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UNITED STATES

PATENT OFFICE.

DANIEL McFARLAN MOORE,

OF NEWARK, NEW JERSEY.

ELECTRIC-TUBE LIGHTING.

SPECIFICATION forming part of Letters Patent No. 702,315, dated June 10, 1902.
Application filed December 18, 1901, Serial No, 86,358, (Mo model.)

To all whom it may concermn:

Be it known that I, DANIEL MCFARLAN
MOORE, 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-
tric-Tube Lighting, of which the following is
a specification.

My present invention relates to a novel sys-
tem of electric lighting, involving.as one of
the constituents thereof light produced by
means of electric energy supplied to the ter-
minals of a gaseous column or body contained
in a translucent receptacle.-

The object of my invention is to avoid the
use of electric conductors for distributing the
electrical energy to the lampsor light-giving
portions of the system, and to thereby permit
the illumination of buildings and contained
areas without the presence of conducting
wires or circuits of copper distributed through
the building or the rooms thereof.

Briefly stated, my invention may be said to
consist in distributing or running a translu-
cent tube or receptacle over the areas, spaces,
or rooms to be lighted, the terminals of said
tube being brought to the source of energy
outside of said areas or spaces or in a location
where the said terminals may be suitably
protected against danger of contact or acei-
dental interference, said tube containing a
gas which is of such character or degree of
rarefaction that by the application of elec-
tric energy or current to the terminals of the
tube it will berendered luminous by the trans-
ferof theenergy fromoneterminalorelectrode
to the other. In the practical installation of
my present system the translucent tube of
glass could be built up n sit in the position
it is to occupy while in use, or could other-
wise be distributed as a tube of glass over
the spaces to be illaminated, and its termi-
nals, which are provided with the suitable en-
ergy-transferring electrodes or caps, would
be brought to a protecting-cabinet or wall-
pocket, in which they would be connected to
the two poles of the energy-supplying de-
vices, which latter might be mains or wires
leading direct from the primary generator of
electromotive force or might be terminals of
a suitable transformer adapted to give the
required voltage at its secondary. In prac-

tice and for the preferred form or character
of the lamp I would utilize alternating elec-
tric currents of greater or less voltage, as
might be found desirable. Ior illuminating
the interior of a dwelling or structure the
portions of the glass tubing which contain the
laminous column from which the effective
illumination is obtained could be distributed
in any desired way throughout the whole in-
terior of the dwelling or structure, as one or
more tubes with the conducting caps or ter-
minals thereof brought from within the illu-
minated spaces or areas to an exterior cabi-
net or receptacle, where its conducting-caps
would be located out of harm’s way and in
immediate connection with the source of en-
argy, or, if desired, the energy might be car-
ried into the building and suitable trans-
forming devices located in sealed wall-pock-
ets within the same, the terminalg of the tube
being located in the same manner in said
pocket, while the luminous portion of the
tube would extend over or through the areas
to be lighted, being distributed in any de-
sired form or manner therethrough.

While my invention may be carried out
with any form of lamp having the character-
istics above described—to wit, a translucent
receptacle and energy-supplying electrodes
at the terminals or near the terminals of the
luminous column—TI prefer to use for the pur-
pose & form of lamp previously devised by
me and consisting, essentially, of a translu-
cent tube whose conducting terminals or elec-
trodes are caps or sheets of graphite attached
closely to the exterior of the tube and trans-
ferring their energy by electrostatic action to
the contents of the tube itself.

Amongtheadvantages attained by the pres-
ent system of electric lighting are the follow-
ing: First, the complete absence of five risk,
even when the lamp is operated by high vol-
tages, since it is not necessary to have any
metallic conduectors within the areas or spaces
where danger from fire may exist; second,
greateconomy ininstallation and in efficiency
or consumption of power, owing to the fact
that the number of electric fixtures required
for holding and supplying energy to the ter-
minals of the tube is reduced to a minimum,
thus decreasing the cost for fixtures alone,
also to the faet that the proportion of cap
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to length of luminous column is very greatly
reduced. The advantages of my invention
so far as concerns the latter feature will be
obvious from the following consideration: In
tube-lighting as heretofore practiced by me
I have employed tubes which at a maximum
would be, say, from seven to eight feet long,
that being the largest size which could be
manufactured, manipulated, and installed
withconvenience. Withtubesof suchlength
and employed in sufficient numbers to illu-
minate a space of any considerable size a
large number of fixtures would be employed,
and, moreover, the conduecting-cap placed
upon the tube, if of length sufficient to trans-
fer the proper amount of energy and to se-
cure the desired density of light, would very
largely obscuretheactuallight-giving column,
so that almost half of the total length of the
tube might be non-luminous. Moreover, in

. the case of lamps having exterior conducting
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caps or terminals the total resistance of the
lamp is made up of two elements—namely,
the resistance at the caps and the resistance
of the gas itself. The resistance at the caps
is very large and prevents the tubes from
having a high efficiency, because this resist-
ance is non-luminous. In my presentinven-
tion this element of resistance becomes a fac-
torof less importance, because a greater value
is given to the other factor—namely, the re-
sistance of the luminous column, whieh is the
efficient energy - cousuming portion of the
lamp, because it produces the light.

In the accompanying drawings, Figure 1
illustrates in skeleton perspective the system
of lighting heretofore employed by me and
shows a room or space of considerable area
illuminated by a number of lighting-tubes of
the character heretofore used by me. Fig. 2
illustrates in skeleton the principle of my
present invention by showing the mannerin
which the same area would be illuminated by
a single tube extending around the sides of
the area or space and terminating at a suit-
able wall-pocket in eaps attached to a source
of energy, such as the secondary of a-trans-
former supplied from alternating-eurrent
mains. TFig. 8 is a longitudinal section of
one end of animproved construction of tube.
Fig. 4 is a vertieal section through the wall
or wall-box at one end of the apartment and
shows a modification in the construction of
tube hereinafter move fully described. Tig.
5 is a plan of a tube as disposed and support-
ed in a room in the manner indicated in Fig,
4. Tig. 6 represents the disposition of the
parts at or near the terminals of the tube in
elevation and shows also the provision of a
sectional cap or electrode. Tig. 7 is an end
view, and Fig. 8 a side elevation, of & switch
adapted for use with said sectional cap. Tig.
9 represents a modification in the form of the
tube at its ends.

Referring to I'ig. 1, the area to be lighted
is shown as illuminated by means of twenty-
five tnbes, the visible or illuminating portion
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of each of which is indicated by the numeral

2, while 8 indicates the conducting caps or

terminals, (shown in dotted lines,) which-

with lamps of the particular kind heretofore
invented by me are applied to the exterior of
the tube, at the ends thereof, and furnish tc
the gaseous contents electric energy for caus-
ing the same to emit luminous radiations.
The said tubes are supplied with energy by
means of distributing-wires 4, which extend
overthe areato be lighted and are connected
through suitable fixtures 30 with the con-
dueting caps or electrodes at the terminalsof
said tubes. As will be obvious, in this sys-
tem there are a large number of terminal fix-
tures and of individual lighting devices, each
of which has a number of terminal electrodes
consuming electrical energy in the work of
transferring energy to the gaseous contents
to be rendered luminous. Moreover, in such
a system a large portion of the total gaseous
column is inclosed in the conducting cap or
electrode, so that its luminosity is obseured
and isnot available for any useful purpose.
In fact, when tubes of as great a length as
ninety-one inches are employed it will be
found that for securing the desired density
of illumination with suitable voltage the to-
tal length of the eaps will be approximately
thirty-six inches, and inasmuch as in such a
form of lamp practically one-half of the con-
sumption of energy for each lamp is used up
in the transfer of the energy to and from the
gaseous contents there is a very great total
loss of energy in securing efficient illumina-
tion of the area indicated. The system as
shown has other advantagesin respeet to the
large number of fixtures necessary,which add
to the cost, and also in the fact that the vol-
tage for exeiting the tubes is distributed
through the room or apartment to be illumi-
nated, which is objectionable, particularly
with high voltages, on account of fire risks
and for other reasons, as well understeod in
the art of electric lighting.

In my present invention I take advantage
of the fact discovered Ly me and set oub in
a copending application for patent that an
increase of the length of the visible luminous
column in a lamp wherein the illumination
is produced by exeiting through electrie en-
ergy the gaseous contents of a tube gives a
practically corresponding inerease in the effi-
ciency of the lamp, or, in other words, se-
cures a very greatly increased total illumi-
nating capacity for practically the same to-
tal expenditure of electrical energy. Tig. 2
shows in skeleton an apartment or interior
illuminated by such atubeextending around
the sides thereof and terminating at 51in a

suitable wall pocket or box, where it is pro-

vided with conducting caps or terminals of
sufficient size to supply the requisite amount
of energy required for giving a density of
light of the desired amount and where it is
in direct.connection with the source of energy-
supply. In the present instance and in one
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of the preferred ways of carrying out my in-
vention the source of energy-supply is the
secondary of a suitable static transformer 0,
the primary of whichis supplied from mains
7, which may be street-mains extending from
a suitable power-house and there connected
with a source of alternating currents. DBy
means of the transformer a voltage of any
desired amount may be obtained for the ex-
citation of the tubes, such voltage being de-
pendent upon the density of illumination re-
quired for each unit of length of the tube,
the size of the conducting-caps, the nature
of the gaseous contents, and other factors.
Ordinarily it is desirable to construct the
transformer so as to give at the terminal of
the secondary a higher voltage than that on
the main 7. It is also desirable to select for
the system mains 7 7, having the highest fre-
quency used commercially. My invention,
however, does not concern itself especially
with frequencies nor with voltages on the
mains supplying the energy, since, as more
fully set forth in my application, Serial No.
86,359, filed December 18,1901, T have found
that using what would ordinarily be termed
““yvery moderate voltages” at the terminals
of the tube 2 a very great length of gaseous
column may be rendered lnminous and that
such lengths of luminous tube may be used
as will permit large areas to be illuminated,
while the source of energy connected to the
terminals thereof may be isolated or confined
within the protecting-space of a wall-pocket
or other device.

In installing thelight-giving device lengths
of glass tubing of such dimensions longitudi-
nally as will permit the same tobereadily han-
dled are joined together end to end, by fusing
or otherwise, in the position which the illumi-
nating-tube is to occupy when installed. In
other words, said tube is built up, installed,
and distributed through the spaces to be illu-
minated in much the same mannerasa distrib-
uting-wire would be installed for the purpose
of supplying the tubes of Fig. 1, the only dif-
erence being that on aceount of thesize, fragil-
ity, and want of flexibility in the glass tube
it is necessary to construct it in sections and
in situ. A fexible translucent tube of such
constitution that could be coiled and strung
in position throughout the spaces to be illu-
minated would serve fully the purpose of my
invention; but for present commereial prac-
tice it is best to use rigid lengths of tube and
to fuse them together end to end. They may,
however, be joined end to end in other ways.
Suitable hooks or supports, which may be of
simple construction and of limited cross-sec-
tional area, as indicated at 8, could be used
to support the tube. The terminal caps 3 of
the tube are located in the box or receptacle
5, where they are attached to the terminals
of the secondary of a transformer. The man-
ner in which the ends of the tube may be dis-
posed in the wall pocket or box is better illus-
trated in Fig. 4. The interior of said box is

gl
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lined, preferably, with a slate lining 13 or
other good fireproof insulating material, and
upon the back plate are mounted suitable
brackets 14, provided with clamps 15 to clamp
and support the end or ends of the luminous
tube. The conducting eap or terminal on the
tube may be of any desired condueting mate-
rial, preferably a composition of graphite or
carbon, which may be applied as a paste and
allowed to harden, after which metal conduct-
ing-rings to make connection therewith may
be applied, as indicated at 16. Direct con-
nection with these condueting-rings of metal
is made from the terminals 17 of the trans-
former 6, as shown. Where the tube is of
very considerable length, I construct it so
that it shall have an enlarged area in cross-
section at its ends where the conducting-caps
arve applied. This permits the luminous por-
tion of the tube to be made of any desired
size and length, while the non-luminous por-
tions may be shortened up. By thus giving
a larger cross-sectional area to the end of the
tube I provide a larger surface for the appli-
cation of the conducting-cap, which should
be large with a long tube in order to permit
the proper amount of energy to be transferred
to and from the gaseous contents. The en-
larged cross-sectional area may be obtained
by attaching to eachend of the laminous por-
tion of the tube two or more branches, each
provided with the conducting envelop or cap;
or, if desired, the bore of the tube may be en-
larged, as shown in Fig. 9, where thecap is ap-
plied. When the tube terminates in separate
tubes, as shown in Fig. 5, those which are con-
nected with the same end of the tube are at-
tached to the same terminals of the trans-
former, as clearly shown. Inorder to permit
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the luminosity of the tube to be varied at will, .

I make theconducting-caps in sectionsof any
desired number, as indicated in Fig. 6, said
sections beinginsulated from oneanother and
connected, respectively, with contacts of a
suitable switeh, whereby any number of said
sections may be connected at will to the trans-
former or other source of energy to permit
the total area of cap to be varied, thereby
varying the amount of energy transferred to
and from the gaseous column. Any form of
switch may beused for thispurpose. InKigs.
7 and 8 I show a form of switech wherein the
shaft 20, earrying a button 21, is provided
with two arms of insulating material 22, to
which in turn are attached conducting plates
or brushes 23, each adapted to ride at the
same time upon a continunous conducting-
plate 24, connected to one terminal of the
transformer or other source of energy and
also upon or over a series of contacts 23, con-
nected, respectively, to different sections of
thesectionalcap. The contacts 25 are mount-
ed upon suitable base-plates 26. By turning
the shaft 20 the number of contacts 25, joined
to the feed-plates 24, may be varied at pleas-
ure to vary the luminosity.

Theform of illustrating-tube shown in Ifigs.
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L
2 and 5 may be briefly stated asonein which
the tube returns upon itself and has its two
terminals located close together instead of be-
ing apart, as in the form shown in Fig. 1.
By thus forming the tube it obviously be-
comes easy o isolate thesource of energy-sup-
ply in a suitable protecting cabinet or box.
This form lends itself particularly to use with
transformers which may be located in any de-
sired position in & wall or ceiling pocket or
receptacle, and from which the tube may ex-
tend out over the spaces to be lighted and
back on itself to said pocket or box, its ex-
posed portions being entirely of glass or other
translueent non-conducting material. Under
those circumstances, where it may be desir-
able to locate the box or receptacle 5 at some
distance from those portions of the tube which
are capable of giving useful illumination, the
tube may be protected for some distance by
a casing 9, I'ig. 2, of any suitable character,
extending from the box to the points where
the tube enters the space to be lighted.

Instead of using a casing 9 the portion of
the tube extending from the terminals of the
transformer to those portions which are in-
tended for illumination might be made of
conducting material, in which case said tube
itself would be the conducting ecap or termi-
nal of the gas-column to be rendered lumi-
nous.

When the tube contains a gas or vapor
whose tension requires to be artificially modi-
fied, or, in other words, a gas which may
need to have a particular degree of rarefac-
tion or gaseous tension, it may be provided
at some portion of its length convenient of
access with anipple, such as indicated at 10,
for the application of a proper exhaust-pump.
Also,if desirable,such nipples may be located
at other pointsfor the use of an exhaust-pump
or for the introduction of desired materials
into the tubes. One of these is shown in
detailin Fig. 3. They afford means whereby
alsotheeontents of the tube mayberenewed as
desired or the desired tension of vapor with-
in the same redstablished in case it should
depart from the normal or critical density or
tension best suited for the production of light.
After the installation of the tube in the man-
ner described the materials to be introduced
into the tube and from which the gaseous
column is produced are injected at the nip-
ples 10 at various peints. A suitable ex-
haust-pump is then applied to one end of the
tube and the materials caused to distribute
themselves by the suction thereof, or in some
cases I may proceed by exhausting the tube
and then injecting the material, which will
automatically distribute itself throughout
the same by the suction.

In a lamp of the constraction wherein the
energy is supplied by exterior eaps or termi-
nals the major portion of the consumption
of energy takes place in the transfer of
energy from the eap through the sealing
glass wall of the eontents. It is, however,
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desirable for obvious reasons to use glass
tubingof considerable thicknessfor those por-
tions of the tube which are exposed.

In order to eliminate as far as possible the
waste of energy at the caps, I propose to con-
struct the tubes, as indicated in the longitu-
dinal section, Iig. 3, with a thicknessof wall
as small as possible at those points where
the caps are applied and at which points the
tube is protected against damage, and for the
other portions, or those which are to inclose
the actual light-radiating ecolumn, T use a
greater thickness.

In the foregoing deseription I have as-
sumed that the lamp is one wherein the gase-
ous column is excited to luminosity by energy
supplied through exterior caps or conductors,
this being the form which it is preferable to
employ, inasmuch as no inferior pieces of
metal exist which are liable in use to give off
occluded gases and to thus interefere with
the proper operation of the lamp. My in-
vention, however, is not confined to this class
of lamp, and the system may evidently be
realized with lamps having other kinds of
terminals, since the gist of theinvention con-
sists practically in distributing the gaseous
light-radiating column throughout the area
or interior to be illuminated and having the
terminals thereof supplied with energy of
considerable voltage located in a protective
cabinet or wall-pockef, where said terminals
are joined directly with any source of energy
of proper character to render the gaseous con-
tents luminous. '

By my improved system of lighting I am
enabled to dispense with the use of distribut-
ing-wiring through buildings or rooms, to in-
stall the light at much less cost than by the
presentincandescent system,to dispense with
the use of armored piping orcondunit and june-
tion boxes or moldings, fixtures, porcelain
fuse cut-outs,flexible cords,sockets, and other
lighting appliances now used forincandescent
house-lighting. Moreover, as compared with
the system before used by me, wherein tubes
of, say, seven to eight feet in length arve em-
ployed, at least forty per cent. less tubing is
required, owing to the fact that a great total
length of conducting-caps or other metals or
parts obscuring the illuminating-column is
dispensed with. Torexample, if a given illu-
minationina roomemanates from twenty-five
tubes the electricity is transferred to and
from the gas at fifty places, while if one long
tube is used it is transferred at only two places.

The absence of caps and fixtures is also of

advantage from an artistic standpoint, be-
cause it permits a practically unbroken or
continuous line of light around the area to be
lighted, thus realizing the objeet soughtfor in
electric illumination—namely, a perfect dif-
fusion of light. Moreover, there is in my im-
proved system a very great gain in efficiency,
since, as I have discovered, the length of the
illuminating-column may be greatly drawn
out and the required density of light main-
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tained without corresponding inc¢reasé in the
size of the caps or the amount of energy sup-
plied to the lamp.

I have discovered that lamps of the charac-
ter above described may be operated from
street-mains carrying sinusoidal current of
the ordinary commercial frequency of, say,
seven thousand two hundred alternations per
minute if the voltage be sufficiently raised.
My invention removes all objectionsinvolved
in the distribution of high voltages, because I
am able to localize and to confine them to in-
closures which may be amply protected and,
furthermore, permits of using cap-surfacesof
almost unlimited eapacity. In addition, by
the system herein described I dispense with
the use of special generators, rotary trans-
formers, spark-gaps, circuit-interrupters,and
other special appliances which have hitherto
been considered absolutely essential for the
production of allied phenomena from street-
cirenits.

The system of illumination hereinbefore
described presents radical and important fea-
tures of difference over those electrie-lighting
systems which are at present in use and which

~ have for many years tended to progress in a
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direction entirely wrong, because the lights
were becoming brighter and brighter, while,
as I have demonstrated, the right direction
for improvewment was to get a light that was
less bright in spots, and therefore more like
daylight—in fact, a counterpart of daylight
in,first,distribution ordiffusion; second,color,
aund, third, temperature. Forexample, the in-
candescent lamp falls far shortin these three
most important points, while my improved
lighting system hereinbefore described meets
these requirements perfectly.

The invention claimed is—

1. In an electric-lighting system, a trans-
lucentnon-conducting tube or receptacle con-
taining a gas or vapor adapted to be rendered
luminous when electrically agitated and dis-
posed as described throughout the area or
spaces to be illuminated and terminating at
its ends in a suitable box or receptacle where
it is provided with conduecting caps or termi-
nals adapted for eonnection to the source of
electric energy used for rendering its gaseous
contents luminous.

2. In a system of electric lighting, a trans-
Iucent tube disposed or located through a
room or roowms of a building and terminating
at its ends in a box or receptacle where it is
provided with suitable conducting caps or ter-
minals and means whereby they may be pro-
tected orsealed againstcontact or disturbance
and connected to a suitable source of electrie
energy, said tube containing only a rarefied
gas or a vapor adapted to be rendered lumi-
nous when agitated electrically by the energy
supplied to said caps or terminals.

3. In a system of electric lighting, a trans-
luent: tube disposed or located through a
room or rooms of a building and terminating
at its ends in a box or receptacle where it is

provided with snitable conducting caps or ter-
minals and means whereby they may be pro-
tected or sealed against contaet or disturb-
ance and connected to a suitable source of
electric energy, said tube containing only a
rarefied gas or vapor adapted to be rendered
luminous when agitated electrically by the en-
ergy supplied to said caps or terminals.

4. In a system of electric lighting, a trans-
lucent tube disposed or located through a
room or rooms of a building and terminating
at its ends in a box or receptacle where it is
provided with suitable conducting caps or ter-
minals outside of said room or rooms, and
means whereby they may be protected or
sealed againstcontact ordisturbance and con-
nected to a snitable source of electric energy,
said tube containing only a rarefied gas or va-
por adapted. to be rendered luminous when
agitated electrieally by the energy supplied to
said caps or terminals.

5. An improved electric-lighting system
comprising an alternating - current trans-
former supplied from a suitable alternating-
current main combined with a sealed trans-
lucent tube of glass containing the light-ra-
diating vapor and havingitstwo metallicelec-
trodes located in immediate connection with
the terminals of the secondary of said trans-
former,whileits radiating or light-giving por-
tion is distributed through or over the space
to be illuminated.

6. In a high-potential system of electrie
lighting, an electriclamp consisting of lengths
of ¢lass tubing joined together in sifw and
forming substantially all of the high-poten-
tial circuit, said lamp having terminal sec-
tions provided with suitable conducting-elec-
trodes connected with a source of energy
proper for rendering the gaseous contents of
the tube luminous.

7. In a high-potential system of electrie
lighting, an electriclamp consisting oflengths
of glass tubing joined together and forming
substantially all of the high-potential circuit,
said lamp having terminal sections provided
with suitable conducting-electrodes connect-
ed with a source of energy proper for render-
ingthe gaseous contents of the tube luminous.

8. In an electric-lighting system, the com-
bination of a tube of glass or other transla-
cent material having a luminous or light-giv-
ing eolumn of light-radiating gas of consid-
erable length as compared with the length
of the terminal energy-supplying caps or
electrodes, said tube being of a form which
returns upon itself as described so as to bring
said electrodesinto proximity, and a suitable
statie transformer having its primary sup-
plied with alternating currentand having its
secondary terminals connected to the tube
caps or electrodes directly.

9. An electric lamp consisting of a tube of
glass returned upon itself so thatits ends will
be brought into proximity to one another for
the purposes deseribed, said tube containing
a ravefied gas adapted to be rendered lumi-
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nous by the application of eleciric energy and
being provided with conduecting caps or elec-
trodes applied upon its terminals, as and for
the purpose described.

10. Inan electric-lighting system, the com-
binationsubstantiallyasdescribed of lighting-
tubes containing a rarefied gas or vapor and

~disposed or described through the area or

spaces to be lighted, and alternating-current
mainscarrying currents of the usual commer-
cial frequency, supplying energy to conduct-

ing-terminals of said tube located in a snit-
able protecting inclosure, as and for the pur-
pose described.

Signed at New York city, in the county of
New York and State of New York, this 16th
day of December, A. D. 1901.

DANIEL McFARLAN MOORE.

Witnesses:
K. 1. LAWLER,
. C. TOWNSEND.
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