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Appication med ruly 8 1924 Berial No.724991 
This invention relates to glow-discharge 

lamps and more particularly to, lamps for 
converting electrical variations into varia 
tionsinlight. 
This lamp.isparticularly adapted forws? 

in the electrical transmission of either still 
ormovingpicturesbywire orby wirelessand 
for recording sound photographically but it 
isnotsolimited. 
The electrical transmission of pictures_is 

accomplished in substantially.sll of the 
known systerns by converting the light in 
tensity of smallareas of Said picture succes 
sively into electrigal variations 8nd trans 
mittingsaidelectricalvariations by wire or 
wireless to the receiving station where ap 
paratus operating in synchronism with the 
transmitting apparatus reconverts the elec 
trical variationsinto light modulations and 
projects such light modulations progres 
sively overascreen orasensitized surface as 
a film orplate toreproduce the picture. 
The variations in the current strength of 

the transmittedimpulses maybe producedin 
diferent ways They may for instance be 
obtained by the passage of a mechanigal 
pointer over spegially prepared metal pic 
ture having a cylindrical surface or they 
may be produced by introducing a pair of 
rotatable ring prisms between.an.ordinary 
object or picture to progessively direct the 
lightfromsmallareasofthe objectorpicture 
upon a.light sensitive cell The light sensi 
tive celltranslates the variationsin light in 
tensity of the diferent parts of the picture 
intovariationsin current strength and these 
latter variations are transmitted to a receiv 
ingstation by wires orby wireless. 

In all of these systems it is desirable that 
the apparatus for reconverting these elec 
trical variations into light modulations 
should employ 8 congentrated light sourge 
of unvarying?eolor the intensity of which, 
maybeinstantly and accurately variedin ac? 

5 cordance with the variationsin the received 
impulses. 

Itis desirablethatthe light source be con? 
centratedin order thatit may be projected 
?t any one instant on a relatively Smallarea 
of the sensitized surface;it must be of con 

stant colorsince the photographic mediumis 
diferently afected by light ofdiferent wave 
lengths:it must be free frominertia to per 
mit rapidtransmission of the picture and to 
prevent distortion_thereof;it must be_cap 
able of beingyaried accuratelyin accordance 
with the variations in the transmitted im 
pulses to_produce_the proper tone gradua 
tions in the reproduced picture and it must 
be intense or brilliant toreducethe necessary 
time ofexposure. 
One of the objects of this inventionis to 

providealightsource ofthischaracter. 
Another object is to provide a lamp in 

which small current variations impressed 
thereon will.produce relatively large varia 
tionsin the light intensity of the lamp. 
Another object is to provide a glow-dis 

charge lamp having a low starting potential 
anda highefigieney. 
Another object is.to provide a glow-dis 

charge.lamp operable on ordinary commer 
ciallighting circuits. 
Another object is to provide a discharge 

lamp_in which the light emitting column 
isconfinedto arelativelysmall crosssectional 
BI'B8? - 

Another object of the invention is to pre 
vent undesirable anduncontrolled discharges 
in a lamp ofthis character ? 
Another object is to provide a discharge 

device capable ofrectifying alternating cur 
rents. 
Other objects and advantages will herein 

after appear. - 
In accordance with the preferred embodi 

ment of this invention the discharge lamp 
is provided with three electrodes two of 
which are preferably arranged relatively 
close together and serve to ionize agaseous 
medium contained within the lamp so as to 
permit alow potential discharge between one 
orboth ofsaid electrodes and the third elec 
trode Preferably the gaseous medium is a 
raregas as neon or helium at a low pressure 
by which the current consumption is de 
creased and the starting potential made rela 
tively low: However a mixture of rare 
gaseswith orwithout othergaseouschemical 
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compounds orvapors m8ybeused tomodify 
the color for photographic purposes. 
The cathode fall and consequently the 

potential drop between the electrodes may 
be further reduced by coating the electrodes 
with an alkali metal as potassium sodium, 
rubidium caesium lithium or alloys thereof, 
preferably Waporized on the electrodes after 
they are sealedinto the lamp. - 
Theionizing electrodes maybe.enclosedin 

a chamber having a constricted discharge 
passage communicating with the_third elec 
trode and in which a positive glow is pro 
duced and concentrated into a column of 
small cross sectional area. 
The ionizing electrodes may be conneeted 

in one circuit and the light-producing elec 
trodesin anothercircuit?either ofwhich may 
be varied tocontrolthe intensity ofthe light 
as will hereinafter more fully appear. 
The transmittedimpulses may ? received 

by any of the usual radio receiving appara? 
tus and impressed upon the electrodes of 
the lampto produce light modulations corre 
sponding to the transmitted impulses. 
If it is desired.torecord sound photogra 

phically the söund may be impressed by a 
migrophone or.similar device-directly lipon 
a circüitin which theelectrodes of the lamp are connected orthrough suitableamplifying 
means and the light wariations thus pro 
? projected on a continuously moving 

HY1? - 

In orderthat the invention may be more 
fully understood, reference is had to the ac 
companying drawingsin which ?? - 
Fig.1 is a sectional view of a discharge lamp; 
Fig 2is a sectional view of another form of discharge lamp; 
Figs.3?4 and 5 are diagram arrangements 

which may be employed for operating the 
discharge lamp; and, 
Fig Sis a diagramarrangementutilizing 

the discharge device as a rectifier. 
The discharge lamp shown in Fig.1 com 

prises an envelope 1 containing a rare gas 
as neon or helium.preferably_at a relatively 
low pressure a tubular chamber 2 in which 
concentric_electrodes 3.and4 are arranged 
and athirdelectrode5 located outside ofthe 
chamber2. 
The electrode 3 is.composed of a wire or 

ribbon of metal haying a low.cathode drop, 
as aluminum wound spirally about the leadr? 
ing-in conductor6. The electrode4 isin the 
form of a metallic tube preferably of alumi 
num?surroundingthe electrode3and ofsuch 
size asto haveits surface arrangedrelatively 
close.to the inner electrode whereby a com 
pact structure is obtained and a glow-dis 
charge produced therebetween at relatively 
low voltages The electrode_4 is supported 
by the leading-in wire.7 ?The leading-in 
wires 6 and7 are contained within tubular 
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legs 8 which latterform extensionsof the 
chamber 2 and are fused to the reentrant 
stem 9 ofthe lamp. 
sealedin the stem 9. 
The upper portion 10 of the chamber 2 

has an open end 11 and is reduced in.cross 
section to produce a constricted discharge 
passage between the outside electrode 5 and 
the electrodes 3 and4 The electrode 5 com 
prises a disc of metal as aluminum havin 
a central opening 12, supporbed by the_re 
duged portion ofthe.chamber2.through a 
pair of clips 13to which the leading-in wire 
14is suitably segured as by welding? - 
In the operation of this lamp?8 sufigient 

potentialis applied between theelectrodes 3 
and4 tocauseaglow-dischargetherebetween 
whichionizesthegas withinthe chamberand 
reducesthestarting potential ofthemain dis 
charge produced between the electrode 5 and 
one orboth ofthe electrodes.3and4 By re 
strictingthe area of the discharge passage 10 and"singasuicie"tlylowgaspressurepref 
erably less than 12mm. ? 
the chamber a brilliant positive column dis 
charge?is obtained This intense light is 
emitted through the opening 12.in the elec 
trode5 and through the end of the envelope? 
In order to reduce the cathode drop and 

thus still furtherreduce the starting and op 
erating potential of the lamp the eleetrodes 
are coated with an alkalimetal preferably 
potassium The potassium 15 may be con 
tained in a side chamber 15' and vaporized 
ontotheelectrodes aftertheyaresealedinthe envelope. 
By havingtheeleetrodes8and48ndtheir 

leading-in wires entirely enclosed within the 
chamber 2 and the tubular legs 8 the dis 
charge betweenthese electrodes and the elec 
trode5 is confined entirely to the restricted 
portion 10 of the chamber 2 and therefore, 
thereis nostray discharge produced between 
theseelectrodes outside ofthe chamber2. 
In Fig.2a modifiedform oflamp_isshown 

in which the electrodes16 and17,adapted to 
ionize the gas within the tube are spaced 
apart longitudinally of the tube so that the 
dischargetherebetweentakesplaceinan axial 
direction and servesto more eficientlvionize 
the gas withinthe chamber2. The electrode 
16maybein theform of a plate andtheelec trode17agridorcoilspacedthereabove. 
The outside electrode 18 is shown in the 

form.of a cylinder ortube surrounding the 
chamber 2 althoughit maytakethe form of 
a disk asin Fig.1oranyothersuitableform. 
That portion of the discharge between the 
electrode 18 and theopenend tothe chamber 
2 isofinsuicient current density to produce 
light and a darkspot consequently ogcursin 
this portion of the discharge Within the 
constricted portion of the chamber the cur 
rent density is suficiently increased to pro 
duce a brilliant positive column It hasbeen 

Theleading-in wires are 
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found however thatthearea oftheelectrode 
5should be greater than the cross.sectional 
area of the constricted portion of the cham 
ber 2in orderto produce such a positive col 
umn discharge at gommercial yoltages. 
Fig 3 shows diagrammatically one ar 

rangement foroperatingthe lampin ageord 
ance withelectricalvariationsimpressed ona 
circuitin which the lampis included: The 
electrodes3and4areconnectedincircuitwith 
abattery19?acurrent varying device 20 and 
variableresistance21andtheelectrodes3and 
5are connectedin a local circuit including a 
battery 22andtheresistance21: Byvarying 
the currentinthecircuitincludingelectrodes 
3 and4 bymeans of the current varying de 
vice 20, the degree of ionization ofthe gas 
in the lamp wil be varied and consequently 
theresistance between the electrodes 3 and 5 
increased or decreased to modify the dis 
charge therebetween and cause the light in 
tensity of the positive column.discharge to 
fluctuate in accordance with the variations 
produced by the current varying device, 
which by way of example is shown as a 
microphone? - 

It has been found that asmall change in 
the ionizing eircuit will cause a.relatively 
large change?in?the light intensity of the 
lamp If desired the current varyingmeans 
maybeinsertedin the.cireuit ?g the 
eleetrodes3and5andthe glow-discharge be 
tween.these electrodes.conrolled directlyin 
accordancewithvariationsinthecurrent pro 
ducedthereby - 
In Fig.4 anamplifyingtubeisintroduced 

between the microphone?and the discharge 
lamp The ionizing electrodes 3 and 4 are 
suppliedwith suitabledireet currentthrough 
théTine23 andthe current variations in ac? 
cordance with whichitis desired to control 
thedischarge areimpressed betweentheelec 
trodes 3 and 5 
The electrode5is always at 8 positive po 

tential It is however less positivethan the 
electrode4andthereforeserves as a cathode 
forthe electrode4 whereby a dischargetakes 
place?therebetween the cirguit being gom 
pleted through the plate and filament of the 
thermionic amplifier.24 to the line.23. The 
plate 25 of the amplifier is_thus also main 
fained at a positive potential The electrode 
5isalsoconnectedthroughthe current vary 
ing device 20?nd the.battery.26to the grid 

* 27 of the amplifer whereby the gridis also 
givenapositivecharge Thebattery26 h9w 
ever isconnected in opposition?to the line 
voltage so asto maintain the grid potential 
slightlylowerthanthe ? ofthe plate P 
By thüs maintaining the control Girguit in cludingthemicrophone20atarelatiyelyhigh 
potential a large amplification of the varia? 
tionsproduced bythemicrophoneisobtained 
andimpressedonthelamp. 
Itisunderstood ofcourse thatthe micro 

3 

Phone20hasbeenusedashecurrentyarying 
device only forthesake ofsimplicityinillus? 
tratingand describingtheinvention andthat 
the lamp may be.controlled in accordance 
with electrical variations producedin other 
ways asin theelectricaltransmission of pic 
tures the so called television radio movies 
and similar applications. 
In Fig.5isshown diagrammatically anar 

rangement?for controlling the light of the 

b 

discharge lamp in accordance with current 
yariationstransmitted byradio Thereceiv 
ingapparatusshownintheleft of Fig.5may 
be any suitable.type the form here shown 
being by way of example only The electri 
calvariations received ? the antennae circuit 
and detectedand amplified bythethermionic 
valve28,areimpressedbetweentheelectrodes 
3 and 5 ofthe discharge lamp and the inten 
sity ofhelightistherebyyariedinaccord 
ange with thereeeivedimpulses, - 

In Fig is show one arrangement for 
using the discharge lamp as a rectifier for 
supplyingdireetcarrent foranydesiredpur 
pose as forinstance supplyingthe platecur 
rent forradiotubes The alternating current 
sourge29 forinstance the ordinarycommer? 
cial lighting gircuit of110 volts is stepped 
up by atransformer30 the opposite ends of 
which areconnected tothe electrodes3 and4. 

80 

90 

Thethirdelectrodeinthisinstance maytake 
the form of a plate.31?which should be of 
relatively large area ascompared tothe elec 
trodes3and4 Direct currentis obtained be 
tween the electrode 31 and the central por 
tion of the secondary of the transformer 30 
and the_irregularities_in such current are 
smoothed out in any desired manner as by 
shuntinganumber ofcondensers32acrossthe 
conductors 33 and34 andintroducinginduc 
tance coils35in seriesin the line The volt 

100 

age may be controlled by a suitable rheostat 
36. 

Therectification ofthe alternating current 
is obtained by virtue of the diference in 
cathode drop ofthe electrode 31 and the elec 
trodes 3 and4 The electrode 31 because of 
itslargesurface,hasarelativelysmallcathode 
dropascomparedtotheelectrodes3and4 It 
would therefore require a higher.voltage to ? 
produce a discharge between either of the 
electrodes 3 or 4 and the electrode 31 when 
the former electrodes areused as a cathode 
than whenthe latterisusedasacathode By Suitably proportioningthesize andshapé9f 
these electrodes and thegas pressure within 
the device the dischargeinone direction may 
be entirely suppressed and a discharge be 
roduced alternately between the electrode 3 
and31 andtheelectrode4and31. 

It will thus be noted that both the positive 
and negative portions ofthe alternating cur 
rent areutilized and a continuous direct cur 
rent produced. 
In place of making the electrodes 3 and 4 
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of less areathan the electrode 31 they might 
be made of the same area and be diferently shaped.orarrangedsoastoobtainapoint-to 
plate.discharge efect to produce a discharge 
therebetweenin one direetion only. 

It will be understood that thisinventionis 
not limited to the particular embodiments 
shown and described as many variations 
maybe madeinthe construction ofthe lamp andthecircuitconnectionsandapparatusuti 
lized without departing from this invention. 
What is claimed is: - 
1?A discharge lamp comprising an enve 

lope containing a raregas a pair of elosely 
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spaged electrodes within Said lamp.forre? 
ducing the starting potential thereof one of 
saidelectrodestoserve as a main anode and 
a third.electrode to serve as a cathode for 
causing a glow lisgh"rge within said lamP 
and_a constricted discharge passage for said discharge. 

2. A discharge lamp comprising an enve 
lope having a rare gas therein a chamber 
within said envelope having walls.spaced 
therefromand havinga.constricted discharge 
passage gonneeting with said envelope ? 
pair of electrodes in said chamber adapted 
to have a constant potentialimpressed there 
on to ionize the gas in said discharge pas 
sage and a third electrode outside of said 
chamber for producing a positive column 
glow-discharge within said constricted pas 
Sage. - - 

3. A discharge lamp comprising an enve 
lope havingararegastherein an openended 
chamber within said envelope having im 
perforateside-walls spaced therefrom elec 
trodes spaced longitudinally within said 
chamber adapted to ionize a column of gas 
therein and a thirdelectrode outside of said 
chamber for producing a positive column 
dischargethroughthe openend ofsaid mem 
ber between said inner and outer electrodes. 
4 A discharge device comprising an enve 

lope containing agas a pair ofelectrodes of 
relativelysmallefectiveglow discharge area 
between which a dischargeisadaptedtotake 
place toionizethe saidgas a thirdelectrode 
of greater effective discharge area spaced 
from Said other electrodes and serving as a 
cathode therefor whereby a positive column 
glow discharge may be produced between at 
least one of said other electrodes and said 
cathode said thirdelectrode beingapertured 
and means for directing the positive column dischargethroughthe aperturethereof. 
5?A discharge lamp comprising an enve 

lope a reentrant stem a pair of leading-in 
conductors sealed through said stem atubu 
larinsulator surrounding both of said lead 
ing-in conductors and sealed tosaidstem an 
electrode ofsmallareasecuredtoeach ofsaid 
leading-in conductors and disposedwithin a 
tubular insulating member disposed axially 
ofsaidenvelope saidtubularmemberhaving 
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arestricted outlet and athirdelectrode dis 
posed externally of saidtubularmember for 
cooperating with at least one of said first 
mentioned.electrodes to produce a luminous 
discharge in said tubular member. 
6 A discharge lamp comprising_an enve 

lope leading-in conductors sealed through a 
wall of saidenvelope electrodes secured to 
said leading-in conductors a hollowinsulat 
ing memberwithin saidenvelope and sealed 
thereto said insulating member surround 
ing said electrodes and_leading-in conduc 
tors and having_an outlet passage and an 
electrode disposedexternally ofsäidinsulat 
ingmemberto cooperatewith saidotherelec 
trodestoproducealuminous dischargewith 
insaid insulating member. 
7 A discharge lamp_comprising an enve 

lope a gaseous fillingtherein a stemin said 
envelope a hollowinsulatingmemberwithin 
said envelope and sealed at one end to said 
stem an electrode within said hollow mem 
ber a leading-in conductor sealed through 
Saidstemandjoined tosaidelectrode atubu 
lar discharge passage of small cross section 
extending from the interior of said hollow 
member to the exteriorthereof and an elec 
trode disposed externally of said hollow 
member.adjagent_said discharge passage to 
permit light developedin said passage to be 
viewed "long the 8xis of the p?ssage 8 A discharge lamp comprisingan enve 
lope containing a gas at a low pressure a 
hollow open:endedinsulatingmembersealed 
to and forming a chamber within saidenve 
lope a pair of electrodes each havingsmall 
effective discharge areas disposed in said 
chamber forionizingthe gas within saiden 
Welope said hollow member being reduced to 
formaconstricted passageatitsopenendand 
a.third electrode having.a relatively large 
efective discharge area disposed outside in 
alignment with and adjacent said constrict 
ed passage to produce a positive column dis 
charge in said chamber when a variable po 
tentialis impressed between the third elec 
trode and at least one of the ionizing elec 
trodes said third eleetrode having an aper 
turein alignment with said constricted pas 
Sage. - * 

Intestimonywhereof I have hereuntosub 
scribed my_name this.8th.day of July 1924. 

ERNEST ANTON LEDERER. 
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