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To all whom it may concerr:

Beitknownthat I, PETER COOPER HEWITT,
a citizen of the United States, and a resident
of New York, in the county of New York and
State of New York, haveinvented certain new
and useful Improvements in Electric Lamps,
of which the following is a specification.

My invention relates to methods of and ap-
paratus for electric lighting.

The general purpose of the invention isto
produce light by converting electric energy
into light through the agency of vapors or
gases as efficiently as possible and with sim-
ple and durable apparatus.

In the ordinary conversion of electric en-
ergy into light a large amount of the energy
is wasted in heat, and while the development
of heat is usually, if not always, attendant
upon the development of commercial light,
yet from theoretical considerations it may be
assumed that the efficiency of a light-produe-
ing device, otherthings being equal, would be
increased in approximate proportion as the
development of heat is suppressed.

My invention aims, among other things, to
produce light by the conversion of electrieal

energy with the coincident produetion of as.

moderate an amount of heat as practicable,

-and T have found that gases or vapors possess

this property in a greater degree than matter
in any other state, and therefore they offer a
field of operation in which the highest effi-

ciencies can be obtained if proper means are .

devised for rendering the gases or vapors
light-emitting under the influence of elec-
tricity. : '

It has been proposed to obtain light by the
passage of alternating or intermitted electric
currents of very high frequency through a
more or less rarefied gas contained within
hermetically-closed tubes, such gas being so
acted upon by the currents as to become lu-
minous. This class of apparatas, commonly
known as ‘“Geissler tubes,” has been found
for various causes to have no commercial util-
ity as a means of illumination. It has also
been proposed in some instances to pass elec-
tric currents through two electrodes consist-
ing of bodies of mercury contained in her-
metically - closed tubes and to obtain light
from the eleciric arc between the two mer-

cury electrodes; but prior to my invention
no such devices, so far as I am aware, have
been produced which are suitable for com-
mercial use. Theyhave usually been started
by bringing the two bodies of mercury con-
stituting the electrodes into actual contact
with'éach other and then separating them,
the electric current then Leing caused to arc
across from one electrode to the other. Such
method of starting has been found impraeti-
cable for any extended use and requires the

presence of a considerable outside resistance

to prevent an excessive current-flow when

the bodies of mercury are in contact, and.

even when started they have been incapable
of commercial operation with efficiency or for
any considerable period of time. Theseand
other difficulties have rendered such devices
impracticable for use upon circuits in which

the electromotive force is liable to vary, as .

in the ordinary commercial systems of elec-
tric lighting, or evenin connection with other

cireuits, such as those supplied by storage.

batteries, and they have little or no value ex-
cept, perhaps, for special scientific or labora-
toryexperiments. Thesedevices;sofaraslam
aware, have been essentially arc-lamps, as dis-
tinguished from those in which the current

passing from one electrode to the other does.

not form an arc. The exact distinctions be-
tween an arc and conduction not involving an
arc are somewhat difficult to define, although
not difficult to detect in practical operation.
It isnoticeable, however, thatin the caseof an
arcthereis intenseheating of both the positive
and negative electrodes, but particularly of
the positive electrode, and the current passes

from the electrodes into the conducting-vapor.

at definite points or positions, whereas in the
other form of conduction the effect is to pro-
duce a halo around the electrode, as if the
current passed evenly from the electrode, ex-
cept that a dark space appears at or around
the electrode. This space and its appearance
seem to differ with different vapors used; but
there is always a marked and well-defined
difference between it and an are, and when
in the process of manufacture the last trace
of are disappears it is plainly noticeable. In
the other form of conduction little or no heat
is developed at the points where the current
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passes from the electrode into the vapor.
Moreover, in the case of the arc there appears
to be a narrowing at or near an electrode,
whereas in the other form of conduction the
body of light is of practically the same di-
mensions-throughout the space between the
electrodes or between points in close prox-
imity to the electrodes. Aun are, moreover,
is striated, a condition which does not appear
to be present in the other form of conduetion.
Again, the temperature established by the
arc in any one place with a given flow of elec-
tric energy appears to be far in excess of that
produced by a flow of the same amount of
energy in the other form of conduetion.

The lamps which I have producad do not
operate upon the arc principle, but possess
the characteristics of thisspecial form of con-
duetion. It is, moreover, essential that the
proper adjustment of the resistance of the
vapor path should be obtained, and I have
found that this result can be secured in the
case of vapors conducting in this mauner, so
that the electromotive force with which the
lamp is adapted to be operated can be pre-
determined with as great a degree of accuracy
as is usual in the manufacture of the ordi-
nary incandescent lamps having carbon fila-
ments, and the manner in which the resist-
ance shall vary can be controlled in vapor-
lamps with a much wider range of control-
lable resistance than is the case with a ecarbon
filament, as the resistance of the carbon is a
fixed factor, while the vapor resistance may
be selected to vary at will within wide limits.
It does not appear to have been appreciated
prior to my invention that such a control of
resistance on the part of a vapor was possi-
ble or practicable, and, as a matter of fact,
in the forms of lamp hereinbefore referred
to, wherein an arc is established hetween
bodies of mercury, such control has not been
obtained.

Underproperconditions certain vapors and
also certain materials which normally exist
in the form of gases may be caused to remain
in sueh condition as to convey electric cur-
rents under the influence of moderate elec-
tromotive forces after a current-flow has once
beenestablished. By properly correlating the
resistances between the respective electrodes
and the vapor or gas and the resistance of the
vapororgaspathitselfand providinga proper
heat-radiating capacity a lamp may be pro-
duced which will take considerable currents
at moderate electromotive forces and be self-
regulating to such a degree as to permit of its
use upon commercial cireuits even though
their electromotive forces may fluctuate
through wide limits. Torender the lamp as
stable and self-regulating as possible upon the
circuit, it should have the resistance between
the respective electrodes and the gas or vapor
column reduced as much as possible, so that
these resistances relative to the resistance of
the gas column shall be small. The gas or
vapor path then constitutes the principal por-
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tion of the resistance of the lamp, and as the
electromotive force at its terminals increases
the total opposition to the passage of current
may be made fo increase also. This may be
due in a measure at least to the fact that the
greater amount of current flowing under the
incereasing pressure tends to develop a higher
temperature, which in turn tends to increase
the resistance of the lamp, so that a balance
can be effected, rendering the lamp self-regu-
lating. I do not, however; desire to be un-
derstood as advancing this theory of its regu-
lation as the only one or as being necessary;
but merely one which may be advanced from
the results obtained.

Some materials when in a gaseous or vap-
orized state possess the capacity of emitting
light under the influence of electric currents
in a much higher degree than others. The
vapor of mercury is efficient as a light-yield-
ing material, and owing to its molecular
weight and its low boiling or vaporizing point
it is well suited to the purposes of my inven-
tion. Moreover, it readily serves under the
influence of the current to transfer the heat
generated in the lamp to convenient points
for radiation. Some of the materials nor-
mally existing in the form of gases may, how-
ever, be used—such, for instance, asnitrogen.
The amount of light, however, which may be
obtained from nitrogen per unit of length ap-
pears to be less than that which can be ob-
tained from mercury vapors, other things be-
ing equal. The spectrum is also a matter to
be considered in determining the material to
be used. Mercurygivesalight whichisclear
and white, but wanting in red rays, so that
while useful for many purposes it may be un-
desirable for others. Lithium and similar
materials yield spectra with red and other col-
ors. Nitrogenandothergasesdevelopredrays
in abundance, and when combined with the
mercury rays a beautiful result is obtained.
The selection of the material for the vapor or
gas must be determined by the conditions and
requirements. The invention will be more
particularly described with reference to mer-
cury vapor as a matter of convenience and
clearness, being among the most convenient
to practice the art.

The lamp should be constructed to utilize
as far as possible all the resistance of the
lampin theconversion of the electrical energy
into light; but as there may be more or less
heat developed the structure should be such
as will radiate the heat at .a suitable rate.
Usnally it is advantageous to employ a cool-
ing-chamber at some portion of the device
outside the path of the current. In the case
of mercury, for instance, an enlargement of
the tube may project a distance beyond one
of the electrodes, so that the excess of heat
will be radiated. In some instances it is
practicable to cause the radiation to take
place through the walls of the tube surround-
ing the gas column at a sufficient rate to
meet the requirements. If the temperature
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of the lampisallowed tobecome too high, the
lamp is liable to extinguish itself. When a
fixed gas is used or vapors under suc¢h condi-
tions that their densities cannot be unduly
increased by heat in the tube, then the cool-
ing-chamber may be dispensed with. The
lamp may be made of such a size as to render
a special cooling-chamber unnecessary.

The ability to start the lamp readily is of
the utmost importance, gases appearing to
present a greater resistance to the passage
of the current before the current is passing
than after, and I have found that certain
materials added to the lamp before or ‘while
in the process of manufacture produce a
condition which makes it possible to start a
current under a moderate increase of electric
pressure, and thereupon the continuous or
analternating currentof low pressure readily
traverses the lamp, producing an intense en-
during light. I have obtained excellent re-
sults by the use of an independent substance
for effecting the starting of the lamp, which
produces a plehmlnary condition favoring
the passage of current. One of the sub-
stances which I have used is sulfur or its
compounds—for example, asmall guantity of
the sulfid of mercury introduced at the same
time as the mercury when mercury is em-
ployed for forming the vapor. The tube con-
taining these mateudls is then heated by any
sultable means, the air, moisture, and for-
eign gases being pumped out by a suitable
air-pump. I have found it advantageous
during the process of exhaustion to heat the
tube by convenient means until a vacuum
is formed and to then subject the contents
of the tube to the action of an electric cur-
rent of high voltage. I am able to thus pro-
duce more or less heat throughout the length
of the tube and produce such chemical reac-
tions as may occur under the influence of the
current and drive out foreign or deleterious
gases and substances, leaving fairly pure
mercury and a resultant Qulfur compound,

the exact nature of which I am not prepared:

tostate with definiteness, although from such
tests as I have been able to apply it would
seem probable that it is & compound of mer-
cury and sulfur containing a less proportion
of sulfur than exists in the form of sulfid of
Its effects seem quite different
from that produced-by pure red or black
sulfids of mercury such as I have been able
to make or procure in the markets. With
this material present in the tube it is pos-
sible at starting cool to transmit an alter-
nating or intermittent current from one end
of the tube tothe other with a mueh lower elec-
tromotive foree than is required if the sulfur
compound or its equivalent were not present.
1t seems also desirable to free the tube as far
as possible from certain foreign sitbstances,
and particularly from oxygen, and I some-
times treat the tube with a bath of heated
hydrogen before placing on the pump and
also when the lamp is being exhausted. I

“being also continued.

3

have found it sometimes advantageous to use
interrupted currents of high voltage flowing
in a-given direction and to first constitute one
of the electrodes the anode and the other
the cathode and then to reverse the direc-
tion of the currents. I usually employ solid
materials—such, for instance, as pure iron or
other suitable subsbance—for one or both of
the electrodes, and by thus constituting the
respective electrodes alternately anodes and
cathodes during the process of exhaustion
I am enabled to heat each of them to a very
high temperature, and thus drive out any
occluded gases and foreign materials and
produce any chemical reactions in them that
might otherwise occur later on and ruin the
efﬁ01ency of the tube. While the lamp is
thus being treated and exhausted I eonnect
the electrodes through a variable resistance
with a suitable source of current of moderate
electromotive force—such, forinstance,asone
hundred and ten or two hundred and twenty
volts—the application of the high potential
In practice I{ind that
the lamp should be run on the pump with a
current at least equal to or, better, in excess
of the current it is intended to afterward op-
erate with. Asthe lamp approaches comple-
tion it suddenly becomes intensely luminous
by reason of the passage of a considerable
current of moderate potential from this
gource. The high-voltage current may then
be temporarily Wlthdrawn and the lamp fur-
ther treated by current of low potential.
Usually, however, it is desirable to use the
currents of interrupted high potential at in-
tervals, as they are useful for heating the
eleetrodes and effecting the chemieal changes
as-above referred to. When theJamp ceases
to give off further foreign gases, it may be
sealed off, and it is then in condition for op-
eration.. , ‘ ,
When no starting material is present in the
lamp, it is p0551ble to start by healing it-by
any convenient means—such, for 1nstance, as
a Bunsen burner or an elec‘mc heating-coil
of any convenient construction—and sunul—
taneously applying to the terminals a differ-
ence of potential substantially equivalént to
that upon which the lamp is designed to op-
erate and at the same time aboosted electro-
motive force to enable the regular current to
pass; but in the case of gases, owing to the
electric phenomena the exact nature of which
I am not as yet able to state, the lamp lights
up, and when once lighted will continue in
operation as long as required. When, how-
ever, the starting material is used, the lamp
may be started without preliminary heating
by means of electric. currents of the proper
electromotive force, usually higher than that
upon which the lamp is norma,lly intended fo
run. This maybe conveniently done by plac-
ing in the circuit leading to the lamp the sec-
ondary coil of a transformer, the primary of
which is connected with the supply-circuit
through a suitable cirenit-inferrupter, or an
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alternating current from a suitable trans-
former may be used, the purpose being to
first cause a current to pass through the space
between the electrodes, which then appears
to afford a path for the operating-currents
of moderate potential. The readiness with
which currents of lower electromotive force
are caused to flow when a lamp provided with

‘the starting material has been subjected for

an extremely short period to a higher elec-
tromotive forece would indicate that the start-

ing is not in this case due to the heat devel- |

opment of the current, but {o some other elec-
trolytic or electrochemical action, the exact
nature of which it is difficult to determine.
Ifor the purpose of constructing thelamp it
is not essential that the theory of the action
should be determined.

I have found that other materials than sul-
fur and mercury may be used to produce the
starting material in the lamp. For instance,
I have employed selenium and mercury with
good results and also phosphorus and mer-
cury and other material. After the lamp is
started it is probable that the starting ma-
terial does not continue to act as a current-
carrier, but that it is forced out of the path
of the current or undergoes a change; but
when the lamp is again cooled it resumes the
proper relation and condition to be availed
of for again starting. I have found it ad-
vantageous when the lamp is to be started
without heating and by means of moderately
high voltage currents to sufround the glass
or wall in the neighborhood of one of the
electrodes, or in the case of an alterpating-
current lamp each of the electrodes, by a
band of conducting or semiconducting ina-
terial—such, for instance, as foil—which in
turn is placed in electrical connection with
the other electrode or grounded by means
of a small conductor. This device appears
to lessen or neutralize to a certain extent
at least the surface tension or static charge
which gathers about the electrode during
the application of the starting-current, and
it reduces the effective starting resistance
of the lamp. A lamp which conld be started
only by extremely high potential currents,
if at all, without this band may be started
without difficulty when it is present. When
the lamp is once in operation under the in-
fluence of alternating or continuous cur-
rents of low pressures, the presence of the
conducting - band seems to no longer ex-
ercise its function to the same degree, al-
though it may remain without interfering
with the operation of the lamp, as it is insu-
lated from the neighboring terminal of the
lamp.

Inthe accompanying drawings, illustrating
my invention, Figure 1 represents one form
of a completelamp. Fig.2illustratesa modi-
fied form of electrode. Figs. 3, 4, and 5 illus-

trate systems of circuits for operating the
lamp. Tig. 6 illustrates, partly in diagram,
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an organization of apparatus for exhausting
and treating the lamp during exhaustion.

Referring tothe figures, 1represents a glass
tube of such dimensions as may be required—
say, for example, a tube of three-quarters of
an inch in diameter and two or three feet in
length and having a wall of such thicknsss
as not to be fragile. The particular dimen-
sions of the tube to be chosen are determined
by the electromotive force and the current
with which it is to be operated and other con-
siderations which will be hereinafter pointed
out. This tube is provided with two elec-
trodes, (indicated at 2 and 5, respectively.)
If thelampis toberun by continuouscurrent,
the electrode 2 is usually the anode and the
electrode 5 the cathode. In the drawingsI
have shown the electrode 2 as being of an in-
verted-cup shape; but other forms may be
employed—such, for instance, as a closed
spherical, oval, eylindrical, and other shapes.
I have obtained excellent results by using a
pure iron for this electrode; but other metals
may be substituted. It is suspended within
or near the neck of an enlargement or cham-
ber 4, which I usually employ, this chamber
serving to increase the heat-radiating capac-
ity of the lamp and to retain impurities.
The electrode 2 is suspended by leading-in
conductor 7, of platinum or other suitable
material, extending through the glass wall,
and I usually provide a long seal 10 for pro-
tecting more or less of the leading-in con-
ductor within the lamp. The electrode 5 is
shown in this instance as being a small quan-
tity of mercury. A leading-in conductor 8
connects with this electrode. Surrounding
the lower end of the tube, adjacent to and
usually projecting a slight distance, say, one-
eighth of an inch above the level of thelower
electrode, there is placed a thin band 9 of
conducting material—such, for instance, as
foil—and this is electrically connected by a
conductor 13 with the leading-in wire 7.
When the lamp is to be operated by alter-
nating electric currents, it may be useful to
place a circular band in similar relation to
the other electrode and connect it with the
leading-in conductor 8.

The lamp is started by meanseither of first
heating it—as, for instance, with the flame of
aBunsen burneror other convenient means—
or by applying to the terminals an electromo-
tive force of higher potential-—such, for in-
stance, as may be obtained by a’rapidly al-
ternating or intermittent current. In Fig. 3
I have represented a system of circuits and
apparatus for securing an intermittent cur-
rent of higher potential from the same main
c¢ireunit 14 15,upon which thelamp is to be run.
The apparatus consists in this instance of a
converter having a core 16, provided with two
coils 17 and 18. One terminal of the coil 17
is connected with the conductor 14. The re-
maining terminal is connected with an insu-
lated contact 20 on an armature 21, which is
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operated by the core16. A contact-point 22,
against which the point 20 normally rests, is
connected with one terminal of a circuit-in-
terrupting device 19. -The remaining termi-
nal of this circuit-interrnpting device is con-
neeted, through a suitable key or switch 23,
with the conduector 15. ' One terminal of the
coil 18 is connected with the conductor 14,

. and the remaining terminal is connected with

19’

the leading-in wire 7.  The leading-in wire 8
is connected with the main line 15. When
the current is turned on—as, for instance, by

" the line-switch 23—the interrupter 19 causes
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rapidly-intermitted currents to pass through
the coil 17. This induces a current of any
desired potential in the eoil 18. The effect
of this high potential is to produce within the
lamp such an electrical or electrochemical
condition as will result in effecting a passage
of the currents of normal potential which are
simultaneously applied by the main circuit
14 15. When currents commence to flow
through the lamp from the conduectors 14 15
under the influence of the normal eleetromo-
tive force upon the main circuit, the core 16
attracts the armature 21, separating the con-
tacts 20 22. The same movement of this ar-
mature may operate to close a shunt-circuit
24 -around the coil 18 through a resistance 25
offering sufficient resistance to the flow of cur-
rent to cause enough current to still flow
through the coil 18 to hold the armature 21 in
its forward position’so long as the lamp con-
tinues to operate. In thisfignre I haveshown
this as accomplished by an insulated contact
26, carried by the armature 21, coming into
contact with a point 27, this point being con-
nected with the conductor 24, while the insu-
lated point 26 is connected by the conductor
27 with the opposite end of the coil 18,

During the starting of the lamp by the ap-
plication of higher potential currents a high
static charge appears to occur near the elec-
trode 5 and upon the outer surface of the
lamp, and this is removed or reduced by the
presence of the band 9, connected through
the conductor 13 to theleading-in wire 7. In
practice I have found that with this band re-
moved or the conductor 13 interrupted it is
exceedingly difficult,if not impossible, tostart
the lamp with currents of reasonable electro-
motive force unlessthe lamp is heated by ar-
tificial means. The exact position at which
the band 9 may be located appears to differ
somewhat in different eases, probably owing
to the good conduectivity of the gas coming
from or forming part of the electrode. The
proper position is usually slightly beyond the
effective joint between the electrode and the
gas.

It should be noted that the potential of the
main eireuit 14 15 is applied to the lamp dur-
ing the time that the higher potential start-
ing-current is applied, and if an intermittent
current in distinction from an alternating
current is employed and a continuous cur-
rent is to be used for operating the lamp it

. s
is usually desirable, though not necessary,

to so connect the terminals that the electro-
motive forces shall'bein the same direction—

70

that is to say, the positive side of the main

circuit being connected with the electrode 2
the positive side of the higher potential eir-.

cuit is connected with the same electrode:
The connections may, however, be in oppo-
site -directions.

With alternating currents, -

75

the electrode 2 being alternately anode and -

cathode, the connections may be followed out
on the same priociple.

‘The circuit-interrupter 19 which 1 hav
shown isan adaptamon of adevice commonly
known as a ¢ Wehnelt” interrupter. It con-
sists of two electrodes 28 and 29, of lead, sep-
arated by a jar 80,0f non-conducting material,

“having small perforations 81 and immersed

in sulfurie acid contained within a vessel 32.

8

85

An electrode 28 is placed within the jar and -

an electrode 29 outside of it. The action of
the electric currentis togenerate gases which
forming within the perforations temporarily
interrupt the circuit, and the gases disap-
pearing the circuit is again completed with
great rapidity. ~Other forms of eircuit-inter-
rupting devices, however, may be employed.

Unless special means are provided to pre-
vent it a lamp of this character using mer-
cury vapor is liable to have a more or less
flickering effect, probably due to the shifting
of the position at which the current enters
the cathode. I have succeeded in obviating
such flickering in various ways. The tend-
ency of the current seems to be to remain
in the gas or vapor until it reaches the por-
tion of the cathode most distant fromn the
anode, and if a small body of mercury sur-
rounds the cathode it will unless meansg are
provided topreventit wander over thesurface
of the mercury, and thus produce the flick-
ering. 1 find that by sufficiently obstructing
the path beyoud the portion of the cathode
nearest the anode the current will be forced to
enterthecathode at a more or less fixed point,
and thus become steady and obviate the flick-
ering.
able substance 6, as shown in Fig. 2, may be
placedin the mercury, leaving only a perfora-
tion through which the current must pass.
Where the cathode is at the end of the tube,
this diffculty may be overcome to a large
extent by making it concave and arranging
it so that the enrrent will enter it on the con-
cave surface.

I have used in some instances in place of

A cylinder of porcelain or other suit-
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the form of apparatus above described for -

producing the higher potential starting-cup-
rent a simple spark-coil, as shown in Fig. 4,
comprising a core 40, Wlth a primary co1l 41,
adapted tobe connected ,by means of a switch
42, between the main conductors 14 and 15,
and also provided with a secondary coil 43,

one terminal of whieh is connected with the

electrode 5 of the lamp and the remaining
terminal with the main conductor 15. A
switch 44 is included in the conductor 43,
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‘neutral conductor 51.

.on the part of the vapor path.

1]

which leads from the electrode 2 to the main
conductor 14. The coils 41 and 43 are so pro-
portioned as to produce a higher difference
of potential at the terminals of the coil 43
upon breaking the circuit of the coil 41, and
the discharge from this coil suffices to pro-
duce in the vapor path of the lamp the proper
conditions for permitting the current from
the main circuit to flow through the lamp by
way of the conductor 45 and the coil 43.

In Fig. 5 a modification in the ecireuit or-
ganization is shown in which a three-wire sys-
tem of distribution is represented by the con-
duetors 50, 51, and 52. The difference of po-
tential uapon the outside conductors 50 and
52 being assumed tobe twice that between the
middle or neutral conductor 51 and the re-
spective outside conductors, the purpose is
to apply the higher difference of potential to
the lamp upon starting and automatically
shifting the lamp to the lower potential when
current commences to flow. For this purpose
any suitable form of circuit-changing switch
may be employed. In the drawings I have
shown a magnet 53, having its coil included
in the conductor 54, leading to one terminal
of the lamp. The armature 55 of this mag-
net is connected by a conductor 56 with the
It is normally held
away from the magnet, so that an insulated
contact 57 is pressed back by a contact-point
58, which in turn is connected by a conductor
58* with the main conductor 52. The insn-
lated contact 57 is connected by a conductor
59 with the remaining terminal of the lamp.
When the lamp is started, its terminals are
in connection with the two conductors 50 and
52; but current Aowing through the conduec-
tor 54 in sufficient quantity to operate the
lamp causes the magnet to draw the arma-
ture 55 forward, closing the contact between
the spring-contact 57 and armature 55 and
simultaneously breaking the contact between
the point 58 and the spring-contact 57, thus
shifting the lamp to the lower voltage-circuit.
A resistance may be included in the conduc-
tor 58* to prevent a short circuit upon the
conductors 51 52 when the armature is being
drawn forward.

As already stated in connection with Fig,
1, the condensing and impurity-containing
chamber 4 or its equivalent performs an im-
portant function in the operation of the lamp.
Asthelamp commences to operate heat aceu-
mulates, and the increasing temperature ap-
pears to soon result in increased resistance
If the heat is
not conducted away after the lamp has
reached its proper working condition with tho
same rapidity that it is generated, the lamp
may extinguishitself. Thechamber4isthere-
fore constructed with sufficient radiating sur-
face to get rid of the excess heat and keep
the lamp in the proper condition. The cham-

ber 4 need not, however, necessarily surround
the electrode 2;

but it may be located else-
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where and be of other form, provided it is out
of the vapor-path.

It may sometimes be desirable to insert a
small balanecing or steadying resistance in
series with the lamp. ™This resistance is of
importance mainly on starting certain kinds
of lamps, which when cold, owing to the start-
ing material or other construction, would take
too much current until they have acquired
their working condition. When a given elec-
tromotive foree is applied to the terminals of
the lamp, such steadying resistance does not
cause any material reduction of potential at
the terminals of the lamp until current com-
mences to flow, and thereafter the greater the
amount of current flowing the greater will be
the resistance opposed to the flow of current,
and thasthe difference of potential at the ter-
minals of the lamp will be held down. The
coils of the starting mechanism are therefore
usually not objectionable when left in circuit,
for their resistance in a large measure com-
pensates for moderate changes of voltage
upon the circunit in which the lamp may be
placed and also prevents too great a rush of
current when the lamp first starts, for when
the lamp starts it is relatively eold and is ca-
pable of absorbing hieat rapidly and may take
a correspondingly large amount of current.
This might in some cases melt the leading-in
wires or crack the glass were it not prevent-
ed by some such means as the steadying re-
sistance. I haveshown such a steadying re-
sistance at 11 in Fig. 3; but when the lamp
is running the steadying resistance causes
but slight loss, as the amount of current is
less.

Referring to Fig. 6, the method of manu-
facturing the lamp will be described more in
detail. The tube, properly shaped and pre-
pared, is first thoroughly cleansed with acids,
alkalies, and water. Ihave found it conven-
ient to first rinse the tube with dilute hydro-
fluoricacid and then wash with distilled water,
and therefore, if desired, it may be further
washed by a bath of hot hydrogen. In case
mercury is to be used for providing the con-
ducting vapor, a small quantity of it is placed
within the tube, and if the sulfid of mercury
is to be used for forming the starting mate-
rial a small quantity of that substance is
added. TPure sulfur may be introduced in-
stead of sulfid of mercury; butIhave found
that it usually is more difficult to secure the
desired results with it than with the sulfid of
mercury. The lamp is then sealed onto a
suitable exhaust-pump 60 of any suitahle
character through an exhausting-tube 61,
and the process of exhaustion is commenced.
Meanwhile artificial heat is applied to the
tube—as, for instance, by a Bunsen burner
2 or an electric heater or in some other con-
venient manner. After the free gases and
air have been exhausted, an electric current
of higher potential is applied to the terminals
of the lamp-—as, for instance, by a system of
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circuits and apparatus soch as described in
connection with Fig. 4—and the passage of
this. current through the lamp produces an
effect somewhat similar to that noticeable in

Geisslertubes. The operation of the exhaust-

pump is continued, and a difference of poten-
tial apmo‘nmately equal to that under which

- the lamp is intended to beoperatedis applied
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to the terminals of the lamp. -As the lamp
approaches completion it suddenly becomes
intensely luminous by reason of the passage
of a current of considerable quantity. Ifthe
higher potential current employed is an in-
terrupted current, it is desirable to reverse
the terminals of the. lamp. with reference to
that current one or more times, for the cath-
ode is thereby readily heated to a very high
temperature, which aids in drivingoff any
occluded gases and impurities.
verser 63 may be employed for that purpose.

In the form of apparatus shown in Fig. 6
the connections of the spark-coil are some-
what different from those of the similar coil
shown in Fig. 4; but the principle of opera-
tion is the same, and the action of the appa-
ratus can easily be determined by reference
to the description of it in connection with
Fig. 4. In place of the switeh 44 (shown in
I‘w 4) I substitute a variable resistance 44*,
the object of which is to permit of varying
the current passing through the tube 1 dur-
ing the process of manufacture. The switeh
42 may be replaced by an automatie circuit-
1ntermpte1—such asillustrated, fomnq‘mnce,
in connection with Fig. 3.

The process of e‘ihaustlng the lamp does
not appear to remove the starting material,
althoughapparently a different chemical com-
pound is formed, and it is possible that some
of the sulfur is thrown off or formed into
some other combination and withdrawn from
the tube. Inany eventsufficient of the start-
ing material remains in the tube to permit
the ready starting of the lamp when it is com-
pleted.. The amount of sulfid of mercury to
be introduced may be varied within wide
limits. I have used.in a lamp of approxi-
mately the dimensions hereinbefore referred

to a quantity as small as may be taken upon:

the point of a pocket-knife and be plainly
visible. Too much does not seem to exercise
any very bad effect, except retarding the proe-
ess of exhaustion and possibly to blacken or
coat the glass somewhat. - When the pump
ceases to withdraw any gases other than the
mercury-vapors, the lamp is completed and
may be sealed off the pump at 61.

While I have described thelamp more par-
ticularly with reference to mercury vapors,
I desire it to be distinctly understood that I
do not limit myself to those vapors nor to ma-
terials which at ordinary temperatures exist
in the forms of solids or liguids, for perma-
nent gases may be employed. Usually with
permanent gases the necessity of the cham-
ber 4 is obviated, for the proper gas density

A circuit-re--

is obtained when the lalhp is C‘o'ns'tr‘u‘ctéd ;and
the:lamp being. made. -~ self- regulating the
‘temperature controls and is controlled by the

quantity of current flowing...I have. also

found that with the mercury vapors the lamp -

operates successfully without: the enlarge-

ment 4, if the diameter of the tube is an mch‘

or more, or even smaller, . :
In certain other applications ﬁled by me
April 5, 1900, Serial Nos. 11,606 and 11,607,

eeltam features whlch are.disclosed herem
The invention claimed is=—
enexgyconsxstmw of an 1nclosuw chamber, a

der proper conditions, of conducting currents
of considerable quanmty under the influence
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-and Serlal Nos. 44,647, 44 648, and’ 44 649v S
filed January 23, 1901 clalms are made to

~ " 80
1. A lamp for producing light by electrle -

‘gas or vapor contained. therein eapable, un- -

_8‘5
of ‘moderate ‘difference of potential, and a - 8

starting material also contained within ‘the .

eha,mber and serving to convey a starting--

current under the mﬂnence Of a hwhel dlf—
ference of potential. -

2. In a gas or vaporlamp, the combmatlon
with a conductmfr vapor or gas constituting
the sole path for the current ’while the lamp
is in operation, of a starting material serving
to permit the initial passage of the electnc
current through the lamp.

3. An electrie lamp consisting of a heL-
metically-sealed inclosing chamber elec-
trodes within the same, means for securing

electrical connection thelewmh lespecmvely y

through the walls of the chambel' a vapor or
gas contamed within the chamber having,
when traversed by an electric current, a.re-
sistance so varying with increments of cur-
rent as to rénder it substantially self- regulat-
ing, and a steadying remsb‘mce in cemes with
the lamp.

4, In an electric vapor or gas Iamp, the.
combination of two electrodes loeated at or

near the respective ends of the lamp, a con-
ducting medium between the electrodes con-

sisting of a vapor or gas which is light-emit--

ting undez the 1nﬁuence of electric currents

90

95

100

oy

110

of modex ate potential, means for applying a -

preliminary higher differetice of potential to
the terminals of the lamp for creating a con~
dition on the part of the conduetmor-vapor
which will permit it to conduct currents of
moderate potential, and means for thereafter
operating the lamp by the currents of moder-
ate potential.

In an electric I&mp, the combma‘uon of-

an 1nclosmf_r chamber, two electrodes, a con-
ducting medium bétween the electrodes con-

sisting of a vapor or gas which is light-emit--

ting under the mﬁuence of elec*nc currents

11§

120

123

of modera,te potential, means for applying a -

higher difference of potential to the termi-

nals of the lamp for producing a condition on-

the part of the vapor or gas which will ren-
der it conductive for currents of considerable

130

quantity and moderate potential, and means. -
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for relieving the static charge at or near one
of the electrodes caused by the action of the
higher difference of potential.

6. In an electric lamp, the combination of
an inclosing chamber, two electrodes, a con-
ducting medium between the electrodes con-
sisting of a vapor or gas which is light-emit-
ting under the influence of electric currents
of moderate potential, means for applying a
higher difference of potential to the termi-
nals of the lamp for producing a condition
on the part of the vapor or gas which will
render it conductive for currents of consid-
erable quantity and moderate potential, and
means for relieving the static charge at or
near one of the electrodes caused by the ac-

. tion of the higher difference of potential con-
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sisting of a band of conducting material lo-
cated near, but outof contact with, that elec-
trode, and electrically connected with the
other electrode.

7. Alamp for producing light by means of
electric energy consisting of an inclosing
chamber, a gas or vapor contained therein ca-
pable, under the proper conditions, of con-
ducting currentsof considerable quantity and
moderate electromotive force, a starting ma-
terial within the chamber facilitating the pas-
sage of current therethrough under the in-
fluence of higher differences of potential, a
conducting-band surrounding the inclosing
chamber near one of the electrodes of the
lamp, and electric connections for leading off
the electric charge produced therein under
the influence of the electric currents of high
differences of potential.

8. An electric lamp consisting of a trans-
parent tube, a gas or vapor column contained
therein, an electrode at thelower end thereof
consisting wholly or in part of liquid, a me-
tallic electrode at or near the upper end of
said tube, a cooling and impurity-containing
chamber surrounding the upper electrode,
and meauns for securing electric connections
with the respective electrodes through the
wall of the lamp.

9. An electric lamp consisting of a trans-
parent inclosing chamber, an electrode at or
near one end of the chamber consisting
wholly or in part of mercury, an electrode at
or near the other end of the chamber consist-
ing of a body of iron, and means for form-
ing electrical connections with said electrodes
through the wall of said chamber.

10. An electric lamp consisting of an in-
closing chamber, electrodes within said cham-
ber connected with each other through an in-
tervening gas or vapor ecolumn, and a static-
charge dissipator located near one of the elec-
trodes but insulated therefrom and electric-
ally connected with the other electrode.

11. An electric lamp consisting of an in-
closing chamber and two electrodes at or near
the respective ends of said chamber, one of
said electrodes consisting of a solid body of
not readily vaporizable material free from
carbon and other materials liable to be given
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off thereby in injurious quantities by the op-
eration of the lamp.

12. An electrode for electric lamps employ-
ing a vapor or gas as a conducting medium
consisting of a quantity of mercury and a
non-conducting wall constricting the path of
the electric current between said vapor or
gas and said mercury.

13. The combination with an electric lamp
wherein light is produced by the passage of
electric energy through a hermetically-in-
closed gas or vapor, a source of electrie cur-
rents of moderate difference of potential,
connections from said source with the termi-
nals of the lamp, a potential-raising device
also connected with said source of electric
currents, and means for applying the higher
difference of potential produced by said de-
vice to the terminals of the lamp while the
moderate potential is also applied.

14. The combination with an electric lamp
in which light is produced by electric energy
traversing a hermetically-inclosed vapor or
gas, a source of electric currents of moderate
electromotiveforce,electric connectionsthere-
from to the terminals of the lamp, and a po-
tential-raising transformer having its second-
ary coil connected in the circuit leading to
the lamp and its primary coil connected with
the source of currents of moderate difference
of potential, substantially as and for the pur-
pose described.

15. The combinalion of an electric vapor or
gas lamp having a gas or vapor path adapted
to be rendered luminous by the passage of
an electric current, said vapor path having
a resistance so varying with inerements of
currents employed for its operation as to ren-
der it substantially self-regulating, a circuit
of low potential for the normal operation of
the lamp, and a local circuit of higher poten-
tial part of which local circuit forms part of
the circuit of low potential, the vapor path
forming a part of both circuits.

16. The combination with an electric lamp
in which light is produced by electric energy
acting on a hermetically-inclosed vapor or
gas, a source of electric currents of moderate
electromotiveforee,electric connectionsthere-
from to the terminals of the lamp, and a po-
tential-raising transformer having its second-
ary coil connected in the circuit leading to
the lamp and its primary coil connected with
the source of currents of moderate difference
of potential, with means on starting for shift-
ing from the higher potential to the lower
potential eircuit, substantially as and for the
purpose described.

17. The combination in an electric lamp in
which light is produced by electric energy
acting on a vapor or gas, a souree of electric
currents of moderate electromotive force,
electric connections therefrom to the termi-
nals of the lamp, a potential-raising trans-
former having its secondary coil connected in
the circuit leading to the lamp and its pri-
mary coil eonnected with the source of cur-

70

75

8o

85

Qo

95

I00

105

110

11§

120

125

130




10

15

20

25

30

35

40

45

50

55

6o

65

682,690 -

rents of moderate potentlal and an automatie
circuit-interrupter for opening the cireuit of
the primary coil when currents of consider-
able quantity traverse the lamp under thein-
fluence of the normal electromotive force from
said source. _

18. The combination with ap electric lamp
in which light is produced by electric energy
acting on a vapor or gas column, a source of
electric currents of moderate electromotive
force, electric connections therefrom to the
terminals of the lamp, a potential - raising
transformer having its secondary coil con-

nected in the circuit leading to the lamp and-

its primary coil connected with the source of
currents of moderate difference of potential,
and means for producing rapid variations of
current in the primary coil, thereby super-
posing a higher electromotive force upon the
moderate electromotive force applied to the
lamp.

19. The combination with an electric lamp
in which light is produced by the conduection
of currents through a path of vapor or gas,
of a source of electric currents, connections
therefrom with the terminals of the lamp, a
converter having its secondary coil connected
in said circuit with the lamp and having its
primary coil connected with said source,
means for rapidly magnetizing and demag-
netizing the core of said transformer, a resist-
ance shunt-cireuit around the secondary coil
of the transformer, and means for elosing the
connections of said shunt-circuit when the
lamp is in operation.

20. The combination with an electric lamp
in which light is produced by the ¢conduction
of currents through a path of vapor or gas,
of a source of electric currents, connections
therefrom with the terminals of the lamp, a
converter having its secondary coil connect-
ed in circuit with the lamp, and having its
primary coil connected with said source,
means for rapidly magnetizing and demag-
netizing the core of said transformer, a resist-
ance shunt-circuit around the secondary coil
of the transformer, means for closing the con-
nections of said shunt-circuit - when the lamp
isin operation, and means for simultaneously
interrupting the connections of the primary
circuit.

21. The combination in an electric lampin
which a starting-current of higher electro-
motive force isrequired, of a transformer for
producing such higher electromotive force
having its secondmy coil connected with the
termlnals of the lamp and its primary coil
connected with a source of electric currents,
connections from said source through the sec-
ondary coil, and a cireuit- 1nterrupt1n0‘dev10e
for the primary coil operated by the magneti-
zation of the core of the converter under the
influence of operating-currents traversing the
lamp.

22. The combination with a lamp for pro-
ducing light by the conduction of electric
currents through a hermetically-inclosed va-
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por or gas path, of a source of high difference
of potential and a source of moderate differ-
ence of potential, means for connecting the
lamp with the source of high difference of
potential for starting the lamp and with the
source of moderate difference of potential for
operating the lamp.

23. The combination with an electric lamp,
two sources of electromotive foree, means for
connecting said sources in series for starting
the lamp, and means for connecting the lamp
with one of said sources for operating it.when
started.

24. The combination with an electric lamp
having & light-emitting material consisting
of a hermetleally 1nclo°ed vapor or gas capa-
ble of emitting light under the mﬂuenee of
currents of modexate potential, a source of
electric currents, means for connecting the
lamp with said source, means for creating
from the moderate potential eurrentsof higher
potential, means for applying the higher po-
tential to the lamp for starting it, and means
for discontinuing the high potential when
the lamp is started

25. The combination with an electric lamp
comprising an inclosing chamber and a vapor
or gas forming a path for the current between
the electrodes of the lamp, of a transformer,
means for causing independent variationsin
the current traversing the primary coil of the
transformer, and eircuit connections through
the secondary coil of the transformer with a
source of elegtric currents.

26. The combination with an electrie lamp
comprising an inclosing chamber and a vapor
or gas forming a path for the current between
the electrodes of the lamp, of a transformer,
means for causing independent variations in-
the current traversing the primary coil of the
transformer, connections throngh the second-
ary coil of the transformer with a source of
electric currents, and meauns for interrupting
the flow of eurrents through the primary coil.

27. The combination with an electric lamp
having a heremetically-inclosed gas orvapor.
path, of a circuit leading to the terminals
thereof, a transformer the secordary coil of
which is included in said cireuit, means for
causing a rapidly-varying current to traverse
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the primary of the transformer, and means -

for interrupting the circuit of said primary
coil, by the action of eurrent flowing through
the lamp.

28. The combination with an eleetric lamp
of the character deseribed, of a cireuit lead-
ing to the terminals thereof a transformer
the secondary coilof which is included in said
circuit, means for causing a varying current
to traverse the primary of the transformer,
means for interrupting the cireuit of said
primary coil by the actionof currentsof lower
potential flowing through the lamp, and
means for euttmcr the seeondary coil out of
circuit when the 1amp is operating.

29. The combination with a lamp of the
character described, of a permanent source
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of electric current connected to the terminals
of the said lamp through the secondary of a
transformer, a second cireuit from the said
source, including the primary of the said
transformer, and means for varying the cur-
rentinthesaid primaryand afterward cutting
out the circuit of the primary by the action
of the current passing through the lamp.

30. The combination with an electric lamp,
of a main supply-circuit, connections there-

from through the secondary coil of a trans-

former with the terminals of the lamp, a pri-
mary coil for the transformer, a cireuit-inter-
rupter, means for connecting said primary
coil and cireuit-interrupter with the supply-
circuit, and means for interrupting the pri-
mary-coil circuit by the action of currents
supplying the lamp.

31. The combination of a translating de-
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vice; 4 sotrce of current, a transformer hav-
ing one coil connected in series with the trans-
lating device and with the source of current,
means for ereating independent time varia-
tions in the supply-current traversing the
other coil, whereby the electromotive force
of the current in the first-named coil is modi:
fied; and a device for antomatically cutting
out the means for ereating tlie independent
time variations, through the instrumentality
of currents passing through the translating
device.

Signed at New York, in the cotinty of New
York and State of New York, this 21st day of
Marech, A. D. 1900. .

PETER COOPER HEWITT,

Witnesses:

HENRY NOEL POTTER;
WM. II. CAPEL.
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