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To all | whom 1 ,ma;y concern: _ '
~ Be 1t known that I, Danmr McFarvan

Moorg, a citizen of the United States, and
a resident of Newark, in the county of Essex

and State of New Jersey, have invented cer-

-~ tain new and useful Improvements in Elec-

10

 rarefied gas or vapor. _ -
The mvention relates more particularly to
apparatus of the character stated, provided

15

tric Tube-Lamps and Similar Devices, of

which the following is a specification.

- My invention relates te apparatus in

which an electric discharge is caused to pass

from -one to the other of two electrodes in |

a sealed receptacle or inclosure containing a

with a rarefied gas.or vapor of such charac-

~ter that it may be rendered luminous by the

20

electric discharge and thus render the appa-
ratus suitable for use as an electric lamp.
This general type of lamp I herein term an

‘electric gas lamp. In a general sense my

~Jamp resembles the long known Geissler tube

25

which produces a light of small life by the

assage of the secondary currents produced
Emm induction coils. This form of tube or

~ lamp as heretofore constructed is of little

- ufility, largely because of the great con-

- sumption of current per unit of light pro-

30

85

40

45

duced, and because, further, the oxidation or
deterioration of the inclosed electrodes in-
terferes with the stability of vapor tension
contalned within the gas tube. In proceed-
ing aleng the lines first suggested by Geiss- |

ler, other experimenters have employed
lamps in which the gas or vapor is rendered

luminous by the discharge of the continuous

current passing from one to the other of two

electrodes contained in the glass receptacle,

but, so far as I am aware, all lamps of the
It has

the negative electrode of this style of lamp

is highly heated, the drop of potential be-

tween the gas and said electrode is largely

- reduced ; but difficulty has been experienced
1 operating the lamp so as to maintain a

 high temperature of said electrode without
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disintegration, and to thereby eliminate to
any great extent, the drop of potential at

~general characters above mentioned have had |
“but’ little life and small efficiency. |
been recognized by experimenters that when

[ this _point- while at' the same time securing a
' long life of the lamp. . .

One of the principal -'objeéts' of my inven-

tion is to secure a high temperature in the
‘negative electrode, thereby reducing to .a 55

great extent the drop of potential befween
the gas and said electrode so as to reduce the

‘resistance of the lamp and secure increased .
‘economy for a-given consumption of current.

A further object of my invention is to pro- 60
vide within the inclosure which contains the
luminous vapor, electrodes of such character
that they will not, through the action of the
current, evolve gases or vapors that will dis-

turb or vary the normal or proper vapor 65
tension suitable for the ‘operation of the
“lamp

and the production of a maximum
light, e .
- To these ends my invention consists in the
use tor the negative electrode or cathode, of 70
a material like lime, which may be rendered
extremely hot without disimtegrating or
evolving a vapor or gas to any deleterious or
harmful extent. While I specify lime, I do
not, so far as the form of the electrode is 75
concerned, limit myself to the use of such
material, but may employ other refractory
materials such as oxid of calcium or mag-
nesium or an oxid.of seme of the rare earths.

My invention consists also of an improved 80
form of cathode for an electric gas lamp.

This part of my invention consists substan-

tially in providing in said cathode, made of
some refractory material, such, preferably,
as that specified, a cavity of suitably con- 8¢
tracted dimensions upen whoese walls or sur-
faces the electric discharge is received and

‘which thereby becomes highly heated.

- My invention censists further in-so con- .
structing the negative electrode or cathode 90
that the parts which receive the electric dis-

charge immediately shall afford an inclosure -
Tor a body of gas .or vapor which will be

highly heated by eontact with the walls of

‘the inclosure, and will be thereby prevented 9.5'
1from parting with its heat readily and hence

will attain a high temperature and will
therefore permit the discharge to pass more
readily from it to the discharge-receiving

surfaces.

100
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My invention consists further in a cathode | manner of the leading-in wires of an ordi- 65

for-an electric gas lamp consisting essen-
tially of a metal terminal provided with a
protective coating or envelop of lime, or
equivalent material, in which said terminal
is embedded, said coating or envelop being

“provided with one or more constricted pas-
-sages or openings, in which the electric dis-

charge 1s received and through which it

passes to the said terminal, as hereinafter

set forth. | R |
Another part of my invention consists in

~ the construction of the positive electrode,
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which I form 1n such manner that it shall

have large surface or superficial areas to-
gether with a large number of points or
great extent of edges for the passage of the
current from the electrode to the gas, and
which shall also, by reason of such con-
struction, afford large heat radiating sur-

faces and thereby be less liable to acquire a |

high temperature and be thereby less liable
to disintegration. , |

To carry out this part of my invention I

propose to make the positive electrode in the
general form of a brush, which may be done

by constructing it either from a number of

sheet-like pleces of metal that may take any
form individually, each with relation to one

another, as for instance, the form. of con-
centric cylinders. 'As a material for the

positive electrode, I prefer to employ metal,

and as a metal I prefer to employ chemically

- pure 1ron, as this seems to be less harmful

to the vacuum.

My invention consists also in the details

of construction of the anode and cathode de-
signed to facilitate the connection thereof
with the leading-in wires.

In the accompanying drawings,‘ Figure 1

1s a longitudinal section through a lamp

having electrodes of a form or construction
embodying my invention; Fig. 2, is a longi-

tudinal section through a modified form of

negative terminal or electrode; Fig. 3 shows
a modification in which the mass of refrac-
tory material 1s not extended back to cover
the stem or column supporting the negative
terminal; Fig. 4 shows another form or
modification of the negative electrode; Fig.

. 5, shows my invention as embodied in a lamp

bo

in which the electrodes are located at one
side or end of the inclosure or receptacle so
as to produce a lamp having the general ex-
terior appearance of the ordinary incan-

- descent electric lamp; Fig. 6, is a diagram

60

of the circuits showing the connections of

the circuit interrupter and the lamp.
Referring to Fig. 1, the inclosure for the

gas to be rendered luminous, is indicated by

‘the numeral 21, and consists, preferably, of

an all-glass inclosure with leading-in wires
sealed 1n stems or pillars 6, projecting in-

nary 1ncandescent electric lamp. While
this is the form or construction of inclosure
and leading-in wires which I prefer to em-
loy in order to furnish a sealed inclosure
or the vapor and to pass the current to the

electrodes within the same, I do not limit

myself to such form of construction.
Referring first to the negative terminal or
electrode, 3, indicates a piece of any suit-
able metal preferably chemically pure iron
which 1s suitably attached to the leading-in
wire by means of a screw connection, as
clearly shown, although this method of con-
nection may be varied at pleasure. * In Fig.

2 the connection with the leading-in wires 1s

made by means of a rearward extension of
said piece of metal 3, which rearward exten-
sion, indicated at 7, extends down into the
pillar or column, and is mechanically united
with said wire. In immediate union or con-
tact with the metal 3, is a mass 1 of lime, or

' other oxid, such as oxid of magnesium, or
‘a mixture of any-such oxids. Instead of the

specified materials, I may employ oxids of
any of the rare earths, such as oxid of

‘thorlum or cerium for this part of the elec-

trode. The mass 1, may be made by com-
pressing the powdered oxid into form and
then boring the same out afterward to fit
closely upon the piece 3 so as to be 1n close
union therewith. Or, it might be formed
by compressing it upon said electrode in the
process of forming the piece 1. IR
The piece 1 1s provided with one or more
narrow passages indicated at 8, which consti-

| tute constricted passages or openings lead-
| ing from the forward

ortion of the piece 1
toward the piece 3. Tlilis passage affords a
path for the electric discharge and also
serves to 1nclose a small body of ‘gas which
becomes highly heated by the ?iischarge.
The discharge in passing to the electrode
heats the bogy of gas or vapor within said

opening and also the walls of the passage,

which are maintained at a high degree of

temperature being inclosed in the bodg of

lime so that they may not readily radiate
heat.

The material 1, which surrounds the tubu-
lar or constricted passage, should be of ma-
terial which is a poor conductor of heat and
should be of sufficient thickness to effectually

prevent radiation of heat from the heated

surtaces within the passages. The piece 1,
constitutes a protective coating or envelop
for the metal terminal and protects the same

| against disintegration by the action of the

discharge. The discharge is received upon
the highly heated surfaces of the refractory
envelop and passed to the metal terminal
from such refractory mass. The metal ter-
minal and the coating or body of lime or

- wardly from the ends of said tube after the_i other material surrounding the same and
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provided with .one or more passages, open- | washer 10 is dispensed with, and the jacket

mgs or interstices through which the dis-

~ charge may pass to the metal terminal forms

a novel compound eclectrode for sealed in-

closures or receptacles. __
~ While I prefer to make the piece 1, all of

* the same material, it would be within my 1n-

~ vention to make the center portion of the

10

90
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highly refractory material which 1 have
mentioned, and the exterior portions of some |

oood heat insulator and which, not being so
highly heated, need not be of so high a. re-
fractory character. Thus, for instance, as

highly refractory material 9, packed into

‘an opening in the exterior heat--encircling

insulating jacket 1, the piece 9 being bore

or drilled to form a constricted passage and
consisting, for instance, of any oxid or com-

bination of oxids powdered and packed into
a {)reviously formed block 1 of any heat-1n-

~ sulating material sufficiently refractory.

In some cases it may be desirable to pro-

tect the stem -or column 6, by a jacket 2,

which will prevent the discharge from pass-
ing around behind the electrodes to the lead:-

‘ing-in wire directly. Such a jacket is pref-

N erably made of some insulating and suitable

30
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refractory material, partially elastic, so as |

to closely hug the walls of the stem and
avold the existence of any air-space between

‘the same and the stem through which the

discharge might find 1its way. o
As a packing I may employ asbestos fiber

suitably disintegrated but not sufficiently to
deprive it of its fibrous character, with.

which may be combined any insulating
powder such as silex, lime, powdered fire
brick, or any other similar material of a

‘similar character. 10, indicates a fibrous
asbestos washer adapted for surrounding the |
lower end of the stem or column 6. The

- packing. 2 is constructed by the use of a

45

- which 1s placed within the tube or jacket 4, |
- 1in central position and the. packing then
consolidated around it by means of a suit-

00

mandrel of the same gage of the column 8§,

able mandrel. The metal tube 4, which may
be employed or not, as desired, not only re-
inforces the block 1 to prevent it from break-

ing, but also preserves the form of the jacket |
2. The screw union between the leading-in

wire and the block 3, serves as a means for

il

forcing the completed electrode down upon
the washer 10, thus making a good electric-

ally tight joint which will prevent the dis-

- charge from passing around behind the elec-

60

trode proper.

~ In Fig. 2, the metal '3,-' is united with the |
- leading-in wire by means of a rearward ex-

tension 7, which passes into the stem or col-

- umn and to which the leading-in wire 1s me- | site elect or termir he
~ chanically attached. In this form the islecated centrully of the base.

or sleeve 2 does not extend so far back upon

the stem as in Fig. 1. In some cases this

cated in Fig. 3. Fig. 3, also shows that in
some cases the exterior jacket 4 may be dis-
pensed with., - -

65

| rearward extension of the parts so as to in-
| case the stem may be dispensed with, as mnda-

70

11 indicates a positive electrode which, iIn o

the form shown, is composed of a series of
concentric cups of iron, or -other metal, set

block in which the leading-in wire termi-

‘nates. This form of positive electrode af-

fords large superficial area for the passage

70

within one another and. fastened at the bot-
_ | tom by a screw. or other device, to a metal

indicated in Fig. 4, the center portion of the
block 1 may consist of a tube or piece of

80

of the current from the electrode into the gas

and a large number of discharge points or

edges, and further it maintains itself at a -

comparatively low temperature so that it
~will not disintegrate .or become :so highly
heated as to interfere with the proper action
| of the lamp. '

85

"The diameter of the -'-pOSiti?ve electrode.

should be of substantially the same diameter

as that of the discharge column, and 1t
should also preferably furnish a large num-

90

ber of points or edges from which the dis-

charge may emanate. As will be seen, this
form of electrode practically furnishes a

large number of separate forward extensions
{ which project from the bufton -or base ‘and
give a large number or extent of points, areas
| or projections for the discharge. This con-

struction of electrode I find to have a de-
cided advantage 1n this respect, namely, that

the discharge 1s maintained with greater sta-

bility and the lamp is less hiable to go out. |

- In Fig. 5, the bulb or receptacle is shown

as of the ordinary form employed in incan-

descent electric lamps. The megative elec-

trode is of the form already described and 15
placed centrally of the bulb in the manner

95
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clearly shown 1n the drawin%. Within the
a

bulb 1s a directing fube or barrier 21, ex-
tending from the base toward the opposite
end thereof and adapted to direct the -dis-

trode. ~'The positive electrode 11 1s placed

concentrically with the tube 21, and may be

formed, preferably, of one or more rings
concentric with one another and secured to a
common base to which are attached wires

leading through the glass bulb and connected
to a conducting ring, collar or shell 12, which-

may be of the construction ordinarily em-

wire which connects with the megative elec-

| trode terminates in the corresponding oppo- |
‘site electrode or terminal of the lamp which

110

charge from the positive electrode 11, toward
the opposite end -of the lamp and back
through the tube 21, to the negative elec- -

116

| ployed in incandescent lamps and form one
of the terminals thereof, while the leading-an
125



- The barrier, while shown as of tubular
form, might be made.in other shapes and

- constitute a wall or diaphragm extending

- end of the bulb o

10

- long tubes, I emp
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nected 1in multiple with the lamp

- directly across the lamp from one wall to the

other thereof, but terminating short of the
pposite that in which the
electrodes are located. "In this case a corre-
sponding modification in the form and dis-
position of the electrodes with relation to
one another would obviously be necessary.
To start the lamp, especially when using
E)y the induced current
from a coil of wire wound upon a suitable
core, the extra current being produced by the
action of an automatic interrupter the actu-
ating coils of which constitute the extra cur-
rent colls of the device. In the diagram,
Fig. 6, the actuating coils of the interrupter
are indicated by the numeral 14. T prefer to
employ two coils or spools 14, one included

1n one side and the other in the other side of

the supply circuit to which the lamp is con-
nected, The interrupter contacts are con-

so that at
the moment of starting the lamp they will

- short-circuit the current of the supply wires
from said lamp.

The interrupter contacts
indicated at 17 are inclosed in a suitable re-

ceptacle 18, as set forth in my Patent No.
702318, dated June 10th, 1902, although they

might be otherwise constructed and Iocated,
and the interruption of the circuit is pro-
duced by the magnetic action of the core for
coils 14, upon a suitable armature 19 located
within said receptacle and actnating one of
the Interrupter contacts.

When the apparatus is at rest the circuit
1s from one of the supply wires through one

~ of the coils 14, to and through the contacts

40

45
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of the interrupter and back through the
other coil to the other pole of the circuit. If
current is permitted to flow, the contacts will
be separated, the coils will lose their power
and the armature 19 being then no longer
attracted, will drop, and the circuit through
the contacts will be again established, and
this operation will continue provided that

there is no closed path for the current around
“the ‘contact. |

In the drawings the lamp is shown as in

- a shunt to the contacts, but said lamp when

cooled or out of action, does not permit suf-

- ficient current to flow to keep the coils 14

- 9D
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- tacts are separated.

charged to the degree necessary for keeping
the armature 19 lifted at the time the con-

In the normal operation of this apparatus,

‘the current when turned on to the circuit of

the lamp by means of the switch shown will
flow through the coils 14, causing the con-
tacts 17 to separate, which interruption of
circult produces a high potential discharge
current from the coils 14, which passes into
and through the lamp, and is i

957,083

followed by the current of the low potential g

circuit through the coils 14, which will flow
steadily through the lamp, and the coils 14
will” permanently hold up the armature 19,
thus causing the action of the interrupter to
cease. Should the lamp go out, coils 14 will
lose their power and the armature 19 will
drop back and regstablish the circuit at the
interrupter contacts, which will be instantly
disrupted and furnish the high potential
current necessary to restart the lamp.

It 1s obvious that one of the coils 14 might
be dispensed with, but I prefer to employ
one 1n each side of the circuit. It is also ob-
vious that if the first high potential current
from the self-inductive coils 14 resulting
from the interruption of the circuit of con-
tact 17 does not start.the lamp, the action
will be repeated until finally the lamp is
lighted, after which the interrupter will re-
main out of action with the circuit opened
at the interrupter contacts until the switch
1s opened, when the lamp will go out and the
parts will resume their normal position.
Using tubes about 1 foot long, I have been
able to start them directly on a circuit of
400 v. or more, that is, without any inter-
rupter or potential raising device whatever.

As a luminous vapor or gas I may employ
any gas or vapor known in the art, but I
find 1n practice that excellent results may be
obtained by simply using rarefied air. The
degree of rarefaction adapted to produce
the best results cannot be stated in exact
terms. In practice good results may be ob-
tamed by exhausting to such a point that
when the current is afterward turned on
to the lamp the vapor will give a pink or
reddish light for a short time, after which,
by the lonizing action of the current the
luminosity changes from a pink to a white
color. While it 1s possible to carry the de-
gree of exhaustion to such a point that when
the current is turned on the lamp will be-
gin to operate with a white light, this is not
to be preferred, as I find, especially when air
15 employed, that the lamp does not have as

| long a life.

The cup or cavity in the negative elec-
trode during operation becomes heated to
an extremely high temperature, and the de-
vice furnishes a practical means for secur-
ing a temperature by which any material
placed in said cup or cavity may be fused or
vaporized, thus affording a novel electrical
crucible.

In my improved lamp I do not depend
upon the luminosity of any electrodes, but
primarily upon the luminosity of any vapor
or gas through which the discharge passes.
The point or portion of the negative elec-
trode which is luminous, is very small, but
its degree of temperature is very high. The

immediately | luminous portion is localized in the cup

9.
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~ highly heated 1t will produce a gas or vapor
of switable character for being rendered.
- Juminous by the electric discharge passing

- 957,083

cavity or passage, the surrounding parts of

the electrode being non-luminous and serv-

ing mainly -as a means for preventing the
radiation of heat from the heated portionn

wheré the discharge is localized or concen-
trated. . ' i -

My improved form of electrode is espe-

cially adapted for use in hermetically sealed

gas lamps wherein the negative electrode or

cathode is of such a material that when

~ from one to the other of the electrodes seale

15

method of generating light from electric

- tion for which I seek a patent.

20

95

-of the illumination. .

The refractory oxid embodied in this elec-
trode . when heated to the high degree of

temperature produced in the lamp construct-
ed according to my. invention, may become
a source of gas or vapor for renewing the
supply of gas or vapor which is the source

my invention as

While I have described

used in a device orgarized for giving light,

- and operated by a continuous current, it is

30
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to be understood that an alternating current

might be passed through the device from

one electrode to the other, in which case 1t
would operate to eliminate or stop the alter-

nations of one polarity and allow the others
~ to pass, thus practically converting the alter-
35
- In this instance the device herein termed
*“ cathode ¥ would be the cathode only so far |
as concerns the alternations at-one polarity.

nating current into a continuous current.

While, therefore, my invention is of great
utility when operated to cause luminosity in
the gas contained within the inclosure, it

may also be used with devices in which the

production of light is not required. '
What I claim as my invention is: _
1. The combination with a closed recep-

tacle containing a rarefied gas or vapor, of |

a cathode composed of ime and having sur-

faces which receive the electric discharge

50
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and are highly heated thereby. .
- 2. The combination with a closed recep-

such as described and provided with one or

more discharge-receiving cavities whose |

walls receive and become highly heated by |
the electric discharge. ; .

- 3. The combination with a closed recep- |

tacle containing rarefied gas or vapor, of a

negative electrode having one or more dis-

charge-receiving cavities of contracted di-

nensions and whose surfaces receive and be-

come highly heated by the electric discharge. |

4. In an electric gas lamp, a negative elec-
trode mounted upon a supporting stem or

I
1

surrounding said stem.

highly heated vapor.

i
- tacle containing a rarefied gas or vapor, of -
a cathode composed of a refractory oxid

column combined with a jacket or covering

of a semi-elastic ‘non-conductive - materia

(18

5. In an electric gas lamp, a negative elec-

trode having a discharge receiving body or .

block composed of a highly refractory mate-

rial provided with a metal jacket.

- 6. In an electric gas lam
trode formed with a mu
charge points or edges. . T

7. In an electric gas lamp, a cathode whose

) positive elec-

discharge-receiving surfaces are composed

ot a highly refractory oxid constituting the

70

t’iphclty of dis-

75

o : d | walls of a constricted passage leading to a
within the glass or other inclosure, and this-

metal terminal, as and for the purpose de- :

-scribed.
energy 1s one of the features of the inven- |

8. In an electric gas lamp, a Cathode@whose

of a highly refractory oxid as described and
constitute the walls of one or more con-

stricted passages or cavities in the body. of

the cathode.

‘9. In an electric gas lamp, a compound

‘negative electrode consisting of a metal ter-
minal and a protective coating or envelop

of a refractory oxid, in which the metal ter-
minal 1s embedded and which is furnished

discharge-receiving surfaces are composed

85
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with -one or more constricted passages or

cavities whose walls are highly heated by
the electric discharge and inclose a body of

10. I an electric. gas lamp, a terminal of

metal to which is secured a block or mass of

highly refractory material having one or

more constricted passages whose walls are

highly heated by the electric discharge.

11, In an electric gas lamp, the combina-
tion 1n a closed receptacle, of a positive elec-

trode of metal and a negative electrode
whose - discharge-receiving surfaces -consist
of lime, as and for the purpose described.

- 12. In an electric gas lamp, the combi-

nation in a closed receptacle, of a positive

and receilve the electric discharge. _

13, In an electric gas lamp, the combina-
tion 1n a closed receptacle, of a positive
electrode of metal having a large surface

area as described, and a negative electrode
or cathode having a mass of highly refrac-

tory material provided with one or more

contracted discharge-receiving cavities the

walls of which become highly heated and
ald In passing the discharge from the gas
to the cathode. - -

14. In an electric gas lamp having a her-
‘metically sealed inclosure, a cathode consist-
ing of a block or pilece of lime or other
‘highly refractory oxid having a cavity the
walls of which receive the electric discharge
‘and become the inclosure for a body of

highly heated gas or vapor.

00
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electrode or anode of metal and a negative -
‘electrode or cathode comprising a block of

lime whose surfaces are highly ‘heated by 110 '

15
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15. In an electric g@s lamp, a hermetically |

sealed inclosure having a compound neg-
ative electrode composed of metal and a

- plece of highly refractory material inclos-

10

15

: 20.

1nclosure for a body

ing the metal and provided with one or more

constricted passages whose walls receive the

electric discharge and form a highly heated
of highly heated vapor.
- 16. The combination in an electric Fas
lamp and the positive and negative elec-

“trodes therefor and located at one side or

end of the lamp, of a barrier projecting
from between said electrodes into the gas-
containing space and serving to cause the
discharge to follow
through the gas-containing space. -

17. In a luminous vapor electric lamp, a

' receptacle having electrodes located at or
near one end thereof, and a tubular barrier |
‘extending within said

ald receptacle toward the
opposite end thereof and joined to the base

portion of the lamp between said electrodes. |

-,minal;" - o |
- 20. The combination with a sealed in-

an extended path

- Witnesses:.

067,088

18. The combination in an electric gas
lamp, of a cathode of lime having a con-
stricted passage in which the electric dis-
charge is received, as and for the purpose
described. . |

19. An electrode for sealed inclosures con-

‘taining a gas or vapor, consisting substan-

tially of a metal terminal inclosed in a body

of refractory material having one or more

passages; openings or interstices for the pas-
sage of the electric discharge to said ter-

closure containing a vapor or rarefied gas,
of a metal terminal surrounded by lime.
_Signed at New York in the county of

New York and State of New York this 2nd
-day of May A. D. 1902.

" DANIEL McFARLAN MOORE.

J. GALLWITZ,
E. L. LAwLER.
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