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This mvention relates to gaseous electrlc dis- - Pgure 3 is a cross-sectlonal vlew taken along
charge systems, and in its more important as- Hne 3—3 of Figure 2a; 4
pects to & system wherein glow-light is produced ' Figures 4a and 4b are detall elevational views
about the electrodes of a discharge device. A~ of two alternative forms of spaclng members for.

5 particular form of device with which the inven- 7the electrodes; s
tion is concerned is one including electrode means- Figure 5 18 a partial elevational vlew ot an
in the form of letters or other indicis, for exam- alternative electrode arrangement, and: .
ple—entire words, about which the glow-light i -~ - Figure-6 is a partial elevational :and partly
maintained to produce the effect of glow of the 1n- schematic view of a device and system illustrat- = .

10 dicia themselves. ing still further alternative electrode arrange- 10

This application is filed in substltutlon for my ments, and an associated circuit for causing ‘n-
co-pending application Serial’ No. 57,885, filed termittence of glow-light about some of the
Jonuary 7, 1936, and herewith abandoned. indlcla
“ It'is an object of my invention to provide a = It will be understood that throughout the spec-.

16 device and system of the class described which ification the term “gaseous” has been employed 15
will produce bright glow-light about the elec- broadly as the adjective appropriate to one or
trodes without distracting light in the positive' more gases and/or one or more vapors, the term
column between the electrodes.” - - “gas” to denote one or more gases, and the term.

It is another object to provide such a systemr. ‘“vapor” to denote one or more vapors. - - :

20 and device sa,tlsfactorily operable with reasonable The various features of my invention, with 29

- . supply voltages. L their functions and advantages, are best de-
‘It is another object to maintain the glow-light  scribed after an initial brief description of the
essentially uniform over the entire indicis sur- general structure of a typical discharge device
face. . in which they are co-operatively employed; such -

25 - It is a very.important object to minimize elec-  a device is illustrated in Figure 1. Herein the 35
trode disintegration in such a device, particularly numeral ¢ designates a transparent envelope or :
without impeding the fulfilment of other objects glass tube evacuated of air and containing a flll-
of the invention. - ¢ . ing comprising a monatomic gas component and -

It is another object of my 1nvention to pro- a second component which for exampie may be -

30 vide such a device wherein electrode means, dis- s source of metal vapor. The monatomic gas 30
tributed in the form of entire words or the like, may desirably be neon with or without the ad- -
are arranged in an improved manner to provide dition of helium up to say 20% of the amount
uniform’ glow-light, and at the same time un- . of the neon; but no particular limitation as to
impeded visibility and absence of electrode struc-- the rare gas is intended. As heréinafter ap- -

35 ture in positions: wherein- its glow would dis- pears, the rare gas component preferably has a 35
tract: attention from the words or the like. - aubstantial pressure—e. g., 15 to 35 mm. Hg and
. Tt is still another object to provide rugged and . preferably more than 18 mm. Hg. The second
otherwise satisfactory spacing and support.lng ar- .component of the filling' may be provided by a

rangements for [the electrodes. small quantity of mercury, or of mercury with
40. It is a general object to provide an lmproved a small percentage of alkali and/or alkaline earth 3g
device of the character above described. - metal, and. has been designated in Figure 1 as

Other and allied objects will ‘more fully ap- 8i. It will ' be understood that while the source.
‘pear from. the :following description and ap- " 81 may cling to the wall of the envelope | when

- pended claims.” . . cold, it is adapted to vaporize to a degree de-
45 In the description reference: is had to the ac~ - pending on the femperature of the device, and 45
companying drawing, of which .~ to develop & vapor -pressure independently of the .

Figure 1:is a view generally elevat.lonal but . gas pressure abovementioned.
partly in longitudinal vertical section, of a dis- - Sealed in the respective ends of the envelope
. ‘charge device and system according to my in- are the stems 2 and 3, respectively provided with ., .
50 vention; the lead-in wires 2b and 30,  to which respec- gg
Pigure 2q is a transverse vertical _CrOSS-SeC~ tively are connected the electrode systems 4 and
tional view- taken along the une 2a--2a of Fig- & hereinafter described. The lead-in wires are
ure 1; - extérnally connected to the terminals 9 of a volt-
Figure 2b is a perspectlve view of the central age source 8a, which may be either alternating or
55 spacing member of the device of Figure 1; ..* .direct, ‘through appropriate current Iimiting 55"
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means; such means may comprise one: or -more
resistances. ‘Thus in series with the lead-in wire
2b has been schematically shown resistance 8a,
while in series with lead-in wire 3b there has

.been structurally ‘illustrated the.resistance 8b;

the structure, which has been found desirable, is
hereinaiter described. Also sesled in:thé’; Tespec-

tive stems 2 and 3 are the respective wires 32 and .

33; these, however, are supporting wires only, and
need not be extended or connected to exterior]y
of the seal or envelope. .

The electrode system 4 comprlses -a straight
wire #b welded or otherwise connected at its
left extremity to the lead-in wire 2b, and extend-
ing longitudinally of the envelope | near its wall;
letters or other indicia 4c¢ disposed generally so

. that their plane includes the wire &b, and ex-
tending from- near: that wire substantially di- .

ametrically of .the tubular envelope; and short
wires #a welded both to the wire 4b and to the
individual letters dc, and serving. to support the
latter. The electrode system' 5 comprises a

straight wire 5b welded or otherwise connected-

at its right extremity to the lead-in wire 8b, and

extending longitudinally of the envelope | near. -
. its wall and in slight spaced relation to the wire

" 4b; both wires 5b.and 4b may extend substan-

tially the entire length of the envelope, parallel:

to each’other and preferably jointly lying in a

plane at right angles to that of the letters dc. .
. While it may be either in front or- behind, the
.wire 5b has been showx, by way of example only,

" in‘front of the latter plane—i. e., spaced there-

-from’in the direction 1from which the letters are

viewed. For mechanital support of the right ex-

_ tremity’ of- the wire 4b and of the left extremity

' of wire 5b, these Tespective extremities may be

~ seal of the respective two wires (e. g., 2b and 82) ;.
- for most complete illustration Figure 1 has been

55

welded or- otherwise secured to -the: supporting
wires 33 and 32, abovementioned. - It will be un-

derstood that in a view of the device taken pre--

‘cisely normal to the plane of the letters or indicia
4cand wires 4b and 5b would merge into one,
as-would likewise the points of passage into each

taken from g direction slightly displaced from the

normal, as indicated by the arrow in Figure 2a..
The primary function of the device is to pro-.
duce about the letters or other indicia dc a ca- -
- thodic-glow-light close to the electrode surface
so that the surface proper appears-to glow. The -

wires 4a being short, and the wire &b being pref-
erably disposed. slightly underneath the letters
or indicia 4c¢ in such a manner as to form an

underlining therefor, it is considered permissible .

that these wires too be surrounded by glow-light.
Particularly when the device' is. operated on al-
ternating current; a glow-light will be produced

" about the.opposite electrode system—e. g., wire

5b; one reason for the positioning of this wire as
‘shown is t0 avoid its glow distracting attention
1Irom the glowing letters or indicia, its glow then

., simply tending to merge with the letter—under-

.65

lining glow about the wire 46, Thus I have so
arranged the electrodes that the glow thereabout

' comprises the- desired glow together with en-

firely permissible glow—so avoiding the trouble
of covering portions of the electrodes with glass or

- other refractory material to prevent their glow-

70
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ing. There will be. appreciated, however, the -

definite undesirability of the production of ma-

‘terial glow or other light in the space generally

within the envelope—i. e., positive column light—

"as such light seriously detracts from the promi-
nence of the desired glow-light about the letters,

2,118,000

Insofar as I am aware, a device of this gereral
character—well adapted for example to advertis-

ing and display purposes—has never before been .

produced to operate with useful commercial life
and uniform glow-light intensity on the various
letter or indicia surfaces, or otherwise in a satis-
factory manner and with commercial supply voit-

ages_of 220 volts and less. The requirements for -

" a commercially satisfactory device are many,

and must of course be satisfled jointly-in the

- . single preduct; among them may be mentioned

(a) - the minimization of positive column light,

_both ‘absolutely ‘and relatively to cathode glow-
- light, abovementioned; (b) the minimization of

the required voltage drop across the system, so
that it may properly operate on commercially
available voltages; (¢) the maintenance of even

-light. distribution during operation both between

different portions of the same letter and between
the several letters; (d)-the minimization of elec-

‘trode disintegration, during initial manufacture

and during after-operation, in order to.conserve
electrode life and to minimize envelope wall dis-
coloration; and (e) the arrangement of electrodes
and their supporting and spacing means within

- the device to insure proper -visibility of ‘the let-

ters or indicia, freedom from glow in distracting
positions, mechanical ruggedness and other de-

. sirable characteristics, without impairing the

functioning or life of the device. The various
féatures of my. invention co-operate to satisfy
jointly these and other reqmrements as herein
becomes apparent.

- I may first consider the genéral arrangernent
of, and the operating gaseous atmosphere in, my
device.. Properly to explain their functions and

ordinarily contributing to the creation of ionic

losses, of potential gradient, and of light in a
positive column—i. e., constriction of the dis-

charge column by the walls, low atomic weight
of the gaseous atmosphere active in the positive
column, and high pressure and density of that
atmosphere.

In my device I make negligible the constrlction
of the posttive column by the walls. . This I am
able to do, while spreading the electrodes well
throughout-the envelope interior and thus avoid-
ing wastefully large envelopes, by the described
generally parallel arrangement of the two elec-
trodes, resulting in the positive column path be-
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“advantages I first call attention to certain factors .

ing transverse rather than longitudinal of the °

elongated envelope.. As is illustrated in Pigure 1,
the maximum positive column path length (or
lengest of the most direct paths to the electrode
system 5 from points on the electrode system 4).

is shorter than the transverse envelope dimen-
- sion {e. g., dilameter), while the width of the pos-

itive column path is preferably many times that
dimension (e. g., is substantially the length of the
envelope). Obviously as to this short, wide posi-
tive column path the walls are substantially re-
moved. So I provide a first significant factor in

as of ionic losses and potential gradient). It will

- also be noted that for minimization of these losses

it would be desirable that I employ a gaseous at-
mosphere of high atomic weight and low pressure
or density. But as a generality this is deleterious
to the desired brilliant cathodic glow-light about
the electrodes, for the following reasons:

If is of course necessary that I pass at least

56
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‘the minimization of positive column light (as well

65
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sufficient current to the cathode surface to cause

it to be fully surrounded by glow at normal cath-
ode fall; at the same time it is undesirable that

75.



- mental effect thereof on electrode life. The nor- -
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I pass suﬂlclent current to create an abnormal
fall to any marked degree, because of the detri-

mal cathode fall s known to increase with de-
creasing atomic weight of the here active gaseous
atmosphere (as well as with increasing work

- function of the cathode) ; while the value of cur-
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rent appropriate to complete glow coverage -of
the cathode with substantially normal cathode
fall increases with increasing gaseous density.
Thus, to maintain brilliant glow-light about the

electrodes, it 15 desirable that I employ a gaseous

atmosphere of relatively small atomic weight and
of substantial pressure or denxlty. o

X solve the problem created by this repugnance

of requirements between positive .column light
and electrode glow-light by employing such a
gaseous envelope filling that under operating con-
ditions the actively effective gaseous atmosphere
close to the cathode is of high density and pref--

- erably low atomic weight, while the actively effec-
tive gaseous atmosphere in the positive column .
is of low density and preferably of relatively

higher atomic weight. This filling consists of a

28 rare gas component of approximately the de-

sired spectrum (for example neon) at a substan-
tial pressure; and a gaseous component of lower
fonization potential, and preferably of greater-
atomic weight, at'a much lower pressure. Since
mercury vapor in suitably limited amount nicely
meets the specification for the second of these
components, I have preferred to employ it, and
shall hereinafter fréquently refer to such second
component simply as the “vapor”. or the “mer-
cury vapor”, without intending thereby anvy un-
due limitation. It will be understood that I have

Just referred to the vapor pressure in the sense of

the pressure during normal operation. The de-
sired limitation of pressure may be effected bv
liiiting the amount of vaporizable mercury jn-
serted in the device.

Because of its lower ionization poténtial-the .
vavor will' be preferredly ionized In any snace

portion so long as a sufficlent amount of the
vapor there exists to enable the faster electrons,
by ionizing the vapor, to develop ions at the re-
quired rate for that space portion. I preferably

.. employ only sufficient or slightly more than sui-

70

ficient, vapor pressure ahd density to meet the
relatively low requirements for lonizable atmos-
phere in the very wide path of the positive col-
umn, so that only or substantially only vapor wili
be there. fonized, and the effective gaseous at-
mosphere of the positive column may be con-
sldered a vapor one. The requirement for foniz-
able atmosphere close to the cathode, however.
is relatively high and accordingly the lmited
density vapor can at best supply only a small
fraction of that fonization which produces the
cathodic glow light; this ionization is therefore
almost entirely of the rare gas. and the eathode
glow-light characteristics are accordingly prin-
cipally determined by that component. Because.

"however, of the relatively high average electronic

velocity in producing the cathode glow-light this
light is somewhat more predominate in higher
frequency lines of the rare gas than is the posi-
tive column light of a similar rare gas in a tube
of the conventional neon sign type.

I obtain then, assuming the use of neon as a
rare gas, a striking pinkish-red glow-light about
the cathode, including the indicia 4c, and an

" ordinarily practically unobservable background,

or positive column. It is to be understood that.
75 - this' desirable result springs most essentially -

from the jolnt tactors of short, wide dlschurge

_37 .

path with removed walls, and of extremely low -

vapor pressure, I employ a vapor pressure usual-
Iy of the order of or less than .001 mm. Hg. and
at the most of only a few thousandths mm. Hg,
80 that the ratio of gas to vapor pressure is main-
tained well in excess of 1,000 times, and in typi-
cal cases in excess of 10,000 times.. |

Thus my device well meets the requirement

". (@) above; at the same time the very low positive

column potential gradient and total drop result-

‘ing from the actively effective low density vapor

atmosphere s & large contribution to the meet-
ing of requirement (o).
I have thus far described-the desired cathode
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glow-light, and the generally undesired positive

column light, in my device. ' There will also, of
course, be at least a tendency toward anode glow-
light—in general of the normal color correspond-
ing' to the rare gas but ordinarily unobservably
faint (as a result among other things of lower
electronic velocities and much lower fall than in
the case of the cathode)—accordingly when my
device is operated on direct current, the .elec-
trode system 4 is maintained permanently ca-
thodic and the electrode system -3 permanently
anodic.

When the device is operated on alter- -

nating current, however, the glow-lights appear

essentially similar on.each electrode system, each
such light dynamically comprising an alterna-
tion of the prominent cathode glow-light and

‘relatively faint or unobservable anode glow-light.

‘With whichever current be employed, I prefer

.of course so to adjust the value of the resistances

8a and 8b as to operate the device with substan-
tially normal cathode fall. I here point out that
compliance with requirement (b)_ for low total
voltage drop across the system, and with require-
ment (d), at least insofar as it relates to mini-
mization of electrode disintegration during nor-

mal operation, is facilitated by maintaining the.

normal cathode fall at & moderate value (though

" .of course not excessively low, otherwise the bril-

liance of the cathode glow-light will be unduly
sacrificed). And while the presence of the vapor

30
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in my gaseous filling does not seem strikingly -

to affect the color of the cathode glow-light, I
have found that it does have some significant
action in moderating the normal cathode fall.
It is very desirable, for starting facilitation and
for the obtainment of long glow periods each half
cycle without impairment of electrode life, to
have portions of the respectively opposite elec-
trodes mutually very near each other-——in the
order of a few mm,. apart—as the wire 4b and
the bottom portions of the letters dc preferably
are to the wire §b. 'Therefore a device of this
character will involve great differences in dis~
charge path length from one electrode to various
portions of the other and will, so long as simple
rare gas is employed, involve relatively signifi-
cant potential gradient iri the positive column;
the positive column drop. as to different portions
of the same electrode, will be very different, not
merely in ratio but in absolute value. But for
uniformity  of - glow-light development on the
electrode the absolute differences in positive col-
umn drops should be maintained-at a very small
fraction of the normal cathode fall, and desir-
ably at a fraction of the anode fall (which might
typically in a device of this character be of the,
order of 12 volts)y. If this condition be seriously
violated there will result uneven glow-light de-
velopment—or even actual absence of glow-light
over ‘large portions of the letters—unless there

&5
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© positive column light and voltage drop minimi- -
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be employed abnmmally high current through
the device and a significantly abnormal cathode

fall therein. The high current density per unit

electrede surface, which goes hand in hand with
high total current .and abnormal cathode fall,
leads to rapid electrode disintegration and bad

impairment of electrode life and wall discolora-.

tion, besides requiring higher supply voltages. By
the introduction of just sufficient vapor density
to render the positive column discharge a low
pressure vapor discharge, I not only obtain the
advantages above discussed in connection with

zation, but also vastly- reduce the difference in
positive column drop as to different electrode
portions. In view of the width and shortness of
even the longest discharge path involved, the

absolute value of the maximum difference in-

positive column drop is. rendered almost negli-

gible, and it becomes possible to obtain excellent -

light uniformity without involving appreciably
abnormal cathode fall, or increased current and

voltage drop across the system. Thus I meet -

requirement (¢) without impajring complmnce
-with requirementis (b) and (d).

The last requirement in a device of the cha.r-

" acter under consideration is an extremely im-

-, portant one, not merely in respect of electrode
life, but’ even more -in respect of cleanliness of

30
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the envelope ‘walls, which at almost all points

are near encugh to the electrodes to receive seri- -

ous blackening therefrom should the latter either
during normal operation or during original manu-
facture seriously disintegrate.
important to minimize  this. disintegration not
only in normal use but in original manufacture
and preparation for. use.
in my device a conventional electrode material

of pure iron or of iron alloyed with a few per -

cent of-nickel, these tend to require overloading
with considerably abriormal cathode fall, thereby

. causing excessive disintegration, in these initial

. ing for the electrode material an alloy of pure -

50

stages. I have found, however, that by employ-
iron with a higher percentage than usual of
nickel-—say between 10% and 35%. and prefer-
ably in the range from 159 to 20%—the alloy
permissibly containing a few per cent of some
alloying agent such as manganese and having

preferably been prepared or melted in”vacuum .
and drawn or otherwise formed into wire or the:

" like within a reasonable time thereafter, and by

55
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using mercury ions to bombard the electrode sur-
face, I am able after a short bombardment to

‘cause the electrode surface to glow evenly with-

out having caused appreciable blackening, and
thereby to put the device in condition for several

thousand hours of operation free of trouble- -
‘some effects.
60

Preferably I perform this bombardment in the
following manner: After the device has been
structurally completed excepting for the intro-
duction of the filling and final sealing off from
outside air, I pump the device to a high vacuum,
and introduce a little rare gas to permit starting
of a discharge, together with an appreciable
quantity of mercury; I then apply voliage to the
system to start some discharge, preferably having
warmed the device by exposure (e. g., ]
able oven) to an ambient temperature of 300 to
350 degrees C. to cause high vapor pressure; thus
mercury ions are formed and are the principally
active ions in the electrode bombardment. Some-
what more than normal voltage is used in this
procedure, in view of the now high vapor pressure.

It is obviously

While I may employ -

in a suit- -

2,118,000

This bombardment may be permitted to continue
for a while to insure substantial completion of

‘effect on the electrode surface, above mentioned.

Finally, the bombardment is stopped; the device
is cleared of rare gas, oxygen and other occluded
gases, and of mercury; then before sealing off

there is inserted the normal rare gas filling com- .

ponent and mercury for normal vaporization (or

sufficient of the latter may be left in at the con- .~

clusion of the clearing operation). It is to be
understood that the mercury vapor in the normal
filling co-operates with the alloy electrodes to
effect in the first several hours of normal cpera-
tion a final completion of the electrode surface
preparation. which the special bombardment
above-mentioned may not utterly complete.

10
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It appears that the alloy surface though suffi-

ciently oxidized to prevent initially .a proper glow
discharge, ‘will inder normal mercury ion bom-
bardment rapidly change ‘the’ structure of its de-

20

fective sections and come quickly to a condition -

of even glow. The surface.of the electrode ma-

terial contains a large amount of nickel, w1th
- which the mercury vapor forms an amalgam hav-

ing a- cathode fall distinctly lower than that of

iron and of course much lower than that of oxi~

dized iron.- This amalgam seems to form in at
least small ‘particles closely spaced over the whole

- oxidized surface, so that glow rapidly appears’
".over the -entire electrode area; good distribu-
“tion is' thus obtained almost immediately, and

25
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without the necessity for abnormally high cath- -

ode fall. In the course of a short time the con-

tinued” bombardment with substantla.lly normai

cathode fall will remove the oxygen or oxidized

iron of the surface ‘molecular layer, leaving the -
Dbure iron and ‘nickel: and such disintegration of
_ the latter as occurs has not been found at all - -

of serious magnitude.
Too much nickel in the alloy would undoubt—

while not enough will prevent the quick spread
of the glow over the whole electrode area—
probably by renderihg too great the average
separation of the ama.lgam pariicles. Of course,

at least part of the 'nickel in the alloy might -

be replaced with some other metal adapted ta
form an amalgam with the mercury. It may
further be mentioned that in cases wherem ex-
ceptionally low cathode - fall-is desired for pur:
poses of facilitating starting with very low volt-

ages (although-in general not otherwise) it may-

be desirable to use one. of .the alkaline earth
metals, such as barium, as the amalgam-form-
ing metal with which to replace the nickel to the

_extent of 1 or 2% of the total alloy. .
I have thus shown the more important prac-

ticesin my invention which in co-operation cause

‘the device to meet the requirements (a), (b), (¢)

and (d) hereinabove mentioned. I shall now
proceed to a description of the further features

.of my invention and of the illustrated embodi-

ments, resuming reference to the figures.

‘As hereinabove set forth, each of the wires 4b
and 5b is terminally secured at its one end to one
of the lead-in wires (2b and 3b), and at its other
end to one of the supporting wires (32 and 33).
Preferably the lead-in wire and the supporting
wire in each of the stems pass therethrough in a
plane substantially normal to the plane of the
letters or indicia #¢, or in a plane substantially
parallel with the plane containing the two wires

4b and 5b. This arrangement aids in guarding’

against twisting of the electrode structure, and
otherwise in rendering the same rigid. Further

35
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‘edly raise the disintegration to a serious value,

60

65

70

75



s,ua.ooo |
_ Under other circumstaneu the already zlowinz

rlgidness is imparted by the central spacinc mem-
ber 34, preferably of inica or other thin insulating

~material, which may be formed as a crescent hav-

10

ing an outer periphery of about 225 degrees fit-

ting the interior cross-section of the envelope {; -

the main body of the crescent is preferably dis-.

posed behind the plane of the letters 4c¢ so as to ;

maintain visibility; the wires 4b and 5b pass
through and are held in ‘apertures - provided
in the crescent as hereinafter more par-

ticularly described. Still- further rigidness is

imparted by holding the two wires 4b and §b in

" their proper fixed spaced relationship at a plu-

15

" tioned below. Rigidness of the wire §b is turther '

20

rality of intermediate points, as by .a plurality of

transverse ceramic spacers, for example of mag-.

nesium oXide, aluminum oxide and/or magnesium
silicate illustrated as § and 7 and further men-

aided by welding thereto and parallel therewith
reinforcing wires 8a, which may be shorter pleces
of wire similar to 5b; these are preferably welded

- onto the wire 5b along sections which include

the points at which it is to pass through

- one of. the positioning members—e. g., 8, 1, 34.

25

The advantage of plurality of shorter pleces over
a single long piece is the freedom froin permanent

. twisting tendencies which might be imparted by
- slight inaccuracies of positioning of a.long wire

30
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‘while welding it to the wire 5b.

‘The provision of the additional wires Sa has
the further beneficial effects—particularly sig-
nificant with A. C. operation—of increasing the
surface of the electrode system §, and of pro-
viding the increased-area electrode with effective
grooves. (These latter. are of course the longi-

tudinal grooves of the top and bottom of the

electrode, formed by the convergence of the sur-
faces of the wires §b and 8a toward their line of
mutual contact.) Both increased surface and
grooving of the surface have in turn the effect

of many times increasing the current which may-
. be passed to and from the electrode without in-

_ volving abnormal cathode fall at times when that

45

- electrode acts as cathode—thereby. permitting

sufficient discharge current to illuminate the in-
dieia 4c in their entirety without at the same
time overloading the electrode system § with
seriously abnormal cathode: fall. ‘

If not properly arranged, the positioning mem-
bers placed along the wires 4b and 5b for me-

chanical reasons (e. g., spacing member 34 and -

spacers € and 1) may render portions of the de-

‘vice inoperative, or at least cause badly impaired

life of portions of the electrodes and accompany-
ing wall blackening. The glow, usually starting

at one end of, or some one region in, the electrode -

systemis when voltage is first applied across the’

device, will spread only as far as the first such

‘member and .there stop. This stoppage results

from the fact that the voltage required to start a .

discharge is in excess of ‘the normal operating

“voltage; as discharge is established the voltage

across the tube automatically becomes less than
the starting voltage; and if the spread of cathode
glow-light along immediately adjoining electrode

areas (which requires only approximately normal .

voltage) is interrupted, the already glowing sec-
tion must develop sufficlently abnormal cathode

" fall to raise the voltage across the device to the

70
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order of the original starting voltage. Under
some circumstances—for example, relatively large
area of already glowing section—this section can-
not develop a sufficiently abnormal cathode fall,
and the stoppage of glow travel will persist and
only & portion of the device will ever be operative.

section will be able to develop the required ab-
normal cathode fall--but at the expense of se-
rious overloading for a time; this, being a phe-
nomenon which occurs upon each re-starting of
the device, cannot be tolerated. To obviate the
stoppage in the first place I so form each of the
positioning members, or so arrange them in con-

-Junction with the electrode wire passing there-
through, that substantial continuity of exposed
active surface along the whole electrode wire is-

preserved; otherwise expressed, so that there ex-
ists along the electrode a fully continuous strip
of atmosphere of thickness at least a few times

~ the length of the mean free path of electrons in

the gaseous atmosphere. ’I'his may be done in
either of two manners. ;

In theﬂrstofthesemmners,lllustmted as to
the spacers 6 and 1, I provide the positioning
member with a hole (§a, 8b) substantially fitting

5
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the electrode passing therethrough and therefore -

. providing a good mechanical engagement; but I
- provide in the member, adjoining the hole over
" a minor portion of the hole periphery, an aper-
: tute (8a’,-
sectoral one extending outwardly to the periphery.

80’) illustrated in Figure 4a as a

of -the positioning member. In Figure 4b the

- apertures, again sectoral for example, have been

alternatively illustrated as 6a’’ and 6b’’, each

. extending for a finite distance inwardly of the

positioning member. A similar arrangement has

been illustrated in .Pigures 2a and 2b in connec-

tion with member 34 for the wire §b, with the
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welded-wire Sa; adjoining the élliptical hole 34a = -

(which wotlld normally nicely pass the double
wire) has been provided along .a portion of one

35"

side 'a  generslly semi-circular aperture 34a’ -

(preferably of %. mm. or more radius) which

"maintains continuity of exposed surface along

each of the two wires 5b and. 5a.

. Accordingly to the second manner, I provide

a.b'out the interrupted surface portion of. the
electrode -a bridging member itself capable of

-glow development—for example a thin wire of
iron or preferably of similar material to my pre-

ferred electrodes. . ‘This has the advantage of per-

‘mitting a particularly irm holding of the elec-

trode by the positioning member, and has been .

" illustrated as to the electrode wire &b passing.
.through the central spacing member 34 (Figures %,

1, 2 and 3, particularly the latter). Thus to the

electrode wire at the point of intended passage -

through member 34 I weld centrally the bridging
wire (1.
been provided with a suitable aperture, into place
to surround the weld. I then slip over the wires,

‘and into contact with the two sides of the mem-

ber 34, ceramic or other insultlng buttons or
beads 10a and 10b which may b& 1 the form
of centrally apertured hemispheres. Finally I
bend back each end of the wire If and pass the
£nds in opposite directions ‘through a consider-
ably oversize hole 12 (Dreferably 1 mm. or larger)
provided in the member 34 near the beads, thus
bringing the two ends into substantial, though
not necessarily perfect, mutual contact. The
glow, spreading on the electrode wire 4b on
either side of the member 34 to the button on
that: side, will travel around the portion of the
bridging wire {1 exposed on that side, jump to
the other portion of the bridging wire, and travel

I then slip the member 34, which has

0

therealong to the wire 4b on the opponite side of A

the member 34.
- Attention may be directed to the end-member
amnzements ulustmted in Flcure 1 'mese may
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-veniently provided the recessed,

sponding numbers have been used for the com-

ponents at the two ends, excepting that those -
- numbers relating to the left end have been pro-’
vided with the suffix “a” and those rélating to -

the right end with sufix “b”. In describing

these end member arrangements reference is

most conveniently had in Figure 1-to the right
end of the device, where the illustration is large-
ly in central cross-section. A Bakelite or other
insulating cap 41b, conveniently a moulded one,
is ‘cemented to the end of the envelope I, where
the envelope diameter is reduced for union with
the stem, the cap being long enough to surround
the stem. At the bottom of the cap—i. e., at its
extremity disposed toward the center of the
envelope—is conveniently provided the flange
41b’; centrally of the top of the cap is con-
» externally-
threaded boss 41b’’. Around the main body of the
cap is wound the resistance 8b above-mentioned,

the wire being conveniently lightly' covered with. .

cement after winding. At the extremities of the
fesistance may be provided the lugs 42b and 43b.
The lead~in wire at the end of the device is con-
nected to the lug 42b, while the lug 43b is con-
nected to & metallic button 44b centrally inset
into the recessed boss 41b’’. To the button 44b
is also soldered the insulated wire 4§b which
connects this end of the device with the ter-
minals 9. Freely surrounding the wire 45b is
the .shell assembly #6b which. comprises the
threaded bushing 46b’ held in the shell proper
46b’’, which may be of any convenient material
such as metal. The shell may be internally pro-
vided with the recessed female-threaded boss
460’ adapted to fit the threaded hoss 41b’; after

soldering of wire 45b to button 44b, the shell

assembly may be slipped along the wire toward
the device and secured thereto by screwing onto
the boss 41b’’. The threaded bushing 46b’ may
extend externally of the shell 46b’’, may be
slipped through a hole provided in any con-

.venient bracket or support 41b, and secured

therein by tightening on:the bushing of a nut
48b. Thus the device may be supported at its
extremities.

The advantage of arranging the resistances 8a
and 8b in the manner just described, is that they
maintain the end portions of the envelope, which
are removed from the positive column, at least
at the temperature of the more central envelope
portions. This is desirable in the case of opera-
tion in abnormally low ambient temperatures be-
cause the coolest envelope portion will in general
determine in normsa] operation the amount of
mercury vaporized and hence the vapor pressure;
and, while only a very small pressure is needed,
too little might then be developed if the end en-
velope portions were not warmed by external

means. Ventilating holes such as 48b may be.

provided in the shell proper 46b’’ to obviate ex-
cessive heating of the resistance unit therewithin.

It is very desirable to maintain the spacing be-
tween the parallel wires 4b and 5b at a relatively
low value, at least compared with the envelope
diameter—with a device of the general character-
istics herein set forth as typical, at a value of 3
to 5 mm. for example. This is to insure easy
starting of the discharge each time the system is
connected with the supply voltage, and, in alter-

nating current operation, early starting in each -

half-cycle with attendant good light efficiency

- and minimization of cyclic flicker. While I

75

ordinarily prefer the electrode construction which

2 118 000

‘be similar for the two ends of the device corre- | have a.lready shown.and descnbed it is feasable

with alternating current operation, so long as the

desirable close spacing of the wires 4b and 5b is

retained, to mount the letters or indicia 4a alter-
nately to the two wires 4b and 5b as shown by
the separate letters. “A” and “B” in Figure 5,
and/or to provide such letters as may be desired
in double formation, as shown by the right-hand
letter “A” in Figure 5. It is further possible, as
shown by the letters and portions 4¢’’ in Figure 6
hereinafter more particularly described, to mount
letters or indicia to a longitudinal wire (e. g., §1)
which is spaced widely.and not closely from the
electrode of opposite polarity (e. g., 9b)—but in
this case letters forming a portion of the one elec-
trode system must in places approach the other

10
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electrode system in the close spacing above- .

mentioned; preferably the places of such -ap-
proach will be at least as near to each other as the
diameter of the envelope. And in any event the
longest path which must be traversed by any
section of the discharge is preferably maintained
smaller than the diameter of the envelope in the
interest of uniformity of glow over the letter
portions.

Figure 6 is particularly intended to show.an
arrangement wherein letters and/or portions
thereof (4c’’) are at any desired rate caused to
flash on and off, other letters (4c) heing provided
if desired for continuous illumination. -The ar-
rangement is readily carried out by providing the
wires 4b and §b and mounting such letters as are
to glow continuously on the wire 4b as before,
and by additionally providing a longitudinal wire
such as 5i{-——for example above the letters—and
mounting thereto such letters as are intended to
glow intermittently (the spacing cautions above-
mentioned being desirably observed). The lead-
in wires 2b and 3b for the respective wires 4b and
5b are externally connected through the respec-
tive resistances 8a and 8b across the voltage sup-
ply—which in this case by way of example has
been shown as the secondary 54’ of an auto-
transformer 54, of which. the primary 54’ is con-
nected to the line terminals 9’. The lead-in wire
§2 for the added wire 5| is shown connected
through a resistance 53—for example, of similar
ohmic value to resistance 8b—to the contacts 55’
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of a thermostatic switch 55, and therethrough .

to the same side of the voltage supply as the
wire §b. - The resistance element 55’ of the switch
65 is connected in some branch of the external
circuit wherein the current flow will be affected
by the glow or non-glow of the letters 4¢’’, as in
series - with the contacts 55’ themselves. The
system is arranged for automatic alternation of
switch openings and. closings; as illustrated, the
contacts will be biased to closed position and will
therefor initially produce a glow of letters d¢’’
and heating of element 55’’, to which the con-

tacts will respond by opening and thus cooling

the element 55’’, whereupon the contacts will
again close, and so on.

From Figure 6 there has been omitted only‘

however in the interest of simplification, any
showing of the envelope | or of the support of

.the wires 4b and 5b (and 51) at their none-lead-in

extremities by such supporting wires as 32 and 33
of Figure 1. Subject to this qualification, the
structural portion of Figure 6 indicates in general
the mechanical method which I prefer to employ
in constructing a device according to my inven-
tion: In other words, the electrodes wires are
connected to the appropriate wires already sealed
in the stems 2 and 3, as by welding, to make a
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" or full-diameter end of the envelope is dfawn in-

10
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.

diameter at one end only, snd the stem at such -

end is sealed to the envelope. ' Finally, utilizing -

-an appropriately high amount of heat, the other

wardly to meet the other stem, and thereto sealed,

In concluding the description, I jmay mention -
some typical parameters, in addition to such as
have already been mentioned, of devices con-
structed in accordance with my invention—
though this I do in an illustrative rather than a
limitative spirit. The envelope has been of glass
tubing of about 6 cm. diameter, 65 to 70 cm. long.
The wires used for electrodes have been of such
an alloy as abovementioned, about 1% mm, in

. diameter, the wires 4b and Bb being spaced apart
about 3 mm. and the letters being formed to &

height of about 44 em.  The gas component -of
the filling has:been & mixture of 85% neon and

15%. helium, at a pressure between 18 and 35 mm,

Hg, and a quantity of mercury of size not greater

- than a pin-head has provided the vapor com-

" ponent of the filling. The resistance 8a and. 8b -

35

have each of the order of 50 ohms. There has
been applied across the system as illustrated in
Pigure 1 a voltage of about 160 volts A. C. pro-
ducing an R. M. 8. discharge current of about. 120
to 150 ma. (which may be seen from the elec~ .

trode dimensioning set forth above to represent

a current density on the electrode system 4 well
in excess of 5 ma., and more specifically of the
order of 15 to 20 ma., per square centimeter), or

a voltage of about 125 volts D. C.  The power

consumption has been 20 to 30 watts (principally

of course in resistances 8a and 8b), and the de- .
vice has operated with materially less than a 20

" degree centlgrade rlse a.bove ambient tempera-

40

. will depend materially on the area of the elec-~-
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ture.

It will be understood that the value of resist-v

ances 8a and 8b, and of that operating current

trodes—particularly of the indicia 4c¢, which may
vary between devices otherwise similar. It is
therefore convenient, in finishing the manufac-
ture of one of these devices, to equip it tem-
porarily with arbitrarily low-valued end resist-
ances (or with none, but otherwise maintaining

the ends as warm as the central portions) and by
test to determine the total external resistance.

appropriate to su/bstantially the minimum current
‘which produces good glow all over the indicia dc.
Permanent resistances 84. and 8b may then be

_prepared and installed, having a total resistance

equal to that determined experimentally as above-
mentioned.

It will be. appreciated of course that Whﬂe I

. have shown and described my mvention in terms

" least of the order of 15 mm. Hg, and two electrode -
systems each extending longitudinally substan-:
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of preferred embodiments thereof, I do intend
not to be limited by all the details of those em-
bodiments, but rather to express the scope of
my invention-in the appended cla.ims as broadly
as the state of the art will permlt

I claim: -

1.Ina gaseous discharge system, the combma-

‘tion with an elongated envelope, a filling therefor

including a rare gas component at pressure at

tially throughout said envelope, various portions

‘of one system having widely different direct sep-

arations ‘from the other system: of means for

‘maintaining between said electrode systems a dis- .-
charge having-a density on each system of at-

leut 5 ma. per square eentlmetcr. and a fltrther

s,uo,ooo

unit of stems and electrodes. Th!sunltlssnpped
into the envelope 1, which is initially of reduced .

component m said ﬂlunz having a lower ioulza-

tion potential than said gas; at pressure limited

to less than' sufficient for appr'eeiable» luminous '
excitation of said further component but suf--

ficient to restrict luminous exeitation of said gas
- to the immediate vicinity of said electrodes. - -

2, In a gaseous discharge system, the combina-

‘tion with an elongated. envelope, a filling therefor

including a rare gas component at pressure at.

least of the order of 15 mm. Hg, and two electrode
systems each extending longltudlnany substan-
tially throughout said envelope,.various portions
of one system having widely different direct sep-

maintaining between said electrode systems a dis-
charge - having a density on each -system of at

least 5 ma. per square centimeter and a further.
component in- said filling ‘comprising ' mercury:

vapor. at . pressure- limited ‘to a.t most a few
. 20

thousandths of one mm, Hg..

10.

- arations :from the other system: of means for -
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'3. In a gaseous discharge system. the combina- :

-tion with an elongated envelope, & filling there-
for including a rare gas component at pressure
at least of the order of 15 mm. Hg, and'two élec-
trode systems each extending longitudinally sub-
stantially throughout said envelope, various por-
- tions of one€ system having widely different di-

rect separations from the other system: of means .
- for ‘maintaining between said elegtrode-systems . -

“a discharge having'a denslty ‘on each system of

at least 5 ma. per square centimeter; and & fur-

30

- ther component in said filling comprising a metal

vapor- at pressure limited to ‘the order of the
minimum requlred to render the positive' column
- portion” of. said. discharge. substantially & pure
‘vapor discharge. .

4. In a gaseous discharge system, the combina-
“tion with an elongated ‘envelope, s filling: there-
- for ‘including a rare gas component at pressure
at least of the order o‘ 15 mm. Hg, and two elec-

40

trode systems each extending longitudinally sub-

_stantially throughout said. envelope, various por-
" tions of one system having widely different direct

separations from the other system: of means for
-maintaining between said electrode. systems a-
discharge having a density on each system of at .

least 5.ma. per square centimeter; and means,

45

comprising a further envelope flling of lower

ionization potential: than said gas limited: to-rela~
tively minute pressure, for maintaining between
said eleéctrodes a substantlally dark posltive col-
umn.

wires extending in close ‘spaced relatronshlp to

each other and to the wall of said envelope longi-.

tudinally through said: enve]ope and further in-
cluding a plurality of indicia extending from one
of said wires for a.major fraction of the envelope

~ 5.Ina gaseous dlscharge system the combina- -
tion with an elongated envelopeandafilling there-
“for-including a rare gas component at-a pressure
at least of the order of 15 mm. Hg, of electrode-
means including two mutually insulated straight -

565,

‘diameter substantially in a plane containing the ..

- envelope ‘axis; means. for maintaining between
said electrode means an altérnating discharge

65

having-a density on each electrode means of at :

least 5 ma. per square centimeter; and a further
component in said. fllling comprising mercury

vapor at pressure limited to at most a few thou- .

sandths of one mm. Hg.
6. In a gaseous discharge system an elongated

envelope: a filling therefor including & rare gas - -
component; two electrode systems each extending

longitudinally substantlally throughout said en-
velope; means for maintaining between said elec- -
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: trode systems a normaI discharge having a- den-

10

sity on each system of ai least 5 ma.: per square -

centimeter; and mercury . within said envelope in

sufﬁclently small quantity. to limit the mercury:

vapor pressure during said normal discharge to a
maximum of. _
said electrodes being formed and having a sur-
face of an alloy consisting principally of iron but
containing between 10 and 35 per cent of other

metal of the iron group w1th which mercury -
- amalgamates.

7. In the maintenance of a discharge, in-an

" atmosphere including rare gas at_a pressure at
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least of the order of 15 mm. Hg. across a wide
discharge path of widely differing -short lengths
in its several side-by-side portions, the method of
creating brilliant glow throughout .the entire
terminal portions only of said path while mini-
mizing differences in the potentials across the
several path portions, which comprises maintain-

ing said discharge at a ferminal density of the .

order of at least 15 ma. per square cm., and main-
taining in sald atmosphere mercury vapor at a
pressure at most of the order of a few thousandths
of one mm. Hg. ]

8. A gaseous discharge device comprising an

elongated envelope; a gaseous atmosphere there- |

within comprising rare gas at a pressure-at least
of the order of 15 mm. Hg; electrode means in-
cluding two mutually insulated straight wires ex-
tending in mutually parallel and closely spaced
relationship Jongitudinally through said envelope,
and further including a plurality of indicia se-
cured to at least one of said wires at intermediate
points therealong; and a minute source of mercury
vapor within said envelope.

9. A gaseous discharge device comprising an
elongated envelope; a gaseous atmosphere there-
within comprising rare gas consisting principgally
of neon, at a pressure at least of the order of 15
mm. Hg; electrode means including two mutually

“insulated straight wires extending in ‘close spaced

relationship to each other and to the wall of said

“envelope longitudinally through said envelope,

and further including a plurality of indicia ex-
tending from one of sald wires for a major frac-
tion of the envelope diameter substantially in a
plane containing the envelope axis; and a minute
source of mercury vapor within said énvelope.
10. A gaseous discharge device comprising an
elongated envelope; a gaseous atmosphere there-
within comprising rare gas at a pressure at least

of the order of 15 mm. Hg; a pair of electrodes ex-

- tending longitudinally through said envelope, at
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least one of said eleéctrodes including an intermed-
iately supported member having a continuous
longitudinal exposure to said atmosphere, and in-
cluding a plurality of indicia secured to said mem-

-ber; and a minute source of: mercury vapor within

said envelope.

11. A gaseous discharge dev1ce comprismg an
elongated envelope; a gaseous atmosphere there-
within; and a pair of electrodes extending longi-
tudinally therethrough, at least one of said elec-
trodes including an intermediately supported
member having a continuous longitudinal ex-
posure to said.atmosphere. and including a plu-
rality of indicia secured to said member.

12. In a gaseous discharge davice including an
elongated envelope and a gaseous atmosphere
therewithin: a longitudinally extending electrode.
and insulating electrode-positioning meatis pro-
vided with a hole engaging said electrode inter-
mediately of the extremities thereof, and further

‘few thousandths of one'mm. Hg,

2,118,000

provided with an aperture adJoining said hole

over a minor fraction.of the hole periphery.
13. In a gaseous discharge device including .an

elongated envelope and- a gaseous. atmosphere -

therewithin: a pair of longitudinally extending

electrodes; elect,rode-positiomng means through -

which at least one of said electrodes passes and

which closely surrounds said electrode; and bridg- .

ing  electrode means extending around the’ in-
tersection of said positioning means -with said
electrode.

14. In a gaseous discharge devxce including an
elongated envelope and a gaseous atmosphere
therewithin: a pair of longitudinally extending
electrodes of small cross-section, and indicia se-
cured to a first of said electrodes, the other of
said electrodes having appreciably smaller sur-
face than the first but being provided with longi-
tudinal grooves whereby to increase its operating
current density at normal cathode fall.

- 15. A gaseous discharge device comprising an

elongated envelope, a gaseous atmosphere there--

within, and electrode means including two mu-
tually insulated straight wires extending in mu-
“tually parallel and closely spaced relationship
longitudinally substantially throughout said en-
velope, .and further including indicia secured to
at least one of said wires at intermediate points
therealong.

16." A gaseous discharge device comprising an
elongated envelope, a gaseous atmosphere there-
within; electrode means including two mutually
insulated straight wires exténding in mutually
parallel and closely spaced relationship longitu-

. dinally of said enveiope and indicia secured to at’

least one of sald wires at intermediate points

- therealong and disposed substantially in a plane

passing longitudinally through said envelope, said
wires being relatively near to the wall of said en-
velope.

17, The comblnatlon according to claim 16
wherein said wires lie in a plane substantially
normal to said indicia plane. ,

-18. The combinaticn according to claim 186,
further including spacing means engaging both
said wires in at least one intermediate region
therealong, and supporting and lead-in wire
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means secured to the extremities of said wires and

passing outwardly of the extremities of said en-
velope at least approximately in & plane parallel
with the plane containing said wires.

19. In combination in a gaseous discharge de-
vice: an elongated envelope containing a filling
of rare gas and metal vapor and a plurality of
electrodes, and having inwardly extending stems
at its extremities; cap members surrounding the
envelope extremities; and resistances wound

- about said cap members, each of said resistances

being connected in series with a said electrode

whereby to maintain the extremities of said en-

velope at higher temperatures than the mter-
mediate envelope portions.

- 20. In combination in a gaseous dlscharge de- :
vice: an elongated envelope and electrodes there-
‘within; at least one cap member secured to an

extremity of said envelope and having externally
& threaded portion; a resistance wound about said
cap member and terminally connected with one

ternally a threaded portion removably engaging
said threaded cap portion and substantially en-
closing said resistance.
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-of said electrodes; and a shell member having in- -
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