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Two main methods have been used up to now in
the manufacture of electric discharge tubes and
lamps and particularly of their electrodes.

One of these methods consists In forming the
electrodes of these tubes and lamps of ductile
metals such as copper, iron, tungsten, molybde-
num, aluminium ete. The critical temperature
of these metals being very high, such electrodes
have the disadvantage, whatever may he their
form (cylindrical, rectilinear stem, or spirally
wound stem, grld, ete.), that they locallse the
place of electronle¢ recombination and disasso-
clation to the most remote point of the electrode.
A relatively important potential drop is the result
of thls, followed by thermic manifestations which
cause the lonoplastism of the metals In the pres-
ence of the gases occluded In the envelope of the
tube or lamp and by reason of this an increase
in the deslstance to the passage of the discharges
is produced.

Having regard to the weight of metal, these
electrodes must be insulated from the internal
walls of the envelope by varfous devices such as
collars of beads, porcelain, glass, refractory sub-
staneces ete. or even by a cup which serves to fix
the electrodes.

It has been proved that the temperature of the
electrodes varies as a function of the amount of
current which is imposed upon them, and at-
tempts have consequently been made to increase
the metal surface of these electrodes in order
proportionately to decrease thelr temperature.
As however the temperature of an electrode va-
ries also as a function of the fall of potential

which 1t produces, experlments which have com-

menced with the above conclusions lead to the
application of a second method.

This second method consists in forming the
electrodes of electric discharge tubes and lamps
of a base of alkaline or alkaline-earth metals or
metals or alloys having a critical temperature be-
low 800° C. ‘The employment of these metals or
alloys was considered as advantageous because,
on belng brought to a fused state by bombard-
ment or by any other thermic process, they were,
at the moment of manufacture, coated on to the
inner wall of the envelope enclosing the gaseous
atmosphere in such a manner that they adhere
perfectly to this wall. It 1s seen from this that
any passage between the envelope and the metal
would be prevented, which would prevent elec-
tronlc recombination being produced on the back
of the electrode., With this method it is found
that the variation in the temperature of the elec-
trodes was practically nil and that their fall in
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potential was lowered about 80% with respect to
that found with the first method set out above.

It has also been proposed to avold electronic
recombination at the back of the electrodes, in
the case In which these latter are formed by
means of metals or alloys having a critical tem-
perature above 800° C., elther hy exact adjust-
ment of them in the glass envelope enclosing the
gaseous atmosphere or by completely filling the
spaces between the metal employed ang the en-
velope with powder or dust of glass, or of one
of the materials mentioned above which have a
critical temperature below 800° C.

These arrangements, however, excellent In
prineiple, are dificult to produce if not when em-
ploying envelopes of special glass resistant to high
temperatures at least with envelopes of ordinary
glass. In fact at the moment of fusion of the al-
kallne, alkaline-earth or other metals, these ma-
terlals damage the envelope in most cases, thus
destroying any previous constructional work.

The present invention relates to improvements
in electric discharge tubes and lamps having elec-
trodes with a base of alkaline or alkaline-earth
metals or metals or alloys capable of perma-
hent or provoked lonic escape and having a low
melting point, with a view to overcoming the dis-
advantages jJust mentioned whilst making the
maximum use of the advantages present in em-
ploying the sald metals or alloys as against using
ductile metals having a high eritical tempera-
ture.

In accordance with the invention the alkaline,
alkaline-earth or other metal forming the elec-
trode, 1s put into a cup of glass or isothermic ma-
terial wihch does not discharge vapours or gases
capable of disturbing the gaseous atmosphere at
the temperatures at which the tube or lamp op-
erates, the said eup being so disposed as to en-
velop at its base the conductor leading the eur-
rent Into the envelope which encloses the gaseous
atmosphere, and to be itself enveloped at its
base by the corresponding end of the envelope in
order to insure the sealing of the tube or of the
lamp through an Intimate alloy. At the same
time as it prevents the electronic recombination
taking place at the back of the electrodes and
thus ensures a decrease in potential drop, this ar-
rangement avoids the risk of accidents during
manufacture; accldents caused particularly by
the adherence on melting of the alkaline, alka-
line-earth or other metals to the envelope, and
the device permits with certainty the use of or-
dinary glass for the formation of the whole tube



2

or lamp and, accordingly of the envelope of the
electrodes which terminate them.

The cup enclosing the alkaline, alkaline-earth
or other metals will be preferably formed of the
same material as the envelope of the electrodes
and therefore generally of ordinary glass. How-
ever, it is also possible, but without obtaining
results of the same characteristic kind, to use,
china-ware, refractory earths, glasses of the
“pyrex” type, refractory metals and the like.
The dimensions (gection, thickness, length) of
the cup may vary as a function of the result
which it is desired to obtain, although it will be
convenient to observe in this respect certain gen-
eral directives which will be disclosed more par-
ticularly hereinafter.

The cup may be insulated in various ways on
the inside and/or on the outside by means of
refractory substances which do not discharge

gas or vapours, although this is not absolutely .

necessary.

According to another improvement forming
the subject of the invention, the elecirode may
be provided with a pointed metal or other hood,

fitting into the cup which encloses the alkaline, .

alkaline-earth or other metal, or this cup may
itself have a conical shape, which enables longer
lengths of unsectioned tube to be employed, hav-
ing regard to the increase of power of the dis-

charge which ignitlon between the points pro- -

duces,

Other features and advantages of the inven-
tion will appear from the description which fol-
lows and which refers to the accompanying
drawings, in which are shown by way of non-
limiting example, various ways of putting the
invention into effect.

In the drawings:

Figures 1 to 7 are partial axial sections of
electric discharge tubes or lamps provided with
different types of electrodes according to the
invention;

Figure 8 is a transverse section corresponding
with Figure 7;

Figures 9 and 10 are partial axial sectians of
other modifications;

Figure 11 is a schematic section of an arrange-
ment suitable for fractional distillation in vacuo
of alkaline or alkaline-earth metals adapted to
form electrodes in accordance with the inven-
tion;

Figures 12 to 17 are sections showing different
forms of hoods capable of being used for the
electrode in a particular application of the in-
vention.

In the example shown in Flgure 1, A designates
the envelope of the electrode, which is advan-
tageously of ordinary glass, terminating the tube
(not shown) which encloses the gaseous atmos-
phere, and B is the conductor leading current
into this envelope. The electrode preferably lo-
cated vertically, is formed by a glass cup C whose
lower end C: envelopes the conductor B, this end
betng itself enveloped by the corresponding end
Ay of the envelope A. In the cup C is placed
the metal or alloy D forming the electrode proper
and which, after being brought to a fused state,
coats the internal surface of the cup as shown
at D1, The conductor B only contacts with the
gas Inside the cup C and through the intermedi-
ary of the metal D.

It has been found that for obtalning the maxi-
mum results it 1s convenient that the cup has an
internal section which is approximately equal o
the internal section of the body of the tube and
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preferably somewhat larger than the latter. The
thickness of the said cup must be determined
while taking into account the various elements
which are present in the course of the manufac-
ture, such as: molten metal, an increase of the
temperature resulting from the ionic shock
caused on the traces of air which are still present
tor the thermal purification of the internal walls
of the tube, and more particularly large differ-
ences of dilatation of the materials which are in
contact (metal of the conductor, metal of the
electrode and the glass which is used). In prac-
tice, this thickness may vary between 04 mm
for small or middle intensities and 0.8 mm for
maXimum intensities. The length of the cup
may he largely calculated, since it defines the
electronic surface of the metal which is treated.

In order to protect the cup C, there may be
interposed between it and the metal D (Figure
2), a layer of powder, of mica, of glass or any
other insulating material which does not dis-
cliarge vapours or gases at the temperatures at
which the tube operates. It is also possible to
insulate the cup on the outside, by interposing
between it and the wall of the envelope A (Fig-
ure 3) a coating B’ of mica, glass or similar
powder,

One may also insulate the inner walls of the
cup C against the destructive action of the metal
by a sheet of mica F rolled into cylindrical form
(Figure 4), or by a tube of “Pyrex” glass or by
any other isothermic material not discharging
VAPOUr or gas.

To increase the emission surface of the metal
whilst limiting the volume of the envelope, one
may Increase the number of the cups, as shown
in Figure § which shows a tube provided with a
double cup C—C’. Care must then be taken
that thie conductor B be in contact with the vari-
ous surfaces formed by the vaporised metal on
the internal and external surfaces of the cups.
Instead of employing intermediate cups such as
C’ (Figures 7 and 8) one may provide a support
formed by a sheet G of ductile metal (pure iron,
pure copper etc.) which has been carefully de-
gassed, or other isothermic material, rolled into
spiral form, being itself supported at its base by
the cup C charged with the alkaline, alkaline-
earth or other metals. These metals are vapor-
ised during the course of thelr manufacture si-
multaneously on the surface of the glass cup C
and on the metallic surface of the support G,
thus increasing the emission surfaces.

As has been stated above, to improve the power

; produced by discharge between the points, the

electrodes according to the invention may be
provided with a conical hood H (Figure 5), open
at its end, and fitting into the cup C which en-
closes the alkaline, alkaline-earth or other metal.
This hood may be of glass, insulated or not, or
of another substance answering to the conditions
above indicated for the cup itself. This ar-
rangement allows tubes of greater length to be
employed avoiding the repetition of unsightly
sectlons.

In any case, it is an advantage, before putting
the alkaline or alkaline-earth metals intg the
cup C, to subject them to a fractional distilla-
tion in vacuo, in arder to free them from traces
of oxides and hydrates and from other impuritles
contained In these metals as normally avallable
in commerce, and which destroy their capability
of being used in electric discharge tubes and
lamps. For this purpose an apparatus such as.
that shown in Figure 11 may be used, formed by
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& series of vessels I, J, K placed one above the
other (of which the number, form and material
may be varled at will and at need), communi-
cating with each other and individually connected
to a pipe-line I, connected with a conduit M lead-
ing from a vacuum-pump and joined to the end
of the upper vessel I. The lower vessel K is ex-
tended Into a thin glass stick N. The metal D to
be treated is introduced into the vessel I which is
heated to a temperature suitable to produce fusion
of the metal. The melted metal runs successively
into the vessels J and K which are heated also
in proportion to this flow. When the fused metal
fills the stick N, and after cooling, the stick is
cut off and its content is an alkaline or alkaline-
earth metal perfectly sulted to the use in ques-
tion.

To enable & better use in electric discharge
tubes and lamps to be made of the natural lonic
qualities of the alkaline or alkaline-earth metals,
two or more of these metals may be intimately
combined in proportions which conform to the
laws of luminescence. For this pwrpose it Is ad-
vantageous to produce the alloys in bulk by means
of the fractional distillation process above de-
seribed, introducing the metals to be alloyed in
sultable proportions Into the evacuated appa-
ratus. The differences between the critical tem-
peratures of the metals to be combined is bal-
anced by working in vacuo, which, in addition to
its use in absorbing vapours and Impurities to
be eliminated, operates as & compensator. It is
thus possible to produce below 100° C, alloys,
among others, of sodium and potassium In any
desired proportions. In this particular case the
potassium reinforces, by means of its high lonic
power, the anodic and cathodic qualities of so-
dium. It will of course be understood, that it is
possible to obtain in similar conditions any other
alloys of alkaline and alkaline-earth metals,

In the production of electric discharge tubes
and lamps provided with electrodes formed in ac-
cordance with the invention in order to simul-
taneously clean the gaseous space and the elec-
trodes, it is possible to proceed in the following
manner: -
" The discharge tube, which is provided with
electrodes having been made In the above men-
tioned manner Is connected as usually with a

vacuum pump having an output which Is sufficlent

for enabling to rapidly lower the Internal pres-
gure of the tube to a value which i5 lower than
0.0000 1 mm of mercury. During the operation
of connecting the tube with the pump, the metal

of the electrodes, which has already undergone ;

the preliminary treatment under a vacuum as
previously described is molten once more under
the vacuum of the tube and when the pressure
reaches & value which i3 sufficlenily low, it is
vaporized by a sudden ralse of the temperature
on the walls of the cup which contains it and
of the envelope which encloses the latter. The
electrode 1s then deflnitely formed, the vaporiza-
tion being automatically limited as a function
of the volume of the tube itself to the surface
of emission which i= necessary for the total ionl-
zation of the latter.

The thermal processes which may be used for
bringing the metal to these different conditions
can be of various kinds. The simplest and the
most practical one, besides the heating by induc-
tion. at 8 high frequency, conslsts in heating by
an lopic bombardment exchanged between the
metals of the electrodes energized with alter-
naiing current of a high voltage; the intensity
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and the voltage varylng according to the volume
of the gases. Whatever may be the process which
Is used, the use of alkaline or alkaline-earth metal
electrodes permits of considerably lowering the
temperature which is to be attained with respect
to the temperature which is necessary with elec-
trodes on the base of ductile metals such as cop-
per, Iron and the like, even If only the tempera-
ture corresponding to the dark red is considered
for the latter., On the other hand, durlng these
thermal treatments the presence of the cup of
glass or other isothermic material which serves
as & support for melting the alkaline, alkaline-
earth or other metal until the deflnitive vapori-
zation of the latter, renders impossible any ad-
herence of the metal to the walls of the enclo-
sure owing to the difference between the internal
and external temperatures and simultaneously
avoids, In the glass of the envelope, the stresses
which are due to different coefficlents of dilata-
tlon between the glass and the metal which forms
the electrode, as well as leakages which may re-
sult therefrom and which could trouble the gase-
ous atmosphere. Furthermore, it permits of the
electronic re-combination without any destruction
of electrodes, since the portion which 1s carried
forth by the movement of the ion is re-con-
structed on every cycle.

In accordance with the invention, cne may use
in electric discharge tubes equipped with elec-
trodes having the characteristics set out above,
a pre-lonisation by impact. 'The pre-lonisation
¢an particularly be produced by means of In-
candescent filaments mounted within the tube
and capable of providing ions of thermic origin
animating by their movements the electrode fons
at rest or Insuficlently animated which may have
the effect of lowering the discharge potential
within the tube, The entralning movement may
8ls0 be given by means of intermediate electrodes
suitably arranged.

The arrangements according to the Invention
have a particularly advantageous application in
the formation of luminescent discharge tubes. It

3 may be mentioned that the spectral flame of alka-

line and alkaline-earth metals, apart from its
luminous intensity, i1s in the neighbourhood of
the spectra of luminescent gases. It is moreover
possible with these metals, by regulating the
metallic vaporisation; to admit into the discharge
tubes, intensitigs which can reach up to two am-
peres even for a reduced surface and volume
of metal, and this without any modification of
the light spectrum of the discharge nor exag-
gerated heating of the electrodes and especlally
without eny accident. In comparison with the
electrodes of ductile metals such as copper, iron,
ete. the varlation in temperature is practically
nil. Even for high intensities, the temperature
of alkaline or alkaline-earth electrodes does not
rise above 100° C, so that the dielectric value of
the glass remains constant. On the other hand
when using electrodes of ductile metal, when the
intensity is increased the temperature may rise
to 1000° C and the glass then becomes conductive,
which, having regard to the difference of pres-
sure between the interior and exterior of the en-
velope, causes the glass to crack under the effect
of the ignition.

On the other hand, in luminescent tubes em-
ploying rare gases, the use of electrodes having
& base of alkaline and alkaline-earth metals un-
der the conditions provided by the invention, also
makes it possible to decrease the fall In poten-
tlal whilst maintaining the lonic energy pro-
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duced by the-luminous emissiorr, thus eonfirming
the warks of Wood and Elnsteln: The starting
and working potentlals which are used may be
lowered by 409: witly respeet to tHe potentials
which are necessary with the eleectrodes of due-
tile metals, wideh permits of reducing the see-
ondary voltage of the transformiers employed.
The starting potendial 1s alse reduced from a
high potential. PFurthermore, the lonisation of
the gaseous column being prepared by the qudl-
ity of the metals, s more rapldly obiained as
soen as the methls are excited. In aecordalce
with the wolks of Weinehalt and Bloch the speed
and power particularly of the alkanline-earth 1oRS
is 807 greater than of those of amorphous met-
als used in the existing electrodes. The lumincus
emission moreover which is ebtained ig more -
tense, because of the agreement of the spectra In
question (rare gases and glkaline or alkgline-
earth}), the effects of these spectra supplementing
one another. Finally the heat glven off due to
the resistance of the electrodes belrg practically
nil, a more rational use is belng made of tie
lighting current. In all, it ig possible to realse
on the consumption of current an economy
which may reach 50% of the primary of the
transformer.

Likewise as a result of the deseription given
above the main disadvantages of the electrodes
which normeslly contribute in reduecing the life
of the discharge tubes are overcome. In partic-
ular the discharge of gasepous atoms Jeined with
metallic atoms into the atmosphere.of the tube
is made impossible, since the metal of the elec-
trode has, hefore heing finally located in position,
been subjected twice to being melted and to &
vaporisation in vacuo. The lono-metalllc ema-
nation can no longer give place to any liberation
so that the purity of the gases. iz maintained.
During the fonic movement moreover a normal
exchange of metallic atomg is produced together
with, as {llustrated above, a reconstruction of
the whole of the electrode. Finally the very low
temperature of operation of the tubes avolds dis-
charge from the glass walls, which have been
moreover tioroughly cleansed during the bom~
bardment of the electrodes. The life of the tubes
is therefare considerably Increased, without their
resistance undergoing any substantial variation
whatever may be the length of their life.

Another important advantage gf the invention
already mentioned above, is the possibility of
using, without risk of accident, ordinary glass
for the manufacture of the electric discharge
tubes.
thre complications of working with special glasses
which will resist high temperatures, and makes
it possible to have recourse to glasses tinted
chemically or naturally thus increasing in con-
siderable proportions the range of colours ob-
tainable,

On the other hand electrodes having a base
of alkaline or alkaline-earth metals improved In
accordance with the invention lend themseclves
perfectly to the formation of blue or other col-
oured tubes, employing a neon or argon atmos-
phere or any other rarefled gases or atmospheres
in the presence of mercury, using certain proper
measures for preventing the formation of amal-
gams between the mercury and the alkallne or
alkaline-earth metals. For this purpose it Is pos-
sible for example to provide a restriction Cz (Fig-
ure 9 at the end of the cup C enclosing the
alkaline or alkaline-earth metals. Another meth-
nd consists In providing d solderel double joint

The normal use of ordinary glass. avoids 5;
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8 (Flgure 19) on the middle of the lighted part
of the tube. Mercury vapours may be aptiHed
to the Internnl walls of the tube; and to ennbfe
the traces ef mercury to AdRere the Infermal
walls of the fube may be reugheried by being
slightly attacked with fAuorhydric ackd. These
last meRtioned arrangements may advantageous-
ly be combined with one oy other of the arrarge-
ments shown in Figures 9 and 1.

It has also been found thet when using as
electrodes for the diseharge tubes certain alka-
line-earth metals which: are freed from any traee
of impurities, it was possible to re-create, mote
particularly with an argon atmosphere, the spec-
tral line 2536 of the mercury which 1f iIs de-
sired to obiain especially for exciting ulra-viclet
rays.

The invention is also appllcable, with the same
advantages, to the preductiorn of discharge tulbes
comprising phosgphorescent, ffuorescent or opal-
ine glass screens. In this application, In order
to avold transparent spots, the electrodes may be
hooded by one or more covers of glass or other
isothermic material not giving off gdsez of va-
pours and fo provide a grid to stop the prolected
iong and to localise them on the metal of the
electrode. Varlous shapes of hoods may be used
for this purpose. Pigures 12 to I7 of the accom-
ranying drawings show by way of non-limiting
example schematiec sectlons of varlous forms
which may be employved.

In Figure 12 the hood is formed by & simple
cover ¢ covering the cup € which encloses the
alkaline or alkaline-earth metal. The section
of this cover is preferably 3 or 3 min. greater
than that of the cup; its purpose is to gather
the projected lons towards the bottom of the
electrode at a.

In Figure 13 the hood ¢ fiis Into the cup C
and a lip ¢1 holds it in position.

In Flgure 14 the hood ¢ likewise fits into the
cup C but it is extended to the botiom thereof
and rests on thig bottom.

In Figure I5 the hood c is replaeed by e simple
dise¢ d for example of mica resting fiat on the
edge of the cup C, this edge preferably beinig
of irregular section.

Figures 16 and 17 show arrangements similar
to those in 13 and 13 but in these fifures the
hood c¢ is provided at its centre with a hole e¥
having inwardly turnmed Iips, in order that the
stream of the ions shall not be too broken at
high Intensities.

Another advantageous application of the In-
vention eomsists In using Wood’s glass tubes or
similar tubres, provided with electrodes having a
base of alkaline or alkaline-earth metals made
in accordance with the arrangements described
above, {0 excite the Auorescence or phospores-
cenice of any materials having such properties,
The electric discharge fithes may thus particu-
1aTly be employed for outlining, framing or deco-
rating objects having a base of or covered with
fluarescent or phosphoresecent materials.

The Improved electric discharge tubes accord-
ing to the invention may also be sdvantagegusly
applied to radio. In this case their employment
eliminates radiophonic parasites produced by bad
contacts and generally observed in ordinary dig-
charge tubes having ductfle metal electrodes.
Berause of ths impossibillty of Intimatsly com-
bining the elernents which normally form these
electrodes (for example tungsten with: copper of
the alloy known ag “copper clead™ with irom)
these elemenits are simply connected by being
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clamped together so that the differences of ex-
pansion produced during heat treatment of the
electrodes produces retractions and gaps which
form parasites by bad contact when the appa-
ratus is operating at a high alternating potential,
On the other hand, in tubes provided with elec-
trodes according to the invention, the conductor
leading the current to the electrode 1s in direct
contact with the alkaline or alkaline-earth metals,
which have been first melted and then vaporised,
and this ensures an intimate welding between
them and enables all parts of the electrode to be
al the same potential, Furthermore the radio-
phonic troubles produced by electric combination
at a distance are eliminated by reason of the ad-
herence of the alkaline or alkaline-earth metals
to the walls, avolding the formation of interme-
diate electrodes.

Another useful application of the Invention lies
in the formation of non-filament lamps for light-
ing purposes using a rare gas atmosphere. The
use of ordinary glass for the envelope, ensured by
the invention, enables In particular the incorpora-
tion into the material of this envelope of fluores-
cent or phosphorescent colouring materials,
which, in combination with mixtures of rare gases
and metallle vapours, make it especlally possible
in & single tube to approximate to daylight as far
as the main rays are concerned. Onhe may thus
obtain as closely as possible an approximation to
the light suitable to the retina of the human eye.
By suitably varying the combinations set out
above it is possible also to obtaln any desired
coloured effects, for example for decorative pur-
poses. It has moreover been found with elec-
trodes having an alkaline or alkaline-earth metal
base according to the invention that the excited
spectra are fog-plercing, so that they may with
advantage be employed in lamps for buoys or for
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slignalling purposes. In any case the non-fila-
ment lamps having electrodes in accordance
with the inventlon produce an economlc light
since there is practically no dissipation of energy
in heat form.

For a gap of about 5 cm. between the electrodes
the starting potential of the lamps with alternat-
ing current is about 110 volts, so that these lamps
may be used in current distribution networks.
This potential may be further lowered if metallic
vapours with rare gases are used, but this may
produce transparent spots on the walls of the
lamps, thus destroying the regulariiy of the light.
These spots can however be avolded by providing
points or hoods on the electrodes similar to those
described above,

It is to be understood that what has been stated
above concerning the possibilities of using ordi-
nary glass does not exclude the possibillty of mak-
ing the tubes and lamps according to the inven-
tion of glass of any composition or quality, col-
oured or not.

Lastly, it is also to be understood that the im-
provements to electric discharge tubes and lamps
forming the subject of the invention are generally
applicable both for high frequency purposes and
for high potentials. It is also to be noted that the
length of the luminous wave would appear to have
greater interest in the field of high frequency than
in that of high potential. The use of high fre-
quency moreover makes it possible, for low in-
tensities where ionisation by impacts is sufficlent,
to suppress certain intermediate electrodes re-
quired for discharge tubes and lamps operating
at high pressure.

ROGER FRANCOIS DESIRE NAVARRE
1T MALHERBE,



