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To all whom it may concern:
Be it known that I, DANIEL MCFARLAN

- MOORE, a citizen of the United States, and a
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resident of Newark, in the county of Hssex
and State of New Jersey, have invented cer-
tain new and useful Improvements in Elec-
trodes for Electric-Tube Lamps, of which the
following is a specifieation.

Myinvention relates to that elass of devices
in which an eleetric -current or discharge is

_caused to pass through a space containing air

or other gas or vapor rarefied to any desired
extent by means of electrodes sealed within
the gas-containing receptacle or holder and
to which electrodes energy from any desired
exterior source and of any desired potential
is supplied. B

My invention relates more particularly to
apparatus wherein the gas or its degree of to-
nuity and the energy applied are of such char-
acter as to render the gas or vapor luminous,
and thus permit the apparatus to be employed
as a source of light.

The special object of my invention is to per-
mitapparatusof thekind described tobe more
readily operated by alternating currents.

In the construction of apparatus of this
kind it has heretofore been proposed by me
to employ electrodes of different kinds at the
terminals of the gas column or body of gas
or vapor through which the electric discharge
takes place, one of said electrodes being made
with special reference to the fact that when
the device is on a continuous-current circuit
said electrode, if it be the positive electrode,
should be especially constructed or organ-
ized with reference to that fact, while the
other should be especially constructed or be
of special character to best adapt it to use as
the negative electrode or cathode of the ap-
paratus. Such a device is not adapted for
use on alternating-current cireuits, because
the cathode must at times be an anode, and

at such instants of time there will be by rea-

son of the character of such electrode a great
opposition to the low of current, so that prac-
tically one-half of the semicycles of alternat-
ing current will be stopped off. In a similar

manner the anode when best adapted for op-
eration as an anode with a continuous cur-
rent is not well adapted for use as a cathode,

and hence is unsuitable for performing its
function at every reversal of the alternating
current.

My present invention consists, substan:
tially, in providing at either or both ends of
the gas column or body through which the
electric discharge takes place two electrodes;
one adapted to operate as an anode and the
other adapted to operate as a cathode. In
carrying out my invention I may mount said
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electrodes independently of one another, or -

the two may be combined in what I term a
“composite” electrode. When this device
is'employed for a lamp of the kind in which
a rarefied gas or vapor rendered luminous by
an electric discharge is employed as the light-
giving source, said lamp becomes especially
well adapted for operation by alternating cur-
rent. : '

In the aceompanying drawings, Figure 1is
a longitudinal section through one end of the
tube or receptacle and one form of composite
electrode suited for use in carrying out my
invention. It will be understood that when
the device is employed upon an alternating-
current circuit the opposite end of the tube or
receptacle would have the same or a similar
electrode or a combination of electrodes suit-
able for the transference of alternating en-
ergy to the contents of the tube.
similar longitudinal section through another
form of composite electrode suited to the pur-
poses of my invention. Fig. 3 illustrates a
modification of my invention wherein the two
electrodes at one end of the gaseous column
are separately mounted each upon its own

leading-in wire or stem. Figs. 4 and 5 illus-

trate other modifications. :
Referring to Fig. 1, 2 is the wall of a tube
or receptacle preferably of glass and also

‘preferably translucent to permit the glow-

ing gaseous contents of the tube to be em-
ployed as a source of illumination, as now
well understood in the art.-. 8 is theleading-
in wire of the device, snitably sealed in the
end of said receptacle and passing inwardly

through the usual glass stem 4 and having

Fig. 2 isa~
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within the lamp a terminal consisting, if de- -

sired, of a block or piece of metal 5, which
may be secured to the end of said leading-in

-wire or eonduetor in any desired way.
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The anode or positive portion of the elec-
trode is snitably secured to the block or piece
of metal 5in any desired manner. The anode
or positive portion in this instance is shown
as composed of a number of concentric cups
ov small eylinders of iron or other metal 6,
set within one another and fastened at the
bottom by a screw or other device to the
block 5.  Other metal, sueh as chemically-
pure iron, may beused. Aluwininm willalso
serve the porpose. This construction of the
anode portion of the device affords large su-
perficial area for the passage of the current
from the electrodeinto the gas and is further
adapted to maintain itself at a comparatively
low temperature, so that the apparatus may
be operated by comparatively heavy currents.

The diameter of the anode portion should
be substantially the same as that of the dis-
charge-column and as an anode for a continu-
ous current is adapted to maintain a dis-
charge of greater stability. This form of
anode I have described in my prior applica-
tion for electric-tube lamps filed May 6, 1902,
Serial No. 106,134, and is not therefore herein
claimed as an improvement per se in anodes.

The other portion of the composite elec-
trode—namely, the cathode portion thereof—
isin Fig. 1 shown as consisting of a structure
adapted to provide a large number of points
for the reception of the electric discharge.
This character of structure may be obtained
by employing a number of wires 7 projecting
with their points into the gas-space and suit-
ably fastened to the block 5 or to the anode
portion of the structure.

In the present instance the cathode portion
is made up of a nomber of wires looped
through holes in a disk 8, which is inserted
into the bottom of the outer cup 6 and is fas-
tened between the same and the next cup of
the series by the screw which holds the parts
to the block 5. By thus providing large sur-
faces in combination with a large number of
points in the electrode it acquires a compos-
ite character which adapts it for use with an
alternating current, since it will behave well
either as a positive or as a negative electrode.
When iron is employed for the parts of the
electrode illustrated in Fig. 1, it is preferable
to employ pure Norway iron, treated pre-
viously to its insertion in the lamp by burn-
ing it at a white heat in a Bunsen flame, then
boiling it for several houars in hot water, pre-
vicusly to which it is scoured with a suitable
alkali to clear it of oil, then baking in an
asbestos oven to dry it, and finally dipping
in aleohol and firing in a flame to burn off
any remaining oil.

In Fig. 2 another form of composite elec-
trode adapted to perform the dual function
of anode and cathode isshown. The cathode
portionisconstructedin thisinstancesubstan-
tially on the principle of the cathode described
in my prior application, Serial No. 106,134,
filed May 6, 1902..
ode portion consists of a mass 9 of lime or

In this instance the cath- |
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other oxid, such as oxid of magnesium or a
mixture of any such oxids in intimate nnion
with the conduecting block or piece of metal
5 in which the leading-in wire 8 terminates.
The piece of lime is preferably provided with
one or more narrow or constricted passages
leading from the forward end or portion to-
ward the middle block and which opening
receives the electric discharge that causes the
walls or portions of the block of lime imme-
diately around said passage or opening to
become highly heated. These parts being
maintained at a high degree of temperature
are especially adapted to operate as a cath-
ode to receive the eleciric discharge. The
mass of lime may be made by compressing
the powdered oxid into form and then boring
it out, so that it may. fit closely upon the
metal block 5, or it may be formed by com-
pressing it upon said electrode in the process
of forming up the plastic mass of powdered
oxid and some suitable softening liguid. In
place of the material specified oxids of any
of the rare earths, such as oxid of thorium
or serium, may be used in place of the lime.
Surrounding the block of lime there may be
a metal casing 10 to reinforce the same and
to serve also as a part of or for the attach-
ment of the parts which constitute the cath-
ode portion of the electrode.

Around the base of the parts described may
be applied a mass 11 of soft lime, which pro-
tects the stem and leading-in wire from the
electric discharge that is liable to seek the
leading-in wire at or near its point of en-
trance and may without such protection dis-
integrate and melt down the seal, so as to de-
stroy the seal of the lamp.

The anode portion of the composite elec-
trode shown in Fig. 2 may consist of the same
form of metal body employed in the compos-
ite electrodes shown in Fig. 1 for the anode
portion of the lamp. The metal tubes con-
stituting the anode portion of the device
shown in Fig. 2 may be suitably secured to
the metal jacket 10, and being thereby in
electrical union with the part which operates
as the cathode will afford a proper medinm

: for the passage of currents from the leading-

in wire to the gas or vapor within the recep-
tacle. Ifdesired,thescrewsordevices which
fasten these tubes to the jacket 10 may pass
through the lime and into union with the
block 5.

In the modification of my invention shown
in Fig. 3 the anode and cathode portions of
the apparatus at one end of the gaseous col-
umn or body are separately mounted and sup-
ported. This may beaccomplished by branch-
ing the tube 2 into the branches 2', the end
of each of which is provided with a suitable
leading-in wire terminating in the case of the
anode in parts 6, substantially the same as
those already described, orin any other form
or construetion that may be chosen as best
suited for use as an anode, while the other
leading-in wire terminates in a cathode of the
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form illustrated in Fig. 2 or in any other de-
sired form or construction found best suited
for use asa cathode under the particular con-
ditions of use of the apparatus.

Fig. 4 illustrates a further modification of
my invention. In thisinstance the electrode
which constitutes the cathode portion of the
compound electrode or pair of electrodes con-
sists of a body 15 of vaporizable liguid, such
as mereury, which is contained in a suitable
holder or receptacle, here shown as consist-
ing of the eup-shaped metallic body or bodies
6, which form the anode portion of the pair
of electrodes. The liquid 15, which is” the
cathode, is in electrical connection with the
leading-in wirethrough contact with theanode
poxtion In the further modification shown
in Fig. 5 the portion of the pair of electrodes
which constitntes the cathode portion of said
path copsists of three elements, all of charac-
ter such that they will conspire in giving to
the parts the character of a cathode. The
central portion or element of said cathode por-
tion is substantially the same as in Fig. 2;
but combined therewith are the projecting
wires 7, already described, which wires may
be secured, as shown, to the metallie part 6,
constituting in this instance the anode, or
may be otherwise fastened or mounted in suit-
able relation, asshown, to the central portion.
Inaddition a body of mercury orothersuitable
liquid 15 may be employed as a part of the

.cathode portion of the pair of electrodes con-

stituting, respectively, theanodeand cathode
at, one end of the gas column.
mercury 15 may be held in the anode part, as
shown, or be otherwise contained, as will be
obvioustothoseskilled intheart. Similarly,
as will be apparent, the anode part might be
itself compound or composite in character.

It should be understood that I donot limit
myself to the partieular forms or kinds of
anodes and cathodes described and shown,
since the form or character of the anode part
is limited solely by the consideration of the
function which it is ealled upon to fulfil in
the combination and similarlyas to the cath-
ode or elements forming such cathode.

The body of"

3

What I claim as my invention is— . .

1. The combination with a sealed holder or
receptacle containing a rarefied gas or vapor
through which electric energy is passed, of
two pairs of electrodes contained within said
receptacle one pair at €ach terminal of the
space through which the electric discharge
takes place and each said pair comprlsmv an
anode and a cathode.

2. The combination with a sealed holder or
receptacle containing ararefied gas or vapor,
of two electrodes at one terminal of the space
through which the electrie discharge takes
place one of said electrodes. operating as an
anode and the other as a cathode.

3. An electric lamp comprising a translu-
cent tube or receptacle containing a rarefied
gas or vapor, and provided at eaeh end with
an anode and a eathode.

4. In an apparatus comprising a sealed re-
ceptacle containing a rarefied gas or vapor
and internal electrodes for the application of
electric energy to the gas or vapor, a com-
posite electrode one portion of which is an
anode and the other a cathode.
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5. In an electric lamp comprising a recep- -

tacle containing a rarefied gas or vapor adapt-

75

ed to be rendered luminous by an electric -

discharge, an internal composite electrode

one element or portion of which is an anode
and the other a cathode. - .
6. The combination with a sealed holder or

‘receptacle containing a rarefied gas or vapor,

of a compound electrode one part of which is
an anode while the other part consists of a
body of vaporizable liquid.held in said anode.

7. The combination with a sealed holder or
receptacle containing a rarefied gas or vapor,
of a composite electrode consisting of a cup-
shaped piece or pieces of metal containing a
vaporizable liquid.

Signed at New York city, in the county of
New York and State of New York, this 20th
day of February, A. D. 1903.

DANIEL McFARLAN MOORE. -

Witnesses:

J. GALLWITZ,
E. L. LAWLER.
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