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CHARLES P. STEINMETZ, OF SCHENECTADY, NEW YORK, ASSIGNOR TO GENERAL ELEC-
' '~ TRIC COMPANY, A CORPORATION OF NEW YORK. ~ *

- MEANS FOR PRODUCING LIGHT.

1,025,932. Specification of Letters Patent. '.
Original application filed March 5, 1900, Serial No. 7,265. Divided and this application filed April 11,
_— _ ' 1902. Serial No. 102,415. o SR

To all whom it may concern ;

- Be it known that I, Cuarces P. STEIN-

METZ, a citizen of the United States, resid-

"ing at Schenectady, in the county of Sche-
nectady, State of New York, have invented
certain new and useful Improvements 1n

Means for Producing Light, (division of
my prior application, Serial No. 7,265, filed
March 5, 1900,) of which the following 1s a
specification. . -
My invention relates to the production ot
light of any desired color from electrical
energy. o |
It 1s my belief that the hght from an
electric are, excluding that portion of the
light coming direct from the crater or from

other incandescent surfaces, is due to a vi-

~ bration of the ultimate particles of vapor in

" the arc stream, which vibration 1s probably.

25

caused by the electric stress due to the po-
tential gradient of the are. It 1s found
that the color of the light, or, more broadly
speaking, the wave length of the radiant en-
ergy derived from an are, 1s practically in-

dependent of temperature, and dependent

~principally on the nature of the conducting

30

35

40

495

50

vapor which forms the arc stream. The vi-
brations therefore appear to be, as it were,
“sympathetic”, and may take place very
considerably below the temperature of 1n-
candescence. - | | _

In general, the temperature of an are 1s
fixed by the nature of the electrode, just as
the temperature of any boiling liquid 1s

fixed by the nature of the most volatile com--
porient of that liquid. It is common 1in

practice to use electric arcs between carbon
electrodes for commercial lighting.- In car-
bon arcs the major portion .of the  light
comes from the craters, so that it 1s perhaps

not strictly correct to speak -of these de- |
vices as “arc” lamps.. This incandescence |

is the result of the very high temperature of

the carbon are, but the high temperature |

causes very heavy radiation losses. ~
The temperature of the carbon arc stream
is fixed by the volatilization temperature of
carbon, as is the temperature of any true
vapor, and this temperature 1s such that a
very large proportion of the energy from a
carbon arc is radiated in the form of dark

lines.
pears faintly, but this is probably due to the

H

| heat waves, so that the carbon arc hecomes

an extremely ineflicient means of converting
electric ‘energy. into light. I find it highly
advantageous in my new method of produc-

ing light to avail myself of substances va-
{ porizing at- very low temperatures, and by

using such substances 1 am able to greatly
reduce the radiation losses, and to corre-

spondingly increase the efficiency. -

It 1s obviously necessary for the mainte-
nance of the arc that the vapors from the
electrode should be conductors of electricity,

and 1t 1s therefore necessary to use as an
electrode a substance producing conducting
vapors. This requisite 1s fulfilled by mer-
cury, and further, mercury 1s a substance
vaporizing atverylow temperature. Hence

Patented May ¥, 1912,
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it appears that an arc between electrodes, at

least one. of which is formed of mercury,
should be an extremely efficient light-giving

arrangement, and this is indeed the fact,
but the mercury arc is, unfortunately, of an
extremely disagreeable color.. It gives a
discontinuous spectrum

containing the
Traunhoefer lines 4047; 4359; 5461; 5769

70

79

and 5790, and some fainter intermediate

The sodium line, 5890, sometimes ap-

action of the glass or the presence of some

impurity.. It will be seen that all of these

lines are either violet, blue or green, and
that the spectrum 1is practically .devoid of
yellow, orange and red. As a result of this
deficiency, red objects appear black or gray

80

85
‘when viewed by light from a mercury arc,

and human faces acquire a peculiar and dis-

‘agreeable pallor, so that the light from the
| mercury arc seems to be utterly unsuited to
commercial application. - o

It i1s one object of my 1n1renti0nr_t0" 50

90

modify the light from the mercury arc as

to - produce a soft, brilliant, white light
with very low radiation lesses, and with an
efficiency rising as high as three to five can-

dle-power per .watt; whereas ordinary in-.

candescent lamps, with which my improved
lamp may properly be compared. require
about three watts per candle-power, while
even the carbon arc, which 1s 1n many ways
unsuited . to interior illumination, requires
in general about one watt per candle-power.

05

100
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light, but I am able to so modify the light
of the mercury-arc stream as to cause ahnost

any desired wave length to strongly prepon-
derate, and I may thus produce a colored

light, for example red light, at an efficiency
hitherto 1mpossible. The ordinary method
for producing red light by clectricity is to
pass the current through a suitable lamp of
any ordinary ‘type, and to modify the Tight

from this lamp by passing the light througl
red glass. It is well known that the action

of such red glass is simply to screen out {he
larger proportion of the violet, blue, ercen

~and yellow rays, aud to allow only the red

rays to pass. This, obviously, takes away

- a very.large percentage of the radiant en-

s erey generated, and greatly reduces the ef-
ficiency of an already inefficient lamp. By

- virtue of my improvements it is possible
- to generate once for all red light, so that

- a very large proportion of the radiant en-
- ergy actually 1ssues from the lamp in the
25 al
- may be applied to the

form of red rays, and the same principle
production of light

of any desired coloi. Nor is my invention

~necessarily restricted to the use of mercury,

- as certain other substances fulfil fairly

30

well the conditions above set forth, though

I have thus far found mercury best adapted

- for practical use. ' |

85

- 40

My improvement in modifying the color
of an electric arc consists, broadly speak-

Ing, in introducing conducting vapors of

substances whose arc spectra have the desired
wave length. This, however, is not as sim-
ple in practice as the above statement, for
1t seems essential that electric arcs, par-
ticularly from mercury, should be inclosed
in glass tubes or vessels. I will discuss be-

“low the starting of the arc. - One method of
- starting is to have an initial high voltage in
- combination with a lamp exhausted to a
4D

high vacuum. Obviously, for such a lamp

as this, glass is the only suitable material,
and even in lamps which are started much

as 1s the ordinary carbon are, it is highly

_preferable to surround the arc by a glass-in-
650

closing chamber, both to prevent unsteadi-

ness and to prevent the poisonous vapor

of mercury from escaping into the surround-

~1Ing space. Now I find that all of the sub-

5

stances which might naturally be introduced

to the mercury arc to modify its color, and

particularly lithium, sodium, otassium and
rubidium, violently attack this glass en-

- velop, or any other transparent or trans-

60
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lucent envelop known to me, and within a
‘few minutes or at most a few hours destroy

its transparency by causing a black deposit

or 1ncrustation 1n the interior.

It 1s, therefore, another impdrt&nt_ fea.-
ture of my invention to artificially maintain

Further, my invention is not necessarily |
restricted to the production of a pure white

the mercury

1,025,032

that are exists, and though I point out in
this specification one particular means
which in practice T have found most ad-

vanlageous for this purpose, and though I

intend by the claims attached to this speci-
fication to claim the means both broadly
and specifically, nevertheless it should he
understood that in many aspects my inven-
tion is not limited thereto, but I have de-
vised other means for accomplishing {his
beneficial result, which means, though in-
cluded nnder the broad claims of the present
application, are, nevertheless, to be specifi-

cally covered by other and later cases. The

particular means of this case consists in
adding-the modifying conducting vapors in
2 chemically inert condition, and, prefer-
ably, In what is known as {he “ionized ”
state, that 1s to say, as free atoms co-exist-
ing with free atoms of some other substance
combiming with the conducting vapors at
ordinary temperatures, but at complete or
partial dissociation at the temperature of
y arc. |

I find that the elements of the halogen
class, that is to say: iodin, bromin, chlorin
and fluorin, are useful in the order named:
that is to say, iodin is the best, since the
10odids dissociate at a comparatively low
temperature. Thus, for example, if a cer:
tain shade of red is desired, I introduce
Into the arc-stream a large quantity of lith-
1uin vapors in the ionized condition, by cov-
ering the surface of the mercury with an-
hydrous lithium iodid. If, again, I wish
to produce pure white light I use a com-

-paratively small quantity of a mixture of

the 10dids of lithium and sodium or even
of lithium, sodium and potassium.

If I wish to produce a bright blue light
I use the iodid of indium; if I wish to pro-
duce a dark green light T use iodid of thal-
lilum; a yellow light is produced by iodid of
sodium, and another shade of red is pro-

“duced by 1odid of potassium and rubidium.
When producing these highly-colored lights

1t seems that the mercury-arc stream acts

-principally as a carrier of the vapors of the

substances introduced, while when produc-
ing white light the mercury arc will itself
give the violet, blue and green, and the rays
of longer wave length may be produced by
the substances artiﬁcially introduced.

It 1s best in any case to cause the pow-
dered 1o0dids, or speaking more generally the
color-modifying substance or compound, to
cover completely the mercury electrode or
electrodes, in order to prevent the arc from
striking uncovered mercury, which would
cause its color to vary. But I find that it
sometimes happens that an electrode covered
in this way gives a light in which the spec-

trum lines of the color-modifying sub-
| stances are too prominent.
the translucency of the envelop in which !

| It 1s another
object of my invention to overcome this dif-
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ficulty, and this T am I?abl-‘e to do by diluting 1 r'e'qu'ires- a very low
~the color-modifying substance by adding:

thereto a relatively inert substance, and by

‘preference one which does not dissociate at

the temperature used. Calcium fluorid
works ‘well, as it is inert in the presence of

- the halogen salts used as color-modifiers,

~and so stable that it does not- dissociate at

10
16
20

28

the temperature of the mercury arc.

By varying the proportions of active col-
oring substances and inactive diluting sub-
. stances any shade may be produced, and
~ candle - light, incandescent - electric light,

etc., may successively be imitated. . |

I have, then, in compliance with the stat-
utes, briefly indicated the nature and object
of my invention. I will now proceed to de-
scribe the apparatus which I use for carrying
1t out in practice, with reference to the ac-

companying drawings, and will, in the claims

attached to this specification, indicate the
scope of my inventlon in its several aspects.

In the drawings attached to this specifi-

cation, Figure 1 is a’view of a lamp con-
structed 1n accordance with my present in-

- vention, connected In a series system; Fig. 2

._ 80

is a view of a modified form of lamp; Fig. 3
1s an enlarged detail in cross section of the

form shown in Fig. 2; Fig. 4 shows an im-
proved method of connecting into the cir-
cult the lamp of Fig. 1; Fig. 5 shows a still
iurther modification; Fig. 6 shows a form

~ov' lamp devised to take the place of the

4

o

2

ordinary Inclosed arc lamp
Fig. 7 1s a diagram of connections; Fig. &
is a view 1n sectlon of a modification; Fig. 9
shows a still different form; and Fig. 10 is
a diagram of circuit for Fig. 9.

~In Fig. 1, A is a generator, which may be
supposed to typify any source of constant
electric current, whether alternating or di-

rect, and I3, B’, etc., are lamps connected in
circuit in series. C is a switch shunting the

lamp B, and similar switches will be used to
shunt each lamp of the system. The lamp
B 1s shown as consisting of an inverted

U tube with mercury electrodes D D and
~ platinum terminals £ E. The surface of

A8
- 1ng conducting vapors, in accordance with

60

65 since an atmosphere of rarefied hydrogen !

the mercury is covered with a thin layer, T,
of 10did of some material or materials giv-

the general principle above set forth, and in
the particular lamp shown we may suppose

that this layer i1s composed of a mixture of

the 10dids of lithium and sodium with or
without the addition of -dilutant substances

such as fluorid of calcium. These iodids are-

mtroduced into the tube, and care must be
taken to have them perfectly anhydrous,
since the ' '

harmful. The tube is then exhausted in

the manner usual with ordinary incandes-

cent lamps, but I find it advantageous
to replace the residual air by hydrogen,

of commerce;

presence of moisture is extremely

i

1
!

5

8

initial voltage as com-

pared with the atmosphere of rarefied air. -

With helinm or argon, where either of these

~gases can be obtained, the starting volt-
age may be still further reduced. If now

the tube be _sealed off and the switch. C be

thrown to the position shown, and particu-
larly 1f the mercury electrodes D D be arti-
ficially heated, a luminous are or cdischarge

will strike from one electrode to the other.

“and the whole tube will seem to be filled

70

75

with a white, soft light of considerable in-

tensity. “When the light is once fairly start-

| ed the voltage across the lamp falls con-

siderably. The action. appears to be some-
what as follows: A true mercury are exists
between the terminals D D, that is to say,
the current flows from one terminal to the
other through a path of mercury vapor, and
this mercury vapor, under the influence of

 the electric current, gives a brilliant light

containing violet, blue and green rays, at a
temperature far below the temperature of

‘Incandescence, and with an efficiency much
~greater than can. be obtained from any

known incandescent light. The mercury is
evaporated from moment to moment, and
during the operation of the lamp condenses

1n the condensing chamber G, whence it

trickles back to the electrodes. The arc
stream 1s thus maintained as a continuous

| body of mercury vapor. The arc, which is

more definite at its ends than at any other
point, plays back and forth over the surface
of the mercury electrodes, and continuously
salts of alkali metals. T have in this par-
ticular case assumed these salts to be iodids
of lithium and sodium. These salts are

vaporizes small quantities of the halogen

evaporated as above stated, and are carriod
nto the arc stream. _
they partially dissociate, so that frec atoms

At this temperature

of lithium and sodium exist in the arc

stream, at least as far as their light-givine
function is concerned, and the arc shows the

characteristic spectra of lithium and sodium.
These substances, however, are not chemi-

cally free, but are in very intimate relation

with the iodin atoms from which they have

ously combining, dissociating and recombin-

ously combining, dissociating and recomb-

ing in the arc stream. Their chemical affini-
ties are 1n each case, 1f not satisfied, yot

capable of being satisfied, and they do not
attack the glass. I am thus able to produce
at low cost and with high efficiency a light
which may be pure white, or ¥which may, on

‘the other hand, be of any desired color. ~The

particular lamp shown has the disadvantage

that 1t 1s adapted for a series circuit, and

also that it requires to be started by bring-

| Ing the mercury nearly to the point of hoil-
ing by artifictal means. This particular
lamp, however, is typical of my main 1n-
vention, though other types of lamps, to be

80

85

90

99

100

105

115
129
125

134



3

10

15

20

25

30

4
hereinafler described, avold in a

or less degree-the difficulties above men-
tioned. I have found that 1t is not neces-

sary that both. clectrodes should be formed
ol mercury or other substance vaporizable

at low temperatures, for the reason that if
one of the electrodes 12 of such a substance
the evaporation from this electrode will
tend to reduce the temperatire of the ave to
an eficient point. I, therefore, am able to
form one electrode of iron, or other con-
ductor, as carbon, ete., though when direct
current 1s used it is preferable to make the

refractory terminal the cooler and the mer-

cary or volatile terminal the hotter elec-
trode, 1n order to insure the maintenance of
the proper temperature in the globe. The
negative electrode is the cooler .at atmos-
pheric pressure and at low vacua, but this
relation may sometimes reverse at higher
vacua. | -
In Fig. 2 T show another form of lamp
which I have found to operate well. This
lamp 1s composed of a single vertical tube
B’, expanding at its upper portion to a
globe B2, The lower electrode D is of mer-
cury as betore, and should be provided with
color-modifying substances as above ex-
plained.  This electrode .is = connected
through the terminal E to one side of the
system, or to one terminal of the generator.
The upper electrode D’ is formed of metal,
as iron, and is conductively supported from

~the negative terminal E’. I have found in

35

40

- 45

80
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the use of lamps of this type that the arc
has a tendency at high vacua to run up the
side of the electrode D’, and to fuse the
glass at or near the point where the termi-

nal passes through. T attribute this phe-

nomenon to the fact that the transition re-
sistance between the vacuum and the elec-
trode 1s larger than the resistance of the
vacuum. Whatever the cause may be, the
phenomenon is highly objectionable, for the
reason that 1t tends to melt and discolor the
glass. I find in practice that the trouble
can_be overcome by surrounding the elec-

trode D’, for a part of its length, by a glass

tube H, which is fused directly to, or forms

part of, the lamp itself. It is difficult for

the arc to exist in the narrow space between
the sides of the tube and the electrode, so
that the arc naturally tends to strike the
electrode at or near the lower portion of the
tube, at a point where the electrode is out
of contact with the glass. N

Fig. 4 shows the lamp of Fig. 1 with an

improved device for connecting it in cir-
cuit. In this figure,” A is a constant-current
generator. B is the lamp and C’ is a switch.

The resistance R is shunted around the lamyp

and the amount of this resistance in circuit

1s controlled by the resistance of the switch

C”. In the position shown in the drawings
current passes freely from the generator

1,025,932

greater .q through the switch around the lamp. When
| the switch is moved to the left one point, a.
small portion of the-resistance R is con-

nected 1n .series in the constant-current cir-
cuit and the lamp is shunted around the
drop of potential caused by this resistance.

For example, in a ten-ampere circuit, if the

first step of resistance is 5 ohins, the drop
of potential across the lamp will be about
50 volts, supposing that the lamp itself takes
no current. It 1s thus evident that a motion
of the switch harndle to the left will raise

the voltage across the lamp until finally an

arc 1s struck and that in the meantime the
constant-current circuit will not be inter-
rupted, provided that the switch arm ¢’ is

constructed as such switches usually are-

constructed, with a terminal wider than the
distance between contact segments. When
the lamp is heated into condition of stabil-
ity, the arm C’ can be thrown still farther

to the left, which will open-circuit the re-

sistance R and cause .all of the current to
pass through the lamp. I prefer to place
lightning-arrester spark gaps or film cut-
outs J around each lamp in order that if for
any reason the arc breaks, the constant-cur-
rent circuit may not be interrupted.. In

practice I find that the arc tends to flicker

unless the mercury is maintained at its boil-

| Ing point, and with some designs of tube it

1s not possible to accomplish this by the
heat developed by the arc itself. I, there-
fore, find it advisable in some cases -to arti-
ficially generate heat at each electrode. The
arrangement for this purpose is shown at
Fig. 5, in which the lower ends of the tube
B are surrounded by soft iron caps K K,
and around each of these caps is coiled a
number of turns of the wire which carries
the current to the lamp.
alternating it will tend to set up eddy cur-
rents 1n the iron caps and these caps will
thus become heated and tend to maintain
the mercury at the proper.temperature. If
the current is direct it is necessary to use
more wire and to place it in heat-conductive
relation to the cap. The heating coils may
be placed in series with the lamps, as shown
In Fig. 5, or they may be placed in multiple

as shown 1n Fig. 4 at K’. The advantage of .

the latfer arrangement on constant-current
circuits’ is to increase the effect of the heat-
ing coils:at starting, when they are most
needed.. |

All of the lamps hitherto described may
be connected as shown in Fig. 1, or may be

If the current is
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connected 1n multiple to constant potential

circuits, with or without a steadying resist-
ance and a starting device.

I will now proceed to describe a type of
lamp particularly designed for multiple arc
connection on constant potential alternating
circuits, though it will be understood by

125

those skilled in the art that it may readily 130




be altered to work on constant-current cir-
cuits as well, or to consume direct current.
~ Referring to Figs. 6 and 7, which show

« this lamp, 1t will be seen that current enters

form. of a self-induction coil with a nearly
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by the terminal E2 and thence passes to a
regulating device L. As this particular
lamp 1s intended. for alternating current,
this regulating device may well take the

closed magnetic circuit, such as is ordinarily
employed 1n alternating arc lamps. The
usual taps or connections may be provided
for reguilating the amount of this reactance
in circuit. IFrom this reactive coil, current

passes by the wire. M’ to the mercury elec-

trode D? and thence through the arc in the
tube B’ to the upper terminal D3, which ic
preferably formed of iron. From this ter-
minal 1t passes by the collecting spring N’
through the wire M? to the solenoid coils
N® N* and thence to the terminal E3. Tt
will be seen that these are the ordinary con-
nections of an arc lamp to be operated in
multiple arc on a single-phase alternating
circult. To describe the structure more in

detail, 1t may be said that the support N is

screwed to a ecap N° and that from this cap
depend a plurality of rods N7 N7, fastened
at their lower ends by serews as shown, or
otherwise, to the lower plate of the lamp N&.
These rods also carry, by the clips N® No,
the reactive coill L. "A U-shaped core O of
laminated iron is fastened to the lower plate
N%, and the solenoids N® N* above referred
to, are mounted respectively on the limbs of
this core, and are so connected that they
have a tendency
circuit formed by this core in the same direc-

tion. A repulsion device O/, which may

consist of a solid casting of copper, alumi-
num, or other suitable material, is pierced

with two holes in order that it may fit over |

the two limbs of the laminated piece O, and
to this repulsion device are attached four
guides O* 02 two only of which are shown
in the drawing,
able openings 1n the upper flange N of the
spools of the solenoid cores N® N4 The up-
per flange is expanded for this purpose,
while the lower flange is of smaller diam-
eter. The upper electrode D? is fastened to

the repulsion device O’, and is so adjusted

that the weight of the parts is sufficient,
when no current is passing through the lamp,

to compress the coil spring O% and to cause
the lower end of the electrode to dip into the

mercury at D% Z is a dash-pot, serving to
steady the lamp and to prevent “ pumping.”

It will be seen that a screw-ring P’ is at-

tached to the lower plate of the lamp, and
that into this ring is screwed the glass con-
densing chamber P2 ,.
of felt or asbestos, is interposed between this
condensing chamber and the lower plate. A
second screw-ring P* is fastened to the lower

| plate of the laﬁp by the screw-clam%’ 5, and
?

pass to the condensing chamber.

to polarize the magnetic

which work through suit- |

A suitable washer P3,

L o

into this ring is screwed the tube B’, with
a second washer of felt or asbestos P®.  Con-
siderable clearance is allowed between the
electrode and the edge of the opening, in
order to make it possible for the vapors to

to carry current to the lower terminal of the

lamp, and also in order to provide for the

return to the lower terminal of the mercury
vapors which may escape into the chamber
P2, I provide a glass tube P?, which.is con-
nected by asbestos washers P® with an exten-

way 1s connected with an extension from the

lower end of the tube B’. Throngh. this

tube I pass the wire M’, which at its lower
portion is covered with an enamel insula-
tion in order to protect it from the mercury
vapors. I further prefer to coil this wire

‘Into_a heating coil M?, and to uncover the

In order

70. -
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silon Ifrom the chamber P2, and in a similar

80
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insulation only at the extremity M, where-

by current will pass through the heating coil

M:® and will tend to maintain the mercury at

D? at a sufficiently high temperature. Axn-

other way of accomplishing this same result
1s shown in Fig. 8, in which a metal cap K’
1s screwed on to the lower end of the tube,
and a second cap K2 is screwed on the cap
K’ leaving between the two an annular
space in which may be coiled the resistance

90

95

wire M®. The parts K’ K? may be formed

of iron In which case the Foucault currents

generated will tend to heat the mercury, as
described in Fig. 5. .

The operation of the lzimp shown in Fig

100

6 1s as follows: The current enters at the .

terminal E? and passes through the self-

induction coil M, in the path above de-
scribed through the heating coil M® to the
mercury electrode D% TIf we suppose the
lamp to be just starting into action, 1t is
clear that the weight of the repulsion de-

~vice O” will have compressed the spring O,
In: contact

with the mercury D2. Current will there-
fore

- out to the terminal E3. The solenoids will
set up lines of force in the core O, and by

s0 that the electrode D® will be

pass through the solenoids N®* N* and

virtue of the action set forth in a patent to

105
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Ehhu Thomson, No. 363,186, the repulsion

device O" will tend to rise, carrying with
it the electrode D3. The lamp

perature, but if it does occur the electrode

will fall and the action will be repeated.
be repeated several times, but
finally the mercury will be heated to a suffi-
ciently high temperature, and' the electrode

This may

D* will rise to the position shown in the
drawing. The length of the resultant arc
will obviously be regulated by the design of

will, there-
fore, burn until the arc is broken by too
| great lengthening. This will not occur if
the mercury is at a sufficiently high tem-

120 -
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' the solenoids N® N*%, the d_esign of the re- 130
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- actance coil, the voltage of the circuit, the

diameter of the tube B’, ete. An increase
in the resistance of the arc will weaken the
current, weaken the repulsive action, and
cause the arc to be shortened. The tendency

- 1s toward constant current in the branch in-

- "mentioned in the

cluding the lamp, as in most commercial

arc lamps. In this position the tube B’ will

be filled with a brilliant glow of light, and

the color of this light will be regulated by
introducing the various substances .above
portion D2 The vapors

~ will tend to escape from the tube B’, but

15

-they are collected in the ‘condensing cham-
‘ber P?% and.pass back through the tube P7.

- I find it much better to pass the condensed
.- substance back outside the tube B’ than to

~allow 1t to
tube.

20

trickle down the sides of this

It isimporta;nt hin'_hoﬁ-éxhaufsted_ lamps to
provide some device for equalizing the pres-

~ sure, but 1t 1s best not to. allow mercury
- fumes to escape from the lamp. I am able

.95
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to accomplish these objects by the tube T,
which 1s inserted in an opening in-the lower
plate N%- and registers with a round or

crescent-shaped opening in the washer P3, |
and with a corresponding opening or recess

in the upper wall of the chamber P2, This
tube extends vertically upward, being bent

~around the lamp mechanism. It allows air

: 13'5

"~ trode -D>2.

40

esctto escape from or to reénter the chamber
P2, but the mercury vapors, which are very
heavy, will not rise to the.top, but will be

condensed on the sides and will trickle back

to the -condensing chamber, and thence
through the tube P* to the lower elec-

As an 1illustration of another manner in
which the principles of my invention may
be applied, I will now describe the lamp
shown in Figs. 9 and 10. 'This lamp is, or

. may be, identical with the lamp shown in

_45

Fig. 6 with respect t6 all portions below
the lower plate Ig?, so that further illustra-
tion or description of these parts is deemed
unnecessary. Referring more particularly
to Ifig. 10, which shows the circuit of the

~ lamp, current enters, for example, at the

50 terminal E? and passes through the self-

induction coil L, thence through the lower.

55
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electrode D? to the upper electrode D3,

through the series coils N** and N2 and the |

switch V to the terminal E3. It will be seen
that 1n this lamp the repulsion armature O’
1s replaced by a U-shaped core of laminated

iron O%, which tends to be pulled up into
the solenoids N** N*?, "Further, I provide
two additional solenoids N** N4, which are

shunted around the arc. = The presence of
these shunt solenoids enables me to weaken

the series coils, while obtaining the same

~ ultimate separation of the electrodes, but as

1,026,932

‘other so

tion in the lamp

!

fully’ until the arc has become fairly ldng,'-

the first separation of.the electrodes takes

place more gradually, which gives the mer-
cury a longer time to heat, as the lamp

is
first started. This tends to- prevent the
jumping action described above with refer-
ence to KFig. 6. The parts are seen more
clearly and on a large scale in Fig. 9. ‘In
this figure the reactance L, the cap N, the
side rods N7 and the lower
substantially identical with the correspond-
ing parts in Ifig. 6, and the portions of the
lamp below the lower :plate N® are also
substantially identical with the correspond-
ing parts in If1g. 6. The series solenoids N

1 N2 and the shunt solenoids N3 N are con-

nected as shown in Fig. 10, and the up
electrode D*® 1s fastened rigidly to the U-
shaped core OSf, which is preferably com-
posed of 1iron wire bent to the form shown.
This U-shaped core O° is suspended by a
spiral spring O from the cap-plate of the

lamp 1n order to assist the coils in springing -
the very long. arec which is preferable in

lamps constructed 1n . accordance with my
present invention. . | |

I have said that the object of the cumula-
tive shunt solenoids was to reduce the ra-

pidity with which the separation of the elec- -

66

plate N® -are -

75
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per
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trodes took place. I am able to still further -

reduce this rapidity of separation by the
use of the dash-pot W. This dash-pot is
provided with a piston W’, which is mount-
ed on the upper electrode D?, and the upper
portion of the dash-pot is flared to a funnel

‘shape, as indicated at W2, in order to facili-

tate the entrance of the piston into the dash-
pot as the electrode descends. The sides of

the piston are grooved, as shown at W3, to .

increase the dash-pot action, and the piston
1s pierced with .one or more openings W4,

| controlled by valves W5. The valve shown

1s a simple piece of thin sheet asbestos, or

The operation of this lamp will be ap-
parent from the description already’ given.
When the switch V is closed current passes

~through the lamp in the path above traced,
and the series coils tend to lift the core
'O® and the electrode Ds.

This action is,
however, weaker than the corresponding ac-
shown in Fig. 6, since
neither the series nor the shunt coils alone

-are required to be strong enough to sustain

the -moving system in its upmost position.
The action 1s still further resisted by the
dash-pot W, so that some little time elapses
before any considerable separation of the
electrodes takes place, and during this time
a heavy current is flowing through the lamp,
sufficient to heat the mercury %orming the

. material, arranged to open as the
dash-pot descends but to close as 1t ascends.
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: , lower electrode D?, shown in Fig. 6. The -
the shunt coils do not begin to act power- | parts are so adjusted that as soon as the
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mercury is fairly well heated the dash-pot| 4. The- combination with an arc drawn 65

piston W? passes beyond the narrow por-
tion of the dash-pot W, and the series coils
are then left free to raise the core O° and

strike the arc. As the arc lengthens' the i

shunt coils also become energized, and these

colls, together with the spring O7, assist in
extending the arc to a proper length. If,
‘however, it should happen that the arc be-

came long before the mercury was properly

heated, the circuit would be broken and the
upper electrode would fall into the mercury
cup, when the action would be repeated, if

necessary several times, until the mercury
attained the proper temperature. :

It should be understood that the -series
colls are so powerful, with reference to the |

shunt coils, that if the current becomes
weakened by reason of an excessive length-
ening of the arec, or otherwise, the series

colls allow the upper electrode to fall suffi-

ciently to maintain the current taken by
the lamp at approximately its proper pre-

“determined value. |

29
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It will be evident that the dash-pot W is
entirely independent from the dash-pot Z
shown 1n Iig. 6. The dash-pot Z 1s in-

tended to take the place of -the ordinary

dash-pot of the ordinary arc lamp to pre-
vent the lamp from pumping, while the
dash-pot W acts-only for a few seconds and

of the mercury terminal.
may be used in either of the forms shown,
or by an obvious modification they may be
combined in 6ne. = . ]

It will, of course, be understood that in
both of the forms of Figs. 8 and 9, I cover
the mercury electrode by some suitable
coler-modifying substance, as above fully

~set forth, and that I adjust the operation of

40
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the color-modifying substance or' substances
by proper proportioning and if necessary
by the addition of a halogen salt stable at
the iemperatire ¢f the mercury arc, as cal-
cium fluorid, or by other suitable inactive
chlutént substance. ' - '
- What I claim as new and desire to secure
by Letters Patent of the United States, is—
1. The combination with an arc drawn
from a mercury terminal, of means for con-
tinuously furnishing to the arc diluted salts
of alkali metals. . - .

2. ''he combination‘of a -glass container,
a mercury elecirode therein, means for main-

tamming an arc from sald electrode and

means for continuously furnishing to -the
arc metallic compounds in a chemically in-
ert condition, said compounds being ioniz-
able at the temperature of the are.
3. The combination with an are drawn
from a mercury terminal, of means for con-
tinuously furnishing to the arc halogen me-
tallic salts. | - -

comprising an anhy

from a mercury terminal, of means for con-.
‘tinuously furnishing to the arc 10dids of

alkall metals.

5. The combination “with an arc drawn |

from a mercury terminal, of means for con-

tinuously furnishing to the arc anhydrous
1odids of alkali metals furnishing red rays.

6. The combination.with a terminal, of
means for drawing an arc therefrom at a
temperature below the temperature of in-

candescence, g, s"urmunding_.l globe or inclos-
ure formed of glass or similar material, and

the eolor of the arc
rdrous powder of iodids
of one or more alkali metals. -

7. The combination with ‘a terminal, of

means for modifyin

70
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means for drawing an arc therefrom at a

temperature below the temperature of in-

candescence, a surrounding globe or in-
closure formed of glass or similar material,
and means for modifying the color of the

85

arc comprising an anhydrous powder of

1odids of one or more alkali metals mixed

with floufid of calcium.

8. The combination in an arc l'amp, of a-
‘mercury electrode with a layer of colo

ring

material mixed with dilutent material.
9. In an arc lamp, a mercury electrode
covered with a mixture of stable and un-

Y _ | stable halogen salts of alkali metals.
15 1tended merely to facilitate the heating |
Both dash-pots

10. In an' electric arc lamp, a terminal
volatile at comparatively low temperatures,

90

95

with a mixture of halogen salts of alkali

metals 1n operative relation with said ter-
minal, some of said salts being of such a

nature as to dissociate below and some above
the boiling point of the material forming
the electrode. . | R

11. The combination in an arc lamp, of a
mercury terminal, a movable terminal, a

‘heating coil for the mercury terminal, and
| a regulating magnet coil in series with -the

arc. - _ | -

12. The combination of an inclosing
globe, a mercury terminal, a movable ter-
minal, means controlled by the current for

100
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operating said movable terminal, and means
for continuously adding luminous conduct-

Ing vapors to the arc, whereby its color may
be modified. - B -
13. In an electric arc lamp, an electrode
of mercury, an electrode of more refractory
material dipping in said mercury electrode,
means controlled by the current for sepa-
rating the two electrodes and for regu-
lating the amount of separation, a heating
coil for the mercury electrode, and artificial

115
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means for retarding the separation of the

electrodes.
14. The combination in an are lamp, of a

volatile electrode, means for heating the
electrode, and means for subsequently

striking an arc from said electrode.

125
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15, In an arc lamp, an electrode covered
‘with a color modifying substance existing
with a halogen salt with an excess of the
halogen. \ R

16. In an arc lamp, a mercury electrode
- covered with' metallic salts which will dis-
-sociate at the temperature of the mercury
arc. .
| 17. The combination of a mercury elec-
10 trode, a co-acting electrode, means for draw-

1,025,932

ing an arc between said electrodes and
means for furnishing the arc metallic com-

pounds which will dissociate at the tempera-
ture of the arc.

In witness whereof, I have hereunto set 5

my hand this fifth day of April, 1902.
o CHARLES P. STEINMETZ.
Witnesses: |
- Bengamix B. Huwr,
- HerLEN Ogrrorb.
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