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To wll whom it maay COTCET:
~ Be it known that I, WALTHER NERNST,; a
subject of the Emperor of Germany, 1esu"]m0'

in Gottingen, Germany, have invénted a new

and useful Impr'evement in Methods of Elec-

tric Lighting, of which the followingisa e-peu-_.

ﬁeatlon |
My invention relates in a genera,l way to
the class of devices known as © incandescent

electriclamps” and a method of lighting; but

it differs fundamentally from the incandes-

‘cent lamps and methods heretofore used and

involves certain peculiar features and char-
acteristics which justify its clasmﬁcetmn as a
distinct and novel species.

Heretofore all practical incandescent elec-

tric lamps have comprised a filament of con-

ducting material, usually, if not always, of
cmbon contemed within an inclosing cham-
ber from- which the air is exhausted. The
fact that the filaments heretofore employed
will oxidize when heated in the open air has

‘necessitated II]CIOSIHU' them in vacuum-eham-

bers. - -
Various refraetm) materials eompmbmﬂ'
certain oxids, sulfids, silicates, and othersalt-

- likecom positions of metalsarespecially quali-

"'by a gas- ﬂame, as illustrated by the well-

g

40

fied to emit light when heated to a high tem- |

perature. Ithasbeen proposed to ntlllze the
light-emitting quallblee of such materials by
mmntemmﬂ* them in a stateof incandescence

known ‘“Welsbach burner,” for instance.

 rial, such as a metal or carbon which sheuld

45

rd)

platinum, iridium or earbon-——.mth a refrac-

- tory matelml-—-sueh for instance, as calcium

- . o

or zirconia—and to use the heat developed in

the conducting material for maintaining the |

01d a conducting path forthe current. For
example, it has been proposed to impregnate |
or coab COl’ldl]G'[OI'b-——-SllGh for instance, as

|

‘When the light-emitting quahtles of these.re- |.
fractory ma,terlals were to he used in connec-
tion with electric lighting at ordinary vol-
tages, it has heretofore been considered nec-
essary to either maintain them in an incan-
- descent state by placing them in proximity to
conductors heated by eleetrlc currents or to
- coat them or add to them or in some way com-
bine with them some good conducting mate- |

any useful purpose.

class..

emitting condition. Sucheombmatmns how-

ever; heve been found to be inoperative for
The platinum or carbon
or other conducting material either itself

| melts or disintegrates orcauses the lef ractor y
‘material to crack off or d1smteﬂ*mte

I have discovered that cortain refractory,

55

salt like combinations, particularly oxids - -

usuallyclassed as the ‘‘rare earths,” whichare

atordinary temper .autures, ““non-conductors of
electricity,” as that term is usuallyemployed,

will, when raised to the high temperature Of'

meaudeseence become sutﬁmently good con-

ductors to permit.the passage of an electric
current under moderate differences of poten-
‘tialand may be maintained sufficiently heated

‘o -

to retain their thus-acquired conduecting qual- -

ities by the passage of the electriec current

therethrouﬂh These materials when so trav-

ersed by. electue currents not only emmit more

licht under the infiuence of a given amount
| of electrical energy than the ou:hnary incan-
‘descent lamp, but they also resist decompo-

| sition and disintegration even inthe open air, 75
‘and therefore a lamp constructed in e,eeeld— S
ance with my. invention does not requirea .
vacuum- ehdmber thoucrh&vacunnrchamber'_ S

may be.used in certam cases, if desired.

Thegeneral characteristics of the. hght-mv :
ing portmn of my lamp are so widely differ-
ent from those of ‘the ordinary. incandescent
“filament”
would be not only mappleprlate, but toacer-
Thelightis emitted
‘therefrom without. eombuetwn or matelml -.
‘disintegration even when exposed to the air, .
‘and bemn' translucent it emits light from its. P
interior and from itssurface, and I have ﬂ‘lven‘; RN

96
“tion and “frlow lamp?” to the la,mp 1tse]f ae___.- PR

electric lamp that to term it a

taln extent. mlbleadmtr |

the name ‘“glower?” to. the lln'ht giving por-

bemn' meperlyr applicable.

' The materials which I ha,ve diseover ed to o
_lpossess the qualities above referred to may |

-_ _‘9'5.:- B

be classed under the general term of sdry

electrolytes” or.dry conductme of the'second

By the expression *‘conductors of the
second class” I refer to those which whenin =~
a conducting COHdlthﬂ cenduet cunent by S

'felectrol) tic aetlon __.I'_O_e'f' 5

Prominent among the ma,tel Lals w1th Whleh -

1efmctm‘y matenal in an meandeqceut hfrht- I I ha,ve obtamed excellent 1esults maybe men-
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with advantageous results.

o

tioned oxid of magnesinm or magnesia and
oxid of zirconium orzirconia; 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

|I':.II

made from them are heated to a state 6f in-

candescence they acquire conducting quali-

ties to such an extent that electricity may be

caused to pass through them at ordinary low

pressuresinsufficient quantities to keep them
In the state of incandescence even after the
means employed for imparting the original
starting heatis withdrawn. Instead of using
these materialsindividually oralone for form-
ing the glower two or more of them may be
mixed or combined in varying proportions

from a proper mixture of certain of the ma-
terials will pass into the conducting 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 a luminous condition
without deterioration better and for a longer
time than will any single one of such mate-
rials. It is not, therefore, the mere mixture
of such materials that I prescribe, but the
utilization of such mixtures on account of
theirsuperior properties when brought to and
maintained in a luminous condition. These
materials, even when in their best operating
conducting condition, have a specific resist-
ance so great with reference to that of carbon
that a glower to be used with a given voltage
may be much shorter and thicker than the
carbon filament of an ordinary incandescent
lamp.  For instance, a practical glower of,
say, one-liftieth of an inch in diameter and
one-half an inch in length may be made,
which when heated to a low incandescence
will become a sufficiently good conductor to

‘be traversed under a one-hundred-volt differ-
ence of potential by a sufficient current to
‘bring it to and maintain it at a state of high
-1ncandescence. A currentof, say, four-tenths

of an ampere or thereabout will accomplish

this result. As the material has sufficient
strength to enable it to be used in much

longer lengths than that above referred to
1t is possible to construct lamps adapted to

be operated at very much higher voltages

Glowers made

than is practicable with lamps using carbon

filaments, a feature which may be utilized to

obtain econoémy of transmission. This fea-
ture, in connection with the high efficiency of
the lamp, renders it possible to secure either

a given illumination with a much higher

transmission efficiency than at present ob-
tained or a higher illumination with the pres-

ent transmission efficiency, or both the illa-

minating and transmission efficiencies may
be materially increased. S .

‘There are numerous different proportions

in which the different refractory materials
adapted to the purposes of my invention may

be used, and there is a very wide range for

]

two suitable conducting - wires.
may advantageously be fastened mechanic-
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| the sleleetion of the different materials to bé

mixed together, and therefore I will attempt
only and it will only be necessary to specify
one or two examples. Very excellent results
have been obtained from a mixture of ap-
proximately seventy per cent. of zirconia and
thirty per cent. of yttria, {oxid of yttrium.)
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 19.5 per cent. of yttria. These
percentages may be widely varied, and, gen-
erally speaking, the oxids of the rare earths
are well adapted for mixture in widely-vary-
Ing proportions. | -
The process of preparing the glowers from
which I have heretofore obtained the best
results when two or more of the oxids are to
be used together consists in thoroughly pul-

86
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verizing and mixing the materials together

into very intimate relations, then mixing
therewith a binder of clear-starch paste, malk-
ing a plastic mass which should be thor-
oughly worked. -The water used in making

the paste should be clear and preferably dis-

tilled to avoid the presence of lime, which is
more volatile than the oxids of the rare
earths, and therefore undesirable. The plas-
tic mass may then be inserted in a press
adapted to force the mixture through a small
hole of the requisitediameter,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 suit-
able supporting-surface and allowed to dry.
The material acquires sufficient strength
when dried to be conveniently handled, and
1t 1s then heated to a very high temperature

95
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in any suitable manner—for instance, in an

oxyhydrogen flame. It is desirable that as
great a specific gravity as possible may be

given to the material-—that is to say, the
smallest diameter for a given mass of a given
length. Care should be taken that every

118

part of the glower is brought to a high in-

| candescence.  Usually it is advantageous to
heat the material gradually, so as to drive

off the moisture and the binding material
slowly, and thus lessen the liability of the
surface becoming cracked. Ifor example, it
may be passed through a preliminary heat

| In a porecelain kiln. The eventual heating,
however, should be carried to an extremely
‘high temperature. When the material has

been thus prepared, a proper length, de-
dendent upon the voltage and current with
which it is to be used, is mounted between

ally in any suitable way-—as, for instance,
by inserting them into suitable sockets made

by forming into spirals the conducting-wires, -

The ends
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'. ‘ehleh may be of pletmum or othel good con-

~ high temperebure

ducting materials which melt only at a very

bmlt up by placing thereon in a liquid or

paste-like condition small quantities of a ce-

~menting material and heating and drying the

I0

- I§

20

- the glower itself.
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same in a gas-flame or otherwige. ™T'his proc-
ess is repeated until a firm union is obtained

between the respective ends of the glower and

the wires. It is advantageous al_so to make
the pointsof juncture with the wires of larger
diameter than the main portion of the glower,
for then the points of contact with the wire
will not during the operation of the lamp be
as hot as the wmemder of the glower, and
therefore the wires themselves are less hable
to burn off. The paste or cement with which
it is desirable to build up the ends may be
of the same material as that used for forming

results by pulverizing portions of glowers
which have been previously prepared and

heated to high temperatures and mixing the

same w1theater and, if desired, starch peste
may be added. Any suitable means for sup-

porting the conducting-wires and securing |
electrical connections theremth may be em-

ployed.

I'or the purpose of obtemmﬂ* the pxellml-.

nary or starting heating of the ﬂlewer various

different means may be employed Usually
- it is desirable that the heat should be applied

- only during the starting process and then

35

_40

withdrawn, elthoun*h infsome cases it may be

desired to eontmue the extraneous heat Wh11e
the lamp itself is in operation.

A very convenient stertlnfr-heetel consists
of a coil of platinum wire or other conducting

material which may be heated to a high tem-
perature in the open air by the passage of
electric currents without being melted. This

wire is coiled or otherwise errann'ed in such

proximity to the glower that When heated by
the passage of an electue current it will raise
the glower to a sufficiently high temperature
to cause it to acquire the necessary conduct-

ing capacity to permit sufficient current to

§o

.60‘

flow through it under the influence of the
difference of potential of the cirenit upon
which 1t is to be used to earry it to a state of
high Incandescence and maintain it there.

- When the lamp has once been started, the

circult through the heater may beinterrupted
manually or automatically, and, if it is de-
sired, the heater may also be withdrawn from
theimmediate vicinity of the glower.
of imparting the starting heat by the agency
of electric currents other extraneous sources
of heat may be employed—as, for instance,

a gas-flame or the flame of a lamp, or even a

match in some instances.
‘The temperature to which the glower must

‘be brought in order to have sufficient con-
_ducthty to allow enough current to flow

through it to maintain 1tse1f in that conduct-

ive eondltlen_ varies somewhat with different

L'he JHHGBIODS of the
glower with the respective wires are then

I have obtained ereellent?_

| tical dif
Instead |

materials and pr opoﬂnons
tures will produce a glower, which when heat-
ed to a conductive temperature will fall in

‘Some of the mix-

resistance so rapidly under the influence of

a constant difference of potential as to per-

mit a current to flow which would be destruce-
With such glowers means

tive to the glower.
should be employed for eountelaetmg this

effect and cause the glower to receive and con-
sume only & predetermmed amount of cur-
rent, and therefore remain ata predetermined

A convenient means for

safe temperature,

| _eccomphshmfr this result with such glowers
consists in introducing in series Wlth the
glower a correctly-proportioned resistance,

S0

preferably having a high positive tempera-

ture coefficient, and 1he1efore offering an in-
¢reasing eppeeltlon to the flow of the current
withincrementsof current. Resistances com-
‘posed of materials having little or no positive

temperature cor reetwns may, however, be

used in certain cases. _
alternating-current mreuite reactive coilsmay

In | censta,nt-petentrdl

be used in lleu of such a resistance as above

referred to.
such eempensetmﬂ' devices when required

may be very low, as their effective resistance

may be in some cases as low as two per cent.

or even less of the resistance offered by the
glower when in operation, if the lamps are

used upon circuits baving little or no varia-

tion in. difierence ot potentld,l-—-—as, for in-
When used-
upon enemte subject to wider var iations, it
may be desirable that this resistance sheuld

stanee, storage-battery circuits.

consume as much as five per cent., or even
more. Upon alternating - eurrent circuits

“where reeetwe coils are used 1ees ihen thl’%'_'

will usually suffice.
In the German patent of Jabioehkef No.

1,630, there is suggested the possﬂ:uhty of_

The expenditure of energy in

o0 . .

100

165 .

heetmn* the edge of a kaolin strip or plate

pleeed between twe electrodes separated by
an intervening air-space by means of the
electric spark ef an induction-coil. Such a
method has not been found capable of com-

‘mercial use and differs from my method and

lamp because of the facts, among others, that
kaolin is easily melted and that myilluminant
1s primarily brought to a conducting tempera-

E10 -

1'15 |

ture throughout and not merely along a line

or portion thereof, and my lamp permits the

use of currents of much lower pressure.

120

Moreover, heating by means of electric sparks

Oor an eleetl ic arc isopen to very serious prac-

undesirable and probably abeelutely useless
for any commercial work. By the use of a

continnous solid conductor in connection

with a glower, such as 1 have described, it is
peeelble to n‘ire the lamp a simple and effect-
ive commercial form and to readily and re-
peatedly start the lamp.

By the term ‘*solid” 1 do not mean thet the
conductor must necessarily be of solid cross-
section, as it might be perforated or hollow;
but T mean a conductor which is continuous

iculties, which would render thelamp.

"[25
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in distinetion from electrodes between which temperature as will render it sufficiently con-

the current is forced to pass through an in-
tervening air-space. |

In certain publications relating to the Jab-
lochkoff candle it has also been suggested
that the heating of the upper part of a porce-
lain plate might be brought about by apply-
ing thereto a surface coating of gum and ear-
bon or by using some other temporary expe-
dient for leading the spark across the edge
of the plate. Thesesuggested constructions
are not commercially practical, and they dif-
fer essentially from my invention not only in
many of the particulars above set forth, but
also in lacking any heating-conductor which
18 a permanent part of the structure, capable
ofrepeated use. ThedJdablochkoff devicesare
not heating devices, but merely devices in
the nature of switches for starting the arc.
The plate is not rendered conductive by heat

~developed in the starting deviece; but if the

plate were itself ultimately rendered conduct-

ive 1t would De because of the heat dueto the

sparks traversingits surface after the starter
has performed its function of starting the are.

Intheaccompanying drawings, illustrating
my invention, IFigure 1 is a view, partly in
diagram, of a complete lamp. TFig. 2 is a de-
tail thereof. « Figs. 3, 4, and 5illastrate modi-
fications. Tig. 6 illustrates certain circuit
connections which may be employed for op-
erating the lamp. Figs. 7 and 8 illustrate
certain other modifications of the organiza-
tion of apparatus. Fig. 9isanenlarged view
of a glower. |

Referring to the figures, Crepresents a suit-
able base for supporting thelamp. Itis pro-
vided with a circuit-closing device D, Dby
means of which the circuit from any suitable
source & of electric currents may be com-
pleted to the binding-posts ¢’ ¢? of the lamp.
The light-giving portion or glower A of the
lamp is made in accordance with the descrip-
tion hereinbefore given. Itiscarried by two
conductors ¢’ «® 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 a’ ¢?in
their proper relative position. A heating or
starting conductor B is shown in Fig. 1 as
carried upon a glass or other transparent sup-
port b, and it incases to a greater or less ex-
tent the glower A. The circuit through the
heater B is completed from the terminal ¢
through the wire 2, circuit-closeror switching
device s of any suitable character, and con-
ductor 3 to one terminal of the heater, the
other terminal being connected by the con-
ductors 4 and 6 to the remaining terminal ¢?
of thelamp. Theterminalsc¢' c?areconnected
across the circuit I/ 12
connected in parallel circuit with the heater
by way of conductors 5 and 6 and the sup-
porting-wires ¢’ and ¢®. When the switches
D and s areclosed, the current passes through

.generator.

The glower itself is

685,724

ductive to be traversed by a current from the
The circuit through the heater
may then be interrupted by the switch s, or
1n some cases it may remain in circuit while
the lamp is in operation; but in such case
the watts expended in the heater or starting-
conductor I3 should be as few as possible con-
sistent with its function of heating the glower.
I usually prefer, however, to so arrange the
starting-conductor that its circuit shall be
interrupted when it has performed its funec-
tion of heating the glower to its conducting

{ condition, and in that case the watts con-
sumed in the starting-conductor duaring the

short time the circuit is closed through it be-
comes unimportant. The. interruption of
the starting-circuit may be either manual or
automatie, as shown in Figs. 6 and 7, for in-

stance. - -
The lamp itself may be, if desired, inclosed

70

75

8o

in a protecting-globe E of any suitable char-

acter; but it is not necessary that it should
be incased at all, as it will operate in the air.
As the light emitted 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 I may
be held in place in any convenient manner,

as by clips e ¢, for instance. |

In Fig. 3 I have shown the starting-con-
ductor B as carried by a transparent support
I, completely encireling the glower, and I
have also shown suitable supporting-clips f
for receiving the ends of the supports a’ a?,
so that a glower may be readily replaced.

The support H of the starting-conductor is

here shown as carried upon a standard ¢, ex-
tending from the base C. Conductors for es-
tablishing a connection with the heater are
connected with the binding-posts ¢® and ct,

‘and the circuit to the glower A is completed

through the binding-posts ¢’ ¢c*and the-stand-
ards 0’ b~ |

In Figs. 4 and 5 a modification of the in-
vention is illustrated in which a glower is
placed at or near the focus of a conecave re-
flector, which at the same time constitutes a
support for the heating-conductor I3. This
support H is here shown as being concave,
and 1t may be of any suitable non-conduecting
heat-resisting material-—such, for instance,
as porcelain.
embedded in the material. |

In Fig. 6 I have shown an organization of
circuits for automatically interrupting the
circult connections of the starting-conductor
3. This consists of a movable core or arma-
ture /£ and its solenoid or actuating-coil K.

The heating-conductor may be

Qo
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This coil is placed in circuit with the glower

A and when the currentisestablished through .
i the glower the core is attracted by the solen-

oid and the switch s, which is interposed in
the solenoid-circuit, is automatically opened
and will remain open so long as the lamp is

the heater B, raising the glower A to such a | in operation. * When the current through the

130
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glower is interrupted, the switch will anto- |
mafoically close and be in position for relight-

~ing the lamp when desired.

In R Fig. 7 I have illustrated a IIlOdlﬁCELthll
in which the support I and the heating-con-

‘ductor B inclose the glower A when the lamp

1s not in operation. VVhen however, a cur-

‘rentissentthroughthelamp and the heatfrom

thestarting-conductor Bisnolongerrequired,

IO

20

25

30.

then the core & of the solenoid K will be
drawn upward, carrying with it the movable
support H, which is thus lifted away from the
glower. The circuif of the heating-conductor
is closed through an automatic 011'(311113 inter-
rupting device 32 of any suitable character,

so long as no_eulrent traverses the coil K

W’hen, however, the heater is removed from

‘the glower, the circuit of the heating-con-

ductor is automatically interrupted at the
same time. I haveshown aspring?suspend-
ing the core k, so as to render it movable un-
der the mﬂuenee of arelatively qma]l amount
of current.

In Fig. 8 I have illustrated a modification

in WhICh the glower itself is moved, while the
heating-SUpport H and its conduc_tor B re-

main stationary. In this instance the move-
mentrof the core /. within its solenoid "will

move the glower out from the inclosing sup-

port . A rod r, passing through the open-

- ing 7', serves to guide the parts throughout

.35

40
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thelr motion. I have also shown the heater
as being supplied from a separate source G’
of electuclty instead of being in a branch
circuit from the source G. Such a separate
generator may of course be used in other in-
stances. An automatic circuit-interrupting

device may be placed in the circuit of the

heater in thiscase as well as in the others, if

desired.
through the glower automatically restores the

parts to the positions shown, and the same .
| 1 and eOntinuin%r their operation by the pas-

is true of Fig. 7.

The initial starting heat may be given to
the glower in other ways than by heat sup-
plied* by an electric current. Any source of
heat which may be conveniently supplied in
sufficient quantities to raise it to i1ts conduct-
ing temperature may be used. By these and
other similar methods sufficient initial start-
ing heat may be given to the glower in a few

| seconds and the _ﬂow of current through the

glower itself_ then generates heat a,nd thus
quickly brings it to a state of high incandes-
cence. 'The Joule heatthus generated in the
glower will serve to maintain this high in-
candescence and licht-emitting condition,

In cases where there is liable to be an un-
due increase in the amount of current flow-
ing through the glower when placed upon a
constant-potential circuit means such as 1in-
dicated at R may be employed for preventing
snch an increase. The device R is shown as
being placed in series with the lamp itself,
and, as hereinbefore explained, may consist
of a properly-proportioned resistance or im-
pedance coil, according tothe characterof the

v having

The interruption of the cncmt_

proximity to but

circuit. For continuous-current circuits the

resistance may be made of a suitable metal of

high specific resistance—such, for instance,

as platinum or iron—and properly propor-
tioned to prevent an inecrease of current

through the lamps except under the influence
of an increase of potential. In the case of
lamps used on an alternating-current circuit

70
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properly proportioned 1e&ct1ve or unpedance :

colls may be used.

Although I have desunbed the uwentlon'

more par tleulfuly with reference to open-air

‘use, I desire it to be understood that it may
also be used in vacuum-chambers, 1f desired.
In certain other applications, which are

divisions hereof—viz., Serial No. 718,624,

April 10, 1901 and Serial No. 55 222 filed
April 10, 1901—eclaims are made to the ap-
paratus and devices herein described.

I claim as my invention—
- 1. The method of operating electric hn'ht

having glowers com posed of dry eleetrolytes |
and heaters comprising permanent continu-

ous conductorscapable of repeated use, which
method consists in transmitting a continu-
ous flow of electricity through ,the heating-
conductor until the glowers become conduet-
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filed May 29, 1899; Serial No. 736,122, ﬁled_'-
November 7, 1899; Serial No. 55, 221 filed

9o
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ive without melting,applying a requisite dif-

ference of potential to the exm emities of the

olowers, and thereafter mamtmmnwthe glow- -

ers in a eondnctweestdte by current t.mvers-

ing the same.
2. The method of opela.tmw ele(,tuc lamps
o glowers composed of materials which
‘are non-conductors when cold and condue-

tors when heated, which consists in starting
the glowers by electrically heating the same
by developmw heat by the flow of elecm 1¢ cur-
rents in the vicinity thereof but apart there-
from, whereby they are electrically heated,
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1I0

sage of eurrent thronnh and developing with-

in the glowerssu fﬁmem heat to mamtam them
in thelr eonductl ve condition. -

3. The method of operating electric lalmps'

hdvmg olowers which are non-conductive
when cold but become conductwe when heat-
ed to a high temperdture, which consists in

IIS |

heating the frlower by causing an electric cur-

rent to tmverse a high-resistance circuit in
out of contact with the
oglower thereby raising the glower to a con-
ducting temperature, causing an electrie cur-

rent to traverse the glower, and thereafter

discontinuing the developm ent of the external
heat

120

The method of opemtmﬂ‘ electric ldmps -

lmvmfr oclowers composed of a material which

is a non-conductor when cold buat a conduae-
tor when heated, which consists in develop-

ing a high tempemture in the immediate vi-
clmty of but apart from the glower by elec-

132

tric eurrents, thereby raising the oclower toa

conduecting tempemture, mmultaneously ap-

 plying a difference of potential to the termi- -
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"5

6 .

nals of the glower sufficient to cause current
to flow therethrough when so heated, main-
taining the glower at a conducting tempera-
ture by current thus caused to flow through-
out 1ts entire length and cross-section, and
then discontinuing the source of heat.

5. The method of developing light by the
incandescence of a refractory body, substan-
tially such as described, which consists in
electrically heating a solid conductor in the
neighborhood of the refractory body thereby
raising the temperature of such body and
thereafter maintainingincandescence insuch
body by the passage of au electric curmnt
therethrough.

6. The helelnl‘;efore-descmbed method of

885,724

operating an electric lamp having a glower
composed of dry electrolytes which consists
in developing a high temperature in the im-
mediate vicinity of the glower by means of
electric currents transmitted from a source
of electricity, and independently operating
the glower by electrie currents eaused totrav-
erse 1t when so heated.

In testimony whereof I, the said WALTHER
NERNST, have hereunto S]”‘Iled my name this
27th day of April, 1898.

WALTHER NERNST.

Witnesses:
CHARLES A. TERRY,
II INRY NOEL POTTER
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