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To all whom it may concern:

Beit known that I, PETER COOPER HEWITT,
a citizen of the United States, and aresident
of New York, in the county of New York and
State of New York, have invented certain new
and usefulImprovements in Methods of Oper-
ating Electric Lamps, of which the following
is a specification.

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

The general purpose of the invention is to
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 usunally, if not always, attendant
upon the development of commercial light,
yet from theoretical considerations it may be
agsumed that the efficieney of a light-produc-
ing device,other things being equal, would be
inereased in approximate proportion as the
development of heat is suppressed.

My invention aims, among other things, to

produce light by the conversion of electrical |

energy with the coincident production of as
moderate an amount of heat as practicable,
and Thave 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 meansare
devised for rendering the gases or vapors
light-emitting under the influence of elec-

. tricity.

Ithas been proposed to obtain light by the
passage of alternating or intermitted electric
currents of very high frequency througha
more or less rarefied gas contained within
hermetically-closed tubes, such gas being so
acted upon by the currents as to become
luminous. - This class of apparatus, com-
monly known as ‘“Geissler tubes,” has been
found for various causes to have no commer-
cial utility as a means of illumination. It

has also been proposed in some instances to
pass electric currents through two electrodes
consisting of bodies of mercury contained in
hermetically-closed tubes and to obtain light

from the electric 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-
mercjal use. They have usually been started
by bringing the two bodies of mercury con-
stituting the electrodes into actual contact
with each other and then separating them,
the electric current then being caused to are
across from one electrode to the other. Such
method of starting has been found impracti-
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 eircuits in which
the electromotive force is liable to vary, as
in the ordinary commercial systeins of elec-
tric lighting, or even in connection with other
circuits, such as those supplied by storage
batteries, and they have little or-no value, ex-
cept, perhaps, for special scientific or labora-
tory experiments. These devices, so far as
I am aware, have been essentially arc-lamps
as distinguished from those in which the cur-
rent passing from one electrode to the other
does not form an arc. The exaect distinctions
between an arc and conduction notinvolving
anarc are somewhat difficult to define, al:
though not difficult to detectin practical oper-
ation. It is noticeable, however, that in the
case of an arcthere is intense heating of both
the positive and negative electrodes, but par-
ticularly of the positive electrode, and the cur-
rent passes from the electrodes into the con-
ducting-vapor at definite points or positions,

whereagin the other form of conduction the ef--

fect is to produce a halo around the electrode,
as if the current passed evenly from the elec-
trode, except that a dark space appears at or
around the electrode. This spaceand its ap-
pearance seem to differ with different vapors
used; but there isalwaysa marked and well-
defined difference between it and an arc, and

when in the process of manufacture the last

trace of arc disappears itis plainly noticeable.
In the other form of conduction little or no
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heat is developed at the points where the cur-
rent passes from the electrode into the vapor.
Moreover, in the case of the arc there appears
to be a mnarrowing at or near an electrode,
whereas in the other form of econduction the
body of light is of practieally the same dimen-
sions throughout the space between the elec-
trodes or between poiuts in close proximity
to the electrodes. An are, moreover, is
striated, a condition which does not appear
to be present in the other form of conduction.
Again, the temperature established by the are
in any one place with a given flow of electric
energy appears to be far in excess of that pro-
duced by a flow of the same amount of energy
in the other form of conduction.

The lamps which I have produced do not
operate upon the arc principle, but possess
the characteristics of this special 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 manner, so
that the electromotive force with which the
lamp is adapted to be operated can ba prede-
termined with as great a degree of accuracy
asisusualin the manufacture of theordinary
ineandescent lamps having carbon filaments,
and the manner in which the resistance shall
vary can be controlled in vapor-lamps with
amuch widerrange of controllable resistance
than is the case with a carbon 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 resist-
ance on the part of a vapor was possible or
practicable, and, as a matter of fact, in the
formsof lamphereinbefore referred to,where-
in an arc is established between bodies of
mercury, such control has not been obtained.

Under proper conditions certain vapors and
also certain materials which normally exist
in the form of gases may be caused to re-
main in such condition as to convey electric
currents under the influence of moderate
electromotive forces after a current-flow has
once been established. By properly correlat-
ing the resistances between the respective
electrodes and the vapor or gas and the re-
sistance of the vapor or path itself and pro-
viding a proper heat-radiating capacity a
lamp may be produced which will take con-
siderable currents at moderate electromotive
forces and be self-regulating to such a de-
gree as to permit of its use upon commercial
circuits even thouogh their electromotive
forcesmay fluctuate through wide limits. To

render the lamp as stable and self-regulating
as possible upon the cireuit, it should have
the resistance between the respective elec-
trodes and the gas or vapor path reduced as
much as possible, so that these resistances
relative to the resistance of the gas path
The gas or vapor path then

shall be small,
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constitutes the principal portion of the resist-
ance of the lamp, and as the electromotive
force at its terminals increases the total op-
position to the passage of current may be
made to increase also. This may be due in
a measure at least to the fact that the greater
amount of current flowing under the inecreas-
ing pressure tends to develop a higher tem-
perature, which in turn tends to increase the
resistance of the lamp, so that a balance can
be effected, rendering the lamp self-regulat-
ing. I do not, however, desire to be under-
stood as advancing this theory of its regula-
tion 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 vapor-
ized state possess the capacity of emitting
light under the inflaence of electric currents
in a much higher degree than others. The
vapor of mercury is efficient as a light-yield-
ing material, and owing te 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
forradiation. Someof the materialsnormally
existing in the form of gases may, however,
be used—such,for instance,as nitrogen. The
amount of light, however, which may be ob-
tained from nitrogen per unit of length ap-
pears to be less than that which ean be ob-
tained from mercury vapors, other things be-
ing equal. Thespectrum is also amatterto be
considered in determining the material to be
used. Mercurygivesalight whichisclearand
white, but wanting in red rays, so that while
useful for many purposes it may be undesir-
ableforothers. Lithiumandsimilar materials
yield spectra with red and other colors. Nitro-
gen and other gases develop red rays in abun-
dance, and when combined with the mercury
rays a beautiful result is obtained. The se-
leetion 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
lamp in the conversion of the electrical en-
ergy into light; buat as there may be more or
less heat developed the structure should be
such as will radiate the heat at a suitable
rate. Usually it is advantageous to employ
a cooling-chamber at some portion of the de-
viee outside the path of the current. In the
case of mercury, for instance, an enlarge-
ment of the tube may project a distance be-
yond 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
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the requirements. If the temperature of the
lamp is allowed to become too high, the lamp
is liable to extinguish itself. When a fixed
gas is used or vapors under such conditions
that their densities ecanuot be unduly in-
creased by heatin the tube, then the cooling-
chamber may be dispensed with., The lamp
may be made of such size as to render a
special cooling-chamber unnecessary.

The ability to start the lamp readily is of
the utmost importance, gases appearing to
Dbresent 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 bofore or while in the
process of manufacture produce a condition
which makes it possible to start a current un-
der a moderate increase of electric pressure,
and thereupon the continuous or analternat-
ing current of low pressure readily traverses
thelamp, producing an intense.enduringlight.
I have obtained excellent results by the use
of anindependent substance for effecting the

- starting of the lamp which produces a pre-
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liminary condition favoring the passage of

current. One of the substances which I have
used is sulfur or its compounds—for example,
a small quantity of the sulfid of mercury
introduced at the same time as the mercury
when mercury is employed for forming the
vapor. The tube containing these materials
is then héated by any suitable means, the air,
moisture, and foreign gases being pumped out
by a suitable air-pump. I have found it ad-
vantageous during the process of exhaustion
to heat the tube by convenient means until a
vacuum isformed and to then subject the con-

tents of the tube to the action of an electric’

currentof high voitage. Iamabletothuspro-

duce more or less heat throughout the length’

of the tubesand 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 mer-
cury and a resultant sulfur compound the ex-
act nature of which I am not prepared to state
with definiteness, although from such tests as
I have been able to apply it would seem prob-
able that it is a compound of mercury and
sulfur containing a less proportion of snlfur
than exists in the form of sulfid of mercury.
Its effects seem quite different from that pro-
duced by pure red or black sulfids of mer-
cury ‘such. as I have been able to make or
procure in the markets. With this material
present in the tube it is possible at starting
cool to transmit an alternating or intermit-
tent current from one end of the tube to the
other with a much lower electromotive force
than is required if the sulfur compound orits
equivalent werenot present. Itseems alsode-
sirable to free the tube as far.as possible from
certain foreign substances, and particularly

- from oxygen, and I sometimes treat the tube
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with a bath of heated hydrogen before plac-
ing on the pump and also when the lamp is
being exhausted. I have found it some-

times advantageous fo use interrupted cur-
rents of high voltage flowing in a given di-
rection and to first constitute one of the elec-
trodes the anode and the other the cathode
and then to reverse the direction of the cur-
rents. ITusuallyemploysolid materials—such,
for instance, as pure iron or other suitable
substance—for one or both of the electrodes,
and by thus consfituting the respective elec-
trodes alternately anodes and cathodes dur-
ing the process of exhaunstion I am enabled
to heat each of them to a very hightempera-
ture, and thus drive out any occluded gases

and foreign materials and produce any chem-.
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ical reactions in them that might otherwise

oceur later on and ruin the efficiency of the
tube: While the lamp is thus being treated
and exhausted I connect the electrodes
through a variable resistance with a suitable
source of current of moderate electromotive
force—such, for instance, as onehundred and
ten or two hundred and twenty volts—theap-
plication of the high potential being also con-
tinned. In practice I find that the lamp
should be run on the pump with a current at
least equal to or, better, in excess of the cur-
rent it is intended to afterward operate with.
As the lamp approaches completion- it sud-
denly becomes intensely luminous by reason
of the passage of a considerable current of
moderate potential from this source. The
high-voltage cirrent may then be temporarily
withdrawn and the lamp.further treated by
current of low potential. Usually, however,
it is desirable to use the currents of inter-
rupted high potential at intervals, as they
are useful for heating the electrodes and ef-
fecting the chemieal changes as above re-
forred to. When the lamp ceases to give off
further foreign gases, it may be sealed off and
it is then in condition for operation.

When no starting material is present in
the lamp, it is possible to start by heating it
by any eonvenient means—such, forinstance,
as a Bunsen burner or an electric heating-coil
of any convenient construction—and simul-
taneously applying to the terminals a differ-
ence of potential, substantially equivalent to
that upon which the lamp is designed to op-
erate and ab the same time a boosted 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
Tam not yet able to state, the lamp lights up,
and when once lighted will continue in oper-

ation as long as required. - When, however, -

the starting material is used, the lamp may
be started without preliminary heating by
means of electric eurrents of the proper elec-
tromotive force, usually higher than-that
upon which the lamp is normally intended to
ran. This may be conveniently done by plac-
ing in the cireuit leading to the lamp the sec-
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which is connected with the supply-circuit
through a suitable circuit-interrupter, or an

alternating current from a suitable trans- -
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former may be used, the purpose being to first
cause a current to pass through the space be-
tween the electrodes, which then appears to
afford a path for the operating-currents of
moderatepotential. Thereadiness withwhich
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 electromo-
tive force would indicate that the starting is
not in this case due to the heat development
of the current, but to some other electrolytic
or electrochemical action, the exact nature
of which it is difficult to determine. For the
purpose of constructing the lamp it is not
essential that the theory of the action should
be determined. '

I have found that other materials than
sulfur and mercury may be used fo produce
the startling material in the lamp. For in-
stance, I have employed solenium and mer-
cury with good results and also phosphorus
and mercury and other materials. After the
lamp is started it is probable that the start-
ing material does not continue to act as a
current-carrier, but that it is forced out of
thepath of the current or undergoesa change;
but when the lamp is again cooled it resumes
the proper relation and condition to Dbe
availed of for again starting. I have found
it advantageous when the lamp is to be start-
ed without heating and by means of moder-
ately-high voltage-currents to surround the
glass or wall in the neighborhood of one of
the electrodes, or in the case of an alternat-
ing-current lamp each of the electrodes, by a
band of condueting or semiconducting ma-
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 gathersabout the electrode during the
application of the starting-current, and it re-
duces 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 with-
out difficulty when it is present. When the
lamp is oncein operation under the influence
of alternating or continuous currents of low
pressures, the presence of the conducting-
band seems to no longer exercise its function
to the same degree, although it may remain
without interfering with the operation of the
lamp, as it is insulated from the neighboring
terminals of the lamp.

In theaccompanying drawings, illustrating
my invention, Figure 1 represents one form of
a complete lamp. Fig. 2 illustrates a modi-
fied form of electrode. Tigs. 3, 4, and 5

illustrate systems of circuits for operating
the lamp. Fig. 6 illustrates, partly in dia-
gram, an organization of apparatus for ex-
hausting and treating the lamp during ex-
haustion.

682,691

Referring to the figures, 1 represents &
glass tube of such dimensions as may be re-
quired—say, for example, a tube of three-
guarters of an inch in diameter and two or
three feet in length and having a wall of such
thickness as not to be fragile. The particu-
Iar dimensions of the tube to be chosen are
determined by the electromotive force and
the current with which it is to be operated
and otherconsiderations which will be herein-
after pointed out. This tubeis provided with
two electrodes, (indicated at 2 and 5, respec-
tively.) If thelamp is to be run by continu-
ous current, the electrode 2 is usually the
ancde and the electrode 5 the cathode. In
the drawings I have shown the electrode 2 as
being of an inverted-cup shape; but other
forms may be employed-—such, for instance,
as a closed spherical, oval, eylindrieal, and
other shapes. I have obtained excellent re-
sults by using a pure iron for this electrode;
but other metals may be substituted. It is
suspended within or near the neck of an en-
largement or chamber 4, which I usually em-
ploy, this chamber serving to increase the
heat-radiating capacity of the lamp and to
retain impurities. The electrode 2 is sus-
pended by leading-in conductor 7, of plati-
num or other suitable material, extending
through the glass wall, and I usually provide
a long seal 10 for protecting more or less of
the leading-in conductor within the lamp.
The electrode 5 is shown in this instance as
being a small quantity of mercury. A lead-
ing-in conductor 8 connects with this elec-
trode. Surrounding thelower end of the tube
adjacent to and usually projecting a slight
distance—say one-eighth of an inch above the
level of the lower electrode—there is placed
a thin band 9, of conducting material—such,
for instance, as foil--and this is electrically
connected bya conductor13 with the leading-
in wire 7. When the lamp is to be operated
by alternating electric currents, it may be
useful to place a circular band in similar re-
lation to the other. electrode and conneect it
with the leading-in conductor 8.

The lamp is started by means either of first
heating it—as, for instance, with the flame of
a Bunsen burner orother convenient means—
or by applying to the terminals an electromo-
tive force of higher potential-—suech, for in-
stance, as may be obtained by a rapidly alter-
nating or intermittent current. In Fig. 31
have represented a system of circuits and ap-
paratus for securing an intermittent current
of higher potential from the same main ecir-
cuit 14 15 upon which the lamp 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
operated by the core 16. A contact-point 22,
against which the point 20 normally rests, is
connected with one terminal of a circunit-in-
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terrupting device 19. The remaining termi-

" nected through a suitable key or switch 23

IO
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25

30

with the conductor 15.  One terminal of the

coil 18 is connected with the conductor 14,-

and the remaining terminal is connected with
the leading-in wire 7.. The leading-in wire 8
isconnected with the mainline15. Whenthe
current is turned on-—as, for instance, by the
switch 23—the interrupter 12 causes rapidly-
intermitted currents to pass through the coil
17. Thisinducesa currentof any desired po-

tential in the coil 18. -The effect of this high

potential is to produce within alampsuch an
electrical or electrochemical condition as will
resultin effecting a passage of the currents of
normal potential which aresimultanéouslyap-
plied by the main cireunit 14 15. When cur-
rentscommencetoflowthroughthe lamp from
theeconductors 14 15 under theinfluence of the
normal electromotive force upon. the main
circuit, the core 16 attracts the armature 21,
separating the contacts 20 22. The same
movement of this armature may operate to
close a shunt-cirenit 24 around the coil 18
through aresistance 25 offering sufficient re-
sistance to the flow of current to cause enough
current to still flow through the coil 18 to

hold the armature 21 in its forward position.

as long as the lamp continues to operate. In
this figure I have shown this as accomplished

"by an insulated contact 26, carried by the
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armature 21 coming into contaet with a point
27, this point being connected with the con-
ductor 24, while the ingsulated point 26 is con-
nected 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 euter surface of the

lamp, and this is removed or reduced by the |

presence of the band 9 connected through the
conductor 13 to the leading-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 unless the lamp isheated by arti-
ficial means. The exact position at which the
band 9 may belocated appears to differ some-
what in different cases, probably owing tothe
good conductivity of the gas coming from or
forming part of the electrode. The proper po-
sition is usunally slightly beyond the effective
joint between the electrode and the gas.

It should be noted that the potential of the
main cireuit 14 15 is applied to thelamp 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 cuar-
rent is to be used for operating the lamp it
is usually desirable, though not necessary, to
so connect the terminals thas the electromo-
tive forces shall be in the same direction—
that is to say, the positive side of the main

‘site directions.

circait being connected with the electrode 2
‘the positive sule of the higher potential cir-

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

the electrode 2 being alternately “anode and
cathode, the con necmons may be foIIowed out
on the same principle.

5

70

Wlth alternating currents, '
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The circuit-interrapter. 19 which T have_ .

‘shown is an adaptation of a device commonly.

known as a ‘‘ Wehnelt” interrupter. ‘It con-
sists of twoelectrodes 28 and 29, of lead, sep-
arated by a jar 30, of non- conductmor ma-
terial, having small perforations 31 a,nd im-
mersed in sulfuric acid contained within a
vessel 32. An electrode 28 is placed within
the jar and an electrode 29 outside of it.. The
action of the electric current is to génerate

gases, which forming within the perforations -

temporarily interrupt the cirecuit and the
gases disappearing the ecircuit is again com-
pleted with great rapidity. Other forms of
cireuit- mterrupmnvdevwes however, may be
employed.

Unless special means are pxov1ded 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.
ency of the eument seems to be to remain in
the gas or vapor until it reaches the portion
of the ecathode most distant from the anode,
and if a small body of mercury surrounds the

The tend-_

8o

85

90

95

100

cathode it will, unless means are provided to .

prevent it, wander over the surface of the
mercury, and thus produce the flickering. I
find that by sufficiently obstructing the path
beyond the portion of the cathode nearest the
anode the current will be forced to enter the
cathode at a more or less fixed point, and thus
become steady and obviate the flickering. A
cylinder of porcelain or other suitable sub-
stance 6, as shown in Fig. 2, may be placed
in the mercury, leaving only a perforation
through which the ecurrent must pass. Where
the cathode is at-the end of the tube, this dif-
ficulty may be overcome to 4 large extent by
makingitconcave and arranging it so that the

current will enter it on the concave surface.

-1 have used in some instances in place of
the form of apparatus above described for
producing the higher-potential starting-cur-
rent a simple spark-coil, as shown in Fig. 4,
comprising a core 40, with a primary coil 41,
adapted to be 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 which 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 45,
which leads from the electrode 2 to the main
conductor 14, The coils 41 and 43 are so
proportioned as to produce a higher difference
of potential at the terminals of the coil 43 .
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upon breaking the circuit of the coil 41, and
the discharge from this coil suffices to pro-
ducein 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 circuit or-
ganization is shown, in which a three-wire
system of distribution is represented by the
conductors 50, 51, and 52, the difference of
potential upon the outside conductors 50 and
52 being assumed to be twice that between
the middle or neutral conductor 51 and the
respective outside conductors. The purpose
is to apply the higher difference of potential
1o the lamp upon starting and automatically
shifting the lamp to the lower potential when
current commences to flow., For this pur-
pose any suitable form of cirenit-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 magnet is connected by a conductor
56 with the neuntral eonductor-51. 1t is nor-
mally held away from the magnet, so that an
insulated eontact 57 is pressed back by a con-

' tact-point 58, which in turn is connected by
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a conductor 58* with the main conductor 52.
The insulated 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 flowing
through the conductor 54 in sufficient quan-
tity to operate the lamp causes the magnet
to draw the armature 55 forward, closing
the contact between the spring-contact 57
and armature 55 and simultaneously break-
ing 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 conductor 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 funetion in the operation of the lamp.
As the lamp commences to operate heat ac-
cumulatesand theincreasing temperature ap-
pears to soon result in increased resistance
on the part of the vapor-bath. If the heatis
not conducted away after the lamp has
reached its proper working condition with the
same rapidity that it is generated, the lamp
may extinguish itself. The chamber 4 is
therefore constructed with sufficient radiat-
ing-surface to get rid of the excess heat and
keep the lamp in the proper condition. The

chamber £ need not, however, necessarily sur-
round the electrode 2; but it may be located
elsewhere and be of other form, provided it
is out of the vapor-path.

It may sometimes be desirable to insert a
small balaneing or steadying resistance in se-
ries with the lamp. This resistance isof im- i
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portance mainly on starting certain kinds of
Jamps, which when cold, owing to the start-

ing material or otherconstruction, would take
too much current until they have acquired
their working condition. 'Whena given elec-
tromotive force 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
commences to flow, and thereafter the greater
the amount of current flowing the greater
will be the resistance opposed to the flow of
current, and thus the difference of potential
at the terminals 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 compensates for moderate changes
of voltage upon the circnitin 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 in a condition
to take a large amount of current. This
might in some cases melt the leading-in wires
or crack the glass were it not prevented by
some such means as the steadying resistance.
I have shown such a steadying resistance 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 Ifig. 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. I have found it conven-
ient to first rinse the tube with dilute hydro-
fluoric acid and then wash with distilled wa-
ter, and thereafter, if desired, it may be fur-
ther washed by a bath of hot hydrogen. In
case mercury is to be used for providing the
conducting-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
material a small quantity of that substance is
added. Pure . sulfur may be introduced in-
stead of sulfid of mercury; but I have found
that it usually is more diffieult to secure the
desired results with it than with the sulfid of
mercury. Thelamp is then sealed ontoa suit-
able exhaust-pump 60, of any suitablecharac-
ter, through an exhausting-tube 61, and the
process of exhaustion is commenced. Mean-
while artificial heat is applied to the tube—
as, for instance, by a Bunsen burner 62 or an
electric heater or in some other convenient
manner. After the free gases and air have
been exhausted an electric eurrent of higher
potential is applied to the terminals of the
lamp--as, for instance, by asystem of circuits
and apparatussuchasdescribed in connection
with Fig. 4—and the passage of this current
through the lamp produces an effect some-
what similar to that noticeable in Geissler
tubes. The operation of the exhaust-pump
is continued and a difference of potential ap-
proximately equal to that under which the
lamp is intended to be operated is applied to
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the terminals of the lamp. Asthe lamp ap-
proaches completion it suddenly becomes in-
tensely luminous by reason of the passage of
a current of considerable quantity. If the
higher-potential ¢urrent 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 eath-
ode is thereby readily heated to a very high
temperature, which aids in driving off any
occluded gases and impurities. - A cirenit-re-
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
shownin Fig. 4; butthe principleof operation
is the same and the action of the apparatus
can easily be determined by reference to the
deseription of it in connection with Fig. 4.
In place of the switch 44 shown in Fig. 4 I
substitute a variable resistance 44*, the ob-
jeet of which is to permit of varying the cur-
rent passing through the tube 1 during the
process of manufacture. Theswitch 42 may
be replaced by an automatic cireuit-inter-
rupter—such as illustrated, for instance, in
connection with Fig. 3. '

The process of exhausting the lamp does
not appear to remove the starting material,
although apparently a different chemical
compound 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. In any event sufficient of
the starting material remains in the tube to
permit the ready starting of the lamp when
it is completed. The amount of sulfid of
mercury to be introduced may be varied with-
in wide limits. I have used in a lamp of ap-
proximately the dimensions hereinbefore re-
ferred to a quantity assmall 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 process ¢f 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 com-
pleted and may be sealed off from the pump
60. :

- 'While I have described the lamp more par-
ticularly with reference to mercury vapors,
I desire it to be distinetly understood that I
do not limit myself to those vapors nor to
materials which at ordinary temperatures
exist in the forms of solids or liquids, for per-
manent gases may be employed. Usually
with permanent gases the necessity of the
chamber 4 is obviated, for the proper gas
density and distance between electrodes are
obtained when the lamp is constructed, and
the lamp being made self-regulating the tem-
perature controls and is controlled by the
quantity of current flowing. I have also
found that with mereury vapors the lamp
operates successfully without the enlarge-
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ment 4 if the diameter of the tube is an inch
or more ot even smaller.

In certain other applications filed by me
April 5, 1900, Serial Nos. 11,605 and 11,607,
and Serial Nos. 44,647, 44,648, and 44,649,
filed January 25, 1901, claims are made to
certain features which are disclosed herein.

I ¢laim as my invention—

1. The method of starting a vapor-lamp.

comprising a vapor-containing chamber and
a vapor or gas contained therein which con-
sists in applying to the terminals thereof a
higher difference of poteutial, thereby creat-
ing a condueting condition through the vapor
or gas-and thereafter operating by currents
of lower potential. v

2. The hereinbefore-described method of
producing light by electric energy through
the agency of an apparatus consisting of a
closed chamber containing a vapor eapable
of emitting light under the influence of elec-
tric currents and also a material more readily
subject to the action of electric currents than
said vapor, which consists in first transmit-
ting currents through the device by the in-
strumentality of one of the materials con-
tained therein and thereafter transmitting
currents through the instrumentality of the
other contained material.

3. The method of producing light by elee-
tricity through the instrumentality of a closed
vessel containing gas or vapor or vaporizable
substance, which consists in first transmit-
ting a current through the chamber by such
current establishing a path for currents of

a lower potential and thereafter traversing

the lamp by such currents of lower potential
and of approximately constant quantity.

4. The hereinbefore-described method of
operating eleectric lamps in which light is pro-
duced by the conduction of electric energy
through a light-emitting gas or vapor which
consists in operating upon a starting mate-
rial within the lamp by eleetric currents,
thereby producing a condition on the part of
the light-emitting vapor or gas which renders
it capable of receiving currents under the in-
fluence of a moderate potential, thereafter
operating the lamp by the conduction of cur-
rents through the light-emitting gas or vapor
to the exclusion of the starting material.
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5. The method of operating electric lamps .

in whieh electric energy is converted into
light by its passage through a vapor or gas
path which consists in produeing a condition
of the vapor or gas path under which it will
convey currents of moderate differences of
potential, by first passing through the vapor
or gas path currents of higher electromotive
force and then automatically discontinuing
the applicationof the currents of higher elec-
tromotive foree.

6. The method of starting electric lamps
which convert electric energy into light by
the passage of electric currents through a gas
or vapor column, which consists in heating
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the vapor or gas column, penetrating the
same by currents of high difference of poten-
tial and thereafter operating the lamp by cur-
rents of considerable quantity and moderate
difference of potential.

7. The hereinbefore-described process of
operating electric lamps having a vapor-con-
taining chamber, a vapor or gas within the
same and a starting material, which consists
in traversing the chamber by currents of a
high difference of potential, simultaneously
neutralizing the static charge upon the ex-
terior of the chamber and thereafter travers-
ing the chamber by currents of moderate po-
tential,

- 882,691

8. The method of starting and operating a
lamp containing a vapor or gas as the con-
dueting medium, which consists in applying
to the lamp a eurrent of high potential while
the lamp is connected up in a commercial ¢ir-
cuit, and afterward cutting off the high-po-
tential current.

Sigpned at New York, in the county of New
York and State of New York, this 21st day of
March, A. D. 1900,

PETER COOPER HEWITT.

Witnesses:
HENRY NOEL POTTER,
Wu. 1. CAPEL.
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