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This invention relates to gas-filled tubes. More
particularly, this invention relates to gas-filled
tubes having solid electrodes. Still more par-
ticularly, this invention relates to gas-filled tubes

5 having solid electrodes between which a gaseous
discharge may take place. This Jinventicn also
relates to circults for operating such devices and
for maintaining them in operation for long pe-
riods of time, )

10 A gas-filled {ube generally consists of two or
more spaced electrodes enclosed within an en-
velope such as glass, filled with a gaseous medium
such as neon, argon, helium or krypton, or & com-
bination of these gases, or & combination of these

13 gases and other gas or gases such 85 nitrogen.
The electrodes of the tube are usually so spaced
within the envelope that when a voltage excasd-
ing a predetermined value, known as the bregk-
down voltage of the tube, becomes Impressed

20 smcross two of its electrodes a bluish and lumincus

glow discharge will occur between these eleg.

vredes. This luminous discharge will continue
just as long as a somewhat lower voltage, known
as the sustalning voltege, remains impressed

across the aforementioned two electrodes. Im-

mediately upon the discharge, and throughout its

entire duration, the impedance between ali of the
electrodes of the tube will ke reduced from an
almost infinite value to a low and practicaliy neg-
ligible value.
In accordance with this invention o modified
form of gas-filled tube is involved and it consists
of a gas-filled envelope within which there are
two or more suitabie electrodes both of which are
35. always in contact with the gas within the en-
velope. An additional electrode is loeated exier-
nal to the envelope. This external electrode may
be spaced from the envelope or directly in con-
tact therewith, and it may assume any desired
41 shape as, for instance, a band or bands surround-
ing the envelope. Gas within the tube will be
normally de-fonized and there will be no glow
or ionization within the tube until & sufficlent
potential becomes applied to the external elec-
435 trode and some internal electrode provided but a
single external electrode is employed. When this
occurs, however, the gas within the tubke suddenly
becomes louized and a glow discharge appears
therein. Under these conditions the impedance
50 between all of the electrodes within the tube be-
comes greatly reduced to & negligible value. In
other words, the tube is normally inert and con-
sumes no current, but when required to operate
current can flow through the tube only when g

-5 sufficient potential is applied to the external elec-
trode. .

This invention will be better understood from
the detalled description hereinafter following
when read in connection with the accompanying

i0 drawings, in which Pigure 1 shows an arrange-
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(CL 250—27)

ment employed for the purpose of explaining
some of the principles of this invention; Mg, 2
shows the invention applied to one form of gas-
eous discharge tube obtainable in the open mar-
ket; Fig. 3 shows an arrangement which is a
modification of the one shown in Fig. 2; Pigs. 4,
5 and 6 show other arrangements each of which
includes a gaseous discharge tube having two
external electrodes, and Fig, 7 shows an arrange-
ment in which the principles of this invention
may be applied to signalling systems.
‘Referring o Fig, 1 of the drawings, the refer-
ence character T designates s tube the envelope
of which is filled with an inert gas of a composi-
tion ususlly inseried in such devices. A pluraiity
of electrodes may be enclosed within the envelope
of this tube bub only two such electrodes are
shown in Fig. 1 merely for the sake of {liustra-
tion, and {heze are designated A and K. They
will be referred to herelnafter as the anode and
cathode, vespectively, The civeufs connected io
the anode A and the cathode K will be designated
the work clrcult, and in Fig. 1 this work circuit
mey Inciude o source of potenilel B and a load
. The source B may ke one of continuons direct
current, or of interrupted direet current, ¢r of
alternating current, as will he more fully described
hereinafter, It I essential, howaver, in the prac-
tice of this Invention thai the effective poteniial

of the source B be less than the breakdown volt- <

age of the tube, but greater than the voltage re-
quired to sustain o discharge within the tube af-
ter i i3 started. )

The electrode 8 i¢ in the form of a conductive
or metallic band external to the envelope of the
tube, and it may surround the envelope. The g«
tuating or inpub civcult of this arrangement may
be connected between the external electrode S
and one of the internsail electrodes A or K, but
for the sake of llustration this actuating or input
circulf is shown as connecied hetween the.eiec-
trodes 8 and XK.

If no potential is applied between the exfternal

. €lectrode 8 and the electrode ¥ through the aciu-~

ating elreult, the potential of the source B will
be insufficient to initlate fonization of the gas
within the envelope of the tube T. XNo current
will then Aow through the tube and the work
circult will therefore be unopersted. As soon
as sufficlent potential is applied to the actuating
circult.connected o the external electrode S and
the internal elecirode K, the gas within the tube
will become lonized snd g discharge will then
occur within the tube. This discharge will reduce
the impedance between the elecirodes A and K
to a negligible value and current will then Sow
irom the source B. through the load © and over
the work circuit. In other words, the work cir-
cult will be started in operation only when &

~ sufficient potential is applied between the exter-
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-of the tube T.

It tne source B is one of continuous direct
current, such as o storage battery, and poled so
that the anode A is vendered positive with respect
to the cathode K, the potential of the source being
greater than the sustaining voltage but less than
the breakdown voltage of the tube, the spplica-
tion of & sufiicient potential between the external
electrode 8 and the internal electrode X will ini-
tiate lonization within the tube, es already exz-
plained. MNow, if the potential applied between
the electrodes 8 and K is such that the elecirode
8 i3 rendered suficlently positive with respect o
the cathode K, the initiation of lonization within
the tube will take place particularly beacsuse of
the potential impressed between these elecirodes
Sand K. After ionization takes place current will
continuously fow from the battery B through the
load O and over the work circuit which extends
to the electredes A and X, and this work circuit
will be continuously energized irrespactive of the
potential appiled to the actuvating circuit. In
other words, the work circuit will be continuously
operated even when the potential applied between

the actuating electrode S angd the cathode K is

removed. The work clrcult can be returned to
its normal and uncperated condition by de-loniz-
ing the gas within the tube, and this may be
accompiished, for instence, by opening the work
circuis, as for example, by meang of 8 switch (not
showm).

IZ, however, the notential applied between the
external clectrode 8 and the cathode K is such
that the externsal electrode is rendered suficlently
negative with respect to the cathode &, this poten-
tial of the actuating circuit will be effectively in
series with the potential of the source B and
both potentials will be additive and may create
a sufficlent potential between the elecirvode 8 and
the anode A so as to lonize the gas within the
tube T. In other words, the actuating potential
mey be such as to bring sbout & voltage effect
between the electrodes S and A sufiicient to ionize
the gas within the tube, When this occurs the
work circuit will again be operated and current
will continuously flow from the source B through
the load O and over the work circuit, Agsin the
work circuit may be returned to its normel condi-
tion and the gas within the tube de-ionized by
opening the work circult or by other means, and
if the work circult is not refurned to its normal
condition current will continuously flow from
the source B irrespective of the presence or ab-
sence thereafter of pofential betwesn the elec-
trodes S and X, ,

if the source B were one which preduced in-
terrupted direct current the potentisl of which
weas greater than the susteining voltage and less
than the breakdown voltage of the tube T, ioni-
zation within the tube T may be initiated by
applying & sufilcient potential between the elec-
trodes 8§ and K, and a pulssting current will
therefore flow through the load O and over the
work circuit. This pulsating current will cease just
as soon s the potential applied to the actusting
circuit is removed or is rendered Ineffective.
Similarly, if the source B is one of alternating
current, alternating current or rectified current
depending upon tube design will flow through
the work circuit only as long &s sufficient poten-
tial is applied to the actuating circult. In other
words, the tube will automatically reset itself so
that the gas therein will become de-ionized imme-
diately after the applied potential Is removed

8,108,439

from the actuating circuit in thos@ cases in which
the source B is a pulsating potential or an alter-
nating potential, If, however, the source B iz &
continuous direct potential, eny of the circuits
ghown In my Patent No. 1,977,268, issued Cctober
i@, 1834, raay be ussd Zor the purpose of resetting
the cireult to normal, ] )

The ftube T encloses two electrodes both of
which are zolid electredes which are spaced from
each other by o predetermined distence. This
tube mey, of course, include many more than fwo
clectrodes if deslred, and any two of the clectrodes
meay be used for connection to some form of work
civeuit. In fact, each pair of electrodes may form
individual circulis a1l simultancously controlled
by & cingle sctuating clrcult. Also each work
clrcuit may include 2 common electrode_withm
the tube and one of the other clecirodes, 81l of
the circults being simultaneously controlled by
g single actuating civcult,

- It will be further noted thet the electrodes &
end K of the tube T sve shown 2z fai plates
which face each other. These electrodes may
be circuler or rectangular in shaps, or of any

-other shape; and they need not be fAnt, they

may bes curvillnear, that is, either convex or
concave, to any desired degree. If the elecirodes
are of equal ares, as shown in Fig, 1 of the draw-
ings, the work circult mey ke completoly re-
versed =o that the source B may apply, for in-
stance, negative potential to the elecirode A
and o positive potential to the elecirode XK. Ua-
der such conditions with alternating potentials
supplied at B a substantially equal current will
flow in either direction through the work ¢ir-
cuit after ionization is initiated by supplying a
sufficient potential to the actuating circuit. These

20

30

electrodes A and K need not be equal flat plates,

however, but may be of any configurstion or one
or both mey be pointed if so desired. If & pointed
electrode is enclosed within the tube it is pref-
erable, however, that the source B be so poled as
to render the pointed electrode positive with re-
spect to the other electrode. A somewhat greater
current will flow through the work circuit un-
der such conditions than when the work circuit
is reversed so as to reverse the polarity of the
source B applied between the pointed elecbrode
and the fiat electrode.

Although the external electrode 8 is shown
in the form of & metsllic band the plane of
which is perpendicular to and bisectz the gap
formed by the clectrodes A and X of the tube
T, such an arrangement is by no means essen-
tial. The elecirode 8 need not surround the
envelope of the tube and it need not lie in &

- plane which is perpendicular to the direction of

the gap between electrodes A and X; the elec-
trode S may form any desired angle with respect
to the direction of the gap formed by electrodes
A and K.

The electrodes A and K, and any other elec-
trodes enclosed within the envelope of the tube,
may, if desired, be coated with an asctivating ma-
terial of any type well known in the art. This
is not an essential requirement for the opera-
tion of any of the arrangements employed in this
invention, but if the internsal electrodes are so
coated the efficiency and stability of operation of
the tube will be increased and, moreover, & lower
potential will be required, not alene for initiating
ionization within the tube, but = lower poten-
tial will also suffice to continuously maintain
ionization within the tube. ‘ ‘

Fig. 2 shows & tube T which resembles & type

40

50

80

70

75



[

10

15

85

70

75

aided by

2,108,480

of cold cathode discharge tube familiar to those
skilled in this art. This tube T includes within
its envelope a pointed anode A and two cathodes
which are spaced from each other but which are,
in this invention, connected to each other so as
to form a single cathode K, The commercial
type of tube T, however, is improved in accord-
ance with this invention by the presence of an
external electrode S which is s conducting sur-
face placed about the envelope of the tube T, as
shown.

The work circult of the tube T includes not
alone the anode A and the cathode K of the tube
T, but also a source B and the winding of a

relay R which are in series with each other. The

external electrode S is connected to the cathode
K by means of a resistance 7 and 8 source C
which is used for biasing the external electrode

S with respect to the cathode K. A source of

actuating voltage P in the form of an alternating
current generator is connected across the imped-
ance @, - :

The source €, nlthough it biases the exierngl
elecivede 8 with respect to the cathode K, is in~
sufficient by itsel to initinie lonization of the
gas within the tubse T, It is necessary that ¢he
sctuating voltage P be aprlied through the im-
pedance T, between the externs] electrode S and
the cathode X, in addition to the offect of the
source C {o initinte lonization of the gas within
the tube. It ssemns hsrdly necessery to state
that after ionization is initinted current fows
from: the source B through the work circult angd
oharaes the relay or other load B. If the source
& is one of conbtinuous direc) current ins reley
or load R wilt bz continuously opzrated vnil the
work circult is opened, or if o resziiing eclrculd
is employed, untfl the gas within the tubs T is
obherwise restored to e de-lonized stase, If the
tource B i 2 pulseting potential or an. slter-
nating potential,” the work civeuit will he vew
tored to iis initial condition and the reley or
oad R will become unoperated upsn removal of
he applied voltage P.

The Impedonce Z is employed for the DUrnosa

{ reraoving eny charge upon the conducting sure
iace 8 after the actusting veliage P has beex
isconnecied from the circuis. Any charge on
ihe exuiernal electrode 8 will lesk hack to the
othode (or ground) through % and this leak wili
ceur whather

tinl C is employed.

it will be understood that the actuating volit-
age need not be an alternating potential. Ii may
e & sufficlent direct potential, or any other form

-ty oF et ¢

i

b3

a

©

(e}

o

be
of potentinl. It is the combined effect of the
actuating potential P and the biasing potential
C, where the twe are sufficiently large, thas nro-
duces lonization of the gas within the tube T, If
however, the combined effect of the sources @
and € Is such as to render the ex ernal slectrods
2 positive with respect to the cathode X, an
the source B is such as io rvender the anocds 4
Bositive with respect to the cathode K, ionigg-
tion will teke place by virtue of the injtial po-
tential appiled between the electrodes 8 and =,
If the combined effect of the gources P and ¢
is such as to render the external elecirode S
negative with respect to the eathode X, this com-
bined effect will produce hetween the externs
electrede S and the anode A g voitage which is
the source B. This potential applisd
between the electrodes S and A may be sufficient
to lonize the gas within the tube T and bring
about the operation of the work clreuit.

e £,

or not a blasing source of poten--

3

It will be understood that if the source B pro-
duces a pulsating potential or an alternating po-
tential of such a character that the interval be-
tween applications of voltage between the elec-
trodes A and K is less than the time required to
de-ionize the gas within the tube. T, the gas with-

5

in the tube T will remain continuously ionized.-

irrespective of the application of any potential
to the external electrode S. The work circuit may
then be returned to normal by-removing or oth-
erwise suppressing the actuating voltage P, as al-
ready described hereinabove, - o

It will be fufther understood that the source
C is not indispensable in the practice of this in-
vention. It may be entirely eliminated In which
case there would be no bias between the external
electrode S and the cathode K. Under such con-
ditions the actuating voltage would itself bring
about the initiation of lonization by applying po-
tential to-the external electrode S and one of the
other internal electrodes of the tube. -

It will be still further understood that in the
tuke T, as In each of the other fubes to ke here-
Inafter described, the anocde A end the cathode
K, may both be solld, metalllc elements of equal
area in which case the work cireudt may be re-
versed without in any way appreciably affecting
its operation. ‘

Fig. 3 is o modiflcation of the arrgngement
shown In Flg. 2 in which the source C biases the
anode with respect to the externa! electrode g,
the biasing potentia! C belng applied through the
impedance Z. This arrangement operates in the
manner already described with respect to Fig, 2.

Flg. 4 shows o tube T the work cireuit of which
is connected betwaen the anode A and the caine
ode X, as in Fg, 2. The tube T of this arranze-
ment, howsver, has jwo external conducting eleg-
trodes 81 and S, both of which are for conven-
ience wrapped
are normeally insuloted from

aboub the envelope of the tube gnd
of thece externsl slecivodes is connected o the
ancde A or the cathode X of the tube T, or to
the worlk eclvewls which s connscizd to these
elecirodes. _

The leak impadance 5 is connected between the
gzternal electrodes & and 2 through the Plasing
batiery €, but It will be appersnt that neither the
batiery C nor the imuedance 7 Is eszential o the
operation of the system. Asin Figs. 2 and 3§ the
actuating volisge P may teke the form of g gen-
erator of siternsting current which vroduces g
potential soross the terminals of the impedance
Z. In this arrangement the biasing potential ¢
is InsufMizient alone to Initiate gaseous ionization
within the tube T, bub.the additienal veoltage de-
rived from the eetusting souvce P
between the electrodes B: and Sq is sufficiently
large to initiate ionizsiion, Thus g discharge oc-
curs between the electrodes A and X, and the
work eircuit is then supblied with current from
the source 3,

The tube T and it conductive ezternsl elec
trodes & ond B sre admirably adapted for sig-
naling ciren’ts in which one of the circults of
the system mey be conductively disscciated from
another of the circults of the system. In a tele-
graph system, for instance, the electrodes 81 and
B2 may be connected to one of the circuits, and
the anode A and cathode X may be connected to
ancther of the circuits, No current will flow
through the cireuis of the anode and cathode un-
il a sufficient voltage, properly poled, hecomes
applied to the electrodes S and Sa. The circuit

of Fig, 4 is especially usefui hecause thare need

o
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a

be no conductive connection between gither of
the external electrodes and either of the internal
clectrodes under normal condliions, and. con-
Guctivity mey occur only after gaseous ionization

‘has been initlated.

Fig, B is 8 modication of the errangement of

. g, 4 in which the tubs T ineludes two ezternal

10

18

electrodes &1 and Si, snd the work ciroult is the
savae a5 thet shown in Fig. ¢, but two separate ac-
tusting voltages ave derived frcm sources B; and
Py, The source P may opply & suflclent potential
between the external elecirode 81 and the Internal
electrode A, the voltege being applied through the
impedance Z: and bissing source C. The souxree

P2 may also supply & sufiiclent actuating volisge, .
But this voliage 1 applied between external elege

" trode 83 and the cathede K through the im-
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pedance Zz and the biasing sourca C. The ap-
plication of either of the potentinls of sources 1
or P2 will he sufiicient to initiate ionlzation of gas
within the tube T, and the work clreuly will be
operated when elther of these potentiale of sufi-
clent amplitude becomes applied between the as-
sociated external elecirode and fhe correspond-
ing internal electrede, : _

Fig. 6 {s & modification of Fig. 8, in which either
of the sctuating voliages derived from sources P1
and P2 may produce o sufitcient potential between

the corresponding externgl elecirodes ¢ or 8-

and the cathode & of the tube T to produce
jonization of the gas. The voltage P1 may be ap-
plied between the ¢lectrode 1 and cethode K,
through impedance Z1 and the source C, while
the voltage Pa may be applied between the. ex-
ternel electrode Sa and cathode ¥, through im-
pedance Za in the same source C. Elther of the
sources here also will produce sufficient voltage
to initiate gaseous lonization within the tube T.
Either source may employ individual C bies and
the arrangements are not restricted to a common
C bias as shown. , _

Fig. 7 is = modification of the arrangement
shown in Fig, 2. Here the source P is connected
to the impedance Z through e transmitting key
D. The source B and the winding of the relay
R sre connected in serles with each ofher and in
series with the winding of a vibrating relay B
The negative terminal of the source B Is connect-
ed to the lower terminal of the winding of the re-
1ay R1 through @ condenser E and & resistance.Za
which are connected in serles with each other.
The contact of the relay R 18 also connected to
the negetive terminal of the scurce B,

When the key D is open, gas within the tube
T will be de-ionized and no current will flow
from the source B through the windings of either
of the relays B or R1. When the key D is closed
the actuating voltage P will be eppiled through
the resistance Z along with the biasing source C
petween the externel electrode S and the cathode
¥ of the tube T. Ionizetion of the gas within
the tube T will be initiated and a substantial cur-
rent will then fow from the source B through
the windings of the relays R end Ri. The relay
R will remain operated as long as the key D is
closed, but the relay R1 will vibrate continuously
throughout the entire interval durlng which the

~ key D is closed. Upon the subsequent opening

70

75

of the key D the relays R and R1 will return to
normal. .

The condenser E may be & fixed condenser of
any sultable value as, for example, two micro-
farads. The resistance Z3. may be any suitable
resistance as, for example, one having 20 ohms of
resistance. These elements of capacity and re-

8,102,488

gistance are bridged across the srmature and
gontact of the relay Ri for the purpose of pre-
venting re-ionization of the gas within the tube
T after i¢ haos been extinguished. This is ac-
compiished as follows: ,

As alveady stoted, the srmature of the relay
B vikrates, but its vibration is et high speed. In-
agmuch as the winding of the relay R is in gerles
with the source B, the periodic making and break-
ing of the circult may couse the winding of the
relay R to produce 2 suficlent voliage which,
when added to that of the source B, will erceed
the breakdown voliage reguired to Initfate and

- maintein ionization between the electrodes A and

& of the tube T. However, when the contact of
the reley Ri is opencd the condenser B, belng
in & discharged state, effectively acts like & short
eireult to suppress the voltege between the anode
A and the cathode K. Consequently, the voltage
produced across the winding of zelay R will be
ineflective in producing sny  rotential batween
the electrodes A and K of the tube T. When the
armature of the relay R1 subsequently closes its
contact, the condenser & will then discharge over
the circult which includes the resistance Z3 and
the srmeature and contact of the relay Ri. It
wiil be further noted that when the armature of

10

15

25

relay Ra closes its contact, the elecirode A will )

be connected to the electrode K through the
winding of the relay Ri1 gnd its armature and
contsct. Conssquently, the battery B will af
thet time be Ineffective in producing any appreci-

able voltege between these same electrodes A

and &R, .. ;

Tt will be understood thet the impedances 2, 21
and %2 need not be resistors, but that they may
be replaced by inductors or capacitors or auto-
transformers or two or more winding trans-
formers, or any other similar device, as will be
spparent to those skilled in this art. )

The tube which forms the basis of this inven-
tion is one in which a2 luminous glow discharge
occure within the tube when it operates. Such
& device is fundamentally different from devices
which employ spark discharges. Moreover, the
tube 13 & rather inezpensive device requiring little
i7 any maintenance. It is highly efiicient, and
no curvent is required to maintaln or prepare it
for subsequent operstion. It therefore differs
from any device which employs 2 heated cathode

‘or & mercury pool which requires & continuous

arc so that it may be ready for any subsequent op-

eration. The tube of this invention, although no-

eurrent Aows through it until- it operates, is
prought into operstion only when a sufficient
potential Is applied to an external electrode.
Furthermore, the internsal electrodes of the tube
are hard metallic substances which are continu-
ously meintained at & low temperature, and this
tube is admirably adapted for use in movable
vehicles or devices such as automobiles, trains,
airplanes, or the like, The potential applied to
the externsl electrode is never enabled to pre-
vent continuous gaseous ionization within the
tube. In other words, the potentisl -applied to
the externsl electrode merely initiates operation,

‘but has lttle if any subseguent control thereover.

While this invention has heen shown and de-
scribed as embodying certain features merely
for the purpose of illustration, it will be under-
stood that it can be used in many other and widely
varied organizations without departing from the
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spirit of the invention and the scope of the ap-

pended claims,
Whet is clalmed is:
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1. The combination of a gas-filled tube enclos-
ing two solid unheated substantially equal me-
tallic electrodes spaced from each other, an elec-
trode mounted external of the envelope of the
tube, and means including a second electrode
mounted external to the envelope of the tube for
applying a potential between the first-mentioned
external electrode and the second—mentloned ex-
ternal electrode so as to produce gaseous ioniza-
tion between the internal electrodes of the tube,
the circuit of the internal electrodes being un-
controlled by the external electrodes affer gase-
ous ionization has been initiated.

2. The combination of a gas-filied tube having
two solid unheated substantially equal metallic
electrodes spaced from each other and an ex-
ternal electrode, means including & second ex-
ternal electrode for applying a potential between
the two external electrodes for initiating ioniza-
tion of the gas within the tube between its in-
ternal electrodes, and means connected to the
internal electrodes for confinuously maintaining
the gaseous ionization within the tube independ-
ently of the presence or absence of potential be-
tween the external electrodes.

. 8. The combination of a gas-filled tube en--

closing two solid unheated substantially equal
metallic electrodes spaced from each other and
having two external electrodes, a source of po-
tential connected between the internal electrodes
the magnitude of which is insufficient to break
down the gap between the internal electrodes but
is greater than that required to maintain gaseous
jonization within the tube after it is started,
means for applying a source of potential be-
tween the external electrodes for initiating
gaseous ionization within the tube, and a load
connected to the internal electrodes of the tube

- which ‘becomes continuously operated after
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gaseous lonization is initiated and is thereafter

independent of the magnitude or polarity of the
potential applied to said external electrodes.

4. The combination of a gas-filled tube hav-
ing two internal electrodes and two external elec-
trodes, the internal electrodes being hard
metallic elements, a source of potential, & load
connected in series with the source of potential
between the internal electrodes of the tube, a

" leak resistor connected between the external elec-
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trodes, and means for applying a potential across
the leak resistor so as to initiate gaseous ioniza-
tion within the tube and for continuously operat-
ing the load thereafter independently of the re-
moval of the voltage applied across the leak re-
sistor.

5. The combination of a gas-ﬂlled tube hav-
ing two hard metallic infernal electrodes and
two external metallic electrodes, means for bias-
ing one of the external electrodes with respect
to the other of the external electrodes, means for
applying a potential between the external elec-
trodes so as to initiate gaseous ionization within
the tube, and means connected to the internal
electrodes of the tube for continuously maintain-
ing gaseous ionization within the tube unin-
fluenced by transient variations in the magnitude,
polarity or phase of the potential thereafter re-
maining or thereafter applied to said external
electrodes. .

6. The combination of a gas-filled tube hav-
Ing two hard metallic internal electrodes and
two external electrodes which are spaced and

5

insulatéed from each other. 4 work circuit con-.

nected between the internal electrodes of the
tube, and means for.applying potential between
the external electrodes for initiating gaseous
jonization within the tube and for continuously
operating the work circuit uninfluenced by tran-
sient variations in the magnitude, polarity or
phase of the potential thereafier remaining or
thereafter applied to said external electrodes.

7. The combination of a gas-filled tube hav-
ing. two hard metallic internal electrodes and
two external electrodes which are spaced and
insulated from each other, a work circuit con-
nected between the internal electrodes of the tube
which includes a source of potential the mag-
nitude of which is less than the voltage required
to break down the ga® between the internal elec~
trodes of the tube and greater than that required
to sustain ionization between said internal elec-

trodes of the tube after ionization has started,

means for applying a potential between the ex-
ternal electrodes for initiating gaseous ioniza-
tion within the tube, and means independent of
the circuit of the external electrodes for de-
ionizing the gas within the tube after the voltage
applied between the external electrodes has been
removed.

8. The combination of a gas-filled tube hav-
ing a plurality of hard substantially equal metallic

internal electrodes and two external electrodes,

a source of potential the magnitude of which
is less than the potential required to initiate
ionization of the gas within the tube, a load in-

- terconnected between the source of potential and

two of the internal electrodes of the tube, and
means for applying a potential between the ex-

‘ternal electrodes for initiating gaseous ionization
-within the tube and for operating the load un-

influenced by transient variations in the mag-
nitude, polarity or phase of the potential there-
after remaining or thereafter applied to said
external electrodes.

9. The combination of a gas-filled tube en-
closing a plurality of solid metallic electrodes

‘spaced from each other, a plurality of electrodes

mounted.-external of the envelope of the tube
which are not connected to the internal electrodes,
and means for applying a potential to the ex-
ternal electrodes to produce gaseous ionization be-
tween the internal electrodes of the tube.

10. The combination of a gas-fllled tube en-
closing a plurality of unheated metallic electrodes
spaced from each other, a plurality of external
electrodes for the tube which are not connected
to the internal electrodes, and means for apply-
ing a potential to the external electrodes for
initiating ionization of the gas within the tube
between its internal electrodes.

11. The combination of a gas-filled tube en-
closing a plurality of solid unheated metallic
electrodes spaced from each other and hav-
ing & plurality of external electrodes not con-
nected to the internal electrodes, a source of
potential connected to the internal electrodes the
magnitude of which is insufficient to break down
the gap between the internal electrodes but is
greater than that required to maintain gaseous
ionization within the tube after it is started, and
means for applying a potential to the external
electrodes for initiating gaseous ionization with-
in the tube, .

S LELAND KASSON SWART.

10

15

20

25

30

40

45

50

55

60

(]

10



