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INCANDESCENTELECTRIC LAMP. 
Application filed May 15, 1918. Serial No. 234,756. 

This invention relates to incandescent elec 
tric lamps and has for its object the provi-. 
sion of an improved lamp, which is highly 
efficient and has an unusually long life. This 
is accomplished by constructing the glower 
in the novel manner hereinafter described. 
The invention is a modification of the in 

vention described in my application entitled 
“Incandescent electric lamps', filed July 3, 
1916, Serial No. 107,367 and in which the 
right to claim the invention broadly is re 
served. 
According to the present invention, the 

glower is made of such sizes and in such 
shapes as to materially reduce the convection 
losses. This is accomplished without sacri 
ficing any strength of the necessary resis 
tivity to produce the proper degree of in 
candescence, due to the fact that the glower 
is constructed of materials which possess 
great strength at the operating temperature, 
and are capable of reaching a high degree 
of incandescence, even in the small candle 
power lamps and on relatively low voltages. 
The glower may be cylindrical, tubular, 
plate-like, hemispherical, nearly spherical in 
form or any other suitable form. 
In general the glower comprises a resistor 

preferably of tungsten or tungsten alloy and 
a support preferably composed of a highly 
refractory material, such as a rare oxide or a 
mixture of rare oxides, which possesses 
marked rigidity at the operating temperature. 

40 

The resistor is so associated with the support 
that the former heats the latter to incandes 
cence. The resistor may comprise finely di 
vided refractory metal uniformly distributed 
throughout the refractory material, may be 
formed by impregnating refractory metal 
throughout the refractory material, or may 
be formed by merely impregnating a thin 
zone of refractory material with a refractory 
metal. The resistor may also be composed 
of refractory metal wire wound in any de 
sired form or may consist of a thread of re fractory metal placed in a groove provided 
in the support. 
The radiating surface of this glower may 

be of several different kinds. The resistor 
may also act as the radiating surface, and 
may, therefore, be in the nature of a helix 
or of a portion of a sphere, or be convoluted 
in any suitable manner and wound upon the support. The resistor may be completely em 

bedded in the support in which case the ma 
terial of the support is the radiating sur 
face, or the radiator may be composed of a 
thin layer of refractory material different 
from that of the support or of a thin layer 
of refractory metal. Another form of radiat 
ing surface is one in which the surface is 
composed partly of refractory metal and 
partly of refractory material. When the ra 
diating Surface is of this character the metal 
forming the resistor is partially embedded in 
the Support and the exposed portions thereof 
are separated by the surface of the support. 
Another form of radiating surface of this 
type is provided when a resistor in which 
finely divided metal is uniformly distributed 
throughout the refractory material or refrac 
tory metal is impregnated in the refractory 
material is used in such a way that the re 
sistor is exposed. In such a case the radiat 
ing surface is part refractory metal and part 
refractory material. 
Thus it is seen that in this glower there 

may be five different types of resistors and 
three different types of radiating surfaces 
together with several modifications of each 
ype. 
The materials used in the construction of 

this glower must be endowed with certain 
characteristics. The refractory compound to 
be used for the support possesses great 
strength at the operating temperature and 
is capable of becoming highly incandescent 
at Said operating temperature. Further 
more, the material used in the support is ca 
pable of withstanding extremely high heat, 
such as that of the oxy-hydrogen flame with 
out being subject to appreciable evaporation 
or disintegration of any character. Another 
characteristic of this material is that it is 
highly resistive at the operating tempera 
ture so as not to allow current to leak to it 
from the resistor. Again, it has the prop 
erty of being a poor conductor of heat as 
well as of electricity. Another important 
property possessed by the material of which 
the support is constructed is that known as 
selective radiation, or the ability to emit a 
high percentage of rays in the visible por 
tion of the spectrum at the temperature of 
operation of the lamp. The materials pos 
sessing these qualifications and which are 
therefore best suited for the purpose are the 
rare earth oxides, such for example as zir 
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conia, thoria, magnesia or the like either 
singly or in combination. e 
The refractory metal made use of in this 

glower is capable of radiating a large amount 
of light per unit of surface area and ingan desces at the temperature at which plati 
num volatilizes. Such a metal is tungsten, 
tungsten alloy or the like. 
As above stated the glower may be made 

in any one of a number of forms. Each one 
of these forms is of such a type that the con 
vection losses therefrom are reduced to a 
minimum. It is a well known fact that an 
increase in the diameter of a filament or 

5 glower reduces the percentage of convection 
loss. For this reason the cylindrical and tu 
bular forms of glower are so formed that 
they are relatively large in cross section as 
compared with the filament of the ordinary 
strung type lamp, but are at the same time 
very short as compared with said filament 
and are relatively small as compared with 
the bulb of the lamp. As the diameter of the 
glower is increased its percentage loss ap 
Eas as a limit, that of a plane surface 
aving the same area. For this reason the 
lower is also constructed in a flat plate-like 
orm, so as to approach as nearly as possible 
a plane surface, thus also reducing the per 
centage of the convection loss. The hemi spherical and y spherical types of glow 
er also serve to reduce the convection losses, 
due to their peculiar shape and to the fact 
that they have a relatively large diameter. 
Furthermore these types retain within their 
opening the hot gases, thus helping to re 
duce the convection losses and at the same 
time stop evaporation losses, due to the fact 
that the gas within their opening becomes 
saturated and is then incapable of absorbing 
any more of the metal. 

All these types of glowers may be op 
erated either in vacuum or else in an inert 
gaseous medium, such as nitrogen, argon, 
helium or the like. 
When any of these forms are operated in 

vacuum they are more efficient than the pres 
ent vacuum lamp, due to the fact that they 
suffer but two end losses whereas the pres 
ent type of lamp suffers two end losses and 
several supporting, losses. Those forms of the glower in which the refractory metal is 
exposed may be operated at the same tem 
peratures that the present type of vacuum 
lamp is operated and yet will be more effi 
cient for the same candle power, because of 
the reduction of the losses to the supports. 
It is preferable, however, to operate those 

60 
types of glowers in which the refractory 
metal is exposed in an inert gaseous medium 
under a pressure of a little less than one at 
mosphere. This allows the glower to be op 

- erated at a higher temperature, due to the 
65 

fact that under pressure the volatilizing 
point is raised appreciably. Those types of 
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glower in which the refractory metal is com 
pletely embedded may be operated in vacu 
um even at a higher temperature than the 
other in an inert gaseous medium, due to the 
fact that the refractory material used has a 
much higher volatilizing point. 
The one big advantage of this 

that it will operate as efficiently for the low 
candle power lamps as for the high candle 
power lamps, due to the fact that even with 
the low candle power glowers the convection losses are practically negligible. 
The invention is illustrated in the accom 

panying drawings in which :- 
Figs. 1, 3, 4, 5, 15, 17, 18 and 19 are simi 

lar sections of tubular glowers in which the 
radiating surface is composed of metal. 

Figs.2, 6, 16 and 20 are similar sections 
in which the radiating surfaces are composed 
of refractory oxides. 

Figs. 7, 8, 21 and 22 are similar sections 
in which the radiating surface is composed 
partly of refractory metal and partly of re 
fractory oxide. 

Figs. 9 to 14 and 23 to 28 inclusive are 
similar sections of further modifications of 
the tubular type glower. 
The glower 34 disclosed in Fig. 1 is com 

posed of a tube 34 of refractory material 
near the exterior surface of which is em 
bedded a helix 34 of refractory metal wire 
and on the surface of which is provided a 
thin sheet 34° of refractory metal. In Fig. 
2, the glower 37 is composed of a tube 37 
of refractory material on the inner surface 
of which is placed a helix 37 of refractory 
metal wire the turns of which are spaced 
apart merely enough to prevent short cir 
cuiting and are let into the tube approxi 
mately half their diameter. 
The glower 40 shown in Fig. 3 comprises 

a tube 40 of refractory material on the in 
ner surface of which is provided a helix 40 
of refractory metal wire, the turns of which 
are spaced merely enough to prevent short 
circuiting and embedded enough to prevent 
displacement. In Fig. 4 the glower 41 com 
prises a tube of refractory material having 
embedded therein a helix 41 of refractory 
metal wire located near the inner surface of 
the tube. This glower is also provided on 
its inner surface with a thin sheet 41 of re 
fractory metal. The glower 42 disclosed in 
Fig. 5 comprises a tubular support 42 of re 
fractory material in which there is em 
bedded a helix 42 of refractory metal wire 
and on the inner surface of which is located 
another helix 42 of refractory metal wire. 
The second helix 42 is in series with the 
first helix 42 and is connected thereto at 
42. This helix 42 has its turns spaced 
apart merely enough to prevent short cir 
cuiting and embedded sufficiently in the re 
fractory material to prevent their displace 
ment. 
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43 represents the glower as a whole in 
Fig. 6 and is composed of a tube 43 of re 
fractory material in which there is em 
bedded close to the inner surface of the tube 
a helix 43 of refractory metal wire. 
The glower of Fig. 7 is designated as 44 

and consists of a tube 44 of refractory 
material on the inner surface of which is 
provided a helix 44 of refractory metal 
wire, the turns of which are spaced apart 
their own diameter and embedded approxi 
mately half their diameter. In Fig. 8 the 
glower 45 comprises a tube 45 of refractory 
material, a helix 45 of refractory metal 
wire completely embedded in the said tube 
and a second helix 45° of refractory metal 
wire located on the inner surface of the tube 
and having its turns spaced apart their own 
diameter and embedded approximately 
half their diameter. The two helices are 
connected at 45°. 
The glower 46 in Fig. 9 consists of a tube 

46 of refractory material having a helix 46 
of refractory metal wire on its inner sur 
face and a helix 46 of refractory metal 
wire on its outer surface, these two helices 
being connected at 46°. The turns of each helix are separated merely enough to pre 
vent contact and are embedded in the sup 
port sufficiently to prevent displacement. 
In Fig. 10 the glower 47 is composed of a 
tube 47 of refractory material on the inner 
surface of which is provided a helix 47. 
of refractory metal wire, the turns of which 
are slightly embedded in the refractory 
material to prevent displacement and are 
spaced merely enough to prevent the adja 
cent turns contacting with each other. On 
the outer surface of this glower there is pro 
vided a thin sheet 47 of refractory metal. 

In Fig. 11 the glower 48 comprises the 
usual tube 48 of refractory material and is 
provided with an inner helix 48 and an 
outer helix 48° of refractory metal wire 
connected in series at 4S. Both of these 
helices are embedded in the refractory ma 
terial sufficiently to prevent displacement. 
The turns of the inner helix are as close as 
they can be without being in actual contact, 

50 while the turns of the outer helix are spaced 
apart their own diameter. The glower 49 
of Fig. 12 is formed of a tube 49 of re 
fractory material the inner surface of which 
is provided with a helix 49' and the outer 
surface with the helix 49e of refractory 
metal wire. These two helices are connected 
with each other at 49°. The turns of the 
outer helix are relatively close to each other 
but not in contact, while the turns of the 
inner helix are spaced apart approximately 
their own diameter. Both helices are slightly 
embedded in the support to prevent dis 
placement. In Fig. 13 the glower is desig 
nated as 50 and comprises a tubular sup 
port 50 of refractory material the inner 

surface of which is provided with a helix 
50 and the outer surface with a helix 50c 
joined to each other at 50°. The turns of 
each helix are spaced apart their own diam 
eter and are embedded approximately one 
half their diameter. The glower 51 of Fig. 
14 comprises the tube 51* of refractory ma 
terial on the inner surface of which is pro 
vided a helix 51 of refractory metal wire 
the turns of which are spaced apart their 
own diameter and embedded approximately 
one-half their diameter. Surrounding the 
Support is a thin sheet 51° of refractory 
metal. 

Figs. 15 to 28 inclusive are the same as 
Figs. 1 to 14 inclusive with the exception 
of the fact that instead of having helices of 
refractory metal wire the glowers are pro 
vided with helical grooves or threads filled 
with refractory metal. In these figures the 
reference numerals 53 to 70 inclusive desig 
nate the glower as a whole and the reference 
characters 53 to 70 inclusive represent the 
tube of refractory material which consti 
tutes the support. The reference characters 
53 to 70 designate the resisting elements of 
the repective figures. 

In Figs. 15 and 18 the reference charac 
ters 53° and 60° respectively designate the 
thin sheets of refractory metal which act as 
the radiating surfaces in these figures. In 
Figs. 19 and 23 the reference characters 61. 
and 65° respectively denote metal filled 
grooves which act as the radiating surfaces. 
In Figs. 21 and 22 the reference characters 
63' and 64° respectively denote metal filled 
grooves which together with the refractory 
material between the turns of the same, 
form the radiating surface. In Figs. 19, 22. 
23, 25, 26 and 27 the reference characters 
61, 6-4, 65, 67e, 68e and 69e denote the con 
nections between the inner and outer heli 
ces. In Figs. 23, 24, 25, 26, 27 and 28 there 
are provided metal helical filled grooves 
65", 66b, 67, 68b, 69 and 70b on the inner 
surface of the tubes, the surfaces of which 
lie flush with the inner surfaces of the tubes. 
In Figs. 23, 24 and 25 the turns of these 
grooves are spaced merely enough to prevent 
short circuiting, while in Figs. 26, 27 and 28 
they are spaced apart their own width. In 
Figs. 23, 25, 26 and 27 there are provided 
metal filled helical grooves 65°, 67e. 68 and 
69 on the exterior of the tubes, the sur 
faces of which lie flush with the outer sur 
faces of the tubes. In Figs. 23 and 26 the 
turns of these grooves are spaced apart 
merely enough to prevent contact, while in 
Figs. 25 and 27 they 
width. In Figs. 24 and 28 the reference 
characters 66 and 70 denote thin sheets of 
refractory metal. 
In Figs. 1, 3, 4, 5, 9, 10, 15, 17, 18, 19, 23 

and 24 the radiating surface is of refractory 
metal either in the form of a thin sheet of 
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metal or a helix of the metal, the turns of 
which are spaced close to each other to form 
almost a continuous surface or a combination 
of both. In Figs. 1 and 15, this radiating 
surface is placed on the exterior of the tube. 
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In Figs. 3, 4, 5, 17, 18 and 19 the radiating 
surface is on the interior of the tube while 
in Figs, 9, 10, 23 and 24, the radiating sur: 
face is both on the exterior and interior of 
the tube. In Figs. 3, 4, 5, 17, 18 and 19 the 
portion of the support exterior of the helices 
is made thick enough to act as a heat insula 
tor to force the radiation to come from the 
interior of the tube. 
In Figs. 2, 6, 16 and 20 the radiating sur 

face is composed of refractory material. In 
Figs. 2 and 16 the resisting elements are 
spaced close to the exterior of the tube and 
therefore the radiation is from the exterior 
surface. In Figs. 6 and 20 the resisting ele 
ment is placed close to the interior of the 
tube making the radiation come from the in 
ternal surface. 
In Figs. 7, 8, 11, 12, 13, 14, 21, 22, 25, 26, 

27 and 28 the radiating surface is composed 
partly of refractory metal and partly of re 
fractory compound. In Figs. 7,821 and 22 
that portion of the support exterior of the 
helices is relatively thick and acts as a heat 
insulator forcing the radiation to come from 
the interior of the tube. In Figs. 11, 12, 13, 
14, 25, 26, 27 and 28 the radiation takes place 
both from the interior and exterior of the 
tubes. 

In several of the glowers, the radiating 
surface is composed either wholly or in part 
of rare oxides. The oxide used as the radiat 
ing surface may be either the same as that 
used in the construction of the support or 
may be a different oxide or combination of 
oxides from that so made use of. 
A simple method of making the glowers 

above is as follows: 
The rare earth oxides such as zirconia, 

thoria, magnesia or the like in their raw con 
dition, either singly or in combination are 
thoroughly mixed with a dissipating binder, 
for example, any hydrocarbon binder. The 
paste thus formed consisting of the raw 
oxide or oxides and binder is next molded in 
to strands. The molded strands are then sub 
jected to an extremely high heat, such for ex 
anaple as that of the oxyhydrogen flame. By 
the application of this high heat the binder 
is driven out together with the water of 
crystallization contained in the oxide or 
oxides, leaving the oxide in a dehydrated 
condition. During the dehydration a per 
ceptible shrinkage takes place in the strand. 
The oxide will not after its dehydration, 
again absorb any water nor will it be subject 
to any further shrinkage. This step is a 
very important one, because without it the 
glower formed would not be practical. If a 
glower were to be constructed out of oxides 
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which had not been dehydrated, it could not 
stand the temperature at which the lam 
operates without being seriously affected 
When such a glower is placed in a lamp and 
ignited, the heat generated tends to drive out 
E. water of crystallization and brings about 
a corresponding shrinkage of the support. 
The glower would then be destroyed due to 
the FE that the support would crumble 
and waste away; also the relation between the 
support and the resisting element would be 
destroyed. . 

After the strand of oxide has been dehy 
drated, the material is placed in a ball mill 
or any other suitable apparatus and is re 
duced by means thereof to an extremely fine 
powder. In its pulverulent condition, the 
oxide is g intimately mixed with a dis 
sipating binder, and a second paste is 
formed. While in this plastic condition the 
material is molded into the desired shape 
that the glower is to be provided with in its 
final form. The material is then thorough 
ly dried, either in an oven or by a water 
bath. At the same time provision is made 
for the introduction of the resisting ele 
ments. The material at this stage of the 
process can be easily worked. Grooves or 
threads can be cut in which refractory wire 
or metal is to be later placed or the resist 
ing elements can be placed in the support 
at this time. - 
Following this step, the support is again 

subjected to a high heat to drive out the 
binder and to sinter the oxide into a hard 
porcellaneous structure. 
I claim as my invention: . 
1. In an incandescent electric lamp, a 

glower of the type described, comprising a 
relatively short diameter tube of refractory 
material, and a resisting element of refrac 
tory metal partly embedded in the interior 
surface of said tube capable of heating the 
tube to incandescence. 

2. In an incandescent electric lamp, a 
glower of the type described comprising a 
tube of refractory material and a resisting 
element composed of a closely wound helix 
of refractory metal partly embedded in the 
interior surface of said tube and capable of 
heating the tube to incandescence. 

3. In an incandescent electric lamp, a 
glower of the type described comprising a 
tube of refractory material, a radiating ele 
ment of refractory metal and a resisting ele 
ment consisting of a helix of refractory 
metal partially embedded in said tube adja 
cent the interior thereof and capable of heat 
ing the glower to incandescence. 

4. In an incandescent electric lamp, a 
glower of the type described comprising a 
tube of refractory material, an exposed helix 
of refractory metal on the exterior of the 
tube and a second exposed helix of refrac 
tory metal on the inner surface of the tube. 
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5. In an incandescent electric lamp, a 
glower of the type described comprising a 
tube of refractory material, a helix of re 
fractory metal on one surface of the tube 
and a helix of refractory metal on the other 
surface of the tube capable of heating the 
same to incandescence. 

6. In an incandescent electric lamp, a 
glower of the type described, comprising a 
tube of refractory material, an exposed 
helix of refractory metal on the exterior of 
the tube and a second exposed helix on the 
inner surface of the tube, one of said helices 
being closely wound. 

7. In an incandescent electric lamp, a 
glower of the type described, comprising a 
tube of refractory material, an exposed helix 
of refractory metal on the exterior of the 
tube and a second exposed helix on the inner 

surface of the tube, one of said helices hav 
ing its adjacent turns spaced apart. 

8. In an incandescent electric lamp, a 
glower of the type described, comprising 
a tube of refractory material, an exposed 
helix of refractory metal on the exterior 
of the tube, and a second exposed helix on 
the inner surface of the tube, one of said, 
helices being closely wound and the other 
having its adjacent turns spaced apart. 

9. In an uncandescent electric lamp, a 
glower of the type described, comprising a 
tube of refractory material, a resistor em 
bedded in said tube interior having elements 
positioned uniformly distant from the axis 
of said tube, and a radiating surface posi 
tioned at another distance from said tube. 
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