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To all whom it ma Yy concern: |
Be it known that I, WALTHER NERNST, a
subject of the Empelor of Germany, and_ a
resident of Gottingen, Germany, haveinvent-
ed certain new and useful Improvements in

- Electric Glow-Lamps, (division of an appli-
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Dber from which the air is exhausted. _
laments heretofore employed

cation filed by me April 28, 1898, Serial No.
679,081,) of which the follommr is a, speclﬁca-
131011

My mvémlon 1e]ates to Lhe class of elee’trlc- '

lighting devices known as ““incandescent elec-

tric lamps,”_hnt differs fundamentally from

the incandescent lamps heretofore used and

involves certain peculiar featuresand charac-
teristics which justify its classification as a
distinet and novel species. .;
IHeretofore all practical 1ncdndescent elec-

tric lamps have comprised a filament of con-

ducting material, usually, if not always, of

carbon, contamed within an inclosing cham-

fact that the
will oxidize when heated in the open air has
necessitated inclosing them in vacuum-cham-
bers.

Various reflactory materials comprising
certain oxids, sulfids, silicates, and other
salt-like COI]]pOSl'DlOIlS of metals are specially

qualified to emit light when heated to a high

temperature. It has been proposed to ut11-
ize the light-emitting qualities of such ma-
terials by maintaining them in a state of
incandescence by a gas-flame, as illustrated

by the well-known ¢ Welsbach burner,” for

instance. When the light-emitting quall—
ties of these refractory materials were to be
used in connection with electric lighting at
ordinary voltages, 1t has heretofore heen con-
stdered necessary to either maintain them in

an incandescent state by placing them in

proximity to conductors heated by electric

carrents or to coat them oradd to them or in
some way combine with them some good con-

ducting material, such as a metal or carbon,
which should afford a conducting-path for
the current. For example, it has been pro-
posed to impregnate or coat conductors—

such, for instance, as platinum, iridium, or

carbon-—-—-mth Q refractory materlal—such

for instance, as

found to be inoperative for any useful pur-

usually classed as the *
are at ordinary tempemt.ur'es- ““non-econdue-
as that ‘term 1s usually
employed, will when raised to the high tem-
perature of incandescence becomesufficiently

The

use the heat developed in the conduecting ma-

calcium or zireonia+_and to

so

terial for maintaining the refractory mate-

rial i m an mca,ndescent light-emitting condi-

tion. Suchcombinations, however, have been

pose. The platinum or earbon or other con-
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ducting material either itself melts or disin-
tetrrate% or causes the ref:actory matenal to

crack off or disintegrate. |
I have dlseovered that certain leflactmy

salt - like combinations, particularly oxids
rare earths,” which

tors of electricity,”

good conductors to permit the passage of an
electric current under moderate differences .

of potential and may be maintained suffi-
ciently heated to retain their thus acquired
conducting qualities by the passage of the

_70.'..._ S

electric current therethrough. These mate-

rials when so traversed by electuc currents

not only emit more light under the influ-

ence of a given amou nt of electrical energy
than the 01d111ary incandescent lamp, but
they also resist decomposition and disinte-
cration even in the open air, and therefore a
lamp constructed in accordance with my in-
vention does notrequire a vacuum-chamber,

celta,ln cases, if desired.

" The ﬂ'eneral char &Gtel’lSLléS of the llfrht-ﬂ'w--

ing pormon of my lamp are so Wldely dlffer-
enb from those of the ordinary incandescent

electric lamp that to term it a ‘““‘filament?”
would be not only inappropriate, but to a
certain extent misleading.

ted therefrom without combusﬁon or mate-
rial disintegration, even when exposed to the

75_'_-._'-

80 ,
though a vacuum-chamber may be used in D

Thelight is emit-

o0

alr, and bunﬂ' tmnslucent 1t emits light from

18 mteum and from its smfa,ee ::md I have

ogiven the name “wlower” to Lhe llﬂ'ht-fnvmﬂ'

portmn and “ﬂ'low lamp” to the L:unp 1tself
as being ploperly applieable.

95

The materials which T have discov ered to "
possess the qualities above referred to may be
classed under the general term of ‘“‘dry elec-"
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time than will any single one of such mate-

be much shorter and thicker than the carbon

cure either a given lllummatwn with a much
‘higher transmission efficiency than at present
..Iobtmned or a higher illumination with the
present transmission efficiency, or both the i

I
..f

trolytes” or “‘dry conductors of the second |
class.” DBy the expression ‘‘ conductors of the
second class” I refer to those which when in
a conducting condition conduect current l)y
electrolytic action.
Prominent mnolw the mater mls with which

] have obtained excellent results may be men-
tioned oxid of magnesium, or magnesia, and.
oxid of zirconium, or zirconia; also, the oxids
of yttrium, cerium, thorium, and the like.
These materials when in a dry state and at
normal temperatures are practically insula-
tors or non-conductors; but when glowers
made from them are heated to a state of in-
candescence they acquire conducting quali-
ties to such an extent that electricity may be
caused to pass through them at ordinary low
pressuresin sufficient quantities to keep them
in a state of incandescence even after the
means employed for imparting the original
starting-heatis withdrawn. Instead of using
these materialsindividually oralone forform-
ing the glower, two or more of them may be
mixed or combined in varying proportions
with advantageous results. Glowers made
from a proper mixture of certain of the ma-
terials will pass into the condueting state at
a lower initial or starting temperature than
will a glower made from one of the materials
alone and will maintain under the passage of
the electric current o luminous condition
without deterioration better and for a longer

rials. It isnotthereforethe mere mixture of
such materials that I preseribe, but the utili-
zation of such mixtures on account of their

tained in & luminous condition. These ma-
terials, even when in their best operating con-
ducting condition, have a specific resistance
so great with reference to that of carbon that
a glower to be used with a given voltage may

filament of an ordinary incandescent lamp.
Ifor instance, a practical glower of, say, one-
fiftieth of an inch in diameter and one-half
an ineh in length may be made which when
heated to a low incandescence will become a
stufticiently good conductor to be traversed
under a one-hundred-volt difference of poten-
tial by a sufficient current to bring it to and
maintain it at a state of high mcandescence
A current of, say, four- tenths of an ampere or
thereabout will accomplish this result. As
the material has sufficient strength to enable
1t to be used in inuch longer lengths than that
above referred to, it is possible to construct
lamps adapted to be operated at very much
higher voltagesthan is practicable with lamps
using carbeun filaments, a feature which may
be utilized to obtain economy of transmission.
This feature, in connection with the high effi-
ciency of the lamp, renders it possible to se-

illuminating and transmission efﬁelenele%_

may be matelmlly increased.

There are numerous different 1)10]_)01L10115
in which the different refractory materials
adapted to the purposes of my invention may
be used, and there is a very wide range for
the selection of the different materials to be
mixed together, and therefore I will attempt

only, and it will only be necessary, to specify

one or two examples. Very excellent results
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have been obtained {fromm a mixture of ap-

proximately seventy per cent. of zirconia and
thirty per cent. of yttria, (oxid of yttrinm.)
Another mixture which I have used with good
advantage consists of approximately ten per
cent. of zirconia, seventy per cent. of thoria,
and twenty per cent. of yttria. I have also
obtained excellent glowers from a mixture of
about seventy per cent. of thoria and thirty
per cent, of yttria. Another mixture consists
of 0.5 per cent. of ceria, eighty per cent. of
thoria, with 10.5 per cent. of yttria. These
per Lent(wes may be widely varied, and, gen-
erally qpeakm the cxids of the rare carths
are well adaptcd for mixtare in widely-vary-
ing proportions.

T'he process of preparing the glowers from
which I have heretofore obtained the best re-
sults when two or more of the oxidsare to be
used together consists in thoroughly pulver-
1zing and mixing the materials together into

very intimate 1‘eI¢1t10ns then mixing there-

with a binder of clear-starch paste, mahmn
a plastic mass which should be thownﬂhly
worked. Thewater used in making the paste
should be clear and preferably distill_ed to
avold the presence of lime, which is more vol-
atile than the oxids of the rare earths, and
therefore undesirable. Theplasticmass may
tnen be inserted in a press adapted to force
the mixture through a small hole of the req-
uisite diameter dependent upon the ultimate
diameter desired for the glower, and as the
material leaves the press it may be hung over
a glass rod or laid upon a suitable supporting-

surface and allowed to dry. The material

acquires suificient strength when dried to be
conveniently handled, and itis then heated to
a very high temperatureinanysuitable man-
ner—ifor instance, in an oxyhydrogen-flame.
It is desirable that as great a specific gravity
as possible may be given to the material—
that 1s to say, the smallest diameter for a
given massofa given length. Careshould be
taken thateverypart of the gloweris brought
to a high incandescence. Usually it is ad-
rantageous to heat the material gradually, so

‘as to drive off the moisture and the binding

materialslowly,and thus lessen the llablllt}" of
thesurface becomingcracked. Forexample,
1t may be passed through a preliminary heat
in a porcelain kiln. The eventual heating,
however, should be carried to an extremely-
high temperature. When the material has
been thus prepared, a proper length, depend-
ent upon the voltage and current with which
it 1s to be used, is mounted between two suit-
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able condncting-wires. The ends may ad-
vantageously be fastened mechanically in
any suitable way—as, for instance, by insert-

ing them into suitable sockets made by form-
ing into spirals the conducting-wires, which

may be of platinum orother good condueting
materials which melt only at a very hign tem-
perature. The junections of the glower with

the respective wires are then built up by plae-
condi-

ing thereon, in a liquid or paste-like ¢
11101’] small qnantltles of a cementing mate-

rial and heating and drying the same in a
This process 1S re-

gas-flame or otherwise.
peated until a firm union is obtained between

the respective ends of the glower and the
wires. It is advantageous also to make the

points of juncture with the wires of larger

for then the points of contact with the wire
will not during the operation of the lamp be

as hot as the 1_emamder' of the glower, and

therefore the wires themselves are less liable
to burn off. The paste or cement with which
it is desirable to build up the ends may beof
the same material as that used -for forming
the glower itself. I have obtained excellent
results by pulverizing portions of glowers
whiech have been previously prepared and
heated to high temperatures and mixing the
same with water, and, if desired, starch-paste
may be added. Anysuitable means for sup-

porting the conducting-wires and securing

electrical conneetmns theremth may be em-
ployed. -

For the purpose of obtammfr the plelm:n-
nary or starting heating of the glower vari-
ous different means may'be employed. Usu-
ally it is desirable that theheat should be ap-

plied only during the starting process and

then withdrawn, although in some cases 1t
may be desired to continue the extraneous

_ heat while the lamp itself is in operation.
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The temperature to which the glower must |
be broughtinordertohavesu fiicient conduc-
tivity to allow enough current to flow through |

it to maintain itselfin that conductive condi-

tion varies somewhat Wlth different matertals
‘and proportions.

In the accompanymﬂ' dmvﬂmﬂ*s Figure 1 18
a view, partly indiagram, of a Gomplete lamp;
and Fig. 2 is an enlarged view of the glower.
Referring to the figures, C represents a
suitable base for supporting the lamp. It 1s

provided with a cireuit-closing device D, by

means of which the circuit from any suitable
source of electric currents G may be com-
plected to the binding-posts ¢’ ¢* of the lamp.

‘The light-giving portion or glower A of the

lamp is made in accordance w1th the descrip-
tion her embefme given.
conductors @ a? of any suitable character,

and these are connected with the terminals
¢’ ¢* of the lamp. A bridge-piece a® may be
employed for holding the conductors ¢’ ¢? in
their proper relative position. ‘A heating or
starting conductor B is shown in Fig. 1 as
carried upon a glass or other transparent

Itiscarried by two |

685,728

l

support b, and it incases to a ﬂreatel or less -
‘extent the oglower A. The cirenit through
| the heater B is completed from the ter mmal
¢’ through the wire 2, circuit-closer or switeh-

o
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ing device s, of any suitable character, and

conductor 3 1o one terminal of the heater,

the other terminal being connected by the

conductors 4 and 6 to the I emammn' terminal

c® of the lamp. The terminals ¢ ¢ are.con-

nected across the cireuit L’ L. - The n*lowe]

itself is connected in parallel circuit with the

heater by way of conductms 5 and 6 and the
supporting - wires ¢ and a®* When the

+s“itches D and s are closed, the current

passes through the: heater B raising the
olower A to bUCh a temper &ture as wﬂl ren-
der it sufficiently conductive to be trav-
ersed by a current from the generator. The

circuit through the heater may then be inter
rupted by the switeh s, or in some cases 1t

75
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may remain in circuit Whlle the lamp is 1n
operation; butinsuchcase the wattsexpended

in the heater or starting-conductor B should

90.

be as few as possible consistent with its fHIlG- -

tion of heating the glower. -
The lamp 1tself may be, if desned inclosed

in a protectmw-wlobeE of any smt‘tble char- . |

acter; but it is not necessary that it should
be incased at all, as it will operate in the air.

As the light em_ltted by the glower is very
‘intense, it may be desirable in some cases to
use a so-called ‘‘opalescent” globe or other -

means to diffuse the light. The globe K may

as by clips e e, for instance.
In cases where there 1s liable fo be an un-

100 e

‘be held in placein any convement manner—

due increase in the amount of current flow- =

ing through the glower when placed upon a-

105 .

constant potentlal circuit means, such as in-
dicated at R, may be employed for prevent-

ing such an increase.

The device R isshown o

as bemcr placed in series with the lamp itself,

and, as herembefore explained, may eons1st.

11O

of a properly-proportioned resistance or im-

pedance coil, according to the character of
For eontmuous current circuits

the circuit.

the resistance may be made of a suitable

metal of high specific resistance—such, for

rent through the lamps except under the in-
fluence of an increase of potential.

case of lamps used on an alternating-current
circuit prOperly propmtloned rea.ctwe or lm-'- .'

pedance coils may be used.

I.i'5-

-instance, as platmum or iron—and ploperly |
proportioned to prevent an increase of cur-

In the |
126

Although I have ‘described the inv entmn |

more partleularly with reference to open-air
use, I desire it to be understood that it may

also be used in vacuum-chambers, if desired.

12§

It will be understood that the invention o
contemplates the use of the device herein -
claimed in connection with various dlfferent -

forms of heating or starting devices -and ar-
rangement of elremts and appamtus, the ap-

trative merely of one general orn'a,nlza,tlon

In the original &ppllcatwn, Serial No:

o

'paratus deséribed in the drawings being illus:
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679,081, filed April 28 1598, of whleh this ap-
pheetlou 1S a (11V1810]] the method involved
in the operation of this m}pal atus is described
and claimed, and in other divisional applica-
tions from the same original specific claims
are made to other femmes of the apparatus
not claimed herein.

The present application is, in aecord..—mee
with the requirements of the Patent Office,
divided out of an application,
713,624, filed May 29, 1899, as a division of
the 01‘1011131 appheatlon mentwned in the pre-
oedmfr paragraph. | |

T claim as my invention—

1. A circuit connection between conduc-
tors of the first and solid conductors of the
second class, consisting of a material com-
posed memly of eonduetozs of the seeond
(,lass

2, A ‘cireuit connection between condue-
tors of the first and solid conductors of the
second class, consgisting of metal oxid simi-
lar in eomposmon to a conductor of the sec-
ond class. -

2. A circuit eonneemon between conduc-
tors of the first and solid conductors of the
second class, consisting of metal oxid simi-

lar in eomposwlon to a conductor of the sec-

ond class and a suitable vehicle. |
4. A glower for electrie lamps whose body
is eomposed throughout of a mixture of two
Or more Subsmntmlly pure oxids of rare
earths.

6. A glower for electric lamps adapted to |

Serial No.

¥

685,728

be operated in air whose body is composed

35

throughout of a mixture of the oxids of rare

m'ths, and conductors secured to the termi-
nais thereof.
6. A ;;r;lower for electric lmnpe adapted to

be operated in air consisting of a mixture of

the oxids of rare earths, eenduetms secured
to the terminals Lhereof, and deposits of the
rare earths at the junction of the ﬂ'lowev wifh
the metallic conductors. -

7. A glower for electric lamps whose body
18 oomposed throughout of a mixture of ox-
1ds of zirconium and ytbrmm the oxids of
zirconium preponderating in amount.

3. As a material for connecting the points
of contact between econductors of the first and

of the second class, a mixture composed of

one or more of the oxids of rare earths.

9. The combination with a luminant com-
posed of a conductor of the second class, a
metallic conductor connected with the end
thereof, and a cement uniting the same com-
posed of material like that composing tho
lnminant.

10. A glower for electric lamps whose body
1S cemposed throughout of two or more rare-
earth oxids mtlmetely mixed.

Signed by me at-Berlin this 27th of Mmeh,
1901,

WALTIHER NERNST.

Witnesses: |
HENRY HASPER,
WOLDEMAR HAUPT.
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