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This invention relates to illumination and more 
particularly to the production of a substantially 
white light by means of an electric discharge 
through rarified gases, giving a banded spectrum. 

In the past the so-called neon lights and simi 
lar methods of illumination by the passage of 
electricity through rarified gases in tubes have 
achieved widespread success by reason of their 
high illumination with low glare and by the fact 
that such illumination is economical in opera 
tion. However, such lamps when used with the 
rare monatomic gases have been open to very 
Serious disadvantages because the light is colored 
and cannot be used where a white or substan 
tially white light is desired. The production of 
white lights permitting illuminating effects com 
parable with those of Sunlight or skylight has 
required the use of incandescent lamps with fil 
ters and a resultant low efficiency of illumination. 
It has been proposed in the past to mix Various 
gases having bright lines in different parts of 
the spectrum in such proportion that the light to 
the eye appears white. However, the illumina 
tion, that is to say, the light reflected by the 

25 parts illuminated with such devices, is in no way 
CCnparable to illumination by a true White light 
because practically all of the radiation from the 
light source is in a few narrow lines in the 
spectrum, leaving large gaps from which no illu 

80 mination is obtained. 
Warious diatomic gases, such as nitrogen, car 

bon monoxide and the like, have been proposed 
because di- and poly-atomic gases exhibit the 
phenomenon of the so-called banded spectrum, 

35 that is to say, the light is not emitted from a 
few narrow lines but from rather broad bands. 
The stable diatomic gases produce, it is true, the 
banded spectrum, but the balance of the spec 
trum, that is to say, the proportions of the illu 

40 mination from various Zones, is not that re 
quired for white light. In the case of certain 
polyatomic gases, such as certain hydrocarbons, 
it is possible to obtain a fairly satisfactory white 
or Substantially white light which exhibits a 

45 banded spectrum, but these gases are not stable 
and no practically useful lamp can be made 
which contains them unless they are constantly 
renewed as, for example, in the so-called Moore 
lamp where ingenious methods were evolved for 

50 a constant supply of fresh polyatomic gases to 
make up for the losses due to decomposition in 
the operation of the lamp. Such devices, how 
ever, are extremely complicated and expensive to 
operate and, except in very few instances, can 

is not compete from the standpoint of cost and 

(CI. 176—-122) . 
efficiency even with incandescent lamps provided 
with filters. 
The present invention is based on the remark 

able discovery that under certain conditions 
monatomic gases, such as the rare inert gases. 
of the atmosphere, helium, argon, neon, krypton 
and xenon, and in some cases other monatomic 
gases, such as mercury, are transformed into a 
condition where, instead of emitting their typi 
cal line spectrum, they emit a spectrum which 
is banded and which in the case of the rare 
gases and their mixtures gives a light which has 
approximately the spectral balance of north sky 
light. The physical state of the gas atoms or 
nuclei has not yet been determined, but since 
the gases behave or seem to behave, as if they 
had suddenly been transformed into diatomic 
gases it is believed that some form of association 
or change in the electron orbits takes place which 
permits a change in the rotational state of the 
atoms or molecules corresponding to that in di 
atomic gases and therefore results in the emis-, 
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2. 

sion of light of wave lengths evenly distributed . 
through the spectrum in the form of broad bands. . 
Since the exact nature of the change in the gas 
is not known, the gases when so altered will be 
referred to in the specification and claims as 
“associated gases". It should be understood, how 
ever, that the invention is in no sense limited to 
the above theory and that the term "asSociated 
gases' does not limit the invention to gases 
where there has been an actual chemical union. 

3) 

The phenomenon of association on which the . 
present invention is based is a reversible one and 
appears to be a property of the gas or gas mix 
ture itself, since by suitable changes in the op 
erating condition of the lamps a non-associated 
monatomic gas or mixtures can be transformed 
into an associated gas and back again to the 
monatomic state. 
When the gas or gas mixture has become aSSO 

ciated it retains this property until Subjected to 
electrical and/or heat conditions resulting in re 
versal to the original or dissociated State or to 
such other conditions which are sufficiently pow 
erful to result in a dissociation of the gas. While 
associated the gas may be pumped from one lamp 
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to another without any loss of its characteristic 
property. 
The association of monatomic gases is brought 

about by operating them for various periods, de 
pending on the length of the tube or lamp and 
on the current, at pressures lower than those 
normally used in a lamp of the type and with 
current densities higher than those normally 
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used and preferably including the employment 
of electrodes which are active electron emitters. 
The association, when observed by means of a 
Spectroscope, begins by a gradual widening of 
the typical line spectrum of the monatomic gas 
into bands followed by the appearance of new 
lines in other parts of the spectrum which grad 
ually merge into the bands, giving an excellent 
Spectral balance. The association is more rapid. 
the greater the current density and the greater 
the electron emission and takes longer with long, 
large tubes than with short, small tubes. The 
period of association will vary from a few min 
utes to many hours, depending on the choice of 
the electrical conditions. 

In the accompanying drawing we have shown 
examples of tube and electrode construction in 
which our invention may be embodied: 

Fig. 1. shows a tube in vertical elevation with 
One end and the contained electrode in vertical 
Section. ???????? 

Fig. 2 is a vertical section of another form of 
tube which may be used with the invention, 
showing only one end, e. g., the same portion as 
is shown in section in Fig. 1. 

Referring to the drawing, the tube is indicated 
generally by the reference character O. To each 
end of this tube is welded a bulb ft, which con 
tains the electrode, and into which the conductor 
2 is sealed. 
In the manufacture of this tube, the nickel 

electrode 3 is preferably first formed by drilling 
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a cylinder from both ends, and leaving an in 
tegral web uncut within the cylinder. Into one 
end of this, the electrode f2 is secured, e. g., by 
Crimping or pressing the nickel to the electrode. 
A bead of glass 4 is preferably formed upon the 
wire 2, and the electrode 3 and the wire 2 are 
then inserted through a hole in the end of the 
bulb 2 until the bead 4 is well within the bulb. 
A further body of glass 5 is then pulled up around 
the wire 2, and serves to Weld the bead a to the 
bulb f. A body of cement f6 is then placed over 
the bead 4, and a refractory sleeve f is inserted 
into the bulb from the opposite end, and is pressed 
into the cement, so that it is held, as shown in 
the drawing, in the desired relation to the elec 
trode 3. The cement should sufficiently cover 
the Wire 2 and the bottom of the electrode so 
as substantially to prevent discharge directly from 
the wire 2, and require all such discharge to 
occur at the surface of the electrode 3. 
In Fig. 2 is shown a modified form of the in 

Vention, in which the electrode 3A is secured di 
rectly to the wire 2, and this may be sealed into 
the bulb exactly as has just been described. In 
this case, however, a sleeve 20 of mica, or other 
refractory material, Surrounds the end of the 
electrode so as to protect the bulb against sput 
terding. - 

Apparently the phenomenon of association and 
its maintenance are influenced by the presence 
of certain elements. Thus certain substances, of 
Which SOdium is an example, appear to favor dis 
Sociation, presumably as dissociation catalysts 
and/or perhaps as poisons for catalysts which 
may normally maintain the desired association. 
Like sodium, the other alkali metals in com 
pounds in which they are sufficiently loosely bound 
may also favor dissociation. Thus, for example, 
it is not possible to obtain an association with a 
resultant white light in a tube or ordinary glass 
which contains alkalies ig a sufficiently active or 
loosely bound form to act as dissociation catalysts 
(or poison), and if a gas already associated is 
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introduced into such a tube it will rapidly reverse 
itself to the dissociated form. It is, therefore, 
necessary to use tubes of materials which are free 
from loosely bound alkalies. Thus, for exam 
ple, the Various grades of borosilicate glasses can 
be used effectively as can quartz or other trans 
parent materials free from dissociating catalysts. 
A preferred refractory borosilicate glass obtain 
able on the market under the trade-mark “Py 
rex', contains from 4 to 5 per cent. of alkalies and 
about 12 per cent. of boron Oxides. This con 
trasts with from 10 to 18 per cent. of alkalies in 
ordinary lead or lime glasses. Some borosilicate 
glasses also contain a large amount of alkali 
metal oxides and are in that respect unsuitable. 
The phenomenon appears to depend also to SOme 
extent on the activity or looseness of chemical 
combination of the alkali in the particular glass 
for, of course, only the alkali which is sufficiently 
loosely bound to be in an active condition in 
fluences the behavior of the gas. The phenom 
enon is, of course, one of contact and it is there 
fore only necessary to be assured that the Wall 
of the tube or lamp actually contacting with the 
rare gas is free from a sufficient concentration 
of dissociating catalysts to prevent association 
of the gas. Therefore, an ordinary glass tube, if 
coated on the inside with a layer of a glass or 
other material free from dissociating catalysts, 
will operate satisfactorily. The amount of dis 
Sociation catalyst which may be present in the 
glass depends also to some extent on the internal 
diameter of the glass tubes. Of course, the larger 
the internal diameter, the smaller the surface of 
contact per unit volume of gas. The effect of 
dissociating catalysts can be partially compen 
sated for by an increase in current density. 
Thus, as will be pointed out below, large tubes 
of glass containing a Small amount of dissocia 
tion catalyst may be operated safely at current 
densities slightly less than those required for 
smaller tubes. Of course, when a quartz tube is 
used the banded spectrum which extends well 
into the ultra-violet will be transmitted in these 
regions to a much greater extent than when re 
fractory borosilicate glass or other suitable glasses 
are employed. The spectral balance in the ultra 
violet remains excellent, and still shows a banded 
structure, so that certain uses where the ultra 
Violet radiation of normal sunlight is desired can 
be served by the modification of the present in 
vention, using quartz tubes or tubes of other ma 
terials which are capable of passing the desired 
amount of ultra-violet radiation. w 
While the present invention is applicable to 

tubes of any reasonable length, the higher cur 
rent density required taken together with the 
low pressure of gas needed requires very high 
Voltages in long tubes even with electrodes which 
are very efficient electron emitters. . The present 
invention is, therefore, more particularly advan 
tageous for short and medium length tubes, for 
example, up to about 10 feet, than for tubes of 
excessive length. 
While the phenomenon of association and the 

corresponding phenomenon of 2 reversal which 
takes place when a tube with associated gases is 
operated at current densities below the minimum 
for maintenance in the associated state are ap 
plicable to all stable monatomic gases, the results 
obtained with helium alone and with mercury are 
not very desirable because the current densities 
required with pure helium or with mercury are 
considerably higher than with the other mon 
atomic gases, requiring in the case of helium 
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crease somewhat, e. g., down to about one and 
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approximately 50% greater current densities. 
Mercury has the further disadvantage that while 
it can be operated alone at pressures considerably 
OWer than With the rare gases of the atmosphere, 

it cannot be used in admixture with rare gases. 
The low pressures which must be used with mer 
cury decrease to some extent the life of the elec 
trodes. However, under suitable operating con 
ditions tubes containing pure mercury at low pres 
Sure may be used and are included in the present 
invention. The pressure of the gas for associa- . 
tion and maintenance in the associated state in 
general. should be of the order of 4 millimeters 
absolute, the best results being obtained at from 
2% to 3 millimeters. Lower pressures may be 
used, of course, but troubles are more likely to 
be encountered with excessively low pressures due 
to electrode Sputtering. 
The current density required for association 

With gases other than pure helium is normally 
of the order of 2 milliamperes per square milli 
meter in a tube of 7 millimeters internal diameter. 
With larger tubes the current density may de 

three-quarters milliamperes. The lower current 
densities are applicable when electrodes are used 
which are efficient electron emitters, as apparent 
ly the electron stream plays some role in the asso 
ciation and much higher current densities are re 
quired where plain nickel electrodes are used 
without a coating of materials which are efficient 
electron emitters. All of the well known electron 
emitters such as oxides of the alkaline earths may 
be used. An electrode coated with barium azide 
which is transformed into a particularly active 
barium compound in use has been found to be 
very Suitable. " ?? s 

The invention will be described in greater 
detail in connection with examples of typical 
lamps. w w 

Eacample 1-A 5 foot quartz or refractory boro 
Silicate glass tube of 9 millimeters internal diam 
eter is provided With nickel electrodes covered 
with barium azide and insulated with a suitable 
isolantite cylinder which should project beyond 
the cylindrical electrode to prevent material sput 
tered from the electrodes being projected against 
the glass walls of the lamp and consequently 
resulting in a collapse of the tube through over 
heat, and is filled with argon or a mixture of 
helium and argon at a pressure of 3 millimeters. 
A nickel cylinder of about 3 millimeters diameter 
may be used as electrode, and coated as described 
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above. 
closing the electrode cylinder, should be about 
20 millimeters. The tube is operated with an 
alternating current supply of 60 cycles providing 
a steady voltage, at 60 milliamperes current drain, 
of about 2000 volts which will permit generating 
a striking voltage of about 3000 volts. The argon 
or helium and argon mixture associates within a 
period of several hours which can be accelerated 
somewhat by increasing the current density and 
when fully associated gives a white light char 
acterized by a very uniform banded spectrum. 
The efficiency of the lamp is from one and one 
half to four times that of an incandescent lamp 
with daylight filter and is from one-half to two 
thirds as great as with a neon lamp operated in 
the usual manner with a line spectrum at the 
customary pressures and current densities. . . 

Eacample 2-A 10 foot tube of quartz or "Pyrex' 
glass 9 millimeters internal diameter is built with 
electrodes of the same shape as described in Ex- . 
ample 1 but coated with a mixture of barium 

in a short tube. 

The internal diameter of the glass en 

3 
azide and radioactive material such as salts of 
radium or mesothorium. The lamp is filled with 
argon or a mixture of helium and argon in about 
equal proportions evacuated to a pressure of 
about 3 to 3.25 millimeters. The tube will start 
With a striking voltage of about 5000 volts and 
will run with a steady voltage of from 3000 to 
3200 volts, depending on the amount of radio 
active material present in the electrodes, as the 
radioactive material emits the more copious 
stream of electrons and therefore permits the 
same current density with a lower voltage. 
The Supply may be 60 cycle alternating current 

or a direct current of the same voltage which 
may, if desired, be made pulsating by any suita 
ble interrupter. It will be noted that the volt 
ages for a 10 foot tube are considerably less than 
double those required for a 5 foot tube because a 
considerable portion of the resistances of the tube 
is in the voltage drop from cathode to gas. This 
voltage drop is substantially constant with any 
given type of electrode irrespective of the length 
of the tube but, of course, in a long tube it forms 
a smaller percentage of the total resistance than 

From the standpoint of effi 
ciency per Watt, therefore, there is some advan 
tage in using longer tubes where the higher abso 
lute voltages required do not become prohibitive 
in cost. The use of radioactive or electron 
emitting materials on electrodes reduces, of 

I course, to a considerable extent the voltage drop. 
Eacample 3-A 10 foot 'Pyrex' tube of 7 to 9 

millimeters diameter is Wound in the form of a 
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tight Spiral and is provided with electrodes as 
described in Examples 1 and 2. The tube is filled 
with argon or a mixture of argon with from 5 to 
10 per cent. of krypton and xenon and about 
10 per cent. of neon. The helix is placed in the 
output circuit of the power tube of a single-sided 
television amplifier. The direct current voltage 
is adjusted to a point just below the voltage re 
quired for steady operation. The amplifier is 
then put into operation and the tube started by a 
temporary surge of sufficient magnitude. The 
tube will then operate at the frequency, of the 
modulation of the television electric impulses and 
When viewed through a scanning disk properly 

45 

synchronized will reproduce the picture televised 
in white light instead of the usual pink of the 
neon light television amplifier. 
The lamps of the present invention have been 

described specifically in connection with ordinary 
illumination or in connection with television am 
plifiers. They can be used, of course, for any 
other purpose for which a lamp of the ordinary 
neon type is suitable, an excellent quality of 
White light being provided and, as the tube re 
sponds almost instantaneously to changes in volt 
age, it may he used to emit light in pulses cor 
responding to the frequency of the alternating or 
pulsating direct currents with which the tube or 
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lamp is supplied. It should be noted, however, , , 
that in the case of a pure alternating current the 
wave form of the lamp response is not a true sine. 
wave. On the contrary, the wave shows a broad 
peak with a delayed extinguishment. This makes 
it seful in applications where flickering would 

changes applied to it instantaneously. 
For some purposes it is desirable to produce a 

be 'serious with a light which follows the voltage 

lamp having a limited portion operating at higher 
light intensity than the remainder of the lamp. 
This can be accomplished by using a lamp having 
a limited portion of smaller cross section than the 

70 

rest of the lamp tube. In the smaller cross sects 
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4. 
tion the current density per square millimeter of 
gas cross section is, of course, greater than in the 
rest of the lamp and correspondingly the bright 
ness of this particular portion is greater. Such a 
lamp is particularly effective for spectrophotom 
etry where a small light source is needed. 

lS: 
1. A lamp of the class described comprising a 

tube filled With an aSSOciated stable monatomic 
gas at a pressure not exceeding about 4 milli 
meters, and an electrode at each end of the tube, 
the interior of the tube being free from any 
amount of dissociating catalysts which would 
cause cumulative dissociation of the gas when 
operated with current densities of not less than 
about one and three quarters milliamperes per 
square millimeter. 

2. A lamp of the class described, comprising a 
tube filled with an associated stable monatomic 
gas at a pressure not exceeding about 4 milli 
meters, but sufficient to avoid objectionable elec 
trode sputtering, and electrodes spaced apart in 
said tube, the inner walls of the tube being free 
from any amount of dissociating catalysts which 
would cause cumulative dissociation of the gas 
when operated with current densities for which 
the tube is designed. 

3. A lamp of the class described comprising a 
tube filled with an associated stable rare gas of 
the atmosphere at a pressure not exceeding about 
4 millimeters, and an electrode at each end of, 
the tube, the interior of the tube being free from 
any amount of dissociating catalysts which Would 
cause cumulative disSociation of the gas when op 
erated with current densities of not less than 
about one and three quarters milliamperes per 
Square millimeter. 

4. A lamp of the class described comprising a 
tube filled with a stable rare gas of the atmos 
phere having an atomic weight greater than 4 at 
a pressure not exceeding about 4 millimeters, and 
an electrode at each end of the tube, the interior 
of the tube being free from any amount of dis 
sociating catalysts which would cause cumulative 
dissociation of the gas when operated with cur 
rent densities of not less than about one and three 
quarters milliamperes per square millimeter. 

5. A lamp according to claim 1 in which the 
electrodes are coated with active alkaline earth 
OXides. ??? 

6. A lamp according to claim 3 in which the 
electrodes are coated with active alkaline earth. 
oxides. 

7. A lamp according to claim 4 in which the 
electrodes are coated with active alkaline earth 
oxides. h- 

8. A lamp according to claim 1 in which the 
tube length does not exceed about 10 feet. 
9. A lamp according to claim 1 in which the . 

tube is of glass having not more than about 5% 
alkali. 

10. A lamp according to claim 3 in which the 
tube is of glass having not more than about 5% 
alkali. 

11. A lamp according to claim 4 in which the 
tube is of glass having not more than about 5% 
alkall. 

12. A method of producing light having the 
spectral balance of white light and having a 
banded spectrum which comprises subjecting a 
stable monatomic gas at a pressure not exceed 
ing about 4 millimeters in a tube provided with 
electrodes at each end, and in the absence of any 

Having described the invention, what is claimed 
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amount of dissociation catalyst which would cause 
cumulative dissociation of the gas in a discharge 
of the hereinafter specified current to an electric 
current having a density greater than about one 
and three quarters milliamperes per Square milli 
meter of gas cross section until the line spectrum 
of the monatomic gas has been changed into a 
band spectrum having substantially the spectral 
balance of white light. 

13. A method of producing light having the 
spectral balance of white light and having a 

10 
banded spectrum which comprises subjecting a 
stable monatomic gas at a pressure not exceeding 
about 4 millimeters but sufficient to avoid objec 
tionable sputtering, in a tube provided with 
Spaced electrodes, and in the absence of any 
amount of dissociation catalysts as would cause 

15 

cumulative dissociation of the gas in a discharge 
of the hereinafter specified current, to an elec 
tric current having a density greater than about 
1% milliamperes per square millimeter of gas 
CrOSS Section until the line spectrum of the mon 
atomic gas has been changed into a band spec 

20 

trum having substantially the spectral balance. 
of White light. 

14. A method of producing light having the 
Spectral balance of white light and having a 
banded spectrum which comprises subjecting a 
stable rare gas of the atmosphere at a pressure 
not exceeding about 4 millimeters in a tube pro 
vided with electrodes at each end, and in the ab 
sence of any amount of dissociation catalyst 
which would cause cumulative dissociation of the 
gas in a discharge of the hereinafter specified 
Current, to an electric current having a density 
greater than about One and three quarters milli 
apereSper Square millimeter of gas cross Section 
until the line spectrum of the rare gas of the at 
mosphere has been changed into a band spectrum 
having Substantially the spectral balance of white 
light. 

15. A method of p 
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producing light having the 
spectral balance of white light and having a . 
banded spectrum which comprises subjecting a 
stable rare gas of the atmosphere having an atom-. 
ic weight greater than 4 at a pressure not exceed 
ing about 4 millimeters in a tube provided with 
electrodes at each end, and in the absence of any 
amount of dissociation catalyst which would 
cause cumulative dissociation of the gas in a dis 
charge of the hereinafter specified current to an 
electric, current having a density greater than 
about one and three quarters milliamperes per 
Square millimeter of gas cross section until the 
line spectrum of the rare gas of the atmosphere 
having an atomic weight greater than 4 has been 

, changed into a band Spectrum having Substan 
tially the spectral balance of white light. 
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16. A method of illuminating by a light having . 
substantially the spectral balance of north sky 
light and a banded spectrum which comprises 
operating a stable rare gas lamp containing an 
associated rare gas at a pressure not greater than 
about 4 millimeters by means of an electric cur 
rent having a current density of not less than one 
and three quarters milliamperes per square milli 
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meter of gas cross section, and in the absence of 
any arhount of dissociation catalysts which would 
result in cumulative dissociation of the associ-. 
ated gas and production of a line spectrum in 
place of the banded spectrum. 

17. A method of white.light illumination with 
a banded spectrum which comprises passing an 

70 

electrical discharge between electrodes in an as 
sociated rare gas at a pressure not greater than 75 
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gas to give it the capacity of glowing with a . 

t) 
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about 4 millimeters, but sufficient to avoid elec 
trode sputtering and in the absence of any 
amount of dissociation catalysts which would re 
sult in cumulative dissociation of the gas. to pro 
duce a line spectrum in place of the banded spec 
trum of the associated gas. 

18. A method according to claim 16 in which 
the rare gas has ari atomic weight greater than 4. 

19. A method according to claim 16 in which 
the rare gas is a mixture of helium and argon. 

20. The method of treating a stable monatomic 

white light under an electrical discharge which 
comprises subjecting it to a preliminary electri 
cal discharge treatment in a container, the inner 
wall of which is substantially free from free and 
loosely combined alkali at a pressure not substan 
tially greater than 4 mm. mercury pressure and a 
current density of at least about 14 m. a. per 
square mm, cross-section of the gaseous discharge 
path until the characteristic colored discharge of 
the gas is converted to an approximately white 
gOW. - 

21. An artificially modified gas of the zero 

5 
group of the periodic table, being associated so as 
to exhibit a substantially continuous banded spec 
trum under excitation by an electrical discharge, 
and said gas being stable at a pressure not ex 
ceeding about 4 millimeters under an electrical 
discharge of more than about one and three 
quarters milliamperes per square millimeterin the 
absence of dissociating catalysts. 

22. The combination in a gas discharge light 
ing apparatus of a tube having electrodes for pas 
Sage of current therethrough, a gas filling in Said. 
tube of an associated gas of the zero group of the 
periodic table, at a pressure not exceeding about 4 
millimeters, and means for supplying to the tube 
during operation a current not less than one and 
three-quarters milliamperes per square centi 
meter of cross section of the gas discharge path, 
the interior of said tube being free from any 
amount of dissociating catalyst which would 
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cause cumulative dissociation of the gas filling 20 
during operation from said current source. 
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