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11. Claims. 
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 
having solid electrodes between which a gaseous 
discharge may take place. This invention also 
relates to circuits for operating such devices and 
for maintaining them in operation for long pe 
riods of time. 
A gas-filled tube generally consists of two or 

more spaced electrodes enclosed withi ain en 
Velope such as glass, filled with a gaseous medium 
such as neon, argon, helium or krypton, or a coin 
bination of these gases, or a combination of these 
gases and other gas or gases such as nitrogen. 
The electrodes of the tube are usually so spaced 
Within the envelope that when a voltage exceed 
iing a predetermined Yalue, known as the greak 
down voltage of the tube, becomes ingressed 
ECOSS tWO of its electrodes a bluisia and Liaisos 
glow discharge willi occur between these ejec 
trodes, is unious discharge will continue 
just as long as a Somewhat lower Woltage, Eown 
as the Sustaining voltage, remains irgi'essed 
across the aforemerationed two electrodes. in 
mediately upon the discharge, and throughout its 
entire dration, the impedance between alli of the 
electrodes of the tube will be reduced frog) ar. 
almost infinite value to a low and practicaliy nege 
ligole value. 
In accordance with this invention a modified 

fort of gas-filled tube is involved and it coinsists 
of a gas-filled envelope within which these are 
two or more suitable electrodies both of which are 
always in contact with the gas within the en 
velope. An additional electrode is located exter 
nai to the envelope. This external electrode inay 
be spaced from the envelope or directly in con 
tact therewith, and it may assume any desired 
shape as, for instance, a band or bands Surround 
ing the envelope. Gas within the tube will be 
normally de-ionized and there will be no glow 
or ionization within the tube until a sufficient 
potential becomes applied to the external elec 

5 trode and some internal electrode provided but a 
single external electrode is employed. When this 
occurs, however, the gas within the tube suddenly 
becomes ionized and a glow discharge appears 
therein. Under these conditions the impedance 
between all of the electrodes within the tube ce 
comes greatly reduced to a 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 a 
sufficient potential is applied to the external elec 
trode. - 

This invention will be better understood from 
the detailed description hereinafter following 
when read in connection with the accompanying 
drawings, in which Figure i shows an arrange 

(C. 250-2) 
ment employed for the purpose of explaining 
some of the principies of this invention; Fig. 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; Figs. 4, 
5 and 6 show other arrangements each of which 
includes a gaseous discharge tube having two 
external electrodes, and Fig, shows an arrange 
ment in which the principles of this invention 
may be applied to signalling systems. 

Referring to Fig. of the drawings, the refer 
ence character designates a tube the envelope 
of which is fied with an inert gas of a composi 
tion usually inserted in Such devices. A plurality 
of electrodes may be enclosed within the envelope 
of this tube but only two such electrodes are 
shown in Fig. 3 merely for the sake of illustra 
tion, and these are designated A and K. They 
Wii e referred to hereirafte: as the anode and 
Cathode, respectively, he circuit, connected to 
the anode A and the cathode ik will he designated 
the 702k circuit, and in Fig. this work circuit 
Easy incide a Souce of cotertial E and a load 
(O. The Source B may be one of coratinuous direct 
cirrent, or of interupted direct current, or of 
alternating curi'ent, as will be shore fully described 
hereinafter, it is essentiai, however, in the prac 
tice of this invention that the effective potential 
of the Sorce 3 he less than the breakdown volt- : 
8ge of the tube, but greater than the voltage re 
(Lired to Sustain a discharge within the tube af. 
3i , is started, 

he electrode S is in the foil of a conductive 
or netaile band external to tie envelope of the 
tube, and it insy Starrcurid the envelope. The ac 
Suating or input circuit of this arrangement may 
ice coinected betwee; the external electrode S 
and one of the internai electrodes A or 3, out 
for tie sake of illustratio; this actuating or input 
circuit is shown as connected between the elec 
trodes S and E. 

if 0 gottential is applied setweein the external 
electrode S and the electrode 3 through the au 
atting circuit, the potential of the source 3 will 
e isficiet, to initiate ionization of the gas 

Within the envelope of the tibe T. No current 
Will then row through the tie and the work 
circuit, will therefore he utioperated. As soon 
as sufficient potential is applied to the actuating 
circuit. connected to the external electrode S and 
the internal electrode K, the gas within the tube 
Wii become ionized and & discharge will ther 
occur within the tube. This discharge will reduce 
the impedance between the electrodes A and K 
to a negligibie Vale and current will then flow 
from the source B, through the load O and over 
the work circuit. In other words, the work cir 
cult will be started in Operation. Only when a 
sufficient potential is applied between the exter 
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of the libe. 
if the source 8 is one of continuous direct 

cirrent, such as a storage battery, and poled so 
that the anode A is rendered positive With respect 
to the cathodek, the potential of the source being 
greater than the sustaining voltage out less than 
the breakdow Voltage of the tube, the splica 
tion of a sufficient potential between the external 
electrode S and the internal electrode 3 will ini 
tiate ionization within the tube, as already eigs 
plained. Now, if the potential applied oetween 
the electrodes S and is such that the electrode 
S is entered Staficiently positive wirespect to 
the Cathodie K, the initiation o ionization Arithin 
the tube Will take place particularly cacause of 
the potential in pressed between these electrodes 
S and E. After ionization takes place current will 
continously foW from the battery 3 through the 
load O and over the work circuit which extends 
to the electrodes A and S, and this worg circuit 
will be continuously energized irrespective oa the 
potential applied to the actuating circuit. In 
other words, the work circuit will be continuously 
operated even when the potential applied between 
the 8ct2ating electrode S and the cathode E is 
removed, he York circ can be retagned to 
its normal and unoparated condition by tie-ioniz 
ing the gas Within the toe, and this may be 
accomplished, for instance, by opening the work 
circuit, SS for example, by means of a SWitch (not 
shows). 

f, however, the potential applied between the 
external electrcie S and the cathode 3 is such 
that the external electrode is rendered Sciently 
negative with respect to the cathode 3, this poten 
tial of the actuating circuit, will be effectively in 
series With the potential of the source 3 and 
both potentials will be additive and may create 
a sufficient potential between the electrode S and 
the anode Aso as to ionize the gas within the 
tube . In other words, the actuating potential 
Fray be such as to bring about a voltage effect 
between the electrodes S and A sufficient to ionize 
the gas Within the tube. When this occurs the 
Work circuit will again be operated and current 
Will continuously flowy from the source 3 through 
the loadi O and over the work circuit. Again the 
Work circuit may be returned to its normal condi 
tion and the gas within the tube de-ionized by 
Opening the work circuit or by other nears, and 
if the Wors circuit is not returned to its normal 
condition, current will continuously flow from 
the source B irrespective of the presence or ab 
sence thereafter of potential between the elec 
trodes S and K. 

if the source B were one which produced in 
terrupted direct current the potential of which 
was greater than the sustaining voltage and less 
than the breakdown Voltage of the tube, ioni 
zation within the tube a may be initiated by 
applying a sufficient potential between the elec 
trodes S and S, and a pulsating current will 
therefore flow through the load O and over the 
work circuit. This pulsating current will cease just 
as Soon as the potential applied to the actuating 
circuit is removed or is rendereri 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 as sufficient poten 
tial is applied to the actuating circuit. In other 
Words, the tube will automatically reset itself so 
that the gas therein will become de-ionized imme 
tiately after the applied potential is removed 

2,108,480 
from the actuating circuit in those cases in which 
the sorce 3 is a pulsating potential or an eiter 
asting potential. 8, however, the source 8 is a 
continous direct, potential, any of the circuits 
shotyr in any Patent No. 1977,258, issued Octobar 
6, 934, incy leged for the purpose of resetting 
the circuit to Orons, 

the use eacloses two electrodes both of 
which are sold electrodes which are spaced on 
each other by a predeterrained distsnce. Eas 
tube Snay, of eotage, include nasay more tas Yo 
electroes if desired, sad any tyroo he electrodes 
Snay be used or connectora to some fora of 7ork 
circuit. a fact, each pair of electa'oesnayios in 
individual circuits a simultaneously controlled 
by E, single acating circuit. Also each work 
circuit Saay includes, common electrode within 
the take and Oae of the other electrodes, all of 
the circuits being simultaneously controlled by 
a stage &cgtig circuit. 

It Will be fugae; oted that, he electrodes A. 
aad E of the tube se shov, ag at piates 
which ace each other. These electrodes enay 
he circula or rectangular in shaga, or of ay 
other shape; and they need not he fat, they 
may a civine3:r, that is, eitei conve; or 
concave, to any desired degree. If the electrodes 
are of equal area, as shown in Sig. 1 of the draws 
ings, the work circuit may be completely re 
Versed so that the source 3 nay apply, for ita 
stance, negative potential to the electrode A 
and a positive potential to the electrodie E. Usa 
der Such conditions with alternating potentiais 
supplied at 8 a substantially equal current will 
foW in either direction through the work cir 
cuit after ionization is initiated by supplying a 
Sufficient potential to the actuating circuit. These 
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electrodes A and Kneed not be equal flat plates, 
however, but may be of any configuration or one 
or both may be pointed if so desired. If a pointed 
electrode is enclosed within the tube it is pref 
erable, however, that the source 3 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 electrode 
and the fiat electrode. 
Although the external electrode S is shown 

in the form of a metallic and the plane of 
which is perpendicular to and bisects the gap 
formed by the electrodes A and E of the tube 
T, such an arrangement is by no means essen 
tial. The electrode S need not surround the 
envelope of the tube and it need not lie in a 
plane which is perpendicular to the direction of 
the gap between electrodes A and ; 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 E, and any other elec 

trodes enclosed within the envelope of the tube, 
may, if desired, be coated with an activating na 
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 internal electrodes are so 
Coated the efficiency and stability of operation of 
the tube will be increased and, moreover, a lower 
potential will be required, not alone for initiating 
ionization within the tube, but a lower poten 
tial Will also staffice to continuously maintain 
ionization within the tube. : 

Fig. 2 shows a tube T which resembles a type 
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9,108,489 
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 a conducting Sur 
face placed about the envelope of the tube T, as 
shown. 

The Work circuit 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 cathiode 
K by means of a resistance Z and a 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 
&nce 2. ' 

he source (, although it, bases the exterial 
electrode S with respect to the cathode K, is in 
sficient, by itself to initiate ionization of the 
gas witi, the tubs . It is necessary that he 
actuating voitage P be applied through the ign. 
pedance 2, setweer the externs electrode S and 
the cathodie K, in addition to the eifect O2 the 
source C S initiate ionization of the gas within 
he tee. It, Ssers hady necessay to State 
that, afte: ionization is initiated carrent foWS 

32, the sorce B through the Work circt anati 
garates the relay or other load R. iii the Souz'ce 

E is one of coinuous direct, cirreri, age Seisy 
or load R will a continuously op33'3.ted 3 it he 
Work circuit is opened, or if , "esetting cisc: 
is exployed, until the gas within tie bui32 E is 
otherwise restored to a de-ionized State. i tie 
source 3 is a puisating potentiai or a sel 
aaig sciential, the work circuit, will is 'eas 
store to is initis condition as tie relay : 
load S. Yi seconse inoperated pC, renova. C? 
the applied voltage P. 

ihe is a 3xicace 2 is employed for the gigose 
Segoving any citage upon the Codiactiyeg Stig's 
e S after the actuating voltage has zees 

isconnected fron the circuit. Any claige O. 
sexternal electrode S will leak Rack to the 

catiotie (or ground) through 2, at this eak Yi i 

i 3. 

s C is errapidyes. 
, Wii e understood that tie 3-classig Voit 

age need not be an alternating potentiai. It aay 
be a suicient direct potential, or any other foxii. 
of potentia. It is the combined effect of the 
aciliating potential P and the oiasing potentiai 
C, where the two are sufficiently a 'ge, tha; oro 
duces ionization of the gas within he use. If 
however, the combined effect ci the sources : 
aici C is stich as to render the exterial electicis 
S Rositive with respect to the catode 3, 25. 
tine source B is such as to render the anode A 
positive with respect to the cathode E, ioniza 
iOE WI take place by virtue of the initial go 
tential applied between the electrodes S and E. 
If the consired effect of the soices P and C 
is such as to render the external electrode S 
regative with respect to the cathode , this cois 
bined effect will produce bettveer the exteriasi 
electrode S and the anode A a voltage which is 
aided by the source B. This potentiai applied 
between the electrodes S and A may be sufficient 
to ionize the gas within the tube T and bring 
about the operation of the work circuit. 

'Yether or hot a biasing source of potens 

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 
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. 

It will be further 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 ionization 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 
tube T, as in each of the other tubes to be here 
inafter described, the anode A and the cathode 
K, may both be solid, metallic elements of equal 
area in which case the work circuit may be re 
versed without in any way appreciably affecting its operation, 

Sig. 3 is 3, modification of the arrangement, 
shows in Fig. 2 is a winich the source C biases the 
anode with "espect to the exterial electrodie S, 
the biasing potential C being applied through the 
isingedance 2. This arrangement operates in the 
27.25ane already described with respect; to Fig. 2. 

Elg. shows a, be the work circuit; o; thic 
is connected between the arode A and the cath Osie S, as its Fig. 2. She tucel of finis arrange 
2287t, however, has two e:Éerial conducting elec 
isodes S. and Sa, both of which are for convey 
ience Wraged aloclit the envelope of the tube End 
are nonially is suicized frog each other. Neither 
of tinege exterial electiodes is connected to the 
alode A or the cethode is of the tute , or to 
the Wort: circuit which is connected to these 
elect:"Cies. -1 

The eak is 122cis Y22e2 is connected between the 
32tes'aal elect:ades S1 and Sa through the biasing 
battery C, but i, iiii i-e apparent that, either ;he 
attery C2Cr the ingedance 2, is essential to the 

operation of the Systern. As in Figs. 2 and 3 the 
actuating voitage may &ake the form of a ge. 
eratoi" of site n&ting cl3rrent which produces a 
potentiai 2.03es3 Sae terminals of the impedance 
2. Ea tiis 33ria, generat the biasing potential C 
is insufficiett &io:2e to initiate gaseous ionization 
Within the tube, but the additional voltage de 
gived from the 2etuating source P and applied: 
between the eiectrosies S1 and Sa is sufficiently 
laige to initiate ionization. Thus a discharge oc 
Cu3's oetweei tile electrodes A and K, and the 
for: circuit is tie; supplied with current from 

iiie Solice 3. 
the tube 'i' and its conductive external elec 

&rodes S. &nd S2 are admirably adapted for sig 
inaling circuits in which one of the circuits of 
the Systeri Yaey ae conductively dissociated from 
arother of the circuits of the system. In a tele 
graph Systein, for instance, the electrodes S1 and 
S3 inay be connected to one of the circuits, and 
the anode A ane cathode K may be connected to 
another of the circuits. No current will fiow 
through tile circuit of the anode and cathode un 
til a sufficient voltage, properly poled, becomes 
applied to the electrodes S1 and S2. The circuit 
of Fig. 4 is especially useful because there need 
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4 
be no conductive connection between either of 
the external electrodes and either of the internal 
electrodes under normal conditiong, and co 
ductivity insy occur only after gaseolf ionization 
has been initiated. 

Fig. 5 is a modiacation of the Sarange next of 
Fig. 4 in which the tuba I incities two extens 

5 

electrodes S1 and Sa, avail the Work circuit is the 
sale as that shown in Fig. 4, at WO Se223rate (ce 
tuating voltages are derived garoon sorces S. and 
Pa. The sources. Ray Epply 8, stificient Spotential 
between the extegral electrode S1 and the late's 
electrode A, the voltege caig applied tihirogi the 
impedance 21 and biasing source (C. he source 
a may also supply 8, sugacient actuating voltage, 

but this voltage is applied between external elects, 
trode Sa and the cathode : though the ii 
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pedance 2a and the biasing source C. he is 
splication of either of the potentials of goices 51 
or Pa will be sufficient to initiate ionizatio" of gas 
within the tube T, and the work circuit will be 
operated when either of these potentials of Suff 
cient amplitude becomes applied between the as 
sociated externe electrode aid he corresporad 
ing internal electrode. 

Fig. 6 is a modification of Fig. 5, ix. Winica either 
of the actuating voltages desived frog Soul sceg S1 
and Pa may produce a suicient potential batv7een 
the corresponding extering electrodes S. Or Sa 
and the cathode & of the tube it to produce 
ionization of the gas. The voltage F1 ray he ap 
plied between the electrode S. 3rd Catho?e : 
through impedance 21 and the source C, while 
the voltage Pa may be applied between the eXs 
ternal electrode S2 and cathode 5, through ims 
pedance 22 in the same source C. Either of the 
sources here also will produce sufficient voltage 
to initiate gaseous ionization within the tube . 
Either source may employ individual Coles and 
the arrangements are not restricted to a COInnon 
C bias as shown. 

Fig. 7 is a modification of the 3rangement 
shown in Fig. 2. Here the source P is connected 
to the impedance 2, through a tra Saraitting key 
D. The source B and the Winding of the relay 
R are connected in series With each other 82nd in 
series with the winding of a vibrating relay R1. 
The negative terminal of the source 8 is connects 
ed to the lower terminal of the Winding of the 'e- 
lay R1 through 3, condense 3 a.ad a resistance. 23 
which are connected in series with each other. 
The contact of the relay Ri is also connected to 
the negative terminal of the source 3. 
When the key D is open, gas within the tube 
Will be de-ionized and no current Will flow 

from the source 3 through the Windags of either 
of the relays R or R1. When the key D is closed 
the actuating voltage P will be applied through 
the resistance 2, along with the biasing source C 
between the external electrode S and the cathode 
3 of the tube T. ionization of the gas within 
the tube T will be initiated and a sustantial cur 
rent will then low from the source 3 through 
the windings of the relays R and Ri. The relay 
R will remain operated as long as the ley D is 
closed, but the relay R1 will vibrate continuously 
throughout the entire interval during Which the 
key D is closed. Upon the Subsequent opening 

70 

5 

of the key D the relays R and R1 will return to 
norra, 
The Condenser E may be a fixed COdenser of 

any suitable value as, for example, tWO micro 
farads. The resistance. 23. may be any suitable 
resistance as, for example, one having 20 ohms of 
resistance. These elements of capacity and re 

6,108,489 
sistence are giged across the armature and 
contact of the relay R1 for the purpose of pre 
venting re-ionization of the gas within the tube 

8ter it has been extinguished. This is ac 
complished as follows: 
As already stated, the agnature of the relay 

& Vioretes, but its visation is at high speed. Ex 
3.g3Auch as the winding of the relay R is in series 
With the source 8, the periodic anaking and reak 
rag of the circuit may cause the winding of the 
Seay 5, to produce a suicient voltage which, 
yiel Sdded to that of the source 3, will exceed 
the breakdown voltage required to initiate and 
3rants ionization between the electrodes A and 
3 of the tube . Sowever, when the contact of 
he seley R1 is opened the condenser E, oating 

in a discharged state, effectively acts like a short, 
circuit to suppress the voltage between the anode 
A and the Cathode 5. Consequently, the voltage 
produced across the winding of relay R will be 
ineffective a producing any potential between 
the electrodes A and E of the tube. When the 
arnature o? the relay S1 subsequently closes its 
CoSntact, the conderaser: Will then discharge over 
the circuit which includes the resistance 23 and 
the arnature and contact of the relay Ri. It 
Will be further noted that when the armature of 
relay Ri closes its contact, the electrode A Will 
be connected to the electrode 3 through the 
Yilding of the relay R1 and its anature 2nd 
contact. Consequently, the battegy B will at 
that tinae be aeffective in producing sny appreci 
&sie Voltage batween these same electrodes A. 
33d 3. . 

it will be understood that the impedances 2, 21 
82d 22 Feed not be resistors, but that they may 
e replaced by inductors or capacitors or auto 
transformer's or two or more winding trans 
formers, or any other similar device, as will ba 
apparent to those skilled in this art. 

the tube which forms the basis of this inven 
tion is one in which a luminous glow discharge 
occurs within the tube when it operates. Such 
a device is fundamentally different from devices 
which employ spark discharges. Moreover, the 
tube is a rather inexpensive device requiring little 
if any nintenance. It is highly efficient, and 
no current is required to maintain or prepare it 
for Sosequent operation. It therefore differs 
from any device which employs a heated cathode 
or a rercury pool which requires a continuous 
arc so that it may be ready for any subsequent op 
eration, the tube of this invention, although no 
current flows through it until it operates, is 
bought into operation only when a sufficient 
potential is applied to an external electrode. 
Furthermore, the internal electrodes of the tube 
are hard metallic substances which are continu 
Ously maintained at a 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 external electrode is never enabled to pre 
vent continuous gaseous ionization within the 
tube. In other Words, the potential applied to 
the external electrode merely initiates operation, 
but has little if any subsequent control thereover. 
While this invention has been 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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pended claims. 
What is claimed is: 75 
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2,108,489 
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-mentioned 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 after gase 
ous ionization has been initiated. 

2. The combination of a gas-fillied tube having 
two solid unheated substantially equal metallic 
electrodes spaced from each other and an ex 
ternal electrode, means including a 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 continuously maintaining 
the gaseous ionization within the tube independ 
ently of the presence or absence of potential be 
tween the external electrodes. 

3. 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 
ionization 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 ionization 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, a 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 operate 
ing the load thereafter independently of the re 
moval of the voltage applied across the leak re 
sistor. 

5. The combination of a gas-filled tube hav 
ing two hard metallic internal 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 have 
ing two hard metallic internal electrodes and 
two external electrodes which are spaced and 
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insulated from each other, a work circuit Con 
nected between the internal electrodes of the 
tube, and means for. applying potential between 
the external electrodes for initiating gaseous 
ionization within the tube and for continuously 
operating the work circuit uninfluenced by tran 
sient variations in the magnitude, polarity or 
phase of the potential thereafter remaining or 
thereafter applied to said external electrodes. 

7. The combination of a gas-fled tube hay 
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 gas 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 metalic 
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 uns 
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 ens 
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-filled 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 a 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, 
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