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9 Claims, (C. 16-122) 
My invention relates to a new and improved 

electric lamp, and to a new and improved method 
of operating such a lamp. 
One of the objects of my invention is to pro 

duce a lamp which shall have high luminous 
power, and which also produces light having a 
Spectrum which is similar to that of natural Sun 
light, so that the lamp can be used both for light 
ing purposes and also for a Sunshine lamp. 
Another object of my invention is to provide 

a lamp whose lighting element will deliver a sub 
stantial proportion of rays in the violet end of 
the spectrum, including ultra-violet rays, if the 
globe or envelope of the lamp is made of suitable 
light-permeable material. 
Another object of my invention is to produce 

a lamp which can be economically manufactured 
and operated. 
Another object of my invention is to provide 

a lamp having magnetic means for trapping or 
controlling the movement of the particles emitted 
from the electrodes, in order to diminish or sub 
Stantially prevent the deposit of such particles 
upon the envelope of the lamp. 
Another object of my invention is to produce 

a lamp of this type which contains a suitable 
quantity of mercury (preferably a mercury so 
dium amalgam), so that the vapors of mercury 
and of Sodium are produced in the lamp during 
its operation, thus securing the proper light 
emission. 

It is also well known to operate lamps with 
Sodium alone, instead of using a sodium alloy, as 
above suggested. 
Other objects of my invention will be set forth 

jn the following description and drawings which 
illustrate a preferred embodiment thereof, it be 
ing understood that the above general statement 
of the objects of my invention is intended to 
merely generally explain the same without limit 
ing it in any manner. 

Fig. 1 is a diagrammatic vertical section of a 
device embodying my invention. 

Fig. 2 illustrates a modification of the lighting 
element. 

Fig. 3 is a bottom view of Fig. 2, showing the 
magnetic field. 

Fig. 4 shows another modification of the light 
ing element. 

Fig. 5 shows another modification. 
Fig. 6 is an enlarged detail view of a member 

of the lighting element which is shown in Fig. 1. 
Fig. 7 illustrates another modification of the 

lighting element member. 
Fig. 8 is a section on the line 8-8 of Fig. 6, 

Figs, 9 and 10 illustrate different embodiments. 
Referring to Fig. 1, the globe or envelope is 

made of any suitable glass through which the 
violet and ultra-violet rays can pass. Such glass 
is well known in the industry and is commonly 
called “Corex' glass, and “Uriol' glass. 
The interior of the globe can contain a suit 

able inert gas. I prefer to use neon, because its 
Spectrum is complementary to the spectrum 
emitted by mercury and by sodium. However, I 
do not wish to linit myself to the use of neon, as 
I can use any suitable inert gas, such as argon, 
helium, Zenon and krypton. I can also utilize 
any monatomic gas or vapor. 

If neon is used, I prefer to have it within the 
globe at a pressure of 2-3 mm. of mercury at 
Ordinary room temperature of about 70° F. I do 
not Wish to limit myself to the use of this low 
preSSure range, as this is merely given to illus 
trate one practical way of utilizing the invention. 
The lighting element comprises a pair of coils 

2 and 2a, which are preferably made from a 
paramagnetic material, such as an alloy of tung 
sten with a paramagnetic metal. I prefer to use 
tungsten because of its high melting point, but 
I do not wish to limit myself to this metal as 
can utilize rhenium, tantalum or molybdenum. 

In order to produce a paramagnetic alloy with 
the high melting metal, either iron or cobalt 
or nickel, or any suitable material of the para 
magnetic group may be alloyed with the high 
melting metal. Likewise, the alloy may con 
tain thorium or beryllium, as paramagnetic ma 
terial. Tungsten has some slight paramagnetic 
properties, and in certain a spects of the inven 
tion the same is not to be limited to an alloy of 
tungsten with iron or nickel or the like. How 
ever, I prefer to alloy the tungsten with thorium 
or the like since the alloy has much greater para 
magnetic properties than the pure tungsten. 
Reference is made to the previously filed appli 

cation Serial No. 577,938, and it is sufficient to 
generally state that a Suitable alloy would con 
tain for example 98 percent of tungsten and 2 
percent of either iron or cobalt or nickel. 
The coils 2 and 2a are preferably provided with 

core members 3 and 3a. The ends of the coils 2 
and 2a can be suitably secured to the cores 3 and 
3a, as for example by welding. 
The lead-in wires 4 and 4a may be made of 

tungsten or nickel or iron, or they may be made 
of the same material as the coils 2 and 2a. 
The core of the preferred type is preferably 

made by providing a wire which is made from iron 
or nickel or cobalt, with a coating of suitable 
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2 
thickness. I prefer to form such coating from 
an oddle or oxides, or from a carbide or carbides, 
which have a very high electron emission. I may 
use said coating substances in any desired combi 
nation. A coating of this type has a high melting 
point and a very low vapor pressure. Hence the 
sputtering of these coated electrodes is extremely 
small and very little bulb blackening results, So 
that the envelope remains transparent. 
The coatings for said wires can be of the type 

previously mentioned, such as the oxides and car 
bides of the rare earth metals and the alkaline 
earth metals. For example, I can utilize mixtures 
of the oxides and carbides of metals, such as 
zirconium, yttrium, aluminum, calcium, barium 
and strontium. It is also well known that the 
carbides of tungsten, rhenium, tantalum, molyb 
denum, and of other metals, produce coatings of 
this type. Such oxides or carbides can have fine 
particles of paramagnetic material (iron, cobalt, 
etc.) intermixed therewith, and the mixture may 
be ball milled for several hours in order to uni 
formly intermix the fine paramagnetic particles 
with the remainder of the coating. A Suitable 
binder, such as paraffin oil, may be used for form 
ing a paste of the oxides and carbides and said 
fine particles, so that this paste can be molded 
around the wires by means of high hydraulic 
pressure, such as about 4-6 tons per Square inch. 
When the moulding has been completed, the cores 
can be heated in an electric furnace at a tempera 
ture of about 1200° C. This produces a sintering 
effect, so that the cores are made rigid and can 
be readily handled. Instead of using a mixture of 
the oxides and carbides of the above mentioned 
metals, I can use the oxides alone or the carbides 
alone. The percentage of the paramagnetic 
particles (iron, cobalt, etc.) may be from 10 to 20 
percent of the mass of the entire coating. Of 
course, I may also use mixtures of the oxides of 
the rare earth metals and of the alkaline earth 
metals. 
In order to give full practical details, without 

limiting myself to such details, certain dimensions 
have been found satisfactory:- 
The diameter of the globe is about three 

inches. The wires 4 and 4a may each have a 
thickness of about 040-060 inch, and they are 
about one-eighth of an inch apart. 
The axes of the coils 2 and 2d may be Spaced 

from 1-1A, inches. In view of this spacing, and 
considering the pressures previously mentioned, 
the discharge between said coils 2 and 2a is a 
glow discharge, as distinguished from an arc dis 
charge. 
The coils 2 and 2a may be made from Wire haW 

ing a thickness of 5-25 mils (.005-025 inch). 
The wires used for making the cores 3 and 3d 

may have a thickness of 10-30 mils. The external 
diameter or thickness of the core 3 and of the 
core 3a is about 60-80 mills. This lamp is designed 
to take a full line voltage of 110 Volts, for ex 
ample, 
Into the lamp I place a suitable mass 5 of 

mercury, or of mercury-sodium amalgum or alloy. 
The mercury may have a volume of Acc. or 1 cc. 
If I use a mercury sodium alloy, said ingredients 
are present in the alloy in about equal propor 
tions, although such proportions can be varied. 
The lamp can be connected to the power line 

by means of a suitable inductance or resistance 
in order to limit the initial current, or to limit the 
current at any time. 
When the lamp is first connected to the electric 

power line (which may be either direct or alter 

2,098,118 
nating), a discharge takes place between the coils 
2 and 2a, and the cores 3 and a. At the begin 
ning Of the discharge, the current may be from 
1-2 amperes, although this may vary depending 
upon the individual design of the lamp. As the 
internal temperature of the lamp rises, its resist 
ance diminishes, so that the lamp is designed to 
normally take a maximum current of from 56 
alps. a 

When this full current is taken, the wires 4 and 
a have a sufficiently intense electromagnetic field 
between them and around them, so that the mag 
netic particles which are sputtered from the coils 
2 and 2a and from the cores 3 and a travel in a 
ring-path, as diagrammatically shown in Fig. 8. 
This greatly diminishes the deposit of these par 
ticles upon the interior of the globe , so that this 
is reduced to a minimum. These particles are 
deposited on the wires 4 and 4a or adjacent there 
to, at the base of the lamp. Likewise, the internal 
temperature of the lamp is sufficient to vaporize 
the mercury or mercury alloy, so that the suitable 
Spectrum combination is secured. 

In the embodiment shown in Fig. 2, a sup 
porting wire 6 is utilized, and a glass bead T is 
Supported on the wire 6. The wires 8 and 8a 
of the arc A. are supported upon the bead . The 
coils 2 and 2a are connected to the wires 8 and Ba. 
When the lamp is switched on, a discharge 

initially takes place between the coils, 2 and 2a. 
and the cores 8 and 8a because of their small 
diameter, so that a corona discharge can be pro 
duced. The heat of this discharge vaporizes 
the mercury or the like so as to gradually lower 
the resistance of the gap A. The discharge is 
therefore gradually transferred from the coils 
to the gap A, so that when the lamp is in full 
Operation, practically all of the discharge takes 
place through the gap A. 
The lead-in wires 4 and a have the compo 

sition previously specified. Likewise, the coils 
2 and 2a, have the composition previously speci 
fied. 
The core wires 8 and 8a and their electrodes 

9 and 9a are preferably of the paramagnetic alloy 
previously specified. Likewise, the electrodes 9 
and 9a may be constructed like the cores 3 and 3a. 

Fig. 3 shows how the particles which are emit 
ted from the electrodes or from the coils travel 
in a ring-shaped path, following the electro 
magnetic field surrounding the conductors. 

Referring to Fig. 4, this shows two additional 
tungsten lead-in wires which may be connected 
or disconnected by means of a switch . Fig. 4 
also shows the inductance I which is utilized 
with an alternating current. 
In starting the lamp, the switch f is closed. 

When the switch f is closed, the current has 
a complete wire circuit through the lamp, so 
that the coils 2 and 2a can be heated to incan 
descence, and thus heat. the cores 3 and 3a and 
cause them to emit, so as to bring the cores 
and 3a up to the emission temperature. When 
this has been done, the switch can be opened. 

Fig. 5 shows a globe of tubular shape. It 
also shows the coils mounted endwise. In this 
case the gap or positive column between the coils 
can be as long as two feet for. use with a 110 
volt line voltage (alternating current). Of course, 
in order to have a gap of this length, the tube 
must have a sufficient cross section, in order to 
lower the resistance sufficiently. In starting this 
lamp a glow discharge will take place near the 
lead-in wires which are very closely spaced, as 
soon as the circuit is closed. This discharge will 
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2,098,118 
move towards the end of the tube and to the 
electrodes 2 and 2a, 3 and 3a, until there is suf 
ficient ionization to start the positive column 
between the electrodes. Otherwise, the details 
previously mentioned apply to other embodi 
ments. 

In the embodiment shown in Fig. 7, the wire 
2 has a thickness of about 4-60 mils, and it is 
made of a paramagnetic alloy of the type pre 
viously mentioned. Since Fig. 7 is only a frag 
mentary view, it may be noted that the wire 2 
may be formed into a helical Coil, as Shown in 
the complete embodix nents disclosed for example 
in Fig. 1 and in Fig. 9. 
The coil 5 is made of the tungsten alloy 

previously mentioned, having a coating of the 
oxides previously mentioned. The coil 4b can 
be considered as, taking the place of the coil 2. 
The coil b consists of a wire core having a 
thickness of from 0.5-10 mills. As previously 
stated, after the wire & has been coiled upon 
the wire 2, said wire A2 may be formed into a 
helical coil. This provides a combination helix 
whose outside diameter may be from 3 mils to 
15 mils although this outside diameter may be 
increased, depending upon the size of the lamp 
and the incidentai Wattage consumption. 
The Wire core of the coil 84b may be made 

from the paramagnetic tungsten alloy previously 
mentioned, and the oxide or carbide coating of 
said coil 4b may be similar to the Oxide or 
carbide coating of the cores 3 and 3a. 
The embodiment shown in Fig. has superior 

emission. The helically coiled wire 2 serves 
both as a support and also to lower the magnetic 
reluctance, and it also serves to intensify the 
magnetic field which is induced by the coil 8. 

It will be noted that the discharge between the 
cois 2 and 2G is not a so-called arc discharge. 
The discharge is a true glow discharge, in that 
each coil is surrounded by a luminous Zone, and 
there is an intermediate dark area between said 
luminous zones. This glow discharge is produced 
because there is a proper proportion between the 
pressure of the gaseous filling of the lamp, and 
the spacing of the discharge members. If the 
gaseous atmosphere of the lamp is at a certain 
pressure, the glow discharge will be transformed 
into the undesirable arc discharge, if the dis 
charge members are too close to each other. As 
previously stated, I do not wish to be limited to 
any particular pressure of said gaseous atmos 
phere. In a lamp which produces an arc dis 
charge, the luminescence is limited to the area. 
which surrounds the ends of the discharge mem 
bers, so that a concentrated and intensely bright 
light is produced. If a true glow discharge is 
utilized, the luminescence is much more extended. 
A lamp which produces a glow discharge has a 
much longer life, than a lamp which produces 
an arc discharge. 

In the embodiment shown in Fig. 2, a true arc 
is formed between the electrodes 9 and 9a, when 
the mercury or the like is sufficiently vaporized 
by the heat. 
When the lamp is heated, the neon gas emits 

a red light, the mercury emits a blue and bluish 
green light and the sodium emits a yellow light. 
Hence, the combined spectrum delivered by the 
lamp is practically complete, so that a white 
light is delivered by the lamp. Hence, the lamp 
possesses desirable and high illuminating power, 
in addition to producing a large amount of violet 
and ultra-violet rays. The mercury vapor emits 
the violet and ultra-violet rays. 

3 
In the embodiment shown in Fig. 9, the en 

velope is provided with lead-in wires 4 and 
4a, and said envelope is also provided with a sup 
porting wire 6a which supports a wire O. Said 
wire O may be made of any suitable metal which 
has a high melting point, such as tantalum, tung 
sten, molybdenum, etc. Said wire C may have 
any shape. It is not necessary that the wire 
should be made of a paramagnetic alloy, although 
this may be done if desired. The current passes 
through the coils. and a which are similar to 
the coil 4b. As previously noted, the wire 2 
shown in Fig. 7, may be formed into a helical 
coil, after the wire & has been coiled helically 
upon said wire 2. That is, said coils and a 
are made of paramagnetic material having a high 
melting point, and having a coating of high elec 
tron emission power, said coating including finely 
divided paramagnetic particles. When this lamp 
is put into circuit, the current passes through 
the complete circuit provided in the interior of 
the lamp until the coils and d are sufficiently 
heated, so that they emit electrons. When the 
coils and a have been sufficiently heated, 
they act as discharge members and the cur 
rent (or a portion of the current) then passes 
through the lamp as a discharge current between 
the discharge members and Act, if it is de 
sired to have a glow discharge within the lamp 
shown in Fig. 9, this can be accomplished by hav 
ing a proper proportion between the spacing be 
tween the coils and Aa, or between those ends 
of said coils which are closest to each other, in 
proportion to the pressure of the gaseous atmos 
phere. As previously Specified, the coils and 
Sla, or the parts thereof which act as discharge 
members, must be spaced apart sufficiently, in 
accordance with the pressure of the gaseous at 
nosphere, in order to retain the flow discharge. 
In the embodiment shown in. Fig. 10, the dis 

charge members are arranged in the form of 
grids. Each grid comprises supporting wires 6 
and 6a, which are generally similar to the wire 
A shown in Fig. 9. The grids S and 5d., are 
connected to the supporting members Aé and Éd 
by means of insulating members 6 which may 
be made of synthetic quartz or other material 
having a suitable high melting point. The grids 
5 and 5d., are made of paramagnetic material 
having a coating of the type previously described. 
Said grids may be formed of wire having any 
shape. Said grids are connected to each other 
by means of a wire 7. It will be noted that the 
grids 5 and 5d. are respectively connected to 
the members , at the points 8 and 8a. Like 
wise, the lead-in wires 4 and ia are respectively 
connected to the members 4 and &a. The lamp 
shown in Fig. 10 operates essentially like the lamp 
shown in Fig. 9. 
The use of wires arranged in the form of grids, 

in the manner shown in Fig. 10, produces high 
emission, so that the luminous effect is substan 
tially the same as though the discharge mem 
bers consisted of flat plates having the areas of 
the grids. 

I have shown a preferred embodiment of my 
invention, but it is clear that numerous changes 
and omissions can be made without departing 
from its spirit. 

I claim:- 
1. An electric lamp having lead-in wires and 

separated discharge members connected to said 
lead-in wires, the distance between Said discharge 
members being greater than the distance between 
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2,098,113 5 
loy including a paramagnetic ingredient which 
has a different melting point than said alloy, 
Said discharge members also including additional 
material of high electron-emission power inter 

5 mixed With a paramagnetic metal whose melt 
ing point is different from the melting point 
of the alloy, the pressure being Sufficiently low 
to cause said discharge to be a glow discharge. 

15. An electric lamp having an envelope, said 
0 envelope having a gaseous atmosphere, separate 

lead-in Wires projecting through said envelope, 
Said wires being adapted to be connected to the 
opposite terminals of a source of electric cur 
rent, discharge members connected to said lead 

15 in wires, said discharge members being made of 
an alloy which has a high melting point, said 
alloy including a paramagnetic ingredient which 
has a different melting point than Said alloy, 
said discharge members also including additional 

20 material of high electron-emission power inter 
mixed with a paramagnetic metal whose melt 
ing point is different from the melting point of 
the alloy, the pressure being Sufficiently low to 
cause Said discharge to be a glow discharge. 

25 16. An electric lamp having an envelope, said 
envelope having a gaseous atmosphere, separate 
lead-in wires projecting through said envelope, 
said wires being adapted to be connected to the 
opposite terminals of a Source of electric cur 

30 rent, discharge members connected to said lead 
in wires, said discharge members being made of 
an alloy which has a high melting point, said 
alloy including a paramagnetic ingredient which 
has a different melting point than said alloy, 

85 said discharge members also including additional 
material of high electron-emission power inter 
mixed with a paramagnetic metal whose melting 
point is different from the melting point of the 
alloy, both Said before-mentioned metals being 

40 paramagnetic, the pressure being sufficiently low 
to cause said discharge to be a glow discharge. 

1. An electric lamp having an envelope, said 
envelope having a gaseous atmosphere, separated 
discharge members located within said envelope, 

at least one of said discharge members compris 
ing a coil of conducting material, and an elec 
trode located within said coil, said electrode hav 
ing a coating which includes paramagnetic ma 
terial and which has high electron-emission 5 
pOWer, Said Coil being made of paramagnetic 
material, said coil being sufficiently close to the 
other discharge member so as to enable the cur 
rent to permanently discharge between said dis 
charge members during the operation of the 0. 
lamp, Said pressure being Sufficiently low to 
cause Said discharge to be a glow discharge. 

18. An electric lamp having an envelope, said 
envelope having a gaseous atmosphere, separate 
lead-in wires projecting through said envelope, 15 
Said Wires being adapted to be connected to the 
Opposite terminals of a source of electric cur 
rent, a metal member connecting said lead-in 
Wires, the ends of said metal member being suf 
ficiently close to each other to produce an elec- 20 
tronic discharge between them so that said ends 
act as discharge members while current is flow 
ing through said metal member, said discharge 
members including paramagnetic material and 
additional material of high electron-emission 25 
power, the Said ends being sufficiently spaced 
apart in proportion to the pressure of said at 
mosphere, in Order to cause the discharge to be 
a glow discharge. 

19. An electric lamp having an envelope con- 80 
taining a gaseous atmosphere, separate lead-in 
Wires projecting within the envelope and adapted 
to be connected to the opposite terminals of a 
Source of electric energy, discharge members con 
nected to said lead-in wires, said discharge mem- 35 
bers being made of an alloy which has a melting 
point and which includes a paramagnetic in 
gredient having a different melting point from 
said alloy, Said discharge members also including 
additional material of high electron-emission 40 
power, intermixed with a paramagnetic metal 
Whose melting point is different from the melting 
point of the alloy. 

CHARLES SPAEE, 


