to the modu-
l1ation requirements, and the output of the am-
plifier is thereby increased on the positive peak
modulation. - This provides an exceptionally ef-
ficient control grid modulation and also provides
for resonant reactance between the output of one
amplifier and the input of a succeeding amplifier
without the necessity of intervening' resonant
circuits which are essential in the prior. art of
control grid modulation in order to-enable the

For con=-

This beam. tube is utilized as a control
grid modulator and amplifier, and the carrier '
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first amplifier to successfully excite a second am-
plifier.

If a triod is used in this manner the reactance
of the anode electronically affects the control
grid and causes degeneration which impairs the
sensitivity of the input. If a conventional tetrode
is used in this manner, the screen grid functions
as a shield and buffer elecirode and absorbs the
electronic changes, thereby defeating effective re-
actance to the cathode. Likewise, the conven-
tional pentode presents the same inaptitudes to
a greater extent when used in this manner.  In
the present invention, an entirely different func-
tion and greatly increased efficiency is obtained
by using a beam type tetrode as an amplifier and
control grid modulator, with the carrier wave in-
put to the cathode and with the control grid by-
passed to ground for radio frequency and with

. the screen grid at relatively constant potential.
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In this manner, the virtual cathode effect of
the beam tetrode is utilized to afford an efficient
resonant reactance between the output circuit
of the amplifier and the cathode input thereof,
whereby the resonant reactance energy necessary
for operation of the amplifier is derived from the
resonant oscillatory output circuit of the ampli~
fier rather than from-a resonant circuit preced-
ing the:input to the amplifier.. It should also
be noted that by applying the carrier wave input
to the cathode instead of the control grid, alters
the phase angle 180 degrees between the ampli~
fier output and the oscillator from what it would
be if the carrier wave input were applied to the
grid, with the result that the amplifier input is
in direct phase relation to the feedback require-
ments of the oscillator. The amplification and
the coupling action of the tube are governed by
the modulating voltages supplied to the- control
grid, and the coupling action directly affects the
cathode emission current which reacts in phase
with and at the frequency of the carrier wave
generator, to control-the feedback thereof and
alter the carrier wave output in direct relation
to- the modulation requirements. 'This perform-
ance affords various improved results which are
not afforded by the prior art of control grid
modulation wherein the carrier wave input is to
the control grid of the modulator.

Fig. 1. diagrammatically illustrates the inven-
tion in the preferred form which has been re-
duced to practice and. widely ‘used. -As here
shown, two thermionic tubes are employed, V'
is in the control circuit and V is in the oscillator
circuit. I have shown V'’ as a beam tetrode, as
that is the best form readily available for the pur-
pose.of my invention. The variable low capacity
reactor 6 couples the anode 5 to one holder of the
piezo crystal X, which has its opposite holder
connected to the control grid 3. The negative
potential is fed to this control grid through the
resistor T which is interposed between this grid
and the negative side of the biasing source S
which has its positive side connected to the
cathode 2 which is connected to zero potential
or ground. The biasing potential is here shown
as a battery, but the well known cathode bias may
be employed. The positive potential to the anode
5 is fed through the high frequency choke coil
8. The screen grids # and 16 have a common
connection to the positive potential, and are by-
passed to the zero potential or ground, by the
low frequency reactor 8.

The high frequency reactor {0 ‘couples the
anode § to the cathode 14, and the high frequency
choke coil 11 connects the cathode 14 to the in-
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put.of the oscillator in direct relation to.the.mod-

put-terminal A and to the zero potentisl or ground
which is common to-the:two tubes. The.input
terminal B is .connected .to the control grig 15
which.-is bypassed to:zero. potential or ground. by
the high frequency reactor 12, thus making the
anode to cathode return cireuit of the oscillator
tube V dynamically a part of the control circuit,
and . also making the modulating and amplifying
tube 'V’ dynamically a part ofthe . oscillator cir-
«cuit. This amplifying tube 'V’ has beam elec-
trodes as indicated at D. »

-The positive potential to the anode 7 is fed
through .the non-resonant choke coil 18. .'The
‘high frequency reactor 19 .couples the anode 11
with the inductance 20 when an open oscillatory
circuit is employed, otherwise this reactor 19 may
be omitted as it is.only for the purpose of po-
tential isolation and safety, and :is not essen-
tial for normal function. :

A series resonant circuit' may -be provided by
interposing the variable low .capacity reactor 21
between the end of inductance 20 and the zero
potential or eground. A low capacity reactor 22
may be connected between the inductance 20 and
cathode (4 for the purpose of neutralizing the
inter-electrode capacity of the modulator tube
V’, as is necessary for good linear modulation,
but in ‘some instances this reactor 22 may be
.omitted when variable modulation factors are
desired instead of good linear modulation,

The reactors 21 and 22 may both be omitted

and an open oscillatory circuit employed, in’

which case the antenna ‘13 as shown in Figure 5,

Is attached by a switch 1 to the inductance 20

which becomes ‘a part thereof, as distinguished
from the series resonant circuit in which the in-
ductance 20 is coupled to any suitable output
circuit in whatever mode may appear advisable,
It will be noted that the invention does not em-
ploy the shunt resonant output circuit com-
monly used in the prior art. -

‘From the foreging disclosure, it will be seen
that the reactor 10, cathode 14, control grid 15

and reactor .12 form a return circuit between the _

anode .5 and cathode 2 of the oscillator, thereby
making the cathode 14 and control grid 15 of the
amplifier, dynamically ‘a part of the oscillator
circuit. The high frequency reactor 12 bypasses
the control grid (5 to ground and prevents
changes in the cathode potential from altering
the polential of this control grid. Thus the
cathode emission current alternates in phase
with and at the frequency of the crystal X, The
Inductance 20 is excited by the anode 17 at the
frequency of the crystal X thus amplifying the
high frequency wave. The cathode input im-
pedance is high with relation to ground, and the
anode output impedance is relatively low with
relation to grid or ground, but.the cathode to
anode impedance is low.

" This cathode. to anode impedance of the am-
plifier.is varied by the modulating input supplied
to the control grid 15, and the potential changes
produced in the oscillatory output circuit alter
the dynamic potentials on the anode 171 with re-
spect to .the relatively constant potential on the
screen grid 4§ and thus there is established a
coupling action which governs the cathode emis-
$ion\curre»nt of the amplifier V’, so as to provide a
closely linked relationship between the oscilla-
tory output circuit and the oscillator circuit, ‘so
that the carrier wave potentials.in the oscillatory
output-circuit directly :affect the feedback in-the
oscillator circuit and :thereby .control the out-
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ulation requirements.
* -Due: to ‘this .coupling, the .oscillatory output
circuit. also supplies: the cathode 14 ‘with the
resonant reactance ‘energy which is essentially
necessary.for operation of the amplifier V', Fur-
thermore, this coupling conveys power .from the
oscillator 'V directly to the.oscillatory output cir-
cuit, thereby enabling the entire output of the.os-

cillator V to -be utilized and also affording .a

greater efficiency of the amplifier V’.

It will be seen that this described coupling
would be impossible if the carrier-wave input was
applied to the control grid (5.instead of to the
cathode (4. -That is to say that if the carrier
wave.input .was applied to the control grid {5,
then ‘the previously described coupling hetween
the .resonant .oscillatory output ecircuit and the
oscillator .circuit would not exist, because .such
input to.the control.grid would make the cathode
a. part.of the return circuit of the amplifier out-
put,.in contradistinction.to the present invention
wherein the cathode (4.is excluded from the re-
turn circuit of the amplifier output, and made the
carrier wave .input of the amplifier, for the rea-
son -that the coupling action is always directly
included in the cathode circuit rather than . .in
the control grid circuit.in which the grid is mere-
ly .an operating electrode .and not a.conducting
electrode :as is.the.cathode. :

Operation

- The invention gffords an exceptionally efficient
modulation over a wide range of amplitudes with-
out the necessity of any form of inductive .cou-
pling -between the oscillator .and the amplifier.
Changes .in the modulating potentials supplied
to the control grid 15 alter the dynamic imped-
ance of the beam tetrode V’ and consequently
alter .the coupling which controls -the cathode
emission current thereof, to thereby alter .the
feedback to the crystal, so as to produce ampli-
tude modulation of the oscillator output and also
modulate the output of the aniplifier, in direct
accord with the. variations of :the modulating re-~
quirements, '

The resonant oscillatory output circuit poten=
tials form the basis of the coupling, and .these
potentials react upon the anode 11 and increase
the dynamic potentials thereon, with respect to
the relatively constant potential on -the .screen
grid .16, thereby establishing the -coupling- be-
tween the anhode {7 and the cathode 14 to there-
by afford an increased amplification of the os-
cillator output and consequently an increased
amplification of the ocutput of the resonant oscil-
latory output circuit. 'That is to.say that the
potential differences between the anode 171 and
the screen grid 16 dynamically controls. the ver-
tual -cathode effect of the beam tetrode V* so
that the .coupling alters the cathode emission
current .of this amplifier in direct accord. with
the resonant frequency of the oscillatory output
circuit, so as to thereby 'increase the output of
the .oscillator circuit within which this amplifier
cathode 14 is dynamically included, as was -here=
inbefore explained. E

At -each negative cycle of the modulating po-
tentials on the control grid 5, the impedance
between the cathode 14 and anode i1 .increases
accordingly, thereby reducing the output .of the
resonant oscillatory circuit and thus decreasing
the effect of the .coupling between the anode
i1 and cathode 14 and consequently decreasing
the feedback to the crystal, thereby reducing the
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output from.the oscillator in accordance with
the negative modulation regquirements. When
the coupling is at minimum, the oscillations of
the crystal are then sustained by the normal
feedback from the. oscillator circuit.

At each positive cycle of the modulating poten-
tials on the control grid i5, the impedance be-
tween the cathode i4 and anode 17 is thereby
reduced, and the output of the amplifier in-
creases accordingly, which results in increased
coupling action between the anode {1 and the
cathode 14, thereby increasing the feedback to
the crystal and thus increasing the output of
the oscillator. This increased output of the os-
cillator increases the output of the amplifier in
accordance with the positive modulation re-
quirements. Thus it will be seen that this cou-
pling provides a seli-regulatory modulation
which would be impossible with either an in-
ductive coupling or a capacitive coupling.

The reactor § limits the feedback to the crystal,
and whenever the mean potential of the modulat-
ing input becomes sufficiently positive to render
the resonant oscillatory output circuit out of
resonance with the frequency of the crystal, this
out of resonance reactance will then oppose the
existing feedback and promptly stop the crystal
from oscillating. The maximum amplification
of the carrier wave occurs just prior to the sup-
pression of the oscillations and also at the initial
input which starts the oscillator, thus assuring a
fast operating control to start and stop the car-
rier wave generation,

The tube V’ serves the fourfold purpose of an
amplifier, a modulator, a coupling, and a direct
control for starting and stopping the oscillator
generation periods of the carrier wave, and all
of these functions are dependent upon the
cathode emission current which is controlled by
the modulating potentials supplied to the control
grid 15. '

Tt will be noted that the invention employs
either an open oscillatory output circuit or else
a series resonant output circuit, either of which
afford a high reactance potential, which would
not be obtained with a shunt resonant output cir-
cuit such as conventionally used in the prior
art of control grid modulation. It should also
be noted that with either the open oscillatory out-
put circuit or the series resonant output circuit,
there is no need for a return circuit or bypass
to ground, such as would be required with a shunt
resonant output circuit.

When  the described open oscillatory output
circuit is employed, it has the eflect of a half
wave antenna connected directly to the anode
{1, and there is high impedance. between this
anode T and ground, thereby. affording excep-
tional efficiency without resort to a tuned input
circuit such as used in the prior art. With this
open oscillatory output circuit, the resonant period
can be readily altered by merely altering the
lerigth of the antenna, as for instance by reeling
or unreeling the antenna wire according to re-
quirements. = Whenever occasion . necessitates
changing the wave length, it is a simple matter
to substitute a crystal of the ‘required frequency
and then alter the antenna length accordingly.
This adaptability is of paramount importance in
aircraft radio where cruising range sometimes
gives rise to extreme conditions which would
otherwise render operation exceedingly difficult or
perhaps impossible. When for any reason, it is
desired to alternately employ several crystals of
different frequencies, it is a simple matter to
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quickly substitute one crystal for another and
reel the antenna to correspond with the wavé
length afforded by the crystal, there being no
problem of a tuned circuit between the oscillator
and-the amplifier, nor any shunt tuned circuit
Wit.‘:%l antenna coupling, nor any output tank cir-
cuit.

The invention may be operated in various modes
with various control input circuits such as shown
in Figures 2, 3, 4, and 5. The various perform-
ances of the carrier wave control are diagram-
matically illustrated in Figures 6, 7, 8, 9 and 10,
each of which show the control grid input voltage
characteristics, with relation to the plate or ouf-
put voltage characteristics. Each diagram indi-
cates the transfer characteristics of the control
tube V’ and shows the control potentials and their
effect on the amplitudes of the carrier wave. For
convenience of illustration, only one side band
is shown in each instance.

Voice control

For voice control of the starting and stopping
of the carrier wave generator, it is necessary to
provide both the audio wave and a rectified D. C.
potential or variable bias derived from the audio
wave, For this purpose I employ a microphone
and transformer, together with a thermionic rec-
tifier and D. C. amplifier as shown in Fig. 1. - As
here shown, the primary winding of the trans--
former 60 is connected in series with the bat-
tery 61 and the microphone 62. One end of
the secondary winding of the transformer 60 is
connected to the cathode 54 which is common

to the terminal B. 'The low frequency reactor 59

couples the opposite end of this secondary wind-
ing to the diode plate 55 which is connected to
the cathode 54 by the biasing resistor 58. The
low frequency reactor 57 couples this diode plate
55 to the anode 51 which is common to the ter-
minal A. The grid 53 is bypassed to the cathode
54 by the low frequency reactor 52, and this grid
is also connected to the diode plate 55 by the
grid resistor 58. The voltage dropping resistor
50 connects the cathode terminal B to the anode
battery S2 which is connected to the terminal A.

When sound waves activate the microphone,
the D. C. current from the kattery 6t is pul-
sated to excite the transformer 68. The result-
ing alternating potentials from the secondary
winding of the transformer 68 are applied to
the cathode 54 which is common to the termi-
nal B, and also applied to the diode 85 through
the reactor 59, and imposed on the terminal A
through the reactor 51, thus producing the modu-~
lating potentials.

The potential changes on the diode 55 are rec-
tified and the resulting current flowing between
the cathode 54 and diode 55 produces a voltage
drop across the resistor 58, thus making the diode
55 more hegative in relation to the cathode 54.
The grid 53 likewise becomes negative through
the resistor 56, thus the normal current flow
between the cathode 54 and the anode 5i is
reduced by this increased negative grid bias, and
the resulting decreased anode.current reduces
the normal voltage drop across resistor 50 and
this reduction affords an increased potential from
the battery S2 at the terminals A and B which
provide the bias source for the control tube V’.
That is to say that the potential changes on the
diode plate 55 produce an increased negative bias
at the terminals A and B.

The grid 53 is bypassed by the reactor §2 so
that no modulation is produced by this bias con-
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troli tube. - THe: relative bias: to- rectified current:
is controlled: by the-value of ‘resistor:58; and: the:
bias return:period. is.controlled by the value of
resistor 56 and the capacity of the reactor 52.

It will*be seen-that the voice control circuit: of
Fig: 1 can-be-employed-to-produce-both the'alidio:
wave-and- - rectifieq-D. G potential’ derived:from:
the- audio’ wave: This D €. potential; controls-
the starting and’ stopping- periods of the-oseilla-:
tor:or-carrier- wave-generator ‘and- thus- provides-
automatic-control of the duration:ofthe trans.:
mission periods, solely, by the voice of the-sender:

When-these'modulating waves-are-imposedion-the .

control grid- 15 of ‘the amplifier V*, tHe negative-
Bias is also imposeq thereon; Whereby*the car=

rier wave generator-V' ig rendered: active and: a-
modilated carrier-wave then exists in_the reso=
nant- oscillatory-output-circuit. When- there-are-
no- modulating- Wa.ves~'the oscillator-is inactive
ang the carrier waves are suppressed. The am=-
‘plitudes-of ‘the-modulating:input-and. the COMPOo=

nent:bias inher entthereto efféctually governs the-
oscillator "generation Deriods; and-also-controls-
the-carrier-wave level‘and-the' amphtudes -of car=
rier-wave modulation; In this:manner; “thre: mod= -
ulation- of the- carrier-wave: varies fiom Iow per=:
centage-linear-modulation to-a high" percentage:
modulation withrextended positive-peaks, depend=
ing-upon the-amplitude of*the modulatlng waves:
and accompanying variable. blas on the: contlol
grid 15;

For- voice- control of* “the: operatlng penods of
the carrier- wave-and"its-amplitude modulation,.
the- voiee ‘control” input circuit- of* Fig. I is em-
ployed- with either an: open- gscillatory- circuit or-
with 2 series resonant-circuit-which may be either-
with or-without neutralization of ttie- interelec-
trode capacity, as c1rcumstances suggest" and‘
necessity requires:. | :

Fig: 6-shows the performance with a seriés res:.
onant circuit-and: without' interelectrode neutral-
ization, when'the modulatmg waves are supplled
by thevoice control’input: circuit shown in Fig: 1,
and: illustrates over-modulation _devoid of" side’
band" iriterference; * The curve T indicates..the.
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transfer characteristics  of the:tube V" when af- -

fected: by ihterelectrode capamty ‘which causes.
it'to-devidte from- the normal. curve indicated by,
tte dotted line: The sine- wave W indicates.the
variable input-amplitude, and the line N inidicates:
the- corresponding- variations: of negative bias..
The-sine curve M indicates the varyihg ampli~
tudes-of modulation .of one’ side Band, and’ the’
dotted line K indicates the ‘'mean carrier wave.

amplitude which.is self regulating-in. ‘accordance..

with the'modulation ‘percentage. As here shown,.
the- oscillator generation’ period’ starts when. the;

negative- bias is- imposed upon the control: grid’

50

65

and continues until the control input. deﬁmtely :

ceases and” the . negatlve ‘bias~ impulses .are no.
longer: supplied: THus the carriéd wave genera-
tion permd is started:- and stopped by vo1ce con-.
trol: ,_
It will be noted that the transfer characterlstm‘
of the tube is variedi:-from:the normal transfer
characteristic, thereby precluding the over mod-
. ulatedcarrier wave fromr reaching zero: or cub-
off’on-the: negative: modulation peaks. This pre-
vents side Band interference which would others
wise oecur- from over modulation, and makes pos-

sible-an over moditlation far-in excess.of‘one hun- ‘

dred’per cent‘and: without the carrier wave reach-
ing-cut-off.  This-is-of particular advantage in:

the transmission of weak' signals: which require .

excessive modulation to render them intelligible,
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It'will Besseen: that with-the simpleportable equip--
ment: of ‘'my -ivvention I accomplish results which

would otherwise require considerable-equipment;
When low percentage modulation with good

. fidelity is desired, the interelectrode capacity may

be neutralized by the. reactor 22 and the voice
control input’ circuit. of Fig, 1. employed. for voice.
control of the cscillator generation periods. This.
function” is sufficiently similar to.the showing. in.

- Fig. 6’ that: further illustration is. deemed un-

necessary.
Linear modulation

Forlinear modulahon the.control input eircuit.
of’ Figr 3 may be employed with. the. described.
series resonant circuit, and for maximum. lin-.
earity-of* modulation, the interelectrode. capacity.
of* tHe control tube V' should be neutralized. by
inverse feedback through the reactor. 22:50.as.t0.
prevent: distortion of the normal transfer char-.
acteristics: = This performance. is. llustrated: in.
Fig: 9 ‘which shows.100% modulation..

In'Fig.. 9; the curve. T indicates the normal,
transfer: characteristics. of the. control tube, the
sitie wave W indicates the modulating input.wave,
and.the sine wave M illistrates 100% modula-
tion of:the carrier wave.,. This showing. need-not
be further explained, and.it. is shown principally-
for comparison. with the over modulation. of..
Fig. 10.

High percentage’ modulatwn

For variable modulation factors. in high. per-
centage: ‘modulation, the input. circuit. of Fig. 3.
is-used with.a series resonant circuit, but.with-
out the reactor 22. . That is. to say, linearity. of.
the modulated wave form.is. sacrlﬁced for greater
positive peak output. relative to.the unmodulated:
carrier wave. This. performance is 111ustrated~
in Fig, 10.

In Fig.. 10 the sine: wave W indicates.the mod-
ulating input wave;.and the transfer characteris-
tics of.the control tube are indicated by the-curve-
T until'it deviates from.the true.curve shown by,
the. dotted;lihe.. This.deviation, is due.-to-the in-
terelectrode capacity:-and prevents. the output.
carrier. wave. from. reaching. cut-off or- zero on-
the. negative modulation: peaks, thereby prevent-
ing.the sideband interference-which-would other-
wise, occur. from: over-modulation.

It will be noted that the pesitive peaks:extend:
above the 106% modulation level which is indi-
cated by the dotand dash'line, and that the nega-
tive peaks do not reach zero or cut-off. Thus it
will be seen that the invention provides high per-
centage modulation with extended positive peaks,
and’ without-resorting to the various expedients
commonly employed in the prior-art practices of
control grid modulation: . The resulting, modu-
lated carrier wave M is convenientf for point to
point radio-telephone communication where the
equipment is subject to occasional heavy modula-

tion, or a wide range to input amplitudes. .
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- THe results.of Fig: 10 can, also be obtained with
anropen oseillatory eircuit; and in instances where
there is  occasion to change the frequency of the
carrier- wave, it is only necessary to substitute a -
dlﬁ‘erent crystal of the required frequency and to.
alter the antenna accordingly. This is of para-
mount advantage in aircraft radio where cruising
range may give rise to necessity for extreme
changes in the carrier.wave frequency and where
time, would not permit of extensive alterations be-

.. ing made to convert the equlpment from one fre-
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quency to another; - This adaptability is due to




the described coupling action and the half wave
antenna effect which is afforded by the open oscil-

latory circuit.
Continuous wave

For continuous wave cede transmission, the in-
put circuit of Fig. 2 is employed. either with an
open oscillatory circuit or with a series resonant
circuit and either with or without the neutralizing
reactor 22. 'This provides thermionic keying of
the carrier wave generator or oscillator and af-
fords considerably faster operation than direct
keying of the carrier wave generator. That is to
say that the invention provides a keying speed
comparable to that of the well known bias keying
of the amplifier, and also affords the advantage
of break-in operation which unfortunately is ab-
sent in bias keying of the amplifier, unless resort
is had to elaborate shielding of the oscillator cir-
cuit which is entirely unnecessary in the present
invention. It should be mentioned that the use
of the neutralizing reactor 22 makes it possible to
more accurately control the feedback through the
reactor 6§ and thereby provide a more critical defi~
nition of the make and break, and in this way
further enhance the speed of keying.

Fig. 7 shows the effect on the carrier wave when
the control potential or bias is-varied relative to
zero by the input circuit of Fig. 2. The carrier

wave is non-existent until the key is pressed,:

whereupon the negative potential to the confrol
grid 15 of the tube V’ starts the oscillater and
maintains the generation of the carrier wave until
the key is again opened, whereupon the oscillator
stops and the carrier wave ceases. A single pulse
is indicated as illustrative of a marker wave.in
continuous wave communications.

It will be noted that the greatest amplitude oc-
curs at the make and break of the marker wave.
This affords exceptionally well defined demarca-
tions of the pulses and clarity of perception which
is of paramount importance in high speed keying.
This variation of amplitude within each pulse is
obtained by operating the negative bias slightly
in excess of the requirements for actuation of the
oscillator, and this slight excess then slighily re-
tards the output of the amplifier until the negaive
bias swings back after the break to terminate the
pulse with a rise in amplitude. Due to the therm-
ionic actuation of the oscillator, the keying can
be done from a remote distance without the neces-~
sity of a keying relay.

Interrupted continuous waves

For interrupted continuous wave code trans-
mission, the input circuit of Fig. 4 is employed, and
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for this exceptionally high speed function it is -

advisable to employ a series resonant circuit with
the neutralizing reactor 22. . The tube V’ affords
a thermionic control which automatically inter-
rupts the carrier wave at an audio frequency rate
to produce the intended tone train.

Fig. 8 shows the effect on the carrier wave when
an audio frequency wave produced by.the circuit
shown in Fig. 4 varies the control potentials rela-
tive to zero bias. The carrier wave is alternately
released and supbressed in accordance with the
audio input wave, so as to produce a series of the
illustrated. pulses of the carrier wave. These
pulses may be keyed in groups for code transmis-
sion of the interrupted continuous wave variety,
and since the oscillator is suppressed when the
key is open, there is also afforded the advantage
of break-in operation whenever occasion requires.
Due to the thermionic actuation of the oscillator,
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the keying can be done from a remote distance
without the necessity of a keying relay,

Single cathode embodiment

In Fig. 12 there is shown by way of example, a
diagram which is explanatory of the fundamental
principle of my invention. As here shown, there
is enclosed within the tube V’’, a single cathode
positioned between two anodes, and with a pair
of grids intervening between each anode and the
single cathode, and beam electrodes are provided
as indicated at D.

In contradistinction to the showing in Fig. 1

" the grounding is reversed in Fig. 12 so as to op-

erate with a single cathode. In this instance the
ground is positive and is directly connected to the
anode 33. The variable low capacity reactor 6’
couples this anode 33 to one holder of the piezo
crystal X’* which has is opposite holder connect-
ed to the grids 81.. The negative potential is fed
to this grid 31 through the resistance 335 which
is interposed between this grid and the negative
side of the biasing source S which has its posi-
tive side connected to the single cathode 39. The -

_high frequency reactor 38 bypasses the control

grid 39 to the positive ground, and this control
grid is connected to the input terminal B. The
screen grids 32 and 40 have a common connection
which is bypassed to the cathode 30 by the low .
frequency reactor 37 and also connected to the
positive ground, preferably by the resistor 34.

The negative potential is fed to the single cath-
ode 30 through the high frequency choke coil 386.
The anode 41 is connected to the positive ground
by the high frequency choke coil 44 and also
connected. to the inductance 42 which together
with the illustrated antenna 43 constitutes the
open oscillatory circuit,

In this single cathode embodiment, the anode
33, reactor 6’, crystal X'/, grid 31 and cathode
30 form a high frequency oscillator circuit-where-
in ‘the anode is at ground potential, and there-
fore the cathode potential alternates relative to
the constant zero potential and in accordance
with the frequency of the oscillations of the crys-
tal X’’. This single cathode is therefore the
output of the oscillator and also the input of
the amplifier which embodies this single cathode
30, the control grid 39, the screen grid 40 and
anode 41.. The high frequency reactor 38 bypasses
the control grid 39 to ground and prevents
changes in the cathode potential from altering
the potential of this control grid 39, thus the
potential of the control grid 39 is maintained at
Zero, while the potential of the cathode alternates
at the frequency of the crystal X’’. The in-
ductance 42 is excited by the anode 41 :at the
frequency of the crystal X’’, thus amplifying the
high frequency wave.

The alternating and bias control potentials be-
tween the cathode and the conftrol grid 39 are
supplied through the terminals A and B by any
selected control input circuit as before explained
in the discussion of Fig. 1. .

- Operation

~The operation of this single cathode embodi-
ment is the same as set forth under this caption
in describing PFig., 1. The various performances
of the carrier wave control are essentially the
same as previously described in the discussion
of the embodiment shown in Fig. 1 and are dia-
grammatically illustrated in Figures 6, 7, 8, 9 and
10. It will be readily understood that the illus-
trated open oscillatory circuit can readily be con-
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verted into & series resonant cireuit as previously
explained under Fig. 1, and either with or with-
out interelectrode neutralization.

Multistage amplification

The amplitude of the previously described car-
rier waves can be further amplified by the ar-
rangement shown in Fig. 11 which shows an ar-
rangement of amplifier tubes connected in cas-
cade to the showing of Fig, 1. )

In Fig. 11 the first amplifier stage consists of
two tubes V! and V2 with all electrodes connected
in parallel, The anodes I1—I7’ are directly con-
nected to the cathodes 26—26’ of the tubes V3—V*
which constitute the final amplifier stage. These
amplifier tubes have beam electrodes as indicat-
ed at D. The screen grids 28-—28’ are connected
to the source of positive potential through the
potential reducing resistor 24. The anodes
2929’ are directly connected to the series res-
onant inductance 20. The positive potential is
fed to the anodes 29—29’ through choke coil 25
which: is connected to the center of the inductance
20 to avoid being affected by high frequency
voltage. The series resonating reactor 21 is con-
nected between zero potential and the inductance
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20 and the antenna {3 is attached by a switch .

1 to the inductance 20. The control input from
the terminal A is fed to the cathodes 26—26’

through the choke coil 18. The capacity of the zy

cathodes 26—26’ and anodes 29—29’ is neutral-
ized by the inverse feedback through reactor 22,
and the control input from B is connected to the
control grids 21—21” so as to make this final
amplifier stage the controlled input amplifier and
thus make it unnecessary to neutralize the inters
" electrode capacity of the first amplifier stage
These confrol grids 21—27" are bypassed  to
ground by the high frequency reactor 12, and the
bias battery S¢ is connecteg between ground snd
the control grids {5—i15. A
- The positive potential to the choke coils 9 and
18 is fed through the potential reducing resistor
24; and the negative potential to the cathodes
26—26" is fed through
potential reducing resistor 23. .
The potential reducing resistors 23 and 24 are
used to divide the D. C. potentials to the correct
values for the different tubes. The high fre-
quency choke coil 25 performs:the same fundction
at the choke coil {8 of Fig. 1. ‘ :
There is here shown a series fed series resonant
circuit instead of the shunt fed series resonant’

circuit in Fig. 1; both are equally effective; but-

the series fed circuit eliminates any need for the
reactor {9 shown in Fig. 1. However, a shunt
tuned resonant circuit is not satisfactory for the
burpose of thermionic reactance, because the re-
actance potentials are relatively low.

The tubes V3 and V¢ are each rated at a-much
higher power than that of each of the tubes
V! and V2 so as to provide the intended power
amplification. :

It will be seen that the tubes Vi—V2 ang:

V3—V* are connected in parallel and the groups
in series. This series parallel arrangement of
the four tubes provides approximately the. same
overall dynamic impedance between the oscilla-
tor and the series resonant output circuit as
existed in the tube V’ of Fig. 1; and the described
arrangement makes it possible to” pyramid the
amplification to many times that which would

be afforded by Fig. 1 and without any appreciable-

increase in the dynamic impedance. S
Each of these amplifiers Vi, V& V¥ and v+

the choke coil 18 from the -
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provide & coupling, -and theé resonant reactance
necessary to operate esch of the amplifiers is
supplied from the resonant oscillatory output air<
cuit, and thus: there is provided multistage am-~
plification without any necessity for interstage
circuits. These couplings enable the first am-
plifier stage to convey its power to the final am~
plifier .stage and therefore the total power is
not merely the output of the final amplifier stage,
but. is almost the sum total of both amplifier
stages. That is to say, that in the absence of
the coupling; the first amplifier stage would mere-
ly operate the final amplifier stage without con-
veying the primary amplification on to.the final
amplifier stage. Also, these couplings convey
power from the oscillator V directly through each-
of the amplifiers, thereby utilizing the entire out--
put of the oscillator. :
The described parallel arrangement is for the
purpose of overcoming the loss which would
otherwise occur from the dynamic impedance
which exists in the tubes now in general iise,
and it will be readily understood that when suit-
ablé amplifier tubes are available with sufficiently
low dynamic impedance, that each of these pairs
of parallel tubes may be replaced by a single tube
and the two stages connected in series, so that
the results of Fig. 11 can be accomplished with

- this lesser amount of equipment.

- It'is readily conceivable to design a single tube
to replace tubes VI—V2-_V3—V¢ in Fig. 11, and
thus make possible large amplifications of any
wave-form without coupling equipment, thereby
resulting ih a minimum of distortions as well
as a minimum of equipment.

It should be mentioned that the screen grid
4 can be omitted from any of the Figures 1,
or 11, as it is not absolutely essential to suc-
cesstul operation. It should also be mentioned
that Fig. 1 and Fig. 11 are operatable within a
restricted range without this reactor 6 which is
preferentially included to enhance the range of
utilization by selectively controlling the feedback
aceording to conditions of operation, so as to
assure efficiént stopping of the crystal oscilla-
tions. This intended purpose requires that the
reactor 6 be of very low capacity, say less than
150' mmfd. as distinguished from the higher ca-
pacity redctors which are conventionally used for
the purpose of isolation. ’

The reactors 8 and 37 have been described as
low frequency reactors because that affords the
most efficient operation; however, a suitable high
frequency reactor will give satisfactory operation
in either of these instances.

It should also be mentioned that in Fig. 1
when the inductarice 28 is provided with an

. antenna; then the variable low capacity reactor
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2l may be connected to the anode side of the
Inductance 20 so as to equalize the antenna ca-
pacity to ground. This provides a greater car-
rier voltage on the antenna than at the anode

1T and affords a stronger signal on g relatively

short antenna. With the reactor 2f thus con-
nected to the ancde 17, the neutralizing reactor
22 can also be used, provided tHat the antenna
is'less than a quarter wave length, otherwise
the neutralizing reactor 22 is omitted.

It should also be mentioned that a current
regulating resistor can be interposed betwesn the
screen grid #€ and the chokeé coil {8, so a5 to pro-
vide aconstant currerit on the screen grid 16,
When this is done, the function is essentially -
the same as hereinbefore described, and would be
similarly stated except that the term current
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would be used instead of the term potential, which
is the language hereinbefore employed. This
current regulating resistor is not essentially nec~

essary for successful operation, and highly effi- -

cient coupling can be obtained without it, how-
ever there are instances where it can be used to
advantage.

It should also be mentioned that throughout
the specification, the grid 16 has been termed a
“gereen grid” in accordance with the convention-
al language of the art; however, in the present
invention, the grid 6 does not really function as
a screen grid, but rather as a transmission elec-
trode, which due to its precise linear alignment
with the control grid, affords an adequate flow of
electrons from the cathode to the anode and en-
ables the potential changes which are produced
on the anode by the reactance in the resonant
oscillatory output circuit, to ‘thereby create the
coupling action within the amplifier and thus
control. the cathode emission current thereof.
Thus it will be seen that in the present invention
the grid 16 does not perform its usual function
which is to shield or screen the oscillator circuit
from the resonant oscillatory output circuit, but
rather this grid 16 has decidedly the opposite
effect and is of real importance in converting the
beam tetrode into a coupling.

Tt is well known that a piezo eleciric crystal is
the equivalent of an inductance and a capacitor
shunted by 2 resistance, and therefore it is in-
tended that this well known equivalent may bhe
used in the present invention instead of the piezo
electric crystal which has been mentioned in the
specification merely for the convenience of de-
seription.
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In the present disclosure I claim as my inven- -

tion:

1. Apparatus for producing a signal modulated
carrier frequency, comprising a space discharge
device having at least an anode, a cathode and
a conirol electrode, a source of carrier frequency
for exciting the cathode with respect to.a point
of reference potential, a load circuit including a
series resonant circuit connected to the anode of
said discharge device and energized by current
appearing between said anode and said point, and
means for applying modulating potentials to the
control electrode of said discharge device.

9. Apparatus for producing a signal modulated
carrier frequency, comprising a space discharge
device having at least an.anode, a cathode and
a control electrode, a source of carrier frequency
for exciting the cathode with respect to a point
of refsrence potential, a load circuit including a
geries resonant circuit connected to the anode of
said discharge device and energized by current
appearing between said anode and said point,
said series resonant circuit including an antenna
having a distributed inductance and capacitance
with respect to said point, and means for apply-
ing modulating potentials to the control electrode
of said discharge device.
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3. A radic frequency system comprising an im- ’

pedance, a space discharge tube including an
electron discharge path, a series resonant circuit
having two terminals and consisting of an induc-
tor in series with a capacitor, means to effectively
correct in series the impedance, electron dis-
charge path and series resonant cireuit, means
to supply energy across the impedance at the
frequency to which the series circuit is resonant,
and means to connect o load between the junc-
tion of the inductor and capacitor and a terminal
of the series resonant circuit. - .
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4. A radio frequency circuit comprising, .in
combination, an oscillator tube having at least
a cathode, an ancde and a control element, a
piezo-electric crystal included in a regenerative
circuit connected between said anode and said
control element, an amplifier tube having at least
a cathode, an anode and a control element, radio
frequency connecting means including an ape-
riodic circuit for connecting the anode of the
cscillator tube in the cathode-of said amplifier
tube, means for connecting the cathode of the
oscillator tube to @ point of reference potential,
a load circuit’ including a series resonant circuit
connected to the anode of the amplifier tube and
energized by current appearing between the an-
ode of the amplifier tube and the said point, and
means for applying modulating potentials to the
control electrode of said amplifier tube.

5. Apparatus for producing a signal modulated
carrier frequency, comprising a space discharge
device having at least an anode, a cathode ele-
ment and a control element, means for connect-
ing one of said elements to a point of reference
potential, a source of radio frequency for ener-
gizing the other of -said elements and thereby
exciting the said anode at radio frequency po-
tential with respect to said point, a load circuit
including a series resonanf circuit connected to
said anode and energized by current appearing
between the said anode and said point, and means
for applying modulating potentials to one of said
elements of said discharge device. ’

6. Apparatus for producing a signal modulated
carrier frequency, comprising a space discharge
device having at least an anode, a cathode ele-
ment and a control element, means for connect-
ing one of said elements to a point of reference
potential, a source of radio frequency for ener-
gizing the other .of said elements and thereby
exciting the said anode at radio frequency po-
tential with Trespeet to said point, a load circuit
including a series resonant circuit connected to
said anode and said peint, and means for apply-
ing modulating potentials to one of said elements
of said discharge device, said space discharge de-
vice having high mutual conductance and low
plate resistance.

7. A radio frequency circuit comprising, in
combination, a source of radio frequency oscilla-
tion including an oscillator tube and a piezo-elec-
tric crystal for controlling the frequency of the
oscillations, a space discharge device having at
least an anode, a cathode and control electrode,
said source exciting said cathode of the discharge
device with respect to a point of reference po-
tential, a load circuit including a series resonant
circuit connected to said anode of said discharge
device and energized by current appearing be-
tween the said anode and the point of reference
potential, means for applying a predetermined
bias voltage on the control electrode of the dis-
charge device to substantially control the ampli-
tude of the energy fed to said discharge device
by said source of radio frequency oscillation, and
means for changing the bias voltage for control-
ling oscillations of said crystal and for applying
modulating potentials to said control electrode.

8. A radio frequency circuit comprising, in
combination, an oscillator tube having at least a
cathode, an anode and a control element, a piezo-
electric crystal included in a regenerative cireuit
connected between said anode and said control
element, an amplifier tube having at least a cath-
ode, an anode and a control element, radio fre-
quencies connecting means for.connecting the an-
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ode of the oscillator tube to the cathode of said
amplifier tube, means for connecting the cathode
of the oscillator tube to a point of reference po-
tential, a load circuit including a series resonant
circuit connected to the anode of the amplifier
tube and energized by current appearing hetween
the anode of the amplifier tube and the said point,
means for applying a predetermined bias voltage
on the control electrode of said amplifier tube to
prevent oscillations appearing in said oscillator
tube, and means for changing the bias voltage for
starting oscillation and for applying modulating
potentials to said control electrode, ’

9. A radio frequency circuit comprising, in
combination, a space discharge device having at
least an anode, a cathode and control means, a
source of carrier frequency for exciting the cath-
ode with respect to a point of reference potential,
a load circuit including a series resonant circuit

. connected to said anode and energized by cur-
rent appearing between the said anode and said
point, means for applying a predetermined bias
voltage on the control means, means for adjust-
ing the series resonant circuit at substantially
resonance for said predetermined bias voltage,
and means for rendering the bias voltage more
negative and applying modulating potentials to
said control means, thereby modulating into and
out of resonance whereby control of the ampli-
tude of the current in the series resonant cireuit
is obtained,.

10. A radio frequency system comprising, in
combination, an oscillator circuit including at
least an anode electrode and a cathode electrode
operating as space discharge means, means for
connecting the anode to a point of reference po-
tential, means for exciting the cathode at radio
frequency potential abhove said point, an -ampli-
fier circuit including at least a cathode element,
an anode element and & control element, operating
as space discharge means, radio frequency con-
necting means for connecting the cathode of the
oscillator circuit to the cathode of said amplifier
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circuit, a load circuit including a series resonant
circuit connected to the anode of the amplifier
circuit and energized by current appearing be-
tween the anode of the amplifier circuit and the
said point, and means for applying modulating
potentials to the control element of said amplifier
circuit.

11, A radio frequency system comprising, in
combination, a space_discharge device having at
least a first anode, a second anode, a cathode
common to both said anodes, a first control erid
operating between the first anode and the cath-
ode and a second grid operating between the sec-
ond anode and the cathode, said first anode and
said first grid in combination with said cathode
operating as an oscillator, said second anode and
said second grid in combination with said cath-
ode operating as an amplifier, said first anode be-
ing connected to a point of reference potential,
a load circuit including a series resonont circuit
connected to the second anode and energized by
current appearing between said second anode and
said point, and means for applying modulating
potentials to the second grid.

12. A radio frequency system comprising, in
combination,. a first space discharge device hav-
ing at least an anode, a cathode and s control
electrode, a source of carrier frequency for ex-
citing the cathode with respect to a point of ref-
erence potential, means for applying a hiasing
voltage to the control electrode, a second space
discharge device having at least an anode, a cath-
ode and a control electrode, means for connecting
the cathode of the second space discharge device
to the anode of the first discharge device, a load
circuit including a series resonant circuit con-
nected to the anode of the second space dis-
charge device and energized by current appearing
between the anode of the second space discharge
device and said point, and means for applying
modulating potentials to the control eléctrode of
the second space discharge device.

DONALD L. HINGS.




